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_ DOCKET 709 .

EXPRESS MAlL NO. 359937585

MAILED 14 JUNE 1991

 @/ IMMUNOGLOBULIN VARIANTS

Field of the invention

_ This invention relates to-methods for the preparation and use of

variant antibodies and finds application particularly in the fields of

immunology and cancer diagnosis and therapy.

Background gf the invention

Naturally occUrring antibodies (immunoglobulins) comprise two

heavy chains linked together by di3ulfide bonds and two light chains, one
light chain being linked to each of the heavy chains by disulfide bonds. Each

heavy chain has at one end a variable domain (VH) followed by a number of
constant domains. .Each light chain has a variable domain (VL) at one end

and a constant domain at its other end; the constant domain of the light

chain is aligned with the first constant domain of the heavy chain, and the

light chain variable demain is aligned with the variable domain 'of the heavy

chain; Particular amino acid residues are believed to form an interface

between the light and heavy chain variable domains, see erg. Chothia eta/L,
J. Mol. Biol. 186:651~663 (1985); Novotny and Haber, Proc. Nat/j Acad. Sci.
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USA‘8224592—4596 (1985).

I The constant domains are not involved directly in binding the

antibody to‘an antigen, but are involved in various effector functions, such

as participation of the antibody in antibody-dependent cellular cytotoxicity.

The variable domains of each pair of light and heavy chains are involved

directly in binding the antibody to the antigen. The domains of natural light

and heavy chains have the same general structure, and each domain

comprises four framework (FR) regions, whose sequences are somewhat

conserved, connected by' three hyper-variable or complementarity

determining regions (CDRs) (see Kabat, E. A. et al.,. Seqdences of Proteins
of Immunological Interest, National Institutes ‘of Health, Bethesda, MD, '

(1987)). The four framework regions largely adopt a fi-sheet conformation

and theCDRs form loops connecting, and'in some cases forming part Of, the

B-sheet structure. The‘CDRs in each chain are held in close proximity by the .
framework regionsand, with the CDRs from the other chain, contribute to

the formation of the antigen binding site.

Widespread use has been made of monoclonal antibodies, _

particularly those derived from rodents including mice, however they are

frequently antigenic in human clinical use.) For example, a major limitation in

the clinical use of rodent monoclonal antibodies is an anti-globulin response

during therapy (Miller, R. A. eta/., Blood 62:988-995 (1983); Schroff, R. W.

et a/., Cancer Res. 452879885 (1985)).

The art has attempted to overcome this problem by constructing

"chimeric" antibodies in which an animal antigen-binding variable domain is

coupled to a human constant domain (Cabilly er a/., U.S. patent No.

4,816,567; Morrison, 8. L. et 3]., Proc. Natl. Acad. Sci. USA 81:6851-6855
(1984); Boulianne, G. L. et al., Nature 312:643-646 (1984); Neube‘rger, M.

S. er al., Nature 314:268-270 (1 985)). .The term "chimeric" antibody is used

herein to describe a polypeptide comprising at least the antigen binding

portion of an antibody molecule linked to at least part of another protein '

(typically an immunoglobulin constant domain). ‘

The isotype of the human constant domain maybe selected to tailor
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the chimeric antibody for participation in antibody-dependent cellular

cytotoxicity (ADCC) and complement-dependent cytotoxicity (see 9.9. ’

BrUggemann, M. era/.,J. Exp. Med. 166:135)-1361 (1987); Riechmann, L.

et al., Nature 332:323-327 (1988); Love at a/., Methods in Enzyma/ogy

178515-5527 (1989); Bindon et a/., J. Exp. Med. 1682127442 (1988).

In the typical embodiment, such chimeric antibodies contain about

one third rodent (or other non—human species) sequence and thus are capable

I of eliciting a significant antiglobulin response in humans. For example, in the

case of the murine anti--CD3 antibody, OKT3, much of the resulting

anti—globulin response is directed against the variable region rather than the

constant region (Jaffers, G. J. et a/;, Transplantation 41:572-578 (1986)).

in a further effort to resolve the antigen binding functions 'of

antibodies and to minimize the use of heterologous sequences in human

antibodies, Winter and colleagues (Jones,‘P. T. e! 51., Nature 321522-5253
(1986); Riechmann, L. at al., Nature 332:323-327 (1988);'Verhoeyen, M. et

a/., Science 239:1534-1536 (1988))have substituted rodent CDRs or CDR

sequences for the corresponding segments of a human antibody. As used

herein, the term "humanized" antibody is an embodiment of chimeric
antibodies wherein substantially less than an intact human variable domain

has been substituted by the corresponding sequence from a_ non-human

species. lnvpractice, humanized antibodies are typically human antibodies in

which some CDR residues and possibly some FR residues are substituted by

residues from analogous sites in rodent antibodies. . ‘

The therapeutic promise of this approach is supported by the clinical

efficacy of a humanized antibody specific for the CAMPATH-l antigen with

two non-Hodgkin lymphoma patients, one of whom had previously‘developed

an anti-globulin response to the parental rat antibody_(Ri_echmann, L. et al.,

Nature 332:323-327 (1988); Hale, G. et al., Lancet izl 394-1399 (1988)).

A murine antibody to the interleukin 2 receptor has also recently been
humanized (Queen, c. e: al., Proc. Natl. Acad. sci. USA 86110029le033

(1989)) as a potential immunosuppressive reagent. (Additional references

related to humanization of antibodies include Co at al., Proc. Natl. Acad. Sci.
Hu
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USA 88:2869~2873 (1991); German at al., Proc. Natl. Acad. Sci. (1321

88:4181-4185 (1991); Daugherty etal., NucleicAcids Research 1 9(9):2471 —
247611991); Brown et al., Proc. Natl. Acad. Sci. USA 88:2663-2667

(1991); Junghans et al., cancer Research 50214954502 (1990).

in some cases, substituting CDRS'from rodent antibodies for the

hUman CDRs inhuman frameworks is sufficient to‘transfer high antigen

binding affinity (Jones, P. T. etal., Nature 321 :522-525 (1986); Verhoeyen,

M. et al., Science 239:1534~1536 (1988)), whereas in-other cases it has

been necessary to additionally replace one (Riechmann, L. et al., Nature ‘

332:323-327 (1988)) or several (Queen, C. etal., Proc. Natl. Acad. Sci. USA

86:10029-1003'3 (1989)) framework regidn (Ffilresidues. See also Co etl
al. , supra.

For a given antibody a small number of FR residues are anticipated
to be important for antigen binding. Firstly for example, certain antibodies

have been shown to contain a few FR residues which directly contact antigen

in crystal structures of antibody-antigen complexes (e.g., reviewed in Davies,
D R. et al., Ann. Rev Biochem. 59:439-479 (1990)). Secondly,a number

of FR residues have been proposed by Chothia, Lesk and colleagues (Chothia,
.81 Lesk, A. M, J. Mol BiOl 1:96901-917 (1987); Chothia, C. et al.,

Nature 342:877—883 (1989); Tramontano, A. ' at al., J. ,Mol. Biol.

215.:175-182 (1990)) as critically affecting the conformation of particular

CDRs and thus their contribution to antigen binding. See also Margolies er

'al., Proc. Natl. Aca-drSC/Z USA 72:2180‘2184 (1975).

It is‘ also 'known that,_in a few instances, an antibody variable

' domain (either VH or VL) may contain glycosylation sites, and that this

glycosylation may improve or abolish antigen binding, Pluckthun,

Biotechnology 92545-51 (199-1); Spiegelberg' et 8]., Biochemistry 9:4217-

4223 (1970); Wallic et al., J. Exp. Med. 168:1099-1109 (1988); Sox et al,
Proc. Natl. Acad. Sci. USA 66:975-98211970); Margni et al,, Ann. Rev.

Immunol. 6:535—554 (1988). Ordinarily, however, glycosylation has no

- influence on the antigen—binding properties of an antibody, Pluckthun, supra,

(1991).

10
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I The three—dimensional structure-ofimmunoglobulin chains has been

studied, and crystal structures for intact immunoglobulins, (for a variety of

immunoglobulin fragments, and for antibody-antigen complexes have been

published (see e.g., Saul et al., Journal of Biological Chemistry 25:585~97

1(1978); ' Sheriff etal., Proc. Natl. Ac-ad. Sci. USA 84:8075-79 (1987); Segal'

era/q Proc. Natl. Acad. Sci. USA 71:4298-4302 (1974); Eppv er al.,

'Biochemistry 14(22):4943-4952 (1975); Marquart er al., J. Mol. Biol.
141 :369—391 (1980); Furey er al., J. Mo/.'Bio/. 1 67:661-692 (1983): Snow

and Amzel, Protein: Structure, Function, and Genetics 1:267—279, Alan'R.

Liss, lnc. pUbs. (1986); Chothia and Lesk,J_. Mol. Biol. 196:901-917 (1987’);-
Chothia etal., Nature 342:877—883 (1989); Chothia et’al, Science 233:755-

58 (1986); HUber et al., Nature 264:415—420 (1976); Bruccoleriet al.,
Nature 335:564-568 (1988) and Nature 336:266 (1988);. Sherman at a/.;

Journal of Biological Chemistry 263:4064-4074 (1988); Amzel and Poliak,
Ann, Rev. Biochem. 482961-67 (1979); Silverton’et al., Proc. Natl. Acad.

Sci. USA 74:5140-5144 (1977); and Gregory et al., Molecular Immunology

24:821-829 (1937). lt is known that the function of an antibody is
dependent on its three dimensional structure, and that amino acid

substitutions can change the three-dimensional structure of‘ an'antibody,
Snow and Amzel, supra, It has previously been shown that the antigen

binding (affinity of a humanized antibddy canlbe increased by mutagenesis

based upon molecular modelling (Riechmann, L. et al., Nature 332:323-327

(1988); Queen, C. et al., Proc. Natl. Acad. Sci. USA 86:10029-10033

(1989)).

Humanizing an antibody-with retention of high affinity'for antigen

and other desired biological activities is at present difficult to achieVB u‘sing

currently available procedures. Methods are needed for rationalizing the

selection of sites for substitution in preparing such antibodies and thereby

increasing the efficiency of antibody humanization.

The prom—oncogene HERZ (human epidermal growth factor_

receptor 2) encodes a protein tyrosine kinase (p‘l85HER2) that is related’to
and somewhat homologous to the human epidermal growth factor-receptor

5
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(see Coussens, L. et a/., Science 230:1132-1139 (1985); Yamamoto, T. et‘

al., Nature 319:230-234 (1986); King, C. R. at al., Science 229:974—976 g

(1985)). HERZ is also known "in the field as c-erbB-Z, and sometimes by the

name of the rat'homolog, neu. Amplification and/or overexpression of H532
is associated with multiple human malignancies and appears to be integrally
involved in progression of 25-30% of human breast and ovarian cancers

(Slamon, D. J. et a/.,'Science 235:177-182 (1987), Slamon, D. J. et al.,

Science 244:707-712 (1989)). Furthermore, the extent of amplification is

inversely’correlated with the observed median patient survival time (Slamon,

supra, Science 1989). ’ R
The murine monoclonal antibody known as muMAb4D5 (Fendly, B.

M. et a/., Cancer Res. 50:1550-1558- (1990)), directed against the

extracellular domain (ace) of p185HER2, specifically inhibits the growth of
tumor cell lines overexpressing p1 BSHERQ in monolayer culture or in soft agar

(Hudziak, R. M. etal.', Molec. Cell. Biol. 9:1 1 65-1 172 (1989); Luca, R. or a/.,

Science 249:1552—1555 (1990)). MuMAb4DS also has the potential of

enhancing tumor cell sensitivity to tumor necrosis factor, an important

effector molecule in macrophagemediated tumor cell cytotoxicity (Hudziak,
supra, 1989; Shepard, H. M." I and Lewis, G. D. J. Clinical Immunology:

8:333-395 (1 988)). Thus muMAb4D§ has potential for clinical intervention
in and imaging of carcinomas in which p185HERZ is overexpressed. The

muMAb4'D5 and its uses are describedbin copending U.S. patent applications

07/143,912 and 07/147,461, and in corresponding PCT application WO

89106692 published 27 July 1989. .This murine antibody was deposited

with the ATCC and designated ATCC CRL 10463. l-loWever, this antibody

may be immunogenic in humans. ’ I

g It istherefore an object of this invention to provide methods for the
preparation or antibodies which are less antigenic in humans than non-human
antibodies but have desired antigen binding and other characteristics and

activities.» _
It is a further object of this invention to provide methods for the

efficient humanization of antibodies, i.e. selecting non-human amino acid

1.2
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residues for importation intoa human antibody background sequence in such
a‘fashion as to retain or improve the affinity of the'non-human donor

antibOdy for a given antigen. ‘

_ lt is another object of this invention to provide humanized

*5 ' antibodies capable of binding p185HER’2, , . '
Other objects, features, and characteristiCs of the present invention

will became apparent upon consideration of the following description and the

appended claims.

10 §gmmary 9f the Invention

The objects of'thisiinvention are accomplished, by a method for

making a humanized antibody comprising amino acid sequence of an import,
non-human antibody and 'a human antibody, comprising the steps of: I

15 . ' a. obtaining the amino acid sequences of at least a portion.

of an import antibody variable domain and of a censensus

human variabie domain; . , . i

b. identifying Complementarity Determining Region (CDR)

amino acid sequences in the import and the human

' 20 4 . - variable domain sequences:

— ' c. substituting an import CDR amino aCid sequence for the
corresponding human CDR amino'acid sequence;

d. aligning the amino acid sequences of a Framework Region

(FR) of the import antibody and the corresponding FR of
25 _ V I ' the consensus antibodyr

8. identifying import antibody FR residues in the‘aligned FR

sequences that are non—homologous to thecorresponding

consensus antibody-residues;

f. determining if the non-homologous import amino acid

‘30 , ' . residue is reasonably expected to have at least one of the

following effects:

1. non—covalently binds antigen directly,

13
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2. V interacts with a CDR; or

3. participates in the VL - VH interface; and

g. for any non—homologous import antibody amino acid

residue which is reasonably expected to have at least one -

of these effects, substituting that residue for the

corresponding amino acid residue in the consensus

antibody FR'sequence. . i

. Optionally, the method of this invention comprises the additional
steps‘of determining if any non~homologous residues identified in step (elare

exposed. on the surface of the domain or buried within it, and if the residue

isexposed buthas none of theeffects identified in step (i), retaining the
Consensus residue.

Additionally, in certain embodiments the method of this invention .

comprises the feature wherein" the corresponding consensus antibody “

residues identified in step (9) above are selected from the group consisting
of 4L, 35L, 36L, 38L, 43L, 44L, 46L,_‘58L, 62L, 63L, 64L, 65L,” 66L, 67L,

68L, 69L, 70L, 71L, 73L, 85L; 87L, 98L, 2H, 4H, 24H, 36H,'37i-l, 39H,_ ‘

43H, 45H, 49H, 58H, 60H, 68H. 69H, 70H, 73H, 74H, 75H, 76H,-78H,

91 H.192H, 93H, and 103H (utilizing the numbering system set forth in Kabat,

E. A. et al., Sequences ofProteins of Immunological Interest (National

institutes-of Health, Bethesda, MD, 1987)).

in certain embodiments, the method of this invention comprises the

additional steps of searching either or both of the import, non-human and the

consensus variable domain sequences for glycosylation sites, determining if- ——-——-.~, MN MM» ,,“umwynw'

the glycosylation is reasonablywexpected to be important for the desired

antigen binding and biological activity ofthema, determining if the
glycosylation‘site binds to antigen or changes a side chain of an amino acid
residue that binds to antigen, or if the glycosylation enhances or weakens

antigen binding, or is important for maintaining antibody affinity). If the

import sequence bearstheglycosylation site, it is preferred to substitute that
site for the corresponding residuesin the consensus human sequence if the

glycosylation site is reasonably expected to be important. If only the

14

.-..__..., a... ,,,...,...w—".~-... ,,



 

10

15

20

30

l
l‘\

consensus sequence, and not the import, bears the glycosylation site, it is

preferred to eliminate-that glycosylation site or substitute therefor the '

corresponding amino acid residues from the import seguence.

Another embodiment of this invention comprises aligning import

antibody and the consensus antibody FR sequences, identifying import

A antibody FR residues which are non-homologous with the aligned consensus

FR sequence,and for each such non-homologous import antibody FR residue.

determining if‘ the corresponding consensus antibody residue represents a

residue which is'highly conserved across all species at that site, and if it is

so conserved, preparing a humanized-antibody which comprises the

consensus antibody amino acid residue at that site., I

3 Certain alternate embodiments of the methods of this invention

comprise obtaining the amino acid sequence of at least a portion of an

import, non—human antibody variable domain having a CDR and aim,

' obtaining the amino acid sequence of at least a portion of a consensus

human antibody variable domain having a CDR and ‘3 FR, substituting the

non-hUman CDR for the human CDR in the consensus human antibody

variable domain, and then substituting an amino acid residue for the.
consensus amino acid residue .at at least one of the following sites:

a. (in the FR of the variable domain of the light chain) 4L,
35L, 36L, 38L, 43L, 44L, 53L, 46L, 62L, 63L, 64L, 65L,

66L, 67L, 68L, 59L, 70L, 71L,_73L, 85L, 87L. 98L,_ or

b. . (in the FR of the variable domain of the heavy chain) 2H,

4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H, 58H, 60H, -
68H, 69H, 70H, 73H, 74H, 75H, 76H, 78H, 91H,'92H,V

93H, and 103H. "

in preferred embodiments, the non-COR residue substituted at the consensus

FR site is the residue found at the corresponding location of the non—human

antibody. _

' Optionally, this just-recited embodiment comprises the additional
steps of following the method steps'appearing at the beginning of this

summary and determining. whether a particular amino acid residue can

15
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reasonably be expected to have undesirable effects.
This invention also relates to a humanized antibody'comprising the

CDR sequence of an import, non-human antibody and the FR sequence of a

human antibody, wherein an amino acid residue within the human FR

sequence located at any one. of the sites 4L, 35L, 36L, 38L, 43L, 44L, 461., I

581., 62L, 63L, 64L, 55L, 66L, 67L, 68L, 69L, 70L, 7711., 73L, 85L, 87L,
98L, 2H, 4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H, 58H, 60H, 68H, 69H.
70H, 73H, 74H, 75H, 76H, 78H, 91H, 92H, 93H, and 103H has been

substituted by another residue. in preferred embodiments, the residue

, substituted at the human FR site is the residue found at the corresponding

» location of the non-human antibody from which the non-human CDR was ‘

obtained. In other embodiments, no human FR residue other than those set

forth in this group hasbeen substituted;

~ This invention also encompasses specific humanized antibody.

variable domains, and isolated polypeptides having homology With the
following sequences.

1. SEC). lD N0. 1, which is the light chain variable demain of a

humanized version of muMAb4D5:

DlOMTOSPSSLSASVGDRVTlTCRASODVNTAVAWYOQKPGKAP

KLLIYSASFLESGVPSRFSGSRSGTDFTLTISSLOPEDFATYYCQOHY
TTPPTFGOGTKVEIKRT

2. SEO. 10 NO. 2, which is the heavy chain variable domain of a ‘

_ humanized version of muMAb4D5):

. _EVOLVESGGGLVQPGGSLRLSCAASGFMKDTYlHWVROAPGKGLE

WVARlYPTNGYTRYADSVKGRFTlSADTSKNTAYLOMNSLRAEDT '

AVYYCSRWGGDGFYAMDVWGOGTLVTVSS
\n

in another aspect, this invention provides a consensus human

antibody variable domain amino acid sequence for use in the preparation of

humanized antibodies, methods for obtaining, using, and storing a computer

representation of such a consensus sequence, and computers comprising the

10
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sequence data of such a sequence. ln one embodiment, the following

consensus human antibody variable domainiamino acid sequences are

provided:

SEQ. lD NO. 3 (light chain):

DIQMTQSPSSLSASVGDRVTITCRAS'ODVSSYLAWYQOKP'GKAPK

LUYAASSLESGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCOQYN

SLPYTFGOGTKVEIKRT, and

SEO. le NO. 4 (heavy chain):

EVOLVESGG_GLVOPGGSLRLSCAASGFTFSDYAMSWVRQAPGKG
LEWVAVISENGGYTfiYADSVKGRFTlSIADTSKNT‘AYLOMNSLBAE

'DTAVYYCSRWGGDGFYAMDVWGQGTLVTVSS A '

_Brief Desgrigtign of the Drawings

FIGURE :1A shows the comparison of the VL domain amino acid

residues of muMAb4DE, huMAb4DS, and a consensus human sequence (Fig.

'1A, SEOJD NO. 5, SEO. )0 NO. 1 and SEQ. ID NO. 3, respectively). FIGURE

18 shows the comparison between the VH domain amino acid residues of the
muMAb4d5, huMAinDS, and a consensus human sequence (Fig, 18, SEQ.

ID NO. 6, SE0. “3 NO. 2-and SEQ. ID NO. 4, respectively). Both Figs 1A and

18 use the generally accepted numbering scheme from Kabat, E. A., et 8].,

Sequences of Proteins of Immunological Interest (National institutes of

Health, Bethesda, MD (1987)). In both Fig. 1A and Fig. is, the, CDR

residues determined according to a standard sequence‘definition (as in Kabat,

E. A. et aI., Sequences of Proteins of Immunological Interest (National

V Institutes or Health, Bethesda, MD, 1987)) are~ indicated by the first

underlining beneath the sequences, and the CDR residues determined

according‘to a structural definition (as in Chothia, C. & Lesk, A. M., J. Mol.

Biol. 196:901-917 (1987)) are indicated by the second, lower underlines.
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4/ The mismatches betweenWshown by the vertical lines.
FIGURE 2 shows a scheme for humanization of muMAb4D5 VL and

VH by gene conversion mutagenesis.

FlGURE 3 shows the inhibition of SK- BR-3 proliferation by MAb4DS

variants. Relative cell proliferation was determined as described (Hudziak, R.

M. et a/., Molec. Cell. Biol. 9:1165-1172 (1989)) and datalaverage of

triplicate determinations) are presented as a percentage of results with
untreated cultures for muMAb4D5 (l), huMAb4DS—8 (n) and huMAb4DS- 1 (l)-

FIGURE 4 shows a stereo view of a—carbon tracing for model of

huMAb4DS8 VL and VH The CDR residues (Kabat, E. A. et aI, Sequences
’ of Proteins of Immunology/cal Interest (National lnstitutes of Health, Bethesda,

MD, 1987)) are shown in bold andside chains of VH residues A71, T73,

A78, 593, Y102 and VL residues Y55 plus R66 (see Table 1) are shown.

Detailed Description of the Invention

Definitions

In general, the following words or phrases have the indicated-

definitions when used in the description, examples, and claims:

The murine monoclonal antibody known as muMAb4D§ (Fendly,8

M. er al., Cancer Res. 50:1550 1558 (1990)) is directed against the
extracellular domain (ECD) of p185HER2. The muMAb4DS and its uses are

described in co‘pending U.S. patent applications 07/143,912 and

, 07/147,461, and in corresponding PCT application WO 89/06692 published

' 27VJuly 1989. This murine antibody was deposited with the ATCCIZ and

designated ATCC ,CRL 10463. In this description and claims, the terms

muMAb4D5, chMAb4D5 and huMAb4D§ represent murine,'chimeri2ed and'
humanized versions of the monoclonal antibody 405, respectively.'. __

A humanized antibody for the purposes herein is an immunoglobulin

amino acid sequence variant or fragment thereof which is capable of binding
i to a predetermined antigen and which comprises a FR region having

12
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substantially the amino acid sequence of a human immunoglobulin and a CDR

having substantially the amino. acid sequence of a non-human

immunoglobulin.

In general, the humanized antibody will comprise substantially all of

at least one, and typically two, variable domains (Fab) in which all or

"substantially all of the CDR regions correspond to those of a non-human

immunoglobulin and all or substantially all of the FR regions are those of a,
human immunoglobuiin consensus sedtience. The humanized antibody

optimally also will comprise at least aportion of an immundglobulin constant

region (Fc), typically that of a human immunoglobulin. Ordinarily, the

antibody will contain both the light chain as well as at least the variable

domain of a heavy chain. The antibody also may include the CH1, hinge,

CH2, CH3, and CH4 regions of the heavy chain.

The humanized antibody will be selected from any class of '

immunoglobulins, including lgM, lgG, IgD, lgA and lgE, and any isotype,

including lgG1, lgGZ, lgGa and lgG4. Usually the constant domain is a ‘

complement fixing constant domain where it is desired that the humanized

antibody exhibit cytotoxic activity, and the class is typically lgG,". Where
such cytotoxic activity is not desirable, the constant domain may be of the

lgG, class. The humanized antibody may comprise sequences. from more ,

than one class or isotype, and selecting particular constant domains to

optimize desired effector functions is within the ordinary skill in the art“

The. FR and CDR regions of the humanized antibody need not

correspond precisely to the parental sequences, e.g., the impert CDR or the

consensus FR may be mutagenized by substitution, insertion or deletion of

a residue so that the CDR or FR residue at that site does not correspond to.

either the consensus or the import antibody. Such mutations, however, will

not be extensive. Usually, at least 75% of the humanized antibody residues

will correspond to those of the parental FR and CDR sequences, more often

' 90%, and most preferably greater than 95%.

in general, humanized antibodies prepared by the method» of this

invention are produced by a process of analysis of the parental sequences

13
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_ and various conceptual humanized products using three dimensional models

of the parental and humanized sequences. Three dimensional

immunoglobulin models are commonly available and, are familiar to those

display probable three dimensional conformational structures of selected ‘

' skilled in the art. Computerprograms are available which illustrate and

candidate immunoglobulin sequences. inspection of these displays permits

analysis of the likely role of the residues in the functioning of‘the candidate

immunoglobulin sequence, i.e., the analysis of residues that influence the

ability of the candidate immunoglobulin to bind its antigen.

Residues that influence antigen binding are defined to be residues .

that are substantially responsible for the antigen affinity or antigen specificity '

of a candidate immunoglobulin, in a positive or a negative sense. The object

here is toselect FR residues from the consensus and import sequence so that

the desired immunoglobulin characteristic is achievedfi Such desired

characteristics include increases in affinity and greater specificity for’the

target antigen, although it is conceivable that in some Circumstances the

opposite. effects might be desired.- In general, the 008 residues are directly .

and most substantially involved in influencing antigen binding (although not '
all CDR residues aie so involved and therefore need not be substituted-into ‘

the consensus sequence). However, FR residues also have a significant
effect and can exert their influence in at least three ways: They may . '

noncovalently directly bind to antigen, they may interact with CDR residues

and they may affect the interfacebetween the heavy and light chains.

A residue that noncovalently directly binds to antigen is one that,

by three dimensional analysis, is reasonably expected to noncovalently

directly bind to antigen. Typically, it is necessary to impute the position ’of

antigen from the spatial location of neighboring CDRs and the dimensionsand

structure of the target antigen. 'In general, only these humanized antibody

_fl_-- -- H

or less may also non--covalently interact.“/“—— -——~«MW
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' hydrophobic interactions are. likely to be involved in non--COvalent antigen
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relatively larger amino acids,ngninw Antigen—
binding FR residues also typically will have side chains that are oriented into

an envelope surrounding the solvent oriented-face of a CDR which extends

about 7 Angstroms into the solvent from the CDR domain and about 7

Angstroms on either side of the CDR domain, again as visualized by three

dimensional modeling. ‘
.. A residue that interacts with a CDR generally is a residue that either

affects the conformation of the CDR polypeptide backbone or forms a

noncovalent bond with a CDR residue side chain. Conformation-affecting

residues ordinarily are those that change the spatial position of any CDR _ r

- backbone, atom (N, Ca, C, 0, CB) by more. than about 0.2 Angstroms.’ ‘

Backbone atoms of CDR sequences are displaced for example by residues ‘

that interrupt or modify organized structures such as beta sheets, helices or

loops. Residues that can exert a profound effect on the conformation of

neighboring sequences include proline and glycine, both of which are capable

of introducing bends into the backbone. Other residues that can displace

baCkbone atoms are those that are capable of participating in salt bridges and

hydrogen bonds. I i

A residue that interacts with a-‘CDR' side chain is one that is-

reasonably expected! to form a noncovalent bond with a CDR side chain,

generally either a salt bridge or hydrogen‘bond. Such residues are identified .

by three dimensional positiOning of their side chains. A salt or ion bridge

could be expected to form between two side chains positioned within about

2.5 - 3.2 Angstroms of one another that bear opposite charges, for example .

a lysinyl and a glutamyl pairing. A hydrogen bond could be expected to form

between the ’side chains of residue pairs such as seryl or threonyl with

aspartyl or glutamyl (or other hydrogen accepting residues). Such pairings

are well known in the protein chemistry art and will be apparent to the-

artisan upon three dimensional modeling of the candidate immunoglobulin.
immunoglobulin residues that affect the interface between heavy

and light chain variable regions ("the VL ~ VH interface“) are those that affect

the proximity or orientation of the tWo chains with respect to one another.

15
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_. These'steps, however, are per se routine and well within the ordinary skill of

.Certain residues involved in interchain interactions are already known and

include VL residues 34, 36, 38, 44, 46, 87:89. 91, 96, and 98 and VM

residues 35, 37, 39,» 45,147, 91, 93, 9'5, 100, and 103 (utilizing the

nomenclature set forth in Kabatfiet a/., Sequences of Proteins of

Immunological lnrérestllNational Institutes of Health, Bethesda, MD, 1987)).

Additional residues are newly identified by the inventor/sjerein, and includem

43L, 85L, 43H and 60H. While these residues are indicated for lgG only,

they are applicable across species. in. the practice of this invention, import '

actedto be involved in interc ainantibody residue thatwflLejww
interactions are selected for substitution into the consensus humanmy...

sequence. it is believed that heretofore no humanized antibody has beenM

prepared with and affecting residue selected from an import'

. antibody sequence.

Since it is not entirely possible to predict in advancewhatt'ne exact 

 
 

impact of a given substitution will be it may be necessary to. make the

substitution. and essay the candidate antibody for the desired charaCteristic.

the art. . ‘

CDR and FR residues are determined according to a standard

sequence definition (Kabat er al., Sequencesl‘of Proteins of Immunological

- Interest, National institutes of Health, Bethesda MD (1987), hereby

specifically incorporated by reference), and a structural definition (as in
Chothia and Lesk, J. Mol. Biol. “362901-917 (1987), hereby specifically , .
incorporated by reference). Where these two methods re5ult in slightly.
different identifications of a (208, the structural definition is preferred, but
the residues identified by the alternate method are considered important FR

residues for determination of which framework residues toimport into a
consensus sequence.

The terms "consensus sequence" and “consensus antibody" as

. used herein refers to an amino acid sequence which {comprises the most

frequently occurring amino acid residues at each locationinall human

immunoglobulins of any particular subclass. ln preferred embodiments, them

16
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consensus human variable domain sequences are derived from the most

abundant subclasses in the sequence compilation of Kabat eta/q Sequences,

of Proteins of Immunological Interest, National institutes of Health, Bethesda
MD (1987), namely VL K‘s-ubgroup l' and VH group III. in such preferred

embodiments, the VL consensus domain has the amino acid sequence:

D'Qi‘GTQSPSS'CASvénmrrn‘rmxsnnvSVLAWYQQKPFKAPKLLlYAAS

_ SLESGVPSBFSCiSGSGTDFTLTISSLOPEDFATYYCOOYNSLPYTFGOGTKVEl
"KRT (sec. lD NO. 3);

the VN consensus domain has the amino acid sequence:

EVOLVESGGGLVQPGGSLRLSCAASGFTFSDYAMSWVRQAPGKGLEWVAVl

SENGGYTRYADSVKGRFTISADTSKNTAYLOMNSLRAEDTAVYYCSRWGGD

GFYAMDVWGQGTLVTVSS (SEQ lD NO 4)

While not wishing to be limited to any particular theories, it may be that

these preferred embodiments are less likely to be immunogenic in an

individual than less abundantsubclasSes. However. inother embodiments,
the consensus sequence is derived from human constant domains, or from

other subclasses of human immunoglobulin variable domains.

ldentity or homology with respect to a specified amino acid
 

sequence of this invention defined herein as the percentageof~amino-acidis , ,
residues in a candidate sequence that are identical with the specified

residues, after a igning the sequences and rntroducmg gaps, if necessary, to

achieved-the axrmum percent homology, and not considering any

conservative su stitutions as part of the sequence Identity. i None of N- 

terminal, C-terminal or internal extensions, deletions, or insertions into the

specified sequence shall be construed as affecting homology. All sequence

alignments called for in this invention are such maximal homology

alignments.

"Non-homologous" import antibody residues are those residues

which are 'not identical to the amino acid residue at the analogous or

corresponding location in a consensus sequence, after-the import and

consensus sequences are aligned.

The term "computer representation" refers toinformation which is

17
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in a form that can be manipulated by a computer. The act of storing a

computer representation refers to the act of placing the information in a form

suitable for manipulation by a computer.

This invention is also directed to novel polypeptides, and in certain

‘ aspects, isolated novel humanized anti-p185HER2antibodiesare provided.
These novel anti-pi 85"”;R2 antibodies are sometimes collectively referred to
herein as huMAb4D5, and also sometimes as the light or heavy chain variable

domains of huMAb4DS, and are defined herein to be any polypeptide

sequence which possesses a biological property of a polypeptide comprising

~ the following polypeptide sequence: ~,

DIQMTOSPSSLSASVGDRVTITCRASODVNTAVAWYOOKF’GKAP
KLLIYSASFLESGVPSRFSGSRSGTDFTLTISSLOPEDFATYYCOOHY

TTPPTFGOGTKVEIKRT (’SE'Q. lD'NO. ‘l, which is the light chain

variable domain of-huMAb4D5); or . ' V ‘

EVOLVESGGGLVQPGGSLRLSCAASGFNlKDTYlHWVROAPGKGLE

WVARlYPTNGYTRYADSVKGRFTlSADTSKNTAYLQMNSLRAEDT '

I AVYYCSRWGGDGFYAMDVWGOGTLVTVSSI (SEQ. D No. 2,

which-is’the heavy chain variable domain of huMAb4DBl. 1

"Biological property" for the purposes herein means an in vivo

effector or antigenic function or activity that is directly or indirectly

performed by huMAb4DS (whether in its native or denatured conformation).

Effector functions include receptor binding, any enzyme activity or enzyme

modulatory activity, any carrier binding activity, any hormonal activity, any'

mitogenic or angiogenic activity, any cytotoxic activity, any activity in
promoting or inhibiting adhesion of cells to extracellular matrbr or cell surface
moleCUles, or any structural role. However, effector functions do not include

possession of anvepitope or antigenic sitethat is. capable of cross-reacting ’
with antibodies raised against huMAb4DS. An antigenic" function means

possession of an epitope or antigenic site that is capabla‘of cross~reacting

with antibodies raised against the polypeptide Sequence of huMAb4DS.

is
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Biologically active huMAb4DS is defined herein asia polypeptide that

shares an effector function of huMAb4DS and which may (but need not) in

addition possess an antigenic function. A principal known effect or function

of huMAb4D5 is its ability. to bind to p185HER.2. ’
I Antigenically active huMAb4DS is defined as a polypeptide that

possesses an antigenic function of huMAb405 and which may (but need not)

in addition possess-an effector function.

in preferred embodiments, antigenically - active huMAb4DS is a
polypeptide that binds with an affinity of at least about 10-9 l/mole’to an

antibody capable 'of binding huMAb4DS. Ordinarily the polypeptide binds

with-an affinity of at least about 10—8 Ilmole. isolated-antibody capable of
binding huMAb4D5 is an antibody which is identified and separated from a

component of thenatural environment in which it may be present. . Most v

preferably,rantigenicaily active huMAb4DS is a polypeptide that binds toan

antibody capable of binding huMAb4DS in its native conformation;
HuMAb4DS in its native conformation is huMAb405 as recovered according

to the methods described in Example 1 below, which has not been denatured

by chaotropic agents, heat or other treatment that substantially medifies the ._
three dimensional structure of huMAb4DS as determined for example by

migration on nonreducing, nondenaturing sizing gels. Antibody used in this _
determination is rabbit polyclonal antibody raised by formulating ‘native

huMAb405 in Freund's' complete adjuvant, subcutaneously injecting the

formulation, and boosting the immune response by intraperitoneal injection

. of the formulation until the titer of'anti—huMAb‘iDS antibody plateaus.

Ordinarily, biologically or antigenically active huMAb4DS will have ”

an amino acid sequence having at least 75% amino acid sequence identity

with the huMAb4D§ amino acidfsequence, more preferably at least 80%,
more preferably at least 90%, and most preferably at least 95%. identity or

homology with respect to this sequence is defined herein as the percentage
of amino acid residues in the candidate sequence that are identical with the

huMAb4D5 residues, after aligning the sequences and introducing gaps, if

necessary, to achieve the maximum percent homology, and not considering

19
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any conservative substitutions as part of the sequence identity. None of N-
terminal, C~terminal or. internal extensions, deletions, or insertions into the

huMAb4DS sequence shall be construed as affecting homology.

Thus, the biologically active and "antigenicaliy active huMAb405

S~ ‘ polypeptides that are the subject of certain embodiments of this invention
include the sequence of the ‘ entire translated nucleotide sequence of

huMAb4DS; mature huMAb4DS; fragments, thereof having a consecutive
sequence of at least 5, 10, 1’5, 20, 25, 30 or 40 amino acid residues from

huMAb4DS; amino acid sequence variants of huMAb4DS whereinan amino

10 - ‘ acid residue has been inserted N‘ or C-terminal to, or within, huMAb4p5 or

its fragment as defined above; amino acid sequence variants of ,huMAb4D5 '

or its fragment as defined above wherein an amino acid residue of

huMAb4D§ or its fragment as defined above has been substituted by another

residue, including predetermined mutations by, 9.9., site-directed or PCR

15 . ‘ ‘ mutagenesis; derivatives of huMAb4DSor its fragments as defined above

wherein huMAb4D5 or its fragments have been covalent modified, by
substitution, chemical, enzymatic, or other appropriate means, with a moiety

other than a naturally occurring amino acid, and glycosylation variantsof
 “ma“:am" .Mvw--

20 site by deletion, insertion ersubstitution figsurtable {GSlduek Suchw~w~»—».__ W: ¥J~,__;A“. “N A '
fragments and variants exclude any. polypeptide heretofore identified,

 

  

including muMAb4DS or any known polypeptide fragment, which are '

anticipatory order 35 U.S.C.102 as well as polypeptides obvious thereover

under 35 u..sc.1o3. ' '
25 . ”isolated” huMAb4D5 means huMAb4DS which has been identified

and separated and/or recovered from a component of its natural cell culture

environment Contaminant components of its natural environment are
{naterials which would interfere with diagnostic or therapeutic uses for

. huMAb4D5, and may includeenzymes, hormones, and other proteinaceous

30 or nonproteinaceous solutes. In preferred embodiments, huMAb4DS will be

purified (l) to greater than 95% by weight of protein as determined by the

Lowry method, and most preferably more than 99% by weight, (2) to a

.20
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degree sufficient to obtain at least 15 residues of N—terminal or internal amino

acid sequence by‘use of avspinning cup sequenator,‘ or (3) to homogeneity by

SDS-PAGE under reducing or nonreducing conditions Using Coomassie blue

or, preferably, silver stain. isolated huMAb4DS includes huMAb4DS insitu
within recombinant cells since at least one component of the huMA~b4DS ‘

' natural environment will not be present. Ordinarily, however, isolaed

' huMAb4DS‘will be prepared by at least one purification step.

in accordance with this invention, huMAb4D5 nucleic acid is RNA

or DNA containing greater than ten bases that encodes a'biologically or

antigenically active huMAb4D5, is complementary to nucleic acid sequence

encoding such huMAb4DS, or hybridizes to nucleic acid sequence encoding

such huMAb4DS andremains stablybound to it under stringent conditions. '
Preferably, the huMAb405 nucleic acid encodes a polypeptide

sharing at least 75% sequence identity, more preferably at least 80%, still
more preferably at least 85%, even more preferably at 90%, and most

preferably 95%, with the huMAb4l35 amino acid sequence. Preferably, a
nucleic acid molecule that hybridizes to the hulVlAb4D5 nucleic acid contains
at least 20, more preferably 40, and most preferably 90 bases. Such

hybridizing or complementary nucleic acid-,‘howeyer, is further defined as‘
being novel under 35 U.S.C. 102 and unobvious under 35 U.$.C. 103 over

any prior art. nucleic acid. ' "

Stringent conditions are those that (1) employ low ionic strength -

and high temperature for washing, for example. 0.015 M NaCl/0.0015 M

sodium citrate/O/1% Na‘DodSO,‘ at 50° C; (2) employ during hybridization a
denaturing agent such as formamide, for example, 50% (vol/vol) formamide

with 0.1% bovine serum albumin/O/i % Ficoll/O/1% polyvinylpyrrolidone/EO
' mM sodium phosphate buffer at pH 6.5 with 750 mM NaCl, 75 mM sodium

citrate at 42° C; or (3) employ 50% formamide, 5 x SSC (0.75M NaCl,

0.075 M sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium

pyrophosphate, 5 x Denhardt’s solution, sonicated salmon spermDNA (50

g/ml). 0.1% see, and 10% dextran sulfate at 42 c, with washes at 42 c in

0.2 x sac and 0.1% see;
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The term "control sequences” refers to DNA sequences necessary
for the expression of' an operably linked coding sequence in a particular host

organism." The control sequences that are suitable for prokaryotes, for

example, include a promoter, optionally an operator sequence, avribosome

binding site, and possibly,-Other as yet poorly understood sequences.

Eukaryotic cells are known to utilize promoters, polyadenylation signals, and

enhancers. ‘

Nucleic acid is "operably linked” when it is placed into a functional

relationship with another nucleic acid sequence. For example, DNA for a

presequence or secretory leader is operably linked to DNA for a polypeptide

if it is expressed as a preprotein that participates in thesecretion of" the
polypeptide; a promoter 'or enhancer is operably linked to a coding sequence

if it affects the transcription of the sequence; or a ribosome binding site is

operably linked to a coding sequence if it is positioned so as to facilitate
translation. Generally, "operably linked'? means that the DNA sequences

being linked are contiguous and, in the case of a secretory leader, contiguous

and in reading phase. However enhancers do not have to be contiguous.

Linking is accomplished by ligation at convenient restriction sites. if such

sites do not exist, thensynthetic oligonucleotide adaptors or linkers are used

in accord with conventional practice;

An ”exogenous" element is defined herein to mean nucleic acid

sequence that is foreign to the cell, or homologous to the [cell but in a

position within the host cell nucleic acid in which the element is ordinarily not
found. ' I V

As used herein, the expressions ”cell," "cell line," and “cellculture”

are used interchangeably and all such designations include progeny. Thus,

the words "trensformants" and "transformed cells" include the primary

subject cell and cultures derived therefrom without regard for the number of

transfers. It is also understood that all progeny may not be precisely

identical in DNA content, due-to deliberate or inadvertent mutations. Mutant

progeny that have the same function or biological activity as screened for in

the originally transformed cell are included. Where distinct designations are
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intended, it will be clear from the context.

"Plasmids" are designated by a lower case p' preceded and/or

followed by capital letters and/or numbers. The starting plasmids herein are

commercially available, are publicly available on an unrestricted basis, or can .

be constructed from such. available plasmids in accord with published

. procedures. In addition, other equivalent plasmids are known in the, art and

will be apparent to the ordinary artisan.

I "Restriction Enzyme Digestion" of DNA refers to catalytic cleavage

of the DNA with an enzyme that acts only at certain locations in the~ DNA.
Such enzymes are called restriction endonucleases, and the sites for which

each is specific is called a restriction site. The various restriction enzymes

used herein are commercially available and their reaction. conditions,

cofactors, and otherrequirements as established by the enzyme suppliers are

used. Restriction enzymes commonly are designated by abbreviations

composed of a capitalletter followed by other letters representing the micro—

‘ organism from which each restriction enzyme originally was obtained and

then a number designating the particular enzyme. In general, about 1 pg of
plasmid or DNA fragment is used with about 1-2 units of enzyme in about 20

pl of buffer solution. Appropriate buffers and substrate amounts for

particular restriction enzymes are specified by the manufacturer. Incubation
of about 1 hour at 37°C is ordinarily-used, but may vary in accordance with

the supplier’s instructions. After incubation, protein or polypeptide is

removed by extraction with'phenol and chloroform, and the digested nucleic

acid is-recovered from the aqueous fraction by precipitation with ethanol;

Digestion with a restriction enzyme may be followed with bacterial alkaline

phosphatase hydrolysis of the terminal 5' phosphates to prevent the two .

restriction Cleaved ends of a DNA fragment from ”circularizing" or forming

a closed loop that would impede insertion of another DNA fragment at the

restriction site. Unless otherwise stated, digestion of plasmids is not

followed by 5’ terminal dephosphor'ylation. Procedures and reagents for

dephoSphorylation are conventional as described in sections 1.56-1.61 of

Sambrook'et al. (Molecglar Cloning: A Laboratory Manual New York: Cold

23,
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Spring Harbor Laboratory Press, 1989).

’ "Recovery" or "isolation" of a given fragment of DNA. from a

restriction digest means separation of the digest on polyacrylamide or
agarose gel by electrophoresis, identification of the fragment of interest by
comparison of its mobility versus that of marker DNA fragments of known

molecular weight, removal of the gel section containing the desired fragment,

and separation of the gel from DNA. This procedure is known generally. For
example, see Lawn e: a/., Nucleic $9ng Res, 3: 6103-6114 (1981),”and

Goeddel er a/., NggleiclAgids Res. a: 4057 (1980).

"Southern blot analysis" is a method by which the presence of DNA

sequences in a restriction endonuclease digest of DNA or DNAécontaining

composition is confirmed by hybridization to a known, labeled oligondcleotide

or DNA fragments Southern analysis typically comprises electrophoretic

separation of DNA digests on agarose gels, denaturation of the DNA after '

electrophoretic separation, and transfer of the DNA to nitrocellulose, nylon
or another suitable membrane supports for analysis with a radiolabeled,

biotinylated or enzyme--lebeled probe as described in sections 9. 37—9. 52 of
sambrook et al, supra

"Northern analysis". is a method used to identify RNA. sequences

that hybridize to a known probe such as an oligonucleotide, DNA fragment,

cDNA or fragment thereof, or RNA fragment. The probe is labeled with-a

radioisotope such as 32-P, or by biotinylation, or with an enzyme. The RNA

to. be analyzed ‘is usually electrophoretically separated on an agarose or

polyacrylamide gel, transferred to nitrocellulose, nylon, or other suitable

membrane, and hybridized with the probe, using standard techniques well

- known'in the art such as those describedin sections 7. 39-7. 52 of Sambrook
et.\al., supra

”Ligation" refers to the process of forming phosphodiester bonds

between two nucleic acid fragments;.,To ligate the DNA fragmentstogether,

the ends of the DNA fragments must be compatible with each other. in

somecases, the ends will- be directly compatible after endonuclease

digestion. However, it may be necessary to'first convert the staggered ends ‘
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commonly, produced after endonuclease digestion to blunt ends to make them

compatible for ligation. 'To blunt the ends, the DNA is treated in a suitable

buffer for at'least 15 minutes at 15°C with about '10 units of the Klenow
fragment of DNA polymerase I or T4 DNA polymerase in the presence of the

four deoxyribonucleotide triphosphates. The DNA is then purified by phenol-

chloroform extraction and ethanol precipitation. The DNA fragments that are
to be ligated together are pot in solution in about. equimolar amounts. The ‘

Solution will also contain ATP, ligase buffer, and a ligase such' as T4 DNA

ligase at about i0 units per 0.5 pg of DNA. It the DNA is to be ligated into
a vector, the vector is first-linearized by digestion with the appropriate
restriction endonUcleasels). The linearized fragment is then treated with

bacterial alkaline phosphatase, or calf intestinal phosphatase to prevent self-

iigationduring the ligation step.

"Preparation"'of DNA from cells means isolating the plasmid DNA

from a culture of the host cells. Commonly used methods for DNA

' preparation are the large and small scale plasmid preparations described in

sections 1.25-1.33 of-Sambrook er 3]., supra. After preparation of the DNA,
it can be purified by methodsiwell known in the art such as that described

in section 1.40 of’Sambrook er a’/., supra.
"Oligonucleotides" are short—length, Isingle- or double-stranded .

polydeoXynucleotides that are chemically synthesized by known methods

(such asphosphotriester,‘phosphite, or phdsphor‘amidite chemistry, using

solid phase techniques such as described in EP 266,032 published 4 May
1988, or via deo'xynucleoside H-phosphonate intermediates as described by

Froehler et al., Nucl. Acids Res, 15: 5399-5407 [1986]). They are then

purified on polyacrylamide gels.

The technique of "polymerase chain‘reaction,“ or "PCR," as used

herein generally refers to a procedure wherein minute amounts of a specific
piece'of nucleic acid, RNA and/or DNA, are amplified as described in US.

Pat. No.‘4,68v3,1_95 issued 28 July 1987. Generally, sequence information
from the ends of the region'of interest or beyond needs to be available, such

that oligonucleotide primers can be designed: these primers will be identical
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or similar in sequence to opposite strands of the templateto be amplified. ‘
The 5‘ terminal nucleotides of the two primers may coincide with the ends

of the amplified material. PCR can be used to amplify specific RNA

sequences, specific DNA sequences fromtotal genomic DNA, and cDNA

transcribed from total cellular RNA, bacteriophage or plasmid sequences, etc.

See generally Mullis et a/., 991;: Spring Harbor symp. Quang. Bigl., 52.1: 263

.(1987); Erlich, ed., PQR Technology, (Stockton Press, NY, 1989). As used

herein, PCR is considered to be one, but not the only, example of a nucleic
acid polymerase reaction method'for amplifying a nucleic acid testsample,

comprising the use of a known nucleic acid (DNA or RNA) as a primer and

utilizes a nucleic acid polymerase to amplify or generate a s‘peCific piece of

nucleic acid or to amplify or generate a specific piece of nucleic acid which
is complementary to a particular nucleic acid.

Suitable Methods for Practicing the invention

Some aspects of this inventionrinclude obtaining an import, non-

human antibody variable domain, humanizing the antibody sequence, and _

producing the humanized antibody. Methods fer determining a desired.
humanized antibody sequence and for humanizing an‘antibody gene sequence

are described below. A particularly preferred method of gene conversion
from a non—human or consensus sequence into a humanized nucleic acid

sequence is described in Example]. Additionally, methods are given for
obtaining andproducing antibodies generally, which apply equally to native

non-human antibodies as well as to humanized antibodies.
- Generally, the antibodies and antibody variable domains of this

invention are conventionally prepared in recombinant cell culture, as

described in more detail below. Recombinant synthesis is preferred for

reasons of safety and economy, but it is known to prepare peptides by

chemical synthesis and to purify them from natural" sources; such

' preparations are included 'within the definition of antibodies herein.

26

32



 

10

15

2O

30

olecular M delin 

Where it is desired to prepare-molecular models for the antibodies
of this invention, one may utilize any of the commercially available modeling

programs described in the literature cited in the Background above.
Generally, models for a partiCular antibody domains, for example

non-human, import antibody variable VH’ and VL domains, are constructed

separately from consensus Coordinates based upon FAb structures which

have similar sequences. Models of consensus human antibody sequences are

similarly created.

For example, in modeling the mUMAb4d5, the models were

constructed based upon seven Fab’ structures from the Brookheven protein

data bank (entries 1FB4, 2RHE, ZMCP, 3FAB, TFBJ, 2HFL and 1-REl). The

Feb fragment KOL (MarquartpM. e131,, J. MOI. Biol. 141:369-391 (1980))

was first chosen as a template for vi. and VH domains and additional
structures were then superimposed uponthis structure using their main chain.
atom coordinates (INSlGHT program, Biosym Technologiesfi Similar

programs and techniques are utilized for modeling the desired antibody. ’
I The distance from the template Co to the analogous Ca in each of

the superimposed structures is calculated for each residue position.

Generally,if all (or nearly all) Ca-Ca distances for a given residue are 5 1A,
then that position is included in the consen5us structure. in some cases the

fl~sheet~framework residues will satisfy these criteria whereas the CDR loops

may not. For each of these selected residues the average coordinates for

individual N, Ca, C, O and 0,8 atoms are calculated and then corrected for

'resultant deviations from non-standard bond geometry by 50 cycles of

energy minimization using a commercially available program such as the

DlSCOVER program (Biosym Technologies) with the AMBER forcefield

(Weiner, S. J. et,a/., J. Amer. Chem. Soc. 1062765784 (1984)), and the Ca
coordinates are fixed. The side chains of highly conserved residues, such as
the disulfide—bridged cysteine residues, are then incorporated into the

resultant consensus structure. Next the sequences of the particular antibody

_ VL and VH domains are incorporated starting with the CDR residues and
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using the tabulations of CDR conformations from Chothia et al. (Chothia, C.

etal. , Nature 342:877-883 (1989)) as a guide. Side-chain conformations are
chosen on the basis of Fab crystal structures, rotamer libraries (Ponder, J. W.

& Richards, F'. M., J. Mol. Biol. '193z775-791 (1987))rand packing

considerations. Since VH;CDR3 typically cannot be assigned a definite.
backbone conformation from these criteria, models may be created from a

search of similar'sized loops using the lNSlGHT program, derived using

packing and solvent exposure considerations, or created using other routine

and commercially available techniques. It is preferable to subject the model

to 5000 cycles of energy minimization.

‘ Methods for Obtaining a Humanized Antibggy Seggenge

ln humanizing muMAb4DS, consensus human sequences are first

derived, and then a molecular model'is generated for these sequences using

the methods described above. in certain embodiments of this invention, the-

consensus human sequences are derived from the most abundant subclasses

in the sequence compilation of'Kabat et al. (Kabat, E. A. et al., Sequences
of Proteins of Immunological Interest (National institutes of Health, Bethesda,

MD, 1987)), namely VL K subgroup l4 and VH group Ill, and have the
sequences indicated in the definitions above. ’

While these steps may be taken in different order, typically a

structure for the candidate humanized antibody is created by transferring the

C083 from the non—human, import sequence into the consensus human

structure. The humanized antibody may contain human replacements of the

nonhuman import residues at positions within CDRs as defined by sequence

variability (Kabat, E. A. et al., Sequences of Proteins of Immunological

Interest (National institutes of Health, Bethesda, MD, 1987)) or as defined

by structural variability (Chothia, c. & Lesk, A. M.., .1. Mol. Biol.

196:901-917 (1987)). For example, huMAb405 contains human

replacements of the muMAb4>D5 residues at three. positions within CDRs as

defined by sequence variability (Kabat, E. A. et al., Sequences of Proteins of

Immunological Interest (National institutes of Health, Bethesda, MD, 1987)) I
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but not as defined by structural variability (Chothia, C. & Lesk, A. M., J. Mol.

'Biol. 196:901-917 (1987)): vL’cpm K24R, VL~CDR2 R54L and vL—cenz

T568.

Differences between the non--human import and the human
consensus framework residues are individually investigated to determine their

possible. influence on COB conformation and/or binding to antigen.

investigation ’of such possible influences is desirably performed through

modeling, by examination of the characteristics of the amino acids at

particular locations, or determined experimentally through evaluating the

effects of substitution or mutagenesis of partiCuiar amino acids._

in certain preferred embodiments of thisinvent‘ion, a humanized

antibody is made comprising amino acid sequence of an import, non-human

antibody and a human antibody, utilizing the steps of:

a. , _, obtaining the amino acid sequences of at least a portion

of an import antibody variable‘domain and of a consensus

human variable domain; ‘

b. ' identifying Complementarity Determining Region (CDR)
amino acid sequences in the import and the human

_ variable domain seduences;

c. , substituting an import CDR amino acid sequence for the

corresponding human CDR amino-acid sequence:

‘ d. aligning the amino acid sequences of a Framework Region

(FR) of the import antibody and the corresponding FR of
the consensus antibody; ’ I I

e. identifying import antibody FR residues in the aligned FR
i sequences that are nonhomologous to the corresponding

consensus antibody residues; ‘

f. determining if the non—homologous import amino acid
residue is reasonably expected to have at least one of the _

following effects:

1. ‘ non—covalently binds antigen directly,

2. interacts with a CDR; or
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3'. - participates in the V - VH interface; and

g. for any non-homologous import antibody amino acid
residue whichIs reasonably expected to have at least one

of these effects, substituting that residue for the

corresponding amino acid residue in the consensus
antibody FR sequence.

'Optionally, .one determines if any non—homologous residues

identified in step (e) are exposed on the surface of the domain or buried

within it and if the residue is exposed but has none of the effects identified

in step (f) one may retain the consensus residue. -

Additionally, in certain embodiments the correspondingconsensus
antibody residues identified in step, (at above are selected fromthe group

Consisting of 4L, 35L, 36L, 38L, 43L, 44L, 46L, 58L, 62L, 63L, 64L, 65L,

~66L, 67L, 68L, 69L,.70L, 71 L, 73L, 85L, 87L, 98L, 2H, 4H, 24H, 36H, 37H,

39H, 43H, 45H, 49H, 58H, 60H, 68H, 69H, 70H, 73H, 74H, 75H, 76H,

78H, 91H, 92H, 93H, and 103H (utilizing the numbering system set forth in

Kabat, E. A. et a/., Sequences of Proteins ofImmunological Interest (National

institutes of Health, Bethesda, MD, _1987)).

in preferred embodiments, the method of this invention comprises

the additional steps of searching either or both of the import, non~human and

the consensus variable domain sequencesforglycosyiation sites, determining

if the glycosylation is reasonably expected to be important for the desired

' antigen binding and biological'activity of the antibody (i.e., determining if the

y glycosylation site binds to antigen or changes a side chain of an amino acid

residue that binds to antigen, or if the glycosylation enhances or weakens

antigen binding, or is important for maintaining antibody affinity). lf the

import sequence bears the glycosylation site, it is preterred to substitute that

site for the corresponding residues in the consensus human sequence if the

glycosylation site is reasonably expected to be important. if only the

censensus sequence, and not the import, bears the glycosylation site, it is

preferred to eliminate that glycosylation site or substitute therefor the

corresponding amino acid residues from the import sequence.
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Another preferred embodiment of the methods of this invention
comprises aligning import antibody and the consensus antibody FR

sequences, identifying import antibody FR residues which are non-

homologous with the aligned consensus FR sequenCe, and for eachtsuch non-
. homologous import antibody FR residue, determining if the corresponding

consensus antibody residue represents a residue which is highly conserved
across all species at that site, and if it is so conserved, preparing a

humanized antibody which comprises the consensus antibody aminoacid

residue at that site.

In certain alternate embodiments, one need not utilize the modeling
and evaluation steps described above, and may instead proceed with the

steps of obtaining the amino acid sequence of at least a portion of an import,

non-humanantibody variable domain having a CDR and a FR, obtaining the

amino acid sequence of at least a portion of a consensus human antibody

I‘ .. variable domain having a CDR and 3 FR, substituting thelnon-humen CDR for ' h
the human CDR in the consensus human antibody variable domain, and then

substituting an amino acid residue for the consensus amino acid residue at

at least‘one of the following sites:

a. (in the FR of the variable domain of the light chain) 4L,

35L, 36L. 38L, 43L, 44L, 58L, 46L, 62L, 63L, 64L, 55L, I

661., 67L, 68L, 69L, 70L, 71L, 73L, 85L, 87L, 98L, or

b. . (in the FR of the variable domain of the heavy chain) 2H,
4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H, 58H, 60H, '

68H, 69H, 70H, 73H, 74H, 75H, 76H, 78H, 91H, 92H.

93H, and 103H. 1 _

Preferably, the non»CDR residue substituted at the consensus FR site is the

V residue found at the Corresponding location of the non-human antibody. If

desired, one may utilize the other method steps described above for .

determining whether a particular amino acid residue can reasonably» be

expected to have undesirable effects, and remedying those effects.

lf after making a humanized antibody according to the steps above

and testing its activity one is not satisfied with the humanized antibody, one
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preferably reexamines the potential effects of'the amino acids at the specific

locations recited above. Additionally, it is desirable to reinvestigate any

buried residues which are reasonably expected to affect the V,_ - VH interface

but may not directly affect CDR conformation. it .is also desirable to

reevaluate the humanized antibody utilizing the steps of the methods claimed
herein. '

in certain embodiments of this invention, amino acid residues in the

consensus hdman sequence are substituted for by other amino acid residues.

In preferred embodiments, residues from a particular non-human import

sequence» are substituted, however there are circumstances where it is

desired to evaluate the» effects-of other amino acids. For example, if after .

making a humanized antibody according to thesteps above and testing its

activity one is not‘satisfied with the humanized antibody, one may compare

the sequences of other classesor subgroups of human antibodies. or classes

or subgroups of antibodies from the particular non—human species, and

determine which other amino acid side chains and amino acid residues are

found at particular locations and substituting such other residues.

Antibodies

Certain aspects of this invention are directed to natural antibodies

V ’ and to monoclonal antibodies, as illustrated in the Examples below and by

antibody hybri‘domas deposited with the ATCC (as described below). Thus, I
the references throughout this description to the use of monoclonal

antibodies are intended to include the use of natural or native antibodies as

well as humanized and chimeric antibodies. As Used'herein, the term

"antibody" includes the antibody variable domain and other separable

antibody domains unless specifically excluded.
in accordance with certain aspects of this invention, antibodies to

'be humanized (import antibodies) are isolated from contindous hybrid cell

lines formed by the fusion of antigen—primed immune lymphocytes with

myeloma cells.

in certain embodiments, the antibodies of this invention are
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obtained by routine screening. Polyclonal antibodies to an'antigen generally

are raised in animals by multiple subcutaneous (so) or intraperitoneal (ip)

injections of the antigen and an adjuvant. it may be useful to conjugate the

antigen or a fragment containing the target amino acid sequence to a protein

that is immunogenic in‘the species to be immunized, 6.9., keyhole limpet

hemocyanin, serum albumin, bovine thyroglobulin, or soybean trypsin

inhibitor using a bifunctional or derivatizing agent, for example,
maleimidobenzoyl sulfos‘uccinimide ester (conjugation through cysteine
residues), N—hydroxysuccinimide (through 'lysine,residuesl, glutaraldehyde.

succinic anhydride, 800;, or R‘N = C = NR, where R and R‘ are different

alkyl groups. ' ' ' '

The route and schedule of the host animal or cultured antibody-

producing cells therefrom are generally in keeping with established and

conventional techniques for antibody stimulation and production. While mice

are frequently employed as the test model, it is contemplated that any

' mammalian subject including human subjects or antibody~producing cells

. obtained therefrom can be manipulatedaccording to the processes of this

invention to serve as the basis for production of mammalian, including

human, hybrid cell lines. V

i | Animals are typically immunized against the immunogenic

conjugates or derivatives by combining 1 mg or 1 ,ug of conjugate (for rabbits

or mice, respectiveiyl with 3 volumes of Fr'eun'd's complete adjuvant and

injecting the- solution intradermally at multiple sites. One month later the

animals are boosted .with 1/5 to 1/10 the [original amount of conjugate in

Freund’s complete adjuvant (or other suitable adjuvant) by subcutaneous

injection at multiple sites. 7 to 14 days later animals are bled and the serum

is assayed for antigen titer. Animals are boosted until the titer plateaus,
’ Preferably, the animal is boosted with the c0njugate of the same antigen, but

conjugated to a different protein and/or through a different cross-linking

agent. Conjugates also can be made in recombinant cell Culture as protein .

fusions. Also, aggregating agents such as alum are, used to enhance the

immune res ponse.
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After immunization, monoclonal antibodies are prepared by

recovering immune lymphoid cells-typically spleen cells or lymphocytes from

lymph nodetissue-Jrom immunized animals‘and immortalizing the cells in

conventional fashion, e.g. by fusion with myeloma cells or by Epstein—Barr

(EBl-virus transformation and screening for clones expressing the desired

antibody. The hybridoma technique described originally by ‘Kohler and
Milstein. Eur. J. Immunol. 6:511 (1976) has been widely applied to produce.

hybrid cell lines that secrete high levels of monoclonal antibodies against

many specific antigens. I
I it is possible to fuse cells of one species with another; However,

it is preferable that the source of the immunized antibody producing cells and

the myeloma be from the same species.

The hybrid cell lines can be maintained in culture in vitro in cell

culture media.’ The cell lines of this invention can be selected and/or

maintained .in a composition comprising the continuous cell line in

hypoxanthine—aminopterin thymidine '(HAT) medium. In fact, once the

hybridoma' cell line is established, it can be maintained on a variety of

nutritionally adequate media. Moreover, the hybrid cell lines can be stored

and preserved in any number of conventional ways, including freezing and

storage under liquid nitrogen. Frozen cell lines can be revived and‘cultured

indefinitely with resumed synthesis and secretion of monoclonal antibody.

The secreted antibody is recovered from tissue culture supernatant by

conventional methods such as precipitation, lon exchange chromatography,

affinity chromatography, or the like. The antibodies described herein are also

recovered from hybridoma cell cultures by conventional methods for
purification of lgG or lgM as the case may be that heretofore have been used

to purify these immunoglobulins from pooled plasma, e.g. ethanol or

polyethylene glycol precipitation procedures. The purified antibodies are

sterile filtered, and optionally are conjugated to a detectable marker such. as

an enzyme or spin label fer use in diagnostic assays of the antigen in test

samples.

While routinely rodent monoclonal antibodies are used as the source
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of the import antibody, the invention is not limited to any species.

Additionally, techniques developed for the production of chimeric antibodies

(Morrison et al., Proc. Natl Acad. Sci., 81:6851 (1984); Neuberger at al.,

Nature 3122604 (1984); Takeda et aI., Nature 314:452 (1985)) by splicing

the genes from a mouse antibody molecule of appropriate antigen specificity

together with genes from a human 'antib‘bdy molecule of appropriate

biological activity (Such as ability to activate human complement and mediate
ADCC) can be used; such antibodies are within the scope of this invention.

Techniques for creating recombinantDNA versions of; the antigen-

binding regions of antibody molecules (known’ as Fab fragments) which

bypass the generation of monoclonal antibOdies are encompassed within the

practice of this invention. One extracts antibody-specific messenger RNA

molecules from immune system cells taken from an immunized animal,

transcribes thesevinto complementary DNA (cDNA), and clones the cDNA

into a'bacterial expressions system. One example of such a technique

suitable for the practice of this invention was developed by researchers at
Scripps/Stratagene, and incorporates a proprietary bacteriophage lambda
vector system which contains a leader sequence that causes the expressed

Fab protein to migrate to the periplasmic space (between the bacterial cell
membrane and the cell wall) or to be secreted. One can rapidly generate and

' screen great numbers of functional FAb fragments for those which bind the

antigen. Such FAb fragments with specificity for the antigen are specifically _

encompassed within the term ”antibody" as it is defined, discussed, and

claimed herein.

Amino Acid Seguence Variants

Amino acid sequence variants of the antibodies and polypeptides
of this invention (referred to in herein as the target polypeptide) are prepared

by introducing appropriate nucleotidechanges into the DNA encoding the

target polypeptide, or by in vitro synthesis of the desired target polypeptide.

Such variants include, for example, humanized variants of non~human

antibodies, as well as deletions irom, or insertions or substitutions of,
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residues within particularamino acid sequences. Any combination of»

deletion, insertion, and substitution can be made to arrive at the final

construct, provided that the final construct possesses the desired

characteristics. The amino acid changes also mayalter pest~transiational

processes of the target polypeptide, such as‘changing the number or position

of glycosylation sites, altering any membrane anchoring characteristics,

and/or altering the intra-cellular location of the target polypeptide by

inserting, deleting, or'otherwise affecting any leader sequence of the native

targetpolypeptide. . g

In designing amino acid sequence variants of target polypeptides,

the location of the mutation site and the nature ofthe mutation will depend .

on the target-polypeptide characteristicls) to be modified. The sites for

mutation can be modified individually or in series, 6.9., by (1) substituting

first with conservative amino acid choices and then with more radical

leelections depending upon the results ashieved, (2i deleting the target

residue. or (3) inserting residues of the same or a different class adjacent to

the located site, or combinations of options 1-3. In certain embodiments,

_ these choices are guided by the methods for creating humanized sequences

'set forth above.

A Useful method for identification of certain residues or regions of

the target polypeptide that are preferred locations for mutagenesis is called

”alanine scanning mutagenesis" as described by Cunningham and Wells

(Science, 211:1: 1081-1085 [1989]). Here, a residue or group of target

residues are identified (e.g., charged residues such as arg, asp, his, lys, and

glu) and replaced by a neutral or negatively charged amino acid: (most

preferably alanine or polyalanine) to affect the interaction of the amino acids

with’the surrounding aqueous environment in or outside the cell. Those

domains demonstrating functional sensitivity to the substitutions then are.

refined by introducingfurther or other variants at or for the sites of

substitution. Thus, while the site for introducing an amino acid sequence

variation is predetermined, the nature of the mutation perse need not be

predetermined. For example, to ’optimize the performance of a mutation at
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a given site, ala scanning or random mutagenesis may be conducted at the

target codon or region and the expressed target polypeptide variants are

screened for the optimal combination of desired activity.

There are two principal variables in the construction of amino acid .

sequence variants: the location of the mutation site and the nature of the
'mutation. in general, the location and nature of the mutation chosen‘will

depend upon the target polypeptide characteristic. to be modified.

Amino acid sequence deletions of antibodies are generally not

preferred, as maintaining the generally configuration of ‘an antibody is

believedto be necessary for its activity. Any deletions will be selected so as

to preserve the structure of the target antibody. ‘
Amino acid sequence insertions include amino- and/or carboxyl-

terminal fusions ranging in length from one residue to polypeptides containing
a hundred or more" residues, as well. as intraseguence insertions of single or

multiple amino acid residues. lntrasequence insertions (i.e., insertions within

the target polypeptide sequence) may range generally from about 1 to 10-

residues, more preferably 1 to _5, most preferably 1 tea. Examples of

terminal insertions include the target polypeptide with an N‘terminal
methionyl residue, an artifact of the direct expression of target polypeptide ‘
in bacterial recombinant cell culture, and. fusion of a heterologous N-terminal .

signal sequence to. the N~terminus of the target, polypeptide molecule to

facilitate the secretion of the mature target polypeptide from recombinant

host cells. Such signal sequences generally will'b‘e obtained from, and thus

homologous to, the intended host cell species. Suitable sequences include

ST” or lpp for E. coli, alpha factor for yeast, and viral signals such as herpes

90 for mammalian cells. , i

' Other insertional variants of the target polypeptide include the

fusion to the N- or C-terminus of the‘target polypeptide of immunogenic

polypeptides, e.g., bacterial polypeptides such'as beta—laCtamase or an

enzyme encoded by the E. coli trp locus, er yeast protein, and C-terminal ‘

' fusions with proteins having along half-life such as immunoglobulin constant

regions (or other immunoglobulin regions), albumin, or ferritin, as described

37

43



 

10

15

20

25

30

in we 89/02'922 published is April 1989.

Another group of variants are amino acid substitution variants.

These variants have at least one amino acid residue in the target polypeptide

' molecule removed and a different residue inserted in its place. The sites of

greatest interest for substitutional.mutagenesisinclude sites identified as the
active site(s) (of the target polypeptide, and sites where the amino acids

found in the target polypeptide from various species are substantially

different in terms of side—chain bulk, charge, and/or hydrophobicity. Other

sites for substitution are described infra, considering the effectof' the

substitution of the antigen binding, affinity and other characteristics of'a
particular target antibody. . I ' _

Other sites of interest-are those in which particular residues of the

target polypeptides obtained from various species are identical.‘ These
positions may be important for the biological activity of the target

polypeptide. These sites, especially those falling within a sequence‘of at

least three other identiCally' conserved sites, are substituted in a relatively

conservative manner. lf such substitutions result in a change in biological
activity; then other changes are) introduced and the products screened until

"the desired effect is obtained.

Substantial modifications in function or immunological identity of

the target polypeptide are accomplished by selecting substitutions that differ

significantly in their effect on maintaining (a) the structure of the polypeptide

backbone in the area of the substitution, for example, as a sheet or helical

conformation, (b) the charge or hydrophobicity of the molecule at the target

site, or (c) the bulk of the side chain. Naturally occurring residues are divided

into groups based on common‘side chain properties:

_ (1) hydrophobic: norleucine, met, ala, val, Ieu, ile;

(2) neutral hydrophilic: cys, ser, thr;

(3) acidic: asp, glu;

(4) basic: asn, gin, his, lys, arg;

(5) residues that influence chain orientationrgly, pro; and

(6) aromatic: trp, tyr, phe.
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Nonsconservative substitutions will'entail exchanging a member of

one of these classes for another. Such substituted residues may be '

introduced into regions of the target polypeptide that are homologous with

other antibodies of the same class or subclass, or, more preferably, into the

non-homologous regions of the molecule.
_ Any cysteine residues not involved in maintaining the proper

conformation of target polypeptide also may be substituted, generally with

serine, to improve the oxidative stability of the molecule and prevent aberrant _

crosslinking I 1

DNA encoding amino acid sequence variants of the target

polypeptide is prepared by a variety of methods known in the art. These

methods include, but are not limited to, isolation from a natural source (in the

case of naturally occurring amino acid sequence variants) or preparation by

oligonucleotide—mediated (or siteedirected) mutagenesis, PCR mutagenesis,

and cassette mutagenesis of an earlier prepared variant or a non--varian_t

version of the target polypeptide. A particularly preferred method of gene
conversion mutagenesis is described belowIn Example 1. These techniques

may utilized target polypeptide nucleic acid (DNA or RNA), or nucleic acid
complementary to the target polypeptide nucleic acid.

Oligonucleotide-mediated mutagenesis is a preferred method for

preparing substitution, deletion, and insertion variants of target polypeptide
DNA. This technique is well known in the art as described by Adelman et a/.,

DNA, 2: 183 (1983). Briefly, the target polypeptide DNA is altered by

hybridizing an oligonucleotide encoding thedesired mutation to. a DNA
template, where the template is the single~stranded form of a plasmid or

. bacteriophage containing the unaltered or native DNA sequence of the target

polypeptide. After hybridization, a DNA polymerase is used to synthesize an

‘entirevsecond complementary strand of the template that will thus

incorporate the oligonucleotide primer, and will code for the selected

alteration in the target polypeptide DNA.

Generally, oligonucleotides of at least 25 nucleotides in length are

used. An optimal oligonucleotide will have 12 to 15 nucleotides that are
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completely complementary to the template on either side of the nucleotidelsl

coding for the mutation. Thisensures that the oligonucleotide will hybridize

properly to the single—stranded DNA template molecule. The oligonucleotides

are ‘ readily synthesized using techniques known in the art such as that

described by Crea er al. ‘(Prog Natl. Aged. sgj. usg, 15: S765 [1"9781).
' Single—stranded DNA template may also be generated by denaturing

double-stranded plasmid (or other) DNA” using standard techniques.

For alteration of the native DNA Sequence (to generate amino acid

sequence variants, for example), the oligenucleotide is hybridized to the
single-stranded template under suitable hybridization conditions. A DNA

polymerizing enzyme, usually the Klenow fragment of) DNA polymerase I, is
then added to Synthesize the complementary strand of the template using the

oligenucleotide as a primer for synthesis. A heteroduplex molecule is thus I
formed Such that one strand of DNA encodes the mutated form of the target

polypeptide, and the other strand (the original template) encodes the native,

unaltered sequence of the target polypeptide. This het’eroduplex molecule

is then transformed into a suitable host cell, usually a prokaryote such as E.

coliJMlO‘l. After the-cells are grown, they are plated onto agarose plates

and screened using the oligenucleotide primer radiolabeled with 32-phosphate

to identify the bacterial celonies that contain the mutated DNA. The mutated

region is then removed and placed in an appropriate vector for protein

production, generally an expression vector of the type typically employed for ‘

transformation of an. appropriate host. >

I The method described immediately above may be modified such

that a homoduplex molecule is created wherein both strands of the plasmid

. contain the mutationls). The'modifications are as follows: The

single-stranded oligonucleotide is annealed to the single-stranded template

as described above. A mixture of three deoXyribonucleotides,

deoxyriboadenosine (dATP), deoxyriboguanosine (dGTP), and

deoxyribothymidine (dTTP), .is combined with a modified
thio~deoxyribocytosine called dCTPviaS) (which can be obtained from

Amersham-- Corporation). This mixture is added to' the
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template—oligonucleotide complex. Upon addition of DNA polymerase to this

mixture, a strand of DNA identical to the template except for the mutated

bases is generated. ln addition, this new strand of DNA will contain

'dCTP—(aS) instead of dCTP, which Serves to‘ protect it from restriction

endonuclease digestion. A

After the template strand of the doubleestranded heteroduplex is
nicked with an appropriate restriction enzyme, the template strand can be
digested with 5359!” nuclease or another appropriate nuclease past the region
that contains the site(sl to be mut’agenized. The reaction is then stopped to

leave a’ molecule that is only partially single—stranded. A complete
double-stranded DNA homoduplex is then formed using DNA polymerase in

the presenceof all four deoxyribonucleotide ,triphosphates, ATP, and DNA

ligase. This homoduplex molecule can then be transformed into a suitable

host cell such as E. Co/iJM101, as'described above.

DNA encoding target polypeptide variants with more 'than one

amino acid to be substituted may be generated in one of several Ways. if the

amino acids are located close together in the polypeptide chain, they may be

mutated simultaneously using one oligonucleotide that codes for all of the

desired amino acid substitutions. li, however, the amino acids are located
some distance from each other (separatedhby more than about ten amino
acids), it is more difiicult to generate a single oligonucleotide that encodes

all of the desired changes. lnstead, one of twoalternative methods may be

employed. . .
in the first‘method, a separate oligo‘nucleotide is generated fer each

amino acid to be substituted. The oligonucleotides are then annealed to the
single-stranded template DNA simultaneously, and the second strand of DNA
that is synthesized from the template will encode all of the desired amino

acid substitutions. _

The alternative method involves two or more rounds of mutagenesis

to produce the desired mutant. The first round is as deseribed for the single

mutants: wild-type DNA is used for the template, an oligonucleotide encoding

the first desired amino acid substitution(s) is annealed to this template, and
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the heteroduplex DNA molecule is then generated. The second round of,

mutagenesis utilizes the ’mutated DNA produced in the first, round of

.mutagenesis as the template. Thus, this template already contains one or

more mutations. The oligonucleotide encoding the additional desired amino

acid substitutionls) is then annealed to this template, and. the resulting strand

of DNA now encodes mutations from both the first and second rounds of

mutagenesis. This resultant DNA can'be usedas a template in a third round

of mutagenesis, and so on.

PCR mutagenesis isalso suitable for making amino acid variants of

target polypeptide. While the following discussion refers to DNA, it is

~ understood thatthe technique also finds application with RNA. The PCR

technique generally refers to the following procedure lseeErlich, supra, the

chapter by R. Higuchi, p. 6140): When small amounts‘of template DNA are

used as starting material in a PCR, primers‘that differ slightly in sequence
from the corresponding region in a template DNA can be used to generate

relatively large quantities of a specific DNA fragment that differs from the~
template sequence only at the positions where the primers differ from the

template. For introduction of a mutation into a plasmid DNA, one of the

- primers is designed to overlap the position of the mutation and to contain the
mutation; the sequence of the ether primer must be identical to a stretch of

sequence of the opposite strand of the plasmid, but this sequence can be '

located anywhere along the, plasmid DNA. It is preferred, however, that the

sequence of the second primer is located within 200 nucleotides from that A
of the first, such that in the end the entire amplified region of DNA bounded . ,
by the primers can be easily seqtrenced. PCR amplification using a; primer

pair like the one. just described results in a population of DNA fragments that

differ at the position'of the mutation specified by the primer, and possibly at

:other positions, as template‘copying is somewhat error—prone. ‘

if the ratio of template to product material is extremely low, the

vast majority of product DNA fragments incorporate the desired mutationls).

This product material is used to replace the corresponding region in the

plasmid that served as PCR template using standard DNA technology.
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Mutations at separate positionscan‘be introduce-d simultaneously by either ‘

using a mutant second primer, or performing a second PCR with different

mutant primers and ligating‘the two resulting PCR fragments simultaneously

to the vector fragment in a three (or morei-part ligation.
In a specific-example of PCR mutagenesis, template plasmid DNA

(1 #9) is linearized by digestion with [a restriction endonuclease that has a

unique recognitidn site in the plasmid DNA outside of the region to be

amplified. Of this material, 100 ng is added to a PCR mixture containing PCR

buffer, which contains the four deoxynucleotide tri-phosphates and is

included in the CeneAmp° kits (obtained from Perkin-Elmer Cetus, Norwalk,

CT and Emeryville, CA), and 25 pmole of each oligonucleotide primer, to a

final Volume of 50 ul. The reaction mixture is overlayed with 35 pl mineral

. oil. The reaction isdenatured for 5 minutes at 100°C, placed briefly on ice,

and then 1 pl Thermus aquaticus (Taq) DNA polymerase (5 units/pl,

purchased from Perkin-Elmer Cetus, Norwalk, CT and Emeryvilie, CA) is

added below the mineral oil layer. The reaction mixture is then inserted into

a DNA Thermal Cycler (purchased from Perkin‘Elmer Cetus) programmed as

follows: 2 min. at 55°C, then 30sec. at 72°C, then 19 cycles Lofthe

following: 30 sec. at 94°C, 30 sec. at 55°C, and 30 sec. at 72°C.

At the end of the program, the reaction? vial is removed from the .

thermal cycler and' the aqueous phase transferred to a new vial, eXtracted

, with phenol/chloroform (50:50:vol), and ethanol precipitated, and. the DNA.

is reCovered by standard procedures. This material is subsequently subjected

to the appropriate treatments for insertion into a vector.

Another method for preparing variants, cassette mutagenesis, is

based on the technique described by Wells et al. (Em. .35.: 315 [1985]).

The starting material is the plasmid (or other vector) comprising the target

polypeptide DNA to be mutated. The codon(s) in the target polypeptide DNA

to be mutated are identified. There must be a unique restriction

endonuclease site on each side of the identified mutation siteis). lf nosuch

restriction sites exist, they may be generated using the above—described

oligonucleotide-mediated mutagenesis method to introduce them at

43

449



 
10

15

20

3O

appropriate locations in the target‘polypeptide DNA. After the restriction

_sites have been introduced into the plasmid, the plasmid is cut at these sites
to linearize it. A double-stranded 'oligonUCleotide encoding the sequence of a

the DNA between the restriction sites but containing the desired mutationls)
is synthesized using standard procedures. The two strands are synthesized-

separately and then hybridized together using standard techniques. This
double—stranded oligonucleotide is referred to as the cassette. This cassette
is designed to have 3’ and 5’ ends that are compatible with the ends of the

linearized plasmid, such that it can be directly ligated to the plasmid This
plasmid now contains the mutated target polypeptide DNA sequence.

insertion of DNA into a Cloning Vehigle ,

The cDNA or genomic DNA encoding the target polypeptide is

inserted into a replicable vector for further cloning (amplification of the DNA)
or for expression. Many vectors are available, and selection of the

appropriate vector will depend on 1) whether it is to be used for DNA

amplification or for DNA expression, 2) the size of the DNA to be inserted

into the vector, and 3) the host cell to be transformed with the vector. Each

vector contains various components depending on its function (amplification

of DNA or expression'of DNA) and the host cell for which it is compatible.
The vector components generally include, but are not limited to, one or more

of the following: a signal sequence, an origin of replication, one Or more

marker genes, an enhancer element, a promoter, - and a transcription

termination sequence.

(a)inl unc'mn'n

In general, the signal sequence may be a component of the vector,

or it may be a part of the target polypeptide DNA that is inserted into the

vector.

The target polypeptides of this invention may be expressed not only

directly, but also as a fusion with a heterologous polypeptide, preferably a
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signal sequence or other polypeptide having a specific cleavage site at the N-

'terminus of the mature protein or polypeptide. In general, the signal

sequence may be a component of the vector, or it may be a part of the
target polypeptide DNA that is inserted into the vector, lncluded'within the
scope of this invention are target polypeptides with any native signal >

sequence deleted and replaced with a heterologous signal sequence. The

heterologous signal sequence selected should be one that is recognized and
processed (i.e. cleaved by a signal peptidase) by the host cell. For

prokaryotic host cells that do not recognize and process the native target
polypeptide signal- sequence, the signal sequence is substituted by a

prokaryotic signal sequence selected, for example, from the group of the

.1 alkaline phosphatase, penicillinase, lpp, or heat-stableenterotoxin ll leaders.

For yeast secretion the native target polypeptide signal sequence may be

substituted by the yeast invertase, alpha factor, or acid phosphatase leaders.

in mammalian cell expression the native signal sequence is satisfactory,

although other mammalian signal sequences may be suitable. ~r

- (b), Origin of Repligatign Cgmpgnent

Both expression and cloning vectors contain a nucleic acid sequence

that enables the vector to replicate in one or more selected host cells.

Generally, in cloning vectors this sequence is one that enables the vector to
replicate independently of the host chromosomal DNA, and includes origins

of replication or autonomously replicating sequences. _SUch sequences are
welljknown for a variety of bacteria, yeast, and viruses. The forigin of
replication from the plasmid pBR322 is suitable for most Gram-negative

bacteria, the_2u plasmid origin is suitable for yeast, and various viral origins

(SV40, polyoma, adenovirus, VSV or BPV) are useful for cloning vectors in
mammalian cells. » Generally, the origin of replication component is not

needed for mammalian expression vectors (the SV40 origin maytypically be
used only because it contains the early promoter).

Most expression vectors are "shuttle" vectors, i.e. they are capable
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of replication in at least one class of organisms but can' be transfected into

another organism for expression. For example, a vector is cloned in E. coli

and then the same vector is transfected into yeast or mammalian cells for

expression even though it is not capable of replicating independently of the
host cell chromosome. I ' 4 ‘

DNA may also be. amplified byinsertion into the host genome. This

is readily accomplished using Bacillus species as hosts, for example, by

including in the vector a DNA sequence that‘is complementaryto a sequence

found in Bacillus genomic DNA.‘ Transfec‘tion of Bacillus with this vector

results in homologous recombination with the genome and insertion of the

target'polypeptide DNA. However, the recovery of genomic DNA encoding

the target polypeptide is more complex than that of an exogenously

. replicated vectorvbecause restriction enzyme digestion is required to excise

the target polypeptide DNA.

(cl. Selection Gene Cgmggnent

‘ Expression and cloning vectors'should contain a selection gene, also

termed a selectable marker. This gene encodes a protein necessary for the

survival or growth of transformed host cells grown in a selective culture-

medium. Host cells not transformed with the vector centaining the selection

gene will not survive in the culture medium. Typical selection genes encode

proteins that (a) confer resistance to antibiotics or- other toxins, e.g.

ampicillin, neomycin, methotrexate, or tetracycline, ' (bl complement

auxotrophic deficiencies, or (c) supply critical nutrients not available from

complex media, eg. the gene encoding D-alanine recemase for Bacil/i.

One example of a selection scheme utilizes a drug to arrest growth

of a host cell. Those cells that are successfully transformed with a

heterologous gene express a protein conferring drug resistance and thus

survive the selection regimen. Examples of such dominant selection use the

drugs neomycin (Southern et a/.', ,1. Mglec. Appl. Qenet., 1: 327'[1982]),

mycophenolic acid (Mulligan et a/., geignce; 29 9: 1422 [1980]) or
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hygromycin (Sugden er a/., MQI.-§ell. BiQi., 5: 410-413 [1 9851). The three

examples given above employ bacterial genes under eukaryotic control to

convey resistance to the appropriate drug G418 or neomycin (geneticinl‘,

xgpt (mycophenolic acid), or hygromycin, respectively.
Another example of suitable selectable markers for mammalian cells

are those that enable the identification of cells competentto take up the

target polypeptide nucleic acid, such as dihydrofolate reductase (DHFR) or

thymidine kinaseThe mammalian cell transformants are placed under

selection pressure which only the transformants are uniquely adapted to
survive by virtue of having taken up the marker. Selection pressure is

imposed by culturing the transformants under conditions in which the'
concentration of selection agent in the medium is successively changed,

thereby leading to amplification of both the selection gene and the DNA that

encodes thetarget polypeptide. Amplification is the process by which genes
in greater demand for the production of a protein critical for growth are
reiteratedIn tandem within the chromosomes of successive generations of .
recombinant cells. increased quantities of the target polypeptide are
synthesized from the amplified DNA. ‘

For example, cells transformed with the Di-lFR selection gene are
first identified by culturing all of the transformantsin a culture medium that

contains methotrexate (Mtx), a competitive antagonist of DHFR. An

appropriate host cell when wildtype DHFR is employed is the Chinese

hamster ovary (CHO) cell line deficient in DHFR activity, prepared and
propagated as described by Urlaub and Chasin, Err99. Natl. Aged §ci .gsA,

21:4216l19801. The transformed cells are then exposed to increased'ieveis

of methotrexate. This leads to the synthesis of multiple copies of the DHFR

gene, and, concomitantly,’multiple cOpies. of other DNA comprising the

' expression vectors, such as the DNA encoding the target polypeptide. This

amplification technique can be used with any otherwise suitable host, e.g.,

ATCC No. CCL61 CHO-K.1, notwithstanding the presence of endogenous

, DHFR if, for example, a mutant DHFR gene that is highly resistant to Mtx is,

employed (EP 1 17,060). Alternatively, host cells (particularly wild-type hosts
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that contain endogenous DHFR) transformed or co-transformed with DNA,

sequences encoding the target polypeptide, wild—type DHFR protein, and
another selectable marker such as aminoglycoside 3’ phosphotransferase I

(APH) can be selected by cell growth in medium containing a selection agent
for the selectable, marker such as ah‘aminoglycosidic antibiotic, e.g.,
kanamycin, neomycin, or G418. see us. Pat. No..4,965,199.' ,

A suitable selection gene for use in yeast is 'the trp1 gene present

in the yeast plasmid YRp7 (Stinchcomb er al., mm, 252: 39 [1979])

Kingsman er .91., gene. 1: 141 [1979]; or Tschemper er a/., gene, 19: 157

[1980]). The trp1 'gene provides a selection marker for a mutant strain of

.yeast lacking the ability to grow in tryptophan, for example, ATCC No.

44076 or PEP4—1 (Jones, genetics, 5;: 12 [1977]). The presence of the

£91 lesion in the yeast host cell genome then provides an effectiVe

environment 'for detecting transformation by growth in the absence of

tryptophan. Similarly, Leu2-deficient yeast strains (ATCC 20,622 or 38,626)

are complemented 'by known plasmids bearing the Leu2 gene.

(d) F'romoter goumggnent '

Expression and cloning vectors usually contain a promoter that is

recognized by the host organism and is operably linked to the target

polypeptide nucleic acid. Promoters are untranslated sequences located

upstream (5') to the start codon of a structural‘gene (generally within about

100 to 1000 bp) that control the ‘transcriptiOn and translation of a particular

' nucleic acid sequence, such as that encoding the target polypeptide. to

which they are operably linked.__$uch promoters typically fall into two

classes, inducible and constitutive. inducible promoters are promoters that

initiate increased levels of transcription from DNA‘under their control in

response to some change in culture conditions, e.g. the presence or absence

of a nutrient or alchange in temperature. At this time a-large number of

promoters recognized by a variety of potential host cells are well known.

These promoters are operably linked to. DNA encoding the target polypeptide
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by removing the promoter from the source DNA by restriction enzyme

digestion and inserting the isolated promoter sequence into the vector. Both

the native target polypeptide promoter sequence and many heterologous

promoters may be used to direct amplificatiOn and/or expression of the target

polypeptide DNA. However, heterologous promoters are preferred, as they .

generally permit greater transcription and higher yieids of expressed target

polypeptide as compared to the native target polypeptide promoter.

Promoters suitable for use with prokaryotic hosts include the ,8-

lactamase and lactose promoter systems (Chang et al..flat_g1a,225: 615

[1978}; and Goeddeletal, flange, 251: 544l1979]),alkaline phosphatase,
3 tryptophan (trp) promoter system (Goeddel, flggllaia Aaiasfiea, 5: 4057

[1980] and EP 36,776) and hybrid promoters such as the tee promoter

(deBoer et a/., Prgc. Natl. Acad. 5ai.jfl§A, 5Q: 21-25 (1983]).- However,
other known bacterial promoters are suitable. Their nUcleotide sequences

have been published, thereby enabling a skilled worker operably to ligate

them to DNA encoding the target polypeptide (Sieben‘list et aI., gall, 20: 269
[1980]) using linkers or adaptors to supply any required restriction sites.

Promoters for use in bacterial systems also generally will contain a Shine—

Dalgarno (8.0.) sequence operably linked to the DNA encoding the target
polypeptide. '

_ Suitable promoting sequences for use with yeast hosts includethe

promoters for 3phosphoglycerate kinase (Hitzeman'et al., J. Bi_o_|. Qhe

255: 2073(19801) or other glycolytic enzymes (Hess are!” ,1. Adv. Enzyme

M,_7_:149[19681;and Holland, ginghamist x,____17: 4900l1978i) such as

enolase, glyceraldehyde—S-phosphate dehydrogenase, hexokinase, pyruvate

decarboxylase, phosphofructokinase, glucose-S-phosphate isomerase, -3-

phosphoglycerate mutase, pyruvate kinase, triosephosphate isomerase,

phosphoglucose isomerase, and glucokinese. . .
Other yeast promoters, which are inducible promoters having the

additional advantage of transcription controlled by growth conditions, are the

promoter regions for alcohol dehydrogenase 2, isocytochrome C, acid

phosphatase, degradative enzymes associated with nitrogen metabolism,
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metallothionein, gcheraldehyde-B—phosphate dehydrogenase, and enzymes

responsible for maltose and galactose utilization. Suitable vectors and

promoters for use in yeast expression are further described in Hitzeman et

al., EP 73,65 7A. Yeast enhancers also are advantageously used with yeast

promoters. _

Promoter sequences are known for eukaryotes. Virtually all

eukaryotic genes have an AT-rich region located approximately 25 to- 30

bases Upstream from the site where transcription is initiated. Another

sequence found 70m 80 bases upstream from the start of transcription‘of

many genes is a CXCAAT region where X maybe any nucleotide. At the 3’

end of most eukaryotic genes is an AATAAA sequence that may be the

signal for addition of the poly A tail to the‘3' end of the coding sequence.

All of these Sequences are suitably inserted into mammalian expression

vectors-.' I ‘

Target polypeptide transcription from vectors in mammalianhost

cells is controlled by promoters obtained from the-genomes of viruses such

'as polyoma virus, iowlpox' virus (UK 2,211,504 published 5 July -1 989),

adenovirus (such as Adenovirus 2), bovine papilloma virus, avian sarcoma

virus, cytomegalovirus, a retrovirus, hepatitisz virus and most preferably

Simian Virus 40 (SV40), from heterologous mammalian promoters, 9.9. the

' actin promoter or an immunoglobulin promoter, from heat-shock promoters,

and from the promoter normally associated with the target polypeptide

sequence, protrided such promoters are compatible with the host cell
systems. V

The early and late promoters of the SV4Q virus are conveniently

obtained as an SV40 restriction fragment that also contains the SV4O viral

origin of replication. Fiers eta/.,L\l_atgre,21§:1 13 (1978); Mulligan and Berg,

§gienge,2_9§: 1422-1427 (1980); Pavlakis eta/., Ergo. Natl. Aged. Sgi. Q§A,

233,: 7398-7402 (1981). The immediate early promoter" of the human

cytomegalovirus is conveniently obtained as a fiifidlll E restriction fragment.

Greenaway er al. , gene, 1,85355-360 (1982). A system for eipressing DNA

in mammalian hosts using‘the bovine papilloma virus as a vector is disclosed

so
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in U.S.~ 4,419,446. A modification of this» system is described in U.S.

4,601,978. See also. Gray et al., Maggy, 299: 503-508 (1982) on

expressing cDNA encoding immune interferon in monkey cells; , Reyes er al. ,

Nature, 297: 598-601 (1982) on expression of human B~interferon cDNA in

mouse cells under the control of a thymidine kinase promoter from herpes

simplexvirus, Canaanl and Berg,Pr.QQ Natl.A§ad. fici. LISA19 5166-5170_

(1982) on expression of the human interferonfli gene in cultured mouse and
rabbit cells, and Gormanera/.,PrQQ.Na1l Aged. §gi. LJSA ,19: 6777-6781

(1982) on expression of bacterial CAT sequences in CV91 monkey kidney
cells, chicken embryo fibroblasts, Chinese hamster ovary cells, HeLa cells,

and mouse NlH—3T3 cells using the Rous sarcoma virus long terminal repeat

as a promoter.

(e)' Enhancer Element ngggnent

Transcription of DNA encoding the target polypeptide of'this

invention’by higher eukaryotes is often increased by inserting an enhancer

- sequence into the vector. Enhancers are ci's-acting elements of DNA, usually
about from 10-300 bp, that acton a promoter to increase its transcription.

Enhancers are relatively orientation and position independent having been
found 5' (Laimins et al., P.roo Natl. Aged. 952i. 99A,19: 993119811) and 3’

(Lusky etal, Mol. 'g;allBio., 9: 11081198311to the transcription unit, within

an intron (Banerji at al., gen, 99: 729 (1983]) as well as within the coding

sequence itself (Osborne er al., M91 99" Big” 4: 1293 [1984]). Many

enhancer sequences are now known from mammalian genes (globin,

elastase, albumin, a—fetoprotein and Insulin) TypIcally, however one Will use

an enhancer from a eukaryotic cell virus. , Examples include the SV4O .

enhancer on the late side of the replication origin (bp 100—270), the

cytomegalovirus early promoter enhancer the polyoma enhancer on the late '
side of the replication origin, and adenoVirus enhancers See also Yaniv,

figure, 291: 17-18 (1982) on enhancing elements for activation of

eukaryotic promoters. The enhancer may be spliced into the vector at a
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position 5’ or 3' to the target polypeptide DNA, but is preferably located at

a site 5’ from the promoter.

(f) Tr nscri inTrmin in m nn 

Expression ‘vectors used in eukaryotic host cells (yeast, fungi,

insect, plant, animal, human, or nucleated cells from other multicellular

organisms) will also contain sequences necessary for the termination of

transcription and for stabilizing the mRNA. Such sequences are'commonly .

available from the 5' and, occasionally 3'. untranslated regions of eukaryotic

Or virai DNAs or _cDNAs. These regions contain nucleotide segments
transcribedfias polyadenylated fragments in the untranslated portion of the

mRNA encoding the target polypeptide. The 3' untranslated regions also '

include transcription termination sites. ‘ ’
Construction of suitable vectors containing one or more of‘the

above listed components the desired coding and control sequences employs
standard ligation techniques. lsolated plasmids or DNA fragments are

cleaved, tailored, and religated in the form desired'to generate the plasmids

required. ‘ '

For analysis to confirm correct sequences in plasmids constructed,

the-ligation mixtures are used to transform E. coll K12 strain 294 (ATCC

31,446) and successful transformants selected by ampicillin or tetracycline

resistance where appropriate. Plasmids from the transformants are prepared,

analyzed by restriction endonuclease digestion, and/or sequenced by the

method of. Messmg er 3]., Nucleic Agids Res” 3: 309 (1981) or bylthe

' method of Maxam er a/., Methods in Enzymglggy, §§: 499 (1980).

Partichlarly useful in the practice of this invention are expression

vectors that provide for the transient expression in mammalian ceils of DNA

enCoding the target polypeptide. In general, transient expression involves the

use of an expression vector that is able to replicate efficiently in a host cell,

such that the host cell accumulates many copies of the expression vector

and, in turn, synthesizes high ie'veis of a desired polypeptide encoded by the
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expression vector. Transient expression systems, comprising a suitable

expression vector and a host cell, allow for the convenient positive

identification of polypeptides encoded by cloned DNAs, as well as for the

rapid screening of such polypeptides for desired biological or physiological

properties. Thus, transient expression systems are particularly useful in the

invention for purposes of, identifying analogs and variants of the target

polypeptide that have target polypeptide-like activity. '
Other methods, vectors, andihost cells suitable for adaptation to

the synthesis of the target polypeptide in recombinant vertebrate cell culture
are described in Gething et 31., W193: 620—625 [1981); Mantei et al.,

m,;§1: 40-46 (1979);.Levinson er al.; EP 117,060; and S? 117,058.

