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A6/ IMMUNOGLOBULIN VARIANTS

Field of the Invention

This invention relates to methods for the preparation and useof

variant antibodies and finds application particularly in the fields of

Immunology and cancer diagnosis and therapy.

Backoround 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 chainsby disulfide bonds. Each

heavy chain has at one end a variable domain (V,) followed by a numberof
constant domains. Each light chain has a variable domain (V,) at one end

and a constant domainat its other end; the constant domain of the light
chain is aligned withthe first constant domain of the heavy chain, and the

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

chain. Particular amino acid residues are believed to forman interface
betweenthe light and heavy chain variable domains, see e.g. Chothia etal.,
J. Mol. Biol. 186:651-663 (1985); Novotny and Haber, Proc. Natl. Acad. Sci.
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USA 82:4592-4596 (1985).

The constant domains are not involved directly in binding the

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

as participation of the antibody in antibody-dependentcellular 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 genera! 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 af., 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 somecasesforming part of, the

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

the formation of the antigen binding site.

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 a/., 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 a/., U.S. patent No.

4,816,567; Morrison, S.L. et al., Proc. Natl. Acad. Sci. USA 81:6851-6855

(1984); Boulianne, G. L. et a/., Nature 312:643-646 (1984); Neuberger, M.

S. et al., 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 maybeselected to tailor
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the chimeric antibody for participation in antibody-dependent cellular

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

Briiggemann, M.et a/., J. Exp. Med. 166:1351-1361 (1987); Riechmann,L.
et al., Nature 332:323-327 (1988); Love et a/., Methods in Enzymology
“178:515-527 (1989); Bindon et a/., 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

of eliciting a significant anti-globulin response in humans. For example, in the
-case of the murine anti-CD3 antibody, OKT3, much of the resulting
anti-globulin responseis directed against the variable region rather than the
constant region (Jaffers, G. J. et al, Transplantation 41:572-578 (1986)).

in a further effort to resolve the antigen binding functions of

antibodies and to minimize the use of heterologous sequences-in human

antibodies, Winter and colleagues (Jones, P. T. et al., Nature 321:522-525
(1986); Riechmann,L. et al., Nature 332:323-327 (1988); Verhoeyen, M.et
al., Science 239:1534-1536 (1988)).have substituted rodent CDRs or CDR

sequences for the corresponding segments of a humanantibody. 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 approachis supported by the clinical
efficacy of a humanized antibody specific for the CAMPATH-1 antigen with

two non-Hodgkin lymphomapatients, one of whom had previously developed
an anti-globulin response to the parentalrat antibody (Riechmann,L.et a/.,

Nature 332:323-327 (1988); Hale, G. et a/., Lancet ist 394-1399 (1988)).
A murine antibody to the interleukin 2 receptor has also recently been
humanized (Queen, C. et a/., Proc. Natl, Acad. Sci. USA 86:10029-10033
(1989)) as a potential immunosuppressive reagent. Additional references
related to humanization of antibodies include Co et a/., Proc. Natl, Acad. Sci.

4uv
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USA 88:2869-2873 (1991); Gorman et al., Proc. Natl. Acad. Sci. USA
88:4181-4185 (1991); Daugherty etal., NucleicAcids Research 19(9):2471-
2476 (1991); Brown et al., Proc. Nath Acad. Sci, USA 88:2663-2667

(1991); Junghanset a/., Cancer Research 50:1495-1502 (1 990).
In some cases, substituting CDRs from rodent antibodies for the

human CDRs in human frameworks is sufficient to transfer high antigen
binding affinity (Jones, P. T. et a/., Nature 321:522-525 (1986); Verhoeyen,

M. et al., Science 239:1534-1536 (1988)), whereas in-other casesit has
been necessary to additionally replace one (Riechmann,L. et a/., Nature |
332:323-327 (1988)) or several (Queen,C.et al., Proc. Natl. Acad. Sci. USA

86:10029-10033 {1989)) framework region (FR) residues. See also Co ef.
a/., supra. . .

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

have been shownto contain a few FR residues which directly contact antigen
in crystal structures of antibody-antigen complexes (e.g., reviewed in Davies,
D. R. et a/., Ann. Rev. Biochem. 59:439-473 (1990)). Secondly, a number

of FR residues have beenproposed by Chothia, Lesk and colleagues (Chothia,
. & Lesk, A. M., J. Mol, Biol. 196:901-917. (1987); Chothia, C. e¢ a/.,

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

215:175-182 (1990)) as critically affecting the conformation of particular
CDRsand thustheir contribution to antigen binding. See also Margolies et

‘al., Proc. Natl. Acad. Sci. USA 72:2180-2184 (1975).
It is also known that, in a few instances, an antibody variable

‘domain (either V,, or V,) may contain glycosylation sites, and that this
glycosylation may improve or abolish antigen binding, Pluckthun,
Biotechnology 9:545-51 (1991); Spiegelberget a/., Biochemistry 9:4217-

4223 (1 970); Wallic et a/., J. Exp. Med. 168:1099-1109 (1988); Sox etal,
Proc. Natl. Acad. Sci. USA 66:975-982 (1970); Margni et a/., Ann. Rev.

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

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

(1991).

10
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' The three-dimensional structureof immunoglobulin chains has been

studied, and crystal structures for intact ifnmunoglobulins, for a variety of

immunoglobulin fragments, and for antibody-antigen complexes have been

published (see e.g., Saul et a/., Journal of Biological Chemistry 25:585-97

re 978); Sheriff et a/., Proc. Natl. Acad. Sci. USA 84:8075-79 (1987); Segal
et al., Proc. Natl. Acad. Sci. USA 71:4298-4302 (1974): Eppet al.,

Biochemistry 14(22):4943-4952 (1975); Marquart et a/., J. Mol. Biol.
141:369-391 (1980); Furey et a/., J. Mol.Biol. 1 67:661-692 (1983); Snow

and Amzel, Protein: Structure, Function, and Genetics 1:267-279, Alan R.
Liss, Inc. pubs. (1986); Chothia and Lesk,J. Mo/. Biol. 196:901-917 (1 987):.
Chothia eta/., Nature 342:877-883 (1989); Chothia eta/., Science 233:755-
58 (1986); Huber et a/., Nature 264:415-420 (1976); Bruccoleri et a/.,
Nature 335:564-568 (1988) and Nature 336:266 (1988); Sherman et a/.;

Journal of Biological Chemistry 263:4064-4074 (1988); Amzel and Poljak,
‘Ann. Rev. Biochem. 48:961-67 (1979); Silverton et al, Proc. Natl. Acad.
Sci. USA 74:5140-5144 (1977); and Gregory et a/., 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 Amzel, supra. It has previously been shown that the antigen
binding affinity of a humanized antibody can.be increased by mutagenesis
based upon molecular modelling (Riechmann,L. et a/., Nature 332:323-327
(1988); Queen, C. et a/., 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 using
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 HER2 (human epidermal growth factor.
receptor 2) encodes a protéin tyrosine kinase (p1g5HER2) that is related to
and. somewhat homologous to the human epidermal growth factor receptor

5
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(see Coussens,L. et a/., Science 230:1132-1139 (1985); Yamamoto,T. et
al., Nature 319:230-234 (1986); King, C. R. et al., Science 229:974-976 |
Q 985). HER2is also knownin thefield as c-erbB-2, and sometimes by the
name of the rathomolog, neu. Amplification and/or overexpression of HER2.
is associated with multiple human malignancies and appears to be integrally
involved in progression of 25-30% of human breast and ovarian cancers
(Slamon, D. J. et al., Science 235:17.7-182 (1987), Slamon, D. J. et a/.,
Science 244:707-712 (1989)). Furthermore, the extent of amplification is
inverselycorrelated with the observed median patient survival time (Slamon,

supra, Science 1989). —_ Ce . .
The murine monoclonal antibody known as muMAb4D5 (Fendly, B.

M. et af, Cancer Res. 50:1550-1558- (1990)), directed against the
extracellular domain (ECD) of p18S4ER2, specifically inhibits the growth of
tumor cell lines overexpressing p1 g5HER2 in monolayer culture or in soft agar

(Hudziak, R. M. et al., Molec. Cell, Biol. '9:1165-1172 (1989); Lupu, R.et af,
Science 249:1552-1555 (1990)). MuMAb4D5also has the potential of
enhancing tumor cell sensitivity to tumor necrosis factor, an important
effector molecule in macrophage-mediated tumorcell cytotoxicity (Hudziak,
supra, 1989; Shepard, H. M. ‘and Lewis, G. D. J. Clinical Immunology-
8:333-395 (1988)). Thus muMAb4D5 has potential for clinical intervention
in and imaging of carcinomas in which pi gsHeR2 is overexpressed. The
muMAb4D5 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. .

it is therefore an object of this invention to provide methodsfor the
preparation of antibodies whichare less antigenic in humans than non-human
antibodies but have desired antigen binding and other characteristics and

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

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

6
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residues for importation into. a human antibody background sequence in such
a fashion as to retain or improve the affinity of the non-human donor
antibody for a given antigen. ,

It is another object of this invention to provide humanized
antibodies capable of binding pig5hER2 .

Other objects, features, and characteristics of the present invention
will become apparent upon consideration of the following description and the
appended claims.

Summary of the 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 anda human antibody, comprising the steps of:

a. obtaining the amino acid sequencesof at least a portion

of animport 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 sequencefor the
corresponding human CDR aminoacid sequence;

d. aligning the amino acid sequences of a Framework Region

(FR) of the import antibody and the corresponding FR of
the consensus antibody:

e. identifying import antibody FR residues in the aligned FR

sequencesthat are non-homologous to thecorresponding

consensus antibody residues;
f. -determining if the non-homologous import amino acid

residue Is reasonably expected to have at least one of the
following effects:
1. non-covalently binds antigen directly,

13
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2. —_—s interacts with a CDR; or

3. participates in the V, - V,, interface; and
g. for. any non--homologous import antibody amino acid

residue whichis reasonably expected to have at least one-
of these effects, substituting that residue for the
corresponding amino acid residue in the consensus

antibody FR sequence. |
Optionally, the method of this invention comprises the additional

stepsof determining if any non-homologous residues identified in step (e)are
exposedon the surface of the domain or buried within it, and if the residue

is exposed but has none of the effects identified in step (f), retaining the
consensusresidue. |

‘Additionally, in certain embodirnents the method of this invention
comprises the feature wherein the corresponding consensus antibody -

residues identified in step (e) above 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,

91 H, 92H, 93H, and 103H(utilizing the numbering system set forthin Kabat,

E. A. et al, Sequences of ‘Proteins of Immunological interest (National
Institutes of Health, Bethesda, MD, 1987).

In certain embodiments, the method ofthis 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. RCABeh aterenee Sate een mwenre 9 ARO

the glycosylation is reasonablyexexpected to be important for the desired
antigenbindingand biological activity of theantibody(i.e.é.,,_determiningi ifthe.
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 maintainingantibody affinity). If the

importsequence bearstheglycosylation site, itis preferred to substitutethat
site for the corresponding residues in the consensus human sequenceif 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 sequence.

Another embodiment 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 each such non-homologous import antibody FR residue,

determining if the corresponding consensus antibody residue represents a
residue which is highly conserved acrossall 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..

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 a FR, substituting the

non-human CDR for the human CDRin the consensus human antibody
variable domain, and then substituting an amino acid residue for the .
consensus aminoacid residue at at least one of the following sites:

a. (in the FR of the variable domainof the light chain) 4L,
35L, 36L, 38L, 43L, 44L, 58L, 46L, 62L, 63L, 64L, 65L,
66L, B7L, BBL, GOL, 7OL, 71L, 73L, BSL, 87L, BL,or

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

4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H, 58H, 60H,-
68H, 69H, 70H, 73H, 74H, 75H, 76H, 78H, 91H, 92H, |
93H, and 103H.

in preferred embodiments, the non-CDRresidue substituted at the consensus
FR site is the residue found at the corresponding location of the non-human
antibody. ,

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

summary and determining whether aparticular amino acid residue can

15
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reasonably be expected to have undesirable effects.

This invention also relates to a humanized antibodycomprising the

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

human antibody, wherein an amino acid residue within the human FR
sequence located at any one. of the sites 4L, 35L, 36L, 38L, 43L, 44L, 46L,
58L, 62L, 63L, 64L, 65L, GEL, G7L, 6BL, 69L, 7OL, 7IL, 73L, BBL, 87L,
98L, 2H, 4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H, 58H, 6OH, 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 FRresidue other than those set
forth in this group has been substituted.

- This invention also encompasses specific humanized antibody

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

4. SEQ. ID NO. 1, which is the light ‘chain variable domain of a
humanized version of muMAb4D5:
DIOMTOSPSSLSASVGDRVTITCRASQDVNTAVAWYQQKPGKAP
KLLIY SASFLESGVPSRFSGSRSGTDFTLTISSLOPEDFATYYCQQHY

TTPPTFGOGTKVEIKRT ,

2. SEQ. ID NO. 2, which is the heavy chain variable domain ofa
_ humanized version of muMAb4D5):
; - EVOLVESGGGLVOPGGSLRLSCAASGFNIKDTYIHWVROAPGKGLE

WVARIYPTNGYTRYADSVKGRFTISADTSKNTAYLOMNSLRAEDT

AVYYCSRWGGDGFYAMDVWGOGTLVTVSS

In another aspect, this invention provides a consensus human

antibody variable domain amino acid sequencefor 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

16



 
10

20

30

sequence data of such a sequence. In one embodiment, the following

consensus human antibody variable domain. amino acid sequences are

provided:

SEQ. ID NO. 3 light chain):
DIOMTOSPSSLSASVGDRVTITCRASQDVSSYLAWYQOKPGKAPK

LLIYAASSLESGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQYN

SLPYTFGQGTKVEIKRT, and .

SEQ..ID NO. 4 (heavy chain): ;
EVOLVESGGGLVOPGGSLRLSCAASGFTFSDYAMSWVRQAPGKG
LEWVAVISENGGYTRYADSVKGRFTISADTSKNTAYLQMNSLRAE
DTAVYYCSRWGGDGFYAMDVWGQGTLVTVSS

Brief Description of the Drawings

FIGURE 1A shows the comparison of the V; domain amino acid
residues of muUMAb4D5, huMAb4D5,and a consensus human sequence (Fig.
1A, SEQ.ID NO. 5, SEQ. ID NO. 1 and SEQ. ID NO.3, respectively). FIGURE

1B shows the comparison between the Vi, domain aminoacid residues of the
muMAb4d5, huMAb4D5, and a consensus human sequence (Fig. 1B, SEQ.
ID NO. 6, SEQ. ID NO. 2:and SEQ.ID NO. 4, respectively). Both Figs 1A and
1B 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. 1B, the CDR

residues determined according to a standard sequencedefinition (as in Kabat,
E. A. et al., Sequences of Proteins of Immunological Interest (National

“Institutes of ‘Health, Bethesda, MD, 1987)) are indicated by the first
underlining beneath the sequences, and the CDR residues determined
according to a structural definition (as in Chothia, C. & Lesk, A. M., J. Mol.

Biol. 196:901-917 (1987)) are indicated by the second, lower underlines.

11
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ie The mismatches between are shownby the verticallines.
FIGURE 2 shows a scheme for humanization of muMAb4D5 V,and

Vy, by gene conversion mutagenesis.
FIGURE 3 showstheinhibition 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 MUMAb4D5 (}), huMAb4D5-8 (n) and huMAb4D5- 1 ();

FIGURE 4 showsa stereo view of'a-carbon tracing for model of

huMAb4D5-8 V, and Vy. The CDR residues (Kabat, E. A. et a/., Sequences
ofProteins of ImmunologicalInterest (NationalInstitutes of Health, Bethesda,

MD, 1987)) are shownin bold and. side chains of Vi residues A71, 773,

A78, $93, Y102 and Vy residues Y55 plus R66 (see Table 1) are shown.

Detailed Description of the Invention

Definitions

In general, the following words or phrases have the indicated:
definitions when used in the description, examples, and claims:

The murine monoclonal antibody known as muMAb4D5 (Fendly, B
M. et al., Cancer Res. 50:1550-1558 (1990)) is directed against the
extracellular domain (ECD) of p1gsHeR2, The muMAb4D5 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. In this description and claims, the terms
muMAb4D5, chMAb4D5 and huMAb4D5represent murine, chimerized and
humanized versions of the monoclonal antibody 4D5, respectively.

A humanized antibody for the purposes hereinis an immunoglobulin

amino acid sequence variant or fragment thereof which is capable of binding
toa predetermined antigen and which comprises a FR 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

- 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 sequence. ‘The humanized antibody
optimally also will comprise at least a.portion of an immunoglobulin constant

region (Fo), 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 CH?1, hinge,
CH2, CH3, and CH4 regions of the heavy chain.

The humanized antibody will be selected from any class of —
immunoglobulins, including IgM, IgG, IgD, IgA and IgE, and any isotype,
including IgG1, IgG2, IgG3 and IgG4. Usually the constant domain is a °

complement fixing constant domain whereit is desired that the humanized

antibody exhibit cytotoxic activity, and the classis typically IgG,. Where
such cytotoxic activity is not desirable, the constant domain maybe of the
igG, class. The humanized antibody may comprise sequences. from more.

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

optimize desired effector functions is within the ordinary skill in the art..
The FR and CDR regions of the humanized antibody need not

correspond precisely to the parental sequences,e.g., the 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 CDR sequences, more often

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

in general, humanized antibodies prepared by the methodofthis

invention are produced by a process of analysis of the parental sequences
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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
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 of-the candidate
immunoglobulin sequence, i.e., the analysisofresidues that influence the
ability of the candidate immunoglobulin to bind its antigen.

Residues that influence antigen binding are defined to be residues -

that are substantially responsible for the antigen affinity or antigen specificity |
of acandidate immunoglobulin, in a positive or a negative sense, The object
here is to select FR residues from the consensus and import sequence so that
the desired immunoglobulin characteristic is achieved. Such desired
characteristics include increases in affinity and greater specificity for the

target antigen, although itis 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 are so involved and therefore need not be substituted into ©

the consensus sequence). However, FR residues also have a significant
effect and can exert their influence in. at least three ways: They may .-
noncovalently directly bind to antigen, they mayinteract 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,

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 CDRsandthe dimensionsand
structure of the target antigen. In general, only those humanized antibody

binding, however residues which are2SeparatedS|spatially by,3.2{Angstroms )ee

_orless may also non-covalently interact.essMaya'soNon’covereyeee
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relatively larger aminoacids,suchastyrosine,arginine,andlysine. Antigen-
binding FR residuesalso typically will have side chains that are oriented into

an envelope surrounding the solvent oriented face of a CDR which extends
about 7 Angstroms into the solvent from the CDR domain and about 7
Angstroms on either side of the CDR domain, again as visualized by three
dimensional modeling. . ,

- A residue that interacts with a CDR generally.is a residue that either
affects the conformation of the CDR polypeptide backbone or forms a

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

residues ordinarily are those that change the spatial position of any CDR 7
backbone atom (N, Ca, C, O, Cf) by more, than about 0.2 Angstroms.

Backbone atoms of CDR sequences are displaced for example by residues ,
that interrupt or modify organized structures such as beta sheets,helices or
loops. Residues that can exert a profound affect on the conformation of
neighboring sequencesinclude proline and glycine, both of which are capable

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

backbone atomsare thosethat are capableofparticipating in salt bridges and

hydrogen bonds. .
A residue that interacts with a CDRside chain is one that is:

reasonably expected to form a noncovalent bond with a COR side chain,
generally either a salt bridge or hydrogen-bond. Such residuesareidentified .
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 oneanother 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 glutamy! (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 V, - Vy interface”) are those that affect
the proximity or orientation of the two chains with respect to one another.
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antibody residue thatarereasonably.exex 
, These steps, however, are per se routine and well within the ordinary skill of

+e
Certain residues involved in interchain interactions are already known and
include V, residues 34, 36, 38, 44, 46, 87,89, 91, 96, and 98 and V,

residues 35, 37, 39, 45, 47, 91, 93, 95, 100, and 103 (utilizing the
nomenclature set forth in Kabat. et a/., Sequences of Proteins of
Immunological Interest(National institutes of Health, Bethesda, MD, 1987)).
Additional residues are newlyidentifiedbytheinventorsherein, and include
43L, 85L, 43H and 60H. While these residues are indicated for IgG only,
they are applicable across species. ‘In the practice of this invention, import

expectedtto beinvolved_in interchain
interactions are selected for substitution into the. consensus human

rrreteAttnetrae

sequence. It is believed that heretofore no humanized antibody has beeni,

prepared with an4 affecting residue selected from an import”
_ antibody sequence.

Sinceit is not entirely possible to predictin advance whatthe 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.

 
the art. .

CDR and FR residues are determined according to a standard
sequencedefinition (Kabat et a/., 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. 196:901-917 (1987), hereby specifically | .
incorporated by reference). Where these two methods result in slightly:
different identifications of a CDR, 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 Gomprises|the most
frequently occurring amino acid residues at each locationinall human
immunoglobulins: of any particularsubclass. in preferred embodiments, the
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consensus human variable domain sequences are derived from the most
abundant subclassesin the sequence compilation of Kabat eta/., Sequences,

of Proteins of Immunological Interest, National Institutes of Health, Bethesda
MD (1987), namely Vie x subgroup i and Vig group Ill. In such preferred
embodiments, the V, consensus domain has the amino acid sequence:
DIONITOSPSSLSASVGDRVTITCRASQDVSSYLAWYQOKPGKAPKLLIVAAS

__ SLESGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQYNSLPYTFGOGTKVEI
“KRT(SEQ.ID NO. 3);

the V, ‘consensus domain has the amino acid sequence:
EVOLVESGGGLVOPGGSLRLSCAASGFTFSDYAMSWVROAPGKGLEWVAVI

SENGGYTRYADSVKGRFTISADTSKNTAYLOMNSLRAEDTAVYYCSRWGGD
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 abundant.subclasses. However, in.other embodiments,
the consensus sequence is derived from human constant domains, or from

other subclasses of human immunoglobulin variable domains.

