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 EXPRESS MAlL NO. 859937585

MAILED 14 JUNE 1991

 fi/ IMMUNOGLOBULIN VARlANTS

Field of the invention

_ This invention relates toimethods for the preparation and use of
variant antibodies and finds application particularly in the fields of

immunology and cancer diagnosis and therapy.

Background of the invention

Naturally occUrring antibodies (immunoglobulins) comprise two

heavy chains linked together by disulfide 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/Q
J. MOI. Biol. 186:651—663 (1985); Novotny and Haber, Proc. Natl; Acad. Sci.

#3415272
DOCKET 709 .
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(1318245924596 (1985).

The constant domains are not involved directly in binding the

antibody toan antigen, but are involved in various effector functions, such

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

The variable domains of each pairof 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.,» Sequences of Proteins

of Immunological Interest, National Institutes of Health, Bethesda, MD,’

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

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

B-sheet structure. TheCDRs 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. et al., Blood 62:988-995 (1983): Schroff, R. W.

et al., Cancer Res. 45:879-885 (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 et al., U.S. patent No.

4,816,567; Morrison, 5. L. eta‘L, Proc. Natl. Acad. Sci. USA 81:6851-6855
(1984); Boulianne, G. L. et al., Nature 312:643-646 (1984); Neube‘rger, M.

S. etal. , Nature 314:268-270 (1985)). ,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 may be selected to tailor
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the chimeric antibody for participation in antibody-dependent cellular

cytotoxicity (ADCC) and complement-dependent cytotoxicity (see e.g. I

Brflggemann, M. etal., J. Exp. Med. 166:1351—1361 (1987); Riechmann, L.

et al., Nature 332:323-327 (1988); Love et al.~, Methods in Enzyme/09y

1782515527 (1989); Bindon et al., J. Exp. Med. 168:127-142 (1988)..

in the typical embodiment, such chimeric antibodies contain about

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

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

case of the murine anti-C03 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 séquencesin human

antibodies, Winter and colleagues (JonesgP. T. et .51., Nature 321:522-525
(1986); Riechmann, L. eta/., Nature 332:323-327 (1988))Verhoeyen, M. et

a/., Science 239:1534-1 536 (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. In'practice, 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 a/., Lancet i:1394-1399 (1988)).

A murine antibody to the interleukin 2 receptor has also recently been
humanized (Queen, c. et al., Proc. Natl. Acad. sci. USA 86:10029—10033

(1989)) as a potential immunosuppressive reagent. Additional references
related to humanization of antibodies include Co eta/., Proc. Natl. Acad. Sci.

x,‘\J
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USA 88:2869-2873 (1991); Gorman et al., Proc. Natl. Acad. Sci. USA

88:4181-41 85 (1991); Daugherty etal., NucleicAcids Research 1 9(9):247 1 —
2476(1991): Brown et al., Proc. Natl. Acad. Sci. USA 88:2663-2667

(1991); Junghans et al., Cancer Research 50:1495-1502 (1990).

in some cases, substituting CDRsfrom rodent antibodies for the

human CDRs in human frameworks is sufficient to‘transfer high antigen

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

M. et 31., science 239:1534-1536 (1988)), whereas in-other cases it has

been necessary to additionally replace one (Riechmann, L. et al., Nature 9

332:323—327 (1988)) or several (Queen, C. et al., Proc. Natl. Acad. Sci. USA

86:10029-1003‘3 (1989)) framework region (Emresidues. See also Co et-
al. , sup/a.

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,
9. 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,
C. & Lesk, A M, J Mol. Biol. 19.6901 -917 (1987); Chothia, C. et al,,

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

215.:1754'82 (1990)) as critically affecting the conformation of particular

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

al,, Proc. Natl. Aca‘dfis‘ci. 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 9:545-51 (199-1 ); Spiegelberg' et al, Biochemistry 9:4217-

4223(1970);Walliceta/.,J Exp Med. 168: 1099-1109(1988): Sox eta/U ‘
Proc. Natl. Acad. Sci. USA 66:975-982l1970); 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'



 

10

15

20

30

' The three—dimensional structure ofimmunoglobulin chains has been

studied, and crystal structures for intact ir'nmunoglobulins, for avari'ety of

immunoglobulin fragments, and for antibody-antigen complexes have been

published (see 9.9.. Saul et al., Journal of Biological Chemistry” 25:585~97

(1978); I Sheriff eta/., Proc, Natl. Acad. Sci. USA 84:8075-79 (1987); Segal'

ei'al, Proc. Natl. Acad. Sci. USA 71:42984302 (1974); Epp. er al.,

‘Biochemistry 14(22):4943-4952 (1975); Marquart et al., J. Mol. Biol.

141:369-391 (1980); i—‘urey er a/., J. Mol.'Bio/. 167:661-692 (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 er al., Nature 264:415420 (197-6); Bruccoleriet al.,
Nature 335:564-568 (1988) and Nature 336:266 (meantsherman' er a/.,-

Journal of Biological Chemistry 263:4064-4074 (1988); Amzel and Pol-jaky
Ann. Rev. Biochem. 48:961-67 (1979); Silverton 'et al... Proc. Natl. Acad.

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

24:821-829 (1987). it 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 A'mzel, 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 achieve 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 proto—oncogene HERZ (human epidermal growth factor

receptor 2) encodes a protein tyrosine kinase (p18‘5HER2) that is relatedto
andsomewhat homologous to the human epidermal growth factorreceptor

5
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' supra, Science 1989).

O y t ‘ - 0

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

3]., Nature 319:230-234 (1986): King, C. R. et a/., Science 229:974—976 ’
(1985)). HERZ is also known in the field as c-erbB-2, and sometimes by the

name of the rat'homolog, neu. Amplification and/or overexpression of HERZ-

is associated with multiple human malignanciesand appears to be integrally
involved in progression of 25-30% of human breast and ovarian cancers

(Slamon, D. J. at a/.,-Science 235:177482 (1987), Slamon, D. J. at al.,

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

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

. (

The murine monoclonal antibody known as muMAb4DS (Fendly, B.

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

extracellular domain (ECD) of p185HER2, specifically inhibits the growth of
tumor cell lines overexpressing p1 85'“.R2 in monolayer culture or'in soft agar

(Hudziak, R; M. etal.‘, Molec. Cell. Biol. 9:1 .1 65-1 1 72 (1989); Lupu‘, a. e: a/.,

Science 249:1552~1555 (1990)). MuMAb4D5 also has the potential of

enhancing tumor cell sensitivity to tumor necrosis factor, an important

effector molecule in macrophage-mediated tumor cell cytotoxicity (Hudziak,

supra, 1989; Shepard, H. M.’ ‘ and Lewis, G. D. J. Clinical Immunology '.

85333-395 (1988)). Thus muMAb4DS has potential for clinical intervention
in and imaging of carcinomas in which p185HER2 is overexpressed. The

muMAb4'DS and its uses are described'in copending U.S. patent applications

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

89/06692 published 27 July 1989. This murine antibody was deposited

with the ATCC and designated ATCC CRL 10463. HoWever, this antibody

may be immunogenic in humans. ' g i

_ It istherefore an object of this invention to provide methods for the
preparation Of antibodies which are less antigenic in humans than nonhuman

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 hum’anization of antibodies, Le. selecting non‘human amino acid

112
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residues for importation intoe human antibody background sequence in such

' *a‘fashion as to retain or improve the affinity of the'non-human donor

antibbdy for a given antigen.

it is another object of this invention to provide humanized

antibodies capable of binding p185HER2. .

Other objects, features, and characteristics of the present invention

will become apparent upon consideration of the following description and the
appended claims.

mm r i he Invention

The objects of’this‘invention 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: l

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 sequences; I I

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 antibodyi

3. identifying import antibody FR residues in the'eligned FR

sequences that are non—homologous to thecorresponding

consensus antibodyresidues;

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,

13
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2. , 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. . t

. Optionally, the method of this invention comprises the additional

steps‘of determining 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

isiexposed but‘has none of thereffects identified in step if), retaining the
Consensus residue.

Additionally, in certain embodiments the method of this invention I

comprises the feature wherein the corresponding consensus antibody '

residues identified in step is) 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,'37l-l, 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. er ‘31., 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. ..._ Mm m”N My...“a. .,mum—Ivan.» u—w- --_

the glycosylation is reasonablywexpected to be important for the desired
M._.,..~._._.,

antigen bindingand biological activity of theantibody (i.e,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
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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

. antibody FR residues which are nonohomologous 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 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 a FR,

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, 58L, 46L, 62L, 63L, 64L, 65L,

66L, 67L, 68L, 69L, 70L, 71L,_73L. 85L, 87L, 981., 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,l

93H, and 103H. ' "

ln preferred embodiments, the nomCDR residue substituted at the consensus

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

antibody. .

' I 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, 381., 431., 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 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; ’

v This invention also encompasses specific humanized antibody-

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

' 1. SEO.1D N0. 1, which is the light chain variabie domain of a

humanized version of muMAb4DS:

DIOMTOSPSSLSASVGDRV‘TiTCRASODVNTAVAWYOQKPGKAP

KLLIYSASFLESGVPSRFSGSRSGTDFTLTISSLOPEDFATYYCOOHY
TTPPTFGOGTKVEIKRT

2. SEQ. ID NO. 2, which is the heavy chain variable domain of a '

_ humanized-version of muMAb405): _

. EVOLVESGGGLVQPGGSLRLSCAASGFNIKDTYiHWVROAPGKGLE

WVARiYPTNGYTRYADSVKGRFTISADTSKNTAYLOMNSLRAEDT ‘

AVYYCSRWGGDGFYAMDVWGOGTLVTVSS
.n

ln 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. In one embodiment, the following

consensus human antibody variable domainamino acid sequences are

provided:

SEQ. ID NO. 3 (light chain):

DIOMTOSPSSLSASVGDRVTITCRAS‘ODVSSYLAWYOOKPGKAPK

LLIYAASSLESGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCOOYN

SLPYTFGOGTKVEIKRT, and

seem NO. 4 (heavy chain):

EVOLVESGGGLVOPGGSLRLSCAASGFTFSDYAMSWVBOAPGKG
LEWVAVISENGGYTFIYADSVKGRFTI‘SVADTSKNT‘AYLOMNSLRAE

iDTAVYYCSRWGGDGFYAMDVWGQGTLVTVSS ‘ ’

Brief Description of the Drawings

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

residues of muMAb4DS, huMAb4DS, and a consensus human sequence (Fig.

~‘I A, SEOJD NO. 5, SEQ. ID NO. 1 and SEQ. ID NO. 3, respectively). 'FIGURE

18 shows the comparison between the VH domain amino acid residues of the
muMAb4d5, huMAb4‘DS, and a consensus human sequence (Fig. 18, SEQ.

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

18 use the generally accepted numbering scheme from Kabat, E. A., et a/.,

Sequences of Proteins of Immunological Interest (National Institutes of

Health, Bethesda, MD (1987)). In both Fig. 1A and Fig. 18, the CDR

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

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

i Institutes Of Health, Bethesda, MD, 1987)) ate 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. MOI.

Biol. 196901917 (1987)) are indicated by the second, lower underlines.
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a) The mismatches betweenWshown by the vertical lines.
FlGURE 2 shows a scheme for humanization of muMAb4DS VL and

VH by gene conversion mutagenesis.

FIGURE 3 shows the inhibition of SK BR—3 proliferation by MAb4D5

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

M et a/., Molec. Cell Biol. 9:1165—1172 (1989)) and data (average of

triplicate determinations) are presented as a percentage of results with
untreated cultures for muMAb4DS (l), huMAb4DS—8 (n) and huMAb405- 1 (I).

’ FlGURE 4 shows a stereo view of a—carbon tracing for model of

huMAb4DS-8 VL and VH. The CDR residues (Kabat, E. A. er a/., Sequences
' of Proteins of ImmunologIca/ Interest (Nationai institutes of Health, Bethesda,

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

A78, 893, 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 monoclonai antibody known as muMAb4D§ iFendly, B

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

extracellular domain (ECD) of p1 SSHERZ. The muMAb4DS and its uses are

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

, O7/147,461, and in corresponding PCT application WO 89/06692 published

‘ 27.July 1989. This murine antibody was deposited with the ATCC; and

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

muMAb4D5, chMAb4DS and huMAb4D5 represent murine,'chimerized 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

1 to a predetermined antigen and which comprises a PR region having
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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

I ' 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 immunoglobulin consensus seq’Uence. ~The humanized antibody

optimally also will comprise at least aportion of an immunoglobulin 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, lgD, IgA and lgE, and any isotype,

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

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 COR regions of‘ the humanized antibody need not

correspond precisely to the parental sequences, 9.9., the import 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 C-DR 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
' skilled in the art. Computer programs are available which illustrate and

5 . display probable three dimensional conformational structures of selected"
candidate immunoglobulin sequences. Inspection of these displays permits

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

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

ability of the candidate immunoglobulin to bind its antigen.

10 _ ~ ' Residues that influence antigen binding are defined to be residues ~
that are substantiallyresponsible 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 achieved. ’ Such desired

‘ 15 V I characteristics include increases in affinity and greater specificity-forlthe
target antigen, although it is conceivable that in some Circumstances the
opposite. effects might be desired.- in general, the CDR residues are directly _

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

20 the consensus sequence) However, FR residues also have a significant
I I 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 interface-between the heavy and light chains.

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

25- 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 those humanized antibody

' residues that are capable of forming salt bridges, hydrogen bonds, or

30 , ‘ hydrophobic interactions are likely to be involved in nonCovalent antigen_\.

binding, however residues which are separated spatially by 32Angstroms)
flexed—W _- \ ,

or less may also non--covalently interact. Such, residues typically are the
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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.

I} 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. Conformationsaffecting

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

, backbone atom (N, Ca, C, 0, C5) by more, than about 0.2 Angstroms. : ‘

Backbone atoms of CDR sequences are displaced for example by residues 4

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

A residue that interacts with a-‘CDR‘ side chain is one that is-
reasonably expected, to form a noncovalent bond with a C08 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

couldbe 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 - Vn interface") are those that affect

the proximity or orientation of the tWo Chains with respect to one another.
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‘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 VH

residues 35, 37, 39,- 45,47, 91, 93, 9-5, 100, and 103 (utilizing the

I nomenclature set forth in Kabat'et al., Sequences of Proteins of

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

Additional residues are newly identified by the inventor/sperein, and includeW

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 ‘
ex acted to be involved in interc ain

 

antibody residue thatwflymALW
interactions are selected for substitution into the consensus humanmm

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 advance whatthe 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.
_, Thesesteps, however, are per se routine and well within the ordinary skill of'

the art. _ y

CDR and FR residues are determined according to a standard

sequence definition (Kabat er al., Sequences‘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. l’96z901-917 (1987), hereby specifically , ,
incorporated by reference). Where these two methods result in slightly-

different identifications of a C08, the structural definition is preferred, but
the residues identified by the alternate method are considered important FR

residues for determination of which framework residues to-import into a
consensus sequence.

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

. used herein refers to an amino acid sequence which @omprises the most
\‘fi

frequently occurring amino acid residues at each locationinall human

immunoglobulins- of any particular subclass. ln preferred embodiments, theW
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consensus human variable domain sequences are derived from the most

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

of Proteins of Immunological Interest, National Institutes of Health, Bethesda

MD (1987), namely VL K subgroup l' and VH group lll. In such preferred

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

DiOMTOSPSSLSASVéDRVTlTCRASODVSSYLAWYOOKPGKAPKLLlYAAS

_ SLESGVPSBFSGSGSGTDFTLTlSSLOPEDFATYYCOOYNSLPYTFGQGTKVEI
”KRT- (SEQ. ID NO; ‘3‘);

the VM . consensus domain has the amino acid sequence:

EVOLVESGGGLVQPGGSLRLSCAASGFTFSDYAMSWVROAPGKGLEWVAVl

SENGGYTRYADSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCSRWGGD
GFYAMDVWGOGTLVTVSS (SEQ ID 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.

Identity or homology with respect to a specified amino acid

sequence of this invention 1Q defined herein as the percentageof—aminovacid
residues in a candidate sequence that are identical with the specified

rmfigningthe sequences and introducing gaps, if necessary, to

\aCMethemmumpercent homology, and not considering any
M MW

conservative su stitutions as part of the sequence identity. ‘None of N- 

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

specified sequence shall be construed as affecting homoldgy. 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 "computerrepresentation" refers toinformation which is
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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-p185m5R2 antibodies are sometimes collectively referred to
herein as huMAb4DS, and also sometimes as the light or heavy chain variable

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

sequence which pessesses a biological property of a polypeptide comprising

~ the following polypeptide sequence:

DlQMTOSPSSLSASVGDRVTITCRASQDVNTAVAWYOOKPGKAF’
KLLlYSASFLESGVPSRFSGSRSGTDFFLTISSLOPEDFATYYCOQHY

TTPPTFGOGTKVEIKRT (SE-Q. lD'NO. 1, which is the light chain

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

EVOLVESGGGLVOPGGSLRLSCAASGFNIKDTYIHWVROAPGKGLE

WVARlYPTNGYTRYADSVKGRFTlSADTSKNTAYLQMNSLRAEDT I
’ AVYYCSRWGGDGFYAMDVWGOGTLVTVSS_ (SEO. in No. 2,

whichis'the heavy chain variable domain of huMAb4DS). V

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

effector or antigenic function or activity that is directly or indirectly

performed by huMAb4D5 (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 matrbt 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 huMAb4D5. An antigenic~ function means

possession of an epitope or antigenic site that is capable'of cross-reacting
with antibodies raised against the polypeptide Sequence of huMAb4DS.
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Biologically active huMAb4D§ is defined herein asia polypeptide that

shares an effector function of huMAb405 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 plBSHEBZ. '
i Antigenically active huMAb4DS is defined as» a polypeptide that

possesses an antigenic function of huMAb4DS and which may (but need not)

in addition possess-an effector function.

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

antibody capable 'of binding huMAb4DS. Ordinarily the polypeptide binds

with’an affinity of at least about 10-8 I/mole. Isolated-antibody capable of
binding huMAb4D5 is an antibody which is identified and separated from a

component of the natural environment in which it may be present. . Most ~

preferably, Iantigenicaily active huMAb4DS is a polypeptide that binds toian
antibody capable of binding huMAb4DS in its native conformation;
HuMAb4D§ in its native conformation is huMAb4DS 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 modifies the '_
three dimensional structure of huMAb405 as determined for example" by

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

huMAb4DS in Freund’s' complete adiuvant, subcutaneously injecting the

formulation, and boosting the immune response by intraperitoneal injection

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

Ordinarily, biologically or antigenically active huMAb4DS will have '

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

with the huMAb4DS amino acid/sequence, 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

huMAb4DS residues, after aligning the sequences and introducing gaps, if

necessary, to achieve the maximum percent homology, and not considering
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any conservative substitutions as part of the sequence identity. None of N9
terminal, C-terminal or internal extensions, deletions, or insertions into the

huMAb405 sequence shall be construed as affecting homology.

Thus, the biologically active and "antigenically active huMAb4DS

5~ . 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
huMAb4D5; amino acid sequence variants of huMAb4D5 whereinan amino

10 ‘ ' acid residue has been inserted N— or C-terminal to, or within, huMAb4DS or

its fragment as defined above: amino acid sequence variants of ,huMAb4DS ,

or its fragment as defined- ab0ve wherein an amino acid residue of

huMAb4D5 or its fragment as defined above has been substituted by another
residue, including predetermined mutations by, 6.9., site—directed or PCR

15 . V . mutagenesis; derivatives of huMAb4D§or its fragments as defined above

wherein. huMAb4D5 or its fragments have been covalent modified, by

substitution, chemical, enzymatic, or other appropriate means withamoiety

other than a naturally occurring amino acid; and glycosylation variantsof

huMAb4DS (insertion of a glycosylation site ordeletimfany glycosylation“31‘ :_.--.”.._. .me......«.e._'.. ~. 

20 site by deletion, insertion 8rsubstitution gigssuitable resxduesx; SuchW~W~~-c~~ W ‘5“-.__.._ ._..._,. . '

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. S.C 103.
'25 » "isolated“ huMAb4DS means huMAb4D§ 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
hnaterials which would interfere with diagnostic or therapeutic uses for

, huMAb4DS, and'may include, enzymes, hormones, and other proteinaceous

30 or nonproteinaceous solutes. ln’ preferred embodiments, huMAb4DS will be

purified (1) 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
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degree sufficient to obtain at least 15 residues of N-terminal or internal amino

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

SDS-PAGE under reducing or nonreducing conditions Using Coomassie blue

or, preferably, silver stain. isolated huMAb4DS includes huMAb4D5 Lnsjtu

within recombinant cells since at least one component of the huMA~b4DS '

‘ natural environment will not be present. Ordinarily, however, isolated

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

in accordance with this invention, huMAb4DS 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 and remains stably bound 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 huMAb405 amino acid sequence. Preferably, a
nucleic acid molecule that hybridizes to the huMAb4D5 nucleic acid contains

at least 20, more preferably 40, and most preferably 90 bases. Such

hybridizing or complementary nucleic acid-,‘however, is further defined as'
being novel under 35 U.S.C. 102 and unobvious under 35 U.S.C. 103 over
any prior artnucleic acid. ‘ "

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

and high temperature for washing, for example, 0.015 M Netti/0.0015 M

sodium citrate/O/1% NaDodSO4 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/0/1% Ficoll/Ol1% polyvinylpyrrolidone/50
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% SDS, and 10% dextran sulfate at 42 C, with washes at 42 C in

0.2 x sec 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, a vribosome

binding site, and possibly, , ether as yet poorly Understood sequences.
Eukaryotic cells are known to utilize promoters, polyadenylation signals, and

enhancers. I g

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

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

presequenc‘e 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, then'synthetic 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 I

As used herein, the expressions "cell," "cell line," and "celllculture"

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

the words "transformants" 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, dueto 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 ayaileble on an unrestricted basis, or can .

be constructed from such available plasmids in accord with published

. procedures. ln 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 other requirements as established by the enzyme suppiiers 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 ,ug 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 isrecovered 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. lJnless 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

Sambrookiet al. (Molecular Cloning: A' Laboratory Manual New York: Cold

23.
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Spring Harbor Laboratory Press, 1989).

1 "Recovery" or "isolation” of a given fragment of DNA. from a

restriction digest means separation of the digest on polyacrylamide or
agarose gel by eiectrophoresis, 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‘ centaining the desired fragment,

and separation of the gel from DNA. This procedure is known generally. For
example, see Lawn er a/., Nggigig Acids Res, 9: 6103—61 14 (1981),"and

Goeddel et a/., Nggleic Agids Res. 3.2 4057 (1980).

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

sequences in a restriction endonuclease digest of DNA or DNA-containing

composition is confirmed by hybridization to a known, labeled oligondcleotide

or DNA fragment._ 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 knovVn probe such as an oligonucleotide, DNA fragment,

cDNA or fragment thereof, or RNA fragment. The probe’is labeled withva

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

to be analyzed 'is usually electrophoretically separated on an egarose or

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

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

» knownIn the art such as those describedIn sections 7. 39-7 52 of Sambro'ok
etxal" 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 toifirst convert the staggered ends ,
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commonlyproduced 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 atleast 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 put in solution in aboutequimolar amounts. The '

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

ligase at about it) units per 0.5 pg of DNA. if 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-

ligationduring 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 ofSambrook er al., supra. After preparation of the DNA,
it can be purified by methods'well known in the art such as that described

in section 1.40 of‘Sambrook er al., supra.
”Oligonucleotides" are shOrt-length, Isingle~ or double—stranded .

polydeoXynucleotides that are chemically synthesized by known methods

(such as'phosphotriesterpphosphite, or phdsphoramidite chemistry, using

solid phase techniques such as described in EP 266,032 published 4 May
1988, or via deolxynucleoside H»phosphonate intermediates as described by

Froehler et al., Nucl. Agids Res, 131: 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.'4,68‘3,1'95 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 templaterto 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 fromgtotal genomic DNA, and cDNA

trans‘cnbed from total cellular RNA, bacteriophage or plasmid sequences, etc.

See generally Mullis et al., gold Spring Harbor fiymp. Quant. Biol., _5__1_: 263

_(l 987); Erlich, ed., Pc‘n 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 1’he invention

Some aspects of this invention-include 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.
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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 Brookhaven protein

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

Feb fragment KOL (MarquartpM. 9231., J. Mol. 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 (lNSlGHT program, Biosym Technologieslf Similar

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

the superimposed structures is calculated for each residue position.

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

B-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, 0 and C]? 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

DISCOVER program (Biosym Technologies) with the AMBER forcefield

(Weiner, S. J. er 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

_ V1. 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 Feb crystal structures, rotamer libraries (Ponder, J. W.

& Richards, F; M., J. Mol. Biol. "193:775-791 (1987)) . and packing

considerations. Since VHQCDRS 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.

- Methgds for Obtaining a Humanized Antibggy Seguenge

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
ofProteins of Immunological Interest (National Institutes of Health, Bethesda,

MD, 1987)), namely VL x subgroup l, 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

CDRs from the non-human, import sequence into the consensus human

structure. The humanized antibody may contain human replacements of the

non-human import residues at positions within CDRs as defined by sequence

variability (Kabat, E. A. et al., sequences of Proteins of lmrnunological

IntereSt (National Institutes of Health, Bethesda, MD, 1987)) or as defined

by structural variability (Chothia, C. & Lesk, A. M., J. Mol. Biol.

196:901‘91 7 (1987)). For example, huMAb4D5 contains human

replacements of the muMAb4DS residues at three. positions within (3083 as

defined by sequence variability (Kabat, E. A. et 3]., Sequences of Proteins of

Immunological Interest (National Institutes of Health, Bethesda, MD, 1987))
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but not as defined by structural variability (Chothia, C. & Lesk, A. M., J, Mol.
Biol. 196:901-917- (1987)): vL-com K24R, vL-coez R54L and vL-coez

T568.

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

possible, influence 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.»

in certain preferred embodiments of this_invention, 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 sequences;

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

corresponding human CDR eminoacid 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 '
9. identifying import antibody FR residues in the aligned FR

sequences that are non—homoldg ous 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. g non-covalently binds antigen directly,

2. interacts with a C'DR; or
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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 i I

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 if), one may retain the consensus residue. . 4

Additionally, in certain embodiments the‘corresponding consensus
antibody residues identified in step. (e) aboi/e are selected from-the group

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

-~.66L, 67L, 68L, 69L,_7OL, 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 103H (utilizing the numbering system set forth in

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

institutes of Health, Bethesda, MD, 11987)).

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 sequencesfor glycosylation 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

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 bears the glycosylation site, it is preferred to substitute that

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

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

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 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 eachsuch 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~humanrantibody variable domain having a CDR and a FR, obtaining the

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

variable domain having a CDR and 8 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 lea‘st'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, 65L, .

66L, 67L, 68L, 69L, 70L, 71L, 73L, 85L, 87L, 98L, or
b. r (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. ' V

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

' 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.

if 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 ofvthe amino acids at the specific

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

buried residues which are reasonably expected to affect the VL - 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. I

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

consensus hUman 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 effectsof other amino acids. For example, if after _

making a humanized antibody according to thexsteps above and testing its

activity one is notsatisfied 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

I ' and to monoclonal antibodies, as illustrated in the Examples below and by

antibody hybri‘domas deposited with the ATCC (as described below). Thus, ,
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 continUous hybrid cell

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

myeloma cells.

ln 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 (lp)

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, e.g., keyhole limpet

hemocyanin, serum albumin, bovine thyroglobulin, or soybean trypsin

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

succinic anhydride, SOCIZ, or R‘N =2 C = NR, where R and R‘ are different

alkyl groups. V I ’

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-producingcells

_ obtained therefrom can be manipulatedvaccording to the processes of this

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

human, hybrid ceil lines. '

I ' Animals are typically immunized against the immunogenic

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

or mice, respectively) with 3 volumes of Freund'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 conjugate 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 response.
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After immunization, monoclonal antibodies are prepared by

recovering immune lymphoid c\ellsv-typically spleen cells or lymphocytes from

lymph node tissue-from immunized animals and immortalizing the cells in

conventional fashion, egg. by fusion with myeloma cells or by Epstein-Barr

(EB)-virus transformation and screening for clones expressing the desired

antibody. The hybridoma technique described originally by-Kohle‘r 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.

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

hypoxanthineaminopterin 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 at al., Proc. Natl. Acad. 3012, 81:6851 (1984); Neuberger er al.,

Nature 312:604 (1984); Takeda et al., Nature 314:452 (1985)) by splicing

the genes from a mouse antibody melecule of appropriate antigen speCificity

together with genes from a human 'antib'Ody 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 recombinant DNA 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 theserinto 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,vand

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 from, or insertions or substitutions of,

.35

41

L4



 
IO

15

20,

30

O ' - 0

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 post-translational

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. . .

In designing amino acid sequence variants of target polypeptides,

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

on the target‘polypeptide characteristicis) to be modified. The sites for

mutation can be modified individually or in series, 9.9., by (1) substituting

first with conservative amino acid choices and then with more radical

selections depending upon the results aChieved, (2l- 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
(Sgienge, 233: 1081-1085 “9891). 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-V (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 introducing further 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 per. 38 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

believed-to 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 tusions ranging in length from one residue to polypeptides containing

a hundred or more residues, as wellas intrasequence insertions of single or

multiple amino acid residues. lntrasequence insertions li.e., insertions within

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

residues, more preferably 1 to ‘5, most preferably 1 to 3. 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'be 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
9D for mammalian cells. I

d Other insertional variants of the target polypeptide include the

fusion to the N- or Cvterminus 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, Or 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
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in we 89/012922 published '6 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.mutagenesis-include 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 i ' .

Other sites of interestare 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 Sequencecf at

least three other identically conserved sites, are substituted in a relatively

conservative manner. if 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, ale, val, leu, He;

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

(3) acidic: asp, glu;

(4) basic: asn, gln, his, lys, erg;

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

(6) aromatic: trp, tyr, phe.
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Nonconservative 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 .

crossiinking. ‘ i

' 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 site~directedl mutagenesis, PCR mutagenesis,

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

version of the target polypeptide. A particularly preferred method of gene
conversion mutagenesis is described below in 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 er a/.,

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

hybridizing an oligonucleotide encoding thevdesired mutation tota 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

‘entiresecond 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 oligonucieotide will have 12 to 15 nucleotides that are
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completely complementary to the template on either side of the nucleotidels)

coding for the mutation. This-ensures 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 at a/ ‘PrlI'QQ Nlat Aged, $91. LEA, 15: 5765 [1978])

Single——stranded DNA template may also be generated by denaturing

double-strandedplasmid (or other) DNA’ using standard techniques.
For alteration of the native DNA sequence (to generate amino acid

sequence variants, for example), the oligondcleotide is hybridized to the

single-stranded ternplate under suitable hybridization conditions. A DNA

polymerizing enzyme, usually the Klenow fragment of, DNA polymerase l, is
then added to synthesize the complementary strand ofthe template using the

oligonucleotide as a primer for synthesis. A heteroduplex molecule is thus .
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 heteroduplex molecule
is then transformed into a suitable host cell, usually a prokaryote such as E.

coli JM101. After theicells are grown, they. are plated onto agarose plates

and screened using the oligonucleotide primer radiola baled 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 I

transformation of an appropriate host L ‘
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
Ithio~deoxyribocytosine called dCTP~laS) (which can be obtained from

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

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

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

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

endonuclease digestion. J

After the template strand of the doubleastranded heteroduplex is
nicked with an appropriate restriction enzyme, the template strand can be
digested with gm!" nuclease or another appropriate nuclease past the region

that contains the sitelsl 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. If, however, the amino acids are located

some distance from each other (separated by more than about ten amino
acids), it is more difficult to generate a single oligonucleotide that encodes

all of the desired changes. Instead, one of twoialternative methods may be

employed. I .

In the first'method, a separate oligonucleotide is generated for 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. ‘ A . .
The alternative method involves two or more rounds ~of mutagenesis

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

mutants: wild-type DNA is used for the template, an oligonucleotide encoding
the first desired amino acid substitutionls) 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 substitutionlsl 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 follo‘wing 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. 61—70): When small amounts‘of template DNA are

used as starting material in a PCR, primersthat 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 i
of the first, such that in the end the entire amplified region of DNA bounded I .
by the primers can be easily seqUenced. PCR amplification using a. primer

pair like the onejust described results in a population of DNA fragments that

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

lother 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 mutationlsl.

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 moral-part ligation.
In a specific'example of PCR mutagenesis, template plasmid DNA

(1 119) is linearized by digestion with .a restriction endonucl'ease that has a

unique recognition 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 GeneAmp" kits (obtained from Perkin-Elmer Cetus, Norwalk,

CT and Emeryville, CA), and 25 pmole of each oligonucleotide primer, to a
final volume of 50 pl. The reaction mixture is overlayed with 35 pl mineral

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

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

purchased from Perkin4Elmer Cetus, Norwalk, CT and Emeryville,-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 556C, then 30sec. at 72°C, then 19 cycles 'of'the

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 (50:502vol), and ethanol precipitated, and, the DNA.

is reéovered 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 a/. (gene, 33,: 315 [1985]).

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

polypeptide DNA to be mutated. The codonls) 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 sitels). lf nosuch ‘

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

oligonuCleotide—mediated mutagenesis method to'introduce them at
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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 Iinearize it. A double—stranded 'oligonudeotide encoding the sequence of _

the DNA between the restriction sites but containing the desired mutation(s)
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 Vehicle .

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.

(alinl 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 haterologous signal sequence. The

heterologous signal sequence selected should be one that is recognized and
processed (Le. 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

_' alkaline phosphatase, penicillinase, lpp, or heatstableenterotoxin 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

- (bl Origin of Replicatign Cgmggnent

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, theZy plasmid origin is suitable for yeast, and various viral origins

(SV40, polyoma, adenovirus, VSV or BPV) are useful for cloning vectors in
mammalian cells. vGenerally, 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 vectoris 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. ‘ l i '

DNA may also be amplified by-insertion into the host genome. This

is readily accomplished using Bacillus species as hosts, for example, by

including in the vector a DNA‘sequence thatis 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 vector'because restriction enzyme digestion is required to excise

the target polypeptide DNA.

(0). Selection Gene Compgncnt

‘ 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 c'ontaining the selection

gene will not survive in the culture medium. Typical selection genes encode

proteins that la) confer resistance to antibiotics or- other toxins, e.g.

ampicillin, neomycin, methotrexate, or tetracycline, ' (bl complement

auxotrophic deficiencies, or (cl supply critical nutrients not available from

complex media, e.g. the gene encoding .D-alanine racemase 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 9: al._, ,1. Mc'lec. Accl. Qenc1., 1: 327'l19821),

myc0phenolic acid (Mulligan er a/., ficieace, gag: 1422 (1980]) or
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hygromycin (Sugden er a/., Mgl.-Qell. Bin., 5: 4104413 [1985]); The three

examples given above employ bacterial genes under eukaryotic control to

convey resistance to the apprOpriate drug G418 or neomycin lgeneticinl’.

xgpt (mycophenolic acid), or hygromycin, respectively.
Another exampleof 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 kinese.The 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
reiterated in tandem within the chromosomes of successive generations of .
recombinant cells. Increased guantities of the target polypeptide are
synthesized from the amplified DNA. _ V I

For example, cells transformed with the DHFRselection gene are
first identified by culturing all of the transformants in a culture medium that

contains methotrexate (Mtx), a competitive antegoniSt of DHFR An

appropriate host cell when wild——type DHFR is employed is the Chinese

hamster ovary (CHO) cell line deficient in DHFR activity, prepared and

propagated as described by Urlaub and Chesin, Errgg. Natl. Aged. §ci .ig§A ,

_7_Z: 4216 [1980]. The transformed cells are then exposed to increased'levels

of methotrexate. This leads to the synthesis of multiple copies of the DHFR

gene, and, concomitantly,gmultiple 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, 9.9;,

ATCC No. CCL61 CHO—KJ, 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-transiormed with DNA.

sequences encoding the target polypeptide, wildtype DHFR protein, and

another selectable marker such as aminoglycoside 3’ phosphotransferase
(APH) can be selected by cell growth in medium containing a selection agent

for the selectable marker such as an aminoglycosidic antibiotic, eg,
I kanamycin, neomycin, or G418 See U. 3. Pat. No. 4,965, 199

A suitable selection gene for use in yeast is the trpl gene present

in the yeast plasmid YRp7 (Stinchcomb et a/., flange, 232: 39 [1979])

Kingsman et 8]., gene. 1: 141 [197.9]; or Tschemper et 8]., gene, 19: 157

[1980]). The trpl 'gene provides a selection marker for a mutant strain of

.yeast lacking the ability-to grow in tryptciphanpfor example. ATCC No.
44076 or PEP4—1 (Jones, genetics, §§: 12 [1977]). The presence of the

trgl 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.

((3) W

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 abodt

100 to 1000 bp) that control the trenscriptiOn and translation of a particular

' nucleic acid sequence, such as that encoding the target polypeptide, to

which they are operably linked..__Such 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, 6.9. 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 amplificationand/or expression of the target

polypeptide DNA. However, heterologous promoters are preferred, as they

generally permit greater transcription and higher yields of expressed target

polypeptide as compared to the native target polypeptide promoter.

Promoters suitable for use with prokaryotic hosts include the B-

lactamase'and lactose promoter systems (Chang et a/., flame, 315: 615

[1978); and Goeddel eral., Nature, 2_8_1_: 544(19791), alkaline phosphatase,
a tryptophan‘ltrp) promoter system (Goaddel, N ggleig Acids Res, 5: 4057

[1980] and EP 36,776) and hybrid promoters such as the tee promoter

(deBoer et 3]., Free. Natl. Acgg.'§gi.lu§A, e9: 21-25 (1983)); However,

other known bacterial promoters are suitable. Their nocleotide sequences

have been published, thereby enabling a skilled worker operably to ligate

them to DNA encoding the target polypeptide (Siebanlist er a/., Qefl, g0: 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. . i

, Suitable promoting sequences for use with yeast hosts includethe

promoters for 3-phosphoglycerate kinase (Hitzeman'er al., ,1. Biol. Qhem.,

_2_§_§: 2073 [1980]).or other glycolytic enzymes (Hess at 51., J. Adv. Enzyme
Egg” 1: 149 [1968]; and Holland, Bigghemist x, _1_Z: 4900 [1978]), such as

enolase, glyceraIdehyde—Bl-‘phosphate dehydrogenase, hexokinase, pyruvate

decarboxylase, phosphofructokinase. glucose-S-phosphate isomerase, 3

phosphoglycerate mutase, pyruvate, kinase, triosephosphate isomerase,

phosphoglucose isomerase, and glucokinase. I I
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, isocytochrorne C, acid

phosphatase, degradative enzymes associated with nitrogen metabolism,
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metallothionein, glyceraldehyde-3¥phosphate dehydrogenase, and enzymes

responsible for maltose and galactose utilization. Suitable vectors and

promoters for use in yeast expression are further described in Hitzeman er

a/., EP 73,657A. 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'o‘f

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

Target polypeptide transcription from vectors in mammalianhost

cells is controlled by promoters obtained from the-genomes of viruses such

'as polyoma virus, fowlpox virus (UK 2,211,504 published 5 July -1 989),

adenovirus (such as Adenovirus 2), bovine papilloma virus, avian sarcoma

virus, cytomegalovirus, a retrovirus, hepatitis-B virus and most preferably

Simian Virus 40 (SV40), from heterol‘ogous 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, provided such promoters are compatible with the host cell
systems. V

The early and late promoters of the SV4O virus are conveniently

obtained as an SV4O restriction fragment that also contains the SV4O viral

origin of replication. Fiers era/.,_l\fi1g__e',_22§:1 13 (1978); Mulligan and Berg,

§ciengegggz 1422-1427 (1980); Pavlakis etal., Ergc. Natl. Aged. Sci. usA,

1a: 7398-7402 (1981). The immediate early promoter” of the human

cytomegalovirus is conveniently obtained as a fiifidlll E restriction fragment.-
Greenaway eral. , gene, 1_8_: 355-360 (1982). A system for eipressing DNA

in mammalian hosts using the bovine papilloma virus as a vector is disclosed
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in U.S.~ 4,419,446. A modification of this system is described in US.

4,601,978. See also. Gray et al., Nature 29S: 503-508 (1982) on

expressing cDNA encoding immune interferon in monkey cells; , Reyes er al. ,

Natgre, 297: 598-601 (1982) on expression of human fi-interferon cDNA in
mouse cells under the control of a thymidine kinase promoter from herpes

samplexvrrus, Canaan: and Berg,Prgg Nlat,Ac§§l Sci. LISA,19: 5166-5170,

(i 982) on expression of the human interferon ,81 gene in cultured mouse and
rabbit cells, and German er al.,Pr99. Natl. Aggg. §Ql. uSA,19: 6777- 6781

(1982) on expression of bacterial CAT sequences in CV) 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 Sompgnent

Transcription of DNA encoding the target polypeptide of I 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 eta/., Proc Natl Acad. Sci. QSA ,ZS: 993(19811) and 3’

(Lusky era/n Moi. gel) Bio, S: 1108l1983l) to the transcription unit, within

an intron (Banerji er al., gel), SS: 729 [19831) as well as within the coding

sequence itself (Osborne et al., M9). Sell Big” 5: 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,
Nature, 297: i718 (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.

(0 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 cpntain 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

er viral DNAs or ‘cDNAs. These regions contain nucleotide segments
transcribedflas polyadenylated fragments in the untranslated portion of the

mRNA encoding the target polypeptide. The 3’ untranslated regions also .

include transcription termination sites. I I
Construction of suitable vectors containing one or more of'the

above. listed components the desired coding and control sequences employs
standard ligation techniques. Isolated 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,

theligatipn mixtures are used to transform E. co/I' K‘l'2 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, MeSSing et al., Nucleic Agigs Res, 3: 309 (1981) or by‘the

‘ method of Maxam er a/., Methgds in Enzymglggy, 55: 499 (1980).
Particularly useful in the practice of this invention are expression

vectors that provide for the transient expression in mammalian cells 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 levels 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 er al., flange, 2&3: 620625 [1981); Mantei er al.,

flange, 23.1: 40-46 [1979);Levinson et al.; EP 117,060; and EP 117,058.

A particularly useful plasmid for mammalian cell culture expression of the

target'polypeptide is pRKS (EP pub. no. 307,247) or pSVlG'B (U‘.S. Ser. No.
07/441 ,574 filed 22 November 1989, the disclosure of which is incorporated

' herein by reference).

Selection and Tra‘gsfgrmation of Heat Qella

Suitable host cells'for cloningor expressing the vectors herein are

the prokaryote, yeast, or higher eukaryote cellsdescribed above. Suitable

prokaryotes include eubacteria, such as Gram-negative or Gram—positive

organisms, for example, E. Coli, Bacilli such as B- subrills, Pseudomonas

species such as P. 'ae/uginosa, Salmonella typhimurium, or Serratr’a
marcescans. One preferredif. coli cloning'host is ,E- cell 294 (ATCC

31,446), although other strains such as E. coli B, E. coli x1776 (ATCC

31,537), and E. coliW3110 (ATCC 27,325) are suitable. These examples

are illustrative rather than limiting. Preferably the host call 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.

Sacchar'omyces 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 NUIse, Natu e, 290O' 140

(1981); EP 139,383 published May 2,1985], K/uyveromyces hosts (U. S.
4,943, 529) such as, e9., K. lacris [Louvencourt et al, ,1. BacterigL, 737

' (1983)] K. fragi/is, K. bu/garicus, K. thermoto/erans, and K marxianus,

yarrowia [EP 402,226], Pichia pastor/s [EP 183,070; Sreekrishna et al., ,L

Basic Micrgbiol.., _§: 265-278 (1988)], Candida, Trichoderma reesia [EP

244,234], Neurospora crassaiCase et al.. Prgc. Natl. Aged §gi. 518A,_Q:

5259-5263 (1979)}, and filamentous fungi such as, 6.9, Neurospora, .

Fania/hum, TolYpoc/adlum [WO 91/00357 published 10 January 1991], and

Aspergi/lus hosts such as A. nidulans [Ballance et al., Bigghem. Bigghys. Res.

Qommun” 112: 284-289(1983); Tilburn eta/n m, _§: 205221 (1983):

Yeiton er al.,Prgg. Natl. Acad. §Ci . QSA, Q1: 1470- 1474 (1984)] and A.

niger {Kelly and Hynes, EMBQ J., 4: 475-479 (1985)].

Suitable host cells for the expression of glycosylated target-

polypeptide are derived. from multicellular 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 fruglperda

(caterpillar), Aedes aegypti (mosquito), Aedes albopictus (mosquito),

Drosophi/a me/anogaster (fruitily), and Bombyx mori host cells have been .I

identified.’ See, e.g., Luckow et al., Big!) eghnglg91, fit 47-55 (1988); Miller

at al., in genetig Engineering, Setlow, J.K. er al., eds.,‘Vol. 8 (Plenum)

Publishing, 1985), pp. 277-279; and Maeda et al., flange, _3_1_5_: 592—594
(1985). A Variety of such viral strains are publicly available, 9.9;, the Lei ‘

variant of Autographa califomica NPV and the Bm-5 strain of Bombyx mori

NW, and such viruses may- be used as the virus herein according to the(

_ present invention, particularly for transfection of Spodoptera 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 bytincubationtwith 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.

rumefaciens, 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 a/., :8L.

Mgl. Appl. gen” 1: 561 (1982). In addition, DNA‘segments isolated from

the upstreamregi‘on of the T-DNA 780‘gene are capable of activating or

increasing transcription levels of plant-expressible genes in recombinant DNA-

‘ containing plant tissue. 8% 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 bedome a

routine procedure in recent years [1 issue ggglmre, Academic Press, Kruse and

Patterson, editors (1973)]. Examples of useful mammalian host cell lines are

monkey kidney CV1 line transformed'by SV4O (COS-7, ATCC CRL 1651);

human embryonic kidney line (293 or 293 cells subcloned for growth in,
suspension culture, Graham et a/., ,1. gen Viml., $2 559 [1977]); baby.

hamster kidney cells (BHK, ATCC CCL 10): Chinese hamster ovary cellsl~

DHFR (CHO, Urlaub and Chasin, Prgg, Natl. Aged. §ci. USA, 21: 4216

[1980]); mouse sertoli cells (TM4, Mather, Biol. Reprod” 23; 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 GZ, HB 8065); mouse mammary tumor (MMT
060562, ATCC CCL51); TRl cells (Mather er a/., Anita’i‘gf'u’fvf Acag, §gi,,
3&3: 44-68 (1982)); MRC 5 cells; F84 cells; and a human hepatoma cell line

(Hep G2). 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 cr 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, CaPO, 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 thatthe
DNA is replicable, either as an extrachromosomal element or by chromosomal
integra'nt. 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 .

cellwall barriers. Infection with Agrobacterium tumefaciens is used for
transformation of certain plant cells, as described by Shaw et al., _G____ene, 2‘3;

’ 315 (1983) and WO 89/058553 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 8/, supra, is preferred.

General aspects of mammalian cell host system transformations have been

described by Axel in US. 4,399,216.- issued 18 August 1983.

Transformations into yeast are typically Carried out according to the method
of Van Solingen etal. 31,3angt tag: 946 (1977) and Hsiao etal., Prgg. Natl.

A.cad Sci. lUSAl, 76: 3829(1979). However, other methods for introducmg
DNA into cells such as by nuclear injection, electroporation, or protoplast

fusion may also be used.

Cglturing the Hostgells
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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 al.’, supra. _ g

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), MinimaiEssential Medium

([MEM}, Sigma), RPMl-164O (Sigma), and Dulbecco’s Modified Eagle’s

Medium([DMEMi, Sigma) are suitable for culturing the host cells. in

addition, any of‘the media described in Ham and Wallace, Math. Enz., 18.: 44

(1979), Barnes and Sato, Anal. 5599mm, 193: 255 (1980), U.S. 4,767,704;

4,657,866; 4,927,762; or 4,560,655; WO 90/03430; WO 87/00195; U.S.

Pat. Rea/30,985; or c0pending U.S.S.N. 07/592,107 .or 07/592,141, both

filed in. 3 October 1990, the disclosures of all of which are incorporated

herein by reference, maybe 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, transferrin, or epidermal growth factor). salts

' (such as sodium chloride, calcium,ymagnesium, and phosphate), buffers (such g
as HEPES), nucleosides (such as adenosine and thymidine), antibiOtics (such

as ,Gentamycinmd'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

‘ vitro culture as well as cells that are within a hostanimal.

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 in'proximi'ty 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.

Detecting} GeneAmplifigatignlExpressign

Gene amplification and/or~ expression may be measured in a sample

directly, for example, by conventional Southern blotting, northern blot-ting to

quantitate the transcription of mRNA (Thomas, Proc. Natl. Agag.‘,8ci. 'USA,

11: 5201-5205 [1980]), dot blotting (DNA analysis), or in situ hybridization,

using an. appropriately labeled probe, based on the sequences proyided

herein. Various labels may be employed, most commonly radioisdtopes,

particularly 32P. However, other'techniques may also be employed. such as
using biotin-modified nucleotides for introduction into a pOlynucleotide. 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

58

6'4



 
10

15

20

30

O. ‘ -. 0

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/., AM

MIL/7.51 734-738 (1980).

Antibodies useful for immunohistochemical'staining and/or. assay of

sample fluids may be either monoclonal or polyclonal, 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

sequences'provided herein as described further in Section 4 below.
Prifiatin'fTheTr l i

The target polypeptide preferably is recoveredfrom .the culture

medium as a secreted polypeptide, although it also may be recovered from

host cell lysates when directly expressed without a secretory signal. 4 I

. When the target polypeptide is expressed in a recombinant call
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

polypeptide. As a first step, the culture medium or lysate is centringed 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

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

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 V
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, any substantial changes in properties occasioned by the variation, For

example, preparation of a target polypeptide fusion with another protein or

polypeptide, eg. a batterial or viral antigen, facilitates purification; an

immunoaffinity column containing antibody to the antigen for 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 eulfonyl 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.

valen M difi ti ns of Tar t P I‘ 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 abom 40 amino acid residues may be
conveniently prepared by chemical synthesis, or by enzymatic or chemical

cleavage of the full—length targetpolypeptide 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 residuesmost'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~
alkyimaleimides, 3-nitro-2epyridyl disulfide, methyl 2—pyridyl disulfide, p-

chloromercuribenzoate, 2-chloromercuri-4—nitrophenol, ‘or chloro-7-nitrobenzo-

2—oxa—‘l,3~d_iazole. ‘
I Histidyl "residues are derivati-zedlb'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.

' 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 cfamino—containing residues include imidoesters such as

methylpicolinimidate; pyridoxal phosphate; pyridoxal; chloro‘borohydrider
trinitrobenzenesulfonic acid; Ohmethylisourea; 2,4-pentanedione; and

transaminase—catalyzed reaction with glyoxylate. 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 pK,

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 tetranitromethaneJ Most

cemmonly, N-acetylimidizolevand tetrenitromethane are used toform O-acetyl

tyrosyl species and ‘3-nitro derivatives, respectively. Tyrosyl residues are

iodinated using ”5|, or 131i to prepare labeled proteins for use ‘ in

radioimmunoassay, the chloramine T method described above being suitable. I

Carboxyl side groups (aspartyl or glutamyll are selectively modified -

by reaction with carbodiimides(R'-N .=C = N—R'), where Rand R’ are different

alkyl groups, such as-1-cyclohexyl-3-(2-morpholinyl'4—ethyl) carbodiimide or
l-ethy|—3-(4-azonia-4,4—dimethylpentyll carbodiimide. Furthermore, aspartyl
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and glutamyl residues are converted toasparaginyl and glutamin‘yl 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 versa. '
Commonly used cresslinking agents include, 6.9., 1.1»bisidiazoacetyl)—2~

phenylethane, glutaraldehyde, N-hydroxysuccinimide esters, for example,

’ esters with 4-azidosalicylic acid, homobifunctional imidoesters, including

disuccinimidyl esters such as 3,3'-dithiobis(succinimidylpropionate), and

bifunctional maleimides such as bis~N~maleimido-1,8~octane.v Derivatizing

'agents such as methyl-3-i(p~ezidophenyl)dithiclpmpioimidate yield

photoactivatable 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 us. 3,969,287; 3,691,016; 4,195,128; 4,247,542;

4,229,537; and 4,330,440 are employed for protein immobilization.

Glutaminyl and separaginyl 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.
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: §tructgre and Molecular Properties, W H. Freeman &
(2.0, San Francisco,pp.p 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

I, glycosylation pattern of the polypeptide By altering is meant deleting'o‘ne‘ _W.”-

or more carbohydrate moieties found in the native targetpolypeptide, and/or,N‘ ,~__._,v

adding one or more glycosyiation sites that are not present in the native

target polypeptide.
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Glycosyletion of polypeptides is typically either Nvlinked or O-

linked. N—linked refers to the attachment of the carbohydrate moiety to the

srde chain of an asparagine Jresrdue The tn—peptrde sequences asparagine-X—
W

are the recognition sequencesfor enzymatic attachment of the carbohydrate
moiety to the asparagine side chain. Thus, the presence of either of these ‘

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 sequence such that it

contains One or more of the abovedescribed tripeptide sequences (for N—
linked glycosylation sites). The alteration may also be madeby the addition ~

of, or substitution by, one or more serine or threonine residues to the nativeW~sw..

target polypeptide sequence (for Olinked glycosylation sites). For ease, the

targetpolypeptide amino acid sequence is preferably altered through changes
at the DNA level, particularly byimutating the DNA encoding the target

polypeptide at preselected 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 Target Polypeptide".

Another means of increasing the number of carbohydrate moieties
on the target polypeptideis byrchemical or enzymatic caupling of glycosides

to the polypeptide. 'These procedures are advantageoue in that they do not

reouire production of the polypeptide inla host cell that has glycosylation

capabilities for N- and O— linked glycosylation. Depending on the coupling

mode used, the sugarlsl 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 (f) the amide group of glutamine. These methods are described in WO

87/05330 published 11 September 1987, and in Aplin and Wriston (QRQ
grit. Rev. Bigghgm.. pp. 259-306 [1981]).

Removal of carbohydrate moieties preSent on the native target

I polypeptide may be accomplished chemically or enzymatically. Chemical
. _ W

deglyc‘osylation requires exposure of the polypeptide-to the compoundW‘N,

' 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 Nvacetylgalactosamine), while leaving the polypeptide

. intact. Chemical deglycosylation is described by Hakimuddin et al. (Arch. -

eicghemfeigphyg, 2§e:52 [1987]) and by Edge et 3/. (Anal. Bigghgm.,

118:131 [1981]). Enzymatic cleavage of‘ carbohydrate moieties on

polypeptides can be achieved by the use of a variety.,of endo— and exo--

glycosidases as described by Thotakura er al. (Meth. Enzymgl., 138:350

[1987]). ,

Glycosylatioh at potential glycosylation sites may be prevented by

, the use of the cempound tunicamycin as described by Duskin et al.(J Biol.

gm, _2_____57: 3105 (1982)). Tunicamycin blocks the formation of protein—N~

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,i44';

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 (for example,hydrox'ymethylcellulose orgelatin-microcapsules

and poly~lmethylmethacylateI microcapsules, respectively). in colloidal drug

delivery systems (for example, liposomes, albumin microspheres,
microemulsions, hand-particles and nanocapsules), or in macroemulsions.

SuchtechniquesaredisclosedinR in n’ P rm e i al i nces,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 I immunoassay, or

' radioreceptor assay), in affinity purification techniques, and in competitive-

type receptor binding assays when labeled with radioiddine, 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 immunological 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.

Qiagngstig and Related Uses of. the Antibodies '
The antibodies of this invention are useful in diagnostic assays for

antigen expression in specificcells 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 {Or 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, thesubstanceto‘ be tested is referred to herein as an

analyte, irrespective of its status otherwise as an antigen pr antibody, and"

proteins that bind to theenalyte are denominated binding partners, whether
they be antibodies, cell surface receptors, or antigens. _

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 ”trapers."
The label used land this is 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, NC, 125I, 3H,

and mi, fluorophores such as rare earth chelates or fluorescein and 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, fi—galactosidase, glucoamylase, lysozyme,

saccharide oxidases, e.g., 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 proteinsor polypeptides.- For instance, coupling agents such as

dialdehydes, carbodiimides, dimaleimides, bis—imidates, ‘vbis-diazotized

benzidine, and the like may be usedvtoxtag the antibodies with the above—

66

72



 

10

_15

20

30

describedfluorescent, chemiluminescent, and enzyme labels. See, for

‘ example, U'.S. Pat. Nos. 3,940,475 (fluorimetryl and 3,645,090 (enzymes);

Hunter etal., Nature,_144: 945 (1982): David eta/., gigghemistry, 1;: 1014-

‘ 1021 (1974); Pain at a/., J. lmmgngl, M~ethggs, £9: 219~230 (1981); and

Nygren, d. Histgchem. and Qmgghgm" 39:407~412(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 skill in

immunoassay techniques. See, for example, O'Sullivan et a/., "Methods for

the Preparation of Enzyme-antibody Conjugates for Use in Enzyme

immunoassay," in Methgds/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. V

Immobilization of reagents isirequired '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

at al.., U.S-. 3,720,760), by covalent coupling (for example, using.

gl'utaraldehyde cross-linking), or by insolubilizing the partner or analogue
afterward, 6.9., by immunoprecipitation.

Other assay methods, known as competitive or sandwich assays,

are well establishedand 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 after the competition and then thetracer 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

preinsolubilizedl or by centrifuging (where the binding partner was

precipitated after the competitive reaction). The amount of test sample

67

73‘



m

15*

20

30

o . . o

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

qUantitativelyvdetermine the amount ofianalyte preSent in the test sample.

These assays are called ELISA systems when enzymes are used as the
detectabie 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-enalyte modifies the enzyme activity. .
in 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

V homogeneous assay. These conjugates are synthesized by covalently linking

a low—molecularvweight hapten to a email 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

1' a changein the character of the conjugate hapten, e.g., achange in

fluorescence when the hapten is a fluorophore.

Sandwich assays particularly are useful for the determination of

antigen or antibodies. in sequential sandwich assays an immobilized binding.
partner is used to adsorb test sample analyte, 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 totest sample analyte. ln “simultaneous"

sandwich assays the test sampie is not separated before adding the labeled

binding partner. ,A sequential sandwich assay using an anti-antigen

monoclonal-antibody as one] antibody and a 'poly'clonal 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 analytes are included

within the scope hereof, including the bicassays described above.

lmmgnotgxins _

This invention is also directed to immunochemical derivatives of the

antibodies of this invention such as immunotOXins (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 HIV 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 enzymaticaily active toxin of bacterial, fungal, plant oranimal origin, or

an enzymatically active fragment of such a toxin. Enzymaticaliy 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 ford/'1' proteins, dianthin proteins, Phytolaca americana proteins

(PAPl, PAPII, 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 5FU.

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, lT , bifunctional derivatives of imidoesters such as”

dimethyl adipimidate HCl, active esters such as disuccinimidyl suberate,

aldehy‘des such as iglutaraldehyde, bis-azido compounds such as his

(p-azid'obenzoyl) hexanediamine, bis-diagonium derivatives such as his in-

V diazoniumbenzoyll~ ~ethylenediamine, dilsocYanates such as tolylene

2,6-diisocyanate and bis-active fluorine compounds such as l,5~difluoro‘

2,4-dinitrobenzene. The iysing portion of a toxin may be joined to the Fab
fragment of the antibodies.

lmmunotoxins can be made in a variety of ways, as discussed

herein. Commonly known crosslinking reagents can be used to yield stable '

conjugates. . 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

2238:1098 (1987) hereby incorporated by. reference. I
When used to kili infected human cells ‘in vitro' for diagnostic

purposes, the conjugates will typically be added to the cell culture medium
at a concentration bfr'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 perfusion medium willnormally be used.

Cytotoxicity may be read‘by conventional technioues. ‘ '

Cytotoxic radiopharmaceuticals for treating infected cells may be

made by conjugating radioactive isotopes (9.9. i, 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.

ln ‘a preferred embodiment, ricin A chain is deglycosylated or

produced without oligosaccharides, to decrease its clearance by irrelevant

clearance mechanisms leg, the liver). In another embodiment, whole ricin

(A chain plus 8 chain) is conjugated to antibody if the galactose binding '
k
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property of B~chain can be blocked ("blocked ricin").

in a further embodiment toxin-conjugates are made with Faber
Had-)2 fragments. Because of their relatively small size these fragments can
better penetrate tissue to reach infeCted cells. '

I in another embodiment, fusogenic liposomes are filled with a

cytotoxic drug and the liposomes are coated with antibodies specifically.

binding the particular antigen.

ni D nn ‘lllr _x'i

Certain aspects of this invention involve antibodies which are (a)

directed against a particuiar 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 compleking with cell surface proteins, activates serum

complement and/or mediates antibody dependent celiularc'ytotoxicity (ADCC)

by activating effector cells such as natural killer cells or macrophages.
Biological activityof antibodies is known to be determined, to a

large extent, by the constant domains or Fc region of the antibody molecule
(Uananue and Benacerraf, Textbook of Immunology, 2nd Edition, Williams &
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 subciasses 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 lgG3 and

'IgGZa effector functions are desirable for certain therapeutic applications.

ln general, mouse antibodies of the lgGZa’ and lgG3 subclass and
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‘ occasionally lgGi can mediate ADCC, and antibodies of the lgG3, 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 of only one IgM

molecule activates serum complement. ' t I

The ability of any particular antibody to mediate lysis of the target

cell by complement activation and/or ADCC-gcan be assayed. The cells of

interest are grown and labeled in vitro; 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. Cytolysis 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 cf
complement and/or immunecells. 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 uses of 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 er

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 injectable 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 oils and ethyl oleate 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. .1 I I
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 lecalize 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 (Uananu'e 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 etal., Pro‘c. Natl. Acad. Sci. 81 :2864 (1985); Koprowski eta/., Proc.

Natl. Acad. Sci. 81 :21 6 (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 .

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.

Deggsit gr Materials >

As described above, cultures of the muMAb4DE have been
deposited with the American Type Culture Collection, 12301 Parklawn Drive,

Rockville, MD, USA (ATCC). .

This deposit was made under the provisions of the Budapest Treaty ‘
on the International Recognition of the'Deposit of Microorganisms for the

Purpose of Patent Procedureiand‘ 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
IGenentech, 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 5122 and the

Commissioner's rules pursuant thereto (including 37 CFR §l.12 With

particular reference to 886 06 638). V _
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 governmentin 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 iilustrations 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.

it 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 '1

, 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. HUMANIZATIQN QF muMAb4Q§
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Here we report the chimerization of muMAb4DS lchMAb4DS) and

the rapid and simultaneous hUmanization of heavy (VH) and light (VL) chain

variable region genes using a novel "gene conversion mutagenesis" strategy.

Eight humanized variants (huMAb4‘DS) were constructed to probe the-

importance of severai‘FR residues identified by our molecular modeling or

' previously proposed to be critical to the conformation of particular CDRs (see

Chothia, c. & Lesk, A. Mi, ./.' Mol. Biol. 196:901-917 (1987); Chothia, C. et

al., Nature 342:877-883 (1989); Tremontano, A. et a/., J. Mol. Biol.

' 21 5:1 75~1 82 (1990)). Efficient transient expression of humanized variants

in non-myeloma cells allowed us to rapidly investigate the relationship

between binding affinity for p185HERZ ECD and anti-proliferative activity"

against p185HERZ overexpressing Carcinoma cells.

_ > MATERIALS and METHODS

Cldning of Variable Region Genes». The‘idm‘uMAbliDS VH and‘VL

genes were isolated by polymerase chain reaction (PCR) amplification of

mRNA from the corresponding hybridoma (Fendly, B. M. et'al, Cancer Res.-

50:1550—1558 (1990)) as described by‘Orlendi et al. (Orlandi, R. etal., Proc.

Natl. Acad, Sci, USA 86:38 33883711989)? .WterminaTs’EcT/wiéfifi
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 murlne framework residues (Orlandi, R. et al., Proc. Natl. Acad. Sci. USA

86:3833-3837 (1989): Kabat, E. A. et al., Sequences of Proteins 'of

Immunological Interest (National'lnstitutes ofHealth, Bethesda, MD, 1987))

incorporating restriction sites for directional cloning shown by underlining and
listed afterthe sequences: VL sense', 5'-

TCCQ ATATQCAGCTGACCCAGTCTCCAF3' (SEQ. ID NO. 7), 'Eco'RV; VL

anti-sense, 5’-GTTTGATCTCCAGCTT§§TAQCHSCDCCGAA-B’ (SEQ. ID NO.

8),Asp718;VH sense, 5’-AGGTSMARQT§QAQSAGTCWGG-B' (SEO. lD NO.

9), Pstl and VH anti-sense, 5"“

TGAGGAGACQQTQACCGTGGTCCCTTGGCCCCAG-B’ (SEQ. ID NO. 10), ' I

BstEll;whereH = AorCorT,S = CorG,D == AorGorT,M = Aorb,

R = A or G and W =_.A or T. The PCR products were cloned into pUC119
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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 31., Proc. Natl. Acad. Sci. USA’7425463-5467 (1977)).