A particularly useful plasmid for mammalian cell culture expression of the

targetpolypeptide is pRKS (EP pub. no. 307,247) or pSVIB’B (UtS. Ser. No.
07/441,574 filed 22 November 1989, the disclosure of which is incorporated

‘ herein by reference).

Selection and Transformation of Host galls

Suitable host cells'for cloningor expressing the vectors herein are

the prokaryote, yeast, or higher eukaryote cells-described above. Suitable

prokaryotes include eubacteria, such as Gram-negative or Gram~positive

organisms, for example, E. coll, Baal/ll Such as 8.. subti/is, Pseudomonas

species such as P. ‘aeruginosa, Salmonella typhimurium, or Serratia
marcescans. One preferre'djf. coll cloning host is _E. coli 294 (ATCC

31,446), although other strains such as E. coli B, E. coli x1776 (ATCC

31,537), and E. coli W31 10 (ATCC 27,325) are suitable. These examples

are illustrative rather than limiting. Preferably the host cell should secrete ,

minimal amounts'of proteolytic enzymes. Alternatively, in vitro methods of

cloning, e.g. PCR or other nucleic acid polymerase reactions, are suitable.

In addition to prokaryotes, eukaryotic microbes such as filamentous
fungi or yeast are suitable hosts for target polypeptide—encoding vectors.
Saccharbmyces cerevisiae, or common baker's yeast, is the most commonly
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used among lower eukaryotic host microorganisms. However, a number of

other genera, species, and strains are commonly available and Useful herein,

such as Schizosaccharomyces pombe [Beach and Norse, Nature, 290: 140

(1981); EP 139,383 published May'2,,19851, K/uyveromyces'hosts‘ (US.

4,943,529) such as, e.g., K. lam/s [Louvencourt et a/., ,1. gagterigl., 737

V (1983)], K. fragi/is, K. bu/garicus, K. thermoro/erans, and K. marxianus,

yarrowr’a [EP 402,226), Pichia pastoris [EP 183,070; Sreekrishna er al., ,1,

Basic Micrgbiol., _2_§: 265-278 (1988)], Candida, Trichoderma reesia [EP

244,234], Neurospora crassa [Case at 3]., Prog. Natl. Acad. figi. QSA, 15:
5259-5263 (1979)], and filamentous fungi such as, 6.9, Neurospora, .

Penicil/ium, To/ypoc/ad/um {WO 91/00357 published 10 January 1991], and

Aspergi/lus hosts such asA, nidu/ans [Ballance er a/., Biochem. Bigphy5. Res.
fiommunu 1 12: 284-289 (1983); Tilburn er a/., gene, 28: 205—221 (1983);

Yelton et 3]., Prog. Natl. Acad. Sci. QSA, _8_1: 1470-1474 (1984)] and A.
nl'ger [Kelly and Hynes, EMBQ J., 5;: 475-479 (1985)}.

Suitable host cells for the expression of glycosylated target'

polypeptide are derived. from multicelluiar organisms. Such host cells are

capable of complex processing and glycosylation activities. In principle, any

higher eukaryotic cell. culture is workable, whether from vertebrate or

invertebrate culture. Examples of invertebrate cells include plant and insect

cells. Numerous baculoviral strains and variants and corresponding

permissive insect host cells from hosts such as Spodoptera frugiperda

(caterpillar), Aedes aegypti (mosquito), Aedes albbpictus (mosquito),

Drosophila melanogaster (fruitfly), and Bombyx mori host cells have been .'

identified.’ See, e.g., Luckow er a/., Bigfljeghnglo'gy, 5: 47-55 (1988); Miller

et al., in genetic Engineering, Setlow, J.K. er a/., eds.,IVol. 8 (Plenum-

Publishing, 1986), pp. 277-279; and Maeda et 6]., figure, fl: 592594
(1985). A Variety of such viral strains are publicly available, 6.9;, the L-1 ‘

variant of Autographs ca/I‘fomica NPV and the Bm-5 strain of Bombyx mori

NPVV, and such viruses may be used as the virus herein according to the(

_ present invention, particularly for transfection of SpadOptera frugiperda cells.

Plant cell cultures of cotton/corn, potato, soybean,_ petunia,
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tomato, and tobacco can be utilized as hosts. Typically, plant cells are

transfected bytincubationwith certain strains of the bacterium Agrobacterium
tumefaciens, which has been'previously manipulated to contain the target

polypeptide DNA.’ During incubation of the plant cell culture with A.

tumefaciens, the DNA encoding target polypeptide is transferred to the plant

cell host such that it is transfeCted, and will, under appropriate conditions,

express the target polypeptide DNA. In addition, regulatory and signal
sequences compatible with plant cells are available, sUch as the nopaline

synthase promoter and polyadenylation signal sequences: Depicker et al.,,,l_.

Mgl. Appl. gen” 1: 56l (1982). In addition, DNAsegments isolated from

the upstreamregion of the T-DNA 780 gene are capable of activating or

increasing transcription levels of plant—expressible genes in recombinant DNA-

' containing plant tissue. See EP 321,196 published 21 June 1989.
However, interest has been greatest in vertebrate cells, and

propagation of vertebrate cells in culture (tissue culture) has become a

routine procedure in recent years [Tissue Qulture; Academic Press, Kruse and

Patterson, editors (1973)). Examples of useful mammalian host cell lines are

monkey kidney CV‘l line transformed by SV4O (COS-7, ATCC CRL'1651);
human embryonic kidney line (293 or 293 cells subcloned for growth in'-

suspension culture, Graham er a/., ,1. gen Virgl., ea: w59 [1977]); baby.

hamster kidney cells (BHK, ATCC CCL 10); Chinese hamster ovary cellsl~

DHFR (CHO, Urlaub and Chasin, mg= Natl. Aggg. §ci. USA, 7_7_: 4216

[1980]); mouse sertoli cells (TM4, Mather, Biol. Reprgds, 2;}; 243-251‘

[1980]); monkey kidney cells (CV1 ATCC CCL 70'); African green monkey

kidney. cells NERO-76, ATCC CRL-1587); human cervical carcinoma cells

(HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL 34h buffalo rat _

liver cells.(BRL 3A, ATCC CRL 1442); human lung cells (W138, ATCC CCL ’

75): human liver cells (Hep G2, HB 8065); mouse mammaryltumor (MMT
060562, ATCC CCL51); TRl cells (Mather er a/., Annals [xiii/f Acag, §gi,,
age: 44-68 (1982]); MRC 5 cells; F84 cells; and a human hepatoma cell line

(Hep GZ). Preferred host cells are human embryonic kidney 293 and Chinese

hamster ovary cells.
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Host cells are transfected and preferably transformed with the

above-described expression er cloning vectors of this invention and cultured

in conventional nUtrient media modified as appropriate for inducing

promoters, selecting transformants, or amplifying the genes encoding the
,desired sequences.

Transfection refers to the taking up Of an expression vector by a

host cell whether or not any coding sequences are in fact expressed.

Numerous methods of transfection are known to the ordinarily skilled artisan,

for example, CaPO4 and electroporation. Successful transfection is generally

recognized when any indication of the operation of this vector occurs within
the host cell. . I

Transformation means introducing DNA into an organism so that the

DNA is replicable, either as an extrachromosomal element or by chromosomal
integrant. Depending on the host cell used, transformation is done using

standard techniques appropriate to such cells. The calcium treatment

employing calcium chloride, as described in section 1.82 of Sambrook et al.,

supra, is generally used for prokaryotes or other cells-that Contain substantial .

cell-wall barriers. Infection with Agrobacterium tumefaciens is used for

transformation of certain plant celis, as described by Shaw at al., Gene, _2_s:

‘ 315 (1983) and WO 89/05859 published 29 June 1989. For mammalian

cells without such cell walls, the calcium phosphate precipitation method

described in sections 16.30—16.37 of Sambrook et al. supra, is preferred.

General aspects of mammalian cell host system transformations have been

described by Axel in US. 4,399,216; issued 16 August 1983.

Transformations into yeast are typically Carried out according to the method
of Van Solingen eta/U .I, Bactn1§Qz 946 (1977) and Hsiao eta/., Prgg. Natl.

A.cad Sci iUSAi 76: 3829(1979). However, other methods for Introducmg
DNA into cells such as by nuclear injection, electroporation, or protoplast

fusion may also be used.

Culturing the. Host ,Qells
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Prokaryotic cells used to produce the target polypeptide of this
invention are cultured in suitable media as described generally in Sambrook

et 8]., supra. _

The mammalian host cells used to produce the target polypeptide

of this invention may; be cultured in a variety of’media. Commercially~

available media such as Ham’s F10 (Sigma), Minimal.Essential Medium

((MEM], Sigma), RPMl-184O (Sigma), and Dulbecco’s Modified Eagle’s

Medium-([DMEM], Sigma) are suitable for culturing the host cells. in

addition, any of‘the media described in Ham and Wallace, Math. Enz., L8: 44

(1979), Barnes and Sato, Anal. Bioghem., 192: 255 (1980), U.S. 4,767,704;

4,657,866; 4,927,762; or 4,560,655; WO 90/03430; WO 87/001-95; U.S.

Pat. Re. 90,985; or copending U.S.S.N. 07/592,107or 07/592,141, both,

filed in- 3 October 1990, the disclosures of all of. which are incorporated,

herein by reference, may- be used as culture media for the host cells.» Any of .

these media may be supplemented as necessary with hormones and/or other

growth factors (such as insulin, trensferrin, or epidermal growth factor), salts

‘ (such as sodium chloride, calcium,ymagnesium, and phosphate), buffers (such .

as HEPES), nucleosides (such as adenosine and thymidine), antibiotics (such

as Gentamycinmvd'rug), trace elements (defined as inorganic compounds

usually present at final concentrations in the micromolar range), and glucose

or an equivalent energy source. Any other necessary supplements may also

be included at apprOpriate concentrations that would be known to those

skilled in the art. The culture conditions, such as temperature, pH, and the

like, are those previously used with the host cell selected for expression, and

will be apparent to the ordinarily skilled artisan. ‘

The host cells referred to in this disclosure encompass cells in 'in
I vitro culture as well as cells that are within 'a hostenimal.

It is further envisioned that the target polypeptides of this inVention

may be produced by homologous recombination, or with recombinant

‘ production methods utilizing control elements introduced into cells already

containing DNA encoding the target polypeptide currently in use in the field.

For. example, a powerful promoter/enhancer element, a suppressor, or an
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exogenous transcription modulatory element isinserted in the genome of the

intended host cell inproximity and orientation sufficient to influence the
transcription of DNA encoding the. desired target polypeptide. The control

element does not encode the target polypeptide of this invention, but the

DNA is present in the host cell genome. One next screens for cells making

the target polypeptide of this invention, or increased or decreased levels of '

expression, as desired.

Dgtggting GeneAmplifigatiganxgressign

Gene amplification and/or expression may be measured in a sample

directly, for example, by conventional Southern blotting, northern blotting to

quantitate the transcription of mRNA (Thomas, Prgc. Natl. Aged'Sci. 'USA,

21: 5201-5205 [1980]), dot blotting (DNA analysis), er in situ hybridization,

using an, appropriately labeled probe, based on the sequences provided

herein. Various labels may be employed, most commonly radioiso‘topes,

particularly 32P. However, othertechniques may also be employed. such as
using biotin-modified nucleotides for introduction into a pelynucleotide. The

biotin then serves as the site for binding to avidin or antibodies, which may

be labeled with a wide variety of labels, such as radionuclides, fluorescers,
enzymes, or the like. Alternatively, antibodies may be employed that can

recognize specific duplexes, including DNA duplexes, RNA duplexes, and

DNA-RNA hybrid duplexes or DNA-protein duplexes.~ The antibodies in turn
may be labeled and the assay may be carried out where the duplex is bound

.to ‘a surface, so that upon the formation. of duplex on the surface, the

presence of antibody bound to the duplex can be detected.

Gene expression. alternatively, may be measured by immunological"

methods, such as immunohistochemical staining of tissue sections and assay

of cell culture or body fluids, to quantitate directly the expression of gene

product. With immunohistochemical staining techniques,-a cell sample is

prepared, typically by dehydration and fixation, followed by reaction with

labeled antibodies specific for the gene product Coupled, where the labels are
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usually visually detectable, such as enzymatic labels, fluorescent labels,

luminescent labels, and the like. A‘ partiCularly sensitive staining technique _

suitable for use in the present invention is described by Hsu et a/., A3141.-

§;-lin. Path.,'_7_5_: 734—738 (1980).

_5” ' Antibodies useful for immunohistochemicalistaining and/or assay of

sample fluids may be either monoclonal or polyélonal, and may be prepared
in any mammal. Conveniently, the antibodies may be prepared against a

native target polypeptide or against a synthetic peptide based on the DNA

sequencesprovided herein as described further in Section 4 below.
10 P rifi ati n fThe T r l i

The target polypeptide preferably is recovered-from .the culture

medium as a secreted polypeptide, although it also may be rec0vered from

host cell lysates when directly expressed without a secretory signal. ’ ‘

15 , . > When the target polypeptide is expressed in a recombinant cell
other than one of human origin, the target polypeptide is completely free of

proteins or polypeptides of human origin. However, it is necessary to purify

the targetpolypeptide from recombinant cell proteins or polypeptides to

_ obtain preparations that are substantially homogeneous as to the target
20 polypeptide. As a first step, the culture medium or lysate is centrifuged to

remove particulate cell debris. The membrane and soluble protein fractions

are then separated. The target polypeptide may then be purified from the

soluble protein fraction and from the membrane fraction of the culture lysate, ’

. depending on whether. the target polypeptide is membrane bound. The
25 ' I following procedures are exemplary of suitable purification procedures:

fractionation on- immunoaffinity ' or ion-exchange columns; , ethanol

precipitation; reverse phase HPLC; chromatography on silica or on a cation

exchange resin such as DEAE; 'chromatofocusing; SDS-PAGE; ammonium

- sulfate precipitation; gel filtration using, for example, Sephadex 6-75; and

30 protein A Sepharose columns to remove contaminants such aslgG.

Target polypeptide variants in which residues have been deleted,

inserted or substituted are recovered in the same fashion, taking account of
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. any sobstantial changes in properties occasioned by the variation. For

example, preparation of a target polypeptide fusion with another protein or

polypeptide, 3.9. a beeterial or viral antigen, facilitates purification; an

immunoaffinity column containing antibody to the antigen (or containing

antigen, where the target polypeptide is an antibody) can be used to adsorb .

the fusion. lmmunoaffinity columns such as a rabbit polyclonal anti-target

polypeptide column can be employed to absorb the target polypeptide variant

by binding it to at least one remaining immune epitope. A protease inhibitor

such as phenyl methyl sulfonyl fluoride (PMSF) also may be useful to inhibit
proteolytic degradation during purification, and antibiotics may be included

to prevent the growth of adventitious contaminants; One skilled in the art

will appreciate that purification methods suitable for native target polypeptide

may require modification to account for changes in the [character of the
target polypeptide or its variants upon expression in recombinant cell culture.

valent M difi ti ns of Tar t P l' i

Covalent modifications of target polypeptides are included within

the scope of this invention. One type of covalent modification. included.

within the scope of this invention is a target polypeptide fragment. Target

' polypeptide fragments having up to abOUt 40 amino acid residues may be
conveniently prepared by chemical synthesis, or by enzymatic or chemical

cleavage of the fulHength t‘argetpolypeptide or variant target polypeptide.

Other types of covalent modifications of the target polypeptide or fragments

thereof are introduced into the molecule by reacting specific amino acid

residues of the target polypeptide or fragments thereof with an organic

‘ derivatizing agent that is capable of reacting with selected side chains or the

N- or C-terminal residues. ~

Cysteinyl residues’most commonly are‘ reacted with a-haloacetates

(and corresponding amines), such as chloroacetic acid or chloroacetamide,

to give 'carboxymethyl or carboxyamidomethyl derivatives. Cysteinyl

residues also are derivatized by reaction with bromotrifluoroacetone, a-
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bromo‘B—(S-imidozoyllpropionic' acid, chloroacetyl phosphate, N-
alkylmeleimides, 3-nitro-2-pyridyl disulfide, methyl 2—pyridyl disulfide, p,-

chloromercuribenzoate, 2-chloromercuri-4—nitrophenol, 'or chloro-7-nitrobenzo-
2-oxa—1,3-diazole. '

Histidyl 'residues are derivati'zed-b’y reaction with diethylpyro-

carbonate at pH 5.5-7.0 because this agent‘is relatively specific for the

histidyl side chain. Para‘bromophenacyl bromide also is useful; the reaction
is preferably performed in 0.1M sodium cacodylate at pH 6.0.

A Lysinyl and amino terminal residues are reacted with succinic or

other carboxylic acid anhydrides. Derivatization with these agents has the
effect of reversing the charge of the lysinyl residues. Other suitable reagents

for derivatizing a—amino-containing residues include imidoesters such as

methylpicolinimidate; pyridoxal phosphate; pyridoxal; chloroborohydridezi
trinitrobenzenesulfonic acid; OBmethylisourea; 2,4-pentanedione; and

transaminase—catalyzed reaction with Iglyoxylate. I
Arginyl residues are modified by reaction with one or several

conventional reagents, among them phenylglyoxal, 2,3~butanedione, 1,2-

cyclohexanedione, and ninhydrin. Derivatization of arginine residues reguires

that the reaction be performed in alkaline conditions because of the high pKa

cf the guanidine functional group;. Furthermore, these reagents may react ,

with the groups of lysine as well as the arginineepsilon-amino group.

The specific modification of tyrosyl residues may be made, with

particular interest in introducing spectral labels into tyrosyl residues by
reaction with aromatic diazonium‘ compounds or tetranitromethane.’ Most

cbmmonly, N—acetylimidizole‘and tetranitromethane are used toform O-acet‘yl

tyrosyl species and '3-nitro derivatives, respectively. T-yrosyl residues are

iodinated using ”5!. or ‘3‘! to prepare labeled proteins for use ‘ in

radioimmunoassay, the chloramine T method described above being suitable. ‘

Carboxyl side groups (aspartyl or glutamyll are selectively modified .

by reaction with carbodiimideisfiN =C = N—R’l, where Rand R'" are different

alkyl groups, such as-1-cyclohexyl—3-lZ‘morpholinyl-tl—ethyl) carbodiimide or
1—ethyl-3-(4-azonia—4,4~dimethylpentyl) carbodiimide. Furthermore, aspartyl
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and glutamyl residues are converted to-asparaginyi and giutaminyl residues

by reaction with ammonium ions. ' ’

Derivatization with bifunctional agents is useful for crosslinking

target polypeptide to a water-insoluble support matrix or surface for use in

the method for purifying anti-target polypeptide antibodies, and vice verse. I
Commonly used cresslinking agents include, 6.9., 1,1-bisldiazoacetyll~2—

phenylethane, glutaraldehyde, N-hydroxysuccinimide esters, for example,

I esters with 4—a2idosalicylic acid, homobifunctional imidoesters, including

disuccinimidyl esters such ‘as 3,3’-dithiobis(succinimidylpropionatel, and

bifunctional maleimides such as bis~Nwmeleimido-1,8-octane. Derivatizing

'agents such as methylv-S-l(p-azidophenyl)dithio}propioimidate yield

photoactivatabie intermediates that are capable of forming crosslinks in the .-

presence of light. Alternatively, reactive water-insoluble matrices such as

cyanogen bromide-activated carbohydrates and the reactive substrates

described in ~U.S. 3,969,287; 3,691,016; 4,195,128; 4,247,642;

4,229,537; and 4,330,440 are employed for protein immobilization.

Glutaminyl and asparaginyl residues are frequently deamidated to

the corresponding glutamyl and aspartyl residues, respectively. Alternatively,

these residues are deamidated under mildly acidic conditions. Either form of
these residues falls within the scope of this invention.

V Other modifications include hydroxylation of proline and lysine,

phosphorylation of hydroxyl groups of seryl or threonyl residues, methylation
of the a—amino groups of lysine, arginine, and histidine side chains (T E.
Creighton, Proteins: §tructure and Molecular Properties, W H. Freeman &
Co., San Francisco, pp. 79-86 (1983]), acetylation of the N—terminal amine,

and amidation of any C-terminal carboxyl group,

Another type of covalent Modification of the target polypeptide

included within the scope of this invention comprises altering the native

“ glycosylation pattern of the polypeptide. By altering is meant deleting9b.“? .

or more carbohydrate moieties found in the native targetpolypeptide, and/orINJ~—/‘

adding one or more glycosylation sites that are not present in the native

target polypeptide.
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Glycosylation of polypeptides is typically either N-linked or O—

linked. N-linked refers to the attachment of the carbohydrate moiety to the

side chain of an asparagineresidue. The tri-peptidesequences asparagine-X- I

serine and asparagine~X-threonine, where X is any amino acid except proline,

are the recognition sequences for enzymatic attachment of the carbohydrate

moiety to the asparagine side chain. Thus, the presence of either of these I

tri-peptide sequences in a polypeptide creates a potential glycosylation site.

O~linked glycosylation refers to the attachment of one of the sugars N-

acetylgalactosamine, galactose, or xylose, to a hydroxyamino acid, most

commonly serine or threonine, although 5—hydroxyproline or 5-hydroxylysine

_ may also be used.

Addition of glycosylation sites to the target polypeptide is

conveniently accomplished by altering the amino acid sequencesuch that it

contains one or more of the above—described tri-peptide sequencesifor N»
linked'glycosylation sites). The alteration‘may also begrnedebythe addition ~

of, or substitution by, one or more serine or threonine residues to the nativeW~su- .. .

target polypeptide sequence (for O—linked glycosylation sites). For ease. the

tarEeYbSTvEefitidé amino acid sequence is preferably altered through changes
at the DNA level, particularly bymutating the DNA encoding the target

polypeptide at preseiected bases such that codons are generated that will

translate into the desired amino acids. The DNA mutationls) may be made

using methods described above under the heading-of "Amino Acid Sequence

~Variants of TargetPolypeptide".

Another means of increasing the number of carbohydrate moieties
on the target pelypeptide is by. chemical or enzymatic coupling of glycosides

to the polypeptide. 'These procedures are advantageous in that they do not

reouire production of the polypeptide inia host cell. that has glycosylation

capabilities for N and O- linked glycosylation. Depending on the coupling

mode used, the sugerlsi may be attached to (a) arginine and histidine, (b).

free carboxyl groups, (C) free sulfhydryl groups such as those of cysteine, (d)

free hydroxyl groups such as those of serine, threonine, or hydroxyproline,
(e) aromatic residues such as those of phenylalanine, tyrosine, or tryptophan,
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or (fl the amide group of glutamine. These methods are described in WO

87/05330 published 11 September 1987, and in Aplin and Wriston (gag;

griggegv. Bigghgml, pp. 259-306l1981-1).

Removal of carbohydrate moieties preSent on the native target

A polypeptide may be accomplished chemically or enzymetically. Chemical
deglyc‘osylation requires exposure of the polypeptide-to the compoundW“‘-v

' trifluoromethanesulfonic acid,-or an equivalent cempound. This treatment

results in the cleavage of most or all sugars except the linking sugar (N—

' aCet‘ylglucosamine or N-acetylgalactosamine), while leaving the polypeptide

. intact. Chemical deglycosylation is described by Hakimuddin er al. (Argh. .

BiochemJ‘Bigphys" 253:52 [1987]) and by Edge et al. (Anal. Bigghgm.,

118: 131 [1981]). Enzymatic cleavage of carbohydrate moieties on

polypeptides can be achieved by the use of a variety of endo~ and axe--
glycosidases as described by Thotakura er a/. (Math. Enzymgl , 138: 350

[1987]). .

Glycosylation at potential glycosylatidn sites may be prevented by

. the use of the cempound tunicamycin as described by Duskin et a/ (J. Bigl.

gghem .257:3105 [1982}). Tunicamycin blocks the formation of proteinNH ~

glycoside linkages. _
' Another type of covalent modification of the target polypeptide

comprises linking the target polypeptide to various nonproteinaceous

polymers, e.g. polyethylene glycol, polypropylene glycol or polyoxyalkylenes,
in the manner set‘forth in US. 4,640,835; 4,496,689; 4,301,144;

4,670,417; 4,791,192 or 4,179,337.
The target polypeptide also may be entrapped in microcapsules,

. prepared, for example, by coacervation techniques or (by interfacial

polymerization (forexample,hydrox’ymethylcellulose or gelatin-microcapsules

and poly—[methylmethacylatel microcap6ules, reapectively), in colloidal drug

delivery systems (for example. liposomes, 'albumin. microspheres,
microemulsions, pane-particles and nanocapsules), or in macroemulsions.

Suchtechniques are disclosedinR in n' P rm 9 i al i nce , 16th
edition, Osol, A., Ed., (1980).
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Target polypeptide preparations are also useful in generating '

antibodies, for screening for binding partners, as standards in assays for the

target polypeptide .(e.g. by labeling the target polypeptide for use as a

standard in a radioimmunoassay, enzyme—linked immunoassay, or

‘ radioreceptor assay), in affinity purification techniques, and in competitive—

type receptor binding assays when labeled with radioiodine, enzymes,

fluorophores, spin labels, and the like.

. Since it is often difficult to predict in advance the characteristics of
a variant target polypeptide, it will be appreciated that some screening of the
recovered variant will be needed to select the optimal variant. For example,

a change in the immunleQical character of the target polypeptide molecule,

such as'affinity for a giVen antigen or antibody, is measured by a

competitive-type immunoassay. .The variant is assayed for changes in the

suppression, or enhancement of its activity by comparison to the activity

observed for the target polypeptide in the same assay. Other potential

modifications of protein or polypeptide properties such as redox or thermal

stability, hydrophobicity, susceptibility to proteolytic degradation, stability in
recombinant cell culture or in plasma, or the tendency to aggregate with

carriers or into. multimersare assayed by methods well known inthe art.

i n s i ’nd Relate Uses of. he Ani i
The antibodies of this invention are useful in diagnostic assays for

antigen expression in specific‘cells or tissues. The antibodies are detectably ‘
labeled and/or are immobilized on an insoluble matrix. I

The antibodies of this invention. find further use for the affinity

purification of the antigen from recombinant cell culture ornatural sources.
Suitable diagnostic assays for the antigen and its antibodies depend

. on the particular antigen or antibody. Generally, such assays include

competitive and sandwich assays, and steric inhibition assays. Competitive

and sandwich methods employ a phase-separation step as an integral part of

the method while steric inhibition assays are conducted in a single reaction

mixture. Fundamentally, the same procedures are used for the assay of the
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antigen and for substances that bind the antigen, although certain methods

will be favored depending upon the molecular weight of the substance being

assayed. Therefore, thesubstance-to‘ be tested is referred to herein as an

analyte, irrespective of its status otherwise as an antigen Or antibody, and

proteins that bind to the‘analyte are denominated binding partners, whether
they be antibodies, cell surface receptors, 'or antigens. ‘ I

Analytical methods for the antigen or its antibodies'all use one or.

more of the following reagents: labeled analyte analogue, immobilized

analyte'analogue, labeled binding partner, immobilized binding partner and

steric conjugates. The labeled reagents also are known as “tracers."
The label used land thisis also useful to label antigen nucleic acid

for use as a probe) is any detectable functionality that does not interfere with

the binding of analyte and its binding partner. Numerous labels are known

for use in immunoassay, examples including moieties that may be detected
directly, such as fluorochrome chemiluminescent, and radioactive labels, as

well as moieties, such as enzymes, that must be reacted or derivatized to be
detected. Examples of such labels include the radioisotopes ”P, ”C, 125|, 3H,

and 13‘I, fluorophores such as rare earth chelates or fluoresceinand its
derivatives, rhodamine and its derivatives, dansyl, umbelliferone,

luceriferases, e.g., firefly luciferase and bacterial luciferase (U.S. Pat. No.

4,737,456),luciferin, 2,3-dihydrophthalazinediones, horseradish peroxidase

"(HRP), alkaline phosphatase, fl—galactosidase, glucoamylase, lysozyme,

saccharide oxidases, 9.9., glucose oxidase, galactose oxidase, and glucose-6-

phosphate‘ deh‘ydrogenase, heterocyclic oxidases such as uricase and

xanthine oxidase, coupled with an enzyme that employs hydrogen‘peroxide

to oxidize a dye precursor such as HRP, lactoperoxidase, or microperoxidase,
biotin/avidin, spin labels, bacteriophage labels, stable free radicals, and the

like.

Conventional methods are available to bind these labels covalently

to proteins-or polypeptides.- For instance, coupling agents such as

dialdehydes, carbcidiimides, dimaleimides, bis—imidates, ' bis—diazotized

benzidine, and the like may be usedttoxtag the antibodies with the above-
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describedfluorescent, chemiluminescent, and enzyme labels. See, for

' example, U'.S. Pat. Nos. 3,940,475 (fluorimetry) and 3,645,090 (enzymes);

Hunter era/., Nature,_144: 945 (1962); David eta/., gigghemistry, 13: 1014-

' 1021 (1974); Pain at a/., ,1. lmmgngl, Methggs, _4_Q: 219-230 (1981); and

Nygren, d. Histgchem. and Qfigghem" QQ:407-.412(1982). Preferred labels

herein are enzymes such as horseradish peroxidase and alkaline phosphatase.

The conjugation of such label, including‘the enzymes-to the

' antibody is a standard manipulative procedure for one of ordinary skillin

immunoassay techniques. See, for example, O'Sullivan er a/., ”Methods for

the Preparation of Enzyme-antibody Conjugates for Use in ‘Enzyme

immunoassay," in Methods/in Enzymglggy, ed. J.J. Langone and H. Van

Vunakis, Vol. 73 (Academic Press, New York, New York, 1981). pp.. 147-

166. Such bonding methods are suitable for use with the antibodies and
polypeptides of this invention. ‘

immobilization of reagents is-required for certain assay methods.

immobilization entails separating the binding partner from anyanalyte that

remains free in solution. This conventionally is accomplished by either.

insolubilizing the binding partner or analyte analogue before the assay

procedure, as by adsorption to a water—insoluble matrix or surface (Bennich
et 3/... Us; 3,720,760), by covalent coupling (for example, using .

:gl‘utaraldehyde cross~linking), or by insolubilizing the partner or analogue

afterward, e.g., by immunoprecipitation.

Other assay methods, known as competitive or sandwich assays,

are well established'and widely Used in the commercial diagnostics industry.
Competitive assays rely on the ability of a tracer analogue to

compete with the test sample analyte for a limited number of binding sites

on a common binding partner. The binding partner generally is insolubilized

before or alter the competition and then the tracer and analyte bound to the
binding partner are separated from the unbound tracer and analyte. This

separation is accomplishedby decanting (where the binding partner was

preinsolubilized) or by centrifuging (where the binding partner was

precipitated after the competitive reaction). The amount of test sample
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analyte is inversely proportiOnal to the amount of bound tracer as measured ‘

by the amount of—marker substance. Dose—response curves with known

amounts of 'analyte are prepared and compared with the test results to

qUantitativelydetermine the amount oflanalyte preSent in the test sample.

These assays are called ELISA systems when enzymes are used as the

detectable markers. _

Another species of competitive assay, called a "homogeneous"

assay, does not require a phase separation. Here, a conjugate of an enzyme

with the analyte is prepared and used such that when anti-analyte binds to

the. analyte the presence of the anti-anelyte modifies the enzyme activity. ‘
ln this case, the antigen or its immunologically. active fragments are

conjugated with a bifunctional organic bridge to an enzyme such as
peroxidase. Conjugates are selected for use with antibody so that binding

of the antibody inhibits or potentiates the enzyme activity of the label. This

method per se is widely practiced under the name of EMlT. ,_

Steric conjugates are used-in ste’ric hindrance methods for

g homogeneous assay. These conjugates are synthesized by covalently linking

a low—molecular-weight hapten to a small analyte so that antibody to hapten

substantially is unable to bind the conjugate at the same time as anti-analyte.

Under this assay procedure the analyte present in the test sample will bind

anti‘analyte, thereby allowing anti—hapten to bind the conjugate, resulting in

I" a Changelin the character of the conjugate hapten, e.g., achan'ge in

fluorescence when the hapten is a fluorophore.

Sandwich assays particularly are useful for the determination of

antigen or antibodies. ln sequential sandwich assays an immobilized binding,
partner is used to adsorb test sample anaiyte, the test sample is removed as

by washing, the bound analyte is used to adsorb labeled binding partner, and

bound material is then separated from residual tracer. The amount of bound

tracer is directly proportional to test sample analyte. ln "'simultaneous"

sandwich assays the test sample is not separated before adding the labeled

binding partner. .A sequential sandwich assay using an anti-antigen

monoclonal-antibody as one antibody and a ‘polyclonal anti—antigen antibody
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as theother is useful in testing samples for particular antigen activity.

The foregoing are merely exemplary diagnostic. assays for the

import and humanized antibodies of this invention. Other methods now or

hereafter developed for the determination of these anelytes are included

within the scope hereof, including the bicassays described above.

lmmunotgxins .

This invention is also directed to immunochemical derivatives of the

antibodies of this invention such as Vimmunotdxins (conjugates of the

antibody and a cytotoxic moiety). Antibodies which carry the appropriate

effector functions, such as with their constant domains, are also used to

induce lysis through the natural complement process“, and to interact with

antibody dependent cytotoxic cells normally present.

For example, purified, ‘sterile filtered antibodies are optionally

conjugated to a cytotoxin such as ricin for use in AIDS therapy. US Patent

Application Serial No. 07/350,895 illustrates methods for making and using

immunotoxins for the treatment of WV infection, and its teachings are
'specifically incorporated by reference herein. The methods of this invention,

for example, are suitable for obtaining humanized antibodies for use as
'immunotoxins for use in AIDS therapy.

_'The cytotoxic moiety of the immunotoxin may be a cytOtoxic drug

or an enzymatically active toxin of bacterial, fungal, plant oranimal origin, or

an enzymatically active fragment of such a toxin. Enzymaticaily active toxins

and fragments thereof used are diphtheria A chain, nonbinding active

fragments of diphtheria toxin, exotoxin A chain (from, Pseudomonas
aeruginosa), ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin,

Aleurites fordii proteins, dianthin proteins, Phytolaca americana proteins

(PAPI, PAP”, and PAP—S), momordica charantia inhibitor, curcin, crotin,

sapaonaria officinalis inhibitor, gelonin, mitogellin, restrictocin, phenomycin,

enomycin and the tricothecenes. in another embodiment, the antibodies are

conjugated to small molecule anticancer drugs such‘as'cis—platin or SFU.

Conjugates of the monoclonal antibody and such cytotoxic moieties are made
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using a variety of bifunctional protein coupling agents. Examples of such

reagents are SPDP, IT , bifunctional derivatives of imidoesters such as'

dimethyl adipimidate HCl, actiVe esters such as disucci-nimidyi suberate,

aldehydes such as \glutaraldehyde, bis-azido compounds such as bis

(p-azid‘obenzoyl) hexanediamine, bis-diazonium derivatives such as bis‘ (p-

. diazoniumbenzoyll— -ethylenediamine, diisocYanates such as toiylene
2,6-diisocyanate and bis-active fluorine compounds such as l,5-difiuoro»

2,4-dinitrobenzene. The lysing portion of a toxin may be joined to the Fab
fragment of the antibodies. _

Immunotoxins can be made in a variety of ways, as discussed

herein. Commonly known crosslinking ‘reagents can be used to yield stable '
conjugates. I; I

Advantageously, monoclonal antibodies specifically binding the

domain of the antigen which is exposed on the infected cell surface, are
conjugated to ricin A chain. Most advantageously the‘ricin A chain is ‘

deglycosylated and produced through recombinant means. An advantageous

method of making the ricin'immunotoxin is described in Vitetta et al.‘, Science

2138:1098 (1987) hereby incorporated by'refere'nce. ‘

When used to kill infected human cells ‘in Vitro' for diagnostic

purposes, the conjugates will typically be added to the cell culture medium

. at a concentration ‘of-at least about 10 nM. The formulation and mode of

administration for in vitro use are not critical. Aqueous formulations that are

compatible with the culture or pe-rfusionmedium willnormally be used.

Cytotoxicity may be read-by conventional technigues. I '

Cytotoxic radiopharmaceuticals for treating infected cells may be

made by conjugating radioactive isotopes (9.9. l, Y, Pr) to the antibodies.

Advantageously alpha. particle—emitting isotopes are used. The term. '

‘cytotoxic moiety" as used herein is intended to include such isotopes.

in 'a preferred embodiment, ricin 'A chain is deglycosyiated or

produced without oligosaccharides, to decrease its clearance by irrelevant

clearance mechanisms (e.g., the liver). in another embodiment, whole ricin

(A chain plus 8 chain) is conjugated to antibody if the galactose binding '

L7o
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property of 8-chain can be blocked (" blocked ricin".l

In a further embodiment toxin-conjugates are made with Fab or

F’(ab )2 fragments Because of their relatively small size these fragments can
better penetrate tissue to reach infected cells.

In another embodiment, fusogenic liposomes are filled with a

cytotoxic drug and the liposomes are coated with antibodies specifically.

binding the particular antigen.

n i n n l! l r ‘ x' i

Certain aspects of this invention involve antibodies which are la)

directed against a particular antigen and (b) belong to a subclass or isotype-
that is capable of mediating the lysis of cells to which the antibody molecule

binds. More specifically, these antibodies should belong to a subclass or

isotype that, upon compleidng with cell surface proteins, activates serum

complement and/or mediatesantibody dependent cellularcytotoxicity (ADCC)
by activating effector cells such as natural killer cells or macrophages.

Biological activity_of antibodies is known to be determined, to a

large extent, by the constant domains or F0 regionof the antibody molecule
annanue and Benacerraf, Textbook oflmmunology, 2nd Edition, Williams 81
Wilkins, p. 218 (1_ 984)). This includes their ability to actiVate complement

and to mediate antibody——dependent cellular cytotoxicity (ADCC) as effected

by leukocytes. Antibodies of different classes and subclasses differ in this

respect, as do antibodies from the same subclass but different species;

according to the present invention, antibodies of those classes having the

desired biological activity are prepared Preparation of these antibodies
involves the selection of antibody constant domains are their incorporation

in the humanized antibody by known technique. For example, 'mouse

immunoglobulins of the lgG3 and lgGZa class are capable of activating serum

complement upon binding to the target cells which express the cognate .-

antigen, and therefore humanized antibodies whiCh incorporate IgGB and

‘lgGZa effector functions are desirable for certain therapeutic applications.

in general,’mouse antibodies of the lgGZa‘ and lgG3 subclass and
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occasionally lgGi can mediate ADCC, and antibodies of the lgGB, lgGZa, and

'lgM subclasses bind and activate serum complement. ,Complement

activation generally requires. the binding of at least two lgG molecules in

close proximity on the target cell. However, the binding cf only one lgM

molecule activates serum complement. ' I p

The ability of any particular antibody to mediate lysis of the target

cell by complement activation and/or ADCC-ycan be assayed. The cells of

interest are grown and labeled in virro; the antibody is added to the cell

culture in combination with either serum complement or immune cells which

may be activated by the antigen antibody complexes. Cytoiysis of the target
cells is detected by the release of label from the lysed cells. In fact,

antibodies can be screened? using thepatient’s own» serum as a source Of
complement and/or immune‘cells. The antibody that is capable of activating
complement or mediating ADCC in the in vitro' test can then be used

therapeutically in'that particular patient.

This invention specifically encompasses} consensus Fc antibody

domains prepared and used according to the teachings of this invention.

Therapeutic and cher gses 9f the Antibodies

When used 'in viva for therapy, the antibodies of the subject

invention are administered to the patient in therapeutically effective amounts

(i.e. amounts that have desired therapeutic effect). They will normally be

administered parenterally. The dose and dosage regimen will depend upon

the degree of the infection,_the characteristics of the particular antibody 0r

immunotoxin Used, e.g., its therapeutic index, the patient, and the patient’s

history. Advantageously the antibody or immunotoxin is administered

continuously over a period of 1-2 weeks, intravenously to treat cells in the

vasculature and subcutaneously and intra‘peritoneally to treat regional lymph '

nodes. Optionally, the administration is made during the course of adjunct

therapy su'ch as combined cycles of radiation, chemotherapeutic treatment.

or administration of tumor necrosis factor, interferon or other cytoprotective

or immunomodulatory agent.
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For parenteral administration the antibodies will be formulated in a

unit dosage iniectable form (solution, suspension, emulsion) in association

with a pharmaceutically acceptable parenteralvehicle. Such vehicles are

inherently nontoxic, and non-therapeutic. Examples of such vehicles are

water, saline, Ringer’s solution, dextrose solution, and 5% human serum

albumin. Nonaqueous vehicles such as fixed oiis and ethyl oieate can also

be used. Liposomes may be used as carriers. The vehiclemay contain minor
amounts of additives such as substances that enhance isotonicity and
chemical stability, e.g., buffers and preservatives. The antibodies will

typically be formulated in such vehicles at concentrations of about 1 mg/ml

to 10 mg/ml. ' ' d I V
I Use of lgM antibodies may be. preferred for certain applications,

however lgG molecules by being smaller may be more able than lgM

molecules to ldcalize to certain types of infected cells. , '

There is evidence that complement activation in viva leads to a

variety of biological effects, including the induction of an inflammatory

response and the activation of macrophages (Uananue and Benecer’raf,

Textbook of Immunology, 2nd Edition, Williams & Wilkins,.p. 218 (1984)).

The increasedvasodilation accompanying inflammation may increase the

ability of various agents to localize in infected, cells.‘ , Therefore, _
antigen-antibody combinations of the type specified by this invention can be

used therapeutically in many’ ways. Additionally, purified antigens-

(Hakomori, Ann. Rev. Immunol. 2:103 (1984)) or anti—idiotypic antibodies

(Nepom eta/., Prob. Natl. Acad. Sci. 81:2864(1985); Koprowski etal., Proc.

Natl, Acad. Sci. 81:216 (1984))relating to Such antigens could be used to

induce an active immune response in human patients. Such a response

includes the formation of antibodies capable of activating human complement

and mediating ADCC and by such mechanisms cause infected cell

destruction. I I

Optionally, the antibodies ’of this invention are useful in passively

immunizing patients, as exemplified by the administration of humanized anti-

HlV antibodies.
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The antibody compositions used in therapy are formulated and

dosages established in a fashion consistent with good medical practice taking

into account the disorder to be treated, the condition of. the individual

patient, the site of delivery, of the composition, the method of administration

and other factors known to" practitioners. The antibody compositions are

prepared for administration according to the description of preparation of

polypeptides for administration, infra.

page; 9f Materials ,

As described above, cultures of the muMAb4D5 have been
deposited with the American Type Culture Collection, 12301 Parklawn Drive,

Rockville, MD, USA (ATCC). A

This deposit was made under the provisions of the Budapest Treaty V
on the international Recognition of the'Deposit of Microorganisms for the

Purpose of Patent Procedureand the Regulations thereunder (Budapest
Treaty); This assures maintenance of viable cultures for‘30 years from the

, date of the deposit. The organisms will be made available by ATCC under

the terms of the Budapest Treaty, and subject to an agreement between
lGenentech, inc. and ,ATCC, which assures permanent and unrestricted

availability of the progeny of the cultures to the public upon issuance of the

pertinent U.S. patent or upon laying open to the public of any US. or foreign
patent application, whichever comes first, and assures availability of the
progeny to one determined by the US. Commissioner of Patents and

Trademarks to be entitled thereto according to 35 USC §'122 and the

Commissioner's rules pursuant thereto (including 37 CFR §l.12 With

particular reference to 886 06 638). I _
in respect of those designations in which a European patent is

sought, a sample of the deposited microbrganism will be madeavailable until

the publication of the mention of the grant of the European patent or until the

date on which the application has been refused or withdrawn or is deemed

to be withdrawn, only by the issue of such a sample to an expert nominated

by the person requesting the sample. (Rule 28(4) EPC) ,
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'Theassignee ofthe present applicationhas agreed that if the

cultures on deposit should die or be lost or destroyed when cultivated under
suitable conditions,_they will bepromptly replaced on notification with a

viable specimen of the same culture. Availability of the deposited strain is

not to be construed as a‘license to practice-the invention in contravention of

the rights granted under the authority of any government-in accordance with

its patent laws. .

The foregoing written specification is considered to be sufficient to

enable one skilled in the art to practice the invention. The present invention

. is not to be limited in scope by the constructs deposited, since the deposited!

embodiments are intended to illustrate only certain aspects of the invention

and any constructs that are functionally equivalent are within the scope of

this invention; The deposit of material herein does- not constitute an‘

admission that the Written description herein contained is inadequate to

enable the practice ofany’ aspect of the invention, including the best mode
thereof, nor is it to be construed as limiting the scope of the claims to the
specific illustrations that they represent. Indeed, various modifications of the

invention in addition to those shown and described herein will become
apparent to those skilled in the art from the foregoing description and fall

within the scope of the appended claims.

lt is understood that the application of the teachings of the present

invention to a specific problem or situation will be within the capabilities of

_ one having ordinary skill in the art in light of the teachings contained herein. _

Examples of the products of the present invention and representative j

. processes for their isolation, use, and manufacture appear below, but should

not be constrUed to limit the invention. All literature citations herein are

expressly incorporated _by reference.

EXAMPLES

. EXAMPLE 1. HUMANlZATlQN QF muMAb‘iQfi
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Here we report the chimerization of muMAb4D5 (chMAb405) and

the rapid and simultaneous hUrnanization of heavy (VH) and light (VL) chain

variable region genes using a novel "gene conversion mutagenesis" strategy.

Eight humanized variants (huMAb4DS) were constructed to probe the-

importance of several’FR residues identified by our molecular modeling or

' previously proposed to be critical to the conformation of particular CDRs (see

Chothia, C. 81 Lesk, A. M.) J. Mol. Biol. 196:901-917 (”1987); Chothia, C. et

al., Nature 342:877—883 (1989); Tramontano, A. et a/., J. Mol. Biol.

' 21 5:175—182 (1990)). Efficient transient expression of humanized variants

in non—myeloma 'cells allowed us to‘ rapidly investigate the relationship

between binding affinity for plSSHER2 ECD and anti-proliferative activity“

against p185HER2 overexpressing Carcinoma cells.

4 > MATERIALS and METHODS

Cloning of Variable Region Genes. The’frngMAb‘iDE VH and VL

genes were isolated by polymerase chain reaction (PCR) amplification of
mRNA from the corresponding hybridoma (Fendly, B. M. et'a/., Cancer Res»

50:1550—1558l19190n as described by Orlendi _et el. (Orlandi, R. etal., Proc.

Natl. Acad, Sci. USA 86:3833883711989”.Wterminarsrifi’tancihrigol
muMAb4DS VL and-VH was used to design the sense strand PCR primers,

 

Whereas the anti—sense PCR primers were based upon consensus sequences

of murine framework residues (Orlandi, R. et al., Proc. Natl, Acad. Sci. USA

86:3833-3837 (1989); Kabrat, E. A. et a/., Sequences of Proteins 'of

Immunological Interest (National institutes ofHealth, Bethesda, MD, 1987))

incorporating restriction sites for directional cloning shown by underlining and

listed after-the sequences: VL sense’, 5'~

TCCGATATQCAGCTGACCCAGTCTCCAFS’ (SEO. lD NO. 7), 'Eco'Rv; vL
anti—sense, 5'~GTTTGATCTCCAGCT1’§§TAQCHSCDCCGAA-3’ (SEO. lD NO.
8).Asp718;VH sense, 5'vAGGTSMARQTQQAQSAGTCWGG-B' (SEQ. lD NO.

9), Pstl and VH anti-sense, 51-

TGAGGAGACQQTQACCGlGGTCCCTTGGCCCCAG-3’ (SEQ. ID NO. 10), i ‘
BstEll;whereH = AorCorT,S = CorG,D = AorGorT,M = Aorb,

R r: A or G and W =HA or T. The PCR products were cloned into pUCl 19
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(Vieira, J. & Messing, J... Methods Enzymol. .153:3-11 (1987)) and five .

clones for each variable domain sequenced by the dideoxy method (Sanger,

F. et 3]., Proc. Natl. Acad. Sci. USA'74:5463-5467 (1977)).

Molecular Modelling. Models for m_uMAb4D.5 VH and VL'domains
were constructed separately from consensus'coordinates based upon seven

Feb structures from the Brookhaven protein data bank (entries 1F84, 2RHE,

2MCP, 3FAB, 1FBJ, ZHFL and iREl). The Fab fragment KOL (Marquart, M.

et a/., J. Mol. Biol. 141:369—391 (1980)) was first chosen as a templatet’or
VL. and VH domains and additional strucw/res were then superimposed upon
this structure,using their main chain atom coordinates (lNSlGHT program,

Biosym Technologies). The distance from the template Cu to the analogous

Ca in each of the superimposed structures was calculated for each residue

position. if all ,iynearly all) C0-C0 distances for a given residue were 5 1A,

then that position was included in the consensus structure. In most cases

the fl—sheet framework residues satisfied these criteria whereas the CDR

loops did not. For each of these selected residues the average coordinates

for indiVidual N, Ca, C, O and CB‘atoms were calculated and then corrected

for resultant deviations from nonstandard bond geometry by .50 cycles of

energy minimization using the DISCOVER program (Biosym Technologies)

with the AMBER forcefield (Weiner, 3. J. et a/., J. Amer. Chem. Soc.

1062765-_784 (1984)) and Ca coordinates fixed. The side chains of highly

conserved residues, such as the disulfide—bridged cysteine residues, were

then (incorporated into the resultant consensus structure. Next the ,

sequences of muMAb405 VL and VH were incorporated starting with the

CDR residues and using the tabulations of CDR conformations from Chothia

_ et al. (Chothia,IC‘. eta/”Nature 342:877-883 (1989)) as a guide. Side—chain

conformations Were chosen on the basis ‘of Fab crystal structures, rotamer

libraries (Ponder, J. W. & Richards, F. M., J. Mol. Biol. 193:775-791 (1987))

, and packing considerations. Since VH—CDRB could not be assigned a definite
backbone'conformation from these criteria, two models were created from

a search Of similar sized loops using the lNSlGHT program. A third model

was derived using packing and solvent exposure considerations. Each model
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was then subjected to 5000 cycles of energy minimization.

In human‘izing muMAb4D5, consensus human sequences were first

derived from the'most abundant subclasses in the sequence compilation of

Kabat et al. (Kabat, E_. A. et aI., Sequences of Proteins of Immunological

Interest (National Institutes ofHealth, Bethesda, MD, 1987)), namely VL x

subgroup l and VH group III, and a molecular model generated for these.
sequences using the methods described above. A structure for huMAb4D§
was created by transferring the CDRs from the muMAb4D5 model into the

consensus human structure. All huMAb4D$ variants contain human

replacements ofmuMAb4D5 residues at three‘position's. within CDRs as
defined by sequence variability (Kabat, E. A. er al., Sequences of Proteins of
Immunological Interest (National institutes of Health,'Bethesda, MD, 1987)) '

but not as defined by structural variability (Chothia, C. & Lesk, A. M., J. Mol.
Biol. 196:901-917 (1987)): \IL—CDRi K24R, VL—CDRZ RS4L and VL-CDR2
T568. Differences between muMAb4DS and the human consensus

framework residues (Fig. 1) were individually modeledlto investigate their

possible influence on ‘CDR conformation and/or binding to the p185HER2‘
Eco.

I Construction of Chimeric Genes. Genesegcoding ChMAbfl-DS light.

and heavy chains were separately assembled in previously. described

phagemid vectors containing the human cytomegalovirus enhancer and

promoter, a 5' intron and SV40 polyadenylation signal (Gorman, C. M. et al.,_

DNA & Prat; Engin. Tech. 2:3-1011990». Briefly, gene segments encoding

muMAb‘4D5 VL (Fig. 1A) and RE‘l human K1 light chain CL (Palm, W. 81

Hilschmann, N., Z. Physiol. Chem. 356:167—191 (1975)) were precisely

joined as were genes for muMAb4D5 VH (Fig. 1B) and human y1 constant ‘

region (Capon, D. J. et} al., Nature 337:525-531 (1989)) by simple

subcloning. (Boyle, A.,.in Current Protocols in Molecular Biology, Chapter 3
(F. A. *Ausubel et al., eds., Greene Publishing & Wiley—lnterscience, New '

York, 1990)) and site‘directed mutagenesis (Carter, P., in Mutagenesis: A

Practice/Approach, Chapter 1 (IRL Press, Oxford, UK 1991)). The y1 isotype
was chosen as it has been found to be the preferred human isotype for
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supporting ADCC and complement dependent cytotoxicity using matched

sets of chimeric (Briigg'emann, M. et al., J. Exp. Med. 166:1351—1361

(1987)) or humanized antibodies (Riechmann, L. et al., Nature 332:323-327

. (1988)). The PCP-generated ~VL and' VH fragments (Fig. 1) were A,
subsequently mutageniied so that they faithfully represent the sequence of

muMAb4DS determined at the protein level: VH 01 E, VL V104). and T109A

(variants are denoted by the amino acid residue and number followed by the

replacement amino acid). The human y1 constant. regions are identical to

those reported by Ellison et al. (Ellison, J. W. er al.-Nucleic Acids Res.

13:4071-4079 (1982)) except for the mutations E3590 and M361L (Eu

numbering, as in Kabat, E. A. et al., Sequences of Proteins of Immunological

Interest (National Institutes of Health, Bethesda, MD, 1987)) which we

installed to convert the antibody from the naturally rare A allotype to the

much more common non-A allotype (Tramontano, A. et al., J. Mol. Biol.

215:175-182 (1990)). This was an attempt to reduce the risk of
anti-allotype antibodies interfering with therapy. .

Construction of Humanized Genes; Genes encoding ohMAb4Db

light chain and heavy [chain Fd fragment (VH and CH1 domains) were

subcloned together into pUC1 19 (Vieira, J. &’Messing, J., Methods Enzymol.

'1 5323—11 (1987)) to create pAK1 and simultaneously humanized in a single .

step (Fig.'2). Briefly, sets of 6 contiguous oligonucleotides were designed . ’

to humanize VH and VL (Fig. 1). These oligonucleotides are 28 to 83

nucleotides in length, contain zero to 19 mismatches to the murine antibody
template and are constrained to have 8 or 9 perfectly matched residues at

each end to promote efficient annealing and ligation of adjacent

oligonucleotides. The sets of VHand VL humanization oligonucleotides “(5

pmol each) were phosphorylated with either ATP or y—32P4ATP (Carter, P.
Methods Enzymol. 154:382-403 (1987)) and separately annealed with 3.7

pmol of pAK1 template in 40 ,ul 10 mM Tris—HCl (pH 8.0) and 10 mM MgCl2

by cooling from_100 0C to room temperature over ~ 30 min. The annealed

' oligonucleotides were joined by incubatiOn with T4 DNA ligase (12 units;

New England Biolabs) in the presence of 2pl 5 mM ATP and 2))! 0.1 M DTT
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for 10 min at 14 0C. After electrophoresis on a 6% acrylamide sequencing

gel the assembled oligonucleotides were located by autoradiography and

recovered by, electroelution. The assembled oligonucleotides (~O.3 pmol

each) were simultaneously annealed to 0.15‘ pmol single—stranded

deoxyuridine-containing pAK1 prepared according to Kunkel et al. (Kunkel,

T. -A. et a/., Methods Enzymol. 154:367-382 (1987)) in 10 [A 40 mM

'l'ris—HCI (pH 7.5) and 16 mM MgCl2 as above. Heteroduplex DNA was ‘
constructed by extending the. primers with T7 DNA polymerase and

transformed into E. coli BMH 71-18 mutL as previously described (Carter,

P., in Mutagenesfis: A Practical Approach, Chapter 1 URL Press, Oxford, UK
1991)). The resultant phagemjd DNA pool was enriched first tor huVL by
restriction purification u’sing Xhol and then for huVH by restriction selection
using Stul as described in Carter, P., in Mutagenesis: A Practica/Approach.

Chapter 1 URL Press, Oxford, UK 1991); and in Wells,_J. A. et al., Phil.

Trans. R. Soc. Land. A 317:415~423 (1986). Resultant clones Containing I

both huVL and huVH genes were identified by nucleotide sequencing (Sanger,

F. etal., Proc. Natl. Acad. Sci. USA 74:5463-5467 (1977)) and designated _ ' '
.pAKZ. Additional humanized variants were generated by site-directed

, mutagenesis (Carter, P., in Mutagenesis: A Practical Approach, Chapter'i

(lRL Press, Oxiord, UK 1991)). The muMAb4DS VL and Vngne segments

.in the transient expression vectors described above were then precisely

replaced With their humanized versions.

Expression and Purification of MAMDS Variants. Appropriate

MAb4D5 light and heavy'chain cDNA ekpression vectors were co-transfected

into an adenovirus transformed human. embryonic kidney cell’ line, 293

. (Graham, F. L. at al., J. Gen. Virol. 36:59-72 (1977))‘using a high efficiency

procedure (German, C. M. at a/., DNA' & Prot. Eng/n. Tech. 2:3-10 (1990);

. Gorman, c.,'in DNA Cloning, vol ll, pp 143.190 to. M. Glover, ed., lRL

Press, Oxford, UK 1985)). Media were harvested daily for up to 5 days and

the cells re-fed with serum free media.- Antibodies were recovered from the

media and affinity, purified on protein A sepharose CL—4B ('Ph'armacia) as

described by the manufacturer. The eluted antibody was buffenexchanged

80

86



 

'2!

10

15

‘fzo

30

into phosphate~buffered saline by 625 gel filtration, concentrated by

ultrafiltration (Centriprep‘30 or Centricon—100, Amicon), sterile-filtered

(Millex-GV, Milliporel and stored at 4 CC. The'concentration of antibody was

determined by using both total immunoglobulin andantigen binding ELISAs.

The standard (used was huMAb4DS—5,~whose concentration had'been
determined by amino acid composition analysis.

' I Cell Proliferation Assay. The effect of MAb4D5 variants upon

proliferation of the human‘mammary 'adenocarcinoma cell line, SK—BR—3, was

investigated as previously described (Fendly, B. M et al., Cancer Res.
50: 1550- 1558 (1990)) using saturating MAb4DS concentrations.

Affinity Measurements. The antigen binding affinity of MAb4DS

variants was determined using a secreted form of the p185“ERZ ECD

prepared as described in Fendly,-B. M. er al., J. Biol. Resp. Mod. 9:449—455

(1 990). Briefly, antibody and p185HERZ ECD were incubated in solution until

equilibrium was found to be reached. The concentration of free antibody

was then determined by E‘LlSA using immobilized p185HER2 ECU and used

to calculate affinity (Kd) according to Friguet' et el; (Friguet, B. et a/., J.

Immunol. Methods 77:305-319 (1985)), g ' "

, RESULTS

Hu'manization of muMAMDS. The muMAb4DS VL and VH gene'
segments were first cloned by PCR and sequenced (Fig. i). The variable
genes were then simultaneously humanized by gene conversion mutagenesis
using preassembled oligonucleotides (Fig. 2). A 311-mer oligonUCleotide

containing 39 mismatches to the template directed 24 simultaneous amino .

acid changes required to humanize muMAb4DS VL. Humanization of

Z muMAb4D5 VH required 32 amino acid changes which were installed with

' a 361-mer containing 59 mismatches to the muMAb4DB template. Two out.

of 8 clones sequenced precisely encode huMAb4DS-5, although one of these

clones contained a single nucleotide imperfection. The 6 other clones were '

essentially humanized but contained a small number of errors: <. 3

nucleotide Changes and < 1 single nucleotide deletion per kilobase._
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Additional humanized variants (Table 1) were constructed by site—directed

mutagenesis of huMAb4DS—5. I I I

Expression levels of huMAb4DS variants were in the range of 7 to

15 yg/ml as judged by ELISA using immobilized p185HER2 ECD. Successive
harvests of five 10 cm platesallowed 200 pg to 500 mg of each variantto 3

be produced in a week. Antibodies affinity purified on protein Agave a-

single hand one Coomassie blue stained SDS polyacrylamide gel of mobility

consistent with the expected M, of ~150 kDa. Electrophoresis under

reducing conditions gave 2 bands consistent with the expected Mr of free .
heavy (48 kDa) and light (23 kDa) chains (not shown). Amino terminal

sequenceianalysis (10-cycles) gave the mixed sequence expected (see Fig.

1) from an equimolar combination of light and heavy chains (not shown).

huMAbaDS Variants. In general, the FR residues Were chosen from

consensus human sequences (Kabat, E. A. at a/., Sequences of‘Proteins of
Immunological Interest (National Institutes of Health, Bethesda,- MD,.1987))

and CLDR residues from muMAb4DS. Additional variants were constructed

by replacing selected human residues in huMAb4D5-i with their muMAb4DS

counterparts. These are VH residues 71, 73; 78, 93 plus 102 and VL'

residues 55 plus 66identiiied _by our molecular modeling. VH residue 71, has

previously been proposed by others (Tramontano, Aret al.,y J. Mol. 'Biol. l
21 5:175-182 (1990)) to be critical to the conformation of VH~CDR2. Amino
acid sequence differences between huMAb4DS variant molecules are shown

in Table 1, together with their p185HER2 lace binding affinity and maximal

'anti-proliferative activities against SK—BR—s cells. very similar Kd values were

obtained for binding of MAb405 variants to either SK~BR~3 cells (unpublished

data) or to p185“ER2 ECD (Table 1). However, Kd estimates derived from

binding of MAb4DS variants to p185HERZ ECD were more reproducible'with

smaller standard errors and consumed much smaller quantities of antibody

than binding measurements with whole cells.

The most potent humanized variant designed by,molecular_

modeling, huMAbleS-8, contains 5 FR residues from muMAb4DS. This
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- the extracellular domain of p18

antibody binds the p185HER-2 ECD 3-fold more tightly than does muMAb4D§

itself (Table 1) and has comparable anti-proliferative activity with SK~BR-3

cells (Fig. 3). in contrast, huMAb4D5-1 is the most humanized but least

' potent rnuMAb4D5 variant, created by simply installing the muMAb4DS-

CDRs into the consensus human sequences. huMAb4D5~1 binds the

p185HERZ ECD 80-fold less tightly than does the murine antibody and has

no detectable anti-proliferative activity at the highest antibody concentration
investigated (16 [lg/ml). ‘ _ i

The Ianti-proliferative activity of huMAb405 variants against

p185HER2 overexpressing SK-BR-3 cells is not simply correlated with their .

binding affinity for the p185HER2 ECD. Forexample, installation of three.

murine. residues into the VH domain of huMAb4Dfi-2 (D73T, L78A and

'A938l to create huMAb4DS-3 does not change the antigen binding affinity

but does confer significant anti~proliferative activity (Table 1)._ ‘

The importance of VH residue 71 (Tramontano, A. era/u J. Mol.

Biol. 215:175-182 (1990)) is supported by the observed 5-fold increasein
affinity for p185HERZ £60 on replacement of mi in huMAb4DS—1- with the

' .' corresponding murine residue, alanine (huMAb4DS-2l. in contrast, replacing

vH L78 .in huMAons-Iz with the murine residue, alanine (huMAbzios-S),
does not significantly change the affinity for the p185HER2 ECD or change

anti-proliferative activity, suggesting that residue 78 is not of critical

functional significance to huMAb4DS and its ability to interact properly with
SHERZ.

VL residue 66 is usually a glycine in human and murine K chain

sequences (Kabat, E. A. et 3]., Sequences of Proteins of Immunological

Interest (National institutes of Health, Bethesda, MD, 1987)) but an arginine

occupies. this position in the muMAb4DS 1k light chain. The side chain of
residue 66 is likely to affect the conformation of'VL»CDR1 and VL—CDRZ and

the hairpin‘turn at 68-69 (Fig. 4). Consistent with the importance of this

residue, the mutation Vt. G66R (huMAb4D5-3 _. huMAb405»5) increases the

‘ affinity for the p185HER2 ECD by 4—fold with a concomitant increase in

anti-proliferative activity.
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From molecular modeling it appears that the tyrosyl side chain of

muMAb4DS, VL residue 55 may either stabilize the conformation or VH~CDR3

‘ or provide an interaction at the VL'VH interface. The latter function may be
dependent upon the presence of VH YiOZ. in the context of huMAb4DS-5

the mutations vL essv (huMAbkioesi‘and vH viozv (huMAb4D5—7l
' individually increase the affinity for pl85HER2 race by 5-fold and 2—fold

respectively, whereas together (huMAb4DS-8) they increase the affinity by

ll~fold. Thisyis consistent with either proposed role 'of VL Y55 and VH
Y102. ' . '

‘ Secondarylmm’une Function of huMAMDS-S. MuMAb4DS inhibits

the growth of human breast'tumor cells which overexpress p185HER2

(Hudziak R. M. eteI., Mo/ec Cell. Biol. 9: 1165-1172(1989)). Theantibody,
however, does not offer the possibility of direct tumor cytotoxic effects.

This possibility does arise in huMAb4DS-8 as a result of its high affinity (Kd

=.O 1 pM) and its human l961 subtype. Table 2 compares the ADCC ,

. mediated by huMAb4DS— 8 with muMAb4DS on a normal lung epithelial cell

line, WI~38, which expresses a low level of p185HER2 and en SK—BR3,
which expresses a high level of p18SHER2. The results demonstrate that:

(1). huMAb4DS has a greatly enhanced ability to carry out ADCC as
compared with its murine parent; and (2) that this activity may be selective

for cell types which overexpreSS p185HER2.

DlSCUSSlON ’

lMuMAb4D§ is potentially useful for human therapy since it is

cytostatic towards human breast and ovarian'tumor lines overexpressing the
HERZ-encoded ;pl8‘5HER2 receptor~like tyrosine kinase. Since both breast

and ovarian carcinomas are chronic diseases it is anticipated that the-optimal

‘ MAb4DS variant molecule for therapy will have low immunogenicity and will

be cytotoxic rather than solely cytostatic in effect. Humanization of

muMAb405 should accomplish these goals. We have identified 5 different

huMAb4DS variants which bind tightly to piesHFRZ ECD (Kd s .1 nM) and

which have significant anti7proliferative activity .lTable 1). Furthermore
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huMAb4DS—8 but not muMAb4DS mediates ADC-C against human tumor cell
lines overexpressing p1 BSHERZ in the presence of human effector cells (Table

. 2) asanticipated for a human yl isotype (Brflggemenn, M. at a/., J. Exp.

Med. 166:1351-1361. (1987); Riechmann, L. at al., Nature 332:323-327

(1988)). ’ .

. Rapid .humanization of huMAb405 was facilitated by the gene~
conversion mutagenesis strategy developed here using long preaesembled

oligonucieotides. This method requires less than half the amount of synthetic

DNA as does‘total gene synthesis and does not require convenient restriction

sites in\the target DNA. Our method appears'to be simpler and more reliable i
than a‘variant protocol recently reported (Rostapshov, V. M. et a/., FEBS

Lett. 249:379-382‘i1989ll. Transient expression of huMAb405 in' human

embryonic kidney 293 cells permitted the isolation of a few hundred
micrograms of huMAb4D5 variants for rapid characterization by growth

inhibition and antigen binding affinity assays. Furthermore, different

combinations of light and heavy chain were readily tested by co—tr'ansfection'

.of corresponding cDNA expression vectors. ,

The crucial role of molecular modeling in the humanizatiOn of

muMAb4D$ is illustrated by the designed variant huMAb4DS-8 which binds

thevp‘lBSHER2 ECD 250—fold more tightly than the simple CDR loop swap,
. variant, huMAb4DS-1. It has previously ibeen.shbwn that the antigen binding

affinity of a humanized antibody can be increased by mutagenesis based

upon molecular modelling (Riechmann,‘L. at al., Nature 332:323v327 (1988);

Queen, C. etal., Prec. Natl. Acad. Sci. USA 86:1002’9-10033 (i 989)). Here

we have extended this earlier work by others with a designed humanized.M

: antibody which binds its antigen 3-fold more tightly thamhwarentmdeee.

antibody. While this result is gratifying, assessment of the success of theM

molecular modeling must await the outcome of i X-ray structure

determination. From analysis of huMAb4DS variants (Table llit is apparent

that their anti-proliferative activity is not a simple function of their binding

affinityfor r3185”ERZ ECD. For example the huMAb4DS-8 variant binds

p185HER2 3-fold more tightly than muMAb’4DS but the humanized variant is .
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, slightly less potent in blocking the proliferation of SK—BR-3 cells. Additional.

huMAb4DS variants are currently being constructed in an attempt to identify

residues triggering the anti»proliferative activity and Man attempt to enhance

this activity. . i

In addition to retaining tight receptor'binding and the ability to

inhibit cell growth, the huMAb4DS-8 also confers a secondary immune

function (ADCC). This allows for direct cytotoxic activity of the humanized

molecule in'the presence of human effector cells. The apparent selectivity

of'the cytotoxic activity for cell types which overexpress p185HERZ allows

for the evolution of a-straightforward clinic approach to those human cancers

characterized by overexpression of the HER2 protooncogene.
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Table 1. pl 85HERZ ECD binding affinity and anti—proliferative activities of MAb4DS

 

 

variants

v}, Residue' - vL Residue'

MAbans 71 73 78 93 102 _ 55 66 Relxgtve‘cell

Variant _ m3 m3 FR: m3 CDR3 cnxzi FR3 nM

proliferation$ ’

huMAbliDS-l ' R D L , A. v E . c; we

huMAbliDS-Z Ale 0 i " A v E c 4.7. 101

huMAbzthie ' A15 Thr Ala . Ser v IE G 4.4 66

huMAbliDS-li I Ala Thr L_. Ser v’ E ‘_ Arg 0.82 56'

hummus-5 >A1a Thr Ala Set: v ‘ E Arg -i.1 A8

huMAbliDS-6 Ala ‘ Thr Ala Set: V Tyr Arg  ‘0.22 51

humans-7 ' Ala Thr Ala S‘er‘ Tyr E -Arg 0.62 53 .

huMAth5~8 Ala Thr Ala sér Tyt: Tyr Arg. 0.10' 54

muMAblin) ' Ala Thr Ala Ser Tyr Tyr Arg‘ . 0.30 37

" Human and murine residues are shewn in one letter and three letter amino acid code

respectively.

* Kd values for the p185HERZ ECD were determined using the method of Friguet erval. (43) and

the standard error of each estimate is S i 10%.

_: Proliferation of S‘K—BR-3’ cells incubated for 96 hr with MAb4DS variants Shown as a

percentage of the untreated control as described (Hudziak, R. M. et al., Mo/ec. Cell. B/bI. '

9:1165-1172 (1989)). Data represent the maximal anti-proliierative effect for each variant

(see Fig. 3A) calculated as the mean of triplicate determinations at a MAb4DS concentration

87

93



 

of 8 yg/ml. Data are at! taken from the same experiment with an estimated standard error of
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Table 2.. . Selectivity o‘f'antibody dependent tumor eel) cytotoxicity mediated by huMAb4DS—8
 

w1-38‘ _ SK-BR-B

EffectortTarget

ratio'r muMAbliDS huMAbéDS-S muMAbZiDS huHAbliD5~8

A.*- _. ' 25:1 <1.0 . 9.3 7.5 ‘40.6

12 5:1. _ <1.o - 11.1 ' ' 4.7 ' 36.8

6.25:1 . _ .<i-° ' 8.9 0.9 35.2 ‘

V 3 13:1 <1.0 . 8.5 4.6 19.6

a. V 25E1 . <1.0 3.1 .6.1 33.4-

’12 5:1 <1.0 ' 1.7 5.5 26.2
6.25:1 . ’ '1.3 ‘ - 2.2 2.0 21.0

3.13:1 <1.0 , '- 0.8 " 2.4 13.4y

‘ Sensitivity to ADCC of two human cell lines (Wl—38, normal lung epithelium; and SK-BR-3,

human breast tumor cell line) are compared. Wl-38 expresses a low level of piSSHERZ (0.6

pg per pg cell protein) and SK-BR-S expresses a high level of p185HERZ (64 pg p185HERZ per

pg cell protein), as determined by ELISA (Fendly er a/., J. Biol. Resp. Mod. 9:449—455 (1990)).

’ ADCC assays were carried out as described in Brdggemann er 3]., J., Exp. Med.

166:13511-1361 (1987). Effector to target ratios were of ll.42 activated human peripheral

blood lymphocytes to either Wl-38 fibroblasts or SK-BR~3 tumor cells in 96-well microtiter

plates for 4 hours at 37 0C. Values given represent percent specific‘cell lysis as determined

by 51Cr release. (Estimated standard error in these quadruplicate determinations was s

110%.

* Monoclonal antlbodyconcentrations used Were 0.) pg/ml (A) and 0.1 ug/ml (B).
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This example illustrates one stepwise elaboration of the methods for

creating a humanized sequence described above. it will be understood that

‘ not all of these steps are essential to the claimed invention, and that steps

may be taken in different order.

1. ascertain a consensus human variable domainamino acid sequence and

prepare from it a consensus structural model.

prepare model of import (the non-human domain to be humanized)

variable domain sequences and note structural differences with respect

to consensus human model. ,

identify CD'R sequences in human and in import; both by using Kabat

(supra, 1987) and crystal structure criteria. if there is any difference

in CDR identity from the different criteria, use of crystal structure

definition of the CDR, but retain the Kabattresidues asimportant

framework residues to import.

substitute import CDR sequences for human CDR sequenceslto obtain

initial "humanized" sequence.

compare import non~CDR variable domain sequence to the humanized

sequence and note divergences. ‘

Proceed through the following analysis for each amino acid residue

where the import diverges from the humanized. ‘

a. If the humanized residue represents a residue which is generally

highly conserved across all species, use the residue in the

humanized sequence. if the residue isnot conserved across all

species, proceed with the analysis described in 6b. ‘

b. If the residue is not generally conserved across all species, ask if

the residue is generally conserved in humans. -'

‘i. if the residue is generally conserved in humans bot the

import residue differs, examine the structural models of the
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ii.

import and. human sequences and determine if the import

residue would be likely to affect the binding or biological

activity of the CDRs by considering 1) could it bind‘antige'n

directly and 2')~cou|d it affect the conformation of the CDR.
if the conclusion is that an affect on the C085 is likely,-

substitute; the import residue. If the conclusion is that a

CDR affect is unlikely, leave the humanized residue

unchanged.

If the residue is also not generally conserved in humans,

examine the structural'mo'dels of the import and human

sequenCes and determine if the import residue would be

likely to affect the binding or biblogicel activity of the CDRs

be considering 1) could it bind antigen directly'and 2) could

' _ it affect the conformation of the CDR. If the conclusion is

that an affect on the CDRs is likely, substitute the import

residue. If the conclusion is that a CDR effect is unlikely, .

proceed to the next step. i

a) Examine the structural models of the import and

human sequences'and determine if the residue is,
exposed on the surface of the domain or is buried.

within. If the residue is exposed, [use the residue in

the humanized sequence; if the residue is buried, _

proceed to the next step. .

(i) Examine the structural models of the import and

human sequences and determine if the residue is

likely to affect the VL - VHiinterface. Residues .

inyolved'with the interface include: 34L, 36L,

38L, 43L, ,33L, 36L, 85L, 87L,'89L, 91L, 96L,
98L, 35H, 37H, 39H, 43H, 45H, 47H,>60H,

91H, 93H, 95H, lOOH, and 103H. If no effect

is likely, use the residue in the humanized

sequence. If some effect is likely, substitute the»
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import residue.

Search the import’sequence, the consensus sequence and the

“ humanized sequence for glycosylation sites outside the CDRs, and g

_ determine if this glycosylation site is likely to have any affect on

antigen binding and/or biological activity. If no effect is likely, use the

human sequence at that site; if some affect is likely, eliminate the -

glycosylation site or use the import sequence at that site.

_ After completing the above-analysis, determine the planned humanized
sequence and prepare and test a sample. If the sample does not bind

well to the target antigen, examine the particular residues listed below,

regardless of the question of residue identity between the import and

humanized residues.

8. Examine particular peripheral (non-CDR) variable domain residues

that may, due to theirposition, possibly interact directly with a

macromolecular antigen, including the following residues (where

the " indicates residues which have been found to interact with

antigen based'on crystal structures): .

i. Variable light domain: 36, 46, 49', 637-70,

ii. Variable heavy domain: 2, 47‘. as, 70. 73-76.

h. Examine particular variable domain residues which could interact

with, or otherwise affect, the conformation of variable domain

CDRs, including the following (not including CDR residues

themselves, since it is assumed that. because the CDRs interact '
with one another, any residue in one CDR could potentially affect

the conformation of another CDR residue) (1.: LIGHT,

H :HEAVY, residues appearing in bold are indicated to be

structurally important acCording the Chothia et al., Nature

342:877 (1989), and residues appearing infra/[c were altered

during humanization by Queen at a/. (PDL), Proc. ‘Natl. Acad. sca.

USA 86:10029 (1989) and Proc. Natl. Acad. Sci. USA 8822869
(1991).): ' V

i. Variable light domain:
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a) con-i (residues 24L-34L): 2L, 4L, GEL-69L, 711.

b) _CDR-2-‘(residues SOL-56L): 35L, 46L, 47L, 48L, 49L,

'58L, 62L, 64L-66L, 71L, 73L 1‘

cl con—3 (residues 89L-97Li: 2L, 4L, 36L, 98L, ’37H,'

45H,47H,58H,60H "

ii. Variable heavy domain:'

a) COR-1 (residues 26H-35H): 2H, 4H, 24H, 36H, 71H,
73H, 76H, 78H, 92H, 94H I

b) CUR-2 (residues SOH‘SSHl: 49H, 69H, 69H, 71H,
73H, 78H

0) COR—3. (residues 95He102Hl: examine all residues as

possible interaction partners with this loop, because
this loop varies in size and conformation much more

than the other ones. '-

If after step 8 the humanized variable domain still is lacking in desired

binding, repeat step'8. In addition, re-investigate any buried residues
which might affect the VL - VH interface (but which would not directly

affect CDR conformation). Additionally, evaluate the accessibility of
non—COR residues to solvent.
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SEQUENCE LISTING

(1 I GENERAL INFORMATION:

(i) APPLICANT: Carter, Paul J.
Presta, Leonard G.

(ii) TITLE OE INVENTION: ImmUnogIObuIin Variants

Iiii) NUMBER OF_SEOUENCES:V1KO

(iv) CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: Genentech, Inc.

(B) STREET. 460 Point San Bruno BIvd

(C) CITY: South San Francisco '

‘ (D) STATE: California

I (E). COUNTRY: USA

(F) ZIP: 94080

(VI COMPUTER READABLE FORM:

(A) MEDIUM TYPE: 525 inch, 360 Kb floppy disk

(B) COMPUTER: IBMIPC compatible
(C) OPERATING SYSTEM: PC~DIOS/MS-DOS

ID) SOFTWARE: patin (Genentech)

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:

(B) FILING DATE: 1’4~June-19,9‘I

(C) CLASSIFICATION:

(vii) PRIOR APPLICATION'DATA:
(A) APPLICATION NUMBER:

(8) FILING DATE:

(viii) ATTORNEY/AGENT INFORMATION:

IN NAME: AdIer, Carolyn R.
(B) REGISTRATION NUMBER: 32,324

(C) REFERENCE/DOCKET NUMBER: 709

(ix) TELECOMMUNICATION' INFORMATION:
IA) TELEPHONE-z 415/266-2614
(B) TELEFAX: 41 5/9529881

'ICI TELEX: 910/371-7168

(2) INFORMATION FOR SEQ ID NOiI:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: ~109 amino acids
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(B) TYPE: amino acid

(D) TOPOLOGY: linear

(xi) SEQUENCEDESCRIPTION: SEQ ID N021:

Asp lle Gln Met Thr Gln .Ser Pro Ser Ser Lou Set Ala Ser Val.
1 5 . ‘ 10 15

Gly Asp Arg Val Thr lle. Thr Cys Arg Ala Ser Gln Asp Val Asn-
20 25 3O

Thr Ala Val Ala Tlp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
35 l . 4O 45

Leu Leu lle Tyr Ser Ala Ser Phe Lou Glu Ser Gly Val Pro Ser
50 55 ‘ 60 '

Arg Phe Ser Gly Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 7O 75-

Ser Ser Leo Gln Pro Glu Asp Phe Ala Tlnr Tyr Tyr Cys Gln Gln'

.80 85' I ~_90

His Tyr Thr' Thr Pro Pro Thr Phe Gly Gln Gly ThrfLys Val Glu.
- 95 A ‘ 100 105

lle Lys Arg Thr
- 109'

(2) INFORMATION FOR SEQ ID NO:2:

(l) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 120 amino acids

(B) TYPEz‘amino acid .

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Glu Val Gln Lou Val Glu Ser Gly Gly Gly Leu Val GIn Pro Gly
1 5 10 ' 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Se? Gly lee Asn lle Lys
20 25 - 30

Asp Thr Tyr lle His ATrp Val Arg Gln Ala Pro Gly-Lys Gly Lou
' 35 4O 45 ‘

Glu Trp Val Ala Arg ”9 Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr
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'50 55' _ 60

Ala Asp Ser Val Lys Gly Arg Phe Thr Ila Sar Ala Asp Thr Ser
65 70 75

Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
80 ' 85 90 '

Thr Ala Val Tyr Tyr Cys Sér Arg Trp Gly Gly Asp Gly Phe Tyr
' 95 . 100 ' 105

Ala Met Asp Val Trp Gly Gln Gly Thr Leu'Val Thr Val Ser Ser
' 11o - ’115 120 -

(ZlmFORMAflONFORSEOHDNOS:

(i) SEQUENCE CHARACTERISTlCS:
(A) LENGTH: 109 amino acids

(8) TYPE: amino acid ’

(D) TOPOLOGY} linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N013:

Asp llelGln Met Thr Gln Ser Pro'Se'r Ser‘ Leu Ser Ala Ser Val .
1 5. 1o - _15

Gly Asp Arg Val Thr lle Thr Cys Arg AlaASer Gln Asp ValSer
20 25 * 30‘

Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
35 4o 45

Leu Leo Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser
50 , 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle
65 7O ‘ 75

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr‘Tyr Cys Gln Gln
8O 85 90

Tyr Asn Ser Leu Pro Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu
95 100 105

llé Lys Arg Thr
109
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(2) lNFORMATlON FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTlCS:

(A) 'LENGTH: 120 amino acids

‘(Bl TYPE: aman acid ‘

(Dl TOPOLOGY: linear- ' ,

(xi) SEQUENCE DESCRlPT‘lON: SEQ iO NOz4:

Glu Val Gln Leu Val Glu. SOr Gly Gly Gly Leu Val Gln ‘Pro Gly ’
1 5 ' ' 1O 15

Gly Ser Leu Arg Léu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser
20 , 25 3O

‘Asp Tyr Ala Met Sér Trp Val Arg Gln Ala Pro Gly Lys-Gly Leu
' 35 ,. 4o 1 45

Glu Trp Val Ala Val lle Ser Glu Asn Gly Gly Tyr, Thr Arg Tyr
50 . 55 60

Ala Asp Ser Val Lys Gly Arg Phe Thr lle Ser Alal Asp Thr Ser
65 , 7O ’ 75

Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
80 4 85 90 ' , -

Thr Ala Val Ty‘r Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr
95 100 105 ’

Ala Mei Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
1 10 _ 115 120

(2) lNFORMA’TlON FOR SEQ ID N025i

(l) SEQUENCE CHARACTERISTICS:

(A) LENGTH; 109 amino acids

(B) TYPE: amino acid v
(D) TOPOLOGY: linear '

(xi) SEQUENCE DESCRIPTION: SEQ lD N015:

Asp lle Val-Met Thr Gln Ser His Lys Phe Met Ser Thr Ser Vél
1 - 5 10 15

Gly Asp Arg Val Ser lle Thr Cys Lys Ala Ser Gln Asp Val Asn
20 25 3O
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ThrIAla Val Ala Trp Tyr Gln Gln Lys Pro Gly His Ser Pro Lys
35 . 40 V 45

Leu Leu Ila Tyr Ser Ala Sar'Phe Arg-Tyr Thr Gly Val Pro Asp
' 50 55 60 '

Arg Phe Thr Gly Asn Arg Ser Gly Thr Asp Ph‘e Thr Phe Thr He

‘ 65 70. 75

Ser Ser VaI Gln Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gln Gln .
80 85 90 ’

His Tyr Thr Thr Pro Pro-Thr Phe Gly Gly 'GIy Thr Lys Leu Glu
' 9‘5 100 105

Ile Lys Arg Ala \
'109

' (2) INFORMATION FOR SEQ ID NO:6i

Ii) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 120 amino acids

(8) TYPE: ‘amino acid

(D) TOPQLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO;6:

I GIu Val Gln Lei; Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly

1 5 1O 15' .

Ala Ser Leu Lys Leu Ser Cys Thr Ala Ser Gly Phe Asn Ile Lys _

20 25 ' '30

Asp Thr‘Tyr Ile His Trp Val Lys Gln Arg Per Glu Gln Gly Leu
35 ‘ 4O 45

Glu Trp Ile Gly Arg lIe Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr
50 55 60

Asp Pro_Lys Phe Gln Asp Lys Ala Thr' lle Thr Ala Asp Thr Ser
65 70 ~ 75

Ser Asn Thr Ala Tyr Leu Gln Val Sar Arg Leu Thr Ser Gl'u Asp
80 85 ~ 90

Thr Ala Val Tyr Tyr Cys Sar Arg Trp Gly Gly Asp Gly Phe Tyr
‘95 , 190 » 105 ' .

98
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15'

20

25

3.0

35

404

‘45

Ala Met Asp Tyr Trp Gly Gln Gly Ala Ser Val Thr Val Ser Ser
110 115 120

(2) INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 bases '

(8) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

V (xi) SEQUENCE DESCRIPTION: SEQ ID N027:

TCCGATATCC AGCTGACCCAGTCTCCA 27

(2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 31 bases

(BITYPE: nucleic acid

(Ci'STRANDEDNESS: single

(Di TOPOLOGY; linear

(xi) SEQUENCE DESCRIPTION: SEO‘ID NO:8:

GTTTG'ATCTC CAGCTTGGTA CCXXCDCCGA A 31

(2) INFORMATION FOR SEQ ID NO:_9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 bases

(Bl TYPE: nucleic acid

(C) STRANDEDNESS: single

(0‘) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID No:9:

AGGTXXAXCT GCAGXAGTCX GS 22

99

105 .
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(2) INFORMATION FOR SEQ ID NOI10:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 34 bases_
(8) TYPE: nucleic acid .

(C) STRANDEDNESS: single
‘ (D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION:_SEQ ID NO:10:

TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34
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W CLAIM:

1 .

sequence of a non-human, import antibody and a human antibody,

omprising the steps of: g

a. obtaining the amino acid sequences of at least a portion

of an import variable domain and of a consensus human

variable domain;

b. identifying Complementarity Determining Region (CDR)
mino acid sequences in the import and the human amino"

v iable domain sequences; I

c.. sub titIJting an import CDR amino acid sequence for the

corre pending human CDR amino-acid Sequence;
d. . alignin the amino acid sequences of a Framework Region

(FR) of t- 9 import antibody and the corresponding FR of

the conse sus antibody; _

i . 8. identifying port antibody FR‘residues in the aligned FR
' sequences th t are non--homologous to the corresponding

consensus an body residues; ' '

' f. determining if he non-homol090us import amino acid

residue is reason bly expected to have atieast one of the

following effects:

1. non--coval ntly binds antigen directly,

2. , interacts w h a CDR; or

3. i participates i the V[ '- VH interface; and

g. for any non-homologo import antibody amino acid

residue which is reasonab expected to have at least one

of these effects, substit ting that residue for the

corresponding amino acid} esidue in the consensus

antibody FR sequence.

2. The method of claim; 1, having an additiona step of determining if I

101  
a}; Iiiéii

107

A method for making a humanized antibody comprising amino acid . -
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any such non—homologous residues are exposed on the surface of

he domain or buried within it, and if the residue is exposed,-

taining the consensus residue.

The ethod of claim 1, having the additional steps of searching the ~

impot variable domain sequence for glycosylation sites,

deter King ifany such glycosylation site is reasonably expected to
affect t antigen binding or affinity of the antibody, and if so,

substituti the glycosylation site into the consensus sequence.

‘ The-method 0 claim 1, having the additional steps of searching the

consensus vari le domain sequence for glycosylation sites which

are not present t the corresponding amino acid in the import

sequence, and if th glycosylation site is not present in the import

sequence. substitutin the import amino acid residues for the amino .

acid residues comprisi the consensus glycosyletion site. 

The method 'of claim 1, be ing an additional step which comprises

aligning import antibody an consensus antibody FR sequences,

identifying import antibddy F residues which are n0n>homologous -‘

with the aligned consensus FR sequence, and for each such non— '

homologous import antibody R residue, determining if the

corresponding consensus antibo y residue represents a residue

which is highly conservedkacross a species at that site, and if it is
so conserved, preparing a humanized ntibody which comprises the

consensus antibody amino acid resid at that site.

V, The method of claim 1, wherein the corresponding consensus

antibody residues are selected from the group consisting of 4L,

35L,36L.38L,43L,44L,46L,58L,62L,63L,64L,65L,66L,67L
68L,69L,70L,71L,73L,85L,87L,98L,2H,4H,24H,36H,37H,

39H,43H,45H,49H,58H,60H,68H,69H,7OH,73H,74H,75H,

102'
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76H, 78H, 91H, 92H, 93H, 8nd 103H.

method comprising providing at least a portionhof an import, non—
hu an antibody variable domain amino acid sequence having a CDR

and FR, obtaining the amino acid sequence of at least a portion

of a co sensus human antibody variable domain having a CDR and

a FR, su stituting the'non-human CDR for the, human CDR in the

consensus Uman antibody variable domain, and then. substituting

an amino ac residue for the. consensus amino acid residue at at

_ least one of th following sites:
4L, 35L, 36L, 3 , 43L, 44L, 46L, 58L, 62L, 63L, 64L, 65L, 66L,

87L, 68L, 69L, 7O 71L, 73L. 85L. 87L, 98L, 2H. 4H, 24H, 36H,

 

‘37H, 39H, 43H, 45H, 49H, .58H, 60H, 68H, 69H, 70H, 73H, 74H,

75H,76H,78H,91H, 2H,93H,and103H.

The method of claim 7, wherein the substituted residue-is the
residue found at the corresponding location .of the non-human

‘ ‘ I Vii-A
antibody. g- 4 .

A hUmanized' antibody variable domain having a non-human CDR t. V. I "“‘

incorporated into a human antibody variable domain, wherein the

improvement comprises substituting an amino acid residue for the

human residue at a site selected irbm the group. consisting of:
4L,35L,36L,38L,43L,44L,46L,58L,62L,63L,64L,65L,66L,

67L, 68L, 69L, 70L, 71L, 73L, 85L, 87‘L, 98L, 2H, 4H, 24H, 36H,

37H; 39H, 43H, 45H, 49H, 58H, 60H, 68H, 69H, 70H,’73H, 74H,

75H, 76H, 78H, 91H, 92H, 93H, and 103H.

The humanized antibody variable domain of claim 9,. wherein the

.substituted residue is the residue found at the corresponding

location of the non-human antibody from which the non—human

CDR was obtained.

103
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11. The humanized antibody variable domain 'of claim 9, wherein no .

1 human FR residue other than those set forth in the group has been

substituted .

5.

., 12. A polypeptide comprising the amino acid sequence:

DiQMTQSPSSLSASVGDRVTITCRASODVNTAVAWYOOKPGKAP

KLLiYSASFLESGVPSRFSGSRSGTDFTLTISSLOPEDFATYYCOOHY

TTPPTFGQGTKVEIKRT

10

,13. » A polypeptide comprising the sequence: . ,

EVOLVESGGGLVOPGGSLRLSCAASGFNlKDTYlHWVROAPGKGLE

WVARlYPTNGYTRYADSVKGRFTISADTSKNTAYLOMNSLRAEDT

AVYYCSRWGGDGFYAMDVWGQGTLVTVSS "

15 V f) _ {0 { ' > .
V E) D 0‘3 14. A computergomprising the sequence data of the following amino

(2,90 acid sequence: >
J ‘ a. - DIOMTOSPSSLSASVGDRVTITCRASODVSSYLAWYOO

. KPGKAPKLLIYAASSLESGVPSRFSGSGSGTDFTLTlSSLO

2t) _ PEDF‘ATYYCOOYNSLPYTFGOGTKVEIKRT, or, I
b. , EVOLVESGGGLVOPGGSLRLSCAASGFTFSDYAMSWVR

OAi’GKGLEWVAVISENGGYTRYADSVKGRFTISADTSKN

‘TAYLOMNSLRAEDTAVYYCSRWGGDGFYAMDVWGCG

TLVTVSS '

25 ~ ’ f O M . . .
15. A computer representation of th following amino acid sequence: ’

a. DI'O‘MTO'S'PS'SESNSVGDRVTITCRASODVSSYLAWYOO

’KPGKAPKLLlYAASSLESGVPSRFSGSGSGTDFTLTISSLO

. ’ PEDFATYYCOOYNSLPYTFGOGTKVEIKRT, or

30 . bl ‘ EVOLVESGGGLVOPGGSLRLSCAASGFTFSDYAMSWVR
' QAPGKGLEWVAVlSENGGYTRYADSVKGFiFTISADTSKN

TAYLOMNSLRAEDTAVYYCSRWGGDGFYAMDVWGOG

104
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"pi-”H”

TLVTVSS

$4,”
16. :Amethodcomprising storing a computer representation of the

following amino acid sequence:

5 ‘ . a. DIOMTOSPSSLSASVGDRVTITCRASODVSSYLAWYOO
KPGKAPKLUYAASSLESGVPSRFSGSGSGTDFTLTISSLO

PEDFATYYCOQYNSlLPYTFGQGTKVEIKRT, "or

b. ,' EVOLVESGGGLVOPGGSLRLSCAASGFTFSDYAMSWVR
OAPGKGLEWVAVISENGGYTRYADSVKGRFTISADTSKN

1o , ‘ ' TAYLOMNSLRAEDTAVYYCSRWGGDGFYAMDVWGOG

TLVT‘VSS '
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Variant immunoglobulins, particularly humanized antibody

polypeptides are provided, along with methods for their preparation and use.

Consensus immunoglobulin sequences and structural models are aiso

provided. '
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. ' I ' _. EXPRESS MAlL NO. 859937585
‘ ' MAlLED: 14 JUNE 1991

COMBINED DECLARATION FOR PATENT APPLICATION
AND POWER OF ATTORNEY Docket No. 709

As 3 below named inventor, I hereby declare that:

My residence, post office address and citizenship are as stated below next to my name,

i believe I am the original first and sole inventor (if only one name is listed below) or an original, firSt and joint inventor
(if plural names are listed below) of the subject matter whichIs claimed and for which a patent is sought on the invention

entitled

“ IMMUNOGLOBULIN VARIANTS

the specification of which (checkone) x is attached hereto or_ was filed on as Application Serial No and was amended
on (if applicable).

I hereby state that l have reviewed and understand the contents of the above~identified specification, including the
claims, as amended by any amendment referred to above. ’ .

I hereby state that any Sequence Listing submitted with this application is submitted in paper copy and a computer.-
readable diskette, and that the content of the paper and computer readable copies are the same. ,

I acknowledge the duty to- disclose information which is material to the examination of this application in accordance '
with Title 37-, Code of Federal Regulations, Section 156(8).
    WW.

I hereby claim foreign priority benefits under Title 35, United States Code, §1 19 of any foreign applicationls) for patent
or inventor’ s certificate listed below and have also identified below any foreign application for patent or inventor' s

certificate have a filing date before that of the application on Which priority is claimed:

 

Prior Foreign Applicationlsl '- I I Priority, Claimed
. ‘ Yes No

Number ' Country ‘ _ Day/Month/Year Filed 

“Mil beret—3y claim the benefit under Title 35, United States Code, §120 of any United States applicationsis) listed below
and, insofar as the subject matter of each of the-claims of this application is not disclosed in the prior United States

application'In the manner provided by the first paragraph of Title 35, United States Code, §1 12,) acknowledge the duty
to disclose material information as definedIn Title 37, Code of Federal Regulations, §1.56la) which occurred between

the filing date of the prior application and the national or PCT international filing date of this application:
 

‘ Application Ser. No. ‘ ~ Filing Date Status: Patented, Pending, Abandoned

 

Application Ser. No. Filing Date Status: Patented, Pending, Abandoned
 Wm—

POWER OF ATTORNEY: As a named inventor, l hereby appoint the following attorneyis) and/or agent(s) to prosecute
this application and transact all business in the Patent and Trademark Office connected therewith. _

$0)

Carolyn R. Adler - Reg. No. 32,324 ' 'Max D. Hensley ~ Reg. No. 27,043
Robert H. Benson — Reg. No. 30,446 Dennis G. Kleid ~ Reg. No. 32,037

Walter E. Buting - Reg. No. 23,092 Nancy Olseki - Reg. No. 34,688
Ginger R. Dreger — Reg. No. 33,055 Stephen Raines — Reg. No. 25,912
Debbie Glaister — Reg. No. 33,888 Daryl B. Winter - Reg. No. 32,637
Janet E'. Hasak - Reg._No. 28,616
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Send correspondence to (’0’ Genentech, Inc.
(4&2 Attn: Carolyn R. Adler
70) 460 Point San Bruno Boulevard

702/ South San Francisco, CA 94080
Telephone: (415) 266-2614

Page 2 of 2

 
W

l hereby declare that all statements made herein of my own knowledge and belief are believed to be true; and further

that these statements were made with the knowledge that willful false statements and the like so made are punishable
. by'fine or imprisonment or both, under Section 1001 of Title 18 of the United States'Code and that willful false

statements may jeopardize the validity of the application or any patent issued thereon.

 

The undersigned hereby authorizes the U. S. attorney or agent named herein to accept and follow instructions from
his foreign patent agent as to any action to be taken in the Patent and Trademark Office regarding this
application without direct connmnication between the U. S. attorney or agent and the undersigned. In the event

of a change in the persons from whom instructions may be taken, the U. S. attorney or agent named herein will beso notified by the undersigned. »

  
Paul J Carter

Inventor's signature V ' ‘ Date

  

Residence
2074 18th Avenue
San Francisco, CA 96116 

Citizenship
United Kingdom 

Post Office Address
460 Point San Bruno Boulevard

South San Francisco, CA 94080 

Eull name of second joint inventor, if any

 
  

Leonard G Presta 

Second I ventor’s signature

  

‘ Residence
1900 Gough Street, #206
San Francisco, CA 94109  

CitizenshipUnited States of America  

Post Office Address
460 Point San Bruno Boulevard

South San Francisco, CA 94080
  
 

Full name of third joint inventor, if any

 

Third Inventor's signature ‘ ~ Date

  

Residence
  

Citizenship
  

Post Office Address
460 Point San Bruno Boulevard
South San Francisco, CA 94080 
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PAUL J. CARTER; SAN FRANCISCO. CA; LEONARD G, PRESTA, SAN FRANCISCO. CA.

APPLICAKK.
**CONTINUING DATARRRkflfifififikflkflkflkflfikflk

VERIFIED ’

v**FOREIGN/PCT APPLICATIONS**3*********
'VERIFIED

FOREIGN FlLlNG.t|CENSE GRANTED 03/03/91

V '. .-
COUNTRY ' DRAWING CLAIMS CLAIMS RECEIVED

CA - 5 16 , 8 $1,050.00

GENENTECH. iNC.
ATTN: CAROLYN R. ADLER

#60 POINT SAN BRUNO BLVD.

SOUTH SAN FRANCISCO, CA 9h080

ADDRESS

IMMUNOGLOBULIN VARiANTS

Vhis is to certfify that annexed heréto is a true copy from the records of the United states 1/'Patent and Trldamahk Office of {ha application as originally fSIed which #5 ‘dentified above.

By author1ty of the
COMMISSIONER OF PATENTS AND TRADEMARKS

 
Date _ ' V Certffyihg Officer
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GENENTECH, INC. et al.

This international search report has been prepared by this international Searching Authority and is transmitted to the applicant
awarding to Article 18. A copy is being transmitted to the International Bureau.

 This international search report consists of a’total of i 4 sheets.

m It is also accompanied by a copy of each prior art document cited in this report _

Certain claims were fotmd watchable (see Box 1).

Unity of invention is bolting (see Box H).

The international application contains disclosure of a nucleotide andlor amino acid sequence listing and the
international search was carried out on the basis of the sequence listing

1:] filed with the international application.

E] furnished by the applicant separately from the international application,

D but not accompanied by a statement to the elTect that it did not includematter going beyond the disclosure in the international application as filed.