Identity -or homelPav with respect to a specified amino acid sequence of this inventionisdefined herein as the percentage-of-amino-acidi wage
residues in a candidate sequence that are identical with the specified

residues, afteraligning the sequences and introducing gaps, if necessary, to.
“achieve—the—maximum percent homology, and not considering any 7nenNAOCAASera

conservative su StitUTIONSaspartofthesequence identity. ; None of N-
terminal, C-terminal or internal extensions, deletions, or insertions into the
specified sequence shall be construed as affecting homology. All sequence
alignments called for in this invention are such maximal homology
alignments. |

"Non-homologous” import antibody residues are those residues

which are not identical to the amino acid residue at the analogous or
corresponding location in a consensus sequence, after the import and

consensus sequencesare aligned. :

The term "computerrepresentation" refers to information which is

17

23

mg



 
10

15

20

30

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-p1854ER2 antibodies. are provided.
These novel anti-p1 g5HER2 antibodies are sometimes collectively referred to
herein as huMAb4D5,and also sometimesasthe light or heavy chain variable

domains of huMAb4D5, and are defined herein to be any polypeptide
sequence which possessesa biological property of a polypeptide comprising

- the following polypeptide sequence:
DIOMTOSPSSLSASVGDRVTITCRASQDVNTAVAWYGQKPGKAP
KLLIYSASFLESGVPSRFSGSRSGTDFTLTISSLOPEDFATYYCQQHY
TTPPTFGOGTKVEIKRT (SEQ. ID NO. 1, which is the light chain
variable domain of huMAb4D5); or |

EVOLVESGGGLVOPGGSLRLSCAASGENIKDTYINWVROAPGKGLE

WVARIYPTNGYTRYADSVKGRFTISADTSKNTAYLOMNSLRAEDT |
~ AVYYCSRWGGDGFYAMDVWGOGTLVTVSS (SEQ. ID NO. 2,

which is the heavy chain variable domain of huMAb4D5). |

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

effector or antigenic function or activity that is directly or indirectly

performed by huMAb4D5 (whetherin its native or denatured conformation).
Effector functions include receptor binding, any enzymeactivity or enzyme
modulatory activity, any carrier binding activity, any hormonalactivity, any
mitogenic or angiogenic activity, any cytotoxic activity, any activity ‘in
promoting or inhibiting adhesion of calls to extracellular matrix or cell surface
molecules, or any structural role. However, effector functions do not include
possession of an epitope or antigenic site that is capable of cross-reacting
with antibodies raised against huMAb4D5. An antigenicfunction means
possession of an epitope or antigenic site that is capable of cross-reacting
with antibodies raised against the polypeptide sequence of huMAb4D5.
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Biologically active huMAb4D5 is defined herein asa polypeptide that
shares an effector function of huMAb4D5 and which may(but need not) in
addition possess an antigenic function. A principal knowneffect or function
of huMAb4DSis its abilityto bind to p1gS4ER2, |

| Antigenically active huMAb4D5 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 embodiments, antigenically - active huMAb4D5 is a
polypeptide that binds with an affinity of at least about 10-9 I/mole to an

antibody capable of binding huMAb4D5. Ordinarily the polypeptide binds
with an affinity of at least about 10-8 i/mote. isolatedantibody capable of
binding huMAb4D5is an antibody whichis identified and separated from a

component of the natural environment in which it may be present. Most »
preferably, antigenically active huMAb4D5is a polypeptide that binds toan
antibody capable of binding huMAb4D5 in its native conformation.
HuMAb4DS inits native conformation is huMAb4D5asrecovered according

to the methods describedin Example 1 below, which has not been denatured.
by chaotropic agents, heat or other treatment that substantially modifies the

three dimensional structure of huMAb4D5 as determined for example by

migration on nonreducing, nondenaturing sizing gels. Antibody used in this |
determination is rabbit polyclonal antibody raised by formulating ‘native
huMAb4D5 in Freund's complete adjuvant, subcutaneously injecting the
formulation, and boosting the immune response by intraperitoneal injection

_ of the formulation until the titer ofanti-huMAb4D5 antibody plateaus.
Ordinarily, biologically or antigenically active huMAb4D5will have ©

an amino acid sequence having at least 75% amino acid sequenceidentity
with the huMAb4D5 amino acid sequence, more preferably at least 80%,
more preferably at least 90%, and most preferably at least 95%. Identity or
homology with respectto this sequence is defined herein as the percentage
of amino acid residues in the candidate sequencethat are identical with the

huMAb4D5 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 N-
terminal, C-terminal or internal extensions, deletions, or insertions into the
huMAb4D5 sequenceshall be construed as affecting homology.

Thus, the biologically active and antigenically active huMAb4D5

polypeptides that are the subject of certain embodiments of this invention

include the sequence of the entire translated nucleotide sequence of

huMAb4D8; mature huMAb4D5; fragments. thereof having a consecutive
sequenceof at least 5, 10, 15, 20, 25, 30 or 40 amino acid residues from
huMAb4D5; amino acid sequencevariants of huMAbD4D5 whereinan amino
acid residue has beeninserted N- or C-terminalto, or within, huMAb4D5or
its fragment as defined above; amino acid sequence variants ofhuMAb4D5

or its fragment as defined: above wherein an aminoacid residue of

huMAb4D5 orits fragment as defined above has been substituted by another

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

_ mutagenesis; derivatives of huMAb4D5 orits fragments as defined above
wherein. huMAb4D5 or its fragments have been covalent modified, by

‘substitution, chemical, enzymatic, or other appropriate means, with a moiety

otherthan a ‘Paturallyoccurring amino.acid; ang. piycosviation variants¢of 
site “by” deletion, insertion erSubstitution ‘okSuiabieresresidues). SuchNrrennet
 ae Se RrEeen Deen

fragments and variants exclude any. polypeptide heretofore identified,

including muMAb4D5 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.

“Isolated” huMAb4D5 meansshuMAb4D5 whichhas been identified
and separated and/or recovered from a componentof its natural cell culture

environment. Contaminant components of its natural environment are
fnaterials which would interfere with diagnostic or therapeutic uses for
huMAb4D5, and mayinclude enzymes, hormones, and other proteinaceous

or nonproteinaceoussolutes. In preferred embodiments, huMAb4D5 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-terminalor 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. lsolated huMAb4D5 includes huMAb4D5 in situ
within recombinant cells since at least one component of the huMAb4D5 —

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

- huMAb4D5 will be prepared by at least one purification step.
In accordance with this invention, huMAb4D5 nucleic acid is RNA

or DNA containing greater than ten bases that encodes a biologically or
antigenically active huMAb4D5, is complementary to nucleic acid sequence
encoding such huMAb4D5, or hybridizes to nucleic acid sequence encoding

such huMAb4D5 and-remainsstably boundto it under stringent conditions.
Preferably, the huMAb4D5_ nucleic acid encodes a polypeptide

sharing at least 75% sequenceidentity, more preferably at least 80%, still
more preferably at least 85%, even more preferably at 90%, and most
preferably 95%, with the huMAb4D5 aminoacid 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 art nucleic acid. _

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

and high temperature for washing, for example, 0.015 M NaCi/0.0015 M
sodium citrate/0/1% NaDodSO, at 50° C; (2) employ during hybridization a
denaturing agent such as formamide, for example, 50% (vol/vol) formamide
with 0.1% bovine serum albumin/O/1 % Ficoll/0/1% 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 (0.75 M NaCl,

0.075 M sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium
pyrophosphate, 5 x Denhardt’s solution, sonicated salmon sperm .DNA (50
g/ml), 0.1% SDS, and 10% dextran sulfate at 42 C, with washesat 42 C in
0.2 x SSC and 0.1% SDS.
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The term "control sequences” refers to DNA sequences necessary
for the expression ofan operably linked coding sequencein a particular host

organism. The control sequences that are suitable for prokaryotes, for
example, include a promoter, optionally an operator sequence, a ribosome

binding site, and possibly, other as yet poorly understood sequences.
Eukaryotic cells are knownto utilize promoters, polyadenylation signals, and

enhancers.

Nucleic acid is "operably linked” whenit is placed into a functional

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

presequenceor secretory leaderis operably linked to DNAfor a polypeptide
if it is expressed as a preprotein that participates in the. secretion ofthe
polypeptide; a promoter or enhanceris operably linked to a coding sequence
if it affects the transcription of the sequence; or a ribosome binding site is
operably linked to a coding sequence if it is positioned so as to facilitate
translation. Generally, "operably linked" means that the DNA sequences
being linked are contiguous and, in the case of a secretory leader, contiguous
and in reading phase. However enhancers do not have to be contiguous.

Linking is accomplished by ligation at convenient restriction sites. If such
sites do not exist, thensynthetic oligonucleotide adaptors or linkers are used
in accord with conventional practice.

An “exogenous” element is defined herein to mean nucleic acid
‘sequence that is foreign to the cell, or homologous to the cell but in a
position within the host cell nucleic acidiin which the elementiis ordinarily not
found. . .

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

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 numberof
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 samefunction or biological activity as screened for in

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

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

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

commercially available, are publicly available on an unrestricted basis, orcan .
be constructed from such available plasmids in accord with published

_ procedures. in addition, other equivalent piasmids are knownin theart and

will be apparent to the ordinary artisan.

. "Restriction EnzymeDigestion” of DNA refersto catalytic cleavage
of the DNA with an enzymethatacts only at certain locations in the DNA.
Such enzymesare called restriction endonucleases, and the sites for which
each is specific is called a restriction site. The various restriction enzymes

used herein are commercially available and their reaction conditions,
cofactors, and otherrequirements as established by the enzyme suppliers are

used. Restriction enzymes commonly are designated by abbreviations
composedof a capital letter followed by other letters representing the micro-

~ organism from which each restriction enzyme originally was obtained and
then a numberdesignating the particular enzyme. In general, about1 yg of
plasmid or DNA fragmentis used with about 1-2 units of enzymein about 20
vi of buffer solution. Appropriate buffers and substrate amounts for
particular restriction enzymes are specified by the manufacturer. Incubation
of about 1 hour at 37°C is ordinarily used, but may vary in accordance with

the supplier’s instructions. After incubation, protein or polypeptide is
removed by extraction with phenol and chloroform, and the digested nucleic
acid is recovered from the aqueous fraction by precipitation with ethanol.
Digestion with a restriction enzyme may be followed with bacterial alkaline

phosphatase hydrolysis of the terminal 5’ phosphates to prevent the two
restriction cleaved ends of a DNA fragment from "circularizing” or forming
a closed loop that would impede insertion of another DNA fragment at the

restriction site. Unless otherwise ‘Stated, digestion of plasmids is not
followed by 5’ terminal dephosphorylation. Procedures and reagents for
dephosphorylation are conventional as described in sections 1.56-1.61 of

Sambrooket al. (Molecular Cloning: A Laboratory Manual New York: Cold
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Spring Harbor Laboratory: Press, 1989).

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

restriction digest means separation of the digest on polyacrylamide or
agarose gel by electrophoresis, identification of the fragment of interest by
comparison of its mobility versus that of marker DNA fragments of kniown
molecular weight, removalof the gel sectioncontaining the desired fragment,

and separation of the gel from DNA. This procedure is known generally. For
example, see Lawn et al., Nucleic Acids Res., 9: 6103-6114 (1981), and
Goeddel et a/., Nucleic Acids Res. 8: 4057 (1980). |

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

sequences ina restriction endonuclease digest of DNA or DNA-containing
composition is confirmed by hybridization to a known, labeled oligonucleotide
or DNA fragment. | Southern analysis typically comprises electrophoretic

separation of DNA digests on agarose gals, 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-labeled probe as described in sections 9.37-9.52 of
Sambrooketal, supra.

"Northern analysis” is a method used to identify RNA, sequences

that hybridize to a known probe suchas an oligonucleotide, DNA fragment,
cDNAor fragment thereof, or RNA fragment. The probe is labeled witha
radioisotope such as 32-P,or by biotinylation, or with an enzyme. The RNA
to. be analyzed is usually electrophoretically separated on an agarose or
polyacrylamide gel, transferred to nitrocellulose, nylon, or other suitable

membrane, and hybridized with the probe, using standard techniques well
- knownin the art such as those described iin sections 7.39-7.52 of Sambrook
et.al., supra.

"Ligation" refers to the process of forming phosphodiester bonds
between two nucleic acid fragments:. To ligate the DNA fragments.together,

the ends of the DNA fragments must be compatible with each other. In
some cases, the ends will be directly compatible after endonuclease

digestion. However, it may be necessarytofirst convert the staggered ends —
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commonlyproducedafter endonuclease digestion to blunt ends to make them
compatible for ligation. To blunt the ends, the DNAis treated in a suitable
buffer for at least 15 minutes at 15°C with about 10 units of the Klenow
fragment of DNA polymerase | or T4 DNA polymerase in the presence of the
four deoxyribonucleotide triphosphates. The DNAis then purified by phenol-
chloroform extraction and ethanol precipitation. The DNA fragments that are
to be ligated together are put in solution in about. equimolar amounts. The —
solution will also contain ATP,ligase buffer, and a ligase such as T4 DNA

ligase at about 10 units per 0.5 yg of DNA. lf the DNAis to be ligated into
a vector, the vectoris. first: linearized by digestion with the appropriate
restriction endonuclease(s). The linearized fragment is then treated with

bacterial alkaline phosphatase, or calf intestinal phosphatase to prevent self-
ligation during the ligation step.

"Preparation" of DNA from cells meansisolating the plasmid DNA
from a culture of the host cells. Commonly used methods for DNA

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

sections 1,25-1.33 of Sambrook et a/., supra. After preparation of the DNA,
it can be purified by methods well knownin the art such as that described

in section 1.40 of Sambrook et al., supra. ,
"Oligonucleotides" are short-length, single- or double-stranded.

polydeoxynucleotides that are chemically synthesized by known methods
(such as phosphotriester,- phosphite, or phosphoramidite chemistry, using
solid phase techniques such as described in EP 266,032 published 4 May
1988, or via deoxynucleoside H-phosphonate intermediates as described by
Froehler et a/., Nucl. Acids Res., 14: 5399-5407 [1986]). They are then
purified on polyacrylamide gels.

The technique of "polymerase chain-reaction,” or "PCR," as used
herein generally refers toa procedure wherein minute amounts of a specific
piece of nucleic acid, RNA and/or DNA, are amplified as describedin U.S.

Pat. No. 4,683,1 95 issued 28 July 1987. Generally, sequence information
from the ends of the regionof interest or beyond needsto 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 template to 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 from total genomic DNA, and cDNA
transcribed from total cellular RNA, bacteriophage or plasmid sequences,etc.

See generally Mullis et a/., Cold Spring Harbor Symp. Quant. Bigl., 51; 263

(1987); Erlich, ed., PCR 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 test sample,
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 specific piece of

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

Suitable Methods for Practicing the Invention

Some aspects of this invention include obtaining an import, non-
human antibody variable domain, humanizing the antibody sequence, and
producing the humanized antibody. Methods for determining a desired .
humanized antibody sequence and for humanizing anantibody gene sequence

are described below. A particularly preferred mathod of gene conversion
from a non-human or consensus sequence into a humanized nucleic acid
sequence is described in Example 1. Additionally, methods are given for

_obtaining and.producing 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 coriventionally 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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Whereit is desired to prepare molecular models for the antibodies
of this invention, one mayutilize 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 Vu and Vy domains, are constructed
separately from consensus coordinates based upon FAb structures which
have similar sequences. Models ofconsensus humanantibody sequences are
similarly created. ;

For example, in modeling the muMAb4d5, the models were
constructed based upon seven Fab structures from the Brookhavenprotein

data bank (entries 1FB4, 2RHE, 2MCP, 3FAB, 1FBJ, 2HFL and 1REl). The
Fab fragment KOL (Marquart, M. et a/., J. Mol. Biol. 141:369-391 (1980))

was first chosen as a template for V, and Vy, ‘domains and additional
structures were then superimposed uponthis structure using their main chain.
atom coordinates (INSIGHT program, Biosym Technologies): Similar
programs and techniques are utilized for modeling the desired antibody.

The distance from the template Ca to the analogous Cain each of

the superimposed structures is calculated for each residue position.

Generally,if all (or nearly all) Ca-Ca distances for a given residue are = 1A,
then that position is included in the consensusstructure. In some cases the
B-sheet framework residueswill satisfy these criteria whereas the CDR loops
may not. For each of these selected residues the average coordinates for
individual N, Ca, C, O and Cf atomsare 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. et.al, J. Amer. Chem. Soe: 106:765-784 (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 sequencesof the particular antibody

OM and Vy 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.
et al,, Nature 342:877-883 (1 989)) asa guide. Side-chain conformations are
chosen on the basis of Fab crystal structures, rotamerlibraries (Ponder, J. W.

& Richards, F. M., J. Mol. Biol. °193:775-791 (1987)) and packing
considerations. Since Viy-CDR3 typically cannot be assigned a definite.
backbone conformation from these criteria, models may be created from a

search of similar sized loops using the INSIGHT program, derived using

packing and solvent exposure considerations, or created using other routine

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

to 5000 cycles of energy minimization.

- Methods for Obtaining a Humanized Antibody Sequence
In humanizing muMAb4D5, consensus human sequencesarefirst

derived, and then a molecular modelis generated for these sequences using
the methods described above. In certain embodiments ofthis invention, the.
consensus human sequencesare derived from the most abundant subclasses

in the sequencecompilation of Kabat etal, (Kabat, E. A. et al., Sequences
of Proteins of immunologicalInterest (Nationalinstitutes of Health, Bethesda,

MD, 1987)), namely V, « subgroup 7 and Vy, group Ill, and have the
sequencesindicated 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 humanreplacements of the
non-humanimport residues at positions within CDRsas defined by sequence

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

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

by structural variability (Chothia, C. & Lesk, A. M., J. Mol. Biol.
196:901-917 (1987)}. For example, huMAb4D5 contains human

replacements of the muMAb4D5 residues at three. positions within CDRs as
defined by sequencevariability (Kabat, E. A. et a/., 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. Moi.
“Biol. 196:901-917(1987): V;-CDR1 K24R, V_-CDR2 R54L and V,-CDR2
T56S,

Differences between the non-human import and the human
consensus framework residues are individually investigated to determine their
‘possible. influence on COR 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
effectsof 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 humanantibody, utilizing the steps of:

a.. -- obtaining the amino acid sequencesofat least a portion

of an import antibody variable-domain and of a consensus
humanvariable domain;

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

_variable domain sequences;

Cc substituting an import CDR amino acid sequencefor the
corresponding human CDR amino acid sequence;

¢. aligning the amino acid sequencesof a Framework Region
(FR) of the import antibody and the corresponding FR of
the consensus antibody; - ,

e. identifying import antibody FR residues in the aligned FR
. sequences that are non-homologousto the corresponding

consensus antibody residues; .
f. determining if the non-homologous import amino acid

residue is reasonably expected to haveat least one of the

followingeffects:

1. non-covalently binds antigen directly,
2. interacts with a CDR;or
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3. participates in the V, - V,, interface; and

g. for any non-homologous import antibody amino acid
residue which is reasonably expected to haveat least one

of these effects, substituting that residue for the

corresponding amino acid residue in the consensus
antibody FR sequence.

Optionally, -one determines if any non-homologous residues
identified in step (e) are exposed on the surface of the domain or buried

within it, and if the residue is exposed but has none of the effects identified
in step (f), one may retain the consensus residue. , .

Additionally, in certain embodiments the corresponding ¢consensus
antibody residues identified in step (e) above 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, BSL, 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 setforth in

Kabat, E. A. etal, Sequences of Proteins ofImmunological Interest (National

Institutes of Health, Bethesda, MD, 1987)).
in preferred embodiments, the method of this invention comprises

the additional steps of searching either or both of the import, non-human and
the consensusvariable domain sequencesfor glycosylation sites, determining

if the glycosylation is reasonably expected to be important for the desired
‘antigen binding and biologicalactivity of the antibody (i.e., determiningif 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 glycosylationsite,it is preferred to substitute that

site for the corresponding residues in the consensus human sequenceif the

glycosylation site is reasonably expected to be important. If only the
consensus sequence, and not the import, bears the glycosylationsite,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 each.such non-

homologous import antibody FR residue, determining if the corresponding

consensus antibody residue represents a residue whichis 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 thatsite. ,

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 sequenceofat 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 a FR, substituting thenon-human COR for 7
‘the human CDRin 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, B5L,.

6G6L, 67L, 68L, 69L, 7OL, 71L, 73L, SSL, 87L, OBL, or

b. (in the FR of the variable domain of the heavy chain) 2H,
4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H, 58H, 60H, .
68H, 69H, 70H, 73H, 74H, 75H, 76H, 78H, 91H, 92H,

93H, and 103H. | |
Preferably, the non-COR 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 reexaminesthe potential effects ofthe amino acidsat the specific
locations recited above. Additionally, it is desirable to reinvestigate any
buried residues which are reasonably expected to affect the V,- V,, interface
but may not directly affect CDR conformation. itis also desirable to
reevaluate the humanized antibody utilizing the steps of the methods claimed
herein. .

In certain embodiments of this invention, amino acid residuesin the
consensus human sequenceare substituted for by other amino acid residues.
In preferred embodiments, residues from a particular non-human import
sequence. are substituted, however there are circumstances whereit is
desired to evaluate theeffects -of other amino acids. For example, if after .
making a humanized antibody according to the.steps above and testing its
activity one is not satisfied with the humanized antibody, one may compare
the sequences of other classes or 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 aminoacid residues are.
found at particular locations and substituting such other residues.

Antibodies

Certain aspects of this invention are directed to natural antibodies

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

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

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

injections of the antigen and an adjuvant. It may be useful to conjugate the
antigen or a fragment containing the target amino acid sequenceto 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,
maleimidobenzoy! sulfosuccinimide ester (conjugation through cysteine
residues), N-hydroxysuccinimide (through ‘lysine residues), glutaraldehyde,

succinic anhydride, SOCI,, or R'N = C = NR, where R and R' are different

alkyl groups. _ oO
The route and schedule of the host animal or cultured antibody-

producing cells therefrom are generally in keeping with established and
conventional techniques for antibody stimulation and production. While mice

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

“mammalian subject including human subjects or antibody-producing. cells

_ obtained therefrom can be manipulated. according to the processes of this
invention to serve as the basis for production of mammalian, including
human, hybrid cell lines. .

. ' Animals are typically immunized against the immunogenic
conjugates or derivatives by combining 1 mg or 1 yg 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 cells--typically spleen cells or lymphocytes from
lymph node tissue--from immunized animalsand immortalizing the cells in
conventional fashion, e.g. 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 Kohler and
Milstein, Eur. J. Immunol, 6:511 (1976) has been widely applied to produce.

hybrid cell lines that secrete high levels of monoclonal antibodies against
many specific antigens.

It is possible to fuse cells of one species with another.. However,
itis preferable that the source of the immunized antibody producing cells and
the myeloma be from the same Species. | , |

The hybrid cell lines can be maintained in culture in vitro in cell
culture media. The cell lines of this invention can be selected and/or

maintained in a composition comprising the continuous cell line in
hypoxanthine-aminopterin thymidine (HAT) medium. In fact, once the
hybridomacell 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 berevived 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 IgG or IgM as the case maybethat 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 suchas
an enzyme or spin label foruse in diagnostic assays of the antigen in test

samples. .
While routinely rodent monoclonal antibodies are used as the source
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of the import antibody, the invention is not limited to any species.
Additionally, techniques developed for the production of chimeric antibodies

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

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

the genes from a mouse antibody molecule of appropriate antigen specificity
together with genes from a human ‘antibody moiecule of appropriate
biological activity (suchasability 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 monoclonalantibodies 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 these into 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 whichcontains 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 whichbind the
antigen. Such FAb fragments with specificity for the antigen are specifically .
encompassed within the term "antibody" asit is defined, discussed, and
claimed herein.

Amino, Acid Sequence 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 nucleotide changes into the DNA encoding the
target polypeptide, or by /n 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,
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residues within particular.amino 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-transiational

processes of the target polypeptide, such aschanging 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
target polypeptide.