Molecular Modelling. Models for muMAb-‘iDS VH and VL‘domains

were constructed separately from consensuscoordinates based upon seven

Fab structures from the Brookhaven protein data bank (entries 1FB4, ZRHE,
ZMCP, SFAB, 1FBJ, 2Hl’l. and 1REl). The Fab fragment KOL (Marquart, M.

et a/., J. Mol. Biol. 141:369-391 (1980)) was first chosen as a template'f‘or I

VL and VH domains and additional structures were then superimposed upon

this structurausing their main chain 'atom coordinates (lNSlGHT program,

Biosym Technologies). The distance from the template Co to the analogous

Co in each of the superimposed structures was calculated for each residue

position. if all (9nearly all) Ca—Ca distances for a given residue were 5 1A,
then that position was inciuded 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 non-standard bond geometry by '50 cycles of

energy minimization using the Dl$COVER program (Biosym Technologies)

with the AMBER forcefield (Weiner, 3. J. et a/., J. Amer. Chem. Soc.

10627655784 (1984)) and Ca coordinates fixed. The side chains of highly

conserved residues, such as the disulfide-hridged cysteine residues, were

then‘incorporated into the resultant consensus structure. Next the .

sequences of muMAh4DS VL and VH were incorporated starting with the

CDR residues and using the tabulations of CDR conformations from Chothia

g at al. (Chothia-C; et a/.,-Nature 342:877-883 (1989)) as a guide. Side-chain

conformations Were chosen on the basis Aof Fab crystal structures, rotamer'

libraries (Ponder, J. W. & Richards, F. M., J. MOI. Biol. ‘1 93:775-791 (1987))

. and packing considerations. Since VH—CDR3 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 humanizing muMAb4DS, consensus human sequences were first

derived from the‘most abundant subclasses in the sequence compilation of

Kabat etel. (Kabat, .E. 'A. et 3]., Sequences of Proteins of Immunological
Interest (National Institutes of'l-lealth, Bethesda, MD,"1987)), namely VL K

aubgroup l and VH group 111, 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 muMAb4_DS model into the

consensus human structure. All huMAb4DS variants contain human

replacements ofmuMAb405 residues at three‘positions. within CDRs as
defined by sequence variability (Kabat, E. A. et 3]., Sequences ofProteins 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)): \lL—CDR-l K24R, VL—CDRZ R54L and VL-CDRZ
T565. Differences between muMAb4DS and the human consensus

framework residues (Fig. 1) were individually modeledto investigate their

possible influence on CDR confermation and/or binding to the 0185HERZ

ace. ‘ ~ ' '

‘ . construction of Chimeric Genes. Genesegcoding ChMAbftDS light.
and heavy chains were separately assembled in previously. described

iphagemid vectors containing the human cytomegalovirus enhancer and

promoter, a 5' intron and SV4O polyadenylation signal (German, C. M. etal.,_
DNA & Prat. Eng/'n. Tech. 2:3-10V(1990)). Briefly, gene segments encoding

muMAb‘4155 vL (Fig. 1A) and RE) human x1 light chain CL (Palm, w. &
Hilschmann, N., Z. Physio]. Chem. 356:167-191 (1975)) were precisely

joined as were genes for muMAb4D5 VH (Fig. 1B) and human y1 constant I

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 siteodirec'ted 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 (Brt'iggemann, M. et a/., J. Exp. Med. 166:1351-1361

(1987)) or humanized antibodies (Riechmann, L. et al., Nature 332:323~327

. (1988)). The PCB-generated ‘VL and VH fragments (Fig. 1) were:

subsequently mutagenized so that they faithfully represent the sequence of

muMAb405 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 yl constant regions are identical to

those reported by Ellison at al. (Ellison, J. W. at al.,‘Nuc/eic Acids Res.

13:4071—4079 (1982)) except for the mutations E3590 and M361L (Eu

numbering, as in Kabat, E. A. at a/.,‘ 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 a/,, 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 ChMAb4Db

light chain and heavy chain Fd fragment (VH and CH1 domains) were

subcloned together into pUCi 19 (Vieira, J. &>Messing, J., Methods Enzymol.

'1 53:3-“ (1987)) to create pAK1 and simultaneously humanized in a single .

step (Fig.2). Briefly, sets of 6 contiguous cligonucleotides 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 murineantibody
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~32P¥ATP (Carter, P.
Methods Enzymol. 154:382-403 (1987)) and separately annealed with 3.7

pmol of pAKl template in 40 pl 10 mM Tris—HCl (pH 8.0) and )0 mM MgCIz

by cooling from_100 0C to room temperature over ~30 min. The annealed

‘ olig'onucleotides were joined by incubatidn with T4 DNA ligase (12 units;

New England Biolabs) in the presence of 2p) 5 mM ATP and 2p) 0.) 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 a). (Kunkel,

T. A. et a/., Methods Enzymol. 154:367-382 (1987)) in 10 pl 40 mM

Tris—HCl (pH 7.5) and 16 mM MgCl2 as above. Heterodu‘plex DNA was ‘
constructed by extending the. primers with T7 DNA polymerase and

transformed into E. coli BMH 71-18 mud. as previously described (Carter,

P., in Mutagenesr's; A Practical Approach, Chapter 1 URL Press, Oxford, UK

1991)). The resultant phagemid DNA pool was enriched first for huVL by
restriction purification Using Xhol and then for huVH by restriction selection
using Stul as described in Carter, P., in Mutagenesrls: A Practice/Approach,

chapter 1' (lat. Press, Oxford, UK 1991); and in Wells,_J. A. et 3]., 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. et al., Proc. Natl. Acad. Sci. USA 74:5463-5467 (1977)) and designated ‘ ‘

.pAKZ. Additional humanized variants were generated by site—directed

_ mutagenesis (Carter, P., in Muragenesis: A Practical Approach, Chapter'1

(lRL Press, Oxford, UK 1991)). The muMAb4D5 VL and VH-gene segments

.in the transient expression vectors deS'cribed above were then precisely

replaced With their humanized versions.

ExpreSSion and Purification of MAMD5 Variants. Appropriate

MAb4_D5 light and heavy'chain cDNA ekpression vectors were co-transfected

into an adenovirus transformed human, embryonic kidney cell line, 293

- (Graham, F. L. et a/., J. Gen. Virol. 36:59~72 (1977))‘using a high efficiency

procedure (German, C. M. at a/., DNA & Prat. Engin. Tech. 213-10 (1990);

, Gorman, C.,in DNA Cloning, v0) ll‘, pp 143-190 (D. 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 (Pharmacia) as

described by the manufacturer. The eluted antibody was buffer-exchanged
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into phosphate-buffered saline by 625 gel filtration, concentrated by

ultrafiltration (Centriprepe30 or Centricon-lOO, Amicon). sterile~filtered

(Millex-GV, Milliporel and stored at 4 OC. The'concentration of antibody was

determined by using both total immunoglobulin andantigen binding ELlSAs.

.The standard used Was huMAb4DS-5,-whose concentration had'been
determined by amino acid composition analysis.

' ' Cell Proliferation Assay. The effect of MAb4DS variants upon

proliferation of the human’memmary adenocarcinoma cell line, SK-BR—B, was

investigated as previously described (Fendly. B M et a/., 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 p185HER2 ECD

prepared as described in Fendly,-B. M. et a/., J. Biol. Resp. Mod. 9:449—455

(1990). Briefly, antibody and p185HER2 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 ECD and used

to calculate affinity (Kd) according to Friguet et al; (Friguet, B. et a/., J.

Immunol. Methods 77:305-319 (1985)), . ' "

‘ RESULTS

Hu’manization of muMAMDS. 'The muMAb4DS vL and vH gene-
segments were first cloned by PCR and sequenced (Fig. 1). The variable
genes were then simultaneously humanize-d by gene conversion mutagenesis
using prea‘ssembled oligonucleotides (Fig. 2). A 311-mer oligonuCIeotide

containing 39 mismatches to the template directed 24 simultaneous amino .

acid changes required to humanize muMAb4D5 VL- Humanization ~of

'. muMAb4D§ VH required 32 amino acid changes which were installed with

' a 361-mer containing 59 mismatches to the muMAb4DS 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. ‘ ‘ '

Expression levels of huMAb4DS variants were in the range of 7 'to

15 pg/ml as judged by ELlSA using immobilized p185HERZ ECD. Successive

harvests of five 10 cm plates-allowed 200 pg to 500 mg of each variant .to '-

be produced in 'a week. Antibodies affinity purified on protein Agave a-

single band on‘a Coomassie blue stained SDS polyacrylamide gel of mobility

consistent with the expected Mr of ~ 150 kDa. Electrophoresis under

reducing conditions gave 2 bands consistent with the expected Mr of free ,
heavy (48 kDa) and light (23 kDal chains (not shown). Amino terminal

sequenceianalysis (10~cyclesl {gave the mixed sequence expected (see Fig.

1) from an equimolar combination of light and heavy chains (not shown).

huMAb4DS Variants. In general, the FR residues Were chosen from

consensus human sequences (Kabat, E. A. at al., Sequences of'Proreins of
Immunological Interest (National Institutes of Health, Bethesda,- MD,.1987))

and CTDR residues from muMAb4D5. Additional variants were constructed

by replacing selected human residues in huMAb4D5-1 with their muMAb4DS

counterparts. These are VH residues 71, 73, 78, 93 plus 102 and VL‘

residues 55 plus 66iidentified by our molecular modeling. VH residue 71 has

previously been proposed by others (Tramontano. Aget a/.,‘J. Mol. Biol.
21 5:175-182 (1990)) to be critical to the conformation of VH-CDRZ. Amino

acid sequence differences between huMAb4DS variant molecules are shown

in Table 1. together with their p185HER2 ECD binding affinity and maximal

'anti-proliferative activities against SK—BR-3 cells. Very similar Kd values were

obtained for binding of MAb4DS variants to either SKaBR-S cells (unpublished

data) or to p185HER2 ace (Table 1). However, Kd estimates derived from

binding of MAb4DS variants to p1 BSHERZ 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, huMAbfiDS~8, contains 5 FR residues from muMAb4DS. This
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. the extracellular domain of

antibody binds the p185HER2 ECD 3—fold more tightly than does muMAb4D5

itself (Table 1) and has comparable anti-proliferative activity with SK—BR-3

cells (Fig. 3). in contrast, huMAb4DS—1 is the most humanized but least

‘ potent muMAb4DB variant, created by simply installing the muMAb4DS-

CDRs into the consensus human sequences. huMAb4D5-1 binds the

p185HER2 ECD 80—fold less tightly than does the murine antibody and has

no detectable anti~proliferative activity at the highest antibody concentration
investigated (16 pg/ml). . . i

The anti»proliferative activity of huMAb4DS 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 Vi—l domain of huMAb4D5—2 (D73T, USA and

'A938) 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. et_a/., J. Mol.

Biol. 215:175-182 (1990)) is supported by the observed 5-fold increase-in
affinity for p1 85”“2 £60 on replacement of mi in huMAbws-f with the

- .’ corresponding murine residue, alanine (huMAb405«2). In contrast, replacing

VH L78 in huMAbEDS-ti with the murine residue, alanine (huMAb4DS—5),
does not significantly change the affinity for the p185HERZ ECD or change

anti-proliferative activity, suggesting that residue 78 is not of critical

functional significance to hulVlAb405 and its ability to interact properly with

p185HER2.

VL residue 66 is usually a glycine in human and murine x 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 muMAb4D5 ‘k light chain. The side chain of
residue 66 is likely to affect the conformation of'VL-CDRl and VL~CDFi2 and

the hairpin'turn at 68—69 (Fig. 4). Consistent with the importance of this

residue, the mutation V1; 666R (huMAb4DS-3 .. huMAb4D5—5) increases the

' affinity for the p185HERz ECD by 4-fold with a concomitant increase in
anti-proliferative activity.

83

89



 

i...

kc‘t

10

415

20

30

From molecular modeling it appears that the tyrosyl side chain of

muMAb4DS, VL residue 55 may either stabilize the conformation 0f VH-CDR3

_ or provide an interaction at the VL‘VH interface. The latter function may be
dependent upon the presence of VH Y1_02. In the context of huMAb4DS—5

the mutations vL essv (huMAbkios-eland vH viozv (huMAb4DS-7l
’ individually increase the affinity for p185HER2 race by 5-fold and 2-fold

respectively, whereas together (huMAb4DS—8) they increase the affinity by

11-fold. This is consistent with either proposed role .of VL Y55 and VH
Y102. ' . . '

‘ Secondaryvlmmune Function of huMAMDS-S. MuMAVb4DS inhibits

the growth of human breast-tumor cells which overexpress p185HER2

(Hudziak, R M. eta/n Molec. Cell Biol. 9: 11651172(1989)). The antibody,
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 ’

=0 1 pM) and its human lgG, subtype. Table 2 compares the ADCC ‘

. mediated by huMAb4DS-8 with muMAb4D§ on a normal lung epithelial cell

line, Wl-38, which expresses a low level of p185HER2 and en SK—BR-3,
which expresses a high level of p1858ERZ. The results demonstrate that:

(l). 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 plSSHERZ.

DlSCUSSlON '

’MuMAb4D5 is potentially useful for human therapy since it is

cytostatic towards human breast and ovarian'tumor lines overexpressing the
HERZ-encodedpl85HER2 receptor-like tyrosine kinase. Since both breast

and ovarian carcinomas are chronic diseases it is anticipated that thevoptimal

' MAb4D5 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 plBSHERZ ECD (Kd s .1 nM) and

which have significantantirproliferative activity (Table 1). Furthermore
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huMAb4DS-8 but not muMAb4DS mediates Aocc against human tumor cell
lines overexpressing p185HERZ in the presence of human effector cells (Table

. 2) as anticipated for a human y1 isotype (Bruggemann, M. at a/., J. Exp.

Med. 166:1351-1361. (1987): Riechmann, L. et al., Nature 332323627

(1988)). ‘ _

Rapid 'humanization of huMAb405 was facilitated by the gene:

conversion mutagenesis strategy developed here using long preassembled

oligonucleotides. This method requires less than half the amount of synthetic

DNA as doestotai gene synthesis and does not require convenient restriction

sites inxthe target DNA. Our method appears'to be simpler and more reliable I
than a'variant protocol recently reported (Rostapshov, V. M. at 3]., FEBS

Lett. 249:379-382i(1989)). Transient expression of huMAb4D5 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

muMAb4DS is illustrated by the designed variant huMAb4DS-8 which binds

the p185HER2 ECD 250ofold more tightly than the simple CDR loop swap,
1 variant, huMAb4DS-1. it has previously ibeenshbwn that the antigen binding

affinity of a humanized antibody can be increased by mutagenesis based

upon molecular modelling (Riechmann,‘L. eta/., Nature 332:323—327 (1988);

Queen, c. eta/u, Proc. Natl. Acad. Sci. USA 86:1002‘9-10033 (1989)). Here
we have extended this earlier work by others with a designed humanized,M

; antibody which binds its antigen 3-fold more tightly thamhmrenmdene—

antibody. While this result is gratifying, assessment of the success of theW

molecular modeling must await the outcome ofX-ray structure

determination. From analysis of huMAb4DS variants (Table 1)it is apparent

that their anti-proliferative activity is not a simple function of their binding

affinityfor p185HER2 race. For example the huMAb4D5-8 variant binds

p185HER2 3-fold more tightly than muMAb4os 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 loan attempt to enhance

this activity. _ ‘

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 rp185HER2 allows

for the evolution of a-straightforward clinic approach to those human cancers

characterized by overexpression of the HERZ protooncogene./
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Table 1. p185HERZ ECD binding affinity and antl—proliferative activities of MAb4DS

 

 

variants

V“ Residue' > VL Residue'

MAbans 71 73 78 93 102 . 55 66 Relaglive'cell

Variant m3 F113 F113 m3 CDR3 coazi FR3 nM

proliferationt '

hummus—1‘ R D L ' A. v a . c 192

huMAbaas-z Ala D L ‘ A v E c 4.7. 101

huMAbaea-3 ‘ A15 Thr Ala , Set: v :E c 4.1. 66

huMAbllDS-A . Ala Thr L_ Set: v' E '_ Arg 0.82 56’

huMAbztn‘sa Ala Thr Ala Ser v ‘ E Arg “1.1 1.8

huMAb4D5~6 Ala ' Thr Ala Ser V Tyr Arg  .0.22 51

huMAlaADs-7 ' Ala Thr Ala ser' Tyr E -Arg 0.62 53 .

huMAbllDS-S Ala Thr Ala Ser Tyi’ Tyr Arg. 0.10. 54

muMAbliDS ' Ala Thr Ala Ser Tyr Ty}: Arg‘ _ 0.30 37

" Human and murlne residues are shown in one letter and three letter amino acid code

respectively.

’ Kd values for the pl 85HERZ ECD were determined using the method of Friguet etel. (43) and

the standard error of each estin‘late is s :t 10%.

.3 Proliferation of SK—BR-3 cells incubated for 96 hr with MAb4DB variants shown as a

percentage of the untreated control as described (Hudziak, R. M. et a/., Molec. Cell. 3/01. '

9:1165—1172 (1989)). Data represent the maximal anti-proliferative effect for each variant

(see Fig. 3A) calculated as the mean of triplicate determinations at a MAb4DS concentration
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Table 2.. ’ Selectivity o‘fantibody dependent tumor sell cytotoxicity mediated by huMAb4DS-8
 

w1—38' ’ . SK-BR-3

Effector:Target

ratioT muMAb405 huMAbADS—s muMAb405 huMAbADSvB

A.*- ., ' 25:1 <1.o . 9.3 7.5 ‘40.6

12.5:1. _ <1.0‘ - 11.1 ' ‘ 4.7 ' 36.8

6.26:1 , , (<1.o ' “ 8.9 0.9 35.2

i 3 13:1 <1.0 - 8.5 4.6 19.6

B. I 25E1 . <1.0 3.1 .6.1 33.6 .

'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.e , '- 0.8 “ 2.6 13.4.

W

' Sensitivity to ADCC of two human cell lines (Wl»38, normal lung epithelium; and SK-BR-B,

human breast tumor cell line) are compared. Wl-38 expresses a low level of p185HER2 (0.6

pg per pg cell protein) and SK-BR-S expresses a high level of p185HERZ (64 pg p185H€R2 per

pg cell protein), as determined by ELISA (Fendly er a/.. J. Biol. Resp, Mod. 9:449-45511990”.

l ADCC assays were carried out as described in Bruggemann er a/., J._ Exp. Med.

1662135171361 (1987). Effector to target ratios were of lL—2 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 OC. Values given represent percent specificvcell lysis as determined

by 51Cr release. Estimated standard error in' these quadruplicate determinations was s

110%.

1 Monoclonal antibody‘concentrations used vvere 0.1 ug/ml (A) and 0.1 [lg/ml (B).
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 EXAMPLE 2. Schema is M hod f r H. m nizin n An ib e u nce

This example illustrates one stepwise elaboration of the methods for

creating a humanized sequence described above. It will be understood that

i 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.

2. prepare model of import (the non—human domain to be humanized)
variable domain sequences and note structural differences with respect

to consensus human model. .

3. 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 Kabat‘residues asimportant

framework residues to import. I

4. substitute import CDR sequences for human CDR sequencesto obtain

initial "humanized" sequence.

5. compare import non-CDR variable domain sequence to the humanized

sequence and note divergences. I

6. Proceed through the following analysis for each amino acid residue

where the import diverges from the humanized. i

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. I

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 but the

import residue differs, examine the structural models of the
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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')-could it affect the conformation of the COR.
5- ' ' If the conclusion is that an affect on the CDRs is likely,-

V substitute. the import residue. lfthe conclusion is that a
CDR affect is unlikely, leave the humanized residue

unchanged.

ii. if the residue is, also not generally conserved in humans,

10 ' I , examine the structural'models of the import and human

sequenCes and determine if the import residue would be

likely to affect the binding or biological 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 I

15 I that an affect on the CDRs is likely, substitute the import
‘ ‘ residue. if the conclusion is that a CDR affect is unlikely, .

proceed to the next step.

a) Examine the structural models of the import and

human sequences'and determine if the residue is
20 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

25 i ‘ - human sequences and determine if the residue is

likely to affect the VL - Vainterface. Residues .

involved-with the interface include: 34L, 36L,

38L, 43L,,33L, 36L, 85L, tan/89L, 91L, 96L.

98L, 35H, 37H, 39H, 43H, 45H, 47H,'60H,

so~ ' ' ’ 91H, 93H, 95H, 100H, end 103H. If no effect

' f is likely, use the residue in the humanized

sequence. if some affect 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 ,

_ 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 effect is likely, eliminate the -

glycosylation site or use'the import sequence at that site.

After completing the aboveanelysis, 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 their‘position, 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, 4e, 49', 63770

ii. Variable heavy domain: 2, 47°, 68, 70, 73-76.

h. Examine particular variable domain residues which could interact

with, or otherwise affect, the conformation of variable domain

($083, 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) (L= LlGHT,

HuHEAVY, residues appearing in bold are indicated to be

structurally important acCording the Chothia et al., Nature

342:877 (1989), and residues appearing inita/ic were altered

during humanization by Queen at al. (PDL), Proc.‘Natl. Acad. SCi.

USA 86210029 (1989) and Proc; Natl. Acad. Sci. USA 8822869
(1991).): '

i. Variable light domain:
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a) con-1 (residues 24L-34L): 2L, 4L, 66L-69L, 71L

b) _CDR—2"(residues SOL-56L): 35L, 46L, 47L, 48L, 49L,

'58L, 62L, 64L-66L, 71L, 73L _'

c) CD'R‘3 (residues 89L-97L): 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 '

b) _CDR«2 (residues SCH-SSH): 49H, 69H, 69H, 71H,

73H, 78H

0) CDR‘B. (residues 95H-102H): examine all residues as

possible interaction partners with this loop, because
this loop varies in size and conformation much more

than the other C'DRs. ’.

if after step 8 the humanized variable domain still is lacking in desired

binding, repeat step-8. in addition, re-investigete any buried residues
which might affect the VL — Vu interface (but which would not directly

affect CDR conformation). Additionally, evaluate the accessibility of
non-CDR residues to solvent.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: Carter, Paul J.
Presta, Leonard G.

(Ii) TITLE OI: INVENTION: Imm'unoglobulin Variants

(iii) NUMBER OFSEOUENCES: Io

(W) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Genentech, Inc.

(B) STREET: 460 Point San Bruno Blvd

(C) CITY: South San Francisco '

(0) STATE: California

. (E). COUNTRY: USA

(Fl ZIP: 94080

(V) COMPUTER READABLE FORM:

(A) MEDIUM TYPE: 5. 25 inch, 360 Kb floppy disk

(B) COMPUTER. IBMPC compatible
(CI OPERATING SYSTEM: PC-D'OS/MS-DOS

(D) SOFTWARE: patin (GenentechI

(Vi) CURRENT APPLICATION DATA:
(AI APPLICATION NUMBER:

(8) FILING DATE: I'4vJune-19i91
(C) CLASSIFICATION:

(vii) PRIOR APPLICATIONOATA:
(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
(a) TELEFAX: 415/952-9881

' (Cl 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) SEQUENCE’DESCRIPTIO'N: SEQ ID N011:

Asp Ile Gln Met Thr Gln .Ser Pro Ser Ser Leu Ser Ala Ser Val.
1 5 . ‘ 10 15

Gly Asp Arg Val Thr lle Thr Cys Arg Ala Ser Gln Asp Val Asn'
20 25 30

Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
35 A . 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 He
65 7O 75,

Ser Ser Leo Gln Pro Glu Asp Phe Ala Tl-lr Tyr Tyr Cys Gln em
‘80 .85- '. Ago

His Tyr Thr Thr Pro Pro Thr Phe Gly Glh Gly Thrr'Lys Val Glu.
A 95 - ~ 100 105

He Lys Arg Thr
- 109'

(2) lNFORMATlON FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 120 amino acids

(8) TYPEz'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 Asn Ile 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 lle Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr
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.50 55' _ so

Ala Asp Ser Val Lys Gly Arg Phe Thr Ile 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 Set Ser
’ 110 ’115 120 '

(2HNFORMANONFORSEOHDN03:

(i) SEQUENCE CHARACTERlSTlCS:
(A) LENGTH: 109 amino acids

(8) TYPE: amino acid '

(DlTOPOLOGngmar

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Asp lle‘Gln Met Thr Gln Ser ProSe’r Se? Leu Sar Ala Ser Val .
1 5. 10 ' a 15

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala'Ser Gln Asp Val. Ser;
20 25 - 30‘

Ser Tyr Leu Ala Trp Tyr Gln Gln L'ys Pro Gly Lys Ala Pro Lys
35 4O 45

Leu Lea 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 He
65 7O ' 75

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr'Tyr Cys Gln Gln
80 85 90

Tyr Asn Ser Leu Pro Tyr Thr Phe Gly Gln 'Gly Thr Lys Val Glu-
95 100 105

Ila Lys Arg Thr
109

96

102
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I2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:

(A) 'LENGTH: 120 amino acids

‘(Bl TYPE: aminO acid ‘
(DI TOPOLOGY: linear- ' ,

(xi) SEQUENCE DESCRIPTION: SEQ ID N024:

Glu Val Gln Leu Val Glu. Ser Gly Gly Gly Leu Val Gln 'Pro Gly '
1 5 ' ' ' 1O 15

Gly Ser Leu Arg Le’u'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 Lys-Gly Leu
‘ 35 .V 40 _ 45

Glu Trp Val Ala Val Ile Ser Glu Asn Gly Gly Tyr, Thr Arg Tyr
50 . 55 60

Ala Asp Ser Val Lys Gly Arg Phe Thr lle Ser Ala Asp Thr Ser
65 . 7O ' 75

Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
80 ' 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 1O . 115 120

(2) INFORMATION FOR SEQ ID N025i

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:_ 109 amino acids

(8) TYPE: amino acid *
(D) TOPOLOGY: linear ‘

(xi) SEQUENCE DESCRIPTION: SEQ ID N025:

Asp lle Val-Met Thr Gln Ser His Lys Phe Met Ser Thr Ser Val
1 - 5 10 15

Gly Asp Arg Val Ser IIe Thr Cys Lys Ala Ser Gln Asp Val Asn
20 25 30
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ThrlAla Val Ala Trp Tyr Gln Gln Lys Pro Gly His Ser Pro Lys
35 . 4o , 45

Lou Leu lle Tyr Ser Ala Ser'Phe Arg-Tyr Thr Gly Val Pro Asp
‘ 50 55 60 ‘ '

Arg Phe Thr Gly Asn Arg Ser Gly Thr Asp Phe Thr Phe Thr lle

‘ 65 70. 75

Ser Ser Val 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 ‘Gly Thr Lys Leu Glu
‘ 9'5 100 105

lle Lys Arg Ala \
'109

(2) lNFORMATlON FOR SEQ lD NO:6i

‘lil SEQUENCE CHARACTERISTICS:

(A) LENGTH: 120 amino acids

(8) TYPE: ,amino acid

(0) TOPQLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO;6:

' Glu 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 lle Lys ,

20 25 ' ~_30

Asp Thr'Tyr lle His Trp Val Lys Gln Arg Pro Glu Gln Gly Leu
35 ' 40 > 45

Glu Trp lle Gly Arg lle Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr
50 55 60

Asp ProLys Phe Gln Asp Lys Ala Thr Ile Thr Ala Asp Thr Ser
65 70 l 75

Ser Asn Thr Ala Tyr Leu Gln Val Ser Arg Leu Thr Ser Glu 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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_ TO

15,

20

25

3.0

35

40’

I45

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 '

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

I (xi) SEQUENCE DESCRIPTION: SEQ lD NO:7:

TCCGATATCC AGCTGACCCAGTCTCCA 27

(2) INFORMATION FOR SEQ ID NO:8:

(I) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 31 bases

(BITYPE: nucleic acid

ICISTRANDEDNESS: single

(0) 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

(8) TYPE: nucleic acid

(C) STRANDEDNESS: single

ID) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID Noe:

AGGTXXAXCT GCAGXAGTCX GS 22

99

105 .
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(2) INFORMATION FOR SEQ ID NO:‘IO:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 34 bases‘
(8) TYPE: nucIeic acid .

(C) STRANDEDNESS: singIe
' (D) TOPOLOGY: linear

(in SEQUENCE DESCRIPTION:_SEQ ID Mano:

TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34

100
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A method for making a humanized antibody comprising amino acid _ »

sequence of a non—human, import antibody and a human antibody,

omprising the steps of:

obtaining the amino acid sequences of at least a‘ portion

of an import variable domain and of a consensus human

variable domain;

iabie domain sequences;

sub titdting an import CDR amino acid sequence for the

corre pending human CDR aminoiacid sequence;
alignin the amino acid sequences of a Framework Region

(FR) of t- 6 import antibody and the corresponding F5 of

the conse sus antibody;

identifying port antibody FR'residues -in__ the aligned FR
' sequences th t are non~homologousto the corresponding

consensus an ‘body residues;

determining if he non-homologous import amino acid

residue is reason bly expected to have atleast one of the

following effects:
1. non-coval ntly binds antigen directly,

2. » interacts w h a CDR; or

3. participates i the Vt '~ VH interface; and

for any non—homologo import antibody amino acid

residue which is reasonab expected to have at least one

of these effects, Vsubstit ting that residue for the

corresponding amino acid. esidue in, the consensus

antibody FR sequence.

Q
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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

V' 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 glycosylation site. 

The method "of claim 1, ha ing an additional step which comprises

aligning import antibody an consensus antibody FR sequences,

identifying import antibody F residues which are non-homologous .,
with the aligned consensus FR sequence, and for each such non- ‘

homologdus import antibody R residue, determining if the

corresponding consensus antibo y residue represents a residue

which is highly conserved‘across 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.

’_ 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, 8-7L, 98L, 2H, 4H, 24H, 36H, 37H,
39H, 43H, 45H, 49H, 58H, 60H, 88H, 69H, 70H, 73H, 74H, 75H,

102.
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76H, 78H, 91H, 92H, 93H, and 103H.

method comprising providing at least a portion‘of 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 omen 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,

67L, 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. - \__,.;’./->

antibody. 3 ‘ ,

A humanized antibody variabie domain having a non~human CDR.. v‘ V "“

incorporated into a human antibody variable domain, wherein the

improvement comprises substituting an amino acid residue for the

human residue at a site selected {rem the group. consisting of:

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

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,

7SH,76H,78H,91H,92H,93H,and103H.

The humanized antibody variable domain of claim 9, wherein the

.substituted residue is the residue found at the corresponding

location of the non~hurnan antibody from which the non-human

CDR was obtained.
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11. ‘The humanized antibody variable domain of claim 9, wherein no .

human FR residue other than those set forth in the group has been

substituted.

V 5‘ . h _
., 12. A polypeptide comprising the amino acid sequence:

DIOMTOSPSSLSASVGDRVTlTCRASODVNTAVAWYOOKPGKAP

KLLlYSASFLESGVPSRFSGSRSGTDFTLTISSLQPEDFATYYCOOHY

TTPPTFGQGTKVHKRT

v10

. 13. - A polypeptide comprising the sequence:

EVOLVESGGGLVOPGGSLRLSCAASGFNIKDTYlHWVROAPGKGLE

WVARlYPTNGYTRYADSVKGRFTlSADTSKNTAYLOMNSLRAEDT

AVYYCSRWGGDGFYAMDVWGQGTLVTVSS ' '

15 , f) . .
.1 ~ 0 { . .J“ f D 0‘ 14. A c/omputercomprising the sequence data of the following amino

_ K." , » , .

'IZfi/Q acid sequence: ‘ g _
x . a. . DIOMTQSPSSLSASVGDRVTITCRASODVSSYLAWYOO

l KPGKAPKLLlYAASSLESGVPSRFSGSGSGTDFTLT!SSLO

26 ‘ PEDhATYYCOOYNSLPYTFGOGTKVEIKRT, or, I

b. . EVQLVESGGGLVOPGGSLRLSCAASGFTFSDYAMSWVR
OAPGKGLEWVAVISENGGYTRYADSVKGRFTISADTSKN

,TAYLQMNSLRAEDTAWYCSRWGGDGFYAMDVWGOG

TLVTVSS

25 ~ ' f O M _ ,
15. A computer representation oft/e following amino acid sequence: '

a. DlOMTOSPSSLSASVGDRVTITCRASODVSSYLAWYOO

'KPGKAPKLLlYAASSLESGVPSRFSGSGSGTDFTLTISSLO

. _ PEDFATYYCOOYNSLPYTFGOGTKVEIKRT, or
so b5 ' EVQLVESGGGLVOPGGSLRLSCAASGFTFSDYAMSWVR

' QAPGKGLEWVAVlSENGGYTRYADSVKGRFTISADTSKN

TAYLOM'NSLRAEDTAVYYCSRWGGDGFYAMDVWGQG

104
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TLVTVSS

mm
16. :A’Fwethod cyprising storing a‘cdmputer representation of the

following amino acid sequence:

5 _ , a. DIOMTQSPSSLSASVGDRVTITCRASQDVSSYLAWYOO
KPGKAPKLLIYAASSLESGVPSRFSGSGSGTDFTLTISSLQ

PEDFATYYCQOYNSILPYTFGQGTKVEIKRT, ~or

b. ,' EVOLVESGGGLVQPGGSLRLSCAASGFTFSDYAMSWVR
0APGKGLEWVAWSENGGYTRYADSVKGRFTISADTSKN ,

1o ‘ ' ' TAYLOMNSLRAEDTAVYYCSRWGGDGFYAMDVWGOG

TLVT'VSS '
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Variant immunogiobulins, particularly humanized antibody

polypeptides are provided, along with methods for their preparation and use.

Consensus immunogiobulin sequences and structural models are also

provided. '
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’ ' . ‘ . EXPRESS MAIL no. 859937585
' MAlLED: 14 JUNE 1991

COMBlNED DECLARATION FOR PATENT APPLICATION
AND POWER OF ATTORNEY Docket No. 709

As a below named inventor, l hereby declare that:

My residence, post office address and citizenship are as stated below next to my name,

. I believe lam the original first and sole inventor (if only one nemesis listed below) or an original, first and joint inventor
(if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention

entitled

.. lMMUNOGLOBULlN 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.

l 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).
  

lhereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign applicationls) for patent
or inventor's certificate listed below and have also identifiedbelow 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 Applicationisl -. I ' Priority. Claimed
, _ Yes No

Number ' Country , _ Day/Month/Year Filed 

Huh—"l heregy claim the benefit under Title 35, United States Code, 5120 of any United States applications(sl 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, I acknowledge the duty

to disclose material information as defined in Title 37, Code of Federal Regulations, §1.56(a)_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 
 
POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorneyls) and/or agentls) to prosecute
this application and transact all business in the Patent and Trademark Office connected therewith.

30/

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 8. Winter - Reg. No. 32,637
Janet E'. Hasak - Reg. No. 28,616
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Send correspondence to (10’ Genentech,‘ Inc.
’ (1:012 Attn: Carolyn R. Adler _

’70) 460 Point San Bruno Boulevard
7% South San Francisco, CA 94080

Telephone: (415) 266—2614
    mW

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.

V 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 be
so notified by the undersigned;
 

 

 

Full name of sole or fir t inventor

  
Paul J CarterM4.
 

lnventor's signature Date

 

Residence
2074 18th Avenue
San Francisco, CA 94116

Citizenship
United Kingdom , -_______,____flu-_____w_«*‘____~_u__‘_w”_____A_”«_______~__,__H_~*“__~_.fl.-“._.___a.____smafl______~________________.______
Post Office Address - .
460 Point San Bruno Boulevard

South San Francisco, CA 94080

Eull name of second joint inventor, if any

 

 

 

Leonard G Presta
 
 

Date
Second I ventor's signature

  

. Residence
1900 Gough Street, #206
San Francisco, CA 94109  

Citizenship
United States of America

Post Office Address
460 Point San Bruno Boulevard

South San Francisco, CA 94080
    

if anyFull name of third joint inventor,

 

Third lnventor's signature Date

 

Residence
  

Citizenship
 

Post Office Address
460 Point San Bruno Boulevard
South San Francisco, CA 94080 
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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 in being trmsmitted to the International Bureau.

  This international search report oonsists of a total of V 4 sheets.
[K] It is also accompanied by a copy of each prior art document cited in this report. ‘

Certain claims were found watchable (see Box 1).

Unity or invention is backing (see Box 11).

The international application contains disclosure of a nucleotide and/or amino acid sequence listing and the
international search was carried out on the basis of the sequence listing

[j mad with the international application.

[3 furnished by the applicant separately from the international application,

[:1 but not accompanied by a statement to the effect that it did not include
V matter going beyond the disclosure in the international application as filed.

E} Transcribed by this Authority

 
 

‘ 4. With regard to the title, E] the text is approved as submitted by the applicant. .
[X] the text has been established by this Authority to read as follows:

METHOD FOR MAKING HUMANIZED ANTIBODIES.

 5. With regard to the abated;

[Z] the text is approved as submitted by the applicant
the text has been established. according to Rule 38.20:). by this Authority as it appears in
Box 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 drawing; to be published with the abstract is:

Figure No. 2 g E] as suggested by the applicant D None of the figures.
B because the applicant failed to suggest a figure.
[:3 because this figure better characterizes the invention.

Form PCT/lSA/210 (first sheet) (July l992)
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an extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.: ' '
because they are dependent claims and are not drafted in awordanoe with the second and third sentences of Rule 6.401).

Box ll Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

 
This International Searching Authority found multiple inventions in this international 'application, as follows:

1. As all required additional search fees were timely paid by the applicant, this international search report covers all
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D No protest accompanied the payment of additional search fees.
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1 Raw Sequence Listing

Patent Application US/07/715,272

SEQUENCE LISTING

(1) GENERAL INFORMATION:

(1) APPLICANT: Carter, Paul J.
Presta, Leonard 0.

(ii) TITLE OF INVENTION: Immunoglobulin variants

(iii) NUMBER OF SEQUENCES: 10

(iv) CORRESPONDENCE ADDRESS:
' (A) ADDRESSES: Genentech, Inc.

(B) STREET: 460 Point San Bruno Blvd
(C) CITY: South San Francisco
(D) STATE: California
(E) COUNTRY:

USA

(F) 219: 94080

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: 5.25 inch, 360 Kb floppy disk

(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC—DOS/MS—DOS
(D) SOFTWARE: patin (Genentech)

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE: 14—Jnne—1991
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
'(A) APPLICATION NUMBER:

(3) FILING DATE:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Adler, Carolyn R.
(B) REGISTRATION NUMBER: 32,324
(e) REFERENCE/DOCKET NUMBER: 709

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 415/266--2614
(B) TELEFAX: 415/952——9881

(e) IELEX: 910/371-7168

(2) INFORMATION FOR SEQ ID N021:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids

(8) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1:

127
, .,... uk‘.n;4/»~'f~ , AMEN.

06/25/91
10:32:10

No
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54
55
56
57
58
59
so
61
62

53
64
as
66

67'
68
69
70
71
72
73
74
75
76
77
78
79
so

41
82
83
84
85
as
87

88'
89
90
91
92
93
94
95

96
97
98
99

100
101
102
103
104
105
106

2

Asp

Gly

Thr

Len

Arg

Set

318

Ila

(2) INFORMATION FOR SEQ ID-N0:2:'

Ile

Asp

Ala

Len

’Pbe

SO:

Tyr

Lys

Gln

Arg

Val

Ile

Se;

Leu

Thr

Arg

Mat

val

Ala

Gly

Gln

Thr

Thr
109

Thr Gln Set Pro Ser Ser Leu Ser Ala Ser Val,
15

Thr 119
20

Trp Tyr
35

Ser Ala
50

Bar Arg
65

Pro Glu
80

Prb Pro
95

Raw Sequence.Listing

Patent Application US/o7/715,272

Thr Cys

Gln Gln

Ser Phe

Ser'Gly

Asp Pha

Thr Pha

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:
(B) TYPE: amino acid
(D) TOPOLOGY: linear

10

Arg Ala Ser
25

Lys Pro Gly
40 *

Len Glu Ser

55 '

Thr Asp Pbe
7O

Ala Thr Tyr

85_

Gly Gln Gly
100

120 amino acids

(31) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Gln Val Gln Lau Val Glu Set Gly
1

Gly

Asp Thr

Glu

Ala

Lys

Thr

Ser

Trp

Asp

Asn

Ala

Leu

Tyr

Val

Ser

Thr

Val

Arg

116

Ala

Val

Ala

Tyr

5

Leu Ser
20

His Trp
35%

Arg Ila
50

Lye Gly65

Tyr Leu
80

Tyr Cys
95

Cysvnla

Val Arg

Tyr Pro

Arg Phe

Gln Mefi

Ser Arg

Gly Gly Lau

.¥°

Ala Ser Gly
25

Gln Ala Pro
40'

Thr Asn Gly

5:»

Thr Ile Ser
70

Asn_Ser Leu
) 85

Trp Gly Gly
100

128

Gln

Lys

Gly'

Thr

Tyr

Thr

Val

Phe

Ala

Arg

Asp

Asp

Ala

Val

Leu

Cys

Lys

Gln

ASK)

Thr

Asp

Ala

Gly

-v31

Pro

‘Pro

Thr

Gln

Val

Pro

Ile

Thr

Glu

Phe

Asn
30

Lys
45

Set

60

116
75

Gln

99

din
105

Gly
15

Lys
30

Leu
45

Tyr
60

Ser

75

Asp
90

Tyr
105

06/25/91
10:32:11



 

Fage:

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

Ala Met Asp Val Trp Gly Gln Gly Thr Len Val Thr v31 Ser Ser
110

Raw Sequence Listing

(2) INFORMATION FOR SEQ ID N023:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids

amino acid(B) TYPE:
(D) TOPOLOGY: linear

(x1) SEQUENCE DESCRIPTION: SEQ

Asp 116 Gln Met Thr
1

Gly

Ser

Len

Arg

Ser‘

Tyr

Ile

Asp,

Tyr

Leu

Pha

Sex

Asn

Lys

Arg

Leu

1;;

Ser

Léfi

Set

'Arg

Val

Ala

Gly

Gln

Len

Thr
109

S

Thr
20

Trp
35

A13
50

Set

Gln

Ile

Tyr

Aia

Gly
65'

Pro
80

Pro

95

Glu‘

my:

Ser

Thr

Gin

Set

Sar

Asp

Thr

Pro

Cys

Gln

Ser

Gly

Phe

Phe

115

ID No:3:

Ser Ser

10

Arg Ala
25

Lys Pro
40

Leu Glu
55

Thr Asp
70

Ala Thr
85

Gly Gln
100

(2) INFORMATION FOR SEQ ID NO:4:_

(i) SEQUENCE CKARACTERISTICS:

(A) LENGTH: 120 amino acids
(8) TYPE: amino aCid
(n) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4:

Len

Ser

Ser

Phe

Gly

Set

Gln

Gly

Tht

Thr

Ala

Asp

Ala

V31

Leu

Ser

Val

Pro

Pro

Thr

‘Gln

Val

patent Application 03/07/715,272

120

Val
15

Ser

30

Lys
45

Ser
60

I19
75

6111
90

Glu
105

Glu Val Gln Len Val Glu Set Gly Gly Gly Lau Val Gln Pro 61y
1 5 10 15

Gly‘Ser Len Arg Lau Ser Cys Ala Ala Ser 01y Phe Thf Phe Ser
'20 25

129

30

05/25/91
10:32:13
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160
161
162
163
164
165
166
167
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
-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

(2) INFORMATION FOR SEQ ID NO:5:.

Tyr

Trp

Asp

'Asn

Ala

Met

Ala

Val

Ser

Th:

V01

Asp

Met 53:
35

A18 Val
50

Val Lys
65

Ala Tyr
80

Tyr Tyr
‘95

Val Trp
110

Patent Application US/o7/715,272

Raw Sequence Listing

Trp Val Arg

Ila Set Glg

Gly Arg‘Phe

Leu Gln Met

Cys Ser Arg

Gly Gln Gly

(i) SEQUENCE CHARACTERISTICS:
‘(A) LENGTH: 109 amino acids
(B) TYPE:
(0) TOPOLOGY:

amino acid
linear

GlnvAla
40

Pro Gly Lys Gly

Asn Gly Gly
55

Thr 119
70

SBr

Asn Ser Len
85

Trp Gly
100

Thr Leu
115

(xi) SEQUENCE DESCRIPTION: SEQ ID no:5:

Asp Ila Val Met Thr Gln Set
1

Gly

Thr

Len

Arg

.89:

His

119

Asp

Ala

Len

Phe

Set

Tyr

Lys

Arg

Val

Ila

Thr

Val

Thr

Arg

5

Val Ser
20

A13 Trp
35

Tyr Ser
50

Gly Asn
' 65

Glh Ala
80

Thr Pro
95

Ala
109

116

Glu

Prd

Th:

Gin

Ser

Set

Asp

Thr

His

Cys

Gln

Phe

Gly

Leu

Phe

Lys Phe
10

Lys Ala
25

Lys Pro
40

Arg Tyr
55

Thr Asp
‘ 70

Ala Val
85

Gly Gly
100

(2) INFORMATION FOR SEQ ID NO:6:'

130

Gly

Val

Met

Ser

Gly

Tpr

Phe

01y

Tyr

Ala

Arg

Asp

xhr

Set

Gln

Bis

Gly

Th:

Tyr

Thr

Thr

Asp

Ala

Gly

Val

Thr

Asp

Ser

Val

Phe

Arg

Tbr

Glu

Phe

Ser

Ser

Val

Pro

Pro

Thr

Gln

Leu

Leu
45

Tyr
60

Ser'
75

ASP
90

Tyr
105

Ser
120

Val
15

Asn

I30

Lys
45

.Asp
60

Ila

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
223
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

Patent Application US/o7/715,272

Raw Sequence Listing

(1) SEQUENCE CEARACTERISTICS:
(A) LENGTH:
(B) TYPE:
(D) TOPOLOGY:

amino acid
linear

(xi) SEQUENCE DESCRIPTION:

Glu

1 .

-Ala

Asp

'Glu

Asp

Ser

Thr

Ala

Val Gln Len Gln Gln Set

Set

Thr

Trp

Pro

'Asn

Ala

Met

Len

Thr

Val

Asp

Lys

116

01y

Pha

Ala

myr-

5

Lau
20

Eis
35

Arg
50

Gln
65

Tyr
80

Tyr
95

Trp
110

Ser

Trp

Ile

Asp

Len

Gly

Cys

Gln

Ser

'Gln

SE9

Gly

Th:

Pro

Ala

Val

Gly

(2) INFORMATiON FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:

27 bases

(8) TYPE:_nuc1eic acid.
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

120 amino acids

ID NO:6:

Pro

Ala

Gln

Thr

Thr

Ser

Trp

Ala

Glu
10

Sex
25

Arg
40

Asn
55

113
70

Arg
85

Gly
100

Se?
115

(xi) SEQUENCE DESCRIPTION: SEQ ID-No:7:

TCCGATATCC AGCTGRCCCA GTCTCCA 27

(2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CEBRACTERISTICS:
(A) LENGTH:
(B) TYPE: nucleic acid

31 bases

131

Len

Gly

Pro

Thr

Leu

Gly

val

Val

Phe

Glu

Ala

Thr

Asp

Thr

Asn

Gln

Thr

.48»

Ser

Gly

Val

Pro

~Ile

Gly

Arg

Thr

dlu

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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Page: 6 ~ Raw-SeqUence Listing 06/25/91 -~ 10:32:19

Patent Application US/07/715,272 ‘”

266 (C) STRANDEDNESS: single J V “a
267 (D) TOPOLOGY: linear ‘ ‘
268 . ,.

269 (xi) SEQUENCE DESCRIPTION: SEQ ID No:8:
27o . . A ’ - _ 4 ..

271 2 2<< - cut, no+ «VCU :c} accord. «.13272 GT'ITGATCTC CAGCTTGGTA CE@DCCGA A 31 ' -273 * 4C9 fibka/ WU 21L ,
274 .
275 '

276 (2) INFORMATION FOR, SEQ ID 'NO:9:V
'277

278 , (i) SEQUENCE CHARACTERISTICS:
279 (A) LENGTH: 22 bases
280- (B) TYPEé nucleic acid
281 (C) STRANDEDNESS: single
282 (D) TOPOLOGY: linear.

283 , . - ,
284 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
285 V
286 . .

287 ‘ nocmégkxcr CCAqgthéEDCG 22288
289 '
290 .

291 (2) INFORMATION FOR SEQ ID‘NOblO}
292

293 (i) SEQUENCE CHARACTERISTICS:
294 (A) LENGTE: 34 bases '
295 (B) TYPE: nucleic acid
296 (C) STRANDEDNESS: single
297 , (D) TOPOLOGY: linear
298 ~

299 (xi) SEQUENCE DESCRIPTION: SEQ ID No:10:
300 ’ '
301 , '

302 ‘1 ' TGAGGAGACG GTGRCCGTGG TCCCTTGGCC CCAG 34'

132
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PAGE: 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 Designatoxl‘ @GATCTC CAGCTTGGTA C X 'DCCGA A 31269 Entered and Gale. Seq. Length di fare/f0! lawn; (xiigBQUENCE DESCRIPTIOE SEQ ID now:287 Wrong Nucleic Acid DeaignatorL AGGéAXCT GCAGXAGTCX 60 22
284 Entered and Gale. Seq. Length (11% ' (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

133
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PAGE: 1
SEQUENCE MISSING ITEM REPORT .
PATENT APPLICATION US/O7/715,272.

MANDATORY IDENTIFIER THAT WAS NOT FOUND

134

DATE:TIME:
06/25/91
10:32:20

‘%,1

*1
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PAGE: 1

LINE ORIGINAL TEXT

SEQUENCE CORRECTION REPORT .
PATENT APPLICATION US/ 07 / 715 , 2 7 2

CORRECTED TEXT

135

DATE:
TIME:

06/25/91
10:32:20
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Genentech, tInc. ' I
Acts—t: carotyn R. Adler 07%13'2g‘3rmr //
460 Point San Bruno Blvd. June 13 1991
South San Francisco, ca 94080 ' :59;

. ‘ ~

WITH RE UIREMENTS FOR PATENT APPLICATlONSNOTICE TO COMPLY Q
CONTAINING NUCLEOTIDE SEQUENCE AND/OR'AMINO A
mscwsunes

This up lication contains sequence
tide an or amino acid sequences set

applictn'on fails to comply with one or more 0us follows:

I D 1. This application clearly fails to comply
through 1.825. Applicant's attention is directedto these regulation

{3 2. This application does not conform exclusively tothe requirements of 55 l.821 through i
1.825. The non-conforming material should be deleted. 5 l.82'l(b).

‘ D 3; This ap lication does not contain, as a separate part of the disclosure on piper copy, I '
"Sequence Listing." § l.82l.(c). j ‘

  
 

disclosures that are encompss ‘ ‘ons-l'o'r‘hucleo
forth in 37 CFR 5 l.82l(a)(l) and (8X2). However, this

{the requirements ol37 CFR 65 1.821 through L825

with the collective requirements or §§.|.82l
s, I copy of which is attached,

[3 . 4. This application does contain. as a separate pan of the disclosure on paper copy, a
“Sequence Listing." However. the "Sequence Listing" does not comply with the requirements or
N 1.82! through 1.825 as follows:

[3 I. The sequence data does not comply with the symbol and format requirements of
paragraphs (b) through (p) o” 1.822. Specifically:
W

D b. The "Sequence Listing" does not comply with the location and page require-
ments of paragraph (a) 0” L823.

c. The "Sequence Listing“ does not comply with the information requirements of[3
paragraph (b)of§ l.823. Specifically: .
W

D d. Other: ‘

 
 

D 5. The description and/or claims of the patent application mention a sequence that is set
'but reference is not properly made to the sequence by use or aforth in the "Sequence Listing‘

sequence identifier as required by 5 l.82l(d).

D 6. A copy of the "Sequence Listing" in computer readable form has not been submitted as
required by § 1.821(c).

in computer readable form has been submitted. How~
. / '

C3 , copy of the "Sequence Listing"
ever. th c uter da le lo does 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(0. .

D 9. The amendment to 'or replacemento! thc’p'apcr and/or computérreadable copies of the
"Sequence Listing" does not comply with the requirements 0” 1.825(a) 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 {orm accompanied by a statement that the substitute data is identical to that originally

‘ 61.825(d). Specifically:

Other:

‘lVEN ONE MONTH FROM THE DA'IE OF THIS LETTER WITHIN WHICH
‘ THE ABOVE REQUIREMENTS. Failure to comply with the above require-

WANDONMENT of the application under 37 CFR l.82l(g). Extensions of
accompanied by the extension fee under the provisions ofv filing A petition

the response to, and any questions about, this notice to the undersigned. A" be returned with your response./~~
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UNITED STA-{E’s DEPAR‘IMENT OF COMMERCE
Patent: and Trademark Office
Address: COMMISSIONER E)1 PATENTS AND TRADEMARKS

Washington, 0.0. 20231 
 
AFPUCAIION NUMBER FILING DA‘IE rmsv NAMED APPLICANT ATIV DOCKET hO/IITUE

07/715,. 272 (”5/ I. 4 /‘3/ I, CHARTER P 7!]?

GENENTI—
ATTN: 1. _. mcz. . ' 4;:%J

REILYN Fx' . AL'LERI   
41.313 POINT SAN ERIN“ BLVD.
SOUTH SAN FRI-\NIZI. co 94-330 ’ [nan 

DATE MAILED: {.17 / 13:3/ '31

NOTICE TO FILE MISSING PARTS OF APPLICATION
FILING DATE GRANTED

A filing date has been granted to this opplication. However, the following parts are missing.

II'all missing partaore filed within the period set below; the total amount owed by applicant as a' . I}

G’Krge entity, D small entity (verified statement filed), in S o?& 0 I
LU

2.0

3.0

4.0

The statutory basic filing foo ia:Cl missing C] insufficient. Applicant an a Cl large entity
Cl small entity, must submit $ _.. to complete the basic filing fee and-MUST ALSOSUBMIT THE SURCIIARGE AS INDICATED BELOW. -.

Additional claim [can of 3 _..—_... as a 0 large entity D small entity, including any required multiple
dependent claim foo, aro required. Applicantmust submit the additional claim fees or cancel the additionalclaims for which foes one due. NO SURCl-IARGE IS REQUIRED FOR THIS ITEM,
The oath or declaration:
Cl is missing.
:2 doors not cover items omittod at time of oxacution.
Anoath or declaration in compliance with 37 CPR 1 .63, identifying the application by the above Application
Number and filing Dow 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 mth or declaration in
compliance with 37 CFR I .63,idcntifying tho application by the above Application Number and Filing Date
is required. A SURCHARGE MUST ALSO BE SUBMITTED AS INDICATED BELOW. 

5. [El/The signature to the oath or declaration is: lB’r/nisoing; E] a reproduction; :J by a person other than the

6.0

7.0

8.0
9. D

10.13

inventor or a person qualified under 87 CFR 1.42,1.43, or 1.47. A properly signed with or declaration in
compliance with 37 CFR I .63, identifying the application by tho above Application Number and Filing DaLu
is required. A SURCHARGE MUST ALSO BE SUBMITTEDAS INDICATED BELOW,_
Tho signature of the following joint inventortelio missing from the oath or declaration:

. , _ _.. . An oath or declaration listing the names ofall inventors and signed by
tho omitted invontofis), identifying this application by the above Application Number and Receipt Dam is
_roquired A SURQHARGE MUST ALSO BE SUBMITTED AS INDICATED BELOW.
The application was filed in a language other than English. Applicant must file a verified English
translation of the application and a the 01330.00 under 37 CFR 1.1700, unless this fee has already been
paid. NO SURCHARCE IS RERQUIRED FOR THIS ITEM.
A $50.00 processing Fee is required for roturnnd checks. (37 CFR 1.21(m)).
Your filing receipt was mailed in error because check was returned without payment.
Other.

An Application Number and Filing Date have been aasigncd to lhisapplication. The mining port» and Fons
identified above in items I and 3-6 must be timely provided ALONG WITH THE PAYMENT OF A
SUIICHARGE of 51 20.00 forlnrge entities or $60.00 for small entities who have filed a verified statement
claiming such status. The surchago is set forth in 37 CFR I .16(c). Applicant is given ONE MONTH FROM
THE DATE OF THIS LETTER, OR TWO MONTHS FROM THE FILING DATE of this application,
WI’IICIIEVEII IS LATER, within which to file all missing parts and pay any fees required nliovc to avoid
abandonment. Extensions oFtimc may be obtained by filing a petition accompanied by the cxlcnsion I’m»
under the provisions 01'37 CFR I. 13601). '

Direct the response to, and any questions about, this notice to ATTENTION; Application Division,
Special Handling Unit. ‘ '

A c0 ofthis notice MUST be returned with response. 
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~?\:Nonci:rm EILE MISSING PARTS or APPLICATION
1' ‘FILING DATE GRANTED . /

 

J'

A filing date has been granted to this- upplication. However,-tho following parts are missing.

lfall missing parts are filed within the period bet below, tha total amount owed by applicant as 11

~ We entity, Damoll entity (verified statement filed), in 8w.

1. El Tho statutory buicfilingfoa 19:0 mining D inning-lam. Appllmnt us a D largo entity

4.0

D omoll entity. must submit 8 to complete tho basic filing fee and MUST ALSOSUBMIT THE SU'RCHARGE AS INDICATED BELOW.

Additional cloim face of $........._‘..aoa [3 large entity 0 mall ontity,’ includingényroquirod multiplo
dopondsnt claim foe,aro roquirod. Applicant must submit the additional claim foo: or cancol the additional
claims for which few are due. N0 BURCHARGE IS REQUIRED FOR THIS ITEM. . ,~, g x
Tho oath or declaration:
D .n mining.
C] does not cover homo omltmd at timo of oxocudon. .
~An oath or declaration in compilation with 37 CFR 1 .68, identifying the application by the nbovo Application~- Number and Filing Dam in mulmd. . A BURCHARGE MUST ALSO BE SUBMITTED AS INDICATED
BELOW.

The oath or «inclination does not Month); the application to which it appllfl. An oath or declaration in
>comp1lunoo with 3’1 CPR 1.69, identifying the application by the above Application Number and Filing Dateis naquimd. A SURCHARGE MUST ALSO BE SUBMITTED AS INDICATED BELOW. ‘

 

6. We signature to the oath or declaration in: Gflzsing; Cl a reproduction; D by a person other than the

 
on.
10.0

 inventor or a person qualified under 87 CFR 1.42, 1.43, or 1.67. A propurly signed oath or declaration in
compliance with 87 CPR 1.63, identifying the application by tho obovo' Application Number and Filing Dateis required. A SURCHARGE MUST ALSO BE SUBMITTED AS INDICATED BELOW"
The signaturé oftha followingjoint invontofia) in mining fiom tho oath or doclarotion:

_ ____.» . An oath or declaration listing the names ofoll inventors and signed by
the omitted invontofla), identifying thin application by tho ubovo Applicofion Number and Recoipt‘Date is

- required. A SURCHARGE MUST ALSO BE SUBMI’I'I‘EDAS INDICATED BELOW.

Tho nppllcationlbwno filod in a language other than Engllah. Applicant must file 0 verified English -
translation ofthoapplicntion and n foo of $30.00 undér 87 CPR 1.1700, unless this fee has nlroody been
[midi NO SURCHARGE IS RBRQUIRED FOR THIS ITEM. - ,
A $50.00 processing fee is required for returned chocks, (87 CFR l.2l(mll.
Your filing mcoipt won mailed in error became check was returned without payment.(
Other. ' '

,An Appllcoh'on Number and filing Dow hnvo been assigned to this application. Tho missing parts and Fees
,ldontil'iod above in .ltems -]\'und 3-6 must be timely 'providod ALONG Wl'I‘H THE PAYMENT OF A
.SURCHARGE of$120.00 for largo entities or $60.09 for small entities whohave filed ayarifmd statement
liclolming ouch status. The s'unchnga is not forth-in 37 CFR 116(0). Applicant is given ONE MONTH FROM
‘THE DATE 0F~THlS LETTER, OR TWO "MONTHS FROM THE FILING DATE of this application,

3 WHICHEVER IS LATER, within which tolllo oll missing parts and pay any fees mquired above to avoid
abandonment. Extensions of time may ho obtained by filing o petition accompanied by the extension foe
-undor'the provinions of 37 CPR 1‘ 18601). .

Direct tho responso to, and any questions about, this notice to ATTENTION: Application Division,Special Handling Unit. ' ‘ I

For: Manager, Application Division(703) 557: '

., A cup ofthis notice'MQSZ be returnefl with response.
(CU/24% ‘ c/ 
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PATENT. DOCKET 709

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

M
I "Fé‘fipplication of Group Art Unit:

Paul J. Carter et al. Examiner:

Serial No. 07/715,272

Filed: 14 June 1991

460 Point San Bruno Boulevard

South San Francisco, CA 94080
(415) 266-2614 '

)
I
I

I
)

I
) V
l

For: IMMUNOGLOBULIN VARIANTS I
I

)-

) .

TRANSMITTAL LETTER

Honorable Commissioner of Patents
and Trademarks »

Washington, DC. 20231 .
Attn: Application Branch

Sir:

Transmitted herewith are the following documents: .

1.' Declaration duly executed.

2 Copy of PTOJ 553.

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.

1 , .

(36% W“ etceivm
Reg. No. 32,324

V Jill I 8 l99l
9 July 1991 l ‘

APPLICATION DiViSiomm
  

CERTIFICATE OF MILING (37 CFR 1.88)

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

Tradeoarks,/¥as ington, D.C. 20231." / Date: 9 July 1991
Carol Koehler

139



 

“- J . .

COMBINED DECLARATION FOR PATENT APPLICATION-
AND POWER OF ATTORNEY Docket No. 709

As 8 below named inventor, I hereby declare that:

.My residence, post officegaddress 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 which is claimed and for which a patent is sought on the”invention
entitled

lMMUNOGLOBULIN VARIANTS

the specification of which (check one) __ is attached hereto or_x_ was filed on 14 June 1991 as Application Serial No.
07(7l§,272 and was amended on (if applicable). ' V

l hereby state that'l have reviewed and understand the contents of the ab0ve’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).

      
l hereby claim foreignpriority benes 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 Applicationis) ' _ Priority ClaimedYes No
 I _ . _ mg— m

Number Country ’ Day/Month/_Year Filed     

l hereby claim the benefit ,under Title 35, United States Code, §120 of any United States _applications(s) 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, I acknowledge the duty
to disclose material information as defined in Title 37, Code of Federal Regulations, §l .56ia) 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  
 

' POWER OF ATTORNE-Y:' 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. 324.324 ‘30] Max D. Hensley - Reg. No, 27,043
 Robert H. Benson - Reg. New Dennis G. Kle‘id ~ Reg. New 6022

Walter E. Buting — Reg. New Nancy Olseki - Reg. No. 34,688
Ginger R. Dreger - Reg. No._§§,_0,5_5 Stephen Raines - Reg. No.¢25,912
Debbie Glaister - Reg. No. 33.3.8.8 Daryl B. Winter - Reg. No. 32,637

JanetE. Hasak -. Reg. No. 27,04 ,W..— 
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W

I . I . D . .Page2of2
Sen‘d correspondence to (’0’ Genentech, Inc.

(”53‘ Attn: Carolyn R. Adler
70/ 460 Point San Bruno Boulevard

’74:? South San Francisco, CA 94080
Telephone: (415) 266-2614

    
'l- hereby declare that all statements made herein of my own knowledge and belief are believed to be true; and‘furthe
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 iredemerk Office regarding this »
application without direct cannunication 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 be
so notified by the undersigned.

W
Full name of solo or irst inventor '

    
 

Paul J _Certer

inve or's signature

 
Residence

2071. 18th Avenue ‘/ a
San Erancisco, CA 94116 
Citizenship
United Kingdom
 

Post office Address
460 Point San Bruno Beulevard
South'San Francisco, CA 96080
 

Full name 0 second joint inv tor, if any

 
  

 

-Leonard 6 Fresta

Second I ventor's signature

Residence
1900 cough Street, #206
San Francisco, 03292109 '

citizenship
United states of America a

Post Office Address 1 ,
460 Point San Bruno Boulevard
South San Frenciaco,.CA 94080

Full name of third joint inventor, if any

 

____,.__w_________._~o.“.___..,__a..___.a_..._.___.._a.aaa________.w_.__.e._~____efl___.__.___~_.______~_________.__._____Date
third lnventor'a signature

Residence . , ‘

W
Citizenship ‘ '

-______uuAa____a;.._._..___..s.._—.ae.—._~—am_———————m--—————--——-——~«—-—~—-—~——-—-———~—————-———-——-*—-—-*—~“«——-
Post office Address ' ' a
460 Point San Bruno Boulevard W
South San Francisco, CA 94080 i
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Best Available Copy

 

as“;

‘ D ' 5. The description and/or claims of the patent up
. . sequence identi er es required

-‘ menu will molt in ABA

V 37 CFR H.136. Direct the response to.

 

RECEIVED ‘--’ _ e0
“1 . CALENDAR

JUL 0 o l99l . 5:;"13.233113 ,1
Generrteclt. inc. legal Dept. June to, 1991. % W36“

NOflCE TO COMPLY WITH REQUIREMENTS FOR PATENT APPLICATIONS
CONTAKNXNG NUCLEOTIDESEQUENCE AND/OR AMINO ACID SEQUENCE

DISCLOSURES
. Mailed:

sequence disclosures that Are encompassed b the definitions {or nuclem(0(2). However. this
This spplicstion comm: ueneet set forth in 37 CFR l 1.321(1Xl) In37 CFR 55 ,l.82l through 1.825side In or unino acid seq
Application (silt to comply:3 follows: .

- I. This up licsrlon cletrly fell: to comply with the collective requirements 0! a 1.821
through l.825. App lcsnt's mention is directed to these resolutions, I copy of which it unsalted. _
D 2. This tppiiettion does not conform exclusively to'the requirements of H 1.82! through

i should be deleted. 5 i.82|(b).1.825. The non-conlorming materla

D 3: This applicsrion does not conttin. as s sepmte part of the disclosure on piper copy, I
“Sequence Listing." 5 l.821(c).