El Transcribed by this Authority

 
 

a. With regard to the title, E] the text is approved as submitted by the applian
m the text has been established by this Authority to read as follows:

METHOD FOR MAKING HUMANIZED ANTIBODIES.

 
  
 

  

r

5. With regard to the abstract.

the text is approved as submitted by the applicant

[3 the text has been established, according to Rule 382(2)). by this Authority as it appears inBox Ill. The applicant may. within one month from the date of mailing of this international
search report, submit comments to this Authority. ‘

 
 6. The figure of the drawings to be published with the abstract is:

Figure No. 2 ‘ . [:I as suggested by the applicant. E] None of the figures.
[:3 because the applicant failed to suggest a figure.  

  

 

[:1 because this figure better characterizes the invention.

Form PCT/lSA/210 (first sheet) (July 1992)
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International application No. .

INTERNATIONAL 3.?“ REPORT ' PCT/._92/ 05126
Box I Observationashege'voertain claims were found umcarchahle (Continuation of item I of first sheet)

  
This international search report has‘not been emblishcd in respect of certain claims under Article l7(2)(a) for the following reasons:

1. 5] Claims Nos.: 17-18
‘ because they relate to subject matter not required to be searched by this Authority. namely.

see PCT-Rule 39. 1( iv)

Claims Nos;
because they relate to parts of the international application that do not comply with the prescribed requirements to such ’
an extent that no meaningful international search can be carried out. specifically: .

claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).because they are dependent

Box 1! Observations where unity of invention is lacking (Continuation of item 2 offirst sheet)

This International Searching Authority found multiple inventions in this internationalapplication, as follows:

'\

1. As all required additional search fees were timely paid by the applicano this international search report covers all
searohablo claims. '

2. D As all searchable claims could be searches without effort justifying an additional fee. this Authority did not invite payment
of any additional fee. , .

3. As only some of the required additional search fees were timely paid by the applicant, this international search report
mvers only those claims for which fees were paid. specifically claims Nos.: >

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims N05,:

)1qu on Proms: [:1 The additional search fees were accompanied by the applicant’s protest.

D No protest amompanied the payment of additional search fees.

Form PCT/lSAfZlO (continuation of first sheet (1)) (July 1992)
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Raw Sequence Listing

Patent Application US/o7/715,272

SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: Carter, Paul J.

(ii)

(iii)

(iv)

(V)

(Vi)

(vii)

(viii)

(ix)

Pre sta, Leonard G.

TITLE OF INVENTION: Immunoglobulin Variants

NUMBER OF SEQUENCES: 10

CORRESPONDENCE

(A) ADDEESSEE:
(E) STREET: 46

ADDRESS:

Genentech, Inc.

0 Point San Bruno Blvd

(C) CITY: south San Francisco
(0) STATE: Cal
(E) COUNTRY: U
(F) ZIP: 94080

ifornia
SA

COMPUTER READABLE FORM:

(A) MEDIUM mu?
(B) COMPUTER:
(C) OPERATING

E: 5. 25 inch, 360 Kb floppy disk

IBM PC compatible
SYSTEM: PC—Dos/Ms—Dos

(D) SOFTwARE: patin (Genentech)

CURRENT APPLIC

(A) APPLICATIO

ATION DATA:

N NUMBER:
(B) FILING DATE: 14-Juna~1991
(C) CLASSIFICATION:

PRIOR APPLICAT ION DATA:

'(A) APPLICATION NUMBER:
(8) FILING DATE:

(A) NAME:.Adle
(B) REGISTRATI
(C) REFERENCE/

.ATTORNEY/AGENT INFORMATION:
r, Carolyn R.
ON NUMBER: 32,324

DOCKET NUMBER: 709

TELECOMMUNICATION INFORMATION:

(A) TELEPHONE:
(B) TELEFAX: 4
(C) TELEX: 910

415/266—2614
15/952-9881
/371A7163

(2) INFORMATION FOR SEQ ID N011:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 10
(B) TYPE: 8min
(D) TOPOLOGY:

9 amino acids
0 acid
linaar

(xi) SEQUENCE DESCRIPTION: SEQ ID No:1:

127

06/25/91
10:32:10

leaf/p



 

Page:

54
55
56
57
58
59
so
61
62

03
64
as
66

67'
68
69
7o
71
72
73
74
75
76
77
78
79
80

a1
82
33
84
85
86
87

88'
89
9o
91
92
93
94
9s

96
97
98
99

100
101
102
103
104
105
106

2

Asp

Gly

Thr

Len

Arg

Ser

His

Ila

(2) INFORMATION FOR SEQ ID-No:2:'

Ile

Asp

Ala

Leu

'Phe

set

Tyr

Lys

Gln

Arg

Val

Ile

Se;

Leu

Thr

Arg

Met

Val

Ala

Gly

Gln

Thr

Thr
109

Th:

Th:
20

Trp
35

Set
50

Set
65

Pro
80

Pro
95

Raw 8equen¢e Listing

Patent Applicatiop US/o7/715,272

Gln Ser Pro

118 Thr Cys

Tyr Gln Gln

Ala 88: Phe

Arg Ser'Gly

Glu Asp Phe

Pro Thr Phe

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:
(8) TYPE: amino acid
(D) TOPOLOGY: linear

Ser Ser Leu
10

Arg Ala Ser
25

Lys Pro Gly
40

Len Glu Ser
55

Thr Asp Pha
70

Ala Tbr Tyr

85_

Gly Gln 01y
100

120 amino acids

(xi) SEQUENCE DESCRIPTION: SEQ ID “0:2:

Glu Val Gln Lou Val Glu Set Gly
1

Gly

Asp

Glu

Ala

Thr

Ser

Thr

Trp

Asp

Asn

Ala

Len

Tyr

Val

Ser

Thr

Val

Arg

118

Ala

Val

Ala

Tyr

5

Leu
20

His
35

Arg
50

Lys
65

Tyr
80

Tyr
95

Set Cys Ala

Trp Val Argg

118 Tyr Pro

Gly Arg Phe

Leu Gln Met

Cys Ser Arg

Gly Gly Len

. 10

Ala Ser Gly
25

Gln Ala Pro
40-

Thr Asn Gly

5.5

Ile Set
70

Thr

Asn_$ar Leu
7 85

Trp Gly Gly
100

128

Set

Gln

Gly'

Tbr

Thr

Val

Phe

Gly

Asp

Ala

Asp

Ala

Val‘

Leu

Gln

AS!)

Thr

Asp

Ala

Gly

Ser

3val

Pro

Pro

Thr

Gln

Val

Pic

Ile

Arg

Thr

Glu

Phe

Val‘
15

Asn
30

Lys
45

Set

60

116
75

Gln

99

Glu
105

Gly
15

Lys
30

Leu
45

Ty:
60

Se;
75

Asp
90

Tyr
105

06/25/919
10:32:11



 

Aage:

107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124

125
126_
127
128
129
130
131
132
133
134
135
136
137
138
139

140
141
142
143
144
145

'146
147
148
149
150
151-
152
153
154
155
156
157
158
159

3 Raw Sequence Listing

Patent Application US/O7/715,272

(2)'INF0RMA¢ION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY; linear.

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Asp I16 Gln Met Thr Gln Ser Pro
1 5

Gly Asp.Arg Val Thr 116 Tht Cys
20

Ser Tyr Len Ala Trpiiyr Gin Gln35

Leu Leu I16 Tyr Ala A13 Sex Sex
50

Arg Phe Ser Gly Ser Gly Ser Gly65‘ *

Ser Sex Léfi Gln Pro Gln‘Asp Phe
80

Ty: Asn Ser Leu Pro my: Thr Phe
95 '

Ile Lys Arg Thr
109

Sex

Arg

Lys

Len

Thr

Ala

Gly

(2) INFORMATION FOR SEQ ID NO:4:_

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids
(8) TYPE: amino adid
(D) TOPOLOGY: linear

Set

10

Ala
25

Pro
40

Glu
55

Asp
70

Thr
85

Gln
100

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4:

Leu

Ser

Sex

Phe

Gly

Set

Gln

Gly

Thr

Thr

A18

Asp

A13

Val

Len

Ser Val
15

Val Ser
30

Pro Lys
45

Pro Ser
60

Thr 116
75

’Gln Gln
90

Val Glu
105

Glu Val Gln>Leu Val Glu Set Gly Gly Gly Leu Val Gln Pro Gly
1 5

Gly\Ser Len Arg Len Sar Cys Ala'20

10 15

A13 Ser 01y Phe Thf Phe Ser
25

129

30

06/25/91
10:32:13



 

Page;

160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

. 193
-194

195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212

4

Asp

Glu

Ala‘

Thr

Ala

Tyr Ala

Trp Val

Asp Set

'Asn Thr

Ala Val

Met Asp

Met Set
35

A18 Val
50

Val Lys
65

A18 Tyr
80

Tyr Tyr
‘95

Val Trp
110

Trp

Ila.

Gly

Leu

Gly

Patent Application US/o7/715,272

Val

Set

Arg

Gln

Se:

Gln

Raw Sequence Listing

Arg Gln_Ala Pro Gly Lys Gly Len

Gla Asa

vPhe Thr

Met Asn

40

Gly Gly
55

Ila
7O

ser

Ser Leu
85

Arg Trp Gly Gly

Gly Thr

(2) INFORMATION FOR SEQ ID mezs:

(i) SEQUENCE CHARACTERISTICS:
‘(A) LENGTH: 109 amino acids

(xi) SEQUENCE DESCRIPTION:,

Asp
1

Gly

Thr

Len

Arg

.89:

His

Ile

(8) TYPE: amino acid

(D) TOPOLOGY: linear

Ila Val

Asp Arg

Ala Val

Len Ila

Pha Thr

Ser Val

Tyr Thr

Lys Arg

Met Thr
5

Val Ser
20

Ala Trp
35

Tyr Set
50

Gly Asn
* 65

Gln Ala
80

Thr Pro
95

A18
109

Gln

Ile

Gln

PrO

Set

Thr

Gln

Ser

Ser

Asp

Thr

100

Leu Val
115

SEQ ID NO:5:

His Lys Phe Met

Cys Lys

Gln Lys

Phe Arg

Gly TAr

Leu Ala

Phe Gly

(2) INFORMATION FOR SEQ ID NO:6:'

10

Ala
25

Pro
40

Tyr
55

Aap
70

Val
85

Gly
100

130

Set

Gly

Thr

Phe

Gly

Tyr

Ala

Arg

Asp

mhr

Ser

Gln

His

Gly

Thr

Tyr

Thr

1hr

Asp

Ala

Gly

Val

Thr

Asp

Ser

Val

Phe

Cys

Lys

Arg

Thr

Glu

Phe

Ser

Ser

Val

Pro

Pro

Thr

Gln

Leu

45

Tyr
60

Set
75

ASP
90

Tyr
105

Ser
120

Val
15

Asa

I30

Lys
45

.Asp
60

119

75

Gln
90

Glu
105

06/25/91
10:32:15
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213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233

_234
235
236

237_
238
239
240
241
242
243
244
245
246
247
243
249
250
251
252

253
>254
255
256

257
258
259
260
261
262
263
264

265

5

Patent Application US/O7/715,272

0
Raw Sequencé Listing

(i) SEQUEHCE CHARACTERISTICS:
(A) LENGTH:
(B) TYPE:
(D) TOPOLOGY:

amino acid
linear

(xi) SEQUENCE DESCRIPTION:

Glu

1 .

-Ala

Asp

'Glu

Asp

Set

Thr

Ala

Val

Ser

Thr

Trp

Pro

'Asn

Ala

Mefi

Gln

Len

m

Ila

Lys

Thr

Val

Asp

Len

Lys

Ila

Gly

Phe

Ala

mgr»

Gln
5

Lau
20

His
35

Arg
50

Gln
65

Tyr
80

Tyr
95

Trp

>110

Gln

Ser

Trp

Ile

Asp

Leu

Gly

89:

Cys

Gln

Set

'Gln

SEQ

Gly

Thr

Pro

Ala

Val

Gly

(2) INFORMATION FOR SEQ ID No:7:

(i) SEQUENCE CHARACTERISTICS:
1A) LENGTH:

27 bases

(8) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

120 amino acids

ID NO:6:

Pro

Ala

Gln

Thr

Thr

Ser

Trp

Ala

Glu
10

Set
25

Arg
40

Asn
55

Ila
70

Arg
85

Gly
100

Set
115

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

TCCGATATCC AGCTGACCCA GTCTCCA 27

(2)'1NEORMATION FOR SEQ ID N0:8:

(i) SEQUENCE CKARACTERISTICS:
(A) LENGTH: 31 bases
(B) TYPE: nucleic adid

131

Leu

G15,

Pro

Gly

Thr

Len

Gly

val

Val

Phe

Glu

Ala

Thr

Asp

Thr

Asn

Gln

Thr

.359

Ser

Gly

Val

Pro

-Ile

Gly

Arg

Thr

élu

Phe

Ser

Gly
'15

Lys
30

Leu
45

Tyr
60

Ser
75

Asp
9O

TYr
105

Set
120

06/25/91
10:32:17
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266
267
268
269
270
271
272
273
274
275
276
'277
278
279
230,
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302

6 « Raw sequence Listing 05/25/91”
V , . _ . 10:32:19

Patent Application US/07/715,272 ”

(C) STRANDEDNESS: single " _ ._~'
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:8:

GTTTGATCTC CAGCTTGGTA ciggpncccAzgéfil C:::;i;;3:::fn AV7:1J jg) (1113:7rt1(}k%
. .2 ‘ , ”fij‘tlfl ,

(2) INFORMATION FOR_SEQ ID NO:92

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 bases
(B) TYPEé nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear.

'(xi) SEQUENCE DESCRIPTION: SEQ ID N029:

Accmégkxcr ccannGméEDco 22

(2) INFORMATION FOR SEQ ID NOklor

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 bases '
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34

132



 

o‘ .c
vPAGE: 1 SEQUENCE VERIFICATION REPORT DATE: 06/25/91

PATENT APPLICATION US/O7/715,272 TIME: 10:32:20

LINE ERROR ORIGINAL TEXT

272 wrong Nucleic Acid Designgtoré‘ _ j/EEETGATCTC CAGCTTGGTA cdggbncccn A 31
269 Entered and Cale. Seq. Length di few/«0v M20 '(xi) EQUENCE DESCRIPTIO : SEQ ID N0:8:
287 Wrong Nucleic Acid Designatorgfi AGG xAXCT GCAGXAGTCX GG 22 .
284 Entered and Gale. Seq. Length 3:22;?3 ’ (xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

133



 

0 ~ 0
SEQUENCE MISSING ITEM REPORT
PATENT APPLICATION US/O7/715,272.

MANDATORY IDENTIFIER THAT WAS NOT FOUND
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DATE :
TIME:

06/25/91
10:32:20

S.l

,1
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PAGE: 1

LINE ORIGINAL TEXT

SEQUENCE CORRECTION REPORT _
PATENT APPLICATION US/O7/715,272

CORRECTED TEXT
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DATE:
TIME:

06/25/91
10:32:20
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Generitech,»1nc. Paul J. Carter ' [/E/ 'Attn: Carolyn R. Adler- . 07 71460 Pomt San Bruno Blvd. Jur/te $527395“
South San Francisco, CA 94080 ' :flf’' ‘ g2:

NOTICE TO COMPLY WITH REQUIREMENTS FOR PATENT APPLICATIONS
CONTAINING NUCLEOTIDE SEQUENCE AND/OR AMINO A '
DISCLOSURES »

' Mailed: 73-0:

This sp lication contains sequence disclosures that are encompss ‘onslor‘nucleo.
tide In or amino acid sequences set forth in 37 CFR 5 1.821(a)(l) and (10(2). However. this
application fails to comply with one or more of the requirements 0137 CFR st 1.82l through l.825:1! follows:

> D 1. This application clearly falls to comply with the collective requirements 01951.32:
through 1.825. Applicant's attention is directedto these regulations. a copy of which is attached.

D 2. This application does not conform exclusively to'the reouirements of H 1.821 through '
1.825. The non-conforming material should be deleted. 9 1.821(1)).

D 3; This application does not contain. as a separate pan of the disclosure on piper copy‘ I _
' “SequenceListing.” 5 1.82102).

 
  

ontain. as a separate part of the disclosure on paper copy. aD . 4. This application does e
"Sequence Listing." However. the "Sequence Listing" does not comply with the requirements or
H 1.821 through 1.825 as follows:

[3 I, The sequence data does not comply with the symbol and format requirements 0!
paragraphs (b) through (p) 015 1.822. Specifically:

» D b. The "Sequence Lisring" does not comply with the location and page require-
ments olparagraph (3)0” 1.823. .

D c. The "Sequence Listing" does not comply with the information requirements of
paragraph (b)of§ 1.823. Swificulyzw

'

Dd. Other: ' f .._

D I 5. The description and/or claim
forth in the “Sequence Listing" but reference is no
sequence identifier as required by 5 1.821(d).

D 6. A copy of the "Sequence Listing" in computer readable form has not been submitted as
required by § 1.821(e), ‘

copy of the "Sequen
da le lo d

 

s of the patent application mention a sequence that is set
tproperly made to the sequence by use or 3

cc Listing” in computer readable form has been submitted How-
oe’s not comply with the requirements 0” 1.824. Specifically:  
 

 

D 8. A statement that the content of the paper and computer readable copies are the same
has not been submitted as required by § 1.821(1).

lacementpl the‘p'apcr and/or compute'rreadable copies of theD 9. The amendment to or rep
"Sequence Listing" does not comply with the requirements 0” 1.825(3) through (c).

D 10. The computer readable form that has been filed with this application has been found-
to be damaged and/or unreadable. Applicant must provide a substitute copy of the data in computer
readable form accompanied by a statement that the substitute data is identical to that originally

’ 61.82501). Specifically:

Other:

‘tVEN ONE MONTH FROM THE DATE OF THIS LETTER Wl'l‘HlN WHICH
’TllE ABOVE REQUIREMENTS. Failure to comply with the above require-

~tANDOl‘iMENT of the application under 37 CFR 1.821(3). Extensions of
v filing a petition accompanied by the extension fee under the provisions 0!
the response to. and any questions about, this nOtice to the undersigned. A
V be returned with your response. ‘f... , . /"-. ~\; «s -_
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UNITED STA-{E‘s DEPARTMENT OF COMMERCE
Patent and Trademark Office
Addmss: CUMMI$IUVER 0’ PATENTS AND TRADEMARKS

Washington. 0,0. 2023‘! 
 
APPLICAIION NuMBEfi FILING DAVE FII‘ISV NANEDAPPLICANI ATIV WKE‘I kO/TI‘ILE 

l
1.

07/715, 27‘ EIIE-/l,-1/'EII IIZAR'HEFI I“ 70‘?)

GENENTECZ . INC. _ ' l
ATTN: CAROLYN Ft. FILLER,
46,!) P‘EIINT SAN BRUNO BLVD.
 ll ITH SAN FRI-\NEIEJI

 

 , CA 94030 ‘ [um
DATE MAILED: n 7 / 13:3 / 91

NOTICE TO FILE MISSING PARTS OF APPLICATION
FILING DATE GRANTED

A filing date has boen granted to this application. However, the following parts are missing.

Ifnll missing partaare filed within the period set below, the total amount owod by applicant as a' r I)

G’la/rge entity, D small entity(vorifiad statement filed), is S .2” 0 .
LC}

2.El

3.0

4.0

The statutory basic filing fee iazD missing 0 insulficient. Applicant us a D large entity
[3 amnll entity, must submit sm to complete the basic filing fee and-MUST ALSOSUBMIT THE SUBCIIARGE AS INDICATED BELOW. ».
Additional claim fees of S as o D largo entity 0 small entity, including any required multiple
dependent claim fee, ara required. Applicant must submit the additional claim fees or cancel the additionalclaims for which fees on: due. NO SURCHARGE IS REQUIRED FOR THIS ITEM.

 

The oath or declaration:
C] is missing.
C} does not cover itmns omitted at time of oxocution.
Anoath or declaration in compliance with 37 CFR I .63, identifying the application by the above Application
Number and Filing Date is required. A SURCHARGE MUST ALSO BE SUBMITTED AS INDICATED
BELOW. ,
The oath or declaration does not identify the application to which it applies. An oath or dcclnrntinn in
com plionee with 37 CFR 1 .63, identifying tho application by the above Application Number and Filing Date
is required. A SURCIIARGE MUST ALSO BE SUBMITTED AS INDICATED BELOW.

5. [Pk/The signature to the oath or declaration is: wooing; C] a reproduction; Cl by a person other than the

(LEI

7.0

8.0
9.0

10.13

inventor or a person qualified under 37 CFR 1.42, $.43, or 1.47. A properly signed oath or declaration in
compliance with 37 CPR l .63, identifying the application by the above Application Number and Filing Date
is required. A SURCHARGE MUST ALSO BE SUBMITTED AS INDICATED BBLOW..
The signature of the following joint inventofla) is missing from the oath or declaration:

. An onth or declaration listing the names ol'all inventors and signed byM

tho omitted invented-(n), identifying this application by the above Application Number and llcccipt Date is
required. A SURCHARGE MUST ALSO BE SUBMITTED AS INDICATED BELOW.
The application was filed in a language other than English. Applicant must file a verified English
translation ofthc application and a foo of $30.00 under 37 CPR 1.170;), unless this fee has already been
paid. NO SURCHARGE IS RERQUIRED FOR THIS ITEM.
A $50.00 processing fee is required for roturnod checks. (37 CFR 1.21(m)).
Your filing receipt was mailed in error because check was returnod without payment.
Other.

An Application Number and Filing Date have been assigned to this application. The missing parts and foesidentified abovo in items I and 3-6 must be timely provided ALONG WITH THE PAYMENT OF A
SURCHARGE of St 20.00 for large entities or $60.00 for small entities who have filed a verified statement
claiming such status. Tho surchngo is set forth in 37 CPR 1.16(e). Applicant is given ONE MONTH FROM
’I‘liE DATE OF THIS LETTER, OR TWO MONTHS FROM THE FILING DATE of this application,
WIIICHEVEII IS LATER, within which to file all missing parts and pay any fees required above to avoid
abandonment. Extensions otlime may be obtained by filing a petition accompanied by the extension run
under the provisions of 37 CPR 1.136(n).

Direct the response to, and any questions about, this notice to ATTENTION: Application Division.
Special Handling Unit. ‘ - .

A co ofthis notice MUST be returned with response. 

 
(703)557- @471sz on
FORM I’TOIBSIHREV. 690) 137 0;;in COPY
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x.)
. Format and Trademark Office

Adams: mmor PATENTS AND TRADEMARKSWashington. 0.5. 20931

”LNG DA'IE FIRSYWEDAPFUCANT AT" DOCKETNOIYITLE 

.n," mt.
Di-YN R. MILFH

i-‘I'Jlitl‘l'4 ‘aH BRUNEI l? \’l'-.  

.~~, .1 '« DATE MAlLED: ”mu-3,9,a " . I

'}:Nonciiajo imp MISSING runs or APPLICATION
. ‘FILING bATE GRANTED , /y

A filing date has been granted to this application. However,~the following parts am missing.
Ii’ell mining parts are filed within the period not below, the total amount owed by applicant as n

1.0

2.0

8.0

4.0

- Me entity, Cl small entity (verified statement filed), in 3w.

The statutory basic'flling foo is: [3 missing Cl inmfildont. Applicant an a O largo entity
D email entity, must submit 8 to complete the basic filing fee and MUST ALSOSUBMIT THE SURCHARGE AS INDICATED BELOW.

Additional claim fees of $.____._'__ on a El large ontity Ci smell entity; including any roouirod multiple
depondnnt claim foe, are required. Applicantmust submit the additional claim foes or csncol the additional
claims for which face are due. N0 BURCHARGE IS REQUIRED FOR THIS ITEM. . ,'
Tho oath or declaration: ' ’ 1
Cl ~ in mining.
C) :does not eovor items omitted at tin-m of attention. _
-An oath or declaration in compliance with 3’! CFR 1 .63, identifying the application by the above Application

 

.4 Number and Filing Date in required. - A BURCHARGE MUST ALSO BE SUBMITTED AS iNDlCATED
BELOW.

The oath or daclaretion does not idsnfify the application to which it applies. An oath or declaration in
'complinnoo with 37 CFR 1469, ldantilying the application by the above Application Number and Filing Date
in required. A SURCHARGE MUST ALSO BE SUBMITTED AS lNDlCA'I'ED BELOW. 

6. [Si/The signature to the oath or declaration in: mining; l: a rapmductioni Ci by a person other than the

6.0

‘7, U

8.0

on,
“LG

inventor or a person qualified under 37 CFR 1.42, 1.43, or 1.47. A properly signed oath or declaration in
compliance with 37 CFR 1.63. identifying tho application by the above Application Number and Filing Dateis required. A SURCHARGE MUSTALSO BE SUBMITTED A8 lNDlCA’i’ED BELOW.
The signotim: ofthe followingjoint invantofis) is missing From the oath or declaration:

——-—--—-—--———-,——-—'-' An oath or cloclnrnn'nn listing the namos oral] inventors and signed by
tho omitted invontofln), identifying this application by tho above Applicon’on Number and Roccipt‘Date is

' required, A SURCHARGE MUST ALSO BE SUDMI’I‘TEDAS iNDlCATl-ZD BELOW.
'I'h'a application was filed in a language other than English. Applicant must file a verified English -
translation ofthe application and u foo of $30.00 under 37 CFR 1.1 7(k), unless this foe has already beenpaid. NO SURCHARGE lS RBRQUIRED FOR THIS ITEM. «

A $50.00 processing foo is required for mtumud checks. (87 CFR 1.21m».
Your filing receipt was mailed in error become chock “in“ returned without pnymsnt.(
Other. . t ' ‘

,An Application Number and Filing Dow have been unsigned to this application, The missing parts and fees
iduntifled aboija in .lteme bond 36 must be timely 'providod ALONG WITH THE PAYMENT OF A

.SURCHARGE $5120.00 for largo onfitias or 360.00 for small entitiea who have filed uyorii‘ied atowmont
liclolming such status. The B'imzhnge is not forth‘in 87 CFR 1.165(0). Applicant is given ONE MONTH FROM
‘THE DATE OF-THIS 'LE’I’I‘ER, OR TWO-MONTHS FROM THE FILING DATE 01‘ this application,

5 WHICHEVER IS LATER, within which to filo all missing parts and pay any fees required above to avoid
abandonment. Extensions of time may be obtained by filing a petition nccomponiod by the extension fee
vundor'the provisions aid? CPR 1.13601).

Direct the response to, and any questions about, this notico to ATTENTION: Application Division,Bpoclnl Handling Unit, '

 

/' ' .

( ’,’~—,///<»f
For: Manager, Application Division(703) 557: ,3». Av

A cop ofthis notice’MflfiZ be returnefl with response./
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PATENT. DOCKET 709

IN THE UNITED STATES PATENT AND TRADEMARK OFFlCE V 6
s9. . .

‘xpplication of Group Art Unit:

Paul J. Carter at al. Examiner:

Serial No. 07/715,272

Filed: 14 June 1991

460 Point San Bruno Boulevard

‘ South San Francisco, CA 94080
’ (415) 2662614 '

For: IMMUNOGLOBULIN VARlANTS

v

TRANSMITTAL LETTER

' Honorable Commissioner of Patents
and Trademarks

Washington, DC. 20231 .
Attn: Application Branch

Sir:

Transmitted herewith are the following documents: .

l.‘ I Declaration duly executed.

2 Copy of PTO-1553.

The Commissioner 'is hereby authorized to deduct the appropriate Surcharge fee of $120

associated with this communication or credit any overpayment to Deposit Account No. 07-0630. A

duplicate of this sheet is enclosed.

Respectfully submitted,
GENENTECH INC.

6’ 8%
Carolyn R; dler' mtbfflVtD
Reg. No. 32,324
,- JUL l 8 l99l

9 JUN 1991 ' I
APPUCATION DiVisioN-«im
   

CERTIFICATE OF RAILIHG (37 CFR 1-83)

I hereby certify that this paper is being deposited with the United States Postal Service on the date shown ‘
below with sufficient postage as first class mail in an envelope addressed to the: CommiSSioner of Patents and

Trademarks,/yas ington, D.C. 20231./,
Carol Koehler

Date: 9 July 1991
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COMBINED DECLARATION FOR PATENT APPLICATlON-
AND POWER OF ATTORNEY Docket No. 709

As a below named inventor, l hereby declare that:

‘My residence, post officeaddress and citizenship are as stated below next to my name,

l believe I am the original first and sole inventor (if only one name is listed below) or an original first and joint inventor

(if plural names are listed below) of the subject matter whichIS claimed and for which a patent is sought on theinventionentitled

IMMUNOGLOBULIN VARIANTS

the specification of which (check one) _ is attached hereto or; was filed on 14 June 1991 as Application Serial No.
O7[71§,272 and was amended on (if applicable). ' ’

l hereby state that'l have reviewed and understand the contents of the above-identified specification, including the
claims, as amended by any amendment referred to above.

l hereby state that any Sequence Listing submitted with this application is submitted in paper copy and a computer-
'_readable diskette, and that the content of the paper and computer readable copies are the same.

I acknowledge the duty to disclose information which is material to the examination of this application in accordance

with Title 37, Code of Federal Regulations, Section 1.56la)....__.........._.._.._...........____..m.._____...._......_-W.. Mum.

l hereby claim foreign priority benefits under Title 35, United States Code, §1 19 of any foreign applicationls) for patent
or- inventor’ s certificate listed below and have also identified below any foreign application for patent or inventor’ s
certificate have a filing date before that of the application on which priority is claimed:

  

  

Prior Foreign Applicationls) Priority Claimed
' Yes No

Number Country ' Day/MonthNear Filed     

l hereby claim the benefit .under Title 35, United States Code, §120 of any United States applicationsls) listed below

and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States
applicatidn in the manner provided by the first paragraph of Title 35, United States Code, §1 12, l acknowledge the duty
to disclose material information as defined in Title 37, Code of Federal Regulations, §1 .56la) which occurred between

the filing date of the prior application and the national or PCT inter-national filing date of this application:

  

 

Application Ser. No. Filing Date Status: Patented, Pending, Abandoned

Application Ser. No. - \ Filing Date Status: Patented, Pending, Abandoned     

' POWER OF ATTORNEY? As a named inventor, l’hereby appoint the following attorneyls) and/or agentls) to prosecute

this application and transact all business in the Patent and Trademark Office connected therewith.

Carolyn R. Adler - Reg. No. (12,124, 30/ Max D. Hensley — Reg. No 27 O4

 Robert H. Benson - Reg. Now Dennis G. Kle'id - Reg. New 6022

Walter E. Buting — Reg. No. 2/1992 Nancy Olseki - Reg. No. 34,688
Ginger R. Dreger ~ Reg. No: 33,055 Stephen Raines — Reg. No.r25,912
Debbie Glaister - Reg, No. 3% Daryl 8. Winter — Reg. No. 32,637

Janet-E. Hasak -. Reg. No. 27,04 ,
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I . i . . . .Page20f2
Sen‘d correspondence to [’M Genentech, inc.

0“” Attn: Carolyn R. Adler
70/ 460 Point San Bruno Boulevard

043? South San Francisco, ‘CA 94080
Telephone: (415) 266—2614

W

  
'l hereby declare that all statements made herein of my own knowledg
that these statements were made with the knowledge that willful false statements and the like so made are punishable
by‘fine or imprisonment or both, under Section 1001 of Title 18 of the United States Code and that willful false
statements may jeopardize the validity of the application or any patent issued thereon.

The undersigned hereby authorizes the U.$. attorney or agent named herein to accept and follow instructions from
his foreign patent agent as to any action to be taken in the Patent and trademark Office regarding this
application uithout direct cannunicetion between the 0.8. attorney or agent and the undersigned. in the event
of a change in the persons from whom instructions may be taken, the 0.5. attorney or agent named herein will be
so notified by the undersigned.

WWI/a

 
Full name of sole or irst inventor

/,   
 

 

gflaune Moi
Date

(Mw I
Paul J ‘CBrter     
Inve or's signature

Residence

2074 18th Avenue ‘,/’/ ‘

Citizenship
United Kingdom _ - *
Post Office Address
460 Point San Bruno Boulevard
South'Sen Francisco, CA 94080 '

full name 0 second joint inv tor, if any

 

 
  

-Leonerd G Presto

Date

éz/Craf/
Second I ventor's signature

 
Residence. &
1900 Gough Street, #206
 San Francisco, CA .4109 ' > .

Citizenship
United States of America -

Post Office Address
460 Point San Bruno Boulevard
South San Frencieco,.CA 94080

Full name of third joint inventor, if any

Third lnventor's signature Date

Residence , , '

Citizenship ~ '

Post office Address "
460 Point San Bruno Boulevard
South San Francisco, CA 94080
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Best Available Copy

 

us“I

‘ U ' 5. The description and/or claims of the patent sp
_ . sequence ldcnti er as required by 9 1.821(d).

' 37 CFR 51.136. Direct the response to.

RECEIVED ‘»-—-' . ED
ul . Cart CALENDAR

JUL 0 8 99‘ . 33/71:,272 er #-
June 14, 1991- gwj‘ttGenentech, lite. Legal Dept.

[REMENTS FOR PATENT APPLICATIONS
NO'HCE TO COMPLY WITH REQU.CONTAINKNG NUCLEOTIDESEQUENCE AND/OR AMINO ACID SEQUENCE
DISCLOSURES I Mailed» '

This Op licatlon contains sequence disclosures that are encompassed b the definitions for nucleo-tide m or unino acid seQuences set forth In 37 CPR. 1.821(1)“) an (0X2). However. this
Ippllution fails to comply with one or more or the requirements of 37 CFR 551.32: through l.825
u followr:

t. This up lication clearly fell: to comply with the collective requirements of u LSZIdirected to these regulation. 3 copy of which is etuched, _
through l.825. App icmt‘s attention it

' 101th: requirements or 55 um through
D 2. This rppllcrdon does not cantor-tn exclusively

1.825. The non-cordorming material should be deleted. i l.82l(b).
D 3: This Ipplicatibn does not contain. I! : reparlte pan of the disclosure on pipe; copy. .

“Sequence Listing." § 1.82m). V _ p t
t. This a plicafion does contain. as I

uence Listing. ' However. the "Sequence Li
#5 1.821 through 1.825 estqllowr:

sepmte m of the dlsclos‘ure on pnpercopy, a
sting” oes not comply with the requirements of

D b. The "S uenee Listing? does not comply with the locatiOn md page require-
ments of pmgnph (I) of} .823.

c. The “Sequence Listing" does not oornply with the inrorrmtion requirements or' [3
paragraph (b) o” 1.823. Specifictlly:W

 

D d. Other.W

licrtion mention a sequence thtt is set
made to the toquence by use of I

forth in the “S ttence lsdng“ bot reference is not proper y

Y 6. A copy of the ,"Sequence Listing" in computer readable form he: not been submitted as
required by} l.82i(e). ‘

‘ terreadablc form has been submitted. How‘
oopy ol‘ the "Sequence Listing" in compoever, th c uter debt: to} does not comply with the requirements 0! 9 1.824. Specifictlty: 

  

D 8. A statement that the content of the paper and computer readable copies m the same
has not been submitted as required by 5 l.82l(0. ,

D 10. The computer readable form that has been filed with this application has been found
to be damaged and/or unreadable. Applicant must provide I substitute copy of the date in computer
readable form accompanied by 3 statement that the Submit“; data is identical to that originally
filed. 6 l.82$(d). Specifically:W
[3 ti. Other. _ .._ __.'__..._.~._.... _....._._._.

APPUCANT ts OWEN ONE MONTE FROM THE DATE OF ‘IHlS LETl'ER wmmt WHlCHFailure to comply with Ute above require-
;TO COMPLY WITH THE ABOVE REQUIREMENTS. 37 CPR 1.32m). Extensions of

»- mom: will rerult in ABANDONMENT of the npplicsn‘on undered by the extentlon to: under the provisions 0! ,-tice to the undersigned." A x .time may be obtained by filing a petition tccompsniInd my questions about. this no
MUST be returned with your response.

142.trnttmt thvprvinlz niuieinn'

copy of this notice
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35
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$0

55

60

SEQUENCE LISTING

. (1) GENERAL INFORMATION:

(1) APPLICANT:.Carter, Paul J.
Presta, Leohard G.

TITLE OF INVENTION: Immunoglobulin Variantsp. P‘

NUMBER OF SEQUENCES: 10A p. p. p. ~t

P-< v CORRESPONDENCE ADDRESS:

(A) ADDRESSES: Genantech, Inc.
(B) STREET: 460 Point San Bruno Blvd
(C) CITY: South San Francisco
(D) STATE: California' '
(E) COUNTRY: USA
(F) ZIP: 94080

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: 5.25 inch, 360 Kb floppy disk
(8) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: patin (Genentech)

'(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: 07/715,272
(B) FILING DATE: l4-June—l99l
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER:
(8) FILING DATE:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Adler, Carolyn R.
(B) REGISTRATION NUMBER: 32,324
(C) REFERENCE/DOCKET NUMBER: 709

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 415/266~2614
(B) TELEPAX: 415/952—9881
(C) TELEX: 910/371—7168

(2) INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids
(8) TYPE: amino acid '
(D) TOPOLOGszlinear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Asp Ile Gln Met T r Gln Ser Pro Ser_Ser Leu Ser Ala Ser Val
l v 5 10

15

Gly Asp Arg Val Thr Ilé Thr Cys Arg Ala Set Gln Asp Val Asn
20 _ 25

3O

Thr Ala val Ala Trp Ty: Gln Gln Lye PTO Gly Lys Ala Pro Lye
35 40

50 55
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.Leu Leu 119 Tyr Ser Ala Ser Phe Leu Glu Ser Gly Val Pro Se:60



 

10

15

20

25

30

35

4O

45

SO

55

60

Arg Phe Set Gly Set Arg Ser Gly Th: Asp Phe Thr Leu Th: Ile
- 65 70 75

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln
80 85 90

His Ty: Thr Thr Pro Pro Thr Phe Gly Gln Gly Thr Lye Val Glu
. ’ 95 V 100 - 105‘

Ile Lys Arg Thr109

(2) INFORMATION FOR SEQ ID NO:2:

(L) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acida
(3) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

‘Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe A65 119 Lye
20' 25 3O

Asp Thr Tyr Ile His Trp Val Arg Gin A13 Pro Gly Lye Gly Leu
35 40 45

Glu Trp'Val Ala Arg 119 Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr
50 55 60

Ala Asp 59: Val Lye Gly Arg Phe Thr Ile Ser Ala Asp Thr Se:
‘ 65 70 - ' 75

Lye Asn Thr Ala Tyr Len Gln Met Asn Ser Leu Arg Ala Glu Aép.
80, 85 90

Thr Ala Val Tyr Tyr Cys 59: Arg Trp Gly Gly Asp Gly Phavar
95 100 ‘ 105

(Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
110 , ‘ 115 120

(2) INFORMATION FOR SEQ ID N0:3x

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids
(8) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N033:

Asp Ila Gln Met Th: Gln Ser Pro Se: Ser Leu Ser Ala Ser Val
1 5 10 15

Gly Asp Arg v51 Thr 119 Thr Cye Arg Ala éer Gln Asp Val Ser
20 . 25 - 30

Sex Tyr Leu Ala Trp Tyr Gln Gln Lye Pro Gly Lye Ala Pro Lye
35 40 45
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15

20

25

3O

35

40

4s

50

55

6O

Leu Leu Ila Tyt Ala Aia Ser Ser Leu Glu Ser Gly Val Pro Ser
50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Th: Aap Phe Thr ten Thr Ile
65 70 75

Set sér Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr CYa Gln Gln
80 85' - 9O

Tyr Aan Ser Lea Pro Ty: Thr Phe Gly Glnvsly Th: Lye Val Glu95 100 105

Ile Lye Arg Thr
' 109

(2) INFORMATION FOR SEQ ID N0:4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids
(3) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

'Glu Val Gln Len Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly
1 5 _1o 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser
20 25 3O

Asp Tyr Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lye Gly Leu
' v 35 40 45

Glu Trp Val Ala Val Ile Se: Glu Asn Gly Gly Tyr Thr Arg Tyr
v 50 55 . so

Ala Asp Ser Val LYS Gly Arg Phe Thr Ile Set Ala Asp'Thr Ser‘
65 7O 75

LyB Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp‘ 80 85 90

Th: Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr
95 ’ 100 _ 105

Ala Met Asp Val Trp Cly Gln Gly Thr Leu Val Thr Val Se; Ser
' 110 , 115 120

(2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
-(A) LENGTH: 109 amino acids

(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE bESCRIPTION: SEQ ID NO:5:

Asp 116 Val Met Thr Gln Ser His Lye Phe Met Set Thr'Ser Val
1 5 10 15

Gly Asp Arg Val Set 119 Thr Cya Lye Ala Ser Gln Asp Val Asn. 20 25 30

145



 

10

15

20

25

3O

35

4O

45

50

55

60

Thr

Leu

Arg

Ser

His

Ila

Ala Val

Leu’Ile

Phe Thr

Ser Val

Tyr Thr

Lye Arg

Ala Trp Tyr Gln

Tyr

Gly

Gln

Thr

Ala

109

35

Set
50

Asn
65

Ala
80

Pro
95

Ala_

3:9

Glu

Pro

Sex

Sex

Asp

Thr

Gln
/

Phe

Gly

Leu

Phe

(2) INFORMATION FOR SEQ 10 megs:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH:
(a) TYPE: amino acid

(D) TOPOLOGY: linear

Lye Pro Gly
40

Azg Tyr Thr
55 .

Thr Asp Phe
7O

Ala Val Tyr
85

Gly Gly Gly
100

120 amino acids

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Glu
1

'Ala

Asp

Glu'

Asp

Ser

Thr

Ala

Val Gln Len Gln

Ser Leu

Thr Tyr

Trp Ile

Pro Lys

Asn TA:

Ala Val

Met Asp

Lys

Phe

Ala

Tyr

Tyr

5

Leu
20

His
35

Arg
50

Gln
65

Tyr
80

Tyr
95

Trp
110

Gln

581‘

Trp

Ile

Asp

Leu

Cys

Gly

Se;

Cys

Gln

Ser

Gin

Gly

Thg

Lye

Pro

Ala

Val

Arg

81y

(2) INFORMATION FOR SEQ ID N0:7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 bases
(8) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

Pro Glu Leu
10

Ala Set Gly
25

Gln Arg Pro
40

Th: Asn Gly55

Thr 119 Thr
. 70

Sex Arngeu
85

Trp Gly Gly
' 100

Ala 89: Val
115

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

TCCGATATCC AGCTGACCCA GTCTCCA 27

146

His

Gly

Thr

‘Tyr

Th:

Val_

Phe

Glu

Ala

Th:

Asp

Thr

Ser

val

Phe

Lye

Lya

ASH

Glh

Thr

Asp,

Sér

Gly

Val

Pro

Pro

Thr

Gln

Leu

Pro

Ile

Gly

Arg

Thr

Glu

Phe

Ser

Lye
45

Asp
60

112
75

Gln
90

Glu
105

Gly
15

Lys
30

Leu
45

Tyf
60

Set
75

Asp.

Tyr
105

Ser
120



 

10

15

20

25.

30

35

40

45

(2) INFORMATION FOR SEQ ID No:8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:

GTTTGATCTC CAGCTTGGTA CCHSCDCCGA A 31

(2) INFORMATION FOR SEQ ID No:9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

AGGTSMARCT GCAGSAGTCW GG 22

(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 bases
(8) TYPE: nucleic acid

’ (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34
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  AND TRADEMARK OFFICE

1-,.

In re Application’of

PAUL J. CARTER ET AL.
Art Unit: to be assigned

Serial No. 07/715,272'
‘ ‘ Examiner: to be assigned ‘ .

I hereby eerilly that this compondonw'h bolu-
deposited with the United States Postal Some 3:
first class mail in an envelope addressed: to:- Cons-
missioner of Patents and Trademarks, Washington.

' D.C.. 20231 on \ ‘7’ \qq"
(Dale of Depmm

WW
Name of Depositing Party _,

Filed: June 14,1991

For: IMMUNOGLOBULIN VARIANTS

 RESPONSE AND PRELIMINARY  

stqmm at 'Depofitlns 90W
t \L- \ CU.

Honorable CommiSsioner of Patents and Trademarks ' .9”; i “can”,
Washington, D.C. 20231 . a »

Sir:

This is responsive to the Notice to Comply with Requirements for Patent Applications

Containing Nucleotide and/or Amino Acid Sequence Disclosures, mailed June 25, 199i. The

inventors also take this opportunity to correct two minor grammatical errors in the application,

and add no new matter.

Enclosed is an amended sequence listing submitted with a paper copy and til-computer—

readable diskette. The sequence listing has been corrected to conform exactly to the sequences

as recitedin the specification as originally filed. I hereby state that the content of this paper and

computer readable copies are the same, and that this amendment corrects errors in the previous

sequence listing submission without adding new matter.

. IN THE SPECIFICATION:

Please make the following amendments:
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/ /

On page 12, line 1, delete ggnes and inyfi -—sequences—-.
On page 16, line 12, delete ingrgchain-affecting and ihsen ~-inter‘éhain~-affebting.

Respectmny’Submmed,
_ GENEN’I‘ECH, INC.

Carolyn R. dler

Reg. No. 32,324

July 12, 1991
460 Point San Bruno Blvd

South San Francisco, CA 94080
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1 ‘ Raw Sequence Listing

patent Application US/o7/715,272A

SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: Carter, Paul J.
Presta, Leonard G.

(ii) TITLE OF INVENTION: Immunoglobulin Variants

(iii) NUMBER OF SEQUENCES: 10

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Genentach, Inc.
(B) STREET: 460 Point San Bruno Blvd
(C) CITY: South San Francisco
(D) STATE: California A «
(E) COUNTRY: USA
(P) ZIP: 94080

(v) COMPUTER REAEAELE FORM: -
(A) MEDIUM TYPE: 5;25 inch, 360 Nb floppy disk
(8) COMPUTERr IBM pc compatible‘ ‘
(C) OPERATING SYSTEM: PC-DOS/MS—DOS
(D) SOFTWARE: pAtin (Genentech)

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: 97/715,272
(3) FILING DATE: 14—June—1991
(C) CLASSIFICATION:

(vii) PRIOR_APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Adler, Carolyn R.
(8) REGISTRATION NUMBER: 32,324
(C) REFERENCE/DOCKET NUMBER: 709

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 415/266-2614
(B) TELEFAX: 415/952—9881
(C) TELEX: 910/371—7168

(2) INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
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Page:

54
55
56
57
58
59
so
51
62
63
54
65

,66
67
68
69
7O
71
72
73
74
75

,76
77
78
79
80
81

- 82
83
84
85
86

‘87
88
89
9o
91
92
93
94
95
95
97
98
99

100
101
102
103
104
105

Iosv

2

Asp

Gly

Thr

Leu

Arg

Ser

Bis

Ile

Ila

Asp

Ala

Leu

Phe

Set

Tyr

Lys

Gln

Arg

Val

Ile

Ser

Leu

Tht

Arg

Mat

Val

Ala

Gly

Gln

Thr

Thr
109

Thr

Thr
20

Trp
’ 35

Set

50

Set
65

Pro
80

Pro

95

Gln

Ile

Glu

Pro

Patent Application U8/07/715,272A

Ser

Thr

Gln

Ser

Ser

Asp

Thr

Raw Sequence Listing

Pro

Cys

Gln

Phe

Phe

the

(2) INFORMATION FOR SEQ ID N0:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:
(B) TYPE:
(D) TOPOLOGY:

amino acid
linaar

(xi) SEQUENCE DESCRIPTION:

Glu Val Oln Leu V81
1

Gly Ser Leu Axg

Asp

Glu

Ala

Lye

Thr

Thr

Trp

Asp

Asn

Ala

Tyr

Val

Ser

Thr

Val

Ile

[Ala

Val

Ala

Tyr

5

Leu
20

His

.35

Arg

Glu

Ber

Trp

Ila
50

Lys
65

Tyr
80

Tyrv
95

Gly

Len

Set

Cys

Arg

Gln

Set

SEQ

Gly

Ala

Pro

Phe

Met

Ser Ser Leu
10

'Arg Ala Set
25

Lys Pro Gly
40

Len Glu Ser
55

Thr Asp Phe

, 70

A18 Thr Tyr
85

Gly Gln Gly
100

120 Amino acids

In‘No:2:

Gly Gly Leu
.10

Ala Ser Gly
25

Gln Alb Pro
40

Thr Asn Gly
55

Thr Ila Ser
70

Asn Se: Leu
85

Trp Gly 01y
100

151

581‘

.Gln

Gly

Thr

‘Thr

Val

Pha

91y

Ala

Arg

Asp

Ala

Asp

Ala

Val

Leu

Lys

Glu

Asn

Thr

Asp

Ala

'Gly

Ser

Val

Pro

Pro

Th:

Gln

Val

Pro

113

01y

Arg

Thr

619

Phe

Val
15

Asn
30

Lys‘
45

Set

.60

Ila
75

Gln
90

Gln
105

,Gly
15

Lys
' 30

Leu
45

Tyr
60

Ser
75

Asp
90

Tyr
105

'07/19/91
16:16:26
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107
108
109
110
111
112
113
114

115.
116
117
118
119
120
121

.122
123
124
125
126
127
128
129
130
131
132
133

134,
135
136
137
138
139
140
141'
142
143
144
145
146.
147
148

149
150
151
152
153
154
155
156
157
158
159

3 Raw Sequence Listing

Patent Application_US/07/715,272A

Ala Met Asp Val Trp Gly Gln Gly Thr Léu Val Thr Val Ser Ser
110

(2) INFORMATION FOR SEQ ID‘No:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:

‘ (5) TYPE: amino acid

(D) TOPOLOGY: linear

(ki) SEQUENCE DESCRIPTION:

Asp
1

Gly

Set

’Leu

Arg

Ser

Tyr

I19

(2) INFORMATION FOR SEQ ID “0:4:

112 Gln Mefi Thr Gln Set

'Rsp

Tyr

Leu

Phe

Ser

Asn

Lys

VArg

Lgfi

Ile

Set

Len

Ser

Arg

V81

Ala

Gly

Gln

Leu

Thr
109

5

Thr
20

Trp
35

A13

_ so

Set
65

Pro
80

Pro
95

Ile

Tyr

Ala

Gly

Glu

Thr

Gln

Set

sér

vAsp

Thr

SEQ ID N0:3:

yro

Cys

Gig

Ser

G13,

Pb?

Phe

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 120 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4:

109 amino acids

115-

89: Ser~Léu

Brg

L16

Len

Thr

.1118

Gly

10

A13
25

Pro
40

Gln
55

Asp
70

Thr_
85

Gln
100

Set

Gly

Ser

Phe

Gly

set

Gln

Lys

Gly

Thr

Tyr

Thr,

A18

Asp

Ala

v§1

Len

-Cy8

Lys

581'

Val

Pro

Pro

Th:

91;,

Val

120

Val
15

Ser
30

Lys-
45

Ser
60

Ila
75

915
_90 '

Glu-
105

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly
51 10 15_

Gly Sér Len Afg Len Sar Cys Ala Ala Ser Gly Phe Thr Phe Ser20 25

152

30

07/19/91
16:16:28
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160
161
162.
163
154
165
166
157
168
169

170
171
172
173
178
175
176
177
178
179
180
181

‘182
183
184
185
186
187
188
189
190
191
192
193
198
195
196
197
198
199
200
201
202
203
204
205
205
207
208
209
210
211
212

4

Asp-Tyr

Glu Trp

Ala Asp

Lys Asn

Th: Ala

AIE'Met

Ala

Val

Se:

Thr

Val

Asp

Met

Ala

Val

Ala

I

Set
35

V81
50

Lys
65

my:
80

Tyr
95

Trp110

‘Trp

Ile

Gly

Len

Gly

Patent Application U8/07/715,272A

Val

Ser

Gln

Set

Gln

Ray Sequence Listing

Arg

Glu

Phe

Met

Arg

Gly

(2)/INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICSJ
(A) LENGTH:
(8) TYPE: amino acid

(D) TOPOLOGY: 11neag~

(xi) SEQUENCE DESCRIPTION:

Asp Ile Val Met Thr Gln Ser
51

Gly Asp

Thr A18

Leu‘Leu

Arg Phe

Ser Ser

His Tyr

Ila Lys

Arg

Val

Ile

Thr

Val

Thr

Arg

Val

Ala

IGly

Gln

Thr

A18
109

Set
20

Tr?

39

Ser

50

Asn
65

Ala
80

Pro
95

‘Ilé

my:

Ala

Arg

Glu

Pro

1hr

Gln

Ser

Ser

Asp

Thr

SEQ

His

Cys

Gln

Pbe

Gly

Leo

Pbe

(2) INFORMATION FOR-SEQ ID N026:

Gln Ala Pro
40

Asn Gly Gly
55

Thr 118 Ser
70

Asn.Ser.Leu
85

Trp'Gly Gly
‘ 100‘

Thr Leu Val
115

109 amino acids

ID N015:

Lys Phe Mat
10 ~

Lys Ala Ser
25

Lye Pro Gly
40'

Arg Tyr 1hr
55

Th: Asp Phe

70

.Ala Val Tyr85

Gly Gly Gly
100

153

Gly

Tyr

Ala

Arg

lAsp

Thr

Sex

Gln

Bis

Gly

Thr

Tyr

Thr

Lys Gly Leu
45

Thr Arg Tyr
60

Asp Th: Ser
75

A13 Gln Asp
90.

Giy Phe Tyr105

V81
120

Thr’Ser Val
15

Asp Val Asn
‘ 3O

Ser Pro Lys
45

Val Pro Asp '
60

Phe Thr Ile
75

Cys Gln Gln
90

Lye Leu'Glu
105

Set Sen

07/19/91
16:16:30
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213‘
214
215
216
217
218‘
219
220‘
221

‘222
223
224
225

226'
227
228
229
230
231
232
233
234

'235
236'

237_
238
239
240‘
241
242
243
244
245
246
247
248
249
250
251

252
253
254
255
256
257
258

,259
260’
261
262
263
264
265

5
Raw Sequence Listing

Patent Application US/O7/715,27ZA

(i) SEQUENCE CHRRACTERISTICS:
(A) LENGTH:
(3) TYPE: amino acid

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ

Glu Val Gln Leu Gln Gln Ser Gly
1

Ala

Asp

Glu

Asp

-Ser

Thr

Ala

89: Leu LYs

Thr Tyr-Ilé

Trp Ile dly

Pro Lys Phe

Asn Thr Ala

Ala Val Tyr

Met Asp Tyr

5

.Leu Set Cys Thr
20

His Trp Val Lys
35 '

Arg Ila-Tyr Pro
50

65

Tyr Len Gln Val
80 '

Tyr Cys Set nrg
95

Trp Gly Gln 61y
110

(2) INFORMATION FOR SEQ ID N027:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTB: 27 bases
(8) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPQLOGY: linear

Gln Asp Lys Ala

120 amino acids.

ID Nb:6:

Pro Gln‘
10

Ala Ser
25

Gln Arg
40

Thr Ash
55

Thr 119

70

Ser Arg
85

Trp Gly
100

Ala Ser
115

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

TCCGATATCC‘AGCTGACCCA GTCTCCA 27

(2) INFORMATION FOR SEQ ID N0:8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 bases
(B) TYPE: nucleic acid

Leu

Gly

Pro

Gly

Thr

Leu

Gly

Val

154

Val

Phe

Glu

Ala

Thr

Asp

Thr

Asn

Gln

Thr

Asp

Ser

01y

Val

~Pro

Ile

Gly

Arg

fbr’

Glu

Phe

Ser

Gly
15

Lys
30

Leg
45

Tyr
60

Set
75

Asp
90

Tyt‘
10

Set
120

07/19/91
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Page:

266

257
268
269
270
271
272

213
274
275
276
277
278
279
280
281
282
283
284
285

286
287
288
289
290‘
291

.2922
293

294
295
296
297
298
299
300
301
302
303
304

Patent Application U8/O7/715,272A

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear-

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:8:

GTTTGATCTC CAGCTTGGTA CCHSChCCGR A 31

(2) INFORMATION FOR SEQ ID No:9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 bases
(8) TYPE: nucleic acid

-(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N029:

AGGTSMARCT GCAGSAGTCW 66 22

_(2) INFORMATION FOR SEQ ID No:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 baSES
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34

155

6 Raw Sequence Listing
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LINE ERROR. . ‘ ORIGINAL TEXT

v 27 Wrong application Serial Number O\C/(A) APPLICATION NUMBER: 07/715,272
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SEQUENCE MISSING ITEM REPORT
PATENT APPLICATION_U8/07/715,272A

MANDATORY IDENTIFIER THAT WAS NOT FOUND

157 ,

» DATE:
TIME: 07/19/91

16:16:36
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' ' ’1 ‘ “ mI f

.. _' g 6“

' I _ PATENT DOCKET‘7O

_ IN THE UNITED STATES PATENT AND TRADEMARK OFFICE . 99/ ‘
In re Application of Group A“ anchIVED '/ 8
Paul J. Carter et al. Examiner: MAY 0 8 I992

Serial No. 07/715272 GROUP 180 
FiIed: June 14, 1991

460 Point San Bruno Boulevard
South San" Francisco, CA 94080
(415) 266—2614

For: lmmunoglobulin Variants

(NFQRMATION DISCLOSURE STATEMENEQ», “nary. um um con 5p 0- “, ~- E, -° ,On en 1.25 mag

cepo'alied will) the Uniled' 5’5’85 Posm‘myice a:
Honorable Commissioner of Patents ‘ ”5",“? "WI in an envelope oddmssa'm» Com.

and Trademarks .. . - ”’"“°"°' °‘ Manta and Traderfiorh. ‘11an
Washington,_ 0.0. 20231 > , 93.. 202310" Y O I '1.

(Dale of Deposit)~

I Sir: ’ W
The following items are supplied to the United States Patent and Traéqeme °I<DOWEI59IE°§Uvance

the prosecution of the subject application. figmm a Dem”, P fly .' . mg a '

V*Chothia eta/.,J. Mol. Biol. 186:651~663 (1985) ~ . ri) o I
Novotny and Haber, Proc. Natl. Acad.‘ Sci. USA 8245924596 (1985) We “$19me
Cabilly at 3]., us. patent No. 4,816,567 ’ ‘

Morrison, 8. L. et al., Proc. Natl. Acad. Sci. USA 81:6851-6855 (1984)

Boulianne, G. L. et al., Nature 312:643-646 (1934)

Neuberger, M. 5. er al., Nature 314:268-270 (1985) _

Brflggemann, M. et a/., J. Exp. Med.-166:1351-1361 (1987)

Riechmann, L. et a/., Nature 332:323-327 (1988)

Love e‘r al.,*Methods rn Enzymo/og-y 178:515—527 (1989)
Bindon er a/., J. Exp. Med. 168:1274 42 (1988) ’
Jones, P. T. et al., Nature 321:522—525 (1986)

Verhoeyen, M. et a/., Science 239:1534—1536 (1988)

Hale, G. et a/., Lancet i:1394-1399 (1988)

Queen, C. et al., Proc. Natl. Acad. Sci. USA 86:10029710033 (1989)

Co at al., Proc. Natl. Acad. Sci. USA 88:2869-287-3 (1991)

V Gorman er al., Proc. Natl. Acad. Sci. USA 88:4181-4185 (1991)

Daugherty et a/., Nucleic Acids Research 19(9):2471-2476 (1991)
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Brown et al., Proc. Natl. Acad. Sci. USA 88:2663-2667 (1991)

Junghans et a/., Cancer Research 50:1495—1502 (1990)

Davies, D. R. et.a/., Ann. Rev. Biochem. 59243947311990)

Chothia, C. & Lesk, A. M., J. Mol. Biol. 196:901-917 (1987)

Chothia, C. et al., Nature 342:877-883 (1989)

Tr'amontano, A. et a/., J. Mol. Biol. 215:175-182 (1990)

Margolies et al., Proc. Natl. Acad. Sci. USA 721218.0-2184_(1975)I

Pluckthun, Biotechnology 93545.51 (1991)

Spiegelberg et a/., Biochemistry 914217—4223 (1970)

Wallick et a/., J. Exp. Med. 168:1099~1109 (1988)

Sox et al., Proc. Natl. Acad. Sci. USA 66:975-982 (1970)

Margni et al., Ann. Rev. /mmunol.6:535-554 (1988)

Fendly, B. M. et a/., Cancer Res. 50315504558 (1990)

Neuberger et al., Nature 312:604-608 (1984‘) >

. Takeda et al., Nature 314:452-454 (1985)

Snow and .Avmzel, Protein: Structure, Function, and Genetics 1:267—279, Alan R. Liss, lnc. pubs.
(1986) ' ' ‘ ‘

Cheetham, J.., Protein Engineering, 2(3): 170-172 (1988)

WO_91/09967, pub. O7/11/91, Adair et 3/.

One copy of each item cited above is supplied, along with a completed Form PTO-1449. The

Examiner is requested to make the citations of record.

This submission is understood'to complement the results of the Examiner's own independent

search. The submission of this Disclosure Statement should not\be construed as a representation that
a search was made, or that the cited itms are inclusive .of all the relevant and amterial citations that

may be available publicly.

‘ The citation of any item is not an admission that the item is prior art. The right is reserved to
antedate any item in adherence with standard procedures. .

Respectfully submitted, ‘
GEN NTECH; (NC.

W/Zflflzéx/
Carolyn R. Adler

Reg. No. 32,324

Dated: April 30, 1992
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Serial No. 715272

Art Unit 1806

Restriction to one of the following inventions is required

under 35 U.S.C. lZl:

I. Claims 1-13, drawn to a method of making an

antibody and an antibody comprising a

polypeptide, classified in Class 435, 530

~ subclass 59.1, 350.

II. Claims 14—16, drawn to computer

representations, classified in Class 364,
subclass 282.l+. V

The inventions are distinct, each from the other because of
the following resecns:

The two Grouns are drawn to two different products, Group I
being a biological molecule and Group II being a machine. These
constitute two different statutory classes of invention and are

therefore patentably distinct one from the other.

Because these inventions are distinct for the reasons given ,

above and have acquired a separate status in the art as shown by
their different classification and divergent subject matter, and

because the searches for the individual Groups are not

coextensive, restriction for examination purposes as indicated is

proper.

Applicant is reminded that upon the cancellation of claims

to a non4elected invention, the inventorship must be amended in

compliance with 37 C.F.R. l.48(b) if one or more of the currently.
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Serial No. 715272.

Art Unit 1806

named inventors is no longer an inVentor of at least one claim

remaining in the application. Any amendment of inventorship must

be accompanied by a diligently-filed petition under 37 C.F.R.
1.48(b) and by the fee required under 37 C.F.R. l.17(h).

‘A telephone call was made to Carolyn Adler,'on 12/9/91, to

request an oral election to the above restriction recuirement,
.but did not result in an election being made and a written

Vrestriction was requested.

Applicant is advised that the response to this requirement

to be complete must include an election of the invention to be

examined even though the requirement be traversed. (37 C.F.R.

1.143)}

Any inquiry concerning this communication or earlier

_communications from the examiner should be directed to Lila

Feisee whose telephone number is (703) 308-2731.

Any inquiry of a general nature or relating to the status of

this application should be directed to the Group receptionist

whose telephone number is'(7®8) 3®8~®196.

Papers related to this application may be submitted to Group

180 by facsimile transmission. Papers should be faxed to Group-

180 via the PTO FAX Center located in Crystal Mall 1. The faxing

Official Gazette, 1096 DB 30 (November 15, 1989)f The CMl FAX
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Center number is (703) BQ8-4227. The hours of operation of the'

Center are 8:45 am - 4:45 pm, Monday - Friday.

-.Feisee/lf§éZZEEiM’/flfl
May 11, 1992

. 20mm
SUPERVISORY PATENT EXAMlNER
/ ' GROUP180 ’

'1 631
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NOTICE OF DRAFTSMAN’S PATENT DRAWING REVIEW.
THE PTO DRAFTSMEN REVIEW ALL ORIGINALLY FILED DRAWINGS REGARDLESS

OF WHETHER THEY WERE DESIGNATED AS INFORMAL OR FORMAL.

The drawings tiledw 

.A. D are approved. ’ ‘
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1 PATENT DOCKET 709 SYEEEQY//l i»
N THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of Group Art Unit: 1806

Paul J. Carter et al. Examiner: L. Feisee

Serial No. 07/715,272I

I. Filed: 14 June 1991

460 Point San Bruno BoulevardVv'vvvvvvvvvvFor: lmmunoglobulin Variants
South San Francisco, CA 94080

(415) 225—2614 ’

Response

Honorable Commissioner of Patents ' _ JUL 2 2 i992
and Trademarks -

Washington, D.C. 20231

Sir:

. This is responseive to the Restriction Requirement mailed 12 May 1992. A request for a one—
"1; month extension 01" time to respond is submitted herewith, bringing the due date for this response to

11 July 1992. This responseis timely filed. 1‘
The inventors hereby elect to prosecute Group_lf claims 1-13:

Respectfully submitted,
GENENTECH, INC.

10 July 1992 ' Adler
. Reg. No. 32,324

CERTIFICATE OF MAILING

I hereby certify that this correspondence is being deposited with the United States Postal Service as first
class mail in an envelope addressed to: Comnissioner of Patents and Trademarks, Washington, D.c. 202 1, on 19

   Carolyn R. Adler
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‘ , PATENT DOCKET 709

IN THE UNITED'STATES PATENT AND TRADEMARK OFFICE 'éég(\
41W

   ' '. G W}999$.
In re Application of I Group Art Unit: 1806) , .

Paul J. Carter et aI. , ) Examiner: L. Feisee

Serial No. 07/715,272 1
fr I ’ 5 . )
‘ Filed: 14 June 1991 _ _ )

..,- _ i
For: lmmunoglobulin Variants ) - ‘' l 460 Point San Bruno Boulevard

1 South San Francisco, CA 94080
i (415) 225-2614_

PETITION AND FEE FOR EXTENSION OF TIME (37IQFR 1,]361gli

Honorable Commissioner of Patents
andTrademarks

Washington, D. C. 20231

JUL 2 2 1992'

Sir:

Applicant petitions the Commissioner of Patents and Trademarks to extend the time for
response to the Office action dated 12 May 1992 for one monthis) from 11 June 1992 to 11 July

_ 1992. The extended time for response does not exceed the statutory period.
Please charge Deposit Account Number 07-0630 in the amountof $110 to cover the cost of

the extension. Any deficiency or overpayment should be charged or credited to this deposit account.
A duplicate of this sheet is enclosed.

Respectfully submitted,
GEN cNTECH INC.

MZM
Carolyn R. Adler

Reg. No. 32,324 .

Date: 10 July 1992

 
CERTIFICATE OF MAILING (37 CFR 1.83)

i hereby certify that this paper is being deposited with the United States Postal Service on the date shown
below with sufficient postage as first class mail in an envelope addressed to the: Comissioner of Patents and
Trademarks waging on, 20231.- Date: 10 Juix 1992

Carolyn R Adier

LAIOOW 07/17/92 07715272 '07—0630 010 115 110.com
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31/7/1 (Item 1 from file: 5)
9568885 , BIOSIS Number: 94073885 ~

*HUMANIZED* OKT3 *ANTIBODIES* SUCCESSFU ”TRANSFER OF IMMUNE MODULATING
PROPERTIES AND IDIOTYPE EXPRESSIONWOODLE E S; THISTLEWAITE J R; JOL FE L K; ZIVIN R A; COLLINS A; ADAIR J
A; BODMER M; ATHWAL D; ALEGRE M-L’ BLUESTONE J A

, SECT. ORGAN TRANSPLANTATION, _
BARNES HOSP. pLAZA, QUEENY T R SUITE 6107, ST. LOUIS; MO. 63110.

J IMMUNOL 148 (9). 1992. 2756—2763. CODEN: JOIMA
Full Journal Title: Jodrnal of Immunology

_ Language: ENGLISH
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s.*Antibodies* that possess the Ag—binding regions of OKT3 within the
context of a .human framework (Hu—OKTB Ab) offer distinct advantages for
optimizing anti—CD3 mAb therapy. First, manipulation of Ab genes to produce
*humanized*. Ab that retain Ag~binding activity may circumvent antigenicity
problems. Second, Ab gene engineering provides a means for modifying
fUnctional properties, including T'cell activation and immune suppression.
The purpose of this study was to determine the functional properties of
Hu—OKTB Ab and to compare. the functional properties and idiotypes of
Hu*OKT3 va to those of maurine OKT3. Three Hu—OKT3 IgG4 aAb, a chimeric
OKT3 '*antibody* (COKT3-1) (grafted sequences comprising all OKT3 VH and VL
regions) and ‘two complementarity determining region (*CDR*)—grafted
*antibodies* , gOKT3—5_and gOKT3—6 (grafted Sequences comprising only OKT3
VH and VL *CDR* and some framework amino acids, were analyzed. Initial
studies 'demonstrated that the COKT3 and gOKT3-5 Ab bound selectively to T
cells and competitively inhibited OKT3—FITC binding with avidities similar
to that of murine OKT3. binding avidity of the gOKTB—s Ab was markedly lees
than (that of the other Hu—OKTS Ab. Serologic analysis suggested that COKTB
and gOKT3—5 Ab possess idiotypes (combining sites) similar to murine OKT3.
C cell activation potency of all three' Hu-QKT3 Ab was assessed by
proliferation,’ induction 'of activation marker expression (IL-2R and Leu
23), and lymphokine production (TNF—.alpha. and IFNi.gamma.). The cOKT3 and
gOKT3—5 Ab demonstrated T cell activation potencies similar to murine OKT3
as 'assessed» by each parameter. CD3 coating and modulation by these two Ab
was effective but somewhat less potent than that observed with OKTB.

‘-Finally, 'cOKT3 and gOKT3—5 Ab both inhibited CTL activity comparably to
murine OKT3. In conclusion, these studies indicate that gOKT375 and cOKT3

'Ab, possess immune modulating properties similar to murine OKT3 and thus
offer attractive alternatives to murine OKT3 for in vivo therapy.

31/7/2 7 (Item 2 from file: 155)
08124424 92262424 - , ,

*Humanization* of an antiep185HER2 antibody for human cancer therapy.
Carter P; Presta L; Gorman CM; Ridgway JB; Henner D; Wong WL; Rowland AM;

Kotts C; Carver ME; Shepard HM v ' . '
Department of Protein Engineering, Genentech Inc.,.South San Francisco,

CA 94080. ' .
Proc Natl Acad Sci U S A (UNITED STATES) May 15 1992, 89 (10) p4285~9,

ISSN 002748424 Journal Code: PV3 .- .

Languages: ENGLISH
Document type: JOURNAL ARTICLE ‘
The murine monoclonal antibody mumAb4D5, directed against human epidermal

growth factor receptor 2 (p185HER2), Specifically inhibits proliferation of
human tumor Cells overexpressing p185HER2. However, the efficacy of
mumAb4D5 in human cancer therapy is likely~ to be limited by a human
anti-mouse antibody response and lack of effector functions. A "*humanized*'e’
" antibody, humAb4D5-l, containing only the antigen binding loops from
mumAb4DS and human variable region framework residues plus IgGl constant
domains was constructed. Light» and heavy-chain variable regions were
simultaneously *humanized* .in one step by "gene conversion mutagenesis"
using Bll—mer and 361-mer preassembled oligonucleotides, respectively. The
humAb4D5-l variant does not block the proliferation of- human breast,
carcinoma .SK~BR-3 cells, which overexpress p185HER2, despite tight antigen

-binding (Kd = 25 nM). One of seven additional *humanized* variants designed
by melecular modeling (humAb4D5—8) binds the pl85HER2 antigen 250—fold and
3~fold more tightly 'than humAb4D5—l and -mumAb4D5, respectively. In
addition, humAb4D5—8 has potency- comparable to the murine antibody in
blOcking SK~BR~3p cell proliferation. Furthermore, humAb4DS—8 is much more

'efficient in supporting antibody-dependent cellular cytotoxicity.against
SK~BR—3 cells.than mumAb4D5, but it does not efficiently kill WI~38 cells,
which express p185HER2 at lower levels.
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31/7/3 , (Item 3 from file: 155)
08081267 92219267

Antibody framework residues ’affecting the conformation of the
hypervariable loops.

Foote J; Winter G ‘
MRC Laboratory of Molecular Biology, Cambridge, England.
J Mol Biol (ENGLAND) * Mar 20 1992, 224 (2) p487-99, ISSN 0022-2836

Journal Code: J6V
Languages: ENGLISH
Document type: JOURNAL ARTICLE _ V
Rodent monoclonal antibodies have been "*humanized*" or "reshaped" for

therapy by transplanting the antigen-binding loops from their variable
domains onto the beta~sheet framework regions of human antibodies. However,
additional .substitutions in 'the human framework regions are Sometimes
'required' for high affinity >antigen binding. Here we describe.antigen
binding by a reshaped antibody derived from the mouse anti—lySozyme
antibody D1.3, and several variants in which point mutations had been
introduced into framework positions to improve its affinity. The affinities
were determined from the relaxation kinetics of reactant mixtures using
quenching of fluorescenCe that occurs upon formation‘ of the
antibody-antigen complex. The dissociation constant of lysozyme ranged from
3.7 nM' (for D1.3) to 260 nM. Measurement of antibody-antigen association
kinetics using stopped-flow showed that D1.3 and most of the reshaped
antibodies .had bimolecular rate constants of 1.4 x 10(6) s—1 Mel,
indicating that differences in equilibrium constant were predominantly due
to different rates of dissociation of lySozyme from immune Complexes.
Mutations: in a triad of heavy chain residues, 27, 29 and 71, contributed
0.9 -kca1/mol in antigen binding free energy, and a Phe to Tyr substitution
of light chain _residue 71 contributed an additional 0.8 kcal/mol. The
combined effect of all these mutations brought the affinity of the reshaped
antibody to within a factor of 4 of D1.3. All of these substitutions were
in the beta—sheet framework closely underlying the
complementarityvdetermining regions, and do not participate in a direct
'interaction’ with antigen. The informed selection of residues in such
positions may prove essential for the success of loop transplants in
antibodies. Variation of these sites may also have a role in shaping the
diversity of structures found in the primary repertoire, and in affinity
maturation.

31/7/4 (Item 4 from file: 155)
08010135 92148135 ’ . _ .

Chimeric and *humanized* antibodies with specificity for ,the CD33
antigen. _ T. _

Co MS; Avdalovic NM; Caron PC; Avdalovic MV; Scheinberg DA; Queen C'
- Protein Design Labs, Inc., Mountain View, CA 94043. ' -

J Immunol (UNITED STATES) Feb 15 '1992, 148 (4) p1149—54, ISSN
0022-1767 Journal Code; IFB - . , -

Contract/Grant No.: NIH CA55349
Languages: ENGLISH
Document type: JOURNAL ARTICLE _
L and H chain cDNAs of M195, a murine mAb that binds to the CD33 Ag on

normal and leukemic myeloid cells, were cloned. The cDNAs were used in the
construction of mouse/human IgG1 and IgG3 chimeric antibodies. In addition,
*humanized* antibodies were constructed which combined the
complementarity-determiningv regions of the M195 antibody with human
framework and constant regions. The human framework was chosen to.maximize
homology with the M195 V domain sequence. Moreover, a computer model of
M195 was used to identify several framework amino acids that are likely to
interact. with ,the complementarity—determining regions, and these residues
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were also retained in the *humanized* antibodies. Unexpectedly, 'the
*humanized* IgGl Aand IgG3 M195 antibodies, which have reshaped V regions,
have higher apparent binding affinity for the CD33 Ag than the chimeric or
mouse antibodies.

31/7/5 (Item 5 from file: 155)
07996790 92134790 ,

Gene conversion of 'immunoglobulin variable regions in mutagenesis
cassettes by replacement PCR mutagenesis.

- Near RI. .

Cellular and- Molecular Research Laboratory, Massachusetts General
Hospital,.Boston 02144. V

Biotechniques (UNITED STATES) Jan 1992, 12 (1) p88»97, ISSN 0736-6205
Journal Code: AN3 _

Contract/Grant No.: HL~19259

Languages: ENGLISH

Document type; JOURNAL ARTICLE _ ~ _
.A technique, Replacement .PCR Mutagenesis, was developed to replace one

immunoglobulin variable region (V) in a' M13 phage cassette -with a
different, homologous V. This allows the use of the same mutagenesis and‘
subsequent expression vectbrs for many V regions or V segments. The method

.combines PCR of V fragments and in vitro mutagenesis. Primers homologous to
3‘ and 5’ ends of both V regions initiate PCR Synthesis of the V DNA
fragment (donor) that will replace the V region (recipient) in M13. Donor V
PCR DNA may originate from mRNA, cloned V genes or genomic templates. The
donor V PCR 'DNA is denatured and annealed to the M13 cassette containing
the recipient V to be supplanted. The second strand is synthesized,
transfected into bacteria and' mutant plaques selected by hybridization.
Since restriction sites in primers are not required, altered primer—encoded
amino acids are avoided. Further, the PCR donor piece can be of any length
if it shares homology with the recipient gene. This allows construction and
expression of complete gene replacements and chimeras. This method is also
applicable to V ”*humanization* " and studying sets of homologous genes
containing polymorphic or evolutionary disparities. The potential uses of
the technique are discussed.

31/7/6 (Item 6 from file: 5)
8779979 BIOSIS Number: 42004979 -

IMMUNOHISTOCHEMICAL CHARACTERIZATION OF THE *CDR*—GRAFTED *HUMANIZED*
MONOCLONAL *ANTIBODY* BW 431-26 HUMAB PRECLINICAL.STUDY

MASCHEK W; BOSSLET K '
INST. NUCLEARMED., LINZ BEHRING RES..LABS, MARBURG, FRG.
EUROPEAN ASSOCIATION OF NUCLEAR MEDICINE CONGRESS, VIENNA, AUSTRIA,

- SEPTEMBER 1-5, 1991. EUR J NUCL MED l8 (8). 1991. 546. CODEN: EJNMD
Language: ENGLISH ali~_‘ ‘

31/7/7 (Item 7 from file: 5)
8563624 810518 Number: 92028624

POLYMERASE CHAIN REACTION FACILITATES THE CLONING *CDR*—GRAFTING AND
RAPID EXPRESSION OF A MURINE MONOCLONAL *ANTIBODY* DIRECTED AGAINST THE
CD18 COMPONENT OF LEUKOCYTE INTEGRINS

DAUGHERTY B L; DEMARTINO J A; LAW-M-F;(§§flKA D W; SINGER I I; MARK G E
DEP. CELL. MOL. BIOL., MERCK SHARP DOHME RES. LAB., RAHWAY, N.J. 07065,

USA. -. . .

NUCLEIC ACIDS RES 19 (9).<{;;;> I2471~2476. 'CODEN: NARHA
Full Journal Title: NucleiénAcids Research ‘ '
Language: ENGLISH , ,
Two novel approaches of recombinant PCR technology were employed to graft

the complementarity determining regions from a murine monoclonal *antibody*
(mAb) onto human *antibody* frameworks. One “approach relied on the
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-availability of cloned human variable region templates, whereas the other'
strategy was dependent only on human variable region protein sequence data.
The transient expression of recombinant *humanized* *antibody* was driven
by ' the adenovirus major late promoter and was detected 48 hrs
post~transfection into non-lymphoid mammalian cells. The applicatiofi“6f
these new approaches enables the expression of a recombinant *humanized*'
*antibody* just 6 weeks after initiating the CDNA cloning of the murine
mAB.

31/718 (Item 8 from file: 155)
08049594 92187594 "

*Humanization* of a mouse monoclonal antibody by CDR-grafting: the
importance of framework residues on loop conformation.

Kettleborough CA; Saldanha J; Heath VJ; Morrison CJ; Bendig MM
Medical Research Council Collaborative Centre, London, UK.
Protein Eng (ENGLAND) Oct 1991, '4 (7) p773-83, ISSN 0269~2139

Journal Cede: PR1 4/”’"‘“‘

Languages: ENGLISH
Document type: JOURNAL ARTICLE . .
A mouse _monoclonal antibody (mAb 425) with therapeutic potential was ’

*humanized* ' in two ways. Firstly the mouse variable regions from mAb 425
were spliced onto human constant regions to create a chimeric 425 antibbdy.,
Secondly, the mouse complementarity—determining regions (CDRs) from mAb 425
Were grafted into human variable regions, which Were then joined to human'
constant regions, to create a reshaped human 425 antibody. Using a
molecular model of the mouse mAb 425 variable'regions,_framework residues
(FRs) that might be critical for antigen~binding were identified. To test
the importance of these residues, nine versions of the reshaped human 425
heavy chain. variable (VH) regions and two versions of the reshaped.human'
425 light chain variable (VL) regions were designed and constructed. The
recombinant DNAs coding for the chimeric and reshaped human-light and heayy
chains were co—expressed transiently_ in COS cells. In antigenubinding
assays and’ competition-binding assays, the reshaped_human antibodies were
compared with mouse 425 antibody and to chimeric 425 antibody. The
different versions of. 425—reshaped human antibody showed a wide range of
avidities for antigen, indicating that substitutions-at certain positions
in the human FRs significantly influenced binding to antigen. Why certain
individual .FR residues influence antigen-binding is discussed. One version
of reshaped human 425 antibody bound to antigen with an avidity approaching
that of the mouse 425 antibody.

31/7/9 (Item 9 from file: 155)‘
07969093 92107093 ,

*Humanization* of monoclonal antibodies.

Gussow D; Seemann G - -
Methods Enzymol (UNITED STATES) 1991, 203 p99—121, ISSN OO76~6879

Journal Code: MVA -ei

Languages: ENGLISH
Document type: JOURNAL ARTICLE

31/7/10 (Item 10 from file: 155)'
07953750 92091750 - .

»Construction, expression and characterization of *humanized* antibodies,
directed against the human alpha/beta T cell receptor.

Shearman CW; Pollock D; White G; Hehir K; Moore GP; Kanzy EJ; Kurrle R
Genzyme Corporation, Framingham, MA 01701. .
J Immunol (UNITED ,STATES) Dec 15 ‘1991, 147 (12) p4366—73, ISSN

0022-1767 Journal Code: IFB

Languages: ENGLISH
Document type: JOURNAL ARTICLE
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'-Completely» *humanized*, antibodies with specificity for the human
alpha/beta TCR have been produced_by genetic engineering. The L and H chain
V region exons. encoding the murine mAb BMA 031 CD regions and human EU
framework regions were synthesized and replaced into previously isolated
genomic fragments. These fragments were inserted into mammalian expression
vectors containing the human kappa and gamma 1 C region exons. Two variants
were constructed each' containing selected BMA 031 amino acids within the
human frameworks. The *humanized* genes were transfected into Sp2/0
hybridoma cells by electroporation and transfectomas secreting *humanized*
antibody were isolated. Levels of antibody expression up to 7 pg/cell/24 h
were obtained. The *humanized* antibody, BMA 031—EUCIV2, competed poorly'
with murine BMA 031 for binding to T cells. BMA 031—EUCIV3, however, bound
Ispecifically to T cells and competed effectively with both the murine EMA
031 antibody‘ and a preViously constructed chimeric EMA 031 antibody for

-binding to these cells. The relative affinity of BMA 031—EUCIV3 was about
2.5 times lower than BMA 031. The ability to_promote antibody dependent
cell-mediated cytolysis Awas "significantly enhanced with the engineered
antibodies as compared to. murine EMA 031. *Humanized* BMA 031 is a
clinically relevant, genetically engineered antibOdy with potential uses in
transplantation, graft vs host disease, and autoimmunity.

31/7/11 ' (Item 11 from file: 155)
07909485 *92047485 , -Antigenicity of mouse monOClonal _antibodies. A study on the variable
region of the heavy chain. -

Olsson PG; Hammarstrom L; Smith CI -
Department of Clinical Immunology, Karo nska Institute, Huddinge

University Hospital, Sweden. _ ,
J Theor Biol (ENGLAND) Jul 7 1991, 151 ( pill-22, ISSN 0022—5193,

Journal Code: K8N "”"_‘_”
Languages: ENGLISH

_Document type: JOURNAL ARTICLEMouse monoclonal antibodies (Mabs) against human tumour antigens are
currently used in ‘therapy, .but up to “50% of the patients receiving
treatment form anti-Mab antibodies thus reducing the efficiency of the
treatment. (One attempt to minimize e immunogenicity of the mouse Mabs is
to "*humanize* " them by replacin the constant part of the molecule with
the human equivalent by genetic e gineering. However, this does not reduce
the immunogenicity of the var able part of-the antibody. Some variable
regions may be expected' to e less antigenic than others. We therefore
Compared consensus sequences f the 11 mouse VH families with the human VH
sequences, published so r. Theoretical antigenicity predictions
(hydrophilicity, flexibil .y, 'surface accessibility and relative
antigenicity) were made a d two families; VH 1(3558) and VB XI (CPS 35—3)
were predicted to be i munogenic by all four methods. One family, VH X
(MRLvDNA4), was not predi'ted to be immunogenic by any of the four methods.
The residues predicted to form antigenic epitopes in the two families VH II
(Q52) and VH III (36-60) are predicted not to be exposed on the surface of
the antibody molecule and may therefore not be immunogenic.

, _ , . /31/7/12 . (Item 12 from file: 5) I V g;:fi0. \)i;/\
7905670 _ BIOSIS Number: 40106670 Q36 _ -_

CHIMERIC MOUSE~HUMAN AND *CDR*—GRAFTED *ANTIBODIES* TO HUMAN ILZ RECEPTOR
WEIDLE U H; RUSSMANN E; LENz H; KALUZA B<¢”~—~——-
BOEHRINGER MANNHEIM GMBH, NONNENWALD 2, D—8122 PENZBERG, FRG.
MEETING ON MOLECULAR BIOLOGY AND THE IMMUNOPATHOGENESIS OF RHEUMATOID

ARTHRITIS HELD AT THE 20TH ANNUAL MEETING OF THE KEYSTONE SYMPOSIA ON
MOLECULAR AND CELLULAR BIOLOGY, LAKE TAHOE, CALIFORNIA, USA, MARg§_15;es,
1991. J CELL BIOCHEM-SUPPL 15 (PART E). 1991. 186. CODEN: JCBSD

Language: ENGLISH
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31/7/13 ,(Item 13 from file: 155)
07899816' 92037816'

A *humanized* monovalent CD3 antibody which can activate homologous

complement. . '
Routledge EG; Lloyd I; Gorman SD; Clark M; Waldma
Department of Pathology, Cambridge University.
Eur J Immunol (GERMANY) Nov 1991, 21 (11) p

Journal Code: ENS ' -

Languages: ENGLISH
Document type: JOURNAL ARTICLE
The rat_ monoclonal antibody (mAb) YTH1

complex on human T cells has been modifie
in human ,therapy. With the aim of r _dering it less immunogenic, it has
been *humanized* using the method f framework grafting. During this
process sequence analysis of the YT 12.5 VL gene indicated that it Was'of
the lambda subclass, however, it as markedly dissimilar from previously
published rat and mouse V lambda gene sequences and may represent a new V
lambda} gene family. The *human’ ation* of this light chain represents the
first successful reshaping of a ambda light chain V region. To improve the

  
  

 
 

  

 

17-25, ISSN 0014f2980

.5, specific for the CD3 antigen
in order to improve its efficacy

‘ effector function of the antib dy we have created a monovalent'form (1 Fab,
1 PC) {using a novel metho involving the introduction of an N—terminally
truncated human IgG1 heavy hain gene into cells producing the *humanized*

CD3 mAb. Comparison of the mono— and bivalent *humanized* mAb in a
complement-mediated cell ysis assay revealed that the monovalent_antibody
mediated lysis of human T cell blasts whereas the bivalent form did not.
The availability of a *humanized*, complement-fixing CD3 mAb may improve
opportunities 'for human therapy, in the management of organ rejection,
autoimmunity and the treatment of T cell lymphoma.

31/7/14 (Item 14 from file: 155)
07768736 91287736 A

A possible procedure for reducing the immunogenicity oflantibody varia 1e ;
domains while preserving their ligand—binding properties. (SKBX' .Padlan EA sz<577

 

Laboratory of Molecular Biology, National Institute of Diabetes and
Digestive and Kidney Diseases, National Institutes of Health, Bethesda, MD
20892. .

Mol Immunol Ap£:§gy,1991, -28 (4—5) p489-98, ISSN 0161—5890 2LJam NGI ~ . » f» ,
Languages: ENGLISH ‘ V6§7éL>€g(:fi,LES
Document type: JOURNAL ARTICLE;
It is propoSed' to reduce the immunogenicity of allogeneic antibody

variable .domains, while preserving ligand-binding properties, by reducing
their antigenicity through replacement of “the‘ ex osed residues in theframework regions which differ from those usually foung in host antibodies.
The results of a comparison of representative murine antibody sequences
with those of human origin suggest that the number of residues that need to

be replaced to "*humanize*" t%EEE,EBEith;§§ could be small.
31/7/15 (Item 15 from file: 155)

07757287 91276287 .

Immunoglobulin cemplementarity-determining region grafting by recombinant
polymerase chain reaction to generate *humanised* monoclonal antibodies.

Lewis AP; Crowe JS
Department of Cell Biology, Wellcome Research Laboratories, Beckenham,

Kent, U.K. -
Gene May 30 .1991, 101 (2) p297~302, ISSN 0378-1119 Journal Code:

FUN ENGLISH y' - @la 4’49 ‘5 .Languages:
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~-Document type: JOURNAL ARTICLE

We describe an approach to rapidly generate *humanised* monoclonal
antibodies by grafting rodent complementarity—determiningA regions onto

human immunoglobulin frameworks using recombinant polymerase chain reaction
(PCR) methodology. The approach was applied to grafting a rat
complementarily—determining region onto a human framework and amplifying

the entire *humanised* heavy chain. The terminal oligodeoxyribonucleotide
primers incorporated restriction sites to allow forced Cloning into plasmid
vectors for sequencing and expresSion. No nucleotide errors were introduced
into the 1463—bp sequence even after sequential applications of PCR.

31/7/16 (Item 16 from file: 155)
07668893 91187893 ’

*Humanized* antibodies for antiviralmtherapy.
Co MS; Deschamps M; Whitley RJ; Queen C

Protein Design Labs, Inc., Mountain View, CA 94043.

EE2E“EggéeéEgSEEEE'E‘§“A”‘*$EEli~i33}’ .88 (7) p2869-73, ISSN 0027—8424Journal :

Languages: ENGLISH ' Q\\,N9V
Document type: JOURNAL ARTICLE - ~
Antibody therapy holds great prOmise for the treatment of cancer,

autoimmune disorders, and viral infections. Murine'monoclonal antibodies
are relatively easy to produce but are severely restricted for therapeutic
use by their immunogenicity in humans. 'Production of human monoclonal
antibodies has been problematic. *Humanized* antibodies can be generated by
introducing the six hypervariab1e_regions from the heavy and light chains
of a murine antibody into a human framework sequence and combining it with
human constant regions. We *humanized*, with the aid of computer modeling,
two murine monoclonal antibodies against herpes simplex virus gB and gD

glycoproteins. The- binding, virus- neutralization, and cell‘protection
results all indicate that both *humanized* antibodies have retained the
binding activities .and the biological properties of the murine monoclonal
antibodies.

 

31/7/17 (Item 17 from file: 399) . 3
117024688 CA: 117(3)24688r PATENT ‘
Humanized complementarily—determing region (CDR -grafted antibodies to

intercellular adhesion molecule-1 (ICAM—l), methods of“preparation and
usage thereof -_~_.......—\\#

INVENTOR(AUTHOR): Adair, John Robert; Athwal, Diljeet Singh; Rothlein,
Robert A. I

LOCATION: UK,

ASSIGNEE: Celltech Ltd.; Boehringer Ingelheim Pharmaceuticals, Inc.
PATENT: PCT International ; W0 91l6927 Al DATE: 911114

APPLICATION: W0 91U82942 (910429) *GB 9095 (900427)
PAGES: 81 pp. CODEN: PIXXD2 LANGUA : English CLASS: A61K~039/395A;

CO7K~015/288 DESIGNATED COUNTRIES: AT; AU; BB; BG; BR; CA; CH; DE; DK; ES;
FI; GB; HU; JP; KP; KR; LK; LU; MC; MG; MW; NL; NO; PL; RO; SD; SE; SU; US

DESIGNATED REGIONAL: AT; BE; BF; BJ; CF; CG; CH; CM; DE; DK; ES; FR; GA;
GB; GR; IT; LU; ML; MR; NL; SE; SN; TD; TG

SECTION: '

CA215003 Immunochemistry
CA201XXX Pharmacology

CA203XXX Biochemical Genetics
IDENTIFIERS: humanized antibody intercellular adhesion mol 1,

inflammation inhibitor humanized antibody ICAMl, asthma inhibitor humanized

antibody ICAMl, AIDS virus humanized antibody ICAM1,'virucide humanized
antibody ICAMl, diagnosis humanized antibody ICAMl f”“""

DESCRIPTORS: .

Dermatitis...

(.
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acute, treatment of, with humanized antibody to intercellular adhesion
mol.—l

Immunosuppressants... - .
and humanized antibody to intercellular adhesion mol.—1, pharmaceutical
compn. contg.

Rodent...
anti—intercellular adhesion mol.—1 antibody variable region
complementary detg. region of, in humanized antibody prodn.

Integrins,antigens LFA—l... I -
antibody to, and humanized antibody to intercellular adhesion mol.—1,
for inflammation treatment

Neoplasm inhibitors,metastasis... .
chimeric antibody to intercellular adhesion-mol.~1, for hemopoietic
cell tumors

Toxicity... . _
cytokine—induced, inflammation of, treatment of, humanized antibody to
,intercellular adhesion mol.—1 for

Inflammation... ‘ ‘ .
diagnosis of, with chimeric antibody binding to cell expressing
intercellular adhesion mol.-1

Deoxyribonucleic acids... .
for antibody heavy and light chains, in humanized antibody to
intercellular adhesion mol.~1 prodn.

Deoxyribonucleic acid sequences... .
for monoclonal antibody R6-5—D6 heavy and light chain components for
humanized antiintercellular adhesion mol.-1 antibody

Leukocyte... - :
human immunodificiency virus infection of; inhibition of; with
humanized antibody to intercellular adhesion mol.-1

Bronchodilators,antiasthmatics... Inflammation inhibitors.-. Inflammation
inhibitors,antirheumatics... Therapeutics... Virucides and Virustats...

humanized_antibody to intercellular adhesion mol.—1
Toxins... '

humanized antibody to intercellular adhesion mol.-1 derivatiZed With,
for.inhibition of intercellular adhesion mol.—1—expressinq tumor cell

Diagnosis...
humanized antibody to intercellular adhesion mol.—l for

Inflammation inhibitors,antiarthritics... - ’ '
humanized antibody to intercellular adhesion mol.—l, for reaction
arthritis V ..

Glycoproteins,specific or class, ICAM-l (intercellular adhesion mol. 1)...
humanized recombinant antibody to

Antibodies... _
humanized recombinant, to intercellular adhesion mol.—1

Thyroid gland,disease, autoimmune thyroiditis...
inflammation in, treatment of, with humaniZed antibody to intercellular
_adhesion mol.-1 »

Nervous system,central...' . .
inflammation of, treatment of, humanized antibody to intercellular
adhesion’mol.—l for ~

Autoimmune disease... Blood vesse1,disease, Raynaud’s phenomenon...
Brain,disease, strokeu.. Dialysis,hemo—... Encephalomyelitis...
Intestine,disease, Crohn's... Intestine,disease, pseudomembranous
enterocolitis... Intestine,disease, ulcerative colitis... Kidney,disease,
acute glomerulonephritis... Leukapheresis... Lupus erythematosus...
‘Multiple sclerosis... Psoriasis... Respiratory distress syndrome,adult...

inflammation of, treatment of, with humanized antibody to intercellular
adhesion mol.—l

Neoplasm,composition...intercellular adhesion mol.-l-expressing, diagnosis of, with humanized
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antibody to intercellular adhesion mol. —1Mouse .

monoclonal antibody R6-5-D6 of, in humanized antibody to intercellular
adhesion mol.—1 prodn.

Sepsis and Septicemia.... .
multiple organ injury syndrome secondary to, inflammation of, treatment
of, humanized antibody to intercellular adhesion mol. —1 for

Protein sequences...
of monoclonal antibody R6- 5~D6 heavy and light chain components for
humanized antiintercellular adhesion mol.-1 antibody .

Plasmid and Episome...

pALS, in grafted humanized antibody to intercellular adhesion mol. —1
prodn.

Plasmid and Episome...
pAL6, in grafted humanized antibody to intercellular adhesion mol.-1
prodn.

Plasmid and Episome...

pBJ1, in grafted humanized antibody to intercellular adhesion m01.~1
prodn.

Kidney,transplant... Organ, transplant. . Transplant and Transplantation...
rejection of, inflammation of, treatment of, humanized antibody to

'intercellular adhesion mol. ~1 for
Antibodies, monoclonal.

R6— 5—06, of monse, in humanized antibody to intercellular adhesion_
mol. -1 prodn.

Organ, disease, multiple organ failure.
secondary to septicemia or trauma, treatment of, humanized antibody to
intercellular adhesion mol. ~1 for

Temperature effects, biologiCal...
thermal injury, inflammation of, treatment of, humanized antibody to
intercellular adhesion mol.-1 for

Perfusion, re~ ...

tissue injury from, treatment cf, humanized antibody to intercellular
adhesion mol. -1 for

Lymphokines and Cytokines...

toxicity induced by, inflammation of, treatment of, humanized antibody
to intercellular adhesion mol.—1.for

Neoplasm inhibitors...
toxin~derivatized humanized antibody to intercellular adhesion mol. —1,

for intercellular adhes_ion mol.~1—expressing tumor cell
Leukocyte,granulOCyte...

transfusion—assocd. syndrome, treatment of, humanized antibody to
intercellular adhesion mol. —1 for \

Allergy,delayed hypersensitivity...
treatment of, humanized antibody to intercellular adhesion mol.~1 for

Picornaviridae. . Virus, animal, Coxsackie A... Virus, animal, human
immunodeficiency... Virus,animal, human immunodeficiency 1.. Virus,animal,
Mengo. .. Virus, animal, rhino-.

treatment of infection with, with humani.zed antibody to intercellular
adhesion mol.—1

Hematopoietic precursor cell...
tumorous, metastasis of, inhibition of, chimeric antibody to
intercellular adhesion mol. —1

Genetic vectors...

with DNA for antibody heavy and light chains, in humanized antibody to
intercellular adhesion mol.—1 prodn.

CAS REGISTRY NUMBERS:
142007—78-1 142007—79—2 142007~80~5 142007~81—6 1420074529

142007-83—8 142007—85«0 amino acid sequence of

142007—84~9 amino acid sequence of, humanized antibody to intercellular
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' adhesion mol.~1 in relation to
l40876e28-4 140876—29—5 142007-86-1 142007-87—2 amino acid sequence of,

humanized antibody to intercellular adhesion mol.—l prodn. in relation
> to

140857—88-1 l42008-94—4_ nucleotide sequence of, humanized antibody to
intercellular adhesion mol.-1 prodn. in\relation to _

140857—89-2 142008—93v3' nucleotide sequence of, humanized antibody to
intercellular adhesion mol.01 prodn. in relation to

Copyright 1992 by the American Chemical Society

31/7/18 . (Item 18 from file3‘155)
07449972 90356972

ImmunoglObulin V regions of a bactericidal anti—Neisseria meningitidis
outer membrane protein monoclonal antibody.

Larrick JW; Coloma MJ; del Valle J; Fernandez ME; Fry KE;
Gavilondo-Cowley JV ' ’ .

Genelabs Inc., Redwood City, California.
. Scand J Immunol Aug 1990, 32 (2) p121-8, ISSN 0300—9475
Journal Code: UCW - ‘ V. '

Languages: ENGLISH
Document type: JOURNAL ARTICLE
C6 is a potentially therapeutic murine monoclonal antibody that

recognizes the class 1 outer membrane protein of Neisseria meningitidis. C6
‘specifically immunoblots this antigen and augments in vitro killing of N.
meningitidis bacteria._We describe a general_method of obtaining the heavy
and light chain variable—region sequence} from immunoglobulin—secreting
cells. The method uses mixed polymerase chain reaction (PCR) primers
designed from the 5’ end of the framework 1 (FRl) sequences of the heavy
and light chains,_ and 3'—end primers for constant—region 1conserved
sequences. The method has been applied to-the cloning and sequencing of the
variable region of C6 to construct a *humanized* monoclonal antibody. Rapid
amplification and sequencing .Qf variable regions by this general method
have multiple applications in the study .of‘ the immune response to
infectious diseases.