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 characteristic(s) to be modified. The sites for
mutation can be modified individually or in series, e.g., by (1) substituting

first with conservative amino acid choices and then with more radical

Selections depending: upon the results achieved, (2)- deleting the target
residue, or (3) inserting residues of the same or a different class adjacentto

thelocated site, or combinations of options 1-3. In certain embodiments,
_these choices are guided by the methods for creating humanized sequences

set forth above.
A useful method for identification of certain residues or regions of

the target polypeptide that are preferred locations for mutagenesis is called

“alanine scanning mutagenesis” as described by Cunningham and Wells
(Science, 244: 1081-1085 [1989]). Here, a residue or group of target
residues are identified (e.g., charged residues such as arg, asp,his, lys, and
glu) and replaced by a neutral or negatively charged amino acid (most
preferably alanine or polyalanine)to affect the interaction of the amino acids
with the surrounding aqueous environment in or outside the cell. Those

domains demonstrating functional sensitivity to the substitutions then are
refined by 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 se 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 variablesiin 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 necessaryforits activity. Any deletions will be selected so as

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

terminal fusions ranging in length from oneresidue to polypeptides containing
a hundred or moreresidues, as well.as intrasequence insertions of single or
multiple amino acid residues. Intrasequence insertions (i.e., insertions within
the target polypeptide sequence) may range generally from about 1 to 10.
residues, more preferably 1 to 5, most preferably 1 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 recombinantcell culture, andfusion 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.
STH or Ipp for E. co/i, alpha factor for yeast, and viral signals such as herpes

gD for mammalian cells. .
. Other insertional variants of the target polypeptide include the

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

polypeptides, e.g., bacterial polypeptides such as beta-lactamase or an
‘enzyme encodedby the &. coli trp locus, or yeast protein, and C-terminal —

- fusions with proteins having alonghalf-life such as immunoglobulin constant

regions (or other immunoglobulin regions), albumin, or ferritin, as described
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in WO 89/02922published 6 April 1989.
Another group of variants are amino acid substitution variants.

These variants have at least one aminoacid residuein the target polypeptide

‘molecule removed and a different residue inserted in its place. The sitesof

greatestinterest 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 effect. of the
substitution .of the antigen binding, affinity and other characteristics of a
particular target antibody. .

Othersites of interest are those in which particular residues of the

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

polypeptide. These sites, especially those falling within a sequence of at
least three other identically conserved sites, are substituted in a relatively
conservative manner. If such substitutions result in a change in biological
activity, then other changes areintroduced 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
backbonein the area of the substitution, for example, as a sheetor 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 commonside chain properties:

{1} hydrophobic: norleucine, met, ala, val, leu,ile;

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

(3) acidic: asp, glu;

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

(5) residues that influence chain orientation: gly, pro; and

(6) aromatic: trp, tyr, phe.
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Non-conservative substitutions willentail exchanging a memberof

one of these classes for another. Such substituted residues may be
introduced into regions of the target polypeptide that are homologous with
other antibodies of the same class or subclass, or, more preferably, into the
non-homologous regions of the molecule.

Any cysteine. residues not involved in maintaining the proper
conformation of target polypeptide also may be substituted, generally with
serine, to improve the oxidative stability of the molecule and prevent aberrant _

crosslinking. . .
“DNA encoding amino acid sequence variants of the target

polypeptide is prepared by a variety of methods known in the art. These
methodsinclude, but are notlimitedto, isolation from a natural source (in the
case of naturally occurring amino acid sequence variants) or preparation by
oligonucleotide-mediated (or site-directed) 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 belowin Example 1. These techniques

mayutilized target polypeptide nucleic acid (DNA or RNA), or nucleic acid
complementary tothe 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 Adelmaneta/.,
DNA, 2: 183 (1983). Briefly, the target polypeptide ONA is altered by

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

_ bacteriophage containing theunaltered or native DNA sequenceofthe target
polypeptide. After hybridization, a DNA polymerase is used to synthesize an

‘entire. second complementary strand of the template that will thus

incorporate the oligonucleotide primer, and will code for the selected

‘alteration in the target polypeptide DNA.

Generally, oligonucleotides of at least 25 nucleotides in length are

used. An optimal oligonucleotide will have 12 to 15 nucleotides that are
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completely complementary to the template oneitherside of the nucleotide(s)

coding for the mutation. Thisensures that the oligonucleotide will hybridize

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

are réadily synthesized using techniques known in the art such as that
described by Crea et a/, (Proc. Natl. Acad. Sci. USA, 75: 5765 [1978}).

, Single-stranded DNA template mayalso be generated by denaturing

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

sequence variants, for example), the oligonucleotide is hybridized to the
single-stranded template under suitable hybridization conditions. A DNA
polymerizing enzyme, usually the Klenow fragment of DNA polymerase |, is
then added to synthesize the complementary strand of the 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&.

coli JM101. After thecells are grown, they are plated onto agarose plates
and screened using the oligonucleotide primer radiolabeled with 32-phosphate
to identify the bacterial colonies that contain the mutated DNA. The mutated

region is then removed and placed in an appropriate vector for protein
production, generally an expression vector of the type typically employed for .

transformation of anappropriate host.
The method described immediately above may be modified such

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

_ contain the mutation(s). The: modifications are as_follows: The

single-stranded oligonucleotide is annealed to the single-stranded template
as described above. A mixture of three deoxyribonucleotides,
deoxyriboadenosine (dATP), deoxyriboguanosine (dGTP), and
deoxyribothymidine (dTTP), is combined with a modified
thio-deoxyribocytosine called dCTP-(aS) (which can be obtained from
Amersham - Corporation). This mixture is added to the
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template-oligonucleotide complex. Upon addition of DNA polymerase tothis

mixture, a strand of DNA identical to the template except for the mutated
basesis generated. In addition, this new strand of DNA will contain

‘dCTP-(aS) instead of dCTP, which serves to, protect it from restriction
endonuclease digestion. 1

After the template strand of the double-stranded heteroduplex is
nicked with an appropriate restriction enzyme, the template strand can be
digested with Exolll nuclease or another appropriate nuclease past the region
that contains the site(s) to be mutagenized. The reactionis then stopped to

leave a molecule that is only ‘partially single-stranded. A complete
double-stranded DNA homoduplex is then formed using DNA polymerasein
the presence of all four deoxyribonucleotide triphosphates, ATP, and DNA

ligase. This homoduplex molecule can then be transformed into a suitable
host cell such as £. coli JM101, asdescribed 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
aminoacids are located close togetheriin the polypeptide chain, they may be

mutated simultaneously using one oligonucleotide that codes forall 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 singleoligonucleotide that encodes

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

employed. |
In the firstmethod, a separate oligonucleotide is generated for each

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

The alternative method involves two or more rounds of mutagenesis
to produce the desired mutant. The first round is as described for the single
mutants: wild-type DNA is used for the template, an oligonucleotide encoding
the first desired amino acid substitution(s) is annealed to this template, and
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the heteroduplex DNA molecule is then generated. The second-round of.

mutagenesis utilizes the ‘mutated DNA produced in the first. round of

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

more mutations. The oligonucleotide encoding the additional desired amino

acid substitution(s) is then annealed to this template, andthe resulting strand

of DNA now encodes mutations from both the first and second rounds of
mutagenesis. This resultant DNA canbe used as a template in a third round
of mutagenesis, and so on.

PCR mutagenesis is also suitable for making amino acid variants of
target polypeptide. While the following discussion refers to DNA,it is

. understood that the technique also finds application with RNA. The PCR

technique generally refers to the following procedure (see Erlich, supra, the
chapter by-R. Higuchi, p. 61-70): When small amountsof template DNA are
used as starting material in a PCR, primers that differ slightly in sequence
from the corresponding region in a template DNA can be used to generate
relatively large quantities of a specific DNAfragment 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 sequenceof the other 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 .
of the first, such that in the end the entire arnplified region of DNA bounded -
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

other positions, as templatecopying is somewhaterror-prone. —
if the ratio of template to product material is extremely low, the

vast majority of product DNA fragmentsincorporate the desired mutation(s).

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 positions can be introduced 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 more)-part ligation.

Ina specific example of PCR mutagenesis, template plasmid DNA
{1 yg) is linearized by digestion with.a restriction endonuclease 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 triphosphates 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 yl. The reaction mixture is overlayed with 35 sl mineral

. oil. The reaction is denatured for 5 minutes at 100°C, placedbriefly onice,
and then 1 yl Thermus aquaticus ({Taq]/ DNA polymerase (5 units/,

purchased from Perkin-Elmer Cetus, Norwalk, CT and Emeryville, CA) is
added below the mineraloil 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 30.sec. at 72°C, then 19 cycles of the

following: 30 sec. at 94°C, 30 sec. at 55°C, and 30 sec. at 720°C.
At the end of the program, the reactionvialis removed from the |

thermal cycler and the aqueous phase transferred to a newvial, extracted

_ with phenol/chloroform (50:50:vol), and ethanol precipitated, and the DNA.
is recovered by standard procedures. This materialis subsequently subjected
to the appropriate treatments for insertion into a vector. os

Another method for preparing variants, cassette mutagenesis, is

based on the technique described by Wells et a/. (Gene, 34: 315 [1985)).
The starting material is the plasmid (or other vector) comprising the target

polypeptide DNA to be mutated. The codon({s) in the target polypeptide DNA
to be mutated are identified. There must be a unique restriction
endonuclease site on each side of the identified mutation site(s). If no-such

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 linearize it. A double-stranded oligonucleotide encoding the sequenceof _

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 ofthe DNA)
or for expression. Many vectors are available, and selection of ‘the

_ appropriate vector will depend on 1) whetherit is. to be -used for DNA
amplification or for DNA expression, 2) the size of the DNA to beinserted
into the vector, and 3) the host cell to be transformed with the vector. Each
vector contains various components depending onits function (amplification
of DNA or expression of DNA) and the host cell for whichit is compatible.
The vector components generally include, but are notlimited to, one or more
of the following: a signal sequence, an origin of replication, one or more
marker genes, an enhancer ‘element, a promoter,- and a transcription
termination sequence.

(a) Signal uence Compenen

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 polypeptidesof this invention may be expressed not only
directly, but also as a fusion with a heterologous polypeptide, preferably a
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signal sequenceor other polypeptide having a specific cleavagesite 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. included within the
scope of this invention are target polypeptides with any native signal ,
sequence deleted and replaced with a heterologous signal sequence. The

heterologous signal sequence selected should be onethatis recognized and
processed (i.e. cleaved by a signal peptidase) by the host cell. For
prokaryotic host cells that do not recognize and process the native target
polypeptide signal sequence, the signal sequence ‘is substituted by a
prokaryotic signal sequence selected, for example, from the group of the
alkaline phosphatase, penicillinase, Ipp, or heat-stable. enterotoxin || 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 maybe suitable.-i

-(b) Origin of Replication Component

‘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 vectorto
replicate independently of the host chromosomal DNA,andincludes origins

of replication or autonomously replicating sequences. Such sequences are
well known for a variety of bacteria, yeast, and viruses. The origin of
replication from the plasmid pBR322 is suitable for most Gram-negative
bacteria, the 2y plasmid origin is suitable for yeast, and variousviral origins
(SV40, polyoma, adenovirus, VSV or BPV) are useful for cloning vectors in
mammalian cells. . Generally, the origin of replication component is not

needed for mammalian expression vectors (the SV40 origin may typically 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 canbe transfected into

another organism for expression. For example, a vector is cloned in £. coli
and then the same vector is transfected into yeast or mammalian cells for

expression even thoughit is not capable of replicating independently of the
host cell chromosome. | | .

DONA 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 sequencethatis complementary to a sequence

found in Bacillus genomic DNA. Transfection of Bacillus with this vector
results in homologous recombination with the genome and insertion of the
targetpolypeptide DNA. However, the recovery of genomic DNA encoding
the target polypeptide is more complex than that of an exogenously

_ replicated vector becauserestriction enzyme digestion is required to excise

the target polypeptide DNA.

(c). Selection Gene Component

’ 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 hostcells grown in a selective culture:

medium. Host cells not transformed with the vector containing the selection
genewill not survive in the culture medium. Typical selection genes encode
proteins that (a) confer resistance to antibiotics or other toxins, e.g.

ampicillin, neomycin, methotrexate, or tetracycline, (b) complement

auxotrophic deficiencies, or (c) supply critical nutrients not available from

complex media, e.g. the gene encoding D-alanine racemasefor Bacilli.
One example of a selection schemeutilizes a drug to arrest growth

of a host cell. Those cells that are successfully transformed with a
heterologous gene express a protein conferring drug resistance and thus

survive the selection regimen. Examples of such dominant selection use the

drugs neomycin (Southern et al., J). Molec. Appl. Genet., 1: 327 [1982)),
mycophenolic acid (Mulligan et a/., Science, 209: 1422 [1980]) or
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hygromycin (Sugdenet a/., Mol. Cell. Bigl., 5: 410-413 11985]). The three
examples given above employ bacterial genes under eukaryotic control to
convey resistance to the appropriate drug G418 or neomycin (geneticin),
xgpt (mycophenolic acid), or hygromycin, respectively.

Another example.of suitable selectable markers for mammaliancells
are those that enable the identification of cells competent. to take up the
target polypeptide nucleic acid, such as dihydrofolate reductase (DHFR) or
thymidine kinase. . 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
encodesthe.target 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 quantities of the target polypeptide are
synthesized from the amplified ONA. . |

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

contains methotrexate (Mtx), a competitive antagonist 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 Chasin, Proc. Natl. Acad. Sci. USA,
77: 4216 [1980]. The transformedcells are then exposed to increasedlevels

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

gene, and, concomitantly, multiple copies. of other DNA comprising the
" expression vectors, such as the DNA encodingthe target polypeptide. This

amplification technique can be used with any otherwise suitable host, e.g.,
ATCC No. CCL61 CHO-K1, riotwithstanding the presence of endogenous

_ DHERif, for example, a mutant DHFR genethatis highly resistant to Mtx is.

employed (EP 11 7,060). Alternatively, host cells (particularly wild-type hosts
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that contain endogenous DHFR) transformed or co-transformed with DNA.
sequences encoding the target polypeptide, wild-type DHFR protein, and
another selectable marker such as aminoglycoside 3’ phosphotransferase .
(APH) can be selectedby cell growth in medium containing a selection agent
for the selectable. marker such as a aminoglycosidic ‘antibiotic, 8.9.,
kanamycin, neomycin, or G418. See U.S. Pat. No. 4,965,199.

A suitable selection gene for use in yeast is the t7p1 gene present
in the yeast plasmid YRp7 (Stinchcomb et a/., Nature, 282: 39 [1979];
Kingsmanet a/., Gene, 7: 141 [1979]; or Tschemperet a/., Gene, 10: 157
[1980]). The tro1 gene provides a selection marker for a mutant strain of

-yeast lacking the ability to grow in tryptophan, for example, ATCC No.
44076 or PEP4-1 (Jones, Genetics, 85: 12 [1977]). The presence of the

trp? 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 knownplasmids bearing the Leu2 gene.

(d) Promoter Component

Expression and cloning vectors usually contain a promoter thatis

recognized by the host organism and is operably linked to the target
polypeptide nucleic acid. Promoters are untranslated sequences located
upstream (5’) to the start codon of a structural gene (generally within about
100 to 1000 bp) that control the transcription and translation of a particular

‘ nucleic acid sequence, such as that encoding the target polypeptide, to
which they are operably linked. 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 changein culture conditions, e.g. the presence or absence
of a nutrient or a change in temperature. At this time a-large number of

promoters recognized by a variety of potential host cells are well known.
These promoters are operablylinked 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 sequenceinto the vector. Both
the native target polypeptide promoter sequence and many heterologous

promoters may be used to direct amplification and/or expression of the target
polypeptide DNA. However, heterologous promotersare preferred,as they .

‘generally permit greater transcription and higher yieids of expressed target

polypeptide as comparedto the native target polypeptide promoter.
Promoters suitable for use with prokaryotic hosts include the £-

lactamase ‘and lactose promoter systems (Chang et a/., Nature, 275: 615
(1978); and Goeddelet a/., Nature, 281: 544 {1979)), alkaline phosphatase,
a tryptophan (trp) promoter system (Goeddel, Nucleic Acids Res., 8: 4057
[1980] and EP 36,776) and hybrid promoters such as the tac promoter

(deBoer et a/., Proc. Natl. Acad. Sci. USA, 80: 21-25 [1983]).. However,
other known bacterial promoters are suitable. Their nucleotide sequences
have been published, thereby enabling a skilled worker operably to ligate
them to DNA encoding the target polypeptide (Siebenlist et al., Cell, 20: 269
[1980}) using linkers or adaptors to supply any required restriction sites.

Promoters for use in bacteria! systems also generally will contain a Shine-
Dalgarno (S.D.) sequence operably linked to the DNA encoding the target
polypeptide.

_ Suitable promoting sequencesfor use with yeast hosts mespromoters for 3-phosphoglycerate kinase (Hitzeman et a/., J. Biol. Che
255: 2073 [1980}) or other glycolytic enzymes (Hess etal., J. Adv. Enzyme
Reg., 7: 149 [1968]; and Holland, Biochemistry, 1717: 4900 [1978}), such as
enolase,» ohycoraldohyde-3-nhoaphate dehydrogenase, hexokinase, pyruvate
decarboxylase, phosphofructokinase, glucose-6-phosphate isomerase, 3-
phosphoglycerate mutase, pyruvate. kinase, triosephosphate isomerase,
phosphoglucose isomerase, and glucokinase. | .

Other yeast promoters, which are inducible promoters having the

additional advantage of transcription controlled by growth conditions,are the

promoter regions for alcohol dehydrogenase 2, isocytochrome C, acid
phosphatase, degradative enzymes associated with nitrogen metabolism,
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metallothionein, 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 et

al., 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 70to 80 bases upstream from the start of transcription of
many genes is a CXCAATregion where X may.be any nucleotide. At the 3’

end of most eukaryotic genes is an AATAAA sequence that may be the
signalfor 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 mammalian host
cells is controlled by promoters obtained from thegenomes of viruses such

“as polyomavirus, fowlpox virus (UK 2,211,504 published 5 July 1989},
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 heterologous mammalian promoters, e.g. 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. |

The early and late promoters of the SV40 virus are conveniently

obtained as an SV40 restriction fragment that also contains the SV40viral
origin of replication. Fiers et a/., Nature, 273:113 (1978); Mulligan and Berg,

Science, 209: 1422-1427 (1980); Paviakis etal., Proc. Natl Acad. Sci. USA,
78: 7398-7402 (1981). The immediate early promoter of the human
cytomegalovirus is conveniently obtained as a Hindlll E restriction fragment.
Greenawayet a/., Gene, 18: 355-360 (1982). A system for expressing DNA
in mammalian hosts usingthe bovine papilloma virus as a vectoris disclosed
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in U.S. 4,419,446. A modification of this. system is described in U.S.

4,601,978. See also Gray et a/., Nature, 295: 503-508 (1982) on
expressing cDNA encoding immune interferon in monkey cells; , Reyes et a/.,
Nature, 297: 598-601 (1 982) on expression of human f-interferon CDNAin
mouse celis under the control of a thymidine kinase promoter from herpes

simplex virus, Canaani and Berg, Proc. Natl, Acad. Sci. USA; 79: 5166-5170 |
{1982} on expression of the humaninterferon £1 gene in cultured mouseand
rabbit cells, and Gormaneta/., Proc. Natl. Acad. Sci. USA , 29: 6777-6781

(1982) on expression of bacterial CAT sequencesin CV-1 monkey kidney
cells, chicken embryofibroblasts, Chinese hamster ovary cells, Hela cells,
and mouse NIH-3T3 cells using the Rous sarcomavirus long terminal repeat
as a promoter.

(e)’ Enhancer Element Component

Transcription of DNA encoding the target polypeptide of this
invention by higher eukaryotes is often increased by inserting an enhancer

- sequenceinto the vector. Enhancersare cis-acting elements of DNA, usually
about from 10-300 bp, that act.ona promoter to increase its transcription.

Enhancers are relatively orientation and position independent having been
found 5’ (Laimins et a/., Proc. Natl. Acad. Sci. USA, 78: 993 ([1981]) and 3’
(Lusky et a/., Mol. Cell Bio., 3: 1 108 [1983]}) to the transcription unit, within
an intron (Banerji et a/., Cell, 33: 729 {1983]) as well as within the coding
sequence itself (Osborne et a/., Mol. Cell Bio., : 1293 [1984]). Many
enhancer sequences are now known from mammalian genes (globin,
elastase, albumin, a-fetoprotein andinsulin). Typically, however, one will use
an enhancer from a eukaryotic cell virus. | Examples include the SV40 -
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: 17-18 (1982) on enhancing elements for activation of
eukaryotic promoters. The enhancer may be spliced into the vector at a
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position 5’ or 3’ to the target polypeptide DNA,butis preferably located at
a site 5’ from the promoter.

(f) Transcription Termin ion mponen 

Expression vectors used in eukaryotic host cells (yeast, fungi,

insect, plant, animal, human, or nucleated cells from other multicellular,

organisms) will also contain sequences necessary for the termination of
transcription and for stabilizing the mRNA. Such sequences arecommonly —
available from the 5‘ and, occasionally 3‘ untranslated regions of eukaryotic
or viral DNAs or cDNAs. These regions contain nucleotide segments
transcribed as polyadenylated fragments in the untranslated portion of the
mRNA encoding the target polypeptide. The 3’ untranslated regions also ,
include transcription terminationsites. .

Construction of suitable vectors containing one or more of the

abovelisted components the desired coding and control sequences employs
standard ligation techniques. isolated plasmids or DNA fragments are
cleaved, tailored, and religated in the forrn desiredto generate the plasmids
required. |

For analysis to confirm correct sequencesin plasmids constructed,
the ligation mixtures are used to transform E. coli K12 strain 294 (ATCC
31,446) and successful transformants selected by ampicillin or tetracycline

resistance where appropriate. Plasmids from the transformants are prepared,

analyzed by restriction endonuclease digestion, and/or sequenced by the
method of Messing et a/., Nucleic Acids Res., 9: 309 (1981) or by the

, method of Maxam et a/., Methods in Enzymology, 65: 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, synthesizeshigh 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, and host cells suitable for adaptation to

the synthesis of the target polypeptide in recombinant vertebrate cell culture
are described in Gethingeta/., Nature, 293: 620-625 [1981]; Manteiet a/.,
Nature, 281: 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 pSVI6B (U.S. Ser. No.
07/441,574 filed 22 November 1989, the disclosure of which is incorporated

“herein by reference).

Selection and Transformation of Host Cells

Suitable host cells for cloning. or expressing the vectors herein are

the prokaryote, yeast, or higher eukaryote cells described above. Suitable
prokaryotes include eubacteria, such as Gram-negative or Gram-positive

organisms, for example, £. coli, Bacilli such as B.. subtilis, Pseudomonas

species such as P. ‘aeruginosa, Salmonella typhimurium, or Serratia
marcescans, One preferred. E. coli cloning host is £. coli 294 (ATCC
31,446), although other strains such as E£. coli B, E. coli x1776 (ATCC
31,537), and E. coli W3110 (ATCC 27,325)are suitable. These examples
are illustrative rather than limiting. Preferably the host cell should secrete-

minimal amounts of proteolytic enzymes. Alternatively, in vitro methods of
cloning, e.g. PCR or other nucleic acid polymerase reactions, are suitable.

In addition to prokaryotes, eukaryotic microbes suchasfilamentous
fungi or yeast are suitable hosts for target polypeptide-encoding vectors.
Saccharomyces cerevisiae, or commonbaker's yeast, is the most commonly
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used among lower eukaryotic host microorganisms. However, a numberof
other genera, species, and strains are commonlyavailable and useful herein,
such as Schizosaccharomyces pombe [Beach and Nurse, Nature, 290: 140

(1981); EP 139,383 published May2, 1985], K/uyveromyceshosts (U.S.
4,943,529) such as, e.g., X. lactis [Louvencourt et al, J. Bacterigl., 737

 (1983)], K. fragilis, K. bulgaricus, K. thermotolerans, and K, marxianus,
yarrowila [EP 402,226), Pichia pastoris [EP 183,070; Sreekrishnaet a/., J.