3. N: s plicsu'on does contain. us I septrste art of the disclosure on ptpereopy, .uenee Listing. ' Bowever. the “Sequence Listing” oes not comply with the requirements of
{l l.82l through 1.825 ”follows:

rice dsts does not comply with the symbol md format requirements orD s. The scque
§ l.822. Specificnliyzw

with one or more of the requirements of

' pmgrspht (b) through (9) of

D b. 1he"5 uence Listing? does nOlcomply with the locntlon end page require-
ments ol‘ paragraph (s) OH .823.

' ' i D e. The "Sequence Listing" does not comply with the information requirements of
paragraph (b)of§ l.823. Specificslly: .

D d. Other. ‘
licsdon mention a sequence that it set

lsting” but reference is not proper y mtde’ to the sequence by use of e
by 5 l.821(d).

g" in computer readable form hes not been submitted as

fonh in the “S uence

D . 6. Ace yot‘the.”chuence Listin
required by 5 l.8 l(e). V

I nee Listing" in computer readable form has been submitted. How-copy of the "Sequeeventh e uter dable {o~ does not comply with the requirements of} 1.824. Specifically: 
   
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.821({). .

D 10. The computer readable {orm that has been filed with this application hns been foundde I substitute copy of the den in computer
to'be damaged end/or unreadable. Applicant must provireadable form accompanied by u statement thru the substitute data is identical to that originally
filed. 51.82501). Specificdly:
[3 ll. outer. '

APPUCANT lS OWEN ONE MONTH FROM THE DATE OF THIS LETTER WlTHJN WHICH
.TO COMPLY WITH THE ABOVE REQUIREMENTS. Failure to comply with the above require-N‘DONMENT of the tppiicsu‘on under 37 CFR 1.82lu). Extensions of

accompanied by the extension fee under the provisions ofand my questions about. this notice to the undersigned.. A A.
MUST be returned with your response. ’. ~

1/142nI:r~‘I:fiI Diner-"hut nim'sinn’

time may be obtained by filing e petition

copy of this notice

 
  



 

SEQUENCE LISTING

. (1) GENERAL INFORMATION:

(1) APPLICANT:.Carter, Paul J.
Preeta, Leonard G. 

(11) TITLE OF INVENTION: Immunoglbbulin Variants

10 (iii) NUMBER OF SEQUENCES: 10

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Genentech, Inc.
(B) STREET: 460 Point San Bruno Blvd

15 ) (C) CITY: South San Francisco
‘ (D) STATE: California' '

(E) COUNTRY: USA
(F) ZIP: 94080

20 (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)
25 ‘ ‘ x

» ‘(vi) CURRENT APPLICATION DATA:
(A) APPLICATION-NUMBER: 07/715,272
(B) FILING DATE: l4—June-l99l
(C) CLASSIFICATION:

30 ‘

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:

35 (viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Adler, Carolyn R.
(8) REGISTRATION NUMBER: 32,324
(C) REFERENCE/DOCKET NUMBER: 709

4D - (ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 415/256-2614
(B) TELEFAX: 415/952~9881
(C) TELEX: 910/371-7168

45 (2) INFORMATION FOR_SBQ ID No:1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids

' (3) TYPE: amino acid
50 (D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Asp 119 Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val
55 l 5 ‘ 10 15

Gly Asp Arg Val Thr Ilé Thr Cys Arg Ala Ser Gln Asp Val Asn
_ 20 , 25 30

'60 Th: Ala Val Ala Trp Tyr Gln Gln Lys Pio Gly Lya Ala Pro Lye
‘ 35 40 ' 45

»Leu Leu Ile Tyr Se: Ala Ser Phe Leu Glu Ser Gly Val Pro Ser
50 55 60
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10

15

2O

25

3O

35

40

45

50

55

6O

Arg Pha Ser Gly Set Arg 59: Gly Thr Asp Phe Thr Leu Thr Ile
- 65 70 75

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Ty: Cys Gln Gln
80 85 90

His Tyr 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 N0:2:

(l) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids
(3) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NC: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 Cya Ala Ala Ser Gly Phe Aad Ile Lye
20 2s 30

Asp Thr Tyr Ile His Trp val Arg Gin Ala Pro Gly Lye Gly Leu
35 4O 45

Glu Trp Val Ala Arg 119 Tyr Pro Thr Aan Gly Tyr Thr Arg Tyr
50 ‘ 55 60

Ala Asp Ser Val Lya Gly Arg Phe Thr Ila Se: Ala Asp Thr Ser
‘ 65 7O - ' 75

Lye Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Aép.
80‘ 85 9O

Thr Ala Val Tyr TYr Cya Ser Arg Trp Gly Gly Asp Gly Phé Tyr
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 N0:3:

(if SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids
(8) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Asp Ila Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val
l . 5 10 . 15

Gly Asp Arg val Thr Ila Thr Cys Arg Ala Ser Gln Asp Val Ser
20 _ 25 ' 30

Ser Tyr Leu Ala Trp Tyr Gln Gln Lye Pro Gly Lys Ala Pro Lys
35 40 45
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10

15

20

25

30

35

40

45

50

55

60

Leu Leu Ila Tyr Ala Ala Set Set Leu Glu 59: Gly Val Pro Se:
50 . 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr ieu Thf 112
65 7O 75

Set Sér Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr CYB Gln Gln
80 85' - 90

Tyr Asn Ser Lea Pro Tyr Th: Phe Gly Glnley Thr Lys Val Glu95 100 105

Ile Lye Arg Thr
' 109

(2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids
(5) TYPE: amino acid
(D) TOPOLOGY: linear

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

'Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly
l 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser
20 25 30

Asp Tyt Ala Met 89: Trp Val Arg Gln Ala Pro Gly Lya Gly Leu
' » 35 40 45

Glu Trp Val Ala Val 119 Set Glu Ash Gly Gly Tyr Thr Arg Tyr
~ 50 55 . 60

Ala Asp Ser Val Lye Gly Arg Phe Thr 119 Ser Ala Asp'Thr Ser'
65 70 7S

Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
' 80 85 90

Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr
95 ‘ 100 ‘ 105

Ala Met Asp Val Trp Gly 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 DESCRIPTION: SEQ ID NO:5:

Asp Ile Val Met Thr Gln Ser Hi9 Lys Phe Met Ser Thr'Ser Val
1 5 1o 15

Gly Asp Arg Val Ser 119 Thr Cya Lye Ala Ser Gln Asp Val Asn
. 20 25 30
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Thr

Leu

Arg

Ser

His

Ila

Ala

Leu

Phe

Ser

Tyr

Lye

Val

Ile

Thr

Val

Thr

Arg

Ala Trp Tyr

Tyr

‘Gly

Gln

Thr

Ala
109

35

Set
50

Asn
65

Ala
80

Pro
95

Ala_

Arg

Glu

Pro

Gln

Set

Ser

Asp

Thr

Gln
/

Phe

Gly

Len

Pbe

(2) INFORMATION FOR SEQ lD NO:6:

(i) SEQUENCE CHARACTERISTICS:

(xi) SEQUENCE DESCRIPTION:

Glu
1

‘Ala

Asp

Glu

Asp

Ser

Thr

Ala

(A) LENGTH:
(8) TYPE:

Val

Ser

Thr

Asn

Ala

Met

amino acid

(D) TOPOLOGY: linear

Gln Leu Gln Gln Se;

Leu

Thr

Val

Asp

Lys

116

Gly

Phe

Ala

Tyr

5

Leu
20

His
35

Arg
50

Gln
65

Tyr
80

Tyr
95

Trp
110

Set

Trp

Ile

Asp

Leu

Cys

Gly

Cys

Val

Lys

Gln

Sex

Gln

SEQ

Gly

Th:

Lye

Pro

Ala

Val

Arg

Gly

(2) INFORMATION FOR SEQ ID N0:7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 bases
(B) TYPE:
(C) STRANDEDNESS: single
(D) TOPOLOGY:

nucleic acid

linear

Lye Pro Gly

Azg Tyr Thr
55 .

Thr Asp Phe
7O

Ala Val Tyr

Gly Gly Gly
100

120 amino acids

ID NO:6:

Pro Glu Leu
10

Ala Sex Gly
25

Gln Arg Pro
40

Thr Asn Gly55

Thr 116 Th:
‘ 7O

Ser Arg,Leu
85

Trp Gly Gly
' 100

Ala Se: Val
115

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

TCCGATATCC AGCTGACCCA GTCTCCA 27

146

His

Gly

Thr

‘Tyr

Th:

Val

Phe

Glu

Ala

Thr

Aap

Thr

38!

Val

Phe

Lys

Asn

Glh

Thr

Asp.

Sér

Gly

Val

Pro

Pro

Thr

Glh

Leu

Pro

Ile

Gly

Thr

Glu

Phe

Ser

Lye
45

Asp
60

119
75

Gln
90

Glu
105

Gly
15

Lys
30

Leu
45

Tyr
60

Set
75

Asp)
- 90

Tyr
105

Sex
120



 

10

15

20

25

30

35

40

4S

(2) INFORMATION FOR SEQ ID N0:8$

(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
(8) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID maze:

AGGTSMARCT GCAGSAGTCW CC 22

(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISIICS:
(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
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In re Application‘of

PAUL J. CARTER ET AL.
Art Unit: to be assigned

Serial No. 07/715,272
Examiner: to be assigned '

l hereby eerlliy that this conetpondem'k hobo
deposited with ihe United Staies Postal Semce on
first class mail in an envelope addressed lo: Oom-
miuioner of Patents and Trademarks, Washington.

t \‘L tct‘it
‘ no” 20231 on

(Date of DePOS'Vi

LOUlSZ5% NC”Home of DepositingParty ‘
RESPONSE AND PRELIMXNARY ”ENDMENT {Ya I an “i; (1

Signature oi Dewutina POW

. \2. \6“Honorable Commissioner of Patents and Trademarks 9:” a“9mm
Washington, DC. 20231

med: June 14,1991

For: IMMUNOGLOBULIN VARIANTS  

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, 199l. 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 acomputer—

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 genes and ins/ea -—sequences——. /
On page 16, line 12, delete ingrgchain—affecting and ihsert -—inter‘c’hain~-affeeting.

Respectfully Submitted ,
, GENENTECH, INC.

[WWWCar oR. dler
Reg. No. 32,324

July 12, 1991
460 Point San Bruno Blvd

South San Francisco, CA 94080
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wmummpwww

»

1 - .

(1) GENERAL INFORMATION:

Raw Sequence Listing

Patent Application U8/07/715,272A

SEQUENCE LISTING

(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 . ,
(E) COUNTRY: USA
(P) ZIP: 94080

(v) COMPUTER READRBLE FORM:
(A) MEDIUM TYPE: 5. 25 inch, 360 Kb floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS—DOS
(D) SOFTWARE: patin (Genentech)

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: 97/715,272
(B) 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
(8) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
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Page:

54
55
56
57
58
59
60
61
62
63
64
65

,66
67
68
69
7o
71
72
73
74
7s

,76
77
78
79
80
81

' 82
83
64
85
86

‘87
88
89
9o
91
92
93
94
95
96
97

99
100
101
102
103
104
105

106‘

98

2

Thr

Len

Arg

Ser

Bis

Ile

Ile

Asp

Ala

Leu

Phe

Set

Tyr

Lys

Gln

Arg

Val

Ila

Ser

Len

Tbr

Arg

Met

Val

Ala

Gly

Gln

Thr

Thr
109

Thr

Th:
20

Trp
' 35

Ser

50

Set
65

Pro
80

Pro

95

Gln

Ila

Glu

Pro

Patent Application 08/07/715,272A

Ser

Thr

Gln

Set

Sar

ASP

Thr

Raw Sequence Listing

Pro

Cys

Gln

Phe

01y

Phe

2he

(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CEARACTERISTICS:
(A) LENGTH: 120 amino acids

amino acid '

(D) TOPOLOGY: linear
(B) TYPE:

Ser

’Arg

Lys

Lou

Thr

Ala

Gly

Ser Leu
10

Ala Ser
25

Pro Gly
40

Glu-Ser
55

Asp Phe

I 70

Tht Tyr
85

Gln Gly
100

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Sin
1

Gly

Asp

Gln

Ala

Thr

Val

Set

Thr

Trp

Asp

Asn

Ala

Gln Len Val

Leu

Val

Ser

Thr

Val

Arg

Ile

'Axa

Val

A13

5

Len
20

His

_35

Arg

Gln

Set

Trp

119
50

Lys
65

Tyr
80

Tyr_
95

Gly

Len

Sat

Cys

Gln

Set

Gly

m

Arg

Pro

Phe

Met

Arg

Gly

Ala

Gln

Thr

Thr

Asa

Trp

Gly Leu
.10

Set Gly
25

A18 Pro
40

Asn Gly
55

118 Ser
70

Set Leu
85

Gly 61y
100

151

361‘

,GIn

61y

Thr

'Thr

Val

Phe

Gly

Ala

Arg

Asp

Ala

Asp

Ala

Val

Leu

Gln

Asn

Thr

Asp

Ala

'Gly

Ser

Val

Pro

Pro

Th:

Gln

Val

Pro

Ila

Gly

Arg

Thr

GIN

Phe

Val
15

ASE
30

Lys-
45

Ser

.60

Ila
75

Gln
9O

Glu
105

.Gly
15

Lys
30

Leu
45

Tyr
60

Ser
75

Asp
90

Tyr
105

07/19/91
16:16:26



 

Page:

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

Ala Met Asp Val Trp Gly Gln Gly Thr Len Val Thr Val Ser Ser
' 115 '110

Raw Sequence Listing

(2) INFORMATION FOR SEQ ID N0:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:

' (B) TYPE:
(n) TOPOLOGY:

amino acid
linear

(k1) SEQUENCE DESCRIPTION:

Asp
1

Gly

Ser

'Le“

Arg

Ser

Tyr

Ila

(2) INFORMATION FOR SEQ ID NO:Qf

Ile Gln Met Thr Gln Sat

‘Asp

Tyg

Lek

Phe

Ser

Asa

Lys

_Arg

Lefi

Ile

Ser

Leu

Ser

Arg

Val

Ala

Gly

Gln

Leu

Thr
109

5

Th:
20

Trp
35

A13

,50

Set
65

Pro
80

Pro
95

Ile

A15

Gly

Glu

Thr

Glnv

581‘

sér

1Asp

Thr

SEQ ID N0:3:

gro

Cys

61E

Ser

Gig,

Phe

Phe

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 120 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

4x1) SEQUENCE DESCRIPTION: SEQ 10 “0:4:

109 amino acids

Ser Ser-Leu

Arg

Lirs

Len

Thr

111:5

G1?

10

Ala
25

Pro
40

Glu
55

Asp
70

Thr

85

Gln
100

Set

Gly

Ser

Phe

my:

61y

Ser

Gln

Lys

61y

Thr

Tyr

Thr,

A18

Aspv

Ala

Val

Len

-Cys

Lye

Patent Application_US/o7/715,272A

120

Ser Val
15

Val Ser
30

Pro Lys-
45

Pro Ser
60

Thr 118
75

Gln 61E
_9o '

Val Glu-
105

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly
51 10 15‘

Gly Ser Len Afg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser20 25

152

30

07/19/91
16:16:28



 

Page:

160
161
162.
153
164
165
166
157
168

169170
171
172
173
174
175
176
177
178
179
180
181
182

'133
184
185
186
187
133
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-Tyr

Glu Trp

Ala Asp

Lys Asn

Thr Ala

Ala-Met

Ala

.Val

Set.

Th:

Val

Asp

Met

Ala

Val

Ala

:’

Ser
35

Val
50

Lys
65

Ty:
80

Tyr
95

Trp
110

Patent Application US/O?/715,272A

Raw Sequence Listing

‘Trp Val Arg

Ile

Gly

Len

Gly

Ser

Arg

Gln

SB):

Gin

Glu

Phe

Met

Arg

Gly

(2)1INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:
(B) TYPE: amino acid

(D) TOPOLOGY: lineag-

(xi) SEQUENCE DESCRIPTION:

Asp Ile Val Met Thr Gln Ser
51

Gly Asp

Thr Als

Len_fieu

Arg Phe

Ser Ser

His Tyr

Ile Lys

Atg

Val

Ile

Thr

Val

Thr

Arg

Val

Ala

Set

20
‘Ilé

Tyr Ser Ala

IGly

Gln

Thr

Ala
109

50

Thr

Trp Tit Gln
35‘ ,

Ser

Asn Arg Ser
65

Ala
80

Pro
95

Glu

Pro

Asp

Thr

Gln

Asn

Thr

Asn

Trp

Thr

109 amino acids

Ala'Pro
40

Gly Gly
55

Ile Ser
70

.Ser.Leu
85

’c1y Gly
100

Leu Val
115

SEQ ID £015:

His

Gln

Phe

Gly

Len

Pba

(2) INFORMATION FOR SEQ ID N0:6:

Lys

L95

L38

Arg

Thr

’Ala

Gly

Phe Met
10

Ala Ser
25

Pro Gly
40‘

Tyr Thr
55

Asp Phe

70

Val Tyr
85

Gly Gly
100

153

Gly

Tyr

Ala

Arg

‘Asp

Thr

Sex

Gln

His

Gly

Thr

Tyr

Ihr

Lys Gly Lau
45

Thr Arg Tyr
60

Asp Thr Ser
75

Ala Glu Asp
90,

Gly Phe my:105

Val Set Set
120

Thr Set Val
15

Asp Val Asn
' 30

Sat Pro Lys
45

Val Pro Asp I
60

Pho Thr Ile
75

Cys Gln Gln
90

Lys Len Glu
105

b7/19/91
16:16:30



 

Page:

213'
214
215
216
217
218-
219
220“
221

V222
223
224
225

226”
227
228
229
230
231
232
233
234

'235
235'

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/O7/715,272A

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:
(3) TYPE: amino acid

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ

Glu Val Gln Len Gln Gln Ser Gly
1

Ala

Asp

Glu

Asp

-Ser

Tbr

Ala

Se: Len Lys

mhr Tyr-Ilé

Trp Ile dly

Pro Lys Phe

Asn Thr Ala

Ala Val Tyr

Met Asp Tyr

5

'Leu Ser Cys Thr
20

His Trp Val Lys
35 ’

Arg IleCTyr Pro
50

Gln Asp Lys Ala
65 '

Tyr Len Gln Val
80 ‘

Ty: Cys Set Arg
95

Trp Gly Gln Gly
110

(2) INFORMATION FOR SEQ ID'N037:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 bases
(3) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPQLOGY: linear

120 amino acidsv

ID szs:

Pro Glu'
10

Ala Set
25

Gln Arg
40

Thr Ash
55

Th: Ile

70

Set Arg
85

Ttp Gly
100

Ala Ser
115

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

TCCGATATCC>AGCTGACCCA GTCTCCA 27

(2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 bases
(B) TYPE: nucleic acid

Lau

Gly

Pro

Gly

Thr

Leu

Gly

Val

154

Val

Phe

Gln

Ala

Thr

Asp

Thr

Asn

Gln

Thr

Asp

Ser

Gly

V81

'Pro

Ile

Gly

Arg

Thr'

Glu

Phe

Ser

31y
15

Lys
30

Len
4s

Tyr
60

Set
75

Asp
90

Tyr'
10

Ser
120

07/19/91
16:16:32



Page: 6 . Raw Sequence Listing . - 07/19/9116:16:34

Patent Applibation US/O7/715,272A

266 (C) STRANDEDNESS: single
257 (n) TOPOLOGY: linear‘

- 263

’ 269 (xi) SEQUENCE DESCRIPTION: SEQ ID No:8:
27o '
271 - .

272 CTTTCATCTC CACCTTCGTA CCHSCDCCCA A 31
273 '
274
275

276 (2) INFORMATION FOR SEQ ID NO:9:
277 -

278 (i) SEQUENCE CHARACTERISTICS:
279 (A) LENGTB: 22 bases
280 (B) TYPE: nucleic acid

281 . V(C) STRANDEDNESS: single
282 (n) TOPOLOGY: linear
283

284 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
285

286

287 AGGTSMARCT GCAGSAOTCN G6 22
288
289
290'

291 .(2) INFORMATION FOR SEQ ID NO:10:
,292 '

293 (i) SEQUENCE CHARACTERISTICS:
294 (A) LENGTH: 34 bases
295 . (8) TYPE: nucleic acid

7 296 (C) STRANDEDNESS: single
' 297 (D) TOPOLOGY: linear

298 '

299 (xi) SEQUENCE DESCRIPTION: SEQ ID No:1o:
300
301 ; ,

302 TCAOGAGACG OTGACCCTGC TCCCTTGGCC CCAO 34
303 *
304

155

 



 

PAGE: 1 ’ SEQUENCE VERIFICATION REPORT DATE: 07/19/91
PATENT APPLICATION U8/07/715,272A TIME: 16:16:36

LINE ERROR . ORIGINAL TEx'r

27 Wrong application Serial Number 0\(/(A) APPLICATION NUMBER: 07/715,272
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3

SEQUENCE MISSING ITEM REPORT - DATE: 07/19/91
PATENT APPLICATION_US/O?/715,272A TIME: 16:16:36

MINDATORY IDENTIFIER THAT WAS NOT FOUND 
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PAGE: 1 SEQUENCE CORRECTION REPORT DATE: 07/19/91
, ~ PATENT APPLICATION US/o7/715,272A TIME: 16:16:36

LINE ORIGINAL TEXT ‘ CORRECTED TEXT
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, » 8 W0,
Ar, . {53195

_. _ . ' r . PATENT DOCKET‘7O

, N THE UNITED STATES PATENT AND TRADEMARK OFFICE /

4.55%” 'In re Application of Group Art finézcE,VED
Paul J. Carter et al. Examiner: MAY U 81992

Serial No. 07/715272 GROUP 180 
Filed: June 14, 1991

460 Point San Bruno Boulevard
South San' Francisco, CA 94080
(415) 2662614

For: lmmunoglobulin Variants

lNFQRMATlON orsctosune STATEMENaéby WW ",5, 11,-, WW 6 w .. 1, .[on en 2.15 emq

aepoalied with ”to Unifod' Skates Posia‘mryiw a:
Honorable Commissioner of Patents ‘ ’57."."9" m” 5" M anvalops addressed” em.

and Trademarks . ' ' WWW of we“ “”d T'°d°'m°'it 1&5an
Washington, o.c. 20231 _ . as. 20231 on r O l 2'.

(Date of Deposit) .

Sir: , ' W
The following items are supplied to the United States Patent and Tradvé’me °l<DOWElégt5°§dvance

the prosecution of the subject application. W\ '. mg a '

. Chothia et al., J. Mol. Biol. 186:651—663 (1985) - , t) l o [

Novotny and Haber, Proc. Natl. Acad.’ Sci. USA 824592-4596 (1985) ””9 °’ Sien'mre'
Cabilly et al., U.S. patent No. 4,816,567

Morrison, 8. L. et al., Proc. Natl. Acad. Sci. USA 81:6851a6855 (1984)

Boulianne, G. L. et al., Nature 312843646 (1984)

Neuberger, M. S. et al., Nature 314:268-270 (1985) _

Brfiggemann, M. et al., J. Exp. Med.-166:1351-1361 (1987)

Riechmann, L. et al., Nature 3323234327 (1988)

Love at al., Methods in Enzyma/oeg 178:515—527 (1989)

Bindon et al., J. Exp. Med. 188:127-142 (1988) '
Jones, P. T. et al., Nature 321:522-525 (1986)

Verhoeyen, M. et al., Science 239:1 534-1 536 (1988)

Hale, G. et al., Lancet (:1394-1399 (1988)

Queen, C. et al., Proc. Natl. Acad. Sci. USA 86:10029—10033 (1989)

Co at al., Proc. Natl. Acad. Sci. USA 88:2869-2873 (1991)

, Gorman et al., Proc. Natl. Acad. Sci. USA 88:4181-4185 (1991)

‘ Daugherty et al., Nucleic Acids Research 19(9122471—2476 (1991)
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07/715272 Page No. 2

Brown et al., Proc. Natl. Acad. Sci. USA 88:2683-2667 (1991)

Junghans et al., Cancer Research 50:1495-1502 (1990)

Davies.) (3. R. et.a/., Ann. Rev. aroma/n. 59:439-473(19901

Chothia, C. & Lesk, A. M., J. Mol. Biol. 196:901-917 (1987)

Chothia, ‘C. et 81., 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 72:218_O~2184 (1975)

Pluckthun, Biotechnology 9:545-51 (1991)

Spiegelberg et al., Biochemistry 9:4217-4223 (1970)

Waliick er a/., J. Exp. Med. 168210994109 (1988)

Sox at al., Proc. Natl. Acad. Sci. USA 66:975-982 (1970)

Margni et al., Ann. Rev. lmmuno/.6:535-554 (1988)

Fendly, B. M. et a/., Cancer Res. 50115504558 (1990)

Neuberger et al., Nature 312:604—608 (1984)

. Takeda et al., Nature 314:452-454 (1985)

Snow and Almzel, Protein: Structure, Function, and Genetics 12267-279, Alan R. Liss. Inc. pubs.
(1986) ‘ ' ’ -

Cheetham, J.., Protein Engineering, 2(3): 170-172 (1988)

WOW/09967, pub. 07/11/91, 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 understoodto 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
antedete any item in adherence with Standard procedures. .

Respectfully submitted,
GEN NTECH; (NC.

.lw.
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.'12l:

I. Claims 143, drawn to a .method of making an

antibody and an antibody comprising a

polypeptide, classified in Class 435, 530

i subclass 59.1, 350.

II. Claims 14—16, drawn to computer

representations, classified in Class 364,

subclass 282.l+. I

iThe inventions are distinct, each from the other because of
the following reasons:

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.l7(h).

A telephone call was made to Carolyn Adler, on 12/9/91, to

request an oral election to the above restriction reduirement,

.but did not result in an election being made and a written

.restriction 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 (7%?) 3Q8—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@3) soaeoiee.

Papers related to this application may be submitted to Group
18% by facsimile transmission; Papers should be faxed to Groupv
180 via the PTO FAX Center located in Crystal Mall 1. The faxing

of such papers must conform with the notice published in the

Official Gazette, 1096 05 3% (November 15, 1989).. The Chi FAX

16%



 

Serial No. 715272

Art Unit 1806

Center number is (763) 3®8~4227. The hours of operation of the'

Center are 8:45 am ~ 4:45 pm, Monday - Friday.

-.Feisee/lf§éé2gf:'fl"—
May 11, 1992

. XOHNJ. DOLL
SUPERVISOBY PATENT EXAMINER
, " GROUP 180
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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 filedw
.A. [:1 are approved. ' ‘

B. E) are objected to under 37 CFR 1.84 for the reason(s)
corrected drawings at the appropriate time. Corrected draw
on the back of this Notice.

i. Paperand ink. 37 CFRl.84(a)

I] SheeKSIM—Poor.

2. Size oi Sheet and Margins. 37 CFR 1.840))
Acceptable Paper Sizes and Margins
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“WII
“ml:
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checked below. The examiner will require submission of new,
ings must be submitted according to the instructions listed

4. Hatching and Shading. 37'CFR1.84(d)

[:I Shade Lines are Required.
HMS)W

[:] Criss-Cross Hatching Not Allowed.
Fleis)M

[:1 Double Line Hatching Not Allowed.
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[3 Parts in Section Must be Hatched.
Finis)M

5. Reference Characters. 37 CFR 1.84m ’

[E’Reierence Characters Poor or incorrectly Sized.
Fiois)$4.”;

[3 Reference Characters Placed lncorrectiy.
- FIQ(S)M

6. Views. 37 CFR 1.840) & (j)

[:1 Figures Must belNumbered Properly.
 

E] Figures Must Not be Connected.
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7. B'PfiotographsNot Approved.
8. D Other.

concerning this review should be directed to the Chief Draftsman at telephone

5&9 .__..
Date



 

‘1" t 5*
, PATENT DOCKET 709 SR?

41%”
N THE UNlTED' STATES PATENT AND TRADEMARK OFFICE 

in re Application of Group Art Unit: 1806

Paul J. Carter et al. Examiner: L. Feisee

Serial No. 07/715,272l

I, Filed: 14 June 1991

460 Point San Bruno BoulevardVv‘VVVVV‘JVVV“For: lmmunoglobulin Variants
South San Francisco, CA 94080

(415) 225—2614

i _ Response

Honorable Commissioner of Patents ' _ JUL 2 2 1992
and Trademarks -

Washington, D.C. 20231

Sir:

. This is responseive to the Restriction Requirement mailed 12 May 1992. A request for a one-
” " month e‘Xtension of time to respond is submitted herewith, bringing the due date for this response to

11 July 1992. This responseis timely filed, -.
The inventors hereby elect to prosecute Groupfll, 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: Commissioner of Patents and Trademarks, Washington, D.C. 202 1, on 19
Jul 1992.

   Dated: 10 Jul 1992‘ Carolyn R. Adler
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Honorable Commissioner of Patents

. . /(90% Ml; Q'PATENT DOCKET 709
IN THE UNlTED'STATES PATENT AND TRADEMARK OFFICE

In re Application of l Group Art Unit: 1806) , .

Paul J. Carter et al. , ) Examiner: L. Feisee
- ’ l

Serial No. 07/715,272 l
' . _. y l

Filed: 14 June 1991 . ll

For: Immunoglobulin Variants ' l ‘ ,
- l 460 Point San Bruno Boulevard

) South San Francisco, CA 94080
) (415) 22542614.

PETITION AND FEE FOR EXTENSION OF TIME more 1 .136lgn
JUL 2 2 W9?

and iTrademarks
Washington, D.C. 20231

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 monthls) from 11 June 1992 toi‘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 ENTECH, W C.

MZM.
Carolyn R. Adler

Reg. No. 32,324 .

Date: 10 July 1992

  

CEBTIFlCIlTE 0F MAlllliG (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 July 1992

Carolyn R Adler >

LAIOOW 07/17/92 07715272 ‘O7~0630 010 115 ;I;Io,,o.I‘II:H
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8118 17318141883733: SITE-2;: ERMA- NEDICA) _7 4—92/1883 7
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Set Items Description
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811 113462 VARIABLE
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.s15 _ 67991 COMPLEMENTARY
$16 ' 112646 DETERMINING
S17 63 COMPLEMENTARY(W)DETERMINING
s18 1904 HYPERVARIABLE' »
519 . 392448 REGION520 . 747 (COMPLEMENTARY(W)DETERMINING OR HYPERVARIABLE)(W)REGION
821 428778 ANTIBODY '

,822 1469126 RELATED
823 623755' BINDING
324 544344 SITE? ? _
525 0 ANTIBODY(W)RELATED(W)BINDING(W)SITE? ?
$26 2161 (IMMUNOGLOBULIN OR IG)()VARIABLE()REGION OR CDR OR (COMPLE—

MENTARY()DETERMINING OR HYPERVARIABLE)()REGION OR ANTIBODY()R—
ELATED()BINDING()SITE? ? FROM 5,73,399 gym/wry M5 600/» 02294
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31/7/1 (Item 1 from file: 5)
9568885 0 BIOSIS Number: 94073885 »

*HUMANIZED* OKT3 *ANTIBODIES* SUCCESSFU “TRANSFER OF IMMUNE MODULATING
PROPERTIES AND IDIOTYPE EXPRESSION _WOODLE 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, P. SURGERY, WASH. UNIV. SCH, MED., ONE
BARNES HOSP. PLAZA, QUEENY T R, SUITE.6107, ST. LOUIS; MO. 63110.

J IMMUNOL 148 (9). 1992. 2756*2763. CODEN: JOIMA ,
Full Journal Title: Journal of Immunology
Language: ENGLISH’
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..*Antibodies* that possess the Ag—binding regions of OKT3 within the
context of a Ahuman framework (Hu-OKT3 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-OKTB .Ab 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 gOKT3é6 Ab was markedly lees
than ,that of the other Hu—OKT3 Ab. Serologic analysis suggested that cOKTB
and gOKT3«5 Ab possess idiotypes (combining sites) similar to murine OKT3.
C call activation potency of all three. Hu—OKT3 Ab was assessed by
proliferation,’ induction ‘of activation marker expression (IL—2R and Leu
23), and lymphokine production (TNF—.alpha. and IFNr.gamma.). The cOKT3 and
gOKT3—5 Ab demonstrated T cell activation potencies similar to murine OKT3
as 'assessedv by each parameter. CD3 coating and modulation by these two Ab
was effective but somewhat less potent than that observed with OKT3.

‘.Finally, 'cOKTB 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 * (Item 2 from file: 155)
08124424 92262424 ’ - .

*Humanization* of an anti-p185HER2 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 . ‘ - ’
Department of Protein Engineering, Genentech Inc., South San Francisco,

CA 94080.

Proc Natl Acad Sci U S A (UNITED STATES) May 15 1992, 89 (l0) p4285v9,
ISSN 0027~8424 Journal Code: PV3

Languages: ENGLISH
Document type: JOURNAL ARTICLE .
The murine monoclonal antibody mumAb4D5, directed against human epidermal

growth factor receptor 2 (plBSHERZ), 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*'.‘
" antibody, humAb4DS—1, containing‘ only the antigen binding loops from
mumAb4D5 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 311—mer and 361~mer preassembled oligonucleotides, respectively. The
humAb4D5-1 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 molecular modeling (humAb4D5—8) binds the p185HER2 antigen 250—fold and
3-fold more tightly 'than humAb4D5—1 and -mumAb4D5, respectively. In
addition, humAb4D5—8 has potency- comparable to the murine antibody in
blbcking SK-BR~3 cell proliferation. Furthermore, humAb4D5-8 is much more

'efficient in supporting antibody-dependent cellular cytotoxicity.against
SK-BR-3 cells than mumAb4DS, 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 , _
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 fluorescende that occurs upon formation- of the
antibody—antigen complex. The dissociation constant of lysozyme ranged from
3.7 nM' (for 01.3) 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) 5-1 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. . f, _

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) pll49—54, ISSN
0022—1767 Journal Code; IFB - v ‘ 4

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
complementarityedetermining- 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* IgG1 -and 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.
Biotechnigues (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. » _ ~ g g

.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 vectOrs 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 plagues 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 18 (8). 1991. 546. CODEN: EJNMD
Language: ENGLISH a;l__~ '

31/7/7 (Item 7 from file: 5)
8563624 810515 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; EAEKA 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 l9 (9).'
Full Journal Title: Nucleic
Language: ENGLISH V VTwo novel approaches of recombinant PQR 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 application”6f
theSe new approaches enables the expression of a recombinant *humanized*'
*antibody* just 6 weeks after initiating the CDNA cloning of the murine
mAB.

31/7/8 (Item 8 from file: 155)
08049594 92187594 '-

. *Humanization* of a mouse monoclonal antibody by CUR-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 6””“”“r

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 antibOdy.v
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 heavy
Chains were co—expressed transiently_ in COS cells. In antigen—binding
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 versiona

of reshaped human 425 antibody bound to antigen With an avidity approaching
that of the mouse 425 antibody.

I

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 0076*6879

Journal Code: MVA ~«‘_

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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’-Completelyv *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, cempeted poorly’
with murine EMA 031 for binding to T cells. BMA 031-EUCIV3, however, bound
_specifically to T cells and competed effectively with both the murine BMA
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 -was ‘significantly enhanced with the engineered
antibodies as compared to. murine EMA O31. *Humanized* BMA 031 is a
Clinically relevant, genetically engineered antibddy with potential uses in
transplantation, graft vs host disease, and autoimmunity.

31/7/11 ' (Item 11 from file: 155)
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Antigenicity of mouse monoCIonal _antibodies. A study on the variable
region of the heavy chain. A

OlSson PG; Hammarstrom L; Smith CI
Department of Clinical Immunology, Karo

University Hospital, Sweden. ‘
J Theor Biol (ENGLAND) Jul 7 1991, 151 (

Journal Code: KSN ”""'*""'
Languages: ENGLISH

_Document type: JOURNAL ARTICLE
Mouse 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

' gineering. However, this does not reduce
able part of the antibody. Some variable

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 B5~3)
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.

. _ , . /lo .
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CHIMERIC MOUSE~HUMAN AND *c‘nm—ommm *ANTIBODIES* TO HUMAN ILZ RECEPTOR
WEIDLE U H; RUSSMANN E; LENZ H; KALUZA 13W
BOEHRINGER MANNHEIM GMBH, NONNENWALD 2, D-8122 .PENZBERG, FRG.
MEETING ON MOLECULAR BIOLOGY AND THE IMMUNOPATHOGENESIS OF RHEUMATOID
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the immunogenicity of the var
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A *humanized* monovalent CD3 antibody which can activate homologous

complement. '
Routledge EG; Lloyd I; Gorman SD; Clark M; Waldma H
Department of Pathology, Cambridge University.
Eur J Immunol (GERMANY) Nov 1991, 21 (11) p 17-25, ISSN 0014:2980

Journal Code: ENS »

Languages: ENGLISH
Document type: JOURNAL ARTICLE V . ,
The rat monoclonal antibody (mAb) YTHl .5, specific for the CD3 antigen

complex on human T cells has been modifie in order to improve its efficacy
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

'effector function of the antib dy we have created a monovalent form (1 Fab,
1 Fc) 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 possible procedure for reducing the immunogenicity ofxantibody varia 1e
domains while preserving their ligand—binding properties. (bxbkifl,4;77 .Padlan EA .

Laboratory of Molecular Biology, National Institute of Diabetes and
Digestive and Kidney Diseases,_National Institutes of Health, Bethesda, MD
20892. ‘
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Languages: ENGLISH (:7EL}}S§[:N,LES
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It is propoSed to reduce the immunogenicity of allogeneic antibody

variable domains, while pre-serving ligand:binding properties, by reducing
their antigenicity through replacement of the exgosed residues in theframework regions which differ from those usually foun 1n host antibodies. 7
The results of a comparison of representative murine antibody sequences J
with those of human origin suggest that the number of residues that need to

be replaced to "*humanize*" t§2s3_ag§ihodi§§ could be small.
31/7/15 (Item 15 from fife: 155)

07757287 91276287 V

Immunoglobulin cOmplementarity-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:
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--Document type: JOURNAL ARTICLE
We describe an approach to rapidly generate *humanised* monoclonal

antibodies by grafting rodent vcomplementarity—determining- 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)
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*Humanized* antibodies for antiviral_thgrapy.
Co MS; Deschamps M; Whitley RJ; Queen C
Protein Design Labs, Inc., Mountain View, CA 94043.

Ezesiflggééfigggj§gi,fls§afl-3¥f;3;333i, 88 (7) p2869~73, ISSN 0027—8424Journal :

Languages: ENGLISH ~ (32\\‘,YJZ>K9
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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 hypervariable_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 g8 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) V 3
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Humanized complementari1y—determing region (CDR,-grafted antibodies to

intercellular adhesion molecule~1 (ICAM—l), methods of“preparation and
usage thereof -1»~LL_N\\#

INVENTOR(AUTHOR): Adair, John Robert; Athwal, Diljeet Singh; Rothlein,
Robert A. '

LOCATION: UK,

ASSIGNEE: Celltech Ltd.; Boehringer Ingelheim Pharmaceuticals, Inc.
PATENT: PCT International ; W0 9116927 Al DATE: 911114
APPLICATION: W0 91U82942 (910429) *GB 9095 (900427)
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SECTION: '

CA215003 Immunochemistry
CAZOlXXX 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 ICAMl, virucide humanized
antibody ICAMl, diagnosis humanized antibody ICAMl **”“"

DESCRIPTORS: ,

Dermatitis...
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acute, treatment of, with humanized antibody to intercellular adhesion
mol.-1

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... , -
antibody to, and humanized antibody to intercellular adhesion mol.-l,
for inflammation treatment

Neoplasm inhibitors,metastasis... .
chimeric antibody to intercellular adhesion mol.—l, for hemopoietic
cell tumors

Toxicity... ‘ V
cytokine—induced, inflammation.of, treatment of, humanized antibody to
.intercellular adhesion mol.~1 for

Inflammation... _ ' v

diagnosis of, with chimeric antibody binding to cell expressing
intercellular adhesion mol.-1

Deoxyribonucleic acids... u
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—expressing tumor cell

Diagnosis...
humanized antibody to intercellular adhesion mol.—1 for.

Inflammation inhibitors,antiarthritics... ,
humanized antibody to intercellular adhesion mol.~l, for reaction
arthritis . -.

Glycoproteins,specific or class, ICAM-l (intercellular adhesion mol. 1)...
humanized recombinant antibody to

Antibodies... ‘
humanized recombinant, to intercellular adhesion mol.—l

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 vessel,disease, Raynaud’s phenomenon...
Brain,disease, stroke... 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.~1

Neoplasm,composition...
intercellular adhesion mol.~1~expressing, diagnosis of, with humanized
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'antibody to intercellular adhesion mol.~1
Mouse... ‘

monoclonal antibody R6—5—D6 of, in humanized antibody to intercellular
adhesion mol.~1 prodn.

Sepsis and Septicemia..., V
multiple organ injury syndrome secondary to, inflammation of, treatment
of, humanized antibody to intercellular adhesion mol.—l 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.w1
prodn.

Plasmid and Episome...
pAL6, in grafted humanized antibody to intercellular adhesion mol.41
prodn: ~ -

Plasmid and Episome...
pBJl, in grafted humanized antibody to intercellular adhesion mol.+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—D6, 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.el'for

Temperature.effects,biologi¢al...
thermal injury, inflammation of, treatment of, humanized antibody to
intercellular adhesion mol.—1 for

Perfusion,re-...
tissue injury from, treatment Of, 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... . -
' toxinmderivatized humanized antibody to intercellular adhesion mol.—l,

for intercellular adhesion 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 l... Virus,animal,
Mengo... Virus,animal, rhino-...

treatment of infection with, with humanized 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 142007~8o~5 142007-81-6 142007—8257

l42007-83~8 142007—85~0 amino acid sequence of
142007—84—9 amino acid sequence of, humanized antibody to intercellular
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- adhesion mol.v1 in relation to

140876—28—4 140876—29—5 142007—86—1 142007-87—2 amino acid sequence of,
humanized antibody to intercellular adhesion mol.-1 prodn. in relation

» to

140857-88-1 142008-94—4, nucleotide sequence of, humanized antibody to
intercellular adhesion mol.-1 prodn. in\relation to _

140857~89—2 142008e93—3’ nucleotide sequence of, humanized antibody to
intercellular adhesion mol.01 prodn. in relation to .

Copyright 1992 by the American Chemical Society
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Immunoglobulin V regions of a bactericidal anti-Neisseria meningitidis
outer membrane protein monoclonal antibody.

Larrick Jw; Coloma MJ; del 'Valle J; Fernandez ME; Fry KB;
Gavilondo~Cowley JV

Genelabs Inc., Redwood City, California.
. Scand J Immunol Aug 1990, 32 (2) p121~8, ISSN 0300-9475
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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‘l (FRI) 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 .of variable regions by this general methdd
have multiple applications in the study 'of- the immune response to
infectious diseases.

31/7/19 (Item 19 from file: 155)
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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
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’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 SpZ/O and Chinese hamster ovary transfectants; the average
production by Chinese hamster ovary transfectants was only 3e5-fold less
than Sp2/0 .tranSfectants. Ascites production of Sp2/O transfectants is
sUfficiently 'high (900 micrograms/ml) for. initial in vivo studies with
*humanized* T84.66. ' ' ' ,
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A *humanized* antibody that binds to the interleukin 2 receptor.
Queen C; Schneider WP; Selick HE; Payne PW; Landolfi NF; Duncan JF;

Avdalovic NM; Levitt M; Junghans RP; Waldmann TA '
Protein Design Labs, Palo Alto, CA 94304. p , ‘
Proc Natl Acad Sci U S A Dec 1989, 86 (24) p10029-33, ISSN 0027*8424

Journal Code: PV3 ./»«—»+——~’ _ - 0Languages: ENGLISH kJ943<L§UJp
Document type: JOURNAL ARTICLE
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—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—Tao 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 *humanizédat antibody. The *hfimfifiiied* anti—Tao
antibody has an affinity for p55 of 3 x 10(9) M-l, about 1/3 that of murine
'anti—Tac.»
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Reshaping human antibodies: grafting an antilysozyme actiVity.~
Verhoeyen M; Milstein C; Winter G _ -Medical Research Council Laboratdry of Molecular Biology, Cambridge,

England.
SCience Mar 25 1988, 239 (4847) pl534-6, ISSN 0036-8075

Journal Code: 0J7 ’ .
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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 hyperyariable loops. It is now shown
that a large binding site forwa“protein antigen'llysozyme) can also be
transplanted from mouse to human. heavy chain. The success of such
constructions may be facilitated by an induced—fit mechanism.
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' 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
(Ig) that reacts specifically with pSS—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 M~1, 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-Tad‘“‘"‘ .

»*antibody* in a human framework, where the framework includes includes
at least one amino acid (AA) from anti-Tao; (3) nucleic acid encoding a
human Ig framework and murine *CDR* which, when expressed, produces an
Ig specifically reactive with pSS—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. Ig can also be used, opt. '
labelled, for diagnosis; T—cell typing; specific receptor isolation or
vaccine prodn. 0/10 V ' ,

Derwent Class: B04;-Dl6;
- Int Pat Class: A61K-039/395; C12N~015/13
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XRAM Acc No: C92e076891

Prepn. of chimeric *humanised* *antibodies* — using a new_polymerase
chain reaction technique; PCRV

Patent Assignee: (WELL ) WELLCOME FOUND LTD
Author (Inventor): CROWE J S; LEWIS A P
Number of Patents: 001 -
Number of Countries: 015

‘Patent Family:
CC Number Kind Date Week
WO 9207075 ~Al 920430 9220 (Basic)

Priority'Data (cc No Date): GB 9022011 (901010)
Applications (CC,No,Date): WO 91081744 (911008)
Language: English ‘
EP and/or W0 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' Fi-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

rderived 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 5s or ds DNA template of A
formula; 5’ f1—H—f2 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’ bl—b2 3', v
where b1 comprises a sequence complementary to a corresp. length of M
and has a 3’ and 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‘ c1~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 b1 and c1 Overlap by
a sufficient length to permit annealing of their 5’ ends under
conditions which allow PCR to be performed; (c) performingt 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* Ab5._The resulting Ab retains the antigen binding‘
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‘capability of the non—human Ab from which the *CDR*(s) are derived.
0/4

Derwent Class: 804; 016; H
Int Pat Class: ClZN-OOS/lo; C12N'OlS/12; ClZN—015/69; Cl2P-021/08

26/7/3 (Item 3 from file: 351)
008937440 WPI ACC NO: 92*064709/08
XRAM'ACC NO:_C92~029621

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: O35
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,No,Date): AU 9182381 (910719); wo 91GB1216 (910719)
Language: EnglishEP and/or W0 Cited Patents: 2.Jnl.Ref; E? 347057; EP 355067; W0 9006371; WO

9007118; wo 9106305 ’
Designated States ' ,(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>V
(Regional): AT; BE; CH; DE; DK; ES; FR; GB; GR; IT; LU; NL; 0A; SE

Filing Details: AU9182381 Based on v 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 ABD 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 the
biotin—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
vinflammatory 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; D16; .
Int Pat Class: A61Kv039/39; A61K—039/395; CO7K-015/28; C12P—021/08

26/7/4 (Item 4 from file: 351)
V 008929605 WPI ACC NO: 92-056874/07

Related WPI Accession(s): 91—222915
XRAM ACC NO: C92-0257l3 _New *cdr*—grafted anti carcinoembryonic antigen *antibodies* — useful

in therapy and diagnosis of carcinoma
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‘Patent Assignee: (CELL-) CELLTECH 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
W0 9201059 A 920123 ‘9207 (Basic)

Priority Data (cc No Date): wo 91681108 (910705); GB 9014932 (900705); wo
90G82017 (901221) ,<“~~-~«~« " '

Language: English
EP and/or W0 Cited Patents: W0 8910140; WQ“§901293; RP 323806; 6.Jn1.REF
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; SE; CA
Abstract (Basic): W0 9201059 _

_New_*huméfiiEEd‘fiantibody* 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 JMWM“**

Derwent Class: BOA; D16; '
Int Pat Class; A61K—039/39; co7K-015/28; C12N-OlS/13; c12P-021/08
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26/7/5 (Item 5 from file: 351)
008849515 WPI Acc No: 91*353533/48
XRAM Acc No: C91-152448 ,

New *humanised* *CDR*—grafted anti—ICAM *antibodies* s’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 .
W0 9116927 A 911114 ' 9148 (Basic)
AU 9179001 1 A 911127 ‘ 9210

Priority Data (cc No Date): 08 909549 (900427)
Applications (CC,No,Date): wo 91082942 (910429)
Language: English . ' -
EP and/or W0 Cited Patents: US 4816567; WO 8901783; 7.Jn1.REF ,
Designated States ~

(National)' AT; AU; BB; BG; BR; CA; CH; DE; DK; ES; FI; GB; HU;_JP; KP; KR
o

; 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-l 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, CNS inflammatory
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.0/4

Derwent Class: B04; D16;

Int Pat Class: A61K—O39/39; C07K-015/28

26/7/6 (Item 6 from file: 351)
008718897 WPI Acc No: 91—222915/30
XRAM Acc No: C91—096865 .

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 8
Number of Patents: UGE“"““*‘*~
Patent Family:

 
 

CC Number Kind Date _ Week
wo 9109968 A ,910711 9130 (Basic)
AU 9170330 . A p 910724 9143
GB 2246781 A .‘ 920212 9207

Priority Data (cc No Date): wo 9OGB2018 (901221); GB 8928874 (891221); GB
9117611 (910815) , _ -

>Applications (CC,No,Date): GB 9017611 (901221)
Language: English .___,,-
EP and/0r W0 Cited Patents: E? 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 a

(Regional): AT; BE; CH; DE; DK; ES; FR;'GB; GR; IT; LU; NL; SE; 0A
Filing Details: GB2246781 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 OKT3. 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 be-a chimeric 0r *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 C03 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. @(81pp
Dwg.No.O/l3)@

' Derwent Class: B04; 016;
Int Pat Class: A61K—039/39; A61K~049/00; co7K~015/06; 012No005/10;

c12N-015/13; ClZP—OZl/OS
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Related WPI Accession(s): 92—056874
XRAM Acc No: C92—0257l3 ‘ ~

New *humanised* *antibodies* comprising *CDR* grafted.*antibody* - with
heavy and light chains, for use in vivo therapy and diagnosis;
COMPLEMENTARY DETERMINE REGION'

Patent Assignee: (QQLT ) CELLTEQH ggp; (cg;;;) CELLTECH LTD .
Author (Inventor): ADAIR J R' BODMER M W; MOUNTAQN'A; OWENS R J; ATHWAL D S
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Number of Patents: qggy ' >Number of Countries: 035 g - 5' éS\
Patent Family:

CC Number Kind

wo;9109967- ” A ”fig - (Basic)
AU'9169740 A '
GB 2246570 A
wo 9201059 A

AU 9182005 A 
Priority Data (cc No Date): B 892887 ’ 2W0 900320174 (901221); GB

9014932 (900705) 1} -N~7~ ‘ y;::::>—
Applications (CC,No,Date): AU 9182005 (910705); wo 91G81108 (910705); GB

9017612 (901221) . :z:::3“‘
Language: English .
EP and/or W0 Cited Patents: EP 239400; EP 323806; EP 328404; EP 403156;

6.Jnl.Ref; W0 8901783; WO 8910140 ‘~—_—~*1_ ,~_;,/
Designated States '
.(National): AT; AU; BB; BG; BR;-CB; 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: AU9182005 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 heavonr light
chains may have an effector or reporter molecule attached e.g; a
macrocycle for chelating a metal atom or a tox1n 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. @(91pp Dwg.No.0/13
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- Derwent Class: 804; 016;
Int Pat Class: A61K—039/39; A61K—039/395; CO7K-015/O6; CO7K-015/28;

C12N—005/10; C12N—015/13; C12P-021/08; c12R—001/91 .
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Chimaeric immunoglobulin(s) blocking IL—Z 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: O34

Patent Family: ,
CC Number Kind Date Week \
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Designated States . .
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Filing Details: JP04502408 Based on W0 9007861
Abstract (Basic): W0 9007861 .. g

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 human—like 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 ER 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 Tecell typing; isolation of IL»2 receptor bearing cells,
vaccine prodn., etc. @(52pp Dwg.No.0/10)@' '

Abstract (EP): 9142 EP 451216 1
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Compsn. comprises a pure human—like immunoglobulin (19) 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
lg 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 human-like 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 contg;-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 HERZ PROTOONCOGENE

SHALABY M R; SHEPARD H M; PRESTA L; RODRIGUES M L; BEVERLEY P C L;
FELDMANN M; CARTER P .

DEP. 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 (pl85HER2),
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 human' 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—CD3
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
vamino 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 p185HER2 and 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.

40/7/2 (Item 2 from file: 399) .
117068366 ’CA:_117(7)68366p PATENT
Chimeric and complementarity~determining region—grafted

anti—carcinoembryonic antigen antibodies and their production
INVENTOR(AUTHOR): Adair, John Robert; Bodmer, Mark William; Mountain,

Andrew; Owens, Raymond John
LOCATION: UK, -
ASSIGNEE: Celltech Ltd. .

PATENT: PCT International ; W0 9201059 Al DATE: 920123 -
APPLICATION: W0 91GB1108 (910705) *GB 9014932 (900705) *WO 90GB2017

(901221) » V '
PAGES: 70 pp. CODEN: PIXXD2 LANGUAGE: English CLASS: C12P~021/08A;

A6lK-O39/39SB; C12N-015/13B; CO7K—015/283 DESIGNATED COUNTRIES: AT; AU; BB
; BG; BR; CA; CH; CS; DE; DK; ES; FI; GB; HU; JP; KP; KR; LR; 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 antiecarcinoembryonic 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 . V

Animal cell line.CHO—K1... Animal cell line,COS-1... Bacteria...
V 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..._ ~ ,

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... ‘. .

pAL44, for humanized anti-carcinoembryonic antigen antibody prodn..
Plasmid and EpisOme...

pAL45, fer 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...

pEEGhCMV gpt, for humanized anti—carcinoembryonic antigen antibody
prodn.

Plasmid and Episome...

pHMClQ, for humanized anti-carcinoembryonic antigen antibody prodn.
I-Plasmid and Episome... V

pHMCBO, for humanized anti—carcinoembryonic antigen antibody prodn.
Plasmid and Episome...

' pHMC31,.for humanized anti—carcinoembryonic 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... . , _

pMRR028, for humanized anti-carcinoembryonic antigen antibody fragment
prodn.
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’ Genetic vectors... .
pMRRO45, for humanized anti-carcinoembryonic antigen antibody fragment
prodn.

CAS REGISTRY NUMBERS: I
142661-53-8 142661-54*9 142661-55—0 142661—56—1 142661—57—2

142661958-3 amino acid sequenCe of, humanized anti-carcinoembryonic
antigen antibody prodn. in relation to

142662-69-9 142662-70—2 142662-71v3 142662~72-4 142662-81—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 BIOSIS 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 BBS UK. - .

GENE (AMST) 101 (2). 1991. 297—302. CODEN: GENED
Full Journal Title: GENE (Amsterdam)

Language: ENGLISH .
We describe an approach to rapidly generate *humanised* monoclonal

*antibodies* by grafting rodent complementarity—determining regions into
human immunoglobulin frameworks using refiBfibinant 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
oligodeoxyribonucleOtide primers _incorporated restriction sites to allow
,forced .clonign' into plaSmid vectors for sequencing:afid expression. No
nucleotide errors were 'introduced into the 1463—bp sequence even after
sequential applications of PCR. <§‘=F?

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 BIOLOQXWADENVER, COLORADO, USA,
MARCH 10-16, 1991; 'J CELL BIOCHEM SUPPLII’SI‘.’ If”, ' 1991:. 137. CODEN:
JCBSD ' ‘ M

Language: ENGLISH

 

\ ._.__

40/7/5 (Item 5 from file: 5)
7400987 810818 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; JUNGHANSiR'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—Tao 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
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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-Tao 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*
antirTac .*antibody* has an affinity for p55 of 3 .times. 109 M—l, about

1/3 that of murine anti-Tac.

40/7/6 (Item 6 from file: 399)
113170316 . CA: 113(19)l70316b._ PATENT ,
Recombinant antibodies to Campathel antigen, containing foreign

complementarity determining regi0n(s), and their use in immunosuppression
and cancer therapy rrrr"”#"”*’ ,> ' '

INVENTOR(AUTHOR): Waldmann, Herman; Clark, Michael Ronald; Winter,
Gregory Paul; Riechmann, Lutz \-” ‘“

LOCATION: UK,
ASSIGNEE: Medical.Research Council »

PATENT: PCT International ; W0 8907452 Al DATE: 890824
APPLICATION: wo 89GBll3 (890210) *GB 883228 (880212) *GB 884464 (880225)
PAGES: 61 pp. CODEN: PIXXD2 LANGUAGE: English CLASS: A61K-039/395A;

C12N~015/OOB DESIGNATED COUNTRIES: AU; DK; JP; US
. 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 Campath-l
antigen ' ‘ .. ‘ .

Immunoglobulins,Gz... Immunoglobulins,G3... 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-l 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~l antigen ‘ ' .

Protein sequences... y
of IgGZa'YTH 34.5 HL heavy and light chain variable domains, of rat

Deoxyribonucleic acid sequences,IgG2a*specifying...
. of rat,

Antigens,CAMPATH—l... y
recombinant antibodies to, foreign complementarity detg. regions in

Immunosuppressants... NeoplaSm inhibitors... Neoplasm inhibitors,lymphoma.no

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-l antigen contg. complementary

detg. regions of rat

194 ,_._,‘



 

'ALeukemia,B—cell...
recombinant human antibody to-Campath—l antigen killing leukemia cells
of

Antibodies...
recombinant, to Campath—l antigen, foreign complementarity detg.
regions inImmunoglobulins,Gl... Immunoglobulins,G.{L Immunoglobulins,M...
recombinant, to Campathvl antigen, foreign complementary detg. regions
in » .

CAS REGISTRY NUMBERS: _

lZ9711—40—6 amino acid sequence encoded by HuVLLYS gene
129711—41-7‘ amino acid sequence encoded by synthetic HuVLLYS.degree. gene
129711—01—9 129711-02-0 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 128096-07~1 128096-08—2 128096-09—3 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—l antigen binding by '

129710—86-7P HuVLLYS gene, prepn. of, in prepn. of recombinant human"
antibody contg. rat complementarity detg. regions to Campath—l 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-l 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—93-2P 127859—94-3P 127859—99-8P 127860—01-9P 127860-02—0P
127860—0341P 127860‘04—2P 129924-57-8P 129924~59-OP prepn. of, in
gene synthesis for recombinant human antibody contg. rat
complementarity detg. regions to Campathél antigen _ .

129711—57—5 129711—58e6 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
?b351,350 .

155ep92-10:26:26 User209197 Session 0127.2

SYSTEM:OS “ DIALOG OneSearCh

{ale/EsgjgéiyentifiorldMPatefif§31ndex Latest
"’"’”1981+;DW=9227,UA=9214,UM=9143 V

**FILE351: Formats 32,33,35,37 & 39 display the new ’Expanded' Patent
Family tablgg£9§,UD§9216mand greater. For more info. type ?NEWS351
file73§939§rwenteworld»Paténts Index ,
“*””” 1963»i980, EQUIVALENTS THRU Dw=9227

**FILE350: Formats 32,33,35,37 & 39 display the new 'Expanded’ Patent
Family table for UD=9219 and greater. For more info. type ?NEW8350

Set Items Description

?ds

195 '



 

Set Items' Description
81 22 ANTIBOD? AND (HUMANIS? OR HUMANIZ?) 8
52 8 51 AND (CDR OR (IG OR IMMUNOGLOBULIN)()VARIABLE()REGION OR

HYPERVARIABLE()REGION)
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5/7/1 (Item 1 from file: 351)  
 

 
 
 
 

y007820291 WPI ACC NO: 89-085403/11
XRAM ACC NO:‘C89-037905

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 <45-~—-._

Patent Family:
,CC_Number Kind VDate Week
WQ 8901783 A 890309 8911 (Basic)

Priority Data (cc No Date): wo 88GB731 (880905); GB 8720833 (870904)
Language: English. «ew——~—~;—’vrc::—~—n-e/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): W0 8901783 _
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 872.3 MAb does not adversely
affect its binding activity and this produces a HAM which is'useful 1
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? ?

86 23 COMPLEMENT?()DETERMIN?(W)REGION? ?
?c l and 6'

22 l

23 6
1S7 10 AND 6

?

?c 7 not (2 or 4)
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$8 3 7 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 ~1by
mutation of framework~encoding regions of DNA encoding variable domain
of rat or mouse *antibody* chain ,

Patent Assignee: (GORMI) 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,N0,Date): wo 916B1578 (910916)
Language: English ' ,
EP and/or WO Cited Patents: 7.Jnl.Ref; EP 328404; EP 365209; EP 403156; W0

9007861; WO 9107492; WO 9109966; WO 9109967 .
Designated States 5

(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 *humanise* an
Ab, typically a monOclonal 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: 804; D16;

Int Pat Class: A61K-039/39; C12N—015/13; C12P-021/08

, 8/7/2 (Item 2 from file: 351)
008712964 WPI ACC NO: 91—216983/30
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‘»XRAM Acc No: C91-094177 a
' Prodn. of *humanised* recombinant immunoglobulin — 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: - ,

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 ’ g _ 0
EP and/or W0 Cited Patents: E? 239400; WO 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
*complementaryf *determining* *regions* of (c) to the human framework
regions of (e); (g) incorporating the complete DNA sequence for the.
*humanised* recombinant immunogIObulin into an appropriate expression
vector; (h) transfecting host cells with the vector; (1) growing the
transfected cells in an environment in which the *humanised*
recombinant immunoglobulin is expressed; and (j) collecting the

. immunoglobulin. . v y
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.0/38)@

Derwent Class: B04; D16;

Int Pat Class: C12N—015/13; Cl2P~021/08; C12Q~OOl/68

8/7/3 (Item 3 from file: 351)
007275804. WPI ACC NO: 87-272811/39
XRAM ACC NO: C87—115825

' Recombinant altered *antibodies* — having *complementarity*
*determining* *regions* replaced with those from *antibody* of
different specificity ' '

Patent Assignee: (WINT/) WINTER G P

,AuthOr (Inventor): WINTER G P’
Number of Patents: 004

Patent Family:
CC Number Kind ._ Date Week

RP 239400 A 870930 8739 (Basic)
GB 2188638 A 871007 8740

'198



 

'UP 62296890 A 871224 8806
~ GB 2188638 B 900523 9021 ,

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 -

(Regional): AT; BE; CH; DE; ES; FR; GB; GR; IT; LI; LU; NL; SE‘
Abstract (Basic): EP 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.

_ , 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*. - ' ,

. "USE/ADVANTAGE ? The method is used for "*humanising*" nonnhuman
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. @(4lpp Dwg.No.o/8)@

Derwent Class: B04; D16; 6 ‘ t ,

Int Pat Class: C12N-015/00; C12P—021/02; CO7K-015/00; A61K~039/39;
ClZN-OOS/OO; c12R-001/91 ‘ ~

?ds

Set Items Description H

81 _ 22 ANTIBOD? AND (HUMANIS? OR HUMANIZ?)
82 8 51 AND (CDR OR (IG OR IMMUNOGLOBULIN)()VARIABLE()REGION OR

HYPERVARIABLE()REGION)
s3 81 AND COMPLEMENTARITY()DETERMIN?()REGION

81 AND COMPLEMENT?()DETERMIN?()REGION

s5 (2 OR 4) NOT 2 .
S6 COMPLEMENT?()DETERMIN?(W)REGION? ?
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0
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‘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

reqdirement, the election has been treated as an election without

traverse. See M.P.E.P. 818.®3(a). g

Claims 1‘10 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. 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 important 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 Vi step d) is indefinite in that it

is not~ clear what‘ is actually taking place when _one aligns the

_amino acid sequences of the FR, ie. is'this a‘ physical or mental

2e

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

-it is not clear how one 5% ordinary skill can determine the effects

25
which are listed in steps 1—3, is. 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 ‘ oi 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 'specification 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. § 112, first

vparagraph, as. failing to ladequately describe the _invention and

failing to adequately teach how to make and or.use the invention,

ie. failing to proyide an enabling disclosure; The following terms

lack enablement in the specification:@

Claims 1 and 7 lack enablement in the language "at least a
portion of an import mariable 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 ’in 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 _oi the

variable region' of the antibody.r ‘There is no' support in the

specification for linking the variable 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 hdnan

variable region which is described in the specification be recited

within the claim or this language be removed cgmgletely 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.
rl‘ “ , .