31/7/19 (Item 19 from file: 155)
07292738 90199738 > ‘ _

Cloning of the genes for T84.66, an antibody that has a high specificity
and affinity for carcinoembryonic antigen, and expression of chimeric
human/mouse T84.66 genes in myeloma and Chinese hamster ovary cells.

Neumaier M; Shively L; Chen FS; Gaida FJ; Ilgen C; Paxton RJ; Shively JE;
Riggs AD

Division of ’Biology, ‘Beckman Research Institute of the City of Hope,
Duarte, California 91010.

'Cancer Res Apr 1 1990, 50 (7) p2128~34, ISSN 0008-5472
Journal Code: CNF .

Contract/Grant No.: CA 43904
Languages: ENGLISH
Document type: JOURNAL ARTICLE-
Carcinoembryonic antigen (CEA) is one of the best characterized

tumor—associated antigens and is 'extensively used’ in the in 'vitro
immunodiagnosis of human colon adenocarcinomas. Among a number of anti—CEA
monoclonal antibodies, the murine monoclonal antibody T84.66 shows the
highest specificity and affinity for CEA and has been used successfully for
in vivo tumor -imaging in mice and humans. We report here the cloning and
sequencing of the genes coding for monoclonal antibody T84.66 and the amino
acid sequence of the variable regions for the heavy and light chains. We
also report the construction of mouse/human chimeric IgGl antibody genes
using T84.66 variable region genes and human constant region genes. The
resulting chimeric gene constructs were transfected into murine myeloma

179'



 

‘cells (SpZ/O) by .electroporation and into Chinese hamster ovary cells by
lipofection. The chimeric antibodies obtained eXhibited the same
specificity and affinity for CEA 'as that of the T84.66 immunoglobulin
produced by the murine hybridoma cell line. Antibody concentrations in
culture .medium supernatants were clonally 'variable but similar (15—480
ng/ml) for both Sp2/O and Chinese hamster ovary transfectants; the average
production by Chinese hamster ovary transfectants was only 345~fold less
than Sp2/0 .tranSfectants. Ascites production of Sp2/0 transfectants is
sufficiently 'high (900 micrograms/ml) for. initial in vivo studies with
*humanized* T84.66. ' ‘ ' - -

31/7/20 (Item 20.from file: 155)
07192290 ’90099290

- A *humanized* antibody that binds to the interleukin 2 receptor.
Queen C; Schneider WP; Selick HE; Payne PW; Landdlfi NF; Duncan JF;

Avdalovic NM; Levitt M; Junghans RP; Waldmann TA '
Protein Design Labs, Palo Alto, CA 94304. . 1
Proc Natl Acad Sci U S A Dec 1989, 86 (24) p10029-33, ISSN 0027-8424

Journal Code: PV3 /,..LL___/ ' . - LsajpLanguages: ENGLISH K4943<
Document type: JOURNAL ARTICLE '
The antivTac monoclonal antibody is known to bind to the p55 chain of the

human 'interleukin_ 2 receptor and to inhibit-proliferation of T cells by
blocking 'interleukin 2 binding. However, use of anti-Tao as an

~ immunosuppressant drug would be impaired by the human immune response
against this murine antibody. We have therefore construCted a ”*humanized*"
antibody by combining the complementarity—determining regions (CDRs) of the
anti—Tao antibody with human framework and constant regions. The human
framework regions were. chosen to maximize homology with the anti-Tao
antibody sequence. In addition, a computer model of murine anti—Tac was
used to identify several} amino acids which, while Qutgide the CDRs, are
likely to interact with the CDRs or antigen. These mouSe amino acids were
also retained in the *humaniEEH? antibody. The *hfimafiiEed* anti—Tao
antibody has an affinity for p55 of 3 x 10(9) Mcl, about 1/3 that of murine
'anti-Tac.v ,. - '

31/7/21 (Item 21 from file: 155)
06533056 88178056‘ ’

-Reshaping human antibodies: grafting an antilysozyme actiVity.»
Verhoeyen M; Milstein C; Winter G _ -
Medical Research Council Laboratory of Molecular Biology, Cambridge,

England. '
Science Mar 25 19848, 239‘ (4847) p1534-6, ISSN 0036-8075

Journal Code: UJ7 ‘ . .

Languages: ENGLISH -
Document type;_JOURNAL,ARTICLE .
The production of therapeutic human monoclonal antibodies by hybridoma

technology has proved difficult, and this has prompted the "*humanizing*"
of mouse monoclonal antibodies by recombinant DNA techniques. It was shown
previously that the binding site for a small hapten could be grafted from
the heavy-chain variable domain of a mouse antibody to that of a human
myeloma protein by transplanting the hYPQEXEEEEEflE loops. It is now shown
that a large binding site forwa“protein antigen"lesozyme) can also be
transplanted from mouse to human. heavy chain. The success of such
constructions may be fac1litated by an induced~fit mechanism.
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Executing IDlol _
HILXGHT set on as ’*’ \

- o HUMANIZED/TI - ‘

2945 ANTIBODIES/TIV

.81 0 HUMANIZED()ANTIBODIES/TI
>>>File 155 is not open .

>>>No valid files specified in FROM
>>>File 155 is not open ’

>>>No valid files specified in FROM
>>>Set "82" does not exist
>>>"S4" does not exist
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S3 1 HUMANIZ?

.84 26 HUMANIS?
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HILIGHT set on as '*’
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26/7/1 (Item l-from file: 351)
009040436 WPI ACC No: 92—167794/21
XRAM Acc No: C92—077239' _ .

' New *humanised* *antibody* specific for-interleukin—2 receptor ~ with
complementarity determn. regions and framework from different
immunoglobulin(s), is non immunogenic and used to treat T-cell

Patent Assignee: (PROT-) PROTEIN DESIGN LABS INC
Author (Inventor): QUEEN C L; SELICK H E

.Number of Patents: 001 ‘
Number of Countries: 001

Patent Family:
CC Number Kind Date Week
DD 296964 ‘ A5 911219 9221 . (Basic)

Priority Data (CC No Date): DD 337159 (900117)
Abstract (Basic): DD 296964 A

Compsn. comprises a practically pure human—type immunoglobulin
(19) that reacts specifically with p55—Tac protein and/or inhibits
binding of human interleukin—2 (11—2) to its specific receptor.

Also new are (1) human~type Ig having 2 pairs of light
chain/heavy chain dimers and able to react specifically with an epitope
of human IL—2 receptor with affinity at least 10 power 8 le, in which
the complementarity determining regions (*CDR*) and human~type frame
work regions are from different Ig molecules; (2) *humanised* Ig able_
to bind to IL-2 receptors with one or more *CDR* from anti-Tac“‘”“

‘*antibody* in a human framework, where the framework includes includes
at least one amino acid (AA) from anti~Tac; (3) nucleic acid encoding a
human Ig framework and murine *CDR* which, when expressed, produces an
Ig specifically reactive with p55-Tac protein and can block binding of
IL42 to its receptor; (4) cells transformed with this nucleic acid.

USE/ADVANTAGES - These Ig are used to treat humans.with
T-cell related diseases (e.g. transplant rejection; T-cell leukaemia or
autoimmune diseases such as diabetes, multiple sclerosis, etc.). They
are specific for the IL~2 receptors; are engineered to be
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non-immunising and can be produced by recombinant DNA method. The new
Ig are admin. in usual parenteral formulation e.g. in doses of 150 mg
for therapy or 0.5-2.5 mg for prophylaxis. 19 can also be used, opt. '
labelled, for diagnosis; T—cell typing; specific receptor isolation or
vaccine prodn. 0/10 . ’ -

DerWent Class: BO4; D16; .
, Int Pat Class: A61K-039/395; C12N—015/13

26/7/2 (Item 2 from file: 351)
009039793 WPI ACC No: 92-167155/20
XRAM ACC NO: C92—O76891

Prepn. of chimeric *humanised* *antibodies* ~ using a new_polymerase
chain reaction technique; PCR

Patent Assignee: (WELL ) WELLCOME FOUND LTD
Author (Inventor): CROWE J S; LEWIS A P
Number of Patents: 001 -
Number of Countries: 015

vPatent Family:
CC Number Kind Date Week
W0 9207075 'Al 920430 9220 (Basic)

Priority'Data (CC No Date): GB 9022011 (901010)
Applications (CC,N0,Date): wo 91GBl744 (911008)
Language: English ’
EP and/or WO Cited Patents: 4.Jnl.Ref; W0 9007861
Designated States '

(National): JP; Us , '
(Regional): AT; BE; CH; DE; DK; ES; FR; GB; GR; IT; LU; NL; SE

Abstract (Basic): W0 9207075 A . .
. Prodn. of ds or ss DNA of formula: 5' Fl—M—FZ 3' encoding an

#antibody* (Ab) chain or fragment in which at least one of thecomplementarily determining regions (CDRs) of the variable region is
wderived from a first mammalian Ab and the framework of the variable
region is derived from a second different mammalian Ab, where M is DNA
encoding a *CDR* of the second Ab and F1 and F2 resp. encode 5’ and 3'
sequences flanking M, by: (a) prepg. a ss 0r ds DNA template 0formula: 5’ fl—H—fz 3' where H is DNA encoding a *CDR* of a different
specificity from M, and f1 and f2 are homologous to F1 and F2, resp.;
(b) obtaining DNA oligonucleotide primers A, B, C and D, where: A _
comprises the sequence a1 with a 5’ end corresp. to the 5' and of F1and which is identical to the corresp.'length of F1 and is oriented in
a 5' to 3’ direction towards H; B has of the sequence 5' b1—b2 3’, .
where b1 comprises a sequence complementary to a corresp. length of M
and has a 3’ end complementary to the 5’ end of M, and b2 is
complementary to a sequence of corresp. length in F1 and has a 5’ end
which starts at the nucleotide complementary to the 3’ end of F1, C has
of the sequence 5‘ cl—cz 3’ where c1 comprises a sequence identical to
the corresp. length of M and has a 3’end corresp. to the 3’ end of M,
and c2 is identical to a sequence of corresp. length in F2 and has a 5’
end which starts at the nucleotide corresp. to the 5' end of F2, and.D
comprises a sequence d1 which has a 5’ end complementary to the 3’ end
of F2 and which is complementary to a corresp. length of F2 and is
oriented in a 5' to 3’ direction towards H, where bl and c1 overlap by
a sufficient length to permit annealing of their 5’ ends under
conditions which allow PCR to be performed; (c) performing, in any
desired order, PCR reactions with primer pairs A, B and C, D on the
template prepd. in (a), and (d) mixing the prods. of (c) and performing
PCR using primers A and D.USE/ADVANTAGE — The method allows the prepn. of chimeric,
esp. *humanised* Abs._The resulting Ab retains the antigen binding
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Icapability of the non—human Ab from which the *CDR*(S) are derived.
0/4

Derwent Class: BO4; D16; H
Int Pat Class: C12N~005/10; C12N-015/12; C12N—015/69; C12P~021/08

26/7/3 (Item 3 from file: 351)
008937440 WPI ACC NO: 92*064709/08
XRAM'ACC No:_C92-02962l

New multivalent anti-cytokine immunoglobulins - for-treating disorders
associated with elevated cytokine levels, e.g. septic and endotoxic
shock, AIDS, allergies, etC.; ACQUIRE IMMUNE DEFICIENT SYNDROME

Patent Assignee: (CLLT ) CELLTECH LTD; (CELL-) CELLTECH LTD
Author (Inventor): ALLEN R A; MORGAN S A .
Number of Patents: 002 .
Number of Countries: 035
Patent Family:

CC Number Kind Date ‘ Week '
wo 9201472- A 920206 9208 (Basic)
AU 9182381, A 920218 9222

Priority Data (cc No Date): GB 9015908 (900719)
Applications (CC,Nc,Date): AU 9182381 (910719); wo 91c31216 (910719)
Language: English . ‘EP and/or W0 Cited Patents: 2.Jnl.Ref; EP 347057; EP 355067; W0 9006371; W0

9007118; WO 9106305 '
Designated States ' V(National); AT; AU; BB; BG; BR; CA; CH; CS; DE; DK; ES; FI; GB; HU; JP; KP

; KR; LK; LU; MC; MG; MW; NL; NO; PL; RO; SD; SE; SU; US_
(Regional): AT; BE; CH; DE; DK; ES; FR; GB; GR; IT; LU; NL; 0A; SE

Filing Details: AU9182381 Based on » W0 9201472
Abstract (Basic): W0 9201472New multivalent immunoglobulin (I) has at least 3 linked

antigen—binding domains (ABD’s) each being specific for a complementary
site on a cytokine. _- - '

- The combining interactions between A80 and cytokine sites are
neutralising. (I) is specific for tumour necrosis factor (TNF) alpha or
beta; an interleukin, an interferon or a colony-stimulating factor, and
it contains 4—20 ABD.

. ABD are all of class IgG (most pref.) or all of class IgM (but
must be different from a native IgM molecule) and can be linked by
covalent crosslinking (e.g; 2—iminothiolane/ maleimide system) or by
non—covalent interaction (e.g. using an *antibody* reactive with sites
on Ig other than those involved in antigen binding; or thebiotin—avidin system). (I) are made by joining together appropriate
immunoglobulin molecules or fragments esp *CDR*egrafted or *humanised*
chimaeric Ig. USE/ADVANTAGE— (I) are used to treat or prevent diseases
assciated with elevated cytokine levels, e.g. immuno regulatory and
.inflammatory disease, sepsis, endotoxic or cardiovascular shock, AIDS,
psoriasis, organ transplant rejection or exceSsive TNF generation
induced cancer therapy etc., Compared with monomeric Ig, (I) have much
greater neutralising activity. @(43pp)@ ’ \

Derwent Class: B04; 016; v
Int Pat Class: A61K—039/39; A61K—039/395; CO7K-015/28; C12P—021/08

26/7/4 (Item 4 from file: 351)
‘ 008929605 WPI ACC NO: 92-056874/07

Related WPI Accession(s): 91-222915
XRAM ACC N0: C92-025713 _New *cdr*—grafted anti carcinoembryonic antigen *antibodies* — useful

in therapy and diagnosis of carcinoma
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‘Patent Assignee: (CELL—)fCELLTECH LTD ‘
Author (Inventor): ADAIR J‘R; BODMER M W; MOUNTAIN A; OWENS R J

.Number of Patents: 001 \
Patent Family:

CC Number Kind Date Week
wo 9201059 A 920123 \9207 (Basic)

priority Data (cc No Date): wo 91681108 (910705); GB 9014932 (900705); wo
90632017 (901221) ,<“W~~»~e— "

Language: English
EP and/or W0 Cited Patents: WO 8910140; WO 8901283; EP 323806; 6.Jnl.REF
Designated States 1 ‘*-~’—”“” . . .

(National): AT; AU; BB; BG; BR; CA; CH; CS; DE; DK; ES; FI; GB; HU; JP; KP
; KR; LK; LU; MC; MG; MW; NL; NO; PL; RO; SD; SE; SU; US

(Regional):-AT; BE; CH; DE; DK; ES; FR; GB; GR; IT; LU; NL; SE; CA
Abstract (Basic): W0 9201059 _

(New *humafii§537’:antibody* molecule (HAM) is specific for
Carcino-embryonic antigen (CEA) and has an antigen binding site in
which at least one of the complementarity determining regions (*CDR*’s)
of the variable domain is derived from the mouse monoclonal *antibody*
(MAb) A587. The remaining Ig—derived parts of HAM are of human origin.

‘ HAM is a chimeric or *CDR*—grafted»*humanised* *antibody*, prepd.
by recombinant DNA techniques. It can be a_complete *antibody* or an

'Fab, Fab', (Fab’)2 or Fv fragment, or a single~chain fragment. It may
have a reporter or effector molecule attaChed to it.

USE/ADVANTAGE ~ HAM are useful in therapy or diagnosis (including
imaging) of carcinomas which produce CEA, e.g., when coupled to a toxin
such as ricin. @(70pp Dwg.No.0/19 aw~wr-

Derwent Class: 304; D16; '
Int Pat Class: A61K—039/39; CO7K-015/28; C12N—015/13; ClZP-OZl/OS

26/7/5 (Item 5 from file: 351)’ '
008849515 WPI Acc No: 91~353533/48
XRAM Acc No: C91—152448 _

New *humanised* *CDR*-grafted antieICAM *antibodies* «‘used to treat
and prevent inflammation (e.g. psoriasis) tumours, viral infections-and'
asthma and in diagnosis; INTER CELLULAR ADHESIVE MOLECULAR ; _

Patent Assignee: (CELL-) CELLTECH LTD; (BOEH ) BOEHRINGER INGELHEIM PHA
Author (Inventor): ADAIR J R; ATHWAL D S; ROTHLEIN R A ’
Number of Patents: 002-
Patent Family:

CC Number Kind Date Week .
wo 9116927 A 911114 ' 9148 (Basic)
AU 9179001 p A 911127 ' 9210

Priority Data (cc No Date): ca 909549 (900427)
Applications (CC,No,Date): WO 91U82942 (910429)
Language: English - -
EP and/or WO Cited Patents: US 4816567; WO 8901783; 7.Jnl.REF ,
Designated States .

(National): AT; AU; BB; BG; BR; CA; CH; DE; DK; ES; FI; GB; HU;_JP; KP; KR
; LK; MC; MG; MW; NL; NO; PL; RO; SD; SE; SU; US . ’

(Regional): AT; BE; CH; DE; DK; ES; FR; GB; GR; IT; LU; NL; SE; CA
Abstract (Basic): WO.9116927 '

A recombinant *antibody* molecule comprising antigen binding
regions derived from the heavy and/or light chain variable regions of
an anti—intracellular adhesion molecule—1 (anti—ICAM—l) *antibody* is
claimed. The Ab is *CDR*~grafted and comprises several non—human
residues. Also claimed are DNA encoding an Ab heavy or light chain, a
vector comprising the DNA, host cells transformed with the vector and a
method for producing the anti—ICAM~1 grafted Ab.

USE/ADVANTAGE - The Abs are used to treat ~ and prevent
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inflammation in e.g. delayed.type hypersensitivity, psoriasis, an
autoimmune disease e.g. Reynaud7s syndrome; autoimmune thyroiditis,
EAE, multiple sclerosis, rheumatoid arthritis and lupus erythematosus,
tissue or organ transplant or graft rejection. They are also used to
treat and prevent tumours, viral infections (e.g. rhinoviruses of the
major serotype within the genus Picornavididae, group A coxsackievirus,
a Mengo virus and HIV); asthma and non-specific defence system
response, e.g. adult respiratory distress syndrome, Cnginflammatory
disorder, multiple organ injury syndrome secondary to septicaemia or
trauma, ulcerative colitis and Crohn's disease. Administration can be
enteral, parenteral, topical, intranasal or by inhalation. The Abs
are also used to diagnose an ICAM-lrexpressing tumour cell and
inflammation. @(68pp Dwg.No.O/4

Derwent Class: 804; D16;

Int Pat Class: A61K—039/39; CO7K-015/28

26/7/6 (Item 6 from file: 851)
008718897 WPI ACC No: 91~222916/30
XRAM Acc No: C91—096865 - . V

CD3 specific *humanised* recombinant *antibody* ~ is chimeric or *cdr*
grafted for immunotherapy and diagnosis; COMPLEMENTARY DETERMINE REGION

Patent Assignee: (CELL-) CELLTECH LTD
Author (Inventor): JOLLIFFE L K; ZIVIN R A; ADAIR J'R; ATHWAL D 5
Number of Patents: UUF”"””“‘—**~
Patent Family: »

 CC Number Kind Date ‘ Week
W0 9109968 A _910711 9130
AU 9170330 v A Y 910724 9143
GB 2246781 A ,‘ 920212 9207

Priority Data (cc No Date): wo 90G82018 (901221); GB 8928874 (891221); GB
9117611 (910815) , _ - _

~Applications (CC,No,Date): GB 9017611 (901221)
Language: English c_~._»—
EP and/or W0 Cited Patents: EP 403156; EP 328404
Designated States ‘ _ ~ ,

(National): AT; AU; BB; BG; BR; CA; CH; DE; DK; ES; FI; GB; GR; HU; JP; KR
; LK; LU; MC; MG; MW; NL; NO; R0; SD; SE; SU; US ~

(Regional): AT; BE; CH; DE; DK; ES; FR; GB; GR; IT; LU; NL; SE; OA
Filing Details: G82246781 Based on WO9109968 (E) (1251CH)
Abstract (Basic): W0 9109968

A recombinant *antibody* (RAM) comprising antigen binding regions
derived from the heavy and or light chain variable regions of a donor
anti- CD3 *antibody*. The *antibody* preferably has binding affinity
similar to that of OKTB. The RAM comprises antigen binding regions from
suitable anti—CD3 *antibodies* such as rodent e.g; mouSe or rat ‘
anti—CD3 MAb. The RAM may comprises only the variable region (VH and/or
VL) or one or more CDRs of such a MAb. »

The RAM is preferably a *humanised* *antibody* molecule specific
for CD3 having an antigen binding site where at least One of the CDRs
of the variable domain and usually two more of the CDRs are derviced
from non human anti—CD3 *antibody*. The RAM may beia chimeric Or *CDR*
grafted *antibody*. Usually, the donor and acceptor *antibodies* are
derived from different species. Typically the donor anti CD3
*antibody* is non—human (e.g. rodent) and the acceptor *antibody* is
human. A *CDR* grafted *antibody* heavy chain Comprising variable
region with acceptor and donor CD3 binding comprising donor residues at
one or more of positions 6, 37, 48 and 94. The *CDR* grafted light
chain is also claimed;

DNA coding these *antibodies* and their production by recombinant
DNA technology is claimed.
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USE/ADVANTAGE — The *antibodies* may be used for treatment or
diagnosis of human or veterinary conditions. The *humanised*
*antibodies* do not haVe the immunologic complications associated with
administration of non human *antibodies* to human subjects. @(8lpp
Dwg.No.0/13)@

Derwent Class: B04; 016;
Int Pat Class: A6lK-039/39; A61K-049/00; C07K—015/O6; ClZN-OOS/lo;

012N»015/13; c12P~021/08

26/7/7 (Item 7 from file: 351)
008718896 WPI ACO NO: 91-222915/30
Related WPI Accession(s): 92-056874
XRAM Acc No: 092—025713 . >

New *humanised* *antibodies* comprising *CDR* grafted *antibody* - with
heavy and light chains,.for use in vivo therapy and diagnosis;
COMPLEMENTARY DETERMINE REGION' .

Patent Assignee: (QLLT ) CELLTECH QED; (CELL:) CELLTECH LTD .
Author (Inventor): ADAIR J R' BODMER M W; MOUNTATN’A; OWENS R J; ATHWAL D S
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Patent Family: ' W," °

CC Number Mind . / O§V
wo_9109967~ A gwgk . (Basic) :3
AU 9169740 A ‘
GB 2246570 A

wo 9201059 A
AU 9182005 A 

Priority Data (CC No Date): ;WO 9OGB20174 (901221); GB
9014932 (900705) 1/ “MMWMN , ‘;:::::_

Applications (CC,N0,Date): AU 9182005'(910705); wo 91GB1108 (910705);_GB
' 2::::?*'

9017612 (901221)

Language: English .
EP and/or W0 Cited Patents: EP 239400; EP 323806; EP 328404; EP 403156;

6.Jnl.Ref; wo 8901783; wo 8910140 ~ss.1.__‘ . ./
Designated States
‘(National): AT; AU; BB; BG; BR; CH; DE; DK; FI; GB; HU; JP; KP; KR; LK; LU

; MC; MG; MW; NL; NO; R0; SD; SE; SU; US; CA; CS; ES; PL ~
(Regional): AT; BE; CH; DE; FR; GB; GR; IT; LU; NL; 0A; SE; DK; ES

Fili g Details: A09182005 Based on W0 9201059
Abs act (Basic): W0 9109967

’A *CDR* grafted *antibody* heavy chain is claimed having a
variable region comprising acceptor'frame—work and donor antigen
binding regions in at least one of positions 6, 23 and/or 24, 48 and/o
‘49, 71 and/or 73, 75 and/or 76 and/or 78 and 88 and/or 91. Preferabl
the heavy chain framework also comprises donor residues at positions
37, 48 and 94. Also claimed is a *CDR*—grafted *antibody* light chain
having a variable region domain comprising acceptor framework and don r
antigen binding regions comprising donor residues in at least one of
positions 1 and/or 3 and preferably at positions 46 and/or 47. A *CDR
grafted *antibody* molecule is also claimed comprising at least one’
*CDR* grafted heavy chain and light chain. DNA encoding the *CDR*
grafted heavy and light chains is also claimed. The heavy or light
chains may have an effector or reporter molecule attached e.g; a
macrocycle for chelating a metal atom or a toxin such as ricin. The
*CDR* grafted *antibodies* preferably have non—human e.g. rodent donor
and human acceptor frameworkers. ,

USE/ADVANTAGE - For use in treatment and diagnosis of human and
veterinary conditions. @(9lpp Dwg.No.0/13
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'_Derwent Class: 804; 016;
Int Pat Class: A61K~o39/39; A61K—039/395; CO7K—015/O6; c07K—015/28;

C12N~005/10; c12N—015/13; ClZP—021[08; c12R-001/91 -

26/7/8 (Item 8 from file: 351)
008366799 WPI ACC NO: 90~253800/33
XRAM ACC N0: C90-109897 ‘ o - .

Chimaeric immunoglobulin(s) blocking IL~2 binding to receptors —
comprising human framework and murine complementary determining
regions, less immunogenic than murine *antibodies*

Patent Assignee: (PROT—) PROTEIN DESIGN LABS INC; (PROT-) PROTEIN DESIGN
LABS

Author (Inventor): QUEEN c L; SELICK H E
Number of Patents: 010
Number of Countries: 034

'Patent Family:
CC Number Kind Date Week \
NO 9007861 A 900726 9033 (Basic)
PT 92758 . _A (900629 .9033
CA 2006865 A 900628 9037
AU 9051532 A 900813 9044
2A 8909956 A 901031 ‘ 9048
CN 1043875 A 900718 9115
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- N0 9102385 A 910619 9142 '
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Priority Data (CC No Date): US 290975 (881228); US 310252 (890213)
Applications (CC,No,Date): wo 89US5857 (891228); JP 90503677 (891228); ZA
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EP and/or wo Cited Patents: 7,Jn1.Ref; RP 239400; GB 2188941; US 4816567;

, W0 8901783' . .

Designated States , ' .
(National): AT; AU; BB; BG; BR; CH; DE; DK; FI; GB; HU;'JP; KP; KR; LK; LU

, ; MC; MG; MW; NL; NO; R0; SD;.SE; SU
(Regional): AT; BE; CH; DE; ES; FR; GB; IT; LU; NL; 0A; SE

Filing Details: JP04502408 Based on we 9007861.
Abstract (Basic): WO 9007861 .. .

Compsn. comprises a pure human-like immunoglobulin (Ig) which (a)
reacts specifically with p55 Tao protein and/or (b) inhibits binding of

'human interleukin~2 (IL—2) to its receptor. Also new are (1) human—like
'Ig having 2 pairs of light/heavy chains and able to react specifically
with an epitope of a human IL—2 receptor with affinity at least 10 v
power 8 per mole, the chains including complementarily determg. regions
(*CDR**s) and human—like framework regions (FR’s), the *CDR*’s being-
from different Ig molecules than FR’s; (2) *humanised* 1g (hIg) which
can bind to IL-2 receptors and contain at least one *CDR* from anti-Tao
*antibddy* in a human—like FR contg. at least one amino acid from the
anti'Tac *antibody*; (3) nucleic acid encoding for human—like FR and at
least one murine *CDR*, and (4) cells transfected with nucleic acid.

» USE/ADVANTAGE 4 hIG are not significantly immunogenic in humans;
are easily and economically produced,_and have a longer half~life in
vivo than mouse-*antibodies*. They are useful (opt. when attached to a
cytotoxic agent, for treatment of T—cell mediated disorders, e.g. graft
or transplant rejection, and autoimmune diseases. LIG can also be used
in vitro for T—cell typing; isolation of IL—2 receptor bearing cells,
vaccine prodn., etc. @(52pp Dwg.No.0/10)@ '

Abstract (EP): 9142 EP 451216
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Compsn. comprises a pure human—like immunoglobulin (Ig) which (a)
reacts specifically with p55 Tac protein and/or (b) inhibits binding of

»human interleukin—2.(IL-2) to,its receptor. Also new are (1) human like
Ig having 2 pairs of light/heavy chains and able to react specifically
with an epitope of a human IL—2 receptor with affinity at least 10
power 8 per mole, the chains including complementarily determg. regions
(*CDR*’s) and humanelike framework regions (FR’s) the *CDR*’s being
from different Ig molecules than FR’s. (2) *humanised* IG (hIg) which
can bind to IL—2 receptors and contain at least one *CDR* from anti-Tao
*antibody* in a human—like FR contgL-at lesdt one amino acid from‘the‘
anti—Tac *antibody*, (3) nucleic acid encoding for human-like FR and at
least one murine *CDR*, and (4) cells transfected with nucleic acid.

USE/ADVANTAGE — hIG are not significantly immunogenic in humans,
are easily and economically produced, and have a longer half—life in
Vivo than mouse *antibodies*. They are useful (opt. when attached to a,
cytotoxic agent, for treatment of T—cell mediated disorders, e.g. graft
or transplant rejection, and.autoimmune diseases, LIG can also be used
in vitro for T~cell typing, isolation of IL—2 receptor bearing cells,
vaccine prodn etc.
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40/7/1 (Item 1 from file: 5)
9081780 - BIOSIS Number: 93066780

DEVELOPMENT OF *HUMANIZED* BISPECIFIC *ANTIBODIES* REACTIVE WITH
CYTOTOXIC LYMPHOCYTES AND TUMOR CELLS OVEREXPRESSING THE HER2 PROTOONCOGENE

SHALABY M R; SHEPARD H M; PRESTA L; RODRIGUES M L; BEVERLEY P C L;
FELDMANN M; CARTER P .

DEF. CELL BIOL., GENENTECH, INC., 460 POINT SAN BRUNO BOULEVARD, SOUTH
SAN FRANCISCO, CALIF. 94080.

J EXP MED 175 (1). 1992. 217—226.' CODEN: JEMEA
Full Journal Title: Journal of.Experimental Medicine
»Language: ENGLISH ' '
The HERZ protooncogene encodes a 185-kD transmembrane

phosphoglycoprotein, human epidermal growth factor receptor 2 (p185HER2),
whose amplified expression on the cell surface can lead to malignant
transformation. Overexpression of HERZ/plBSHERZ is strongly correlated with
progression of human ovarian and breast carcinomas. Recent studies have
'shown that human T cells_ can be targeted with bispecific *antibody* to
react .against humanf tumor cells in vitro. We have developed a bispecific.
F(ab')2 *antibody* molecule consisting of a *humanized*_ arm with a
specificity to 185HER2 linked to another arm derived from a murine anti—C03
monoclonal *antibody* that we have cloned. frOm UCHTI hybridoma. The
antigen—binding loops” for the anti-CD3 were installed in the context of
human variable region framework residues, thus forming a fUlly *humanized*
BsF(ab')2 fragment. Additional variants were produced by replacement of
~amino acid residues located in light chain *complementarity* *determining*

*region* 2 and heavy chain framework region 3 of the *humanized*-anti-CDB
arm. Flow cytometry analysis showed that the bispecific F(ab’)2 molecules
can, bind specifically to cells overexpressing pIBSHEszand to normal human
peripheral blood monOnuclear cells bearing _the CD3 surface marker. In
additional experiments, the presence} of bispecific F(ab’)2 caused up to
fourfold enhancement in the cytotoxic activities of human T cells against
tumor cells overexpressing p185HER2 as determined by a 51Cr release assay.
These bispecific molecules have a potential use as therapeutic agents for
the treatment of cancer.
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anti~carcinoembryonic antigen antibodies and their production
INVENTOR(AUTHOR): Adair, John Robert; Bodmer, Mark William; Mountain,

Andrew; Owens, Raymond Joh
LOCATION: UK, -

ASSIGNEE: Celltech Ltd. .
PATENT: PCT International ; W0 9201059 A1 DATE: 920123
APPLICATION: WO'91G81108 (910705) *GB 9014932 (900705) *WO 90GB2017

(901221) , . "
PAGES: 70 pp. CODEN: PIXXDZ LANGUAGE: English CLASS: C12P—021/08A;

A61K—039/3958; C12N—015/13B; C07K~015/28B DESIGNATED COUNTRIES: AT; AU; BB
; BG; BR; CA; CH; CS; DE; DK; ES; FI; GB; HU; JP; KP; KR; LK; LU; MC; MG;
MN; MW; NL; NO; PL; RO; SD; SE; SU; US DESIGNATED REGIONAL: AT; BE; BF; BJ
; CF; CG; CH; CI; CM; DE; DK; ES; FR; GA; GB; GN; GR; IT; LU; ML; MR; NL;
SE; SN; TD; TG ‘ ‘

SECTION: »

CA215003 Immunochemistry
IDENTIFIERS: carcinoembryonic antigen humanized chimeric antibody,
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‘ complementarity detg region grafted antibody CEA, cloning DNA humanized
antibody CEA ' ~

DESCRIPTORS:

Antibodies,monoclonal... _

A587 murine, to carcinoembryonic antigen, in humanized antibody prodn.
Animal cell line...,

CHO L761 h, humanized anticcarcinoembryonic antigen antibody
recombinant prodn._in " -

Deoxyribonucleic acid Sequences...
for antibody variable regions in humanized anti—carcinoembryonic
antigen antibody prodn.

Genetic vectors... Molecular cloning...
for humanized anti-carcinoembryonic antigen antibody prodn.

Diagnosis... Therapeutics...
humanized anti~carcinoembryonic antigen antibodies for

Escherichia coli... _

humanized anti—carcinoembryonic.antigen antibody fragment recombinant
prodn. in .

Animal cell line,CBO—Kl... Animal cell line,COS—1... Bacteria...
. humanized anti-carcinoembryonic antigen antibody recombinant prodn. in

Mammal...

humanized anti—carcinoembryonic antigen antibody recombinant prodn. in
cells of _ '

Immunoglobulins,fusion products...
humanized, prodn. of

Antibodies.... . _ g

humanized, to carcinoembryonic antigen
Immunoglobulins... ‘, _ - :

in humanized anti~carcinoembryonic antigen antibody prodn.
Protein sequences...

of antibody variable regions in humanized anti—carcinoembryonic antigen
antibody prodn. ' -

Plasmid and Eiisme... - -

pAL43, for humanized anti—carcinoembryonic antigen antibody prodn.
Plasmid and Episome... I ,

pAL44, for humanized anti-carcinoembryonic antigen antibody prodn..
Plasmid and Episome...

pAL45, fOr humanized anti-carcinoembryonic antigen antibody prodn.
Plasmid and Episome... -. -

pAL46, for humanized anti—carcinoembryonic antigen antibody prodn.
'Plasmid and Episome... _

pAL53, for humanized anti—carcinoembryonic antigen antibody prodn.
Plasmid and Episome... -

pALSA, for humanized.anti-carcinoembryonic antigen antibody prodn.
Genetic vectors... ' .

pEE6hCMV gpt, for humanized anti—carcinoembryonic antigen antibody
prodn. ’

Plasmid and Episome..-
. pHMClQ, for humanized anti—carcinoembryonic antigen antibody prodn.
-Plasmid and Episome... . ‘

pHMC30, for humanized anti—carcinoembryonic antigen antibody prodn.
Plasmid and Episome... .

' pHMC31,.for humanized antiecarcinoembryonic antigen antibody prodn.
Plasmid and Episome... ,

pHMC43, for humanized anti—carcinoembryonic antigen antibody prodn.
Plasmid and Episome...

pHMC44, for humanized anti—carcinoembryonic antigen antibody predn.
Genetic vectors... . _

pMRROZB, for humanized anti—carcinoembryonic antigen antibody fragment
prodn. (
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' Genetic vectors... .
pMRRO45, for humanized antiecarcinoembryonic antigen antibody fragment
prodn.

CAS REGISTRY NUMBERS: f -
142661—53-8 142661-54’9 142661—55-0 142661-56—1 142661-57‘2

v

142661—58—3 amino acid sequenCe of, humanized anti-carcinoembryonic
antigen antibody prodn. in relation to

142662-69—9 142662-70-2 142662—71—3 142662-72-4 l42662-81-5
.142662—82-6 nucleotide sequence of, humanized anti-carcinoembryonic
antigen antibody prodn. in relation to

Copyright 1992 by the American Chemical Society

40/7/3 (Item 3 from filei 5)
8599131 810818 Number: 92064131

IMMUNOGLOBULIN *COMPLEMENTARITY*~*DETERMINING* *REGION* GRAFTING BY
RECOMBINANT POLYMERASE CHAIN REACTION TO GENERATE *HUMANIZED* MONOCLONAL
*ANTIBODIES*

LEWIS A P; CROWE J S . _
DEP. CELL BIOLOGY, WELLCOME RES. LAB., LANGLEY COURT, BECKENHAM, KENT,

BR3 33s UK. .

GENE (AMST) 101 (2). 1991. 297-302. CODEN: GENED
Full Journal Title: GENE (Amsterdam)

Language: ENGLISH
We desoribe an approach to rapidly generate *humanised* monoclonal

*antibodies* by grafting rodent complementarity~determining regions into
human immunoglobulin frameworks using recombinant polymerase chain reaction
(PCR) methodology. The approach was applied to grafting a rat
*complementarity*-*determining* *regi0n* onto a human framework and
amplifying the entire *humanised* heavy chain. _ The terminal
oligodeoxyribonuclebtide primers ,incorporated restriction sites to allow
forced. clonign' into plaSmid vectors for sequencing:and expression. No
Inucleotide errors were 'introduced into the 1463~bp sequence even after
sequential applications of PCR. <§‘=~?

40/7/4 (Item 4 from file: 5)
7912269 BIOSIS Number: 40113269

CONSTRUCTION OF *HUMANIZED* *ANTIBODIES* ANDLTESTING IN PRIMATES
QUEEN C; CO M S; DESCHAMPS M; WHITLEY R; BENJAMIN W; HAKIMI J _
PROTEIN DESIGN LAB. INC., 2375 GARCIA AVE., MOUNTAIN VIEW, CALIF. 94043.
MEETING ON MONOCLONAL ANTIBODIES HELD AT THE 20TH ANNUAL MEETING OF THE.

,KEYSTONE SYMPOSIA ON MOLECULAR AND CELLULAR BIOLOGX,«DENVER, COLORADO, USA,
_MARCH 10—15, 1991; J CELL BIOCHEM SUPPL”IS7“F”“*" ' 1991; 137. CODEN:. ‘ M
JCBSD \.

Language: ENGLISH
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40/7/5 (Item 5 from file: 5)
7400987 BIOSIS Number; 89052006 ‘

A *HUMANIZED* *ANTIBODY* THAT BINDS TO THE INTERLEUKIN 2 RECEPTOR
QUEEN C; SCHNEIDER W‘P; SELICK H E; PAYNE P W; LANDOLFI N F; DUNCAN J F;

AVDALOVIC N M; LEVITT M; JUNGHANS‘R'P; WALDMANN T A
PROTEIN DESIGN LABS., 3181 PORTER DRIVE; PALO ALTO, CALIF. 94304.
PROC NATL ACAD SCI U S A 86 (24). 1989. 10029-10033. CODEN: PNASA
Full Journal Title: Proceedings of the National Academy of Sciences of

the United states of America

Language: ENGLISH * . .
The anti~Tac monoclonal *antibody* is known to bind to the p55 chain of

the human interleukin 2 receptor and to inhibit proliferation of T cells by
blocking interleukin 2 » binding. However, use of anti~Tac as an
immunosuppressant drug would be impaired by the human immune response
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' against this murine *antibody*. We 'have therefore constructed a. "
*humanized*" *antibody* by combining the complementarity~determining

regions (CDRs) of the anti-Tac *antibody* with human framework and constant
’regions. The human framework regions were chosen to maximize homology with
the anti—Tao *antibody* sequence. In addition, a computer model of murine
anti-Tac was used to identify several amino acids which, while outside the
CDRs, are likely to interact with the CDRs or antigen. These mouse amino
acids were also retained in the *humanized* *antibody*. The *humanized*

anti—Tac .*antibody* has an affinity for p55 of 3 .times. 109 M- 1, about
1/3 that of murine anti’Tac.

40/7/6 (Item 6 from file: 399)
113170316 , CA: 113(19)170316b PATENT

Recombinant antibodies to Campath— 1 antigen, containing foreign
complementarity determining regiOn(s), and their use in immunosuppression
and cancer therapy “**”“”’”"fl*‘

INVENTOR(AUTHOR): Waldmann, Herman; Clark, Michael Ronald; Winter,
Gregory Paul; Riechmann, Lutz t-rr ‘“

LOCATION: UK,
ASSIGNEE: Medical.Research Council ~

PATENT: PCT International ; W0 8907452 A1 DATE: 890824
APPLICATION: wo 89GBll3 (890210) *GB 883228 (880212) *GB 884464 (880225)
PAGES: 61 pp. CODEN: PIXXD2 LANGUAGE: English CLASS: A61K- 039/395A;

ClZN015/008 DESIGNATED COUNTRIES: AU; DK, JP; US
V SECTION:

CA215003 Immunochemistry

CA201XXX Pharmacology
CA203XXX Biochemical Genetics ‘

IDENTIFIERS: chimeric antibody Campath 1 antigen, lymphoma neoplasm
inhibitor Campath 1H antibody

DESCRIPTORS:

Rat... ‘ ‘

complementarity detg. regions of, in reCombinant antibody to Campathvl
antigen ‘

Immunoglobulins, GZ... Immunoglobulins,63... Immunoglobulins,G4...
const. domains of human, in recombinant antibody contg. complementarity

detg. regions to Campath——1 antigen
Lymphocyte...

depletion Of, in human, by recombinant human antibody contg. foreign
complementarity detg. regions to Campath- 1 antigen

Gene and Genetic element, animal, synthetic...
for humanized light chain variable region, construction of, in prodn.
of recombinant human antibody contg. rat complementarity detg. regions
to Campath- 1 antigen

Protein sequences.
of IgGZa YTH 34.5 HL heavy and light chain variable domains, of rat

Deoxyribonucleic acid sequences, IgG2a~specifying..
. of rat.

Antigens,CAMPATH~l.. . ‘
recombinant antibodies to, foreign complementarity detg. regions in

Immunosuppressants... NeoplaSm inhibitors... Neoplasm inhibitors,lymphomaan.

recombinant antibody contg. foreign complementarity detg. regions to
Campath- 1 antigen as

Gene and Genetic element, animal.

recombinant, for anti——Campath 1 antigen antibody of human, sequences
encoding rat complementary detg. regions in

Immunoglobulins, G2a. ..
recombinant human antibody to Campath 1 antigen contg. complementary

detg regions of rat
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'.Leukemia,B—cell...
recombinant human antibody to-Campath—l antigen killing leukemia cells
of

Antibodies...
recombinant, to Campath-l antigen, foreign complementarity detg.
regions in

Immunoglobulins,Gl... Immunoglobulins,G.{. Immunoglobulins,M...
recombinant, to Campath~1 antigen, foreign complementary detg. regions
in - ,

CAS REGISTRY NUMBERS; _

129711-40—6 amino acid sequence encoded by HuVLLYS gene
129711-41—7’ amino acid sequence encoded by synthetic HuVLLYS.degree. gene
129711—01—9 129711~02~O cloning and nucleotide sequence of, of human-and

rat ' , ‘
129711—19-9 129711-20—2 cloning and nucleotide sequence of, of rat-
128096—06~0 128096~O7~1 128096~08~2 128096-0933 128096410—6

128096-11-7 complementarity detg. region of rat YTH 34.5 HL, human
recombinant antibody contg., Campath—l antigen binding by

129711-56—4 heavy chain variable region of human contg. rat
complementarity detg. regions, recombinant antibody contg., Campath—l
antigen binding by

129711-60-0 heavy chain variable region of rat YTH 34.5 HL, recombinant
antibody contg., Campath~1-antigen binding by ' '

129710—86-7P HuVLLYS gene, prepn. of, in prepn. of recombinant human *
antibody contg. rat complementarity detg. regions to Campath~1 antigen

129711-59—7 light chain variable region of human contg; rat
complementarity detg. regions, recombinant antibody contg., Campath~1
antigen binding by

-129711-61—1 light chain variable region of rat YTH 34.5 HL, recombinant
' antibody contg., Campath-l antigen binding by

127859-21-6P- 127859-23—8P 127859-24-9P 127859~26-1P 127859-62-5P
>127859'70f5P 127859-72~7P 127859-79-4P- 127859-82~9P 127859-92r1P

127859—93e2P 127859-94-3P 127859—99—8P 127860—01—9P 127860~02—0P
127860—0361P 127860*04—2P 129924-57—8P 129924—59—0? prepn. of, in
gene synthesis for recombinant human antibody contg. rat
complementarity detg. regions to Campathil antigen , .

129711-57—5 129711—58—6 recombinant human antibody c0ntg., Campath-l
antigen binding by - ’

129710—91—4P synthetic gene HuVLLYS.degree., prepn. of, in prepn. of
recombinant human antibody contg. rat complementary detg. regions to
Campath-l antigen

Copyright 1992 by the American Chemical Society
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5/7/1 (Item 1 from file: 351)  
 

 
 
 
 

y007820291 WPI ACC NO: 89—085403/11
XRAM Acc N0: C89-O37905 ‘

Recombinant *humanised* *antibody* specific for TAG-72 — having
complementarity determining regions of variable domains from mouse
*antibody* and the remainder from human immunogIobulin

Patent Assignee: (CELL~) CELLTECH LTD
Author (Inventor): BODMER M W; ADAIR J R; WHITTLE N R

 

Number of Patents: 001 (#=-~—-_.

Patent Family: »
.CC Number Kind .Date Week
W0 8901783 A 890309 8911 (Basic)

Priority Data (CC NO Date): W0 88GB731 (880905); GB 8720833 (870904)
Language: English. .l“_l.1,;e,-—::;Mw___,¢/7
EP and/or W0.Cited Patents: No.SR.Pub; 4.Jnl.REF
Designated States .

(National): AU; DK; FI; BU; JP; KR; NO; R0; SU; US
(Regional): AT; BE; CH; DE; FR; GB; IT; LU; NL; SE

Abstract (Basic): WO 8901783 V
A *humanised* *antibody* molecule (HAM) is claimed having

specificity for the TAG~72 antigen and having an antigen binding site
in which at least the *complementary* *determining#'*region* (CDRs) o
the variable domains are derived from the mouse monoclonal *antibodie *
(MAb) B72.3 and the remaining immunoglobulin—derived parts of the HAM
'are derived from a human immunoglobulin. . '

USE/ADVANTAGE - *Humanising* the B72.3 MAb does not adversely
affect its binding activity and this prodfices a HAM which is useful i
both therapy and diagnosis of certain carcinomas, e.g. solid tumours
expressing TAG—72. @(49pp Dwg.No.O/13)@

Derwent Class: 804; 016; ,
Int Pat Class: A61K-039/39; C12N—015/00; C12P-021/00
?s complement?()determin?(w)region? ?

Processing

Processing
Processing

27431 COMPLEMENT?
234285 DETERMIN?
124968 REGION? ?

S6 23 COMPLEMENT?()DETERMIN?(W)REGION? ?
?c 1 and 6'

22 1

23 6
1S7 10 AND 6

?

?c 7 not (2 or 4)
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’0)me
88 NOT (2 OR 4)

?t8/7/l—3

‘8/7/1 (Item 1 from file: 351)
009004842 WPI ACC NO: 92—132139/16
XRAM Acc No: C92—061892

*Humanisation* of *antibodies* binding to human CD4 antigen -‘by
mutation of framework—encoding regions of DNA encoding variable domain
of rat or mouse *antibody* chain '

Patent Assignee: (GORM/) GORMAN S D -
Author (Inventor): CLARK M R; COBBOLD S P; GORMAN S D; WALDMANN H
Number Of Patents: 001,

Number of Countries: 018

Patent Family:
CC Number, Kind _Date Week
wo.9205274 A 920402 _ 9216_ (Basic)

Priority Data (cc No Date): GB 9020282 (900917)
Applications (CC,No,Date): W0 91GB1578 (910916)
Language: English - ~
EP and/or WO Cited Patents: 7.Jnl.Ref; EP 328404; RP 365209; RP 403156; W0

9007861; WO 9107492; WO 9109966; WO 9109967 _
Designated States I

(National): AU; CA; JP; KR; US
(Regional): AT; BE; CH; DE; DK; ES; FR; GB; GR; IT; LU; NL; SE

Abstract (Basic): W0 9205274 A _ _ .
*Complementarity* *determining* *regions*‘(CDRs) of the variable

domain of the *antibody* chain are derived from a first mammalian
species and the framework of the variable domain and any constant
domains of the Ab chain are derived from a second different mammalian
species; comprising (a) mutating the framework-encoding regions of DNA
encoding a variable domain of the first mammalian Ab chain such that it
encodes the framework derived from the second species; and (b)
expressing the Ab chain using this mutated DNA.

The process specifically comprises: (i) determining
nucleotide and predicted aminoacid sequence of a variable domain of a
Selected Ab chain of the first species; (ii) determining the Ab '
framework to which the framework of this domain is to be altered; (iii)
mutating framework-encoding regions of DNA encoding this variable
domain such that the mutated region encodes the framework determined in
(ii); (iv) linking mutated DNA to DNA encoding a constant domain of the
second species and cloning the DNA into an expression vector; and (v)
introducing expression vector into a compatible host cell and culturing
it to express Ab chain. .

USE/ADVANTAGE — Altered Abs is prepd., used to thumanise* an
Ab, typically a monbclonal Ab and, e.g. a rat or mouse Ab. The
resulting Ab retains the antigen binding capabilities of the Ab from
which it is derived. Reshaped CD4 Ab is used to induce tolerance
against an antigen. Used to alleviate autoimmune diseases e.g.
rheumatoid arthritis, and to prevent graft rejection. 0/13

Derwent Class: B04; D16;

Int Pat Class: A61K—039/39; c12N~015/13; C12P-021/08

p 8/7/2 (Item 2 from file: 351)
008712964 WPI Acc No: 91-216983/30
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“.XRAM Acc No: c91—094177 ,
' Prodn. of *humanised* recombinant immuncglobulin ~ including polymerase

chain reaction amplification of murine *antibody* light and heavy chain
variable portions - , \

Patent Assignee: (MERI ) MERCK & CO INC '
Author (Inventor): LAW M F; MARK G E; WILLIAMSON A R
Number of Patents: 002 - -
Patent Family: , g

CC Number Kind Date Week

EP 438310 A 910724 9130 (Basic)
CA 2034553 - A 910720 9139

Priority Data (cc No Date): US 627423 (901220); us 467700 (900119)
Applications (CC,No,Date): EP 91300362 (910117) '
Language: English ' _ . .
EP and/or WO Cited Patents: EP 239400; W0 8901783; 1.Jnl.REF
Designated States '.

(Regional): CH; DE; FR; GB; IT; LI; NL
Abstract (Basic): EP 438310

Method for producing a *humanised* recombinant immunoglobulin
comprises: (a) prepg. polymerase chain reaction (PCR) primers to

' amplify the variable portion of the light and heavy Chain of a murine
*antibody* which binds to a predefined antigen; (b) using the primers
to amplify the variable portions of both heavy and'light chains and
sequencing the resulting nucleotide chains; (c) determining the murine
*complementary* *determining* *regions* of the heavy and light chains;
(d) selecting human variable heavy and light chain frameworks which
show a high degree of amino acid similarity with the variable heavy and
light chain framework of the murine immunoglobulin; (e) selecting human
constant heavy and light chain frameworks; (f) grafting the murine
*complementary# *determining* *regions* of (C) to the human framework
regions of (e); (g) incorporating the complete DNA sequence for the.
*humanised* recombinant immunoglbbulin into an appropriate expression
vector; (h) transfecting host cells with the vector; (i) growing the
transfected cells in an environment in which the *humanised*
recombinant immunoglobulin is expressed; and (j) collecting the

. immunoglobulin. ' ' . 1'
A PCR method for the simultaneous synthesis and asSembly of at

least 4 deoxyoligonucleotides is also claimed.
USE/ADVANTAGE — The *humanised* recombinant immunoglobulins are

weakly immunogenic or non—immunogenic when admin. to humans, and may be
used as therapeutic agents. Recombinant human anti—CD18 *antibodies* or
active fragments which bind to the CD18 antigen of leukocytes can be
used to inhibit influx of the leukocytes into a site of inflammation or
tissue liable to become inflamed following influx. @(78pp Dwg.No.O/38)@

Derwent Class: B04; D16;

Int Pat Class: c12N—015/13; C12P-021/08; C12Qw001/68

8/7/3 (Item 3 from file: 351)
007275804, WPI ACC NO: 87*272811/39
XRAM ACC N0: C87—115825

' Recombinant altered *antibodies* - having *complementarity*
*determining* *regions* replaced with those from *antibody* of
different specificity ' '

Patent Assignee: (WINT/) WINTER G P

_Auth0r (Inventor): WINTER G P
Number of Patents: 004

Patent Family:
CC Number Kind ._ Date Week V

E? 239400 A 870930 8739 (Basic)
GB 2188638 A 871007 8740
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'UP 62296890 A 871224 8806
~ GB 2188638 E 900523 9021 v »

Priority Data (cc No Date): GB 867679 (860327); GB 877252 (870326)
Applications (CC,No,Date): EP 87302620 (870326); JP 8773980 (870327)
Language: English
EP and/or WO-Cited Patents: A3...8914; 3.Jnl.REF
Designated States 3

(Regional): AT; BE; CH; DE; ES; FR; GB; GR; IT; LI; LU; NL; SE'
Abstract (Basic): RP 239400

An altered *antibody* in which at least parts of the
*complementary* *determining* *regions* (CDRs) in the light or heavy
chain variable domains have been replaced by analogous parts of CDRs
from an *antibody* of different specificity is new. ‘

a _ The altered *antibody* can be produced by (a) prepg. a first
replicable expression vector including a suitable promoter operably
linked to a DNA sequence which encodes at least a variable_domain of an
Ig heavy or light chain, the variable domain comprising framework
regions from a first *antibody* and CDRs comprising at least parts of
the CDRs from a second *antibody* of different specificity, (b) if
necessary, prepg. a second replicable expression vector including a
suitable promoter operably linked to a DNA sequence which encodes at
least the variable domain of a complementary Ig light or heavy chain,
(c) transforming a cell line with the first or both prepd. veCtors and
(d) culturirg the transformed cell line.to produce the altered
*antibody*. ' i '

. ‘USE/ADVANTAGE r The method is used for "*humanising*” non»human
monoclonal *antibodies* (MAbs) e.g. CDRs from mouse MAb can be _
partially or totally grafted into the framework regions of a human MAb,
which is then produced in quantity by a suitable cell line. Only the

. CDRs of the *antibody* will be foreign to the body and this should
minimiSe side effects if used for human therapy. @(41pp Dwg.No.Q/8)@

Derwent Class: B04; D16; ~ ' . 0
Int Pat Class: C12N-015/00; C12P—021/02; C07K~015/00; A61K—039/39;

c12N-005/00; C12R-001/91 ' .
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.Serial No. 715272

Art Unit 1806'

'Applicant’s 'election of Group 1, in Paper No. 12, is

acknowledged. Because applicant did not distinCtly and

specifically point out the supposed errors in the restriction‘

requirement, the election has been treated as an election without

traverse. See M.P.E.Pe 818.®3(a). .

Claims 1-16 are rejected under 35 U.S.C» 5 112, second

paragraph, as being indefinite for failing to particularly point

out and distinctly “claim the subject, matter which applicant

regards as the invention. Claims 1, 3, 4, 5 and 7 are indefinite

in the use of the language "import antibody" in that it is not

clear what constitutes an impartant antibody, is. what the

determines what is to be an import antibody. 'Claim 1 step a) is

indefinite in that it is not clear what is meant by a "consensus
human variable domain". Claim '1 step d) is indefinite in that it

is not> clear whati is actually taking place when ‘one aligns the

gamino acid sequences of the FR, ie. is this a‘ physical or mental

2a

step? Claim 1 step e) is unclear in what type of homology is

'indicated, is. are conservative amino acids considered as homologs

or should their be identical amino acid residues at the indicated

portion of the framework. Claim 1 step f), 3 is indefinite in the

use of the language "participates" in that the nature of

participation is Unclear. Claim 1 step i) is indefinite in that

vit is not clear how one at ordinary skill can determine the effects

25
which are listed in steps 1—3, ie.'through antigen binding, through

hybridization? Claim 1 step g) is indefinite in that it is not

clear what effects are ‘reasonably expected to occur. Claim 2 is
indefinite in that the antecedent basis for' Vthe‘ domain" is

unclear. "Claim 3 is indefinite in that it is not clear when in the

process of making the antibody one would search for the

glycosylation sites; Claim 4 is indefinite for the same reason

'that claim g is ~indefinite. Claim 5 is indefinite in that it is

believed that the claims up to this point were directed to making a

2
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"humanized antibody", and it is unclear how "preparing a humanized

antibody" in claim 5 differs from the preparation of the antibody

up to this point. Furthermore, it is not clear what is intended in

the preparation ‘ of the antibody of claim 5. Claim 6 is vague in

that it is not clear what the numbers are meant to designate. It

is suggested that applicant clarify the.nature of the numbers or

point to a figure. Claim 7 is indefinite in that it is. not clear

what the method is drawn to. it is suggested that the language "a

method of making a humanized antibody" be inserted within the

claim.

The following is a quotation of the' first paragraph of 35
U.S.C. 5 112:

. The ’speciiication shall contain a written
description of the invention, and of the manner and

process of making and\ using it, in such full, clear,
concise, and exact terms as to enable any person skilled

in the art to vhich.it pertains, or with which it is most
,nearly connected, to make and use the same and shall set
forth the best mode contemplated by the inventor of

carrying out his invention.

The specification is objected to under 85 U.S.C. 5 112, first

-paragraph, as_ failing to adequately describe the ‘invention and

failing to adequately teach how to make and or use the invention,

19. failing to proyide an enabling disclosure; The following terms

lack enablement in the specification:f

Claims 1 and 7 lack enablement in the language "at least a
portion of an import variable domain". Applicant has .only

indicated specific residues which may be transferred, but they are'

claiming an antibody wherein the a portion of the import antibody

are to be transferred. There is no guidance in the specification

which would enable one of skill lin the art to make antibodies with

3
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transferred variable domains‘ other than CDRs. _Applicant is aware

that a portion of the variable domain can be-any one of the CDRs as

well as the framework regions. However, this language also reads

on small amino acid sequences which are incomplete regions ‘of the

»variable region‘ of the antihody.~ There is no' support in the

specification for linking the wariable region of the antibody to

any or all of-the myriad "portions” which are encompassed within

this language. One of skill in the art would neither expect nor

predict the appropriate functioning of the antibody as broadly as

is claimed. It is suggested that the specific portion of the human

variable region which is described in the specification be recited

within the claim or this language be removed completely in order
to obviate this rejection.

Claim 1 step c) lacks enablement in that it is not clear how)

one would determine which amino acids are to be substituted. There

is no specific recitation of what characteristics of the amino

acids are necessary for deciding whether it is to be replaCed or

not} Without this description one of skill in the art would not be

able to choose» the appropriate ‘amino acid residues without

hindering the function of the antibody.
r~ a . . .

Claim 1 step i), lacks enablement in that the protocol for. .x/q / .

determining whether the amino acid residues in the import amino

acid sequence_ are reasonably expected to interact with.the antigen

is not described anywhere in the specification. There‘ is no
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explicit step which 'enables one of ordinary skill in the art to

'determine the effects which are recited. It would require undue

experimentation-oi one of ordinary skill} in the art to make the

variations which may be made in order to test the effects of the

mutant antibodies.

Claim 2 lacks enablement in that there is no description in

the specification of how to determine which residues are exposed on

the surface or which residues are buried within the domain, is this

through computer modeling or through xFray crystallography or other1

methods? I
\

Claim B'iacks enablement in that there is no guidance in the

specification on how one would determine which glycosylation site

affects‘ antigen binding, or what‘ comprises "reasonable

expectation"5

Claims 6; 7 and 9 lack enablement in that it would appear that

these amino acids. are relevant to IgG and not to other isotypes.

There is no indication that one of skill in the art would

extrapolate the use of these amino acids to all or other isotypes

of immunoglobulins. Furthermore, there is/insuificient description

and guidance in the specification with regards to the properties of

these amino acids which would enable one of ordinary skill in the

art to make humanized antibodies with other isotypes using these

amino acid sequences.
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Applicant has' not shown that antibodies which have been

modified as that which is claimed are capable of functioning as

that which is being disclosed, is. maintaining the binding affinity

of the parent antibody. Protein chemistry is probably one of the

most _ unpredictable areas of biotechnology. For example,

'replacement of a single lysine residue at position 118 of acidic

fibroblast growth factor by glutamic acid led’ to the substantial

loss of heparin binding, receptor binding and biological activity

of the protein. Burgess et. al. Journal of Cell biology, lll:
 

2129-2138 (199%). In transforming growth factor alpha, replacement

of aspartic acid at position 47 with alanine or asparagine did not

affect biological activity while replacement :with serine or

glutamic acid sharply reduced the biological activity ‘ofv the
mitogen. Lazar et. al. Molecular and Cellular Biology, 8:1247-1252

(1988). Similarly it has been shown. that aglycosylation of

antibodies reduces the resistance of the antibodies to proteolytic

degradation, while CH2 deletions increase the binding affinity of

the antibodies. See Tao et. al. The Journal of Immunology,‘ Vol.

143, No. 8. 2595-26Ql (1389) and Gillies et. al. Human Antibodies

and HybridomasI Vol 1. no. 1, 47~54 (1990). These references

demonstrate that even a single amino acid 'substitution or what

appears to be an inconsequential chemical modification, will often

dramatically affect the biological activity and characteristic of a

protein. Therefore, without sufficient guidance in the
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specification to support the use of the above terms and for the'

reasons mentioned above ’one of. ordinary skill in the' art would

forced into undue experimentation in order to practice the

invention as is claimed.

Claims 1.11 are rejected under 35 U.S.C. 5 112, first.

paragraph, for the reasons set forth in the objection to the

-specification.

.35 U.S.C. § 101 reads as follows:

Whoever invents or discovers any new and useful

process, machine, manufacture, or composition
of matter or any new and useful improvement

thereof, may obtain a patent therefore, subject

to the condition ,and requirements of this
title. * ' .

’Claims 1~4, 6-8 are rejected under 35 U.S.C. § 101 because the

claimed invention is directed to non-statutory subject matter. The

above claims are drawn to a method of preparing an antibody,

however, there is no indication within the claims that actual

physical steps are taking place. For example, there is no step

which includes isolating an antibody, rather obtaining an amino

acid sequence. All of the steps which are listed-in the claims can

be done on paper as mental steps or on a computer terminal.

The specification is objected to under 35 U.S.C. § 112, first

paragraph, and claims 9-13 are rejected under 35 U.S.C. 5 112,

first paragraph and 35 U.S;C. § 191 as the specification fails to

adequately teach how to use the claimed monoclonal antibodies in

the manner in which they are disclosed is. for’ the therapeutic

7
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purposes. Applicants claims are supported only by in vitro data

showing the ability of muflab4D5, which is a humanized anti-p185

antibody which reacts withi breast and ovarian Cancers, to react

with 'different cell lines (see'page 88—90 of the specification).

Applicant has made no showing that these' data correlate with

 
utility for in vivo therapy in humans of the complex _array of

diseases encompassed by the claims; In general, effective

‘Vtreatment of human cancers has not been routinely achieved in the

art using monoclonal antibodies.' Further, in vitro data such as

that reported“ in' the specification and animal. model ‘studies

frequently do not correlate with clinical utility in in vivo trials
 

in patients. Based on the evidence of record, the alleged utility

of the claimed composition for the treatment of cancer would not he

'believable on its face to the person of skill in the art in view of

the contemporary.knowledge in the art. Applicant has not provided

any showing of therapeutic utility of the subject monoclonal

antibodies which would lead one of skill in the art to believe that.

the antibodies are broadly applicable for the treatment of all

types of autoimmune diseases. Applicant is required. to provide
evidence commensurate with the scope of the claims, which would be

convincing to those skilled in the art that the claimed

compositions have utility for the treatment of malignant and

autoimmune diseases in humans. See MPEP>6®8.01(p).
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Waldmann, in a recent review of_the literature pertaining to

Clinical applications of monoclonal antibodies for diagnosis and

therapy of human disease, teaches that effective' therapy using

monoclonal antibodies has been elusive and indicates that hopes for

antibody~based treatment methods engendered by in vitro studies

have not correlated well with in vivo clinical trial results in
 

patients with cancer. It does not appear that the exemplary

material provided in the specification in support of the assertions

that the claimed antibodies have therapeutic utility would be

viewed by those skilled in the art as being predictive of their

'utility for treating humans. Applicant has not exemplified how to

 
use the-claimed antibodies in vivo and has .not shown that the

antibodies would be effective in vivo. It appears that undue
 

experimentation would be required of one skilled‘ in the art to

practice the claimed invention for the single utility disclosed in

the specification.

'The following is a quotation of the appropriate paragraphs of

35 'U.S;C. 5 l@2 that form the basis for the rejections under this

section made in this Office Action:

A person shall be entitled to a patent unless——

(a) the invention was known or used by others in
'this country, or patented or described in a
printed publication in this or a foreign

country, before the invention thereof by the
applicant for a patent.

(b) the invention vaa patented or described in a

printed publication in this country or a

9
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foreign country or in public use or on sale in
this country, more than one year prior to the
date of application for patent in the United
States.

The following is a quotation of 35 U.S.C. § 193 which forms

the basis for all obviousness rejections set forth in this Office

action:

A patent may not be obtained though the invention is
not identically disclosed or described as set forth in

section 102 of this title, if the differences between the

subject matter sought to be patented and the prior art
are such that the subject matter as a whole would have
been obvious at the time the invention was made to a

person having ordinary skill in the art to vhich said
subject”/matter pertains. Patentability shall not be
negatived by the manner in which the invention was made.

Subject matter developed by another person, which
qualifies as prior art only under subsection (I) or (g)
of section 182 of this title, shall not preclude

patentability under this section where the subject matter
and the claimed invention vere, at the time the invention
was .made, owned by the same person or subject to an
obligation of assignment to the same person.

. Claims 1, 2, 5—10 are rejected under 35 U.S.C. § 162(b) as

being anticipated by Queen at. al.) The above claims are drawn to

a method of producing a humanized antibody wherein the amino acid

sequences of an import antibody and a consensus antibody are

compared, wherein the CDRs of the import antibody are substituted

for the antibody of the consensus antibody, and wherein certain

framework residues which are responsible for the binding of

antigen, interaction with CDR, or participating in the Vl—Vh

_interaction are also imported to the consensus antibody. ' In

essence, residues of the framework region are also transferred with

1%
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the CDRs in order to retain the antigen binding affinity of the

parent antibody. I

Queen et. al. describe the production of humanized antibodiesv

wherein the murine antibody is compared to human antibodies and the

most homologous human antibody is chosen as the acceptor molecule."

The CDRs of the murine antibody are then substituted for the CD88

of the human antibody and certain framework residues are also

changed. Queen et. al. describe computer modeling and seduence

comparison in order to determine the amino.acid residues which are

to be substituted (see page 10031—10033). 'Although the steps of

the methods are not in exactly the same order, all of the claimed
elements are present with_in the reference.

Claims 1,2 and 5-10 are rejected under 35 U.S.C. 5 102(8) as

being anticipated by Co et. 81.. See.above discussion.

rCo etf a1. show the production of humanized anti-HSV'

using the general concept of Queen et. 81. (see Results and Table

1).

Claims 3 and 4 are rejected under 35 U.S.C: § 103 as being

unpatentable over Queen et. 81. or C0 et. al. in View of Wallick

et. al.

The above claims are drawn to a method of making a humanized

antibody wherein the CDRs of an import antibody are transferred to

a consensus human antibody along with certain residues of the

framework. Furthermore, the claims require that the glycosylation

11

210



 
10

15

20

'Ir . 'W“““gp——gnuflrI‘ ‘l" ‘
I .

sériai‘ No. 715272

Art Unit 1806

sites, if any, of the import amino acid also be imported‘ with the

CDRs and framework regions if 'these sites have an affect on the

binding of antigen.

Queen et. al. and Co et. al. both describe the production of

humanized antibodies by transferring the CDRs and certain framework

regions of the donor antibody to the human consensus antibody (see

Queen et. al. pages 10031—10Q33 and Co at. al. page 2871). They

' further state that any residue which might have an affect on the

antigen binding of the antibody should be changed substituted in

order to maintain the binding affinity oi the parent antibody (see

page 10033 of Queen et. al. at the last paragraph on the page).

They do‘ not however, specifically discuss the glycosylation sites
as potential targets for transfer. » Wallick et. a1. teach the

importance of carbohydrate interaction with antigen for-maintaining

.or increasing antigen binding -aiiinity (see pages 1107*1108). It
 would have been prima facie obvious to one of ordinary skill in the

art at the time the invention was made to make humanized antibodies

using the method of Queen~ et. 31. or Co et. a1. and further
incorporating the concept taught by Wallick et. 81.. One of

ordinary skill in the art would have been motivated to combine the

teachings of the two references in view of the teaching .of Queen

that ‘retaining high antigen_ binding affinity is desirable in the

production Iof humanized antibodies., Knowing the role of

carbohydrates in antigen antibody interaction as was pointed out by

12
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Wallick et. al. one of ordinery skill would have had the means and

the motivation to make huManized antibodies using both of the

teachings of the primary and secondary references.

Claim ll is rejected under 35 U.S.C. § 103 ,as' being

unpatentable over Queen et. sl. or Co et. al. in View of Reichmann

etL al.

The aboue claim is drawn to a humanized antibody >wherein only

one amino‘ acid (listed in claim 9) in the framework and the CDRs

have been substituted in the consensus antibody.
' \

Queen et. al. and Co et. al. both: teach the production of

humanized antibodies by transferring the CDRs of a murine antibody

along with specific residues of the framework. region to the

'acceptor antibody molecule. They do not however teach only

substituting one of the framework residues among those_ listed in

claim 9. Queen et. al. introduce-the general concept of a scaffold

wherein certain amino acid residues of the framework must be

present and certain are dispensable. Reichmann et. el. teach that

a single amino acid substitution Iin an antibody is sufficient to

retain the antigen binding specificity of the parent antibody (see

final paragraph). It would have been prima facie obvious to one

of ordinary skill in the art at the time the invention was made to

make only a single substitution in the antibody of Queen et. 31. or

C0 et. al. in positions among those listed in claim 9. It would

have been obvious to one of ordinary skill to complete the

13
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invention in light of the success of Reichmann et. al. in only

mutating one amino ’acid of the framework. Knowing that each

antibody varies slightly in the non—conserved region, and given the

computer modelling protocol set forth by Queen et. a1. one of

ordinary skill would have been motivated to make a single mutation

in they variable region with the expectation of obtaining a

functional antibody.

Any inquiry concerning this> communication or earlier

communications from the examiner should be directed to Lila Feisee

whose telephone number iaxt703) 308-2731.

Any inquiry of a general nature Vor relating to the status of

this application should be directed to the Group receptionist whose

'telephone number is (708) 308*0196.

Feisee/lr‘

September 29, 1992

AVD L. EY

SUPERVISORY PATENT EXAMINER
GROUP 180' -

f/v/fl/
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Responsive to the Office Actic’m mailed 5 October 1992,’please amend the claims as folloWs:A
\

(Amended) A method for making at least a gortion of a humanized antibody variable domain
,/'comprising/amino——acid sequence of>fQonhumanl, import] antibody which is desired tg be

and a human antibody, comprising the steps of:
 

   humanizedfim oran ibod'.‘. 4. 

a. : obtaining the aminoacid sequences of [at least a portion of} an importvariable domain
W

and oficonsensus human variable d@:7' \ : , . ' ~ I / '
, b. identifying Complem'ent-arity_Determ‘ifiing Region (CDR) amino acid sequences in the

import and the human amino variabledgmain sequences;
c. substituting animport CDR amino acid sequence for the corresponding human CDR \

, J, _ K’— —«---'“"A‘T-—\\ ,{
amino acid sequence; -

d. afining the amino acid sequences of a Framework Region (FR) of the import antibody

 

 
and the corresponding FR of the‘consensus antibody;

e. identifying import antibody FR residues in the aligned FR sequences that are non- /homologous to thegcorresponding consensus antibodyresidues; )/ - Q. /
WNW—(r

f. determining if thenon-homologous-Snood ammo acid residue Is @expected
to have at least one of the following effects:

1. non-covalently binds antigen directly,

102 1H8.00CH
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2. ‘ interacts with a CDR; or

' 3. participates in the VL - VH interface b affe in the roximit or orientation of

4.

the VI and V,, regions with respect to one anothe ; (and)

g‘. l for any non—homologous import antibody amino acid residue which is [reasonably]

expected to have at least one of these effects, substituting that residue for the

corresponding amino acid residue in the consensus antibody FR sequence; and

i1, gregaring a' humanized antibody variable domain having amino acid seguences

determined in steps a-g. ' ' '

(Amended) The method of claim 1, having an additional step of determining if any such non-

homologous residues are exposed on the surface of the consensus human antibody variable

domain or buried within it, and if the residue is exposed, retaining the consensus residue.

(Amended) The method of claim 1, having the additional steps, which may be taken between

any two steg§ in the method of claim 1. ofWhe import antibody variable domain
amino acid sequence fer glycosylation sites, determining if any such glycosylation site is

reasonably expected to affect the antigen binding-or’a inity of the antibody, and if so,

substitutingythe‘ glycosylatiqn site into the consensus amino acid sequence.~\_,__.._\a” \~~........-__,__...,

(Amended) The method of claim 1, having the additional steps, which may be taken betWeen

any two steps in the method of claim 1, of sea'rchingthe consensus variable domain amino

c124.u

acid sequence for glycosylation sites which are not present at the corresponding amino acid

in the import antibody amino acid sequence, and if the glycosyiation site is not present in the

import sequence, substituting the import amino acid residues for the amino acid residues

comprising the consensus glycosylation site.

(Amended) The method of claim 1, having an additional step which comprises aligning import

antibody and consensus antibody FR amino acid sequences, identifying import‘antibody FR
amino acid residues which are non—homologous with the aligned consensus FR sequegce, and—--—~———-— , . K _ a o_

vb.=...¢_.,-"——\

for each such non-homologous import antibody FR amino acid residue, determining if the

corresponding consensus antibody amino acid residue represents a residue which is highly

conserved across all species at that site, and if it is so conserved, preparing a humanized

antibody which comprises the consensus antibody amino acid residue at that site.
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(Amended) A method for making a humanized antibody comprising providing [at least a portion

of] a non-human antibody variable domain amino acid sequence which is desired to be
humanized iimgogt antibody} having a CDR and 3 FR, obtaining the amino acid sequence of at

least a portion of a consensus human antibody variable domain having a CDR and a FR,

substituting the non--human CDR for the human CDR'in the consensus human antibody variable

domain, and then substituting an amino acid residue for the consensus amino acid residue at

at least one of the following sites:

4L, 35L, 36L, 38L, 43L, 44L, 46L, 58L, 62L, 63L, 64L, 65L, 66L, 67L, 68L, 69L, 70L, '71L,

731., 85L, 87L, 98L, 2H, 4H, 24H, 36H, 37H, 39H, 43H,'45H, 49H, 58H, 60H, 68H, 69H,

70H, 73H, 74H, 75H, 76H, 78H, 91H, 92H, 93H, and 103H.

glasseradd the following new claims 17-21
A method o®consensus human antibody variafile domain amino acdid sequence in the
preparation of a humanized antibodyr [ \9\9/ “*9 W M3 ‘

--17.

' --18.

"19.?

c124.u

in a method for making a humanized antibody variable domain, the improvement consisting of

using consensus human antibody variable domain amino acid sequence.»

human (import) antibody and a human antibody, comprising the steps of:
a.

A method for making an improved antibody, comprising amino acid sequence from a non- .
i

, obtaining the amino acid sequences of at least a portion of an import antibody variable

domain and of a consensus human antibody variable domain;

identifying Complementarity Determining Region (CDR) amino acid sequences in the :

import and the human amino variable domain sequences;

substituting an import CDR amino acid sequence for the corresponding human CDR

amino acid sequence; I ‘

aligning the amino acid sequences of a Framework Region (FR) of the import antibody

and the corresponding FR of the consensus antibody;

identifying import antibody FR residues in the aligned FR sequences that are non'

homologous to the corresponding consensus antibody residues;

determining if the non—homologous import amino acid residue is reasonably expected

to have at least one of the following effects:

1. non~covalently binds antigen'directly,

222
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2. interacts with a CDR; or

3.‘ participates in the VL - Vfl interface by affecting the proximity or orientation of

the VL and VH regions with respect to one another;

9. for any non-homologous import antibody amino acid residue which is reasonably

expected to have at least one of these effects, substituting that residueior the '

corresponding amino acid residue in the consensus antibody FR sequen'ceLagg

h. preparing an improved, humanized antibody having amino acid sequences determined

in steps a-g; and

i. _ , evaluating the antigen binding or immunogenicity of the improved, humanized antibody

with respett to the parental antibody.--

«20. A method comprising, following the identification of an antibody by the method of any one of

claims 1, 7, or‘ 17—19, the manufacture of the antibody.-—

«21. A method comprising, following the identification of an antibody by the method of any one of

claims 1, 7, or 17-19, the expression of nucleic acid encoding the antibody.—- 

Remarks

Claims 1~ 13, and 1721 are presented herein for examination Reconsideration of the

outstanding rejections is respectfully requested for the reasons that follow A request for a one-month
extension of time to respond is submitted herewith, bringing the due date for this response to 5

- February 1993. This response is timely filed.

Amendments

Claims 1, 3,4,5 and 7 have been amended to indicate that an import antibody“IS a non--human
antibody which is desired to be humanized Support for this language is foundin the specification at

page 6, line 27 to page 7, line 3 .
Claim 1, step if) has been amended to clarify that the word "participates" in the V - VH

interface means to affect the proximity or orientation of the VL and VH regions with respect to one

another. Support for this amendment is found on page 15, lines 30-32. New step (h) has been added

to claim 1, directed to the physical step of preparation of a humanized antibody'variable domain.

Support for this step appear throughout the specification.

’ Claims 3 and 4 have been amended to provide that the additional steps may be taken between

c124.u
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any two steps in the method of claim 1. Claims 2-7 have been amended to clarify that the residues

or sequences referred to relate to amino acids.

New claims 17 - 21 have been added. These claims'are alternate approaches to claiming the

subject matter claimed in claim 1. Additional support for claims 20-21 is found in Example 1.

It is believed that these amendments introduce no new matter. The inventors respectfully

request entry of theseamendments.

Th re'ec ion under 35 U. . . 112 second ara ra h

Claims 1—1 0 were rejected under 35 U.S.C. § 112, second paragraph for indefiniteness. Claims

1, 3, 4, 5 and 7 were rejected for use oi the term "import antibody". These claims have been

‘ amended to indicate that the import antibody is a non-human antibody which is desired to be

humanized.

Claim 1 step la) was rejected because of the term "consensus human variable domain" . The

terms "consensus sequence" , "consensus antibody” and"consensus human variable domain" are

defined at specification page 16, line 29‘t-o‘ page 17, line 17:

The terms "consensus sequence" and" consensus antibody" as used herein

refers to an amino acid sequence which comprises the most frequently occUrring amino
acid residues at each locationIn all human immunoglobulins of any particular subclass
in preferred embodiments, the consensus human variable domain sequences are
derived from the most abundant subclasses in the sequence compilation of Kabat et '

a/., Sequences of Proteins of lmmunolagrca/ Interest, National institutes of Health,

Bethesda MD (1987), namely VL x subgroup l and VH group lll..

As described in the specification, a "consensUs human variable domain" would have an amino acid
sequence comprising, amino acid residue by residue, the most frequently occurring amino acid residue ,

gathered from a group of human immunoglobulins. The identity of each amino acid residue making up

the consensus sequence is determined separately, requiring merely routine tabulation of. the amino

‘ acids present in each member of a particular immunoglobulin subclass. To expedite the routine

tabulation of the most commonly occurring amino acids, workers in the field are referred to the Kabat
er al. publication cited in the quoted material above, which presents such tabulations.

Claim 1 step id) was rejected as indefinite as to whether the alignment of the amino acid

sequences is a physical or mental step. This rejection is somewhat confusing. The inventors intend

claim 1,'step (d) to refer to a maximal homology alignment of representations of amino acid sequences,

as described in the specification at page 17, lines 18~27. Preparing such a homology alignment

typically combines physical and mental actions. This connotation for the phrase "alignment of

sequences" is common in the art to which this invention pertains. 'Step id) of claim 1 dees not require

c124.u
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manipulation of the actual,>tangible amino acids, merely manipulation of symbolic representations of
the actual amino acids.

Claim 1 step (e) was rejected because of the term "homology”; the Examiner questioned

whether conservative amino acids are to be considered as homologs. identity or homology with

a respect to a specified amino acid sequence of this invention is defined on page 17, lines 18—27. At

lines 22-23, the specification indicates that this invention does "not Considerling] any conservative

substitutions as part of the sequence identity". Conservative substitutions are therefore not considered

as homologs. . .
Claim 1 step if) was rejected for use of. the language ”participates". Step (fl of claim 1 refers

to an amino acid residue which f’participates in the in the VL - VH interface". This step has-been

amended to clarify that immunoglobulin residues which so participate are those that affect the
proximity or orientation of the VL and VH regions with respect to onelanother.

Claim 1 step (ii was also rejected as indefinite as to how one of ordinary skill can determine

the effects listed in steps 1-3. Steps 1-3»presently list the following effects an import amino acid

residue might have:

1. non-covalently binds antigen directly,

2. interacts with a CDR; or

3. participates in the VL — VH interface by affecting the proximity or orientation of the V1

and VM regions with respect to one another. _

The specification discusses, at pages .13—16, the interactions of amino acid,residues within an_M

immunoglobulin and describes at least two methods for evaluating the role of any particular amino acid'

residue: three dimensional models and assays. As stated at page 14, lines 249:

"Three dimensional immunoglobulin models are commonly available and are familiar to
those skilled in the art. Computer programs are available which illustrate and display

probable three dimensional conformational structures of selected candidate
immunoglobulin sequences. lgWWyspermfis,analysis of the likely
role of the residues in the functioning of the candidatejmmunoglobulin sequence, i.e'.,

the analysis of residues that_influence the ~a_b_ility_,of_the candidatefiimmunoglobulin to

The specification provides detailed information how to evaluate the threejdimensional models to

determine the various potential effects of amino acid residue changes.

The specification also suggests an alternate method-for evaluating the effect of an amino acid

, residue change. On page 16, lines 14-18, the specification teaches:

"Since it is not entirely possible to predict in advance what the exact impact of a given
substitution will be it may be necessary to make the substitution and assay the
candidate antibody for the desired characteristic. These steps, however, are per se

0124»
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routine and well within the ordinary skill of the art." ,

The inventors submit that methods for determining the effects of amino acid changes are known in the

art, and that those skilled in the art would understand what is claimed in step if).
g?

Claim 1 step (g) was rejected as being indefinite as to what effects are reasonably expected

 
to occur. The word "reasonably" has been deleted from the claim. .

Claim 2 was rejected as lacking antecedent basis for ”the domain". This claim has been

‘ amended to clarify that the intended domain is the consensus human antibody variable domain.

Claims 3 and 4’ were rejected as indefinite for not specifying when in the process one would

search for the glycosylation sites. These claims have been amended to indicate that one would search

I for glycosylation sites between any two steps in the method of claim 1.

Claim 5 was rejected as unclear in the use of the phrase "preparing a humanized antibody";"”‘7“.
this phrase has now been added by amendment as the last step of claim 1. The phrase is intended

to meanv the physical making of a humanized antibody, methods for} which are described in the

/ specification, including in vitro mutagenesis and recombinant engineering. The Examiner also seems

% to be questioninghow claim 5 differs from the previous claims. Claim 5 adds an additional step of
%~ determining if a particular amino acid residue in the consensus human variable domain-~which differs’N \\ from the import antibody amino acid residue at that site—'also appears at that site in antibodies of other
,3 species at that particular'site (is conserved). If the particular amino acid residue is conserved across

species at that site, than that residue isretained. in the humanized antibody, and not substituted by the
import antibody amino acid residue at that site, and without requiring evaluation of the impact of such

a change on the antibody's characteristics.

Claim 6 was rejected as vague for unclear use of numbers. These numbers refer to particular

amino‘acids in the light (L) and heavy (H) chains of immunoglobulins. By convention, workers in this
field generally'utilize the immunoglobulin numbering System set forth in Kabat, E. A. at a/., SequencesMW?
ofProteins of Immunological Interest (National institutes of Health, Bethesda, MD, 1987)), as described

in the specification at page 8, lines 1921. The Examiner's attention is drawn to Queen at 3]., already

of record in this case, especially at page 10032 column 1 first paragraph (and reference 38 therein)

where antibody amino acid residues are referred to with numbers representing certain positions. it is
submitted that workers in the field will understand clearly what is claimed in claim 5.

Claim 7 was rejected as indefinite as to what the method is drawn, and has been amended

according to the Examiner's suggestion.Wild/Wk)
According to the CAFC, a decision as to whether a claim is invalid for indefiniteness "requires

a determination whether those skilledin the art would understand what is claimed", Amgeg v. Chugai,
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18 USPOZd 1116, 1030 (CAFC 1991). The presently pending claims use terminology with clear

meanings in the-field, especially in light of the definitions provided in the specification. The wordings

of the claims comply with the requirements of 35 USC § 1 12, and this rejection should be reconsidered
and withdrawn.

The reiection under 3_5_ Q.S.C. § 11?.I first paragraph -

Claims 1—11 were rejected under 35 .U.S.C. § 112, first paragraph as lacking enablement.

Claims ,7 and 7 were rejected as lacking enablement-in the language "at least a portion of an

import variable domain”. These terms’have been deleted from the claims. '

Claim 1 step‘(c) was rejected for being unclear as to how one W‘ould determine which amino

acids are to be substituted. This step recites 'fsubstituting an import CDR amino acid sequence for theW! ,

corresponding human CDR amino acid sequence". The identification of the Complementarity

Determining Region (CDR) amino acid sequence of the import and the human amino variable domain

sequences is made in previous step (b). To accomplish step (c), therefore,_one substitutes the amino

acids identified in step (b). _
Methods for identifying CDRs and distinguishing them from Framework Residues (FRs) are

known in the-art. As the specification describes on page two, antibody variable domains of natural

light and heavy chains have the samelgeneral structure, and each domain comprises four framework

(FR) regions, whose sequences are somewhat conserved, connected by three hyper-variable or

complementarity determining regions (CDRsHsee Kabat, E. A. at a/., Sequences of Proteins of

immunological Interest, National Institutes of Health, Bethesda, MD, (1987)) The four framework

regions largely adopt a 3--sheet conformation and the CDRs form loops connecting, and'in some cases

forming part of, the iii-sheet structure, TheCDRs in. each Chain are held in close proximity by the

framework regions and, with the CDRs from the other chain, contribute to the formation of the antigen

binding site. The CDR may be identified following three—dimensional modeling of the antibbdy. The

CDRs may also be identified based on'comparison of the an antibody ,aminoacid sequence with a

known antibody. .

Attached as Exhibit A for the Examiner’s convenience are pages from the Introduction to Kabat,

E. A. er 8/., SGEU‘I’QQQEfl Proteins of Immunological Interest, Fifth Edit/on, National institutes of
Health, Bethesda, MD, (19§1mKabat compendiums referred to in

the specification and other references,_ guide the practitioner in the numbering of antibody amino acid

sequences, and the assignment of particular amino acids to one of the FR or CDR regions. The

Examiner’s attention is drawn the sections beginning on page xv, the section entitled "Variable Region

Sequence" and especially to Table l, page xvi. Table l presents the amino acid residues associated
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with FRs and CDFls of the variable domains of immunoglobulin light and heavy chains. See also Figure

. 1. page xviii, which shows a schematic view of an immunoglobulin; pleasenote the mention in that

figure description to the use of a maximum homology alignment to determine the proper numbering

of the amino acids-(as referred to in theresponse to the previous '§ 112 rejection). The inventors

submit-that the identification of immunoglobulin amino acid residues as belonging to a CDR or to the

framework is routine in the art, requiring no undue experimentation.

The specification teaches, in detail, several ways to substitute amino acid residues, including

mutagenesis and the construction of nucleic acid encoding the desired sequence. Alanine scanning

mutagenesis is described at page 36, line 20 to page «37, line 3. OIigonucleotide-mediated

~ mutagenesis, PCT mutagenesis and cassette mutagenesis are described in the specification at page

39, line 10 through page 44, line 10. The inventors submit that steps (b) and (cl of claim 1 are fully

enabled by the specification. ' _
Claim 1 step (f) was rejected as lacking enabiement for determining which amino acid residues

may be expected to interact with the antigen. At page 29, lines 4—10, the specification“ teaches that:
"Differences between the non—human import and the human consensus framework

residues are individually investigated to determine their possibleinfluence on CDR
conformation and/or binding to antigen. investigation of such possible influences is

desirably performed through modeling, by examination of the characteristics of the

amino acids at particular locations, or determined experimentally through evaluating the

effects of substitution or mutagenesis of particular amino acids." I

Techniques for molecular modeling are described on pages 27-28. - Experimental evaluation of the role

of particular amino acids will utilize assays tailored to the activities of the antibody to be humanized.

More detailed teaching on identifying residues‘that influence antigen binding is contained in the

specification at page 14, line 10 through page‘1'5, line 6, Where it is stated:
"A residue that noncovalently directly bindsto antigen is one that, by three dimensionah .

analysis, is reasonably expected to noncovalently directly bind to antigen. Typically, :

it is necessary to impute the position of antigen from the spatial location of neighboring

CDRs and the dimensions and structure of the target antigens in general, only those

humanized antibody residues that are capable of forming salt bridges, hydrogen bonds,

or hydrophobic interactions. are likely to be involved in non—covalent antigen binding,

however residues which are separated spatially by 3:2 Angstroms or less may also
non-covalently interact. Such residues typically are the relatively larger amino acids,

such as tyrosine, arginine, and lysine. Antigen—binding FR residues also typically will
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have side chains that are oriented into an envelope surrounding the solvent oriented

face of a CDR which extends about 7 Angstroms into the solvent from the CDR domain

and about 7 Angstroms on either side of the CDR domain, again as visualized by three

dimensional modeling. '

The inventors Isubmit that determining whether a residue may be expected to influence antigen binding

is routine in the art/in light of the detailed teachings of the specifiCation.

Claim 2 was rejected as lacking enablement for determining which residues are exposed on the

surface or buried within the domain. As indicated in the specification, for example at page 91, lines

18—21, the worker in this field would examine the structural models of the ' import and human

sequences to determine if an amino acid residue is exposed on the surface of the domain or is buried

within. Evaluation of structural models, preparation of which are described in the specification, to

determine whether a residue is exposed or buried is routine and within the ordinary skill in the art.
Claim 3 was rejected as lacking enablement for how one would'determine which glycosylation

site affects antigen binding, or what comprises "reasonable expectation". The specification teaches,
.at page 8, lines 22—32, teaches that determining if the glycosylation is reasonably expected to be

important for the desired antigen binding and biological activity of the antibody involves determining
if the glycosylation site binds to antigen or changes a side chain of an amino acid residue that binds

to antigen, or if the glycosylation enhances or weakens antigen binding, or is important for maintaining

antibody affinityv As with other aspects. of this invention, evaluation of the impact of glycosylation

typically is performed by evaluation of molecular models, or experimental evaluation of a modified
polypeptide. Such evaluation is routine within the field.

Claims 6, 7 and 9 were rejected as being enabled only with respect to lgG and not other

antibodylisotypes. The specification, at page 13 lines 14-22, states: I
I "The humanized antibody will be selected from any class of immunoglobulins, including

lgM, lgG, lgD, lgA and IgE, and any isotype, including lgGi, lgGZ, lgG3 and lgG4.

Usually the constant domain is a complement fixing constant domain where it is
desired that the humanized antibody exhibit cytotoxic activity, and the class is typically

lgG,. Where such cytotoxic activity is not desirable, the constant domain. may be of
the lgG2 class. The humanized antibody may comprise sequences from more than one

class or isotype, and selecting particular constant domains to optimize desired effector

functions is within the ordinary skill in the art.,"

The Examples presented in the specification involve the use of a lgG1 constant domain. As noted in

the specification, specific methdd steps andillustrative reagents for the use of lgG, are taught, as well
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as their applicability to other antibody isotypes. The inventors respectfully reminds the Examiner that

working examples are not a required component of a patent application. As stated in MPEP §

608.01 (h), "There is no statutory requirement for the disclosure of a specific example.” Thus, the

absence of a working example describing particular embodiments of the invention cannot negative the

patentability of the invention. The examples included in the specification, which illustrate the

preparation of lgG1 antibodies, are representative of the manner in which the invention may be
practiced. From reading these examples and the detailed description of the invention, the ordinarily

skilled artisan would immediately deduce the applicability of the methods described in the specification
to other immunoglobulin isotypes. A

The Examiner has not made a prima facie case for the § 112, first paragraph rejections,

supplying no basis for her skepticism about the scope of the claims. The burden is on the Examiner
to provide evidence to support rejections of this sort. "Mere broad generalizations and allegations are
insufficient for holding of non--,"enablement Ex page Goeddel, 5 U.S.P.Q. 1449, 1450 (Tl'AB 1987).

if the Examiner is only prepared to allow claims to exemplified embodiments, what incentive

exists for an inventor to disclose the invention to the public? Trade secret protection obviously would .
be superior to the following circumstances foreseen by the CCPA in in re gioffe, 191 USPO 429, 431 .

(CCPA 1976): I '

For all practical purposes, the board would limit appellant to claims involving the
specific materials disclosed in the examples, so that a competitor Seeking to avoid
(literally) infringing the claims Would merely have to follow the disclosure in the

subsequently-issued patent to find a substitute. However, to provide effective
incentives, claims must adequately protect inventors. To demand that the first to

disclose shall limit his claims to what he has found will work or to materials which

meet the guidelines specified for ’preferred' materials in a process such as the one
herein involved would not serve the constitutional purpose of promoting progress in the
useful arts. See In re Fuetterer} 50 CCPA 1453, 1462, 319 F.2d 259, 265, 138 USPO
217, 223 (1963) .

For a similar case, see In re Strahilevitz, 212 USPO 561 (P. O. B.A 1982), where the Board was

reversed for rejecting as non-enabling an application that was devoid of even a single working example.

The first paragraph of 35 U.S.C. § 112 requires nothing more than'objective enablement.

Whether. this is achieved by the use of illustrative examples or by broad terminology, is ofvno

importance, In re Marzocchi et al.I 169 USPO 267 (CCPA 1971).. Further, an assertion by the

Examiner that the enabling disclosure is not commensurate with the protection being sought must be
supported by reasons for doubting the truth or accuracy of any statement in the presumptively

accurate supporting disclosure. it is also incumbent upon the Examiner to back up such assertions

with acceptable evidence or} reasoning to substantiate the doubts so expressed, in re Armbruster, 185
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USPQ 152 (CCPA 1975), In re §trahilgvitz, op cit.

Se also in re Smith, supra, wherein the CCPA reversed an Office ruling that the description in

the specification of two categories of prepolymers was not sufficient to support the broad claim for

all polymers having a certain desired property. in this case, the court even acknowledged that the

specification. did not contain language that was precisely identical to the language of the claims.

However, the tenor of the specification was that the applicant had made a generic invention rather

than one limited to two categories of polymers.

in the present situation, the Examiner has provided no evidence to support the assertion that

the invention is not enabled for the preparation of humanized antibodies. Broad claims should be

allowed if there is adequate disclosure and-where, as in the present situation, there is no pertinent art

to prevent such claims. As stated in In re Sus and §gha§fe , 134 USPO 301, 304 (CCPA 1962)

(emphasis added):

The public purpose on which the patent law rests required the granting of claims
commensurate in scope with the invention disclosed. This requires as much the

granting of broad claims on broad inventions as 'it does the granting ofmore specific
claims on more specific inventions. it. is neither contemplated by the public purpose

of the patent laws nor required by thestatute that an inventor shall be forced to accept
claims narrdwer than his- invention in order to secure allowance of his patent.

.The inventors submit that in view of the detailed information provided in the specification as

discussed above, the specification adequately teaches how to practice the claimed invention. The

rejections under 35 USC § 112, first paragraph, should be reconsidered and withdrawn, as they are

' not statutorily based, are inconsistent with court and Patent Office decisions on the subject, and are

contrary to public policy. , _ .

The rejection under 35.U.S.C. § 101

Claims 1-4, and 6—8 were rejected under 35 U.S.C. § 101 as being directed to non-statutory

subject matter. It is believed that the amendments'to the claims made above render moot this ground

of rejection.

Ther' inund r u. .c.§112 fir r r h n nd a sewer

Claims 9-13 were rejected Under 35 U.S.C. § 112, first paragraph and under 35 U.S.C. § 101

as lacking utility for the treatment of malignant and autoimmune diseases in humans. The inventors

request clarification of this rejection, because none of claims 9-13 are directed to methods of

treatment. These claims are directed to humanized antibody variable domains and the polypeptides
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of recited sequences. These polypeptides are useful as probes, and in diagnostic assays, as described

in the specification at pages 65-66, and need not rely on therapeutic utility.

Th re‘ections nder 5 U.S.C. § 102 b and § 102 a

Claims 1, 2, and 5—10 were rejected under 35 U.S.C. § 102(b) as being anticipated by Queen
at al., andunder 35 U.S.C. § 102(3) as being {anticipated by Co at a/.. The inventors respectfully
traverse these rejections. '

To constitute anticipation, all material elements of a claim must be found in one prior art

source. In re Marshall, 198 USPO 344 (CCPA 1978); in re Kalm, 154 USPQ 10 (CCPA 196(7). The

inventors will showthat neither Queen nor Coe contains all the material elements of these claims,

particularly the limitation regarding the use of a consensus sequence.

The rejected claims are directed to the humanization‘an antibody, namely the combination of

amino acid sequence from a non-human antibody desired to be humanized, and from a consensus

human variable domain. Methods for».preparing such a consensus sequence are fully describedin the

specification and are discussed above. The inventors believe that the use of a such a consensus

sequence achieve a superior result, or a “better" humanized antibody.

The cited prior art utilizes a different approach, which approach had apparently been taken by

ail other workers in the field prior to the present invention. These workers did not prepare a consensus

human antibody to combine with'their non-human antibody. instead, they selected only one human
antibody for use, based, on the'similarity of that human antibody to their non—human antibody. Queen

er al. state this objective explicitly, at page 10031, column 2. of their paper:
"in selecting a human antibody to provide the variable region framework for the
humanized anti-Tao antibody, we reasoned that the more homologous the human

antibody .was to the original anti—Tao antibody, the less likely would combining the anti-

Tac CDR's with the homan framework be to introduce distortions into the CDRs."
Queen continues to describe selecting a human heavy chain V region which was 57% identical to their

non-human antibody, after dismissing all other candidate as between 30~52% identical to their non-

human. They selected the human light chain V region from the same human antibody for their use.
Co at al. are equally explicit describing their similar reasoning. At page 2871 , column 1 they

state:

"First, a human antibody variable region with maximal homology to the mouse antibody

is selected to provide the framework sequence for humanization of the mouse

antibody. Normally the heavy chain and light chain from the same human antibody are
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chosen so as to reduce the possibility of incompatibility in the assembly of the two

chains. Based on a sequence homology search against the NBRF protein sequence

data base, the antibody Pom was chosen to provide the framework sequences for
humanization of Fd79."

The approach of the present invention is Quite distinct, in its use of a consensus human variable
domain sequence. This consensus sequence might or might not have a high degree of homology with
the non-human antibody. Neither Queen er a1. or Coe et 3/. supply this teaching, and therefore do not
anticipate the claimed‘invention. This rejection should be reconsidered and withdrawn.