Basic Microbiol.. 28: 265-278 (1988)], Candida, Trichoderma reesia {EP
244,234], Neurospora crassa [Case et a/., Proc. Natl. Acad. Sci. USA, 76:
5259-8263 (1979)], and filamentous fungi such as, e.g, Neurospora, |
Penicillium, Tolypocladium {WO 91/00357 published 10 January 1991], and
Aspergillus hosts such as A, nidulans [Ballanceet a/., Biochem. Biophys. Res.

Commun., 112: 284-289 (1983); Tilburn et a/., Gene, 28: 205-221 (1983);
Yelton et a/., Proc. Natl Acad. Sci, USA, 81: 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 frugiperda
(caterpillar), Aedes aegypti (mosquito), Aedes albopictus (mosquito),
Drosophila melanogaster (fruitfly), and Bombyx mori host cells have been .

identified.’ See, e.g., Luckow ef a/., Bio/Technology, 6: 47-55 (1988); Miller
et al., in Genetic Engineering, Setlow, J.K. ef af, eds., Vol. 8 (Plenum |

Publishing, 1986), pp. 277-279; and Maedaeta/., Nature, 315: 592-594

(1985). A variety of such viral strains are publicly available, e.g:, the L-1

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

NPV, and such viruses maybe 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,

54

60



 
10

15

20

30

tomato, and tobacco can be utilized as hosts. Typically, plant cells are

transfected byincubation with certain strains of the bacterium Agrobacterium
tumefaciens, which has been previously manipulated to contain the target

polypeptide DNA. During incubation of the plant cell culture with A.
tumefaciens, the DNA encoding target polypeptide is transferred to the plant
cell host such that it is transfected, and will, under appropriate conditions,

express the target polypeptide DNA. In addition, regulatory and signal
sequences compatible with plant cells are available, such as the nopaline
synthase promoter and polyadenylation signal sequences. Depickeret a/., J.
Mol. Appl. Gen., 1: 561 (1982). In addition, DNA segments isolated from
the upstream region of the T-DNA 780 gene are capableof activating or
increasingtranscription levels of plant-expressible genesin recombinant DNA-

containing plant tissue. See EP 321,196 published 21 June 1989.
However, interest has been greatest in vertebrate cells, and

propagation of vertebrate cells in culture (tissue culture) has become a
routine procedure in recent years [Tissue Culture, Academic Press, Kruse and

Patterson, editors (1 973)). Examples of useful mammalian host cell lines are
monkey kidney CV1 line transformed by sv40 (COS-7, ATCC CRL 1651);
human embryonic kidney line (293 or 293 cells subcloned for growth in
suspension culture, Graham et a/., J. Gen Virol., 36:.59 [1977]); baby .
hamster kidney cells (BHK, ATCC CCL 10); Chinese hamster ovary cells/-

DHFR (CHO, Urlaub and Chasin, Prog, Natl Acad. Sci. USA, 77: 4216
{1980]); mouse sertoli cells (TM4, Mather, Biol. Reprod., 23: 243-251
[1980]); monkey kidney cells (CV1 ATCC CCL 70); African green monkey

kidneycells (VERO-76, ATCC CRL-1587); human cervical carcinoma cells

(HELA, ATCC CCL2); canine kidney cells (MDCK, ATCC CCL 34); buffalo rat .
liver cells (BRL 3A, ATCC CRL 1442); humanlung cells (W138, ATCC CCL

75); humanliver cells (Hep G2, HB 8065); mouse mammary tumor (MMT
060562, ATCC CCL51); TRI cells (Mather et a/., Anfials N.Y. Acad, Sci.,
383: 44-68 [1982]); MRC 5 cells; FS4 cells; and a human hepatomacell line
(Hep G2). Preferred host cells are human embryonic kidney 293 and Chinese .
hamsterovary cells.
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Host cells are transfected and preferably transformed with the

above-described expression or 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 methodsof transfection are knownto the ordinarily skilled artisan,
for example, CaPO, and electroporation. Successful transfection is generally
recognized whenanyindication of theoperation of this vector occurs within
the host cell. . /

Transformation meansintroducing DNA into an organism so thatthe

DNAis replicabie, either as anextrachromosomal element or by chromosomal
integrant. Depending on the host cell used, transformation is done using
standard techniques appropriate to such cells. The calcium treatment

employing calcium chloride, as described in section 1.82 of Sambrooket a/.,
supra, is generally used for prokaryotes or other cells that contain substantial.
cell-wall barriers. Infection with Agrobacterium tumefaciens is used for

 transformation of certain plant cells, as described by Shaw et al., Gene, 23:
' 315 (1983) and WO 89/05859 published 29 June 1989. For mammalian

cells without such cell walls, the calcium phosphate precipitation method
described in sections 16.30-16.37 of Sambrook et al, supra, is preferred.

Genera! aspects of mammalian cell host system transformations have been
described by Axel in U.S. 4,399,216. issued 16 August 1983.

Transformations into yeastare typically carried out according to the method
of Van Solingen et a/., J, Bact.,.13Q: 946 (1 977) and Hsiao et al., Proc. Natl.
Acad. Sci. (USA); 76: 3829 (1979). However, other methodsforintroducing

DNA into cells such as by nuclear injection, electroporation, or protoplast
fusion may also be used.

Culturing the Host Cells
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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. ;

The mammalianhostcells used to produce the target polypeptide

of this invention maybe cultured in a variety of media. Commercially
available media such as Ham’‘s F10 (Sigma), Minimal. Essential Medium

(IMEM], Sigma), RPMI-1640 (Sigma), and Dulbecco's Modified Eagle’s
Medium ([DMEMI, Sigma) are suitable for culturing the host ceils. In
addition, any ofthe media described in Ham and Wallace, Meth. Enz., 58: 44

(1979), Barnes and Sato, Anal. Biochem., 102: 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. Re. 30,985; or copending 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, may-be used as culture media for the hostcells. 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, magnesium, and phosphate), buffers (such |
as HEPES), nucleosides (such as adenosine and thymidine), antibiotics (such

as Gentamycin™ drug), 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 mayalso
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 host. animal.

It is further envisioned that the target polypeptides of this invention

may be produced by homologous recombination, or with recombinant

_ production methodsutilizing control elements introduced into cells already

containing DNA encoding the target polypeptide currently in usein the field.

For example, a powerful promoter/enhancer element, a suppressor, or an
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exogenous transcription modulatory elementis inserted in the genomeof the
intended host cell in proximity and orientation sufficient to influence the
transcription of DNA encoding thedesired target polypeptide. The control
element does not encode the target polypeptide of this invention, but the
DNAis 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 Gene Amplification/Expression

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

directly, for example, by conventional Southern blotting, northern blotting to
quantitate the transcription of mRNA (Thomas, Proc. Natl. Acad..Sci. USA,

77: 5201-5205 [1980]), dot blotting (DNA analysis), or in situ hybridization,

using an appropriately labeled probe, based on the sequences provided
herein. Various labels may be employed, most commonly radioisotopes,

particularly *?P. However, othertechniques 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-RNAhybrid duplexes or DNA-protein duplexes. The antibodies in turn
may be labeled and the assay may becarried out where the duplex is bound
to a surface, so that upon the formation. of duplex on the surface, the
presence of antibody boundto the duplex can be detected.

Geneexpression, 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 immuncohistochemical 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 jabels are
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usually visually detectable, such as enzymatic labels, ‘fluorescent labels,
luminescent labels, and the like. Aparticularly sensitive staining technique

suitable for use in the present invention is described by Hsu et a/., Am.J.

Glin. Path., 75: 734-738 (1980).

Antibodies useful for immunohistochemicalstaining and/or assayof
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 providedherein as described further in Section 4 below.
Purifi ation of The Tar I i

The target polypeptide preferably is recovered from the culture
medium as a secreted polypeptide, although it also may be recovered from

host cell lysates when directly expressed without a secretory signal. -
Whenthe target polypeptide is expressed in a recombinant cell

other than one of humanorigin, the target polypeptide is completely free of
proteins or polypeptides of humanorigin. However, it is necessary to purify
the target polypeptide 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 centrifuged to
remove particulate cell debris. The membraneand soluble proteinfractions
are then separated. The target polypeptide may then be purified from the

soluble protein fraction and from the membranefraction 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 onsilica or on a cation

exchange resin such as DEAE; chromatofocusing; SDS-PAGE; ammonium
- sulfate precipitation; gel filtration using, for example, Sephadex G-75; and

protein A Sepharose columns to remove contaminants such as IgG.
Target polypeptide variants in which residues have been deleted,

inserted or substituted are recovered in the same fashion, taking account of

59

65



 
10

20

30

. any substantial changes in properties occasioned by the variation. For

example, preparation of a target polypeptide fusion with another protein or
polypeptide, e.g. a bacterial or viral antigen, facilitates purification; an
immunoaffinity column containing antibody to the antigen (or containing
antigen, where the target polypeptide is an antibody) can be used to adsorb.

the fusion... immunoaffinity columns such as a rabbit polyclonal anti-target
polypeptide column can be employedto absorbthe target polypeptide variant

by binding it to at least one remaining immune epitope. A protease inhibitor

suchas pheny! methyl sulfonyl fluoride (PMSF) also may be useful to inhibit
proteolytic degradation during purification, and antibiotics may be included
to prevent the growth of adventitious contaminants: Oneskilled in the art
will appreciate that purification methods suitable for native target polypeptide

may require modification to account for changes in the character of the
target polypeptide or its variants upon expression in recombinant cell culture.

valent Modifications of Target Pol i

Covalent modifications of target polypeptides are included within

the scope of this invention. One type of covalent modification included |
within the scope of this invention is a target polypeptide fragment. Target

' polypeptide fragments having up to about 40 amino acid residues may. be
conveniently prepared by chemical synthesis, or by enzymatic or chemical

cleavage of the 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 residues mostcommonlyare reacted with a-haloacetates
(and corresponding amines), such as chloroacetic acid or chloroacetamide,

to give carboxymethyl or carboxyamidomethy! derivatives. Cysteinyl

residues also are derivatized by reaction with bromotrifluoroacetone, a-
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bromo-B-(5-imidozoyl)propionic: acid, chloroacety! phosphate, N-
alkylmaleimides, 3-nitro-2-pyridyl disulfide, methyl 2-pyridyl disulfide, p:
chloromercuribenzoate, 2-chloromercuri-4-nitrophenol, or chloro-7-nitrobenzo-
2-oxa-1,3-diazole. oo

Histidyl residues are derivatized by reaction with diethylpyro-
carbonate at pH 5.5-7.0 because this agent is relatively specific for the
histidy! side chain. Para-bromophenacy| 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 chargeof the lysinyl residues. Other suitable reagents
for derivatizing a-amino-containing residues include imidoesters such as

methyl picolinimidate; pyridoxal phosphate; pyridoxal; chloroborohydride;
trinitrobenzenesulfonic acid; O-methylisourea; 2,4-pentanedione; and

transaminase-catalyzed reaction with glyoxylate. |
Arginy! 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 requires
that the reaction be performedin alkaline conditions because of the high pK,
of the guanidine functional group.. Furthermore, these reagents may react .
with the groups of lysine as well as the arginine epsilon-amino group.

The specific mocification of tyrosyl residues may be made, with
particular interest in introducing spectral labels into tyrosyl residues by
reaction with aromatic diazonium compounds or tetranitromethane. Most

commonly, N-acetylimidizole and tetranitromethaneare used toform O-acety!

tyrosyl species and 3-nitro derivatives, respectively. Tyrosy! residues are
iodinated using ‘1. or ‘I to prepare labeled proteins for use ‘in
radioimmunoassay, the chloramine T method described above being suitable. .

Carboxyl! side groups (aspartyl or glutamyl) are selectively modified -

by reaction with carbodiimides (R’-N =C =N-R’), where Rand R’ are different
alkyl groups, such as1-cyclohexyl-3-(2-morpholinyl-4-ethyl) carbodiimide or
1-ethyl-3-(4-azonia-4,4-dimethylpentyl) carbodiimide, Furthermore, aspartyl
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and glutamyl residues are converted to. asparaginy! andglutaminyl residues

by reaction with ammonium ions.
Derivatization with bifunctional agents is useful for crosslinking

target polypeptideto a water-insoluble support matrix or surface for use in

the method for purifying anti-target polypeptide antibodies, and vice versa. —
Commonly used crosslinking agents include, e.g., 1,1-bis(diazoacetyl)-2-

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

esters with 4-azidosalicylic acid, homobifunctional imidoesters, including
disuccinimidyl esters such as 3,3'-dithiobis(succinimidy! propionate), and
bifunctional maleimides such as bis-N-maleimido-1,8-octane. Derivatizing

‘agents such as methyl-3-[(p-azidophenyl)dithio]propicimidate 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 U.S. 3,969,287; 3,691,016; 4,195,128; 4,247,642;
4,229,537: and 4,330,440 are employed for protein immobilization.

Glutaminyl and asparaginyl residues are frequently deamidated to
the corresponding glutamyl and aspartyl residues, respectively. Alternatively,
these residues are deamidated under mildly acidic conditions. Either form of
these residues falls within the scope of this invention.

| Other modifications include hydroxylation of proline and lysine,

phosphorylation of hydroxyl groupsofseryl or threony! residues, methylation
of the a-amino groups of lysine, arginine, and histidine side chains (T.E.
Creighton, Proteins: Structure_and Molecular Properties, W.H. Freeman &
Co., San Francisco, pp. 79-86 [1983)), acetylation of the N-terminal amine,
and amidation of any C-terminal carboxyl group.

Another type of covalent modification of the target polypeptide
included within the scope of this invention comprises altering the native

- glycosylation pattern of the polypeptide. By alteringisis meant deleting one_
or more carbohydrate moieties found in the native target‘polypeptide, and/or[Oeeeeteeae seee
adding one or more glycosylation sites that are not“present in the native j
target polypeptide.

62

68



 
10

iS

20

30

——ay

@ e
Glycosylation of polypeptides is typically either N-linked or o-

linked. N-linked refers to the attachmentof the carbohydrate moiety to the

side chain of an asparagine residue. The tri-peptide sequences asparagine-X-
serine and asparagine--X-“threonine, where Xis any amino acid except proline,

bretherecognition sequences for enzymatic attachment of the carbohydrate
moiety to the asparagine side chain. Thus, the presence of either of these —
tri-peptide sequences ina 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 alycosylation sites to the target polypeptide is

conveniently accomplished by altering the amino acid sequence ‘such thatit
contains one or more of the above-described tri-peptide sequences (for N-
linkedglycosylation sites). The alteration may also bemadebythe addition ;
of, or substitution by, one or more serineor threonine residues to the native

targetpolypeptidesequence(for O-linked glycosylation sites). For ease, the
targetsetpolypeptide aminoacid sequenceis preferably altered through changes
at the DNA level, particularly by mutating the DNA encoding the target
polypeptide at preselected bases such that codons are generated that will
translate into the desired amino acids. The DNA mutation(s) may be made

using methods described above under the headingof “Amino Acid Sequence

Variants of Target Polypeptide”.

Another meansof increasing the numberof carbohydrate moieties
on the target polypeptide is by. chemical or enzymatic coupling of glycosides
to the polypeptide. These procedures are advantageousin that they do not

require production of the polypeptide ina host cell that has glycosylation
capabilities for N- and O- linked glycosylation. Depending on the coupling
mode used, the sugar(s) may be attached to (a) arginine and histidine, (b).

free carboxyl groups,(c) free sulfhydry! groups such as those of cysteine, (d)
free hydroxy! 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 (CRC
Crit. Rev. Biochem., pp. 259-306 [1981)).

Removal of carbohydrate moieties present on the native target

polypeptide may be accomplished chemically or enzymatically. Chemicalpe a

deglycosylation requires exposure of the polypeptide to the compoundweosyranen

, trifluoromethanesulfonic acid, or an equivalent compound. Thistreatment
results in the cleavage of most or all sugars except the linking sugar (N-

- acetylglucosamine or N-acetylgalactosamine), while leaving the polypeptide
. intact. Chemical deglycosylation is described by Hakimuddin et a/. (Arch. -

Biochem. Biophys., 259:52 [1987]) and by Edgeeta/. (Anal. Biochem.,

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 et a/. (Meth. Enzymol, 138:350
[1987)). | | a -

Glycosylation at potential glycosylation sites may be prevented by
_ the use of the compound tunicamycin as described by Duskin et a/. (J. Biol. .
Chem., 257:3105 [1982}).. Tunicamycin blocks the formationof 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 glycolor polyoxyalkylenes,
in the manner set forth in U.S. 4,640,835; 4,496,689; 4,301,144:

4,670,417; 4,791,192 or 4, 179,337.
The target polypeptide also may be entrapped in microcapsules,

- prepared, for example, by coacervation techniques or by interfacial
‘polymerization (for example, hydroxymethyicellulose or gelatin-microcapsules
and poly-Imethylmethacylate] microcapsules, respectively), in colloidal drug
delivery systems (for example, liposomes, albumin. microspheres,
microemulsions, nano-particles and nanocapsules), or in macroemulsions.

Such techniques are disclosed in R inaton’s Pharmaceutical Sciences, 16th
edition, Osol, A., Ed., (1980).
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Target polypeptide preparations are also useful in generating»

antibodies, for screening for binding partners, as standards in assays for the

target polypeptide (e.g. by labeling the target polypeptide for use as a
standard in a_ radioimmunoassay, enzyme-linked — immunoassay, oF

 radioreceptor assay), in affinity purification techniques, and in competitive-
type receptor binding assays when labeled with radioiodine, enzymes,
fluorophores, spin labels, and thelike.

; Since it is often difficult to predict in advancethe 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 changein the immunological character of the target polypeptide molecule,
-guch 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 enhancementofits 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 multimers are assayed by methods well knownin theart.

iagnostic and Related Uses ofthe Anti odi
The antibodies of this invention are useful in diagnostic assays for

antigen expressionin specificcells or tissues. The antibodies are detectably |
labeled and/or aré immobilized on an insoluble matrix. |

The antibodies of this invention, find further use for the affinity

purification of the antigen from recombinantcell culture or natural sources.
Suitable diagnostic assays for the antigen and its antibodies depend

. on the particular antigen or antibody. Generally, such assays include
competitive and sandwich assays, andsteric 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 substancesthat bind the antigen, although certain methods
will be favored depending upon the molecular weight of the substance being
assayed. Therefore, the substance to be tested is referred to herein as an
analyte, irrespective of its status otherwise as an antigen or antibody, and
proteins that bind to theanalyte are denominated binding partners, whether
they be antibodies, cell surface receptors, or antigens.

Analytical methods for the antigen orits antibodies ‘all use one or.
moreof the following reagents: labeled analyte analogue, immobilized
analyte analogue, labeled binding partner, immobilized binding partner and
steric conjugates. The labeled reagents also are known as “tracers.”

The. label used land this jis 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. Examplesof such labels includethe radioisotopes 32p 4c, 125) 3H,
and '3], fluorophores such as rare earth chelates or fluorescein -and its
derivatives, rhodamine and its derivatives, dansy!, umbelliferone,

ljuceriferases, e.g., firefly luciferase and bacterial luciferase (U.S. Pat. No.

4,737,45 6), luciferin, 2,3-dihydrophthalazinediones, horseradish peroxidase

(HRP), alkaline phosphatase, f-galactosidase, glucoamylase, lysozyme,
saccharide oxidases, e.g., glucose oxidase, galactose oxidase, and glucose-6-

phosphate dehydrogenase, 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

tike.

Conventional methodsare available to bind these labels covalently

to proteins or polypeptides. For instance, coupling agents such as

dialdehydes, carbodiimides, dimaleimides, bis-imidates, - bis-diazotized
benzidine, and the like may be used to.tag the antibodies with the above-
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described. fluorescent, chemiluminescent, and enzyme labels. See, for

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

Hunter et a/., Nature, 144: 945 (1962); David et a/., Biochemistry, 13: 1014-
° 1021 (1974); Pain et a/., J. Immunol, Methods, 4Q: 219-230 (1981); and

Nygren, J. Histochem. and Cytochem., 30: 407-412 (1982). Preferred Jabels

herein are enzymes such as horseradish peroxidase and aikaline 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 Methodsin Enzymoloay, ed. J.J. Langone and H. Van
Vunakis, Vol. 73 (Academic Press, New York, New York, 1981), pp. 147-

166. Such bonding methodsare suitable for use with the antibodies and
polypeptides of this invention. . ,

Immobilization of reagents is required for certain assay methods.
Immobilization entails separating the binding partner from any analyte that
remains free in solution. This conventionally is accomplished by either

insolubilizing the binding partner or analyte analogue before the assay

procedure, as by adsorption to a water-insoluble matrix or surface (Bennich
et al.., U.S: 3,720,760), by ‘covalent coupling (for example, using .
glutaraldehyde cross-linking), or by insolubilizing the partner or analogue
afterward, e.g.,by immunoprecipitation.

Other assay methods, known as competitive or sandwich assays,

are well establishedand widely used in the commercial diagnostics industry.
Competitive assays rely on theability of a tracer analogue to

compete with the test sample analyte for a limited numberof binding sites

on a commonbinding partner. The binding partner generally is insolubilized

before or after the competition and then the tracer and analyte bound to the
binding partner are separated from the unbound tracer and analyte. This
separation is accomplished by decanting (where the binding partner was

preinsolubilized) or by centrifuging (where the binding partner was

precipitated after the competitive reaction). The amount of test sample
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analyte is inversely proportional to the amount of bound tracer as measured ©

by the amount of- marker substance. Dose-response curves with known:

amountsof ‘analyte are prepared and compared with the test results to

quantitatively-determine the amount of analyte presentin the test sample.
These assays arecalled ELISA systems when enzymes are used as the

detectable markers. .

Another species of competitive assay, called a "homogeneous"
assay, does not require a phase separation. Here, a conjugate of an enzyme
with the analyte is prepared and used such that whenanti-analyte binds to

the. analyte the presence of the anti-analyte 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 EMIT..

Steric conjugates are used in steric hindrance methods. for
_ homogeneousassay. These conjugates are synthesized by covalently linking

a low-molecular-weight hapten to a small analyte so that antibodyto hapten

substantially is unable to bind the conjugate at the sametimeasanti-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
“+ a change in the character of the conjugate hapten, @.9., a_change in

fluorescence when the haptenis a fluorophore.

Sandwich assays particularly are useful for the determination of

antigen or antibodies. In sequential sandwich assays an immobilized binding.
partneris 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 rasidual tracer. The amount of bound

tracer is directly proportional to test sample analyte. In "simultaneous"

. sandwich assays the test sample is not separated before adding the labeled

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

monoclonal antibody as oneantibody and a polyclonal anti-antigen antibody
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as the other 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 bioassays described above.