Claim 1 step i), lacks enablement in that the protocol for. / I V

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-of 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 x¥ray crystallography or other

methods? i

Claim G'lacks enablement in that there is no guidence in the

specification on how one would determine which glycosylation site

affects! antigen binding, or what, comprises "reasonable

expectation"., I

Claims 6; 7 and 9 lack enablement in that it would appear that

these amino acids, are relevant to 196 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’insufficient description

and guidance in the specification with regards to the properties of

these amino acids which would enable one of ordinery 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 biotechnblogy. 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, 111:-
 

2129-2138 (1990). In transforming growth factor alpha, replacement

of aspartic acid at position 47 with alanine or ssparsgine did not

affect biological activity while replacement :with serine or

glutamic acid sharply reduced the biological activity lof' 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—260l (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 oiv 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 conditions ‘and requirements of this
title. ‘ ‘ -

'Claims 1-4, 6~8 are rejected under 35 U.S.C. 5 101 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 85 U.S.C. 5’112, first

paragraph, and claims 9-13 are rejected under 35 U.S.C. § 112,

first paragraph and 35 U.S;C. § 101 as the specification fails to

adequately teach how to use the claimed monoclonal antibodies in

the manner in which they are disclosed ie. for' the therapeutic
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purposes. Applicants claims are supported only by in vitro data

showing the ability of muMab4D5, which is a humanized anti-p185

antibody which reacts with- 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 Varray of
 

diseases encompassed by the claims; In general, effective

V_treatment 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 be

'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

loompositions have utility for the treatment of malignant and

autoimmune diseases in humans. See MPEP'698.®l(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 1 vivo. It appears that undue
 

experimentation would be required of one skilled' in the art to

practice the claimed invention for the single utility disdlosed in

the specification. V

‘The following is a quotation of the appropriate paragraphs of

35 U.S;C. 5 192 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 was 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. 5 103 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 which said

subject’Imatter 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 were, 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.L The above claims are drawn to

a method oi 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

Vinteraction yare also imported to the consensus antibody. ' In

essence, residues of the framework region are also transferred with

10
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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 antibodies.

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 C088

of the human antibody and certain framework residues are also

changed. Queen at. al. describe computer modeling and seduence

comparison in order to determine the amino.acid residues which are

to be substituted (see page 10631~l®®33). '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. § 102(a) as

being anticipated by Co et. al.. See above discussion.

-Co et. 81. show the production of humanized anti-HSV'

using the general concept of Queen et. 31. (see Results and Table

l).

. Claims 3 and 4 are rejected under 35 u.s.c.‘ s we as being

unpatentable over Queen et. 31. 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
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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 at. al. and Co at. 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. a1. pages 10031~1Q033 and Co at. al. page 2871). They

I 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 of 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 -affinity (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. al. or Co et. a1. and further
incorporating the concept taught by Wallick et. al.. 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 iretaining high antigen_ binding affinity is desirable in the

production .of humanized antibodies.. Knowing the role of

carbohydrates in antigen antibody interaction as was pointed out by

12
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Walliok et. al. one of ordinary 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 11 is rejected under 35 U.S.C. § 193 .asv being

unpatentable over Queen et. a1. or C0 et. al. in view of Reichmann

at; al.

The above 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.

. g \ .

Queen et. al. and Comet. 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

‘acaeptor 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. al. 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 nonwconserved region, and given the

computer modelling protocol set forth by Queen et. 31. one of

ordinary skill would have been motivated to make a eingle mutation

tin the_ 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 isnc703) 308—2731.

Any inquiry of a general nature or relating to the statue of

this application should be directed to the Group receptionist whose

'telephone number is (703) 308-0196.

Feisee/lf

September_29, 1992

Ava L EY

SUPERVISORY PATENT EXAMINER
GROUPtao' ‘

ffl/V
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Sir:

Responsive to the Office Actic'In mailed 5 October 1992,'please amend the claims as folloWs:A

 
\

(Amended) A method for making at least a portion ofa humanized antibody variable domain

'comprisingaminoacid sequence of>fnonhumanl/Import] antibody which is desired tQ be
' and a human antibody, comprising the steps of: 
  

/“
and of- a consensus human variable domain/p V

, b. identifying Complem'entarity_Determ'ifiing Region (CDR) amino acid sequences in the

import and the human amino variabledgmain sequences;,__/

c. substituting animport CDR amino acid Sequenfia for the corresponding human CDR, “N M\ ,,
../«

amino acid sequence;

d. afining the amino acid sequences of a Framework Region (FR) of the import antibody

and the corresponding FR of theconsensus antibody;

 

e. identifying import antibody FR residues in the aligned FR sequences that are non-

homologous to the<corresponding consensus antibodyresidues, )/ ‘ Q»
f. determining if thenon-mommmportamino acmeasonabl expected

. \- —-—-—~) a?)
' to have at least one of the following effects: ’. TM

1. non-covalently binds antigen directly,

c124.u
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2. ‘ interacts with a CDR; or

‘ 3. participates in the VL - VH interface b affec in the rox'mit or orientation of 

the V, and V,, regions with respect to one another; [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; and

L preparing a' humanized antibody variable domain having amino acid seguences

determined in steps 3—9. ' ' '

(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 steps in the method of glaim‘ 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,

substitutipgpthe glycosylatiqn site into the consensus amino acid sequence..\\‘_,\____ M~~...._ .. _.__.s_.,-,

(Amended) The method of claim 1, having the additional stepsI which may be taken betWeen

any two steps in the method of claim 1, of searchingthe consensus variable domain amino

c124.u

acid sequence for glycosylation sites which are not present at the corresponding amino acid

in the import antibody aming acid sequence, and if the giycosylation 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-homologousKwith the aligned C°B§fl§fij§999§flC§I and

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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7. (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 tg 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 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, '7lL,

*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, SSH, and 103H.
, f/Pieaseedd the following new claims 17—51

—-17. A method ofkusing a. consensus human‘antibody varia Ie domain amino acid sequence in the

preparation of a humanized antibody.» i \9’\ 9/ {V9 W [I M3 ‘

' —-18. in a method for making a humanized antibody variable domain, the improvement consisting of

using consensus human antibody variable domain amino acid sequence.»

—~19. A method for making an improved antibody, comprising amino acid sequence from a non- _

human (impdrt) antibody and a human antibody, comprising the steps of: l

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;

I b. identifying Complementarity Determining Region (CDR) amino acid sequences in the 1

~ import and the human amino variable domain sequences;
c. substituting an import CDR amino acid sequence for the corresponding human CDR

. amino acid sequence; I I

d. ‘ aligning the amino acid sequences of a Framework Region (FR) of the import antibody

and the corresponding FR of the consensus antibody;

9. identifying import antibody FR residues’in the aligned FR sequences that are non-

homologous to the corresponding consensus antibody residues;

f. determining if the nonvhomologous import amino acid residue is reasonably expected

to have at least one of the following effects:

1. non-covalently binds antigen-directly,

0124M
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2. interacts with a CDR; or

participates in the VL - VN 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 residuefor the '

_ corresponding amino acid residue in the consensus antibody FR sequen'cefim
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 respeCt 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.--
W

l

Remarks

Claims 1-13, and i721 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 found in the specification at

page 6, line 27 to page 7, line 3. _
Ciaim 1, step (f) has been amended to ciarify that the word "participates" in the VL - 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'ection under 35 U. . . 112 second ara ra h

Claims 1-10 were rejected under 35 U.S.C. § 112, second paragraph for indefiniteness. Claims

1, 3, 4, 5 and 7 were rejected for use of 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 (a) 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 29th 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 location in 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 er '
a/., Sequences of Proteins of Immunological Interest, National institutes of Health,
Bethesda MD (1987), namely VL x subgroup l and VH group |.l.l

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

I 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
et al. publication cited in the quoted material above, which presents such tabulations.

Claim 1 step (d) 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 does 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

. respect to a specified amino acid sequence of this invention is defined on page i7, lines 18-27. At

lines 22-23, the specification indicates that this invention does "not Considerlingl any conservative

substitutions as part of the sequence identity”. Conservative substitutions are therefore not considered

as homologs. I . ' g
Claim 1 step if) was rejected for use of the language "participates". Step if) 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. 1

Claim 1 step if) 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 VH regions with respect to one another. .

The specification discusses, at pages .13-16, the interactions of amino acid‘residues within an]K__,,__

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 2-9:

"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. Inspection ofWays,permitsanalysis of the likely
role of the residues in the functioning of the candidatgjmmunoglobulin sequence, i.e'.,

the analysis of residues that_influence the abilityfl‘ofthe candidateimmunoglobulin to

bMen." ‘
The specification provides detailed information how to evaluate the three-dimensional models to

determine the various potential effects of amino acid residue changes.

The specification also suggests an alternate methodfor evaluating the effect of an amino acid

_ residue change. On page 16, lines 1448, 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

c124.u
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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

“an, and that those skilled in the art would understand what is claimed in step if).
\_
Q . to occur. The word "reasonably" has been deleted from the claim. .

Claim 1 step (9) was rejected as being indefinite as to what effects are reasonably expected

 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

. 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 mea'nc 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 seemsI

g 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 differsf“; \ 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 is'retained. 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. et a/., Sequences
3 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 a/., 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.

According to the CAFC, a decision as to whether a claim is invalid for indefiniteness "requires

a determination whether those skilled-in the art would understand what is claimed", Amgeg v. Chugai,

0124.u
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18 USPOZd 1116, 1030 (CAFC 1991). The presently pending claims use terminology with clear

meanings in thefield, 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 35 Q.S.C. § 112, first paragraph .

Claims 1-11 were rejected under 35 .U.S.C. § 112, first paragraph as lacking enablement.

Claims _1 and 7 were rejected as lacking enablementin the language "at least a portion of an

import variable domain". These termshave been deleted from the claims. .

Claim 1 step‘lc) was rejected for being unclear as to how one Would determine which amino

acids are to be Substituted. This. step recites 'fsubstituting an import CDR amino acid sequence for the___~_/ .

corresponding human CUR 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 madein previous step (b). To accomplish step (c), thereforeione substitutes the amino

acids identified in step (bl. .
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 samegeneral 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 al., 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, andIn some cases
forming part of, the flesheet structure, The CDRs in each chain are held in close proximity by the

framework regions and, with the (£083 from the other chain, contribute to the formation of the antigen

binding site. The CDR may be identified following three-dimensional modeling of the antibOdy. 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. et al., SegygncesffProteins of Immunological Interest, Fifth Edition, National institutes of
Health, Bethesda, MD, (1991mm Kabat compendiums referred to in

the specification and other referencesguide 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 1, page xvi. Table l presents the amino acid residues associated

c124.u - ' ,N
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with PBS and CDRs of the variable domains of immunoglobulin light and heavy chains. See also Figure

V 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. Oligonucleotidemediated

. 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 (c) of claim 1 are fully

enabled by the specification. I _ ,
Claim 1 step if) was rejected as lacking enablement for determining which amino acid residues

may be expected to interact with the antigen. At page 29, lines 4-10, the specificatiortteaches that:
"Differences between the non-human import and the human consensus framework

residues are individually investigated to determine their possible‘influence on CDR
conformation and/or binding to antigen. lnvestigation 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 mutagenesls 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‘l'5, line 6, Where it is stated:
"A residue that noncovalently directly binds/to antigen is one that, by three dimensionah ‘

analysis, is reasonably expected to noncovalently directly bind to antigen. Typically, l

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

c124.u
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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. V

The inventors submit 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 affinity. 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 196 and not other
antibody-isotypesf The specification, at page 13 lines 14-22, states: '

‘ ”The humanized antibody will be selected from any class of immunoglobuiins, including

IgM, lgG, lgD, lgA and lgE, and any isotype, including lgGi, lgGZ, lgGa and IgG4.

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

lgC,. Where such cytotoxic activity is not desirable, the constant domain. may be of

the lng 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 igG1 constant domain. As noted in

the specification, specific methOd 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 lgG, 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. ‘

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.O. 1449, 1450 (TTAB 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 goff , 191 USPO 429, 431 .
(CCPA 1976):

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 ln re Strahilevit , 212 USPO 561 (P.0.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 illListrative examples or by broad terminology, is of 'no
importance, in re Marzocchi et al.. 169 USPO 267 (CCPA 19711.1 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 fitrahilgvitz, 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 andwhere, as in the present situation, there is no pertinent art

to prevent such claims. As stated in in re Sus and fighaefe , 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 narrower 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. lt is believed that the amendments to the claims made above render moot this ground

of rejection.

Ther’ i nunder u. .0. § 112 fir r r h n nd '35 so §11

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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L 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.

The reiections under 35 U. S. C. § 1021b} and § 1021a!

Claims 1, 2, and 510 were rejected under 35 U. S. C § 102(b) as being anticipated by Queen
er a/., andunder 35 U.S.C. § 102(a) as beingenticipated 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 USPQ 344 (CCPA 1978):ln re Kalm, 154 USPQ 10 (CCPA 1967) 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. lVlethods fonpreparing 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

all other workers in the field priorto 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 nonhuman antibody. Queen

at 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~Tac antibody, the less likely would combining the anti-

Tac CDR‘s with the human 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 er 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 at al. or Coe er al. 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

’Claims3 and 4 were rejected under 35 U.S.C. § 103 as being obvious over Queen er a/. or C0

er al. in view of Wallick'et a/L. Claim 11 was rejected under 35 U.S.C. § 103 as being unpatentable

over Queen at all or Coet al. in view of Reichmann et 6/.

None of the cited references‘teaches or suggests the claimed invention, which involves the

preparation humanized antibodies using ensconsensus human antibody variable domain) 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 the issue of obviousness is provided in 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; and|

(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 a]. 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 er 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. Wallick et al. teach the importance of glycosyiation 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 et 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 l53ue
.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 non-"human 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 non-obviousness 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 Standard Q9. v. American gyanamid

c9_.,227 U.S.P.Q. 293, 298 (Fed. Cir. 1985); "
A person of ordinary skill in 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 innovater
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 regard.

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, whichin 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, INC.

(Mgr/(14M
Carolyn R. Adler

Reg. No. 32,324

29 January 1993

CERTIFXCATE 0F 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: Comii'issioner of Patents and Trademarks, Washington, D.C. 20231, on 32

January 1993., K MDated: g9 January 1923 * K ' _
_ 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—1, 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 acid
sequencing and are indicated by an apostrophe followed by CL_aEter
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 andare included in the indexes. l

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 GenBank 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.$ 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 fichecked with
GenBank". We have entered many nucleotide‘sequences which were not
,then available from GenBanku 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 (lOelB). 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
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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.
Bach sequence is tabulated in each subsequent column. Three dashes
(~-—) indicate that no amino acid is present at t
that the sequence continues. In all instances residues 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:

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.

These columns are included only in tables with more than five
sequences. Miscellaneous tables have only columns corresponding tothe 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'ZO amino
acids occurred with equal frequency, the variability_would be 20
divided by 0.05 equals 40 . If, for example, four 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/O.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 are tabulated as a note, and the symbol + is used
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
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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 Veregion 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 typesf 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 (l7~l9) 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 V~gene codes
for positions —4 to «1.

The signal amino acid sequences of the T—cell receptors for
antigens, BZ—microglobulins, major histocompatibility complex
proteins, complement components, integrins, and other related
proteins are listed in separate tables.

By conformational energy calculations, the core V‘ hydrophobic
Leu-Leu—Leu-Trvaal~Leu~Leu—Leu <MOPC321, MOPC63) 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

.(20);

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 Va 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 Xeray 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
frameworkr segments (FRl, FRZ, FRS, and FR4) and the
complementarityedetermining segments (CDRl, CDRZ, 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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Complementarity Determining Regions
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TABLE I

 Amino Acid Residues, Associated

{Mm
1"“-

with Frémework<FR) and

'(CDR) of the Variable Domains

of Immunoglobulin Light (Vb) and Heavy (Vn) Chains

Segment Light Chain

FRl 1-23 (with an occasional

residue at O, and a

deletion at 10 in V; chains)

CDRl 24—34 (with possible
insertions numbered

as 27A,B,C,D,E,F)

FRZ‘ '35—49‘
CDRZ '50—56

FR3 57—88

CDR3 89-97 (with possible

insertions numbered as

95A,B,C,D,E,F)

FR4 98—107 (with a possible

a Five Basilea rabbits (K)

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)b

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

immunized with type II pneumococci and
which produced anti—type II pneumococcal polysaccharide had Met at
position 48 and an insertion of four a

mine 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.)

b 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 Jeminigenes 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 COnfining chains of different lengths to
the V—gene region. In mouse vg 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 meinigenes. 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 DeJ 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 a1. (61) have provided some
evidence suggesting a non-random origin for the VR~DK junction,$
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 VH~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 ER 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 IgGl protein BU.
Numbering on the left half indicates the CDR for the light and
heavy chains (50), while that on the right half gives the EUnumbering (67).

 
FIG. 1. Schematic View of tour-chain structure of human IgGl, molecule. Numbers
on right side: actual residue numbers in protein EU [Bdelman 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,B, 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,- C,,l, C,.2, c,.3: 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 complementarity—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 VM and VL Chains in contributing to binding of the epitope

resolved. This can be often accomplished by use of
immunochemical data in defining antibody combining sites (68,70u73)
in addition to other methodologies such as 2D~NMR (71,51l or high
resolution X—ray crystallography. '

Through the generous cooperation of X—ray crystallographers we have
been provided with the dwcarbon 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" \;9‘
manner: "an import antibody comprising the amino acid sequence of

a nonvhuman antibody‘which binds to ...". The language kIO\
”reasonably expected“ is unclear since it is not.known what'

.criteria determines what is "reasonable".

Claim 1 remains rejected and new claims 19-21 are rejected \qu
under 35 USC 112 first paragraph as lacking enablement for the o)

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

253 ;
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Art Unit 1806

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 111 under 35 USC 112 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 regards 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 -Oy?
is no set standard for determining what is reasonable Q§§ ‘
interaction, or interfacing or what amount of glycosylation I

reasonably affects binding.

The rejection of claims 6,7 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~io 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 Co at. 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 he the same as what applicant calls

consensus variable domain sequences.

The rejection of claims 3 and 4 under 35 USC 103 15'
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
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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. § i.136(a)y

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(3) WILL BE CALCULATED FROM THE

SMAILING 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

ID L LACEY

SHPERVISORY PATENT EXAMINER
, GROUP 180"

>f7/fi
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' Attorney Docket No.709
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Win :‘e Application of: Paul J. Carter -

~§1 eerialNo.: 07/715272
Filed: June 14, 1991

For: immunoglobulin Variants ", 155 ‘11-} '_ -‘.|‘".‘A

Honorable Commissioner of Patents $3115
and Trademarks . F :v i.

Washington, D.C. 20231 \j,:. to, ;' not.” ,
Sir:

Transmitted herewith is an amendment in the above-identified application.

The fee has been calculated asshown below.

(Col. 2) 

Claims ' Highest No.
Remaining Previously

After Paid For
Amendment 

     

‘iOTAL...$ o

*If the entry in Col. 1 is less than the entry in Col. 2, write "0" in Col. 3.
**If 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,
__._. or credit overpayment to Deposit Account No. 07—0630. A duplicate copy of this

sheet is enclosed.

__)_(_ Any additional filing fees required under 37 CFR 1.16.
2:. Any patent application processing fees under 37 CFR-1.17.

Dated;§2£Ler3951r 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: Commissioner of Paten s and Trademarks, ashington, D.C. 20231.

Dated: 21:) Jig;¢22 /(?(?YE§ \Loui e Strasbaugh
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) South San Francisco, CA 94080 ' '
l (415) 225-1896

EETITION AND FEE FOR EXTENSION OF TIME {37 CFR 1.136‘Iall

Honorable Commissioner of Patents

and Trademarks

- Washington, 0.6. 2023*:

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 monthls) 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 $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.

I Respectfully submitted,

GENENTECH, INC.

were
Janet E. Hasak

Reg. No. 28,616

Date: September 20, 1993 115— 630 140
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Louis Strasbeugh ~ -'
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1 ' Paul J. Carter et al.

Filed: June 14, 1991

460 Point San Bruno Boulevard

South San Francisco, CA 94080 .

(415) 225-1896 ,

For: Immunoglobulin Variants

AMENDMENT AFTER FINALREIECTION PURSUANT TO 37 CFR §1 1.116

Honorable COmmissioner of Patents
and Trademarks

Washington, DC. 20231 ’ 1

Sir:

This is responsive to the Office Action mailed May 19, 1993, Which is a final 9
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 followsi

line 6, please amend the. heading of the second to last column to read
1 .

“'Kd ”7

lines 6 8: 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 "proliferatiom";

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: ,

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

\a.

w014.u

antibody)] and a human antibody, comprising the steps of:

obtaining the amino acid sequences of an import variable domain and of.
a consensus human variable domain of. a human iinmunoglobulin
sub rouM) ”W
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 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/

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;
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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.

(Twice amended) A method for making a humanized antibody comprising

providing an import antibody comprising a non-human antibody variable domain
amino acid sequence which is desired to be humanized [(import antibody)]

having a CDR and a PR, 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

”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 lOBH.

(Amended) A method of making a humanized antibody variable domain
comprising thestep of substituting Complementary Determining Region gCDR)
amino acid residues of a variable domain of a non—human antibody for the

corresponding CDR amino acid residues of [using] a consensus human antibody
' variable domain amino acid sequence'of a human immunoglobulin subgroup [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 (PR) 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, '

2. interacts with a CDR; or i

3. ' participates in the VL ~ VH 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 sequencefiindj LQEIQ

preparing an improved, humanized antibody having amino acid sequences

determined in steps a—g; and ,

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 comprising the step of making the

‘ antibody identified I, 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 9; 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 offeredin a good faith effort to

place this case inconditio'n for allowance.

I. 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. It15 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 * 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 and'page 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.

H.- Rejections under 35 U.S.C. § 112, second paragraph
V Most of the rejections under 85 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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immunoglobulin 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 VI‘and human heavy
chains subgroups I to III (see pages 41-76 and 160—167 of Kabat et al.). 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 36 depend on claim 1 and because there is clear
antecedence basis for the phrases "import antibody variable domain amino acid,

wOl4.u

‘ ' 267



07/715272 ' h Page No. 8

sequence”, "import sequence” and "import antibody" in claim 1, the' rejection of these
claims is also rendered moot. V

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. '

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.

IObjection and Rejections under 35 US.C. § 112, first paragraph
Theexaminer 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 to21 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...SC § 112, first paragraph, moot and

respectfully request the withdrawal thereof.

B. The Examiner has maintained the rejection that step c) of claim 1 (1e. 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 providedin 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

isenabling for the method claimed. In support of. the above position, a Declaration
pursuantto 37 CF.R. § 1.132 by Robert Kelley13 attached. See specifically his opinion
in paragraph 3 and the bases for this opinion set forth1n paragraphsci 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 joined111 this case. The
Declaration is offeredin a good faith effort to place this case in condition for allowance

As discussed under section 11 (A) above and in paragraph 4 of the Kelley
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 disclosed1n Kabat et 121. (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 domainof another human immunoglobulin subgroup as definedin Kabat et al.
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i.e. the consensus human variable domain for'human kappa light chains subgroups II

to IV, human lambda light chains subgroups I to V1, or human heaVy chains subgroups

I or 11 (see pages 41-76 and 160-167 of Kabat at (21.). Therefore, the skilled biochemist
_ could have elected toruse a consensus human variable domain'other than those defined

_ as SEQ 1D 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

et a1 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 -et £21., [1 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

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 ainino acid sequences or a computer program which was known .
in the art prior to June 14, 1991. See paragraph 5 of the Kelley Declaration V

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) residues111
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 1esidues1n human and mouse variable domains
are indicated in Kabat et 111 (see page ix) and the structural definition of the FR’s 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 June 14, 1991, the
skilled biochemist would have been able to study the 3—dimensional structure of the

antibody in order to establish whether a particular non—homologous import amino acid

‘ residue is likely to have one of the effects discussed1n section fof claim 1. Information

is providedon 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
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 the‘above 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. ‘ I

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.

I 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 IgG 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 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 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 8: 9 under 35

U.S.C, § 112, first paragraph, should be reconsidered and withdrawn in light of the

above submissions and Declaration. ‘

In light of the submissions presented in paragraphs A to D above, Applicants A
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.

Applicants’thank the Examiner for withdrawing the rejections which were raised
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under 35 U.S.C. § 101 in the earlier Office Action dated October 5, 1992 .

1v. Rejection iofclaims 1. 2 and 5—10 under 35 Use. 102 (a) and 102(1))
The rejection of claims 1, 2 and 5-10 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 at al., Proc. Natl. Acad. Sci., 88:2869-2873 (1991). The basis for the rejection
is that there is allegedly no clearindication as to what is meant by the consensus human

variable domain claimedin the above application.
To constitute anticipation, allmaterial elements of a claim must be foundin 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 et 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 subgr0up" as defined in the claims as amended has been discussed
above under Section II(A) of this responseandin 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 skilled in 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’ 5 attention to paragraphs 11-13 of the attached Declaration
It is apparent from the information given in Table 1 of Exhibit C and in the Figures of

I Exhibits D and E of the Kelley Declaration (see paragraphs 12 8: 13 thereof), that the

variable domains of the human immunoglobulin sequences used by Queen et a1. and Co

et 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 at al. do not teach all the material

elements of the instant claims as required under Marshall and Kalm, supra, Applicants

respectfully submit that the rejection of claims 1, 2, 510 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 al. or Co at 111., supra, in View of Wallick et 121., ]. Exp. Meal, 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 disclosedin Queen et 121 or C0 et al.

The publication by Wallick et al does not compensate for the deficiencies in the
primary references. Wallick et al. refer to the importance of glycosylation for maintaining
antigen binding-affinity. of monoclonal antibodies. Wallick et a2. 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 hadno 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 et 121.). 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 sequence.

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, andin 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 8: 32to 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 results in Applicants’ applicationis
sufficient to support a conclusion of nonobviousness Ralston Purina Co Far»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 art failed to disclose, or suggest,

the invention claimed in claim 1 and, moreover, the method resulted in a new and

unexpected result which could not have-been 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
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record because the prior art failed to disclose the use of a human consensus variable

domain to humanize the n0n-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 15 ,

_ 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. AC3 Hospital Systems, Inc. v.

Montefz'ore Hospital, 221 USPQ 929, 933 (Fed. Cir. 1984). The above discussion shows that

j the cited references, alone or in combination, lack the-requisite teaching of the use of a

consensus human variable demain 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 domain1n this manner, which provides a method of

making improved humanized antibodies. Accordingly, it is clear that the invention}

claimed”in claims 3 ti: 4is novel and nonobvious over the prior art of record. I
Applicants submit that the rejection of claims 3 and 4 under 35 U.S.C. § 103 '

should beireconsidered and withdrawn in light of the‘above submiSsions and the
Declaration.

VI. Rejection of claims 17,18, 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.

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 addressed. and 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
should feel free to call the undersigned attorney at the number indicated above.

Respectfully submitted,
GENENTECH, LNC.

Janet E. Hasak

Reg. No. 28,616

Date: September 20, 1998
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For: lmmunoglobulin Variants

DECLARATlON OF ROBERT F. KELLEYPURSUANT TO 37 CFR §1.132

Honorable Commissioner of Patents I -
and Trademarks

Washington, DC. 20231

Sir:

I, ROBERT F. KELLEY, do hereby declare as follows:

1. l received my} Ph.D. 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"). lam-the author or co-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 Patent'Office has rejected the above application on the basis that the

application as filed does not provide sufficient disclosure 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 (Le. non—

human) Complementary Determining Region (CDR) amino acid sequence for the 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 of the claims in response to the

_ rejection. in 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.

i 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 al., Sequences of Proteins of Immunological Interest, Fourth Edition,

U.S. Dept. of Health & Human Services, pubs., (1987), a copy of which is attached as Exhibitja'. The

immunoglobulin subgroups referred to in Kabat at 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 (Le.

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 Ill) as disclosed in Kabat er 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. lie. the consensus human variable domain for

human kappa light chains subgroups ii to N, human lambda light chains subgroups l to Vl, or human
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heavy chains subgroups I 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 10 NO: 3 & 4 on page 17 of the above application, as the consensus human variable domains for

other subgroups were compiled in Kabat er 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 al. Alternatively, the

structural definition of Chothia etal., J. Mol. Bio/., 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. 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 0 of claim 1 discloses the step of replacing the corresponding human CDFl 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 ALlGN program, (Dayhoff

et al., 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 primaryvamino acid sequence encoding a

humanized variable domain with import (non-human).CDR regions.

6. Steps d 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, ii 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 a/. (see page ix) and the structural

definition of the FR's was available (see Chothia er 3],) Hence, it woold 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 ‘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 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 3 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. l 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 immunoglobulins.

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 A

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 f), 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. 7

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 (1.989)

or Co at al., Proc. Natl. Acad. Sci., 88:2869—2873 (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 diScIosed in Kabat er 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 having-read 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 at al, publiCations fail to disclose a consensus human variable domain. instead, 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 er 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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antibddies (see Fig 1 thereof). The sequences used in Queen er al, and Co at a/. 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 a]. is illustrated in Table 1 (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 VH l, and the variable domain of Porn

is classified in subgroups VL kappa ill and V“ lll, it is apparent that the Eu and Porn variable domain

amino acid sequences are not consensus human variable domains of any immunoglcbulin subgroup.

This is further demonstrated in the following paragraph.

13. 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, Pom and the consensus variable domain of the VL

' kappa subgroup | (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, Porn and the
consensus variable domain of the VH subgroup ill (in which the heavy chain variable domain of Porn 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 Pom is

classified in the VH ill subgroup, eight of its framework residues differ from the corresponding

framework residues of the VH lll 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 at al. and Co et a/._publications fail

V 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

inventionclaimed in claims_3 & 4 would'have'been obvious in light of Queen at a/., or Co at a/., when

read in conjunction with Wallick er al., 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 citatibns. 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 le.g. muMAb4DS). Use of a consensus human variable

domain from a human immunoglobulin subgroup to humanize a non—human antibody is notdisclosed

in Queen at 6]., Co at al. 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 nonlhuman 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 sequenceito be humanized) in order to reduce the likelihood of introducing distortions into the

CDR’s (see column 2 on page 10031 of Queen at al.) or to‘ "retain high binding affinity in the

humanized antibodies" (see column 1 on page 2871 of Co er al.). The methodvclaimed 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 usedto 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 huMAb4DB~8 variant actually binds

the p185“m ECD 3-fold more tightly than muMAb4DS (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 non-human antibodyf 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.

 

 

fl

Dated: (NZ/”(:9 3 Signed: W (/L
ROBERT F. KELLEY

CERTlFlCATE OF MAlLlNG

l hereby certify that this correspondence is being deposited with the United States Postal Service as first
class mail in an envelope addressed to: Commissioner of Patents and Trademarks, Washington, D.C. 20231,
on September 20, 1993.

Dated: September 20I 1993 WLourSe Strasbaugh
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» TABLET .

SEQUENCE IDENTITY - ("/o)

CONSENSUS VARIABLE DOMAIN EU POM
SUBGROUP ' - _

_ 7 76 'VL kappa I 92

~ VL kappa II 61 71

VL kappa III ' -- 72 85
vL kappa IV I 73 78 i '

I VL Iambda I ' I ' 61 , ~ 59 . ~
VL Iam.bda II 57 > 54 ‘
VL Iambda III I 59 > 56'

vL lambda VI ' 52 - 49
I V“! 8.3 64 . '

, vM n 53 62 I
61 ~ 91

vH m
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Variable Light Domain

,EU

Kappa-I

POM

Kappa-I

POM

Kappa»!

POM

.. EXHIBIT 0.

20 30 40
DIQMTQSPSTLSASVGDRVTITCRASQ*SIgégLAWYOOKPGKAPKLLMY* . *
DIQMTQSPSSLSASVGDRVTITCRASO"ISNYLAWYQOKPGKAPKLLIYfit fi**$*‘fl'fi'k iik‘
EIVMTQSPVTLSVSPGERATLSCRASOSISNSYLAWYQQKPSGSPRLLIY

' CDR—Ll

so so 7o 80 90 , 100LOPDDFATYYCOQYNSDSKMFGQ
KASSLESGVPSRFIGSG SGTEFTL‘II SS
@AASSLBSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCOOYNSLPETFGQ ~
GAggéagGIPARFSGSGSGTEFTLTISSLQSEDFAVYYCOQYNNWPPTFGQ
CDR-L2 CDR~L3 '

GTkVvaGT* *

ewxvsxxnm' *

GTRVEIKR

KEY: ° n differences In FR residues

@ a differences In CDR residues '
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v‘rx

\

I X

o .0 '
sxrnmr E

Variable Héavy Domain

io 20 - ~ 30 40.
EU QVQLNOSGAEVKKPGSSVKVSCKASGGTPSRSAIIWVRQAPGOGLEWMG'k 74 'k i I x t it i i i c); 9;

human-III EVOLVESGGGLVQPGGSLRLSCAASGPTFS YAMSWVRQAPGXGLEWVS

POM EVQILESGGGLVOPGGSLRLSCAASGFTPS SgAMSW'RQAPGKGLEWVA
' CDR-Hl

. so "a 60 . 7o 90 abc 90
EU GIVPMPGPPNYAOKFQGRVTITADESTNTAYMELSSLRSEDTAFYFCAG

. m a k x a w w a- w v: w w * 1k

human-III VISGDGGSTYYADSVEGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAR
POM ‘ WKYBNGNDKHYADSVNGRFTISRNDSKNTLXILMNSLQAEDTALYYCAR

‘ CDR-H2

- 110

EU GéGIYSPE~~~~~EYNGGLVTVSS\tl 9 i v:

human—III snaggggg—————WGQGTLVTVSS
GE @@@§§ * -

POM . DAGPYVSPIFFAHYGQGTLVT

CDR:H3

KEY: ‘ = differences in FR residues

@ == differences in CDR residues
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. viii
considered uncertain by the authors have not been included in the table. ln 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:

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. .

\_/ariability is calculated (it) as:
Number of different amino acids occurring

g Variability = at a given position
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 w0uld be 20 divided by 0.05 equals 400. if, for example, four different amino
acids Ser, Asp, Pro, and TN occurred at a given position, and of 100 sequences available at that position,
Selr occurred 80 times, the variability would be 4/O.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. Thefirst value in each of these columns is calculated assuming
that only one of the two possibilities, e.g., Glu or Gin (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 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 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-aliotypes 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.

I

Signal Sequences

The signal (precursor) amino 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 17—29 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

f the T.cell receptors for antigens, [SQ-microglobulins,The signal amino acid sequences 0
nd complement components are listed in separate tables.

major histocompatibility complex proteins. a

the core VX hydrophobic Leu-Leu~Leu—Trinal-Leu—Leu—
helical conformation. terminated by chain reversal confor-

our amino terminal residues are compatible

By conformational energy calculations,
Leu(MOP0321, MOPCBB) exists in an alpha
mations inthe four C-terminal residues Trp-Val—Pro—Gly; the f
with the alpha helix (15).

Variable Region Sequences

The variable regions (16) of immunoglobulins have been shown to contain hypervariable segments
in their light (11 ,17—23) and heavy (22.2427) chains, of which certain residues have been affinity labeled

ts of light chain were delineated from a statistical examination

2.98
(28-41). Three hypervariable segmen

 



 

. ix

of sequences of human Vx, human V), and mouse V,c light chains aligned for maximum homology
(11,22). These and the three corresponding segments of the heavy chains (22,26,27) were hypothesized
(11,22) 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-region constitutes the framework (11,22,66-68).
it is convenient to identify the framework segments (FFlt, FRZ, FRB, and FR4) and the complementarity—
determining segments (CDFH . 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 O) _
deletion at 10 in VA chains)

CDRt 24-84 (with possible 31—35 (with possible
‘ insertions numbered insertions numbered

as 27A,B,C.D,E,F) as 35A,B)

FR2 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)

CDR3 89-97 (with possible 95-102 (with possible
insertions numbered as ‘ insertions numbered as
95A,_B,C,D,E,F) 1OOA,B,C,D,E,F,G,H,I,J,K)

FFt4 98407 (with a possible ‘ 103-113
insertion numbered
as 106A)

8- in the rabbit, Mage er a1. (89) consider position 65 in VH to be in FF‘i3, 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 chainshave 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 Vd
joining by recombination and may be coded partlyby the Vigene and partly by the J-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 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 iminigenes. 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 et al. (76)
have provided some evidence suggesting a non-random origin for the VHDH 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 immunoglobulins 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 oi the a~carb0n skeletons of the four Fv regions for which high
resolution X—ray structures have been determined, NEWM (44), KOL (62), MCPCSOS (47, 48, 63), and
J589 (64). The residues in the CDRs are shown as solid circles. in Fig. 1 the combining site is at the
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5 THR ma THR THR THH THR THR THR to THR THR THR «-- 109 a 106(THR)s GLN GLN GLN GLN GLN GLN GLN GLN LN GLN OLN —-- 107 1 : 2 107mm?) : 100(GLN)7 sea sea SER 'SER SER SER sen sen sen ~- 105 3 1 SEE3 PRO PRO PRO PRO PHO- PRO PRO PRO PRO 105 3 103 PRO9 'SER SER sen sen 'SER SER sen SER sen 105 4 99 SEE

10 my $59 sen SER 1m SER sen SER sen - 104 5 BHSER):1 11 LEU LEU LEU LEU LEU LEU LEU LEU . 103 5 9&(LEU‘ 12 sen sen sEn sea sen sen 102 4 9 sea13 ALA ALA ALA val ALA 101 4 91 ALA)14 _ SER _97 7 a sen)
15 VAL 97 3 s VAL1s 93 2 92 GL17 5: :9 : 4 87(ASP) : 79(ASP)1a , 90 s 82(ARG)19 91 a 88(VAL)
20 91 4 57 THR)21 as 4 a ILE22 ~ as 7 75(TH )23 33 1 asQSL24 75 5 43(AHG)
25, 75 4 71&ALA26' 72 4 67 SE )27 72 4 66(GLN): 53(GLN)27A 4 2 amen)27B 4 2 3(VAL)

C 27c 2 2 1 4 )0 270 2 2 1 4 )R 335 1 1 1(SER)‘ 2s 72 a 25(ASP): _22(SER)
29 71 5 61éILE)30 68 1o : 11 35 sam-31 56 10 24555932 66 7 as TYR3;, s4 4 GOILEU)
34 so 7: s 24___LASN)_: 22mg)
35 63 1 63(TRP)36 61 2 57(TYR)37 so 4 sstGLN : 49 GLN38 59 4 55 GLN ': so GLN
39 55 4 4 50 LYS)4o 57 4 54 PRO)p 41 44 a 445561.10n 42 46 5 3 LYS;2 43 47 2 42(ALA44 47 1 4702120)45 47 6 «mars;45 45 7 33(LEU47 45 2 44(LEU)45 43 2 42(1LE)
49 45 4 4211‘!!!)
so 45 7 : a “155 + 1c 51 4s ' 5 39 ALA)D 52 44 4 41351:)R 53 43 5 : e 13 sin)2 54 .44 2 43(LEU)55 44 7 20(GLU55 42 7 zugsn57 4a 1 4 GLY55 43 2 42 VAL;
59 42 4 39(PHO)so 42 1 4215512)61 43 a 41 AHG)62 43 a 41 PHE)63 43 7 36(SER)
64 43 1 43 GLY65 42 4 as ““166 43 a 41(GLYs7 41 3 3855»:66 41 a 33031. )
69 ~- 41 3 ‘ 36(THR)7o 4- 41 5 : e 25(ASP) : 23(ASP)F 71 4o 4 36 PHER 72 4o 4 37 THR3 73 4o 3 81(LEU)7‘ 4o 4 37 THn)75 4o 3 as ILE76 39 2 37(SE )77 40 5 27(SER7s 40 2 35(LEU
75 4o 2 : 39(GLN3 : 35(GLN)an 40 3 3(PRO)61 4o :5 z 5 29(GLU) : 26(GLU)82 4o 1 : 2 tam/159%: 37(ASP)83 4o 4 5(PHE)
a4 40 2 39 ALA)as 40 4 37 THR)86 42 2 41(TYR)a7 41 2 4 TYRas 42 1 412st
HS 43 a z 4 40(GLN) : 37(GLN)90 43 3 : 4 39(GLN) : 34(GLN)9‘ 45 1o : H 24(TYR)92 4s a 15(ASN) : 13( 4 )93 45 9 20(SER)
94 46 1o 12 LEU)8 95 45 5 asipnma 95>" 5 3 2 4-3 958 4 2 2‘ 4 §95c 4 a 2(TYR)
BSD ... 1 1ase 1(ASP)957 x
95 LEU 32 12 9(TYH)97 THH 31 4 27(THR)
98 PHE 31 3 29(PHE)99 GLY a1 1 31(GLY)100 GLY . 31 4 : 5 18(GLN) : 17(GLN)‘101 our 31 1 31 GLYF ‘02 um 31 2 so THR;

R 103 THR 31 4 23(LYs‘ 104 VAL so 2 23(VAL;
:83 _ Slag g? a; 4 20(GLU25: E19(GLU)1054 , 7 (IL )
107 _ LYS LYS 31 2 291195)
‘06 ARG ARC. - 24 2 22(ARG)‘09 - THR THR 20 V 1 20(7HR)
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ANYIBODV SPECIFICITIES: HUMAN KAPPA LIGHT GRAINS SUBOROUP I
.91

25)
35)
53)
ea)
57)
92)

104)

WEA: ANTI13A~PYRUVYLATED GAMCTOSE MONOCLONAL
LOW: COLD AGGLUTININ WITH ANTI-BLOOD GROUP I ACTIVITY
LAY: ANTI HUMAN GAMMA (3‘ AND (33 GLOBULINS: PO IDIOTYPE
MEI: COLD AGGLUTININ WITH ANTI-GD (MEMBRANE--GLYCOLIPIDDEPENDENT) ACTIVITY
DAV: ANTIVHUMAN GAMMA G GLOBULIN
FIN: ANTI‘HUMAN GAMMA G GLOBULIN
WAG: ANTI-DINITROPHENYL
MAR: ANTI-LIPOPROTEIN LIPASE

ALLOZIYPE; MUMAN KAPPA LIGHT CNAINS SUBGROUP I
79) KUE: INV(2)

CLASS: HUMAN KAPPA LIGHT CHAINS SUBGHOUP I
8)

33)
55)
74)
82)

WEA: 'lGM-KAPF’A
F-GUI: IGGG-KAPPA
SoGUI: IGGsKAPPA
PW: IGG‘VKAPF'A
RI: IGGI-KAPF’A

REFERENCE: NUMAN KAPPA UGNT CHAINS SUBOROUP I
1)

ROV: HILSCHMANN N. 5 CRAIG L..C ($965 PROC. NAT.ACAD. SCI. USA. 53. “70311409: HILSCHWNN. N. $196? Z.PHYS]OL.CH‘EM...348gg’gé1osflgi" FEES SVM?HILSCHMANNN. .BARNIKOL.HU. .HES M.LANGER. B..PONSTINGLH .STEINMETZ- KAYNE. M. .SUTE WATANABE.S £10969‘ 15.5774. (CHECKED BY AUTHOR WHO PROVIDED ADDITIONAL RESIDUES YO THOSE PUBLISHED AND CORRECTGIVEN IN THE TABLE)
AU: SCHIECHLH. 3 HILSCHMANNN. (1971) Z.PHYSIOL.CHEM..352.I11~I15‘. (1972) 2.PHYSIOL.CHEM..353.345437O. (CHECKED BY AUTHOR)

SIDUES 65 AND 67 AS

 

2)
3) 7151: PALM.W. a. HILSCHMANNN (1973) z.PHYSIOL.CHEM..354.1551-1654; (1975) z.PHYSIOL.CHEM..356.167-191. (CHECKED av AUTHOR)
4) 11/10:. WATANAsEs. 6 HILSCHMANNN (1970) Z.PHYSIOL.CHEM..351.1291-1295. (CHECKED BY AUTHOR)
5) HK101'CL: BENTLEY.D.L. a. HABBITTS.T.H. (1930) NATURE.266.730733. (CHECKED BY AUTHOR 11/30/52)
6) scwE EULITZ.M..OOTZE.D. s. HILSCHMANNN. (1972) 2,PHYSIOL.CHEM..353.457—491; EULITZM. 6 HILsCHMANN,N. (1974) z.PHYSIOL.OHEM..955.642-965.(CHECKED BY AUTHOR) ,
7) AD: TITANI.K..SHINODA.T. A PUTNAM.F.W. (1959) J.BJOL.CHEM..2¢4.3550—3560. (CHECKED BY AUTHOR 06/15/63)
6) wEA: GON1.F. a. FRANGIONEB. (19133) PROCNAT.ACAD.SCI.USA.BO.4837>434‘.. (CHECKED BY AUTHOR 03/23/64)
9) HK137'CL: BENTLEYDL. 5 RABBITTSJ'H. (1903) CELL.32.161.169.

10) MKIM’CL: BENTLEYD.L. a RABBITTSTH (1963) CELL32 131169.
11) OAUDI'CL: KLDBECK. H.G. COMBRIATOG. A ZACHAU.H..G (1954) NUC.ACIDS RES.,121669957006
12) WALKER'CL: KLOBECK.H..GCOMBRIATOG. a. ZACHAU.H. (3 (1964) NUC. ACIDS RES. 1219.6995-7006. (CHECKED BY AUTHOR 03/22/85 WHOCORRECTED RESIDUE' 34)
13) HF348/6: ATKINSON. P. M. .LAMPMAN. G.w .FURIE.0.0..NAPARSTEK.Y..SCHWARTz.R.s..5TOLmR.B.D. & FURIE.8. (1965) J.CLIN.1NVE$T..75,1136.1143.(CHECKED BY AUTHOR 08/2II65)
14) 1152-11133: ATKINSON. P. M. .LAMPMAN.G.w. .FURIE.B.C. .NAPARSTEKY. SCHWAR12R.s. .STOLLAR.a0. a. FURIEB. (1935) J.CLIN. INVEST. .75.11361143.(CHECKED BY AUTHOR 06/21/85)
15) "62.13/21 ATKINSON.P. M ..LAMPMANG.w. ..FURIEBc. .NAPARSTEK.Y.SCHWARTZ R..s ST.OLLARaD. A FURIEB. (1965) .1.CUN. INVEST.75 1139-1143.(CHECKED BY AUTHOR 03/21/35)
16) NF2-1/17: ATKINSON. P. M. .LAMPMANG.w.FURIE. B.cNAPARSTEKY .SCHWARTZ R. s. S‘I’HOLLARBD. a. FURIE B. (1935) .1. CLIN INVEST. 75.11391143.(CHECKED BY AUTHOR 09/21/85)
17) 3.125: ALESCIOzONTA.L. & BAGLIONIC. (1970) EURJ..BIOCHEM 1.5450453. (CHECKED BY AUTHOR)

I8) "F2: SAM/71:16:60.51850ND,FANNINOE.M..GOODFLIESH.R.M..,GILMAN.16 6 BALIANTYNED.L. (1971) BIOCHEMISTRY.10.4912-4921. (CHECKED BY19) PSM: SEONBK (19132) MDL.IMMUN0L..19.8396. (CHECKED BY AUTHOR 05/29/63)
20) MOM: EMA/1000.6.KLEIN.M..HORNE.c..HOFMANN.T. 6 DORRINGTONKJ. (1991) MOL.IMMUNOL..16.793-aos.
21) ESM I06: KUANWTK ,TUNG. E. .VV.ANG I.Y. 6 WANG.AC.(1$81) IMMUNOL. .44 265271. (CHECKED BY AUTHOR 05/26/83)
22) ESM 16M: KUANHTK..TUNG.E..WANG I..Y 6 WANGAC (1931) IMMUNOL. .44.265-271. (CHECKED BY AUTHOR 05/26/33)
23) WAT. STEVENSF. .1. .....WESTHOLMFA PANACIOTOPDULOS. N. .SCHIFFER M. ..POPPRA 4. SOLOMON.A. (1991) J.MOL.BIOL.147.185—193. (CHECKED BYAUTHOR 05/25/1993)
24) AMVLOID VIII6: GLENNER.G.G.TE..RRYwHERADA. M. .ISERSKYC. 5 PAGE D. (1971) SCIENCE. 172. 1150-1151. (CHECKED BY AUTHOR 09/22/75)
25) LOW! CAPRA.JD.K..EHOE.)M. WILLIAMSWRC ..JR .FEIZIT. 5 KUNKEL.H o. (1972) PRDC. NAT.A'CAD.SCI.U.SA.694043. (CHECKED BY AUTHOR WHOCORRECTED RESIDUE 16 AS GIVEN IN TABLE)
25) DIE: CAPRA.J.D. 6 KUNKEL.H.D. (1970) PRDC.NAT.ACAD.SCI.U5A.67.67~92. (CHECKED BY AUTHOR)
27) CAR A: CAPRAJD. 6.KUNKEL,H.G. (1970) PROCNAT.ACAD.$CI.U$A.67.67-92. (CHECKED BY AUTHOR)
29) TEI: CAPRA..1.D. a KUNKEL.H.G.-(1970) PROC.NAT.ACAD.SCI.USA.67.a7-92. (CHECKED BY AUTHOR)
29) 8.148: ALESCIO-ZONTA.L. .6 BADLION1.C.‘(1970) EUR.J.BIOCHEM.,15.450463. (CHECKED BY AUTHOR)
30) CON: NIALLHHD. a. EDMANP. (1967) NATURE.216262.253 (CHECKED BY AUTHOR 07/25/79)
31) TRA: NIALLWHD 4 EDMAN. P. (1967) NATURE.216262-263. (CHECKED av AUTHOR 07/25/79)
32) ANYLOID LEP: LIANWJB ...SKINNERM BENSON.M..D a. COHENAS (1977) aIOCHIMBIOPHYS.ACTA.491 167.176.
33) F-GUI: WANG.AC. .FUDENBERGWHH 8. CREYSSELR (1962) ACTA HAEMAT.66.197 195 (CHECKED BY AUTHOR 05/25/83)
94) 01.1006):KOHLER..H.SHIM12U...APAULO. 6 PUTNAMWFW (1970) SCIENCE. 159. 56.59. (KAPLAN.A.P. a. METzGER.H. (1959) BIOCHEMISTRY..83944—3951)(CHECKED BY AUTHOR 05/15/83)
35) DEE:_ MILSTEIN.C. & DEVERSONWEV (1971) BIOCHEM..I..123.945—956. (CHECKED BY AUTHOR)
36) 611w): LA.UREC.J..WATANABES. 6 HILSCHMANN. N. (1979) 2. PHYSIOL.CHEM35415031504. (CHECKED av AUTHOR)
:17) .1011: CAPRA.JD. 5 KUNKEL,HG. (1970) PROCNAT. ACAD.SCI. USA.67. 97- 92. (CHECKED BY AUTHOR)
33) KER: MILSTEIN.C. (1966) BIOCHEMWJ 101352368 (CHECKED BY AUTHOR WHO PROVIDED ADDITIONAL RESIDUES TO THOSE PUBLISHED)
39) LAY: KAPLANAP 6 METZGERHH 1969 BIOCHEMISTRY53944—3951 CHECKED BY AUTHOR): KLAPPERWDG 6 CAPRAJD. (1976)ANN.IMMUNOL.(IN$T.PA$TEU ).12 0.261271. (CHECKED BY AU HDR 03/01/79) .
40) BRA: WANG.A.C..WELLs.J.v..EuDENBER6.H.H. &_GERGELY.J. (1974) 1MMUNOCHEM..11.341.345. (CHECKED av AUTHOR)41) was:‘ KRATZIN.H..YANG.C.Y..KRUSCHEAU. s HILSCHMANN.N. (1930) z.PHYSIDL.CHEM..351,1591-1593.

42) Vb'CL: 12P/1Efi31‘igduumENICHEN.H.-H..POHLENZ.H.~D..NEUMAIER.P.S..KLOBECK.H.-G. s ZACHAU.H.G. (1964) J.MDL.010L..176.169204. (CHECKED BV AUTHOR43) Vb"cL: PECH.M..JAENICHEN.H.-R..POHLEN2.H.-D..NEUMAIER.P.$..KLOBECK.H..G. 6, MCHAU.H.G. (1984) J.MOL.BIDL..176.169—204. (CHECKED BYAUTHOR 12/14/84)
44) HK102‘CL: 8ENTLEV.D.L. s'RABeITTsTH. (19110) NATURE.263.730733. (CHECKED BY AUTHOR 11/30/92)
45) EU: GOTTLIEB.P.D..CUNNINCHAM.B.A..RUTISHAUSER.U. 6 EDELMAN.G.M. (1970) BIOCHEMISTRY.9.3155-3161. (CHECKED BY AUTHOR)
46) DEN: YANG.C.V..PAULY...E KRATZINHH A HILSCHMANNN (1991) 2.1>HYSIOL. CHEM. 3.62 1131 1146.

47) PAD: DAYHOEFMO. (1972) ATLAS OF PROTEIN SEOUENCE 5 STRUCTURE5.-.0245 SUBMITTED BY SMITHIEs. O. ...GIBSONDM. AND FANNINGE M.(CHECKED BY UTHOR)
46) HEN: SMITHHG P..HOOD..L 6 FITCHMIM. (1971) ANN REVBIOCHEM. 40969-1012.
49) FHA: MEINKE.G..C .SIGRISTPH. a sPIEGELsERGH L. (1974 IMMUNOCHEM” 11 457~460. (CHECKED BY AUTHOR WHO PROVIDED ADDITIONAL RESIDUESTo THOSE PUBLISHED) MEINKEG..C 6 SPIEGELBE G.H. L. (1976) IMMUNOCHEM.. 13.915919. (CHECKED av AUTHOR 10/17/77)
50) SW: FAIR.D.S..SLEDGE.C..KHUEGEFI.R.B..MANN.K.G. a. HOOD.L.E. (1975) BIOCHEMISTRYJ4. 5561-5565
51) PAUL: SMITH.G.P..HOOD.L. a. FITCH.W.M. (1971) ANN.REV.BIOCHEM..90.969-1012. ’52) MON: NIALL.H.D. a EDMAN,P. (1957) NATURE.216.262.263. (CHECKED BY AUTHOR 07/25/79)
53) NET: RIESEN.w.r..MA.IANIEMI.I..HuseR.H..BRAUN.D.6. a ROELCKED. (197a) SCAN0.J.1MMUNOL..8.145-145. (CHECKED BY AUTHOR 10/10/79)
54) POT: CAPRA.J,D. a. KUNKEL.H.G. (1570) PROCNAT.ACAD.5CI.U5A.G7.a7-92. (CHECKED BY AUTHOR WHO CORRECTED RESIDUE 9 ASCIVEN IN TABLE)
55) s-aw: WANG.A.C..FUDENBER6.H.H. 6 CREYSSEL.R. (1952) ACTA HAEMAT..SB.187~195. (CHECKED BY AUTHOR 05/25/63)
56) AMYLOID BAN: DWULET.F.E..O‘CONNOR.T.P. a. BENSON.M.D. (1935) MDL.IMMUNOL..23.7376.
57) 8.119: ALEsC1D—ZONTA.L. 6 BAGLIONIHC (1970) EURMJBIOCHEM 15.450453. (CHECKED av AUTHOR)

56) DEL: MILsTEIN.c. ($1969) PROC. 5TH FEDS SVMP. 154.556 (CHECKED av AUTHOR WHO PROVIDED ADDITIONAL RESIDUES To THOSE PUBLISHEDAND CORRE TED RESIDUES 1 ...3627. 79 AND 92 AS GIVEN IN TABLE)59) .1st SEONBK. (1962) MOL.1MMUNOL..19.63«66. (CHECKED 8V AUTHOR 05/23/63)
60) PAP: NIALL.H.D. a. EDMANP. (1967) NATURE.215.262253. (CHECKED BY AUTHOR 07/25/79)
61) CA M1L5TEIN.C.P. 8 DEVERSON.E.V. (1974) EUR.J.810CHEM..49.377-391. (CHECKED BY AUTHOR)
62) ME EULITZ.M. 8 LINKERP. (1982) Z.PHVSIOL.CHEM.1163.134743th (CHECKED BY AUTHOR 10/10/63)
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REFERENCE: HUMAN KAPPA LIGHT CHAINS SUBGROUP 1 (cont‘d)
— ea)

54)
65)
68)
67)
as)
59)
70)

BI: BRAUNH.‘LEIBOLD.W..BARNIKOL.H.U. 5 HILSCHMANNN. £1971) Z.PHYSIOL,CHEM1.352.547-651: £1972 Z.PHYSIOL.CHEM.)353,1284-1305. (CHECKEDBY AUTHOR WHO PROVIDED AN ADDITIONAL RESIDU TO THOSE PUBLISHED AND CORR CTE RESIDUE 72 AS GWEN IN TABLE)
AMVtOID £3305: WESTEFIMARK.P..SLETTEN.K. 8- NAWIGJ‘B. (1981) ACTA PATH.MICROBIOLSCANDHCSS.199-203. (CHECKED BY AUTHOR 11/09/61)
CRA: NIALLMD. 8 EDMANP. (1967) NATURE.216,262~263. (CHECKED BY AUTHOR 07/25/79)
DAV: CAPRAJTD‘ a. KUNKEL.H,G. (197D) PRODNATACAD‘SCI.USA,ST.37¢92. (CHECKED BY AUTHOR)
FIN: CAPHA.J.D. A KUNKEL.H.G. (1970) PHOC.NAT.ACAD.5C|,USA,67.B7~921 (CHECKED BY AUTHOR)
KA: SHINODA.T. (1975) JIBIOCHEMN77JZ77-1296. (CHECKED BY AUTHOR)

Vd'CL:1ZECH.;)4..JAENICHENMT-RHPOHLENZ‘HrDflNEUMAIER.P($..KLOBECK.H:G, a» ZACHAU.H.G. (1984) JTMOL.BIOL1.176.189-204. (CHECKED BY AUTHOR
14/84 ,

LUX: NIALI...H.D. B- EDMANJ’, (1967‘) NATURE_4216.262»2631 (CHECKED BY AUTHOR 07/25/79)
71) ”NE: MATTHEWSUIE‘ 8| JEFFERISJX (1577) IMMUNOCHEM.)16.79&797. (CHECKED BY AUTHOR 08/10/79)72)
7a)
74)
7s)
76)
77)
7a)
79)
80)
31)
82)
9‘3)
54)
55)
88)
87)
881
89) -
90)
91)
92)
93)
94)
95)
96)
97)
96)
99)

1 00)
101)
1 02)
103)
104)
105)
408)
107)
108)
109)
1 10)
1 1 ))

Va"CL; PECH.M.,JAENICHEN.H:R..POHLENZ.H.-D.,NEUMAIERPSUKLOBECK.H.-G, a. ZACHAUMJZS. (1954) J.MOL.BIOL..176_189~2047 (CHECKED avAUTHOR awn/34) ,
NI:~ SHINDDAJ’. (1973) J.BIOCHEM.,734433*446. (CHECKED BY AUTHOR) .
r-w: PICK.A,I.,WANG.A.c,.FR0HL)CHMAN.H, & FUDENBERGHH. (1982) ACTA HAEMAT..68.207-214. (CHECKED av AUTHOR 05/26/53)
AMYLOID X: GLENNER.O.G:.TERRYIWHHERADA.M.JSERSKY.C. & PAGEJ). (1971) SCIENCE,172.1150-1151. (CHECKED BY AUTHOR 09/22/73)
ALE: MILSTEIN.C.,MILSTEIN.C.P.& FEINSTEIN.A. (1969) NATUREJQLISIJSAT (CHECKED BY AUTHOR)
CHE: MEINKELLD 6- SPIEGELBERGHJ.‘ (1976) IMMUNOCHEM,.13.915~919. (CHECKED BY AUTHOR 10/17/77)
ADA; MEINKELLC‘ 8- SPIEGELBERGJ‘IL‘ (1976) IMMUNOCHEMW13315‘919‘ (CHECKED BY AUTHOR 10/17/77)
KUE: EULITZ.M..KLEV.H.P, 5- ZEITLEFiJ-LJ‘ (1979) 2.PHYSIOL.CHEM..360.72$734. (CHECKED BY AUTHOR 07I17/79)
GO: ‘WANG‘A‘C..FUDENB,ERG.H.H. & CREYSSELR. (19745) EUR.J‘IMMUNDL.,4.Aa6—dde. (CHECKED BY AUTHOR)
30L: WANG.A.C.,WELLS.J.V..FUDENBERG.H1H. 5 GERGELYJ. (1974) IMMUNOCHEM.)11.3d1-345. (CHECKED BY AUTHOR) ‘
R1: PICK.A.I.,WANG.AVG.,FROHLICHMAN.R. B- FUOENBERG,H.H. (1382) ACTA HAEMAT..66.207-2IA. (CHECKED BY AUTHOR 05I26/83)

Va‘CL: I5E8?$A..JAEN10HEN.H.«F1..POHLENZ,H.‘D..NEUMAIER.P.S.‘KLOBECKHAD, G. uCHAUJ—LG. (1954) J.MOL.BIOL..176,189-204. (CHECKED BY AUTHOR0C0: WANG.A,C.,WELLS.J.V1.FUDENBERGHM. 6. GERGELYJ‘ (197d) IMMUNOCHEM..11.341~34$. (CHECKED BV AUTHOR)

V13'CL:IWic/EQNJCHENHrH..PECH.M.‘LINDENMAIER‘WI.WILDGRUBERN. E. ZACHAU.H.G. (1984) NUCACIDS RES..|2.5249<5263. (CHECKED BY AUTHORV1M'CL: HEIDMANN.O‘ 8 ROUGEON.F. (1984) NATUREJHJéJs)
V19A‘CL: NEWMAN/9.0. & HOUGEON.F. (1984) NATURE.311)74~76.
V1SB'CL: HEIDMANN.O‘ (- ROUGEDNJ’A (1984) NATUREJNJ‘JE
V188'CL: HEIDMANN‘O. & ROUGEONF‘ (1984) NATURE.31L74—75.
MFG-21128: ATKINSONJ’.M..LAMPMAN.G.W1.FURIE,B.CHNAPARSTEK.Y..SCHWARTZ.R.SHSTOLLAFI.8.D. 8- FURIEE. (1985) JTCLINJNVESTJSJ 138-1 143.

(CHECKED BY AUTHOR 08/21/95) . V . '
SAC: SMITH!23.0._GIBSON,O.M..FANNING(E4M..PERCY.M,E..PARR.D,M, 5, CONNELL.G.E‘ (1971) SCIENCE.172.574—577. (CHECKED BY AUTHOR)
WAG: KAPLAN.A.P. A METZGERH. (1969) BIDCHEMISTRY.B,394¢3951. (CHECKED BY AUTHOR)
HBJ1: HOOD7L..GRAY.WAFI..SANDERS.B.G. 81 DREYER.W.J‘ (1967) COLD SPRING HARBOR SYMP. QUANTITATIVE BIOLI.32.133-145. ‘
AMYLOID 557: WESTERMARK.P.)SLETTEN,K. 6 NATVIO.J.B. (1981) ACTA PATH.MICROBIOL.SCAND..C89.199-203. (CHECKED BY AUTHOR 11/09/81)
WEB: JOHNSTON.S,L..ABRAHAM.G.N. & WELCHE‘H. (1975) BIOCHEM.BIOPHYS,RES.COMMUN..66.BA241671 (CHECKED BY AUTHOR 10/17/77)
HOE: JOHNSTONS. ..ABRAHAM.G.N. 5 WELCH.E,H.- (1975) BIOCHEMBIOPHYS.RES.CDMMUN..66.‘842-847. (CHECKED BY AUTHOR 10/17/77)
LOD: JOHNSTON.S.L.ABRAHAM.GTN. & WELCH.E.H. (1975) BIOCHEMBIOPHYSRES‘COMMUN..66.862-847. (CHECKED BY AUTHOR 10/17/77)
143.110: HOODL‘.GRAY.W.R..SANDERS.B.G. 8. QREYER.W.J. (1987) COLD SPRING HARBOR SYMP. QUANTITATIVE BIOLH32.133-145.
BEN: CAPRA.J.D..KEHOE.J.M..W|LLIAMS.FLCHJRTIEIZLT. & KUNKEL.H.G. (1972) PROONAT‘ACADSCI.USA.69.60—43I (CHECKED BY AUTHOR)
GR. CAPRAJ.D..KEHDE.J.M..WILLIAMS.R.C‘,JR..FE12131", 8 KUNKEL.H.G( (1972) PROC.NATTACADSCLUSAJSQAO-d3‘ (CHECKED EV AUTHOR)
MM: CAPRA.J.D..KEHOE.J.M..WILLIAMS)R.C..JR..FEIZI.T. a KUNKEL.H.G.'(1972) PRODNAT.ACAD.SCLUSA.69.4043. (CHECKED BY AUTHOR)
MUK: LITMAN4G.W..GERBER-JENSON.B..LITMAN.R‘.MIDDAUGH.C.R. A SCHEFFEL.C. (1980) MOL.IMMUNOL.,17.037-344.
AMVLOID 554: WESTERMARKPHSLETTENK, 8 NATVIG,J.B. (1981) ACTA PATH,MICROEIOL.SCAND..CBS.199-203. (CHECKED BY AUTHOR 11/09/81)
MAR: KAPLAN.A.P. 8 METZGERM. (1969) BIDCHEMISTRYBJSGa-GQSL (CHECKED BY AUTHOR)
AMYLOID: CDIIEN.A.S..SHIRAHAMA.T..SKINNER.M..BENSON.M.D, 8| CATHCARTES. (1973) PHOTIDES BIOLIFLUIDS.20.73~80.
BJ: MILSTETNC, (1956) BIOCHEM.J4.1O1.352-368. (CHECKED BY AUTHOR) '
H308: HOODL..GRAY.W:R._SANDERS.B.G. A DREYER,W.J. (1957) COLD SPRING HARBOR SYMP. QUANTITATIVE BIOL..32.1($5-145.PEN: MOUUN‘Aufi FOUGEREAU.M. (1973) NATURE NEW BIOLOGY.255.176-176.
AMYLOIDN‘S: PICK.A,I..SCHRE1BMAN.S..LAVIE.G. & FROHLICHWN.R. (1973) PROTIDES BIOL,FLUIDS.20)$&72.
CL': SOLOMONIA..MCLAUGHL’NILL, & CAPRA.J,D. (1975) J.CL1NICAL INVESTIGATION,55.579~585. (CHECKED BY AUTHOR)
GM131'CL: MORIN.J.W..BLACK.A..WU.MI 3 BEYCHOKS‘ (1985) PROC‘NAT.ACAD.SCI(USA.821702.5—7029,

 

NOTES: HUMAN KAPPA LIGHT CHAINS SUBGROUP I
IDENTICAL SETS OF FRAMEWORK SEGMENTS:

FRI: SET 1: ROYHIAU 2!.REII3LHAUHI.HK101‘CL(5LSCW|6).AG I7).WEA(B),HK137'CLI9LHK134'CLI10LDAUOI'CLI11LWALKEH'CL112].
MFG-1 5[13).HF2~1I138114),HF2-18/2115LHF2-1I17I161,8J26lI7LRFZHBLPSM|19LHDM 20LESM |GGI21LESM IGMIE2].WATI23I.AMVLOID VIII-BI24].LOW(25].DIE(28].CAR Al27(,TEII2B).BJ48(29).CONI30),TRA(31I.F UI(33).OU(IOC)(34|.DEEISSL (34IDENTICAL)

SET 2: WESI4II.Vb‘CL 42).Vb“CL143], £3 )DENTICAL)SET 3: HK102'CLIAAI.E [ASLDENIAGLP U[471.148.)“48LFRA(49I.GR‘(SOI.PAUL(51|.MON152). (9 IDENTICAL)SET 4: AMYLOID BANI561.BJ19(57.BEL1561. (3 IDENTICAL)

SET 5: DAV1661.FIN($7)7. S2 IDENTI AL)SET 8: Vd‘CLl69].LUX( 0 . (2 IDENTICAL)
FRZ: SET 1: ROYHLAUlzLWALKER'CLI12(.Vb'CL[421,\/D"CL[43).HKIOZ‘CLIAM).KA(68(.Vd'CL(59l.Vo"CL(72|.Ve'CL[831. (10 IDENTICAL)

SET 2: HK101‘CL 5:,HK134’CLI10). (2 IDENTICALSET 3: HK137'CL 9 .AMYLOID BAN 56L (2 IDEN ICAL
SET 4: V1BA'CL186). (IDENTICAL T0 7 MOUSE V»KA PA-III: PC1229(NZB)(1LPCZBSWNZB (2|.PC7132£NZB)[8(.MOPC70I5I.PC2413(NZB)]11).