Th re‘ec ion und r 5 U.S.C. § 103

Claims 3 and 4 were rejected under 35 U.S.C. § 103 as being obvious over Queen er a/. or Co

er al in view of Wallick- et aI.. Claim ll was rejected under 35 U.S.C. § 103 as being unpatentable

over Queen et .31. or Co er al. in view of Reichmann er 3/.

None of the cited references teaches or suggests the claimed invention, which involves the

preparation humanized antibodies using a consensus human antibody variable domaifi Such a method
is not suggested in any of the prior references, and absent such a teaching there was no motivation
to try the methods described in the present specification.

The Obviousness Reiections Do Not Meet the Test of Graham v Qeere
The proper context for determining theissue of obviousness is providedin the seminal decision

of Graham v. John Deere, 383 U.S. 1, 148 U.S.P.O. 459 (1966). in that case, the US. Supreme

Court set forth the following considerations for deciding this issue:
(1) The scope and the content of the prior art;
(2) The difference between the prior art and the claims at issue;

(3) The level of ordinary skill in the pertinent art; andI

(4) Secondary considerations such as commercial success, long~felt and unresolved'needs,

failure of others, etc.

a. Scope and Content of the Prior Art.

1. Queen er al. teach the humanization of an anti-Tac antibody They do not teach

the use of a human consensus variable domain to provide the framework for their non-human CDRs.
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2. Co at al. teach the humanization of an anti-HSV antibody. They do not teach

the use of a human consensus variabledomain to provide the framework for their non-human CDRs.

' 3. Wailick er al. teach the importance of glycosylation for maintaining the affinity

of a monoclonal antibody for its antigen. They do not teach methods for humanization of antibodies,

nor teach the creation of a human antibody variable domain consensus sequence.

4. Reichmann er al. teach the humanization of an anti-CAMPATH-i antibody.

They do not teach the creation of a human antibody variable domain consensus sequence, or suggest

that such might be desirable to provide the framework for their non~human antibody CDRs.

b. The Differences Between the Prior Art and the Claims at issue

The Examiner has chosen various pieces of prior art and concludes that the combination of
these references would haverendered the invention obvious.

The prior art shows that it was known as of the filing date to produce antibody fragments

comprising sequence from a non—human antibody and from a human antibody. Prior to the present

’ filing date, however, methods were not known which included the use of a consensus human variable
domain for mounting the nonhuman CDRs. There would have been no impetus on the part of the

skilled artisan at the filing date to attempt to produce such a consensussequence or use it in antibody

humanization, in view of the teachings of the prior art literature. The cited references do not teach

or suggest the claimed invention, alone or in any combination, nor would there have been any reason

from these references to practice the claimed methods. The absence of a suggestion of the claimed
invention in the art of record precludes the Patent Office from satisfying its initial burden of showing

prima facie obviousness.

c. Level of Ordinary Skill in the Art

The Graham'inquiries point to a conclusion of nonobviousness of the present claims regardless

of the presumed level of skill in the art. However, absent evidence to the contrary, a person of

ordinary skill in the art is presumed to be one who essentially folloWs conventional wisdom and does

not undertake to innovate. As stated by the Federal Circuit in Standar o. v. Ameri n anami

Co, 227 u.sPo 293, 298 (Fed Cir. 1985): "

A person of ordinary skillin the art is also presumed to be one who thinks along the
line of convention wisdom in the art and is not one who undertakes to innovate,

whether by patient, and often expensive, systematic research or by extraordinary
insights, it makes no difference which.

The inventors submit that one who followed the conventional wisdom would not have
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extrapolated from the teachings of the cited references methods for using a consensus human antibody

variable domain for humanizing a non-human antibody. Such an extension of the prior art teachings

is based entirely upon hindsight analysis of the inventors’ methods. The teachings of this invention

should not be considered Sufficient to support a conclusion of obviousness in this regardf

The inventors submit that in light of the foregoing amendments and remarks the subject matter

defined by the pending claims is useful, enabled, and patentable over the references relied upon by the

Examiner, whichrin no way teach or suggest the invention. The inventors believe the claims are now

in condition for allowance and earnestly solicit a Notice to that effect. if the Examiner has any ‘

.questions, she should feel free to contact the undersigned attorney at the telephone number indicated
above.

Respectfully Submitted,
GENENTECH, lNC.

Caerier
Reg. No. 32,324

29 January 1993

CERTIFICA‘I’E OF MAILING

l hereby certify that this correspondence is being deposited with the United States Postal Service as first
class mail in an envelope addressed to: ConniSSioner of Patents and Trademarks, Washington, (MS. 20231, on 19.

January 1993.. K MDated: 29 January 3923 ~ Z ' _
‘ Carolyn R Adler
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xiii

INTRODUCTION

- Our earlier "Variable Regions of Immunoglobulin Chains“
(l), the second edition "Sequences of Immunoglobulin Chains" (2)
and the third edition "Sequences of Proteins of Immunological
Interest" (3) have been further exixpanded in the Fourth Edition
(4) and now in the Fifth Edition to include amino acid and
nucleotide sequences of precursors, variable regions, constant
regions, J—chains of immunoglobulins, BZ—microglobulins, antigens
of the major histocompatibility complex (HLA, H—Z, Ia, DR) as well
as of Thy—l, complement, T—lymphocyte receptors for antigens, other
T—cell antigens of the immunoglobulin superfamily, interleukins,
integrins and various other proteins related to immune functions.
The identification and sequencing of clones obtained using
recombinant DNA techniques has yielded nucleotide sequences of
signal, variable, and constant regions of immunoglobulins (5,6),
and these nucleotide sequences have been translated into amino acid
sequences“ The latter have been included in the tables of amino
acid sequences with those determined earlier directly by amino aéid
sequencing and are indicated by an apostrophe followed by CL after
the name of the clone. We have continued to use the PROPHET
Software Package of the National Center for Research Resources,
National Institutes of Health (7,8) to tabulate the sequences.

In compiling the data for this Fifth Edition we have tried to be as
up—to—date as possible and have included only sequences which haVe
been published or which have been accepted for publication.
Residues which have not been definitely determined have been
excluded. It should be remembered that sequences are often
published in review articles without detailed documentary evidence.
These have often been revised. We have listed such revisions in the
notes in many instances; others can readily be found by comparison
with sequences in previous editions. We have compiled sequences
determined directly as amino acids and have merged with them those
translated from the nucleotide sequences thus making all comparable
data available. When antibody activities were known, they have
been listed after the amino acid and nucleotide sequence tables and
are included in the indexes. .

When doubts arise as to the validity of any residue in a sequence,
the original reference should be examined to ascertain whether
definitive evidence for the sequence has been provided. In earlier
editions, we have sent the amino acid and nucleotide sequences as
stored in the computer to the original authors for verification. If
so verified, this was denoted by "checked by author" at the end of
each reference and except for the earliest sequences, the date on
which'the checked sequence was returned to us is given. Whenever
possible, nucleotide sequences from GenBank (9) have been used.
Programs for converting a GenEank sequence to the codon format of
our tables have been developed. The correctness~ of the table
sequence has been verified by converting back into the-linear form
and comparing with GenBank. When this has been done the sequence is
listed as ”from GenBank". Recently we have developed newer
programs that automatically process a GenBank entry completely -
e.g.i extract the. relevant feature, determine the appropriate
table, and perform alignment. In such cases, the reference will
end with "processed automatically from GenBank:“ followed by a list
of the GenBank accession numbers from which the data.was obtained.
Some nucleotide sequences were transmitted to us by electronic
mail, and they are indicated by "received from‘authors through e~
mail." If the sequences were entered by us from the literature and
then checked with GenBank, this is indicated by Hchecked with
GenBank". We have entered many nucleotide sequences which were not
,then available from GenBank: In general, we have not included
stretches of -sequence such as enhancers, switch .regions and
introns. Much information about such sequences may be found in
references (lO~13). We have also had access to the ‘Protein
Information Resource (l4) and to the European Molecular Biology
Laboratories Data Base (15).

It iS’alSO poSsible, by examining the numbers of sequences at the

 

  



 

 

xiv

  
end of each table and the summary. tables, to evaluate the
probability that a given amino acid at a given position may not be
correct. This is most readily done for the framework residues of
the V~region and for the C-region; in the complementarity—
determining regions this is more difficult because of-the highvariability.

AMINO ACID SEQUENCES

The first column in each table gives the residue number. Except for
complement, T—cell surface antigens, integrins and miscellaneous
proteins, the second column is a tabulation of invariant residues.
Since exceptions to invariance are found, the frequency, if less
than 1.0 and greater than or equal to 0.95, is indicated alongside
the residue listed as invariant; when only a single sequence is
available, this is not given. These rows are shaded in grey.
Each sequence is tabulated in each subsequent column. Three dashes
("-) indicate t
that the sequence continues, In all instances residues considered

_ t been included in the table. In
he symbol # is used to indicate that several amino
ere found in one position, and these residues areacid residues w t the end of each table

listed in the notes. The four columns a
give:

1. the number of residues sequenced at that position,
2. the number of different amino acids found at that position,
3. the number of times the most common amino acid occurred and

that amino acid in parentheses, and
4. the variability.

included only in tables with more than fiveThese columns are
ly columns corresponding to

sequences. Miscellaneous tables have onthe first two above.

Variability is calculated (16) as:

Number of different amino acids occurring
at a given position

Variability =
Frequency of the most common amino acidat that position

An invariant position would have a variability of one; if 20 amino
acids occurred with equal frequency, the variability would be 20
divided by 0.05 equals 400. If, for example, tour different amino
acids Ser, Asp, Pro, and Thr occurred at a given position, and of
100 sequences available at that position, Ser occurred 80 times,
the variability would be 4/0.8 = 5. When any of the amino acid
residues, sequenced directly as amino acids, were net identified
completely and are listed as Glx (or Asx), two values, separated by
a comma, are given in the last three columns. The first value in
each of these columns is calculated assuming that only one of the
two possibilities, e.g., Glu or Gln (or Asp or Asn) occurred, while
the second considers that both were‘ present and maximizes
variability. In the variability plots, the horizontal bars indicatethe two values.

When two or more amino acids are most common and occur with equal
frequency, they
in the next to last column. If no sequence data have been reported
for any position, there are no entries in the last four columns.
Variability is not calculated for insertions or if only a single
sequence is known., when the translated sequence of a clone
corresponds to a previously listed sequence of a plasmacytoma from

hat no amino acid is present at that position and

are tabulated as a note, and the symbol + is used  

which it was prepa
variability computa
If a given sequence
is indicated by an
antibody specificit
constants if avail
rabbit heavy chain
domain of the rabb
sequence is given;
usually the most ne
included, especial)
Notes are of two t
the symbol fl, and 3

Signal Sequences
The signal (precu
chains are listed
light chains, for
total of nine precv
sequencing of Sign
sequences from DNA
acid residues in
Genomic DNA clones
the coding sequenc
'4“ and in rare ca:
leader peptide to
for positions -4 t

The signal amino
antigens, fi2~micz
proteins, complem
proteins are liste

By conformationalLeu~Leu~Leu~Trp—Ve
alpha helical <
conformations in t
four amino termin
(20).

Variable Region $
The variable regi
contain hypervari
(27430) chains,
labeled with hapi
segments of liw
examination of se
chains aligned 1
These and the thre
were hypothesizec
regions or segme
contact with vari
.high resolution xbeen verified by
all antibodies
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the framework U
framework segme
complementarity—<
the three CDRs 5
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comments are git
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which it was prepared, only one sequence is listed so that the
variability computations are not affected, and a note is included.
If a given sequence is associated with any antibody activity, this
is indicated by an asterisk alongside the protein heading, and the
antibody specificities are given'in a separate list with binding
constants if available. The notes list the a—allotypes for the
rabbit heavy chain V—region and the b—allotypes for the constant
domain of the rabbit kappa light chain. A key reference to the
sequence is given; generally the most-recent reference since it is
usually the most nearly complete, but often several references are
included, especially when revisions of a sequence have been made.
Notes are of two types: general notes about a table indicated by
the symbol 3, and specific notes indicated by the sequence number.

Signal Sequences ,
The signal (precursor) amino acid sequences of immunoglobulin
chains are listed as human, mouse, and.miSCellaneous for kappa
light chains, for lambda light chains, and for heavy chains for a
total of nine precursor tables. They were obtained either by direct
sequencing of-signal proteins (17—19) or by translating nucleotide
sequences from DNA clones. Signal segments range from 17—29 amino

.acid residues in length and are thus numbered from.v29 to ~1.
Genomic DNA clones contain introns of varying length that interrupt
the coding sequence of the precursor within the codon for position
—4, and in rare cases for position —6. Thus, the Legene encodes the
leader peptide to position ~4 and the 5' end of the vaene codes
for positions ~4 to -l.

The signal amino acid sequences of the T—cell receptors for
antigens, fiZ—microglobulins, major histocompatibility complex
proteins, complement components, integrins, and other related
proteins are listed in separate tables.

By conformational energy calculations, the core V,t hydrophobic
Leu—Leu—Leu—Trp—Val—Leu—Leu—Leu (MOPC321, MOPCSS) exists in an
alpha helical conformation, terminated by » chain reversal
conformations in the four C—terminal residues Trp—Val~Pro—Gly; the
four amino terminal residues are compatible with the alpha helix

120):

Variable Region Sequences
The variable regions (21) of immunoglobulins have been shown to
contain hypervariable segments in their light (16,22—26) and heavy
(27~30) chains, of which certain residues have been affinity
labeled with haptenic determinants (31—44). Three-hypervariable
segments of ,light chain were delineated from a statistical
examination of sequences of human V‘, human V1, and mouse V‘ light
chains aligned for maximum sequence similarity (16,23,24,27).
These and the three corresponding segments of the heavy chains (27)
were hypothesized (16,27) to be the complementarity—determining
regions or -segments (CDR) containing the ‘residues which make
contact with various antigenic determinants, several years before
high resolution x—ray structures were determined, and this has now
been verified by X—ray diffraction studies at high resolution for
all antibodies examined Figures ‘3-47. The proposed fourth
hypervariable region (cf. 30) of heavy chains is not part of the
antibody combining site (27). The rest of the V—region constitutes
the framework (16,27,45454). It is convenient to identify the
framework- segments (FRI, FR2, FR3, and ERA) and the
complementarityedetermining segments (CDR1,’CDR2, and CDRB) with
the three CDRs separating the four FRs. The CDRs in the stereo
Figures 3—47 have solid circles for each residue.’ References and
comments are given with each figure and are not listed in the
bibliography. The residue numbers for these segments are given in
Table I. ' . 
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TABLE I

Amino Acid Residuesi Associated

Complementarity D

with Framework(FR) and

etermining Regions (CDR) of the Variable Domains

of Immunoglobulin Light (VL) and Heavy (Va) Chains

Light ChainSegment

FRl 1~23 (with an occasional
residue at O, and a

deletion at 10 in Vk chains)

CDRl 24—34 (with possible

insertions numbered

as 27A,B,C,D,E,F)

FRZ’ _35—49’
CDRZ '50—56

FRB 57—88

CDRB 89-97 (with possible

insertions numbered as

95A,B,C,D,E,F)

FR4 98~107 (with a possible

insertion numbered as 106A)

Heavy Chain

1—30 (with an occasional

residue at O)

31—35(with possible

insertions numbered

as 35A,B)

36~49

50—65 (with possible

insertions numbered

as 52A,B,C)h

66-94 (with possible

insertions numbered

as 82A,B,C)
95—102 (with possible

insertions numbered as

100A,B,C,D,E,F,G,H,I,J,K)

103-113

‘ Five Basilea rabbits (X) immunized with type II pneumococci and
which produced anti—type II pneumococca
position 48

l polysaccharide had Met at
and an insertion of four amino acid residues between

positions 48 and 49; in four of the five the sequence was Glu, Leu,
Lys, Ser and the fifth was Trp, Leu;

Arg, Lys (53,54,63,64); the

others were not sequenced-at these positions (for references see
table of rabbit X amino acid sequences.)

5 In the rabbit, Mage et a1. (65) consider position 65 in VH to be
in FR3, since it is allotype related.  
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The V—genes for the light chains code to amino acid position 95,
and the J—minigenes from position 97 to 107 for lambda and 108 for
kappa light Chains. Position 96 is usually the site of V—J joining
by recombination and may be coded partly by the V—gene and partly
by the U—minigene. Because the site of V’J recombination could
occur at different positions within-a codon, different amino acid

‘residues may result at this position. We have changed the location
of the inserted residues from 97A-F (2) to 95A—F, since it makes
for better alignment by cenfining chains of different lengths to
the V—gene region. In mouse V: chains, J1 and J2 were used 5 to 10
times more frequently than J4 and J5 (55).

The V-genes for the heavy chains code up to amino acid position 94
and are followed by the D- and J—minigenes. Because of the
extensive variation in the' lengths of D—minigenes, and their
ability to be read in different reading frames (56), the exact
boundary between D and J is not always located at the same amino
acid position, In addition, the lengths of the J encoded amino acid
sequences vary by a few amino acid residues. Moreover, the process
of D~J joining appears to involve insertions of extra nucleotides
between V and D and between D and J, termed the N region (57»61)
and correlates with the appearance of terminal deoxytransferase in
B cells (60). The original numbering system for the heavy chains
has therefore been retained. Wysocki et al. (61) have provided some
evidence suggesting a non—random origin for the VH-Dp junction,fi
perhaps a minigene, rather than random addition of the N‘
nucleotides. Light chains do not appear to have N sequences at the
VL—JL junction (62), but show an additional residue 95A which'
probably results from VL—JL joining. N sequences are generally rare
in fetal and neonatal mouse Vn—D-JH junctions (62), only 1/87 DNA
and 17/146 RNA sequences contained N regions, an incidence much
lower than in adults indicating that N insertion is developmentally
regulated both in T and B cells. P elements also contribute to
diversity but are templated (62a).

In the tables of V-regions, ”the FR and CDR are separated by
horizontal lines for convenience in reading. One mouse kappa light
chain, MPC 11; has an extra segment of 12 amino acid residues
between position 1 and the signal sequence (66). Several chainshave internal deletions. , 
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Figure 1 (50) shows the domain structure for 1961 protein BU. K Criticalcrngiéstixtg§Numbering on the left half indicates the CDR for the light and 51t?: :n c m lientarheavy chains (soy, while that on- the right half gives the EU « a“ 1 0 5? of? e1numbering (67). evaluation 0 a arge, and espeCially of the cand heavy chains of in
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FIG. 1. Schematic view of four—chain structure of human IgGl, molecule. Numbers ‘on right side: actual residue numbers in protein BU (Edelman et a1. $67)): ‘
Numbers of Fab fragment on left side aligned for maximum homology; light chains
numbered as in Wu and Kabat (16) and heavy chains as in Kabat and Wu (27). Heavy
chains of EU have residue 52A, three residues 82A,B,C, and lack residues termed
100A,B,C,D,E.F,G,H,I,J.K, and 35A,a. Thus residue 110 (end of variable region)
is 114 in actual sequence. Hypervariable regions, complementarity—determining
segments or regions (CDR): heavier lines. VL and V“: light and'heavy chain
variable region; CNI, 0,2, CH3: domains of constant region of heavy chain: CL:
constant region of light chain. Hinge region in which two heavy chains are. _
linked by disulfide bonds is indicated approximately. Attachment of carbohydrate
is at residue 297. Arrows at residues 107 and 110 denote transition from
variable to constant regions. Sites of action of papain and pepsin and locations
of a number of genetic factors are given. Modified from 50.
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Critical understanding of the architecture of antibody combining
sites and the genetics of the generation of diversity and of
antibody complementarity depends to a great extent, on the
evaluatiOn of a large number of sequences of the Variable regions
and especially of the oomplementarity—determining segments of light
and heavy chains of immunoglobulins of different species. Ability
to locate residues in the site making contact with >antigenic
determinants (68,69) and to predict (70) the structures of antibody
combining sites will depend heavily upon such sequences. The role
and scope VH and VL chains in contributing to binding oi the epitope
must be resolved. This can be often accomplished by use of
immunochemical data in defining antibody combining sites (68,70—73)
in addition to other methodologies such as ZD-NMR (71,51L or high
resolution Xeray crystallography. '

Through the generous cooperation of X—ray crystallographers we have
been provided with the a—carbon coordinates of almost all available
Fab molecules, Vn dimers and antigen-antibody complexes from which_
Drs. Eduardo Padlan and Chantal Abergal made the stereo models
shown. Legends and key references for each are listed with themodel.
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Art Unit 1806

The text of those sections of Title 35, U.S. Code not

included in this action can be found in a prior Office action.

Some of the rejections under 35 USC 112 second paragraph

have been obviated in view of the amendments to the claims.

However, the following rejection still remain. The language

”consensus human variable domain" is still unclear despite the

description in the specification. It is unclear whether the

consensus human variable domain is a culmination of different

variable domains or'a single universal variable domain which is

homologous to other human variable domains.

With regards to the langauge "import amino acid", it is

suggested the import amino acid be described in the following‘ \gil
manner: "an import antibody comprising the amino acid sequence of

a nonvhuman antibodY,which binds to ...5. The language \}3\
"reasonably expected“ is unclear since it is not.known what'

.criteria determines what is "reasonable". 7

Claim 1 remains rejected and new claims 19-21 are rejected flgg
under 35 USC 112 first paragraph as lacking enablement for the ;B\
language "at least a portion" for the same reasons as set forth

in pages 3 and 4 of paper #13.

Applicant states that this language has been deleted from /

claim 1, but, this is not the case. This language has been moved
to the beginning of the claim and the claim contains the same '

objectionalble language, therefore, the rejection set forth
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previously still applies.

The rejection of claims 1-4; 6—8 under 35 USC 101 is

withdrawn in view of the amendment to the claims.

The rejection of claims 9—13 as lacking utility is withdrawn

in View of the argument set forth in the letter of 2/3/93.

The objection to the specification and the rejection of

claims lell under 35 USC 1l2 first paragraph is maintained and

newly added claims 17-21 are rejected for the reasons of record.

The language "at least a portion" still remains in claim 1

and newly added claims 19—21. Therefore, the rejection set forth

previously on pages 3—4 of paper #13 still applies. with regards

to substituting an import CDR in place of the human CDR, the

rejection still applies, since there is no clear guidance in the

specification to enable one of ordinary skill in the art to make

the human "consensus variable region? which is to contain the

claimed substitution. 'It is true that once the amino acid

sequences are knOWn, it is routine to determine the CDRS

according to Kabat, and substitute the rodent CDRs in place of

the human CDRs. However, the only guidance presented in the

specification with regards to the substitutions is the amino acid

sequences of SEQ ID NO: 3 and 4, which are specific variable

regions. The specification vaguely alludes to variable domain

sequences which are derived from the most abundant subclasses but

shows no way of making such variable domains. The fact remains
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that applicant has not clearly taught how to determine which

amino acids are the ones to be substituted since there is only a

single example of the appropriate variable region which is to

support the.substitutions,

The rejection of claim 2 with regard-s to determining which

residues are surface or buried residues is withdrawn in View of

the argument presented explaining that computer modeling is well
known in the art to determine the position of various amino acid

residues.'

The rejection of claims 1 and 3 with regards to the language

"reasonably" and newlyaadded claim 19 is maintained, since there ~pr
is no set standard for determining what is reasonable ’ Q§§
interaction, or interfacing or what amount of glycosylation

reasonably affects binding.

The rejection o.f claimsi6, 7 and 9 based on the specific
amino acids sequences which are only relevant to IgG is-

maintained.' Applicant argues that he is not reguired to

exemplify every embodiment, however, if the claim requires the

'presence of a certain sequence which does not exist in a

particular isotype, than clearly there is a lack of enablement
for making that particular embodiment of the claim.

The rejections of claims 1,2,5-10 under 35 USC 102(a) and

102(b) is maintained and newly added claims 17-21 are rejected

under 35 USC 102(a) and 35 USC 102(b) as being anticipated by
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Art Unit

Queen et. al. or C0 et. al. for the same reasons as set forth in

the previous Office action.

Applicant argues that the distinction between the prior art

and the instant invention is that the framework amino acids are
chosen from a consensus human variable region. However, as

previously mentioned there is no clear indication of what is

meant by consensus variable regions and as it is stated by

applicant on page 14 of the response the chosen amino acids in

the references may indeed be the same as what applicant calls

consensus variable domain sequences.

The rejection of claims 3 and 4 under 35 USC 103 is-
maintained for the same reasons as set forth in the previous

Office action. Applicant-again argues that the use of "consensus

region variable domains" is different from the prior art methods,

however, as previously mentioned, the consensus amino acids may

be the same as the most homologous murine antibodies of the

references. The lack of clarity of the language "consensus"

amino acid region" is what allows this particular interpretation
of the claims.

Claims 17,18, 20 and 21 are rejected under 35 U.S.C. § 112,

second paragraph, as being indefinite for failing to particularly

point out and distinctly Claim the subject, matter which

applicant regards as the invention. _New claims 17,18,20 and 21

are indefinite in that there are no discrete method steps.
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THIS ACTION IS MADE FINAL. Applicant is reminded of the

extension of time policy as set forth in 37 C.F.R. § 1.136(a).'

A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS FINAL

ACTION IS SET TO EXPIRE THREE MONTHS FROM THE DATE OF THIS
ACTION. IN THE EVENT A FIRST RESPONSE IS FILED WITHIN TWO MONTHS

OF THE MAILING DATE OF THIS FINAL ACTION AND THE ADVISORY ACTION
IS NOT MAILED UNTIL AFTER THE END OF THE THREE-MONTH SHORTENED
STATUTORY PERIOD, THEN THE SHORTENED STATUTORY PERIOD WILL EXPIRE
ON THE DATE THE ADVISORY ACTION IS MAILED, AND ANY EXTENSION FEE
PURSUANT TO 37 C.F.R. § 1.136(a) WILL BE CALCULATED FROM THE
MAILING DATE OF THE ADVISORY ACTION. IN NO'EVENT WILL THE
STATUTORY PERIOD FOR RESPONSE EXPIRE LATER THAN SIX MONTHS FROM
THE DATE OF THIS FINAL ACTION.

Any inquiry concerning this communication or earlier
communications from the examiner should be directed to Lila
Feisee whose telephone number is (703) 308-2731.

Any inquiry of a general nature or relating to the status of
this application,should be directed to the Group receptionist
whose telephone number is (703) 308—0196.

Feisee/em
May 18, 1993

D L LACEY

SUPERVISORY PATENT EXAMINER
4 GROUP 180"

«>77/f)
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c» .. . 460 Point'san Bruno Boulevard OX AF

South San Francisco, CA 94080

    ' Attorney Docket No.709

V‘ ExaminerzL. FEISEE
Q . Group Art Unit 1806

Win :‘e Application of: Paul J. Carter - ,

§ SerialNo.: 07/715272
Filed: June 14, 1991

For: lmmunoglobulin Variants -X 
Honorable Commissioner of Patents .,

and Trademarks , ,. -. g .
Washington, DC. 20231 \_,.. H 5' “Va...

Sir: ‘ _

Transmitted herewith is an amendment in the above—identified application.

The fee has been calculated asshown below. '

(Col. 1) (Col. 2) (Col. 3)-—1:  

claims ' Highest No.
Remaining Previously

After Paid For
Amendment
 

First Presentation of Multiple Dep. Claim.V-.. ,_.. ._ . gum 
  

*If the entry in Col. 1 is less than the entry in Col. 2, write "0" in Col. 3.
**lf the "Highest Number Previously Paid For“ IN THIS SPACE is less than 20, write "20" in this space.

***If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, write "3" in this space.
The "Highest Number Previously Paid For“ (Total or Independent is the highest number found from the
equivalent box‘in col. 1 of a prior amendment or the number of claims originally filed.)

1. x No additional fee is reduired.

2. x Please charge any additional fees, including any fees necessary for extensions of time,
W or credit overpayment to Deposit Account No. 07—0630. A duplicate copy of this

sheet is enclosed.

ny additional filing fees required under 37 CFR 1.16.
ny patent application processing fees under 37 CFR'1.17.>>

25.
35..

Datedf September 20, 1993
  

Janet E. Hasak

Registration No. 28,616

CERTIFICATE OF MAILING

I hereby certify that this correspondence is being deposited with the U.S. Postal Service on the date below as
first class mail in an envelope addressed to: Connfissioner of Paten s and Tnademarks, ashington, D.C. 20231.   

  Loui e Strasbaugh
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Serial No. 07/715272

—, Filed: June 14, 1991

For: lmmun‘ogiobulin Variants -

EETITION AND FEE FOR EXTENSION OF TIME (37 CFR 1.136(Ian

Honorable Commissioner of Patents

and Trademarks .
» Washington, D.C. 20231

Sir: ' ‘

Applicant petitions the Commissioner of Patents and Trademarks to extend the time for

response to the Office action dated 19 May 1993 for one monthisi from 19 August 1993 to 19
September 1993. The extended time for response does not exceed the statutory period.

Please charge'Deposit Account Number 07-0630 in the amount of $1 10 to cover the cost of

the extension. Any deficiency or overpayment should be charged or credited to this deposit account.

A duglicateiof this sheet is enclosed.

‘ Respectfully submitted,

GENENTECH, iNC.

WWW
Janet E. Hasak

Reg. No. 28,616

Date: September 20, 1993 07—0630 140 115 110.0001 ’
9914005 09/24/93 07715272

 

CERTIFICATE OF MAILING (37 CFR 1,8a)

I hereby certify that this paper is being deposited with the United States Postal Service on the date shown
below with sufficient postage as first class mail in an envelope addressed to the: Comnissioner of Patents and
Trademarks, Washington, D.C. 20231.

d P Date: September 20, 1993
Louis Strasbaugh ' -'
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THE UNITED STATES PATENT AND TRADEMARK OFFICE

Group Art Unit: 1806 ‘Ql/l
Examiner: L. FEISEE

Filed: June 14, 1991
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South San Francisco, CA 94080 i

(415) 2254896

For: Immunoglobulin Variants

)

)

)

)

)

)

a)

)

)

)

)

)

AMENDMENT AFTER FINALREIECTION PURSUANT TO 37 CFR §- 1.116

Honorable Cemmissioner of Patents
and Trademarks

Washington, DC. 20231 ’ 1

Sir:

This is responsive to the Office Action mailed May 19, 1993, Which is a, final 7
rejection of claims 1 to 11 and 17 to 21. Claims 12 8c 13 have been allowed, A request for
a one-month extension of time to respond is submitted herewith, bringing the due date

for this response to September 20, 1993 as September 19 is a Sunday. This response is

timely filed.

- IN THE SPECIFICATION;

On page 19, line 3, please delete "effect or" and insert ——effector——.

On page 87, please amend Table 1 as follows:
line 6, please amend the. heading of the second to last column to read

"Kd_..,-.

lines 6 & 7, please amend the heading of the last column to read ~-Relative

w014.u
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cell proliferationi—fi

line 8, please delete "proliferation";

line 10, pleaseamend the second to last column to read -—25-- and the last

_ column to read ~~102~~.

_IN THE CLAIMS:

Please cancel claims 14~16 and 18 from the appliCation, without prejudice. Please

amend claims 1, 3, 7, 1'7, 19, 20 and 21 as follows: I

1‘. (Twice amended) A method for making [at least a portion of] a humanized

.‘ antibody variable domain comprising amino acid sequences of an import antibody

comprising a non—human antibody which is desired to be humanized [(import

ix \/ antibody)] and a human antibody, comprising the-steps of:
lf a. obtaining the amino acid sequences of an import variable domain and of»

‘ §ll// ’ a consensus human variable domain of a human immunoglobulin
. sub@0011 ”W

b. identifying Complementarity Determining Region (CDR) amino acid

sequences in the import and the human amino variable domain sequences,

c. substituting an import CDR amino acid sequence for the corresponding

human CDR amino acid sequence;

01. aligning the amino acid sequences of a Framework Region (FR) of the

import antibody and the corresponding PR of the consensus antibody;

e. identifying import antibody FR residues in the aligned FR sequences that

are non~homologous to the corresponding consensus antibody residues;

_f; determining if the non-homologous import amino acid residue is

[reasonably] expected to have at least one of the following effects:

1 non~c0valently binds antigen directly,’

2. interacts with a CDR; or

3 participates in the VL ~ VH interface’by affecting the proximity or

orientation of the VL and VH regions with respect to one another;

w014.u
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g. for any non—homologous import antibody amino acid residue which is
expected to have at least one of these effects, substituting that residue for
the corresponding amino acid residue in the consensus antibody FR
sequence; and

h. preparing a humanized antibody variable domain having amino acid
sequences determined in steps a-g.

In claim 3, line 4, please delete "reasonably".

17.

' corresponding CDR amino acid residues of [

(Twice amended) A method for making a humanized antibody comprising

providing an im ort antibod com risin anon-human antibody variable domain
amino acid sequence which is desired. to be humanized [(import antibody)]
having a CDR and a FR, obtaining the amino acid sequence of [at least a portion
of] a consensus human antibody variable domain of a human immunoglobulin
subgroup, having a lCDR and a FR, substituting the non-human CDR for the
human CDR in the consensus human antibody variable domain, and then
substituting an amino acid residue for the consensus amino acid residue at at
least one of the following sites.

4L, 35L, 36L, 38L, 43L, 44L, 46L, 58L, 62L, 63L, 64L, 65L, 66L, 67L, 68L, 69L, 70L,
71L, 73L, 85L, 87L, 98L, 2H, 4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H, 58H, 60H,

68H, 69H, 70H, 73H, 74H, 75H, 76H, 78H, 91H, 92H, 93H, and 1031-1.

(Amended) A method of making a humanized antibody variable domain
comprising the step of substituting Complementary Determining Region gCDRz
amino acid residues of a variable domain of a non-human antibody for the

using] a consensus human antibody

’ variable domain amino acid sequence'of a human immuno lobulin sub rou [in

w014.u

the preparation of a humanized antibody].
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(Amended) A method for making an improved antibody, comprising amino acid

sequences from an import antibody comprising a non—human [(import)] antibody

and a human antibody, comprisingthe steps of:
a.

obtaining the amino acid sequences of [at least a portion of] an import

antibody variable domain and of a consensus human antibody variable

domain of a human immunoglobulin subgroup;

identifying Complementarity Determining Region (CDR) amino acid-

sequences in the import and the human {amino} variable domain

sequences;

substituting an import CDR amino acid sequence for the corresponding

human .CDR amino acid sequence;

aligning the amino acid sequences of a Framework Region (FR) of the

import antibody and the corresponding PR of the consensus antibody;

identifying import antibody FR- residues in the aligned FR sequences that

are non-homologous to the corresponding consensus antibody residues;

determining if the non—homologous import amino acid residue is

[reasonably] expected to have at least one of the following effects:
1. non—covalentlybinds antigen directly, I

2. interacts with a CDR; or .

3. participates in the VL ~ V]H interface by affecting the proximity or '

orientation of the VL and VH'regions with respect to one another;

for any non-homologous import antibody amino acid residue which is

[reasonably] expected to have at least one‘of these effects, substituting that

residue for the corresponding amino acid residue in the consensus

antibody FR sequenceLandj [1.62.4

preparing an improved, humanized antibody having amino acid sequences

determined in steps a~g,' and I

evaluating the antigen. binding or immunogenicity of the improved,
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humanized antibody with respect to the parental antibody.

20.» A method of making a humanized antibody comprisingtthe step of making the

antibody identified [, following the identification of an antibody] by the method
of any one of claims [1,] 7[,] or 17 [-19, the manufacture of the antibody].

21. A method of making a humanized antibody comprisingtthe step of expressing
nucleic acid encoding the antibody identified [, following the identification of an '
antibody] by the method of any one of claims 1, 7, [or] 17 H _o_r 19 [, the
expression of nucleic acid encoding the antibody].

REMARKS

' The claims pending in this application are claims 1 to 13, 17 and 19 to 21.

Applicants have canceled claims 14 to 16 and 18, Without prejudice to file divisional
applications directed thereto

The proposed amendments to. the claims are purely in response to the rejections
of the Final Action No new matter has been introduced by the claim amendments
These amendments should be considered under Rule 116 because they do not introduce

issues not already fully joined in this case and because they are believed to place the
claims in better condition for appeal. Further, they are offered in a good faith effort to

place this case inconditio'n for allowance.

1. Amendments

The specification has been amended to correct obvious typographical errors. With
respect to the amendment to Table 1 on page 87, a copy of Carter et al., Proc. Natl Acad

‘ Sci, 89, (1992) is attached, which is a publication of the experimental data disclosed1n .
the above application, and Was published after the filing date thereof. It1s clear that the
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last two column headings of Table 1 were inadvertently superimposed and the

amendment to the specification serves merely to correct these errors. It Would have been

obvious from the information provided on page 87 of the specification, that the last two

headings were intended to be "Kd nM", and ”Relative cell proliferation", respectively, as

"the key under Table 1 discloses What the headings indicated by l and 1 are. Also, it is

clear that the figures in the last two columns of the first line of data in Table 1 were

intended to be 25 and 102 respectively, and were inadvertently superimposed.

Applicants respectfully request that the specification be amended to correct the obvious

typographical errors discussed above.

Claims 1, 7, 17 and 19 have been amended to refer to the consensus human

variable domain "of a' human immunoglobulin subgroup", with support for the

amendment found on at least page 16,lines 29-32 andpage 17, line 4. Claim 17, 19, and

20 have been amended to recite a preamble and a positive step, which steps are clear

from at least the original set of claims filed.

IL Rejections under 35 U.S.C. § 112, second paragraph

Most of the rejections under 35 U.S.C. § 112, Second paragraph, which were raised

in the earlier Office Action dated October 5, 1992 have been withdrawn. Applicants

thank the Examiner for Withdrawing these rejections.

The Examiner has, however, maintained some of the rejections under 35 U.S.C.

§ 112, second paragraph, which relate to claims 1, 3—5 and 7. The separate sets of
rejections are addressed separately below.

A The Examiner has maintained the rejection of claim 1 with respect to the

phrase”consensus human variable domain" because it is allegedly not clear whether the

consensus domain is a culmination of different variable domains or a single universal

variable domain which is homologous to other human variable domains.

In the interests of expediting examination, claims 1, 7, 17 and 19 have been

amended to recite that the consensus human variable domain is ”of a’ human
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immunoglob‘ulin subgroup". Information concerning the amino acid sequences of the
variable domains of antibodies belonging to various human immunoglobulin subgroups

was compiled by Kabat et al., Sequences of Proteins of Immunological Interest, Fourth
‘ Edition, US. Dept. of Health &_Human Services, pubs, (1987), a copy of which is

_ attached to the enclosed Kelley Declaration as Exhibit "”.B Kabat et al. grouped various
heavy and light chain variable domains according to their amino acid sequence identity
to form several human immunoglobulin ”subgroups" i.e. human kappa light chains

subgroups I to IV, human lambda light chains subgroups I to V1 and human heavy
chains subgroups I to III (see pages 41-76 and 160-167 of Kabat et (11.). The "occurrences
of most common amino acids" at each position of the variable domain are provided in
the second to last column for each immunoglobulin subgroup in Kabat et al. The
consensus human variable domain claimed in the above application is an amino acid

sequence comprising the most commonly occurring amino acid residues at each position
of the variable domain‘for a particular human immunoglobulin subgroup as' defined by
Kabat et al. It would have been readily apparent, to the ordinarily skilled biochemist,
what constitutes a consensus human variable domain of a human immunoglobulin
subgroup upon reading the above application. .

Applicants respectfully request the withdrawal of the rejection of claim 1 as
indefinite in light of the above submissions.

. B. The Examiner has suggested that the "import amino acid" be described as "an
import antibody comprising the amino acid sequence of a non-human antibody which
binds to ...". Applicants understand that the Examiner considers that inclusion of the'
wording "import antibody” in parentheses is unclear and that the rejection relates to '
claims 1, 3, 4,5 and 7. In order to overcome the rejection, claims 1, 7 and 19 have been
amended to recite "an import antibody comprising anon—human antibody...". The non—

human, import antibody may be the muMAb4D5 disclosed in Example 1 of the
application, for example. Claims 3—5 depend on claim‘ 1 and because there is clear
antecedence basis for the phrases "import antibody variable domain amino acid.
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' sequence”, ”import sequence" and "import antibody" in claim 1, the' rejection of these
claims is also rendered moot.

C. The Examiner has maintained the rejection of claim 1 under 35 U.S.C. §112,

- second paragraph, with respect to the wOrding, "reasonably expected" on the grounds

_ that it is not known what criteria determines what is "reasonable". In order to obviate
’ the rejection, Applicants have deleted the word "reasonably" from claims 1, 3 and 19.

Applicants respectfully submit that the amendment to the claims renders the rejection
moot. I

Applicants respectfully request that the maintained rejections of claims 1, 3~5 and
7 under 35 U.S.C.> § 112, second paragraph, be Withdrawn in light of the amendments
to the claims and the submissions under paragraphs A to C above.

111. Ob'ection and Re'ections under 35 U.S.C. 112 first law ra h

The Examiner has maintained the objection to'the specification and the rejection

of claims 1 to 11 under 35 U.S.C. § 112, first paragraph as lacking enablement. New
claims 17 to.21 have also been rejected under 35 U.S.C. § 112, first paragraph as lacking

enablement. The various sets of rejections are addressed separately below.

A. The Examiner has maintained the rejection of claim '1 and has rejected claims

19 to 21 for. including the language "at least a portion“. In the interests of expediting
examination, claims 1, 7 and 19 have been amended by deleting the wording ”at least

a portion of" therefrom. Applicants submit that the amendment, of the claims renders the

[rejection of claims 1 and 19—20 under 35 U.S.C. .§ 112, first paragraph, moot and

respectfully request the withdrawal thereof.

B. The Examiner has maintained the rejection that step c) of claim 1 (i.e. the step

of substituting an import CDR amino acid sequence for the corresponding human CDR

amino acid sequence) is not enabled by the specification. The Examiner asserts that

there is no clear guidance in the specification to enable one of ordinary skill in the art ‘

to make the human ”consensus variable domain". The Examiner further asserts that the
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only guidance presented in the specification with regards to the substitutions is the
amino acid sequences of SEQ ID NO: 3 and 4.. Applicants understand that the basis for
the Examiner's rejection is that the information provided in the specification would not

‘ have enabled the ordinarily skilled biochemist to carry out the methods claimed in order

_to produce a humanized antibody.

Applicants respectfully traverse this rejection on the grounds that the specification
is enabling for the method claimed. In support of.the above position, a Declaration
pursuantgto 37 C.F.R. § 1.132 by Robert Kelley is attached. See Specifipally his opiniOn
in paragraph 3 and the bases for this opinion set forth in paragraphs‘é to 7.

This Declaration was not earlier submitted because it was believed, in good faith,

that the rejection would be overcome without the need for a Declaration. Applicants
respectfully request the entry of this Declaration in the above application pursuant to
Rule 116, because it does not introduce issues not already fully joined in this case. The

Declaration, the consensus human variable domain constitutes an amino acid sequence

comprising the most commonly occurring amino acids at each position in the variable
domain of a particular human immunoglobulin subgroup as defined by Kabat et al. The
immunoglobulin subgroups referred to in Kabat et at. were grouped according to the
amino acid sequence homology between human immunoglobulin variable domains, and
the most commonly occurring amino acids at each position in the variable domain for
each Subgroup were identified (i.e. the "consensus human variable domain"). The skilled
biochemist could have used the consensus human variable domains of the light chain

and heavy chain subgroups having the greatest number of sequences therein (i.e. light
chains kappa subgroup I and heavy chains subgroup III) as disclosed in Kabat et al. (see
page 17, first paragraph of the specification) to humanize the non—human antibody’of
interest. Alternatively, the Skilled biochemist could have chosen the consensus human
variable domain-of another human immunoglobulin subgroup as defined in Kabat et al.
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1e. the consensus human variable domain for‘human kappa light chains subgroups 11

to IV, human lambda light chains subgroups I to V], or human heaVy chains subgroups
I or 11 (see pages 41-76 and 160—167 of Kabat at £11.). Therefore, the skilled biochemist

; could have elected touse a consensus human variable domain'other than those defined

_ as SEQ ID NO: 3 8t 4 on page 17 of the above application, as the consensus human
variable domains for other subgroups were compiled in Kabat et al. Page ix of Kabat

et al. identifies the residues forming the CDR regions of heavy and light chain variable
domains tabulated from human and mouse variable domains. Kabat et al. have adopted

standardized numbering. for each of the residue locations. Accordingly, the skilled

biochemist could have identified the CDR regions of the consensus human variable

domain and the import variable domain using the teachings of Kabat et a1. Alternatively,
the structural definition of Chothia at 121,)- Mol. Biol, 196: 901—917 (1987) (see page 16,

third paragraph of the specification) could have been adopted to identify the CDR
regions of the consensus and import variable domains. See paragraph 4 of the Kelley
Declaration. The above Submissions show that steps a & b of claim 1 were enabled by

a the specification as filed. I

Also, step c of claim 1 could have been carried out by the ordinarily skilled
biochemist using the information provided in the specification and techniques such as
manual tabulation of amino acid sequences or a computer program which was known .
in the art prior to lune 14, 1991. See paragraph 5 of the Kelley Declaration.

Steps d to g of claim 1 would similarly have been straightforward to perform
These steps of claim 1 relate to the identification of Framework Region (FR) residues1n
the consensus human variable domain which are non-homologous to the corresponding

import FR residues and replacement of such non-homologous human residues with
corresponding import residues, if the residues are expected to have any one of the effects

specified in step f The locations of FR residues1n human and mouse variable domains
are indicated in Kabat et al. (see page ix) and the structural definition of the FR’ 3 was

available (see Chothia et a1.) Hence, it would have been straightforward for the skilled
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immunologist to identify the FR residues in the consensus human variable domain and

the import sequence. Using computer programs available before Inne 14, 1991, the
skilled biochemist would have been able to study the 3~dimensional structure of the

' antibodyin order to establish whether a particular non-homologous import amino acid

, residue is likely to have one of the effects discussed in section f of claim 1. Information

is provided on pages 14 to 16 of the specification which would have enabled the skilled
biochemist to determine whether any non—homologous residue(s) would be expected to

have the effects claimed. The techniques claimed in steps d to g of claim 1 could have

been carried out routinely by a person versed in the relevant art, prior to June 14, 1991.

See paragraph 6 of the Declaration. '

I As discussed in paragraph 7 of the Declaration, once the primary amino acid

sequence of the antibody had been characterized, it would have been routine to make

the'protein using recombinant techniques or a peptide synthesizer, which techniques

Were well known in the art prior‘to the filing date of theqabove application.
Applicants conclude that, contrary to the Examiner’s assertions, the ordinarily

skilled biochemist would have been able to carry out the method claimed in the above

application, using the information provided in the specification and techniques which

were well known in the relevant art, prior to June 14, 1991.

Accordingly, Applicants request that the rejection of claim 1 under 35 U.S.C. §

112, first paragraph, be reconsidered and withdrawn in light of the above submissions

and the Declaration. , ‘

C. The Examiner has maintained the rejection of claims 1 and 3, and has rejected

claim 19 under 35 U.S.C. § 112, first paragraph, with respect to the wording "reasonably"

therein. In order to obviate the rejection, the wording "reasonably" has been deleted from

claims 1, 3 and 19.

Accordingly, Applicants request that the rejection of claims 1, 3 and 19 under 35
U.S.C. § 112, first paragraph, be withdrawn.

, D. The Examiner has maintained the rejection of claims 6, 7 and 9 as lacking
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enablement under 35 U.S.C.'§ 112, first paragraph, the Examiner’s position being that the

amino acids are relevant to IgG only and not to other isotypes. Applicants respectfully

traverse this rejection on the basis that the immunoglobulin sites claimed would have

. been relevant with respect to antibodies, other than lgG antibodies. Applicants refer the

_ Examiner to paragraphs 8 & 9 of the Kelley Declaration Which support this position. The

Examiner appears to suggest that the rejected claims cover sequences which would not

be foundin immunoglobulin isotypes, other than IgG isotypes. However, as pointed out

in paragraph 9 of the Kelley Declaration, the claims refer to positions or sites of the
variable domain, not specific amino acid residues. These sites relate to the position of.

a residuein the 3D structure of the variable domain. Kabat et a! have used universal
numbering for the amino acid residue locations of the variable domains for each of the

immunoglobulin subgroups mentioned therein. The FR residue sites indicated may be
OCCupied by an amino acid residue which is non—homologous to the corresponding
consensus human variable domain residue, and which residueis likely to have at least

one of the effects discussed in step f of claim 1. The residue at the particular site can

be any amino acid residue, depending on the antibody in which it is located. These
residue locatiOns or sites are applicable across species (see page16, line 8). Accordingly, A
it is likely that an amino acid residue located at one of the sites indicatedin claims 6, 7
and 9 will have one of the effects of claim 1 (step f) regardless of the antibodyin which

_it is located. It is apparent that the particular sites claimed are applicable to

- immunoglobulins other than IgG.

Accordingly, Applicants submit that the rejection of claims 6, 7 & 9 under 35
U.S.C. § 112, first paragraph, should bereconsidered and withdrawn in light of the

above submissions and Declaration.

In light of the submissions presented in paragraphs A to D above, Applicants I
respectfully request that theobjection to the specification and the rejection of claims 1—11
and 17—21 under 35 U.S.C. §112, first paragraph, be withdrawn.

Applicantsithank the Examiner for withdrawing the rejections which were raised

W014.u

272



 

07/715272 Page No.» 13

under 35 U.S.C. § 101 in the earlier Office Action dated October 5, 1992 .

IV. Rejection .ofvclaims 1, 2 and 5-10 under 35 U.S.C. 102 (a) and 102th)
The rejection of claims 1, 2 and 510 under 35 U.S.C. § 102(a) and 102(b) has been

, maintained and newly added claims 17~21 have been rejected under 35 U.S.C. § 102(a)

and 102(b) as being anticipated by Queen et al.,‘ Proc. Natl. Acad. Sci, 86:10029—10033
(1989) and Co et al., Prac. Natl. Acad. Sci, 88:2869-2873 (1991). The basis for the rejection
is that there is allegedly no clear indication as to what is meant by the consensus human
variable domain claimed in the above application.

To constitute anticipation, all'material elements of a claim must be found in one

prior art source. In re Marshall, 198 USPQ 344 (CCPA 1978), In re Kalm, 154 USPQ 10
(CCPA 1967). Applicants will show that Queen et al. and Co at al. do not contain all
material elements of claims 1, 2,5—10 and 17-21.

The nature of the "consensus human variable domain of a human

immunoglobulin subgroup‘ as defined in the claims as amended has been discussed
above under Section II(A) of this responseandm paragraph 4 of the Kelley Declaration,

those discussions being incorporated herein. Applicants submit that the meaning of the
phrase consensus human variable domain of a human immunoglobulin subgroup would
have been clearly understood by those skilledin the art upon reading the specification.
The prior art relied upon in the Office Action fails to disclose a method of making a

humanized antibody using a consensus human variable domain to "humanize” a non-
human antibody. The Declaration by Kelley supports this position. In particular,

Applicants direct the Office’3 attention to paragraphs 1113 of the attached Declaration.
It is apparent from the information given in Table 1 of Exhibit C and in the Figures of

A Exhibits D and E of the Kelley Declaration (see paragraphs 12 & 13 thereof), that the

variable domains of the human immunoglobulin sequences used by Queen at al. and Co

at al. are not a consensus human variable domain of any human immunoglobulin

subgroup as set forth in the claims of the above application.
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Since, as shown above, Queen at al. and Co et 121. do not teach all the material

elements of the instant claims as required under Marshall and Kulm, supra, Applicants

respectfully submit that the rejection of claims 1, 2, 5~10 and 17-21 under 35 U.S.C. §

102(a) and (b) can not be upheld and therefore request that the rejections be withdrawn.

V. Rejection of claims 3 and 4 under 35 U.S.C. § 103

The rejection of claims 3 and 4 as unpatentable under 35 U.S.C. § 103 over Queen

ét 111. or Co at 111., supra, in View of Wallick et 41., ]. Exp. Med., 168 (1988) has been

maintained. The basis for the rejection relates to the alleged lack of clarity of the

language "consensus human variable domain” in the claims of the above application. The
consensus human variable domain as defined in the above application would have been

readily understood by the ordinarily skilled biochemist (see paragraph 4 of the Kelley

Declaration) Claim 1 of the above application relates to a method of using a consensus
human variable domain to ’humanize" a non——human antibody (e.g. muMAb4D5). As

established in section IV above, use of a consensus human variable domain from a

human immunoglobulin subgroup is not disclosed in Queen at 121. or C0 et al.

The publication by Wallick et a1. does not compensate for the deficienciesin the
primary references. Wallick et al. refer to the importance of glycosylation for maintaining
antigen binding affmlty. of monoclonal antibodies. Wallick et a1. fail to disclose or suggest
a method of humanizing a non-human antibody, much less a method of humanizing a
non-human antibody using a consensus human variable domain of a immunoglobulin
subgroup. The skilled biochemist would have had no motivation to use a consensus I
human variable domain based on the prior art referred to in the Office Action, because

the prior art techniques had all relied upon using a human variable domain sequence -

which has the closest sequence homology to the non-human variable sequence (to be

humanized) in order to reduce the likelihood of introducing distortions into the CDR’s

(see column 2 on page 10031 of Queen et a1.) and "to retain high binding affinity in the

humanized antibody" (see column 1 on page 2871 of Co at 111.). The method claimed in
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the above application does not rely on a high degree of homology between the variable

domain of the non-human sequence and the consensus variable domain which is used

to humanize the non—human sequer’r'ce.

Also, as supported by paragraph 15 of the Kelley Declaration, the invention

_ claimed in the above application resulted in an unexpected result which could not have

been reasonably predicted from the prior art. It was surprising that a consensus variable

domain of a selected immunoglobulin subgroup could be used to humanize a non-

human antibody, regardless of the degree of homology between the human and non-

human amino acid sequences. It was also surprising that the humanized antibody so
formed retained, and in some instances, had increased antigen binding affinity compared

to the non—human antibody from which it was derived. The above application shows
that the huMAb4D58 variant actually binds the p185HERZ ECD 3-fold more tightly than

muMAb4D5 (see page 82 lines 31 & 32 to page 83, line 1 of the specification) which

could not have been predicted by the ordinarily skilled biochemist See paragraph 15 of

the Kelley Declaration. The evidence of unexpected resultsin Applicants’ application18
sufficient to support a conclusion of nonobviousness Ralston Purina Co Par~Mar—Co.,

Inc, 222 USPQ 863 (DC KS, 1984).

It is apparent that the invention claimed in claim 1. was novel and nonobvious
over the citations because the combination of the prior artfailed to disclose, or suggest,

the invention claimed in claim 1 and, moreover, the method resulted in a new and

unexpected result which could not havebeen reasonably predicted from the art.-

Claims 3 8: 4 depend on claim 1 which, as established above, is novel and

nonobvious over the citations. Claim 3 refers tothe step of finding any glycosylation site

which is likely to affect the antigen binding or affinity in the import antibody and

substituting the glycosylation site into the consensus amino acid sequence. Claim 4 refers

to the step of replacing glycosylation, sites of the consensus domain with the
corresponding import amino acid residues if such glycosylation sites are not present in

_ the import sequence. These claims would not have been obvious over the prior art of

w014.u" '

275



 

07/715272 _ . Page No. 16

record because the prior art failed to disclose the use of a human consensus variable

domain to humanize the non-human antibody. Accordingly, the skilled biochemist

would have had no motivation to replace or insert glycosylation sites into a consensus

amino acid sequence, as claimed in claims 3 and 4 of the application. See‘paragraph 1'5 .

_ of the Kelley Declaration.

The law is clear that obviousness cannot be established by combining the

teachings of the references to produce the claimed invention, absent some teaching,

suggestion, or incentive supporting the combination. AC5 Hospital Systems, Inc. v.

Montefiore Hospital, 221 USPQ 929, 933 (Fed. Cir. 1984). The above discussion shows that

the cited references, alone or in combination, lack the-requisite teaching of the use of a

consensus human variable domain to humanize a non~human antibody. In this case, the

combined art would not have reasonably enabled or motivated the skilled practitioner
to use a human consensus variable domainin this manner, which provides a method of

making improved humanized antibodies. Accordingly, it is clear that the invention
claimed in claimsB3&2: 4 is novel and nonobvious over the prior art of record. '

Applicants submit that the rejection of claims 3 and 4 under 35 U.S..C § 103 ‘

should be reconsidered and withdrawn in light of the above submissions and the
Declaration.

VI. Rejection of claims 17,18I 20 and 21 under 35 U.S.C. §112, second paragraph.

Claims 17, 18, 20 and 21 have been'rejected under 35 U.S.C. § 112, second

paragraph, as being indefinite in that there are allegedly no discrete method steps. In

order to obviate the rejection, claims 17, 20 and 21 have been amended to each recite a
definite method step and claim 18 has been deleted.

L Applicants respectfully request the withdrawal of the rejection of claims 17, 20,

and 21‘under 35 U.S.C. § 112, second paragraph, in light of the amendments to the

claims,

As all objections and rejections have been addressedand overcome, Applicants
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believe that the claims are now in condition for allowance. Notice to that effect is

respectfully requested. If the Examiner has any questions concerning the response, she
ld feel free to call the undersigned attorney at the number indicated above.

Respectfully submitted, .
GENENTECH, INC.

Janet E. Hasak
Reg. No. 28,616

shou

Date: September 20, 1993
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DECLARATION OF ROBERT F. KELLEY-PURSUANT TO 37 CFR 51.132

Honorable commissioner of Patents
and Trademarks

Washington, D.C. 20231

Sir: ‘

l, ROBERT F. KELLEY, do hereby declare as follows:

1. I received my. PhD. in Biochemistry in 1984 from the University of lowa. Following my Ph.D,

l was a NIH postdoctoral fellow in the Department of Molecular Biophysics & Biochemistry at Yale

University from July 1984 to December 1985. In 1986, I joined the Biocatalysis Department at

Genentech, Inc. as an Associate Scientist. In September 1988, l was promoted to Scientist and I am

employed in .‘that capacity at present. (The Biocatalysis Department has been renamed "Protein

. Engineering"). I am-the author or ce-author of 22 publications relating to the 3-D structures and folding

of various proteins. A copy of my curriculum vitae is attached as Exhibit "A".

2. I understand that the PatentOffice has rejected the above application on the basis that the

application as filed does not provide sufficient disciosure to enable a skilled biochemist to carry out the

method of claim 1 because the Examiner believes no clear guidance exists in the specification to allow

a skilled biochemist to make the "consensus human variable domain" and substitute an import (i.e. non-

human) Complementary Determining Region (CDR) amino acid sequence forthe corresponding human

CDR amino acid sequence, as set forth in claim 1. l further understand that the Office considers that
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the only guidance in the specification with regards to the substitutions is the amino acid sequences of

SEQ lD NO: 3 and 4.

3. I have read the above application, the Office Action date May 19, 1992 (Paper # 17)

rejecting the .claims of the application, and the proposed amendment oi the claims in response to the

_ rejection. ln my opinion, the skilled biochemist could have readily carried out the method of claim 1 in

order to make a humanized antibody, using the general knowledge available in the‘field on and before

June 14, 1991, and the information given in the above application. The bases for my opinion are given

in paragraphs 4 to 7 below.

4. Claim 1 relates to a method of making a humanized antibody. Steps a and b of claim 1, as

amended, discuss identification of the CDR amino acid sequences of a non~human import antibody (to

be humanized) and a consensus human variable domain of a human immunoglobulin subgroup. The'

”consensus human variable domain constitutes an amino acid sequence comprising the most commonly I

occurring amino acids at each position in the variable domain of a particular human immunoglobulin

\subgroup as defined by Kabat et a/., Sequences of Proteins of Immunological Interest, Fourth Edition,
U.S. Dept. of Health & Human Services, pubs, (1987), a copy of which is attached as Exhibit-:3“. The

immunoglobulin subgroups referred to in Kabat et al. were grouped according to the amino acid
sequence homology between human} immunoglobulin variable domains, and the most commonly

occurring amino acids at each position in the variable domain for each subgroup were identified he

the " consensus human variable domain"). The skilled biochemist could have used the consensus human

variable domains of the light chain and heavy chain subgroups having the greatest number of sequences

(Le. light chains kappa subgroup l and heavy chains subgroup lll) as disclosed in Kabat et al. (see page

li',‘first paragraph of the specification) to humanize the non-human antibody of interest. Alternatively,
the skilled biochemist could have chosen the consensus human variable domain of another human ‘

immunoglobulin subgroup’as defined in Kabat et al. lie. the consensus human variable domain for

human kappa light chains subgroups ll to IV, human lambda light chains subgroups l to‘ V), or human
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heavy chains subgroups | or ll [see pages 41-76 and 160-167 of Kabat eta/.1). Therefore, the skilled

biochemist could have elected to use a consensus human variable domain other‘than those defined as

SEQ ID NO: 3 & 4 on page 17 of the above application, as the consensus human variable domains for

other subgroups were compiled in Kabat et al. Page ix of Kabat er al. identifies the residues forming

— the CDR regions of heavy and light chain variable domains tabulated from human and mouse variable

domains. Kabat er al. have adopted standardized numbering for each of the residue locations.

'Accordingly, the skilled biochemist could have identified the CDR regions of the consensus human

variable domain and the import variable domain using the teachings of Kabat et 8/. Alternatively, the

structural definition of Chothia e! a/., J. MOI. Bio/., 196: 901—91 7 (1987) (see page 16, third paragraph

of the specification) could have been adopted to identify the CDR'regions of the consensus and import

variable domains. Hence, it would have been straightforward for the skilled biochemiSt to carry out

steps a and b of claim 1 using the information provided in the specification.

5. Step c of claim 1 discloses the step of replacing the corresponding human CDR sequence

with the import CDR amino acid sequence. This step could have been carried out routinely by the skilled

biochemist by manual tabulation or using a computer program such as the ALIGN program, (Dayhoff _

et 3]., Math. Enzyma/., 91:524—545 [1983]) which was available prior to June 14, 1991. Steps a to c

of claim 1 would have resulted in the characterization of a primary amino acid sequence encoding a

humanized variable domain with import (non—humanchR regions.

6. Steps (1 to g of claim 1 relate to the identification of Framework Region. (FR) residues in the

consensus human variable domain which are non-homologous to the corresponding import FR residues

and replacement of such non-homologous human residues with corresponding import residues, if the

residues are expected to have any one of the effects specified in step f. The locations of FR residues .

in human and mouse variable domains are indicated in Kabat er 3/. (see page ix) and the structural

definition of the FR’s was available (see Chothia er al.) Hence, it would have been straightforward for

the skilled immunologist to identify the FR residues in the consensus human variable domain and the
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import sequence. Using computer programs (such as the INSIGHT program [Biosym Technologies].

available before June 14, 1991), the skilled biochemist would have been able to study the. 3-

dimensional structure of an antibody in order to establish whether a particular non—homologous import

amino acid residue is likely to have one of the effects discussed in section f of Iclaim 1. Information is

provided on pages 14' to 16 of the specification which would have enabled the skilled biochemist to

determine whether any non-homologous residuals) would be expected to have the effects claimed. The

techniques claimed in steps d to g of claim 1 could have been carried out routinely by a person versed

in the relevant art, prior to June 14, 1991.

. 7. Steps a to g of claim 1 would have lead to the characterization of an amino acid sequence
of a humanized antibody having non—human CDR amino acid residues and, optionally, having one or

more non~human FR residues. in order to prepare the humanized antibody as claimed in claim 1, step

h, the skilled biochemist could have synthesized the antibody using a peptide synthesizer which was

commercially available before June 14, 1991. Alternatively, the antibody could have been made in

recombinant cell culture (see page 26, last paragraph‘of the specification). Preparation of the antibody,

would have been straightforward to perform by the person skilled‘in the art, once the amino acid

sequence of the humanized antibody had been characterized.

8. I understand that the Patent Office has rejected the above application on the basis that the

sites in the variable domain referred to in claims 6, 7, and 9 are relevant to lgG antibodies only. It is

my opinion that the sites referred to in claims 6, 7, and 9 would be relevant to other immunoglobuiins.

The basis for my opinion is given in paragraph 9 below.

9.'The sites referred to in claims 6, 7, and 9 are the residue locations, or sites, of the FR

residues in the heavy or light chain forming the variable domain of immunogl'obulins. The residue sites

referred to in claims 6, 7 & 9 relate to the position of a residue in the 3—D structure of the variable

domain. Kabat et al. have used universal numbering for the amino acid residue locations of the variable

domains for each of the immunoglobulin subgroups mentioned in the reference. The FR' residue sites
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indicated may be occupied by an amino acid residue which is non-homologous to the corresponding

consensus human variable domain residue, and which is likely to have at least one of the effects

discussed in step f of claim 1. These residue locations or sites areapplicable across species (see page I

16, line 8 of the specification). Accordingly, it is likely that an amino acid residue located at one of the

sites indicated in claims 6, 7 and 9 will have one of the? effects of claim 1 (step ii, regardless of the

antibody in which it is located, because it will be in thesame position in the 3-D structure of. the

antibody variable domain as the residue sites referred to in the rejected claims. Accordingly, the
examples of residue locations to be substituted in the variable domains would be applicable to

antibodies, other than lgG antibodies. I

10. I understand that the Patent Office has rejected the above application on the grounds that

the invention as claimed is disclosed in Queen at al., Proc. Natl. Acad. Sci., 86:10029-10033 (11989)

or Co at al., Proc. Natl. Acad. Sci., 88:2869—2878 (1991) and that the Office has suggested that the

human variable domains disclosed in these references may have the same amino acid sequences as one

of the consensus human variable domains diaclosed in Kabat et al.
11. The above statements regardingthe state of ‘knowledge as of June 14,_1991, do not

establish that the invention claimed in this application was knoWn, or would have been obvious, to the

skilled biochemist at the time the invention was made. To the contrary, after havingread the citations

relied upon by the Patent Office, it is my judgement that these documents would not have disclosed,

nor suggested, the methods claimed. The basis for my opinion is given below.

12. The invention of the above application can be distinguished on the basis that a consensus

human variable domain is used to "humanize" a non-human antibody of'interest. The Queen at al. and

Co or al. publiCations fail to disclose a consensus human variable domain. lnstead, these publications

refer to the use of a human variable domain having the closest sequence homology to the. variable

domain of the non-human antibody to be humanized. Queen at al. used the Eu human variable domain
sequence (see Fig 2 thereof) and Co at al. used the variable domains of the Pom or Eu human
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antibodies (see Fig 1 thereof). The sequences used in Queen at a]. and Co at 6/. do not constitute a

consensus human variable domain of a human immunoglobulin subgroup. The sequence identity

between the amino acid sequences of the FR residues of the variable domains of the Pom or Eu heavy

or light chains compared to the FR residues of the consensus human variable domains of each of the.
human immunoglobulin subgroups as defined by Kabat et al. is illustrated in Table i (see Exhibit."C",'

attached hereto). The CDR residues were not used in the comparison because of the large number of I
differences between these residues for variable domains of different antibodies. The Porn and Eu

variable domain sequences were taken from Kabat er al. The consensus human variable domains of the

VL lambda subgroups IV and V were not compared, as these subgroups have too few members. While
the variable domain of Eu is classified in subgroups VL kappa l and VHl, and the variable domain of Porn

is classified in subgroups VL kappa ill and .VM lll, it is apparent that the Eu and Porn variable domain

amino acid sequences are not consensus human variable domains of any immunoglobulin subgroup.

This is further demonstrated in the following paragraph.

la. Exhibits "D'_’ and ”C" attached hereto, show the differences in the amino acid sequences

of the Porn and Eu heavy and light chain variable domains compared to the consensus human variable

domain of the subgroup in which they are classified. Exhibit D illustrates an alignment of the amino acid

sequences of the light chain variable domains of Eu, Porn and the consensus variable domain of the VL

' kappa subgroup l (in which the light chain variable domain of Eu is classified). Exhibit E illustrates an

alignment of the amino acid sequences of the heavy chain variable domains of Eu, Pom and the
consensus variable domain of the VH subgroup ill (in which the heavy chain variable domain of Pom is

classified). Even though Eu is classified in VL kappa i, it has seven framework residues which are

different from the framework residues of the kappa | consensus sequence. Furthermore, while Porn is

classified in the VH lll subgroup, eight of its framework~ residues differ from the corresponding

framework residues of the VH Ill consensus sequence. There are, of course, many differences between

the CDR residues of the consensus sequences and the corresponding CDR residues of Pom and Eu.
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it is clear from the information in Exhibits C; D, & E that the Queen er al. and Co er a/._publications iail

‘ to disclose a method wherein a non—human import antibody is humanized using a consensus human

variable domain of an immunoglobulin subgroup.

14. I understand the Patent Office has rejected the above application‘on the basis that-the

invention-claimed in claims3 8i 4 would'have'been obvious in light of Queen at a/., or Co at a/., when

read in conjunction with Wallick er a/., J. Exp. Med, 168 (1988). After reading these references, it

is my opinion that the invention claimed in claims 3 and. 4 is novel and onld not have been obvious

in light of the citatiOns. The basis for my opinion is given in the following paragraph.

15. Claim 1 of the above application relates to a method of using a consensus human variable

domain to "humanize" a non-human antibody leg. muMAb4DS). Use of a consensus human variable-

domain from a human immunoglobulin subgroup to humanize a non—human antibody is notrdisclosed

in Queen et 61],, Co at 3/. or Wallick et al. Wallick et al. does not relate to a method of humanizing a

non~human antibody/much less a method of humanizing a non—human antibody using a consensus

human variable domain of a human immunoglobulin subgroup. The skilled biochemist would have had

no motivation at the filing date of this application to use a consensus human variable domain to

humanize a northuman antibody, because the techniques in the prior literature had all relied upon using

a human variable domain sequence which has the closest sequence homology to the non-human

variable sequence (to be humanized) in order to reduce the likelihood of introducing distortions into the

CDR’s (see column 2 on page 10031 of Queen at a/.l or to "retain high binding affinity in the
humanized antibodies" (see column 1 on page 2871 of Co at al.). The methodiclaimed in the above

application does not rely on a high degree of homology between the variable domain of the non—human

sequence and the consensus variable domain which is used-to humanize the non-human sequence. It
was surprising that a consensus variable domain of a selected immunoglobulin subgroup could be ‘used

to humanize a non-human antibody, regardless of the degree of homology between the human and non—

human amino acid sequences. It was also surprising that the humanized antibody so formed retained,
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and in some instances, had increased antigen binding affinity compared to the non—human antibody
from which it was derived. The above application shows that the huMAb4DS-8 variant actually binds

the pi85“m ECD 3—fold more tightly than muMAb4D5 (seepage 82 lines‘31 & 32 to page 83, line 1
of the specification), which could not have been predicted by the ordinarily skilled biochemist at the

time the specification was filed. Claim 3 refers to the step of finding any glycosylation site which is

likely to affect the antigen binding or affinity in the import antibody and substituting the glycosylation
site into the consensus amino acid sequence. Claim 4 refers to the step of replacing glycosylation sites
of the consensus domain with the corresponding import amino acid residues if such glycosylation sites

are not present in the import sequence. in my opinion, these claims would not have been obvious over

the prior literature because the reference failed to disclose. the use of a human consensus variable
domain to humanize the nonhuman antibody Accordingly, the skilled biochemist would have had no
motivation to replace or insert glycosylation sites into a consensus amino acid sequence, as claimed

in claims 3 and 4 of the application.
16. l declare further that all statements made herein of my own knowledge are true and that

all statements made on information and belief are believed to be true; and further that these statements
were made with the knowledge that willful false statements and the like so made are punishable by fine

or imprisonment, or both, under section 1001 of Title 18 of the United States Code,_ and that such

willful false statements may jeopardize the validity of the application or any patent issuing-thereon.

Dated: @1201? Z l Signed: W (/LROBERT F. KELLEY
 

CERTlFlCATE OF MAILING

l hereby certify that this correspondence is being deposited with the United States Postal Service as first
class mailin an envelope addressed to: Commissioner of Patents and Trademarks, Washington, DC. 20231,
on September 20, 1993. y \

Dated: September 20, 1993 WLourse Strasbaugh
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considered uncertain by the authors have not been included in the table. in some instances the symbol
‘ # is used to indicate that several amino acid residues were found in one position, and these residues

are listed in the notes. The four columns at the end of each table give:

the number of residues sequenced at that position,
the number of different amino acids found at that position,
the number of times the most common amino acid occurred and that amino acid in parentheses, and
the variability.

9’5".“
.5

Variability is calculated (11) as:
Number of different amino acids occurring

, Variability = at 8 Given posmon
Frequency of the most common amino acid

at that position

An invariant position would have a variability of one; if 20'amino acids occurred with equal
frequency, the variability would be 20 divided by 0.05 equals 400. H, for example, four different amino
acids Ser, Asp, Pro, and T‘hr occurred at a given position, and of 100 sequences available at that position,
Ser occurred 80 times, the variability would be 4/0.8 = 5. When any of the amino acid residues
sequenced were not identified completely and are listed as Glx (or Asx), two values, separated by a
colon, are given in the last three columns. Theiirst value in each of these columns is calculated assuming
that only one of the two possibilities, e.g., Glu or Gln (or Asp or Asn) occurred, while the second considers
that both were present and maximizes variability. in the variability plots, the horizontal bars indicate
the two values.

When two or more amino acids are most common and occur with equal frequency, they are
tabulated as a note, and the symbol + is used in thenext to last column. If no sequence data have been
reported for any position, there are no entries in the last four columns. Variability is not calculated for
insertions or if onlya single sequence is known. When the translated sequence of a clone corresponds
to a previously listed sequence of a plasmacytoma from which it was prepared, only one sequence
is listed so that the variability computations are not affected, and a note is included.

if a given sequence is associated with any antibody activity, this is indicated by an asterisk alongside
the protein heading, and the antibody specificities are given in a separate list with binding constants
_if available. The notes list the a-allotypes for the rabbit heavy chain V-region and the b—allotypes for
the constant domain of the rabbit kappa light chain. A key reference to the sequence is given; generally
the most recent reference since it is usually the most nearly complete, but often several references
are included, especially when revisions of a sequence have been made. Notes are now of two types;
general notes about a table indicated by the symbol #, and specific notes indicated by the sequence
number.

Signal Sequences

ino acid sequences of immunoglobu‘lin chains are listed in three tables:
one for kappa light chains, one for lambda light chains. and one for heavy chains. They were obtained
either by direct sequencing of signal proteins (12-14) or by translating nucleotide sequences from DNA
clones. Signal segments range from 1729 amino acid residues in length and are thus numbered from
—29 to -1. Genomic DNA clones contain introns of varying length that interrupt the coding sequence
of the precursor within the codon for position -4. and in rare cases for position -6. Thus, the L—gene
encodes the leader peptide to position —4 and the 5' end of the V-gene codes for positions —4 to 4. ‘l

The signal (precursor) am

The signal amino acid sequences of the T—cell receptors for antigens, pZI—microglobulins,
major histocompatibility complex proteins, and complement components are listed in separate tables.

By conformational energy calculations, the core V,C hydrophobic Leu-Leu—Leu—Trp4Val-Leu—Leu-
Leu (MOPC321, MOPCGG) exists in an alpha helical conformation, terminated by chain reversal contor‘
mations inthe four Caterminal residues Trp-Val-Pro—Gly; the four amino terminal residues are compatible
with the alpha helix (15),

Variable Region Sequences

The variable regions (16) of immunoglobulins have been shown to contain hypervariable segments
in their light (it ,17—23) and heavy (22,2427) chains, of which certain residues have been affinity labeled

ght chain were delineated from a statistical examination
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(28—41). Three hypervariable segments of Ii

 



 

‘ ix

of sequences of human VX, human VA, and mouse Vx light chains aligned for maximum homology
(11,22). These and the three corresponding segments of the heavy chains (22,262?) were hypothesized
(1 1,22) to be the complementarity—determining regions or segments (CDR) containing the residues
Which make contact with various antigenic determinants, and this has been verified by X-ray diffraction
studies at high resolution (42-67). The rest of the V-reglon constitutes the framework (11,22,66-68).
it is convenient to identify the framework segments (FFH, FR2, FRB, and FR4) and the complementarity-
determining segments (CDR1, CDRZ, and CDRS) with the three CDRS separating the four FRs. The
residue numbers for these segments are as follows:

Segment Light Chain " Heavy Chain

FR1 123 (with an occasional 1-30 (with an occasional
residue at O, and a residue at 0) _

deletion at 10 in VA chains) ‘

CDR1 24-34 (with possible 31~35 (with possible
- insertions numbered insertions numbered

as 27A,B,C,D,E,F) as 35A,B)

FRZ 35—49 36-49

CDRZ 50—56 - 50-65 (with possible
insertions numbered

as 52A,B,C)a

' tins 57-88 66-94 (with possible
~ . insertions numbered

as 82A,B.C)

CDRS 89-97 (with possible 95-102 (with possible
insertions numbered as ‘ insertions numbered as
95A,B,C,D,E,F) 100A,B,C,D,E,F,G,H,I,J,K)

FR4 98-107 (with a possible ' _ 103-113
insertion numbered
as 106A)

5 in the rabbit, Mage er al. (69) consider position 65 in VH to be in FR3, since it is allotype related.

in the tables of V~regions. the FR and CDR are separated by horizontal lines for convenience
in reading. One mouse kappa light chain, MPCH , has an extra segment of 12 amino acid residues
between position 1 and the signal sequence (70). Several chalnshave internal deletions.

In the tables, the V-genes for the light chains code to amino acid position 95, and the J-minigenes
from position 97 to 107 for lambda and 108 for kappa light chains. Position 96 is usually the site of V‘x)
joining by recombination and may be coded partlyyby the Vagene and partly by the Jminigene. Because
the site of V-J recombination could occur at different positions within a codon, different amino acid
residues may result at this position. We have changed the location of the inserted residues from 97A-
F (2) to 95A—F, since it makes for better alignment by confining chains of different lengths to the V—gene
region. in V,c chains, J1 and J2 were used 5 to 10 times more frequently than J4 and J5 (71 ). '

The V~genes for the heavy chains code up to amino acid position 94 and are followed by the D~
and J-mlnigenes. Because of the extensive variation in the lengths of D-minigenes, the exact boundary
between D and J is not always located at the same amino acid position. in addition, the lengths of the
J encoded amino acid sequences vary by a few amino acid residues. Moreover, the process of DJ
joining appears to involve insertions of extra nucleotides between V and D and between D and J, termed
the N region (72—76) and correlates with the appearance of terminal deoxytransferase in B cells (75).
The original numbering system for the heavy chains has therefore been retained. Wysocki er al. (76)
have provided some evidence suggesting a non-random origin for the VH—DH junction, perhaps a
minigene, rather than random addition of the N nucleotides. ' '

it has become evident that a critical understanding of the architecture of antibody combining sites
and the genetics of the generation of diversity and of antibody complementarity will depend to a great
extent on the evaluation of a large number of sequences of the variable regions and especially of the

‘ complementarity-determining segments of light and heavy chains of immunoglobullns of different spe—
cies. Ability to locate residues in the site making contact with antigenic determinants (77) and to predict
(67,7882) the structures of antibody combining sites will depend heavily upon such sequences.

Figures 1 and 2 are stereoviews of the a—carbon skeletons of the four Fv regions for which highresolution X—ray structures have been determined, NEWM (44), KOL (62), MCPC 03 (47, 48. 63), and
.1539 (64). The residues in the CDRs are shown as solid circles. in Fig. 1 the combining site is) at the
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59 PRO nno nno nno nno nno PRO pno nno nno nno nnoeo sen sen sen sen sen sen sen sen sen sen sen sen
e1 ARGLQ5) ARG ARG ARG Ans AnG Ans ARG Ans ARG AFlG us ARG52 PHELQS) PHE PHE PHE PHE PHE PHE PHE PHE PHE FHE VAL PHE
ea _ sen sen sen sen sen sen sen sen sen sen sen THE64 va_ GLV my GLY GLY GLY GLY GLY GLY GLv GLY GLY GLYas THE GLY sen sen sen sen sen sen sen sen sen
es GLY(.95) an. an GLY GLY an GLY GLY GLV GLY (SLY GLY em67 sen sen sen sen sen sen PHE sen sen sen sen
ea GLY GLV GLY GLY GLY GLY GLY GLY GLY GLY GLU
as THE ALA um um um THH THE THE mn THR 1nn
70 ASP HIS ASP ASP ASP ASP ASP (aw Asn ASP , Asn

F 71 me we TYR nne nne nne PHE ene pne PHE s VAL
n 72 nan THR TNR THR THR mn Tnn Tnn mn THR' mn3 7a nne pne ene LEU LEU LEU pne LEU LEU LEU VAL74 Tnn mn THR THR mn mn 1nn Asx

75 mews, yLe. )LE we ILE ILE ILE ILE GLX
76 senwe) sen sen sen sen sen sen sen sen77 cm sen sen sen sen Tnn sen sen
73 LEU LEU LEU LEU LEU LEU_ LEU LED
79 em em GLN GLN GLN GLN GLN amno nno pno nno PRO eno nno Pno nno
e‘ GLU am (am GLU GLU GLU GLU GLU
82 ASP ASP . ASP ASP Asp ASP ASP ASPas ILE ILE ILE nne PHE ILE nne me
84 ALALQS) ALA ALA ALA , ALA ALA GLY ALA ALAas. - mn THH Tnn mn Tnn AsN THR nno
as TYRLSa) TYR TYR TVR rvn wn _ TYn Tvn LYSB7 TYRLQG) TYR TYR TVR TYR TYR TYR TYHea cvs cvs cvs cvs cvsv cvs cvs cvs
89 GLN GLN GLN GLN GLNv GLN GLN GLN
90 GLN em GLN GLN GLN GLN am GLN9‘ PHE TYR TYR ASN TYR TYR TYR ARG
92 Asn ASP GLN TVR ASN Asn ASN ASP93 ASN TYR sen ILE sen ASN sen Asn

C 94 LEU LEU LEU THR VAL TYR LEUD 95 PRO PRO PRO PRO PRO PROR 95A V3 95895c ..
959 ..955 ...95F
95 ILE TYR97 THR THE
98 ene LEU99 GLY GL'Y GLVmo GLN our

101 GLY GLY GLV
F 102 THRLS?) THR 7”,;R 103 AHG LYSA 104 VAL VAL

105 GLU GLU106 ASN MET106A, ... ... ... u.
m7 Lvs . LYS Lvs Lzs
108 GLY -.. “- ....209 THR THn ... ...
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HUMAN KAPPA LTGH'T CHAINS SUBGROUP T (cont'd)
24 25- 26 27 28 29 30 31 32 33 34 35 36 37 as 39* 40 d! 42 as u «5 as 47- AMYLOID LOW DIE CAR TEI BJ CON TBA AMYLOID F- ou DEE GAL JOH KER LAY BRA WES Vb Vb‘ HK102 EU DEN PAUvm-B A As LEP GUI (may (I) 'CL 'CL 'CLW ;U

o ._ _.. ... ... ... ... ... .V. .... ... ... ... ... .— ... u. .« ... ,y .._ ._. .4.\ ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP Asx ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP2 |LE ILE ILE ILE vLE ILE [LE ILE ILE )LE lLE )LE )LE ILE )LE [LE ILE ILE ILE [LE ILE ILE3 GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLX GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLNA MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET
s THR THR ma Ina THFI THR THR THR THR THn THR THH THH THR THR THFI THn THR THR THR THR ma6 GLN GLN GLN GLN GLN GLN GLN GLN GLN GLX GLN GLN GLN GLN GLN GLx GLN GLN GLN GLN GLN GLN7 SER SER SER SER SER SER SER SER SER SER SER SER SEFI SER SEH SER sen SER SER SER SER SER9. PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PR0 PRO9 SER SER 5E3 559 SER SER SEQ SER SER SER SER SEH sen SE8 SE8 SER SER SER SER SER SEFI SER

F 10 SER SEA SER SER SER SEFI SER SER SER SEFI SEP SER SER SER SEP SER sea 9,, :m Ihr \hrR H LEU LEu LEU LEU LEU LEU LEU LEU LEU LEU LEu LEU LEU LEU LEu val val LEu LEU LEu LEU, 12 SER SER sEP SER SER SER SER SER SER SER 55R SEPT SEFI SER SER SER SER SER SEQ SER sen:3 ‘ ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA val ALA ALA ALA ALA ALA ALA14 SEE SER SER SER SER SER SE9 SE8 SER SER SER SER SER SER SER SER SER SER SER SER SEQ
15 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL16 GLY GLY GLY GLY GLY GLY GL‘I GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLT17 ASP ASP ASP ASP ASP ASP ASP ASP Asx ASX.ASP ASP ASP ASP 91x ASP ASP ASP ASP ASP ASP'8 . ARG ARG ARG APG APG APO ARG ARG ARG ARG ARG ARG ARG ARG Ana APO ARG A90 ARG ARG AHGI9 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL ilo VAL VAL VAL VAL VAL VAL VAL
20 THR THR THR THR THR THH THFI THR THR THR' THR THR THR THR THE THE! THR THFI THP THR THE2‘ ILE ILE )LE ILE ’LE DLE lLE ILE ILE ILE [LE ILE ILE ILE ILE ILE |LE lLE ILE ILE22 ‘THR THE THE THE YHR THR Tun THH- THR man its Sor THR THR THR ma THR THn THR THR23 cvs CYS CYS cvs cvs CYS CVS CYS CYS CYS CYS CYS CYS cvs cvs cvs CYS CYS24 GLN APG A86 A90 GLN ARG ARG ARG ARG ARG ARO
25 ALA ALA ALA‘ ALA ALA ALA ALA ALA ALA ALA THFI26 SEFI SER GLY ‘SER SER SER SEa sen SEH SER27 GLX GLN GLN GLN GLN27A -— ...27B
27c

8 27DH 27E, 27F
28 Tun ASP
29 ILE ILE tLE ILE30 GLY SER SER LYS31 SER
32 TV?! TYRas LEU LEU
so Asx
35 TPP TRP36 TYRa7 GLX38 GLX
39 LYS4o Pno

p 41 GLVR 42 LYS
2 43 ALA ALA

44 PRO PRO
45 LYS Asx46 um47 LEU
As ILE A ILE
49 GLY TYR TYR TYR
50 ASP ALA ALA ALA

c 5x ALA ALA ALA ALA.,D 52 SEE SEH SER SEEA 53 san Asx SER SEP-2 54 LEU LEU LEu LEU55 ASx HIS GLN GLN .-56 SEER SER SER SER
s7 GLY GLY GLY GLY55 VAL VAL VAL VAL
59 VAL PRO PRO PRO . PRO60 56R sen SER SER sen$1 ARG ARG APG ARG ARG62 GLN PHE PHE PHE PHE68 SER SER SER SER sea
64 GLV GLY GLY our85 SEE sen SER SER68 GLY GLY GLY GLY37 SEE SER SER SER68 GLY GLY GLY GLY

, 69 THR THR THR THR THR70 ASP ASP GLU ASP ASP
F 71 PRO PHE PHE PHE PHEa 72 sen THR THR THR THR3 7a LEU PHE LEU LEU LEU7a ALA THE THE ma THR7s VAL «LE ILE [LE ILE7e SER SER SER sen SER77 ARG SER SER SER SER78 LEU LEU LEU LEU

79 GLN GLN GLN GLN50 PRO PRO PRO PROax GLU GLU GLU GLU82 ASP ASP ASP ASPas ILE PHE PHE PHE
94 ALA ALA ALA ALAas THR THE THR THE55 TYR T‘m TYR TYR TYRa7 TYR TYR PHE TYR TYRas cvs cvs cvs cvs 0/5
39 GLN GLN GLN GLN GLN90 GLN GLN GLN GLN GLN91 Tvn TYR ALA ALA . ALA92 ASP ASN HIS ASN ASN93 ASP ASN SER sen SEn

c 94 LEU TnP VAL PHE PHED 992‘ PRO PRO PRO PR0 PROE 958 .3: ,2: I:950 L A950 ‘958

32F g
L U

97 THE
95 PHE99 GLYI00 GLY)Ol GLY

F s02 THR THH THR THR
R 103 AHG LYS LYS THR .4 104 LEu VAL VAL VAL .105 GLx ASP GLU ASP .nos ILE LEu VAL \LE - VAL ILE

107 LVS THR LYS Lvs LYS LYS Lvs LYS
‘oa ARG Ans Ans ARG ARG GLV ARG:09 THR THR THR . THR THR
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HUMAN KAPPA ucm‘r CHAINS suaanoup I (com‘d)
‘ 49 49 so 51 52 53' Sfi 55 55 57 as 59 so 6‘ $2 63 ea 65 ss~ 57- as 59 7o 71 72HBJ FFIA sn‘ PAUL MON HE! POT s- AMYLOiD a.) BEL JBL PAP OAR MEV a: AMYLO|D an DAV sw KA Vd Lux NE V3'4 cu» am: 19 w Esaos ‘CL 'CL3 # W 0' -

” 5 ._
‘ ASP ASP ASP ASP ASP ASP ASP ASPJ ASF' ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP am2 lLE ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE val ILE. ILE ILE ILE xLE |LE nLE3 GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN h|s GLN
4 MET MET MET MET MET MET MET la_u leu MET MET MET MET MET leu MET MET Ieu leu Ian
5 THR THR THR mm mm THH THR ma hm hm THR THR THR ma THR THR ma THR ‘mn THRs GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLX GLN

L7 558 SER SER SEH SER sen nln .SER SE9 sen SER sen SER SER SER SER .SER SER sen SEQ8 PRO PRO Pno PRO mo PRO PRO Pno mo pno Pno PRO PRO PRO pno PRO PRO PRO PRO PRO9 SER SER SER SEa SER ale SER SER SER SER SEQ SER SER SER sen SER SER sen SER sen
F 10 my my my In: lhr SEH sen SER sen SER SER xm SER '0 BER SER SER he SER SEE
A n LEu LEu LEU LEU LEU LEU LEU LEU LEu LEU LEU LEU LEu EU LEU LEU LEU EU LEU LEU, v2 sea SER SE3 SE3 SER SER SEH SER SER sen SER SER SEn SER SER SER SER SER SER SER13 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA val ALA ALA ALA ALA ALA u" ALA ALA Aux

w SER_$ER SEFI sea SER SER sea SER SER lyr SER SE8 SE8 SER SER SER val sen sea SER15 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL lou VAL VAL VAL VAL
16 GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLV GLY m GLY GLY GLY GLY1~ ASP ASP ASP ASP ASP ASP Asx ASP ASP ASP ASP ASP ASP ASP ASP As ASP ASP Asx ASP19 ARG ARG ARG ARG ARG Ana AnG ARG ARG ARG ARG ARG ARG ser ARG ARG AFIG ARG ARG
v9 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL
20 \TNR THR THR THR THFI THE THE ma ma ma ma am He THR THR THR ma THR ma THR2v DLE ILE ILE )LE xLE. ILE ILE ILE )LE ILE )LE a? ILE yLE lLE iLE ILE22 THR THR THR THH “ma THR alu an: THR THR n—m mn “ma ma THR ma THE
23 cvs cvs cvs cvs cvs cvs CYS cvs cvs cvs cvs cvs cvs

\ 24 ARG ARG ARG ARG ARG ARG ARG GLN GLN ASP GLx ARG25 ALA ALA ALA ALA ALA ALA ALA ALA ALA
26 SEER SER SER SER sen SER SER 55a

3; GLN GLX ARG GLN GLU GLN GLX GLN
A ...2m

27c ._

S 270 ..R 27E m ..., 27F ..28 SER Asx SER sen SER ALA
29 VAL ILE ILE ILE ILE wan ASN Asx SER SER sen
31 ASN Asx SEA SER THR ASN32 THP TYR TRP SER PHE TYR
33 LEU LEU LEU LEu LEU LEU
34 ALA ALA ALA av ALA
35 TRP TRP mp "mp mp mp TRP "RP
35 TYR TYR TYR wn TYR TYR TYR TYR37 GLN GLX GLN GLN GLN GLx GLN
as GLu GLX GLV GLN GLN GLX GLN
39 LYS LYS Ans LYS LYS LYS LYS
40 PHO PRO PRO PRO PRO PRO PRO#1 GLY GLY GLY GLY GLY

R 42 em Lvs LYS GLX LYSa3 ALA ALA ALA ALA ALA
44 PRO PRO Pn'o PRO PRO45 LYS LYS LYS LYS USas LEU LEU LEU VAL LEU
a7 LEU LEU LEU MET LEU48 ILE ILE ILE ILE
49 SER 1m 'rvn TVFI TYFI
so LYS ‘ASP

c 5‘ THE ALAo 52 SER SERR 53 SER SER2 54 LEU LED55 GLU GLU56 ARG sea
57 GLY GLY59 VAL VAL
59 ,PRO PRO
so SEH SERe1 ARG ARG62 PHE PHE
53 ALA 1 LEu SER SER
64 GLY GLY GLY GLYas SER SEH SER
56 GLY Asx GLYe7 - SER PHE SEn
so _ GLY Asx GLU
59 ' um THE! THE
70 ASP LYS HIS

F 71 PHE PHEH 72 ILE THR
3 73 LEU LEU7A THR . THE75 ILE ILE

7s _ SER77 SER SEH79 LEU LED
79 GLN GLN
so PRO PRO81 GLU ALA
82 Asp ASP03 PHE PHE
64 ALA ALA
as ma THR ras 7w: TYR
e7 ’ TYR TYRas 015‘ cvs
89 GLN GLNso GLN GLN9’ TYR PHE TYR92 ASN ASP Asx
93 Sen ASP ms

0 94 A Tvn LEu PHEo 95 - PRO PRO PRO9 95A
3 959956 ..

950 ‘ ..95E
95F _ ...
95 _ ‘rvn TYR PHE97 THE THR THR
98 PHE PHE PHE
99 GLY BLY GLv

\oo GLN PRO PRO GLNs01 GLY GLY GLV
F 102 mn ma mmR 103 LYS LYS LYSa 104 w VAL VAL105 A GLU ASP

105 )LE LEU ILE106A
‘07 Lvs LYS LYS ' LYSma AHG ARG .,,109 ' THR u.
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HUMAN KAPPA uarn' aniNs SUBGROUP I (conru)

, 73 74 75 7s 77 78 79 so 01 82 53 84 as as 97 as 59 90 91 92* 93 9-5 95 96N! PW AMVLOID ALE SHE ADA KUE 60 em. in Va 000 V‘S V!8A V|9A V‘QB VIeB HFS— SAC WAG HBJ AMYLOID WEB‘HOEa x w ‘CL 'CL ‘CL 'CL ‘CL 'CL 21/28 i 547

o _. M .._ ... _.. m ... pca ... ..., ... ... ... _.. ... S. ~. ... m ... .-1 ASP ASP ASP Asx ASP ASP ASP ASP ASP ala ASX va‘ ASP am am ela ASP ASP ASP ASP ASP ASP ASP2 ILE ILE :LE ILE ILE ILE val ILE ILE ILE ILE pro gln ILE gm val ILE ILE ILE ILE ILE ILE3 GLN his GLN GLx GLN GLN GLN GLN or Cam 1: VB! val asap val Va! GLN GLN Iau GLX GLN GLN4 MET MET MET MET loo Va! MET MET M T MET M T MET )ou M T leu MET MET MET MET MET MET MET
5 YHR THR THR THR THR 1mm THFI THR YHR THR THP THP THR THH 7MP THR THR 'mn‘ THR THE THE THE6 GLN GLN GLN GLX GLN GLN GLX GLN GLN GLx GLN Gm GLN GLN GLN GLN GLN GLN Gm GLN GLN GLN7 SER SER SER SER SER SER SER SER SER SER SER an my m: my SER» SEP SEP SER SER SER SEA3 PRO PRO am PRO PRO PHOr PRO PRO PRO PRO PRO PRO PRO lu PRO PRO' PRO PRO PRO PRO PRO9 SEE SE8 SE9 SER mr SER SER SER SER SER SER am ale ER lou sEn SER xm SER SEH SER

F 10 SE9 SER SER SER SEP pho SER SER loo SER SER SEFI pro SER SER SER SER SEE! sen lhrn H LEU LEU LEU LEu LEU val he LEU LEU mr va! val val LEU LEU LEu LEU LEU val LEU, 12 SEE SER Sen SER SEQ SER SER ER val SEFI SEP SEQ lu SEQ pro 568 SER SER SER SER SERv3 ALA ALA ALA ALA ALA vol ALA ALA ser ALA ALA ALA LA ALA vnl ALA ALA. ALA ALA ALA ALA14 “km SE}: SEH SER SER one SER SER pro SEH am an! an: plo mr SER SEN SE9 SE9 SER SER
15 VAL VAL VAL VAL VAL VAL VAL my VAL mr VAL VAL VAL VAL tau VAL VAL VAL VAL VAL VAL16 GLV GLV GLY GLV GLV GLY GLV GLV GLY GLV GLV GLY GLV GLY GLY GLV GLY GLV17 ASP ASP ASP ASP ASX ASP Asx ASP ASX ASP g‘y gly gty 91y gly ASP ASP Asp
‘8 Am; APG ARG ARG AHG ARG ARG ARG Ian ARG my my (hr lhr pro ~-19 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL no VAL am
20 THE THE no THR THR THR THR THR THE THE THR THE THE THR sot21 leuL val ILE [nu ma ILE ILE ILE ILE ILE lLE ILE ILE ILE ILE22 lou ar _ THR HR THH THR THR THR so! sen asn asn asn set23 CYS 03% CVS CYS CVS CVS CYS CYS CYS CYS CVS CYS CYS CV5 CYS
24 GLU ARG GLx ARG GLX GLX AFIG ARG GLx ARG GLN GLN GLN GLN ARG ...
25* ALA ALA ALA ALA ALA ALA ALA ALA MET SER ALA ALA ALA SEE26 SER SER SER SER SE8 SE3 SE8 SER SEP 86R SER SER SEn27 GLN GLx GLX GLX GLN GLX GLN GLN GLU GLU GLN GLN27A SEE -~ ASN 'SEP SER27B VAL --- -— VAL -—~ VAL LEU

0 27C LEU' --- -— -—— -~ -- VALD 270 GLU --— -~ -~— --- --- —- ~ -~ ~- YnP27E --- -- --- —— m —— SEA
5‘ 27F --. ... m25 SEER SER Asx GLY SER GLV TYP SEH SER ASP

29 GLV ILE ILE ILE‘ ILE ILE ILE ILE SER . )LE ILE GLY30 ASN GLV ASN SER SER ASN SER SER ARG31 THE ' Pno ASX ILE SEH ASN SER SER SEP32 PHE TYa TYR TYR TRP TYR TYR TYR YRP TYR —.33 LED 5E8 LEu LEU LEU LEU LEU LEU LEu LEU
34 ALA Asx Asx ALA ALA SER ASN ALA GLU
35 THP TRP TRP TRP TFIP TPP TRP TRP TRP30 TVR TYR TYR TYR TYR PHE TYR .TVR TVP37 GLN GLN GLx v GLN GLN GLN GLN GLN GLN33 GLN GLN TVH GLN GLN GLN GLN GLN GLN *-
:19 LVS LYS LYS LYS Lvs LVs LVs Lvs LVS40 PRO PRO PRO PRO PRO LEU PPO PRO

F 4| LYS GLU GLY GLY GLY GLY wn 42 LVs LYS Lvs GLN GLN GLN2 4:! ALA ALA ALA PRO PRO PRO
44 PRO PRO Pno PRO PRO PRO«5 LYS LVS LYS Lvs LYS Lvsd6 LEU LEu LEU LEU LEU LEU47 LEU LEU LEU LEU LEU LEU
48 ILE ILE ILE ILE cLE ILE
as TYR TYR TYR TVP TYR TVP '
50 ASP LYS ALA GLV TVR GLU LYS

C 51 ALA ALA ALA ALA ALA ALA SERD 52 SER SER SER SEE SER SER ---R 53 ASN THR THR LYS THH LVS ...- \
2 54 LEU LEU LEU Leu LEU‘ LEU LEU55 ‘ GLU GLU GLN ALA‘ ALA ALA ALA56 THE THR sen SER SER SER sea

57 GLY GLY GLY GLV OLY GLY GLY58 VAL VAL VAL VAL VAL VAL VAL
59 PRO Pno PRO PRO PPO PRO PRO50 SER SER SEH SER SER SER SERe1 APO ARG ARG ARG ARG ARG APG
62 PHE PHE PHE PHE PHE PHE PHE63 SEE SER SER SER LYS SEQ SER
64 GLV GLV GLV GLY GLY GLY GLY65 SER SEH SEP SER SER SER$6 GLV ‘ GLY GLV GLY GLV GLY
57 SE}?! SER SER 569 SEN sEP68 GLY GLV GLV GLY GLv GLY
69 THR THR LYS ’THFI THR THR70 ASP GLN GLN GLU GLN GLN

F 71 PHE PHE PHE Tvn PHE PHEH 72 THE THR THFl THR THR THn3 7a PHE LE'U LEU LEU LEU LEU7a THR THR THH THP THP THR75 ILE ILE ILE ILE ILE ILE - .76 Sen ASN SER SER SER sEP77 SLV SEn GLY GLY GLY GLY —-78 LEU LEU VAL VAL VAL VAL
79 GLX GLN Gm GLN GLN GLN80 PRO PRO CYS CYS CYS CV5e! GLx ASP ASP ASP ASP ASP82 Asx ASP ASP ASP ASP ASP33 PHE PHE ALA ALA ALA ALA ..
84 ALA ALA ALA ' ALA ALA ALA ~-
85 VAL THR THR THFI THP THRas WR TYR TYR TYR TYR TYR
87 WP rYa TYR TYR TYR TYRas CVS CVS CYS cvs CYS CYS cvs
as GLN GLN ALA GLN GLN GLN GLX90 GLx GLN GLV HIS GLY GLY GLX91 TYR ' TYR TVA GLY GLV SER GLX92 ASP SER TYR TYn TYR TYR Asx93 THE Ana TYR ILE ~TVP TYR ALA

c 94 LEU TYR SER TYR ASN sen ALAD 95 PRO GLY SER SER SER THRR 95A SER SER GLV GLY3 958 GLY GLY TRP TRP --93¢ - THFl ASP TYR Tvn ._
950 ASP95E
95F
96 )LE97 PRO
98 ILE99 GLV100 ' GLY1m GLV

F 102 ~-- THE
R 103 LVs LYS4 10¢ LEU -- VAL‘05 ASP Asxwe ILE VALxosA .-. ._. m H.