Immunotoxins

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 methodsof this invention,
for example, are suitable for obtaining humanized antibodies for use as
immunotoxins for use in AIDS therapy. ,

The cytotoxic moiety of the immunotoxin may be a cytotoxic drug
or an enzymatically active toxin of bacterial, fungal, plant or animal origin, or
an enzymatically active fragment of such a toxin. Enzymatically active toxins
and fragments thereof used are diphtheria A chain, nonbinding active
fragments of diphtheria toxin, exotoxin A chain (from. Pseudomonas
aeruginosa), ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin,
Aleurites fordii proteins, dianthin proteins, Phytolaca americana proteins
(PAPI, PAPII, and PAP-S), momordica charantia inhibitor, curcin, crotin,

-sapaonariaofficinalis inhibitor, gelonin, mitogellin, restrictocin, phenomycin,
enomycin and the tricothecenes. In another embodiment, the antibodies are
conjugated to small molecule anticancer drugs suchas cis-platin or SFU.
Conjugates of the monoclonalantibody and such cytotoxic moieties are made
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using a variety of bifunctional protein coupling agents. Examples of such

reagents are SPDP, IT , bifunctional derivatives of imidoesters such as |

dimethyl adipimidate HCl, active esters such as disuccinimidyl ‘suberate,
aldehydes such as glutaraldehyde, bis-azido compounds such as bis

(p-azidobenzoyl) hexanediamine, bis-diazonium derivatives such as bis- (p-

. diazoniumbenzoyl}- -ethylenediamine, diisocyanates such as tolylene
2,6-diisocyanate and bis-active fluorine compounds such as 1,5-difluoro-
2,4-dinitrobenzene. The lysing portion of a toxin may be joined to theFab
fragment of the antibodies.

immunotoxins can be made in a variety of ways, as discussed
herein. Commonly knowncrosslinking reagents can be used to yield stable
conjugates. _

Advantageously, monoclonal antibodies specifically binding the
domain of the antigenwhichis 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

methodof makingthe ricin immunotoxin is described in Vitetta et a/., Science
238: 1098 (1987) hereby incorporated by reference.

When used to kill infected human cells in vitro for diagnostic

purposes, the conjugates will typically be added to the cell culture medium

- at a concentration of-at least about 10 nM. The formulation and mode of

administration for jn vitro use are not critical. Aqueous formulations that are

compatible with the culture or perfusion medium will normally: be used.
Cytotoxicity may be read by conventional techniques.

Cytotoxic radiopharmaceuticals for treating infected cells may be
made by conjugating radioactive isotopes (e.g. 1, Y, Pr) to the antibodies.
Advantageously alpha. particle-emitting isotopes are used. The term. |
‘cytotoxic moiety” as used herein is intended to include such isotopes.

In’a preferred embodiment, ricin A chain is deglycosylated or

produced without oligosaccharides, to decreaseits clearance by irrelevant
clearance mechanisms(e.g., the liver). In another embodiment, wholericin

(A chain plus B chain) is conjugated to antibody if the galactose binding —
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property of B-chain can be blocked ("blocked ricin").

In a further embodimenttoxin-conjugates are made with Fab or
F(ab’V9 fragments. Becauseof their relatively small size these fragments can
better penetrate tissue to reach infected cells.

In another embodiment, fusogenic liposomes are filled with a

cytotoxic drug and the liposomes are coated with antibodies specifically.
binding the particular antigen.

nti ndent Cellular xici

Certain aspects of this iinvention involveantibodies which are (a)
directed against a particular antigen and (b) belong to a subclass or isotype:
that is capable of mediating the lysis of cells to which the antibody molecule
binds. More specifically, these antibodies should belong to a subclass or
isotype that, upon complexing with cell surface proteins, activates serum
complementand/or mediates antibody dependentcellular cytotoxicity (ADCC)
by activating effector cells such as natural killer cells or macrophages.

Biological activity of antibodies is known to be determined, toa
large extent, by the constant domainsor Fc region of the antibody molecule
(Uananue and Benacerraf, Textbook of Immunology, 2nd Edition, Williams &
Wilkins, p. 218 (1984)). This includes their ability to activate complement
and to mediate antibody--dependent cellular cytotoxicity {(ADCC) as éffected
by leukocytes. Antibodies of different classes and subclasses differin 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 domainsare their incorporation
in the humanized antibody by known technique. For example, ‘mouse
immunoglobulins of the |gG3 and IgG2a class are capable of activating serum
complement upon binding to the target cells which express the cognate.
antigen, and therefore humanized antibodies which incorporate IgG3 and

‘IgG2a effector functions are desirable for certain therapeutic applications.
in general, mouse antibodies of the IgG2a and IgG3 subclass and

Th

77



 
10

15

20

30

occasionally igG1 can mediate ADCC,and antibodies of the IgG3, IgG2a, and
‘IgM subclasses bind and activate serum complement. Complement

activation generally requires the binding of at least two IgG molecules in

close proximity on the target cell. However, the binding of only one IgM
molecule activates serum complement. . a

The ability of any particular antibody to mediate lysis of the target
cell by complement activation and/or ADCC.can 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 immunecells 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 the patient’s own. serum as a source of
complement and/or immune cells. The antibody that is capable of activating
compiement or mediating ADCC in the in vitro test can then be used

therapeutically in that particular patient.

This invention specifically encompasses consensus Fe antibody

domains prepared and used according to the teachings of this invention.

Therapeutic and Other Uses of the Antibodies
When used in vivo 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 or
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 andintraperitoneally to treat regional lymph —

nodes. Optionally, the administration is made during the course of adjunct

therapy such as combined cycles of radiation, chemotherapeutic treatment,
or administration of tumor necrosis factor, interferon or other cytoprotective

or immunomodulatory agent.

- 72

78



 
10

15

20

30

For parenteral administration the antibodies will be formulated in a
unit dosage injectable form (solution, suspension, emulsion) in association
with a pharmaceutically acceptable parenteral vehicle. 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 vehicies such as fixed oiis and ethyi oleate can aiso

be used. Liposomes may be used as carriers. The vehicle.may 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. co — |
. Use of IgM antibodies may bepreferred for certain applications,

however IgG molecules by being smaller maybe more able than IgM
molecules to localize to certain types of infected cells. a

There is evidence that complement activation in vivo leads to a

variety of biological effects, including the induction of an inflammatory
response and ‘the activation of macrophages (Uananue and Benecerraf,
Textbook of (mmunology, 2nd Edition, Williams & Wilkins,.p. 218 (1984)).
The increased vasodilation accompanyinginflammation 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/., Proc. Natl. Acad. Sci. 81:2864 (1985); Koprowski et a/., Proc.

Natl. Acad. Sci. 81:216 (1984)) relating to such antigens could be used to

induce an active immune response in human patients. Such a response
includes the formationof antibodies capable of activating human complement
and mediating ADCC and by such mechanisms cause infected cell
destruction. -

Optionally, the antibodies of this invention are useful in passively

immunizing patients, as exemplified by the administration of humanized anti-

HIV antibodies.
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The antibody compositions used in therapy are formulated and

dosages establishedin a fashion consistent with good medical practice taking

into account the disorder to be treated, the condition of the individual
patient, the site of deliveryof the composition, the method of administration
and other factors knownto practitioners. The antibody compositions are

prepared for administration according to the description of preparation of
polypeptides for administration, infra.

Deposit of Materials

As described: above, cultures of the muMAb4D5 have been
deposited with the American Type Culture Collection, 12301 ParklawnDrive,
Rockville, MD, USA (ATCC).

This deposit was made underthe provisions of the Budapest Treaty .
on the international Recognition of theDeposit of Microorganisms for the

Purpose of Patent Procedure. and 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
Genentech, 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 U.S. or foreign
patent application, whichever comesfirst, and assures availability of the
progeny to one determined by the U.S. Commissioner of Patents and
Trademarks to be entitled thereto according to 35 USC §122 and the
Commissioner’s rules pursuant thereto (including 37 CFR §1.12 with

particular reference to 886 OG 638). |
In respect of those designations in which a European patent is

sought, a sample of the deposited microorganism will be madeavailable until

the publication of the mention of the grant of the European patentoruntil the
date on which the application has been refused or withdrawnor 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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‘The assignee of the present application. has agreed that if the

cultures on deposit should die or be lost or destroyed whencultivated under
suitable conditions, they will be promptly 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 practicethe 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 intendedtoillustrate 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 ofanyaspect of the invention, including the best mode
thereof, nor is it to be construed as limiting the scope of the claims to the
specific illustrations that they represent. indeed, various modifications of the
invention in addition to those shown and described herein will become
apparent to those skilled in the art from the foregoing description and fall

within the scope of the appendedclaims.

It is understood that the application of the teachings oof 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 ~

_ processesfortheir 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. HUMANIZATION OF muMAb4
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Here we report the chimerization of muMAb4D5 (chMAb4D5) and

the rapid and simultaneous humanization of heavy (V,,) and light (V,) chain
variable region genes using a novel "gene conversion mutagenesis” strategy.
Eight humanized variants (huMAb4D5) were constructed to probe the
importance of several FR residues identified by our molecular modeling or

’ previously proposedto be critical to the conformation of particular CDRs (see

Chothia, C. & Lesk, A. M., J. Mol. Biol. 196:901-917 1 987): Chothia, C. et
al, Nature 342:877-883 (1989): Tramontano, A. et a/., J. Mol. Biol.

~ 215:1 75-1 82 (1990)). Efficient transient expression of humanized variants

in non-myeloma cells allowed us torapidly investigate the relationship

between binding affinity for p1854ER2 ECD -and anti-proliferative activity

against p1gghER2 overexpressing carcinomacells.

MATERIALS and METHODS
Cloning of Variable Region Genes. ThemuMAb4D5 Vy and Vy

genes were isolated by polymerase chain reaction (PCR) amplification of
MRNAfrom the corresponding hybridoma (Fendly, B. M. eta/., Cancer Res..

50:1550-1558 (1990)) as described by Orlandiet al. (Orlandi, R. et al., Proc.
Nat, Acad. Sci. USA 86:3833-3837(1989)).,Aminoterminalsequencingof
muMAb4D5 V, and V,, was used to design the sense strand PCR primers,
whereas the anti-sense PCR primers were based upon consensus sequences

of murine framework residues (Orlandi, R. et a/., Proc. Natl. Acad. Sci. USA
86:3833-3837 (1989); Kabat, E. A. et a/, Sequences of Proteins ‘of
Immunological Interest (National Institutes ofHealth, Bethesda, MD, 1987))
incorporating restriction sites for directional cloning shownby underlining and
listed after. the sequences: Vi sense, 5°-

TCCGATATCCAGCTGACCCAGTCTCCA-3’ (SEQ. ID NO. 7), EcoRV; Vi
anti-sense, 5’-GTTTGATCTCCAGCTTGGTACCHSCDCCGAA-3’ (SEQ. ID NO.
8), Asp718; Vi sense, 5’-AGGTSMARCTGCAGSAGTCWGG-3' (SEQ. ID NO.

9), Psti and Vy anti-sense, 5'°%-
TGAGGAGACGGTGACCGTGGTCCCTTGGCCCCAG-3’ (SEQ. ID NO. 10), |
BstEll; where = AorCorT,§ =CorG,D=AorGorT,M=AarC,
R = Aor Gand W = AorT. The PCR products were cloned into pUC119
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(Vieira, J. & Messing, Je, Methods Enzymol. .153:3-11 (1987)) and five .

clones for each variable domain sequenced by the dideoxy method (Sanger,

F. et al., Proc. Natl. Acad. Sci. USA'74:5463-5467 (1977)).

Molecular Modelling. Models for muMAb4D5 V,, and V, domains
were constructed separately from consensuscoordinates based upon seven
Fab structures from the Brookhavenprotein data bank (entries 1-84, 2RHE,

2MCP, 3FAB, 1FBJ, 2HFL and 1REl). The Fab fragment KOL (Marquart, M.

et al., J. Mol, Biol. 141:369-391 (1980)wasfirst chosen as a templatefor
V; and Vj domains and additional structures were then superimposed upon
this structure_using their main chain atom coordinates (INSIGHT program,
Biosym Technologies). The distance from the template Ca to the analogous
Ca in each of the superimposed structures was calculated for each residue

. position. If all {ornearly all) Ca-Ca distances for a given residue were < 1A,
then that position was included in the consensus structure. In most cases
the #-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 Cfatoms were calculated and then corrected

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

energy minimization using the DISCOVER program (Biosym Technologies)
with the AMBERforcefield (Weiner, S. J. et a/., J. Amer. Chem. Soc.
106:765-784 (1984)) and Ca coordinates fixed. The side chains of highly

conserved residues, such as the disulfide-bridged cysteine residues, were
then ‘incorporated into the resultant consensus structure. Next the |
sequences of muMAb4D5 Vi. and Vy, were incorporated starting with the
COR residues and using the tabulations of CDR conformations from Chothia

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

conformations were chosen on the basis of Fab crystal structures, rotamer

libraries (Ponder, J. W. & Richards, F.M., J. Mol. Biol. -193:775-791 (1987))
_and packing considerations. Since Vy-CDR3could not be assigned a definite

backbone conformation from these criteria, two models were created from

a search of similar sized loops using the INSIGHT program. A third model

wasderived using packing and solvent exposure considerations. Each model
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was then subjected to 5000 cycles of energy minimization.
in humanizing muMAb4D5, consensus human sequenceswerefirst

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

Kabat et al. (Kabat, .—. A. et a/., Sequences of Proteins of Immunological
Interest (National Institutes of Health, Bethesda, MD, 1987)), namely Vx
subgroup | and Vy group Ill, and a molecular model generated for these.
“sequences using the methods described above. Astructure for huMAb4D5
was created by transferring the CDRs from the muMAb4D5 model into the

consensus human structure. All huMAb4D5 variants: contain human
replacements of muMAb4D5 residues at three positions. within CDRs as
defined by sequence variability (Kabat, E. A. et a/., Sequences of Proteins of
Immunological Interest (National Institutes of Health, Bethesda, MD, 1987))
but not as defined by structural variability (Chothia, C. & Lesk, A. M., J. Mol.
Biol. 196:901-917 (1987)): V_-CDR1 K24R, V,--CDR2 R54L and V,-CDR2
T56S. Differences between muMAb4D5 and the human consensus
framework residues (Fig. 1) were individually modeled to investigate their
possible influence on CDR conformation and/or binding to the pigstER2
ECD. - | | :

" Construction of Chimeric Genes. Genesencoding chMAb405 light.
and heavy chains were separately: assembled in previously. described
phagemid vectors containing the human cytomegalovirus enhancer and
promoter, a 5’ intron and SV40polyadenylation signal (Gorman, C. M.et al,

DNA & Prot. Engin. Tech. 2:3-10 (1 §90)). Briefly, gene segments encoding
muMAb4D5 V, (Fig. 1A) and RE! human «, light chain C, (Palm, W. &
Hilschmann, N., Z. Physiol. Chem. 356:167-191 (1975)) were precisely
joined as were genes for muMAb4D5 V,, (Fig. 1B) and human y1 constant

region (Capon, D. J. ef a/, Nature 337:525-531 (1989) by simple
subcloning. (Boyle, A.,in Current Protocols in Molecular Biology, Chapter 3
(F. A. Ausubel et a/., eds., Greene Publishing & Wiley-Interscience, New .
York, 1990))and site-directed mutagenesis (Carter, P., in Mutagenesis: A

PracticalApproach, 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 (Briggemann, M. et a/., J. Exp. Med. 166:1351-1361

(1987)) or humanized antibodies (Riechmann,L. et a/., Nature 332:323-327
. (1988)). The PCR-generated Mi. and Vy fragments (Fig. 1) were 7

subsequently mutagenized so thatthey faithfully represent the sequence of
muMAb4D5 determined at the protein level: V,;, QTE, V; V1 O4L and T109A
(variants are denoted by the amino acid residue and numberfollowed by the

replacement amino acid). The human y1 constant regions are identical to
those reported by Ellison et al. (Ellison, J. W. et al., Nucleic Acids Res.
43:4071-4079 (1982)) except for the mutations E359D and M361L (Eu

numbering, as in Kabat, E. A. et 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 af/., J. Mol. Biol.

215:175-182 '(1990)). This was an attempt to reduce the risk of
anti-allotype antibodies interfering with therapy. a

Construction of Humanized Genes. Genes encoding chMAb4D5
light chain and heavy chain Fd fragment (Vy and Cy41 domains) were

subcloned together into pUC1 19 (Vieira, J. & Messing, J., Methods Enzymol.
153:3-11 (1987)) to create pAK1 and simultaneously humanized in a single .
step (Fig.°2). Briefly, sets of 6 contiguous oligonucleotides were designed .

to humanize Vy and V, (Fig. 1). These oligonucleotides are 28 to 83
nucleotidesin 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 Vj, and V,; humanization oligonucleotides (5

pmol each) were phosphorylated with either ATP or y-22P-ATP (Carter, P.
Methods Enzymol. 154:382-403 (1987)) and separately annealed with 3.7

pmol of pAK1 template in 40 pl 10 mM Tris-HCI (pH 8.0) and 10 mM MgClo

by cooling from 100 °C to room temperature over ~ 30 min. The annealed
- oligonucleotides were joined by incubation with T4 DNA ligase (12 units;

New England Biolabs) in the presence of 2 ui 5 mM ATP and 2 pl 0.1 MOTT
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for 10 min at 14 °C. After electrophoresis on a 6% acrylamide sequencing
gel the assembled oligonucleotides were located by autoradiography and

recovered by electroelution. The assembled oligonucleotides (~0.3 pmol

each) were simultaneously annealed to 0.15 pmol single-stranded

deoxyuridine-containing pAK1 prepared according to Kunkel et al. (Kunkel,
T. A. et al., Methods Enzymol. 194:367-382 (1987)) in 10 pl 40 mM

Tris-HCI (pH 7.5) and 16 mM MgClas above. Heteroduplex DNA was .
constructed by extending the primers with T7 DNA polymerase and

transformed into E. co/i BMH 71-18 mutt as previously described(Carter,

P., in Mutagenesis: A Practical Approach, Chapter 1 (IRL Press, Oxford, UK
1991)). The resultant. phagemid DNApool was enrichedfirst for huV, by
restriction purification using Xhol and then for huV,, by restriction selection
using Stul as described in Carter, P., in Mutagenesis: A PracticalApproach,

Chapter 1 (IRL Press, Oxford, UK 1991); and in Wells, J. A. et al., Phil.
Trans. R. Soc. Lond. A 317:415-423 (1986). Resultant clones containing .
both huV, and huV,,; genes wereidentified by nucleotide sequencing (Sanger,
F. et al., Proc. Natl. Acad. Sci. USA 74:5463-5467 (1977)and designated

-pAK2, Additional humanized variants were generated by site-directed
_ mutagenesis (Carter, P., in Mutagenesis: A Practical Approach, Chapter1

(IRL Press, Oxford, UK 1991)). The muMAb4D5 V, and Vi;.gene segments
-in the transient expression vectors described above were then precisely

replaced with their humanized versions.

Expression and Purification of MAb4D5 Variants. Appropriate

MAb4D5 light and heavy chain cDNA expression vectors were co-transfected
into an adenovirus transformed humanembryonic kidney cell line, 293

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

procedure (Gorman, C. M. et a/., DNA& Prot. Engin. Tech, 2:3-10 (1990);
_ Gorman, C., in DNA Cloning, vol II, pp 143-190 (D. M. Glover, ed., IRL

Press, Oxford, UK 1985)). Media were harvested daily for up to5 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 G25 gel filtration, concentrated by

ultrafiltration (Centriprep-30 or Centricon-100, Amicon), sterile-filtered

(Millex-GV, Millipore) and stored at 4 °C. The’concentration of antibody was
determined by using both total immunoglobulin andantigen binding: ELISAs.

-The standard used was huMAb4D85-5,- whose concentration had been
determined by amino acid compositionanalysis.

Cell Proliferation Assay. The effect of MAb4D5 variants upon
proliferation of the human mammary adenocarcinoma cell line, SK-BR-3, was
investigated as previously described (Fendly, B. M. et a/., Cancer Res.
50:1550-1 558 (1990)) using saturating MAb4D5 concentrations.

| Affinity. Measurements. The antigen binding affinity of MAb4D5
variants was determined using a secreted form of the pissHER2 ecp
prepared as described in Fendly, B. M.et a/., J. Biol. Resp. Mod. 9:449-455
(1990). Briefly, antibody and p1854ER2 ECD wereincubated in solution until
equilibrium was found to be reached. The concentration of free antibody

was then determined by ELISA using immobilized pigsHER2 ECD and used
to calculate affinity (Ky) according to Friguet et al: (Friguet, B. et a/., J.
Immunol. Methods 77:305-319 (1985)). 7

RESULTS

Humanization of mUMAb4D5. The muMAb4D5 Vi and Vy, gene’
segments werefirst cloned by PCR and sequenced (Fig. 1). The variable
genes werethen simultaneously humanized by gene conversion mutagenesis
using preassembled oligonucleotides (Fig. 2). A 31 4-mer oligonucleotide
containing 39 mismatches to the template directed 24 simultaneous amino .
acid changes required to humanize muMAb4D5 V,. Humanization -of

". muMAb4D5 Vy required 32 amino acid changes which were installed with
~ a 361-mer containing 59 mismatches to the muMAb4D5 template. Two out

of 8 clones sequenced precisely encode huMAb4D5-5, 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) ware constructed by site-directed

mutagenesis of huMAb4D5-5. . . .
Expression levels of huMAb4D5 variants werein the range of 7 to

15 g/ml as judged by ELISA using immobilized p1 g5HER2 ecp. Successive
harvests of five 10 cm platesallowed 200 pg to 500 mg of each variant.to .
be produced in a week. Antibodies affinity purified on protein A. gave a
single band ona Coomassie blue stained SDS polyacrylamide gel of mobility

consistent with the expected M, of ~150 kDa. Electrophoresis under
reducing conditions gave 2 bands consistent with the expected M,of free |
heavy (48 kDa) andlight (23 kDa) chains (not shown). Amino terminal
sequence analysis (10-cycles) gave the mixed sequence expected (see Fig.
1) from an equimolar combination of light and heavy chains (not shown),

huMAb4D5 Variants. In general, the FR residues were chosen from

consensus human sequences (Kabat, E. A. et al., Sequences ofProteins of
immunological Interest (National Institutes of Health, Bethesda, MD, 1987))
and CDR residues from muMAb4D5. Additional variants were constructed
by replacing selected human residues in huMAb4D5-1 with their muMAb4D5
counterparts. These are V,, residues 71, 73, 78, 93 plus 102 and VE
residues 55 plus 66 identified by our molecular modeling. V,; residue 71has
previously been proposed by others (Tramontano, A. et al., J. Mol. Biol. |
215:175-182 (1990)) to be critical to the conformation of V,,-CDR2. Amino
acid sequencedifferences between huMAb4D5variant molecules are shown
in Table 1, together with their p1854ER2 ECDbinding affinity and maximal
‘anti-proliferative activities against SK-BR-3 cells. Very similar Kg values were
obtained for binding of MAb4D5 variants to either SK-BR-3 cells (unpublished

data) or to p1g5HER2 ecp (Table 1). However, Kq estimates derived from
binding of MAb405 variants to p1 g5HER2 ecp were more reproducible with

smaller standard errors and consumed much smaller quantities of antibody

than binding measurements with wholecells.
The most potent humanized variant designed by. molecular

modeling, huMAb4D5-8, contains 5 FR residues from muMAb4D5. This
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- the extracellular domain of p18

antibody binds the p1 B5HER2 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, huMAb4D5-1 is the most humanized but least

‘potent muMAb4D5variant, created by simply installing the muMAb4D5.
CDRs into the consensus’ human sequences. huMAb4D5-1 binds the

pl B5HER2 ECD 80-fold /ess tightly than does the murine antibody and has
no detectable anti-proliferative activity at the highest antibody concentration
investigated a 6 pg/ml). . |

The anti-proliferative activityof huMAb4D5 variants against
p1 ggHER2 overexpressing SK-BR-3 cells is not simply correlated with their .
binding affinity for the p1g5gheR2 ECD. For example, installation of three
murine. residues into the Vy domain of huMAb4D5-2 (D73T, L78A and
‘A93S) to create huMAb4D5-3 does not change the antigen binding affinity

but does confersignificant anti-proliferative activity (Table 1). ~

The importance of V,, residue 71 (Tramontano,A. etal, J. Mol.