50$10.1‘27).V-21B13KB'CL146I: AND 5 RABBIT V~KAPPA: K9-SGSI1I,K9-388I2L 29-21313].V O'CL 36!.K18-1B7164IgSET 5: V196'CL188 ,V186‘CL 391. (2 IDENTICAL HUMAN V—KAPPAvI; ALSO 4 HUMAN V-KAPPA-IV: VJI‘CL 1LVKAPPA 1V ERMLINE‘CL(2].. P8171V'CLI3).LEN 4): 1 MOUSE V-KAPF'A-I: MCPC503M7I: 30 MOUSE V-KAPPA-III: MPC11'CLISI.TEPCI11(7I.PC3741(NZB)[8L
TEPC124(9|,MDPCSZII12))PC7043(NZB)I13I1PC7166(NZB)(1dl.PC6308(2N21\3/115].P06684(N28)(I7I,PC7940(NZB)I18].PC7I75(NZB)I19|.
PC2268 NZB (20),?64039 NZB I21'PCTZ10éNZB)(23(g.H36—15(26I.2242| 9). ~21E1.SKB'CLBDLV-Z1C9.5KB'CLI31]. ~907461 N28 (33).)302960 N28 (34 .97.C A. Y (35],1 AtA.TH [GQI‘HSS-SIASIAOC AII'H I52LMOPC63I54 .ABPC22(55L
P092 NZB (55].PC4050NZBI571N—21 16K 1714561311919 62): 1 MOUSE V- APP ~VI: BFPCGIA'C (84): AND 15 RABBIT V~KAPPAz
K93351(19].3365(201.BS- (38].85-1(39I.K49-501(45).3547(47).K4820(57I.K30267(G1L311|6$|.4422(66].1709'CLl631.4192171|.4363(85).120(103LK-25l112].) ‘ ‘

FRQ: SET 1; HAUMIMK‘IOI'CL(5).HK187‘CL(9),HK1Sd‘CLl10),VD'CL(A2))Vh"CL(43].Va"CL(72). (7 IDENTICAL)SET 2: Vo‘CLIBG).V13'CL[85I. (2 IDENTICAL)SET 3: V198‘CL(EBI.VIGB‘CL(89L (2 IDENTICAL)
FRA: SET 1: AUI2).GAL I)(38I.CL'(110|. (3 IDENTICAL HUMAN V-KAPPA~I; ALSO 2 HUMAN V-KAPPA-Il: GM 607 ‘CL(5I,RPM1-SAIO‘CL(IBI: 7 HUMANV-KAP A-III: WDL(2).PAY[7I,PIEI11LGLO|15).CUR|20|.REE|57).VKAPPA3'CLI82): AND 1 HUMAN V-KAPPA-IV: PB'I7IV‘CL13L)

SET 2‘. HAUJGES SEJDENTICAL TO 1 HUMAN V-KAPPA-III: POMIASIXSET 3: A61 1. E [46LBtl63L (3 IDENTICAL HUMAN V-KAPPA-I; _L30 2 HUMAN V-KAPPA—II: NIMISI.FR|14I: 8 HUMAN V-KAPPA-III: NEUISI.GOT(6LGAR'I1DI,FLO[1Z),FR4[21LIAHC/8L41'CLIZB); AND 1 HUMAN VAKAF’PA-IV: LENM),) ’SET 4: WEAIS),BJASI29].LAYIE19),EUI45|, 4 IDENTICAL)

SET 5: WALKEH'CLHZLOUgocflad , (2 I ENTICAL HUMAN V-KAF‘PA-I: ALSO 1 HUMAN V-KAPPA-II: TEWHJ.)SET 6: WESIAI(,MEV162I. ( IDEN [CALI -
IDEN

C

C

C

IDEN

TICAL SETS OF COMPLEMENTARITY DETERMINING REGIONS:
0R1: SET 1: AU(2).NEI71|.SHE(77I. 3 IDENTICAL)SET 2: WEAIBI.GAL(I)(36). (2 I ENTICAL)

SET 3: HKVSG‘CLl10).Vb'CL(42).Vb"CLHGL f3 IDENTICAL)SET 4: HFS—16/6l13),HF2~1/139(14).HF2-18I2 15).HF2~1/17( 6|. (4 IDENTICAL)SET 5: Vd'CLIBQINO'CLlesL (2 IDENTICAL)
0R2: SET 1: HK‘IOI'CLI5LHK137'CLl9I.HKICI-S'CLHOLWALKER'CLI12(.Vb‘CL(42I.Vb"CLI43I. (6 IDENTICAL

SET 2: AGULNINGL \2’ IDENTICAL , 1SET 3: HK102'CL144L a"CL(72]. S. SDENTICAL)SET 4: Vd‘CLISQINo'CLIaSLV13'C [35). 3 IOENTICAL) -
SET 5: V18A‘CL(66I. IDENTICAL TO 1 ABBIT V-KAPPA: 4153—1126));SET 5: V19A‘CLIB7]. IDENTICAL TO 1 RABBIT V-KAPPA: AHBO—SIGI.

0R5: SET 1: HKIOI‘CLJSI.HK134‘_CL(IOI. (2 IDENTICAL)
SET 2: LAY(39I. (IDENTICAL TOJ HUMAN V-KAPPA-III: POMMal.)SET 3: VD‘CL(42].Vb"CL(43). (2 IDENTICAL)

TICAL SETS OF JrMINIGENES: ,
'SET 1: AUIZ]. IDENTICAL TO 1 HUMAN V-KAPPA-II: RPM1‘6410'CLI161: 2 HUMAN V-KAPF’A-III: PlEI‘HIJ/KAPF’AS'CLIBZ): AND 1 HUMAN

v. PPA-IV: Penw‘cuauSET 2: A617). IDENTICAL TO 1 HU AN V-KAPPAtllI: 601(6),)SET 3; WALKE 'Can), (IDENTICAL TO 1 HUMAN V-KAPPA-II; Tewm)

SET A: DEN)46).BI(53). (.2 IDENTICAL HUMAN V-KAPPA~I; ALSO 1 HUMAN v-xAppAm; mum; AND 3 HUMAN V-KAPPA-III; GAR'IIOI.FLOI12I,lARC/BLd 1 ‘C (28):)
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. 49 .
NOTES: HUMAN KAPPA LIGHT CHAINS SUBOROUP I (Conl'd)
GENERAL NOTES:
'1 SEE SIGNAL PEPTIDE TABLE IF fl OCCURS AT POSITION 0.

SPECIFIC NOTES: .
5) HKTOI'CL: THE SEQUENCE IS OBTAINED BY TRANSLATING THE_NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN FOETAL LIVER DNA.7)
9)

10)
17)

33)
44;
55)

.56)
57)

64)
74)
62)

109)
I11)

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 OMITTED.
HKIG‘I'CL: THE AMINO ACID SEQUENCE IS OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN FETAL DNA.
HK‘I34'CL: THE AMINO ACID SEQUENCE IS OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN FETAL DNA.
3.128: ACID RESIDUES AT POSITIONS 39 AND 41 OF 8.126 WERE REPORTED BY THE AUTHORS AS GLV AND LVS RESPECTIVELV. SINCE‘ THIS

PROTEIN WAS SEOUENCED BEFORE THE SEOUENCES OF MANY OTHER PROTEINS WERE KNOWN AT THESE TWO POSITIONS. WE HAVEOMITTED TMEM.
F-GUI: THE SEOUENCES OF E-GUI AND S-GUI WERE FROM THE SAME PATIENT.
HK‘IOTOL: THE SEQUENCE IS OBTAINED BV 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. ,
AHYLOID BAN: AMINO ACID RESIDUES FOUND AT POSITIONS 104 AND 105 ARE VAL.LEU AND GLN.GLU RESPECTIVELY.- _
BJIS: THE AMINO ACID RESIDUES AT POSITIONS 89 AND 41 WERE REPORTED BY THE AUTHORS AS GLY AND LYS RESPECTIVELY. SINCE THISPROTEIN WAS SEQUENCED BEFORE THE SEOUENCES OF MANY OTHER PROTEINS WERE KNOWN AT THESE TWO POSITIONS, WE HAVEOMITTED THEM.

. 59) JBL: THE AMINO ACID RESIDUE FOUND AT POSITION 34 WAS ALA OR SER.
AMYLOID E5305: TIIE AMINO ACID RESIDUES AT POSITIONS 21 AND 29 WERE ILE OR LEU.
PW: THE SEQUENCE WAS FROM A PATIENT WITH TRANSITIONAL CELL CARCINOMA OF THE URINARY BLADDER.

‘RI: 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.
GM‘IST‘CL: FROM AN EPSTEIN‘BARR VIRUS-TRANSFORMED HUMAN LYMPHOID CELL LINE

+ THE FOLLOWING WERE EOUALLV AND MOST FREQUENTLY OCCURRING:
AT POSITION - RESIDUES

27c (LEU,VAL)27D (TRP.GLU)50 (ALA.ASP
92 (TYR.ASP.A N)95A ISER.GL\’)959 (THEME-LY)



 

  

 

 

 

 
 
 

 

 

 
 
 
 
 

 

. so

HUMAN KAPPA LIGHT cnmus suaqnoup n

INVARIANY 1 2 3 4 5 5 7 8' 9 10‘ II 12 ‘3 14‘ 15 18 ‘7 18 19 20 2! ‘22 29« nesxoues TEW Mn. N'M CUM GM BAT BATES nos SLO w:Ls GL1 AMYLOID RA] en YOS RPM)- MAN KlR HYL MAG 'rve em GAL507 tew 4o 6410 (:1)'CL A ‘CL»
o .L __ ._ ._. ... ... ... .- .. _.
1 Asp, ASP Asp ASP ASP ASP ASP ASP ASP ASP ASP ASP Asp ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP Asp
2 ILE(.97) ILE lLE xLE ILE ILE lLE )LE ILE ILE ILE ILE ILE ILE ILE (LE val ‘ILE ILE ILE ILE ILE )LE
3 VAL(.97) VAL VAL VAL VAL VAL VAL VAL. VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VALa MET MET MET MET MET MET MET MET MET MEY MET MET MET MET MET MET MET MET MET MET MET MET
5 THR Tnn Tnn Tnn THR mn Tnn mn THR THE THE THR THn THE THE: THn THn THR THR THR THR THR mne GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN 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 nno pno PRO PRO PRO Pno nno PRO PRO nno nno PRO nno PRO Pno pno PRO Pno PRO Pno PRO
9‘ LEU LEU LEU LEU LEU LEU Leu Leu Leu Leu Leu LEU LEV Leg LEU Leu LEU Leu Leu Leu Leu LEUILEU Leu

F w sen sen sen sen sen sen sen sen sen sen sEn sen sen sen sen sen sen sen sen sen sen sen sen senn 11 LED Leu LE0 LE1; Leu LEU LEU LEU Leu Leu Leu Leu Leu Leu Leu LEU Leu Leu LEU Leu Leu LEU Leu Leu1 x2 enema) nno pno nno nno PRO PRO nno PRO Pno Pno PRO nno Pno Pno Pno Pno Pno PRO PRO nno nno pno Pno
m VALLQS) VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL ~33: VAL VAL VAL VAL VAL VAL VAL VAL14 >THFI THH THR THH THR THR THR THR THR THR THR THR THE THE THFI THR THR
15 PRO Pno Pno PRO PRO pno PRO nno PRO pno nno PRO eno PRO PRO Wu nno
16 GLY GLY ch GLY GLY GLY (SLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY17 GLU GLU GLu GLU GLU GLU GLU GLU GLU GLU GLU GLU GLu GLu GLU In GLU
us .pno Pno PRO Pno Pno Pno Pno nno Pno PRO pno pno PRO PRO Pno PRO no PRO19 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 ILE ILE ILE |LE ILE )LE ILE ILE ILE ILE ILE’ ILE vLE ILE ILe ILE ILE22 ~ sen sen sen sen sen sen sen sen sen sen sen sen sen In sen sen sen23 ch ch cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs s cvs cvs cvs
24 Ana Ans Ans AnG ARG ARG Ana ARG ARG Ane Ana Ana ARG Ana AnG ARG Ana
25 sen sen sen sen sen sen V sen ALA sen sen sen sen sen sen26 sen sen sen sen sen sen sen sen sen sen sen sen sen sen sea27 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 sen275 Leu Leu LEu LEU Leu LEU Leu Leu ._ Leu Leu Leu LEU Leu

c 270 Leu Leu Leu Leu LEU Leu Leu ARG men men VAL VALD 270 ms GLX rnp Asp ms ms HIS H nls wn Tvn
R 27E sen ~— sen sen sen sen ~ Ana sen‘ 27F -— —- —- GLY ‘4‘ m - Asx w «-23 ASP sen ASP A$P ASN Asx Asx VAL Asx ASP

29 GLY Asx GLY GLY' GLY GLY GLY Leu GLY GL‘f30 PHE GLV T'YR ASN rvn Asx Asx Asx ASN31 ASP Asx LYS Tnn AsN Asx Asx THH THR32 WA TVn TYR wn TYR wn TYR TYR wn wn33 LEU LEU Leu Leu Leu Leu Leu LEL! LEU
34 As~ ASP As~ ASN ASP Asx Asx ASN
35 TRP Tnn TRP mp TRP mp TRP TnP THP36‘ TYR TYR TYR TYR TYR rvn TYR PHE37 Leu Leu Leu Leu LEU Leu LEU GLN
as GLN GLX GLN GLN GLN GLX GLN GLN
39 LYS LVS LYS LYS LYS ‘LYS LYS ARG
40 PRO pno PRO ALA nno PRO nno PRO

F 4! GLY GLY GLY GLY GLY GLV GLY GLY GLY
n 42 GLN GLX GLN GLN GLN eLx GLN GLN2 43 sen , sen sen sen sen sen sen

44 fine PRO PRO Pno PHO new no PRO45 GLX GLN GLN GLN GLx GLU A9645 LED LEU Leu Leu LEU Leu Ana
47 LEU LED LED LEU LEU. LEU LEU LEU4a ILE ILE ILE ILe ILE ILE ILE lLE
49 TYR 'rvn Tvn wn ’rvn TYn TYn
50 LEU LEu THR LEU Leu Lvs

c 51 GLY Leu GLY sen VALo 52 sen ‘sen sen sen sen sen senn 53 ASN AsN TYR ASN wn ASN2 54 Ana Ana Ana Ana AnG ARG Ans55 ALA ALA ALA ALA ASP ASP59 sen sen sen sen sen sen sen
57 ,GLV GLY GLY GLY GLY GLY GLY53 VAL VAL VAL VAL VAL VAL VAL
59 Pno pno nno PRO Pno PRO PRO60 ASP ASN ASP ASP ASP ASP
61 Ana ' Ans ARG Ano Ana Ans ARG62 PHE PHE nne PHE PHE PHE PHE PHE
63 sen sen sen sen sen sen sen sen
ea GLY GLY GLY GLV GLY ASP GD!
65 sen sen sen sen sen sen sen sense GLY GLY GLY GLY GLY GLY GLY GLY
s7 sen sen sen sen sen sen sen sen
68 GLY GLY GLY GLY va GLY GLY
69 THE run THR non THn ‘an THFL70 ASP Asx ASP ASP ASP ASP

F 71 PHE an PHE PHE PHE 'an PHE PHE
n 72 mn mn Tnn THR mn mn mn THH .3 7a LEU Leu LEU Leu Leu LEU LEU LEU7a LYS LYS LYS LYS Asx LYS LYS75 [LE ALE lLE ILE ILE |LE 'ILE ILE7a sen sen sen sen sen THn sen

77 ARG ARG ARG Ana Ana Ana ARG Ana7s VAL VAL VAL VAL VAL VAL VAL VAL
79 GLU GLX GLN GLU - GLN GLU amso ALA ALA ALA ALA ALA ALA ALA31 GLU GLX GLU GLU GLU GLU GLX82 ASP Asx ASP ASP ASP Asp Asx88 VAL VAL VAL VAL VAL VAL ' VAL VAL
54 GLY GLY OLY GLY GLY GLY GLY GLY55 VAL VAL VAL VAL ' VAL VAL VAL'96 NH TYR TYR Tvn wn TVn rYnav wn ryn TYR TVR wn 'nrn ryn
ea cvs cvs cvs cvs cvs cvs ch
39 MET MET MET MET MET METso cut GLN <3L~ GLN GLN91 ALA Ans ALA A ALA GLY92 LEU LEU LEU THR THE93 GLN GLU GLN GLX HIS

cv ' 94 ALA OLE THR sen TR?0 95 PRO Pno senn 95A ”— —.3 953 - ... —95c: .. ..
950 ~ _ ...95E ,_
95F —- ._ -—~
96 Pno 1vn GLN TYn TR?97 .mn mn THR THR rnn mn
99 pne nne PHE we PHE PHE99 GLY GLY GLY GLY GLY GLY100 GLN GLN GLN GLN GLN101 GLV GLY va GLY GLV GLY

F ’02 THE THR THR THR THR THRn 103 Lvs LYS LYS LYS LYS‘ 104 LED LEU VAL LEU VAL VAL
105 GLU GLU GLU BLX GLU GLU105 “.5 [LE ILE )LE ILE [LE [LE106A _. _. ...
107 LYS ARG Lvs LYS LYS LYS
:03 Ana Ans ARG ARG Ans ARGms THFI mn mn mn
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s1

nuwm 11412241 new cmms suacnoup 11 (com‘d)
‘- 24' 25 26 27' 2B 29 30 31 II OF 1’ OF OCCURRENCES VARVABILYTYGIL MEN so TH svv LUT nos R41 SEQUENCES AMINO or MOST COMMON2 2 Acms AMlNO ACID

0 ... ._ ... ._ ... .._ ... ...
1 ASP ASP ASP A5? A5? ASP A5? A5? 31 ‘l 31(ASP) 1.
2 ILE 11.1: 11.5 ILE 1L2 ILE ILE 11.5 so 2 29111.5) 2.13 VAL VAL VAL VAL VAL VAL VAL "18! 30 2 29(VAL 2.14 MET MET MET MET MET MET 1411 m, 30 :1 280105 3.2
5 7HR THR THR YHFl 7112 11111 28 1 2a THH 1.s GLN GLN GLN GLN GLN GLN 27 1 27 GLNE 1.7. sen sen SEER sea 25 1 25 sea 1.8 PRO PRO 2710 24 1 24 PRO) 1.9 LEU LEU 25 1 25 LEU) 1.

F 10 SER 24 1 sea) 1.R 11 _ LEU 24 1 26 LEU) 1., 12 ' ser 24 2 23 PRO) 2.113 ~ 23 2 22 VAL) 2.114 17 1 17 THR) 1.
15 17 2 16( PRO) 2.116 17 1 17(GLY) 1.17. 17 2 GLU 2.1
16 17 1 I7 PRO 1.
1s 17 1 17(ALA) 1.
20 ‘ 17 1 17(5EF1) 1.21 17 1 17(ILEE 1.22 17 2 2.12:1 17 1 115cm53 1.

‘ 24 ‘5 1 16(AHG) 1.25 14 2 1 sea 2.225 14 1 1 sea 1.
27 14 1 : 2 14“:ng : 12(GLN) 1. : 2.327A 12 ' 3 1 (55;!)27B 12 1 120.511)

c 27c 12 3 9(LEU)D 27D 10 s 511115
R 27E 7 2 6 se1 27F 2 2 1 425 1o 4 7(ASP)(: 4( + ) 5.7 : 1o.29 1o 3 GL1? 3.3so 9 4 : 5 ASN): 3ASP; 7.2 1 15.

a1 9 4 471512 9. : 12.32 9 1 film 1,33 a 1 sued) 1,
34 s 2 6(ASNL: fl 4» ) 2.7 : 4.
35 9 1 sun?) 1.
as e 2 7 TYR 2.337 e 2 ' 71LEU 2.3as a 1 : 2 8(GLN) : (em) 1. : 2.7
39 a 2 7 1.75) 2.340 e 2 7 PRO) 2.3

F 41 8 13(GLY) 1.1:1 42 a 1 : 2 “892:5? 6(GLN) 1. : 2.72 as s 1 1.44 7 1 702710)) 1.45 7 :1 SIGLNgifie 3( + ) 4.2 : 7.45 7 2 2.3
47 7 1 7(LEU 1.46 7 1 701.5) 1.
49 s 1 em! :1) 1.
so 6 3 4(LEU 4. 5

c 51 6 4 3161.“ s.D- 52 7 175511 1.R 5:1 7 2 5ASN) 2.82 54 7 1 7(ARG) 1.55 7 2 5(ALA) 2.856 7 1 _7_LSER) 1.
57 7 1 71131.17) 1.
58 7 1 7(VAL) 1.
59 7 1 75PRO) 1.so 7 2. 6 ASP) 2.361 7 1 7(ARG) 1.
52 a 1 BéPHE 1.
112 a 1 a sea 1.94 a 2 7 G1. 2.365 a 1 9‘5 v) 1.66 a 1 3 GL 1.67 a 1 a SER 1.sa 3 2 7(GLY) 2.3
69 7 175,716) 1.7o 7 1 : 2 7013132,“£015?) 1. : 2.3

1: 71 a 1 1.n 72 s 1 a THR 1.3 7:1 . a 1 a LED 1.74 a :1 e LYS) 4.75 a 1 1L2 1.
76 . a 2 7 SE ) 2.377 a 1 sums) 1.7a a. 1 BNAL) 1.
75’ e 2 5131.1) A4 + ~
so a 2 ‘ 194L‘ )51 a 1 ~ 2 BGLU) : Amw)82 a 1 . 2 BEASPg: 5(ASP)as e 1 VAL
34 a 1 BGLas a 1 aiv4§
as a 1 anvn
a7 a 1 a 'rvnas a 1 agcv5)
as 7 1 71 M21)
90 7 1 1 2 7(GLNg(: mew)91 7 3 ALA
92 7 2 5 LEU
93 7 3 5(GLN) : «51.11)
94 7 5 2 + )

g 95 7 2 SEPRO)n 9543 95895C
950951-:
95F .
95 7 e 2 TV: 21.97 7 1 7 THR 1.
98 7 1 7(PHE) 1.99 7 1 new) 1,100 7 2 6(GLN) 2.3

10‘ 7 1 7EGLY) 1.
F 102 7 1 7 THE) 1.R 103 7 3 5 LYS 4.2d 104 B 2 4 + 4.

105 B 11 ; 2 8(GLUg : 7(GLU) 1. : 2.3106 a 1 (ILE) 1.103A
107 8 2 7(LYSJ 2.3
108 7 1 7(ARG) 1.109 4 1 4(THR) 1.

3.10
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ANYIBOOV SPECIFICITIES: HUMAN KAPPA LIGHT CHAINS suscaoup n

E) R08: COLD AGGLUTININ WITH ANTI-PRID ACTIVITY
‘0) WILS: COLD AGGLUTININ WITH ANTI-BLOOD GROUP I ACTIVITV
IA) FR: ANTI~PHOSPHOCHOLINE(BINOING CONSTANT=G.4XIQEXP4)24) (3le ANTI-IGG
27) TH: COLD AGGLUTININ WITH ANTI-PR2 ACTIVITY (RBC MEMBRANE ANTIGEN ON HUMAN. RAT AND GUINEA PIG ERVTHROCV’TES INACTIVATED BYPROTEOLYTIC ENZYMES AND NEURAMINIDASE)

REFERENCE: HUMAN KAPPA LIGHT CHAINS SUBGROUP II
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NOTES: HUMAN KAPPA LIGN‘I' CHAINS SUBGROUP II
IDENTICAL SETS OF FRAMEWORK SEGMENTS:

FRI: SET 1: TEWé1E].h_/‘I_Illé2):NIM[3LCUMI01.6M 607 'CLI51.8AT18].BATES(7).FIOB(6LSLO(9I.WILS(10|.GLI|II|.AMYLOID TEWIIZIRAIHSL ()3I N A )

FR2: SET 1: MILI2),NIMI3].GM 607 1:145) (a IOENTICAL HUMAN V-KAPPA-II: ALSO 2 MOUSE VvKAPPA—II: VKAF'PA zaB'CLI6aI.2SI.3I67I.ISET 2: MIL(2I.FRI14)( (2 IDENTICAL)
FRS: SET 1: TEthGM 607 ‘CLISIflPM‘I-ad10'CLl16). (a IDENTICAL) AFm: SET I; GM 507 'CLlsLnPM1-ea10'cuIsI. (2 IDENTICAL HUMAN V~KAPPA~IIz ALSO :5 HUMAN V-KAPPA~I: AU!21.GAL(I)136|.CL‘IIIOI: 7 HUMANV-KAFF’A—III: WOL(2).PAYI1I.PIEIHI,GLO(15LCURI20I,REE|57I.VKAPPA3‘CL|82): AND 1 HUMAN V-KAPPA-IV: PBI7IV'CLIGHSET 2; NIMIZ),FR(I¢I. (2 IOENTICAL HUMAN V-KAPPA-Il; ALSO 3 HUMAN V~KAPPA~|z AGI7I.DEN1461,BII63I: 6 HUMAN V-KAPPA—III: NEUISI,GOTISIIGAR'I10LFLO|I2],FRd[2’I).IARC/BL4I‘CLIZaI: AND 1 HUMAN V-KAPPA—IV: LENldl.)

_ SET 8: TEWII). (IDENTICAL TO 2 HUMAN V-KAPPA-I: WALKER'CL)12).OU(|OC)I34L)
IDENTICAL SETS OF COMPLEMENTARITY DETERMINING REGIONS:CDHI:

CDHZ: SET 1: MILI2).NIMI81.GM 607 ‘CLISI. (3 IOENTICAL)CORGI

IDENTICAL SETS 0F J-MINIGENES: ' ' '
SET 1: RPMI-SA‘IO‘CLIIG . (‘IDENTICAL TO 1 HUMAN VvKAFPA-k AUIZI: 2 HUMAN V-KAPPA-III: PIEUII.VKAPPA3'CL[82]: AND ‘1 HUMANV-KAPPA-IV: B 7IV'CLI3I.) WALKER'CLI12II)
SET 2: TEWKII. (IDENTICAL TO 1 HUMAN V-KAPPA—I‘ 'SET 3: FRIIaL (IDENTICAL TO 2 HUMAN V_»KAPPA~ . DENIASJBHGG): AND 3 HUMAN V<KAPPA~III: GAR'I10).FLO[121.]AHCIBL41'CLI2BI.)

  

SPECIFIC NOTES:

12) AMVLOID TEW: IT HAS THE SAME SEQUENCE A5 THAT OF TEW SO FAR AS THE SEOUENCED POSITIONS ARE CONCERNEQ14) FR: AN IDIOTYPIC ANTIBODY TO FR NOT INHIBITABLE BY PHOSPHOHYLCHOLINE REACTED BETTER WITH THE FR HEAVY CHAIN THAN WITH THELIGHT CHAIN. THE CROSS-REACTION WITH MOPCI67 WAS 10.000 TIMES WEAKER. (RIESEN.W.F. (1979) EUR.J.IMMUNOL.,9.421-425)
15) RPMLM‘IO‘CL: THE AMINO ACID SEQUENCE IS OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN ADULT DNA.

4- THE FOLLOWING WERE EOUALLY AND MOST FREQUENTLY OCCURRING:
AT POSITION RESIDUES

27F (GLY.ASN) : gGLYASP)28 (ASP.A N) .
31 THRASP)34 ASFASN)45 (GLU.GLN)
79 (GLU.GLN)94 (THRsER)10¢ (LEU.VAL]
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HUMAN KAPPA usm' anms suasnoun m
~ INVARIANT 1 2' 3‘ A 5- 5* 7» a“ 9" 1o 11' ‘2' 13" m' 15‘ 1s \7 1'5‘ 19‘ 20~ 21 22~ 23~' 24-nesnoues TI WOL. sue ngfia ~eu GOT PAY SON we»: GAR' ere FLO LOP SCA GLO sAL WIL MA NIC cun FFN one Pen CAM»

0 _V. ... ._, ... ... ... ... .... ... .-. ... .v— e.- ‘... -.. >-—» ..- ”- nu A.. 4-4x GLU sLu GL'UVGLU sLu GLU GLU GLU sLu GLU sL‘u sLu sLu GLU sLu sLu GLU sLx GLU GLU GLU2 ILE ILE, ILE |LE ILE ILE ILE ILE |LE ILE ILE ILE ILe QLE ILE lLE ILE ILE ILE ILE RE3 VALLQG) VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VALA Leu Leu Leu Leu LEU LEU LEU Leu Leu Leu Leu Leu Leu >LEU LEU Leu Leu Leu Leu LEU LEU
5 THE THE 1nn THR THR THR THR THR THR Tnn YHn THR THE THE THE mn THR THR mn THR Tnn THR6 GLN GLN GLN GLN GLN sLN GLN GLN GLN sLN GLN GLN GLN GLN GLN GLN GLN sLN sLx GLX GLN7 sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen9 nno nno Pno PRO pno nno Pno Pno PRO PRO Pno PRO nno PRO Pno Pno FRO nno PFIO Pno Pno en9 va va va .GLY GLY GLY‘ GLY GLY GLY-va va 'GLY va GLY GLY GLY GLY va GLY va GLY

F 10 THR mn THFI THR THR THR 1Hn THR THE THE ,1nn ‘rnn THR THR THR THR.THR mn Inn mn THRQ n Lewsg) LEU Leu LEU LEU LEU LEU Leu Leu Leu LEU LEU LEU LEU Leu Leu Leu LEU Leu LEU Leu LEU‘ 12 sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen:3 * LEU Leu Leu Leu Leu Leu Leu LEU Leu Leu Leu LEU Leu Leu Leu Leu LEU‘LEU Leu Leu Leu14 senL97) sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen15 moms) Pno PRO PRO Pno Pno nno 'nno nno Pno nno Pno pno nno PRO pno PRO nno Pno Pno Pno PRO.‘6 GLY (an en GLY va sLY (SLY GLY va va GLY GLY GLY em on GLY va va va GLY va em17 GLU GLU sLu GLU sLu eLu GLU GLU GLU sLu sLu sLU GLU GLU GLU em on: sLu sLx GLX GLUm - Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans-\9 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA20 THR THR THn THFI THR THE THE Tnn nan nan THR THn Tnn THFI THE THE THE mn‘rnn THR THR2x LEULQS) Leu Leu Leu Leu Leu LEU LEU LEU Leu Leu LEU Leu Leu Leu LEU Leu Leu LEU LEU Leu LEU22 senm?) sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen23 cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs2a Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans25‘ ALALSJB) ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA Aux ALA ALA ALA ALA ALA ALA ALA25 sen sen sen sen sen sen sen sen sen sen sen GLY sen sen sen sen sen sen sen sen27 GLN GLN GLN GLN GLN sLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN sLx sLx GLNLg; sen sen sen sen sen sen sen sen sen GLY sen sen sen sen sen sen sen sen sen
27C .. w

8 270n 3;: -‘ 28 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL
29 sen Ans sen sen sen sen sen sen VAL sen sen sen sen Ans sen senso sen sen sen sen sen sen sen sen sen ASN sen ASN sen» sena1 sen sen sen sen sen sen sen sen sen sen sen Asn sen sen32 Win YYR ‘rvn Tvn TYR TYR TYR TYR TYR MET TYR TYR TYR HR33 LEU LEU Leu Leu Leu Leu LEU Leu VAL LEU' Leu Leu Leu Leu34 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA35 mp wnn TR? TR? TRP TFIP TFIP TRP TRP THP TRP TRP me me TRP TR?35 TYn TYR TYR TYR TYR Tvn Tvn TYR TYR TYR TYR TYR TYR TYR Tvn ‘TYR3? GLN GLN GLN GLN sLN GLN GLN GLN GLN GLN GLN sLN GLN GLN GLNas GLN GLN GLN sLN GLN GLN sLN GLN GLN GLN GLN sLN sw GLN em39 Lvs Lvs LYS Ans Lvs LYS LYS LYS LYS LYS LYS Ans ‘no nno PRO PRO Pno nno Pno Pno PRO PRO eno Pno Pno nno nno nnoe 41 sums) GLY GLY va GLY va va GLY va GLY va SLY GLY GLYn 42 GLN sLN GLN GLN GLN sLN sLN GLN GLN GLN GLN GLN GLN2 43 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALAu pno PRO pno PRO nno Pno PRO nno PRO Pno pno pnoA5 Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Lvsas LEU(.96) Leu Leu Leu LEU Leu LEU LEU LEU Leu Leu LEU47 LEU(.96) LEU LEU LEU LEU Leu Leu Leu LEU LEU LEU LEU45 ILE iLE ILE (LE ILE ILe ILe ILE )LE ILE ILE ILE
49 mm wn TYR Tvn TYR wn 1vn Tvn ‘rvn TYR TYR TYRso VAL va an em GLY va GLY GLY Guy0 51 ALA ALA ALA ALA ALA ALA ALA ALA ALAo 52 sen sen sen sen sen sen sen sen senn 53 sen sen sen sen sen sen sen sen sen2 so Anngs) Ans Ans Ans Ans Ans Ans Ans ARG Ans55 ALA ALA ALA AL’A ALA ALA ALA ALA55 mn THE THE 'rnn Tnn THE THE THR57 sums) GLY va GLY va GLY GLY va va55 [LE ILE ILE ILE ILE ILE ILE )LE
59 nno pno nno nno pno PRO Pno nno nnoso ASP ASP ASN ASP Asp ASP ASP ASP6‘ Ans Ans Ans Ans Ans Ans Ans Ans Ans62 ene PHE PHE Pne PHE PHE PHE nne PHE53 sen sen sen sen sen sen sen sen
54 cu (SLY va GLY GLY va GLY va GLYas semss) Vsen sen sen sen sen sen sen sen66 our GLY GLY GLY em on va em!67 senL95) sen sen sen sen sen sen sen senas our va GLY sLY GLY va GLY va GLY
59 names.) THR THR Tnn THR Tnn THR mn THR70 ASP ASP ASP ASP ASP ASP ASP ASPr 71 we pne PHE PHE PHE PHE pne PHE PHEn 72 “(HR THR THR THn nan THR THR THE3 73 Leu Leu Leu Leu Leu- Leu LEU Leu74' names) THR THn Tnn Tnn wnn mn. Tnn75 news) ILE ILE ILE ILE ILE ILE :Le76 sen sen sen sen sen sen sen77 Ans Ans Ans ARG Ans Ans ‘Ans7a Leu Leu LEU Leu Leu LEU LE)
79 GLU GLU GLU sLu GLU GLU sLuso pno nno Pno Pno Pno nno PRO51 sLuLss) GLU GLU GLU GLU GLU sLu em92 ASP ASP Asp AsP ASP ASP ASP ASPea ' PHE PHE nne nne nne PHe PHE
an ALA ALA ALA ALA rALA ALA ALA ALAas VALLgs) VAL VAL VAL VAL VAL VAL VALas Tvn TYR TYH 1vn Yvn TYR wn TYHa7 TYR Tvn wn TYR Tvn TYFI weas cvs CYS cvs cvs cvs cvs cvs CYS
as GLN(.95) GLN GLN GLN GLN sLN GLN GLNso GLN GLN GLN GLN GLN. GLN sLN em91 HR TYR TYR wn 'rvn TYR TYR92 GLY GLv GLY GLY GLY GLY GLY93 sen sen sen sen sen sen GLY

C 94 sen sen sen sen sen sen sen0 95 PRO Pno Pno Pno nno pno pno
n 95A nno3 958 .— .,95c .. .

950 .355 ... u. ...95F .7. ... ... 45- “A ... ... .A. u.as Ans CYS AHG Leu TYR Tnn TYR Ans GLN97 THngss) mn THR THR THR THn Tnn Tnn THH nno98 PHE PHE PHE PHE PHE PHE nne PHE PHE nne PHe pne99 on GLY GLY va an em! va va GLY va va on100 GLN GLN GLN sLN GLY GLN GLN GLN sLN GLN GLN‘0‘ GLY va GLY va GLY GLY GLY va va va va va; ‘02 THR mn sen THR THFI THR Tnn THR THR THR mn THR mnR ma LYS LYS Lvs LYS LYS LYS Lvs LYS LYS LYS LYS LYS LvsA 104 VAL VAL VAL Leu Leu VAL VAL LEU VAL LEU VAL VAL Leu105' cm sLu GLU sLu sLu sLu GLU GLU GLU sLu GLU GLU GLU1g; LEU ILE xLe ILE ILE lLE |LE ILE xLe ILE |LE ILE «Le
\07 LYS_LS$) LYS Lvs LYS Lvs Lvs Lvs LYS LYS LYS LYS LYS LYS LYS‘08 Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans Ans109 THR 7m; YHR THR THR Tnn 1nn THE THE 7Hn THR
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. 54 .
HUMAN KAPPA LIGHT CHAINS SUBGROUP Ill (conk‘d)

25’ 26“ 27" 28 29 30 31 32 33 34 35’, 36 37 88 89 40 41 42" 43‘ 44 45 46 47 48' 49STE GJ TAK IARC/ RAD DIL CA5 MCE' KEA SM! A.) BRO NIG IKE TIL AMYLO|D POL CLA SHE‘ JH WIN LEA ARP POM VANDBLA1 - n» 'IGG KSA A! ’9' fl '‘ M 'CL
0 ... ... ... ... _,.‘ V... ... - m ... ... ... ... ... ... ... ... ... .. ... ...l GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU Xys GLU GLU GLU GLU GLU GLU as lys GLU GLU2 ILE ILE ILE ILE ILE [LE ILE ILE lLE ILE 1LE [LE ILE 'ILE ILE ILE (LE ILE 1LE |L ILE phe [LE3 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 mel LEU me! me! mex LEU LEU LEU me!
5 THR THR THR THR THR THFI THR THR THR THE THE THR THR YHR THR THE YHH THR THR THR THR THR THR6 GLN GLN GLX GLN GLN GLN GLN GLN GLN GLN GLN qu GLN GLN GLN gm GLN GLN GLN GLN GLX GLN GLN7 SEFI SER SER SER SER SER SER SER SER SER SSH SEA SER SER SER SER SEH SEN SEE SEE SER SER SEH8 PRO F80 PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO9 GLY GLY GLV GLY GLY GLY GLY GLY ale ale nap GLY GLY are GLY ale » fl ale ala ala SLY val

F 10 THR THR THR THE THE THR THR THE THE THR THE THE THR THR THE THE THR THR THH THE THE THR THE5; .11 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU L€U LEU LEU LEU1 12 SEE SER SER SEFI SEH SER 55R SER SSH SER SEH SEH SER 36R SER SER SER SER SER. SER SER13 LEU LEU LEU LEU LEU LEU LEU he LEU LEU LEU LEU LEU LEU val LEU val val LEU LEU val14 SER SER SEQ SER SEF‘ SER SER ER SEE SEFI SER SER SER SEE SER SER SER SER SER SEER SEE
15 PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO FRO PRO PRO PRO PRO PRO PRO PRO PRO16. GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLV GLY GLY GLY GLY GLY GLY GLY GLY GLY17 GLU GLU GLX GLU asp asp asp GLU GLU GLU GLU GLU GLU GLU GLU GLX GLU GLU GLU GLU GLU1B ARG ARG A86 531 ARG ARG ARG ARG ARG ARG ARG ARG ARG ARG ARG ARG ARG ARG ARC ARG AHG19 ALA val v51 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA val ALA ALA‘ ALA ALA ALA ALA ’ALA
2Q ale THR THR THR THR THR THE THE THR THR THR THR THH THR THR THR THR THR THR THH THR21 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU22 SEE SER'SER SER SER SER SER SER SER SER SER SER SER SER SER SER SER SER SER SER SER23 CYS 0Y3 CYS CYS CV5 CYS CYS CYS CYS CYS CYS CYS CYS CYS
24 x ARG ARG ARG ARG ARG ARC AHG ARG ARG ARG ARG ARG ARG THR ARG
25 ALA ALA ALA Am ALA ALA ALA ALA ALA AM ALA ALA ALA ALA ALA26 SEE SER SER SER SEE SE8 GLY SER SER SEH SEH SER SEH SER27 GLX GLN GLN GLN GLN SER GLN GLN GLN GLX GLX GLN
37,»; SER -~ VAL 559 ~-- -~ SEER SER ... THR --- SEN27C --- --- --< ---

8 270 —— .-27E ... ... ... ..V -.
:7 27F ... ... ... .1. .1 .. _._28 VAL SER SER LEU SER ASX VAL VAL LEU

29 SER VAL SER ASX VAL SER ARG
30 SEFI ASN SER ALA SEE31 SEE SER SER LVS LVS SEE32 TYR ASN T‘VR SEFI SER TYR33 LEU LEU LEU LEU LEU LEU
34 ALA ALA ALA SEQ ALA ASP ALA ALA
35 TRP TRP TRP YRP TRF’ TRP TR? TRP V35 TYR TYR TYR TVR TYR TYR TYR ‘TYR TYH37 _ GLN GLN GLX GLX GLN GLN GLN GLN GLN38 GLN GLN GLX GLX GLN GLN GLN GLN
39 LYS LVS LYS LYS LYS ARG SER LYS40 ARG PRO PRO PRO PRO FRO PRO PRO

-F 41 GLY GLY GLY GLYR 42 GLN GLN GLX GLN
2 43 SEE ALA THR ALA

44 PRO PRO PRO PRO45 ARG ARG ARG ABC:46 LEU LEU LEUd7 LEU LEU LEU
48 ILE ILE ILE
49 A80 TYR ‘ TVR
50 ASP GLY

C 51 ALA THRD 52 SEF! SERR 53 SER \ THR2 5‘1 ARC ARG55 ALA ALA56 ASN THR
57 GLY GLY
58 [LE ILE
59 PRO PRO60 ASP ALA6! ARC ARG62 PHE PHE

'63 SER SER
66 GLY GLV55 $59
66 GLV67 SER
68 GLY
69 THR70 ASP

F 71 PHE
R 72 THR3 73 LEU74 ILE75 ILE

76 SER77 ARG
75 LEU
79 GLU
80 PRO81 GLU
32 ASP83 PHE
84 ALA85 VALBS TYR
87 TYRBB CVS
69 GLN90 GLN91 TYR92 SEER98 THH

c 9:: SERD 95 PROH . 95A ...3 958 ._95C

950 a. _956 -—- ...95F —-- ...96 TYR P71097 THR THE
95 PHE pH99 GLY GL5

100 GLN GLN101 GLY GLY
F 102 THE THRR 103 LYS ARG4 104 LEU VAL105 GLU GLU105 ILE ILE106A ... -.. ...

‘07 LYS LYS LYS
103 ARG ARG
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”UM/2N KAP9A UGHT CHAINS SUBGROUPIH (conl‘d)
50 51 52 53 54“ 55 56 57 58 59 50 61 62‘ 63‘ 64‘ 65‘ 68 67 68 69 70‘ 71' 72' 73' 74‘AMYLOID DOV SHM GPA 60E LOW' VER REE WE HOW HSd HBJ 'TEH CRA PLA PIN MCE HAO K- BER 80F! DR! WAL GOL GAG50124 II ’1 5 (HI) EV15_ 'CL

0 ... ... ... ... ... ... ... ... ... ... ... ... ... ..L ... ... ,.. ... ... ...
| 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 !LE ILE ILE me! IL ILE thl leu IL iLE ILE ILE ILE ILE ILE ILE ILE ILE (hr lLE ILE ILE ILE lLE ILE3 VAL VAL’ VAL VAL VAL VAL VAL VAL gin VAL VAL VAL VAL VAL VAL VAL VAL VAL [hr VAL VAL VAL VAL VAL VALa mel met met me! LEU met LEU LEU met LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU

,5 THR THE THE THR THR THFI THE THE THE THE THE THR THR THR THR THR THR THR “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 SER SER SER SEFl SER SER 55R SER SER SEE SER SER SER SER SER SER SE9 SER SER SER 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 PRO PRO9 ula ah) ma are all: an: GLY ale set GLY GLY asx GLY GLY GLY GL‘I GL‘Y GLY nla GLY ale

5 X0 THR THR THR THR set gly ’THR THR ser THH THR THR THR THP THR THE THR THR phe THR THRR 1‘ LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU met, 12 SEE SER SER SEH SER SER SER SER SEE SER SER SER SEFI SER SER SER SER SER13 vol vnl vnl mm vs! val LEU val ala LEU LEU LEU LEU LEU LEU LEU LEU aln1‘ SER SER SER SER lhr SER SEE SER SER SER SER SEER SER SER SER SER (hr
‘5 PRO PRO PRO PRO PRO PRO PRO PRO val PRO PRO PRO PRO PRO PRO PRO PRO
‘ 6 . GLY GLY GLY GLY GLY GVLV G LY GLV GLY GLY GLY GLV V GLY‘7 GLU GLU GLU GLU GLU 97y GLU GLU asp GLU GLU GLX
18 ARG sat gly ARG ARG my val 9m19 v8! ALA ALA ALA ALA ALA vui Va! vs)
20 THR THR THR THR ser THR THE THE v»
2‘ LEU LEU LEU LEU LEU LEU He LEU Ma
22 SEA SEE SER SEE SER SER va SER 1hr23 CYS CYS CYS CYS CYS CYS CYS
24 ARG A95 A96 SEH LYS ARG
25 ALA ALA ALA ALA SER ALA ALA26 SEE SEE GLY SEH SEH

27A GLU GLU GLN GLU GLN27a 3.. If 1. 3.. 3.27C -—. ...
g 270 ... _.H 27E -~ -1 27!: ... ... ... , .L.28 SEE THR SER THR ASP

29 VAL VAL VAL # [LE
30 SER AL‘A ASP GLY ASP‘31 THR LYS GLX ASP32 ASX SER THR ASP
33 LEU LEU VAL LEU » MET
34 ALA ALA ALA ALA ASN
35 TR? TRP TRP TRP TR?
35 TYR TYR TVFI TVR TYR
37 GLX GLX GLX GLN GLN36 GLX GLX GLX GLN GLN
39 LYS LYS LYS40 PRO PRO PRO

F 4‘ GLYFl 42 GLU
2 43 ALA‘34 LEU ALA

45 ARG ILE
<96 LEU PHE47 LEU ILE
48 ILE )LE
49 TYR GLN
50 GLY GLU

C 5‘ VAL ALAD 52 SER THRR 53 THR THR2 5‘5 ARG LEU55 ALA' VAL56 ALA Tim- PRO
57 GLY GLY
55 ILE ILE
59 PRO PRO60 ASP PRO
61 ARG ARG62 PHE PHE63 THR SEFI
64‘ GLY GLY55 ARG SER
66 ALA GLV67 SEER TVR58 GLY GLY
69 THR I THR70 ASP ASP

F 71 PHE PHER 72 THE THR
3 73 LEU LEU7‘ THE THE75 ILE 3LE76 SER ASN77 ASP ASN7B LEU [LE

79 GLU ‘ GLU80 PRO ' SEE81 GLU GLU
92 ASP ASP83 PHE ALA
84 ALA ALA85 VAL TYR85 TV“ TYR87 'TYR PHE88 . CYS CYS
BS GLN LEU90 GLN GLN
9: _;TYR HIS9? ASP ASP ‘93 THR ASN

C 94 sea PHED 95 PRO PROR 95A .
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BSD95595F9697
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_ 55
HUMAN KAPPA LIGHT CHAINS SUBGROUP IH (Conl'd) ‘

75 76 77 73 79 so 31 32 11 OF 10 OF OCCURRENCES VAn1Aa1L1Tv. DOB use HBJ Bun LEG as AMYLOID VKAPPA3 szoue~czs AMINO OF MOST COMMON12 (K) - WR '01. ACIDS AMINO ACID.7 .7;
o 1— _
1 GLU GLU GLU GLL) GLU 79 3 : 4 74(GLUJ : 731cm) 3.2 : 4.32 1L5 11.2 lLE 11.5 11.2 79 5 7 (ILE) 5.33 Ha VAL VAL VAL VAL 79 4 76(VAL) 6.211 met 1.51) 1111 LEU LEU 79 3 65(LEU) 3.5
5 THR THR THR 77 1 77(THR3 ‘,s GLN GLN GLN 77 2 75(GLN) 1 s (GLN) 21 ; 2.27 SER 75 1 75(SER) 1.8 PRO 74 V 76 PRO) 1.3 B13 59 e : 7 as GLY) 3. . 11

F 10’ 7o 44 s 1H9) 4.2H 11 ea 2 s7 LEU) 2.1 12 37 1 57 5213) 1.13 57 5 52 LEU; 3.414 _ 66 2 64 SE9 2.!
15 . se 2 55 PRO) 2.1e 52 1 s2 GLY) 1.
17 62 3 : 4 551cm» : 50(GLU) 3.3 : 513 ARG 55- 7 51 ARE) 3.
)9 _ ALA 60 2 52 ALA) 2.3
20 515 59 5 53 THR) 5.621 LEU so 2 57 1.21)) 2.122 saw so 3 53 sea 3.123 . 013 so 1 igcvs; 1.
24 ARG 51 4 471mm) 4.3
25 ALA 52 2 51 ALA) 2.26 sea 49. 2 45 san) 2.127 GLN 47 3 431131.113 ; 87(GLN) 3.3 : 3.327A sea 32 4 2 (5511)27B ...
27C

g 27041 275
1 2711 _.

23 LEU 47 7 : a 251VAL) 13.. ; 15
29 sea 44 s 27 sea; 3330 GLY an 7 24 sea 12.31 ASN 39 10 24131321) 13.32 TVR 40 a 28(TYH) 11.33 LEU . 41 4 3511.151» 4.6
34 ALA 4! 5 37(ALfl 5.5
35 mp TRP 3a - 1 331mm 1.35 Ha TYR :19 1 3e1TyR) 1.37 GLN GLN 39 1 : 2 _39(GLN) : 33mm) 1. ‘. 2.433 GLN GLN 37 2 : 3 351st) : 301GL~) 2.1 . 3.7
33 LYS LYS 33 3 29 LVS) 3.440 PRO PHE 34 3 32 PRO) 3.2

p 4) GLY our 27 2 2151ch 2.1n 42 em GLN' 27 4 24(GLN3(: 2 GLN) 4.5 : 472 43 ALA ALA 23 3 2 ALA) 3.4
14 91:10 PRO 27 3 25(PRO) 3.2
45 ARG 26 3 24 ARE) 3.346 LED LEU 24 2 2 LEU) 2.147 LEU LEu 23 2 22 LEU) 2.1as MET ILE 22 3 20111.6) 3.3
49 TYR PHE 22 4 '9 T‘IR 4.6
so GLY ASP 21 5 151cm) 6.651 VAL. 211 3 15(ALA) 3.3

g 52 sen 20 2 183531) 2.2n 53 san SER 21 2 16331:) 2.6
2 54 Ana .11 20 2 19(ARG) 2.155 ALA ALA 23 3 21(ALA) 3.3

58_ THR 22 4 aqua) 4.657 our SLY 23 2 22151.11) 2,)
56 11.6 VAL ' 23 3 21111.2) 3.3
59 ‘ 12110 21:10 23 1 2319710) 1.so ASP ASP 23 5 171Asp) 5.361 ARE ARG 23 1 23(ARG) 1.62 PNE PHE 23 1 2312112) 1.53 sen sen 23 2 2115251 2.2
54 GLY GLY 23 1 23 GLY) 1.as sea sea 22 2 21 $511) 2.133 GLY ALA 22 4 17 GLY) 5.257 sen sea 22 2 21 sen 2.153 31.)! em 22 1 22 GLY 1.
59 ALA 11m 22 2 21170121) 2.170 ASP 21 2 1511/13?) 2.2

1: 71 21-12 21 1 2112115) 1.R 72 THR 21 1 _ 21(THR) 1.a 73 LEU 21 1 2|(LE'U) 1. 174 THR 21 2 20(T1-1R) 2.175 ILE 21 2 20111.5) 2.173 sea 21 3 131531) 3.377 ARG ~ 22 5 15 Ana) 6.973 LEU 22 3 2 LEU) 3.3
73 GLU 22 2 21161.12 : 201cm» 2.1 : 2.2
60 PRO 22 2 1 (PRO) 2.331 GLU 22 2 21 51.1.1) 2.1132 ASP 22 . 1 2231152) 1.
33 PHE 22 3 2o PHE) 3.3
34 ALA 22 1 22(ALA) 1.as VAL 22 2 21(VA1.) 2.1as TYR 22 1 22111121) 1.
a7 TYR 22 2 201173)) 2.258 0‘13 22 1 22(CYS) ' I.
39 GLN 22 2 21§GLN1 2.1so GLN 22 1 22 GLN) 1.
31 ‘ryn 22 2 20 TYR) 2.292 GLY 22 5 15geLv 5.393 ASN 21 5 12 SEE 8.5

C 94 SER 21 6 18(SER) 4.7D 95 GLN 2‘ 3 ISKPRO) 3.5R 95A 1 1 1(PRO)3 958 ...950 ---950
952951:
95 19 10 41711—1) 43.97 2o 2 1931171) 2.1
93 20 1 2012112 1.99 20 1 20(GL 1.100 20 2 131cm) 2.2101 20 1 20(GLY) 3.

F ‘02 SER 20 2 18(THR) 2.2R 103 LYS 2o 2 1a LYS 2.24 104 LEU 20 2 11 VAL 3.5105 GLU 20 2 18 GLU) 12.2105 11.2 20 3 13111.12) 3.3105A . .
107 LYS LYS 20 2 \QfiLVS) 2.1
108 ARG 36 1 16(ARG) I.109 10 1 10111-19) 1.



 

ANTIBODY SPECIFICITIES: HUMAN KAPPA LIGHT CHAINS SUBGROUP III
2) WOL: ANTI-HUMAN GAMMA G GLOBULIN: WA IDIOWPE
3) SIE: ANTIVHUMAN GAMMA G GLOBULIN: WA IDIOTYPE

 57 . 1‘

5) NEU: CRYOGLOBULIN WITH ANTI-IGG ACTIVITY; 8 IDIOTYFE (KUNKEL.H.G..WINCHESTEH.R.J..JOSLIN.F,G. 8- CAPRA.J.D. (1974) J,EXP.MED..139.128)
6) (307: CRYOGLOBULIN WITH ANTI—IGG ACTIVITV: B IDIOWPE
7) PAY: CRYOGLOBULIN WITH ANTI-IGG ACTIVITY; B IDIOTYPE
8) SON: CHYOGLDBUUN WITH ANTI-LOW-DENSITY LIPOPRDTEIN ACTIVITY: B IDIOTYPE
9) WEI': CRYOGLOBULIN WITH ANTI‘LOW-DENSITY LIPOPROTEIN ACTIVITY: B IDIOTVF’E

10) GAR': CRYOGLOBULIN WITH ANTI-IGG ACTIVITY: B IDIOTYPE
11) PIE: _AUTOANTIBODY WHICH BINDS SPECIFICALLY TO INTERMEDIATE FILAMENTS
12) FLO: CHYOGLOBULIN WITH ANTI—I66 ACTIVITY: B IDIOT‘IPE '
13) LOP: CRYOGLOBULIN W|TH ANTI-IGG ACTIVITY: 8 IDIOTYPE
14) SCA: CRYOGLOBULIN WITH ANTI-LOW-DENSITY LIPOPROTEIN ACTIVITY: B IDIOTYPE
151) GLO: _ANTI-HUMAN GAMMA G GLOBULIN; WA IDIOTYPE; CHYOGLOBULIN WITH ANTI-IGG ACTIVITY; 8 IDIOTVPE18) MA: COLD AGGLUTININ WITH ANTI-BLOOD GROUP I ACTIVITY (GROUP 1)
19) N10: COLD AGGLUTININ WITH ANTI-BLOOD GROUP SMALL‘I ACTIVITY
20) CUR: CRYOGLOBULIN WITH ANTI-IGG ACTIVITY; 8 IDIOTYPE
22) DRE: T COLD AGGLU‘I’ININ-WITH ANTI-BLOOD GROUP I ACTIVITY
23) PER: COLD AGGLUTININ WITH ANTI-BLOOD GROUP I ACTIVITY
25) STE: COLD AGGLUTININ WITH ANT|~BLOOD GROUP I ACTIVlT-Y
26) GJ: COLD AGGLUTININ WITH ANTI~8LOOD GROUP I ACTIVITY (ATYF’ICAL)
27) TAK: COLD AGGLUTININ WITH ANTI-BLOOD GROUP I ACTIVITY
35) AJ: COLD AGGLUTININ WITH ANTI-BLOOD GROUP I ACTIVITY
42) CLA: CRVOGLOBULIN WITH ANTI-IGG ACTIVITY: 8 IDIOTYPE
A3) BHE': CRYOGLOBULIN WITH ANTI-IGG ACTIVITY: B IDIOTVPE
48) POM: ANTI-HUMAN GAMMA GI GLOBULIN; P0 IDIOT‘IPE
54) 606": ANTI-MEASLES VIRUS (WOODFOLK STRAIN): ANTI‘SUBACUTE SCLEROSING PANENCEPHALITIS VIRUS (LEC STRAIN)62) TEN: ANTI-HUMAN GAMMA G GLOBULIN
63) CRAUII): ANTIvHUMAN GAMMA G GLOBULIN
6a) PLA: ANTI-HUMAN GAMMA G GLOBULIN ‘
55) pm: ANTI-HUMAN GAMMA G GLOBULIN
70) non: COLD AGGLUTININ WITH ANTI-BLOOD GROUP I ACTIVITY
71) cm: ANTI-HUMAN GAMMA G GLOBULIN
72) WAL: ANTI-HUMAN GAMMA G GLOBULIN
73) 601.: ANTI~HUMAN GAMMA s GLOBULIN
74) GAG: cow AGGLUTININ WITH ANTI~BLOOD enoup I ACTIVITY

CLASS: HUMAN KAPPA LIGHT CHAINS SUBGROUP III
5) NEU: ISM-KAPPA
5) con IGM‘KAPPA
7) PAY: ISM-KAPPA
a) son: ISM-KAPPA
9) WEI': IGM‘KAPPA

10) GAR‘: IGM-KAPPA
11) PIE: IGM-KAPPA
12) FLO: (GM-KAPPA
13) L09: ‘ IGM-KAPPA
14) son: IGM-KAPPA
15) GLO:' ISM-KAPPA
20) cum IGM‘KAPPA
42) CLAE IGM-KA?PA
43) SHE‘: IGM~KAPPA
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50) AMYLOID 50124: SLETTEN,K..WESTERMARK,P..PITKANEN.P.,THYRESSON‘N. 8| OLSTAD‘OM‘ (1983) SCANDJJMMUNOLJ8.557-550. (CHECKED BYAUTHOR 04/28/84) ‘
51) DOV: WANG.A,C..TUNG.ET.WANG.I..FUDENBERG.H.H..PICK.A,(. 8- FROEHLICHMAN,R. (1980) CANCER IMMUNOLJMMUNOTHEB..9.81~88. (CHECKED BYAUTHOR 03/18/51)

52) SHM: m/XTN‘%S.%3.71IJBNGG'3E..WANG.1..FUDENBERG.H,HY.PICKAJ. & FROEHLICHMAN.R. (1980) CANCER IMMUNOL.IMMUNOTHER..9.61-86. (CHECKED BY
53) (IRA: NIALLAH.D. B EDMAN.P. (1967) NATURE‘216262—263. (CHECKED BY AUTHOR 07/25/79)
54) GOEII: STROSBERG.A.D..KARCHER.DV 8- LOWENTHAL.A. (1975) JJMMUNOL‘.115J$7v160. (CHECKED BY AUTHOR)
55) LOW’: WANG.A.C..TUNG.E.,WANG.I..FUDENBERO,HIH..PICK.A.I. 6 FROEHLICHMANB, (1960) CANCER IMMUNOLVIMMUNOTHER‘.9.B1~86. (CHECKED BYAUTHOR 03/13/81)

55) VER: CHERSI.A. a NATALI.P.GI (1978) IMMUNOCHEMISTRY‘15.585559. (CHECKED BY AUTHOR 09/13/79)
57) REE: PRELLI.F..TUMMO_LO.D..SDLOMON.A. 8. FRANGIONEB. (198$) J,IMMUNOL.. IN PRESS
53) WE: DWORSKYEI.SLETTEN.K.,HARBOE.M. 3 WETTELANDP. (1980) SCANDIJ‘IMMUNOLH’I2281-297. (CHECKED BY AUTHOR 02/28/1984)
59) HOW: KAPLAN,A.P. a METZGERMI (1969) BIOCHEMISTRY.8.3944—3951. (CHECKED BY AUTHOR)
60) H54: HOOD.L,.GRAY.W‘R..$ANDERS.B.G. 5 DREYER.W,J. (I967) COLD SPRING HARBOR SYMP‘ QUANTITATIVE BIOL..32.183«145.
BI) HBJ5: HOOD.L..GRAY.WAR,.SANDERS.B.G. A DREYER.W.J. (1967) COLD SPRING HARBOR SYMPI QUANTITATIVE BIOL.‘32.133<165.
62) TEN: JOHNSTON.S.L..ABRAHAM.G.N. 8» WELCH.E.H. (1975) BIOCHENLBIOPHYS.PIES.COMMUNNSIied2—847~ (CHECKED BY AUTHOR 10/17/77) \
63) CRAUII): JOHNSTON.S.L..ABRAHAM.G.N. 8 WELCH.E.H. (1975) BIOCHEM.BIOPHYS.RES.COMMUN..65,842:847. (CHECKED BY AUTHOR 10/17/77)
64) PLA: JOHNSTON/5L.,ABRAHAM.G.NI 8- WELCH,E,H. (1975) BIOCHEM,BIOPHYS.RES.COMMUNI.56,842»847. (CHECKED BY AUTHOR 10/17/77)
65) PIN: JOHNSTON.SIL..ABRAHAM,G.N. A WELCH.E.H.,(1975) BIOCHEM.BIOPHY$.RE$.COMMUN.156.842-847. (CHECKED BY AUTHOR 10/17/77)
66) NICE: CAPRAJDNKEHOEAJ.M..WILLIAMS,R.C.,JR..FEIZI.T. A KUNKEL.H.G. (1972) PROC.NAT,ACAD,SCI.U$A.69,4D~43‘ (CHECKED BY AUTHOR)
67) HAC: HOOQL, & TALMAGE,D.WI (1970) SCIENCE.155.325-334. ‘
63) K- EV‘S'CL: STAVNE2ER.JA.KEKISH.O..BATTER.D..GFIENIER. _BALAZS,I..HENDERSON.E. 8x ZEGERS.B.J.M. (1966) NUCACIDS FIES..13,34954514,
69) BER: WANG.A,C.,WELLS4J.V..FUDENBERG.H.HI a. GERGELYSL (1974) IMMUNOCHEM.,11.341>3¢5. (CHECKED BY AUTHOR)
70) Ben: GERGELY.J..WANG,A.C. & FUDENBERG.H.H. (1973) VOX SANG..24.432-440. (CHECKED BY AUTHOR) .
71) ,DRI: CAPRA.J.D. (1975) ADV.IMMUNOLOGY.20.1-40. (CHECKED BY AUTHOR)
72) WAL: CAPRA,J.DA (1975) ADVJMMUNOLOGY.20.1~40. (CHECKED BY AUTHOR)
73) 00L: CAPRA.J.D. (1975) ADV.IMMUNOLQGY.20.1~40. (CHECKED BY AUTHOR)
74) GAG: CAPRA,J.D..KEHOE,J.M..WILLIAMS.R.C.(JR..FEIZI.T. 8 KUNKELJ‘LG. (1972) PROCINAT,ACAD.SCI.USA.69.60—43. (CHECKED BY AUTHOR)75) DOB: HOOD.L. £1 TALMAGE.D,W. (1970) SCIENCE.166.325~324.
76) H80: HOOD.L.,GRAY,W.R..SANDERS.B.G. 3 DREYER.W.J. (1967) COLD SPRING HARBOR SYMP. QUANTITATIVE BIOL..32,13&145‘ '
77) 113.112: HOODJMGRA‘LW.R..SANDERS.B.G. 8| DREYER,W.J. (1967) COLD SPRING HARBOR SYMPI QUANTITATIVE BIOLHSZJSGIAS.
75) BUROQ: MDULIN.A. 8| FCUGEFIEAU,M. (1973) NATURE NEW BlOLOGY.246.176—178. (CHECKED BY AUTHOR)
79) LEG: MOULIN,A. £- FOUGEREAUA/I.’ (1973) NATURE NEW BIOLOGY,2A6(176‘178. (CHECKED BY AUTHOR)
SD) 138: MILSTEIN.C‘ (1969) FEBS LETTERS.2.301-304. (CHECKED BY AUTHOR) >
51) AMYLOID WR: WESTERMARKPHSLETTEN.K.APITKANEN.P..NATVIG.J.B. 8 LINDHOLMCEI (1982) MOLJMMUNDLASAAN-ASO. (CHECKED BY AUTHOR99/01/33) .
62) VKAFF’AQ'CL: BENTLEY.D‘L. G RABBITTSJ'J—I. (1931) CELL.24.313-623, (CHECKED BY AUTHOR 12/07/81)

 

 

 

won-:9: numu KAPPA uanr CHAINS suecnoup m
IDENTICAL SETS or FRAMEWORK'SEGMENTS;

 
 

FR1: SET 1: TII1).WOL(2).SIEIJ).N09‘CLIA).NEU‘5F).GOTI6).PAYI7).SONIBI.WEI‘(9).GAR‘(10).PIE(111,FLO|121.LOP([OLSCAI14).GLO|15I,$AL(18]. ‘WILIITI.MA[18).NIC(19).CUB(20 . R4I21LURE)22).?ERI23).CAM124I. (2‘s IDENTICAL)SET 2: GJ(26|,TAK(27). 2 lDENTICAL
SET 3: RADI29|.DIL)30L ASI31I. 31 ENTICAL)
SET 4 Ksmaaysmlau 2 IDEN ICAL HUMAN V-KAPPA-III; ALSO 1 MOUSE VvKAPPAAV: Vg'CL1122I.)SET 5: DREI22).PERl23L nowselas . (a IDENTICAL)SET 6 cut-1215141214” (2 IDENTI AL) _

FR2: SET 1: TII1I.WOL 21.51513 NGs‘CLMLNEuISIflonSLSONIBLGAR'I10LPIEI11|£L0|12LGLOI151.cum201. (12 IDENTICAL HUMANV-KAP A-III: A so 1 MOUSE V-KAPPA-IV: vn‘cuxz); AND 1 MOUSE V-KAPPA~V: Vg’CLl122l.)