107 Lvs LYS ,.. _- _ LVS
108 AHG ARG ARGx09 THR YHR
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HUMAN KAPPA LIGHT CHAINS suecnoup 1 (award)
97 93 99 100 101 102 103 104- 105 105 107 105 109 110 111 19 0F «1 OF OCCURRENCES. LOD HBJ BEN GR MAA MUK AMYLOID MAR AMYLOJD BJ‘ H8.) PEN AMYLOID CL‘ GM131 SEOUENCES AMwo OF MOST COMMON10 594 6 MS 'CL ACIDS AMINO ACID

1' 0

o 4.. _.. . ”pg/x)1 ASP ASP ASP ASP ASP ASP ASP ASP ASP ASX ASP ASP ASP -- 109 3 4 103171512) : 99(ASP)2 ILE ILE ILE lLE ILE [LE ILE ILE ILE lLE ILE # -- 107 4 101mg)3 GLN Gm GLN GLN GLN GLN GLN GLN m GLN GLN GLN 108 a 97(GLN&: 93(GLN)4 MET MET MET 1eu MET MET Ieu ET MET MET MET MET 103 4 3(MET)
5 THR THR THR THR 11m THR THR THR r0 THR THR THR ~- 105 a 105nm!)e GLN GLN GLN GLN GLN GLN GLN GLN LN GLN GLN 107 1 : 2 1137(6ng : 100mm)7 sea sen SEFI 'SER sen SER sen sen SER 105 3 1 SER5 PRO PRO PRO PRO PRO- PRO PRO PRO PRO 105 3 103 PRO9 ‘SER SER SER SEH 'SER sen 35a SER sen 105 4 99 sen

10 my SER SER SEn 1m SER sen 551:1 sen 104 5 81(SEFI):1 11 LEU LEU LEU LEU LEU LEU LEU LEU 103 5 91LEU‘ 12 sen SER SEER sen SER SER ,102 4 9 sen13 ALA ALA ALA val ALA 101 4 91 ALA)14 _ sea ,97 7 a SER)
15 VAL 91 :1 9 vAL1e 93 2 92 GL17 93 :1 : 4 87(ASP) : 79(ASP)13 , ARG 90 s 82(ARG)19 1VAL 91 3 83(VAL)
20 THE 31 4 a7 THR)21 ILE as 4 a ILE22 \ THE 85 7 75cm )23 cvs __ 8:1 1 aaLgYsL24 GLN 75 > 5 43(ARG)
25, ALA 75 4 7l§ALA26‘ SER 72 4 57 SE )27 GLN 72 4 66(GLN): 53(GLN)27A 4 2 3593)27B 4 2 3(VAL)

6 27¢ 2 2 1( + 1o 270 2 2 1( + )27E 1 1 usen)
‘3 27F23 ASP 72 a 25(A3P) 1 _22(SER)

29 lLE 71 5 512mmso ASN 68 1o : 11 35 sam-31 LYS 56 10 24 SEE32 66 7 :13 TYR;33 64 4 60lLEU)
34 g 50 7 z a 24(ASN) : 22Q§LAL
35 53 1 Germ?)35 51 2 57(Tva)37 60 4 SBEGLN : 49$GLN;38 55 4 55 GLN -: 50 GLN
39 55 4 ~ 50 LYS)4o -» 57 4 54 PRO)F 41 44 3 AOEGLY)n 42 46 5 351.1(5;2 43 47 2 42(ALA44 47 1 name)45 47 s 41(LYS45 46 7 must}41 45 2 44(LEU)45 43 2 4201.5)
49 45 4 4211103
50 45 7 z a " 15E + 1c 51 45 5 39 ALA)D 52 44 4 415213)a 53 43 5 z e misan)2 54 .44 2 43(LEU)55 44 7 20(6LU55 42 7 2115512;
57 4a 1 A GLY58 43 2 42 VAL
59 42 4 39(PRO)so 42 1 42(SEH)e1 43 a 41SARG)62 43 3 41 PHE)63 43 7 36(SER)
54 43 1 4 GLY65 42 4 33 SERea 43 :1 41(GLYe7 41 3 36(SER68 41 a 38(GL )
69 ~- 41 3‘ 35mm) _7o 41 5 : e 25(ASP) -. 23(ASP)F 71 40 4 35 PHER 72 40 A 37 THE3 73 40 3 81(LEU)7. 40 4 373nm)75 40 3 36 )LE75 39 2 37(SE )77 4o 5 27(SEH7e LEU 4o 2 35(Leu
79 GLN 4o 2 : 39mm) : 35(GLN)so P710 40 3 33(PR0)e1 GLU 4o 3; 5 29(GLU : 25(GLU)82 ASP 40 1: 2 40mg? ; 37(ASP)83 pus 4o 4 8(PHE)
84 ALA 4o 2 39 ALA)as THR 4o 4 37 THR)35 111R 42 2 nun/n)m TYR 41 2 4 71mea cvs 42 1 4gzcvs
89 GLN 43 a z 4 40(GLN) - 37(GLN)90 GLN 43 3 : 4 39(GLN) . 34(GLN)91 HIS 45 10 z 11 24(TYR)9? ASP ASP «6 e 15(ASN) : 13( + )93 ILE HIS 46 9 20(SER)

c 94 PHE LEU 46 1o 12 LEU)D 95 PRO 45 5 asfPRO)R 95“ ~-- 5 3 2 +3 958 4 2 2 +95¢ 4 3 2(1vn)
950 \ 1 195E (ASP)95F -
96 um 32 12 sown)97 THR 31 4 27(THR)
98 PHE :11 3 29(PHE)99 GM 31 1 anew)100 GLY 31 4 : 5 menu : 17(GLN)‘'01 GLV 31 1 31 GLYF 102 THR THR 31 2 so mai

:3 '03 LYS THR 31 4 23(LYS;‘04 VAL VAL 30 2 23(VAL‘05 GLU GLU 30 3 : 4 20|GLU2 : men»105 ILE MET 31 7 suLE)105A .4. 2..
‘07 w, LYs Lys 31 2 29(LYS)
‘03 Ans ARC 24 2 22(ARG)‘09 THR THF! 20
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ANTIBODY SPECIHCITIES: HUMAN KAPPA LIGHT CHAINS SUBOROUP I
5;)

25)
39)
53)
65)
67)
92)

104)

WEA: ANTIQA—PYRUVYLATED GALACTOSE MONOCLONAL
LOW: COLD AGGLUTININ WITH ANTI-BLOOD GROUP I ACTIVITY
LAY: ANTI~HUMAN GAMMA 61 AND 53 GLOBULINS; PO IDIOTYPE
HEI: COLD AGGLUTININ WITH ANTI-GD (MEMBRANEUGLYCOLIPID DEPENDENT) ACTIVITY
DAV: ANTI~HUMAN GAMMA G GLOBULIN
FIN: ANTI~HUMAN GAMMA G GLOBULIN
WAG: ANTI-DINITROPHENYL
I‘AR: ANTPLIPOPROTEIN LIPASE

ALLOTYPE; HUMAN KAPPA LIGHT CHAINS SUBGROUP I
7 9) «us: INV(2)

CLASS: HUMAN KAPPA LIGHT CHAINS SUBOROUP I
5)

33)
55)
74)
B2)

WEA: ‘IGMvKAPPA
F—GUI: IGGS-KAPPA
S-GUI: IGGQKAPPA
PW: IGG1-KAPPA
RI: IGGI-KAPPA

REFERENCE: HUMAN KAPPA LIGHT CHAINS SUBOROUP I
1)

2)
3)
4)
5)
6)

7)
8)
9)

10)
1 1)
12)
13)
14)

15)
15)
17)
IB)
)9)
20)
21)
22)
23)
24)
25)
26)
27)
23)
29)
30)
31)
:12)
33)
34)
35)
36)
37)
38)
39)
40)
41)
42)
43)
44)
d5)
45)
47)
4a)
49)
50)
51)
52)
53)
54)
55)
56)
57)
56)
59)
60)
6 1 )
62)

NOV: HILSCHMANN.N. & CRAIG L.C. (1965 PROC NAT. ACAD.SCIUSA. 53. “103-1409; HILSCHMANN. N. A1967; 2.PHY$IOL.CH‘EM..348.1077-1080:HILSCHMANN.N..BAFINIKOLHU. .HES ..M .LANGER. BPONSTINGL. H. .ST-EINMETZ KAYNE. M. .SUTE WATANABE.S. 1969 PROC. 5TH FEES SYMP..
15.57- 74. (CHECKED BY AUTHOR WHO PROVIDED ADDITIONAL RESIDUES TO THOSE PUBLISHED AND CORRECT D H SIDUES 65 AND 67 ASGIVEN IN THE TABLE)

AU: SCHIECHL.H. a HILSCHMANNN. (1971) Z.PHY$IOL.CHEM..352.111-115: (1972) Z.PHYSIOL.CHEM,.353.345—37D. (CHECKED BY AUTHOR)
REI: PALM.W. e. HILSCHMANNN. (1973) Z.PHYSIOL.CHEM..354.1651-1654: (1975) Z.PHY$IOL.CHEM..356.167-191. (CHECKED BY AUTHOR)
mun. WATANABE.S. a HILSCHMANNN. (1970) 2.PHVSIOL.CHEM..351.1291-1295. (CHECKED Bv AUTHOR)mum‘CL: BENTLEY.D.L. a. RABBITTS.T.H. (1930) NATURE.2ea.730-733. (CHECKED BY AUTHOR 11/30/32)
scw'i EULITZ.M..GOTZE.D. a. HILSCHMANNN. (1972) 2.PHYSIOL.CHEM..353.487—491: EULITZ.M. a. HILSCHMANNN. (1974) Z.PHYSIOL.O—IEM..355.842-866.(CHECKED BY AUTHOR) .
AG: TITANI.K..SHINODA,T. 5 PUTNAM.F.W. (1959) J.810L.CHEM..244.3550.3560. (CHECKED BY AUTHOR 06/15/53)
WEA: GONI.F. a FRANGIONEB. (1933) PROCNAT.ACAosCI.USA.ao.4537-4341. (CHECKED BY AUTHOR 03/23/34)HK137'CL: BENTLEY.D.L. (s RABBITTSJ'H. (1933) CELL.32.181-139.
HK134'CL; BENTLEYDI. & RABBIT—15.7.11. (1953) CELL.32.IBI~T'€.9. ‘
DAUDI'CL: KLOBECKHG.COMBRIATC.G. a. ZACHAU.H.G. (1934) NUC.ACIDS HES..12.18.69957006.WALKEB'CL: KLOBECK.H.G..COMBRIATO.G. a. 2ACHAU.H.G. (195.1) NUC.ACIDS RES..12.18.69957006. (CHECKED BY AUTHOR 08/22/85 WHOCORRECTED RESIDUE 34)
MFG-1916: ATKINSON.P.M..LAMPMAN.G.W..FURIE.B.C..NAPARSTEK.Y..SCHWARTZ.R.S..STOLLAR1B.D. & FURIE.B. (1935) J.CLIN.INVEST..75.1138-1143.(CHECKED BY AUTHOR 08/21/85)
NRA/133: ATKINSONMPM .LAMPMANG.W..FURIE.8.C..NAPAFISTEK.Y..SCHWARTZ.P.$..$TOLLAR.B.D. a. FURIEB. (1935) J.CLIN.INVEST.,75,1138-114:1.(CHECKED av AUTHOR 08/21/85)
NFR-IDIR: ATKINSON? M ...LAMPMANGW FURIE. B.c.NAPARSTEKHY SCHWARTZ. RS. ..STOLLAR B.D A Fume.B. (1935) .I.CL.1N. INVEST..75. 11334143.(CHECKED BY AUTHOR 03/21/55)
NF2-1I17: ATKINSON.P.M..LAMPMAN.G..W .FURIE.B.C..NAPAfiSTEK.Y..SCHWAFITZ_R.S..STOLLAR.B.D. a. FUFIIE.B. (1985) J.CUN.INVEST..75.113&I143.(CHECKED BY AUTHOR 08/21/55) >
BJQS: ALESCIO-ZONTA.L. 5 BAGLIONI.C. (1970) EUR.J.BIOCHEM..15.450463. (CHECKED BY AUTHOR)

HFZ: iv$onEn§OnGIBSOMQ.FANNING.E.M..GOODFLIESH.R.M..GILMAN.J.G. A BALLAN‘TYNE.D.L. (1971) BIOCHEMISTRY.10.4912—4921. (CHECKED BYPSM: SEON.B.K. (1982) MOL.IMMUNOL..19.83-86. (CHECKED BY AUTHOR 05/23/83)
MOM: EAYVIDOU.G..KLEIN.M..HORNE.C..HOFMANN.T. 6 DORPINGTONXJ. (1981) MOLJMMUNOLJBJBG-BDS.
ES" 100: KUAN.T.K. ,TUNG. E. ....WANGIY 3 WANGWAC (1981) IMMUNOL. ..44255271. (CHECKED BY AUTHOR 05/26/83)
ESM 16M: KUANWTK .TUNG.E. VV.ANGI.Y 5 WANGAC (1931) IMMUNOL.. 44. 265-271. (CHECKED BY AUTHOR 05/28/53)
WAT: STEVENSWFJ.WESTHOLMFUA. PANAGIOTOPOULOS. N. .SCHIFFER. M. .POPP.R..A 6. SOLOMON.A (1981) J. MOL BIOL..147.185—193. (CHECKED BYAUTHOR 05/26/1983)
AMYLOID VIII3: GLENNER.GHQ....TEPRYWMERADA M.. ISERSKY. C. (1. PAGE, D. (1971) SCIENCE. 17211504151. (CHECKED BY AUTHOR 09/22/78)
LOW: CAPFIA.J.D .K..EHOEJM WILLIAMS. RHC .../R ..FEIZI.T 8 KUNKEL.H G. (1972) PROC. NAT. ACAD.SCIUSA.694043. (CHECKED BY AUTHOR WHOCORRECTED RESIDUE 16 AS GIVEN IN TABLE)
DIE: CAPRA.J.D. 8 KUNKELJ-LG. (1970) PROC.NAT.ACAD.SCI,USA.67.87-92. (CHECKED BY AUTHOR)
CAR A: CAPRA.J.D. B..KUNKEL.H.G. (1970) PHOC.NAT.ACAD.SCI.USA.67.87‘92. (CHECKED BY AUTHOR)
TE): CAPE/LID. 5 KUNKEL.H.G.-(1970) PROO.NAT.ACAD.SCI.USA.G7.87-92. (CHECKED BY AUTHOR)
3.148: ALESCIOJONTAL. _& BAGLIONI.C.I(197O) EUI’IJ.BIOCHEM..15.450‘463. (CHECKED BY AUTHOR)
CON: NIALLHHD. 6 EDMAN.P (1967) NATURE216262263 (CHECKED BY AUTHOR' 07/25/79)
TWA: NLALLHHD. & EDMAN.P (1967) NATURE. 216.262.263. (CHECKED BY AUTHOR 07/25/79)
AMYLOID LISP: LIANHJB .SKINNER.M. .BENSONHMD 5 COHEN. ANS (1977) BIOCHIM.BIOPHYSACTA,491167-176.F-GUI: WANG.A.C..FUDENBEFIG.H.H. 81 CREYSSEL.FI. (1982) ACTA HAEMAT..68.187-195. (CHECKED BY AUTHOR 05/26/83)
OU(IOC): KOHLEHM. S.H..IMIZUAPAULO. 3 PUTNAM.F.W. (1970) SCIENCE.169.56—59. (KAPLAN.A.P. 8 METZGEFIH. (1969) BIOCHEMISTRY88944-3951)(CHECKED BY AUTHOR 06/15/83)
DEE:_ MILSTEIN.C. & DEVERSONE.V. (1971) BIOCHEM.J..123.945«95B. (CHECKED BY AUTHOR)
GAL‘I): LAURE.C..I. .WATANABE.S 5 HILSCHMANNN. (1973) 2.PHYSIOL. CHEM. ..354 1503-1504. (CHECKED BY AUTHOR)
JON: CAPRAHJD 5 KUNKEL. H. G. (1970) PROC.NAT.ACAD. SCI. USA .67.87-92 (CHECKED BY AUTHOR)
KER: MILSTEIN.C. (1966) BIOCHEMWJ 101.352068. (CHECKED BY AUTHOR WHO PROVIDED ADDITIONAL RESIDUES TO THOSE PUBLISHED)
LAY: 'KAPLANWAP A METZGERHH1989 BIOCHEMISTHYBNSMA‘SQS‘I (SHECKED BY AUTHOR); KLAPPER..D.G & CAPRAWJD (1975)ANN.IMMUNOL.(IN$T.PASTEU ).‘|2 CH261271. (CHECKED BY AU HOFI 08/01/79) .
BRA: WANG.A.C..WELLS.J.V..FUDENBEFIG.H.H. &.GERGELY,J. (1974) IMMUNOCHEM..11.34I-345. (CHECKED BY AUTHOR)
WES: ' KRATZIN.H..YANG.C.Y..KRUSCHEJU. 3 HILSCHMANNN. (1380) Z.PHYSIOL.CHEM..3513591-4598.
Vb'CL: PECH.M..JAENICHEN.H.-R..POHLENZ.H.»D..NEUMAIER.P.S..KLOBECK.H.-G. 6. ZACHAU.H.G. (1984) J.MOL.BIOL..176.189‘204. (CHECKED BY AUTHOR12/14/84)
vamp PECH.M..JAENICHEN.H.-FI..POHLENZ.H.-D..NEUMAIER.P.S..KLOBECK.H.-G. a ZACHAU.H.G. (1934) J.MOL.910L..176.169<204. (CHECKED 13vAUTHOR 12/14/84)
MKIOZ‘CL: BENTLEY.D.L. E‘RABBITTSJH. (1980) NATUREZBBJGOKSG. (CHECKED BY AUTHOR 11/30/52)
EU: GOTTLIEB.P.D..CUNNINGHAM.B.A..FIUTISHAUSEFLU. a EDELMAN.G.M. (1970) BIOCHEMISTRY.S.3155~3161. (CHECKED BY AUTHOR)
DEN: YANG.C.Y..PAULY,..E KRATZINJ’I. 5 HILSCHMANN.N (1981) 2.PHYSIOL. CHEM. .362. 1131- 1145.

PAU: DAYHOFF.M.O. X1972) ATLAS OF PROTEIN SEQUENCE 5 STRUCTURE. 5.0-245. SUBMITTED BY SMITHIES.O. GIBSON,D. M. AND FANNINGE. M.(CHECKED BY UTHOR)
“B“: SMITH.G. P. ..HOOD L. B. FITCH.W M. (1971) ANN. REVBIOCHEM. .40369‘1012.
FRA' MEINKE.G.C ...SIGFIISTPH A SPIEGELBERG.H. L. (1974 |MMUNOCHEM..11.4$7~460. (CHECKED BY AUTHOR WHO PROVIDED ADDITIONAL RESIDUESTO THOSE PUBLISHED . MEINKE G.C. B» SPIEGELBE G. H.L (1976) IMMUNOCHEM.13.915~919. (CHECKED BY AUTHOR 10/17/77)
6?": FAIH.D.S..SLEDGE.C..KRUEGER.R.G..MANN.K.G. 3 HOOD.L.E. (1975) BIOCHEMISTRY.14.5561— 5568. I
PAUL: SMITH.G.P..HOOD.L. 8- FITCH.W.M. (1971) ANN.REV.BDOCHEM..40.0691012.
MON: NIALL.H.D. 8 EDMANP. (1967) NATURE.216.262-263. (CHECKED BY AUTHOR 07/25/79)
HEI: HIESEN.W.F..MAJANIEMI.I,.HUSER.H..BRAUN.O.G. 8 ROELCKED. (1978) SCANO.J.IMMUNOL..6.I45-148. (CHECKED BY AUTHOR 10/10/79)
POT: CAPRA.J.D. 8 KUNKEL.H.G. (1970) PROC.NAT.ACAO.SCI.USA.G7.67-92. (CHECKED BY AUTHOR WHO CORRECTED RESIDUE 9 AS‘GIVEN IN TABLE)
sow: WANG.A.C..FUDENBEFIG.H.H. & CREYSSELR. (1982) ACTA HAEMAT..68.187—195. (CHECKED BY AUTHOR 05/26/83) _
AMYLDID BAN: DWULET.F.E..O'CONNOHJP. 5 8ENSON.M.D. (1986) MOL.IMMUNOL..29.73-78.
8.119: ALESCIUZONTAL 6 BAGLIONI.C. (1970) EURJWBIOCHEM15.450463 (CHECKED BY AUTHOR)

BEL: MILSTEIN.C.((:1969) PROC. 5TH FEES SYMP.15.43456. (CHECKED BY AUTHOR WH‘O PROVIDED ADDITIONAL RESIDUES TO THOSE PUBLISNEDAND CORRE TED RESIDUES 1 ....362'7 79 AND 82 AS GIVEN IN TABLE)JBL: SEON.B.K. (1982) MOL.|MMUNOL..19.83~86. (CHECKED BY AUTHOR 05/23/83)
PAP: NIALL.H.D. a. EDMAN.P. (1967) NATURE.216.26?<263. (CHECKED BY AUTHOR 07/25/79)
CAR: MILSTEIN.C.P. 5 DEVEFISON.E.V. (1974) EUR.J.BIOCHEM..49.377-391. (CHECKED BY AUTHOR)
MEV: EULITZ.M. 8 LINKE,R.P. (1982) ZPHYSIOL CHEM..363.1347-1355 (CHECKED BY AUTHOR 10/10/83)
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REFERENCE: HUMAN KAPPA LKZH’T CHAINS SUBOROUP I (conI‘d)

63) BI: BRAUNM._LEIBOLD.W1.BARNIKOL.H.U, 81 HILSCHMANNN. £1971) Z.PHYSIOL.CHEM..352.647~651: c$1972 2.PHYSIOL.CHEM“353.1284-1306. (CHECKEDBY AUTHOR WHO PROVIDED AN ADDITIONAL RESIDU TO THOSE PUBLISHED AND CORR GTE RESIDUE 72 AS GIVEN IN TABLE)
64) AMYLOIO E5305: WESTEHMAHK.P..SLETTEN1K. 8 NATVIGJB, (1981) ACTA PATH.M|CROBIOL.SCAN0.11389,199-203, (CHECKED BY AUTHOR 11/09/81)
65) CRA: N1ALL.H1D. 5 EDMANP. (1967) NATURE.216.252-2631 (CHECKED BY AUTHOR 07/25/79)
55) DAV: CAPRA.J.D. A KUNKEL.H.G. (1970) PROC1NAT.ACAD‘SC).USA,671B7—92. (CHECKED BY AUTHOR)
67) FIN: CAPRA.J.D. & KUNKELJ—IB. (1970) PROC.NAT.ACAD.SCLUSA(67.87-92. (CHECKED BY AUTHOR)
68) KA: SHINODA.T. (1975) J,B|OCHEM.A77‘1277-1298. (CHECKED BY AUTHOR)
59) Vd'CL: PECH,M..JAENIC11EN.H¢FL.POHLENZ.H.-D1.NEUMAIER.P1S,.KLOBECK.H.-GE A ZACHAU.H.G. (1984) J.MOL.BIOL..17G.189-2041 (CHECKED BY AUTHOR12/14/54) .
70) LUX: NIALLJ—to. 6 EDMAN,P1 (1957) NATURE-.216262-263. (CHECKED BY AUTHOR 07/25/79)
71)"NE: MATTHEWSJB, 8 JEFFERISH. (1977) IMMUNOCHEM..14.793~797. (CHECKED BY AUTHOR 08/10/79)
72) Va"CL: PECH.M.(JAENICHEN.H.-R..POHLENZ.H.~D.,NEUMA!ER.P.SHKLOBECK.H.«G. 8 UCHAU.H,G. (1984) J.MOL1BIOL..176.109-204. (CHECKED BYAUTHOR 1W14/84) '
73) NI:— SHINODAJ’. (1973) J.BIOCHEM..73.433—¢48. (CHECKED BY AUTHOR) .
74) PW: PICK.A.I..WANG.A.C1.FROHLICHMAN.H1 3\ FUOENBERGHHV (1982) ACTA HAEMAT..58.207~21¢ (CHECKED BY AUTHOR 05/26/83)
75) AMYLOID X: GLENNER,G,G:.TERRY.W..HERADA.M.JSERSKY.C. 8. PAGED. (1971) SCIENCE.172.1150«1151. (CHECKED EY AUTHOR 09/22/78)
75) ALE: MILSTEINCHMILSTEINC/PA! FEINSTEIN.A. (1969) NATURE1221JSI4SA. (CHECKED BY AUTHOR)
77) CHE: MEINKE.G.C. 8- SPIEGELBEHGJ—LL. (1976) lMMUNOCHEM,.13.915-9|9. (CHECKED BY AUTHOR 10/17/77)
78) ADA: MEINKE.G.C. 3 SPIEGELBERGJLL. (1976) IMMUNOCHEM1.13.915~919. (CHECKED BY AUTHOR 10/17/77)
79) KUE: EULITZ.M KLEVJIP. A Z‘EITLERHJ‘ (1979) ZFHYSIOLCHEM1.360.7251734. (CHECKED BY AUTHOR 07/17/79)
80) GO: ‘WANG.A,C..FUDENB_ERG.H.H. A CREYSSELJR. (1974) EURJJMMUNOLULAABAAAB‘ (CHECKED BY AUTHOR)
81) 301.: WANG,A.C.(WELLS.J.V1.FUDENBERGHH. 3 GEHGELYJ. (1974) IMMUNOCHEMH111341-345. (CHECKED BY AUTHOR)
82) RI: PICK.A.I..WANG,A.C”FROHLICHMANfi, & FUDENBERGMH. (19E2) ACTA HAEMAT,.GB,207-21A1 (CHECKED EY AUTHOR 05/26/83)
8‘3) Ve‘CL: PECH.M..JAENICHEN.H.—R..POHLENZ,H.-D,.NEUMAIER.P.S..KLOBECK,H.‘O. A uCHAU,H,G. (1984) J1MOL.BIOL..176.IB9‘204. (CHECKED BY AUTHOR12/14/34) .

_ 54) 000: WANG.A.C..WELLS,J1V.,FUDENBERG.H.H. 6 GERGELYJ‘ (197a) IMMUNOCHEM.,11,341~345. (CHECKED BY AUTHOR)
2].:AENICHENM,«R..PECH.M1,LINDENMAIER.W1.WILDGRUBERIN. a. ZACH/10114.61 (1954) NUCACIDS RES/.12‘5249-5263. (CHECKED BY AUTHOR1 4/94)

as) V18A'CL: HEIDMANND. a. ROUGEONJ‘. (1984) NATURE.311.74-76.
e7) V19A'CL: HEIDMANNC. e. ROUGEON,F. (1934) NAmnaavma-m.
ea) V1SB‘CL: HEIDMANN.O. & ROUGEON.F. (1934) NATL/115.311.7442;
89) V188'CL: HE1DMANN.O, A ROUGEONJ? (1984) NATURE.311.74«76. '
90) “Fe-21128: ATKINSONP‘M..LAMPMAN.G.W..FURIE.B.C1.NAPARSTEK.Y..SCHWARTZ.R.S.,STOLLARBID, & FUHIEB. (1985) J.CLIN.1NVEST..75.1133—1146.(CHECKED BY AUTHOR 08/21/95) . ,
91) SAC: SMITH!83.0..6IBSON.O.M1.FANNING,E.M..PERCY.M.E..FARR,D.M1 8_- CONNELL.GE. (1971) SCIENCEJ721574—577. (CHECKED BY AUTHOR)
92) WAG: KAPLAN.A.P. B- METZGERJ-II (té69) BIOCHEMISTRYflEdevSSSL (CHECKED BY AUTHOR)
93) HBJ'I: HOOD.L..GRAY.W.R.,SANDEH$.B.G. 8 DREYER.W.J. (1967) COLD SPRING HARBOR SYMF’, QUANTITATIVE 5101032133145.
94) AMYLOID $47: WESTERMARK.P..SLETTEN.K. 8 NATVXG.J.B, (1981) ACTA PA’TH.M|CROBIOL1SCAN0.,C89J99'203. (CHECKED BY AUTHOH 11/09/51)
95) WEB: J0HNSTON.S.L1.ABRAHAM.G.N. 81 WELCHIEJ-I. (1975) BIOCHEMEIOPHYS1RES.COMMUN.,SB.842-867. (CHECKED BY AUTHOR 10/17/77)
96) HOE: JOHNSTONS, “ABRAHAMLRN. a. WELCH.E.H.- (1975) BIOCHEMOBIOPHYS.RESCOMMUNHGSJB-fi-Bdfi (CHECKED BY AUTHOR 10/17/77)
97) LCD: JOHNSTON.S.L.ABRAHAM.G.N. 8- WELCHEM. (1975) BIOCHEMEIOPHYS.RES.COMMUN..66.842~847. (CHECKED BY AUTHOR 10117/77)
98) HBJ10: HOOD.L1.GHAY,W._R.,SANDERS.B.G. 8- DREVEFLWJ, (1967) COLD SPRING HARBOR SYMP. QUANTITATIVE BIOL..32.133145.
99) BEN: CAPRA.J.D..KEHOE.J.M..W1LL1AMS,R.C..JR1.FEIZLT. 8. KUNKEL1H.G. (1972) PROC.NAT/ACADSCIUSAGE/40143. (CHECKED BY AUTHOR)

100) GR: CAPFIAJ,D..KEHOEIJ.M1,WILLIAMS.F1.C..JFL.FEIZI.T. 5 KUNKELJ-LG. (1972) PROONAT‘ACADSCI.USA159AO-43. (CHECKED BY AUTHOR)
101) MM: CAPRA.J.D..KEHOE.J.M..WILLIAMS.R.C..JR..FE1Z1.T. 8. KUNKEL.H.GI(1972) PROC.NAT.ACADSCLUSAfiSAO’AG. (CHECKED BY AUTHOR)
102) MUK: UTMAN,G.W.,GERBER~JENSON.B..L|TMAN.R1.M1DDAUGH(C,R. 8 SCHEFFEL.C. (1980) MOLJMMUNOL7J7337-34d.
103) AMVLOID 594: WESTERMARK,P.,SLETTEN,K. 8 NATVIGUB. (1981) ACTA PATH.MICROBIOL.SCAND.,C69.199-203. (CHECKED BY AUTHOR 11/09/81)
104) MA": KAPLAN.A.P. 5 METZGERH. (1969) BIOCHEM)STRY.5.39¢¢395L (CHECKED BY AUTHOR)
105) AMYLOID: CO,1EN.A,$..SHIRAHAMA.T..SK1NNER.M..BENSON.M1D. 81 CATHCART.E.S. (1973) PROTIDES BIDL.FLUIDS.20.73~50.

65) V13‘CL:

 

~106) 8J2 MILSTEJNS. (1966) BIOCHEM.J.,1O1.352A368. (CHECKED BY AUTHOR)
107’) HBJS: H00!).L_.GRAY.W:R..SANDERS.SIG. 8- DREYERWJ. (1967) COLD SPRING HARBOR SYMP. QUANTITATIVE BIOL..32.133~14$.108) PEN: MOULIDLArfi FOUGEREAU.M. (1973) NATURE NEW BIDLOGY.245,179—178.
109) AMVLOIDIHS: PICK.A.|..SCHREIBMAN.S,.LAVIE,(31 8- FROHLICHMANJL (1973) PROTIDES BIOL.FLUIDS.20,63-72.
110) CL‘: SOLOMONA..MCLAUGHLIN.C.L. 8- CAPRA 101 (1975) J.CLIN1CAL INVESTIGATION.55.579‘5661 (CHECKED BY AUTHOR)
111) GM131'CL: MORIN.J.W..BLACK.A..WU.MI 5 BEVCHOK.S. (1985) PROCJNATACADSCI.USABQJOZISJOZQ.
NOTES: HUMAN KAPPA LIGHT CHAINS SUBGEODP I
IDENTICAL SETS 01’ FRAMEWORK SEGMENTS:

FF“: SET 1: ROYI1].AU 2!.REIISLHAU14LHK101'CL151.$CW]81.AG 7)1WEA(B).HK137'CL191.HK134'CLI1O).DAUDI'CL111].WALKER'CL[12)(, HF3—1 8113].HF2-1/133[1¢1.HF2-18/2(15).HF2-1l17l161.8J26|17].RFZ(1B].P$Ml|9|.HOM(201.ESM IGGIZI ,ESM IGMIEZ).WAT(23|.AMYLOID VIII-8124I.LOW(251.01E12315AR Al27135112513134“”LCONIGOLTRAU’1LF~GUII331.OUUOC)I34LDEEI351- (34IDENTICAL)  
SET 2: was”!I.vo'CL(32|,Vb"CL|43). (a IDENTICAL)SET 3: Hmoz’cuuLE [a .DENIASLP 0(47).HBJ4(aaLFfiAlASLGR‘I50LPAUL(51LMON152). (9 IDENT1CAL)SET 4: AMYLOID BANtsaL .119157 .eEL/sel. (a IDENTICAL)

SE? 5: DAV|651.FIN(57|. (2 IDENTI ALSET 6: Vd'CLls9).Lux17o. (2 IDENTICAL)
FR2: SET 1: ROY(1).AU[2|,WALKER'CLI12LVb‘CLI42),VD"CLI4:3).HK1OZ'CL[441.KA[SBl.Vd’Cu69|.Vn"CL(721.Ve'CL183). (10 IDENTOCAL)

SET 2: HKIOI'CLIS).HK134’CLI101. 2 IDENTICALSET 3: HK137’CL 9 .AMYLOID BAN 55). (2 IDEN ICALgSET 4: va‘cueeL (IDENTICAL To 7 MOUSE V-KA PA~1111 PC1229(NZB)(11,PC2880(NZB(2|,PC7132 NZB)131,MOPC70151.P62413(Nza)|111.50510.1 27).V-21B1EKB‘CL166): AND 5 RABBIT V-KAPPA: Ke-eoslwks-asele, 29-213[GI.V O‘CL 33|.K15-1s71641.
SET 5: V1SB'CLISB.V1GB‘CL(591. (2 IDENTICAL HUMAN V-KAPPAaI; ALSO 4 HUMAN V-KAPPA~IV: VJI'CL I].VKAPPA IV ERMLINE'CLIZ].. PaI7IV'CL|3(.LEN A]: 1 MOUSE V-KAPPA-l: MCPC603M7]: so MOUSE VAKAPPAvIII: MPc11'CLIGLTEPCI11(71,Pcs741(st)[aL

TEFC!24I9LMOPCGZ1I12).PC7043(NZB)|131,PC7155(NZB)(16),PC630 NZB)(151,P06684 NZB)l17].PC79-!0(NZB)I18].PC7175(NZB)I191.
PC248 N28 (2011204039 N28121:.PC7210 Nzanza .11351512512242l 9).v—21E1.5KB'C [30).V-21C9.5K8‘CL[31]. ~PC7461 N28 (:13 £62960 N28 [:14 .971: A. v (351.1 A(A.TH?(39).H3&5I48LAO.C A.TH 1521,MOPC53[54 ,ABPC22155LP092 N28 [56.PC4050N231571N-21 18K ‘cusam 1949 621: 1 MOUSE v- APP —v1; BFPCGIA'C (841: AND 15 maan VAKAPPA:
Ks-sasuwmssamoms- (361.85‘”391549.5011451,3547(anxwzmsnxweenm1.311(551,4422156).1709'CLI681.4192171).4363165|.120|103).K-25|112L) ' .

Fae: SET 1: HAUI4).HK101‘CLI5|,HK137'CL19],HK134‘CL.(1D).Vb‘CL(62).Vb“CL(43).Va“CL|72). (7 IOENTICAL)SET 2: Va‘CLIeapyaa‘CuasI. (2 IDENTICAL)SET 3: VIQB‘CLIBBIN1BB'CLIBSL (2 IDENTICAL)

Fm: SET 1: AUIZ).GAL§I)ISSI.CL’[I1O)A (3 IDENTICAL HUMAN V-KAPPA-I: ALSO 2 HUMAN V-KAPPA-H: GM 607 ’CLI51,RPM1-6410‘CL(16I: 7 HUMAN-KAP A-III: WDLIZIPAYULPIEH1I.GLOI15|.CURI20].REE(57).VKAPPA3'CLI82); AND 1 HUMAN V—KAPPA-IV: PB171V‘CLI3I.)
SET 2: HAU 4(5 SLDENTICAL TO 1 HUMAN VvKAPPA-III: POMIABIXSET 3: AG] 3. E (45))311631, (3 IDENTICAL HUMAN VAKAPPA-I; _LSO 2 HUMAN V-KAPPA-II: NIMIGIFRIMI: 8 HUMAN V~KAPPA-||I: NEUISI-GOTISIQAFH10).FLOI12).FH4(21LIAHC/SLAI'CLIZB); AND 1 HUMAN V-KAPPA~|V: LENHH »SET 4: WENBLBJABI29LLAY139),EU145|1 a IDENTICAL)
SET 5: WALKER'CLI121.0Ugocnam. (2 1 ENTICAL HUMAN v-KAPPAA: ALSO 1 HUMAN V-KAPPA-II: TEW(1].)SET 6: waslauMevlszx. ( IDENTICAL) .

IDENTICAL SETS OF COMPLEMENTAHH’Y DETERMINING REGIONS:
COFU: SET 1: AU121.NE|71).SHEI77I. 3 IDENTICAL)SET 2: WEAIB).GAL(I)|36). (2 l ENTICAL)

SET 3: HKISJ'CLI10).Vb‘CL(42l.Vb"CLI48)1 3 IDENTICAL)SET 4: HFS—16/EI13).HF2-1I133114).HF2~1BI2 15).HF2-1/17| 5L (4 IDENTXCAL)SET 5‘. VO‘CLIEQINO'CLIBGL (2 IDENTICAL)
CDRZ: SET 1: HK101’CLI5LHK137'CL191.HK134‘CL(10LWALKER'CLI12],Vb'CL(42].Vb"CL[431. (6 IDENTICAL

SET 2: AGWLNIUGL \2’ IDENTICAL , ‘SET 3: HKIOZ'CLIAG). a“CL(72)‘ X. IDENTICAL)SET 4: Vd‘CL169),Vo'CL(831.V13'C [85). 3 IDENTICAL) »
SET 5: V19A'CL156). IDENTICAL TO 1 ABBIT VAKAPPA: 4153-"24LSET 3: V19A'CLIB7). IDENTICAL TO 1 RABBIT VvKAPPA: 111-180-514).

C083: SET 1: HK101‘CU5|.HK134ZCLIIOI. (2 IDENTICAL)
SET 2: LAYISSI. (IDENTICAL TO .1 HUMAN V~KAPPA~|II: FOMI‘ABHSET 3: Vb‘CL(42),Vb"CLI43). (2 IDENTICAL)

|DENT|CAL SETS OF J-MINIBENES: .

I SET 1: AUISLKSDENTICAL TO 1 HUMAN V-KAPPA-H: HPMI-6410'CL116]: 2 HUMAN V-KAPPA-m: PIEI11LVKAPPA3‘CL182): AND 1 HUMANPPA-IV: Panw'cuauSET 2: Asm. IDENTICAL TO 1 HU AN V-KAPPA-II): eons”SET 3: WALKE ‘CLI121. (IDENTICAL TO 1 HUMAN V-KAPPA-n: TEWHI.)
SET 4: DENHG .BIISS). 2 IDENTICAL HUMAN V-KAPPA-I; ALSO 1 HUMAN V«KAPPA»II: FFIUA); AND 3 HUMAN V-KAPPA-III: GAR‘HOLFLOHZI.IAFI IBLM'C I281)

307:



  
- , . 308 ‘ -

_WW“—

. 49 .
NOTES: HUMAN KAPPA LIGHT CHAINS SUBGROUP I (Conl‘d)
GENERAL NOTES:
IV SEE SIGNAL PEPTIDE TABLE IF # OCCURS AT POSITION O.
SPECIFIC NOTES:

5)
7)

9)
10)
T 7)

33)
44)
55)

.56)
57>

. 59)
64)
74)
82)

I09)

HKIO‘I‘CL: THE SEQUENCE IS OBTAINED BY TRANSLATING THE _NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN FOETAL LIVER DNA. .AG: THE AMINO ACID RESIDUES AT POSITIONS 39 AND 41 WERE REPORTED BY THE AUTHORS AS GLY AND LYS RESPECTIVELY; HOWEVER. THEPROOF WAS NOT ABSOLUTE. THUS. THEY ARE OMIWEDI

HKIST'CL: THE AMINO ACID SEQUENCE IS OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN FETAL DNA,
NKIM'CL: THE AMINO ACID SEQUENCE IS OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN FETAL DNA.
W28: ACID RESIDUES AT ‘POSITIONS 39 AND 4) OF BJ25 WERE REPORTED BY THE AUTHORS AS GLY AND LYS RESPECTIVELY. SINCE THIS

Effigy; WQEMSEOUENCED BEFORE THE SEOUENCES OF MANY OTHER PROTEINS WERE KNOWN AT THESE TWO POSITIONS. WE HAVE
F-GUI: THE SEOUENCES OF E-GUI AND SGUI WERE FROM THE SAME PATIENT.
HKIOTCL: THE SEQUENCE IS OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN FOETAL LIVER DNA,S-GUI: THE SEOUENCES OF F»GUI AND S—GUI WERE FROM THE SAME PATIENT‘
AMYLOID BAN: AMINO ACID RESIDUES FOUND AT POSITIONS I04 AND 105 ARE VALLEU AND GLN.GLU HESPECTIVELY.- .
BJIS: THE AMINO ACID RESIDUES AT POSITIONS 35 AND 41 WERE REPORTED BY THE AUTHORS AS GLY AND LYS RESPECTIVELY. SINCE THISPROTEIN WAS SEQUENCE!) BEFORE THE SEOUENCES 0F MANY OTHER PROTEINS WERE KNOWN AT THESE TWO POSITIONS. WE HAVEOMITTED THEMI
JBL: THE AMINO ACID RESIDUE FOUND AT POSITION 30 WAS ALA OR SERI
AMYLOID 55305: THE AMINO ACID RESIDUES AT POSITIONS 21 AND 29 WERE [LE on LEU.
PW: THE SEQUENCE WAS FROM A PATIENT WITH THANSITIONAL CELL CARCINOMA OF THE URINARY BLADDER.
“I: THE SEQUENCE WAS FROM A PATIENT WITH TRANSITIONAL CELL CARCINOMA OF THE URINARY BLADDER.
AMVLOID MS: THE AMINO ACID RESIDUE AT POSITION 2 MS WAS ILE OR LEU.

‘11) GNTIJ‘I'CL: FROM AN EF’STEIN-BARR VIRU$»THAN$FORMEO HUMAN LYMPHOID CELL LINE

4 THE FOLLOWING WERE EOUALLV AND MOST FREQUENTkY OCCURRING:
AT POSITION . RESIDUES

270 (LEUNAL)
27D (THRGLU)50 (ALA.ASP
92 (TYR,A$P.A N)95A (SERGLY)955 (THRGLVI
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HUMAN KAPPA UGNT CHAms suacnoun n

1~VAn1ANT 1 2 a 4 5 5 7 a- 9 10- 11 12 13 1v 15 1s 17 1a 19 2o 21 '22 20- nesmues Tew MIL MM CUM GM EAT BATES noe SLO wan GL1 AMYLOID nA: en vos nPMs- MAN KIR HYL MAG TVE EID GAL507 TEW M 8410 (n)'CL av ’CL0
o .L __ .L .- ... L. ... .._ .. ... __
1 ASP, ASP ASP ASP Asn ASP ASP ASF' ASP ASP As? ASP Asp ASP ASP ASP ASP ASP ASP ASP Asp ASP ASP ASP
2 ILE(.97) ILE ILE ILE ILE ILE ILE 1LE ILE ILE ILE ILE ILE me ".5 ILE VBI 'ILE TLe ILE ILE ILE 1LEa VAL(.97) VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL4 MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET
5 THR THn THR THR THn THn THn Tun THn Tnn THn THR THn THR THn THR THn Tnn THR THFI Tnn Tnn um03 GLN- GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN Gm GLN GLN GLN GLN GLN7 sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen.
e nno pno Pno PRO nno nno pno nno nno nno pno pno Pno Pno Pno Pno Pno Pno Pno PRO nno PRO9' Leu LEU Leu LEU Leu Leu LEU LEU Leu LEU Leu LEU Leu Leo} LEU LEU LEU LEU Leu Leu Leu LEU~LEU Leu

F 10 sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen senn 1! LEU LEU Leu LEU Leu Leu Leu LEU LEu Leu Leu LEU Leu Leu Leu LEU Leu LEU Leu Leu LEU Leu Leu LED1 12 PnoLss) PRO PRO PRO nno Pno Pno PRO Pno me new Pno PRO Pno Pno PRO PRO Pno PRO PRO PRO Pno nno PRO13 VALLss) VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL 33: VAL VAL VAL VAL VAL VAL VAL VALu .Tnn THR THH THn Tnn THR THR THR THR T_HR THn Tnn Tnn THR Tnn THR fun
15 Pno Pno Pno pno Pno nno PRO PRO nno pno pno nno PRO Pno PRO xou Pno1e GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLv GLY GLY GLY17 GLU GLU GLU GLU oLu GLU GLU GLU GLU GLU sLu GLU BLU GLU GLU 1n GLU18 Jim) PRO Pno Pno Pno Pno Pno PRO Pno nno nno PRO PRO PRO Pno Pno no Pno19 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA
20 sen sen sen sen sen sen sen sen sen sen sen sen. sen sen sen sen sen sen21 ILE 1Le [LE ILE DLE ILE 1LE ILE 1LE , ILE ILE [LE ILE 1LE sLe lLE ILE ILE22 ‘ sen sen sen sen sen sen sen sen sen sen sen sen sen In sen sen sen
2: eye 0Y5 cvs cvs cvs cvs cvs CYS cvs cvs cvs cvs cvs cvs s cvs cvs cvs
24 Ana Ans ARG ARG Ana AnG Ans ARG ARG AHG Ana AnG Ano ARG ARG ARG Ana
25 sen sen sen sen sen sen . sen ALA sen sen sen sen sen sen26 sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen27 GLN' GLN GLN GLN GLN GLN GLN GLX GLN GLN GLN GLx GLN GLN27A sen ASN sen sen sen sen Ana sen sen sen sen sen279 Leu LEU LEU Leu LEU Leu Leu Leu .— LED LED Leu Leu Leu

c 27c LEU Leu Leu LEU Leu LEU Leu Ans Leu Leu VAL VALo 270 HIS GLX Tnn Ase ms ms ms —— ms Tvn TYFIR 27E sen -.— sen sen sen sen —— ARG sen1 27F -~ — -~ GLY w -:- ~—— — ASX .- -~25 ASP sen ASP ASP ASN Asx Asx VAL Asx ASP
29 GLV Asx GLY GLV' GLY GLY GLY LEU GLY GLYao PHE GLV Tvn ASN TYR Asx Asx Asx ASN31 ASP Asx LYS THR AsN Asx Asx THR THR32 Tvn Tvn Tvn Tvn TYR TYn TYR Tvn Tvn Win39 Leu LEU Leu LEU Leu LEU Leu Leu LEu
34 mm ASP As~ A5»: A3? Asx Asx AsN
35 TR? TFIP TRP Tnp TnP Tnp TRP TRP TnP:15. Tvn Tvn Tvn TYR Tvn TYR TYn PHEs7 Leu Leu LEu LEU LEU LEU LEU GLNas GLN GLx GLN GLN GLN GLX GLN GLN
39 LYS Lvs Lvs LYS LYS 'LYS LYs ARG
40 Pno Pno Pno ALA PRO PRO PRO Pno

F 4' GLY GLY GLY GLY GLY GLY GLY GLY GLY
n 42 GLN GLX GLN GLN GLN GLX GLN GLN2 43 sen . sen sen sen sen sen sen

u nno Pno Pno Pno PRO nno Pno Pno45 cu GLN GLN GLN GLX GLU ARG46 Leo LEU Leu Leu LEU LEU Ann47 Leu Leu Leu Leu Leu. LEU LEu Leu43 ILE ILE ILE ILE ILE ILe ILE 1LE
49 Tvn Tvn Tvn WR ’Tvn wn TYn
so Leu Leu THn Leu Leu LYS

c 51 GLY GLY LEU GLV sen VALo 52 sen 'sen sen sen sen sen sen senn 53 ASN As~ AsN TYR ASN wn ASN2 54 ARG Ana Ane Ana AHG AnG ARG Ans55 ALA ALA ALA ALA ALA ASP ASP5a sen sen sen sen sen sen sen sen
57 ‘GLY GLY eLV GLV GLY GLY GLY em56 VAL VAL VAL VAL VAL VAL VAL VAL
59 PRO Pno pno nno ,pno new new PRO60 ASP ASN ASP ASP ASP ASP ASP
e1 ARG 'ARG ARG AnG Ana Ans ARG ARG62 PHE PHE PHE PHE pne PHE PHE PHE PHE
83 sen sen sen sen sen sen sen sen sen
64 GLY GLY GLV GLY GLY GLY ASP GLY
65 sen sen sen sen sen sen sen sen sen65 Gr! GLY GLY GLY GLY sLV GLY GLY an67 sen sen sen sen sen sen sen sen sen$8 GLY GLY ASP GLY GLY ELY GLV GLY
69 THn Tnn THn THn THn THn THn THn.70 ASP Asx ASP ASP ASP ASP ASP

F 71 PHE PHE pne PHE PHE PHE ‘PHE PHE PHE
n 72 THE THR Tnn THR THH um um THR THRa 73 LEU Leu Leu Leu Leu LEU LEU Leu Leu7:: LYS LYS ILE LYS .LYS Asx Lvs LYS75 ILE ILE ILE ILE (LE ILE ILe 'ILE lLE7a sen sen sen sen sen sen THn sen77 ARG ARG ARG Ano Ans Ana ARG ARG Ana75 VAL VAL VAL VAL VAL VAL VAL VAL VAL

79 GLU GLx GLU GLN GLU ‘ GLN GLU amso ALA ALA PRO ALA ALA ALA ALA ALAm GLU GLx GLU GLU GLU ow GLU GLX52 Asp Asx Asp ASP ASP ASP ASP Asxas VAL VAL VAL VAL VAL VAL VAL ~VAL VAL
ea GLY GL‘I GLY GLY GLV GLY GLY GLY GLY
'55 VAL VAL VAL VAL VAL VAL ‘ VAL VAL VALas Tvn TYH TYR Tvn TYR rvn Tvn nn TYRa7 TYR Tvn TYR Tvn wn Tvn TYR Tvn Tvn
as cvs cvs cvs cvs cvs cvs cvs cvs ch
89 MET MET MET MET MET MET MET METso GLx GLN GLN GLN GLN GLN GLN91 ALA ALA ALA Ans ALA ALA GLY92 Leu Leu LE1) LE1.) LEU THR THn93 GLN GLN GLN GLU GLN GLX HIS

c' ‘ 94 ALA THn sen ILE Tnn TRP
D 33A PRO nno Pno PRO nno sen
g 953 ... .L. ... .... .. _95:: A. .— m -- —-

950 .—. ._ _ -—- ~— —— --—95E .._ .L ... m95F -- —~ —‘
93 ILE LEu nno Tvn GLN TR?97 man Tnn mn THR THR THR THn Tnn
98 PHE PHE PHE pne PHE PHE PHE PHE99 GLY GLY GLV GLY GLY GLY GLY GLY100 0qu GLY GLN GLN GLN GLN GLN

101 GLV GLY GLY GLY GLY GLY GLY GLY
F 102 THE THR THFI mn Tun THn Tun mnn 10:: ARE As~ LYS LYS LYS LYS LYS4 104 Leu VAL Leu Leu VAL Leu VAL VAL

105 GLU GLu GLU GLU GLU BLX GLU GLU105 ILE ILE 1Le ILE ILE 1LE ILE ILE ILE106A ... .._ A A. ..
107 LYS Lvs' LYS AnG Lvs LYS LYS LYS
voe ARG Ans Ane ARG Ans ARG Ans ARG109 um THR Tnn THn THR
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HUMAN KAPPA LIGHT CNAINS SUBGROUP II (cont'd)
24' 25 25 27' 2B 29 30 31 71' OF 19 OF OCCURRENCES VARiABlLITYen. MEH sc TH SW LUT n03 RA: ssousucss AMINO 01: MOST COMMON2 2 ACIDS Ammo ACID

0 ... .... ... .. ... ... ... ...
1 ASP ASP ASP ASP ASP ASP ASP ASP 31 1 31(ASP) 1.
2 11.2 11.: [LE 11.1: iLE 11.1: 11.5 11.5 so 2 29(ILE) 2.13 VAL VAL VAL VAL VAL VAL VAL mel 30 2 29(VAL 2.14 MET MET MET MET MET M27 1911 um so 3 2511/15 3.2
5 ma ma mn mm nu: 7111: 2a 1 23 THR 1.a 131.11 cm GLN GLN GLN GLN 27 1 27 GLN 1.
7. sea 52;: sen $511 25 1 253211 1.9 PRO 2110 PRO 2.1 1 2.1 PRO) 1.9 LEU LEU 25 1 25 LEU) 1.

F 1o 52;: 2a 1 2 SEA) 1.R 11 LED 24 1 24 LEU) 1.
1 12 ' ser 24 2 23 PRO) 2.113 — 23 2 22 VAL) 2.114 17 1 17 mm 1.

15 17 2 16(PRO) 2.1
16 17 1 17(GL 1.17. 17 2 1 GLU 2.1
18 17 1 17 PRO 1.
19 17 1 17(ALA) 1.
20 \ 17 1 17(SER) 1.21 17 1 17( ISLEE 1.22 17 2 2.123 17 1 '57LS_§IS 1.

‘ 24 '6 1 16(ARG) 1 .25 14 2 sen 2.226 14 1 1 s_en 1.
27 14 1 : 2 14(GLN&S:12(GLN) 1. : 2.327A 12 ~ 35511
275 12 1 1211.51.»

6 27c 12 a 9(LEU)D 27D 10 5 50115
R 27E 7 2 6 SE1 27F 2 2 1 +

26 1o .1 7(ASP)(: A1 + ) 5.7 : 1o.29 1o 3 61.12 3.330 9 A : 5 ASN): ASP 7.2 : 15.
a1 9 211%Y 9. : 12.32 9 1 1.33 a 1 8(LEU) 1.
34 e 2 ___6_LA_S_N) : 73;} ) 2.7 ; a.
:15 a 1 31mm 1.36 e 2 7 11m 2.337 a 2 ' 7 LEU 2.3as a 1 ; 2 8(GLN) : 519w) 1. ; 2.7

39 3 2231.115) 2.3.10 a 2 7mm) 23
F 32 a 1 ‘ 2 BGLNB GLN 1 1' 27F1 6 : . : .2 as s 1 ( 4122L“ ’ 1.

44 7 1 717130)) 1.
45 7 3 smug:- 31 + ) 13.2 : 7.as 7 2 LE u; 2.347 7 1 7(LEU 1.48 7 1 701.5) 1.
69 s 1 6(TYR) 1.
50 s 3 411.21.: 11.5

c 51 5 4 31131. a.D- 52 7 1 73221 1.a 53 7 2 571511) 2.92 54 7 1 71Ane) a.55 7 2 5(ALA) 2.355 7 1 uses) 1.
57 7 1 7(GLY) 1.
58 7 1 7(VAL) 1.
59 7 1 7 PRO) 1.
so 7 2. 5 ASP) 2.361 7 1 71A96) 1.52 a 195-111": 1.
53 e 1 essn 1.9A a 2 7 GLY) 2.355 e 1 a sea 1.
55 e 1 a GLY 1.67 a 1 a sea 1.
55 a 2 new 2.3
$9 7 11PM! 1.
7o 7 1 :2 701$ng60152) 1. z 2.3

1»- 71 a 1 1.n 72 a 1 BTHR 1.3 73 . a 1 a LED 1.n a a s 1.75) . 4.75 a 1 11.5 1.
75 . a 2 7 ss ) 2.377 a 1 some) 1.7B 3. 18(VAL) 1.
79 a 2 61:31.1.1_}(-LA4( + ) 2.7 : a.80 5 2 AL 2.3
51 s 1 : 2 aéew).: A(GLU) 1. : 2.782 a 1 : 2 3,1517%; 6(ASP) 1. : 2.7133 a 1 (VAL) 1.
an s 1 am) 1.
as 13 1 aivm.) 1.66 B 1 8(TYR 1.
a7 8 I eavn; 1.as e 1 51mg) 1.
a9 7 1 7(ME1) 1.
90 7 1 : 2 761.113- (new) 1. : 2.391 7 3 ALA , 4.292 7 2 5 LEU 2.5
93 7 3 5(GLN) : 4(GLN) «1.2: 5.3

C 9A 7 5 2E + ) a.1: 95 7 2 6 p90) 2.312 95A
3 95695c

950
95:
951: .
95 7 e 2 171: 21.97 7 1 7 THR 1.
93 7 1 7112115) 1.99 7 1 7131.7) 1,

mo 7 2 51am) 2.3101 7 1 7 GLY) 1.
F 102 7 1 7 THR) 1.H 103 7 3 5 LYS 4.24 104 B 2 4.

105 a 11 ; 2 8(GLU§(:LE+’7(GLU) 1. . 2.3105 6 1 IL 1.106A
107 a 2 7(LYS) 2.3
103 7 1 7(ARG) 1.109 1 4(THR) 1.
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ANTIBODY SpEchICrTIES: HUMAN KAPPA L|GHT CHAINS SUBGROUP H

5) R08: COLD AGGLUTININ WITH ANTIvPR1D ACTIVITY
)0) WILS: COLD AGGLUTININ WITH ANTI-BLOOD GROUP 1 ACTIVITY
14) FR: ANTI-PHOSPHOCHOLINE(BINDING CONSTANT=6.4X1OEXP4)24) (ML: ANTI-I66
27) TH: COLD AGGLUTININ WITH ANTI-P82 ACTIVITY (REC MEMBRANE ANTIGEN ON HUMAN. RAT AND GUINEA PIG ERYTHROCYTES INACTIVATED BYPROTEOLYTIC ENZYMES AND NEURAMINIDASE)

REFERENCE: HUMAN KAPPA LIGHT CHAINS SUBGROUP ||
1) TEW: PUTNAM.F.WNWHITLEV,E.J..JR.. PAUL.C.& DAVIDSONJVN. (1973) BIOCHEMISTRY.1237633780 (CHECKED BY AUTHOR 08/15/83)
2) MIL:_ DREYER(W.J..6RAY.W.R. 8. HOOD‘L. (1967) COLD SPRING HARBOR SYMP, QUANTITATIVE BIOL..32.353—367.
3) NIM: EULITZ.M‘ & KLEY.H.-P, (1977) IMMUNOCHEM‘JAZSSQSI (CHECKED BY AUTHOR 10/18/77)4) CUM: HILSCHMANNN. 8 CRAIGL‘C. (1955) PROC,NATACADSCI‘USA‘SS.‘ADS-1409; HILSCHMANNN. (1967) Z.PHY5\OL.CHEMT.348.1718—1722;HILSCHMANNJt (1969) NATURE..55(195205. (CHECKED B_V AUTHOR)
5) GM BO7"CL: KLOBECK.H.G..SOLOMON.A. 5 ZACHAUJ-IG, (I936) NATURE,309.73‘76.S) BAT: 'DAYHOFFJ‘A‘OI A1972) ATLAS OF PROTEIN SEQUENCE 8 STRUCTURE,5.D-24& SUBMITTED BY SMITHIES.O..GIBSON.D.M. AND FANNING,E.M.(CHECKED BY UTHOFI)
7) BATES: SMITH.G.P .HOODI‘ 5 FITCH,W.M. (1971) ANNREV.BIOCHEM‘.40,969-10121
8) R031» GERGELY: .WANG,A.C. 5 FUDENBERGJ—IJL 11973) VOX SANG..26.432-440. (CHECKED BY AUTHOR)9) SLO: WANG‘A,C.. UNG,E..WANG.I.,FUDENBEHG.H.H..PICK.A.L 5 FROEHLICHMANR. (1980) CANCER IMMUNOLJMMUNOTHER..9_s1-86. (CHECKED BYAUTHOR 03/18/81) '

10) WILS: CAPRA‘JD..KEHOE‘J.M..WILLIAMS.R.C.(JRV,FEIZLT‘ & KUNKEL.H.G. (1972) PROC.NAT.ACAD.SCI.USA.69.40-413‘ (CHECKED BY AUTHOR)
11) 01.1: FRANGIONE(BUFFIANKLINE‘C. 5 PRELLLF. (1976) SCANDJJMMUNOL..5.623—627; (CHECKED BY AUTHOR 10/17/77)
12) AMYLOég’JZEg/g): TERRY.W,D..PAGE.D‘L‘,KIMURA.S..ISOBE.T..O$5ERMAN.EIF. A GLENNER,G.G. (1973) J.CLIN.INVEST..5211275—1281. (CHECKED BY AUTHOR
13) HA1: AQSSZESECD? 8 MILSTEINC, (1971) BIOCHEM.J..IZI.211-215. (CHECKED BY AUTHOH WHO PROVIDED ADDITIONAL RESIDUES TO THOSE
1“) FR: RIESEN.W.,FIUDIKDFF‘STORIOLR. a. POTYEFLM. (1975) BIOCHEMISTRY.14,1052-1057: RIESEN.W,F‘.BRAUN,D.G. B. JATONU‘C. 1975)PROC.NAT.ACAD.SCI.USA.73.209&2100: RIESEN.WTFV 5. JATON.J.C. (1976) BIOCHEMISTRY.15.3829-38331 (CHECKED BY AU HOE 12/05/77)
15) YOS: WA‘NGéACHTUNG,E..WANG.I..FUDENBERG.H.H..PICK.ATI. 81 FROEHLICHMANB. (1980) CANCER IMMUNOL.IMMUNOTHER..9.B1~86. (CHECKED BYAU H R 03/13/81) .
1B) RPM‘I-Bd‘O'CL: HIETER.P.AT.MAX,E.E.‘SEIDMAN,J,G..MAIZEL.JTV.,JR. & LEDERJ’. (1980) CELL.22.197.207; KLOBECK.HIG.MEINDL.AI,COMBRIATO.C,.SOLOMONA. 5- ZACHAUJiG. (1985) NUCACIDS RES..13.6499-6513.1T) MAN: MILSTEIN.C. (1969) PROC. 5TH FEBS SYMPJSAS—SG. (CHECKED BY AUTHOR WHO PROVIDED ADDITIONAL RESIDUES TO THOSE PUBLISHED)
18) KIR: SLETTEN‘K..HANNESTAD,K, a. HARBOE.M, (1974) SCAND.J.IMMUNOL..3.215-218. (CHECKED BY AUTHOR 1Z05I7T)
19) HYL: $LETTEN.K..HANNESTAD,K. 8- HARBOEJM. (1974) SCAND.J.IMMUNOL. (215—218. (CHECKED BY AUTHOR 12/05/77)
20) MAO: SLETTEquHANNESTADK. 21 HARBOE‘M. (197A) SCAND.J.IMMUNOL..8.§15218. (CHECKED BY AUTHOR 12/05/77)
21) WE: SLETTENKHHANNESTADX. 5 HARBOE‘M. (197A) SCAND,JIIMMUNOL‘.3.215-218. (CHECKED BY AUTHOR 12/95/77)
22) E10: SLETTENK..HANNESTAD.KI I; HARBOEJVI. (1974) $CAND.J.IMMUNOL..3.2I52181 (CHECKED BY AUTHOR 12/05/77)
23) GAUII): MILSTEINCUJARVISJ‘M. r3 MILSTEINCP, (1969) J.MOL.8|OL..46,599-602. (CHECKED BY AUTHOR)24) OIL: ABRAHAM,G.NT.BROWN.P.,JOHNSTON,$.L..NELLIS,L.,MARKS.S. A WELCH.E.H. (1978) IMMUNOLOGVISSA‘V—GSS. (CHECKED BY AUTHOR 07/23/79)
25) MEN: SLETTENKHHANNESTADx‘ & HARBOEM‘ (1976) SCAND.JJM‘MUNOL..3.215~213. (CHECKED BY AUTHOR 1205177)
26) SC: SEON.B.K..VAOI.Y. 8 PRESSMAND, (1973) JJMMUNOLHIIO‘afis-GAS. (CHECKED BY AUTHOR)
27) T11:- GEFIGELYTJ..WANG.A.C. 5 FUDENBERGHH. (1973) VOX SANan‘SAsZ-dw. (CHECKED BY AUTHOR)28) SYV: SLETTEN.K..HANNESTAD.K, 3- HARBOE.MT (1974) SCAND‘JJMMUNOLHCIQISQ18. (CHECKED BY AUTHOR 12/05/77)
29) 1.1.sz SLET'TEN.K..HANNESTAD(K. A HARBOEIM. (1974) SCANDUJMMUNOLNGZ15—219. (CHECKED BY AUTHOR 12/05/77)
30) R082: MOULINA‘ 8 FCUGEREAU,M..(1973) NATURE NEW BIOLOGY.246.176-178.
31) “Ala: MOULIN.A. 8» FOUGEREAUJW. (1973) NATURE NEW BIOLOGY.E48.17S—178.

  

NOTES: NUMAN KAPPA LIGHT CHAINS SUBGROUP II
IDENTICAL SETS OF FRAMEWORK SEGMENTS:

Fm: SET 1: TEthEImILé2|.NIMI3).CUMI¢|.GM 607 'CL(5LBATIGI.EATES(7I,FIOBIBI.SLOl9l.WILS(10LGLII11LAMYLOID vewuzlfiAtnaL (13I I AL)

FR2: SET 1: MILIZ).NIM131.GM 507 ‘Cusl. (a \DENTICAL HUMAN V-KAPPA-II: ALSO 2 MOUSE V-KAPPA-II: VKAPPA 246'0Ll63).2$1.3l67).)SET 2: MILI21.FR114). (2 IDENTICAL)
FRS: SET 1: TEW(1|.GM 607 'Cusmpmvoaw'cu‘eL (3 IDENTICAL) »Fm: SET 1: CM 507 ‘CLISLRPM1-8410‘CLI16). (2 IDENTICAL HUMAN V-KAPPA-II: ALSO 3 HUMAN V-KAPPA~I: AUIZI.GAL(|)I36|.CL‘[110]; 7 HUMANV-KAPPA-l”: Woum-PAYWLP‘EI1H.GLOI15LCUH|20LREEI57LVKAPPA3'CLIBZI: AND 1 HUMAN V-KAPPA-IV: P9171V'CLISI.)SET 2: NIMIEIfRUd). (2 IDENTICAk HUMAN V~KAPPA.II; ALSO 3 HUMAN V-KAPPA-I: AGI'IMDENNGLBIIGS): 6 HUMAN V‘KAF’PA-III: NEUIS).GOTIG).GAR'I10LFLOI12LFRAI21LIARC/BL41'CLl2BI; AND 1 HUMAN V-KAPPPv-IV: LENMI.)

, SET 3: TEWHI, (IDENTICAL T0 2 HUMAN V-KAPPA-I: WALKEB‘CL(12I.CU(IOC)(34I.)
IDENTICAL SETS OF COMPLEMENTARITY DETERMINING REGIONS:CDRH

CDRZ: SET 1: MILIZI.NIM(3LGM 507 ~GUS). (3 IDENTICAL)CORGI

IDENTICAL SETS OF J-MINIGENES: ’ ‘ '
SET 1: RPM1-6410‘CLIIS. (IDENTICAL T0 1 HUMAN V-KAPPA-I: AU(2); 2 HUMAN V-KAPPA-III: PIE(1I|.VKAPPA3'CLI62): AND 1 HUMANV-KAPPA-IV: B17IV‘CLl3I.)
SET 2: TEWII). (IDENTICAL TO 1 HUMAN VAKAPPA-I: WALKER'CLHQI.) 'SET 3: FRI”), (IDENTICAL 70 2 HUMAN Y—KAPPAA: DENIAS),BI|63|; AND 3 HUMAN V-KAPPA-III‘. GAR‘I10).FLO(12).!AF1CI8L41'CU23L)

SPECIFIC NOTES:

12) AMVLOIO YEW: IT HAS THE SAME SEQUENCE AS THAT OF TEW SO FAR AS THE SEOUENCED pOSITIONS ARE CONCERNED,14) FR: AN IDIOTYPIC ANTIBODY TO FR NOT INHIBITABLE BY PHOSPHORYLCHOLINE REACTED BETTER WITN THE FR HEAVY CHAIN THAN WITH THELIGHT CHAIN. THE CROSS~REACTION WITH MOPC167 WAS 10.000 TIMES WEAKER. (HIESEN,W.F. (1979) EUH‘JJMMUNOL..9.AZ1-4251)
16) HPM1-M10‘CL: THE AMINO ACID SEQUENCE IS OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN ADULT DNA.

+ THE FOLLOWING WERE EOUALLY AND MOST FREQUENTLY OCCURRING:
AT posmon RESIDUES

27F (GLY.ASN) : GLY.ASP)28 (ASP.A N) .a1 THR.ASP)
34 ASP.ASN)45 (GLU.GLN)
79 (GLU.GLN)94 (THRSER)v04 (LEUNAL)
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HUMAN KAPPA UGHT CHAINS SUBGROUP Ill
‘ INVARIAN‘I 1 2‘ 3* a 5“ 6“ 7- 8“ 9‘ 10 tv 12“ 13w 14- 15‘ 1s 17 13‘ 19‘ 20» 21 22‘ 23" 24-RESIDUES T! WOL SIE N83 NEU GOT PAY SON WEI: GAR' PIE FLO LOP SCA GLO SAL WIL MA NIC CUR FRA DRE PER CAMii

0 -1 GLU GLU GLU GLU 'GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLX GLU GLU GLU2 ILE ILE ILE VLE. ILE [LE ILE ‘LE ILE ILE lLE ILE lLE ILE ILE ILE ILE ILE ILE ILE )LE3 VALLQS) VAL VAL VAL VAL. VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL4 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU ‘LEU LEU LEU LEU LEU LEU
5 THR THR THR THR THR THR THR THR THR’ THR THR THR THR THR THR YHR THR THR THR THR THR THR6 GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLX GLX GLN7 SER SER SER SER SER SER SEH SER SEH SER ‘SER SER SER SER SER SER SER’SER SER SER SER SEERS FPO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO9 GLY GLY GLY GLY GLY GLY GLY' GLY GLY GLY GLY-(SLY GLY 'GLY GLY GLY GLY GLY GLY GLY GLY

F 10 THR THR THR THR THH THR THR THR THR THR THR THR _THH THR THR THR THR ‘THR THR THR THRH 11 LEU(.99) LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU‘ 12 SEE SEER SEH SEFI SER SER SER SER SEE SER SER SER SER SER SER SER SER SEH SER SER SER SER13 ‘ » LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU 'LEU LEU LEU LEU14 SERLQ7) SER SER SER SER SER SER SEH SER SEH SER SER SER SER SEF! SE9 SE9 SER SEE SER SER SEH15 PRO(.98) PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO.16 GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLV GLV GLY GLY GLY GLY GLY GLY GLY17 GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLX GLX GLU18 ~ ARG ARG ARG ARG ARG ARG ARG ARG ARCS ARG ARG ARG ARG ARG ARG ARG ARG ARG ARG ABC:‘19 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA20 THR THR THR THR THH THR THR THE THE THE THR THE THR THR THFI THR THR'THR THR THE21'LEU(.9‘S) LEU LEU LEU'LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU22 SERLEW) SER SER SEFI SER SER SER SER SER SEE SER SER SEN SER SER SER SER SER SER SER SEH23 CYS CYS CYS CY§ CYS CYS CV5 CYS CYS CYS CV5 CYS CYS CYS CYS CVS CVS CVS CYS CYS24 - ARG ARG ARG ARG ARG ARG ARG ARG AFIG ARG A96 A86 ARG ARC) ARG ARCS ARG ARG ARG ARG25‘ ALALQB) ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA26 SEE SER SER SER SER SEQ SER SER SER GLY SER SER SER SEFI SEER SEH27 GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLX GLX GLN27g SER SEQ SER SEFI SER SER SEH GLY SER SER SEQ SER SER SER SER27 ... . ... ... ... ... ... ..V ... ... ...
27C ... .. ... A. ...

g 270 ---275 ... ... ... ... ... ... ... .V.i‘ 27F ... ... ... ... .9 ... m ... ... ... ... ... ... ... ...28 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL )LE VAL SEF! VAL VAL VAL VAL VAL VAL VAL29 SEE SER SER SER SER SER SER SER SER SER SER SER SER VAL SER SER SER SER ARG SER SER30 ASN SER ASN SER SER SER SER SER SER SER SER SEN SER SER ASN SER ASN SER» SER31 SER GLY SER SER ARG SEE SER ER SEE SER ASN ASN SER SER SER SER ASN SER SER32 PHE TYF! TYFI TYR TYR TYB TYR TYR TYR TYR TYR TYR TYR TVR MET TYR TYR TVR TYR33 LEU LEU ~LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU VAL LEU’ LEU LEU LEU LEU
34 ALA GL‘I ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA AM35 TRP TRP TRP TRP TRP TRP TRP TRP TRP TRP TRP TRP TRP TRP TRP TRP THP TRP TFIP36 TYR TYR TYR TVR TYR TYR TYR TYH TYR TYFI TYR TVR TYR TYFI TYR TYR TYR TYR TYR37 GLN GLN GLN GLN G‘LN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN38 GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN 'GLN GLN GLN GLN GLN GLN39 LYS LYS L‘IS LYS LYS ARG LYS LYS LYS LYS LVS LYS LYS LYS ARG 'A0 PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PROF 41 GLYLQS) GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLYR 42 GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN2 43 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA64 PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO45 ARG ARG ARG AHG ARG ARG ARG ARG ARG ARCS ARG ARG ARG LYS66 LEULQE) LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU47 LEU(.SB) LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU43 ILE ILE ILE {LE ILE ILE ILE ILE )LE ILE ,ILE ILE
59 TYR ”TYR TYR TYR TYR TYR TYR TYR TVR TYR TYH TVR
50 VAL GLY GLY GLY GLY GLY GLY GLY GLY GLV GLY GLYc 51 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALAD 52 SER SER SER THR SER SER SEH SER SER SER SEFI SEER 53 SER SER SER SER SER SER SER SEH SE8 SE9 SER $582 50 A'RGL‘JS) AHG ARG ARG ARG AHG ARG ARG ARG ARG AFIG ARG ARG55 ALA ALA ALA ALA ALA ALA ALA AL'A ALA ALA ALA ALA56 THR THR THE THE THR THE THE THE THE THE THFl THR57 GLYLQS} GLY GLY GLY GLY GLY GLY GLY GLY GLY GLV GLY GLV58 ILE ILE (LE ILE ILE ILE ILE ILE lLE )LE ILE [LE
59 PRO PRO PRO PRO PRO PRO P80 PRO PRO PRO PRO PRO PRO60 ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP61 ARG ARG AFIG ARG ARG AHG ARG AHG ARG ARG AFIG ARG ARG62 PHE PHE PHE PHE PNE PHE PHE PHE PHE PHE PHE PHE PHE63 SEE SEFI SER SEH THFl SEH SER SER SER SEH SEFI SER
54 GLY GLY GLV GLY GLY GLV GLY GLY GLY GLY GLY GLY GLY65 SER(.95) SER SER.SER SER SER SER SER SER SER SER SER SER55 GL'V GLY GLY ALA GLY GLY GLY GLY GLY GLY GLY GLY67 SERLSS) SER SER SER SEE SER SEH SER SEH SER SER SEH SER68 GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY
69 THHLSS) THR THR THR THR THH THR THR YHR THE THE THR THR70 ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASPF 71 PHE PHE PHE PHE PHE PHE PHE PHE PHE PHE PHE PHE PHER 72 THR THR THE THE THE 7H9 THFI THR THR THR THR "(HR THR3 73 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU ’LEU LEU LEU74' THR(,95) THR THR THE THE THR THE THE THR THE THE75 ILE(.95) VLE ILE ILE lLE VAL ILE ILE lLE ILE ILE76 SEE SER SER SEFI SEH SER SEH SER SER SER77 GLY GLY GLV ARG ARG ARG ARG ARG ARG ARG7a LEU LEU LEU LEU ALEU LEU LEU LEU LEU LEU
79 GLU GLU GLU GLU GLU GLU GLU GLU GLU30 PRO PRO PRO PRO PRO PRO PRO PRO81 GLULQS) GLU GLU GLU GLU GLU GLU GLU GLU52 ASP ASP ASP ASP ASP ASP ASP ASP ASP83 ' PHE PHE PflE PHE PHE PHE PHE PHE
54 ALA ALA ALA ALA ALA ALA ALA ALA ALAas VAL(.95) VAL VAL VAL VAL VAL VAL VAL VAL86 TYR TYR TYR TYR TYR TYH TYFI TYR TYR87 TYR TYR TYFI TYR TYR TYR TYR PHE88 CYS CYS CYS CYS CYS CYS CYS CYS CYS
89 GLN(.95) GLN GLN GLN GLN GLN GLN GLN GLN90 GLN GLN GLN GLN GLN GLN GLN GLN GLN91 TYR TYR TYR TYR TYR TYR TYR TYR92 GLY GLY GLY GLY GLV GLY GLY GLY93 gm ASN ALA sen SSH SER SER GLY

0 9A SER SER SER SEH SER SER SERO 95 GLN PRO PRO PRO PRO PRO PROR 9§A -3 93:3 .. . .950 m L .v
950 ... 0. .. ...' .. .L.955 ..
95,; . .
96 SER ARG GLN CYS ARG LEU ARG GLN97 1HR(.95) THR THR THR THR THR THR THR PRO98 PNE pug pne PHE PHE PHE PHE PHE PHE PHE99 GLY GLY GLY GLY GLY GLY GLY GLY GLY GLV100 GLN GLN GLN GLN GLN GLN GLY GLN GLN‘01 GLY GLY GLY GLY GLY GLY GLY GLY GLY GLYr ‘02 YHR 1HR sEH THR ‘mn THR Tun THR THFI THRR 103 LYS LYS LYS LVS LYS LVS LYS LYS LYS LYS LYS LYS4 104 VAL VAL VAL LEu LEU VAL VAL LEU VAL LEU VAL LEU105' GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU:82}; LEU ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE :LE
107 LYSLSél LYS LVS LYS LYS LVS LVS LYS LVS LYS LYS LVS LYS LYS‘06 AHG ARG AHG ARG A96 A96 ARG ARG ARG ARG ARG ARG A86109 YHR 11-41} THE THR THR THR THR THR THR THR THR
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0 54 0
HUMAN KAPPA LlGHT CHAINS SUBGROUP I" (cont'd)

25“ 26‘ 27‘ 28 29 30 31 32 33 34 35". 36 37 38 89 40 d1 42" 43‘ A14 45 46 47 48’ 49STE GJ TAK \ARCI RAD DIL CAS MCE‘ KEA SM! AJ BRO NIG )KE TIL AMYLOIO POL CLA SHE' JH WIN LEA ARP POM VANOBLA1 A # '1GG KSA A! w! v '‘ 'CL

0 ... .L. ... ... __.. ,u ..A v .. ... ... ... ... ... ... ... ... __, ... ... ... ...1 GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU [ya GLU _GLU GLU GLU GLU GLU GLU as lys GLU GLU GLU2 ILE ILE ILE ILE ILE |LE XLE ILE ILE XLE ILE ILE ILE (LE XLE ILE ILE ILE ILE |L ILE phe ILE ILE3 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL4 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU max LEU me! me! met LEU LEU LEU met me!
5 THE THR THR THR THE THE YHFI THR THR THR THR THR THH THR THR THR YHR THR THR THR THR ~{HR THR THE6 GLN GLN GLX GLN GLN GLN GLN GLN GLN GLN g|u GLN GLN GLN GLN giu GLN GLN GLN GLN GU GLN GLN GLN7 SEE SER SER SER SER SEQ SER SER SER SEER SER SER SER SER SER SER SER SE8 SER SER SER SER SER SEFI3 PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PFIO PRO PRO PRO9 GLY GLY GLV GLY GLY GLY GLY GLY ala ala GLY GLY pro 513 SLY ma fl # ale ala em GLY val mu

F ‘0 THR THR THE THE THH THR THR THE THE THR THR THR THR THE THH THR THR THR THE THR THF‘ THE THE THER ,H LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU1 12 SER SER SER SER SSH SER SER SER SEH SER SEH SER SER SER SER SER SER SER 'SEFL SER SER SEH SER SER13 LEU LEU LEU LEU LEU LEU LEU he LEU LEU LEU LEU LEU LEU val LEU val vnl LEU LEU LEU LEU Val v3116 SER SER SEH SER SER SER SER EH SE“ SER SER SER SER SEH SEH SER SER SE9 SE8 SER SER SE8 SER SER
‘5 ~PRO PRO PRO PRO PRO PRO PRO PRO PRO PHO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PROl6 _ GLY GLY GLY GLY SLY GLY GLY GLY GLV GLY GLV GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY (SLYl7 GLU GLU GLX GLU asp asp asp GLU GLU GLU GLU GLU GLU GLU GLU GU GLU GLU GLU GLU GLX GLU GLU‘8 ARG ARG ARG Se! ARG ARC! ARG ARG ARG ARG AHG AHG ARG ARG ARG ARG ARG ARG ARC ARG ARG ARG ARGV9 ALA val val ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA Va! ALA ALA‘ ALA ALA ALA ALA ALA ‘AL.A ALA
2Q sin THR THR THR THFI THR THR THR THR THH THR THR nla THR THR THH THR THR THE THE THE THR THE2\ LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU22 SER SER'SER SER SER SEFI SER SER SER SEFI SEH SEE SER SER SER SER SER SER SER SER SER SER SER23 CYS CYS CYS CYS CYS CYS CYS CYS CVS CYS CYS CV5 CYS CYS CYS CYS
24 \ ARG ARG ARG ARG AHG ARG ARG ARG AHG ARG ARG ARG ARG THR ARG ARG ARC:
25 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA26 SEE SEQ SER SEFI SER SSH GLV SER SER SER SEH SER SER SER SER SEH27 GLX GLN GLN GLN GLN SEH GLN GLN GLN GLX GLX GLX GLN GLN
$73 SER -— VAL SEFI -~- .. SER SEE -— THE -A- SER ~—
273 ... ._ ... ... ... a,

8 270 ~- ~— -.R 27E ... ... ... ... ... ...1 27F ..4 ... ...2S VAL SER SER LEU ASX VAL SER LEU SEFI ASX
29 SER VAL SER ASX VAL ARG VAL VAL ILE30 SER ASN SER ALA SE8 SER ARG GLY31 SER SER SER LVS LVS SEE SER SER32 TYR ASN TYR SER SER TYfi TYR TYR ASN33 LEU LEU LEU LEU LEU LEU LEU LEU LEU
36 ALA ALA ALA SEQ ALA ASP ALA ALA ALA
35 mp mp mp m? TRP TRP mp36 TYH TYR TYR TYH TYR TYR 'TYR TYR37 . GLN GLN GLX GLX GLN GLN GLN GLX38 GLN GLN GLX GLX GLN GLN GLX
39 LYS LYS LYS LYS L‘IS SER LYS40 ARE! PRO PRO PRO PRO PRO PRO61 GLY GLY GLV GLY GLYR 42 GLN GLN GLX GLN ARG43 SEE ALA THR ALA ALA
44 PRO PRO F‘RO PRO PRO45 ARG ARG ARG AHG A9648 LEU LEU LEU LEU47 LEU LEU LEU
48 ILE ILE [LE
49 ARC WR TYR
so ASP GLY

C 51 ALA THRD 52 SER SERR 53 86R \ THR2 54 A80 ARG55 ALA ALA ALA55 ASN THE THE
57 GLY GLY GLY
56 \ ILE THR ILE
59 PRO PRO PRO60 ASP VAL ALA81 ARE ARG ARG62 PHE PHE PHE

'63 SER SER SER
64 GLY GLY GLY65 SER SER66 GLV GLU
67 SER SER68 GLY GLY
69 THR THR70 ASP ASP

F 7v PHE
R 72 THF!3 73 LEU74 ILE75 ILE76 SEE77 ARG

78 LEU
79 GLU
50 PRO81 GLU
62 ASP83 PHE
84 ALA85 VAL86 TYR87 WR
88 CV8
89 GLN90 GLN
91 TYR92 SER
93 THE

c 94 sanD 95 PROR . 95A ...3 958 .7.95C ...

950 ... —95E ...95F ~-- u.
96 TYR PRO

a 97 THR THR THE93 PHE PHE pH;99 GLY GLY GLY100 GLN GLN GLN101 GLY GLY GLY
F 10? THR THR THRR 103 LYS ARG ARG4 104 LEU LEU VAL105 GLU ASP GLU106 ILE ILE ILE106A --- --- -—-.

107 LYS LYS LYS
‘ 108 ARG ARG

L E‘flWW
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HUMAN KAPPA LIGHT CHAINS SUBGROUP m (conl‘d)

50 51 52 53 54" 55 $6 57 58 59 60 51 62' 63‘ 64' 65‘ 66 67 88 69 70‘ 71‘ 72' 73‘ 74‘AMYLOID DOV SHM GHA GOE LOW' VER REE WE HOW H54 HBJ TEH CRA FLA PIN MCE HAC K- BER BOH DRI WAL GOL GAG30124 n w 5 (m) EV15'CL

0 ... ... ... u. ... ... .. ... ... .,. ... ... .L. ... ... ... ... ... ... ..L
1 GLU GLU GLU GLU as GLU GLU GLU as GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU2 ILE [LE ILE mm IL ILE thr leu |L ILE ILE ILE ILE ILE ILE ILE ILE ILE 1hr ILE ILE SLE ILE [LE ILE3 VAL VAL- VAL VAL VAL VAL VAL VAL gm VAL VAL VAL VAL VAL VAL VAL VAL VAL my VAL VAL VAL VAL VAL VAL4 mel me! me! mm LEU me! LEU LEU me! LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU

_5 THE THE THE THR THFI THE THE THR THE THE THR THR THR 'THR THR THFI THR YHR THR THR THR THR THR THR THE6 GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLX GLX GLN GLN GLN GLN‘7 'SER SEH SER SER SER SER SER SER SER SER SER SER SER SEFI SER SER SEQ SEH SER SEFI 55R SER SER SER SER
8 PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO FRO PRO9 am on) ma ala ale are GLY sin 58' GLV GLY asx GLY GLY GLY GLY GL’Y GLY ale GLY ala

F ‘0 THE THFI THR THR ser gly >THR THR set THR THR THR THE THE THR THR 7BR THR phe THR THRR 11 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU me!
1 12 SER *SER SER SEH SER SEFI SER SER SE8 SE8 SER SER SER SER SEFI SER SER13 vol val vat me! vs! v51 LEU v9) 818 LEU LEU LEU LEU LEU LEU LEU LEU14 SEER SER SER SEFI "1! SEE 5571 SEE 85“ SEE SER SER SEFl SER SER SER

15 PRO PRO PRO PRO PRO PFIO PRO PRO val PRO PRO PRO PRO PRO PRO PRO1 6 . GLY GLY GLY GLY GLY G_LY G LY GLY GLY GLY GLV GLY .1? GLU GLU GLU GLU GLU 91y GLU GLU asp GLU GLU GLX
18 ARG set 91y ARG ARG Ihr val an:19 VaI ALA ALA AUX ALA ALA vnl Val vol
20 ' THR THH THR THR sor THR THR THR - fl
21 LEU LEU LEU LEU LEU LEU He LEU He22 SEE SER SER SER SER SEH 1y: SER 1h!23 CYS CYS CYS CYS CYS CYS CVS
24 ARG AHG ARG SEFI LYS ARG
25 ALA ALA ALA ALA SER ALA ALA
26 SEE SER GLY SEFI SER27 GLU GLU GLN GLU GLN27A --~ .7. ... --- ~-- -«27B --- --- —-- —-- «A
270 w. ... ...

g 270R 27E ... --- ...
1 27F ,.. ... ... , ...28 SER THR SER SEER ASP

29 VAL VAL VAL LEU ILE30 SER AL'A AS?> SER ASP
1 ‘ 3‘ THR LYS GLX ASP ASP: 32 ASX SER THR ASN ASP

33 LEU LEU VAL LEU VAL v MET
34 ALA ALA ALA ALA ALA ASN
35 TRP TR? TR? TR? TRP TRP
36 TYR TYR TVR TYR TYR TYR37 GLX GLX GLX GLN GLN GLN

3 38 GLX GLX GLX GLN HIS GLN
i 39 LYS LYS LYS LYS
: 40 PRO PRO PRO PROL F 41 GLY GLY
K n 42 GLN GLUs 2 43 ALA ALA44 LEU PRO ALA45 ARG ARG ILE

46 LEU LEU PHE47 LEU LEU ILE68 11.5 LEU )LE
49 TYH TYH GLN
50 GLY ALA GLU

c 5$ VAL THR ALAD 52 SEE SEE THRR 53 THR THR VHF!2 5“ ARG AFIG LEU
, 55 ALA’ PRO VAL56 ALA__T_!1&_ PRO

57 GLY ASP GLY
55 ILE ILE ILE
59 PRO PRO PRO50 ASP ALA PRO
61 ARG ARG ARG62 PHE PHE PHE63 THR SER SER
5‘ GLY GLY GLY
65 ABC; SER SER
66 ALA MET GLYG7 SER SEFI TYFI55 GLY GLY GLY
69 THR THE ' THE70 ASP GLU ASP

F 7‘ PHE PHE PHER 72 THR THR THE
3 73 LEU LEU LEU74 THR THR THR75 ILE 1LE ILE76 SEE PHE ASN77 ASP AHG ASN

7B LEU VAL ILE
79 GLU GLU \ GLU60 PRO SER ‘ SEE61 GLU GLU (31.1.)
82 ASP ASP ASP53 PHE SEER ALA
84 ALA ALA ALA
B5 VAL VAL TYR86 TVR TYR- WR87 TYR TYR PHE

‘ 88 . CYS CYS CYS
89 GLN GLN LEU90 GLN GLN GLN

‘ 9v V1TYR HIS HIS92 ASP GLU ASP ‘93 “(HR ... ASN
. C 9° SER PHE, D 95 PRO PRO. R 95A

- 3 959 _.950 ..L
. 95095595F ...

96 LEU ...
97 THE THR
96 PHE PHE99 GLY GLYx00 GLY GLN

101 GLY GLY
: F 102 THE THR -~5 R 103 LYS LYS. 4 104 LEU VAL ~'
1 ‘05 ASP GLU ~--106 VAL ILE106A ..

107 ARG LVS
108 ARG109 " __

1
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, sa
HUMAN KAP‘HI UGHT CHAINS SUBGROUP III (conl‘d) _

75 7e 77 7a 79 so 31 32 1: OF I! OF occunnemces VARIABILITY
- DOB use 119.1 BUR LEG BB AMYLOID VKAPPAS seoumces AMINO 01: MOST COMMON12 (x) . wn ‘CL ACIDS AMINO Ac1ua .7;

o .._ .,. ... ... ...
1 GLU GLU GLU GLu GLU '79 3 : 4 “(mug : mew) 3.2 : 432 ILE ILE ILE 1L2 )LE 79 5 7 (ILE) 5.33 ila VAL VAL VAL VAL 79 4 76(VAL) 0,24 met LEU val LEU LEU 79 3 65(LEU) 3.5
5 THR THR THR 77 1 77(THF8 1.5 GLN GLN GLN 77 2 75(GLN) : 6 (GLN) 2 1 : 2.27 sea 75 1 75152131 1.8 PRO 74 i 74 PRO) 1.9 m 59 s z 7 as GLY) 9 : 11

F 10‘ 7o .4 5 mm 1.2Fl 11 GB 2 67 LEU) 2.‘ 12 67 1 67 sen) 1.13 67 5 52 LEU; 6.414 - 53 2 as 5213 2.1
15 - as 2 155 me) 2.1a 52 1 62 GLY) 1,17 52 3 : .1 56(GLU) : 501mm 3.3 : 5‘8 ARG 58» 7 51 ARE) 8.
19 _ ALA 60 2 > 52 ALA) 2.3
20 am 59 5 53 T1111) 5.921 LEU so 2 s7 LEU; 2.122 sen so 3 53 sen 3.123 1 cvs 50 1 5010115) 1.
24 A86 51 4 Hume) 4.3
25 ALA s2 2 STEALA) 2,25 sea 43. 2 as sea) 2.127 GLN a7 3 113(ng -. anew) 3.3 : 3.327A sea 32 4 2 (5211)27B 2..
270

g 270-n 27E
1 27s _.

2a LEU 47 7 . e 25(VAL) 13,. : 15,
29 sea 44 s 27 sen; 9.530 GLY an 7 2.1 sea 12.31 A311 39 10 24131211) 15.32 TYR 40 a 28(TYR) 11,83 LEU 4‘ t 36(LEU) 4.5
34 ALA d! 5 37(ALA) 5.5
35 mp mp 33 ~ 1 331m?) 1.35 WA 'rvn 39 1 39(TYR) 1.37 GLN GLN 39 1 ; 2 39131.11) ~, 33mm) 1. - 2,436 GLN GLN 37 2 : 3 36(GLN) : 30(GLN) 2.1 3.7
33 LYS LYS 33 3 292mm 3.440 PRO PHE 34 3 32 PRO) 3.2p 41 GLY GLY 27 2 26(GLY 2.1n 42 GLN GLN' 27 4 24(GLN3(: 2 GLN) 4.5 : 472 13 ALA ALA 211 3 2 ALA) 3.4
44 P90 PRO 27 3 251mm -3.245 ARG 26 3 24 ARG) 3.3as LEU LEU 24 2 2 LEU) 2.1.17 LEU LEU 23 2 22 LEU) 2.1as MET ILE 22 3 20111.21 3.3
.13 TYR 9112 22 a 131nm) 4.5
so GLY ASP 21 s 16(GLV) 6.631 VAL 2o 3 15(ALA) 3.3

g 52 sea 20 2 13352111) 2.2R 53 SER sea 21 2 16 san 2.62 56 Ana 11 2o 2 19mm) 2.155 ALA ALA 23 3 21(ALA) 3.3
58 , ma 22 «1 1311111 1,5
57 GLY GD! 23 2 22(G LY) 2.153 ILE VAL 23 3 21mm 3.3
59 ‘ PRO 23 1 23(PRO) 1,so AS? 23 5 17(Asp) 6.86‘ ARC 23 1 23(ARG) 1.52 91113 23 1 2312115; 1.53 sea 23 2 2115613 2.2
so GLY 23 1 23 GL‘I) 1.ss sea 22 2 21 5691 2.1as GLY 22 4 17 GLY) 5.257 sea 22 2 21 sea 2.1as GLY 22 1 22 cm 1.
69 ALA 22 2 21mm; 2.170 21 2 131ASP 2.2

1: 71 21 1 mums) 1.R 72 21 1 , 21(THR) 1.3 7:1 21 1 21(LE,U) 1.74 21 2 20(THR) 2.175 21 2 20(ILE) 2.175 21 3 1915213) 3.377 ARG - 22 5 1e ARG) 5,3713 LEU 22 a 2 LEU) 3.3
73 GLX 22 2 21(GLL3 : 20mm) 2.1 2 2.230 PRO 22 2 1 (PRO) 2,331 GLU 22 2 21 cm) 2.152 ASP 22 . 1 22 ASP) 1.as we 22 3 20 21121 3.3
64 ALA 22 1 22(ALA) I.as VAL 22 2 21(VAL) 2.1as TYR 22 1 221111711 1.e7 TYR 22 2 20mm; 2.2as cvs 22 1 221cm) ' 1,
as GLN 22 2 21§GLN1 2.190 GLN 22 1 22 GLN) 1.91 TYR 22 2 20 Na) 2.292 GLY 22 5 IngLY 5.3
93 sea 21 s 12 SEA 3,11

0 94 5211 21 4 1315571) 47D 35 mo 21 3 131930) 3.58 95A 1 1 119110)3 958956 --~950951:95F .
96 PHE 19 10 1111101) 45.97 THR 20 2 19(THR) 2.1
96 PHE 20 1 20(PHE 1,99 GLY 2o 1 20151. 1 1.100 GLN 20 2 18(GLN) 2.21111 GLY 20 1 201cm) 1,

F ‘02 SER 20 2 18(THR) 2.2
R 103 LYS 2o 2 1e LYS) 2.24 l04 LED 20 2 H VAL) 3.5105 GLU 2o 2 13 GLU) _2.2$06 lLE 20 3 185|LE) 3.3.0“ . .