Biol. 216:175-182 (1990)) is supported by the observed 5-fold increase in
affinity for p1854ER2 ECD on replacement of R71 in hUMAb4D5-1with the

- . Corresponding murine residue, alanine (huMAb4D5-2). In contrast, replacing
Vy L78 in huMAb4D5-4 with the murine residue, alanine (hUMAb4D5-5),
does not significantly change the affinity for the pigster2 ECD or change
anti-proliferative activity, suggesting that residue 78 is not of critical
functional significance to huMAb4D5 andits ability to interact properly with

RHER2 .

V, residue 66 is usually a glycine in human and murine x chain
sequences (Kabat, E. A. et a/.,: Sequences of Proteins of immunological
Interest (National Institutes of Health, Bethesda, MD, 1987)) but an arginine
occupiesthis position in the muMAb4D5 k light chain. The side chain of
residue 66 is likely to affect the conformation of V,-CDR1 and V,-CDR2 and
the hairpin turn at 68-69 (Fig. 4). Consistent with the importance of this
residue, the mutation Vi G66R (huUMAb4D5-3 > huMAb4D5-5) increases the

affinity for the p1g5HER2 ECD by 4-fold with a concomitant increase in
anti-proliferative activity.
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From molecular modeling it appears that the tyrosyl side chain of
muMAb4D5V,residue 55 mayeither stabilize the conformation of V,,-CDR3

or provide an interaction at the V_-Vy interface. The latter function may be
dependent upon the presence of V,, Y102. In the context of huMAb4D5-5

‘the mutations Vi, E5SY (huMAb4D8-6) and Vj, V102Y (huMAb4D5-7)
" individually increase the affinity for p1854R2 ECD by 5-fold and 2-fold

respectively, whereas together (huMAb4D5-8) they increase the affinity by

11-fold. This is consistent with either proposed role of Vi Y55 and Vi;
Y102. ee |

SecondaryImmuneFunction of huMAb4D5-8. MuMAb4D5 inhibits
the growth of human breast tumor cells which overexpress p1g5heR2
(Hudziak, R.M. etal., Molec. Cell. Biol. 9:1165-1172 (1989)).. The antibody,
however, does not offer the possibility of direct tumor ‘cytotoxic effects.
This possibility does arise in huMAb4D5-8 as a result ofits high affinity (Kg

= 0.1 yM) and its human IgG, subtype. Table 2 compares the ADCC .
mediated by huMAb4D5-8 with muMAb4D5on a normal lung epithelial cell
line, WI-38, which expresses a low level of p1gsHeR2 and on SK-BR-3,
which expresses a high level of p1g5reER2, The results demonstrate that:
(1). huMAb4D5 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 p1gsneER2.

DISCUSSION-

MuMAb4D5is potentially useful for human therapy since it is
cytostatic towards humanbreast and ovariantumorlines overexpressing the
HER2-encoded prgshER2 receptor-like tyrosine kinase. Since both breest
and ovarian carcinomasare chronic diseasesit is anticipated that the. optimal

_ 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

huMAb4D5 variants which bind tightly to p1854ER2 Ecp (ky <1 nM) and
which have significant anti-proliferative activity (Table 1). Furthermore
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huMAb4D5-8 but not muUMAb4D5 mediates ADCC against human tumorcell
lines overexpressing p1 g5HER2in the presence of humaneffectorcells (Table

. 2) as anticipated for a human yi isotype (Briggemann, M. et al, J. Exp.

Med. 166:1351-1361 (1987); Riechmann,L. et al., Nature 332:323-327
(1988). .

. Rapid ‘humanization of huMAb4D5 was facilitated by the gene
conversion mutagenesis strategy developed here using long preassembled
oligonucleotides. This method requires less than half the amountof synthetic
DNAas doestotal gene synthesis and dogs not require convenient restriction
sites in the target DNA. Our method appearsto be simpler and morereliable |
than a variant protocol recently reported (Rostapshov, V. M. et a/., FEBS
Lett. 249:379-382(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-transfection

_of corresponding cDNA expression vectors. .

The crucial role of molecular modeling in the humanization of
muMAb4DS5 isillustrated by the designed variant huMAb4D5-8 whichbinds

the p1gsten2 ECD 250-fold more tightly than the simple CDR loop swap.
. variant, huMAb4D5-1. It has previously been. shownthat the antigen binding

affinity of a humanized antibody can be increased by mutagenesis based
upon molecular modelling (Riechmann,L. et a/., Nature 332:323-327 (1988);
Queen, C. eta/., Proc. Natl. Acad. Sci. USA 86:10029-10033 (1989)). Here
we have extended this earlier work by others with a designed humanized.vithagesignedhumanize

antibody which binds its antigen 3-fold more tightly than.the-parentrodent—
antibody. While this result is gratifying, assessment of the success of the

einROmatrem

molecular modeling must await the outcome: of. X-ray structure

determination. From analysis of huMAb4D5 variants (Table 1) it is apparent
that their anti-proliferative activity is not a simple function of their binding
affinity for p1g5heRr2 ECD. For example the huMAb4D5-8 variant binds
pl g5HER2 3-to1d more tightly than muUMAb4D5 but the humanized variantis
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. slightly less potent in blocking the proliferation of SK-BR-3 cells. Additional.
huMAb4D5variants are currently being constructed in an attemptto identify

residues triggering the anti-proliferative activity and in an attempt to enhance

this activity. .
In addition to retaining tight receptor binding and the ability to

inhibit cell growth, the huMAb4D5-8 also confers a secondary immune
function (ADCC). This allows for direct cytotoxic activity of the humanized
molecule in the presence of humaneffector cells. The apparent selectivity

of the cytotoxic activity for cell types which overexpress p1 gBHER2 allows
for the evolution of a straightforward clinic approach to those human cancers
characterized by overexpression of the HER2 protooncogene.
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Table 1. pl B5HER2 ecp binding affinity and anti-proliferative activities of MAb4D5

 

 

variants

Vy Residue’ — V, Residue’

MAb4DS 71 73 «78 93 102 . 55 66 Relative cell

Variant —»-FR3.—=s«#FR3.sFR3.—=s FR3.CDR3.—sCDR2_—sCR nM

proliferation?

huMAb4D5-1 sR D LAY BE. 6G 193
huMAb4D5- 2 Ala bp LAY E G 4.7. 101
huNAb4DS-3 Ala.s«sThr Ala Ser Vo .E G 4.4 66
huMAbADS-4 Ala’ sThr «OL Ser. VW B Arg 0.82 56
huMAb4DS-5 Ala. s‘Thr Ala Ser V ~ B oarg 41 48
huMAb4D5 - 6 Ala’ Thr Ala Ser v Tyr Arg : (0.22 51
huMAbDS -7 , Ala Thr Ala Ser Tyr E - Arg 0.62 53.
huMAb4D5 - 8 Ala Thr Ala Ser Tyr ‘Tyr Arg 0.10 54
muMAb4D5 Ala Thr Ala Ser Tyr Tyr Arg _ 0,30 37

* \uman and murine residues are shown in oneletter and three letter amino acid code
respectively. . |
t Kg values for the p1 g5HER2 ECD were determined using the method of Friguet et.al. (43) and
the standard error of each estimate is s + 10%. | |
; Proliferation of SK-BR-3cells incubated for 96 hr with MAb4D5 variants shown as a
percentage of the untreated control as described (Hudziak, R. M. et a/., Molec. Cell. Biol.
9:1165-1172 (1989)}). Data represent the maximal anti-proliferative effect for each variant
{sea Fig, 3A} calculated as the meanof triplicate determinations at a MAb4D5 concentration
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of 8 yg/ml. Data are all taken from the same experiment with an estimated standard error of

4

s + 15%.
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Table 2. Selectivity of antibody dependent tumorcell cytotoxicity mediated by huMAb4D5-8
 

WI-38° . SK-BR-3

Effector:Target

ratiot muMAb4D5 huMAb4D5 - 8 muMAb4D5  huMAb4D5-8

At 25:1 <1.0 9.3 7.5 40.6
12.5:1. - <21.0 / dd 4 46.8

6.25:1 - <1.0 8.9 0.9 35.25
3.13:1 <1.0 8.5 4.6 19.6

B. | 25:1 <1.0 3.1 6.1 33.4,

. (12.521 <1.0 1.7 5.5 26.2 |
6.25:1 13 2.2 2.0 21.0

- 3,13:1 <1.0 0.8 2.60 13.4

, Sensitivity to ADCC of two human cell lines (WE-38, normal lung epithelium; and SK-BR-3,

human breast tumor cell line) are compared. WI-38 expresses a low level of p1e5HeR2 (0.6

pg per yg cell protein) and SK-BR-3 expresses a high level of p1 B5HER2 (64 pg p18542R2 per

yg cell protein), as determined by ELISA (Fendly et a/., J. Biol. Resp. Mod. 9:449-455 a 9$90)).
t ADCC assays were carried out as described in Bréggemann et al, J.. Exp. Med.

166:1351-1361 (1987). Effector to target ratios were of IL-2 activated human peripheral

blood lymphocytes to either WI-38 fibroblasts or SK-BR-3 tumor cells in 96-well microtiter
plates for 4 hours at 37 oC. Values given represent percent specitiecell lysis as determined
by 51¢r release. ‘Estimated standard error in these quadruplicate determinations was s
+10%. |

* Monoclonal antibody concentrations used were 0.1 ug/ml (A) and 0.1 yg/mi (B).
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 AMPLE 2. Schematic Method for Humanizing an Antibo equence

This example illustrates one stepwise elaboration of the methods for

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

~ not all of these steps are essential to the claimed invention, and that steps
may be taken in different order.

1. ascertain a consensus humanvariable domain amino acid sequence and

prepare from it a consensus structural model.
prepare model of import (the non-human domain to be humanized)
variable domain sequencesand note structural differences with respect

to consensus human model.

identify CDR sequences in humanandin 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 as important
framework residues to import.

substitute import COR sequences, for human CDR sequencesto obtain
initial "humanized" sequence.

compare import non-CDRvariable domain sequence to the humanized
sequence and note divergences. .
Proceed through the following analysis for each amino acid residue
where the import diverges from the humanized. |
a. If the humanized residue represents a residue which is generally

highly ‘conserved across all species, use the residue in the
humanized sequence. If the residue is not conserved acrossall

species, proceed with the analysis described in 6b. .
b. If the residue is not generally conserved acrossail species, askif

the residue is generally conserved in humans. - .
i. lf 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 belikely to affect the binding or biological

activity of the CDRs by considering 1) could it bind antigen

directly and 2)-could it affect the conformation of the CDR.
If the conclusion is that an affect on tha CDRsis likely,

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

unchanged.
If the residue is also not generally conserved in humans,

examine the structural 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 conclusionis

that an affect on the CDRsis 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
exposed on the surface of the domain or is buried .
within. If the residue is exposed, use the residue in
the humanized sequence: If the residue is buried, |

proceed to the next step. |
{i)|Examine the structural models of the import and

human sequences and determineif the residueis
likely to affect the V, - Vy-interface. Residues .
involved-with the interface include: 34L, 36L,
38L, 43L, 33L, 36L, 85L, 87L, BOL, 91L, 9EL,
98L, 35H, 37H, 39H, 43H, 45H, 47H, 60H,

91H, 93H, 95H, 100H, and 103H. If no effect

is likely, use the residue in the humanized
sequence. If someaffectis 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 effectis likely, use the

human sequence at that site; if some affect is likely, eliminate the -

glycosylation site or use the import sequenceat that site.
. After completing the aboveanalysis, determine the planned humanized

sequence and prepare andtest a sample. if the sample does not bind

well to the target antigen, examine the particular residueslisted below,

regardless of the question of residue identity between the import and

humanized residues.

a. 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, 46, 49°, 63-70.
ii. Variable heavy domain: 2, 47°, 68, 70, 73-76.

b. Examine particular variable domain residues which could interact
with, or otherwise affect, the conformation of variable domain

CDRs, including the following (not including CDR residues

themselves, sinceit is assumed that, because the CDRsinteract —
with one another, any residue in one CDR could potentially affect
the conformation of another CDR residue) (L= LIGHT,

H=HEAVY, residues appearing in bold are indicated to be

structurally important according the Chothia et a/., Nature
342:877 (1989), and residues appearing in. /ta/ic were altered

during humanization by Queeneta/. (PDL), Proc. Natl. Acad.Sci.
USA 86:10029 (1989) and Proc. Natl. Acad. Sci. USA88:2869
(1991).): oe
i. Variable light domain:
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a)  CDR-1 (residues 24L-34L): 2L, 4L, 66L-69L, JIL

b) CDR-2(residues 50L-56L): 35L, 46L, 47L, 48L, 49L,
“BEL, 62L, G4L-66L, 711, 73L -

c) CDR-3 (residues 89L-97L): 2L, 4L, 36L, 98L, 37H,
45H, 47H, 58H, 60H :

ji, Variable heavy domain:

a) CDR-1 (residues 26H-35H): 2H, 4H, 24H, 36H, 71H,
73H, 76H, 78H, 92H, 94H oo

b) CDR-2 (residues 50H-55H): 49H, 69H, 69H, 71H,
73H, 78H ;

c) CDR-3(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 CDRs. : :
if after step 8 the humanized variable domainstill is lacking in desired
binding, repeat step 8. In addition, re-investigate any buried residues
which might affect the V, - V,, 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 OF INVENTION: Immunoglobulin Variants

(iii) NUMBER OF SEQUENCES:10

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

(B) STREET: 460 Point San Bruno Bivd

(C) CITY: South San Francisco

-(D) STATE: California
— {E) COUNTRY: USA

(F) ZIP: 94080
(v) COMPUTER READABLE FORM: :

(A} MEDIUM TYPE: 5.25 inch, 360 Kb floppy disk
(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-June-1991
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER:

(B) FILING DATE:

(viii) ATTORNEY/AGENT INFORMATION:

(A) NAME: Adler, Carolyn R.
(B) REGISTRATION NUMBER: 32,324
(C) REFERENCE/DOCKET NUMBER: 709

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 415/266-2614
(B) TELEFAX: 415/952-9881

“{C) TELEX: 910/371-7168

(2) INFORMATION FOR SEQ ID NO:1:

(} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids
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(B) TYPE: amino acid
(D) TOPOLOGY:linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val
1 5 °10 15

Gly Asp Arg Val Thr le Thr Cys Arg Ala Ser Gin Asp Val Asn:
20 25 30

Thr Ala Val Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys
35 | _ 40 45

Leu Leu le Tyr Ser Ala Ser Phe Leu 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 70 75.

Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin’
— 80 -8590

His3 Tyr Thr Thr Pro Pro Thr Phe Gly Gin Gly ThrLys Val Glu.
95 . {00 105

le Lys Arg Thr
- 109

(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids
(B) TYPE: amino acid .
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly
1 5 10 , 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn lle Lys
20 25 30

Asp Thr Tyr lie His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp Val Ala Arg lle Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr
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50 55 60

Ala Asp Ser Val Lys Gly Arg Phe Thrtle Ser Ala Asp Thr Ser
65 70 75

Lys Asn Thr Ala Tyr Leu Gin 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 Gin Gly Thr Leu Val Thr Val Ser Ser
410; °415 120

(2) INFORMATION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino. acids
(B) TYPE: amino acid ,
(D}) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala SerVal.
1 5. 10 - 45

Gly Asp Arg Val Thr lle Thr Cys Arg Ala Ser Gln Asp ValSer
20 25 — 30.

Ser Tyr Leu Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys
35 40 45

Leu Leu lle 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 Thrile
65 70 ~75

Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin
80 85 90

Tyr Asn Ser Leu Pro Tyr Thr Phe Gly Gin Gly Thr Lys Val Glu.
95 100 105 |

lle Lys Arg Thr
109
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(2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids

-(B) TYPE: amino acid
(D}) TOPOLOGY: linear. -

(xi) SEQUENCE DESCRIPTION: SEQ iD NO:4:

Glu Val Gin Leu Val Glu. Ser Gly Gly Gly Leu Val Gin Pro Gly ©
1 5 ' 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser
20 25 30

Asp Tyr Ala Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu
35 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 Thrlle Ser 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 Ser Arg Trp Gly Gly Asp Gly Phe Tyr
95 100 105 , /

Ala Met Asp Val Trp Gly Gin Gly Thr Leu Val Thr Vai Ser Ser
110 115 120

(2) INFORMATION FOR SEQ ID NO:5:

G) SEQUENCE CHARACTERISTICS:
(A) LENGTH:109 aminoacids
(B) TYPE: amino acid -
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

Asp lle Val-Met Thr Gin Ser His Lys Phe Met Ser Thr Ser Val
1: 5 10 15

Gly Asp Arg Val Ser lle Thr Cys Lys Ala Ser Gin Asp Val Asn
20 25 30
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Thr Ala Val Ala Trp Tyr Gin Gin Lys Pro Gly His Ser Pro Lys
35. 40 | 45

Leu Leu lle Tyr Ser Ala Ser’Phe Arg Tyr Thr Gly Val Pro Asp
* 5O 55 60 ,

Arg Phe Thr Gly Asn Arg Ser Gly Thr Asp Phe Thr Phe Thrlle
, 65 70° 75 .

Ser Ser Val Gin Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gin Gin .
80 85 90

His Tyr Thr Thr Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu
95 100 105

ile Lys Arg Ala .
‘109

~ (2) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Glu Val Gin Leu Gin Gin Ser Gly Pro Glu Leu Val Lys Pro Gly
1 5 10 15

Ala Ser Leu Lys Leu Ser Cys Thr Ala Ser Gly Phe Asn lie Lys —
20 25 30

Asp ThrTyr ile His Trp Val Lys Gln Arg Pro Glu Gin Gly Leu
35 , 40 45

Glu Trp tle Gly Arg lle Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr
50 55 60

Asp Pro Lys Phe Gin Asp Lys Ala Thrlle Thr Ala Asp Thr Ser
65 70. 75 .

Ser Asn Thr Ala Tyr Leu Gin Val Ser Arg Leu Thr Ser Glu Asp
80 85 ~ 90 .

Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr
“95 . 100 - 105 ts
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Ala Met Asp Tyr Trp Gly Gin 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

’ (d) 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
(C)STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQID NO:8:

GTTTGATCTC CAGCTTGGTA CCXXCDCCGA A 31

(2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS:single
(0) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ 1D NO:9:

AGGTXXAXCT GCAGXAGTCX GG 22
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{2) INFORMATION FOR SEQ ID NO:10:

(i} SEQUENCE CHARACTERISTICS:

(A) LENGTH: 34 bases.
(B) TYPE: nucleic acid

(C) STRANDEDONESS: single
‘ (D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34
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- CLAIMS.

WE CLAIM:

A method for making a humanized antibody comprising amino acid ~

sequence of a non-human,import antibody and a humanantibody,

omprising the steps of: -
a. obtaining the amino acid sequences of zat least a portion

of an import variable domain and of a consensus human
variable domain; |

b. identifying Complementarity Determining Region (CDR)
mino acid sequencesin theimport and the human amino

variable domain sequences; . |
c.. substituting an import CDR amino acid sequencefor the

corre ponding human CDR aminoacid sequence;
d.. aligning the amino acid sequencesof a Framework Region

{FR) of + e import antibody and the corresponding FR of
the conse sus antibody;

, 8. identifying inport antibody FRresidues inthe aligned FR
- sequencesthat are non-homologous tothe corresponding
consensus antibody residues;

f. determining if the non-homologous import amino acid

residue is reasonably expected to have atleast one of the
following | effects:
1. non--coval ntly binds antigen directly,
2. interacts with a CDR; or

3. | participates ity the V, - Vy interface; and
g. for any non-homologovs import antibody amino acid

residue which is reasonably expectedto haveat least one

of these effects, substit ting that residue for the
corresponding amino acid kesidue in the consensus

antibody FR sequence.

2. The method of claim1, having an additional step of determining if
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-are not present

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 consensusresidue.

The\methodof claim 1, having the additional steps of searchingthe -
impott variable domain sequence for glycosylation sites,

deter ne if.any such glycosylation site is reasonably expected toaffect the antigen bindingor affinity of the antibody, and if so, 

 

 

 

the glycosylation site into the consensus sequence.

The.method o{claim 1, having the additional steps of searching the
consensus variable domain sequence for glycosylation sites which

t the corresponding amino acid in the import

“sequence, and if the glycosylation site is not present in the import

sequence, substituting the import aminoacid residues for the amino.

acid residues comprisi the consensus glycosylation site,

The method of claim 1, haking an additional step which comprises

aligning import antibody and consensus antibody FR sequences,
identifying import antibody FR\residues whichare non-homologous -
with the aligned consensus FR\sequence, and for each such non- °
homologous import antibody R residue, determining if the
corresponding consensus antibody residue represents a residue
whichis highly conservedacross a species at that site, and if itis
s0 conserved, preparing a humanized ntibody which comprises the
consensus antibody amino acid residue at that site.

7 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, 641, G5L, GEL, 67L,
68L, 69L, 7OL, 71L, 73L, 85L, 87L, 9BL, 2H, 4H, 24H, 36H, 37H,

39H, 43H, 45H, 49H, 58H, 60H, 68H, 69H, 70H, 73H, 74H, 75H,
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37H, 39H, 43H, 45H

76H, 78H, 91H, 92H, 93H, and 103H.

\method comprising providing at least a portion of an import, non- .
hurhan antibody variable domain amino acid sequence having a COR
andaFR, obtaining the amino acid sequence of at least a portion
of aco sensus human antibody variable domain having a CDR and

a FR, substituting the non-human CDR for the human CDRin the

consensus\human antibody variable domain, and then substituting
an amino acl 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, G5L, BEL,

67L, 68L, YL, 70K, 71L, 73L, 85L, 87L, 9BL, 2H, 4H, 24H, 36H,

49H, 58H, GOH, 68H, 69H, 70H, 73H, 74H,
75H, 76H, 78H, 91H, 92H, 93H, and 103H.

 

»

The method of claim 7, wherein the substituted residue: is. the
residue found at the corresponding location .of the non-human

ee

antibody. , 7

A humanizedantibody variable domain having a non-human CDR.eee

incorporated into a human antibody variable domain, wherein the

improvement comprises substituting an amino acid residue for the
human residue at a site selected from the groupconsisting of:
4L, 35L, 36L, 38L, 43L, 441, 46L, 58L, 62L, 63L, 641, 65L, 66L,
67L, 68L, 69L, 7OL, 7iL, 73L, 851, 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.

The humanized antibody variable domain of claim 9, wherein the

_ substituted residue is the residue found at the corresponding

location of the non-human antibody from which the non-human

CDR wasobtained.
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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.