FRG: SET 1: Tlgpwouz). (2 IDENTICAL)SET 2: G T(6(.PAY|7LGAR‘I1OLPIE(11).FLOI12I.GLO(15).CUR(20L (7 IDENTICAL)
FRA: SET 1: WOLIZ).PAY(7I.PIEI11tGLOII5|.CURI20LREEI57LVKAPPA3‘CL182é. 7 IDENTICAL HUMAN V«KAPPA-III: ALSO 3 HUMAN V-KAPPA~I:AUI2I.GAL(I)136).C 1110}: 2 HUMAN V-KAPPA-II: GM 507 ' L5LRPM1—S410'CLI18): AND 1 HUMAN V-KAPPA-IV: PB1TIV'CLKII.)SET 2: POMI48). (IDENTICAL TO 1 HUMAN kaPPAq; HAUHI.) '

SET 3: NEU(SI.GOT(6LGAR'I10).FLOI12|‘FR4(21I.IARC/BL41‘CL(28), a IDENTICAL HUMAN V-KAPPAAIII; ALSO 3 HUMAN V~KAPPA~I: AGm,DENMBIEHSSI 2 HUMAN V-KAF’PA-II: NIM13).FR(M; A D 1 HUMAN V-KAPPA-IV: LENIAII)
SE1 4: SONIB). (IDENTICAL To 1 HUMAN V-KAPPA—IV: VJI'CL 1).)

IDENTICAL SETS 0: OOMPLEMENTARITY DETERMINING REGIONS:
com: SET 1: SIEISIJKEIsa). (2 IDENTICAL)SET 2: NGS'CLMLPAYUI.SONIBIWE ‘19).GAR‘IIOI.PIEH1LFL0112LGLOI15LCUR|201.ORE(22LCAM124L (u IDENTICAL)SET 3: TIL|39L (IDENTIQAL To 1 MOUSE V-KAPPA-V: Vg'CLuzzn.)

Com: SET 1: WOLF ,SIE SENEUISIBOTIGLPAYI7).SON(8].GAR’110].PIE(1)(.FLOI12LGLOI15LCURl2o). (11 IDENTICAL) ,SET 2: POM ). (I NTICAL To 1 MOUSE VvKAPPA—IV: vn'Can.) -
cons: SET 1; POMI48). (IDENTICAL TO 1 HUMAN V—KAPPA-I: LAYI39I.)2551' 2: <30Twy.cum20)‘ (2 IDENTICAL) 'SET 3: PAYI7I.GLO(15). (2 IDENTICAL)SET 4: GAR’I10).FLO(I2I. (2 IDENTICAL)

IDENTICAL SETS OF'J-MINIGENES: .
SET 1: PIElHlNKAPPAG‘CL 82). (2 IDENTICAL HUMAN V-KAPPA-III: ALSO 1 HUMAN V<KAPPA-I: AUIZI: I HUMAN V—KAPPA-II:RPMI-SAIO'CLH ): AND 1 HUMAN VvKAPPA~IV1 P517IV‘CLIQIJ
SET 2: GOTISI. (IDENTICAL TO 1 HUMAN V-KAPPA—l: A617”SET 3: GAH'I10LFLOII2|.IARCIBL41'CL(28). (3 IDENTICAL H MAN V-KAPPA-III: ALSO 2 HUMAN V‘KAPPAvI: DENIASIflIIGQ): AND I HUMAN

V-KAPPA-II: FRHrtlgSET 4: WOL)2).CUR120). (2 ID NTICAL)SET 5: PAY(7I.GLO(15L (2 IDENTICAU

SPECIFIC NOTES:

4) NGQ'CL: THE AMINO ACID SEQUENCE IS TRANSLATED FROM THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN CDNA.
32) MCE': IT IS A CRYOIMMUNCGLOBUUN. THE AUTHORS ORIGINALLY DESIGNATED IT AS MCE. BUT IN ORDER TO DIFFERENTIATE IT FROMANOTHER MCE SEOUENCED BY CAPRA ET AL... IT IS OENOTED AS MCE‘.
4?) CLA: THE AMINO ACID RESIDUES FOUND AT POSITION 9 WEHE GLY AND ALA,
43) SHE': THE AMINO ACID RESIDUES FOUND AT POSITION 9 WERE GLY AND ALA,

_ v ‘ 317 g .



 

. 59 .
NOTES: HUMAN KAPPA LIGHT CHAINS SUBGROUP III (conx‘d)

44) JH: THE NAME WAS GIVEN TO US BY THE AUTHORS. IT IS NO’Y INCLUDED IN THE PAPER. I
SBI’WE: AT POSITIONS 2029 AND 33 OF AMINO ACID SEQUENCE WERE FOUND BOTH LEU AND ILE. IN THE SAME SEQUENCE TWO RESIDUES WEREFOUND IN POSITIONS 1,3.4.9.I0.I5.”1920.21.22 AND 29. THE SECOND RESIDUES WERE GLU.VAL,LEU.GLV.THFI‘PRO.GLU,ALA.THRILELLSERAND VAL, RESPECTIVELY. A DETERMINATION WAS NOT MADE IN THE ARTICLE AS TO WHETHER THE SEQUENCE BELONGED TO SUBGHOUPI OR TO SUBGFIOUP III.
81) AMYLOID WR:
82) VKAPPAS'CL:

AMINO ACID RESIDUES FOUND AT POSITION 54 ARE LEU AND ALA.
THE AMINO ACID SEQUENCE IS OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF CDNA FROM AMOUSE-HUMAN HYBRID CELL LINE.
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RESIDUES v.11 VKAPPA Pamv LEN PM. L. TUFI AH DA 0AM DA~N JAH sen JUV AMYLoso seouewces AMlNO- ‘CL 1V ‘CL TH. GAB ACIDS‘ GERMLINE'CL ~

0 ... ... ... ... .L. 1 .L. ._. ... 2.. 2.. ... >1 ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP AS? 15 12 me me ILE 1Le 1Le 1Le ILE 1Le me me 1Le 1Le Le 1:21; we 15 2a VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL 1 s 1.1 MET MET MET MET MET 1eu MET MET MET MET )eu MET MET MET MET - 15 2
5 THE THR ”ma Tnn THR mn mn THR THR Tnn In Tnn mn “run THE 15 26 SLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN LN GLN GLN GLN em 15 17 sen Sen sen 1 sen sen sen sen sen sen sen sen sen Sen sen sen 14. 18 PRO PRO Pno Pno Pno Pno Pno .Pno Pno Pno Pno Pno Pno Pno Pno mo 15 19 ASP ASP ASP asn Asx Asx ser glx ASP ASP ASP ASP ale asn Asx 1s 5

F_ 10 sen sen sen Sen sen sen sen Sen sen sen sen 1m 1m 13 2n 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 Am ALA ALA ALA ALA ALA ALA 1a 113 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL 14 114‘ sen 1 sen sen sen sen sen sen sen sen sen sen sen 11 1
15 1.1211 Leu Leu LEU Leu Leu LEU m 10 to LEU 11 21s GLY GLY GLY SLY GLY _GLY GLY GLY Lv Lv LY GLY 11 1I7 GLU GLU GLU GLU GLX GLX GLU asp asp asp asp 11 2 : 318 ARG ARG Ans AnG ARG ARG Ana Ans gm gin Iau 11 319 ,ALA ALA ALA ALA ALA ALA ALA ALA Am ALA ALA ALA ALA 12 1
20 T1111 THR THR THR mn THR mn » 11m THR mn THR THR Tun 12 121 1Le 1Le me me we '1Le ILE 1Le Val val 101. we 12 a22 ASN ASN ASN ASN ASX ASX set ASX star 59! set av) ‘2 32:1 cvs cvs cvs cvs cvs CYS CYS cvs cvs cvs c s 10 1
24 1 LYS LYS LYS LYS Ane AnG GLN GLN GLN LYS 10 a
25 sen sen sen sen sen ARG ALA ALA ALA 9 a25 sen sen sen sen sen ALA sen 7 2.27 GLN GLN GLN GLN GLN GLX GLN 7 1 : 227A ' sen sen sen Sen sen ARG 5 227s VAL VAL ILE VAL VAL VAL VAL 7 2

(3 27C LEU Leu LEU LE1; LE1; Leu LEU 5 1D 270 TYH Tvn 1vn TYR TYR Wn 5 1n 27E sen sen sen Sen 111:1 5 2, 27F sen sen sen sen sen a 12a ASN ASN ASP ASN ASP 5 2
29 A3»: ASN ASN sen A 2:10 LVS LYS LYS LYS LYs LYS 5 1a1 ASN ASN ASN ASN ASN A 132 1vn TYR TYR TYn rvn A 1:13 LED LEU LEU LEU Leu 4 1
34 ALA ALA ALA ALA ALA A 1
35 TR? TRP‘ TRP mp TRP A 1 .as wn Tvn TYR TYR Na d 137 GLN GLN GLN GLN GLN a 138 GLN GLN GLN GLN GLN a 1
39 LYS LYS LYS LVS LYS a 140 Pno Pno Pno Pno me PRO 5 11: 41 GLY GLY GLY GLY GL‘I GLY 5 1n 42 GL‘N GLN GLN GLN GLN GLN 5 12 43 PRO Pno Pno Pno ALA 5 2

‘ 44 PRO Pno Pno Pno PRO PAC 5 1. as LYS LYS LYS LYS LYS LYS s 11 48 LEU Leu Leu LEU Leu Leu 5 1A7 LEU LEU LEU Leu ,Leu LEU 5 1As 1Le . 1Le 1Le 1Le 1Le ILE 5 1
1 49 TVH TYR 11m 11m TYR TYR 5 1I so TnP TnP _ TH? TnP TnP TnP ' 5 1c 51 ALA ALA ALA ALA GLY 5 2o 52 sen sen sen sen Ana 5 2n 5: THn THn THn THR Tnn a 12 54 A126 Ana AnG AnG AnG A 155 (31.1: GLU GLU GLU GLU A 1I 513 sen sen sen sen sen .1 1

57 GLY GLY GLY 1 GLY GLY 4 158 VAL VAL VAL VAL VAL 4 1
59 Pno Pno Pno Pno Pno fi 1so ASP ASP ASP ASP ASP 4 1 151 Ana AnG Ana ARG AHG a 162 P115 PHe . PHE PHE PHE ~ 4 163 sen sen sen sen sen sen 5 1
64 GLY GLV GLV GLY GLV GLY 5 165 Sen sen sen sen sen sen 5 156 GLY GLv GLY GLY GLY GLY 5 157 sen sen sen sen sen sen 5 1ea GLY _ GLY GLY GLY , LYS 5 2
as THE THR THR Tnn THR a 170 ASP ASP ASP ASP ASP :1 1

F 71 PHE PHE PHE PHe PHe 4 1n 72 Tnn THH THR THE! THn 4 13 7a LEU '.Leu Leu Leu Leu 4 1 ”7-1 THR THR THn THR THR a 1
1 75 we 1Le 1Le 1Le ILE 4 1z 76 Sen sen sen sen sen a -177 sen - sen sen sen sen 4 1
. 78 LEU Leu Leu LEU Leu 4 1
i 79 GLN GLN GLN GLN GLN 4 1so ALA ALA ALA ALA ALA 4 161 01.1) GLU GLU GLU GLU 4 132 ASP ASP ASP ASP ASP 4 183 VAL VAL VAL VAL VAL d 164 ALA ALA ALA ALA A 1 '5 as VAL VAL VAL VAL .1 186 WE 11m TYR TYFI I 4 1131 rvn TYR TYR TYR 4 1ea cvs cvs cvs CYS 4 1

as GLN GLN GLN GLN 4 1so GLN GLN GLN GLN A 11 91 HR Tvn TYR TYR A 11’ 92 TYR TYR TYR 4 21 93 sen ASN' sen A 3
c 94 THR Leu 111R 4 3, o 95 PRO Pno Pno mo 4 11 R 95A - 43 958' 95c

950 --95E95F
x 96 11/1: 2 21 1 97 mm sen 3 2
. 98 PHE PHE mu; 3 1
1 99 GLY - GLY GLY 3 1100 GLY GLN 3 2
3 101 GLY GLV GLV a 1I F 102 THE YHFI mn a 1. n 103 LYS LYS LYS 3 11 4 104 VAL Leu LEU 4 2I 105 GLU GLU GLU GLU A 1, me me 1Le |LE ILE a 1106A -~ -~- -~~ —-~

107 LYS LYS LYS ARO 4 21011 A716 AHG AnG ARG 3 1 ‘
1 1

 



HUMAN KAPPA LIGHT CHAINS SUBGROUP IV (canl‘d)
OCCURRENCES
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o
- 1 15(ASP) 1.

2 ”(mez- 2.1
a 15(VAEY)) 334 13w .

5 1 THR; ' 2.16 I§GLN 1.7 1 SER) 1.
a 15(PRO) 1.9 10(AsP) 2 7(ASP) 7.5 : 11

F 10 “(sang 2.4R 11 IzLEU I.‘ 12 1 ALA) 1.
I3 IdéVALS I.
14 I I SEE I.
15 8(LEU) 2.318 1 UGLY) ‘ I.

1; _7(GLgAF:K§)(GLU) 11.14:1 5.519 12 ALA) 1:
20 12(THR) 1.21 s ILE) a.

$3 "11291:; 1 ; 9‘24 5(LYS) 6.
25 5 SEH 5.4

26 68569 2.327 7(GLN : 51mm 1. ; 2.327A 5 $512)278 GI AL)

c 27C 6 LEU;D 270 5 TVR
a :1: 232:)
7 23 3 ASN; 3.329 3 ASN) 2.7

so 5 LYS) 1.31 4 ASN 1.
32 4 TYR; 1.33 4(LEU) 1.

‘34 «Aug 1,
35 arm?) 1.
38 4(TYR) 1.
37 4(GLN) 1.38 «so» I.

33 4 '5?) 1'F 41 5 GLY 1.a 42 5 GLN 1.
2 as 4(P‘RO) 2.544 5 PRO) 1.45 5 LYS) 1.46 5(LEU 1.

47 5(LEU 1.as suLE) 1.
' ‘9 MEI—IVE. ‘7so scrap) 1.
. 51 4(ALA) 2.5
1 C 52 «(sen 2.5

2 5:1 4mm; 1.
' 2 a; . 21218; 1.56 . 4 sea 1.
1 57 A GLY) 1.

58 afvm.) 1.59 4 PRO) 1.so 4 ASP) 1.
a1 4 ARG) I.92 a PHE) 1.
63 5(ssn) 1.
34 s GLY 1,

2: 221% 1.167 5 ssn 1.'as 4 GL 2.5

69 4fTHR) 1.7o 4 ASP) 1.
F 71 «(531112) 1.
R 72 11%an 1.3 73 4 LEU L74 4 THE) 1.7s 4 ILE 1.

75- 4 se ) 1.
77 4359) 1.7a 4(LEU) 1.
79 4 GLN) 1.
so 4§ALA) 1.
3% i‘fiés‘a” I‘
as aévAL 1.ea 4 ALA) 1.
as 4 VAL) 1.

21 ‘ 2:37:21 :-aa ' 4 cvs 1f

3: * “gm 1*
4 .

2; 351121 a,
< .

93 2(551-1) 6.
94 2 THE 5.

\ 8 95 AéPRO; 1.. a 95A
1 3 958= 95C
l BSD9512

3? ..
I .+ .

' 97 221549)) 3,98 3(PHE) 1,

5 1%?) $233)) E.‘101 3mm) 1:
i F 102 guns) 1.
i R ‘03 32LYS; I.

4 104 2 + 4.
105 new) 1.

; :8; MILE) 1.
' 107 INNS), 2.7

103 3 ARG? 1.
‘09 I THE

61
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o 52 o »
ANTIBOOV SP-ECIFICITIES: HUMAN KAPPA LIGHT CHAINS SUBGRCUP IV 4

3) PBI7IV'CL: ANTI~$TREPTOCOCCUS GROUP A CARBOHYDRATE WITH SPECIFICITV FOR NAACETYL GLUCOSAMINE
5) F‘~K.: COLD AGGLUTININ WITHvANTI-PRIH ACTIVIW (RBC MEMBRANE ANTIGEN ON HUMAN EHYTHROCYTES INACTIVATED BY PROTEOLYTIC ENZVMESAND NEURAMINIDASE) _

6) L,TH‘: COLD AGGLUTININ WITH ANTI-PH? ACTIVITY éRBC MEMBRANE ANTIGEN ON HUMAN_ RAT AND GUINEA pIG EHYTHHOCYTES |NACTIVATED 8VPHOTEOLY‘TIC ENZYMES AND NEURAMINIDAS )
T) TUR: COLD AGGLUTININ WITH ANTI~PR ACTIVITY

REFERENCE: HUMN KAPPA LION? CK‘AINS_SUBGROUP IV
1) VJI’CL: KLOBECK.H,G..BORNKAMMM,GIW..COMBRIATO.G..MOCIKAT.R.IPOHLENZ.H.D. a ZACHAU.H.GI (I985) NUCACIDS RESI.IG.SSI$SS29( (CHECKEDBY AUTHOR 02/25/86) .
2) VKAPPA IV GERMLINE’CL: KLOBECKAH.G..BORNKAMMM.G.W..COMBRIATO.G..MOCIKATHHPONLENZHD. 5 ZACHAUJ-IGI (1985) NUC.ACIDS RES..I3.6515-6529.

3) P917IV‘CL: MARSH.P..MILLS.F. 3 GOULD‘H. (1985 NUC.ACIDS RES..13‘6531»6544. (CHECKED BY AUTHOR 03/19/85 WHO CORRECTED A MISF’RINTIN THE ORIGINAL PAPER FOR RESIDUE 50;
4) LEN: SCHNEIDERM, 5 HILSCHMANNNI (1974) Z.PHYSIOL.CHEM..355,1164-1158. (CHECKED BY AUTHOR)
5) RrK.:‘ WANG.A.C.,FUDEN8EnG.HIH.,WELL$.J.V. a ROELCXED‘ (1973) NATURE NEW BIOLOGY.248.126-128. (CHECKED BY AUTHOR)
6) L.TM.: WANG,A.CUFUDENBERGHH.‘WELLS.J.V‘ & HOELCKED. (1973) NATURE NEW BIOLOGY.243.126-I28, (CHECKED BY AUTHOR)
7) TUR: CAPRAJDUKEHOEJ M.,WILLIAMSIR.C..JR..FEIZI.T, 8: KUNXELM‘G‘ (1972) PROCNAT.ACADSCLUSKSQAO-QB. (CHECKED BY AUTHOR)
8) AM: PICKAJ..WANG,A.C..FROHLICHWN,R. <3 FUDENBEFIGHH. (1932) ACTA HAEMAT,.68,207-2141 (CHECKED BY AUTHOR 0926/83)
9) Oil: WANG AICI ZHANGJ—IISHBONEWALD,L..TUNG.E..BOUVET,J.P. a. LIACOPOULOSP. (198$) MIAMI WINTER SYMP..17.335>335‘ (CHECKED BY AUTHOH02/25/58 WHO CORRECTED RESIDUES AS SHOWN) .

10) DA-H: BOUVET,J.P,,LIACOPOULOS.P..PILLOT.J.,BANDA.RUTUNG.E. a. WANG.A.CI S1980) J.IMMUNOL..125.213-220. (CHECKED BY AUTHOR 08/04/80):BOUVE‘LJP,LIACOPOULOSPHPILLO‘IJ BANDA.R YUNG.EI G. WANGJLC. ( 982) J.I}MMUNOL..129,15|9-1524.
I1) ON“: BOUVET P LIACOPOULOS.PHPILLOTJHBANDA‘R,.TUNG,EV & WANG.AIC. $1980) JJMMUNOL‘..125213220. (CHECKED 5V AUTHOR 08/04/80);BOUVETJ. |ACOPOULOS.PI(PILLOTJHBANDA‘RHTUNGE. E- WANG.A.C. ( 982) J.|MMUNOL,.129.IS|9‘1524.
12) JAN: SLETTEN.KV.HANNESTADIK, A HARBOE.M. (1974) SCAND.J.|MMUNOL..3.219-222. (CHECKED BY AUTHOR 12/05’77)
13) SCH: SLEYTENKNHANNESTAD‘K‘ A HARBOEJVL (1974) SCAND‘JJMMUNOLHQ‘Z19222. (CHECKED 8V AUTHOH I2/OSI77)
14) JUV: SLETTEN.K.,HANNESTAD.K. B- HARBOEJM. (197d) SCAND.J.IMMUNOL,,3.2I9—222, (CHECKED BY AUTHOR 12/05/77)
15) AMYLOID GAB: PRASJ‘AHFRANGIONEB. a. FRANKLIN.E.C. 1980) IN AMYLOIO AND AMYLOIDOSIS,G‘GIGLENNERPIP‘E COSTA & ROE FREITAS EDS.EXCERPTA MEDICA AMSTERDAM OXFORD-PRINCET N.249—252. (CHECKED BY AUTHOR II/ISIBI) ‘

 

NOTES: HUMAN KAPPA LIGHT CHAINS SUBGROUP IV
IDENTICAL SETS 0F FRAMEWORK SEGMENTS:

FRI: SET 1: VJI'CLHLVKAPPA IV.GERMLINE‘CLIZI.PBI7IV'CL13LR.K.(5L (4 IOENTICAL)SET 2: LEN!4LR.K.(5L (2 IDENTICALSET 3: DAIQIDA-HHOL (2 )DENTICA ‘) >
FRZ: SET 1: VJI‘CLII ,VKAPPA IV GERMLINE‘CLI2].PB17IV‘CLI3I.LEN(4L a IOENTICAL HUMAN V-KAPPA-IV: ALSO 2 HUMAN V.KAPPA-l: VIQB'CLISS).

V18 'CL(89I: 1 MOUSE V-KAPPA-I: MCPCSOSIAU): 30 M USE V-KAPPA-III: MPC1I‘CLISI.TEPC111]7I.PCS741§NZE (8].TEPC1EdIQI.
MOPC321II2I.PC704 NZB)113)IPC7I83 NZB)[1¢I,PC$308(NZB [ISLPC6684(NZB)II7LPC79408‘IZBE$8}.PC7175(N B)“ 1.
P02“ NZBHZOLPCA 9 NZBIZ1I.PC7 IOéNZB)|23),H36—15|2 l_2242[291.V-21EI.SKB‘CLISOI. ~21 9.5KB'CL13H,
P6746! NZBMSGLPCQSS NZS (34].97.Cg\‘ Y [35).IO.A(A.THPanMSS-SMSLOOC A.TH (52LMOPCSGI54),ABPC22I55).
PCQ245(NZB)[55).PC4050§NZB)[57I,V-21 16K ‘CLISBIJISQS 62]: 1 MOUSE V- PP -Vl: BFPCBIA‘CLISd; AND 15 RABBIT V-KAPPA:K9335411913368I20LBS- IaBLBS»1!39].K49-501l45L3547M7I.K4820|57l.K30—267(81l.3\1!65).4422(68).(709‘ use).4!92(71I.4363185].1 20l1DSI.K-25|1I2I.)

FRS: SET 1: VJFCLULVKAPPA IV GEHMLINE'CLIZLPBI7IV'CLI3|.LEN(6), (4 IDENTICAL)
FR4.‘ SET 1: PBI7ZV'CLISI. (IDENTICAL TO 3 HUMAN V-KAPPA-I: AUIZ).GA\§I)7[38LCL‘I1IO): 2 HUMAN V-KAPPA-II: GM 607 'CLIS).RPMI-NIOCLIISI: AND 7 HUMAN V<KAPPA~III: WOLIZIPA ( LPIEII1LGLOII5].CUR|20|.REEIS7LVKAPPA3‘CLI821

SET 2'. LENIdEL (IDENTICAL TO 3 HUMAN V-KAPPA-I: AGI7$,DEN(46|.8H53I; 2 HUMAN V~KAPPA~JI1 N|M|31.FR(14); AND 6 I‘ll/MAN V—KAPPA-III:N U(5I.GOTI5].GAR'(I0|.FLO(I2LFRdlZI(JARCIBLdI‘CU28L)
SET 3: VJI'CLH]. (IDENTICAL TO 1 HUMAN V-KAPPA~II|: SONIBH

IDENTICAL $ETS OF COMPLEMENTARITY DETERMINING REGIONS:
CORI: SET I: VJI'CLHJAVKAPPA IV GERMLINE'CLI2II (2 IDENTICAL)

0092: SET I: VJI‘CcIi-ll17lb‘llKAPPA IV GEHMLINE'CLI’ZLPBI7IV'CLI3),LEN[4). (a IDENTICAL HUMAN V~KAPPA-IV: ALSO I MOUSE V-KAPPA-VI: KPNIS
. 1)

CDRS:
IDENTICAL SETS OF J~MINIGENESL _

SET I: FB‘7IV‘CLISI. (IDENTICAL TO 1 HUMAN V'KAPPA-I: AUI2I; I HUMAN V-KAPPA‘II: RPM1-6410‘CLHGI: AND 2 HUMAN V-KAPPAdIl:PIE! 1 1].VKAPPA3'CL[82I.)

4' THE FOLLOWING WERE EGUALLY AND MOST FREQUENTLY OCCURRING:
AT POSITION RESIDUES

22 . (SERASRASN)

96 ETRPJYR
104 LEUNAL
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' INVARIANT 1’ 2 3 ¢ 5 6 7 8 9 10 11 12 13 14 15 16‘ 17 18 19 20 21 22 23" RESIDUES NEWM HA LR N|G NEW 5L2 WAH NIG VCR RHE LOC OKA AMYLOID HBJ COX KOH HS HS N16 HS HBJ BJ M2-64 "CL -77 EPS 7 92 7B -51 94 11 98
o u. ..V m m _._ ... .7. ... ... .., ... .3. ...1 PCA(.95) PCA PCA PCA PCA PCA gln PCA PCA PCA PCA PCA PCA PCA PCA PCA F’CA PCA PCA PCA VGA
2 SER SER SER SER SER SER SER SER SER SE71 SER SER SER SER SER SEE SEFI SER SER SER SER
3 VALLSS) VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL 313 VAL VAL VALd LEU LEU LEU LEIJ 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 THR THFI THR THR THR YHR THR THR THR THR THR THR THR THR THR
5 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 PRO8 PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PHD PRC PRO PRO PRO PRO PRO PRO PRO PRO
9 SER SER SER SER SEN SER SER SER SER SER SER SER SER SER 'SER SER SER SER SER SER SEH SER1o ... ... ... ... ... ... ... .H ... ... ... ... ... ... ... 7.. ... V- ... v... ...

E 11 VAL VAL VAL VAL VAL VAL £310 515 513 ale ale 313 Ian «:15 nla elm VAL VAL aka VAL ma1 12 SEE SER SER SER SER SER SER SER SER SEH SE9 SER SER SEH SER SER SER SSH SER SER SER SER SER13 GLY GLY GLY all) uln BIB GLY GLY GLY GLY GLY GLY 818 GLY GLY GLY GLY GLY GLY all: GLV 3H!14 ALA lhr ALA ALA ALA ALA "W 1hr 1h! "W "If (h! ALA (hr 17‘" 11'" ALA ALA val ALA 1hr ALA
15 PROLSS) PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO ser PRO PRO PRO PRO PRO PRO16 GLY GLY GLY .GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY17 GLN GLN gm GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN . GLN GLN GLX GLN GLN GLN GLN GLN
18 AHG ARG ARG glu 1ys lys ARG ARG ARG AFIG ARG ARG ARG vyly ARG scr ARG 1h! an! ARC AFIG19 VALLBS) VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL AL _ VAL VAL VAL VAL VAL20‘ THR THR )u THR THE THE THR THR THF! THR YHR THR set THR THR THR THR Ila THR
21 ILE .95) ILE ILE R.E ILE 1L5 ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE 1LE ILE say22 SE (.95) SEE SER SER SER SER SER SER SEE SER SER SER SER SER SER SER SER SER He
23 CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS .CYS CYS CYS CYS CYS CYS CYS
24 ' THR SER SER SER SER , SER PHE SE9 SE8 THR SER SER SER SEN SER SER
25 GLY GLY ~ GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY
26 SER GLY SER GLY SER SER SER GLY SER SER SEFI SER SER SER SER
§7A SER SER SER SER SER SER THR ASN ALA SER G Y SER SE8 SE97 ... ... ... ...
27s ... ... . ‘ ..v ... ...

C 27c ... ... ... ..u ... ... ... ... ... .... ... M
D 27D SER SER SER THR SEB SER SER PHE THR SER SEH ... 55H SER SENR 27E ASN ASN ASN ASN ASN ASN ASN ASP ASP ASN ASN SSH ASN ASN ASN1 27F ILE GLY --- --- --- --- Au .... -— ILE --> ASN --- --- ---

2B GLY THR ILE ILE ILE [LE ILE ILE ILE GLV ILE [LE LEU ILE MET
29 ALA GLY GLV GLY GLV GLY GLY GLY GLY GLU GLY GLY GLY GLY30 GLY ASN ASP ASN ASN ARG SER ARG ~ SER THR SEE LYS SER ' ARG
31 ASN ASN ASN ASN ASP TVR ASN ASN ASN ASN HIS ASN ASN ASN32 HIS TYR PHE TYR TYR TYR THR SER SER SEH THFI TVH GLN THR33 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL
34 LYS YYR SER SER SER TYH YHR‘ A'SN ILE SEE ASN ASP ASN ASN
35 TRP TRP TRP > "TRP TFIP TSP TRP TRP TRP TRP TRP TRP TRP TRP TR?35 TYR . TYR TYR HIS TYR TYR TYR TYR TVR TVH TYR TYR TYR TYR
37 GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN HIS GLN AHG GLN3E! GLN GLN GLN HlS GLN GLN r115 VAL GLN HIS GLN GLN HIS GLN
39. LEU LEU LEU LEU VAL LEU LEU HIS VAL LEU PHE LEU LEU . VAL40 PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PROF 41 GLY ‘ GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLV' GLY GLY GLY

R 42 THR THR THH THR THR THE THE THE LYS THE THE THR THR ALA2 :13 ALA ALA ALA ALA ALA THR ALA ALA ALA ALA ALA ALA ALA ALA
44 PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO45 LYS LYS LYS LYS LYS LYS LYS AHG LVS LYS LYS LYS LYS LYS
46 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU47 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU VAL LEU48 ILE ILE ILE ILE ILE ILE 1L6 ILE ILE ILE ILE YLE [LE VAL
49 PHE TYR TYR TVR TVF! TYR TVR TYR TYR TVFI TYH PHE TYR TYR
50 ARG ASP GLU ASP LYS SER SEH TVR GLU ARG ASN SEH SER

C 51 ’ ASP ASN ASP ASN ASP ASN SER ASN ASP ASN ASN ASP ’ ASND 52 ASP ASN ASN ASN ASN ASP ASP ASP ASN ASP ASN SER ASNR 53 LYS LYS LYS LYS GLN GLN GLN LEU SER GLN LYS GLN GLN
2 54 ARG AHG ARG ARG ARG ARG ARG LEU ARG ARG ARG ARG TR?55 PRO PRO PRO PRO PRO PRO SER PRO ALA PHO PRO PRO

56 SER SEFl SER‘ SEE SER SER SEE SER SER SER SER ' SER SER
57 GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY

‘55 VAL ILE 1LE 1LE VAL VAL ' VAL VAL VAL VAL VAL VAL
59 PRO PRO PRO PRO PRO PRO PRO SER SER PRO - PRO PRO60 ASP ASP ASP ASP ASP HIS ASP ASP ASP ASP ASP ASP
51 A86 --~ ARG ARG ARG ARG AHG ARG ARG ARG ARG ARG ARG ARG AHG62 PHE PHE PHE ILE PHE PHE PHE F’HE PHE PHE PHE PHE ILE PHE53 SEE SEQ SER SER SEH SER SER SER SER SER SER SER SEE SER SER
64 VAL GLY GLV ALA GLY GLY GLY GLY ALA ALA GLY GLY ALA GLY
65 SER SER SER SEH SER SER SER SER SER SER SER SER 'SER SER SEH66 LYS LYS LYS LYS LYS LYS LYS LYS LYS LYS LYS LYS LYS LYS LYS67 SEE SER SER SER SER SER SER SER SER SER . SEH SER SEH SER SER68 GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY

,69 SER THR THE THE THR THR ALA THR THR THR THE THE THR THR70 SER SER SEH SER SER SER SER SER SEF! SER SEN SER SEH SER SERF 71 ALA Am ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALAR 72 THR SER THR THR THR SEH SER SER SEE SER SEE THE SEH SER3 73 LEU LEU LEU - LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU L50
74 ALA ALA GLY ALA GLY ALA ALA ALA ALA ALA ALA GLY ALA ALA75 tLE DLE 1L2 ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE ILE 11.576 THR SER THH THR THR SEfi SER SEE SEH- SEH SEE THE SER SER
77 GLY GLY GL‘I GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY7B LEU _ LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU
79 GLN ' ARG GLN AFIG GLN AHG GLN GLN GLU GLN GLN GLN GLN HIS80 ALA SER .THR THR THR SER SER SEH SER PRO SER THR SER SE“81 GLU GLU GLY GLY GLY GLU GLU GLU GLU GLU GLU GLY GLU GLU
62 ASP ASP ASP ASP ASP ASP ASP ASN ASP ASP ASP ASP ASP ASP83 GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU
84 ' ALA ALA ALA ALA ALA ALA THR ALA xALA THH ALA ALA SEH 'ALA85 ASP HIS ASP ASP ASP ASP ASP ASP ASP ASP ASP ILS . ASP ASP
88 TYR TVR TVR ,TYR TYFI TYR TYR TYR TYR TYR TYR TYR TYR TYR TYR87 TYR HIS TVR TYFI TYR TYR TYR PHE .TYR TYR TVR TYR TYR PHE
88 CYS CYS CYS CYS CVS CVS CYS CYS CYS CYS CYS CYS CYS CYS CYS __BB GLN ALA GLY ALA GLV ALA AM ALA ALA ALA ALA GLY ALA ALA90 SER ALA THE THE THR ALA THH THR ALA ALA ALA THR SEH~ . THE91 TYR TRP TRP TRP TRP THP TRP TRP TRP ' TR? TRP TYR TRP TFIP
92 ASP ASP ASP ASP ASN ASP ASP ASP ASN ASP ASP ASP ASP ASP93 _ ARG TYR SER ASP ASP ASP ASP ASP ASP ASP

0 9d SEF! ARG SER SER SER SEH SEH SEFI SER SERD 95 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEUR 95A --- SER SER ASN ASP ASP ASP ASP ASP ASP
3 32% —- ALA VAL GLY GLY GLU GLY GLY . GLY

950 --- ~- --» ~-QSE _. ...
95F ... ... ... . ... ... ... ... ...
96 ARE VAL GLY VAL TRP THP PHO PRO P O A A PRO SER PRO97 VAL VAL MET VAL VAL VAL VAL VAL GLY VAL VAL VAL VAL .
93 PHE PHE PHE _ PHE PHE PHE PHE PHE PHE PHE PHE PHE PHE PHE89 GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY

100 ‘ GLY GLY -GLY GLY GLY GLY GLY GLY GLY THFI GLY GLY GLY101 GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY 1 GLY
F 102 THE THR THR THR THR THR THH THR THR THR THR THR THE ‘ THER 103 LYS GLN ARG LYS LYS THR LYS LYS LYS LYS LVS ASN LYSd 104 LEU LEU VAL VAL LEU LEU VAL VAL LEU VAL LEU VAL VAL

105 THE THE THR THR THR THR THR YHR THFI THE THE THR THR THR VHF!106 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL
106A LEU LEU LEU LEU LEL) LEU GLN LEU LEU LEU LEU VAL LEU LEU
107 A96 ARG GLV GLY GLY SER GLV GLY GLY GLY GLY »GLYV GLV ‘ GLY
106 GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN
109 PRO PRO PRO PRO PRO PRC PRO PRO PRO PRO PRO _ PRO » PRO
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HUMAN LAMBDA LIGH'Y CHAINS SUBOROUP l (Conl'd)

 

 

 

 

 

 

 

 

24 4 OF 5 or. OCCURRENCES vAn1Ae1Lmr1:111. seoueuces AMINO 0F MOST com/1011111 AC|D$ AMlNO 41:100
1 20 2 191201) 2.1
2 20 1 201559) 1.
:1 21 2 20(VAL) 2.14 21 1 211L120) 1.
5 22 1 22171112) 1.5 21 1 -. 2 21161.11) : 20(GLN) 1. : 2.17 21 1 211mm 1.
B 21 1 21(PRO) 1.9 21 1 2115511) 1.

F 10
R 11 21 :1 11 ALA) 5.71 12 22 1 22 51511) 1.1a . 22 2 1e GLY) 2.8

14 22 3 1111149) 6.
15 21 2 20121-10) 2.116 21 1 21(GLY) 1.
17 21 2 20161.14) : men» 2.1 : 2.213 21 a 14 A86) 9.
19* 2o 2 19§VAL) 2.1
20 20 4 15 T1113) 5.
21 19 2 15 11.5% 2.122 . 19 2 19 SE ) 2.123 C116 19 1 19 61161 1.
24 sea 13 3 1515211) 3.6
25 GLY 1e 1 1BGLY 1.
26 ASN 17 :1 1 $29 3.927 sea 16 5 121329) 6.72711 .-27a «-

c 276
o 270 SER 15 3 12(SER)n 278 15 3 1214514) .1 271-: 4 3 2 11.5)25 1s 5 1L6) 7.5

29 14 3 12161. 3.530 14 7 «sen 25.
31 14 4 11913111) 5.132 14 e 5(TYR 17.as 14 1 141VAL) 1.
:14 14 7 41 +1. '25.
as 14 1 1411122) 1.as 14 2 ' .131TYR) 2.2
37 14 :1 121cm) 3.5x :13 14 a 916m) 47
39 14 4 9(LEU) 8.240 14 1 1 PRO) 1.

F 41 14 1. 1 GLY) - 1.n 42 14 3 121111111) 3.52 4a 14 2 13(ALA) 2.2
44 14 1 141121110) 1.45 14 2 1311.115) 2.2
45 14 1 1 LEU 1. .
47 14 2 1 1.51.1) 2.2411 14 2 1 11.12) 2.2
49 14 2 12mm) 2.3
so 14 8 415671) 213.51 14 3 SASN) 5.31

g 52 14 3 811151;) 5.3n 53 14 5 6161. ) 12.2 54 14 3 12141113) 3.555 12 3 1019120) 3.3so 12 1 1215131) . 1.
57 12 1 12161.11) 1.55 12 2 SVAL) 2.7
59 12 2 10191210) 2.4
so 12 2 . 11 ASP) 2.261 13 1 1:1 ARG 1.
52 14 ‘ 2 12 PHE 2.368 14 1 14131211 1.
64 14 :1 s GLY) 4.765 14 1 1 sea) 1.
55 14 1 1 1.1/3) 1.s7 14 1 1 sea 1.
ea 14 1 14 GL 1.
69 14 a 12 mn 5.5
70 14 1 1.3591 1.

F 71 14 1 1 ALA) 1.H 72 14 2 91321:; 3.13 7:1 14 1 1411.51) 1.74 14 2 11 ALA) 2.575 14 1 14 [LE 1.7e 14 2 9 SE 1 3.1
77 14 1 14 GLY) 1.73 14 1 1 LEU) 1.
79 14 4 9161.14) 6.2so 14 4 a sea) 7.
a1 14 2 10(GLU) 2.3
132 14 2 121145?) 2.28:1 14 1 1 GLU 1.
e4 14 3 11 ALA) 1 3.335 14 a 12 ASP) 3.5as 14 1 1 TYR) 1.
a7 14 a 11 TYH 3.3as 14 1 1 cvs 1.
39 14 :1 10 ALA) 4.2
90 14 :1 7 THR; s.91 14 2 12 TRP 2.392 14 2 121Asp 2.393 14 5 514513 4.5

c 94 14 2- 125211 2.3D 95 14 2 1 LEU 2.211 95A 11 3 13145?3 9513 11 4 6(GL956
950
95595F .
96 14 7 6(PRO) 1e.97 14 3 12m 3.5
98 14 1 14121-12 1.99 14 I 14181. 1.

100 14 2 13161. 2.2
101 14 1 1 61)] 1.

F 102 14 1 {$11112 1.R 103 14 s 101.113 7.
4 104 14 2 7 + 1 4.105 14 1 1 THE) 1.

106 14 1 141VAL) 1.108A 14 3 12(LEU)
107 14 3 LLLGLY) 3.3
103 12 1 12(8LN 1.
109 12 1 1219910; 1.
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O O
ANTIBODY SPECIHCITIES: HUMAN LAMBDA UGHT CHAINS SUBGROUP I

1) NEW: ANTI-G—(G'—HYDROXY»3'.7'.I1'.15'.TETRAMETHYL HEXADECYL) Z-METHYL 1.4 NAPHTHOOUINONE(VIT.KIOH)
~ '16) KO”: ANTI—HUMAN GAMMA G GLOBULIN

REFERENCE: HUMAN LAMBDA LIGHT CHAINS SUBGROUP l
1) NEWM: 'CHENIBL. 8 POLJAK.R.J. (1974) BIOCHEMISTRY.13.1295-1302. (CHECKED BY AUTHOR 01/24/78)
2) HA: SHINODA.T..T)TANI.K1 & PUTNAM.F.W. (1970) J.BIOL.CHEM..245.4475~4487. (CHECKED B‘f AUTHOR 06/15/83)
3) LR: CAULIN‘GLASERJ'JDRELLLF. & FRANKLINfiIC. (1982) J.LAB.CLIN.MED..99.8¢5~851. (CHECKED BY AUTHOR 12/10752)
4) MIG-84: TONOIKE.H..KAMETANI,F‘.HOSHLAWSHINODAJ'I 8. ISOBEJ’. (1985) BIOCNEM,BIOPHYS.RES.COMMUN..126.12284234t
5) NEW: LANGER,B..STEINMETZ»KAYNEIM, 8 HILSCHMANNN. (1968) Z.PHYSIOLICHEM.349345-951. '
6) BL2 'CL: TSUJIMOTO.V. 8. CROCEICAAI (1986) NUCACIDS RESI.12.5407v54141
7) WAH: TAKAHASHI.Y..TAKAHASHLN.,TETAERT.D. 8- PUTNAMF‘W. (1963) PROCAJAT‘ACAD,SCLUSAJOKJBSEGEQQ (CHECKED BY AUTHOR 06115/83)
E) PUG-77: TONOIKE.H KAMETANIFHHOSHLA.,SHINODAJ’, 8 ISOBEJ’. (1985) BIOCHEM.BIOPHYS,RES.COMMUN..I26.1228-12341‘

9) VOR: ‘ENg-ELHARD‘M,_HESS.M. 3 HILSCHMANN.N. (1976) Z.PHYSIOLICHEM‘.355.B5-88: ENGELHARDJJL 8 HILSCHMANN.N. (1975) ZAPHYSIOLVCHEM..358.
‘ ‘1 1444.

10) RNE: FUREY.W. JR..WANG.8.CI,YOO.C.S. & SAX.M. (1983) J.MOL.8IOLI.167‘Ss1-692. (CHECKED BY AUTHOR 05/15/84)
11) LOCI ZHU.D..KIM_H.SI 5 DEUTSCH.H.F, (I963) MOL.IMMUNOL..20.1107—1‘16.
12) OKA: ZHU.D.,K)M.H,S. A DEUTSCH,H.F. (1953) MOL.IMMUNOL.,20,1107-1116.
13) AHYLOID EPS: TOFT.)<.G..SLEWEN.K. a HUSBY,G. (1985) BIOLCHEM,HOPPE~SEYLER.366.617>625.
1b) NBJ7: HOOD‘L‘GRA‘nWRMSANDERS.B.G. d. OFIE‘IERANJ. (1967) COLD SPRING HARBOR SYMP. QUANTITATIVE BIOL..32,133|45.
15) Cox: 2HU.D..KIMIH.S, & DEUTSCH.H.F. (1983) MOLJMMUNOL..20.1107~1116.
16) K0": KAPLAN,A,P_ 8. METZGER.H..|1959) BDOCHEMISTRY.6.3964~3953. .
)7) H3922. HOOD.L. A EIND. (1968) NATURE220‘756-767: (1966) SCIENCE.1662.679-651.
18) Hs7a:_ NOODL. 8. EIND. (1968) NATURE122O.754-767; (1968) SCIENCEJSSZG79—681. v
19) MIG-51: TAKAHASHI.NIAKAYASUJHSHINODAJ’..ITO.S..OKUYAMA.T. 8- SHIMIZU.A. (1980) BIDMEDHESJBZ‘IGGJ (CHECKED BY AUTHOR 01/26/81)

'20) H394: HOOD.L. A EIND. (1966) NATURE.220.764~767: (1968) SCIENCE.1662.679«681.
2!) HBJH: H00D.L..GRAY.WIR.,SANDER$.BIG. 8- DREYER.W.J. (1967) COLD SPRING HARBOR SYMP. GUANTITATIVE BIOL..32.133—165.
22) 8.193: BAGLIONIQ, (1967) BIOCHEMBIOPHVSRESCOMMUN..28.82-89. _ .
23) M2: MILSTEINENFRANGIONEB. A PINK.J.R.L. (1967) COLD SPRING HARBOR SYMP. QUANTITATIVE BlOL..32.31-35, (CHECKED BY_AUTHOR 10/17/77)24) FUL: SOX‘H‘CNJR. 8 HOOD.L. (1970) PROCNATACAD.SCI.USA.SS.975~982.

NOTES: HUMAN LAMBDA LIGHT CHAINS SUBGROUP I
IDENTICAL SETS OF FRAMEWORK SEGMENTS:

FR1: SET 1: WAHI7],NIG-77IBI,VOH19).FIHEI1OLLOCH1LOKA|12L (6 IDENTICAL)
FRZ: SET 1: NEWMH .AMYLOID EPS 13]. (Z IDENTICAL)‘ SET 2: HA 2).NI -64|4), 2 [DEN ICAL)

SET 3: N1 -77(8],LOC(|1) (2 IDENTICAL)FRS: SET 1: NIGG‘AWLBLZ 'CL)6]. (2 IDENTICAL) _
FRd: SET 1: NEWMH). IDENTICAL TO 1 HUMAN V-LAMBDAvII: WHIS); AND 1 HUMAN V-MMBDA-V: 3011),)SET 2: NEWISLVO [SLCOXHSL 3 IDENTICAL HUMAN V~LAMBDA-I: ALSO 1- HUMAN V-LAMBDA-VI: AMYLOID-ARIU: AND 6 MOUSE V~LAMBDAI

MOPC315125),TEPC95 )26IJ‘V1A8-13I27).5-7I29LM0P03I5~26‘CL'I30LMOF’C315‘37'CL132I)’1SET 3: BL2 ‘CL16].RHEI10).OKAI12).NIG>51]19I. (4 IDENTICAL HUMAN V-LAMBDA-I; ALSO 5 H0 AN V~UXMBDA~II: MESIZLESdSZIBIJROHaL‘ VILH7LWINI21]; 4 HUMAN V-LAMBDA-HI: HILI‘I),CAP(ALBAUHQLDELHA): 1 HUMAN V-LAMBDA-IV: SfllII: 3 HUMAN V-LAMBDA—VI:
SUT!2).THO|4].LBV'CLI5); AND 24 MOUSE V-LAMBDA: MOPC104EIIl,J558)2).XS1OdlalIHOPCHd).J595l5).H2061I6I.W3159[7).
Y5431)8).Y5485[9|.V5830110).Y5669(11&MOPCS‘I1(L3H2LSI7BI18LY54‘MI14).Y5606l15).$176116I.H202DI17LRF’C20IIBIJG303LAMBDA'CLI191.543‘CL121LSZH5‘ L138.S2E9‘ Ll391.S1F12'CL|40).IG 25LAMBDA’CL1411.)SET 4: LOCI”), (IDENTICAL TO 1 HUMAN V-LAMB A-V: MCGISI.)

IDENTICAL SETS OF COMPLEMENTARITY DETERMINING REGIONS:CDFH: '
CDHZ: SET 1: MIG-64(4).BL2 'CLIS). (2 IDENTICAL)
CORE: SET 1: YOR[9)NlG-51HS). (2 IDENTICAL)

IDENTICAL SETS 0F J-MINIGENES:
SET 1: NEWI5). IDENTICAL TO 1 HUMAN VwLAMBDA-Vl: AMVLOID~AHIH.)
SET 2: BL2 'CL) ]. IDENTICAL T0 2 HUMAN V-LAMBDA-VI: SUT]2).~THO|4): AND 24 MOUSE V-LAMBDA: MOPC1OAEI1LJ558|2LXSIMIGLHOPCIIA).

JESSISIM 06116],W3159)7LY5431I8).Y5¢8519].Y5830110l.Y5869|11).MOPCS1EL)!12LS178|13).Y54M|14].Y5606|15).$176|1G].H2020I17I.HPC2OI18).IG 303LAMBDA'CLI19LS43‘CL121I.S2H5‘CLISBI.SZE9‘ L89).S1F12‘CLMO).IG 25LAMBDA'CLH1).)SET 3: VORIQMZOXHSL (2 IDENTICAL ,SET 4: OKAI12).NIG-51l19]. (2 IDENTI AL)

SPECIFIC rio‘ras: .
24) rm: sox AND HOOD HAVE REPORTED roun HUMAN v KAPPA AND ONE v LAMBDA CHAINS WITH ASN-SEFVTHFI To CONTAIN CARSOHVHDRATE.

+ THE FOLLOWING WERE EOUALLY AND MOST FREQUENTLY OCCUERING:
AT POSITION RESIDUES

34 (SERASN;
104 '(LEUNAL
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HUMAN LAMBDA um" anms suecnouv u

_, ,INVARIANT 1 2 3 A 5 e 7 e 9 10 x1 12 13 1a 15 La 17 1e 19 20 21 22 23 24nesuoues NlG Mes wn NE! KAR RIM SLA essez WELn TOG SM ns ns Tno eon NIG v1L HBJ HBJ ns wm eun PRE HS‘84 I # 68 77 -53 1s '8 70 aso ... ... ... e. ._ ... ... ... ... _ A. ... .s. .L. ... ... ... ... ... ... ... L. ... ... a.
1 PCA PCA PCA PCA PCA PCA PCA PCA PCA PCA PCA PCA PCA PCA PCA PCA his PCA PCA PCA PCA PCA nCA PCA
2 seane) sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen, 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 LEULQS) Leu Leu LEU Leu LE1; LE1) LEU Leu LEU Leu LEU LEU LEU Leu LEU Leu Leu Leu Leu Leu Leu LEU Leu Leu
5 THR THR Tnn mn THR rnn THR Tnn THn THR THR THR mn THR THR mn mn THR am so! Tnn Tnn THR ale
6 GLN(.95) GLN GLN GLN GLN. GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLX GLN GLN7 PRO PRO pno nno nno nno PRO nno Pno PRO Pno nno nno pno Pno PRO nno nno Pno pno PRO PRO 99: PRO
8 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ar 3: m ALA ALA ALA ALA pro er :0 ALA
9 seans) sen sen sen sen sen sen sen sen sen sen sen sen sen se se se sen sen sen sen nrg se en sen10 n. ... ... ... u. ... ... “- ... _. .A. ... ... .... .... ... ... ... .. .e. ...L u, _A. ...

a 11 1, VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL ale VAL1 12 seana) sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen13 GLY va GLY GLY GLv GLY GLY GLV GLV am glu GLY GLY sLV GLY GLY GLY GLY GLV va GLY GLY GLY GLY
1a senmsy 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 Pnomm nno Pno nno nno Pno pno Pno Pno Pno Pno Pno nno PRO Pno PRO nno lou pno Pno nno PFIO nno PRO PRO16 GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY va GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY17 GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN em GLN GLN em GLN sLN GLN GLN his GLN In
18 sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen 1m sen sen sen sen sen en19 ILE me me me ILE LLe ILE LLe ILE me we ILE ILE val val mu me me lLE LLe Vet val Val ILE
20' THR THR THR THn THR THR Tnn THR THR mn THR rnn THR THR THR THR Tnn mn THn THH Tnn THR Tnn Tnn Tnn
21 LLe )LE ILE LLe ILE lLE ILe ILE vs! )LE ILE ILE LLe )LE LLe LLe ILE ".822 sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen2:1 cvs cvs cvs cvs cvs cvs cvs cvs cvs CYS ch cvs CYS cvs cvs cvs cvs cvs
24 mn THR mn THR ALA ALA THR mn THR ALA sen THR THR ILE
25 GLY GLY va GLY GLY GLY GLY GLY GLY GLV GLV GLY GLY« GLY26 we run THR THR THR HIS THR Asx Tnn an ALA Tnn sen Tnn
37 THE sen sen mn HIS Tnn THR sen sen sen PRO sen TYR sen7A A. ... ... ... ... ... .... .L. -.. ... ..
27a .. L. A. ._ ... ... ... ..L ...

0 27C ... a. ... ... w. ... .... ... ... ... ... ... ... ...
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 Asn ASP As~ ASN, 27F .VAL VAL VAL VAL VAL VAL ILE VAL VAL VAL VAL VAL VAL VAL23 GLV GLV GLV GLY As~ ALA GLY GLY GLY GLY ASP GLY THR GLV

29 GLY GLY sen sen PHE ASP sen ... ALA GLY GLY GLY GLY ASPso wn TYR TVR 7vn THR sen wn rYn As~ cvs wn Tvn ‘rvn31 ASP ASN ASN ASN Asx ASN sen ASN HIS GLU ASN ASN Lvs
32 nne TYR nne PHE ALA sen wn sen F'HE sen Tvn ms 'rvn33 VAL VAL VAL VAL lLE VAL VAL VAL VAL VAL VAL VAL
34 sen sen sen sen sen sen .— sen sen sen sen sen sen
35 me TRP Tnp TnP TRP TRP TRP TRP TRP Tnn TRP Tnn rnn TRPas TYR PHE TYR wn wn PHE wn m wn 1vn TYR PHE wn TYRa7 GLN GLN GLN. GLN GLN GLN GLN vGLN GLN Gm GLN GLN GLX38 GLN GLN GLN GLN LEU eLN GLN GLN GLN GLN GLN GLN GLX
39 ms ms HIS ASN ms HIS wn ~-— ms H65 HIS ms ASP ms
a0 PRO nno Pno Pno Pno PRO nno Pno Pno Pno Pno Pno PRO PRO

F 41 GLY GLV GLV GLY va Asp GLV GLY GLY eLY GLY GLY GLYn 42 LYS LYS LYS LYS 1Le LYS LYS LYs LYS LYS Tnn LYS Lvs2 A3 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA VAL ALA
44 nno PRO nno PRO PRO nno Pno pno nno Pno PRO nno pno PRO
as LYS Lvs Lvs LYS LYS LYS LYS —- LYS LYS LYS LYS Lvs LYS46 Leu Leu LEU Leu LEU LEU VAL Leu LEU LEU Leu Leu Leu
47 LEU MET ILE MET MET Leu 1.81; M81 ILE ILe ILE MET ILEas ILE )LE ILE ILE LLe lLE LLe ILE ILE ILE ILE LLe ILE . me
49 Tvn pne Tvn TVR PHE TYn PHE ... PHE ‘rvn TVR sen Tvn Tvn
50 ASP ASP ASP GLU ASP ALA ASP --— ASP GLY GLY GLU ASP GLU5L VAL VAL VAL GLY VAL VAL VAL -—- VAL VAL PHE VAL VAL VAL

g 52 ASN sen mn ASN sen THn ASN THH ASN sen AnG Asn sen
n 53 sen GLu 'rvn LYS ASN nne sen LYS LYS ASN AsN LVs sen2 54 Ans ARG Ane Ana AFIG ARG ARG Ans Ans Ans Ane ARG ARG55 nno nno nno PRO Pno nno Pno Pno nno Pno Pno nno nno

sa sen sen sen sen sen sen sen sen sen sen sen sen sen sen
s7 GLY GLY GLV GLV my GLY GLY GLY GLY GLY aLY GLY GLV53 ILE VAL OLE VAL VAL ILe VAL VAL VAL VAL VAL VAL VAL
59 sen sen sen sen sen Pno sen PRO Pno Pno sen Pno nno
so As»: ASP sen AsN ASN Leu HIS ASP TYR Leu ASP Asn Ases1 ARG Ana ARG Ans Ans ARG ARG Ana Ana ARG Ans AnG Ane Am:52 nne nne nne PHE PHE PHE PHE LEU PHE PHE PHE PHE PHE PHEas sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen
64 GLY GLY GLY SLY GLY GLY GLY GLY- GLY GLY GLY GLY GLV GLY GLV
55 sen sen sen sen sen sen sen sen sen sen sen sen sen sen senes LYS LYS ARG LYS LYS LYS LYS -- LYS LYS LYS LYS Lvs Lvs Lvss7 sen sen sen sen sen sen sen -—- sen sen sen sen sen sen
as GLY GLY GLY GLY GLV GLY GLY -- GLY GLY GLY ALA ALA GD!
69 ASN ASN ASN LYS ASN ASN ASN -—- ASP ASN ASP ASN ASN Asx7o THR mn THR THR THR THFI THR .- THn THR ALA THR THn mn

e 71 ALA ALA ALA ALA ALA ALA ALA ALA ... ALA ALA ALA ALA ALA ALAn 72 sen sen sen sen sen sen sen sen sen sen sen sen sen3 73 Leu LEU Leu Leu LEU Leu Leu LEU Leu Leu LEU LEU Leu LED74 mn rnn THR THE THE THR THR THR -— Tun Tnn Tnn THn THR THR
7s DLE )LE yLe 1Le ILE m; ILe .. 1Le ILE me me )LE we
76 sen sen sen sen sen sen sen sen sen sen sen sen sen sen77 GLY GLY GLY va GLY GLY GLY GLY <3LY GLY GLv GLY GLY GLY
7e Leu LEU LEU LEU LEU Leu Leu Leu Leu LEU LEU Leu Leu79 GLN GLN GLN GLN GLN Leu GLN Ans L3L~ GLN GLN GLN
ac ALA ALA ALA VAL ALA pno ALA ALA ALA VAL ALA ALA81 GLU em on) GLU Asp GLU -—- ASP GLU GLU GLU AsN92 ASP ASP ASP ASP Asn ASP ASP ASP Asn ASP ASNas aw GLU GLU GLU GLU GLU GLu - GLU GLU GLU GLU GLU
so ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ‘ ALAas ASP ASP ASP ASP ASP HIS ASP HIS ASP ASP ASP
as HR TYn ‘rvn Tvn TYR TYn wn Tvn Tvn TYFI TYR rvne7 - TYR 1vn Tvn Tvn PHE nne TYR Tvn TYR TYR
ea cvs CYS cys CYS cvs cvs cys cvs cvs cvs cvs
99 sen sen sen~ sen me? sen cvs cvs sen sen90 sen sen sen sen sen sen m sen sen sen sen91 pne Tvn= TYR pne vvn wn ... Wn Tvn TYR TYn92 THR ALA THR THR LEU Ans -— ALA ALA ALA THE!93 THR ch sen ASP sen THn GLY GLY ASP sen

c 94 THR sen Asx THR Asn sen ARG AnG sen sen
D 95 ASN ASN sen THn ALA GLY ... TYn PHE sen Asnn 95A sen THR Tnn GLN sen THR ... sen THR ... sen3 955 ARG .— Leu -—— -95c; LL . a. ... .—. ... ... ... ...

951) ‘_ ... ... ... ... ... ...sse ... m m
95F .— ~- .e
98 ALA VAL Ans Ans nne LLe Leu TYR97 VAL ILE Leu VAL VAL VAL VAL 1Le VAL ILE VAL
se PNE pne pne PHE pne pne pne nne pne pne PHE rne nne pne PHE
es GLY GLY GLY GLY va GLV GLY GLV GLY GLY -— GLY GLY GLY GLY GLY GLY GLV100 GLY GLY GLY GLY Tnn Tnn THR sen GLY GLY GLY ALA eLv GLY THR nan

L01 GLY GLY GLY GLY GLY GLY GLY GLY GLV GLY ~- GLY GLY GLY GLY GLY va GLY
F 102 nm Tnn THFI THn Tnn mn YHR rnn THR Tun Tnn .— non THR THR THR THR THH Tnnn 103 LYS LYS LYS Ans GLN Ano LYS LYS LYS TYR LYS As~ LYS LYS LYS LYS Lvs4 104 Leu Leu Leu VAL VAL Leu VAL VAL Leu LEU Leu Leu LEU VAL

L05 sen 1nn Tnn THn Tnn THR THR mn THR ‘I’HR THR THR THFl 1Le106 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL .VAL VAL VAL VAL
106A LEU LEU LEU LEU Leu Leu LEU Leu -~ Leu LEU LEU Leu Leu Leu
107 GLY GLY AHG sen GLY Ans ARG ~~ GLY GLY Ans GLY GLY GLY
108 GLN GLN GLN GLN GLN GLN GLN GLN GLN GLX109 PRO pno pno PRO Pno Pno nno Pno PRO PRO new
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25 26 18 OF 19' 0F OCCURRENCES VARIABIUTYWAL 44 SEOUENCES AMINO OF MOST COMMON'CL ACIDS AMINO ACID0 v. ....
1 PCA gin 26 3 24(PCA) 3.3
2 SEE 1hr 26 2 25(SER) 2.13 val v91 25 3 231ALA) 3.4
4 LEU val \ 2S 2 25(LEU) 2.1
5 THR 11-151 26 3 23111451) 3.4 _6 GLN GLN 26 ' 1 :2 26(GLN) :25(GLN) 1. 2 2.1
7 PRO glu 26 3 24(PHO) 3.38 to re 26 a 18(ALA) 4.39 28 ER 26 2 25(SER) 2.1

F 10 ... ... ‘
R 11 1113 leu 26 3 23(VAL) 3.4‘ 12 SEE 1hr 26 2 25(SER) 2.113 GLY v51 26 4 23(GLY) 4.5

14 (hr SER 25 2 25(SER) 2.1
15» PRO PRO 26 2 25(PRO) 2.11S GLY GLY 26 ‘l 26 GLY 1.
17 GLN gly 26 4 23 GLN 4.5
13 avg 1m 26 a 23(SER) 3.419 val 25 3 18(1LE) 4.2

.20 THR 25 1 25 THE) 1.21 1211 19 :5 17 ILE) 3.4
22 1111 18 2 17(SER) 2.1
23 CYS 18 1 1B(CYS)_ 1.
24 ALA 15 4 9(THR) 6.7
25 SER 15 2 14(GLY 2.126 SER 15 5 10(THR 7.527 THR 15 5 7(SER) 11.27A
275

C 27C ---
D 270 GLY 15 4 12(SER)
R 27E ALA 15 4 11(ASP)1 27F VAL 15 2 14(VAL)2B THR 15 5 10(GLV) 7.5

29 SER 14 5 6(GLY) 12.»
30 GLY 14 6 9(TYR7) 9.331 TYR 14 7 8018112 : (ASN) 12. : 1432 YYR 14 5 (TYH) 14.33 PRO 13 3 11(VAL) 3.5
34 ASN 13 2 J§EEL 2.2
35 TR? 14 1 14(TRP) 1.36 PHE 14 2 10(TYH 2.8
37 GLN 14 1 : 2 14(GLN) : 1 (GLN) 1. : 2.2so GLN 14 2 : a 13(GLN) :.121C5LN) 2.2 . 3.5
39 LYS 14 5 10(HIS 7.
40 PRO 14 1 14(PF1 ) 1.F 41 GLY 14 2 13(GLY) 2.2R 42 GLN 14 4 11(LYS) 5.1

2 43 ' ALA 14 2 13(ALA) 2.2
44 PRO 14 1 14(PF10) 1.45 ARG 14 2 13(LYS) 2.246 ALA 14 3 12(LEU) 3.547 LEU 14 3 5 -— ) 8.4
46 ILE 14 1 145)LE) 1.
49 TYR 14 3 9(TYR) 4.7
50 SER 14 5 HASP) 10.C 51 THE 14 4 1 1(VAL) 5.1

D 52 SEE 14 5 5(SER) 14.n 53 ASN 14 6 4( -r ) 21.
2 54 LYS 14 2 13mm; 2.255 H15 14 2 13(PHO 2.2

56 SEE 14 1 14lSER] 1.57 TR? 14 2 13(GLY) 2.255 THR 14 3 10(VAL) 4.2
59 PRO ‘ 14 2 '7 A ) 4.so ALA 14 7 . 5A5?) 20.
61 ARG 14 1 141ARG) 1.62 PHE 15 2 14 PHE 2.163 SER 15 I 15 SE? 1.
64 GLY 15 1 15030!) 1.
65 SER 15 1 15(SER) 1.