107 LYS LYS 20 2 ‘QLLVS) 2.1
308 ARG 16 1 15(ARG) 1.‘09 '0 ‘ IOlTHR) 1.



 

 

ANTIBODY SPECIFICITIES: HUMAN KAPPA LIGHT CHATNS SUBGROUP Ill
2) WOL: ANTI-HUMAN GAMMA G GLOBULIN: WA IDIOTYPE
a) SIE: ANTI-HUMAN GAMMA G GLoauLIN; WA IDIOTYPE
5) NEU: CRYOGLOBULIN‘ WITH ANTMGG ACTIVITY; B IDIOT‘IPE (KUNKEL.H.G..WINCHESTERRJUOSLIMFG s CAPRAJD. (1974) J.EXP.MEDI.139,128)
6) GOT: CRYOGLOBULIN WITH ANTHGG ACTIVITY: 6 IDIOTYPE
7) PAY: CRYOGLOBULIN WITH ANTHGG ACTIVITY; 8 IDIOWPE
a) SON: CRYOGLOBULIN WITH ANTIIOW~DEN$ITY LIPOPROTEIN ACTIVITY; 3 IOIOTYPE
9) WEI‘: CRYOGLOBULIN WITH ANTIvLOWvDENSIT‘I’ LIPOPFIOTEIN ACTIVITY: 9 IDIOTYPE

10) GAR‘: CRYOGLOBULIN WITH ANTI-IGG ACTIVITY; B IOIOTYPE
11) PIE: _AUT0A~TIBODY WHICH BINDS SPECIF)CALLY To INTERMEDIATE FILAMENTS
I2) FLO: CRYOGLOBULIN WITH ANTHGG ACTIVITY; 8 IOIOTYPE ~
)3) LOP: CRYOGLOBULIN WITH ANTI-IGG ACTIVITY: 3 IDIOTYPE
Io) SCA: CRYOGLOBULIN WITH ANTI—LOW-DEN‘SITY LIPOPROTEIN ACTIVITY; B IDIOTYPE
15) GLO: _A’NTIrHUMAN GAMMA G GLOBULIN; WA IDIOTYPE: CRYOGLOBULIN WITH ANTHGG ACTIVITY: 8 IDIOTYPE15') MA: COLD AGGLUTININ WITH ANTI>BLOOD GROUP I ACTIVITY (CHOU? I)
19) NIC: COLD AGGLUTININ WITH ANTI-BLOOD GROUP SMALL'I ACTIVITY
20) CUR:~ CRYOGLOBULIN WITH ANTI-IGG ACTIVITY; 8 IDIOTYPE
22) DRE: COLD AGGLUTININ‘WITH ANTI-BLOOD GROUP I ACTIVITY
23) PER: COLD AGGLUTININ WITH ANTI-BLOOD GROUP I ACTIVIW
25) STE: COLD AGGLUTININ WITH ANTI~BLOOD GROUP I ACTIVITY
26) ad: COLD AGGLUTININ WITH ANTI-BLOOD GROUP I ACTIVITY (ATYPICAL)
27) TAK: COLD AGGLUTININ WITH ANTI<BLOOD GROUP I ACTIVITY
35) AJ: COLD AGGLUTININ WITH ANTI-BLOOD GROUP I ACTIVITY
42) CLA: CRYOGLOBULIN WITH ANTI-IGG ACTIVITY; 8 IDIOWPE
A3) BHE': CRYOGLOBULIN WITH ANTI-IGG ACTIVITY: 8 VIDIOTYPE
43) POM: ANTI-HUMAN GAMMA GI GLOBULIN: PO IDIOWPE
54) GOEH: ANTI~MEASLES VIRUS (WOODFOLK STRAIN): ANTI>SUBACUTE SCLEROSING PANENCEPHALITIS VIRUS (LEC STRAIN)62) TEH: ANTI—HUMAN GAMMA G GLOBULIN
53) ORAuII): ANTI-HUMAN GAMMA G GLOBULIN
so) PLA: ANTI-HUMAN GAMMA G GLOBULIN
55) PIN: ANTI-HUMAN GAMMA G GLOBULIN
70) 303: COLD AGGLUTININ WITH ANTI-BLOOD GROUP I ACTIVITY
71) cm: ANTI>HUMAN GAMMA G GLOBULIN
72) WAL: ANTI-HUMAN GAMMA G GLOBULIN
73) 60).: ANTI-HUMAN GAMMA G GLOBULIN
74) GAG: COLD AGGLUTININ WITH ANTI‘BLOOO GROUP I ACTIVITY

57 . .‘

CLASS: HUMAN KAPPA UGHT CHAINS SUBGROUP III
5) N20: lGM-KAPPA
e) 601': ISM-KAPPA
7) PAVf IGM-KAPPA
a) son: IGMKAPPA
9) war: IGMAAPPA

10) GA?!“ ISM-KAPPA
1|) PIE: ISM-KAPPA
12) FLO: «SM-KAPPA
13) LOP: ‘ IGM-KAPPA
14] SCA: IGM‘KAPPA
)5) GL0:- IGM-KAPPA
20) cum ISM-KAPPA
42) cm: IGM«KAPPA
43) SHE‘: IGM-KAPPA
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AMYLOID 50124: 3LETTEN,K..wEs1'ERMARK.P..PITKANEN.P.,THYRE$$DN_N, a. OLSTA0.0.K. (1933) SCANDJJMMUNOLJB,557~560. (CHECKED ewAUTHOR 04/26/84)
DOV: WANG.A.C,.TUNG.E..WANG.I..FUDENBERG.H.H1.PICK.A‘I. 81 FROEHLICHMANJR, (1960) CANCER IMMUNOLJMMUNOTHER“9.91-86. (CHECKED BYAUTHOR 03/18/31)

SHM: WANG.A.C..TUNG.E..WANG(I1.FUDENBERGVHHNPICKAJ. 5. FROEHLICHMANJL (1980) CANCER 1MMuN0L.1MMuNCTHER.,9.aLea (CHECKED BY. AUTHOR 03/18/81)
ORA: NIALL,H.D. A EDMAN.P. (1967) NATURE.216.262~263. (CHECKED 13v AUTHOR 07/25/79)
GOEII: STROSBERG,A.DEKARCHER.D. a. LOWENTHALA (1975) JJMMUNDLUHSASMSQ (CHECKED BY AUTHOR)
LOW': AIC‘IAthAgngIéI/béfi.E.,WANG.I..FUDENBERG,H.H..PICK1A1I. A FROEHLICHMAN/R/ (1980) CANCER 1MMUNOLJMMUNOTHERem-ea (CHECKED BY
vER: CHERs1.A. a. NATALI.P.G. (1973) 1MMUNOCHEMISTRYJSjafy-Saa (CHECKED BY AuTHoR 99/13/79)
REE: PRELLI.F..TUMMQLO.D..SOLOMON.A. 81 FRANGIONEB. (1986) J.IMMUNOL.. IN PRESS.
WE: DWORSKYE..SLETI’EN.K,.HAHBOE.M1 81 WETI'ELANDP. (1980) SCAND.J1|MMUNOL..12261-287. (CHECKED BY AUTHOR 0226/1984)
MOW: KAPLAN,A.P. & METZGERJ—t (1989) BlOCHEMISTRVflJSGAaIJSSI. (CHECKED BY AUTHOR)
H54: HOODAL..GRAY.W.R1SANDERSBTG. 81 DREYER.W.J. (1967) COLD SPRING HARBOR SYMPT QUANTITATIVE BIOL,.32.I:IG—145.
HBJ5: HOOD.L..GFIAY.W.R..$ANDERS.B.GT 5 DREYER.W.J. (1957) COLD SPRING HARBOR SYMP, QUANTITATIVE BIOL..321133-1451
TEN: JOHNSTON,S.L..A8HAHAM.G.N. S- WELCH.E.H. (1975) BIOCHEMTBIOPHYS.RES.COMMUNT,66.842-Bd7. (CHECKED BY AUTHOR 10/17/77) (
CRAUII): JOHNSTON.S.L..ABHAHAM.G.N. 8- WELCHETH‘ (1975) BIDCHEM.BIOPHYS‘RESCOMMUN‘1661562867. (CHECKED BY AUTHOR 10/17/77)
FLA: ‘JOHNSTON.S.L.,ABRAHAM.G.N. A WELCH.E.H. (1975) BIOCHEMBIOPHYSRESCOMMUN..$5.842~847. (CHECKED BY AUTHOR 10/17/77)
PIN: JOHNSTONSLHABRAHAM.G.N. 8- WELCH.E.H.‘ (1975) BIOCHEM,BIOPHYS‘RES.COMMUN,361842-347. (CHECKED BY AUTHOR 10/17/77)
MCE: CAPRA.J.D..KEHOE.J.M..WILLIAMS.H.C..~JR..FEIZI.T. 5 KUNKEL.H.G1 (1972) PROCJ‘U‘T/ACADTSCI.U$A.69.4D—431 (CHECKED BY AUTHOR)
HAC: HOOD,L. A TALMAGE.D.W. (1970) SCIENCE.166.325-334. ‘
K- EV15'CL: STAVNEZEF1.J.,KEKISH.O..BATTER.D..GRENIER.J..BALAZS.I.,HENDERSONE. 8- ZEGEHS.B.J.M. (1985) NUC.ACIDS RES..13.34953514.
BER: WANG.A.C..WELLS.J.V..FUDENBERG.H.H, 81 GERGELYJT (197d) IMMUNOCHEMT.11.341-345. (CHECKED BY AUTHOR)
80R: GERGELY.J..WANG,A.C, & FUDENBERG.H.H. (1973) VOX SANGNZAASZAAO. (CHECKED BY AUTHOR) »
DRI: CAPRAJJ). (1375) ADVJMMUNOLOGYJZOJJD. (CHECKED BY AUTHOR)
WAL: CAPRA,J.D. (1975) ADVJMMUNOLOGY20J-40. (CHECKED BY AUTHOR)
00L: CAPRA.J.D. (1975) ADV.IMMUNOLQGY.20.1~40. (CHECKED BY AUTHOR)
GAG: CAPRAJ.D..KEHOE,J.M..WILLIAMS.R1C.1JH..FEIZI.T. 3 KUNKEL/H,B. (1972) PROCTNAT.ACAD,SCI.USA.69.40‘43. (CHECKED BY AUTHOR)
DOB: HOODJ... J1 TALMAGE.D.W. (1970) SCIENCE.133.325-32d.
H56: HOOD.L..GRAY.W,R.,SANDERS.BIG. A DREYER.W J. (1967) COLD SPRING HARBOR SYMP. QUANTITATIVE BIOL..32,13$165.
118.112: HOOD.L..GRAY.WAR.,SANDEFISBTG. 5 DREYEH.W.J. (1967) COLD SPRING HARBOR SYMP. QUANTITATIVE BIOLESZJSGIAS.
BUH(K): MOULIN.A. A FOUGEBEAU,M. (1973) NATURE NEW BIOLOGY.246,I76~17B. (CHECKED BY AUTHOR)
LEO: MOULINAT 8: FOUGEREAUNI.‘ (1973) NATURE NEW BIOLOGY,246.I76—17a, (CHECKED BY AUTHOR)
66: MILSTEINIL (1969) FEBS LETTER5.2.301‘304. (CHECKED BY AUTHOR) _
AMYLODD WR: WESTERMARK,P..SLETTEN.K..F’ITKANEN.P..NATVIG.J.B, 8 LINDHOLM_C.E, (1982) MOL.IMMUNDL..19.¢47v450. (CHECKED BY AUTHOR05/01/53) I
VKAFVAZYCL: BENTLEY.D.L. 5 HABBITTSJ’J‘L (1981) CELL.24,613—623, (CHECKED BY AUTHOR 12/07/81)

 

NOTES: HUMAN KARPA LIGHT CHAINS SUBGHOUP III
IDENTICAL SETS or: FRAMEwonx'sECMEms:

FRI: SET 1: Tm).wou2).snexa).~as'cuALNEu 5 .GOTI5).PAY(7).SON(8).WEI‘[9).GAR‘(IO).PIE(1ILFLOHZLLOPI‘IQLSCAI14).GLO(15).SAL(16).WILII7I.MA(IBI.NIC(19).CUR[20I. RM?‘LDREIZZH’ERI23LCAM124L (24 IDENTICAL)
SET 2: GJI26I.TAK(27L (:2 IDENTICALSET 8: RAO(29|.DIL|30|, ASI31]. (.3 I ENTICAL)SET 41 KEA(33),SMI[34]. 2 IDEN ICAL HUMAN V—KAPPA-III; ALSO 1 MOUSE V.KAPPA-V: Vg'CLHZEI.)SET 5: DREI22|.PER(23L 30166438 . (3 IDENTICAL)SET 6: CLA1421.5HE'(43L (2 IDENTI AL) _

FR2: SET 1: TI(1].WOL 2I.$IEI3 .NGS’CLHINEUISLGOTISI.SONIBI.GAR'I10LPIEI11|.FLO(12LGL0(ISI.CUR(2O|. (12 IDENTICAL HUMANV-KAP A4”: A $0 1 MOUSE V-KAF’PA-IV: Vh'CLUZI; AND 1 MOUSE V~KAPPA-V: Vg'CL(122).)
FRB: SET 1: 718LWOLI2]. (2 IDENTICAL)SET 2: G T(5].PAY|7LGAR‘(10LPIEl11LFLOI12].GLO(15].CUR(20L (7 IDENTICAL)
FHA: SET 1: WOLI2I.PAY(7],PIEI11tGL0315I.CURIm].REEI57l,VKAPPA3'CL|32 . (7 IDENTICAL HUMAN V1KAPPA-III: ALSO 3 HUMAN V-KAPPA~I:AUI?I.GAL(I)|36I.C '(11 I: 2 HUMAN V~KAPPA1I|2 GM 607 ’ L5|.RPMI—6410'CLI18H AND 1 HUMAN V~KAPPA-IV: PB17IV’CL(3].)

SET 2: POMIAB). (IDENTICAL TO 1 HUMAN V-KAPPA-I: HAUIAI.) ‘SET 3: NEU(SI.GOT(6).GAR'I10).FLOI12LFFIdl21LIARC/BL41‘CL(28). 6 IDENTICAL HUMAN V<I<APPA-III; ALSO 3 HUMAN V-KAPPA-I: A617].
0ENI45I.6I(63I' 2 HUMAN VvKAPPA-II: NIMIS).FR[1§I; A D 1 HUMAN V‘KAPPA—IV: LENIAI.)SET 4: SONIBI. (IDENTICAL TO 1 HUMAN V—KAPPA—IV: VJI'CL 1).)

IDENTICAL SETS OF OOMPLEMENTARITY DETERMINING REGIONS:
CDRI: SET 1: SIE!3|.IKE(36]. (2 IDENTICAL)SET 2: NGS‘CLI4|.PAYK7I180NIBLWE'(9LGAR'I1OLPIEI11LFLOI12LGLOI‘I5LCURIZOLDREI22LCAMI24). (1| IDENTICAL)SET 3: TILI39L (IDENTIQAL TO 1 MOUSE V-KAPPA-V: V9'CLI122L)

CDR2: SET 1: WOLli‘gSIE SENEUI5).DO‘I’(6),PAY[7).SON(8),GAR'I10].PIE(11|.FLO[12|,GLO(15).CUF1120), (11 IDENTICAL) »SET 2: POM ). (I NTICAL TO I MOUSE V~KAPPA~IVt Vh‘CLl12l.) -
CDFIS: SET 1: POMMQI. (IDENTICAL TO 1 HUMAN V-KAPPA-}: LAY(39|.)’ SET 2: GOTlBLCURl20), (2 IDENTICAL)SET 3: PAYI7].GLO(15). (2 IDENTICAL)SET 4: GAR'IIO).FLO(12I. (2 IDENTICAL)

IDENTICAL SETS OF'J-MINIGENES:

SET 1: PIEIIHNRAPPAa‘CLéEQ). (2 IDENTICAL HUMAN VAKAPPAAIII: ALSO 1 HUMAN V-KAPPA-I: AUIZ): 1 HUMAN VAKAPPAJI:RPM1-8410'CLU I: AND 1 HUMAN V~KAPPA-IV: P917IV'CLI3I.)
SET 2: GOTIS). (menus/11. TO 1 HUMAN V»KAPPA-I: Asmd
SET 3: GAE‘k‘A’EFPLAOIlI‘ZIIEAI‘filifilBl—arel-[28,. (3 IDENTICAL H MAN V-KAPPA-JII: ALSO 2 HUMAN V-KAPPAJI DENI45I.BIIGZ§): AND 1 HUMAN
SET a: wouzmumzéL (2 ID' NTICAL) ' :SET 5: PAY(7).GLO(15L (2 IDENTICAL)

SPECIFIC NOTES:
4)

32) NGB‘CL: THE AMINO ACID SEQUENCE IS TRANSLATED FROM THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN CDNA.
NCE': IT IS A CRYOIMMUNCGLOBULIN. THE AUTHORS ORIGINALLY DESIGNATED IT AS NICE) BUT IN ORDER TO DIFFERENTIATE IT EROMANOTHER MCE SEOUENCED BY CAPRA ET AL... IT IS DENOTED AS MCE'.

A2) CLA: THE AMINO ACID RESIDUES FOUND AT POSITION 9 WERE GLY AND ALA1
43) SHE': THE AMINO ACID RESIDUES FOUND AT POSITION S WERE GLY AND ALA.
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NOTES: HUMAN KAPPA LIGHT CHAINS SUBGROUP III (conl‘d)
44) JH: THE NAME WAS GIVEN TO US BY THE AUTHORS. I"! IS NOT INCLUDED IN THE PAPER.
58)’WE: AT POSITIONS 20.29 AND 33 OF AMINO ACID SEQUENCE WERE FOUND BOTH LEU AND ILEI IN THE SAME SEQUENCE TWO RESIDUES WEREFOUND IN POSITIONS 13333.10.I5.I7‘19.20,2I.22 AND 29. THE SECOND RESIDUES WERE GLU‘VAL.LEU‘GLY.THR,PRO‘GLU,ALA.THR,LEU.SERAND VAL. RESPECTIVELY. A DETERMINATION WAS NOT MADE IN THE ARTICLE AS TO WHETHER THE SEQUENCE BELONGED TO SUBGHOUPI OR 70 SUBGROUP IIL
81) AMYLOID WR: AMINO ACID RESIDUES FOUND AT POSITION 54 ARE LEU AND ALA.
82) VKAPPAII'CL: THE AMINO ACID SEQUENCE IS OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF CDNA FROM AMOUSE-HUMAN HYBRID CELL LINE.

318



 

‘ O ‘ 6° 0
HUMAN KAPPA LIGHT CHAINS SUBGROUP 1V - V
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INVAFUANT 1 2 5 0 OF I! OFRESIDUES VJI VKAPPA P617IV LEN FLK. L. TUR AH DA OA-H DA-N JAH SCH JUV AMYLOID SEOUENCES AM1NO‘ 'CL IV ‘CL TH. GAB AC|DS‘ GERMLINE'CL .

o ... 1.. ... ... 1.. .V. . ... ..1 .L. ..1 ... ... ... ... ,1 ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP AS? 15 12 ILE ILE ILE ILE 1LE [LE ILE ILE 1LE ILE 1LE ILE ILE )eu [LE 15 23 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL 15 14 MET MET MET MET MET leu MET MEY MET MET leu MET MET MET MET - 15 2
5 THFI THE THE THR THE THE THR THR YHR THR 1n THR THR THR THE 15 25 QLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN LN GLN GLN GLN GLN 15 17 SER SER SER . SER SER SER SER SER SER SEF! SER SER SER SER SEE 1A_ 18 PRO PRO PRO PRO PRO FPO PfiO PRO PFlO PRO PRO PRO PRO PRO PRO PRO 15 19 ASP ASP ASP asn ASX ASX at?! 91x ASP ASP ASP ASP 510 Dan ASX 15 5

F . 10 SER SER SEH _SER SEP SEQ SER SER SEH SE8 SET-1 1hr 1hr 13 2R 11 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU 14 1, 12 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA 1A 113 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL 16 114' SEE , SER SER SEH SER SER SER BER SEFI SER SER SER 11 1
15 LEU LEU LEU LEU LEU LEU LEU to re Io LEU 11 216 GLY SLY GLY GLY GLY _GLY GLY GLY LV LY LY GLY 11 117 GLU GLU GLU GLU GLX GLX GLU asp asp asp asp 11 2 : 318 ARG ARG ARG ARG ARC ARG ARG ARG gin gm I01) 11 319 ~ ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA 12 120 THE THE THR YHR YHR THR THR - THR THR THR THR THE THE 12 121 lLE OLE 1L8 ILE ILE ~1LE ILE lLE val V31 lau ILE 12 322 ASN ASN ASN ASN ASX ASX set ASX sor sat 38! av) 12 323 CYS CV5 CYS CYS CYS CYS CYS CYS CYS CYS C S 10 1
24 LYS LYS LYS LYS APB APG GLN GLN GLN LYS 10 a
25 SEE SEQ SER SSH SEE ARG ALA ALA ALA 9 328 SER SER SER SEQ SER ALA SER 7 2.27 GLN GLN GLN GLN GLN GLX GLN 7 1 : 227A ' SER SER SER SER SER ARG ... 6 2278 VAL VAL ILE VAL VAL VAL VAL 7 2

C 270 LEU LEU LEU LEU LEU LEU LEU 8 1D 27D 1"”? TVH TYR TYR TYR TYR 5 1F1 27E SE1? SE9 SE8 SER YYR 5 2‘ 27F SER SER SER SER SER a 128 ASN ASN ASP ASN ASP 5 2
29 ASN ASN ASN SER 4 230 LYS LYS LYS LYS LYS LYS 5 181 ASN ASN ASN ASN ASN A 132 TYR TYR TYR TYR TYFI 4 133 LEU LEU LEU LEU LEU 4 1
34 ALA ALA ALA ALA ALA 4 135 TR? TRP ' TRP TRP YRP A 136 TYR TYR TYR TYR TYH 4 137 GLN GLN GLN GLN GLN A 138 GLN GLN GLN GLN GLN d 1
39 LYS LYS LYS LYS 4 140 PRO PRO PRO PRO PRO 5 1F 41 GLY GLY GLY GLY GD! 5 1R 42 GLN GLN GLN GLN GLN 5 12 43 PRO PRO PRO ALA 5 2
44 PRO PRO PRO PRO PRO 5 145 LYS LYS LYS LYS LVS S 148 LEU LEU LEU LEU LEU 5 147 LEU LEU LEU ‘LEU LEU 5 145 [LE . ILE ILE ILE ILE 5 1
49 TYR TYR TYR TYR ATYR 5 1
50 TRP TR? . TRP TPP 1R? ' 5 1C 51 ALA ALA ALA GLY 5 20 52 SER SER SEER ARG 5 2R 53 THH THR THR THR 4 12 54 ARG AHG ARG ARG A 155 GLU GLU OLU GLU A 156 SEE SER SER SER 4 157 GLY GLY GLY GLY 4 158 VAL VAL VAL VAL 4 1
59 PRO PRO PRO PRO 6 160 ASP ASP ASP ASP 4 ‘ 161 ARG AHG ARG AHG 4 162 PHE PHE 1 PHE PHE - 4 153 SEE SER SEE SER SER 5 1
64 GLY GLY GLY GLY GLY 5 165 SER SER SER SER 5 155 GLV GLY GLV GLY 5 I67 SEE SER SER SEQ 5 1ea GLY _ GLY ‘ LYS 5 2
69 THE YHR THR a 170 ASP ASP ASP 4 1F 71 PHE PHE PHE 4 1a 72 THE ‘ THFI THR 4 13 73 LEU .LEU LEU 4 174 THR THE THE A 175 ILE ILE 1LE A 176 SER SER SSH 4 177 SEE ‘ SER SER 4 17B LEU LEU LEU 4 1
79 GLN GLN GLN a 180 ALA ALA ALA a 181 GLU GLU GLU 4 182 ASP ASP ASP 4 183 VAL VAL VAL 4 1
84 ALA ALA ALA d 185 VAL VAL VAL a 186 Wn Tvn T‘m , a 187 WE TYR TYR d 188 CYS CYS CYS a 189 GLN GLN GLN 4 190 GLN GLN GLN 4 191 WR TYR TVR 4 I92 ASP TVR 4 293 THR SER 4 3

C 94 THE 4 3D 95 PRO PRO 4 195A ...Fl
3 958 --195C ... --‘ ---

950
955 ... --95F ' .7. ...
96 -— TYR 2 297 THR SEE 3 293 PHE PHE PHE 3 199 GLY ' GLY GLY 3 1100 GLY GLN 3 2101 GLY GLY GLY 3 1F 102 THR THR THR THR 3 1F1 103 LYS LYS LVS LYS 3 14 104 VAL VAL LEU LEU 4 » 2105 GLU GLU GLU GLU GLU 4 1106 ILE VILE ILE ILE ILE d 1106A

107 LYS --- LYS LYS ARE 4 2
108 ARG ARG --- ARG ARG 3 1109 --~ THR 1 1

  



 

HUMAN KAPPA LIGHT CHAINS SUBOROUP IV (conl‘d)
occunnewczsOF MOST COMMON
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VARIABHJW

 

 

 

 
 

 

 

 

 

 

O
- 1 IBMSP)

2 IMILEZ-
3 15(VA12)4 13(ME
5 ‘ THE6 1 GLN
7 INSER)
s 15(PRO)9 101ASP) : 7(ASF')

F 10 H(SEFI§R 12’ :fikEX‘ 1:5 1 VAL14 11 $59)
15 BtLEU)1s 1 1(GLY)

4% Z‘GLé’Ahé’fGLU’19 12 ALA)

go 12(7HER)
‘ 9 IL

3: "A131c1é1 +124 5(LYS)

25 SESER
26 6 sea

71612153.“...1
27s 61V“)

6 27c 15 LEU
0 $1? 5’ £22
'7‘ 27F 4 sea;28 3 ASN) 3.3

29 3 ASN) 2.7
so 5 LYS) 1.31 4 ASN I.
32 4 7m; 1.33 4(LEU) 1.

‘34 4(ALA) 1.
35 «mm 1.36 4(YYH) 1.
a7 4(GLN) 1.33 Mew) 1.
:19 1: LYS 1.
40 pa 1 1,

F 2; 2311.; *-
R 1.
2 43 4(P‘RO) 2.544 5 PRO) 1.45 s 1.1/5) 1.45 5(LEU 1.

07 $11.50; . 1'43 5111.6) 1.
49 __§(TYR)_ 1.
so 5 mm 1.

c 51 4 ALA) 2.552 «sen 2.5
g 53 4(THR 1.
2 $2 4 2858 1'ss . 4155B) 1.57 a GLY) 1.

58 4EVAL) 1,59 4 PRO) 1.so 4 ASP) 1.
61 4 ARG) 1.82 a PHE) 1.ea 5(SER) 1,
e4 5 GL 1.

2: :-67 s sen 1Sas 4 GL 2.5
69 a THR) 1.7o 4 ASP) 1.

F 71 4 PHE) 1.

a z: “1123; :13 4 1

74 4§THH) 1,
75 4 (LE 1.
75 ‘ 4 s13 ) 1.77 a SER) 1.73 411.211) 1.

7s fléGLN) 1.80 a ALA) 1.
s; 213:? :-
83 43v». 1';BA 4 ALA) 1.85 a VAL) 1.

3% My”); '-
5 VR 1.

as 4 cvs 1.
89 4(GLN 1.

:9 21%”; :-92 arrvn; 2:793 assay 6.
94 2 ma 5.

8 95 4821103 1.5: 95A3 951395c
950
955

32‘ 1 .+ 4,
97 2((THR)) 3.9a 3(PHE) 1.

a: 3121*, s-101 3(GLY) 1.
F 102 311119) 1.

n 103 32mg 1.
a 10° 2 + 4.

105 4(GLU) 1.106 MILE) 1.106A
107 SQXS) 2.7

108 3 ARE? 1.
109 1 THE

6!

320

 



. 62 .
ANTIBODY SEECIFICITIES: HUMAN KAPPA LIGHT CHAINS SUBGROUP IV -

3) PBI7IV’CL: ANTI~STREPTOCOCCUS GROUP A CARBOHYDRATE WITH SPECIFICITY FOR N-ACETYL GLUCOSAMINE
5) R.K.: COLD AGGLUTININ WITH-ANTI~PR‘IH ACTIVITY (RBC MEMBRANE ANTIGEN ON HUMAN ERYTHHOCYTES INACTIVATED BY PHOTEOLYTIC ENZ‘IMESAND NEURAMINIDASE) _

5) LITN‘: COLD AGGLUTININ WITH ANTI-PH2 ACTIVITY éRBC MEMBRANE ANTIGEN ON HUMAN. RAT AND GUINEA PIG EHYTHROCYTES INACTIVATED BYPROTEOLY'I‘IC ENZYMES AND NEURAMINIDAS )
T) TUR: COLD AGGLUTININ WITH ANTI-PR ACTIVITY

REFERENCE: HUWN KAPPA LIGHT CH‘AINSISUBGEOUP IV

1) VJI'CL: KLOBECKIHLZ..BORNKAMMM,G.W,.COMBRIATO.G..MOCIKAY.R,,POHLENZMD‘ & ZACH/auras. (1985) NUCACIDS nasala‘ssxs‘asas. (CHECKEDav AUTHOR 02/25/35 .
2) VKArIPA IV GERMLINE'CL: KLOBECKJ‘LG.,BORNKAMMM.G.W.ICOMBRIATO,G..MOCIKATHHPONLENZ‘HD‘ a. ZACHAU.H.GI (1955) NUC.ACID$ 5153.33.6515-6529,

3) PB17IV'CL: MAHSH.P..MILLSIF. 3 GOULDIHI (1985 NUC.ACIDS RE$.,13.6531-65dd. (CHECKED BY AUTHOR 03/19/88 WHO CORRECTED A MISPRINTIN THE ORIGINAL PAPER FOR RESIDUE 50;
4) LEN: SCHNEIDER,M. 8» HILSCHMANN‘NI (I974) Z.PHYSIOL.CHEM..355J”54-1158. (CHECKED BY AUTHOR)
5) R.K.:‘ WANG.A.C..FUDENBERG.H.H..WELLS.J.V. A ROELCKE‘DI (1973) NATURE NEW BIOLOGY‘243JZS‘123. (CHECKED BY AUTHOR)
6) LATHJ WANG.A.C..FUOEN8ERG,H.H..WELLS.J.V. 8 HOELCKED. (1973) NATURE NEW BIOLOGY,243,128v128. (CHECKED BY AUTHOR)
7) TUE: CAPRAJ.DV‘KEHOE,J.M..WILLIAMS.R.C..JR..FEIZI.TI 5 KUNKEL.H,GI (1972) PROCNAT.ACAD.SCI.USA.69,40-63. (CHECKED BY AUTHOR)
8) AN: PICK.A.I..WANG.A.C..FROHLICHMAN.R. a FUDENBERGMH. (1982) ACTA HAEMAT..68.207-214. (CHECKED BY AUTHOR 0526mm
9) Di: WANG.A.C.,ZHANGJ‘LS..BONEWALDLI.TUNG.EI,BOUVET.JIP. 8 LIACOPOULOSP. (198$) MIAMI WINTER SYMP.,I7.335-336. (CHECKED BY AUTHOR02125186 WHO CORRECTED RESIDUES AS SHOWN) V _

10) DA-H: BOUVET.J.P..LIACOPOULOS.F’..PILLOI’,J..BANDA.R..TUNG.E. 8 WANG.A.C. (1930) JIIMMUNOL..I25.213-22O. (CHECKED BY AUTHOR 05104180):BOUVET.J.P..LIACOPOULOS.PI.PILLOTIJ BANDA.R TUNGE. 51 WANG.A.C. ( 952) JJMMUNOL..I29.1519JS24.
‘1) CNN: BOUVET.J.P..LIACOPOULOS.P..PILLOV BANDA,R..TUNG,E. & WANG.AIC. $1980) J.IMMUNOL1,12$I213‘22Q (CHECKED BY AUTHOR 05’04/50);BOUVETJP LIACOPOULOSJ’HPILLOT. BANDA,R..TUNG.EI 5 WANG.A.C. ( 982) J.IMMUNOL..129.15191524.
12) JAN: SLETTEN,K,.HANNESTAD.K. A HARBOENI. (1974) SCANDJ.IMMUNOL‘.3.219~222. (CHECKED BY AUTHOR 1205/77)
13) SCH: SLETTEN.K..HANNE$TAD,K, a HARBOE‘M. (1974) SCANO.J.IMMUNOL..3.2I9222. (CHECKED BY AUTHOR 12/05/77)
1‘) JUV: $LETTEN.K..HANNESTAD.KI E- HAHBOEJVI. (I974) SCAND.J.IMMUNOL..3.219-222. (CHECKED BY AUTHOR 12105177)
15) AMYLDID 8A8: PRAS.M,.FHANGIONE,BI 8 FRANKLINEC. 15380) IN AMYLOID AND AMYLOIDOSIS.G.G.GLENNEH.PIP.E COSTA & ROE FREITAS EDS,EXCERPTA MEDICA AMSTERDAM OIFORD-PRINCET N.249252 (CHECKED 8V AUTHOR II/Iala‘l) ‘

  

MOVES: HUMAN KAPPA LIGHT CHAINS SUBGROUP IV
IDENTICAL SETS OF FRAMEWORK SEGMENTS:

FRI: SET 1: VJI'CLI1].VKAPPA IV.GERMLINE'CLIZIJ’BI7IV'CLIGI.RIK.15I. (4 IDENTICAL)SET 2: LENNIfi‘KJSII (2 IDENTICALSET 3: DAISIDAaHHOI. (2 IDENTICA *) >

FRZ: SET I: VJI'CLIENKAPPA IV GERMLINE‘CLIQLPB17IV'CLIGI.LENI4L a IDENTICAL HUMAN V-KAF’PA-IV: ALSO 2 HUMAN V-KAPPA-I: VISB'CLISSI.V18 'CLIESI: 1 MOUSE VvKAPPAd: MCPCGOSIAU: 30 M USE V-KAPPA-III: MPCH'CLISI.TEPC11I(7].P03741éNZBéI81J‘EPCI24m].
MOPCSZ1II2I.PC704 NZB)I13).PC7103 NZB)I14I.PC6308(NZB l15).?06684(NZB)[17LPC7940 NZBéHSLPC717S(N B)“ I.
P0246 NZB)!20|.PC4 SNZBHZ‘ILPC7 IOéNZBHZGLHSG-ISIZ I.2242(29LV>21EI.5KB'CLI30L ~21 9.5KB'CLI3IL
PC7461 NZBMGSLPCZQS NZBNGALBTC A. Y (35L10.A(A,TH?I39|.H36—5I46|JOEL?THAI52I.MOPCSE(54LABPCZ2I55I.P09245(NZB I55I.PC4D§D§NZB)|57I,V-21 16K 'CLISBIJI949 62]: I MOUSE V~ PP -VI: BFPCBIA'CL164: AND 15 RABBIT V-KAPPA:K9335ll‘l9). 368(20).BS- I38).BS-1[39],)(49'501l4,5].3547l47I.K4820|57].K30-267I6II.871l65l.4422l66].1709‘ L168].4192(11I.4363I851.120[103|.K-25(112I.)

FRI): SET 1: VJI'CLIIINKAPPA IV GERMLINE'CLIQIPQI7IV‘CLI31.LEN(4L (a IDENTICAL)
FRA: SET 1: P6171V'CLl3). (IDENTICAL TO 3 HUMAN V>KAPPA-I: AUIZI‘GAL 1(38I‘CL‘IIIO): 2 HUMAN VAKAPPAv-II: GM 607 'CL‘sI.

RPMI-MIOCLIISI: AND 7 HUMAN V~KAPPA«III: WOLIZIPA ( LPIEIIII.G;L‘O(15|.CURI2OI.FIEEIS7I.VKAF’PA3'CLI82.SET 2: LENML IDENTICAL TO 3 HUMAN V-KAPPA—I: AG|71.DENI46|.BII63); 2 HUM VoKAPPA-II'. NIMIGIFHHQ): AND 6 HLMAN vaPPA'III:NEUI I.Gor(s|.GAn'| 10151.01x21.?94121Lmncmurcuzal.)
SET 3: wrCLm. (IDENTICAL TO 1 HUMAN V‘KAPPA‘III: SONIBI.)

IDENTICAL se'rs OF COMPLEMENTARITY DETERMINING REGIONS:
com: SET 1: VJI‘CLI‘IINKAPPA w GERMLINE‘CLI2I. (2 IDENTICAL)

cone: SET 1: VJI”%LL(17)6\‘II)<APPA IV GERMLINE'CLI2|,PBI7IV‘CL|31.LENMI. (a IDENTICAL HUMAN V»KAPPA-IV: ALso 1 Mouse V—KAPPA~VI: Kpms. ‘ .
CDRG:

IDENTICAL SETS or J-MINIGENES;
SET I: FBI7IV‘CL13I. (IDENTICAL TO 1 HUMAN V-KAPPA~I: AUIZI: 1 HUMAN V-KAPPA-II: RPMI‘Gd‘IO'CLIISI: AND 2 HUMAN V-KAPPA-III:PIEII II.VKAPPA3‘CLIB2I.)

4- THE FOLLOWING WERE EQUALLY AND MOST FREQUENTLY OCCUHRING:
AT POSITION RESIDUES

22 . (SERAS P.A$N)96 TRPJYR104 LEUNAL
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HUMAN LAMBDA LIGHT CHAINS SUBOROUP I

INVARIANT 1‘ 2 3 4 5 6 7 8 9 10 1| 12 13 14 15 15‘ 17 18 19 2O 21 22 23
‘ RESIDUES NEWM HA LR NIG NEW 3L2 WAH NIG VCR RHE LOC OKA AMYLOID HBJ COX KOH HS HS NIG HS HBJ BJ M2~65 "CL -77 EPS 7 92 78 -51 94 11 95

0 .-. u- ... -.‘ 7.. ... ... ... ... ... ... .... .... ... ... ... ._.. 1.. ... ...1 PCALQS) PCA PCA PCA PCA PCA gln PCA PCA PCA PCA PCA PCA PCA PCA PCA PCA PCA PCA PCA PCA2 SER SER SER 569 SEE SER SER SER SEE SER SE3 SE3 SEQ SER SER SEH SEFI SER SER SEH SER3 VAL(.95) VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL ale VAL VAL VAL
4 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU
5 THR YHR THR THR THR THR THR THR THR THR THR TNR THR THR THR THR THR THR THR THR THE THE THR6 GLNLSS) GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLX GLN GLN GLN GLN GLN
7 PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO .PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO5 PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO
9 SEE SER SER SER SER SER SER SER SER SEFI SER SER SER SEFI SER SER SER SER SER SER SEFI SER

1o ... ... u. ... ... ._ L. ... ... ... u. ... .. ... ... ... ... A- ... ,“_ ...
E 11 VAL VAL VAL VAL VAL VAL bra ale ala ela sin sin Ieu ala sin sin VAL VAL ala VAL ala, 12 SER SER SEA SEFI SER SEQ SER SER SER SER SEQ SER SER SEQ SER SER SER SER SER SER SER SER SER13 GLY GLY GLY am uln ale GLY GLY GLY GLV GLY GLY ala GLY GLY GLY GLY GLV GLY nus GLY ale14 ALA 1h! ALA ALA ALA ALA "'1! (hr [hr "1! 1!"! {hr ALA ”'1! [hr 1hr ALA ALA val ALA 1hr ALA

15 PROLQS) PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO P90 PRO ser PRO PRO PRO PRO PRO PRO16 GLY GLY GLY .GLV GLY GLY GLY GLV GLY GLY GLY GLV GLY GLV GLY GLY GLY GLY SLY GLY GLY GLY17 GLN GLN glu GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN , GLN GLN GLX GLN GLN GLN GLN GLN
18 ARC; ARG ARG glu lye lys ARG ARG ARG AFIG ARG ARG AHG K?” ARG so! AHG 1h! snr ARG A9619 VAL(.95) VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL AL ‘ VAL VAL VAL VAL VAL all}
20‘ THR THR Iu THR THR THFI THR THR THR THR THFI THR sar THR THR THR THR He THR ile
21 ILE «95) ILE ILE RE ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE ser ILE22 SE (.95) SER SER SEFI SER SER SER SER SER SER SER SER SER SER SER SER SER SEA ile SER23 CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS
24 V THR SER SER SER SER _ SER PHE SER SEE THE SER SER SER SER SER SER SER
25 GLY GLY A GLY GLY GLY GLY GLV GLY GLY GLY GLY GLY GLY GL'Y GLY GLY GLY GLY25 SEE GLY SE9 GLY SER SER SER GLY SER SER SER SER SEE SEH SER SEFI
§7A SER SER SER SER SEE SER THR ASN ALA SER GLY SEE SEH SEQ SER27B ‘ . ' ' ...

c 27c ... ... ... w ... ... ... L. .0 ...
D 270 SER SER SER THR SER SER THR SER SER --- SER SER SERR 275 ASN ASN ASN ASN ASN ASN ASP ASN ASN SER ASN ASN ASN1 27F ILE our .- ILE ... ASN

I 28 GLV 1'HR ILE ILE ILE ILE ILE BLV ILE ILE LEU ILE MET
29 ALA GLY GLV GLV GLY SLY GLY GLU GLV GLY GLY GLY30 GLY ASN ASP ASN ASN ARG SER THR SER LYS SER ARG
31 ASN ASN ASN ASN ASP TYR ASN ASN HIS ASN ASN ASN32 HIS TYR PHE TYR TYFI TYR SEH SEN THR TYFI GLN THE33 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL
34 LVS T‘IR SER SER SER TYR ILE SER ASN ASP ASN ASN
as YRP Tap Tap ‘rnp TRP mp mp mp mp TRP TRP TRP mp35 TYH TYB TYR HIS TYH TYR TYR TYH TYR TVR TYR TVH
37 GLN GLN GLN GLN GLN GLN GLN GLN HIS GLN ARG GLN38 GLN GLN GLN HIS GLN GLN GLN HIS GLN GLN HIS GLN
39 . LEU LEU LEU LEU VAL LEU VAL LEU PHE LEU LEU VALA10 PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PROF 41 GLY SLY GLY GLY GLY GLY GLY GLY GLY GLV' GLY GL'Y GLYR 42 THE THR THR THR THR THE LYS THE THE THE THR ALA2 43 ALA ALA ALA ALA ALA THR ALA ALA ALA ALA ALA ALA
44 PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO‘5 LVS LYS LYS LYS LYS LYS LYS LYS LYS LYS LYS LYS
46 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU47 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU VAL LEU46 ILE ILE ILE ILE 1LE ILE ILE ILE ILE ILE ILE VAL
49 PHE TYR TYR TYR TYR TYR TYR TVH VVR PHE TYR TYH
50 HIS ARG ASP GLU ASP LYS TYFI GLU ARG ASN SER SER

C 51 ASN ASP ASN ASP ASN ASP ASN ASP ASN ASN ASP ASND 52 ASN ASP ASN ASN ASN ASN ASP ASN ASP ASN SEFI ASNR 53 ALA LYS LYS LYS LYS GLN LEU SEH GLN LYS GLN GLN
2 54 ARG ARG ARG ARG ARG ARG LEU ARG ARG ARG ARG TRP55 ~-~ PRO PRO PRO PRO PRO PRO ALA PRO PRO PRO

56 SER ... SEH SER- SEH SER SER SEER SEQ SER SEA SER
57 GLY GLY GLY GLY GLV GLY GLV GLY GLY GLY GLY'53 VAL ILE ILE ILE VAL VAL VAL VAL VAL VAL
59 PRO PRO PRO PRO PRO SE9 SE9 PRO PRO PFIO60 ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP61 AHG ARG ARG ARG ARG ARG ARG ARG ARG AHG AFIG ARG62 PHE PHE ILE PHE PHE PHE PHE PHE PHE ILE PHE53 SER SER SER SER SER SER SER SEH SER SEH SER SER
64 GLY GLV ALA GLV GLY ALA ALA GLY GLY ALA GLV85 SER SEA SER SER SEH SEH SER SER SEH SEE SER SEFI56 LYS LYS LVS LYS LYS LYS LYS LYS LYS LYS LYS LYS
G7 SER SER SER SER SEFI SER SER SER SER SER SER SER68 GLY GLY GLY GLY GLV GLY GLY GLY GLY GLY GLY GLY

.69 THE THE THH THR THR THR THR THH THE THE THE
70 SER SER SER SE9 SER SER SER SEH SER SER SER SEEF 71 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA

R 72 SER THR THR THR SER SEE SER SER THR SEH SER3 73 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU
74 ALA GLY ALA GLY ALA ALA ALA ALA GLY ALA ALA75 ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE76 SER THR THE THE SE8 SE7! SEH SEE THE SEH SER
77 GLY GLY GLY GLY GLY GLY GLY GLY GLV GLV GLY GLY78 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU
79 ARG GLN AFIG GLN ARG GLU GLN GLN GLN GLN HISBO SER .THR THR THH SE9 859 PRO SER THH SER SER81 GLU GLY GLY GLY GLU GLU GLU GLU GLY GLU GLU
82 ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP83 GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU
84 ‘ ALA ALA ALA ALA ALA vALA THR ALA ALA SER 'ALA95 HIS ASP ASP ASP ASP ASP ASP ASP ILE ASP ASP86 TYR TVR ,WR TYR TYR TYR TYR TVR TYR TYR TYR TYR' 57 HIS TYR TYR TYR TYR TYR TYR TVR TVH TYH PHE

: 88 CYS CYS CYS CYS CYS CVS CVS CVS CYS CYS CYS CYS _; 89 ALA GLY ALA GLY ALA ALA ALA ALA GLV ALA ALA‘ 90 ALA THE THE THFI ALA ALA ALA ALA THR SER- THR, 91 TRP TRP TRP TRP TRP TRP ’ THP TRP TYR TRP TRP
, 92 ASP ASP ASP ASN ASP ASN ASP ASP ASP ASP ASP_ 93 TYR SEFI SER ASN ASP ASP ASP ASP ASN ASP ASP

C 94 ARE SER ,SER SEFI SER SER SEH SER ARG SEH SER
‘ D 95 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEUR 95A SER SER ASN SER ~~ ASP ASP ASP ASP ASP

3 3:3 ALA VAL ALA GLY ~- GLU VAL GLY GLY GLY
950 .L. ... ... ...
95E --- ~~~ «- ~-
95; ... ... ... ... ... ... ... ... u. .... ...
96 VAL GLY VAL TR? PHO PRO PRO ALA PRO SEH PRO PRO
97 VAL ME? VAL VAL VAL VAL GLY VAL VAL VAL VAL VAL M95 PHE PHE PHE PHE PHE PHE PHE PHE PHE PHE PHE PHE PHE PHE89 GLY GLY GLY GLY GLY GLY GLY (SLY GLY GLY GLY GLV GLY GLV100 . GLV -GLY GLY GLV GLY GLY GLY GLY THR GLY GLY GLY - GLY101 GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY

F 102 THE THR THE THE THFI THR THR THR THR THR THR THB THR THH
= R 100 GLN ARG LYS LYS THR LYS LYS L‘IS LYS LYS ASN LYS LYS
f 6 104 LEU VAL VAL LEU LEU VAL VAL LEU VAL LEU VAL VAL LEU105 THFI THR THR THR THE THE THR THR THR THE THR THE THE THR
L 106 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL106A LEU LEU LEU LEU LEU GLN LEU LEU LEU LEU VAL LEU LEU

107 ARG GLV GLY GLV SER SLY GLY GLY GLY GLY GLY' GLY GLY
108 GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN109 PRO PRO PRO PRC PRO PRO PHO PRO PRO PRO PRO

 
PRO
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24 10 0F 0 OF- OCCURRENCES VARIABXLITYFUL SEQUENCES AMlNO OF MOST COMMON1v AC1D$ AMINO ACID0
1 20 2 19(PCA) 2.1
2 20 1 20(SER) 1.
3 21 2 20(VAL) 2.14 21 1 21(LEU) 1.
5 22 1 22(THR) 1.6 21 1 Z 2 21(GLN) : 20(GLN) 1. ’7 21 1 21(PRO)
8 21 1 21mm);9 21 1 21(sER

F 10
F1 11 21 :1 1 1 ALA) 5.71 12 22 1 22 SEER) 1.13 2?. 2 16 SD!) 2.814 22 3 11(THR) e.

15 21 2 20(PRO) 2.116 21 1 21(GLY) 1.
17 21 2 20(GLN) : 19(GLN) 2.1 : 2.2
19 21 8 HEARS) 9.19‘ 20 2 19 VAL) 2.1
20 20 4 16 THE) 5.21 19 2 18 Its 2.1'22 19 2 18 SE ) 2.1
23 CYS 19 1 19 0Y8 1.
24 SEE 16 3 15(3ER) 3.6
25 GLY 16 1 1s 0ng 1.26 ASN 17 3 1 SER 3.9
27 SER 1B 5 12(SER) 6.727A >—278

.~ C 270 ~-
D 270 SER 15 3 12(SER)
H 272 15 a 12(A5N)1 27F 4 3 ans)28 15 5 1 ILE) 7.5

29 14 3 12(GL 3.530 14 7 «BER 25.
31 14 4 11(45Ng 5.132 14 e 5(TYR 17.3:! 14 I 14(VAL) 1.
34 14 7 {L + L 25v
35 14 1 1441'np) 1.
35 14 2 ' -13(TYR) 2.2. 37 14 3 12(GLN) 3.5'\ 38 14 3 9(GLN) 4.7
39 14 4 9(LEu) 6.240 14 1 1 PRO) 1.

F 41 14 1. 1 GLY) 1.a 42 14 3 12(THR) 3.52 4:5 14 2 13041.4) 22
44 14 1 14(PRO) 1.
45 14 2 13(LYS) 2.246 14 1 1 LED 1. .
47 14 2 1 Lieu; 2.243’ 14 2 1 11.12) 2.2
49 14 2 12(TY_RL 2.3
50 14 8 4 SER) 28.

O 51 14 3 8 ASN) 5.3D 52 14 3 6043:) 5.3R 53 14 5 6(GL ) 12.2 54 14 3 12(ARG) 3.555 12 3 10(PRO) 3.956 12 1 IZQEEL 1.
57 12 1 12 GLY) 1.
58 12 2 9 VAL) 2.7
59 12 2 10 PRO) 2.460 12 2 . 1 1 ASP) 2.2S1 13 1 13 ARG 1.
62 1A ‘ 2 12 PHE 2.863 14 1 141813111 1.
64 16 3 9 GLV) 4.765 14 1 1 SEE) 1.
66 14 1 1 LYS) 1.s7 14 1 1 SEE 1.
68 14 1 14 GL 1.
59 14 3 12 THR 3.570 1A 1 1 SER 1.

F 71 14 1 1 ALA) 1.R 72 14 2 9(SER 3.?3 73 14 1 14(LEU 1.74 14 2 11 ALA) 2.575 14 1 14 ILE 1.7e 14 2 9 SE ) 3.177 14 1 14 GLY) 1.
-76 14 1 I LEU) 1.
79 14 4 QfiGLN) 6.2SD 14 4 8 SER) 7.
81 14 2 10(GLU) 2.882 14 2 1 ASP 2.2
63 14 1 14 GL1); 1.
64 14 3 1| ALA) 3.885 14 3 12 ASP) 3.5as 14 1 1 TYR) 1,
87 14 3 11 TYR 3.888 14 1 1 cvs 1.
89 14 3 10 ALA) 4.2
90 14 3 7 THR; S.91 14 2 12 THP 2.392 1 4 2 12(ASP) 2.393 14 5 8(ASP) 3.5

o 94 14 2- 12 sen 2.3o 95 14 2 1 LEU 2.2n 954 1 1 :1 6(ASP3 953 11 4 6(GL950
950
95695F .
96 14 7 6(PRO) 16.97 14 3 12MLL 3.5
98 14 1 14(PHE 1.99 14 1 14(61. 1.

100 14 2 13(GL 2.2101 14 1 1 G1. 1,
F 102 14 1 1 11—19 1.R 103 14 5 10 LYS 7.4 104 14 2 7 + 4.105 14 1 1 THR) 1.

106 14 1 14(VAL) 1.106A 14 3 12(LEU)
107 14 3 _1_1(GLV) 3.8
103 12 1 12(GLN 1.
109 12 1 1203910; 1.
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ANTIBODY SPECIFIOITIES: HUMAN MMBDA LIGHT CNAINS SUBGROUP I
‘1

‘ '16)
NEW: ANTl‘D-(SZHYDROXV-S‘.7'.I1'.15'.TETRAMETHYL HEXADECYL) 2-METHYL 1.41 NAPHTHOOUINONE(VIT.K1OH)
KON: ANTI-HUMAN GAMMA G GLOBULIN -

REFERENCE: HUMAN LAMBDA LIGHT CHAINS SUBGROUP I
I)
2)
3)
4)
5)
5)
7)
BI
9)

10)
1 1)
12)
13)
1‘0)
15)
16)
171
1B)
19)

'20)
211
22)
23)
24)

NEWM: CHEN.B,L. 8 POLJAKfiJ. (197d) BIOCHEMISTRV.18.I2951302. (CHECKED BY AUTHOR 01/24/76)
NA: SHINODA, , ITANI.K. 8. PUTNAM.F.W. (1970) J.BIOL.CHEM..245.4475-4487. (CHECKED BY AUTHOR 06/15/83)
LR: CAULIN- GLASERT. WPRELLIF 8 FRANKLINEC. (1952) J.LAB.CLIN. MED. ..99 345-851. (CHECKED BY AUTHOR 12/10/52)
NIGMBA: TONOIKE.HKAMETANIUF WHOSHIA SHINODAHT 5 ISOBE. T. (1985) BIOCHEMBIOPHYS.RESCOMMUN 126.1228—1234
NEW: LANGEH. B .STEINMETZ- KAYNEM. 8 HILSCHMANNN. (1968) Z.PHYSIOL. CHEM. .349.945951.
8L2 'CL: TSUJIMOTON. & CROCE.C.M. (1934) NUCACIDS RES..12.84078414.
WAH: TAKAHASHI.Y..TAKAHASHI,N..TETAER7.D. 8 PUTNAM.F.W. (1988) FROC.NAYLACAD.SCI.USA.BO.365&3690. (CHECKED BY AUTHOR 06115/83)
NIG~77: TONOIKE.H KAMETANIF HOSHIA .SHINODAT. 8 ISOBET (1985) BIOCHEM.BIOPHYS.RES.COMMUN..126.1228~123<1.

VOFI: 1EN(;€L4}:ARD.M.HESSM 8 HILSCHMANNHN (1974) ZPHYSIOL.CHEM. .355.85-88; ENGELHARDHM 3 HILSCHWNNN (1975) ZJ’HYSIOL. CHEM. .356
‘ 41 4

RHE: FUREY.W. JR.,WANG.B.C..VOO.C.S. 8' SAX.M. (1983) J.MOL.BIOL.,167.661-692. (CNECKED BY AUTHOR 05/15/64)
LDC: ZHU.D..KIM,H.S. 5 DEUTSCH.I‘1.F. (1963) MOL.IMMUNOL..?0.11D7-1‘16.
OKA: ZHU,D..KIM.H.S. B DEUTSCH.H.F. (1553) MOL.IMMUNOL..20.1107~1116,
AMYLOID EPS: TOF‘T.K.G..SLETfEN.K. 5 HUSBY.G. (1985) BIOL.CHEM.HOPPE-SEYLER.365.G17-625.
NW7: HOOD.L..GRA'I.W.R..SANDERS.B.G. G DREYER.W.J. (1367) COLD SPRING HARBOR SYMP. QUANTITATIVE BIOL..32.133~I45.
COX: ZHU.D..KIM.H.S. 81 DEUTSCH.H.F. (1983) MOL.IMMUNOL.,20.1107-1116.
KON: KAPLANAP. 8 METZGER,H..(19$9) BIOCHEMISTRY.8.3944—395L >
H3925 HOOD.L. B EIN.D. (1965) NATURE.220.754~767: (1968) SCIENCE.1652.679-681.
HS7B:_ P-IOODL. & EIND. (1968) NATURE.220.764-767; (1.958) SCIENCE.1662.679-681. -
NIG-S‘I: TAKAHASHI.N..TAKAYASU.T..SHINODA.T..ITO.S..OKUYAMA.1'. B SHIMIZU.A. (1980) BIOMED.RES..1.321-333. (CHECKED BY AUTHOR 01/28/61)
H594: HOODHL A EIND. (1958) NATURE.220764~7671 (1968) SCIENCE. 1662.679-681
HBJH: HOODL. .GRAY..W.R .5ANDERSBG. 8- DREYERWJ. (1967) COLD SPRING HARBOR SYMP. OUANTITA'I’IVE BIOL. 32133145.
BJSE: BAGLIONI.C (1967) BIOCHEM. BIOPHYS. RESCOMMUN ..2682-89. .
~12: MILS‘IEIN.C,.FRANG)ONE.B. b F‘INK.J.R.L (1967) COLD SPRING HARBOR SYMP. QUANTITATIVE BIOL. ..323136. (CHECKED BYIAUTHOR 10/17/77)FUL: SOX.H.C..JR. 8 HOOD.L. (1970) PROC.NAT.ACAD.SCI.USA.56.975—982.

 

NOTES: HUMAN LAMBDA LIGNT CHAINS SUBGROUP I
IDENTICAL SETS OF FRAMEWORK SEGMENTS:

Fm: SET 1; wnm71.NIG-77181.VOR191.RHE1101Locnnomnzl. (s IDENTICAL)
FRZ: SET 1: NEWMII .AMYLOID EPS 131. (2 105191113111.)

, SET 2: 1111121341 «64141. (2 IDEN ICAL)SET 3: NIG-77151.Loc111 . (2 IDENTICAL)
FRS: SET 1: NIG-G'AI41.BL2 ‘CLIBI. (2 IDENTICAL) ,
FR4: SET 1: NEWMIH. IDENTICAL To 1 HUMAN v- LAMBDA 11: WH131; AND 1 HUMAN V~LAMBDA~V2 8011),)

SET 2: NEW|S1VO 191cox1151. 3 IDENTICAL HUMAN v- MMeoA-I: ALSO 1 HUMAN V—LAMBDA—Vl: AMYLOID-ARH): AND 6 MOUSE V-LAMBDA:
MOPC315|2511EPC95 1251MAe-131271. 571291M090315-26CL 1301. MOPCG15-37cuazmSET :1: 131.2 CLIGI RHEI101..-OKA1121NIG 511191. (4 IDENTICAL HUMAN v- LAMBDA- I; ALSO 5 HU AN V-LAMBDAJI: MES|21E34921817RO1141,VILl17]WIN|21)- 4 HUMAN v LAMBDMH:H1L111.CA1>141BAU1121DEL1141, 1 HUMAN V-LAMBDA 1v: SH111:3 HUMAN VvLAMBDA-VI:
SUT121TH0141. LBVCLIS): AND 24 MOUSE V~LAMBDA2 Mopc1an111J558121x5104131H0901141J698151H2051|61w3159171

vsaane)15435191. v593011o1.Y5669111 mopc5111131121.51.751131Y544a1141.Y5506l15]$176116). H20201171. nPczoueLIGSOSLAMBDACL1191543CL|211.52H5 L138 3259 L1391 S1F1201.1401. 16 25LAMBDA' CL14111SET 4; Loc1111 (IDENTICAL TO 1 HUMAN vLAMB A-V. M06131)
IDENTICAL SETS OF COMPLEMENTARITY DETERMINING REGIONS:

CDR1:
CDFI2: SET 1: MIG-64”].BL2 'CLlfil. (2 IDENTICAL)
CDRS: SET 1: VOH[91.NIG<51IIS). (2 IDENTICAL)

IDENTICAL SETS OF J-MINIGENES:
SE1 1: NEWISI. (IDENTICAL TO 1 HUMAN V-LAMBDA-VI: AMYLOIDARI”)
SE7 2: 8L2'.CL161 IDENTICAL TO 2 HUMAN V-LAMBDA-VI: SUT|21.7H0141: AND 24 MOUSE V-IAMBDA:MOPC104£I1IJ555I2IXS104l3|HOPCIIAL

J695151. H 051(61.Wa159171.Y5431181Y54B$I91..Y5830|101.Y56691I1]MOPC51thl12IHS17a|I3IV5444|14LY5606I15I$17$l1slH2020117IFIF'C201 181.16 303LAMBDA'CL119].543 CLI21).32H5‘CL|381.52E9 L 39151F12CLMO). IG ZSLAMBDA' CLIMI.)SET 32VORI91COXI15) (2 IDENTICALSET 4: OKAI12].NIG-51l191. (2 IDENTI AL)

SPECIFIC News:
24) FUL: SOX AND HOOD HAVE REPORTED FOUR HUMAN V KAPPA AND ONE V LAMBDA CHAINS WITH ASINLSEFVTHR TO CONTAIN CARBOHYHDRATE.

-> THE FOLLOWING WERE EOUALLY AND MOST FREQUENTLY OCCUBRING:

 
AT POSITION RESIDUES

34 (SER.ASN)104 '(LEU.VAL)
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HUMAN LAMBDA LIGHT CHAINS SUBGROUP ll

__ ,INVAR1ANT 1 2 3 A 5 8 7 8 9 10 11 I2 ‘3 V4 15 15 17 18 19 20 2! 22 23 24nesmues ms Mes wn new KAR HIM SLA esaoe wenn TOG SM HS ns Tno eon me VlL HBJ HBJ HS wm sun PRE HS‘34 . 7: ea 77 -5e 15 -a 70 88
o ... ... .. e. ._ ... ... ... ‘ ... ... ... n. ... ... ... ... ... .,. 7.. ... ... ... ...
1 F'CA PCA PCA PCA PCA PCA FCA PCA PCA PCA F'CA PCA PCA PCA PCA PCA his PCA PCA PCA PCA‘ F'CA PCA PCA
2 senmey sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sens sen sen3 * ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA pro
4 LEUKBS) Leu LEU LEU Leu LEU Leu LEU Leu Leu LEU LEU Leu Leu LEU Leu LEU Leu LEU Leu LEU Leu Leu LEU Leu
5 THH THR THR THR THR THR THR THR THH THR THR THR YHH THR THR THR THR THR Ella so! THR THR THH 513
a amuse) GLN GLN GLN GLN. GLN GLN GLN oLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN ch GLN GLN7 nno PRO nno nno nno Pno Pno nno Pno nno PRO nno pno PRO pno nno nno PRO Pno nno nno pno set nno
23 ALA ALA ALA ALA ALA ALA Am ALA ALA ALA ALA ALA ALA er ar 07 ALA ALA ALA ALA pro a: to ALA
9 seaney sen sen sen sen sen sen sen sen sen sen sen sen sen se se se sen sen sen sen um se en sen10 ... «— ... .... .... ... ... .... ... .... ... ... ... .... ... .... --— ... ... .... _. ... Ln 7“

a 11 . VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL BIB VAL1 «2 sen(.95) sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen‘3 GLY GLY GLY GLY GLY GLV GLY GLV GLY aln glu GLY GLY va GLY GLY GLY GLY GLY GLv GLY GLY GLY GLY
14 senmes) sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen
15 nnotss) Pno Pno nno nno nno nno PRO PRO PRO nno Pno nno nno PRO new one Iou Pno PRO nno PRO nno PRO PRO16 GLY GLY GLY GLV GLY GLY GLY GLY GLY GLY GLY GLv GLY GLY GLY GLY GLY GLY GLY GLY GLY va GLY GLY GLY‘7 GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN his GLN ID
18 sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen xnr sen sen sen sen sen en‘9 ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE val val Ifiu ILE ILE ILE lLE val val VB! ILE
20 THR THR rnn THR THn THR Tnn THR run run mn mn THR mn Tnn THn Tnn Tnn THn THR Tun THR mn THR Tnn
21 [LE DLE ILE [LE ILE ILE ILE ILE Val we YLE ILE ILE ILE ILE ILE ILE22 sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen23 curs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs CYS cvs cvs cvs
24 mn THR mn THR ALA ALA THR mn YHH ALA sen THR ILE
25 GLY GLY GLV GLY GLY GL'v GLY GLY eLv GLY GLY GLY . GLY25 THE Tnn mn rnn rnn nus THn Asx THR rnn ALA Tnn THR
g; THR sen sen rnn nus THH rnn sen sen sen PRO 5 n senA _. .e .e ... .,. ._27a .. A- .. ... ... ... ... ...

C 27c ... .. ... ... ... ... ... ... m «— ... ...
o 270 sen sen sen sen sen sen ASN sen sen sen cvs sen sen sen
n 27e ASP ASP ASP ASP ASP ASP ASP VAL ASP ASP ASP ASP ASN ASN, 27F .VAL VAL VAL VAL VAL VAL DLE VAL VAL VAL VAL VAL VAL VAL23 GLV GLY GLY GLY ASN ALA GLY GLV GLY GLY ASP GLY THR GLY

29 GLY GLY sen sen PHE ASP sen —- ALA GLV GL‘I GLY GLY ASPso TYR ‘rvn Tvn Tvn Tnn sen TVR wn ASN cvs wn rvn TYR
31 ASP ASN ASN ASN ASX ASN sen ASN ms GLU ASN AsN we
32 nne TYR PHE nae ALA sen Tvn sen PHE sen TYR nus TYR33 VAL VAL VAL VAL |LE VAL VAL VAL VAL VAL VAL VAL
34 sen sen sen sen sen sen sen sen sen sen sen sen
:35 mp TRP TRP TRP TRP rnn TRP TRP TRP THP Tnn Tnn TRP rnnas TYH pne TYR TYR rvn PHE ryn wn YVR TYR nne Tvn Tvn
s7 GLN GLN GLN_ GLN GLN GLN GLN -GLN GLN GLN GLN GLN emas GLN GLN em GLN LEU em GLN GLN GLN GLN GLN GLN GLx
39 ms HIS ms ASN HIS HIS wn ms HIS nxs ms ASP ms
40 Pno nno PRO PRO PRO PRO Pno nno Pno nno Pno nno PRO Pno

F 41 cu GLY GLY GLV GLY ASP GLY GLY GLY GLY GLY GL‘I GLYn 42 LYS LYS Lvs LYS tLE LYS LYS LYS LYS LYs THn Lvs LYS2 «a ALA ALA ALA Am ALA ALA ALA ALA ALA ALA ALA VAL ALA
44 mo Pno PRO nno nno nno Pno nno nno nno Pno Pno PRO PRO45 LYS Lvs LYS LYS LYS Lvs LYS LYS LYS Lvs LYS LYS LYSas Leu Leu Leu Leu LEU LEU VAL Leu Leu LEU Leu Leu Leu
47 Leu MET ILE MET MET LEU Leu MET we me we MET [LEas ".6 )LE ILE ILE ILE ILE "LE ILE ILE ILE )LE )LE ILE . [LE
49 Tvn PHE Tvn TYR nne Tyn PHE H PHE Tvn rvn sen wn TYn
so Ase ASP ASP GLU ASP ALA ASP A— ASP GLY GLY GLU ASP GLU51 VAL VAL VAL GLY VAL VAL VAL VAL VAL PHE VAL VAL VAL

g 52 ASN sen mn ASN sen Tnn ASN YHH ASN sen Ans ASP senn 53 sen GLU TYR Lvs ASN PHE sen LYS LYS ASN ASN LYS sen2 5: Ana ARG ARG Ans ARG ans ARG ~- ARG AHG ARG Ana AHG ARG55 nno PRO nno nno nno nno Pno nno PRO nno Pno Pno Pno
se sen sen sen sen sen sen sen sen sen sen sen sen sen sen
57 GLY GLY GLY GLY GLY GLY GLY ~ GLY GLY GLY GLY GLY GLY53 ILE VAL ILE VAL VAL ILe VAL VAL VAL VAL VAL VAL VAL
59 sen sen sen sen sen Pno sen Pno Pno Pno sen PRO nno
so ASN ASP sen ASN ASN LEU HlS .. ASP Tvn Leu ASP ASP as?
sv ARG ARG ARG ARG AHG ARG ARG ARG ARG ARB ARG AHG ARG ARG52 nne pne Pne PHE PHE PHE PHE —- LEU PHE PHE PHE PHE nne PHEea sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen
64 GLY GLV GLY GL-Y GLV GLY GLY GLY- GLY GLY GLY GLY GLY GLY GLYes sen sen sen sen sen sen SEn sen sen sen sen sen sen sen sen
as LYS LYS ARG LYS LYS LYS LYS -- LYS Lvs LYS LYS LYS LYs LYSs7 sen sen sen sen sen sen sen ~~ sen sen sen sen sen sen
65 GLY GLY GLY . GLY GLY GLY «- GLY GLY GLY ALA ALA GLY
69 ASN ASN ASN ASN ASN ASN ASP ASN ASP ASN ASN ASX70 THE rnn THR mn Tnn THR THR THR ALA THn THR THFI

F 7! ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALAn 72 sen sen sen sen sen sen sen sen sen sen sena 73 Leu LEU LEU Leu Leu Leu Leu LEU Leu LEU Leu LED74 mn THR mn THR mn Tnn mn -~ THR THE Tnn Tnn mn THR
7s DLE )LE ILE ILe ILE ILE -— ILE lLE |LE ILE- )LE me76 sen sen sen sen sen sen sen — sen sen sen sen sen sen77 GLY GLY GLY GLY GLY GLY GLY -~ GLY GLY GLY GLY GLY cut
76 Leu LEU Leu Leu Leu LEU -~ Leu Leu LEU LEU LEU Leu
79 GLN. cm GLN GLN Leu GLN ‘ ARG GLN GLN GLN GLN
so ALA ALA ALA ALA PRO ALA ALA VAL ALA ALA81 GLU GLU GLU GLU ASP ASP GLU GLU GLU ASN82 ASP ASP ASP ASP ASP ASP ASP ASP ASP ASNas GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU
84 ALA ALA ALA ALA ALA ALA ALA ALA ALA K ALA85 ASP ASP ASP ASP ASP st ASP ASP ASPas wn rvn Tvn 7vn rvn TYH TYR TYFI TVR TYR57 - rvn TYR TYR Tvn PHE TYR TYR Tvn Tvn
as CYS cvs cvs cvs cvs cvs cvs cvs cvs cvs
as sen sen sen- sen MET cvs sen sen sen90 sen sen sen sen sen sen sen sen sen9‘ nne 7vn= TYR pne vvn Tvn TYR Tvn TYR
92 THE ALA THR THR LEU ALA ALA THR GLY93 Tnn GLY sen ASP sen GLY ASP sen GLV

c 94 THE sen ASX Tnn ASP Ans sen sen mnD 95 ASN ASN sen THn ALA PHE sen ASN TYHn 95A sen GLN sen THR sen sen3 958 AHG Leu95c
950 ~-95e -—
95F m
96 VAL PHE ILE VAL TR? VAL VAL97 VAL VAL VAL VAL VAL )LE ILE VAL ILE VAL
99 PNE nne PHE nne PHE nHe nne PHE PHE pne PHE
99 GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY‘oo GLY THH Tnn THFI GLY sen GLY GLY GLY ALA GLY “rpm

101 GLY GLV GLY GLY GLY GLV GLY eLY GLY GLY GLY va GLY
F 102 THR THR THR THR YHR THR THE THR -—< 7H8 THR THR THR THER 1&3 LYS GLN ARG LYS LYS LYS TYR LYS ASN LVS LYS LYS LYSa ma Leu VAL LEU VAL VAL Leu LEU Leu Leu LEU‘05 SER THR THR THR THR THR THR THR THE THE‘08 VAL VAL VAL VAL VAL VAL VAL .VAL VAL VAL

men LEU Leu Leu LEU Leu LEU LEU LEU LEU Leu
‘07 GLY GLY Ans ARG ._ GLY GLY ARG GLY GLY
109 GLN GLN GLN GLN GLN GLN GLNr09 Pno pno nno pno nno nno PRO PRO
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NUMAN LAMBDA LIGHT CHAINS SUBGHOUP fl (com'd)

67

VARIASILITY

 

 

 

 

 

  

 

 

 

  

25 25 4 01: 11: or occunnences_ WAL 4A secuewces AM1No or MOST COMMON'01. A0105 AMINO ACID0 4.. ...
1 PCA gm 25 :1 241121241) 3.3
2 SER 1m 25 2 25(SER) 2.13 151 vai 25 3 231ALA) 3.4
4 LEU val 1 25 2 251L511) 2.1
5 11m YHR 25 3 23111-121) 3.4 ,6 GLN GLN 25 1 : 2 251131.141 : 25mm) 1. : 2.17 PRO glu 25 a 2411>F101 3.33 to re 26 3 15(ALA) 4.39 an en 26 2 251551211 21

F 10 1
R 11 nla Ieu 25 3 23(VAL) 3.41 12 sen 1111 25 2 25(SER) 2.11:1 GLV val 25 4 23(GLY) 4.5

14 m. sea 25 2 25(SER) 2.1
15 PRO PRO 25 2 25121-10) 2.115 GLY GLY 25 1 26 GLY 1.17 GLN 91y 25 4 23 GLN 4.5
15 avg 1m 25 :1 235211) 3.419 val 25 3 18(ILE) 4.2

.20 THE 25 1 25 mm 1,21 I90 19 3 17 11.5) 3.422 [hr 13 2 17(SER) 2.1
23 cvs 1s 1 115(ch 1.
24 ALA 15 4 91mm 5.7
25 sea 15 2 14 GLY 2.1
25 SER 15 5 1 THE 7.527 THE 15 5 713551) 11.27A
27a

C 27c 1..
o 27D GLY 15 4 12152111
R 27E ALA 15 4 111,159)1 271: VAL 15 2 14(VAL)2s THR 15 5 10(GLY) 7.5

29 sen 14 5 5151.17) 12.,
30 GLY 14 5 911w? 9.331 TYR 14 7 8141552 : (ASN) 12. : 14.32 TYR 14 5 (TYR) 14.33 PRO 1:1 3 11(VAL) 3.5
34 ASN 13 2 12152131“ 2.2
35 71:19 14 1 14am») 1.35 PHE 14 2 10mm 2.337 GLN 14 1 : 2 quLN) ; 1 (GLN) 1. : 2.2
35 GLN 14 2 ; a 13(GLN1 :.121GLN1 2.2 ; 3.5
33 LYS 14 5 10(HIS 7.40 PRO 14 1 14(PH 1.

; 41 GLY 14 2 13mm; 2.2n 42 GLN 14 4 11(LV5) 5.1
2 4:1 ALA 14 2 131ALA) 2.2

44 PRO 14 1 name) 1.45 ARC-‘1 14 2 13(LYS 2.2
45 ALA 14 3 12(LEU 3.547 LEU 14 a 5 - 1 5.4

‘ 4a ILE 14 1 14511.12) 1.
; 49 TYR 14 3 9511011 4.7
, 50 551:1 14 5 7(ASP) 10.51 THE 14 4 1|(VAL) 5.1
! C 52 sea 14 5 $(SER) 14.1 RD 53 ASN 14 s 41 4 1 21.
‘ 2 54 LYS 14 2 1314115 2.255 1-115 14 2 13112130 2.2

55 sea 14 1 1415531 1.57 TRP 14 2 13(GLY) 2.255 THR 14 3 101v41.) 4.2
‘ 59 PRO 14 2 -7 4 ) 4.60 ALA 14 7 . SASP) 20.

61 ARG 14 1 14(ARG) 1.52 PHE 15 2 14 PHE 2.153 sen 15 1 15 sen 1.
54 GLY 15 1 15(GLV) 1.
55 sea 15 1 151515111 1.
55 LEU 15 3 18(LYS; 3.567 LEU 14 2 1315515 2.2
53 GLY 14 2 12(GLY) 2.3

59 GLY 14 4 IOMSNg: 91ASN) 5.5: 5.270 LYS 14 3 1 (THE) . 3.5
F 71 ALA 14 1 14(ALA) 1.n 72 ALA 14 2 13(ssn1 2.2a 73 LED 14 1 141mm 1.

74 THR 14 1 141nm) 1.75 1 LEU 14 2 13111.13 22

75 sea 14 1 “£515 377 GLY 14 1 14 GLY .
75 VAL 14 2 13(LEU) 2.2
79 GLN 14 3 12(GLN) 3.550 PRO 14 3 101ALA1 4.251 GLU 14 a 11 GLU) 3.5

82 ASP 14 2 13§Asp 2.293 GLU 14 1 14 GLU 1.
84 ALA 14 1 14(ALA) 1. ‘

1 es GLU 14 3 : 4 11(ASP) ; 101AsP1 3.8 : 5.3., as 11714 14 1 141Tvn 1.
: 37 TYR 14 2 12171751 2.3
1 55 C115 14 1 1415115) 1.
f as LEU 14 4 9(559 7.1 90 LEU 14 2 13(3511 2.2
- 91 71111 14 2 12(TYR 2.392 TYR 14 7 5(ALA) 20.93 GLY 14 4 7(GLY) e.

c 94 GLY 14 5 z 5 515511) 14. : 17D 95 ALA 13 7 :11 4 1 30.

14 95A 11 3 55 4 13 955 -~ 2 2 1 4 195c
1 9509551 955 ..
1 95 -- 13 a 5(VAL) 21.
1 57 VAL 15 3 1owLL 4.5
1 ea PHE 15 1 15512115 1.' 99 GLY 15 1 15 131.11 1.

100 sea 15 4 10(GLY) 7.2
101 GLV 1B 1 18(GLV) 1,F 102 THE .. 1s 1 15(111121) 1.

F1 103 L15 1a 5 13(LYS) 5.94 104 VAL 15 2 9(LEU) 3.3105 THE 15 3 mama) 3.5
105 13 1 13(VAL) 1.105A 1:1 1 15(LEU)

. 107 13 3 B(_GLYL 4.9
1 105 10 1 ; 2 111(0ng : mam) 1 : 2,21 109 . 10 1 1 19140) 1.I

11

1

1
)
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REFERENCE: HUMAN LAMBDA LDGHT CHAINS SUBGROUP II

‘) NlG—ad: TONDIKE,H"KAMETANLFMHOSHLANSHINODAI. 8. (5035.7. (1985) FEBS LETTERSJBSJGS-hfl.
2) MES: ZHU.D..KIM.H.S. 8 DEUTSCHHI. (1983) MOLIMMUNOL..20.I107-1116,
3) WH: KIEFER.C.F\.,PATTON(H‘M..JRHMCQUJREBSNJR. & GAHVERFA. (1980) JJMMUNOLJ2LSO1-306‘ (CHECKED B‘Y AUTHOR 02/11/80)
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5) KAR: FETT.J.W. E DEUTSCHJLF. (1976) IMMUNOCHEMJCSJAQASS. (CHECKED BY AUTHOR)
5) RIM: FET‘T.J.W. B- DEUTSCH.H.F. (1576) IMMUNOCHEM.J3JdS—155‘ (CHECKED BY AUTHOR)
7) SLA: FETT.J.W. a. DEUTSCHJtF, (1976) lMMUNOCHEM..13,149-155. (CHECKED BY AUTHOR)
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9) WE)“: FET‘LJ1W) E DEUTSCH.H,F. ((976) IMMUNOCHEMEJZiJQQ-isi (CHECKED BY AUTHOR); JABUSCHJVR. 8 DEUTSCHJ’LF, (1952) MOLJMMUNOL..19.901»906. ,

I0) TOG: NABESH)MA.Y. E IKENAKAJ'. ()979) MOLJMMUNOL..16.439‘4M. (CHECKED BY AUTHOR 10/10/79)
11) SM: GARVER.F.A,.CHANG.L_,MENDICINOJJSOBE‘T. & OSSERMANE‘F. (1975) PROCNAT.ACAD.SCI.USA.72.5559—4563, (CHECKED BY AUTHOR 05/31/33)(2) H568: H0004“ 3 EIN.D. (I968) NATURE.220.754-7e7.
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2n) uses: (400cm. 5 END. (1968) NATURE.220.764-767. ’
25) WAL: FETT.J.W( & DEUTSCH.H.F. (197a) 1MMUNOCHEM..131149-1$5. (CHECKED av AUTHOR)
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NOTES: HUMAN LAMBDA LIIGHT CHAINS SUBGROUP ll
IDENTICAL SETS 0F FRAMEWORK SEGMENTS:

FRI: SET 1: MG-adl1MAESIZLWHA8LNENdI.KARl5I.RIM[5LSLA|7l. (7 IDENTICAL)' SET 2: TROUdLBOHlISL (2 (DEN‘HCAL)
FHZ: SET 1: WHIGIBOHt15LNIGA58|16LBUH|22L (d lDENTICAL)‘FRI}:
F34: SET l‘ WHIGL IDENTICAL TO ‘ HUMAN V-LAMBDA-l: NEWMIH: AND I HUMAN V-LAMBDA-V: 3011).)

SET 2: MESIZI. $492|BLTROIMLVILIWLWINIZH. 5 IDENWCAL HUMAN V~LAMSDA-H: ALSO 4 HUMAN V~LAMBDA<|2 BL2 ‘CLISI‘RHEHOLOKA|\2|.NIG»51l1SI: 4 HUMAN V—LAM DA-HI: HILIII.CAP)4I,BAUI12.DELII“; 1 HUMAN_V-LAMBDA~!V: SHIN: 3 HUMANV-LAMBDA-Vk SUTlZl.THO(4LLBV'CLI5|-_ AND 24 MOUSE V-LAMB A: MOPCTOGEI1LJ55812LXS104(3LHOPC1|41.J693I5LH2061(6).W315917I.Y5431IB).Y$485X9].YSBGO(‘0).‘(555911‘I.MOPC5|1(L)]I2LS178133LY54M|‘dLYSSOGI15L5‘TGHGLH2020H7I.
RPC20H81JG GOGLAMBDA‘CLI19|.343‘CLl21LS2H5'CLI38!.82E9'CL139LS1FSZ‘CLIAOIJG 25LAMBDA'CLI41MSET 3: NbG-edlt). (IDENTICAL TO 1 HUMAN V-LAMBDA-lll: GARNI.)

IDENTICAL 521’s OF COMPLEMENTARITY DETERMIMNG REGIONS:
com: SET (2 MES(21.VIL[17(. (2 IDENTICAL HUMAN V~LAMBDA-H; ALso 1 HUMAN V~LAMBDA-V: MCGISL)com: SET 1: meaqnxoeuox. (2 IDENTKCAL)
consi

(DENTICAL SETS OF J~M|NIGENES:'
SET 1: MESWLTROHIQ). l2 IDENTICAL HUMAN V~LAMBDA~H: ALSO 1 HUMAN V-LAMBDA-IIS: EAUHZI.)SET 2: ES492(8).V!LH7L (2 IDENTICAL HUMAN V‘LAMBDA-H: ALSO 1 HUMAN V—LAMBDA-IN: DELXML)

SPECIFIC NOTES: .

11) SM: 0T HAS O~LDNKED CARBOHYDRAYE ATTACHED TO SEE AT POSITION 22 AND N-LINKED CARBOHYDRATE ATTACHED TO ASX AT pOSH’ION 25‘
+ THE FOLLOWING WERE EOUALLY AND MOST FREQUENTLY OCCURRING: .

AT Posmou nesmuas .
47 (ILE.MET) .53 (LYS.ASN)59 Pnoszn)
95 SEFLASN) ‘
95A THR,SER) - C958 LEU.AFIG)
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HUMAN LAMBDA LIGHT CHAINS SUBGROUP III

INVAHIANT 1 2 3 4 5 6 7“ L 8 9 10 11 12 13 I4 15 1G 17 1B 19 20 21 22RESIDUES' HIL V0 PS CAP LOY LOY GAR CH X KERN TA BAU AMYLOID DEL‘ LYN NIG AMYLOID MOT WIG WHI DU LON. A G (PET) 758' -68 808 a?
o ... ..L ... ... ... ... ... ... ..x 0. .V. g. m 0. ... ..-
1 SER SER SER SER SER SER SER SEH -~- -—~ SER --- --- --- ... ~~~ --- SEQ —- ... --' ‘
2_ TYRLSB) TYR TYR TYF! TYR TYR TYR IYR TYR TYR TYF! TYH TYR TYR TYR TYR TYR TYR phe TYH TYR TYR3 GLU GLU GLU GLU GLU GLU GLU GLU 350 Ma an: gly asp val GLU asp esp gly val GLX ser4 LEULQS) LEU LEU LEU LEU LEU LEU LEU LEU L‘EU LEU LEU LEU LEU LEU LEU LEU LEU val LEU LEU LEU
5 VHH THR THE THE THFI THE [S THR THR THR THR THR THR set THR THR THR ser THH THR THR
6 GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLX GLX GLN7 PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRC ala PRO ala PRO PRO8 - PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO 9R0 PRO PRO PRO PRO PRO PRO PRO PRO PRO
9 SER SER SER SER SER SER SER SER SER SER SEH SER SER SEFI SEH SER SEH SER SEER SER SER SER10 “V ..4 ‘ ... ..v ... .... .... ... ... u. .... ... ... ... u. ... ... __, .__ ... __

El 1 1 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL leu moi VAL VAL leu VAL VAL leu VAL VAL'5 12 SEE SER SER SER SER SER SEH SER SER SER SER SER SER SER SER SEH SEH SER SEH SER SSH SER13 VALLQS) VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VALN SER SER sen SER SEH SER SER sen sen sen sen sen sen 513 pm: sen sen SER an: SEH sen
15 PROLSS) PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO16 ‘GLY GLY GLY GLY GLY GLY GLY GLY GLY GLV GLY GLY GLY GLY GLY GLY GLY GLY GLV GLY GLV17 GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLX GLN GLN GLN GLN GLX18 THE THR THR THR THFI THR THR THR THR THR THR THR THE THE p70 THR THE THE19 ALAISS) ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA gly ALA ALA ALA
20 ARG ARB' ARG ARG set 52! ARG ARG Se! va) 5!?! Se! ARG 1hr Iyr set21 ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE XLE ILE ILE |LE ILE SLE22 THR THR THR THR THR THR THR THR THR THR THR THR THR THR THR THR THE
23 CYS CYS CYS CYS CVS CYS CYS CYS CYS CYS CYS ,CVS CYS CYS CVS
24 SER SEFI SER SER SER SER SER SER SEE SER SEH GLY SER $53
25 ALA GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLV26 ASN AsP ASP ASP ASP nsx ASP ASP ASP ASP GLX ASP ASP ASP
3A ALA ALA ALA ALA VAL ms ASN LYS ASX GLY ALA27B -- -
27c

g 270 .-» ._R 27E ... ... ...

28 LEU LEU LEU LEU LEU ILE LEU LEU VLE [LE
29 PRO PRO GLU GLY GLY SER GLY GLY GLX30 ASN ASP LYS GLU GLY v Asp ASN GLU GLX31 GLN LEU THR GLN LVS LVS GLU ARG32 TYR T'YR PHE TYR SEQ YVR PHE SER TYR33 ALA VAL VAL VAL VAL VAL VAL VAL VAL
34 TYR SER CYS HRS SER HIS CYS
35 TR? TRP TRP TRP TRF’ TRP YRF’ TRP TRP TRP36 TYR TYR PHE TYR TVR TYR TYR TYR37 GLN GLN GLN GLN GLN GLX GLN GLN38 GLN GLN GLN GLN GLN HIS .GLN GLN
39 LYS LYS ARG LYS LYS LYS ARG LYS
40 PRO PRO PRO PRO PRO PRO PROF 41 GLY GLY GLY GLY GLV GLY GLY GLY

R 42 ARG GLN GLN GLN GLX GLN2 ‘33 ALA SER SER ALA SER ALA
44 PRO PRO PRO PRO PRO PRO PRO P151045 VAL LEU VAL VAL LEU ALA VAL
66 MET LEU LEU LEU LEU PRO47 VAL VAL VAL VAL VAL VAL VAL VAL48 ’LE ILE ILE VAL JLE ILE lLE
49 TYR TYR TYH HIS TYR TYR TYR
50 LYS HlS HIS GLU GLX} ASX ASPC 51 ASP ASP ASP THR ASP ASP THR ASP

D 52 THE SEE THE SEE SER ASN THR SER ALAF! 53 GLN GLY GLY GLU~ LYS ASP LYS LVS ASP
2 54 ARG ARG ARG AFIG ARCS ARG ARG ARG ARG ARG55 PRO PRO PRO -PRO PRO PRO PRO PRO PRO

56 SER SER SER SER SER ALA SEFI SER,m
57 GL‘I GLU THR GLU GLY GLY GLV GLY GLY58 ILE ILE lLE ILE IKE ILE ILE VAL
59 PRO PRO PRO PRO PRO PRO PRO . PRO PRO60 GLN GLU GLU GLU GLU GLU GLX GLU ALA51 ARG A'RG ARG ARG ARG ARG ARG ARG AFG ARG62 PHE PHE PHE PHE PHE PHE PHE PHE PHE
53 SEE SER SER SER SER SEH SER SER64 SER GLV GLY GLY GLY GLY GLY65 SER SER SER SER SER SER SER66 THH SEH THR SER ASN ASN LYS
57 SEE SER 3E3 SER SER SER SER SER68 GLY GLY GLY GLY GLY GLY GLY GLY
69 THR THH THH ALA THR ASN ASN70 THR LYS THR THE THR THR THRF 71 VAL ALA ALA ALA ALA ALA ALA

H 72 THE WHR THR THR THR ALA THR
3 73 LEU LEU LEU LEU LEU LEU LEU LEU

74 THR THH THR THH THH THR THH THR
75 ILE ILE ILE ILE ILE ILE ILE76 SER SER SER SER SER SER SER
77 GLY GLY GLY GLY GLY ARG GLY78 VAL ALA VAL ALA THR VAL THR
79 GLN GLN GLN GLN GLN GLU GLU80 ALA ALA SEQ ALA SER81 GLU GLU ASN VAL GLY MET82 ASP ASP ASX ASP ASP ASX
83 GLU GLU GLX GLU GLU GLU
84 ALA ALA ALA ALA ALA ALA55 ASP ASX ASP ASP ASX86 TYR TYR TYR TYR TYR TYR
57 T‘IR TYR PHE TYR TYR

__ 35 CYS CYS CYS CYS CVS CYS
89 GLX GLN GLU GLX
90 SER THR VAL ALA91 ALA TRP TRP VHF92 ASN ASP ASP ASX93 SEE THE ASP GLX

C 94 ARG ILE ARG ILED 95 "IN!“ ARGR 95A ALA ASP3 958 ms95C --- ~-
SSD .
955 ~-
95; ... ... ...
96 ALA VAL VAL VAL
97 ILE ILE VAL VAL VAL
95 PHE PHE PHE FHE PHE 9H5 PHE
99 GLY GLV GLY GLY GLY GLY GLY GLY100 GLY GLY GLY GLY GLV GLY ALA

101 GLY GLY GLY GLY GLY GLY GLY GLYF 102 THR THR THR THFI THR THR THR- THR THR
R 103 LYS LYS LYS LYS LYS LYS MET THR‘3 '04 LEU LEU LEU LEU LEU LEU VAL‘05 THR THR THR THR THR THR THR106 VAL VAL VAL VAL V VAL VAL VAL VAL106A LEU LEU LEU LEU LEU LEU LEU LEU

107 GLY SER GLY GLY GLY
108 GLN GLN GLN GLN GLN109 PRO PRO PRO PRO PRO
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' .

mm»; LAMaoA new CHAINS suacaoup m (conl‘d)
23 24 25 2e 27 23 10 OF 77 OF occunnswces VARIABILITYso. GIM 111 119 vm MiL SEOUENCES AMINO OF M051 COMMON— ACIDS AMINO AC|Do .. 2 .2 ._ .-

1 m w — 2. 12 3 10(SEF1) 3.62 TYR rvn TYR TYR TYR 27 2 26(TYR) 2.13 VBI val GLU GLX 25 ‘ 5 I 7 13(QLUg Z ‘1(GLU) ‘2. Z 17.4 LEU LEU LEU LEU 26 2 2 (1.511) 2.1
5 THR ma ma THR 26 3 23mm? 3.4s GLN 01.x GLN GLX 2e 1 : 2 26(GLN : 2 saw) 1 : 2.47 PRO PRO PRO PRO 25 2 2 me) 2.225 PRO Pno PRO PRO 25 1 251mm 1.9 sea sea 24 1 241329) 1.1o ._ ...

f1 11 VAL VAL 24 3 20(VAL) 3.51 12 sen sea 24 1 241529) 1.13 VAL VAL 24 2 . 231v“) 2.114 22 a 1 sea) 3.7
15 ~ 22 2 2112120) 2.115 21 1 21 (31.19 1.17 20 1 -. 2 20(6th ; 1 (am) 1. : 2.438 me! 21 3 ‘ gTHR) 3.319 20 2 19 ALA) 2.1
'20 1a 6 sums) 14.21 > ‘LE I9 1 ‘ [LE ‘.22 nm 19 1 19 TH 1 1.23 cvs 17 I , 1_7_LCY$) 1.24 GLY 17 a : 4 13(sen) 3,9 : 5.2
25 our 16 2 15(GLY) 2.126 — ASP 17 3 141,152) ; 12(ASP) 3.8 : 4.327 GLU 15 1 5(ALA) 21.27A
273
27C

g 270R 27E1 27F25 as 2 130.201 2.5
29 1:1 5 : 5 5(GLV) 13. : 1e.:0 15 e : 7 5101.1); .- 31 + 1 1e. : as.31 1a 6 (ms; 17.32 13 4 8(T‘IR) 6.5:13 13 2 9(VA1.) 2.9
34 11 4 flTVfiL 11.35 1a 1 131m?) 1.36 11 2 10(TYR) 2.237 11 I : 2 1.1(GLN; : 10(GLN) 1. : 2.238 11 3 (GLN) 3.7
39 . 11 2 731.1151 3.140 1o 2 9 PRO) 2.2p 41 1o 1 10mm? 1.n 42 9 2 : a 3mm) : (GLN) 23 z 3.92 43 9 2 5(ALA) 3.644 1o 1 10(990) 1.45 1o 3 . 7 VAL) 4.345 9 a s 1.21)) 4.547 1o 1 1 VAL) 1.43 1o 2 sum) 2.5
49 ‘ 1o 2 9mm) 2.2so 10 5 : s 4(GLU) : mew) 1s. : 20.c 51 1o 2 HASP) 2.9D 52 11 4 415m) 11.R 53 ‘1 5 4(LYS) 14.2 5‘ \‘ ‘ 11(ARG) 1.55 11 2 1 mo 2.258 1o 2 9 sea 2.257 11 a a GLY) 4.156 1o 2 11.5) 2.2
59 1o 1 wanna) 1.so 11 :1 9191.111: mew) 3.7: 4.161 11 1 1 (Ana 1.62 11 1 11 PHE; 1.63 10 1 1 sea) 1..
s4 10 2 53st 2.265 1o 2 9 sea 2255 1o 4 4(As~ 1o.67 1o 1 1 SER 1.53 1o 1 1 6L 1.
59 1o 3 5 THR; 6.7o 10 _ 3 a THE 3.3F 71 1o 2 emu» 2.5a 72 1o 3 8THR; 3.83 73 1o 1 1 LEU 1.74 10 1 10(THR) L75 1o 1 1 11.2% 1.76 1o 2 9 sea 2.277 1o 2 3 GL 2.578 1o 3 swm.) a.
79 1o 2 7 GLN) 2.9so 10 3 7 ALA 4.331 1o 5 + 1732 1o 1 : 2 10015? ; emsp) 2.5as 10 1 . 2 10(GL ) : MGLU) 2.2
84 1o 1 10(ALA) 1.35 1o 1 ; 2 10(ASP) ; 8(ASP) 1 z 2.586 1o 1 10mm 1.87 1o 2 a 71m 2.5as 10 1 1 cvs 1.39 1o 3 new) : 5(GLN) 4.3 : s90 1o 4 ALA) 1o.91 1o :1 7 #19) 4.392 1o 3 ems?) : 7(Asp) 3.8 : 4393 1o 5 MSER) 1:1.

c 916 10 6 ‘ Zz *1 ) 30.o 95 9 s a mm 13.R 95A 4 4 1% + 13 953 2 2 1 4 )950
950
951—:951:
98 9 5 5(VAL) 9.97 1o 3 VAL) 5.98 1o 1 KXPHE) 1.99 I1 1 ‘1 GL L100 11 a _ 9 GL 3.7‘0‘ 1‘ ‘ 11 GLY) 1.F 102 11 1 1|(THR) 1.R we 11 4 LYS) 5.5-4 104 1c 2 LEU; 2.2105 10 2 ann 2.2me 10 1 10(vA1.) 1.105A 10 1 10(LEU)107 a 2 eLGLV) 2.7.08 7 1 7(GLN 1.109 7 1 manog 1.



 

o O’ ANTIBODY SPECWICT‘HES: HUMAN LAMBOA UGNT CHAINS SUBGROUP In
7) GAR: ANTI-R/BOFLAVIN

» REFERENCE: HUMAN LAMBDA LIGNIT CHAINS SUBGROUP ll)
1)
2)
3)
4)
5)
6)
7)
0)
9)

)0)
11)
1 2)
13)
14)
15)
16)
1 7)
1e)
1 9)
20)
21)
22)
23)
24)
25)
26)
27)
’28)

MIL: LOPEZ DE CASTRO.J.A.‘ CH)U_Y.Y.H. & POLJAK.R.J. (1978) BIOCHEMISTRYJ7,1716-1723. (CHECKED BY AUTHOR 07/16/79)
YO: T[SCHENDOHF.F‘W..TISCHENDORF.M.M. 8. WITTMANN-LIEBOLD,51 (1976) Z.NA7URFORSCH.31C.7567GO.
PS: KOCHWA.S..TERRY.W.D..CAPRA‘J.D‘ A YANG.N.Y_ (1971) ANN_N.Y,ACAD.SCL1190.49-70. (CHECKED BY AUTHOR)
CAP: ZHU.D‘.KIM.H.S. 8 DEUTSCH.H.F. (1988) MOLJMMUNOL..20,1107-1115.
LOY A: WOLFENSTEIN-TODEL.C..FRANKL1N.E‘C, 8- RUDDERSRA, (1974) J.lMMUNOL..112.871-87$. (CHECKED BY AUTHOR)
LOV G: WOLFENSTElN-TODEL.C FRANKLINVEC. .& RUDDERSTLA. (1974) J.lMMUNOL..112.871-876, (CHECKED BY AUTHOR)
GAR: KIEFER.C‘R..MCGUIRE‘B JR..OSSERMAN.E.F. 8 CARVERFA. (1983) JJMMUNOLJGI.|871~1875. (CHECKED BY AUTHOR 02/20/84)
CH: 0KADA.Y.)NOZU.Y..TITANI, ..WATANABE.S..HARA.H.' & KITAGAWAJW. (1972)} lMMUNOCHEM:.9.207-2$0.
X(PET): ‘MILSTEIN.C..CLEGG.J.B‘ 5 JARVIS,J.M. (1958) BIOCHEM.J111IO.631~6$21 (CHECKED BY AUTHOR)
KERN: PON5T)NGL.H..HESS.MX& HILSCHMANNJ‘)‘ (1966) Z.PHYSIOL.CHEM..349.867-B71; (1971) Z.PHYSIOL.CHEM..352,247-266. (CHECKED BY AUTHOR)
TA: TONNELLE.C. (1973) BIOCHIM.BIOPHYS‘FIES.COMM,,55.1112-1116. (CHECKED BY AUTHOR 11/16/00)

BALI? BACZKO,K,.8RAUN.D.G.‘HESS.M. a H1LSCHMAN%¥H6197O) Z‘PHY81OL.CHEM.,351.763467: BACZKOLK.,BRAUN.DLG. & HILSCHMANNN. (1974)

  
 

Z.PHYS)OL‘CHEM..355‘131-154. (CHECKED BY A R)

Anna-0527075323) NATVIG.J.B.,WESTERMARK,P.,SLETTEN.K.1HUSBY.B. a MICHAELSONLT. (1981) SCAND.J,1MMUNOL.,14.89-94. (CHECKED BY AUTHOR
1/

DEL: EULITZ,M. (1974) EUHLJBIOCHEMNSOAS‘GS. (CHECKED BY AUTHOR 10/IB/77)
LYN: MEINKE.G.C..SIGRIST.F’.H. A SPIEGELBERG.H,L. (1974 lMMUNOCHEM..1L457—460, (CHECKED BY AUTHOR WHO PHOWDED ADD'lTloNAL RESIDUES‘TO THOSE PUBLISHED); MEINKE.G.C1 8- SPVEGELBE G.H.L. (1976) )MMUNOCHEM..13,915—919. (CHECKED BY AUTHOR 10/17/77) .
NIGvSB: KAMETANLF”YOSH!MURA.KuTQNOIKE.HHHOSH1.A.‘$HINODA,T. B ISOBE.T_ (198$) BIOCHEM.BKOPHYS.HES.COMMUN.‘125343-852. ‘AMYLOID 808: WESTERMARK.P..NATVIG.J.B.(ANDERS.R.F..SLETTEN.K‘ 8 HUSBY.G. (1975) SCANDA.1MMUNOL..5.31‘361 (CHECKED BY AUTHOR 06/01/63)
MOT: KOJIMAJ‘ANODANLS. 8 (KENAKAJ'. (1980) MOL.IMMUNOL..17.1407-1414.
WIB: FEW,J.W. 8 DEUTSCH.H.F. (1976) IMMUNOCHEMLJHSJGSJSSN(CHECKED -BY AUTHOR)
WHI: WANG.A.C‘.WELLS.J1V..FUDENBERG.H.H. 6 GERGELYJ. (1974) IMMUNOCHEM.,11.341-345. (CHECKED BY AUTHOR)
DU: BUCHWALDLB.M. (1971) CAN.J.BIOCHEM1.49.900-9OZ. (CHECKED BY AUTHOR)
LON: JOHNSTONS‘L..ABRAHAM.G,N. 5 ‘WELCH.E,H‘ (1975) BIOCHEM,B(OPHYSRESCOMMUM56.862847. (CHECKED BY AUTHOR 10/17/77)
50: TISCNENDORFJ“.W._TISCHENDORF.M.M, 8x WITTMANN-LIEBOLD‘B. (1976) Z.NATUHFORSCH.31C.7S&760. ‘
GIM: HESS.M..HILSCHMANN.N..RIVET.L..R)VET.CA 8 ROPARTZC. (1971) NATURE NEW BIOLOGY.234.5&61. (CHECKED BY AUTHOR) r
111: LANGER,B.,STEINMETZ~KAYNE.M. & HHLSCHMANNLN. (1958) ZLPHYSIDLCHEM..349.S¢5—951. (CHECKED BY AUTHOR)
119: HESS.M..H!LSCHMANN.N‘,RIVET.L1.RIVET.C‘ 6 ROPARTZC. (1971) NATURE NEW BIOLOGY.230‘58«61. (CHECKED BY AUTHOR)
VIN: PINK.J.R.L. 5 MILSTEIN,C. (1969) PROD. 5TH FEES SYMP..15.177»182. (CHECKED BY AUTHOR)MIL: LANGER.B..STE1NMETZ~KAYNE,M. E HILSCHMANNN. (1968) ZPHYSIOL.CHEM..349‘94&951. (CHECKED BY AUTHOR)

NOTES: HUMAN uMBDA uon'r mums SUBGROUP m
IDENT)CAL 5575 OF FRAMEWORK SEGMENTS: F81: SET ‘ H1Ll1),Y0(2].PS(3),CAPM). (A IDENTICAL)

SET 2: LOY AISLLOY (3(6). (2 IDENTICAL)F32: A
Ffia:

FRJ: SET 1: HlLl1).CAPI4).BAUI12LDELI14]. (4 IDENTICAL HUMAN V-LAMBDA-HI; ALSO 4 HUMAN V-LAMSDA‘I: 8L2 'CLIS).?HEal1gb$m121.NIG-SIHQ]: 5 HUMAN V‘LAMBDA-ll: MESlZ).E5492[8].TRO[1fl|,VIL|17LWtNI21): 1 HUMAN V-LAMSDA-IV: SH( )
V—LAMBDA»VI: SUT 2).THO(4!.LBV'CL15): AND 24 MOUSE V-LAMBDA: MOPC104E|1).J55812).XS104[3).HOPC1)4W315917LY563118). 5485)9).Y5830(10).Y5669|11).MOPC$11§L&|12|.$178113].Y54M(14).Y5606x15).$176|16.H2020117RPCZOHSHG 303LAMBDA'CLI19).Sda'CLl21LSZHs'CLlSB). EQ‘CLISSLS1F12'CL)40)JG 25LAMBDA’CLI4‘L)SET 2: GARI7]. IDENT|CAL TO 1 HUMAN V-LAMBDA-H.’ NIG»84(1].)SET 3: KERNHO. (IDENTICAL TO 1 HUMAN V-LAMBDA—Vl: NlG-ASHOM

)1.J69515LH2061(S).