12. A polypeptide comprising the amino acid sequence:

DIQMTOSPSSLSASVGDRVTITCRASQDVNTAVAWYCOKPGKAP
KLLIY SASFLESGVPSRFSGSRSGTDFTLTISSLOPEDFATYYCQQHY

TTPPTFGQGTKVEIKRT

13. - A polypeptide comprising the sequence:
EVOLVESGGGLVOPGGSLRLSCAASGFNIKDTYIHWVRQAPGKGLE
WVARIYPTNGYTRYADSVKGRFTISADTSKNTAYLOMNSLRAEDT

AVYYCSRWGGDGFYAMDVWGOGTLVTVSS .

Of a14. CSthe sequence data of the following amino
acid sequence:nnySPS81SAS vGORVTITCRASCOVEWLANRyaR

KPGKAPKLLIYAASSLESGVPSRFSGSGSGTDFTLTISSLO

_ PEDFATYYCOOQYNSLPYTFGOGTKVEIKRT, or
b.  _ EVOLVESGGGLVOPGGSLRLSCAASGFTFSDYAMSWVR

QAPGKGLEWVAVISENGGYTRYADSVKGRFTISADTSKN

‘TAYLOMNSLRAEDTAVYYCSRWGGDGFYAMDVWGQG

TLVTVSS

pOf——
15. A computer representation of the following amino acid sequence: |

a DIQMTOSPSSLSASVGDRVTITCRASQDVSSYLAWYQQ

KPGKAPKLLIVYAASSLESGVPSRFSGSGSGTDFTLTISSLO

PEDFATYYCQOYNSLPYTFGQGTKVEIKRT, or

b. EVOQLVESGGGLVOPGGSLRLSCAASGFTFSDYAMSWVR
QAPGKGLEWVAVISENGGYTRYADSVKGRFTISADTSKN
TAYLOMNSLRAEDTAVYYCSRWGGDGFYAMDVWGQG
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16.

e ®
TLVTVSS

/©C

<#method1comprising storing a computer representation of the
following amino acid sequence: .
a. DIQMTQSPSSLSASVGDRVTITCRASQDVSSYLAWYQQ

| _ KPGKAPKLLIYAASSLESGVPSRFSGSGSGTDFTLTISSLO
PEDFATYYCQQYNSLPYTFGQGTKVEIKRT, or

b. , EVOLVESGGGLVQPGGSLRLSCAASGFTFSDYAMSWVR
QAPGKGLEWVAVISENGGYTRYADSVKGRFTISADTSKN

TAYLOMNSLRAEDTAVYYCSRWGGDGFYAMDVWGQG

TLVTVSS |
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Abstract

Variant immunoglobulins, particularly humanized antibody
polypeptides are provided, along with methodsfor their preparation and use.

Consensus immunoglobulin sequences and structural models are also

provided. |
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@ Oo . ® EXPRESS MAIL NO. B59937585
| | MAILED: 14 JUNE 1991

COMBINED DECLARATION FOR PATENT APPLICATION
AND POWER OF ATTORNEY Docket No. 709

As a below namedinventor, | hereby declare that:

My residence, post office address and citizenship are as stated below next to my name,
_ | believe 1 am the original first and sole inventor{if only one nameis listed below) or an original, first and joint inventor

(if plural namesare listed below) of the subject matter which is claimed and for which a patent is sought on the invention
entitled

: IMMUNOGLOBULIN VARIANTS

the specification of which (check.one) xis attached hereto or_ was filed on as Application Serial No. and was amended.
on {if applicable).

| hereby state that | have reviewed and understand the contents of the above-identified specification, including the
claims, as amended by any amendmentreferred to above.

| hereby state that any Sequence1Listing 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. :

| acknowledge the duty todisclose information which is material to the examination of this application in accordance -
with Title 37, Code of Federal Regulations, Section 1.56(a).   
orenemateeECINATN.

| hereby claim foreign priority benefits ‘under Title 35, United States Code, 8119 of any foreign application(s) 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 Application(s) . . , Priority Claimed
. Yes No

Number — Country Day/Month/Year Filed 

“| 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 mannerprovided by thefirst paragraph of Title 35, United States Code, 8112, | 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 thisapplication:
 

’ Application Ser. No. _ Filing Date Status: Patented, Pending, Abandoned

Application Ser. No. Filing Date Status: Patented, Pending, Abandoned
 sen

POWER OF ATTORNEY: As a named inventor, | hereby appoint the following attorney(s) and/or agent(s) to prosecute
this application and transactall business in the Patent and Trademark Office connected therewith. |

26)
Carolyn R, Adier - Reg. No. 32,324 ‘Max D. Hensley - Reg. No. 27,043
Robert H. Benson - Reg. No. 30,446 Dennis G, Kleid - Reg. No. 32,037
Walter E. Buting - Reg. No. 23,092 Nancy Olseki - Reg. No. 34,688
Ginger R. Dreger - Reg. No. 33,055 Stephen Raines - Reg. No, 25,912
Debbie Glaister - Reg. No. 33,888 Daryl B. Winter - Reg. No. 32,637
Janet E. Hasak - Reg..No. 28,616
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®@ . 6 , Page 2 of 2
Send correspondence to bo} Genentech,Inc.

Attn: Carolyn R. Adler _
70} 460 Point San Bruno Boulevard
702. South San Francisco, CA 94080

Telephone: (415) 266-2614 
| hereby declare that all statements made herein of my own knowledge and belief are believed to be true; and further
that these statements were made with the knowledge that willful false statements and the like so made are punishable

. by fine or imprisonment or both, under Section 1001 of Title 18 of the United States Code and that willful false
statements may jeopardize the validity of the application or any patent issued thereon.

: The undersigned hereby authorizes the U.S. attorney or agent named herein to accept and foliow instructions from
his foreign patent agent as to any action to be taken in the Patent and Trademark Office regarding this
application without direct communication 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.

 Paul J/ Carter

DateInventor's signature

 
Residence
2074 18th Avenue
San Francisco, CA 94116 

Citizenship
United Kingdom 

Post Office Address
460 Point San Bruno Boulevard

South, San Francisco,-CA _94080
 
 
 

Leonard G/Presta

 Second ltAventor's signature

  

_ Residence
1900 Gough Street, #206
San Francisco, CA 94109   

CitizenshipUnited States of America  

Post Office Address
460 Point San Bruno Boulevard

South San Francisco, CA 94080   
Full name of third joint inventor, if any

 

Third Inventor's signature Date

  
Residence

  

Citizenship
  

Post Office Address
460 Point San Bruno Boulevard
South San Francisco, CA 94080
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07/735,272 06/14/91

PAUL J. CARTER, SAN FRANCISCO, CA; LEONARD G. PRESTA, SAN FRANCISCO, CA.APPLICART.
HACONTINUENG DAT Adicteitceseaseacaa cea seardatas

VERIFIED ‘

SKFOREIGN/PCT APPLICATIONSARRRRAARAAA
“VERIFIED

FOREIGN FILING LICENSE GRANTED 08/03/91

AT OR
COUNTRY : DRAWING CLAIMS CLAIMS RECEIVED

CA OS 6. 8 $1,050.00

GENENTECH, INC.
ATTN: CAROLYN R. ADLER

460 POINT SAN BRUNO BLVD.
SOUTH SAN FRANCISCO, CA 94080

ADDRESS

IMMUNOGLOBULIN VARIANTS

This is to certify that annexed hereto is a true copy from the records of the Untted States
Patent and Trademark Office of the application as originally filed which ts identified above.

By authority of the
COMMISSIONER OF PATENTS AND TRADEMARKS

 
Date " Gertifying officer

“a
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Applicant’s or agent’s file reference. see Notification of Transmittal of Internationa] Search ReportFOR FURTHER (Form PCT/ISA/220) as well as, where applicable, item 5 below.
709P1 . ACTION
International application No. ‘International filing date{ day/month/year) (Earliest) Priority Date (day/month/year)

PCT/US 92/ 05126 15/06/92. 14/06/91
Applicant

  
 

 
 

  
 

 
 
 
 
  
 

 

GENENTECH, INC. et al.

This international search report has been prepared bythis International Searching Authority andis transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.  

 
 
 
  

‘This international search report consists of a total of ___ 4 sheets.
It is also accompanied by a copy of each prior art documentcited in this report.

Certain claims were found unsearchable (see Box 1).

Unity of inventionis tacking (see Box 1).

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

[__] filed with the international application.
[_] furnished by the applicant separately from the international application,

[-] but not socompanied by a statementto the effect thatit did not include
matter going beyond the disclosure in the international application as filed,

  

   
 

  

[=] Transcribed by this Authority

 
 With regard to the title, Cc] the text {s 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 abstract,

Ix] ‘the text is approved as submitted by the applicant
the text has been established, according to Rule 38.2(b), by this Authority as it appears in
Box III, The applicant may, within one month from the date of mailing of this international
search report, submit commentsto this Authority. .

 
 The figure of the drawings to be published with the abstract is:

Figure No. 2 _ CJ as suggested by the applicant. E] None ofthe figures.
[] because the applicant failed to suggest: a figure.
[| because this figure better characterizes the invention.
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This internationa! search report has-not been established in respect of certain claims under Article 17(2}{a) for the following reasons:

1. [x] Claims Nos.: 17-18, because they relate to subject matter not required to be searched by this Authority, namely:
see PCT-Rule 39.1(iv)

Claims Nos.: :
because they relate to parts of the international application that do not comply with the prescribed requirernents to such :
an extent that no meaningfulinternational search can be carried out, specifically: . :

Claims Nos: ~ :
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box lL Observations where unity of invention is lacking (Continuation ofitem 2 offirst sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

N

1. As all required additional! search fees were timely paid by the applicant, this international search report coversall
searchable claims. .

2. [}. Asall searchable claims could be searches withouteffort justifying an additional fee, this Authority did not invite paymentof any additional fee. .

13 [| Asonly someof the required additional search fees were timely paid by the applicant,this international search report
” covers only those claims for which fees were paid, specifically claims Nos.; .

4. [| No required additional search fees were Umely paid by the applicant. Consequently, this international search report isrestricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest . [| The additional search fees were accompanied by the applicant’s protest,
[| Noprotest accompanied the payment of additional search fees.
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eo 0
Page: 1 Raw Sequence Listing 06/25/91

, 10:32:10

Patent Application US/07/715,272

eL
1 SEQUENCE LISTING
2 .

3. (1) GENERAL INFORMATION:
4 :

5 (i) APPLICANT: Carter, Paul J.
6 Presta, Leonard G.
7

8 (ii) TITLE OF INVENTION: Immunoglobulin Variants
9

10 (iii) NUMBER OF SEQUENCES: 10
11

12 (iv) CORRESPONDENCE ADDRESS:
13 (A) ADDRESSEE:- Genentech, Inc.
14 (B) STREET: 460 Point San Bruno Blvd.
15 (C) CITY: South San Francisco
16 {D) STATE: California
7 {E) COUNTRY: USA
18 (F) ZIP: 94080
19 :

20 (v) COMPUTER READABLE FORM:
21 (A) MEDIUM TYPE: 5.25 inch, 360 Kb floppy disk
22 (B) COMPUTER: IBM PC compatible
23 {C) OPERATING SYSTEM: PC-DOsS/MS-DOS
24 (D) SOFTWARE: patin (Genentech)

. 26 (vi) CURRENT APPLICATION DATA:
27, (A) APPLICATION NUMBER:
28 CO (B) FILING DATE: 14-June-1991
29 (C) CLASSIFICATION:
30

31 (vil) PRIOR APPLICATION DATA:
32 ' (A) APPLICATION NUMBER:
33 (B) FILING DATE:
34

35 (viii) ATTORNEY/AGENT INFORMATION:
36 (A) NAME:. Adler, Carolyn R.
37 (B) REGISTRATION NUMBER: 32,324
38 (C) REPERENCE/DOCKET NUMBER: 709
39 , ,

40 (ix) TELECOMMUNICATION INFORMATION:
ai (A) TELEPHONE: 415/266-2614
42 (B) TELEFAX: 415/952-9881
43 (C) TELEX: 910/371-7168
44 : :

45° (2) INFORMATION FOR SEQ ID NO:1:
46 a :

a7 (i) SEQUENCE CHARACTERISTICS:
48 (A) LENGTH: 109 amino acids
49 (B) TYPE: amino acid
50 (D) TOPOLOGY: linear
51

52 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
‘53 :
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54
55
56
57
58
59
60
61
62

63
64
65
66

67
68
69
70
71
72
73
74
75
76
77
78
79
80

81
82
83
84
85
86
87

8B
89
90
91
92
93
94
95

96
97
98
99

100
101
102
103
104
105
106

Asp

Gly

Thr

Leu

Arg

Ser

His

Ile

(2) INFORMATION FOR SEQ ID -NO:2:_

Tle

Asp

Ala

Leu

Phe

Ser

Tyr

Lys

Gin

Arg

Val

Tle

Ser

Leu

Thr

Arg

Met

Val

Ala

Tyr

Gly

gin

Thr

Thr
109

Patent Application US/07/715,272

Raw Sequence Listing

Thr Gln Ser Pro

Thr Ile
20

Trp Tyr
35

Ser Ala
50

Ser Arg
65

Pro Glu
80

Pro Pro
95

Thr

Gin

Ser

Ser

Asp

Thr

cys

Gln

Phe

Gly

Phe

Phe

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION:

Glu Val Gln Leu Val Glu Ser

1

Gly

Asp

Glu

Ala

Lys

Thr

Ser

Thr

Trp

Asp

Asn

Ala

Leu

Tyr

Val

Ser

Thr

Val

Arg

Tle

Ala

Val

Ala

Tyr

5

Leu Ser
20

His Trp
35 «

Arg Ile
50

Lys Gly
65

Tyx Leu
80

Tyr Cys
95

cys

Val

Tyr

Arg

Gln

Ser

SEQ

Gly

Ala

Arg

Pro

Phe

Met

Arg

Ser

Arg

Lys

Leu

Thr

Ala

Gly

120 amino acids

Ser Leu
10

Ala Ser
25

Pro Gly
40 :

Glu Ser
55

Asp Phe
70

Thr Tyr

85

Gln Gly
100

ID NO:2:

Gly

Ala

Gln

Thr

Thr

Asn

Trp

Gly Leu

10

Ser Gly
25

Ala Pro
40.

Asn Gly

55

Ile Ser
70

Ser Leu
85

Gly Gly
100

128

Ser

Gin

Lys

Gly

Thr

Tyr

Thr

Val

Phe

Gly

Tyr

Ala

Arg

Asp

Ala

Asp

Ala

Val-

Leu

cys

Lys

Gln

Asn

Lys

Thr

Asp

Ala

Gly

Ser

‘Val

Pro

Pro

Thr

Gln

Val

Pro

Ile

Gly

Arg

Thr

Glu

Phe

Val.
15°

Asn
30

Lys
45

Ser

60

Ile
75

Gln

90

Glu
105.

Gly
15

Lys
30

Leu
as

Tyr
60

Ser
75

Asp
90

Tyr
105

06/25/91 -
10:32:11



 

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
i57
158
159.

Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
110

Raw Sequence Listing

Patent Application US/07/715,272

(2) INFORMATION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear .

(xi) SEQUENCE DESCRIPTION: SEQ

Asp Ile Gin Met Thr Gln Ser Pro
i 5

Gly Asp. Arg Val Thr
20

Ser Tyr Leu Ala Trp
35

Leu Leu Ile Tyr Ala
50

Arg Phe Ser Gly Ser

Tle

Tyr

Ala

Gly
65 -

Ser Ser Leu Gln Pro
80

Tyr Asn Ser Leu Pro
95

Tle Lys Arg Thr
109

Giw

Tyr

Thr Cys

Gln Gln

Ser Ser

Ser Gly

AspPhe

Thr Phe

115

ID NO:3:

Ser Ser

10.

Arg Ala
25

Lys Pro
40

Leu Glu
55

Thr Asp
70

Ala Thr
85

Gly Gin
100

(2) INFORMATION FOR SEQ ID NO:4: |

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids
(B) TYPE:. amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION:

Glu Val Gln Leu Val Glu Ser
i 5

Gly .Ser Leu Arg Leu Ser Cys
. 20

SEQ ID NO:4:

10

25

129

Leu

Ser

Gly

Ser

Phe

Tyr

Gly

Ser

Gln

Lys

Gly

Thr

tyr

Thr

Ala

Asp

Ala

Val

Leu

Cys

Lys

Ser

Val

Pro

Pro

The

“Gln

Val

120

val
15

Ser

30

Lys
45

Ser
60

Tle
75

Gin
90

Glu
105

Gly Gly Gly Leu Val Gln Pro Gly15

Ala Ala Ser Gly Phe Thr Phe Ser
30

06/25/91
10:32:13
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160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

193
-194

195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212

Asp

Glu

Ala’

Lys

Thr

Ala

Tyr

Trp

Asp

Asn

Ala

Met

Ala

Val

Ser

Thr

Val

Asp

Met

Ala

Val

Ala

Tyr

val

Ser
35

Val
50

Lys
65

Tyr
80

Tyr
‘95

Trp
110

Trp

Ile.

Gly

Leu

Cys

Gly

Patent Application US/07/715,272

Val

Ser

Arg

Gln

Ser

Gln

Raw Sequence Listing

Arg Gln Ala Pro Gly Lys Gly Leu

Glu Asn

Phe Thr

Met Asn

Arg Trp

Gly Thr

(2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
“(A) LENGTH: 109 amino acids

amino acid

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: |

Asp
1

Gly

Thr

Leu

Arg

Ser

His

Ile

(B) TYPE:

Tle

Asp

Ala

Leu

Phe

Ser

Tyr

Lys

Val

Arg

Val

Tle

Thr

Val

Thr

Arg

Met Thr Gin

Val

Ala

Tyr

Gly

Gla

Thr

Ala
109

5

Ser
20

rrp
35

Ser
50

Asn
65

Ala
80

Pro
95

Tle

Tyr

Ala

Arg

Glu

Pro

Ser

Thr

Gln

Ser

Ser

Asp

Thr

ao

Gly
55

Tle
70

Ser
85

Gly
100

Leu

115

SEQ ID NO:5:

Gly

Ser

Leu

Gly

Val

His Lys Phe Met

Cys Lys

Gln Lys

Phe Arg

Gly Thr

Leu Ala

Phe Gly

(2) INFORMATION FOR SEQ ID NO:6: —

10

Ala
25

Pro
40

Tyr
55

Asp
70

Val
85

Gly
100

130

Ser

Gly

Thr

Phe

Tyr

Gly

Tyr

Ala

Arg

Asp

Thr

Ser

Glin

His

Gly

Thr

Tyr

Thr

Thr

Asp

Ala

Gly

Val

Thre

Asp

Ser

Val

Phe

Cys

Lys

Arg

Thr

Glu

Phe

Ser

Ser

Val

Pro

Pro

Thr

Gln

Leu

45

Tyr
60

Ser
75

Asp
90

Tyr
105

Ser
120

Val
15

Asn

Lys
45

Asp
60

Ile

75

Gln
90

Glu
105

06/25/91
10:32:15



 

Page:

213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233

234
235
236

237.
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252

253
254
255
256

257
258
259
260
261
262
263
264

265

Patent Application US/07/715,272

®
Raw Sequence Listing

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids

amino acid(8) TYPE:
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION:

Glu

1 .

-Ala

Asp

‘Glu

Asp

Ser

Thr

Ala

Val

Ser

Thr

Trp

Pro

‘Asn

Ala

Met

Gln

Leu

tyr

Ile

Lys

Thr

Val

Asp

Leu

Lys

Tle

Gly

Phe

Ala

Tyr.

Tyr

Glin
5

Leu
20

His
35

Arg
50

Gln
65

Tyr
80

tyr
95

Trp

110

Gln

Ser

Trp

Ile

Asp

Leu

cys

Gly

Ser

cys

Val

Tyr

Lys

Gln

Ser

‘Gin

SEQ

Gly

Thr

Lys

Pro

Ala

val

Arg

Gly

(2) INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:

(xi)

(A)
(B)
(Cc)
(D)

LENGTH:

TOPOLOGY:

27 bases

TYPE: nucleic acid
STRANDEDNESS: single

linear

ID NO:6:

Pro

Ala

Gln

Thr

Thr

Ser

Trp

Ala

Glu
10

Ser
25

Arg
40

Asn
55

Tle
70

Arg
85

Gly
100

ser
115

SEQUENCE DESCRIPTION: SEQ ID. NO:7:

TCCGATATCC AGCTGACCCA GTCTCCA 27

(2) INFORMATION FOR SEQ ID NO:8:

(4) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 bases
(B) TYPE: nucleicacid

131

Leu

Gly

Pro

Gly

Thr

Leu

Gly

Val

Val

Phe

Glu

Tyr

Ala

Thr

Asp

Thr

Lys

Asn

Gin

Thr

ae

Ser

Gly

val

Pro

‘Ile

Gly

Arg

Thr

Glu

Phe

Ser

Gly
15

Lys
30

Leu
45

Tyr
60

Ser
75

Asp
90

Tyr
105

Ser
120

06/25/91
10:32:17
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. 10:32:19
Patent Application U8S/07/715,272

266 (C) STRANDEDNESS: single . a
267 (D) TOPOLOGY: linear ,
268 . oO

269 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
270 ’ .

1 K are nof iQJid award 79272 GITTGATCTC CAGCTIGGTA eqfaripnecen A 31 :273 ) 42 —+he role. ,
274
275 :

276 (2) INFORMATION FOR. SEQ ID NOs9:
‘277

278 | (i) SEQUENCE CHARACTERISTICS:
279 (A) LENGTH: 22 bases
280. (B) TYPE: nucleic acid
281 (C) STRANDEDNESS: single
282 (D) TOPOLOGY: linear .
2830 oo
284 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
285 a
286 ; .

287 acanfgaxcr cca§nengz)oo 22
288
289

230 /

291 (2) INFORMATION FOR SEQ ID NO:10:-
292

293 (i) SEQUENCE CHARACTERISTICS:
294 (A) LENGTH: 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° TOAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34

132
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‘PAGE: 1 SEQUENCE VERIFICATION REPORT DATE: 06/25/91

PATENT APPLICATION US/07/715,272 TIME: 10:32:20

LINE ERROR ORIGINAL TEXT

272 Wrong Nucleic Acid pesignator /  eaBtoancee CAGCTTGGTA cdfispoccon A 31
269 Entered and Cale. Seq. Length differg.lex 4o/ (xi) SEQUENCE DESCRIPTION? SEQ ID NO:8:287 Wrong Nucleic Acid Designator < neoegaxcr GCAGXAGTCX GG 22 ;
284 Entered and Calc. Seq. Length aifro) ’ (xij) SEQUENCE DESCRIPTION: SEQ ID NO:9:

133



 

PAGE: 1

® ©@
SEQUENCE MISSING ITEM REPORT
PATENT APPLICATION US/07/715,272 .

MANDATORY IDENTIFIER THAT WAS NOT FOUND

134

DATE: 06/25/91
TIMB: 10:32:20



 

pret serene see

PAGE: 1

LINE ORIGINAL TEXT

SEQUENCE CORRECTION REPORT _
PATENT APPLICATION US/07/715,272

135

CORRECTED

sae propaee i we LeenSt gene

DATE: 06/25/91
TIME: 10:32:20

TEXT



 
. ; . : 2.