66 LEU 15 3 13(LYSg 3.567 LEU 14 2 13(SER 2.2
68 GLY 14 2 12(GLY) 2.3

59 GLY 14 4 10(ASN5: 9(ASN) 5.5: 6.270 LYS 14 3 1 (THE) . 3.5F 71 _ ALA 14 1 14941.14) 1.R 72 ALA 14 2 13(5551) 2.23 73 LEU 14 1 14(LEU) 1.
74 THR 14 1 14(THR) 1.75 ' LEU >14 2 13(ILE 2.2

76 SER 14 1 |4§SE g 1.77 GLY 14 1 14 GLY 1.
7B VAL 14 2 13(LEU) 2.2
79 GLN 14 3 12(GLN) 3.580 PRO 14 3 10(ALA) 4.281 GLU 14 3 11 GLU) 3.882 ASP 14 2 I ASP 2.283 GLU 14 1 14 GLU 1.
84 ALA 14 1 14(ALA) 1. '
85 GLU 14 3 : 4 1|(ASP) : |O(ASP) 3.8 : 5.666 11m 14 1 14(TVR) 1.87 TYR 14 2 12(TVR) 2.3Ba ch 14 1 14(cvs) 1.as ‘ LEU 14 4 usen 7.
so LEU 1-1 2 13(SER 2.291 TVR 14 2 12(TYR 2.3
92 TYR 14 7 5(ALA) 20.
93 GLY 14 4 7|GLY) 8.

C 94 GLY 14 5 : 6 5(SER) 14 : 17o 95 ALA 13 7 31 + ) 30-

g 954 11 3 5§ . 13 958 .— 2 2 1 +195C
95D95595F
96 13 8 5(VAL) 21.
97 VAL 16 3 10gVAL1 4.598 PHE 16 1 16 PHE 1.
99 GLY 18 1 18 (SLY; 1.100 SER 1B 4 10(GLY) 7.2

101 ch 1a 1 18(GLY) 1.
F 102 THR 1B 1 18(THR) 1.
R 103 LYS 1a 5 13(LYS) 6.94 104 VAL 15 2 9(LEU) 3.3105 THR 15 3 130111?) 3.5105 13 1 13(VAL) 1.106A ... 13 1 13(LEU)

107 1a 3 BLGLVL 4.9
109 1o 1 : 2 10161116 : 8(GLN) 1 : 2.2109 10 1 1 (FRO) 1.
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NOTES: HUMAN LAMBOA LIIGHT CHAINS SUBGROUP ll
IDENTICAL SETS OF FRAMEWORK SEGMENTSS

_ FRI: SET I: NIG-Bd)ILMES(2LWH(3LNEHdl.KAR(5I.RIMl5|.SLAI71. (7 IDENTICAL)SET 2: TRO(14I.BOHI15L (2 IDENTICAL)
FRZ: SET 1-. WHlBlBOHHSLNIG-SBII6).8UR(22L (a IDENTICAL)‘FRI]:

F34: SET I: WHISL SDENTICAL TO I [HUMAN V-LAMBDA-l: NEWMHI: AND I HUMAN V~LAMBDA-V: BOI1),)_SET 2: MESIZL S49218L7RO|14LVILI17),WIN|21L 5 )DENT‘CAL HUMAN V-LAMBDA~H: ALSO 4 HUMAN V-LAMBDA‘I: 8L2 "CHELRHEHOI.OKAIIZ).NIG~5I|19I: 4 HUMAN V‘LAM DA-Ul: HILI1I.CAPI4LBAUI|2.DELI‘Al: 1 HUMAN_V~LAMBDA~IV: SHI‘II: 3 HUMANVALAMBDA.VI: SUTIZ).THOHLLBV'CL15): AND 24 MOUSE V-LAMB A: MOPCIDAEI‘ILJSSSI2LXSIOAIS),HOPC1(4).J69815LH2061(6).
W3159(7I.Y5431lBl‘Y5465l9l.V5830[‘0).VSSGQI1ILMOPCSI KL)! I2].SI781|3LY54MI HILYSGOSI ISLS‘ 76! 16LH2020( 17}.
RPCQDIIBIJG GOGLAMBDA’CH191.3431:leLS2H5‘CLI38LSEE9'CLISSLSIFIZ'CLIAOIJG 25LAMEDA'CLIMHSET 3: NIG-84|I). (IDENTICAL TO I HUMAN V-LAMBDA-Ill: GARNL)

IDENTICAL SETS or COMPLEMENTARIW DETERMINING REGIONS:
com: SET I: MESIZ).VILI17I. (2 IDENTICAL HUMAN V-LAMBDA~II: ALSO I HUMAN V-LAMBDA4V: MCGIGI.)cone: SET n me.aam,roenoy, (2 IDENTICAL)
CDRGJ

IDENTICAL SETS OF J—MINIGENESH
SET 1: MESKZLTROH4L (2 |DENT|CAL HUMAN V~LAMBDA~)I: ALSO I HUMAN V»LAMBDA-Ill: BAUIIQL)SET 2: ESAstBLVlLHH. (2 IDENTICAL HUMAN V-LAMBDA-II: ALSO I HUMAN V-LAMBOA-III: DEL‘MI.)

SPECIFIC NOTES: .

II) SM: IT HAS O-LINKED CARBOHYDRATE ATTACHED TO SEE AT POSITION 22 AND N-LINKED CARBOHYDRATE ATYACHED TO ASX AT POSITION 25.
+ THE FOLLOWING WERE EOUALLY AND MOST FREQUENTLY OCCURRING: .

Wis. -47 (ILE.MET) .53 (LYS,ASN)59 PRO‘SER)
95 SER.ASN) ‘
95A THFLSEFI) ' .955 LEU.AFIG)
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HUMAN LAMBDA LIGHT CHAiNS SUBGROUP III

 

     

 

        
 

 
 

 

 

   

       
 

 

INVAHIANT 1 2 3 4 5 6 7“ . 6 9' 1O 11 12 13 14 15 16 17 18 19 2D 21 22RESIDUES' HIL v0 PS CAP Lov LOY GAR CH X KERN TA BAU AMYLOID DELv LYN NIG AMYLOID MOT wxG WHI DU LON
. A G (PET) 753' -58 808 w

o ... ... ... ... ... ... ... y ... ... ...
1 SER SER SER SER SER SEH SER SER --~ SER - -« ~-~ ... he SER - --- nm
2_ TYRLSG) TYR TYR TYR TYR TYH TYR YYR TYR TYR TYR VVFI TYR’ TYR TYR TYR TYR YR phe TYR TYR TYR
3 GLU GLU GLU GLU GLU GLU GLU GLU asp ola am asp val GLU asp asp GLU gly val GLX say4 LEULSS) LEU LEU LEU LEU LEU LEU LEU LEU L'EU LEU LEU LEU LEU LEU LEU LEU LEU val LEU LEU LEU

, 5 THR THR THn THR THH THR [is THR THR THR THR THH sex THR ”rHR THR THR ser THR YHH THE5 GLN GLN GLN GLN GLN GLN G N 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 PRO aln PRO PRO 319 PRO PRO
9 - PRO _ PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO
9 SER SER SEF! SER SER SER SER SER SER SER SEQ SEH SER SER SER SER SER SER SER SER SEH SEER SEH10 .V. ... .... ... ... .V. ... ... u. ... ... ... ... m ' ... ... _,. _.

a u ’ VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL leu mo! VAL VAL Ieu VAL VAL VAL lcu VAL VAL‘ I2 SER SER SER SER SEE SEH SER SEH SER SER SER SER SER SER SER SER SER SER SER SER SER SER SER13 VALLQS) VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL Ieu VAL VAL VAL VAL14 SER SER SER SEE SEH SER SER SER SEH SER SEFI SER SER eta phe SER SER ala SEE ala SER SEER
15 PROLQS) ¢RO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO ala PFIO PRO PRO PRO16 ‘GLV GLY GLY GLY GLY GLY GLY GLY GLY GLV GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY17 GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLX GLN GLN GLN GLN GLN GLX GLX
18 THR THR THR THR THR THR ”(HR THR THR THR THR THR THE THE pro THR THR THE THE YHR
19 ALA(.95) ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA gly ALA ALA ALA ALA ALA
20 ARG ARG'ARG ARG sev so: ARG ARG ser val set 52: ARE 1hr lyr me! set ARG1 ILE )LE ILE ILE ILE ILE 1L5 ILE ’LE ILE ILE ILE ILE )LE |LE ILE ILE ILE ILE22 THR THR THR THR THR THR THR THR THR THE THR THR THR THR THR THFI THR THH THR23 CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS CYS .CYS CYS CV8 CYS CYS CVS
24 SEE SER SEE $ER SER SER SEE SER SER SER SER GLY SER SER GLU GLX
25 ALA GLY GLY GLY GLY GL‘f GLY GLY GLY GLY GLY GLY GLY GLY GLY
26 A ASN ASP ASP ASP ASP Asx ASP ASP ASP ASP GLX ASP ASP ASP ASN Asx
32A ALA ALA ALA ALA ... VAL LYS ASN LYS Asx GLY ALA ASN ASP ASX279 ' .I.’ ..I L: I. .. V .1.27c'

g 270 _.27E ... ..
T 27? ... . _ . . ... ...2B LEU LEU LEU LEU LEU LEU 1LE OLE

29 PRO --- ~~~ PRO V GLY GLU GLY GLY GLX30 GLX GLX LYS ASP LYS ASN GLU GLX31 GLN GLX GLX LYS LYS THR GLU ARG32 TYR ASP PHE PHE SER TYR33 ALA VAL VAL VAL VAL VAL
34 TYR CYS SER ‘ SER HIS CYS35 TRF' TRP TRP TRP TRF' TRP TR? TR?38 TYFI TYR PHE TYR TYR TYR
37 GLN GLN GLN GLN GLX GLN GLNas GLN GLU GLN GLN HIS GLN GLN
as ARG Ahc ARG LYS ARG LYS40 PRO . SER PRO PRO PRO PRO PRO

F 41 GLY GL‘I . GLY ' GLY GLY GLY GLY GLYR 1&2 ARG GLN .GLN GLN GLX GLN2 .13 ALA ALA SER SER SER ALA
44 PRO PRO v PRO PRO 990 PRO PRO Phoa5 VAL VAL VAL‘ LEU LEU ALA VAL
d6 MET LEU LEU LEU LEU PRO47 VAL VAL VAL VAL VAL VAL VAL VAL
45 VAL )LE ILE '1LE ILE ' {LE
49 TYR TYR TYR TYR TYR TYR TYR
50 GLU GLN HIS GLX_ ASX ASPc 51 ASP ASP ASP ASP THR THR ASP0 52 THE SEH THR ASN SER THR SER ALAR 53 GLN GLY GLY GLN GLU' LYS LVS ASP

2 S4 ARG ARG ARG AHG ARG ARC ARG AFIG ARG55 ‘ PRO PHD PRO SER PRO PRO PRO PRO
56 SER SER SER SER SEE SER SER
57 GLY GLU THR GLV GLU GLY GLY GLY
58 ILE ILE ILE ILE ILE VAL
59 PRO PRO PRO PRO PRO FRO , PRO PROGD . GLN GLU GLU GLU GLU GLX GLU ALA61 ARG A'RG - ARG ARG ARG ARG ARG ARG AnG62 PHE PHE PHE PHE PHE PHE PHE PHE PHE65 SEE SER SER SER SER SER SER SER
54 SER GLY GLY ‘GLY GLV GLY GLV$5 SER SER SER SER SER SEH WYR66 THR SER THR ASN SER LYS ASN67 SEE SER - SER SER SER SER SER SER
68 GLY GLY GLY GLY _GLY GLY GLV GLY
69 THR ‘ THH THR ASN ALA ASN ASN70 THE LYS THR THR 7H9 YHR SER

F 71 VAL ALA ALA ALA ALA ALA ALAR 72 THE THR THH THR THR THR [LE
3 73 ’ LEU LEU LEU LEU LEU LEU LEU LEU

74 THR THR THH THH THR THR THR THR75 ILE ILE ILE 1LE ILE , ILE ILE ILE
76 SER SER SER SEH SEH SER ASN77 GLY GLY GLY GLY GLY GLV ARG76 VAL ALA VAL THR ALA THR VAL
79 GLN GLN GLN GLN GLN GLU GLU80 ALA VAL ALA ALA SER SER ALAB1 GLU GLU ASN MET VAL MET GLY82 V ASP . ASP ASX ASP ASP ASX ASP »83 . GLU GLU GLX GLU GLU GLU GLU
ea ALA ALA ALA ALA ALA A‘LA ALA ALA85 ASP ASP ASX ASP ASP ASX ASP66 TYR TYR TYR TYR TYR TYR . TYFI TYR87 YYR TYR TYR YYR PHE TYR PHE_ 88 CYS CYS ' CYS CYS CYS CYS CVS CVS
89 GLN SER GLX GLN GLN GLx GLN
90 ALA THR SER ALA THR ALA SER91 TRP ASP ALA TRP TRP THP TRP
92 ASP ILE ASN ASP ASP Asx ASP93 ASN ' ASN SER SER THR GLX ASN

C 9a SER GLY ARG MET ILE ILE GLYD 95 ALA. TYR SEE THE? ARG SEQR 95A ‘ ... ASP TYR
3 958 --‘ »-- GLU95c ... ' .u ... ... ...

950 .. . .v.95E . . ...95F ... . ... ... ...
96 PRO VAL ALA VAL VAL
97 VAL LEU VAL ILE VAL VAL VAL
98 PHE PHE PHE PHE PHE PHE PHE PHE PHE99 GLY GLY GLY- GLY GLY GLY GLY GLY GLY GLY

100 GLY GLY. GLV GLY GLY GLY GLY THR ALA1m GLY ‘ GLY GLY GLY GLY GLY GLY GLY GLY GLYF 102 THE THE THE - THR THR THR THR THR. YHR THR
R 103 LYS LYS LVS LYS APG LYS LYS MET THR
4 704 LEU LEU LEU LEU LEU LEU LEU - VAL105 THR THR v SER THR THR THR THR THR106 VAL VAL VAL VAL VAL VAL VAL VAL VAL

106A LEU LEU LEU LEU LEU LEU LEU LEU LEU
:07 GLY GLY GLY SER SER GLY105 GLN GLN GLN GLN' GLN GLN GLN109 PRO PRO PRO PRO PHD PRO PRO
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o .. ._ __ ... ._
1 ly! ._ —— - —- 12 3 1015551) 3.62 TYR TYR TYR TYR TVR 27 2 26(TYR) 2.13 val va| GLU G191 25 s : 7 13mm ; 11(GLU) 12. -. 17.4 LEU LEU LEU LED 26 2 2 (LEU) 2.1
5 THE ma ma THR 25 3 231711113 3.4s GLN GLX GLN GLX 26 1 : 2 25161.11)“: 2 (em) 1. : 2.47 PRO PRO PRO 1:110 25 2 2 PRO) 2.211 PRO 2150 PRO PRO 25 1 26(PRO) 1.9 SER Sea 211 1 2413511) 1.10 -~ -—

g 1 1 VAL VAL 24 a 20(VAL) 3.6. 12 sen SER 24 1 2415511) 1.‘3 VAL VAL 24 2 zflvfll.) 2.!14 22 :1 1 5123) 3.7
15 _ 22 2 21 PRO) 2.115 2‘ ‘ 21 GL9 1.I7 20 1 2 2 20(GLN3 : 1 (GLN) I. : 2A13 «191 21 a 1 £11151) 3.319 20 2 19 ALA) 2.1
'20 1a 6 511190) 14.21 " 1L5 19 1 ILE L22 ma 19 1 19 TH ) 1.23 cvs 17 1 . 1719751 1.24 GLY 17 3 : 4 13(san) 3.9 : 5.2
25 GLY ‘8 2 15(GLY) 2.‘26 « ASP 11 3 was?) ; 121,152) 3.3 : 4.327 GLU 15 7 5(ALA) 2‘.27A273
27c

8 270a 27E‘ 27F29 1s 2 130.511) 2.5
29 13 5 : 5 51011!) 13. ; 15.3o 15 6 : 7 5191.111), : 31 + ) 1e. : 35.31 14 s (13(5) 17.32 13 4 51119) 3.5:13 13 2 9(VAL) 2.9
34 1‘ 4 m— 1‘.35 1:3 1 numb) 1.36 11 2 \O(TYR) 2.2‘ 37 11 1 -. 2 11(ng ; 10(GLN) 1. z 2.228 11 3 (GLN) 3.7
39 . 11 2 711.113) 3.140 1o 2 9 12110) 2.2F 41 KO 1 ‘(XGLV 1.n 42 9 2 1 3 8(GLN) : ((31.19) 2.9 : 3.92 43 9 2 5(ALA)_ 3.644 1o 1 10(F'RO) 1.45 1o 3 . 7 VAL) 4.346 9 3 5 L60) 4.547 ‘0 i ‘ VAL) 1.as 10 2 3111.2) 2.5
49 _ 1o 2 9111313) 2.250 1o 5 ; 6 41151.11) : 3(GLU) 13. : 20.c 51 1o 2 HASP) 2.9D 52 11 4 415511) 11.R 53 11 5 411375) 14.2 32 11 é 1‘"??? 5':se 10 2 9 5212 212
57 11 3 a GLY) 4.158 1o 2 ILE) 2.2
59 1o 1 10(PRO) 1.so 11 :1 9161.11): mew) 3.7: 4.161 11 1 1 (Ana 1.52 11 1 11 9115 1.53 1o 1 1 sea 1.,
54 1o 2 9 61.. 2.265 1o 2 9 ssn 2.255 1o 4 MASN 1o.87 1o 1 1 SER 1.65 1o 1 1 GL 1.
s9 10 3 5 ma; 6.7o 10 , 3 a nm 3.9F 71 1o 2 3(ALA) 2.5n 72 1o 3 gimn 3.33 79 10 1 1 LEU 1.74 1o 1 10(THF1) 1.75 10 3 1 ILEA I.75 1o 2 9 say; 2.277 1o 2 831. 2.576 1o 3 511/41.) s.
79 1o 2 7 GLN) 2.980 1o 3 7€ALA 9.381 10 5 31 + 17.92 1o 1 z 2 10(ASP) ; 3143?) 1. : 2.5as 10 1 -. 2 10(GLU) ; 915m) 1. : 2.2
34 1o 1 101111.71) 1.35 1o 1 :2 1011159) : 31215?) 1. : 2.5as 10 1 10mm 1.57 1o 2 e TYR 2.538 10 I X CV5 1.59 1o 3 7(GLN) : 5(GLN) 4.3 : a.90 1o 4 ALA) 1o.9‘ ‘0 3 7 TR?) 4.392 1o 3 51451?) : 71115?) 3.5 -. 4.393 1o 5 4151551) 13.
94 10 8 ' 2 d1 30.g 95 9 6 38119)) 13.R 95A 4 4 ‘fi #1 )3 959 2 2 1 +)95c:
951)
95E95;
95 9 5 5(VAL) 9.97 70 3 gV/XL) 5.
93 1o 1 10191115) 1.99 ‘1 1 11 GL ‘.100 11 3 _ 9361. 3.7101 1 1 1 1 GLY) 1.F 102 11 1 11(THR) 1.a 103 11 4 LYS) 5.5‘4 104 1o 2 LEU 2.2‘05 10 2 9(THR 2.21% 10 1 10(VAL) 1.105A 10 1 10(LEU)
107 a 2 menu 27
109 7 1 7(GLN 1.109 7 1 71:21:10; 1.



 

o o. ANTIBODY SPECWICH’IES: HUMAN LAMBDA LDGHT CHAINS SUBGROUP Ill
7) GAR} ANTI-RIBOFLAVIN

- REFERENCE: HUMAN LAMBDA LIGHT CNAINS SUSGNOUP II)
1) MIL: LOPEZ DE CASTRO.J.A.. CH)U(Y.Y.H. 8- POLJAK.R.J. (1975) BIOCHEMISTRYJ7.1718-1723. (CHECKED BY AUTHOR 07/15/79)
2) YO: TISCHENDOHF.F.W..TISCHENDORF,M.M, A WITYMANN~LIEBOLD.8‘ (1976) 2.NATUHFORSCH.31C.7567$O1
3) P5: K0CHWA.$.(TERRY,W.O.,CAPRA(J1D1 A YANG,N.Y. (1971) ANN.N‘Y.ACAD.SCL.190.4970. (CHECKED BY AUTHOR)
4) CAP: ZHU‘DNKIM‘HS. £1 DEUTSCH.H.F. (1983) MOLJMMUNOL..20.1107-1116.
5) LOY A: WOLFENSTEIN-TODEL.C.,FRANKLIN.E.C, 8. RUDDERS.R.A. (1974) JJMMUNOL.(112.B71-B76. (CHECKED 8V AUTHOR)
6) LOV G: WOLFENSTEiN-TODEL‘CNFRANKLINEC. 1!. RUDOERSILA (1974) JJMMUNOL..112.B71-B76. (CHECKED BY AUTHOR)
7) GAR: KlEFER,C.R.‘MCCUIRE.BTS..JR‘,OSSERMAN,E.ET 8» GARVERf‘A. (1983) J‘IMMUNOL..131.18714675, (CHECKED BY AUTHOR 02/20/84)
8) CH: 0KADA.Y..NOZU.Y..TITANI.)<-..WATANABE.S..HARA,H.' 5 KITAGAWA.M. (1972). IMMUNOCHEM:.9.ZD7-210.
9) X(PET): ‘MILSTEINCHCLEGGJ‘B. & JARVIS.J.M. (1968) BIOCHEM‘J.;110,631-652, (CHECKED BY AUTHOR)

10) KERN: PONSTINGL.H..HESS,M.'E HILSCHMANNN, (1968) Z.PHYS)OL‘CHEM..349.867~871: (1971) Z.PHYSIOLCHEM..352.247<266, (CHECKED BY AUTHOR)
1!) TA: TONNELLE.C1 (1973) BIOCHXM1BIOPHYSHESCOMMUSS.1112-1116. (CHECKED BY AUTHOR 11/16/00)

12) BAD? BACZKO‘K~.BRAUN.D.G“HESS.M. (i HILSCHMANN.N.(S1970) ZPHYSIOLTCHEM..351.763‘767; BACZKO.K.,8RAUN.D.G. 8 HILSCHMANNN. (197d)Z.PHYS)OL.CHEM..355.131-154. (CHECKED BY AUTH R) ,

13) AMYLOAg/o'lsgé) NATVIGJ.B1.WESTERMARK.P..SLETTEN(K,.HUSBY,G. E MICHAELSON.‘L (1981) SCANDEJJMMUNOL..14.6994. (CHECKED BY AUTHOR
1/

14) DEL: EULITZ.M. (1974) EURALBIOCHEMHSOJAS-GB. (CHECKED BY AUTHOR 10/18/77)
15) LYN: MEINKE.G.C..SIGR|ST.P.HA A SPIEGELBERK‘S‘H). (1974 1MMUNOCHEM..1I,457—450. (CHECKED BY AUTHOR WHO PROVIDED ADDITIONAL RESIDUES.TO THOSE PUBLISHED): ME)NKE,G.C. 8- SPIEGELBE G.H.L. (1876) lMMUNOCHEM,.13,915—919. (CHECKED BY AUTHOR 10/17/77)
15) NIGvEB: KAMETANI,F.,YOSH1MURA.K.J'ONOIKENHHOSHIAHSHTNODAJ. & ISOBEJ’. (1985) BIOCHEM.BIOPHYS.RES.COMMUN..126348-852. \
17) AMYLOID 308: WESTERMARK,P..NAT\I)G.J.B..ANDERS.R,F..SLE‘I‘TEN.K. B. HUSBY.G. (1976) SCANDJJMMUNOL..5.31~36. (CHECKED BV AU'I’HOR 06/01/83)
19) M07: KOJ]MA.M..ODANLS. a IKENAKAN. (1980) MOLJMMUNOLH17.!407-1414‘
19) WIO: FETT)J.W1 E- DEUTSCH.H.F, (1976) IMMUNOCHEMH19JG9J553(CHECKED BY AUTHOR)
20) WHI: WANG.A.C..WELLS.J.V..FUDENBERG,H‘H. d GERGELVJ‘ (1974) IMMUNOCHEM‘JLSax-aas. (CHECKED BY AUTHOR)
21) DU: 8UCHWALD.B.M1 (1971) CAN,J.BIOCHEM..49.900~902. (CHECKED BY AUTHOR)
22) LON: JOHNSTDNETL,.ABRAHAMIS‘N‘ 8 ‘WELCH.E.H‘ (1975) BIOCHEMTBIOPHVSRES.COMMUN,.66,862-347, (CHECKED BY AUTHOR 1OI|7I77)
23) SO: TISCHENDORF.F.W1.TISCHENDORF,M,M. & WITTMANN-LIEBOLD.B‘ (1976) Z.NATURFORSCH131C.75&760. _
2d) GIM: HESS.M..H|L5CHMANN.N.,RIVET.L..RlVET.C. & ROPARTZC. (1971) NATURE NEW BIOLOGYQSLSB‘SL (CHECKED BY AUTHOR) »r
25) 111: LANGER.B..STE)NMET2-KAYNE.M. 8. HILSCHMANNN, (1988) 2.PHYS)OL.CHEMu349‘945951‘ (CHECKED BY AUTHOR)
26) 119: HESS.M..HILSCHMANN.N,.R1VET,L..RIVE:T,C. «5 ROPARTZ.C. (1971) NATURE NEW BIOLOGY.234,56-61. (CHECKED BY AUTHOR)

.27) VIN: PINK—LRL. 8- MlLSTEtNC. (1969) PROC. 5TH FEBS SYMP,,15,177—182. (CHECKED BY AUTHOR)28) MIL: LANGERB..STEINMETZ-KAYNE.M. 5 HILSCHMANNN. (1988) Z.PHYSIOLCHEM.V349.945~951. (CHECKED BY AUTHOR)
NOTES: HUMAN LAMBDA UGNT CHAiNS SUBGROUP HI
ODENT|CAI_~ SETS 0F FRAMEWORK SEGMENTS:

FRI: SET 1: HlLl1).VO(2].PS)3!,CAP(4). (4 IDENTICAL)
SET 2: LOY AISLLOY GIGL (2 IDENTICAL)FRZ:

FRa:
FF“: SET 1: HlLl1].CAPI4).BAU[12LDELI14). (4 IDENTICAL HUMAN V‘LAMBDAJH‘. ALSO A HUMAN V-LAMBDA-I: 8L2 'CLIG).RHEI1OI,OKA(12LNIG‘51I19); 5 HUMAN V-LAMBDAvH: MESI2).53492(B],TROl14),V|L|17](WIN(21]: 1 HUMAN V-LAMBDA‘IV: SH“): 3 HUMAN

V-LAMBDA-Vl: SUTIZJ‘THOIGLLBV'CLIS): ~AND_ 24 MOUSE V-LAMBDA: MOPC104E“).J556I2|.XS1OAIS).HOPC114LJ69815).H2061(5).
W3159l7).Y543"BLYSABSIQLYSBSOI 1013/5659“1),MOPC$11ggl12l.s17fll13].v5444(14),Y5605[15).S176I16 .H2020H7I.RPCZOHMJG 303LAMBDA'CLI19].843‘CLl21LSQHS'CLIGB). E9‘CL(39).S1F12'CL|AO)JG 25LAMBDA'CLI41L)SET 2: GAR”). IDENT|CAL TO 1 HUMAN V-LAMBDA-Il: MIG-8411],)SET 3: KERNHO. (IDENTICAL TO 1 HUMAN V-LAMBDA-Vl: NlG-ASHOL)

IDENTICAL SETS OF J-MINIGENES:
SET 1: BAUI12), (IDENTICAL TO 2 HUMAN V-LAMSDA-SET 2: DELI14). (IDENTICAL TO 2 HUMAN VvLAMBDA-

: MESI21JROI14M
ESASZIBLVILIWL) 

SPECIFIC NOTES:
1B) MOT: THERE ARE TWO RESIDUES IN FRONT OF POSITION 1: THEY ARE VAL AND YHR.

+ THE FOLLOWING WERE EOUALLY AND MOST FREQUENTLY OCCUHRING:
AT POSITION RESIDUES

3Q ' (ASPASNSLN)81 - (MET.GLU)
94 . (ILE.AR6.SER.GLY)95A (TYH,ALA,OLY‘ASP)953 (H153 LU)1
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pct-MAN LAMBOA LIGHT CHAINS suacmouv 1vINVAFUANT 1 2 a A 5 111 OF ‘ 111 0F OCCURRENCES VARIABILITYRESIDUES SH NEV USH PFA FRA‘ SEOUENCES AM1N0 OF MOSY COMMONAc1os AM1N0 ACID

0 fl ._ .2 M1 .— 1.“ ._ ._ .—
2 SER SER sen sen SER 4 1 4 sea) 113 GLU GLU GLU GLU oh: 5 2 4 GLU) 2.54 LEU LEU LEU LEU LEU LEU 5 1 5(LEU) 1.
s 1111: YHB THR . THR Vol 5 2 1101111) 2.5e GLN GLN GLN GLN GLN GLN 5 1 GLN) 1.7 ASP ASX ro to pro 5 2 z a 3 PRO) 18': 515 PRO PRO no Ho ale; 5 . 2 «17110) 2.59 ALA ALA ser sar 391 5 2 3(SER) 3.310 .- v—

g 11 VAL VAL VAL VAL VAL VAL 5 1 5(VAL1 1.‘ 12 sen sen sen sea glx 5 2 12 sen) 2.513 . VAL VAL VAL VAL my 5 2 4 VAL) 2.514 ALA ALA ser 381‘ ALA 5 2 3(ALA) 343
15 LEU LEU re re re 5 2 PRO) 3.316 GLV GLY GLY Lv LY LY 5 1 5 GLY) 1.17 GLN GLx GLN GLN GLX 5 1 : 2 5(GLNZ : 3(GLN) 1. ~. 31:118 _ THR THE THE THE set 5 2 (THE) 21519 VAL VAL an: am no 5 3 2( + ) 7.5
20 ARG A86. 591 val ala 5 4 2 ABS) ‘0‘21 ILE ILE 1L: ILE ILE ILE 5 1 51Ls 1122 THR THE THE THE 8/ 5 2 4 1H 2523 cvs cvs C115 C115 5 A ' 1 CYS 11
24 GLN sen sen ILe 4 3 2(SER) e.
25 GLY GLY GLY GLY GLY 4 1 4 GL 1‘25 ASP ASP ASP 1L5 4 2 :3 ASP 2,727 SEE LYs LYS sea 4 2 2 + 4.27A m A- ._.
27B ._ ... ._ 127C _. .—

g 270 ,n 2715 -—‘ 27F m -—- A501 1 1 1(ASN) : 1(ASP)2s LEU LEU ILE A 2 3(LEU) 27
29 GLY GLY GLY 4 2 3 GLY) 2.730 ASP GLN Au 4 4 1 + g 16,:11 ASN ALA TYR A :1 2 TYR e_32 TYR ASX 3 2 2 3 2(ASPéz \( + ) 3. : 9.33 ALA TYR 3 2 (ALA) :1,
34 sen -ILE 0 :1 1( +3 9.
as TRP THP TRP TRP a 1 3(THP) 1.36 11m TYR TYR TYR a 1 TYR) 1.37 GLN GLN GLN 2 1 2 GLN; 1.38 GLN GLN GLN 2 1 . 2 GLN 1.
39 LYS LYS LYS 2 1 2(LYS . 1.40 PRO » 1 1 mm )F 41 GLY 1 1 1(GLV)a 42 GLN 1 1 izGLN)2 43 Au 1 1 1_ ALA)
44 PRO 1 1 1 PRO)45 LEU 1 1 15LEU)
46 LEU 1 ,1 1 LEU;47 VAL 1 1 1 VAL49 lLE 1 1 1 ILE)
49 TYR 1 1 1LTYR) '
50 GLY 1 1 1(GLY)

c 51 ARG 1 1 1 ABS)0 s2 AsN 1 1 1 ASN)a 53 ASN 1 1 1 ASN)2 54 Am: 1 1 1$ARG55 PRO 1 \ I PRO55 sen 1 1 ugsm
57 GLV 1 1 1(GLY)58 ILE 1 1 1(1LE)
59 PRO 1 1 1 PRO)60 ASP 1 1 1 ASP)V61 ARG 1 1 1 A86;62 PHE 1 1 1 PHE5:1 sea 1 1 11559)
64 GLY 1 1 1 (31.65 SEE 1 1 1 SEE66 san 1 1 1 sea67 $59 1 1 1(SER66 GLY 1 1 1(GL
69 1-113 1 1 1111370 THFI 1 1 1TH 1

F 71 ALA 1 1 1(ALA)n 72 SER 1 1 1 sea3 73 LEU 1 1 11Leu
, 74 THE 1 1 1 11112)75 ILE 1 1 1 mag76 THR 1 1 1 THY;77 GLY 1 1 1%61.

73 ALA 1 1 1 ALA)
79 GLN 1 1 1 GLN)so ALA 1 1 1 ALAa1 GLU 1 1 16L 152 ASP 1 1 1 ASP63 GLU 1 1 1 51.1.11
84 ALA 1 1 1 ALA .135 ASP 1 1 1 ASP-66 TV»: 1 1 1(TYR)87 TYR | 3 1 TYR66 CYS 1 1 1ECYS; .
89 ASN 1 1 1(ASN)90 SER 1 1 1 SEE)91 ARG 1 . 1 1 A86)92 ASP 1 1 1 ASP;93 SEE 1. 1 1155a

c 94 sea 1 1 1§SERo 95 GLY 1 1 1 GLR 95A LYS 1 1 SzLYS)3 958 H13 1 1 1 HIS)950 ..V
9509512
95F 11
96 1 1 1(VAL)97 1 1 ijLEU)
98 PHE 1 4 1 HPHE99 GLY 1 1 - ((61.100 OLY 1‘ 1 1 GL101 GLY 1 1 1 GL

F 102 THR 1 1 1(THRn 106 LYS 1 1 1 LYS4 104 LEU 1 1 1 LEU105 THR 1 1 1 THR106 VAL 1 1 1 VAL106A LEU 1 1 I(L_EU)
107 GLY 1 1 1 GL '
105 GLN 1 1 1(GLN)109 PRO 1 1 1(PR0)
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V REFERENCE: HUMAN LAMBDA LIGHT CHAlNS SUBGROUI5 W
' 1) SH: TlTANI.K,.WI)<LER.M.,SHINODA,T‘ 8- PUTNAM.F.W, (1970) J.BIOL.CHEM..245‘2171'2176‘ (CHECKED BY AUTHOR 0815/83)

‘ 2) NEV: WANG‘A.C..WELL$.J.V..FUDENEERGJ—LH‘ & GEFIGELYJ. (1974) IMMUNOCHEM.JL361v345‘ (CHECKED BY AUTHOR)
3) USN: TISCHENDORF.F.W.,TISCHENDORF.M.M‘ 8» WIT‘rMANN-LIEBOLD.B. (1976) Z.NATURFORSCH.31C‘755-760.
4) PFA: TISCHENDORF.F.WJTISCHENDORF‘M‘M. 8- W|TTMANN~L1EBOLO.B‘ (1976) Z.NATURFORSCH,316.753760.
5) FRA‘: WANG.A,C. 8 FUDENBERG‘HH. (1974) JJMMUNOGENETICS.LGDS—SIO. (CHECKED BY AUTHOR)

NOTES: BUMAN LAMBOA UGHY CHAINS SUBGROUP IV
IDENTICA‘L SETS 9F FRAMEWORK SEGMENTS:

Fm: $57 1: SHII].NEV|2|. (2 IDENTICAL)FRZ:
FRII:

FRa: SET 1: SHI‘L (lDENT‘CAL TO 4 HUMAN V-LAMBDA—l: BL? ‘CLIGI.RHE[10].OKAH2I,N|G-51l 9 5 HUMAN V—LAMBDA-II: MESIQLE5492IBI.
1 I:

- TROl1d).ViL|17|.WlN|2H; A HUMAN v-LAMBDA-m: HILI1).CAPM}.BAU|12),DELlM]: 3 HUMAN v-LAMBDA-VI: suT|2LTHO|4LLBv'CLmn’ANo 24 Mouse V-LAMBDA: MOPC1OAE|1).J558]2|.XS1NIELHOPCH4].J598]5I.H20$1IGI.W3‘59|7LV543118LY5485l9L
Y5830l10l,‘f5669l11LMOPCS11éLH‘2).Sl78 13].Y5444|wwssosnsxsnsx161.H2020|171,9Pc20118me 303LAMBDA‘CLI19].saa'cu211.52H5’cusal‘szE9' L|39L51F1 ‘cuwue 25LAMBDA'CLI41L)

5 THE‘ FOLLOWING WERE EOUALLY AND MOST FREQUENTLY OCCURRING:
AT POSITION nesroues

19 (VALALA)27 (LYS.SER)
so (ALA.G LY.ASP.GLN)32 (TYRASRASN)
34 (ILE.ALA‘SER)
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HUMAN LAMBDA LIGHY CHAINS SUBGROUP V

 
 

 

 

 

 

 
 

 
 

 

 

INVARIANT I 2 3‘ 6‘ 0F 1’ OF OCCURRENCES VARIABILITY
‘ RESIDUES so HBJ MCG SEOUENCES AMINO OF MOST COMMON2 ACIDS AMINO A000 ._ .. ...

1 VGA PCA PCA PCA a 1 PCA; 1.2 sea sen SER sea 3 1 3 sea 1.
a ALA ALA ALA ALA :1 1 smug 1.4 LEU LEU LEu LEU 3 1 3(LEU) 1.
5 THF! ”ma THR THR 3 ' 1 3 THR 1.6 GLN GLN GLN GLN 3 1 GL 1.
7 PRO PRO 9510 PRO :1 1 21 meg 1.9 PRO PRO 9110 PRO :1 1 sumo 1.9 sea sen sen sea a 1 3(SER) 1.

10 .2. _. .—. \
g 11 ALA ALA ALA ALA 3 1 SéALA 1., 12 sen sen sen SEH :1 1 3 Sea 1. -13 GLY GLV GLV GLY a 1 SéGL 1.14 Sen sen sen SER 3 1 3 saw 1.

15 . PRO PRO 1911 a 2 2 mo 3.1s GLY GLY GLY GD! 3 1 GL 1.17 GLN cw GLN GLN :1 1 :1 GLN 1.
13 Stan SER SER sea :1 1 :1 sea 1.19 VAL VAL VAL VAL 3 1 3(VAL) 1.
20 THR THFI THR THR 3 1 gp'HR) L2‘! WLE ILE ILE ILE 3 1 ILE 1.22 sen sen sen sea a 1 s s: 1.23 cvs cvs cvs cvs a 1 a cvs 1.
24 THE THR THR THR 3 1 3(THR) 1.
2s GLY GLY GLY GLY 3 1 GL 1.26 mn THFI ma 11m 3 1 THR 1.27 sea sen sea 2 1 2(SER) 1.27A _. ._273 L

c 271:
o 270 sen SER sea 2 1 2 seaR 27E ASP ASP ASP 2 1 2 ASP‘ 27F VAL VAL VAL 2 1 2 VAL211 131.11 GLY GLY 2 1 2 GL 1.

29 ASP - GLY 2 2 1 4- { A.30 ASN TYR 2 2 1 9 - 4.:11 LYS ASN 2 2 1 + ) 4.:12 rm TYR TVR 2 1 2 11/12) 1.:13 vAL VAL VAL 2 1 2 VAL) 1.
:11 san SER sea 2 1 2(ssn) 1.
:15 TF1? TF1? mp 2, 1 amp; 1.36 TYR TYR TYR 2 1 2 TYR 3.a7 GLN GLN GLN 2 1 2 GLN 1.38 GLN GLN GLN 2 ‘ 2 GLN I.
39 HIS HIS HIS 2 1 2 HIS) 1.
so PRO ALA 2 2 1 11% 4.

F 4‘! GLY GLY GLV 2 1 2 GL 1.R 42 ARG LYS 2 2 \ + 4.2 43 ALA ALA ALA 2 1 2 ALA 1.
‘ u PRO pno mo 2 1 2 PRO) 1.» 45 LYS Lvs LYS ' 2 1 2 LYS) 1.. 46 LEU VAL 2 2 11 1- ) A.
| 47 VAL 11.5 2 2 ‘E + 1 4. 145 ILE )LE 11.15 2 1 21LE) 1.

d9 PHE WK 2 2 M“ 4.
so GLU eLu GLU 2 1 2 an» 1.

C 51 VAL VAL VAL 2 1 2 VAL I.D 52 san ASN 2 2 1 + 4.R 5:1 GLY LYS 2 2. _ 1 + A.2 54 ARG ARG Ana 2 1 2 ARE) 1.55 PRO mo mo 2 1 2 PRO 1.56 SFR sen SEF! 2 1 2 SE 1.
57 GLY GLY GLY 2 1 2 GLY) 1.53 VAL VAL VAL _ 2 1 2 VAL) 1.
59 PRO mo . PRO 2 . 1 2 PRO) 1.66 ASP ASP ASP 2 1 2 ASP) 1.s1 ARG AHG ARG 2 1 . 2 ARG) 1.
52 p115 PHE PHE 2 1 2 P1151 1.as sea sen $59 2 1 2 sea 1.
6a GLY eLv GLY 2 1 2 GL. 1.65 Sin» sen sea 2 1 2 sea 1.66 LYS Lvs LYS 2 1 2 LYS) 1.67' SEA SER sea 2 1 2 sea) 1.as A5? GLV 2 2 1 + 1 a.
69 A511 ASN ASN 2A 1 2 ASN; 1.70 THE THR THR 2 1 2 THE 1.

F 71 ALA ALA ALA 2 1 ' 2 ALA) 1.a 72 san sea SER 2 1 2 sea; 1.3 73 LEU LEU LEU 2 1 2 LEU 1.74 THR THR THE 2 1 2 ma 1.75 VAL VAL ' VAL 2 1 2 VAL . 1.
7s sen sen sea 2 1 2 sea 1.77 GLY GLV GLY 2 1 2 G1. 1.711 LEU LEU LEU 2, 1 2 LEU 1.
19 ARE GLN 2 2 1 + 4.80 ALA ALA ALA 2 1 2 ALA 1.61 GLU GLU (Bu) 2 1 2 GL 1.32 ASP - ASP ASP 2 1 2 ASP 1.as GLU GLU GLU 2 1 2 GL 1 1.
ea ALA ALA ALA 2 1 2 ALA} 1.as ASP ASP ASP 2 1 2 ASP 1.as TYH Tvn rm 2 1 2 TYR) 1.a7 TVR 1—1111 TYR‘ . 12 1 '2 TYR 1.
as cvs cvs cvs 2 1 2(CY5 1. \
as sea sen sen 2 1 2 SEE 1.so sen sen sea 2 1 2 sea 1.91 TYR TVA TYB 2 1 2 T119 1.
92 VAL GLU 2 2 1 + 4.
9:1 ASP GLY 2 2 1 + 4. .

0 9a ASN sea 2 2 1 + a.D 95 ASN ASP 2 2 1 + 4.R 95A ASN ASN A511 2 1 2 AS 1
1 3 338 :t r: >I 950 .—
1 9513 (.—95; ... .— >

96 PHE PHE PHE 2 1 2 PHE) 1.
1 97 VAL .VAL VAL 2 1 2 VAL) 1.- 99 PHE p111: PHE 2 1 2 PHE 1.
5 99 GLY GLY GLY 2 1 2 GL 1.' 100 . . GLY THE 2 2 1 + 4.1m GLY GLY GLY .2 1 2 GL 1.
{ F ‘02 THR THR THE 2 $ 2 THE 1.a 10:1 LYS LYS LYS 2 1 2 LYS 1.

6 10d . LEU VAL 2 2 1% + { 4.1 105 ma ma 11m 2 1 2 THE) 1.106 VAL. VAL VAL 2 1 2 VAL) L106A LEU LEU L50 2 1 2 LEU)
107 ARG GLY 2 2 1‘ + ) 4.
103 GLN GLN GLN 2 1 2 (31.11) 1.109 PRO PRO PRO 2 1 2 PRO) 1.

 
 



o ,5 - .
ANTIBODY SPECIFICITIES: HUMAN LAMBDA LIGHT CHAINS SUBGHOUP V

3) ”CG: ANTI-EPSILON-DNRLYS. EPSILCN-DNP—AMINOCAPROATE‘ DNP~LELL TRIACETIN‘ SODIUM MERTH’OLATE. METHADONE. 1.10'F’HENANTHHOLINE‘CAFFElNE. THEOPHYLLINE. OI»DNP»LYS. DNPJTRP, DNP-PHE, Dl-DNP-TYR. COLCHICINE. P-NITROANILINE‘ P—NITROPHENYLPHOSPHORYL CHOLINE,S-ACETYLURACIL. MENADIONE. MEPERIDINE, TRIBUTYHIN. OMEGA<BROMOHEPTANOATE O-CHLOROMERCURIPHENOL.PvCHLOROMERCURIPHENOL. PHENYLMERCURIC COMPOUNDS. METHYL-MERCURIC CHLORIDE.

REFERENCE: HUMAN LAMBDA LiGHT CfiAle>$UBGROUP V
1) BO: WIKLER.M. 8- PUTNAM.F.W. (1970) J.B|OL,CHEM..245.448&4507. (CHECKED BY AUTHOR DBMS/33)
2) HBJ2: HOOD.L..GRAY.W.R.,SANDE95.36. 8 DREYER.W.J‘ U967) COLD SPRING HARBOR SYMP‘ QUANTITATIVE BIOL..32J33-MS.
3) MSG: FETT‘J,W‘ 8 DEUTSCHHI‘ (1374) BIOCHEMISTRYJSA‘UOZA‘14. (CHECKED BY AUTHOR)

NO7E5: HUMAN LAMBDA LIGHT CHAINS SUBGROU? V
IDENTICAL SETS OF FRAMEWORK SEGMENTS:.

FR‘I: SET 1: BOII].HBJ2I2]. (2 IDENTICAL)

   SE7 1: 80!”, (IDENTXCAL TO 1 HUMAN V>LAMBDA NEWMII]: AND 1 HUMAN V-LAMBDA‘H: WHISD.)SE7 2: MCGI3L (IDENTICAL TO 1 HUMAN V-LAMBDAJ: LOCHVI.)
IDENTICAL SETS OF COMPLEMENTARITY DE7ERMINING REGIONS:

C3031: SET 1: MCGIS), (IDENTICAL TO 2 HUMAN V-LAMBDA-ll: MES|2LVILI17].)

 
4- THE FOLLOWING WERE EOUALLY AND MOST FREQUENTLY OCCURRING:

AW29 (GLVASP)30 (TYRASN)31 (LYSASN)
40 (PROJALA)42 (LYSAFIG)
46 (LEU.VAL)
47 QLE‘VAQ49 YR.PHN)52 $3551.16 )53 (LYSGLY)

68 (GLY.A$P;79 (ARG.GLN .92 (VALGLU)
93. (GLYASP)94 (SERASN)95 (ASPASNmo (THR.GLVv04 (LEUyAL)107 panes”)
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HUMAN LAMBDA LIGHT CHAINS SUBGROUP VI

 

 

    
 

 

 

 

 
  
  
 

INVARIANT 3 4 5 6 7 B 9 10 11 12 13 I! OF # OF OCCURRENCES VARIABILITY‘ . RESIDUES AMYLOID SUT- AMVLOID THO LEV GIO VAM WAN WIN' NIG JAM ‘MOR KIN SEQUENCES AMINO OF MOST COMMON-AF\ [1' RS 19 CL -46 ACIDS AMINO ACIDav . v w _
o ... ... ... ... ... ... ... ... ...1 ASP . ASP ASP asn asn asn ASP asn asn asn ASP asn nsn 13 2 BEASQ 3.32 PHE PHE PHE PHE PHE PHE PHE PHE PHE lav PHE Ieu PHE 13 2 11 PH 2.43 MET MET MET MET MET MET MET ile MET MET MET MET MET 13 2 12§MEU 2.24 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU I3 1 13 EU ‘1.
5 THE THR ~THF1 THE THE THR THR THR THR He THR THR Inn 13 3 11(THE) 3.56 GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN qu GLN GLN 13 2 12( GLN) 2.27 PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO 13 1 13(lPRO) 1.5 HIS HIS HIS HIS HIS HIS H15 1") HIS HIS HIS 11 2 10(HIES)2.29 SEE SEFI SER SER SEFI SER SEE SER SE3 SE9 ER SER ‘SER SER 13 I 13(551.

m ... ... ... ... ... ... ... ... ... ... ... ... ...FR 11 VAL VAL ' VAL VAL VAL VAL VAL VAL VAL VAL. VAL (en VAL 13 2 12 VAL; 2.21 12 SER . SEFI SER SER SER SER SEQ SER SER SEFI SEFI SEE SER SEE 13 1 1 SER 1.13 GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU asp 12 2 11(GLU) 2.214 SEE SER SER SER SER SER SER SER SEH SER SER SER 11 1 11(SER) 1.
15 PFIO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO 12 1 12 PRO) 1:16 GLY GLY GLY GLV GLY GLY’ GLY GLY GLY GLY GLY GLY GLY 1 2 1 12 GLY) I.17 LYS LYS In LYS LYS LVS Py LYS LYS LVS LVS LVS 12 _3 10(L-YS) 3.615 TRR THR HR THR THR THE 3 THE THR THE! THE ‘ 11 2 THE; 2.219 _ VAL VAL VAL VAL VAL VAL AL VAL VAL VAL in; 11 2 1O VAL 2.2
20 THE “0 THR THR 58! THE THR THR 1'3 I 1 3 6(THR) 4.121 PHE He He 116 110 110 mm vle 1O 3 age) 3.322 SER SEQ SER SEH SER SER SER SER SEQ 10 1 1.23 CYS CYS CV5 CYS CYS CYS CYS CV5 CYS 10 1 IOJCYSL 1.' 24 THR' THR THR THR SER THR THR 9 2 8(THR) 2.3
25 GLY ARG GLY ' ARG ALA 7 3 3{ +- ) 7.26 . SER SER SER THR ASN 7 3 C(SER) 5.327 GLY ASP GLY SER GLY 7 3 3( ' ) ‘ 7.27A GLY GLY ASP ALA ... GLY 7 3 5(GLY)278 SEE THE SER ASN 6 3 4(SER)
27C --‘ «— ...

g 270 --~R 275 ASP 1 1 HASP)‘ 27F --- -- SER 1 1 1 SEE)2B ILE ILE ILE ILE ILE 11.5 7 1' 7 ILE) I
29 ALA ALA ALA ALA GLY 7 2 SEALAI 2.330 ASP GLY SER SEE 6 3 45ER) 4.531 SER TYR SER TYR ASN ASN HIS 7 4 2( - 14.32 PHE TYR TYR TYR TYR TVH PRO 7 3 SETYR) 4 233 VAL VAL VAL VAL VAL VAL VAL VAL 7 I 7VAL) 1
34 GLN GLN GLN GLN GLN . GLN 5 1 5(GLN) 135 TR? TRP TRP TR? TR? TRP TRP 6 1 6(TRP) 1.36 WR TYR TYR TVR TYR TYR TVR 6 I 6 TVR) 1.37 GLN GLN GLN GLN ARG LVS 6 9 a GLN) 4.5GB GLN GLN LEU GLN GLN 5 2 AGLN) 2.5
39 ARG ARG ARG ARG ARG ARG 5 1 SEARG) 140 PRO PRO PRO ARG - PRO PRO 6 2 SPROI 2.441 GLY GLY GLY VAL GLY ASP 6 3 4 (GLY) 4.5R 42 SER ARCS SEH SER GLY SER B 3 4(SER) 4.52 43 ALA ALA ALA ALA ALA ALA 5 1 5(ALA) I44 PRO PFIO PRO PRO PRO PRO 5 1 SIPRO; 1.45 THE THE THR THE THE THE 5 1 5(THF1 1.46 THR THR THR ILE ’ THR 5 2 4(THH) 2.547 VAL VAL VAL VAL ' LEU 5 2 4SVAL) 2.548 ILE ILE ILE ILE ILE ' ILE 5 1 5 ILE) 1.
49 " TYR PHE TYR TYR TYR 5 2 4STYR) 2.550 ASP GLU _ GLU GLU ASP 5 2 3(GLU) 3.3C 51 ASP ASP ASP ASP THR 5 2 4(ASP) 2.5D 52 ASN THFI ASN ASN ASN 5 2 4(ASN) 2.5R 53 GLN GLN GLN GLN GLN GLN 5 1 5(GLN) 1.2 54 A86 ARG ARG ARG A96 A80 5 1 5(ARG) 1.55 PRO PF‘IO PRO > PRO PRO PRO 5 1 5(PF10) 1.56 SER SEE SER LEU TYR 5 3 3 SE3 5.57 GLY » GLY GLY GLY GLY _ GLY 5 1 5(GLY) 1.58 VAL VAL VAL ' VAL. VAL VAL 5 ‘ 1 5(VAL) 1.
59 PRO PRO PRO PRO PRO PRO 5 1 StPfiog 1.60 ASP ASP ASP ASP ASN 5 2 4§ASP 2.551 ARG ARG AFIG ARG ARG ARCS 5 1 5 ARG) 1.62 PHE PHE PHE PHE PHE PHE 5 1 5 PHE I.63 SEE SEH SER SER SER SER 5 1 515E“ 1.
54 GLY GLY GLY ' GLY GLY ' GLY 5 1 SSGLY) 1.65 Sen SER SER SEF‘I SER SER 5 I 5 SEE) ‘I.68 fl 4' 1V ‘ 9 .067 SEA SER SER SER SER SER 5 1 5(SER) 1.68 . ALA BER SER SER SER 5 2 4(SER) 2.5
59 ASN ASN ASN ASN ASN ASN 5 1 5(ASN I.70 SER SEA SER SER SEER SEFI 5 1 5(SEFI 1.71 ALA ALA ALA ALA ALA . ALA 5 1 5(ALA 1.R 72 SER SER SEH SER SEFI SER 5 1 5(SER 1.73 LEU - LEU LEU LEU LEU LEU 5 1 5(LEU) 1.
74 THR THR THR THR THR THR 5 1 5 THE) 1.75 ILE ILE VAL ILE ILE 5 2 4 ILE 2.576 SER SER SER SER SEFI SE3 5 1 5 SE ) 1.77 GLY GLY GLU GLV GLY 5 2 4(GLY) 2.578 LEU LEU LEU LEU LEU LEU S 1 5(LEU) 1.
79 LYS GLN LYS LYS THR 5 3 3(LYS) 5.80 _ THR THR THR THR ‘ ASN 5 2 4 (THE) 2.581 GLU GLU GLU GLU ASP 5 2 4(GLU) 2.532 ASP ASP ASP ASP ASP _ ASP 5 1 SIASP) 1.83 GLU GLU - GLU GLU THR 5 2 4(GLU) 2.5
84 ALA ALA ALA ALA ALA ALA 5 1 SfiALA) I.85 ASP ASP ASP ASP MET 5 2 4 ASP) 2.586 TYR TYR TYR TYR TYR TYR 5 I 5(TVR) I,87 WE TYR TYR TYR PHE 5 2 4( TYR) 2.558 CYS CYS CYS CYS CYS CYS 5 I 5(CVS ) 1.
89 GLN GLN GLN GLN GLN . GLN 5 1 5(GLN) 1.9O SER SEF‘I SER SER SER - SE3 5 1 5(SER) 1.91 TYR TYR TYR PHE TYR 5 2 4(TYR) 2.592 ASN ASP ASP 5 2 4 ASP) 2.593 SEE ARG SEF‘ 5 8 3 SEE) 5.