IDENTICAL (SETS OF J-MINIGENES:
SET 1: BAUHZ]. (IDENTlCAL TO 2 HUMAN V~LAMBDA-U: MESIZIJROIMMSET 2: DELI14). (IDENTICAL To 2 HUMAN V-LAMBDA-Il: ESGSZIBI.VILH7L)

SPECIFIC NOTES: ' ‘
18) HOT: THERE ARE TWO RESIDUES IN FRONT OF POSlTIDN 1; THEY ARE VAL AND THE.

-# THE FOLLOWING WERE EOUALLY AND MOST FREQUENTLY OCCURRING:
AT POSITION assuouss

30 ' (Asmxsnsm)er - (MET.GLU)
94 . (mamassmew)95A (TYR,ALA.OLY.ASP)958 (HISBLU)

. ’ /
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NTIINIAN LAMBDA LIGHT CHAINS SUBGROUP 1VINVAR1AN1 1 2 3 A 5 11‘ OF ‘ I! OF OCCURRENCES VARIABILITYRESJDUES SH NEV USH PFA FRA‘ SEOUENCES AMINO OF MOST COMMONA6108 AM1NO ACID

0 ... .. ._ ..«1 .H .__ ... ...
2 SER SER SER SER SEE 4 I 4 SER) 1,3 GLU GLU GLU GLU 5 2 4 GLU) 2.54 LEU LEU LEU LEU LEU 5 1 5(LEU) 1.
5 THE THE THR . THR van 5 2 «(1149)6 GLN GLN GLN GLN GLN GLN 5 1 GLN)7 ASP ASX :10 to pro 5 2 : 3 3 PRO) 5,8 PRO PRO F10 F10 DIS 5 . 2 MPRO) 2.59 ALA ALA sar ser ser 5 2 3(SER) 3.310 ... ._. .. ... ..

a 11' VAL VAL VAL VAL. VAL VAL 5 1 5(VAL) 1,‘ 12 SEE SER SER SER 91x 5 2 4 SEE) 21513 — VAL VAL VAL VAL my 5 2 4 VAL) 2.51 4: ALA ALA set ser Am 5 2 ALA) 3.3
15 LE U LEU to (0 r0 5 2 PRO) 3.31S GLY GLY GLY LY LY LY 5 1 5 (SLY) 1.17 GLN GLX GLN GLN GLX 5 | : 2 5(GLN‘2 : 3(GLN) 1, : 3.318 THR THR THR THR set 5 2 (THR) 2.519 VAL VAL ala 818 113 5 3 2( + ) 7.5
20 ARG ARG. ser val ale 5 4 2 A96) 10.21 ILE ILE |LE ILE ILE [LE 5 I 5 ILEA 1122 THR THR THR THR (91/ 5 2 4 TH 2523 CYS QYS CYS CVS S 4 ' 1 CYS 1.
24 GLN SER SER ILE 4 3 2(SEFI) 6.
25 GLY GLY GLY GLY GLY A 1 ‘1 GL 1.26 ASP ASP ASP ILE 4 2 3 ASP 2.727 SER LYS LYS SE3 4 2 2 + 4.27A u. 1.“ _.
27B .— ._ .27C ._

g 270 .R 27E .—‘ 27F --- -— ASX 1 1 1(ASN) I HASP)28 LED LEU ILE 4 2 3(LEU) 2.7
29 GLY GLY GLY A 2 3(GLY) 2.730 ASP GLN AM 4 4 1 + K 16.31 ASN ALA TYR 4 3 ZiTYH 8.82 TYR ASX 3 2 : 3 2(ASP5: 1( + 1 3 : 9.33 ALA TVR 3 2 (ALA) 3.

‘ 34 SER ~1LE 9 3 __1__(_ + ) 911 35 TR? TRP TRP TR? 3 1 SURF) 1.I 38 TYR TYR TYR TYR 3 1 T101) 1.37 GLN GLN GLN 2 I 2 GLN; 1138 GLN GLN GLN 2 1 1 2 GLN 1.
39 LYS LYS LYS 2 1 2(LYS . 1.40 PRO ’ 1 1 I(PF\ )F 41 GLY 1 I 1 GLV)R 42 GLN 1 I 1 GLN)2 43 ALA 1 1 1_ ALA)
44 PRO 1 1 1EPRO)45 LEU 1 1 I LEU)46 LEU 1 ‘1 1 LED;47 VAL 1 1 1zVAL
48 ILE 1 1 1 ILE)
49 TYH 1 1 1(LY_RL__-__.‘
50 GLV 1 1 1(GLY)

C 51 ARG 1 I 1 A96)0 52 ASN 1 1 1 ASN)R 53 ASN 1 1 1 ASN)2 54 ARG 1 1 1$ARG§55 PRO I I 1 PRO56 SER I 1 1 SEFI
57 GLY I I 1(GLY)56 11.5 1 1 1(ILE)
59 PRO 1 I 1 PRO)60 ASP 1 1 1&ASP)

_61 ARG 1 1 1 ARG$2 PHE 1 1 1 PHE$3 sea 1 1 user-1
64 GLY 1 1 1 BL65 558 1 1 1 SEFI66 SEN 1 1 1 SEE67 SER 1 1 1 SER68 GLY 1 1 1(GI,
69 H15 1 1 1§H1$7o THR I 1 1TH )

F 71 ALA 1 1 1(ALA)F1 72 SEE 1 1 1 SEE73 LEU . 1 1 1§LEU
74 THE 1 1 1311112)75 ILE 1 1 1 ILE78 THE 1 1 1 TH77 GLY 1 1 1 GL.78 ALA 1 1 1 ALA)
7S GLN 1 1 1 GLN)80 AM 1 1 1 ALA81 GLU 1 1 1 GL 162 ASP 1 1 1 ASP;33 GLU 1 1 1 GLU
64 ALA 1 I 1 ALA .65 ASP 1 1 1 ASP-88 TYR 1 1 1(TYR)87 TYR 1 1 1 TYFIas cvs 1 1 1 CYSS
89 ASN 1 1 1(ASN)90 SER 1 1 1 SEE)9| ARG 1 . 1 1 ARC)92 ASP 1 1 1 ASPg93 SEH 1. 1 1(SER

C 96 SE3 1 1 1 SE81 o 95 GLY 1 1 1 GLR 95A LVS 1 1 11LYS)3 958 HIS 1 1 1 HIS)950 «-
95095E
95F a

, 96 1 1 1(VAL). 97 1 1 111.51g98 1 . 1 1(PHE99 1 1 , 1(GL100 1- 1 1 GI.101 1 1 1 GL
7 102 1 1 1(THR

. R 108 1 1 1 LYS4 104 1 1 1 LEU105 1 1 1 THFI106 1 I 1(VAL108A LEU 1 I 1(LEU)
107 GLY 1 1 lfiGLYl '
103 GLN 1 1 1(GLN)109 PRO I 1 10780)
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» REFERENCE: HUMAN LAMBDA UGNV CHAINS SUBGRDUF" IV
1) SN: TITANl,K.,W|KLEH.M.,SHINODA.T. & PUTNAMKF.W. H970) J.BIOL.CHEM..245.2171-2176. (CHECKED 8V AUTHOR 06/15/83)
2) NEV: WANG.A.C..WELLS.J.V..FUDENBERG‘H‘H. & GERGELYJ. (1974) IMMUNOCHEM..1|.3¢1~345A (CHECKED BY AUTHOR)
3) USN: TISCHENDORF.F.W..TISCHENDORFAAM. & WITTMANIV'l-LXEBOLD.B. (1976) Z.NATURFORSCH.3‘C.758'750V
6) PFA: TISCHENDORF.F,W.‘TISCHENDORF.M.M. & WITTMANNvLIEBOLD,B‘ (197G) 2.NATURFORSCH.31(5.759760.
5) FRA': WANGA‘C. 8 FUDENBERG.H.H. (1974) J.)MMUNOGENET!CS.1303—3“). (CHECKED BY AUTHOR)

NOTES: HUMAN LAMBOA LIGHT CHAINS SUBGROUP IV
IDENTICA~L SETS _OF FRAMEWORK SEGMENTS:

 
F’RI: SET 1: SHIIINEVIE]. (2 IDENTICAL)
FRZ:
FRI):

FHA: SET 1' 5H“). (IDEN‘HCAL TO A HUMAN V—LAMBDA-I: BL? 'CL!6].RHEI10].OKA)12],NIG-51|19]: 5 .HUMAN V-LAMBDA H: MES!2].E$§92181‘
 

” TROl14].V!L|17].WDN|21|: 4 HUMAN V-LAMBDA-Ill: H|L11).C/\PM).BAU|12).DEL[Id): 3 HUMAN V—LAMBDA-V SUTIZIJHOMLLBV’CLI5I:'AND 24 MOUSE V-LAMBDA: MOPC1OAEl1LJSSGIELXS)Ml3LHOPCH4LJGQB|5LH2061.6LW3‘59|7I,Y5431[8),Y548519L
YMSOI10LY5669|11LMOPCSHéLH12ISI‘IB 13],Y5446|34LY56061153.317GI1SIM2020Il7l.HPC2OHBI.lG 303LAMBDA'CLI‘IQ],SAG‘CLI21LS2H5‘CLI38).SZE9' Ll39LS1F1 "CLI4OLIG 25LAMBDA'CLI41H

5 THE‘ FOLLOWING WERE EOUALLY AND MOST FREQUENTLY OCCURRING:
AT POSITION RESIDUES

19 (VALALA)27 (LYS.SER)
so (ALA.GLY.ASP.GLN)32 (TYRASPASN)3a (lLE.ALA.SER)

332
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HUMAN LAMBDA LIGHT CHAINS SUBGROUP V

 

  
 

 

 

 
 

   

 

 

)NVARIANT 1 2 31 111 OF 11 OF occunaawcss VARIABILITY
i RESIDUES 80 H8.) MCG SEQUENCES AM1No OF MOST COMMON2 Acms AMINO A12100 ..— 9. .L

1 PCA PCA PCA PCA :1 1 PCA; 1.2 sea sea sen sea a 1 a 5511 1.
:1 ALA * ALA Aux ALA 3 1 3(ALA) 1.4 LEU LEU LEU LEU a 1 3(LEU) 1.
5 THH mn THR THR 3 1 :1 ma 1.6 GLN GLN GLN GLN a 1 GL 1.7 PRO PRO PRO PRO :1 1 :1 PRO; 1.
3 PRO PRO PRO PRO 3 1 3(PRO 1.9 sea sen sen SER 3 1 usan) 1.10 ~ -— \

g 11 ALA ALA ALA 3 1 a ALA 1., 12 sen SER sea :1 1 3 SE51 1.13 GLY GLY GLY a 1 3:61.. 1.14 san sen $511 3 1 3 sea) 1.
15 . PRO 1a'u a 2 2 PRO‘ 3.1e GLY GLY GLY 3 1 GL 1.17 GLN GLN GLN 3 1 :1 GLN 1.
13 san sen SER 3 1 SER 1.1 9 VAL VAL VAL 3 | 3(VAL) 1 .
20 THR Tun THR a 1 :1 11m) 1.21 1L5 ILE ILE a 1 ILE 1,
22 sea sen sen a 1 a se 1.2a cvs cys cvs 3 1 a cvs 1.
24 THFI ma THR a 1 31mm 1,
25 em GLY GLY 3 1 e1. 1.26 run ma ma 3 1 ma 1.27 SEE SEH 2 1 2(sem 1.27A .—273 v-

C 276 -—- "1
o 270 sen sea sin 2 1 2 seaA 27E ASP ASP ASP 2 1 2 ASP‘ 27F VAL VAL VAL 2 1 2 VAL2a GLY GLY GLY 2 1 2 GL 1

29 ASP -GLY 2 2 1 + 1 4so ASN TYR 2 2 1 + - a:11 LYS ASN 2 2 1 + ) A32 TYR wn TYR 2 1 2 TYR) 13:1 VAL VAL VAL 2 I 2 VAL) 1.
34 sea SER sea 2 1 14391) _1.
35 mp TRP 71-113 2. 1 21111121 1.35 TVR TYR TYR 2 1 2 TYR 137 GLN GLN GLN 2 1 2 GLN 136 GLN GLN GLN 2 1 2 GLN 1
39 1-113 HIS HIS 2 1 2 HIS) 140 1°30 ALA 2 2 1 K), 4

F 41 GLY GL‘I GLV 2 1 2 GL 1n 42 A96 Lvs 2 2 1 + 42 as ALA ALA ALA 2 1 2 ALA 1
M 1290 13:10 me 2 1 2:13:10) 1.as LVS LYS LYS - 2 1 2 LYS) 1.46 LEU VAL 2 2 11 + 1 .1.47 VAL “.5 2 2 1 -> ) 4. I45 ILE )LE ILE 2 1 2 ILE) I.
49 pm; rm 2 2 11 + 1 4.
so GLU eLu GLU 2 1 2 on» 1.

c 51 VAL VAL VAL 2 1 2 VAL 1D 52 sea ASN 2 2 1 + an 53 GLY LYS 2 2. » 1 .- A
2 5a ARG AHG Ana 2 1 2311110) 155 PRO PRO PRO 2 1 2 PRO 156 ssn sen SER 2 1 2 se 1

57 EU! GLY GLY 2 1 2 GLY) 153 VAL VAL VAL . 2 1 2 VAL) 1
59 PRO mo - PRO 2 . 1 2 PRO) 1so ASP ASP ASP 2 1 2 ASP) 151 A116 ARG ARG 2 1 . 2 ARG)62 PHE PHE 9112 2 1 2 PHE5:: San sen 551:1 2 1 2 San
64 GLY GLY GLV 2 1 2 GL65 Sen sea SEA 2 1 2 sen66 LYS LYS LYS 2 1 2 LYS)67 . sen sen SEH 2 1 2 SEE)58 ASP GLV 2 2 1 + 1
59 ASN Asn ASN 2‘ 1 2 A51470 ma ma 11m 2 1 2 THR

F 71 ALA ALA ALA 2 1 . 2 ALA)R 72 sen saa sea 2 1 2 sea;3 73 LED LEU LEU 2 1 2 LEU74 mn THE THE 2 1 2 THR75 VAL VAL ' VAL 2 1 2 VAL .75 sen 551:1 sea 2 1 2 sea77 GLY GLY GLY 2 1 2 GL7:: LEU LEU LEU 2~ 1 2 LEU
79 ARE GLN 2 2 1 +so ALA ALA ALA 2 1 2 ALAe1 GLU GLU GLU 2 1 2 GL 132 ASP - ASP ASP 2 1 2 A31?)as GLU GLU GLU 2 1 2 GL 1
84 ALA ALA ALA 2 1 2 ALA85 ASP ASP ASP 2 1 2 ASP;as TYR ‘ryn rm 2 1 2 Wm57 Tvn Tm WR‘ ,2 1 ’ 2 TYR
as cvs cvs cvs 2 1 2 cvs \
as sea Sen 5211 2 1 2 SERso sen sen sea 2 1 2 sea91 “R TYR TYR 2 1 2 TYn92 VAL GLU 2 2 1 +
93 Asp GLY 2 2 1 + 1

C so ASN sea 2 2 1 +1:) 95 ASN ASP 2 2 1 +2 95A ASN ASN A311 2 1 2 As 13 958 —— ... 1950 7..
950 .2 .-
9512 ‘.95F ._ _
9a PHE p112 PHE 2 1 2 PHE) 1.97 VAL .VAL VAL 2 1 2 VAL1 1.
ea PHE 9112 91-15 2 1 2 PHE 1.99 GLY GLY GLY 2 1 2 GL 1.100 . .eLv THE 2 2 1 + A.101 GLY GLY GLV . 2 1 2 GL 1.

F 102 mn 11-17: THE 2 1 2 ma 1.a 103 LYS LYS LYS 2 1 2 LYS 1.a 104 . Lsu VAL 2 2 1 + A.105 mp1 THE THE 2 1 2 THR) 1.106 VAL VAL VAL 2 1 2 VAL) L106A LEU LEU LEU 2 i 2 LEU)
107 ARG an 2 2 11 +4 4.
103 GLN cm GLN 2 1 2 01.14) 1.‘09 PRO PRO PRO 2 1 2 PRO) 1.

 



 

O .
ANTIBODY SPECOFICITIES: HUMAN LAMBDA LIGHT CHAINS SUBGROUP V

3) ”CG: AN'H-EPSILON-DNP-LYS‘ EPSILON~DNP~AMINOCAPROATE. GNP-LEUJTRIACETIN. SODIUM MEHTHIOLATE_ METHADONE. 1.1OPHENANTHROLINE.CAFFE|NE‘ THEOPHYLUNE, Dl—DNP-LYS. DNP»THP. DNP~PHE‘ DI~DNP-TVR, COLCHICINE. P-NITROANILINE. P-NITHOPHENYLPHOSPHORYL CHOLINE.5-ACETYLURACIL. MENADIONE‘ MEPEHIDINE. TRIBUTYRIM OMEGA-BROMOHEPTANOATE. O'CHLOROMERCURIPHENOL.P<CHLOROMERCURIPHENOL PHENYLMERCURIC COMPOUNDS, METHYL-MERCURDC CHLORIDE.

REFERENCE: HUMAN LAMBDA LIGHT CNAIN$>$UBGROUP V
1) BO: WIKLER.M. 3 PUTNAM.F‘W. (1970) J‘BIOL,CHEMH245,4588-ASO7. (CHECKED BV AUTHOR 06/15/83)
2) HBJZ: HOOD.L..GRAY,W,R,_SANDERS,8.G. 8 DREYER.W,J. (1967) COLD SF’WNG HARBOR SYMP. QUANTITATIVE BIOL‘.32.133~145.
3) M66: FETT.J.W‘ a. DEUTSCH.H.F‘ “974) BIOCHEMISTRYJBA102A4114‘ (CNECKED BY AUTHOR)

NOTES: HUMAN LAMBDA LIGNT CHAINS SUBGROUP V
IDENTICAL SETS or FRAMEWORK SEGMENTSL

Fm: SET 1: BOULHBJ2I2], (2 IDENT)CAL)FRZ: ' .
m3: -
FRd: SET 1: Bot”. (IDENTICAL TO 1 HUMAN V~LAMBDAAH NEWMIH: AND 1 HUMAN V-LAMBDAhII: WHISI‘)SET 2: MCGI3]. (IDENTICAL TO 1 HUMAN V-LAMSDA~!: LOCI‘IH.)

IDENTICAL 5515 or COMPLEMENTARDTY DETERMINkNG REGIONS:
com: 557 V: MCGm. (IDENTICAL 1o 2 HUMAN V~LAMBOA-l|: MES|2LVILH7].)CDR2: -
com:

4- THE FOLLOWING WERE EOUALLY AND MOST FREQUENTLY OCCURRlNG:

 AW'QHEE
29 (GL . SP)30 (TYRASN)31 (LYSASN)
40 (PRO.ALA)42 (LYSARG)
as (LEUNAL)
47 (rrLENALE)49 YR,PHN)52 SEFLAS )
53 (LYS.GLY)ea (GLY.ASP79 (ARGGLN -92 (VALGLU)
93‘ (GLY.ASP)94 (SERASN)95 (ASP.ASNwoo (THRGLY

004 (LEU.VAL)107 (ARGGLY)

334



 

 

  

     
 

 
 

 

  
 

 
 

 

 
 
 

 
 

. 75
HUMAN LAMBDA LIGHT anms sueanoup v1

INVARIANT 1_ 2 3 4 5 6 7 a 9 1o 11 12 13 11 OF .11 OF OCCURRENCES VAR1AB1L1TY‘ .RES1Dues AMYLOxo suT AMYLOID THO Lav 010 YAM WAN wm- NIG JAM ’MOR KIN seouewces AMxNo OF MOST COMMON-AR 111 - - s 19 ‘CL -45 Acme. AMINO ACIDA’ . 9 9
o ..1 ASP ASP ASP asn asn asn ASP asn asn ASP 13 2 BéASN; 3.32 PHE PHE PHE PHE PHE PHE PHE PHE PNE PHE 1:1 2 11 PHE 2.4:5 MET MET MET MET MET MET MET 11a MET MET 13 2 12*MET) 2.24 LEU Leu LEU Leu LED LED LEU Leu LEU LEU LEU 13 1 13 LEU) 1.s THR THR -THR THR THR ma THR THH THR THR 13 3 111mm 3.55 GLN GLN GLN GLN GLN GLN GLN GLN GLN gm 13 2 12(GLN) 2.27 PRO PRO PRO PRO PRO PRO PRO PRO PRO Pno PRO 13 1 13(PRO) 1.3 ms HIS ms H13 ms H15 H15 HIS 11 2 1011115 2.29 sea see sen sen sen sen sen sen sen sea sen - 13 1 13(55 ) I.
I0 _.. --- n. ... 1.... v... ... ... .... _..E 11 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL 1:1 2 1§£VAL1 2.2, 12 sen . sen sen sen sea sen sea sen sen SER sea 13 1 1 Sam 1.13 GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU 12 2 ”(GLU) 2.214 sen sen sen sen sen sen sen sen sea sen 11 1 11(sea) 1.15 PRO Pno PRO Pno Pno PRO PRO PRO PRO PRO PRO 12 1 121mm) 1;16 GLY GLY GLY GLY GLY GLY’ GLY GLv GLY GLY GLY 12 1 12 GLY) 1.17 Lvs Lvs 1n LYS LYS Lvs 91y LYS LYS L115 12 .3 10(Lvs1 3.615 111R ma NR THE THE THE 3 THE Tun 11 2 1 T1111; 2.219 . VAL VAL VAL VAL VAL VAL AL VAL VAL 11 2 1o VAL 2.220 me “0 11111 THE 52! 71.171 THR 11 3 some) 4.121 PHE 112 ile He No He . 1o :1 ayLE 3.822 sen sen SER sen sen sen sea 10 1 10 se 1 1.23 cvs cvs cvs cvs cvs cvs (:75 1o 1 ”gm/51 1.2a THR - THR THR THR sea 9 2 311111?) 2.325 cu APG GLY ' 7 3 3( 5r 1 '7.26 see SER SER 7 3 4(SER) 5.327 GLY ASP GLY 7 3 31 - 1 ‘ 7.27A GLY GLV ASP ALA 7 :1 5(GLV)278 see THR sea 6 3 «saw270

g 270R 275 1 1 HASP)‘ 271= 1 1 115511126 1L5 ILE ILE 7 1 ' 7 1L6) 1.29 ALA ALA ALA 7 2 SEALA) 2.330 ASP GLY 6 3 4 sen) 4.531 sea TYR sen TYR As~ 7 4 2( - 1 1a.32 PHE TYR TYFI TYR TYR 7 3 521141) 4.233 VAL VAL VAL VAL VAL VAL VAL 7 1 7 VAL) 1.34 GLN GLN GLN GLN GLN 5 1 516L13L 1.35 TR? THP TRP TRP THP TR? 6 1 6(TRP) 1.35 WP wn TYR TYR TYR Tvn e 1 6 WA) 1.:17 GLN GLN GLN GLN LYS 6 3 4 GLN) 4.538 GLN GLN Leu GLN 5 2 a GLN) 2.539 A516 ARG AHG Ans ARG ARCS 5 1 5§APG1 1.40 PRO pno PRO ARG PRO PRO 5 2 5 PRO) 2.45: 41 GLY GLY GLY VAL (SLY ASP 6 3 «Gun 4.5a 42 sen ARG SER se1=1 GLY sea a :1 «sem 11.52 43 ALA ALA ALA ALA ALA ALA 5 1 5(ALA1 1.A4 Pao PRO PRO PRO PRO PRO 5 1 some 1.45 THR THa THE THE 'an THP 5 1 5113-111; 1..15 THE ma THR ILe THR 5 2 11mm) 2.547 VAL VAL VAL VAL Leu 5 2 ASVAL) 2.5as 1Le 1Le ILE ILE 1L5 LE 5 1 5 ILE) 1.49 WP PHE TYFI TYR TYFI s 2 _3g_ynL_ 2.5so AsP GLU GLU GLU ASP 5 2 3(GLU) 3.9c 51 ASP ASP ASP ASP THR s 2 41ASP) 2.5o 52 ASN THR ASN ASN A5N 5 2 4(ASN) 2.5a 53 GLN GLN GLN GLN GLN GLN 5 1 5(GLN) 1.2 54 AHG ARG ARG ARG ARG ARE 5 1 5(ARG) 1.55 PRO Pfio PR0 PRO PRO PRO 5 1 51PP10) 1.56 see sen sea LEU TVR 5 3 L__3L5_EHJ__ 5.57 GLY GLV GLY GLY GLY cm 5 1 5(GLV) 1.58 VAL VAL VAL VAL VAL VAL 5 . 1 5(VAL) 1.59 PRO PRO PRO PRO Pno PRO 5 1 sumo) 1.60 ASP ASP ASP ASN 5 2 4 ASP) 2.561 ARG ARG ARG ARG ABS 5 1 5 ARG) 1.62 PHE PHE PHE PHE PHE 5 1 5 P115 1.as sea sea sen sea sen 5 1 525E111 1.
54 (SLY GLY GLY GLY GLY 5 1 5(6 LY) 1.65 sen sen sen sen see 5 1 5131511) 1.
63 A A - 1v 1167 sen sea sen SER sea 5 1 515E111 1.68 , sen sea sen sea 5 2 4(SER) 2.559 ASN ASN ASN ASN ASN 5 1 5(As~ 1.70 Sen SER sen sea 5 1 swan 1.F 71 ALA ALA ALA ALA s 1 5(ALA) 1.R 72 sen sen sea sea 5 1 515551) 1.3 73 LEU Leu LEU Leu 5 1 5(LEU) 1.74 THR THR THR YHR ’ 5 1 5 THR) 1.75 VAL 1LE ILE 5 2 411.15 2.576 sea sen sen sea 5 1 555 ) 1.77 em GLv GLv 5 2 11191.1() 2.576 LEU LEU Leu LEU s 1 511.511) 1.79 LYS LYS THE 5 3 3(LYS) 5.so THR THR ASN 5 2 . 4111171) 2.5131 GLU GLU ASP 5 2 «Gun 2.552 ASP ASP ASP ASP 5 1 5(ASP1 1.aa GLU GLU THR 5 2 MGLU) 2.5so ALA ALA ALA ALA 5 1 5 ALA) 1.as ASP ASP MET 5 2 4§ASP1 2.5as TYR TYR TYR TYR s 1 snya) 1.67 WP: TYR PHE 5 2 41171151) 2.586 CYS ch CYS cvs 5 1 510(5) 1.es GLN GLN GLN GLN 5 1 5(GLN) 1.90 SEA sen sen sea 5 1 5(sem 1.91 TYR PHE TYR 5 2 «WM 2.592 ASP ASP ASP 5 2 4 ASP 2.593 sen ASN sea 5 3 :1 sea; 5.

C 94 ASN THR see 5 A 2(ASN) 10.D 95 N ASN ASN s . 2 3(ASN) 3.3a 95A Leu 3 3 11 r 13 95895¢
950
95E95F
95 TRP mp GLY 5 :1 3 TRP) 5.97 VAL VAL VAL VAL VAL s , 1 5 VAL) 1.93 PHE PHE PHE PHE PHE 5 1 5(PHE) 1.99 GLY GLY GLY GLY GLY 5 1 5(GLY) 1.100 GLY GLY GLY GLY GLY 5 1 5101.11) 1.1 01 GLY GLY GLY GLY our 5 1 511:; LY) 1.F 102 THR 11-111 mn THR THR 5 1 5111-19) 1.R 10:1 LYS LYS LYS LYS LYS 5 1 511.1(3) 1.4 104 VAL LEU LED LED LEU e 2 50.51.11 2.4105 THR THH THn THn THR 1H1: 6 1 6(THR) 1.1 115 VAL VAL VAL VAL VAL VAL s 1 5(VAL) 1.105A Leu LEU LEU LEU LEu LEU 5 1 6(LEU) ‘1o7 GLY GLY GLY GLY SEP 6 2 new; 3.103 GLN GLN GLN GLN GLN GLN a 1 6(GLN) 1.109 PRO p110 PRO PRO PRO PRO 5 1 6(PRO) 1.
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HUMAN HEAVY CHA)N8 SUBGROUP l

INVAHIANT ! 2- 3 a- 5 6 7 a 9 10- 11 ‘2 v3 14 15 ‘6' |7 15 19 20 21 22 23 2aRESIDUES eu st H63 WOL CA ND MOT BRO THQ s're eEN zuc m BOT OMM MAn en vu WAR VIL DUN ADA Non SAW‘CL 'CL a ‘IGG u) I .7 'CL
- I, y a ' fl93A PC‘A gln PEA PCA an PC‘A plu 9h) P‘éA 9h) FCA PEA Esp gin P—CA PCA P~Cl\ PEA PCA PCA F’CA PEVA FCAVAL VAL VAL VAL VAL Ih! VAL VAL VAL VAL iuu VAL ‘VAL sat VAL VAL VAL VAL VAL VAL VAL VAL VAL VA}.GLN GLN GLN GLN GLN GLN GLN GLN GLN his GLN GLN GLN pro his GLN GLN GLN GLN GLN GLN GLN’ GLN LgEliJ

 
 

 
  
   

   
 

   
  

 

 

 

 
 
 

 

  
 

   
    

o1

g
4 Leums) Leu Leu Leu LEU LEU LEU LEU LEU LE1) LE0 Leu val LEU Leu LEU Leu Leu LEU Leu Leu LEU
5 VAL VAL VAL me! VAL VAL VAL VAL VAL VAL VAL VAL m glns GLN GLN GLN GLN m GLN GLN GLN GLN In (am A; LN m7 sen sen sen sen sen en sen sen sen sen en sen en sen ena GLY GLY GLY GLY GLY GLY GLY GLY GLY sur GLY GLY GLY GLY GLY9 ALA ALA Aux ALA ALA ALA ALA ALA ALA ALA ALA ALA 91y ms mo

70 GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU asp GLU ly11 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL, VAL leu
12 LYS LYs LYS LYS at or LYS LYS LYS Lvs so: var LYSw LYS Lvs LYS LVS LY LY LYS Lvs LYS LYS LYs LYS

p n pno nno pno pno Pno pno Pno pno pno pno pno nnon 15 — GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY\ 1s sen sen ale sen ula ale sen guu lu sin17 sen sen sen sen sen sen sen sen en sen1a VAL VAL VAL VAL VAL VAL sla leu leu met
19 LYS org LYS org LYS mg mg LYS mg LYS LYS
20 .. VAL VAL VAL VAL He VAL leu He He VAL21 sen my sen sen sen sen sen sen sen sen
22 cvs cvs cvs cvs cvs cvs cvs cvs
23 LYS LYS LYS LYS LYS LYS LYS LYS LYS mg24 Am nu ALA rm my ALA val 91y gly ALA
25 sen sen sen sen sen sen sen sen he28 GLY GLV GLY GLY GLY GLY GLY GLY LV27 GLY GLY tyr GLY tyr lyr up 1y: lyi a28 YHR mn THR Tnn Tnn THR asp29 pne pne pne PHE pHe pne pne
so sen sen asn val sen . Ho nsn
31 Ana GLY sen ASP ms Asp THFI

c 32 sen Tvn hm hm wn sen TYR . ...o 33 ALA 'mn 7Vn LYS ALA 1vn Aspn 3a ‘ ILE ILE MET GLY MET ILE [LE
1 a; ILE sen HIS Leu ms ms -—- sen359 - .... I. ._ ~ : .: _.

35 TR? TR? Tnp Tnp 1np Tnp 1np37 VAL VAL VAL VAL ILE VAL ILE
‘83 Ana Ane Ana ARG Ans AnG ARG VAL ——39 GLN GLN GLN GLN GLN GLN GLN THR —»40 ALA ALA ALA ALA ALA ALA pno senu pno pno pno pno ‘pno pno pno GLN .—>

2 42 GLY’ GLY GLY GLV GLY GLv GLY pno
2 l3 GLN Ans GLN LYS HIS AHG LYS --44 GLY GLY GLY GLY GLV OLY GLY GLY ~-

45 Leu Leu LEU Leu LEU *LEU LEU LEU ~—48 GLU GLU GLU GLU GLu GLU GLu GLU —~ -—47 an TRP Tnp Tnp THP TRP 1np m TRP -
48 MET VAL MET VAL VAL MET VAL49 GLV GLY GLV GLY GLY Au GLV ...
so GLY sen .ILE GLN mp VAL -~ GLU w
51 ILE pno ILE ILE ILE VAL |LE w52 VAL ALA ASN pno ASN ms ~— Asp —-~ «-
Egg pno Lvs pno LEU pno pno —- ——
52c; __ _ w _. .fl ... . ..
53 MET an sen Ans ASN sen TYn ~54 pne nan GLY PHE sen Asp sen _.. m

g $5 on Asp GLY ASN GLY Asp GLYn 56 em) PRO sen GLY GLY Ans THR2 57 pno we “run GLU "ma THR um56 ASN GLN sen VAL AsN Tnn Asp69 'rvn GLY Tvn Lvs Tvn TYR ~n'n
50 ALA VAL ALA ASN ALA GLY - 'su GLN TYR GLN pno pno pno
52 us ILE LYS GLY ARG Ana

-sa pHe LYS pne sen PHE sen
94 GLN TRP GLN VAL GLN GLN LYS
es GLV GLU GLV VAL GLY ALA sen
so Ane ARG Ans Ana Ana Ano Ans Anss7 VAL VAL VAL VAL VAL pneso THn nan Tnn sen Tnn nm
59 ILE VAL MET VAL MET VAL MET
7o THR sen THR sen 7Hn Tnn sen7| Am LEU AnG Leu AnG Ana LEU‘72 Asp LYS Asp LYS Asp ASP Asp73 cu) pno THR pno ALA sen ‘mn
74 sen ) sen sen sen sen sen sen _ sen
75 "nan pHe THH we put; THn _.. VAL76 ASN ASN sen AsN sen THH -- ASN77 Tnn GLN THR GLN Tnn Tnn —- Leu75 - ALA ALA VAL ALA Aux VAL PHE
79 Tvn wn TYR HIS ‘rvn TYH -—» sen

p 30 MET ME? MET MET mew MET .. LIEU.n 31 GLU GLU GLU GLU Asp GLU . sen9 52 Leu LEU LEU LEU LEU LEU Leu82A sen VAL sen sen Ana THR THR823 sen ASN sen sen sen ALA sen
520 Leu LEU LEU Leu LEU LEU ... VAL63 Ans PHE Ans pne ARG xLe -- THEM sen ASN sen sen sen sen -~ ALA
es GLU GLU GLU GLU Asp ALA ALAan Asp ASP Asp Asp Asp Asp Asp
257 nan GLY THR Tnn sen THR Tnnas ALA ALA ALA ALA ALA ALA ALA ALA99 ene VAL VAL VAL VAL 1Le VAL90 TYR 1Yn TYR TYR pHe YVR HR91 pne nan rvn TYR TYR 1vn TYR .
92 cvs cvs cvs cvs cvs cvs cvs -- cvs93 ALA ALA ALA ALA -ALA ALA \ ALA9a GLY Ana Ans Ans LYS ARG . , w Ans
95 GL‘I Cu) 7; GLU sen GLY A.95 TYR mp —~ 1vn ASP ALA .
97 (SLY LYS GLV FRO HISas me GLY pne pne TYR99 nn GLN Asp Tnp sen

100 sen VAL 1Hn sen Asp300A -_ ASN sen Asp nan
c soon — VAL -— Asp wn AspD IOOC -— ASN 1vn Tvn ASpn mop pno 7vn As~ sen
3 woe m —— pHe GLV100p _. _. .. ASP mn

1006 ~- --» ... ' TYn sensoon —- sen Leu100» ._ _. TYR1001 .A -. THR100K PHE TYR LEU
1m pno Asp wn Asn GLY
102 GLU wn Tvn VAL pno Ans
10:3 GLU mp mp TH? mp mpma Tvn ch GLY GLY GLY GLYI05 AsN GLN H GLN GLN GLN sen
106 GLY GLY GLY GLY GLV GL‘I GLY‘07 GLY VAL run non THR GLYn we Leu Leu LEU LEU Leu4 ‘09 VAL VAL VAL LEU . A VAL —-no THR mn mn n.e THR .L
:11 VAL VAL VAL VAL VAL —— VALn2 sen sen sen sen sen sen
us sen sen sen sen sen -.. sen sen ~ _ 
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5- 2s 27 25 2 1 :1 11 II v IA I2 9 30 3 2 33 34 OF OF OCCURRENCES AR 8 LITY’ KOH RIC wns VAU LEB SAC DEE LEA MAR HUS SEOUENCES AMINO OF MOST COMMON0 d I! I ACIDS AMINO ACID
O -— -— ~~ -- ~~ -—~ .1 gln PCA PCA PCA PCA my 30 5 21(PCA) 7.12 VAL VAL mm VAL VAL ala —— 30 6 25(VAL) 7.23 GLN lnu GLN - -—- —— ca pcn 29 5 22(GLN) 7.94 LEU - -~- LEU LEU 25 2 2&(LEU) 2.!5 1.: 4 11(VAL) 5.15 14 2 10(GLN) 2.87 ‘ 14 1 14(sER) 1.a 15 2 14(GLY) 2.19 15 4 12(ALA) 5.‘0 Id 3 12(GLU) 3.511 1a 2 12(VAL) 2.312 l5 5 9(LYS) 8.313 I4 2 13(LYS) 2.2F 14 ‘ 14 2 13(PRO) 2.2n ,5 14 3 12(GLY) 3.51 15 12 A 4( « 1 12.17 11 2 10(5En) 2.213 VAL 12 5 7|VAL) 8.6‘9 . 3:9 13 3 6( 2 1 5-520 Ne 12 4 6(VAL) a.21 H 3 9(SER; 3.722 9 2 BECYS 2.323 11 3 9 LYS) 3.724 11 5 4(ALA) 14.25 10 3 .B(SEH)‘ 3.526 ‘ 1o 2 9(GLY) 2.227 1o 4 5 11mg 8.28 8 3 6 THFI 6.29 B 2 7(PHE) 2.8so a 5 3(SER) 1a.31 s 7 2(ASP) 2e.32 B 2 5(TYR) 3.20 33 e 6 22 4 ) 24.g 34 e 4 411.2) a.1 35 —- e 5 311115) 13.95A ..359 ~-
36 -— 8 2 7 TR?) 2.337 ~« 8 3 5 VAL) 4.833 ~-— 8 2 7 ARG; 2.3 .39 —- 6 2 7 GLN 2.340 -—- a 3 6 ALA) A.41 ~- 8 2 7 PRO) 2.3a 42 —. a 2 7(GLY) 2.32 43 .. 7 4 2 + 14.44 —— 7 1 726L121 1.45 .. 7 i 7 LEU) 1.45 —-~ 7 1 7 GLU) 1.4-, -. 7 1 7(1’RP) 1.43 —- 7 2 leAL 3.549 >—- 7 2 GLGLJ 2.350 .. 7 7 1( 4 ) I d9.51 7 3 SYLE) 4.252 7 6 2 ASN) 21.
52A 6 3 amnoy523
52C .53 7 6 2 SER) 21.54 7 5 2 + ) 18.

g 55 —~ 7 a new; 5.3R 56 —- 7 5 2( o ) ‘3.2 . 57 —- 7 4 4 THR) 7. _53 —. 7 6 2 ASN) 21.59 —- 7 3 sown) 4.2SD . 5 4 3(ALA) B.61 6 3 8 PRO) 6.62 6 4 2 + 12.$3 6 - 3 S PHE 6.55 7 A 4(GLN) 7.es 7 5 3‘§_LY) 12.as 7 1 HAHG) 1.57 5 2 StVAL) 2.453 6 2 5 114R) 2.459 7 3 3( + ) 7.70 7 2 4(THH) 3.571 7 3 3( + ) 7.72 7 2 5(ASP; 2.873 7 5 2( 1 18.74 7 1 , 7558) 1.75 7 3 32 ~t ) 7.78 7 3 «‘5 ASN) 5.377 7 3 AfTHR) 6.37e 7' :1 4 ALA; 5,379 7 3 SUV“ 4.2
F 80 7 2 6 MET 2.3R 31 7 3 5 GLU; 4.23 82 MET 8 2 7(LEU‘ 2.332A ASN B 5 3(SER823 SE8 8 3 6(SER)

020 ._ LEU B 2 7(LEU)63 ... A1516 8 4 MARG) 6.an —— VAL B 4 5(5ER) 5.4as -. GLX a :1 : 4 5(GLU) : 4(GLU) 4.8 : e.66 -- ASX 8 7 : 2 8(ASP) : 7(ASP) . : 2.3
87 ~- THR 8 3 GITHFI) 4.as ~- ALA a 1 mALA 1.69 —- VAL a a 6(VAL 4.so TVR Tvn 9 2 B ‘lYR 2.391 _ TYR TYFI 9 2 BiYYR 2.3
92 -— CVS CYS 9 1 9(CYS) L93 THR ALA 9 2 3(ALA) 2.394 ... GLY A96 9 3 GmRGJ 4.595 ~- ARG ASX 7 5 2( v ) 18,96 GLY A86 7 6 2(TYR) 2!.97 - 2.. MET AS)( 7 G 2(GLY 21.98 - - ASX 6 5 2(PHE; 15,99 . 7w: 5 5 2(7Yn) 15.100 - --> GLY 6 5 2(SERA 15.100A —. ASX 5 4 2(ASN) : 21 SP)

C 1005 PHE 5 A 2(ASP)’o 1000 m 4 3 2(7Yr—1)n 1000 4 4 1( .1 13 100E --~ 2 2 1( +IDDF —- 2 2 H 4 ;
1006 .. 2 2 u a10011 2 2 H r g1001 1 1 1(TYR)100.1 I 1 1(THR)100K -~ 3 3 1( + )101 ASX 7 4 : 5 3(ASP) ; 21 + ) 9.3 : 1a.102 TYH a 5 . 6 GLIVR) 1:1. - ; 16.103 ‘(RP e 2 : 3 6(TRP) 2.7 : 4.104 GLY e 3 6(GLY) - A.105 61.x a :1 : 5 5(GLN) : MGLN) as : 10.
106 GLY e 1 6(GLY 1.F 107 THR 9 4 AlTHR; 9.R 106 LEU a 3 6(LEU) A.4 VAL e 3 SKVAL) A.THE! 9 2 8(THH) 2.3

VAL -~ VAL VAL 9 1 9(VAL) 1.SER .. SER Tun 1o 2 9(SER) 22SEA --- SE 7‘ SE R 10 \ 10(SE R) I.
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ANTIBODY SPECIF1CITIES: HUMAN "EAVV CHAINS SUBGROUP I

2) 5:13; ANT|~HUMAN GAMMA G GLOBULW: WA "3101va
'u) WOL: ANTI-HUMAN GAMMA G GLOBULIN: WA IDIOTYPE

10) STE: COLD AGGLUTININ WITH ANTI-BLOOD GROUP 1 ACTIVITY
16) MAR: ANTIvLIPOPFlOTECN Lmse
25) KOH: ANTI-HUMAN GAMMA G GLOBULIN

CLASS: HUMAN HEAVY CHAINS SUBOHOUP I
1) Eu: IGG1-KAPPA
2) SIE: ISM-KAPPA
4) WOL: ISM-KAPPA
5) CA: IGG1~
6) ND'CL: ICE-
7) MOT: IGG~
a) BRD‘IGG: IGG»KAPPA

10) STE: 1861-
11) BEN“): K363
12) £06: I663—
1:5) DI: iGM‘
14) BOT: (GM-
15) OMM'CL: 1603-
16) mm: 16M-
19) WAR: 1661.
20) VIL: IGGS-LAMBDA
21) DUN: 1664.
22) ADA: (GA-
23) NOR: (GA—
24) SAW: 1602-
25) KOH: IGM-LAMBOA
26) RIC: 1663-
27) W18: KEG}
25) VAU: 1661-
29) L59: IGG1~
30) SAC: IGG1~KAPPA
34) HUS: K563-

REFERENCE: HUMAN HEAVY CHAINS SUBGROUP 1

1) EU: CXN¥INOGHAM.B.A..RUT|SHAUSER,U..GALL.W,E‘.GOT7LIE3.9.0:.WAXDAL,M.J. 8- EOELMAN.G,M. (1970) BlOCHEMlSTRY.9.31G1-3170. (CHECKED BYU H R) '
2) SIE: ANDREWS.D.W. A CAPRAJD. (1981) PROC.NAT,ACADSCLUSA.783799-3803; ANDREWS,D.W. & CAPRA.J,D. (1981) BIOCHEMISTRY.20.SB16v5822.(CHECKED BY AUTHOR 11/15 32): ANDREWS,D,W:_& CAPRAJI). (1981) BIOCHEMISTHY.20.5322~5860.
3) ”03'CL: RECHAVLGHRAMQOHGLAZER.L..ZAKUT.FL B. GIVOL.D. (1983) PROC.NAT(ACAO.$CI.USA.80,855~859. (CHECKED BY AUTHOR 01/04/83)
4) WOL: ANDREWSJZLW: a. CAPRA,J.D.>(1SB1) PROC.NAT,ACAD.SCI.USA.78.3799-3803: ANDREWS.D.W. A CAPRAJD. (1981) BIOCHEMISTRY.20.5816-5822:(CHECKED BY AUTHOR 11/15/82): ANDREW$.D.W. 81 CAPHA.J.D, (1981) B(OCHEMISTRY.20.5822-5830.
5) CA: PITCHER.S:E. & KONIGSBEHG.W. (157D) J.6lOL:CHEM.‘245.1267-1271 (CHECKED BV AUTHOR)
6) ND'CL: BENNICH.H. 5- VON SAHRvLINDSTROMfi: (197d) PROGRESS IN IMMUNOLOGY.1.49-SBL BENNICH)H.H..JOHANS$ON.S.G.0. a. VONBAHR»LIND$TROM.H. (1978) IN IMMEDIATE HYPERSENSITIVH’Y: MODERN CONCEPTS AND DEVELOPMENTS. BACH.M.K.. ED..PP.1v36. MARCELDEKKERJNEW YORK; KENTEN.J.H..MOLGAARD.HAL.HOUGHTON.M..DERBYSH|RE.F\.B,.VINEY.J.,BELL.L,O. a QOULD.H:J. (1982)PROC.NAT.ACAD.SCI.USI\79.6661456651

7) MOT: KOJIMA,M.,ODANLS. 8| ONO.T. £1982) MOL.1MMUNOL..19,1095-110:1: KOJIMA,M:.KOIDE.T..ODANI.S. 8- ONO.T: (1986) MOL.IMMUNOL..25.169A174.(CHECKED BY AUTHOR ONCE/B ) - ‘
B) BRO‘IGG: HOPPEH.J.E..NOVE$.C,,HEINRIKSON.R. & KESSEL.J.W. (1976 J.|MMUNOL.A11S.7¢13-746: HOPPERJAE: A BRAHNE: (1977 J.IMMUNOL..119.8475849: CHECKED BY AUTHOR 03/25/73 WHO POINTED OUT HAT BRO' IS SAME AS BHlGG AND SUGGESTED THAT I SHOULD BERENAME AS 890166)

9) THO: HOPPER.J.E. A BRAHNE. (1977) J.IMMUNOL.,119.347‘869. (CHECKED BY AUTHOR 08/25/78)
10) STE: FISHER.C.EUPALM,W.H. A PFIESS:E.M. (1069) FEBS LETTERS.5.2O‘224 (CHECKED BV AUTHOR)
11) BEN“): KAPLAN,A.P..HOOD.L..TEHRY.W.D. 51 METZGERJ-O. (1971) 1MMUNOCHEMISTRY.8)801‘81‘1. (CHECKED BY AUTHOR)
12) ZUC: FRANGIONE.B. 6 MILSTEINJS. (1959) NATURE.224.697-599. (CHECKED BY AUTHOR) ‘ >
13) 0|: KOHLER.H..SH)MIZU:A..PAUL,C..MOORE.V. A PUTNAM.F.W, (197m-NATUHE.227.1318‘1320: FLORENT.G..LEHMAN.D. & PUTNAM.F.W: (1974)BIOCHEMISTRYJ12682-24981 (CHECKED BY AUTHOR 06/15/83)
113) 307: BARNIKOL-WATANABE.3..M1HAESCO.E..MIHAESCO.C..BARN|KOL,H.U. G1 H)LSCHMANN.N‘ (1986) Z.PHYSIOL.CHEM‘.365.105-11B.
15) OMM'CL: ALEXANDERA.,STEINMETZ.M.,BAHFNTAULTJI.FRANGIONE.B..FRANKLINECHHOOOL. 81 BUXBAUM.J.N. (1982) PROC.NATACADSCLUSAJQ.326043264. (CHECKED BY AUTHOR 08/17/83)
16) MAR: KAPLANAP..HOOD.L..TERRY‘W.O, 8' METZGER,H. (1971) IMMUNOCHEMISTHY.B.801-611. (CHECKED BY AUTHOR)
17) F1: MONTGOMERY,P.C:.BELLO.A,C. 5 HOCKEY.J.H. (1970) BIOCHIM.BIOPHYS.ACTA.200.258v288, (CHECKED BY AUTHOR)
18) VI): MONTGOMEHY.P‘C..BELLO.A.C. 81 ROCKEY.J.H. (1970) BIOCHIM,BIOPHYS.ACTA.200.258-256. (CHECKED BY AUTHOR)
19) WAR: KAPLAN.A.P.,HOOD.L,,TERRY.W.D. a METZGEH.H. (1971) IMMUNOCHEMISTRY,8.801~8‘1. (CHECKED 8V AUTHOR)
20) V1L: KAPLAN,A.P..HOOD.L).TERRY.W.D: A METZGER.H. (1971) IMMUNOCHEMISTRY.8.BO1~B11. (CHECKED BY AUTHOR)
21) DUN: KAPLAN,A.P,,HOOD. .TERRY.W.D. B- METZCEHM» (1971) (MMUNOCHEM1STRY.8)601-B11. (CHECKED BY AUTHOR)
22) ADA: KAPMN,A.P.,HOOD. .TERRY.W.D: 8| METZGER.H. (1971) IMMUNOCHEM)STRY.B.801-911. (CHECKED BY AUTHOR)
23) NOR: KAPLANJLP”HOOD,L..TERHY.W:D. 5 METZGER.H. (1571) IMMUNOCHEMISTRV.8.BO1-811. (CHECKED BY AUTHOR)
24) SAW: KAPLAN.A)P..HOOD.L..TERFIY.W.D. A METZGER,H, (1971) IMMUNOCHEM|$TRY.6.BO1—811, (CHECKED BY AUTHOR)
25) KON: KAPLAN,A.P:,HOOD,L.TERRY.W:O1 8- METZGEFI.H. (1971) 1MMUNOCHEMISTRY.6.801-E11: (CHECKED BY AUTHOR)
25) RIC: KAPLAN.A. ,HOOD,L..TERF1V.W.D. B. METZGEHJ-i. (1971) IMMUNOCHEMISTRY.5.301~811y (CHECKED BY AUTHOR)
27) W15: FRANKLIN,E.C).PRELLI,F. 8. FRANGIONE.B. (1979) PROC.NAT.ACAO.SCI.USA.76.652<456. (CHECKED BY ApTHOR O7/1fi'79)
23) VAU: FRANKLIN.E.C:,KYLE.R..SELIGMANN.M. & FRANGIONEJS, (1979) MOL)|MMUNOL..16,Q19‘92|. (CHECKED 8V AUTHOR 12/10/82)
29) L53: FRANKLIN‘E.C..KYLE,R..SELIGMANN:M‘ A FRANGIONE,8. (1979) MOL.IMMUNOL..16.919-9211 (CHECKED 8V AUTHOR 1?J1OI82)
30) SAC: PARR,D.M. (1951) MOLJMMUNOLVJBQSTZSQ. (CHECKED BY AUTHOR 03/02/52)
31) DEE: FHANG1ONE.B. a. MILSTEXN.CV (1987) NATUHE,216)939-941. (CHECKED 8V AUTHOR)
32) LEA: FRANGIONEAB. 5 FRANKLIN,E.C1 (1977) PROG.IMMUNOL..3,278-288. (CHECKED BY AUTHOR 07/18/79)
33) HAN: FHANGIONE.B« 81 FRANKLIN,E.C. (1977) VROG.IMMUNOL:.3.27B-285. (CHECKED BY AUTHOH 07/18/79)
3“) NUS: WANG,A.C. 3 FUDENBERG.H.H. (1975) ARCHABIOCHEM.BIOPHYS:.l68.657~6§4. (CHECKED BY AUTHOR 09/23/77)

  

NOTES: NUMAN HEAVY CHAINS SUBGROUP I
IDENTXCAL SETS OF FRAMEWORK SEGMENTS:

FR1: SET 1: VAUEZB).LEB(29). (2 loENTlCAL)
FR2: SET 1: EUULHG3'CU3L (2 IDENTICAL)

SET 2: WOUA). (IDENTICAL TO 2 HUMAN V«fi~l|l: TIU4).TE|I1OI,)
F93: SET 1: ND'CUG). (IDENTICAL TO 1 HUMAN V-H-m: U256'CU105L)
FRA: SET 1: WOLIdl. (IDENTICAL TO 2 HUMAN V~H-)|: MCE'(4].N2U(15I: 4 HUMAN V-H-Hl: TXUGLDOBI31LWEN33LN1513411 AND 1 MOUSEV-H-IIIA: MOPCIWNABH '

SET 2: ND'CLIG). (IDENNCAL TO 1 HUMAN V-H-ll: HIG1'CU1OI: 1 HUMAN V‘H-lll: UZGS'CLUDB): AND 1 MOUSE V-H-HA: HDEX12l15L)
|DENT1CAL SETS OF COMPLEMENTARH’Y DETERMINING REGIONS: ICDFH:

C092:

C093: SET 1: HGS'CLIS). (IDENTICAL TO 1 HUMAN V-H-Hl: LAMBDA-VHZS'CUZI: ‘l MOUSE V-H-IB: PJ14'CL122]: AND 5 MOUSE V‘H-IIB: 166~2'CL(3L186-1‘Cu5).102'CL115l.23'C|J1BL3‘CU26).) '
SET 2: ND'CLXSI, (IDENTICAL TO 1 HUMAN V:HAH|: U266’CLI1OSIJ

IDENTICAL SETS OF J‘MINIGENES:
SET 1: NO‘CUS). (IDENTICAL TO 1 HUMAN V~H»II: HIG1'CLI10): AND 1 HUMAN V-H~lll: U266'CL11OGI.)
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NOTES: HUMAN HEAVY CHAINS SUBGROUP I (ConI'd)
SPECIFIC NOTES:

3) HG3‘CL6 THE AMINO ACID SEQUENCE IS OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN FETAL LIVER GENOMICNA.

6) ND'CL: THE AMINO ACID SEQUENCE IS OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF MOUSE CDNA. ITCORRESPONDS TO THE AMINO ACID SEQUENCE DETERMINED EARLIER EXCEPT THAT THE AMINO ACID SEQUENCE DETERMINATION GAVEPCA AT POSITION 1, VAL AT 2. VAL AT 34, GLY AT 35. ILE AT 48 AND HIS AT 49.
7) MOT: PAPAIN CLEAVES BETWEEN ARC: 56 AND THE 57. AND BETWEEN ABC 62 AND SER 63.

I2) ZUC: IT WAS FROM A CASE OF HEAVY CHAIN DISEASE.
14) BOT: IT WAS FROM A CASE OF IGM HEAVY CHAIN DISEA$E_
15) OMM'CL: THE AMINO ACID SEQUENCE IS OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN CELL LINE CDNA. ITWAS FROM A CASE OF HEAVY CHAIN DISEASE.

27) WIS: IT WAS FROM A CASE OF HEAVY CHAIN DISEASE. ITS FIESIDUES AT POSITIONS 103 AND 109 ARE ASN AND CYS RESPECTIVELY. WHICH DONOT CORRESPOND TO THE USUAL RESIDUES FOUND AT THESE POSITIONS IN HUMAN HEAVY CHAIN SUBGROUP I,
28) VAU: IT WAS FROM A CASE OF HEAVY CHAIN DISEASE
29) LED: IT WAS FROM A CASE OF HEAVY CHAIN DISEASEV
30) SAC: IT WAS FFIOM A CASE OF HEAVY CHAIN DISEASE

+ THE FOLLOWING WERE EOUALLY AND MOS? FREQUENTLY OCCURFIING:
 AT POSITION RESIDUES

16 (ALASER)19 ILYS,AFIG)33 (TYRALA) .
43 ILY$,ARG.GLN
so (TRPJLENALSERGLY. LU_GLN)54 (PHE.SER)
58 (PRO.GLY)52 (LY$.ARG)
59 (VALMET)7a ILEUARGI73 (PROJHR)75 (PHEJHH)
95 IGLY,GLU)1000 ITYFI.PFIO,SER,ASN)

1005 (PHE.GLV) IIOOF (THRASP)1006 (TYRSEH)
IOOH (LEU.SEFI)100x (TYR.PHE.LEU)
101 . (PRO.ASP)
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HUMAN HEAVY CHAINS SUBGROUP H

 

 
 

 

  
   

   
  

 

 

 
 
 

      
 

' INVARIANT 1 2 :1 4 5 6 7 B- 9 1o 11 12 13 14 15 1a » OF A or OCCURRENCESRESIDUES 'COR DAW 0U MCE' (IE-1 HE SUPAT1 NEWM WAH H161 CAR SA IO SPA NZU ER! SEOUENCES AMlNO OF MOST COMMON19 'CL VH‘JA ‘CL 11’ Iv ACIDS AMINO ACIDll , 'CLIn

0 .. ..
1 PCA PCA PCA PCA gln PCA gm PCA erg 1n PCA PCA 12 3 eIPCA)2 VAL VAL VAL no VAL VAL VAL VAL Ieu AL VAL 9m 12 4 9(VAL):1 THFI THR THR THR asn THR gm gm gm gln THFl glu 12 4 6(THR)4 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU vs: 12 2 11lLEU)
5 ARG ARG mr lys ARG lys 1n Ix In gm ARG 11 4 : 5 41 1. 1 : AIARG)s GLU GLU GLU GLU GLU GLU LU LX LU gln GLU 11 2 IUIGLU) : 9(GLU)7 SER SER SEE SER SER asn SER SER SER up SER 11 3 SISER)B GLY GLY GLY GLY GLY GLY GLY GLV GLY GLY GLY --~ 10 1 1OIGLY).9 PRO PRO PRO PRO PRO PRO PRO PRO PRO 313 »~— 10 2 9(F'RO)

10 ALA ALA ALA mr ALA 1m 1y 9! gly eg 1o 3 41 . 111 LEU LEU LEU LEU LEU LEU LEU_ L U LE LEU LEU 10 1 10(L5U)12 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL 1o 1 10(VAL)1:1 LYS ar LYS LYS LYS LYS LYS ar~ Lvs LYS 1o 2 8(LYS)F 14 _ PFIO PR PRO PRO 313 PRO PRO PR PRO PRO 10 2 9(PRO)R 15 THR THR Iys THFI THR THR sar set so! ser 10 3 SITHR)t 16 . GLN GLN GLN lu his lu Iu GLN 1u Iu 10 a SIGLU)17 THE THR pro HR THR HR HR THR HF! HR 10 2 9(THR)18 LEU LEU LEU LEU LEU LEU LEU LEU LEUI LEU LEU 10 , 1 100.60)19 _ THR THR THR THR THR THH sor 90! 58! set 10 2 6(THR)
20 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU '~ 11 1 11 LEU)21 THR THR THR THR THR THR THE THE THR THR THR THR THE --- 12 1 12 THR)22 CYS CYS CYS CYS CVS CYS CYS CYS CYS CYS CYS CYS CYS --~ 12 1 12(CVS)2:1 'YHH Tun YHH THR THn Tun THR THE 1119 am THR THR 12 3 10(1‘HR)24 PHE PHE PHE PHE PHE Iou v8! val val Val val vnl w— 12 3 6(VAL1
25 SER SER SER SER SER SER SER SER SER ho SER SER -~— 12 2 11 SER)26 GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY LY GLY GLY ”A 12 1 12 GLYp27 PHE PHE PHE PHE Ieu Iou .1 r ’59! gly 91y 91y --- 11 5 4(PHE)28 SEE SEH SER SER SER SER S R Ihr pro SER SER 11 3 9(SEF1)29 LEU LELJ LEU LEU v3! LEU Ho pha ila pho --- 10 A 5(LEU)
30 SEE SER SER SER ssn thv SER SER 3L9 SEF! 10 4 USER)
:n SER GLY THR THR THR THR sen ASN ARG GLY 10 5 4(THR)

c 32 ‘IHR GLU SER SER ARG ASP GLY ASP THR TYR 1O 7 2( A )D 33 GLY THR ARG GLV GLY GLY TYR TYR GLY TVR 10 4 5(GLYR 34 MET MET MET VAL MET VAL TYR TYR TYR TR? 10 4 MME )I 35 CVS CYS ARG GLY SER ALA TRP , THR TYR SEE 1O 6 2( ¢ )35A VAL VAL VAL VAL VAL VAL GLY ~-- TRP -~ 8 3 6(VAL)358 GLY ALA SER GLY SER GLY >~ ... GLY ... 7 3 “GHQ
36 TRP TRP TR? TR? TRP TRP V1’15"“ TRP TRP TRP YEP 1O 1 10(TFIP)37 1LE ILE ILE ILE ILE ILE ILE VAL OLE lLE 10 2 9(1LE)
38 ARG A96 A86 ARG ARC: ARG AHG AHG ARG ARG ABC: 10 1 10(ARG)39 GLN GLN ARG GLN GLN GLN GLN ’ GLN GLN 1O 2 9(GLN)40 PRO P80 PRO ARG PRO GLY PRO PHD PRO 10 8 80390)F 41 PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO 10 1 10(PRO)R 42 GLY GLV GLY GLY GLY ‘GLY GLY GLY GLY GLY 1O 1 10(GLY)2 48 LVS GLU LYS LYS LYS ARG LYS ARE LYS- -~ 10 3 SILYS)M GLY ALA ALA ALA ALA ALA GLY GLY GLY 1o 2 51 a- )45 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU --1 10 1 _1D(LEU)46 GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU --~ 10 1 10(GLU)47 TR? TRP TfiP TRP TRP TRP TRP TFIP TRP TRP ... 10 1 WOKTRP)
48 LEU LEU LEU LEU LEU LEU ILE ILE ILE -—- 10 2 6(LEU)49 ALA ALA ALA ALA ALA ALA GLY GLY GLY ~~ 10 2 SIALA)
50 ARG TAP ARG PHE ARG TFIP SER TYR GLY 10 7 3(ARG)51 [LE ASP VAL VAL to A 6(ILE)52 ASP ILE PHE TYR .0 1o 6 3(ASN) : 3(ASP)
52A — _.. 2 2 u A )528 —.. ,_
526 .2. .2. ... ..
53 TRP LEU TYR TYR HIS 9 5 4(TRP)

C 54 ASP ASN HIS THR SEH 10 5 5(ASP) : 4(ASP)D 55 ASP ASP GLY GLY GLY 10 2 6 ASP;R 56 ASP ASP THR SER SER 10 A 5 ASP2 57 LYS LYS SEH ILE THE 110 6 AILYS)58 TYH TYR ASP TYR ASN IO 4 6(TYR)59 Tvn WR ASP Tvn TVR IO 4 7(TYR)
60 ASX GLY THR ASN LYS 10 5 : 5 3( + 1 GISEE)i
51 THE ALA THR PRO THE 10 3 5 THR)62 SER SEFI PRO SEFI SEH 10 2 9(559)63 LEU LEU LEU LEU LEU LEU 1o 1 10(LEU)8‘5 GLU GLU ARG ARG LYS 1O 3 MARS)
65 THR THE . SER GLY SEB 10 3 5|§ER1
66 ARG AHG ARG ARG AHG ARG 1o 1 mums)67 LEU LEU VAL VAL VAL 1o 2 5(LEU)68 THR ALA THR THR THR 10 3 8(THFI)69 ILE VAL MET ILE ILE 10 d 8(ILE)
70 SER SER LEU SER SER « 10 3 7(SEH)71 LYS LYS VAL VAL LEU ~ 10 a 5(LYS) I72 ASP ASP ASP ASP ASP - 10 2 WASP;7:3 - THR THR THH THFI THR . - 1o 2 9(THR74 SER SER SER SEH SER 55R —-- 10 1 10(SER)
75 ARG LYS LVS ARG LYS ' '~ 10 2 7(LYS)76 ASN ASN ASN ASN ASN ASN —-- 10 1 10 ASN)77 GLN GLN GLN GLN LEU 10 2 QEGLN)78 VAL VAL PHE PHE PHE 10 2 6 VAL)79 VAL VAL SEH SER SER 10 2 6(VAL)

F 80 LEU LEU LEU LEU LEU LEU ~-— 10 1 10(LEU)R 81 THE SER ARG ASN LYS ' ~~- 10 6 GI 4- )3 52 MET MET LEU LEU LEU -— 10 A 41 + )62A .. ASN SER ARG SEH -~ 9 5 3( ~ )828 -- THR SE8 SER SER ’ 9 3 M r )
32C VAL VAL MET VAL MET 1o 2 51 + )83 ASP GLY THR SER THR ASP 11 5 5(ASP)84 PRO PRO ALA ALA ALA PRO 11 2 7(PRO)85 VAL GLY ALA_ ALA ALA VAL 11 3 SI A )88 ASP ASP ASP ASP ASP ASP ASP 11 1 11(ASP)
87 THF! THR THR THR THR SER 11 2 SUHH)ea ALA ALA ALA ALA ALA GLY 1 1 2 9(ALA)89 THR THR VAL MET VAL THE 11 3 7(THF1)90 ”(YR TYR Tvn TVR Tvn TYR TYR 11 1 unym91 TVR TVR‘ TYR TYFI TYR PHE 11 2 9(TYR)
92 CVS CYS CYS CYS CYS CYS CYS 11 1 11(CYS)93 ALA ALA ALA ALA ALA ALA I1 2 10(ALA)BA A96 AFIG ARG ARG ARG HIS n 2 8(AFIG)
95 1LEI SER ASN GLV GLY ABC 11 7 3(AnG)95 THR CYS LEU ASN LEU . PRO 11 9 2t ‘— )
97 VAL GLY. ILE PRO LEU -~ PRO 11 7 MPRO)98 ~ ILE sen ALA PRO AFIG -— THP 11 7 3(ARG)99 PRO GLN GLY PRO GLY AFIG 10 7 21 ,. )100 ALA TYR CYS TYR GLY ~~— PHE 10 B 2( + )100A PRO PHE ILE ‘(YR TRP THR 10 e 2( A )

c 1008 .2. ASP ASN SER 7 5 2(GLY)D 100:: ~- ILE ASP ASP 7 5 2(ASP)R 1000 -- GLY VAL LEU 7 5 21 E- 13 100E —~ THE ASP GLY 6 5 ZIGLY)10°F GLY TVR SER 6 4 2( A )
1006 SE?! TYR --~ -»- 5 2 JlTYR)1001"! ASP TYR ~-— --- A A 1( + )1001 ASP GLY »-- .._ 3 3 1K -’ )1000 --» ALA ... ALA GLY M61’ 4 :1 2(ALA)100K - MET PHE PHE SER ILE m 8 4 MPHE)
101 ASP ASP ASP ASP ASP LYs ASP ASP ASP ASP 12 3 10(ASP)102 VAL TYR VAL ILE VAL ILE VAL VAL VAL VAL 11 a 7(VAL)
103 TRP TRP TRP TRP » TRP TRP ILE TRP TRP TRP rap 12 2 11(THP)104 GLY GLY GLY GLV GLY GLY PHE GLY GLY GLY GLV 12 2 ”(Gun105 ARG GLN LYS GLN GLN GLN GLY GLN GLN GLN ABC 12 4 8(GLN)
106 GLY GLY GLY GLY GLY GLY SER GLY GLY GLY GLY 12 2 HIGLYF 107 YHR ILE THR THR Tun THR GLY SER THR THR THR 12 a 91mm;R 108 - PRO LEU THR LEU MET LYS THR LEU THR THR THE 12 5 511mm

4 309 VAL VAL VAL VAL VAL VAL ARG VAL VAL VAL VAL 12 2 11(VAL)~10 THR THR THR THn THR ALA LEU THR ms THR YHR 12 a 9(THR)
111 VAL VAL VAL VAL VAL VAL SEN VAL VAL VAL VAL I2 2 11(VAL)112 sen sen sen sen SER SER ILE sen SER SER SER 12 2 1113159)113 sen SEA ARG sen SER sea ALA a 3m SQSER)
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HUMAN HEAVY CNAKNS SUBGROUP H (comb)
VARIABILITY
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I66 .
ANTIBODY SPECIFICITIES: HUMAN HEAVY CHA BGROUP II

B) NEWM: ANTI<3<(3'-HYDROXY~3',7'.II’.I$‘.TETFIAMETHYL HEXADECYL) Z-METHVL 1,4 NAPHTHOOUINONHVITIKIOH)
CLASS: HUMAN HEAVY CHAINS SUBGROUP II

1) con: 1(3le '
2) DAW‘ IGGI~IJIMBDA
3) cu: IGM—KAPPA
4) MCE': ISM-KAPPA
6) HE: IGGI-
9) new»: IGGI-LAMBDA
g) WAN: IGO-LAMBDA

12) SA: 1552-LAMBDA
15) nzu: IGM~
16) Em: IGD-

REF‘EIIENCE: HUMAN HEAVY CHAINS SUBGROUP II

1) con: PRESS.E.M. & HOGG.N.M. (1970) BIOCHEM.J..I17,GAI‘660. (CHECKED av AUTHOR)
2) DSW: PRESS.E.M. s HOGGIN.M. “970) BIOCHEMJHIIzsm-ssa (CHECKED 3v AUTHOR)
3) cu: PUTNAM.FIW..5HIMIZU.A.,PAUL..C..SHINODAIT, s K0HLEH,H. nah) ANN.N.YIACAD.SCI,.190.83403. (CHECKED BY AUTHOR 06/15/83)
A) MCE‘: ‘gE‘ggEF-JENSON.B.,KAZIN,A.,KEHOE.J,M..SCHEFFEL.C‘.ERICKSON.BIW. a LITMAN.G.W. (1952) JJMMUNOL,126.1212J2I5. (CMECKED av AUTHOR
5) “9&1 'CL: TMAHASHI.N.,NOMA.T. & HONJOJ. (1994) PROC‘NATACAD.SCI.USA.81.5|946198.
6) NE: CUNNINGHAM.B.A..GOTTLIEB.P.D..PFLUMM,M.N. A EDELMAN‘G.M, (I971) PROGRESS IN IMMUNOLOGY (B,AM0$.ED.).ACADEMIC PRESS.N.v,.PP.:-2¢(CHECKED BY AUTHOR)
7) swan vIHA-CL: DENNVICIT..YOSHIKAI,Y«.MAK.T.WI.SMITH.SID..HOLLIS.G.FI A KIRSCHJE. (was) NATURE,320.549~55\.
e) NEWM: POLJAK n.J,.AMZI—:L.L,M..CHEN.B.L,,PHI2ACKERLEV. FLP. & SAULF. (197A PROCANATACAD,SOLUSAJLBINOGAAQ, (CHECKED av AUTHOR WHOCORRECTED RESIDUES 6.9,15.I6.24.25I27.29 THROUGH 3555.160 AS GIVE IN TABLE OF THE FIRST EDITION OF THIS BOOK. AND HASMORE RECENTLY REVISED RESIDUES 5.?4.2B.29.30_31.33I34.35.35A.358.59.60 AND I01): POL/AK.R.J..AMZELIL.M,.CHEN.BIL..CHIU.Y.‘/.,PHIZACKEHLE‘I.R,P SAUL F. '8 YSERNX (1976) COLD SPRING HARBOR SYMP. QUANTITATIVE BIOL..4I.639A5£S: POLJAK.FI.J..NAKASHIMAJ'HCHENIEL. 8 KONIGSBERGNV. (1977) BIOCHEMISTRY.I6,34I2v3£20. THE SEQUENCE LISTED IN THE LAST REFERENCE IS GIVEN IN THE TABLEI(CHECKED BY AUTHOR. W.K,. 09/39/79) ‘ .
9) WAN: PUTNAM.F.W..TAKAHASHIN..TETAERT.D.(DEEUIRE\BI & LIN.LIC. (1981) PROCJ‘JATVACAD.SCI.USK78.616&6I72. (CHECKED BY AUTHOR 11/30/81);TAKAHASHLN..TETAEFIT.D.. EBUIRE.B.,LIN.L. 8 PUTNAM,F.W. (I982) PROC.NA’I.ACAUSCLUSA.79.28$O-2654.

l0) NIG‘I‘CL: KUDO.A,.ISHIHARAITI.NISHIMUHA,Y. & WATANABEJ'. (1935) GENE.33,IBI-IBB. (CHECKED BY AU'THOR 10/01/85)
11) CAR: FRANGIONE.B. (I968) PHD. THESIS. UNIVEI‘ISI‘DI 0F CAMBRIDGE, (CHECKED BY AUTHOR)
12) SA: MILSTEIN.C. B FRANGIDNE,B. (1971) BIOCHEM.J..121.2I7—225. (CHECKED BY AUTHOR)

 

' 13) IO: MONTGOMEIIRYIPSHBELLO,A,CI 8- ROCKEY‘JM. (I970) BIOCHIM.BIOPHY$.ACTA.ZOO.255‘266. (CHEQKED BY AUTHOR)
IA) SPA: FBANGIONE.8. A FRANKLIN.E.C. (1979) J.IMMUNOL:.‘I22.1177~‘II79, (CHECKED BY AUTHOR 07/18/79)
15) N20: ERICKSON.B.W465“BER-JENSON.BI.WANG.A.C. 8 LITMAN.G.W. (I991) MOL.IMMUNOL..IS,357-365. (CHECKED BY AUTHOR 11/30/83)
16) EHI: MILSTEIN.C,P. L DEVEFISON.E.V. (1980) IMMUNOLOGYAOfiSWGSA (CHECKED BY AUTHOR 11/30/3?)

NOTES: HUMAN HEAW CHAINS SUBGROIJP II
IDENTICAL SETS OF FRAMEWORK SEGMENTS‘. \FRI:

FR2: SET 1: SUP-TI VHJA'CLITI.WAH|8L (2 IDENTICAI.)
Ffi3z‘ V
FR-AZ SET ‘ I: MCE'I-flJ‘lZUlISl. 2 IDENTIOAL HUMAN VvH-II‘. ALSO 1 HUMAN V-H-I: WOLF-II: 4 HUMAN V-HJII: TludI,DOBI31LWEAKISLNIEISGI;AND I MOUS V-H-IIIA: MOPCAWNdBLI V

SET 2: HIGI'CLHOI. (IDENTICAL T0 1 HUMAN V-H-I: ND‘CUGI: 1 HUMAN V-H-III: U266'Cu106); AND I MOUSE V-H-IIA: HDEXIZIISI.)IOENTICAL SETS OF J‘MINIGENES:
SET I: HIGI‘CLI‘IO), (IDENTICAL TO 1 HUMAN V'H~I: ND‘CLIE)‘. AND 1 HUMAN V-I-MII: UZSS'CLIIOGI.)

SPECIFIC NOTES:

4) MCE‘: IT IS A CRYOIMMUNOGLOBULIN AND IS DESIGNATED BY THE AUTHORS AS MOE. IN ORDER TO DIFFERENTIATE IT FROM ANOTHEH NICESEOUENCED BY CAPFIA ET AL. IT IS DENO‘IED AS MCE'I ’
5) GET ’CL: CELL LINE CESS
7) 3U93T1 VH-JA'CL: IT )5 FROM A PATIENT SUFFERING FROM CHILDHOOD T-CELL LYMPHOMA WITH InV(IA)Iq1‘I.2:Q.'32.2 v THE INVERSION ONCHROMOSOME 14 BRINGS THE VH GENE AND JA MINIGENE TOGETHEH. GIVING RISE TO A HYBRID MOLECUL CONTAINING PART OF THEIMMUNOGLOBULIN GENE AND PART OF 'THE T-LYMPHOCYTE RECEPTOR FOR ANTIGEN GENEI ‘

IA) SPA: IT WAS FROM A CASE OF HEAVY CHAIN DISEASE.
15) NZU‘. IT IS A CRYOIMMUNOGLOBULIN,

~+ THE FOLLOWING WERE EOUALLY AND MOST FREQUENTLY OCCURRING‘.
AT POSITION RESIDUES

5 (ARGIGLN)
10 (AMJSLY:92 (THEE-ERA P)
35 (CYS‘SEFI)an (ALA.GLV
52A ”yamsso (SERAS )
31 ILYSIHH)I32 (LE‘UJI/IET52A (THESER)828 (SERASN)820 IVALMET)as (VAL/ILA)
98 PRO.LEU)’99 (p O.ARG.G Y)

100 (TYRPHE)100A (ALAII'HRIooo (TYRLEUIOOF , (T‘IF‘.GLV) .IOOH ITYR.SEF.ASPIASN)10m (SERGLYIASP)
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lNVARIANT 1‘ 2 '3' 4 5 6 7 8 9 10 11 $2 )3 14‘ 15 16‘ 17 15 19 20‘ 21 22 23
RESIDUES TUR LAMBDA POM TIL WAS HFZ- HF2A HFZ» HH TE! 890' GR' WAT LAY GRA‘ FR MU VIN HFG- BEN ZAP JON KEA
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60 ALA GL'Y ALA ALA ALA ALA ALA ALA ALA , ALA THR , ‘ ALA ALA61 VAL ASP ASP ASX ASP ASP VAL ASP ASP VAL GLU ASP ASN
62 SER SEE SER SER THR 56?! SEE SER SE8 SE9 SER SER SER63 ALA VAL VAL VAL VAL VAL VAL VAL VAL VAL LEU VAL VAL66 GLN LYS ASN LVS ASN LYS GLN LYS ASN GLN ASN ‘ GLN ASN
65 GLY(.97L GLY GLY} GLY GLY GLY GLY GLV GLY GLY GLY Am GLV66 ARG ARG ARG ARG ARG ARG ' ARG ARG ARG ARG AHG ARG ARG
57 PHELQ?) PHE PHE PHE PHE PHE ’ PHE PHE PHE PHE PHE PHE PHE58 THR THE THE THE THE THR THR THR THR THR THR THR
59 ILE(.97) ILE ILE )LE ILE ILE ‘ ILE ILE ILE ILE TLE ILE [LE
70 SERLQ?) SER SER SER SEH SE9 SER 85“ SEE SEH SE9 1 SER SEH71 AHG ARG ARG ARG ARG A36 A96 ARG ARG ARG ARG ‘ ARG ARG
72 ASN ASP ASN ASP ASN N ASP ASN ASN ASN ASN ASN 'ASN73 ASP ASN ASP ASP ASP ASN ASP ASP ASP ASP ASP AS?76 SER SEF! SER SER SER ALA SER SER SER SER SER SE9
75 LYS LYS LYS LYS LYS LYS LYS LYS LYS LYS LYS LYS76 ASN ASN ASN ASN ASN ASN ASN ASN ASN ASN ASN ASN77 THR THR THR THE THE ‘ THR ,THR THR THR THR THR THR
78- LEU LEU LEU —-- LEU LEU LEU LEU LEU LEU LEU LEU79 TYR TY,“ TVR ~- TYR TYR TYR TYFI TYR TYR TYFI TVR

F (80 LEU LEU LEU .-—- LEU LEU LEU LEU LEU LEU ' LEU LEUR '81 GLN GLN LEU —- GLN GLN GLN ASN GLN GLU GLN GLN3 82 MET(.9$) MET MET MET MET MET MET MET MET MET MET MET MET MET MET82A LEU ASN ASN ASN ASN ASN LEU ASN . ASN LYS ASN ASN |LE ASN
82B SER SE9 SER SER _ARG SER SER SER GLY THR SER THR SEF! ASN
82C LEU LEU LEU LEU LEU LEU LEU LEU LEU GLY LEU VAL LEU83 GLN ARG GLN AHG GLU ARG GLU ARG GLN GLU ARG THR A9664 ALA AM ALA ALA ALA ALA PRO ALA ALA PRO ALA ALA PRO VAL
85 . GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLX GLU GLU GLX68 ASP ASP ASP ASP ASP ASP ASP ASP VAL ASP ASX ASP ASP ASX
87 THE THR THR THR THR THE. THFI THR SER THR THR THR THH THR88 ALA ALA ALA ALA ALA . ALA ALA ALA ALA ALA ALA ALA ALA ALA89 LEU VAL LEU VAL VAL VAL VAL VAL VLE VAL VAL VAL VAL VAL
90 TYRLSB TYFl TVR TYH TYR TYR TYH TYR TYR TYR TYR TVR TYFI TYR TYR91 TYRLSS; TYR TYR TYFj TYR TYR TYR TYQ TYR’ ‘TYR TYR TYR TYR TYR TYR
92 GYS CVS CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS CVS CYS CYS93 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA

_ 94 ARG LYS AHG LYS ARG ARG ARG ARG ARG AFIG ARG A86 A36 ARG95 LEU # ASP GLY PHE —- VAL SER ASP HIS VAL ASX96 SER ~v ALA LYS ARG - THE PRO ALA [LE VAL A36
97 VAL ~- GLY VAL GLN -~ PRO VAL GLY TYR .'JAL LEU98 THR ~~ PRO SEH PRO ~— ALA GER PRO VAL' SER GLY
99 ALA —- TYR ALA PHE --- ALA LEU TYR THR THR PRO.100 VVAL .. VAL TYH VAL --- ALA VAL VAL LEU SER TNRTOOA ALA ~- SER TVR GLN SER ASP SER TYR u- ALA

C IOOB PHE‘ —- PRO PHE —- LEU GLY PRO TYPO -— CYSD 100C ~- ~- THR -— THH THP THE TYR 589R moo —. ~- PHE ... LEU PHE VAL3 100E —- --- .—- TYR ... —A ...100;: _. .. __ ... — TYR ... _. .L. .0
1006 M. .. .. ... m Tyn ..Vmore —. .. .. ... TYR ,.
100) ... .. _. m .. ... GLY .. _. .0
100.: m —. m PHE PHE m PHE MET100K - - «- PHE -—- PHE SSH ... PHE MET ' —-
10‘ ASP ~- ALA ASX ASP v-- ALA SEQ ALA Al) ASP ASP‘02 VAL —- HIS TYR VAL ~~ VAL HIS VAL VAL VAL
103 TRP _— TYR TRP PHE TRP TRP TRP TRP ’ . Tap mp"
104 GLY(.97) GLV --- GLY GL‘I GLY —-- GLY GLY GLY GLY ' - GLY GLY105 _ GLN —« GLN GLX GLN ~~ GLN GLN GLN GLN GLN GLN
106 GLYLS?) GLY GLY GLY GLY 7.. GLY GLY GLY GLY GLY GLY107 THR- THE THE THR --- THR THR THR THR THR THR

R ‘08 LYS LEU LEU LEU -“ LEU LEU LEU LEU ’ LEU PRO
4 109 VAL(.97) VAL VAL VAL VAL ~~ VAL VAL VAL VAL"0 SER —- THR THFI THR THR THR SE THE311 VAL

112 sen SER
‘1_I3    



 

 PATENT DOCKET NO. 709

IN THE UNITED STATES-PATENT AND TRADEMARK OFFICE

Group Art Unit: 1806‘ , In re Application of )
‘ )

Paul J. Carter et al. l Examiner: L. Feisee
)

Serial No. 07/715,272 i REC‘F
)

Filed: 14 June 1991 ) NOV 0 5 i993
‘ ) Git» ' aFor: lmmunoglobulin Variants ) . GU” YUM)

' ) 460 Point San Bruno Boulevard
) South San Francisco, CA 94080
) (415) 225-1896

W

Honorable Commissioner of Patents
and Trademarks

Washington, D.C. 20231

Sir:

Applicant hereby appeals to the Board of Appeals and lnterferences from the decision dated May

19, 1993, of the Primary Examiner finally rejecting claims 1-11 and 17-21.

The Commissioner is hereby authorized to charge Deposit Account No. 07—0630 in the amount

of $270 to cover the fees for this appeal and to charge the deposit account for any further fees in

regard to this patent application. A duplicate copy of this Notice is enclosed for this purpose.

Respectfully submitted,

' GENENTECH, lNC.

W E filmy/é
Janet E. Hasak '

Reg. No. 28,616

Dated: October 15, 1993

 

CERTIFICATE OF MAILING (37 CFR 1‘83)

I hereby certify that this paper is being deposited with the United States Postal Service on the date shown
below with sufficient postage as first class mail in an envelope addressed to the: Comnissioner of Patents and
Tradema ks, Washington, D.C. 20231.

m5 Date: October 15, 1993
Louise Strasbaugh

RP114 “ I ‘ fir? - run r1 —r r a r
WOZOM r4’57 li/O+/93 O/Ile/L 0/“0600 140 119 Z70n00CH

344

'5 if. ‘ Ciro/3m;



 
PATENT DOCKET 709

IN THE UNITED STATES PATENT AND TRADEMARKéFFbZE/ //W¢5
In re Application of ) Group Art Unit: 1806

I

Paul J. Carter of al. ) ExaminercL. Feisee' RECFHX
) 7' ,l

Serial No. 07/715,272 l AW 0 5 i9
) Si“ ‘9 .

Filed: 14 June 1991 ) K’Ui'" it“;
. )

For: lmmunoglobulin Variants ) y
) 460 Point San Bruno Boulevard
) South San Francisco, CA 94080
I (415) 225-1896

PETITION AND FEE FOR EXTENSION OF TIME {37 CFR 1.1361an

Honorable Commissioner of Patents
and-Trademarks , 3 . ,

Washington, D.C. 20231 \

Sir:

Applicant petitions the Commissioner of Patents and Trademarks to extend the time for
response to the Office action dated May 19, 1993 for an additional month, from September 19, 1993
to October 19, 1993. The extended time for’response does not exceed the statutory period.

Please charge Deposit Account Number O7~0630 in the amount of $250 to cover the cost of
the second month extension fee less the first month extension fee paidin relation. to the request for a
one month extension ofxtime filed on September 20, 1993. Any deficiency or overpayment should be
 charged or credited to this deposit account. A du licate of this sheet is enclosed.

Respectfully submitted,

GENENTECH, INC.

23W
Jag t E. Hasak

Reg. No. 28,616

Date: October 15, 1993

RPMiéé *1/94/93 07715272 O7~0630 140 116 250.00%J.

 
CERTIFICATE OF MAILING (37 CFR 1.8a)

I hereby certify that this paper is being deposited with the United States Postal Service on the date shown
below with sufficient postage as first class mail in an envelope addressed to the: Conmissioner of Patents and

rks, Washington, D.C. 20231.  
 

  

 ctober 15 1993Date: 0 I

Strasbeugh

345

d 2. ' M2909 ..

 



 

 

  

Mis

  
  

 

 

 
  

 
 

  
  

 
   

  

, .‘ uiO' .

,I' K.» ‘ \ )..,._. . uNl'lED srnEs ospsnrueur or counsnoe

fl x 2 Point Ind Trpdumsrk Ollicin... 6 Address: comwsswnen or ”rams mo rmoemnxs‘ Washington. Doc. 2023: . .

-- SERIAL NUMBER T HUNG DATE 1 FiRSi’ NA. :0 Awucnm ljrronmvgoéfim En; _i I
.5431;- M' Lil/"LL LRRJLE- l2 741'} mi

. . . .‘ _,_. w,“.r - Wt. ‘LWQL _______..‘
J “ .ilNIZZ. ,_..___-s_____,._
' . 'H-Ili. YN Fl. mzt ,L-‘ik' ”‘1 ”N” lJfiEfl‘Efl‘fl'EELM'r SAN 31km .l BLVD.

Strum ., hi F-imblctl- izrl attain) MJ-isaga—L» wiDATE MAILEU:
iii/13:1 .1‘3 3

— éalaw Is a mmmunicailon (mm the EXAMINER In ehlrga o! rill- npp'flutlon
COMMISSIONER OF PATENTS AND TéADENAflKS

ADVISORV ACTION

,, _ THE PERIOD FOR RESXJSE:
07% Is uxlondnd ta mnMor wno‘nuos to run _...._»————— from the ditto at the final mieciion
15) C] 6min): thrae months trorn the due at the final relacrion or u of the mailing drain or this Advisory Action. whichever is lunar. in no

own! howovnr. will the statutory period tor the mponso expire into! than six months from tho date at the llnal redaction.

Any extension oi time must be obtained by filing a petition under 37 CFR Llsfiia). the proposed response and the appropriate too.
The date on which the rasponso, the petition . and the lee have boon film! is the date oi the msponse and also tho dole lot the
purposes 0! deiormlning the poriod of extension and tho corresponding amount ol mo (’69. Any omnslon toe pursuant to 37 CFR
l.l7wlii be calculated from tho data oi the originally set snonanod statutory period iorresponso or as- not tonh in b) above.

 

 
 

  

 

.- ' D Appelinnl's Brloi is clue in accordance with 37 CFR 1. 92m).
', ‘B‘ Anpliounl's response to tho linoi rejection. Hind has been ‘oonaidorodwith tho following enact. built is notduemod‘, so plane the application in condition tor allowance:

tfi‘mo proposed amendments to tho duim and Ior specification will not be onward and the final roirx‘s'on stands because):
at] Thom is no cont/indng showing under 37 CFR i.l16(b) why tho proposed nmendmenl is naoennty arrow» not oerllorpmsentod.

timely raise new issues that would run-Jim lumr consideration and/or warcn. (See Nora).r

’i 9. try raise the issue 0! now manor. (Soc Nola). .
1 They am not doemod to place the applicationm better form ior appeal by mamrially rodudnq or simplliylnu ma luau lor

upwel- ‘
‘ ' a. CI They pruwnt additional claims witnout mailing a corresponding number 0! llnnliy rejected claims.

" NOTE: .' 1L4...»

i ,

l 2‘ D Newly proposed or amended claims would be allowed" Iobmlned in a nap-Mniely filed amendrnonlcunoeliing
4‘ tho non-allowable claims. .

; m Upon the filing an appeal, the proposed amendment [3 will be mlorodflwlli not be onlamdand the mm ol mo wuss i MI be u lollows: , . a ‘ ¥; 1
; . / Z DAViDLLACEY

Claims allowed: . SUPERVISOHY PATEM EXAM b)
. Claims obioched to: P > lo [1Claims minded: _ _ GROU ’80
i ' Hawsvor;

   
(45c. HQ.- Aoplicam’smsponsohoso olholoiiowing action”): w W

M MW“@M flsmfihm Wita';
-or reconsideration has been unnlderod but do“ n-t woman-lo the i ““3" booauso
U u ' l,I . , a... - .ML. .4 ‘ I a ‘14 . ' .

ow “MHM' . . ._ . . _ l' W
5. {j Tho alfidavli or oxhibil will not be considered becauso applicant has not shown good and oulfieont reasons why ltwm not earlier.pmnhed.

  
  

f D The proposed drawing correction U hiss D has not been approved by tho amminur.
A ‘ D Other(a - \

.\ ,

W'WWW®$%@% «W’wé WM346 mwwz—«agg‘w WM ,, omfifls Wmmrnevmxl. nrxJafld/J n.t/



 

i 3 3 a;
PATENT DOCKET 7O

 IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re Application of Group Art Unit: 1806

Paul J. Carter et-al. Examiner: L‘. FEISEE
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I .,

Serial No. 07/715272 IRE NEW-{E355 I (19/J.“ * :"vII-t: )

Filed: June 14, 1991 {DEC 2 9 1995 I I8
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I
I
)

l

k.» {Ifi/{Wm

For: lmmunoglobulin Variants GRUUa I M5, 460 Point San Bruno Boulevard
South San Francisco, CA 94080

I (415I 225-1896

AMENDMEN'LEgeLR'SUANT TO 37 CFR § 1.116131

‘5
:3 *1" . .

, 3H.'onorable Commissaoner of Patents
and Trademarks

& Washington, D.C_. 20231

9; .Sir:

_ \ Pursuant to 37 CFR 1': 1.116(3), please cancel claims 1-11, 17, and 19-21 of the above
i:\ application. Claim 18 Was canceled in the Amendment filed September 207-1333: Applicants trust that

E

the above-mentioned application with allowed claims 12 and 13 will be in condition for allowance
following the entry' of this amendment and look forWard to receiving the Notice to this effect.

Respectfully submitted,
GENENTECH. INC.

91M Q". We
Dated: December 13, 1993 - , Janet E. Hasak

' Reg. No. 28,616

CERTIFICATE OF MAILING

I hereby conifythat this correspondence is being deposited with the United States Postal Service in first class envelope addressed
to: Commissioner of Patents and Trademarks, Weshin on, D.C. 20231, on the date shown below.

\

omflée (1‘13

  
  uise Strasbaugh
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EXAMINER INTERVIEW SUMMARY RECORD

, All participants (applicant, applicant’s representative, PTO personnel):

; Date of interview 5 I Z / @4‘P
Type; elephonic ersonal (copy. is-given to C] applicant _ D applicant's representative).

_l3)
  (4)

i7
 

Exhib' shown or demonstration conducted: D Yes C] No If yes, briefdescription:W

Agreement [3 was reached with respect to some or all of the claims in question. Cl was not reached.
 

Claims discussed :1 

 Identification of prior art discussed:

 

 
 

Description of the general nature cl what wasagreed to if an agreement was reached, or any other comments: . '
WM " _ -‘ ‘ ' Wag, W) #lZCZ-W'- " —_—:-‘— 

 
\
 
 

 

r ' (A fuller description, if necessarykand a copy of the amendments, if available, which the examiner agreed would render the claims allowable must be
attached. Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must be attached.)
Unless the paragraphs below have been cheeked to indicate to the contrary. A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTlON isNOT WAlVED AND MUST INCLUDE THE SUBSTANCE OF THE lNTERVlEW (9.9., items 1~7 on the reverse side of this form). if a response to thelast Office action has already been filed, then applicant is given one month from this interview data to provideastatement olthe substante of the interview.

D it is not necessary for applicant to provide a separate record oi the substance of the interview.

_ Cl Since the examiner's interview summary above (including any attachments) reflects a complete response to each of the objections, rejections andrequirements that may be present in the last Office action, and since the claims are now allowable, this completed form is considered to fulfill the
response requirements of the last Office action.
 
Examiner's i nature
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COMMISSIONER OF PATENTS AND TRADEMARKS ‘
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Nodes oi Reisrencee Oiled by Exeminel, ”0892. A 2. D Neil:- aI Draftsman‘e Pmnl Drawing Review. PTO-948. I

3. Notice 01M Cited by Applicant. PTOAHJO. A D Nah oi inhrmai Petent Appileaflen, 1970452
; a C] Infermaxien on How 2:": Eifoci Drawing new”, 71mm. 3. C] '
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"New” . Z; W[5 are rejected.
a. C] cum ’ ‘ _ _ am mm in.

§ ‘ ‘5, E) Claims are wbiect in mm or election requirement

1. w This implication he» been (lied with Inmnnai drawings under 37 C.F.R.1.85 which are acceptable for examination purposes.

5 8. D Fotmai'dmwinoem required in response to this Office action
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Art Unit 18®6

The finality of the previous Office action is withdrawn in

view of the following new grounds of rejection.

Claims 12 and 13 are pending in this application, and these

claims are humanized light and heavy chain variable regions of a

previously referenced antibody 405.
Claims 12 and 13 are rejected under 35 U.S.C. §’l@3 as being

unpatentable over Hudziak et. al. or Fendly et. al. in view of
Queen et. al. , V

'Hudziak at. al. and Fendly et. al. both teach the production

and characterization of the 4D5_antibody (see Hudziak et._al. 1166—

1167 and Fendly et. al. pages 1553-1554). Hudziak et. al. suggests

the possible therapeutic role of the 4D5 antibody in human
neoplasias which overexpress p185—HER2 (pages 1171, last paragraph)
while Fendly et. a1. disclose the possible use of antinp185 HER2
antibodies for in vivo radioimaging for detection of relevant 

primary tumors. They do not describe the production of these
antibodies in the humanized form.-

Queen at. al. teach the produCtion of antibodies against IL~2

receptor in the humanized form, using computer modeling in order to
determine the modification of certain' framework‘ regions in

conjunction with CDR grafting. The antibodies produced are than to
be used for in vivo administration to human patients, either for

 

diagnosis or therapy. *It is known in the art that murine.and even

chimeric antibodies have characteristics which may severely limit

their use in human therapy. As foreign proteins, murine and

chimeric antibodies may elicit immune reactions that reduce or

destroy their therapeutic efficacy and/or evoke allergic. or

hypersensitivity reactions in patients. The probable need for

readministration of such therapeutic modalities in neoplastic
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disorders increases these risks. The result would be tissue injury

by virtue of antigen—antibody deposition.

It would‘have been prima facie obvious to one of ordinary

skill in the art at the time the invention was made to make

humanized antibodies having the sequences of the 4D5 antibody.

The methods of Queen at. al. were clear and self explanatory, and

resulted in a high affinity antibody. One of ordinary skill in the

art would have been motivated to humanize the 4D5 antibody in light

of its potential therapeutic and diagnostic applicability.
Although the claims are drawn to specific amino acid

sequences, it is maintained that the differences in amino acid

sequenCe which would have been obtained using the method tof Queen
et. al. would not have ‘been patentably distinct from the claimed

amino acid sequences. Absent sufficient factual evidence to the

contrary the claims are obvious over the cited prior art.

35 U.S.C. § lbl reads as follows:

Whoever invents or discovers any new and useful
process, machine, manufacture, Or composition
of matter or any new and useful improvement
thereof, may obtain a patent therefore, subject
to the conditions and requirements of this
title.

Claims 12 and 13 are rejected under 35 U.S.C. 5 161 because

the claimed invention lacks patentable utility. 'Theae claims are

drawn to a light chain variable region polypeptide and a heavy

chain variable region polypeptide which in and of themselves haVe

.no patentable utility. The specification does not disclose any

3 351
















































