C 9s: ASN ASP SER 5 4 2(ASN) 10.O 95 HIS HIS ASN 5 , 2 3(ASN) 3.33 95A HIS --- LEU a 3 H Y )3 958 .--950 ~-— -
950 .... ...958 -- ...
95F --- «<
95 TRF’ GLY 5 3 TRP) 5.97 VAL VAL VAL VAL VAL 5 _ I VAL) 1.
93 PHE PHE PHE PHE PHE 5 1 sums) 1.99 GLY GLY GLY GLY GLY 5 I 5(GLY) 1.\oo GLY GLY GLY GLY GLY 5 1 SIGLY) 1.101 GLY GLY GLY GLY GLY 5 1 5(GLY) I.F 102 THE THR . THR THFI THR 5 1 5(THR) 1.a 103 LYS LYS ‘ LYS LYS LVS LYS 5 ‘ 5(LY3) 1,4 104 VAL LEU LEU LEU LEU LEU 6 2 $(LEU) 2.4105 THR THR THR THY! THR THR THE 6 1 6(THR) 1.ms VAL VAL VAL VAL VAL VAL VAL s 1 6(VAL) ‘ 1,105A LEU LEU LEU LEU LEU LEU LEU 6 I 6(LEU)
107 GLY GLY GLY GLY SER SE9 6 2 4(GLY) 3.108 GLN GLN GLN GLN GLN > GLN GLN 6 1 SIGLN) 1.109 PRO PRO PRO PRO PRO PRO PRO 6 1 sumo) y
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O
HUMAN NEAW CHAINS SuaonouP I

V (NVARIANY 1 - s 4' 5 a 7 a 9 10' n 12 13 14 1s 16' )7 Te ‘9 20 21 22 23 2aRESIDUES Eu sue HGCI WOL CA ND MOT ano THQ STE BEN zuc D! 901 OMM MAR Fl vu WAR VIL DUN ADA Non SAW
_ 'CL 'CL w 'IGG u) l a: '0L ,av A a

o .L _. a L. _. _. ..L -.1 PCA PCA gln PCA PCA oln PCA gm glu PCA gm PCA ‘POA asp gm PCA PCA PCA PCA PCA PCA PCA PCA PCA2 VAL VAL VAL VAL VAL mr VAL VAL VAL VAL leu VAL VAL set VAL VAL VAL VAL VAL VAL VAL VAL VAL VALa GLN GLN GLN GLN GLN GLN GLN GLN GLN his GLN GLN GLN pm his GLN GLN GLN GLN GLN GLN GLN» GLN glu4 Leu(.9s) Leu Leu Leu Leu Leu LEU Leu Leu LEU LEU Leu val LEU Leu LEu LEU LEu LEU Leu Leu Leu LEU
5 VAL VAL VAL mm VAL VAL VAL VAL VAL VAL VAL VAL Iv gm6 GLN GLN GLN GLN m GLN GLN GLN GLN m GLN m LN iv7 sea sea SER see sen ER sen SER sen sen ER sen ER sen ER6 GLY GLY GLY GLY GLY GLY GLY GLY GLY sor GLY GLY GLY GLY GLY9 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA gly his pro

50 GLU eLu GLU GLU GLU GLu GLU GLU GLU GLU GLU asp GLU lyn VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL. VAL Ieu VAL on12 LYS LYs LYS LYS M or LYS LYS LYS Lvs so: val DIS sly 1y13 Lvs LYS LYs Lvs LY LY LYS LYS LYS LYs LYS LYS ue L s
F N PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PPo PR0 lou PRO
R 15 — GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY lys pro1 16 sea sen aha sea Dla an: sen 9w lu am glu17 sen sen sen sen sen sen sen sen en sen 1m15 VAL VAL VAL VAL VAL VAL sla 1m. Icu met glu19 LYS mg LYS org LYS aru avg LYS org LYS LYS am

20 VAL VAL VAL VAL Ho VAL Ieu no Ha VAL 9le ~-21 sen thr sen sen sen sen sen SER sen sen asp ~-22 CYS cvs cvs cvs CYS CYS cvs cvs mg --23 LYS LVS LYS LYS Lvs Lys LYS LYS Lvs mg us24 ALA 1m ALA my my ALA an gly gly ALA its
25 sen sen sen SER sen seP sen sen he - Iys25 GLY GLv GLY GLY GLY GLY GLY GLY Lv - 9h)27 GLY GLY Iyr GLY lyr lyr asp lyt lyr . glu28 THE 1H8 THR THR THR TflFI asp - gm29 FHE Pne PHE PHe PHE PHE PHE ale
30 Sen sen asn var sen V Ilo osn avg —-.
a1 ARG ULV sea ASP HIS ASP hm Leu ~—

c 32 sen TYP TYR Tvn TVR sen TVR ~ senD 33 ALA THH TYR LYS ALA Tvn ASP - GLYn 34 ILE |LE MET GLY MET ILE [Le --. ABS
1 32 ILE sen HIS Leu ms ms sen ASP --A .— -.~ .— —- _- _> .0 .-. .._359 — —- —— — _. __ .0 --. m

36 TH? TRP TRP Tap Tap TRP37 VAL VAL VAL VAL lLE VAL
‘33 Ana AHG AHG ARC ARG A9639 GLN GLN GLN GLN GLN GLNdo ALA ALA ALA Am ALA ALA
41 PRO PRO PRO PFIO ' PRO PRO

'3 42 GLY GLY GLY GLY GLY GLY2 43 GLN ARG GLN LYS HIS ARG44 GLY GLY GLY GLY GLY GLY GLY
45 LEU LEU LEU LEU LEU ‘LEU LEU
40 GLu GLU GLU GLU GLU GLU GLu47 TRIP THP ‘rnP TRP TRP TRP TRP
43 MET VAL MET VAL VAL MET49 GLY GLY GLY GLY GLY ALA
so GLV SER .ILE GLN TnP VAL
51 [LE PRO ILE )LE ILE VAL52 VAL ALA ASN PRO ASN ms

:33 PRO LYS PRO Leu PRO PRO52¢ —— — m __ .. ._
53 MET TR? sen ARG ASN sen5A PHE THR GLV PHE sen ASP

8 55 GLY ASP GLY ASN GLY ASP3 58 PRO PRO sen GLY GLY A86
2 51 PRO FHE THH GLU THR THnse ASN GLN sea VAL ASN THR69 TYH GLY Tvn LYS TYH Tvn

60 ALA VAL ALA ASN ALA GLYs1 GLN Tvn GLN PRO PR0 PRO52 us ILE LYS GLv ARG ARG
-sa PHE LYS PHE sen PHE sea
94 GLN TRP GLN VAL GLN GLN LYS
65 GL‘I GLU GLY VAL GLY ALA sea
68 AHG ARG ARG A30 A96 AHG ARG AHGs7 VAL VAL VAL VAL VAL PHE55 THE THR THR SER YHH run
59 me VAL MET VAL MET VAL MET
70 THE sen THR sen THE THE sea7T ALA LEU Ans LEU ARG Ans Leu‘72 ASP Lvs ASP Lvs ASP ASP ASP73 GLU PRO THR Pno ALA Sen —- THR'H SEfi SER SER SER SEH SER SER _ ~- SER
75 THR PHe THR PHE PHE THH —. VAL76 ASN ASN sen ASN sen THn —- ASN77 THE GLN THH GLN THR THR _.. Leu78 ALA ALA VAL ALA ALA VAL PHE79 TYR TYH TYR H|$ TYH YYH —— SER

F 30 MET MET MET MET MET MET ... Leu_n 31 GLU GLU GLU GLU ASP GLU -- sea3 82 Leu Leu LEU LEU LEU LEU w Leu82A SER VAL SER sen APG THR - THH829 sen ASN sen sen sen ALA Sea
820 LEU LEU LEU LEU LEU LEU VALea ARG PHE ARG PHE ARG ‘LE THE84 Sen ASN sen sen sen sen ALA05 GLU GLu GLU GLU ASP ALA ALAan ASP ASP ASP ASP ASP ASP -— ASP
3? THFI GLV ‘THR THFI sen THR -» um83 ALA ALA ALA ALA ALA ALA -— ALAas PNE VAL VAL VAL VAL VAL90 TYR TYR Tvn Tvn PHE H "I‘m91 PHE TYR Tvn Tyn TVP —— 1YR .
92 cvs cvs cvs cvs cvs cvs -— cvs93 ALA ALA ALA ALA ~ALA L ALA9a GLY V APO ARG Ans Lvs . ... A8695 GLY GLU sea95 TYR TRP ASP
37 GLY LYS PRO ~-99 ILE GLY PNE99 WP GLN TRP

we sen VAL sen100A -— ASN ASP
6 won VAL TvnD was ASN TvnR moo PRO ASN
3 woe PHEIOOF —- ASP

1000 -~ —. 'TYPscorn <- —- sen
1001 ~— TYP100.! w ’— THR -100x — PHE Leu
101 PRO ASP ASP GLY
102 GLU TYR VAL PRO ARG
103 GLU ‘IRP TR? THP YRP‘04 TWIN GLY GLY GLY GLYnos ASN GLN GLN GLN 0- sen
\os GLY GLY GLY GLV GLY -- GLVF $07 GLY VAL THE THR GLYR we Leu LEU THR LEU Leu4 ‘09 VAL VAL VAL LEU VAL110 THR VHR T'~t‘. ILE ~- THR
an VAL VAL VAL VAL VAL .— VALn2 sen sen sea sea sen senH3 sen sea sen sen sen _ sen sea _
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HUMAN NEAVY CHAINS SUBGHOUP I (com'd)

   

 
 

  

  

  
 
 
 

 

  
 

 
  

 

25‘ 26 27 28 29 30 31 32 33 34 3 OF fl OF OCCURRENCES ' VARIABILITY' KOH RIC WIS VAU LES SAC DEE LEA HAFI HUS SEOUENCES AMINO OF MOST COMMON(I v 1! 1! Aans AMINO ACID
0 —— .. ... w .-- m _1 9m PCA PCA PCA PCA my 30 5 21(PCA) 7.12 VAL VAL mm VAL VAL ala —- --- 30 6 25(VAL) 7.23 GLN IBu GLN - --- ~- pca {11:8 25 5 22(GLN) 7.94 LEU - ~— —- -- LEU LEU 25 2 24(LEU) 2.15 14 4 11(VAL) 5,16 14 2 10(GLN) 2.07 1a 1 16(559) 1.B 15 2 14(GLY) 2.19 1S 4 12(ALA) 5.1o 14 3 12(GLU) 3,511 _. 1A 2 12(vAL) 2.3.2 ... 15 5 9(LYS) 3.3‘3 u 2 131135) 2.2r ‘4 - u 2 13(PF10) 2.2R 15 —~ 14 3 12(GLY) 3.51 16 12 4 41 1 ) 12.17 11 2 10(SER) 2.213 -— VAL 12 5 7(VAL) 8.6‘9. —- mg 13 3 6( + ) 5-5
20 —« He 12 a 6(VAL) a.21 -. 11 a 9(SER) 3.722 ... 9 2 o CYS) 2.323 .0 H :5 9 LYS) 3.724 .. 11 5 4(ALA) 14.25 _. 1o 3 .mssm 3.326 ' —- 10 2 9(GLY) 2.227 -. 1o 4 5 TYR a.23 -- a 3 5 THE A,29 ... a 2 7(PHE) 2.330 B 5 8(SER) 13,31 a 7 2(ASP) 2e.32 B 2 5ITYR) 3.2G :13 .. a s 2‘ 1 ) 24.g 34 .. a 4 a ILE) a.1 35 —- 8 5 311-115) 13.35A n.353 “-
36 a 2 7 TRP) 2.337 a 3 5 VAL) 4.833 __ e 2 7 AHG 2.3 .39 a 2 7 GLN 2.340 —— a 3 GiALA) A.41 8 2 7 PRO) 2.3:1 42 a 2 NOW) 232 43 7 4 2 -1- 14.44 7 1 VEGLJ) 1.45 7 1 7 LEU) 1.46 7 7 7 GLU) 1.47 7 \ 7(TRP) I.48 7 2 MVAV 3.549 7 2 6(GL ) 2.350 7 7 1( w ) I 49.51 7 3 5§ILE) 4.262 7 6 2 ASN) 21.
52A 8 3 4(PHO)523
52C '53 7 6 ZQSER) 21.54 7 5 2 * ) 18.

g 55 7 3 41131.1!) 5.3R 56 7 5 2( 9 ) ‘8.2 7 57 7 4 4(THR) 7.‘5a 7 6 2(ASN) 21.59 7 3 5(TYR) 4.2
60 . 5 a 3(ALA) e.61 6 3 8 PRO) 6.62 5 A 2 + S 12.53 6 ~ 3 3 PHE S.54 7 A 4(6LN) 7.65 7 5 agGLv) 12.66 7 I 7(ARG) 1.67 5 2 SEVAL) 2.455 5 2 5 THR) 2.459 7 3 8‘ + ) 7.7o 7 2 MTHR) 3.571 7 3 3( + ) 7.72 7 2 “ASP; 2.873 7 5 2( 1 1B.74 7 1 . 7(SER) 1.75 7 3 3 4 ) 7.76 7 3 a ASN) 5.371 7 3 ASTHR) 5.378 7’ 3 d ALA 5.379 7 3 5(TYR 4.2

F 80 7 2 GiMET 2.3a a1 7 a saw 4.23 32 MET 8 2 7(Lfiug 2.382A ASN 8 5 3(SER323 SE“ 8 3 6(SER)
02C: LEU 8 2 7(LEU)as A96 3 4 MARS) a.8.: VAL B 4 5(SER) 6.485 GLx a 3 : a 5(GLU) : 416LU) 4.8 : a.68 ASX 8 7 : 2 8(ASP) : 7(ASP) 1. : 2.3
87 5 3 SIYHFI) 4.38 6 1 8(ALA 1.59 a 3 6(VAL 4.90 - TVR 9 2 821YR 2.39‘ ., - TYR 9 2 B TYR 2.3
92 CVS 9 1 9(CY5) I,93 ‘ THE 9 2 8(ALA) 2.394 en _ 9 a GLARGJ 11.595 ARG 7 5 2( 1 ) 15,96 GLY 7 6 2(TYR) 21.
97 MET 7 6 QIGLY; 21,98 - 6 5 2(PHE 15.99 6 5 2(TYR) '5.100 6 5 2(SER 15.‘OOA 5 4 2(ASN) : 2( SP)

C 1008 5 a 2(ASP)0 10°C 4 3 2(TYR)n 1000 4 4 u w )3 10012 2 2 1( +1007 2 2 u 1 3
”106 --- 2 2 1( 4100M —« 2 2 1( w1001 1 1 1(TYH)100.! - » 1 1 1(THR)100K -— 3 3 u + )101 ASX 7 4 : 5 3(A5P) ; 2( + ) 9.3 : 1a.102 1"!!! a 5 z 6 agTYR) 1:1, 1: 15.103 YEP a 2 : 3 6(TRP) 2.7 : A.104 GLY a :1 6(GLY) , A.105 _ GLX a 3 : 5 5(GLN) : 4(GLN) 4.8 : 10.106 GLY —~ GLY B 1 a GLY 1.F 107 _ VAL -- LEU THR 9 a AETHR; 9.R 108 I —— VAL LEU 8 3 6(LEU) 4.I »— ILE VAL a 3 BlVAL) A.THH »-- THR THR 9 2 8(THR) 2.3

VAL -- VAL VAL 9 1 9(VAL) 1.SEE A~ SER THR 1D 2 9(SER) 2.2SER —-- --- SEN SER 10 ‘ 10‘SERJ 1.  
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ANT1BODY SPECIFICITIES‘. HUMAN HEAVY CHAQNS SUBGHQUP I

2) sue: ANTI—HUMAN GAMMA G GLOBUUN; WA )DIOTYPE
1;) WDL: ANTLHUMAN GAMMA (3 GLOBULIN; WA 101(31va

10) STE: com AGGLUTININ wn‘m ANTI»BLOOD GROUP 5 ACTIVITY
15) MAR: ANTIALIPOPROTEON LI_PASE
25) KOH: A'Nn-HUMAN GAMMA G GLOBULIN

CLASS: HUMAN HEAVY CNAINS SUBGROUP I
1) EU: 1GG1-KAPPA
2) sue: IGMXAPPA
4) WOL: lGM-KAPF’A
5) CA: I661-
6) ND'cL: ICE-
7) HOT: 166-
e) 8RD'IGG: IGGAKAPPA

10) $75: K361:
11) BEN“): 1:303—
12) zuc: Isa:-
13) 0): 16M-
14) BOT: 16M-
15) OMM'CL: K303-
16) MAR: 16M-
19) wan: 1661-
20) VIL: lGGS-LAMBDA
21) DUN: K364»
22) ADA: 16A»
23) non: 16A—
2‘) SAW: 1602‘
25) KOH: )GM-LAMBDA
26) me: 1663—
27) wns: IGG3-
28) VAU'. use)-
29) LE9: nee!-
30) SAC: 1661-KAPPA
34) HUS: IGGa-

REFERENCE: HUMAN "HEAVY CHAINS SUBGROUP I

1) EU: CUNNINGHAM,B.A).BUTISHAUSER.U..0ALL_W.E:.GOTTLIEB.P.D..WAXDAL.M1J. A EDELMAN.G.M. (1970) BIOCHEMISTRY.9,31616170. (CHECKED BYAUTHOR)

2) 81E: ANDREWS,D.W. A CAPHAJD. $1981) PROC.NAT.ACAD.SC1.USA783799<3803¢ ANDREWS.D.W. 8| CAPRAJD. (1981) BIOCHEM)STRY,20.55165322:(CHECKED BY AUTHOR 11/1582): ANDREWS.D.W:,& CAPRA.J:D. (1981) BIOCHEM1STRY. 05822-5330.
3) HGJ‘CL: RECHAVI.G..RAM..D._GLAZER.L..%KUT.R. A GIVOL,D. (1983) PROC.NAT.ACAD.SCLUSATBO,855<859. (CHECKED BY AUTHOR 01/04/83)
4) WOL: ANDREWS(D.W, n. CAPHAJJDKUSM) PROC.NATACAD.SCI.USA.7B,3799-3803: ANDREWS.D.W. A CAPRAJ‘D. (1981) BIOCHEMISTRY.20.5816-5822.(CHECKED BY AUTHOR 11/15/82); ANDREWSDAW. 8) CAPRA.J.D. (1981) BIOCHEMISTRY.20.$822~5830.
5) CA: FITCHER)S.E1 8. KONIGSBERG,W. (1970) J.8|OLTCHEM..245.1287‘1274. (CHECKED BY AUTHOR)
6) ND'CL: BENNICHJ'L A VON BAHR‘LINDSTROM.H. (197a) PROGRESS IN IMMUNOLOGVJAS‘SE; BENNICH.H,H:.JOHANSSON.8.6.0. a VONBAHR-LINDSTROM,H. (1978) 1N IMMEDIATE HYPERSENSITIVI‘T‘I: MODERN CONCEPTS AND DEVELOPMENTS. BACH.M:K.. ED.,PP.1-36. MARCEL

DEKKER.NEW VORK: KENTEN.J.HuMOLGAARD.H:V,.HOUGHTON.M..0€HBYSHIRE.R.B..WNEV.J..BELL,L.0: A GOULD.H.J, (1982)PROONAT‘ACAD‘SCI.USA:79.666143665.

7) MOT: KOJ1MA,M..ODANLS G) 0N0.T. 9982) MOL.IMMUNOL..19,1095-1103; KOJIMA4M..KOIDE,T..ODAN1.S: Bx 0N0.TA (1986) MOLJMMUNOL.,29.169-174.(CHECKED BY AUTHOR 08/0518 ) - ‘
8) BRO‘IGG; HOPPER.J.E..NOYES,C..HEINRIKSON.R. 8 KESSEL.J.W. (1976 J.|MMUNOL..116.743~746: HOPPERJE‘ A BRAHNE. (1977 J.IMMUNOL..119.847-849. (SCHECKED av AUTHOR 03/25/73 WHO POINTED our HAT 8120' IS SAME AS BRIGG AND SUGGESTED THAT 1 SHOULD BERENAME AS enema) ~ .
9) TKO: HOPPERJE: A BRAHN,E. (1977) J.1MMUNOL..119.647~849. (Cr-(ECKED BY AUTHOR 03/25/78)

10) STE: FDSHER,C.E.;PALM,WJ§. 8- PRESS,E.M. (1969) FEBS LETTERS,5.2O—221 (CHECKED BY AUTHOR)
11) BEN“): KAPLAN,A.P..HOOD.L..TERRY.W.D. 5 METZGEH.H. (1971) 1MMUNOCHEM1STHY.B,EOT-81'L (CHECKED BY AUTHOR)
12) 2110: FHANGIONE.B. 5 M1L$TE1N.C. (1969) NATURE.224.597~599. (CHECKED BY AUTHOR)
13) DD: KOHLER.H..SHKM1ZU.A,1PAUL,C,,MOORE.V. A PUTNAMJEW, (1970fNATURE.227.1318-1320: IFLORENT.G“LEHMAN.D. 3 PUTNAM.F.W. (1974)BIOCHEMISTRYJ3.24822498. (CHECKED BY AUTHOR 06/15/83)
14) BOT: BARNMOLWATANASKSHM1HAESCO.E..MIHAESCO.C..BARN1KOL,H1U. a. H1LSCHMANN.N. (1984) Z.PHYSIOL.CHEM.,365,1OS~118.
15) OMM‘CL: ALEXANDERTAUSTE1NMETZ,M.,BAHR1TAULT.DT.FRANGIONE.B..FRANKLIN.E.C:.HOOO:L. 6: BUXBAUMJN. (1982) PROC.NAT.ACAD.$CLUSA)79)3260-3264. (CHECKED BY AUTHOR 06/17/83)
16) MAR: KAPLANA.P1,HOOD,L1.TERRY,W.O. 8 METZGERM. (1971) 1MMUNOCHEM1STBY.8.801‘811. (CHECKED 8V AUTHOR)
17) F1: MONTGOMERY.P.C..8ELLO.A,C. a. fiOCKEY.J.H. (1970) BIOCH1141.810PHYS.ACTA.200.258«266, (CHECKED BY AUTHOR)
15) VD: MONTGOMERY,P.CT.BELLO.A.C. 8- ROCKEY.J.H. (1970) BIOCHIM.B1OPHYS.ACTA.200.258A266) (CHECKED BY AUTHOR)
19) WAR: KAPLANJI.P..HOOD.L.‘TERHY.W.D. A METZGEH.H. (1971) lMMUNOCHEMISTHY.8.BOl-811. (CHECKED BY AUTHOR)
20) VIL: KAPLAN,A.P.,HOOD.L,.TERRY.W.D. A METZGEFLH. (1971) IMMUNOCHEMISTRY.B,BO1-811. (CHECKED BY AUTHOR)
21) DUN: KAPLANA.P.,HOOD.L..TERF1Y.W.D. B» METZCERM, (1971) lMMUNOCHEMISTRY.8.801-B11. (CHECKED BY AUTHOR)
22) ADA: KAPLAN.A1P..HOOD.L.,TERRY.W.D. 8- METZGER.H. (1971) IMMUNOCHEMISTRY.B,801-61‘1. (CHECKED BY AUTHOR)
23) NOR: KAPLAN.A,P,.HOOD.L..TERRY.W,D. 8 METZGEH.H. (197‘) lMMUNOCHEMISTHY.B,BDI-B11. (CHECKED BY AUTHOR)
24) SAW: KAPLAN.A.P..HOOD.L.‘TERRY.W.D. A METZGER.H. (1971) IMMUNOCHEMISTRYBBOLBI1. (CHECKED BY AUTHOR)
25) KOH: KAPLANJX.P.,HOOD,L..TERF1Y.W.D. 8. METZGERM. (1971) IMMUNOCHEMISTRV.8.801—B11, (CHECKED BY AUTHOR)
26) R113: KAPLAN‘A.P.,HOOD.L..TERRV.W.O. 8 METZGERJi, (1971) IMMUNOCHEMISTRV.B.BO1‘81L (CHECKED BY AUTHOR)
27) W13: FRANKLIN,E.C:.PRELLI.F. 8) FRANGIONE.B: (1979) PROC.NAT.ACAD.SCLUSA.76.452-456, (CHECKED BY ApTHOR 07/18/79)
28) VAU: FRANKLIN.E(0,.KYLE)H,.SELIGMANN.M. & FHANGIONE,81 (1979) MOL.IMMUNOL..16,Q19~92L (CHECKED BY AUTHOR 12/10/82)
29) L53: FHANKLIN.E.C:.KYLE.R..SELIGMANN,M. 5 FHANGIONE.8. (1979) MOL.IMMUNOL.JS.919<921. (CHECKED 8V AUTHOR 12/10/82)
30) SAC: PAHR.D.M. (1981) MOLVIMMUNOL.,‘B.257~259. (CHECKED BY AUTHOR 0302132)
31) DEE: FRANCHONEB. A M1L$TEIN.C. (1967) NATURE)Z16.939-941. (CHECKED BY AUTHOR)
32) LEA: FRANGXONE,B, 8: FHANKL!N.E.C. (1977) PROG.]MMUNOL..3,278-288. (CHECKED BY AUTHOR 07/15179)
33) HAR: FRANG!ONE,B, 5 FRANKL|N.E.C. (1977) PHOGJMMUNOL..3.278—286: (CHECKED BY AUTHOR D7l1B/79)
34) HUS: WANG.A.C, 8. FUDENBERG,HTH: (1975) ARCH.BIOCHEM.BIOPHYS..168.657»6§4. (CHECKED BY AUTHOR 09/23/77)

NOTES: HUMAN HEAVY CHAINS SUBGROUP 1
IDENTICAL SETS OF FRAMEWORK SEGMENTS:

FR1: SET 1: VAU)28).LEB|29). (2 loENTchL)
FRQ: SET 1: EUULHGG'CLUL (2 IDENTICAL)

SET 2: WOIJAI) (IDENTXCAL TO 2 HUMAN V-H-lll: Tlud),TElllUl.)
FRI): SET ‘1: ND‘CUS). (IDENTICAL TO 1 HUMAN V~H-IU: U266‘CL‘106L)
FRd: SET 1: WOLH). (IDENTICAL TO 2 HUMAN V-H~Il: MCE‘N),N2UI15I: 4 HUMAN V-H—HI: TIU4|,DOB[81I,WEN33).N1E(34]: AND 1 MOUSEV-HJHA: MOPCd7N481.) '

SET 2: ND‘CLIS). (IDENTKCAL TO 1 HUMAN V~H-|l: HIGI'CLI10); 1 HUMAN V-Hvlll: UZGE'CUIOB]: AND 1 MOUSE V-HMA: HDEX12HSL)
IDENTICAL SETS 0F COMPLEMENTARITY DETERMINING REGlONS: ‘CDRI:

CDRZ:

C033: SET 1: HGG‘CLIS). (IDENTICAL TO 1 HUMAN V-H»lll: LAMBDA-VHZS‘CUZI: 1 MOUSE V«HAIB: PJ14'CU22I: AND 5 MOUSE V-H-HB: 185-2'CU3].. 186-1'Cu5|,102'CU15].23'CL118).3'CLJ26L)
SET 2: ND'CUS]. (IDENT1CAL TO 1 HUMAN V-H-lH: U268‘CU1061.)

IDENTICAL SETS OF J<MlNIGENESz
SET 1: NO‘CLIS). (IDENTICAL T0 1 HUMAN VwH-I); HIGVCLIIO): AND 1 HUMAN V~H-I|1: U286‘CL‘IOGI.)
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NOTES: HUMAN HEAVY CHAINS SUBGROUP I (Conl‘d)
SPECIFIC NOTES:

3) HGS‘CLEJNTHE AMINO ACID SEQUENCE IS OBTAINED BV TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN FETAL LIVER GENOMICA.

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 ARG 56 AND “(HR 57. AND BETWEEN ABC 62 AND $59 63.

12) ZUC: IT WAS FROM A CASE OF HEAVY CHAIN DISEASE.
‘4) BOT: IT WAS FROM A CASE OF IGM HEAVY CHAIN DISEASE,
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 RESIDUES AT POSITIONS 108 AND 109 ARE ASN AND CYS RESPECTIVELY. WHICH DONOT CORRESPOND TO THE USUAL RESIDUES FOUND AT THESE POSITIONS IN HUMAN HEAVY CHAIN SUBGROUP I.
25) VAU: IT WAS FROM A CASE OF HEAVY CHAIN DISEASE.
29) LED: IT WAS FROM A CASE OF HEAVY CHAIN DISEASE.
30) SAC: IT WAS FROM A CASE OF HEAVY CHAIN DISEASE.

+ THE FOLLOWING WERE EOUALLY AND MOST FREQUENTLY OCCURRING:
 AT posmorv RESIDUES

16 (ALASEH)19 (LYSARG)
33 (TYRALAl .43 (LV$.ARG.G N
50 (TRPJLEVALSERGLY. LU.GLNI54 (PHESER)58 (PRO.GLY)
52 (LYSARG)

~ 69 (VALMET)71 (LEU.ARG)
73 (PRO.THR)75 (PHE.THR)
95 (GLY.GLU)1000 (TYRPROSERASN)1005 (PHEGLY) IIOOF (THRASP)1006 (TYRSEFI)100H (Lausan)

100K (TYR.PHE.LEU)109 , (PRO.ASP)
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HUMAN HEAVY c:sA1Ns SUBGROUP 11

' INVAFIIANT 1 2 a A 5 6 7 - 9 1o 11 12 13 14 15 16 a or— 3 OF OCCURRENCESRESIDUES 'COR DAW 0U MCE‘ CE-1 HE SUP-TI NEWM WAH H161 CAR SA 10 SPA NZU ER) SEOUENCES AMINO OF MOST COMMON111 'CL VHxJA 'CL A v ACIDS AMINO ACIDr 'CL0

o ... ... ..1 PCA PCA PCA PCA gm PCA gIn PCA org In PCA PCA 12 3 B1PCA)2 VAL VAL VAL no VAL VAL VAL VAL leu AL VAL 9m 12 4 9(VAL)3 THE THR THR THR asn THR gln gm gm gln THR gm 12 A 6(THR)4 LE_U LEU LEU LEU LEu LEU LEU LEU LEU LEU LEUV val 12 2 11ILEU)
5 ARG ARG 01: 1513 ARG lys In Ix In gln A86 11 4 : 5 .11 v 1 : «(Anms GLU GLU GLU GLU GLU GLU Lu Lx LU gin GLU 11 2 IDIGLU) : 9(GLU)7 SER SER SEFI SER SEH ash SER SER SER up SER 11 3 9(SER)8 GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GL‘I --- 10 1 10(GLY).9 PRO PRO PRO PRO PRO PR9 PRO PRO PRO alt) ~ 10 2 9(F’R0)

10 ALA ALA ALA mr ALA 1m ly gI guy guy 10 :3 4( 1- 111 LEU LEU LEU LEU LEU LEU LEU_ L%U LEt LEU LEU 10 1 10(L5U)1 2 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL 10 1 10(VAL)13 mm ar LYS Lvs LYS LYS LYS an LYS LYS I0 2 B(LYS)F 14 L PRO PR PRO PRO am PRO PRO PR PRO PRO ‘0 2 9(PRO)R 15 THR THR lys THR THR THR 581' set ser ser 10 3 5(THR)I 16 GLN GLN GLN 1u his 112 lo GLN lu lu 10 :1 5(GLU)17 THR THR pro HR THR HR HR THR HF! HR 10 2 9(THR)18 LEU LEU LEU LEU LEU LEU LEU LEU LEU. LEU LEU 1D . 1 10(LEU)19 ‘ THR THR THR THR THR "(HR 511! 597 set so: 10 2 6(THR)
20 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU U 1 11 LEU)21 THE THE THR THFI THH THR THR THR THR THE THE THR THR 12 1 12 THE]22 CYS CYS CYS CYS CYS C‘IS CYS CYS CYS CYS CVS CYS CYS 12 1 12(CYS)'23 THFI THR THR THR THR THR THR THR ire ale THR THR 12 3 101nm)24 PHE PHE PHE PHE PHE Iou vaI val val val val val 12 3 6(VAL]
25 SER SER SER SER SEE SER SER SEH SER he SER SER 12 2 11 SER)25 GLY GLY GLY GLY GLY GLY GLv GLY GLY GLY LY GLV GLY 12 I 12 GLY)27 PHE PHE PHE PHE lSu lnu ,1 r lser eg 91y eg 11 5 MPHE)28 SEE SER SER SE8 SE8 SE8 5 H lhr pro SEFI SE9 11 3 StSER)29 LEU LEl_J LEU LEU vaI LEU 119 phn 119 pm 10 a 5(LEU)
30 SEE SER SEH SER asn it“ SEH SEH 3L9 SER -« IO 4 7(SERL31 SER GLY THR THR THR THR SER ASN ARG GLY --1~ 10 5 4(THR)C 32 THE GLU SEE SER ARG ASP GLY ASP THR TYR ~~ 10 7 2( S )D 33 GLY THR ARG GLY GLY GLY TYR TYR GLY 11m 1o «1 5(GLYn :14 MET MET MET VAL MET VAL TVR TYR Tvn TRP ... 1o 4 awe )1 35 CYS CYS ARG GLY SER ALA TF1? THR TYR SEFI 10 B 2( A )35A VAL VAL VAL VAL VAL VAL GLY TRP ~ 8 3 6(VAL)353 GLY ALA SER GLV SEH GLY ~—- ~- GLY ~-- 7 3 . AggLY)06 199 TR? TRP TRP TRP TRP YRP TRP TRP TRP TR? 10 1 101T???)37 RE ILE ILE ILE ILE ILE ILE VAL OLE ILE 1O 2 9(ILE)
SB ARG ARG AFiG ARG ARG ARG ARG AHG ARG ARG ARG ‘0 1 “NARC”39 GLN GLN ARG GLN GLN GLN GLN GLN GLN GLN 1O 2 9(GLN)40 PRO PRO PRO AHG PRO GLV PRO PRO PRO PRO 10 3 6(PRO)F 41 PRO PRO PRO PRO PRO PRO PRO PRO PRQ PRO PRO 10 1 10(PRO)R 62 GLV GLY GLY GLY GLY .GLV GLY GLY GLY GLY GLY 10 1 10(GLY)2 43 LYS GLU LVS LYS LYS ARG LYS ARG LYS- ARE} 10 3 6(LVS)AA GLY ALA ALA ALA ALA ALA GLY GLY GLY GLY 1D 2 51 ~ )AS LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU 10 \_ ,10(LEU)43 GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU 10 1 10(GLU)47 TR? TRP TRP TRP TRP TRP TRP TRP TRP TR? TR? ’0 1 10(TRP)
45 LEU LEU LEU LEU LEU LEU ILE ILE ILE )LE 10 2 5(LEU)49 ALA ALA ALA ALA ALA Am GLY GLY GLY GLY 10 2 601ij50 ARG TRP ARG PHE ARG TRP SER TYR GLY GLU ~-~ 10 7 3(ARG)S1 ILE ASP ILE ILE |LE LEU ILE‘ VAL VAL ILE 10 A 5(ILE)52 ASP ILE ASX ASN ASP LEU TYR PHE TYR ASN -—~ 10 6 3(ASN) : 3(ASP)
52A .— ~- —— TYR ms —- m 2 2 11 A 1528 .«V ... ... ... ... _. _ ...52c ~— -.- -—~ .~ .2 ...
53 TRP LEU ASX TR? TR? TRP TYR HIS 9 5 «mmc 5-1 ASP ASN Asx ASP ASP ASP THR SER ID 5 5(ASP) : 4(ASP)D 55 ASP ASP ASP ASP ASP ASP GLY GLY 10 2 SEASP;R 56 ASP ASP LYS ASP ASP ASP SER sea 10 A 5ASP2 57 LYS LYS PHE ASN LYS LYS ILE THR 40 B MLYS)58 TYR TYR TYH AHG TYR ARG TYR ASN 1O 4 6(TYR)59 TYR TYR TRP TYR TYR PHE TYR TYR 1D A 7(TYR)
60 ASX GLY SER SER GLY SER THR ASN LYS 10 5 : 6 3( + : JISEH)61 THE ALA THFI PRO THR PRO THR PRO THR 10 3 5 THR)62 SER SER SER SER SEH SER PRO SEFI SER 1D 2 9(SEH)63 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU 10 1 10(LEU)54 GLU GLU ARG ARG GLU LYS ARG ARG LYS 1O 3 AIARG)
65 THR THFI _THR SER THH SER SEH GLY SEE 10 3 51358)65 ARG ARG ARG ARG ARG ARG ARG ARG ARG ARG 10 1 10(ARG)87 LEU LEU LEU LEU LEU LEU VAL VAL VAL 1o 2 6(LEU)58 THR ALA SEFI THR THFI TflR THR THH THR 1O 3 8(THR)69 |LE VAL ILE GLY lLE VAL MET ILE lLE 10 4 BULE)
7O SER SER SER THR SEE THR LEU SER SE8 10 3 7(SEH)71 LYS LYS LYS LYS L'YS AHG VAL VAL LEU 1O 4 5(LYS) V72 ASP ASP ASN ASP ASP ASP ASP ASP ASP 10 2 SIASP)73 THE THR ASP THR THR THH THR THR THR 1o 2 9(THR)74 SER SEH SER SER SER SER SEE SER SEQ SER <~~ 10 1 10(SER)
75 ARG LYS LYS ARG LYS LVS LVS ARG LYS 10 2 7(LYS)75 ASN ASN ASN ASN ASN ASN ASN ASN ASN ASN 1D 1 1OIASN)77 GLN GLN GLN GLN GLN GLN GLN GLN LEU IO 2 9 GLN)78 VAL VAL VAL VAL VAL VAL PHE PHE PHE 10 2 6 VAL)79 VAL VAL VAL VAL VAL VAL SEH SEH SER 1O 2 6(VAL)

F 50 LEU LEU LEU LEU LEU LEU~ LEU LEU LEU LEU 10 1 10(LEU)R 81 THH SEFI ILE THFI LYS THR ARG ASN LYS <-- 10 5 3( A )3 82 MET MET MET ILE VAL MET LEU LEU LEU -« 10 A M "P )82A -—~ ASN ILE THR THR THR SEE ARG SEH -~ 9 5 3t - )828 -- THR ASN ASN ASN ASN SEH SER SER --- 9 3 M 9 )
82C VAL VAL MET MET MET VAL ’ MET VAL MET 1o 2 5 b )83 ASP GLY ASN ASP ASP ASP THR SER THH ASP H 5 5(ASP)84 PRO PHO PHO PRO PRO PRO ALA ALA ALA --< PRO 11 2 7(PRO)35 VAL GLY VAL VAL ALA VAL ALA_ ALA ALA --- VAL 1‘ 3 5( J )88 ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ... ASP H 1 1|(ASF)
87 THE THR THR Sen THR THE THR THR THR SER 11 2 QUHR)86 ALA ALA ALA GLY ALA ALA ALA ALA ALA GLY 11 2 9(ALA)89 1113 THR THR THR THE THE VAL MET VAL THR 11 :1 7(THR)90 TYR TYR TYR TVR TYR TYR TYR TYR TYR 11m TYR 11 1 1111142)91 TYR TYR‘ TYR PHE TYR TYR TYR TYR TYR PHE 11 2 9(1YR)
92 cvs cvs cvs ovs cvs cvs cvs cvs cvs cvs CVS 11 1 11(cv5193 ALA ALA ALA ALA ALA VAL ALA ALA ALA ALA I1 2 1 0(ALA)94 A96 ARG ARG HIS ARG HIS ARG ARG AHG HIS 11 2 (-1930)
95 ILE. SER VAL ARG MET ARG ASN GLY GLY ARG 11 7 31/196)96 THR CYS VAL PRO GLN HIS LEU ASN LEU PRO 11 9 21 '— )
97 VAL (3va ASN PRO VAL PRO ILE PRO LEU -~ PRO 11 7 4(PR0)9B ILE SLR SER TRP THR ARG ALA PRO ARG —~ TR? 11 7 3(ARG)99 PRO GLN VAL ARG MET THR GLY PRO GLY ARC; I0 7 21 »~ )‘00 ALA TYR MET PHE VAL LEU CYS TYR GLY PHE 1O 8 2( + )100A PRO PHE ALA THR ARG ILE T‘YR TRP THR 10 e 21 L )

C 1008 ALA --< GLY GLY GLU --> ASP ASN SE8 7 6 2(GLY)D 100C GLY .— “(YR ASN VAL ~- ILE ASP ASP 7 6 2(ASP)R 1000 TYH --~ TYR LEU MET --- GLY VAL --- LEU 7 5 21 9‘ 13 1005 -—- ILE —- THR ASP -—- GLY 6 5 2(GLY)10°F - THR -~ _.. GLY TVR Sea 6 4 21 - I
100G sen 11m sea TYR _.. 5 2 :IlTYR)10011 ASN SER - ASP TYR ~-- A a 11 o )1001 . SER - ASP GLY -- 3 3 l( - )10m ALA ALA ~ GLY MET d 3 2(ALA)100K PHE SER ILE PHE a A atPHE)
101 ASP ASP LYS ASP ASP ASP SER ASP 12 3 10(ASP)102 ILE VAL 1LE VAL VAL VAL PRO VAL 11 a 7(VAL)
10:1 TRP TRP TRP v TRP TRP ILE TRP TRP TnP TRP mp 12 2 11(TRF')104 GLY GLY GLY GLY GLY PHE GLY GLY GLY »- GLY GLv 12 2 1|(GLY)105 GLN LYS GLN GLN GLN GLY GLN GLN GLN GLN A116 12 4 meLN)
106 GLY GLY GLY GLY GLY SEPI GLY GLY GLV GLY GLY 12 2 11(GLV’F 107 ILE THR THR THR THR GLY SER THR THR THR T1451 12 4 9171-19;R ‘08 LEU THR LEU MET LYS THR LEU THR THFI LEU THR 12 5 5(1HF1)

4 109 VAL VAL VAL VAL VAL ARG VAL VAL VAL VAL VAL 12 2 11(VAL)~10 IHR IHR YHR THn ALA LEU TMFI HIS ‘mn THR THR 12 a 9(THR)
I11 VAL VAL VAL VAL VAL sen VAL VAL VAL VAL VAL 12 2 ”(VAL)1‘2 SEA SER SER SER SER ILE sen SER SER SER SEFI 12 2 111SEI=11‘13 SEE sen ARS SEH SEE SER SER Am a 1L 6LSER)
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Ammom spacmcmas; HUMAN HEAVY CHA senouv n

9) NEWM: ANTIv34(3'-HVDROXY-3‘.7'.II'.I5‘.TETRAMETHYL HEXADECYL) 2-MEYHYL 1.4 NAPI’ITHOOUINONHVITXIOH)
CLASSX HUMAN HEAW CHAINS SUBGROUP II

1) con: IGGI-
2) (MW: IGGI-LAMBDA
3) cu; IGM‘KAPPA
4) MCE': ISM-KAPPA
6) HE: 1661—
a) NEWM: IGGI-LAMBDA
9) WAN: IGO—LAMBDA

12) SA: IGGz-LAMBDA
:5) uzu: IGM-
15) am: IGD‘

REFEIIENCE: HUMAN HEAVY CHAINS SUBGI’IOUP II

‘I) COR: PRESS,E.M. & HOGG‘NIM. (1970) BIOCHEM.J..117,GMAGSU. (CHECKED BY AUTHOR)
2) DA‘W: PRESSEM, 8 HOGG.N.M. (1970) BIOCHEMVJ..TI7.641-GGOI (CHECKED EV AUTHOR)
3) OD: PUTNAM,F.W..SHIMIZU,A..PAUL..C..5HINODA,TI 6 KOHLERM. (I971) ANN.N.YIACAD.SCI..19033403. (CHECKED BY AUTHOR 06(15153)
A) MCE': IggglasgrdENSON.B..KAZIN,A.IKEHOE.J.M..SCHEFFEL.C..ERICKSON.BVW. 8 LITMAN.G.W. (195” J.IMMUNOL.,126.12I2-I216. (CHECKED BY AUTHOR
5) kid 'CL: TAKAHASHINHNOMAI 5 HONJOJ. (I964) PROC.NAT.ACAD.SCI.USA.81.5‘946198.6) RE: CUNNINGHAM.BAHGOTTLIE8.PID..PFLUMM,MIN. A EDELMAN.G.M. (197)) PROGRESS IN IMMUNOLOGY (8.AMOS,ED.).ACAOEMIC PRESS.N.YI.PP.3-24.(CHECKED BY AUTHOR)
7) SUP‘T1 VHA‘CL: DENNY.CIT .YOSHIKAIXI,MAK.T.WI.SM|TH.SID..HOLLIS.G.F. 5- KIRSCH.LR. ($566) NATUREfiZOjaQéSI.B) NEWM: PCUAK.R.J..AMZEL.L.M,,CHEN.B, "PHIZACKEFILEY. RJ’V 8 SAUL}. (1974?“PHOC.NAT.ACAD.SCI.USA.713440-3444. (CHECKED' BY AUTHOR WHOCORRECTED RESIDUES 619.15.16.24263729 THROUGH 353.59.50 AS GIVE IN TABLE OF THE FIRST EDITION OF THIS BOOK) AND HASMORE RECENTLY REVISED RESIDUES 5.24.25.29.30.31.33.34.35.35AI358.59,60 AND I01): POLJAK‘RIJHAMZEL,L.M..CHEN.8.L,.CHIU.Y‘Y..PHIZACKERLEY.RP.,SAULIF,'8 YSERN.XI (1976) COLD SPRING HAHBOH SYMP. QUANTITATIVE BIOL..41.639-6A$‘ POLJAK R.J..NAKASHIMA.Y,,CHEN.EL. 5 KONIGSBERG.W. (I377) BIOCNEMISTRYJ6.34I2v3420. THE SEQUENCE LISTED IN THE LAST REFERENCE IS GIVEN IN THE TABLE.[CHECKED BY AUTHOR. W.KI. 09I39I78) ‘ .
9) WAH: PUTNAM.F.WI.TAKAHA5HLN..TETAERTAO..DEBUIRE.B. 8| LIN.L.CI (1981) PROC,NAT.ACAD.$CLUSA.78.61656172, (CHECKED BV AUTHOR 11130181);TAKAHASHI. ”TETAERTDHDEBUIRE.BI.LIN.L. & PUTNAMJ’IW. (1982) PROCNAT.ACAO.SCI.USA.79.2850-2654. ’

10) HIG1'CL: KUDOJI..ISHIHARAJ’.,NISHIMURA.Y. 3 WATANABEJ. (1985) GENEJBJBM‘IBP. (CHECKED BY AUTHOR IDIOT/85)
11) CAR: FRANGIONE,BI (1988) PHD. THESIS. UNIVERSITY OF CAMBRIDGE. (CHECKED BY AUTHOR)
12) SA: MILSTEIN.C. a FRANGIONE.8. (1971) BIOCHEM.JI.‘I21.217‘225I (CHECXED BY AUTHOR)

 

 

‘ 13) IO: MONTGOMEEIY.PIC..BELLO.A.C. 8- ROCKEYJMI (1970) BIOCHIMIBI0PHY$.ACTA.ZOD.258-265. (CHEQKED BY AUTHOR)
1A) SPA: FRANGIONE,B. A FRANKLIN.E.C. (1979) J.IMMUNOL_I.122,1177.1179. (CHECKED BY AUTHOR 07/1379)
15) N20: ERICKSON.B.W..GEHBER-JENSON.B..WANG.AC_ B LITMAN.G.W. (1981) MOLJMMUNOLIISJSTBGS. (CHECKED BY AUTHOR 11/30/81)
16) E“): MILSTEIN.C.PI L DEVEFISONEJI, (1980) IMMUNOLOGVADJSFPGSA. (CHECKED BY AUTHOR 11/3018?)

NOTES: HUMAN HEAVY CHAINS $UBG“O:UP II
IDENTICAL SETS 0F FRAMEWORK SEGMENTS‘. ‘FRI:

F82: SET 1: SUP-T1 VHNIA‘CLITLWAHISL (2 IDENTICAL)
”war 1
mg: SET ~ I: MCE'IAINZUIISI. 2 IOENTICAL HUMAN v»H-u-. ALSO 1 HUMAN VAH-I: woua); f1 HUMAN VvH-Ill: Tlle).DOBI3ILWEN33LNIE|34RAND I MDUS V~HvI|IA: MOPCIITNABL) ,

SET 2: HIGI'CLHOI. (IOENTICAL TO 1 HUMAN V-H‘I: ND"CLI6): 1 HUMAN V-H-III: UZGG'CHIOG); AND I MOUSE V-H-IIA: HDEXIZIISL)
IDENTICAL SETS OF J-MINIGENES:

SET 1: HKSVCLI‘IOL (IDENTICAL TO 1 HUMAN V-H~I: ND'CLIS]: AND 1 HUMAN V-H-II): UZES'CUIOEL)
SPE CIFIO NOTE S:

4) MCE‘: IT IS A CEYOIMMUNOGLOBULIN AND IS DESIGNATED BY THE AUTHORS AS MCE. IN ORDER TO DIFFERENTIATE IT EHOM ANOTHER NICESEOUENCED BY CAPFIA ET AL. IT IS DENOTED AS MCEX
5) 05-) 'CL: CELL LINE CESS
7) sun-11 Vfl-JA’CL: IT 15 FROM A PATIENT SUFFERING FROM CHILDHOOD T-CELL LYMPHOMA WITH II’IVHIGNQII-2IQ322 . THE INVERSION ONCHROMOSOME 14 BHINGS THE VH GENE AND JA MINIGENE TOGETHER. GIVING RISE TO A HYBRID MOLECUL CONTAINING PAFIT OF THEIMMUNOGLOBULIN GENE AND PART OF'THE T-LYMPHOCYTE RECEPTOR FOR ANTIGEN GENEI '

Id) 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 msmon assumes

5 (Anaew)10 (ALAIGLY
:52 rmmsean P)
35 (015359;44 (ALAIGLY
52A [warnsso (5591.5 )
31 (LYSJ‘HRg32 (LE‘UAMET
62A Hansen)B28 (SERASN)82c (VALMET)es (VALALA)95 PRO.LEU99 (P O.AF\G.G V)mo swarms)

100A (ALAJHFI;moo mmu—zu100:: I (TYR,GLY) .10004 (TYRSERASPIASN)10m (SERGLVJSP)
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INVARIANT 1‘ 2 '3’ 4 5 6 7 6 9 10 15 12 13 14‘ 15 16' 37 18 79 20' 23 22 23
nesnpues Tun LAMBDA POM TIL WAS nez- nee. nez. n11 ‘TEI nno- Gn- WAT LAY snA' en MU \nN HF3- een ZAP JON KEA

N525 1/133 1117 19/2 ‘CL 'IGM » v 15/5 (M1)
‘ L

w ' - W
o m -; ... ... .. ... .. L ..V ... ... _ ... ... ... .— ... ... ...
1 GLU GLU GLU GLU GLU GLU GLU GLU GLU cw GLU GLU GLU ala GLU GLU GLU GLU GLU GLU GLU asp GLU2 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL
3 , GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN4 LeuLs7) LEU Leu LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU Leu LEU Leu Leu Leu LEU LEU LEU Leu LEU Leu
5 LEU LEU LEU LEU LEU LEU. LEU LEU vn! val va) val val LEU val val val Va) LEU val val val Va)5 GLU GLU GLU GLU GLU GLU GLU m GLU GLU GLU GLU GLU GLU GLU asp GLU GLU In GLU GLU GLU GLX
7 sen(.e7 sen sen sen sen sen sen sen en sen sen sen sen sen sen sen sen sen sen en .sen sen sen Sen5 Gmss GLY GLY GLY GLY GLY GLY va GLY GLV GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY eLv GLY GLY GLY9 GLV(.98) va GLY GLY GLY GLY GLY GLY GLY GL‘I GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY

1O GLY GLV GLY GLY GLY GLY GLY GLY GLY GLY ‘GLY GLV GLY GLV GLV GLY GLY GLY GLY GLY nla GLV GD!11 LED LEU LEU LEU LEU LEU Leu LEU LEU LEU Leu Leu LEU Leu LEU LEU Leu Leu LEU Leu LEU LEU LEU12 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL Ha. VAL ale VAL VAL VAL12~ GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN IE: GLN GLN GLN GLN is 155
F u PROLQS) Pno PRO Pno Pno PRO PRO PRO Pno Pno Pno nno PRO pno eno eno Pno P 0 PRO pno pno pno p o p o
n 15 GLY GLY GLY GLY GLV GLY GLY GLY GLY GLY GLY GLY GLV GLY GLY GLV GL'Y GLY GLY GLY GLY GLY ELY GLY1 16 GLY . GLY GLY GLY .GLY GLY GLY GLY GLV GLv GLY va GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY

17 semen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen senas LEULS’I) LEU LEU Leu LEU LEU LEU Leu LEU Leu LEU LEu Leu LEU LEU Leu Leu Leu LEU LEU LEU 1y LEU LEU19 ans ARG Ans ARG ARG ARG ARG ARG ARG Ans AHG ARG ARG ARG Ans ARG ARG Ans ARG ARG A <3 Ans ARG
20 7 Leu LEU Leu LEU ~LEU Leu LEU Leu Leu Leu LEU LEU Leu LEU LEU Leu Leu LEU LEU LEU LEu LEU LED2‘ sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen In ala sen sen sen
22 cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs cvs vs cvs cvs cvs cvs23 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA24 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA AL‘A ALA ALA ALA _ALA ALA ALA
25 senwa) sen sen- sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen sen25 (301.97 GLY GLY GLY GLY GLY GLV GLV GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLV Ga27 enema; PHE PHE PHE PHE PHE PHE PHE PHE PHE PHE PHE PHE PHE nne PHE PHE nne PHE pne nne pne pne PHE28 Tnn THR THR Tnn sor lys m THH Tnn THR-THR THR THn Tnn THn THR THR Tnn set Tnn THR Tnn He
29 PHE nne PHE PHE PHE nne PHE PHE PHE PHE PHE PHE nne nne Ha nne pne vol pne pne pne PHE PHE
30 sen sen sen sen sen sen sen sen sen sen sen sen asx sen sen sen In: sen sen sen sen sen mg
3: ARG sen sen Tnn Tnn sen sen sen sen Tnn TYR ALA THR ALA Lvs ASX ARG Tnn nno THR THR Tnn
32 ' VAL TYR sen Tvn- ASP Tvn TYn TYR TYR sen Tvn ASX Tvn sen THR PHE GLV ASN sen THR Tnn ALA Tvn

g 33 Leo ALA ALA VAL ALA ALA ALA 'ALA Tnp Am ASN Tvn THR ALA VAL Tvn GLY TYR ALA pne sen Tnpn 34 sen MEY MET MET MET MET MET MET MET VAL MET MET MET MET TYR MET Leu MET MET MET ARCS MET
1 32A sen sen sen sen TYR sen sen sen ms TYR ASN VAL sen GLU ASP GLU sen Ans PHE LYS3513 _.: ... .4. _. ... ... ... ... ... ... .. .. .. .e. .. W .e.

35 TR? TRP Tnn TRP Tnp Tnp Tnn TnP TRP THP THP Tnn TnP TnP TRP TRP TRP TRP TRP TR?
37 VALLSS) VAL VAL VAL VAL VAL VAL ’VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL
as ARGL97) ARG ARG Ans Ans ARG ARG ARG ARG ARG Ans Ans eno ARG ARG Ans Ans ARG AHG ARG39 GLN(.97) ' GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLY sLN GLN GLN GLN GLN GLN40 . ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA VAL ALA ALA ALA ALA ALA ALA ALA41 PRO Pno PRO PRO PRO Pno pno THR pno nno nno Pno nno nno

g 42 GLY SLY GLY GLY GLY GLY GLY our GLY GLY GLY GLY GLY GLY GLY
2 as ,LYS(.97) LYS LYS Lvs LYS LYS LYS LYS LYS ARG Lvs LYS LYS us LYS44 our, GLY GLY GLY GLY . GLY GLY GLY GLY_ GLY our GLY ALA OLV

45 LEU(.97) LEU LEU LEU Leu LELI Leu LEU Leu LEU LEU Leu LEU LEU LEU46 GLU GLU GLU GLX GLU VAL GLU GLU GLU GLU GLU GLX GLU47 TRP Tnp Tnp TRP TRP Tnp TRP TRP TFIP TRP TnP TRP Tnn TR?
48 VAL VAL VAL VAL VAL « VAL VAL VAL VAL VAL VAL VAL VAL
49 sen sen ALA GL-Y ALA. sen GLY sen ALA Tnn ALA LEU GLU
50 GLV ALA THP ALA TR? ARG TRP ALA TRP TVR ALA VAL PHE5v ARG ILE LYS ILe LVS ILE ARG ILE LYS VAL Ans PHE Ans52 Leu sen Tvn GLX TYR nsn Tvn GLY TYR our sen VAL
52A ASN GLV GLU GLY GLN sen GLU .. GLu GLN VAL GLN
52g LYS —— »- ~. -- - w w m -52 ..A ... ... .... .. ... ._ ... .. ... _. ...
53 ALA sen ASN LEU GLU ASP GLY Tnn ASN VAL Tnn GLY54 sen GLY GLY sen ALA . GLY sen ALA GLY sen L sen

g 55 sen GLY -ASN VAL sen sen sen GLY ASN LYS ALAR 56 ASN sen ASP sen ASN sen Leu ASP ASP PHE ILE2 57 LEU THn LYS GLX sen THR THn GLN LYS sen LYS sen53 nns Tvn nus sen HIS THn HIS 'rvn nus pne HIS59 PHE Tvn Tvn Tvn PHE 'rvn Tvn TYR Tvn TYR TYR TYR:
60 ALA GL‘V ALA ALA ALA ALA ALA ALA ALA , ALA Tnn - _ ALA61 VAL ASP ASP Asx ASP ASP VAL ASP ASP VAL GLU ASP62 sen sen sen sen Tnn sen sen sen sen sen sen sen63 ALA VAL VAL VAL VAL VAL VAL VAL VAL VAL LEU VALea GLN LYS ASN Lvs ASN Lvs GLN LYS ASN GLN ASN ‘ GLN
65 GLYLsg) GLY GLY » GLY GLY GLV GLV GLY GL‘I GLY GLV ALAss ARG ARG ARG Ans Ana AHG ‘ Ans ARG ARG Ans ARG ans
s7 PHE(.97) PHE PHE PHE PHE PHE ‘ PHE PHE PHE PHE PHE me55 Tnn THH ‘I’HR THR THn THR Tnn THn Tnn THR Ten:
59 ILE(.97) ILE )LE )Le ILE ILE . ILE ILE DLE 1LE tLE ILE
7o senLgn sen sen sen sen sen sen sen sen sen sen , sen71 ans ARC. Ans AFlG ARG Ans Ans ARG ARG Ans ARE ‘ ARG72 ASN ASP ASN ASP ASN ._ ASP ASN ASN ASN ASN ASN73 ASP ASN ASP ASP ASP ASN ASP ASP ASP ASP ASP74 sen sen sen sen sen ALA sen sen sen sen sen
75 LYS LYS LYS LYS Lvs LYS us we LYS LYS LYS76 ASN ASN ASN ASN ASN ASN ASN ASN ASN ASN ASN77 THE THR Tnn Tnn THn - "run _THn Tnn THR Tnn THR
75 LED Leu LEU -- Leu LEU LEU Leu Leu LEU Leu

[79 TYR TYH Tvn — Tvn Tvn Tvn Tvn TYR TYR TYR
F )60 Leu Leu LEU LEU LEU Leu Leu LEU LEU - LEUn -81 GLN GLN LEU -— GLN GLN GLN ASN GLN GLU GLN3 82 MET(.95) MET MET MET MET MET MET MET MET MET MET MET MET MET82A LEU ASN ASN ASN ASN ASN Leu ASN , ASN Lvs ASN ASN ASN

82S sen sen sen sen Ans sen sen sen GLY Tnn sen THR ASN
92c LEU LEU Leu Leu LEU Leu LEU LEU LEU GLY LEU GLY Leu83 GLN ARG GLN ARG GLU Ans GLU Ans GLN GLU ARG GLU Ant;84 ALA ALA ALA ALA ALA ALA PRO ALA ALA pno ALA ALA ALA VAL
85 . GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLX GLU GLU GLXas ASP ASP nsn ASP ASP ASP ASP ASP VAL ASP Asx ASP ASP ASK
97 THE Tnn Tnn THn THH THR. THR THR sen THR THn Tnn THR Tnnas ALA ALA ALA Au. ALA L ALA ALA ALA ALA ALA ALA ALA ALA ALA
B9 Leu VAL LEU VAL VAL VAL VAL VAL ILE VAL VAL VAL VAL VAL
90 TYR(.98 TYR TVR TYF! TYH TYH TYR TYR TYR TYR TYR TVR TYR TYR TYR91 TYRLQS; TYR TYR TYB TYR TYR TYR TYFI TYRl ' TVR TVR TYR TYR TYR TYR
92 cvs cvs cvs cvs cvs ch cvs cvs cvs ch cvs cvs cvs cvs cvs93 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA
£4 ARG LYS AF‘lG LYS ARG ARG ARG ARG ARG ARG ARG ARG ARG ARG95 LEU v Asn GLY PHe -- VAL sen ASP HIS THR nsx96 sen ALA Lvs AnG Tnn PRO ALA ILE ARG ARG
97 VAL m GL‘I VAL GLN ._ nno VAL GLY Tvn pno ‘ LEU98 THE ——~ PRO sen Pno ALA sen Pno VAL' va GLY99 ALA .4. TYFl ALA PHE Am LEU TYR Tnn GLV pno. 100 LVAL —- VAL TYR VAL ALA VAL VAL LEU TYR Tflfi

100A ALA sen Tvn GLN sen ASP sen Tvn nne ALA
>0 mos PHE' eno PHE _. 'LEU GLY Pno Tvn ' sen cvsD 10°C THR -~ -«- ~- THE TRP THR TYR SERR 1000 PHE -- ... nu —. LEU PHE »« VAL3 woe _- —— -. ... Tvn _. ..10°F -— —-— ... —- ~. —~ TYR .4.

1006 —. ... ..— . .- Tvn _.IOOH ~- -- »- --- TYH .. ...300) —< -—~ ... --- GLY ... .. L.
1004 —. -. PHE PHE —- PHE MET100K --- __ —~— PHE SSH ~A- PHE MET ‘ ~A
10! ASP —- ASX ASK> --- ALA SEE ALA ALA ASP ASP102 VAL —- TYR VAL —~ VAL HIS VAL VAL VAL
ma Tnp w TRP PHE TRP TRP Tnp Tnp * . 1gp" mp
10a GLY(,9‘I) GLY . GLY GLV —- GLV GLY GLY GLY - - GLY GLY105 GLN —. GLx GLN ~- GLN GLN GLN em GLN GLN
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_ In re Application of

PATENT DOCKET NO. 709

IN THE UNITED STATES-PATENT AND TRADEMARK OFFICE

Group Art Unit; 1806.

Paul J. Carter et al. Examiner: L. Feisee  
Serial No. 07/715,272

Filed: 14 June 1991

For: lmmunoglobulin Variants .
' 460 Point San Bruno Boulevard

South San Francisco, CA 94080

(415) 225-1896

2
-:> < c>_ 0': _~3t.»

W

Honorable Commissioner of Patents
and Trademarks

Washington, 0.0. 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, INC.

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: Commissioner of Patents and
Tradema ks, Washington, D.C. 20231.

W5 Date: October 15. “I993
Louise St rasbeugh

I II‘ "" / fin an n .1, I a
wOZO.uRP.H67 Ll/O‘r/93 OII1521£ 0/‘0600 140 ll? 27OHOOCH
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PATENT DOCKET 709

N THE UNITED STATES PATENT AND TRADEMARKéIEE/ //W¢5
Group Art Unit: 1806 $L

In re Application of )
)

Paul J’ Carter et’al. ) ExaminerzL. Feisee RECEZM!
l s’ , 4I 3.

Serial No. 07/715,272 l AW 0 5 ”Pi/i
) Cf" ”i 3 .

Filed: 14 June 1991 ) K’U'“) 181er
. l .

For: Immunogiobulin Variants ) _
) 460 Point San Bruno Boulevard
) South San Francisco, CA 94080
i (415) 225—1896

PETITION AND FEE FOR EXTENSION OF TIME {37 CFR 1.136(an

Honorable Commissioner of Patents
and~Trademarks , _' V .

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 1 9, 1993 for an additional month, from September 19, '1 993
to October 19, 1993. The extended time for'response does not exceed the statutory period.

Please charge Deposit Account“ Number 070630 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 ofx‘time 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.

Jew
Jan t E. Hasak
Reg. No. 28,616

Date: October 15,- 1993

RPMiéé 11/34/93 07715272 O7~0630 140 116 250.00%

 
CERTIFICATE OF MAILING (37 CFR 1.86)

l 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

rks, Washington, D.C. 20231.  
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h. , Adam”: COMMISSIONER or PAYENTS AND rnADEMAnxs"' Washington. 0.0. 2023‘ t .

SEl‘li/u. nun/mm T mwc onrr: i must“ wqgéfinpmcnm Ijrronmnno 1 En:_i I
-aLHmLLJ/MARILL .2 743',» __.l

v , ‘ _.._... _a__.__.. .f . Lafitwrfl- ___...__ _. .‘
-' Gil l‘ii, .liNtl. ._._.___t..__ m.' m m: H; .m n“ W UN" Jfifs'flfi‘flfi! M1

41517 PD l, T SAN ERIN .
Sou i H mm F- RANCH M : -aa4;_a.l;__-_~lone MAILEU:

ill/25:1 ."5 3

- lid/aw It a communication from tho EXAMINER In drug: 0! thin “\p'llcatlon
COMMISSIONER OF PATENTS AND TRADEMARKS

ADVISORY ACTION

, _ THE PERIOD FOR RESXJSE:
effing oxtondod to mnMor continues to tun__._,____._._. from this date at tho lino) rejection

_ b) D axpima three month: irom tho dots of the final rejection or u oi the mailing data 0! thin namely Action, whichever is lawn in noevent howovov. will the “oratory ponod tor the responso expire later than six months lmm tho date at the iinai miaction.

Any extansion at time mun be obtained by filing a petition under 37 CFH l.l36(a). ills proposed response and the appropriate too.
The date on Which the mtponso, the petition . and the loo haw boon lilod l: tho date of the response and alto tha done lot the
purpose: of dam-mining the period ol exmnslon and tho commending amount at the loot Any Extension loo purulent to 37 CPR
l.t7wlll bo calculated lrom tho dam of the originally not shortened statutory potiod for responso or a: not lnrth in b) above.

 - [3 Appellant: Bria! in ms in amordance with 37 CFR l. 92(6). .
Applicant‘s reagents to tho llnal valuation. filed has won bonsldoroo with m» lollnwing etioct. but it Is not doomed

; to place tho application in condition for allowance:

tfima proposed amendments m the claim and lot specification will not be ontemd and the final roim’on stands bananas:
at D Thom is no convlndng showing under 37 CFR l,1t6(h)whytha pmpoaod amendment is necessary and was not earlierpmaentod.

bmoy miss now issues that would raoulne tumor mnuderatlon and/or march. (Sea Nam)..

l c. ny miss the lnuo at now mortar. (500 Note). .

They am not doomed topiaoe tho applicationm better form for anneal by mntarialty rodudng or :lmplilylnn the luau tor
appeal. .

4 at D They pruont addtlonal claims without camaling a onrmspanding number oi llnnlty mloctod £131th

‘4‘..._..   
l 2 D Newly proposed or amended claimsi tho narraiiawebla claims.

Upon ma filing an appeal. the proponod amendment C] will be mtarod wlli not be sntaredand the mug: at Rio figmnyia; {M

would be allowed ll st'abmlttad in a separately filod amenthont cancelling

  
 
 
 

 
  

Claim minded:
However;

_ be a: lollowo: DAVID L LACEY
Claim: allowed: SUPERVISOHY PATENT EXAMl

; Claim: objected to: GROUP 180 ' ,0 ll [7)

I t , ' .ML. .4 -p...‘ .. .1 I 14 , ‘ -W. o t _ t ' you,
5. C] The alfidavlt or oxnioitwlii not be considered because applicant has not Inown good and Iuifiwnt masons why itwaa not earlier

’ .prowntod,
.\ .

Wang: WW
,4

I“ C) The proposed drawing conoctton E) nos D has not been approved by tho examiner.‘ D Other

kwé‘flzZBT’” “20/ j, .0 —'11.3414 n. t~ «m mayhem ;Jt



 

PATENT DOCKET 70

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re Application of Group Art Unit: 1806

Paul J. Carter et-al. Examiner: L_. FEISEE

I
I

i
I .,

Serial No. 07/715272 RE EFZHVE‘ZM ) (/0/Vii-a: ‘~ .~:L.i )

;. Filed: June 14, 1991 {DEC 2 9 3995 I lg. .)

I
I

)
l

r 1/13..“ \

For: lmmunoglobulin Variants GRUUV "may,\
460 Point San Bruno Boulevard
South San Francisco, CA 94080

i (41 5) 225-1896

AMENDMEnmgg'SUANT TO 37 cm § 1.116(3)

'5
‘ 'LA'.’ . .

, flgirl'or'iorable Commussroner of Patents
and Trademarks

- & Washington, D.C, 20231

e; .Sir:

. \ Pursuant to 37 CFR § 1.116(3), please cancel claims 1-1}, _17, and 19-21 of the above
. \‘—_\

1\ application. Claim 18 was canceled in the Amendment tiled September 20, 1993‘. Applicants trust that
\) 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 £7. W.
Dated: December 13, 1993 - ‘ , Janet E. Hasak

' Reg. No. 28,616

CERTIFICATE OF MAILING

I hereby certifythet this correspondence is being deposited with the United States Postal Service in first class envelope addressed
to: Commissioner of Patents and Trademarks, Weshin on, 0.0. 20231, on the date shown below.

5

Dated: I h DEC» ti3

  
  uise Strasbaugh
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Address: COMMISSIONER OF PATENTS AND TRADEMARKS
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EXAMINER INTERVIEW SUMMARY RECORD

1 All participants (applicant, applicant’s representative, PTO personnel):

In 1,”) . ‘(3l
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(2) /W . (4)

Date of interview 6 -

Type: elephonic Personal (copy. is-given to Cl applicant ‘ D applicant's representative).

 

 

 

 

Exhib’ shown or demonstration conducted: D Yes D No. it yes. brief description:

Agreernent D was reached with respect to some or all of the claims in question. D was not reached.

 CleIt‘n's discussed :’

 Identification of prior art discussed:

 
 

Description of the general nature oi what wasagreed to if an agreement was reached, or any other comments: M
777; Weawf% -%
   

 

(A fuller description, if necessary,_and a copy of the amendments, if available, which the examiner agreed would render the claims allowable must beattached. Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must be attached.)
A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION ISdo of this form). li a response to the

fthe substante of the interview.Unless the paragraphs below have been checked to indicate to the contrary,NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE lNTERVlEW (e.g., items l~—7 on the reverse si
lest Office action has already been filed, then applicant is given one month from this interview date to provideastatement o

D lt is not necessary for applicant to provide a separate record of the substance of the interview.

ve (including any attachments) reflects a complete response to each of the objections, rejections and
. (3 Since the examiner's interview summery abo Office action, and since the claims are now allowable, this completed form Is considered to fulfill therequirements that may be present In the last

response requirements of the last Office action.
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ATTNK CAROLYN R. ADLER 9’9460 POINT SAN BRUNO BLVD.
SOUTH SAN FRANCISCO, CA 94080 1806

DATE MNLED:
- 02/ 03/94

This is a wmmunicntion irorn the examiner In charge oi your application.COMMISSIONER OF PATENTS AND TRADEMARKS

‘ i

this wmeonpus been amminsd gnaw tn oommunbxtion mode . 62 [7/ 33 [3 Minion i-Bmado amt,
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Vivi I TKE FOLLOWING ATTACHMENHS) ARE PART OF THIS ACTION:
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1. Notice oi R9temneos Cit-d by Examinar. PTMSZ. 2. D notio- oi Dramnan‘s Patent metng Ravinw. PTO-948.
3. Notice 01M Cited by Appibani. PTOJW. 4. D Main- 0! informal PmentAppucation,PT0152
5. D Intomtation on Howu': Ethel Drawing changes. PTO-M74. B. D I , '
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Serial No. 715272

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

ypreviously referenced antibody 405.
V 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 at. al.

‘Hudziak et. al. and Fendly et. al. both teach the production

and characterization of the 4DS antibody (see Hudziak et.val. 1166—

1167 and Fendly et. 81. pages 1553-1554). Hudziak at. al. suggests

the possible therapeutic role of the 405 antibody in human
neoplasias which overexpress plBS—HERZ (pages 1171, last paragraph)
while Fendly et. a1. disclose the possible use of anti—p185 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
he 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

2 350
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Serial NO. 715272

Art Unit 18®6

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 405 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 ’of Queen
at. 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.

blaims 12 and 13 are rejected under 35 U.S.C. § 1o1 because

the claimed invention lacks patentable utility. ‘These claims are

drawn to a light chain variable region polypeptide and a heavy

chain variable region polypeptide which in and of themselves have

one patentable utility. The specification does not disclose any

3 3.51.
















































