Genentech, .Inc.n Paul J, “e ,Attn: Carolyn R. Adler 07/715 Pia ,'
460 Point San Bruno Blvd,
South San Francisco, CA 94080 Sune 14, 1991 HeFS

NOTICE TO COMPLY WITH REQUIREMENTS FOR PATENT APPLICATIONS
CONTAINING NUCLEOTIDE SEQUENCE AND/ORAMINO A
DISCLOSURES “a

This application contains sequence
tide and/or amino acid sequences set
application fails to comply with one of more ©as follows:

~ £2) 1. this application clearlyfails to com
through 1.825, Applicant's attention is directed to these re

  
 . DB 4

disclosures thal are encompas idonsfornucleo-
forth in 37 CFR § 1.823(a)(1) and (a)(2). However,this

f the requirements of 37 CFR §§ 1.82) through 1.825

 

ply with the collective requirements of $§.1.821
gulations, a copy of which is attached.

2, This spplication does not conform exclusively tovthe requirements of §§ 1.821 through ,
1,825, The non-conforming material should be deleted. § 1.821(d).

. O 3: This application does not contain, as a separate part of the disclosure on paper copy, a
“Sequence Listing.” § 1.821(c). : °

CJ _ 4, This application does contain, as 8 separate part ofthe disclosure on papet copy, a
“Sequence Listing.” However, the “Sequence Listing” does not comply with the requirements of
$§ 1.821 through 1.825 as follows:

J a. The sequence data does not comply with the symbol and format requirements of
paragraphs (b) through (p) of § 3.822. Specifically:

. O >. The "Sequence Listing” does not comply with the location and page require-
ments of paragraph (a) of § 1.823. .

0 ¢. The “Sequence Listing” does not comply with the information requirements of
paragraph (b) of § 1.823. Specifically:

.

(J 4. Other: — a

CO) $, The description and/or claim
forth in the “Sequence Listing” but reference is no!
sequence identifier as required by § 1.823(d).

6. A copy of the "Sequence Listing” in computer readable form has not been submitted as
tequired by § 1.821(e), .. 7
4 . copy of the "Sequence Listing

_ ever, the(coinpuler dable form does not comp

 

of the patent application mention a sequence that is set
(properly made to the sequence by use of a

"in computer readable form has been submined. How-
ly with the requirements of § 1.824. Specifically:

 

   
 
  

C) 8. A statementthat the content of the paper snd computer readable copies are the same
has not been submitted as required by § 1.821(.

C) 9, Theamendment to or replacementof the paper and/or computer seadable copies of the
"Sequence Listing” does not comply with the requirements of § 1.825(a) through (c).

rm that has been filed with this application has been found:
ant must provide a subsutute copyofthe data in computes

0 10. The computer readable fo
that the substitute data is identical to that originally

to be damaged and/or unreadable. Applic
teadable form accompanied by & statement

* § 1.825(d), Specifically:

ODNtt

“IVEN ONE MONTH FROM THE DATE OF THIS LETTER WITHIN WHICH
‘ THE ABOVE REQUIREMENTS. Failure to.comply with the above require-
3ANDONMENT ofthe appticadon under 37 CFR 1.823(g). Extensionsof

v filing & petition accompanied by the extension fee under the provisions of
the responseto, and any questions about, this notice to the undersigned. A
T be returned with your response. .

wa teeepoe

"136



 
 UNITED STAVES DEPARTMENT OF COMMERCE

Patent and Trademark Office
Addrass: COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, 0,C. 20231 
APPLICATION NUMBER FILING DATE FINST NAMEO APPLIGANT ATTY DOCKET NOJTITLE 

 

Q7/715, 272 WES LA 33 SARTIER ir Dia

GENENTECH, INC. . . |
ATTN: CARTILYN Re. ADLER |
460 POINT SAN BRING BLVE.

wT SAN FRANDISDO, CA 94080 - nog

 

 

DATE MAILED: 7s

NOTICE TO FILE MISSING PARTS OF APPLICATION
FILING DATE GRANTED

A filing date has been grantod to thie application. Howover, the following parts are missing.
If all missing partsare filed within the period set bolow, the total amount owod by applicant as o. -0d
(Htéree entity, Cl small entity (varified atdtementfiled), is & 290?
1.03 The statutory basic filing fee is: missing © insufficient. Applicant asa © large entity

6 small entity, must submit $ to complate the bnaie filing fee and- MUST ALSOSUBMIT THE SURCHARGEAS INDICATED BELOW. s

2.C) Additional claim fees of $ asa © Jorge entity © omallentity, including ony required multiple
dependentclaim fee, aro required. Applicant must submit the additional claim fees or cance! the additionalclaims for which feca are due. NO SURCHARGE IS REQUIRED FOR THIS ITEM.

3.7} The oath or declaration:
(7) is missing.
Cd doos not cover items omitted at time of execution.
Anoathor declaration in compliance with 37 CFR 1.63, identifying the application by the above Application
Number and Filing Date is required. A SURCHARGE MUST ALSO BE SUBMITTED AS INDICATEDBELOW.

4.C) The oath or declaration doos not Jdentify the application to which it applies. An onth or declaration in
compliance with 37 CFR 1.63, identifying tho apptication by the above Application Number and Filing Date
ig required. A SURCHARGE MUST ALSO BE SUBMITTEDAS INDICATED BELOW.

 

. $6The signature to the oath or declaration is: (Binjooings (2) a reproduction; (1) by a person other than the
inventor or a person qualified under 37 CFR 3.42, 1.43, or 1.47. A properly signed anth or declaration in
compliance with 37 CFR 1.63, identifying the application by the above Application Number and Filing Date
je required. A SURCHARGE MUST ALSO BE SUBMITTEDAS INDICATED BELOW..

6.0 The signature of the following joint inventor(s) is missing from the oath or declaration:
neeAN onth or declaration listing the names of all inventors and signed by
tho omitted inventor(a), identifying this application by the above Application Number and Receipt Date is
required. A SURCHARGE MUST ALSO BE SUBMITTEDAS INDICATED BELOW.

7.0) The application was filed in a language other than English. Applicant must file a verified English
translation of the application and a fee of $30.00 under 37 CFR 1.27(k), unless thie fee haa already been
pid. NO SURCHARGE IS RERQUIRED FOR THIS ITEM. .

8.0) A $60.00 processing [ee ia required for roturned checks. (37 CFR 1.21(m)).
9.0 Your filing receipt was mailedin error because cheek was returned without payment.

10. Other.

An Application Numberand Filing Date have been assigned to this application. Tho missing parte and foesidentified above in items 1 and. 3-6 must be timely provided ALONG WITH THE PAYMENT OP A
SURCHARGE of$120.00for lnrge entities or $60.00 for small entities who havefiled a yorified statement
claiming such status. Tho surchage is cet forth in 37 CFR 1.16(e). Applicantis given ONE MONTH FROM
THE DATE OF THIS LETTER, OR TWO MONTHS FROM THE FILING DATEofthis application,
WHICHEVERIS LATER, within which to file all missing ports and pay any fees required above to avoid
abandonment. Extensions of.time may be obtained by filing a petition accompanied by the extension fee
under the provisions of 37 CFR I. 136(n).

Direct the response to, and any questions about, this notice Lo ATTENTION: Application Division,
Special Handling Unit. . .

Aco of this notice MUSTbe returned with response.
nie de

For: Manager, Application Division
(103) 887: BaeZ2A2
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SOUTH GAH EMANEIGIA, 2 94 mikG nas

on ots DATE MAILED: WYP OBIS
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SH
: Patent end Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKSWashington, 0.0. 20231

FLING DATE FIRST NAMED APPLICANT ATTY DOCKET NOJJITLE 

He oa.
DEYN OR. ADL

SLL ORRUN Br a, 

\
v

*“YNOTICE 10 FILE MISSING PARTS OF APPLICATION
5 “PILING DATE GRANTED ’*

A filing date has been granted to thisapplication, However,-the following parts are missing.
Tfall missing parts aro filed within the period sot below, the total amount owed by applicant ae a

oO

2.06

3.

4.0

: Ostge entity, Cl small entity (verified statementfiled), je $Leto .

Tho statutory basicfiling foe {e: 0) mieaing 1 Insufficient. Applicant asa © large entity :
© small ontity, must submit $ ta complote the basic filing fee and MUST ALSOSUBMIT THE SURCHARGEAS INDICATED BELOW.

-Additional claim fees of $____-__as.a CJ large entity © amall entity,including any required miultiplo
depondont claim fee, are required. Applicant must submit the additional claim fees or cancal the additional
claims for which fees ara due. NO SURCHARGE 13 REQUIRED FOR THIS ITEM. _ oy
Tho onth or declaration: : ‘
C) - x miesing.
(2 :does not cover iteme omitted at timeof execution. .
-Anoath or declaration in compllance with 37 CFR 1.68, identifying the application by the above Application

 

+ Nuinber and Filing Date fp required.. A SURCHARGE MUST ALSO BE SUBMITTED AS INDICATED
BELOW. . .
The oath or declaration does not identify the application to which it applies. An oath or declaration In
‘compliance with 37 CFR 1.63, idontifying the application by the above Application Numborand Filing Date
is required. A SURCHARGE MUST ALSO BE SUBMITTED AS INDICATED BELOW, 

6. G-“The signature to the oath or declaration is: [fhlssing; [J a reproduction; (J by a person other than the

6.0

70

3.0

“80.
10.0

inventor or a peraon qualified undor 37 CFR 1.42, 1.43, or 1.47, A proporly signed oath or declaration in
compliance with 37 CFR 1,63,identifying the application by the above Application Number and Filing Date{se required, A SURCHARGE MUST ALSO BE SUBMITTED AS INDICATED BELOW.,
The signature of the following joint inventor(s) is missing from the oath or declaration:

esAN oath or declaration listing the namesofoll inventors and signed by
tho omitted invontor(s), idontifying thie application by the above Application Number and ReceiptDate ia

+ required. A SURCHARGE MUST ALSO BE SUBMITTED AS INDICATED BELOW.
The application was filed in a language other than English. Applicant must file o verified English -
translation of the application and a foe of $30.00 undér 87 CFR 1.17(k), unlese thie fee has already beenpaid. NO SURCHARGE IS RERQUIRED FOR THIS ITEM. :

A $50.00 processing foo is required for returned checks. (87 CFR 1.22(m)).
Yourfiling recelpt was moiled in error bocause check was returned without payment.. t
Othor. » mot

-An Application Number and Filing Date have beon ossignod tothia application, The missing parts and feos
identified above in items J-ond 3-6 must ba timely provided ALONG WITH THE PAYMENT OF A

«SURCHARGEof$120,00 for largo entities or $60.00 for small entities who have filed a verified statement
claiming such status, The durchngeis sot forthin $7 CFR 1.16(0). Applicantis given ONE MONTH FROM
‘THE DATE OF THIS LETTER, OR TWO-MONTHS FROM THE FILING DATEofthis application,

* WHICHEVERIS LATER, within which to file ot miseing parte and pay any fees required above to avoid
abandonment. Extensions of time may be obtained by filing a potition accompanied by the extension fee
‘under the proviaions of 37 CFR 1. 196(a). .

Direct the response to, and any questions about, this notice to ATTENTION: Application Division,Spocial Handling Unit, .

a ~
CLD. fe

For: Manager, Application Division
(703) BBih fate

 

A copy of this notice MUST be returned with response.
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PATENTDOCKET 709 IN THE UNITED STATES PATENT AND TRADEMARK OFFICE | A

mrt het.inPe'Application 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

, For: IMMUNOGLOBULIN VARIANTS 1

—

TRANSMITTAL LETTER

’ Honorable Commissioner of Patents
and Trademarks

Washington, D.C. 20231.
Attn: Application Branch

Sir:

Transmitted herewith are the following documents:

1. Declaration duly executed.

2 Copy of PTO-1553.

The Commissioner is hereby authorized to deduct the appropriate surcharge fee of $120
associated with this communication or credit any overpayment to Deposit Account No. 07-0630. A
duplicate of this sheet is enclosed. :

Respectfully submitted,

GENENTECH INC.
kth

Carolyn R. Adler RECEIVED
Reg. No. 32,324
7 JUL 18 199)

9 July 1994 ‘
APPLICATION DIVISION-404

CERTIFICATE OF MAILING (37 CFR 1.8a

   

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

iy, ington, D.C. 20231. :Date: 9 July 1991
Carol Koehler
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COMBINED DECLARATION FOR PATENT APPLICATION.
AND POWER OF ATTORNEY Docket No. 709

As a below named inventor, | hereby declare that:

“My residence, post office address and citizenship are as stated below next to my name,

| believe | am theoriginal first and sole inventor(if only one nameis listed below) or an original, first and joint inventor
(if plural namesare listed below) of the subject matter whichis claimed and for which a patent is sought on theinvention
entitled .

IMMUNOGLOBULIN VARIANTS

the specification of which (check one) __ is attached hereto or x wasfiled on 14 June 1991 as Application Serial No.
07/715,272 and was amended on (it applicable). :

| hereby state that:| have reviewed and understand the contents of the above-identified: specification, including the
claims, as amended by any amendmentreferred to above. :

| hereby state that any SequenceListing 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.

1 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 1.56{a).  StrgnitnntarerrEPETCrtntinffPICeeeeeeeIIRCS

| hereby claim foreign priority benefits under Title 35, United States Code, $119 of any foreign Spplication(s) 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 Application(s) — Priority Claimed
, Yes No

Number Country Day/Month/YearFiled    

i 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 mannerprovided bythefirst paragraph of Title 35, United States Code, 8112, | acknowledge the duty
to disclose materia! 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 internationalfiling date of this application:

  

Application Ser. No. Filing Date Status: Patented, Pending, Abandoned

 

Application Ser. No. oo Filing Date Status: Patented, Pending, Abandoned    

’ POWER OF ATTORNEY: As a namedinventor, | hereby appoint the following attorney(s) and/or agent(s) to prosecute
this application and transact all business in the Patent and Trademark Office connected therewith.

Carolyn R. Adler - Reg. No. 32,324 30! Max D. Hensley - Reg. No, 27,04
Robert H. Benson - Reg. No,30,446 Dennis G. Kleid - Reg. No. 32,037 #2
Walter E, Buting - Reg. No. 23,092 Nancy Olseki=- Reg. No. 34,688
Ginger R. Dreger - Reg. No. 33,055 Stephen Raines - Reg. No. 25,912
Debbie Glaister - Reg. No. 33.888 Daryl B. Winter - Reg. No. 32,637
Janet.E. Hasak - Reg. No. 27,043.
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Serid correspondence to Cdl Genentech, Inc.

22 Attn: Carolyn R, Adler
40! &60 Point San Bruno Boulevard
02 South San Francisco,CA 94080

Telephone: (415) 266-2614

y

   
 

‘| hereby declare that all statements made herein of my own knowledg
that these statements were made with the knowledge that willful false statements and the like so made are punishable
by fine or imprisonment or both, under Section 1001 of Title 18 of the United States Code and that willful false
statements may jeopardize the validity of the application or any patent issued thereon.

The undersigned hereby euthorizes 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 thisapplication without direct communication between the U.S. attorney or agent and the undersigned. In the eventof 8 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.

 
irst inventorFull name of sole or 
 

  
 

sAsane 194].
Date

ar Jali cote |
Paul J./ Carter    
Inventor's signature

Residence .
2074 18th Avenue A :

Citizenship
United Kingdom . .

Post Office Address
460 Point San Bruno Boulevard
South San Francisce, CA 94080

Futl name of second joint investor, if any

 

 
  

‘Leonard GY Presta

Date

6-19-7
Second Ifventor's signature 
Residence t
1900 Gough Street, #206
Sen Francisco, CA‘V4109 / .

Citizenship
United States of America .

Post Office Address
460 Point San Bruno Boulevard
South San Francisco,.CA 94080

full name of third joint inventor, if any

Third Inventor's signature Date

Residence . - :

Citizenship . ,

Post Office Address
460 Point San Bruno Boulevard
South San Francisco, CA 94080
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Best Available Copy

 Nw EIVED —, | iL 0 8 1991 Paul J. Carter CALENDAREDposit novd "97/715, 272 4South San Francisco, CA “94080 Genentech, Inc, Legal Dept. Sune 14, 1991° 2 uy
NOTICE TO COMPLY WITH REQUIREMENTS FOR PATENT APPLICATIONSCONTAINING NUCLEOTIDE SEQUENCE AND/OR AMINO ACID SEQUENCE
DISCLOSURES , .: . Mailed:

This appticadon contains sequence disclosures that are encompassed by the definitions for nucleo-dde and/or amino acid sequences set forth in 37 CFR SE $.821(a)(1) and (a2). However, thisapplication fails to comply with one of more of the requirements of 37 CER $$ 1.821 through 1.825
as follows: :

}. This application clearly fails to comply with the collective requirements of §§ 1.821through ).825. App! jcant’s atiendon is directed to these regulations, a Copy of which is ettached..
0 2. This spplication does not conform exclusively to'the requirements of $$ 1.821 doughshould be deleted. § 1.821(b).1.825. The non-conforming material
O 4; This application does not contain, a3 3 separate part of the disclosure on paper copy, &

“Sequence Listing.” $ $.821(¢). . . : .
: é. This application does contain, as a separate part of the disclosure on paper copy, ®“Sequence Listing.” However, the “Sequence Listing” does not comply with the requirements of

$§ 1.821 through 1.825 as follows: .
a. The sequence date does not comply with the symbol and format requirements of

paragraphs (>) through (p) of § 1.822. Specifically:mn

CJ b. The “Sequence Listing” does not comply with the location and page require:
ments of paragraph (a) of § 823.

¢. The “Sequence Listing” does not comply with the info: 0 rmation requirements of
paragraph (b) of § 1.823. Specifically:

 

(Je.Other,

CO ' $, The description and/or claims ofthe patent ap licadon mention a sequence that is setforth In the "Sequence Listing” but reference is not properly made to the sequence by use of &
_, sequence idenufier as required by § 1,823(¢).

6 Acopyof the "Sequence Listing”in computer readable form has not been submitted as
required by § 1.821(e). /

} ter readable form has been submitted. How-
copy of the "Sequence Listing” in compuever, the(computer readable {01 does not comply with the requirements of § 1.824, Specifically: 

  
0 8. A statementthat the content of the paper and computer readable copies are the same

has not been submitied as required by § V.821(0. -
and/or computer seadadle copies of the9. The amendment10 OF replacement.of the paper andf £ 1.825(e) through (c).“Sequence Listing” doesnot comply with the requirements©

0 10. The computer readable form that has been filed with this application has been foundto be damaged and/or unreadable. Applicant must provide a substitute copy of the data in computerreadable form accompanied by a stalement that the substitute data fs identical to that originally
filed. $ 1.825(d). Specifically:
[J 1), Omer. nee

APPLICANT 1S GIVEN ONE MONTH FROM THE DATE OF THIS LETTER WITHIN WHICHTO COMPLY WITH THE ABOVE REQUIREMENTS. Failure to coroply with the above require:-- ments will result in ABANDONMENT ofthe application under 37 CFR 1.823(g). Extensions ofed by the extension (ce under the provisions of_ me may be obtained by filing & petition accompani :37 CFR $-1.136. Disect the response to, and any questions about, this notice to the undersigned. A .copy ofthis notice MUST b< retumed with your response. ‘,-
  a. 142i, + Pa Nba nanan Miratian Dewceseing Diwisian
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15
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25

30

35

40

45

50

55

60

(1)

{v)

(vi)

(vil)

(viii)

(ix)

(4)

(xi)

SEQUENCE LISTING

\ (1) GENERAL INFORMATION:

APPLICANT: Carter, Paul J.
Presta, Leonard G.

TITLE OF INVENTION: Immunoglobulin Variants

NUMBER OF SEQUENCES: 10

CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Genentech, Inc.
(B) STREET: 460 Point San Bruno Blvd
(C) CITY: South San Francisco
(D) STATE: California ,
(E) COUNTRY: USA
(F) ZIP: 94080

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)

CURRENT APPLICATION DATA:
(A) APPLICATION. NUMBER: 07/715,272
(B) FILING DATE: 14-June-1991
(C) CLASSIFICATION:

PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:

ATTORNEY /AGENT INFORMATION:
(A) NAME: Adler, Carolyn R.
(B) REGISTRATION NUMBER: 32,324
{C) REFERENCE/DOCKET NUMBER: 709

TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 415/266-2614
(B) TELEFAX: 415/952-9881
(C) TELEX: 910/371-7168

(2) INFORMATION FOR SEQ ID NO:1:
SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids
(B) TYPE: amino acid :
(D) TOPOLOGY:. linear

SEQUENCE DESCRIPTION: SEQ ID NO:1:

Asp Ile Gln Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val
1

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gin Asp Val Asn
. . 25

Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
5 40

5 10 15

20 30

45

Leu Leu tle Tyr Ser Ala Ser Phe Leu Glu Ser Gly Val Pro Ser
50 $5 60
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Arg Phe Ser Gly Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr Ile
: 65 70 75

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Glin
80 85 90

His Tyr Thr Thr Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu
; 95 100 - 105 -

Ile Lys Arg Thr
109

(2) INFORMATION FOR SEQ ID NO: 2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly

1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn Ile Lys
20 25 30

Asp Thr Tyr Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 4s

Glu frp Val Ala Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr
50 55 60

Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser 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 Ser Arg Trp Gly Gly Asp Gly PheTyr
95 100 - 105

“Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
110 . ~ 415 120

(2) INFORMATION FOR SEQ ID NO:3:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val
i 5 10 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 Glin Glin Lys Pro Gly Lys Ala Pro Lys
35 40 45
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Leu

Arg

Ser

Tyr

Tle

Leu

Phe

Ser

Asn

Lys

Tle

Ser

Leu

Ser

Arg

Tyr

Gly

Gln

Leu

Thr
109

Ala
50

Ser
65

Pro
80

Pro
95

Ala Ser

Gly Ser

Glu Asp

Tyr Thr

Ser Leu

Gly Thr

Phe Ala

Phe Gly

(2) INFORMATION FOR SEQ ID NO:4:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH:
(B) TYPE:
(D) TOPOLOGY:

amino acid
linear

(xi) SEQUENCE DESCRIPTION:

‘Glu Val Gln Leu Val Glu Ser
1

Gly

Asp

Glu

Ala

Lys

Thr

Ala

Ser

Tyr

Trp

Asp

Asn

Ala

Met

Leu

Ala

val

Ser

Thr

Val

Asp

Arg

Met

Ala

Val

Ala

Tyr

Val

5

Leu
20

Ser
35

Val
50

Lys
65

Tyr
80

Tyr
95

Trp
110

Ser Cys

Trp Val

Ile Ser

Gly Arg

Leu Gln

Cys Ser

Gly Gln

120 amino acids

Gly Gly

Ala Ala

Arg Gln

Glu Asn

Phe Thr

Met Asn

Arg Trp

GlyThr

(2) INFORMATION FOR SEQ ID NO:5:
(iL) SEQUENCE CHARACTERISTICS:

-{A) LENGTH:
(B) TYPE:
(D) TOPOLOGY:

amino acid
linear

109 amino acids

Glu Ser
55

Asp Phe
70

Thr Tyr
85°

Gln Gly T
100

SEQ ID NO:4:

Gly Leu
10

Ser Gly
25

‘Ala Pro
40

Gly Gly
55

Tle Ser
70

Ser Leu
85

Gly Gly
100

Leu Val
1315

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

Gly

Thr

val

Phe

Gly

Tyr

Ala

Arg

Asp

Thr

Val

Leu

Cys

Lys

Glin

Thre

Lys

Thr

Asp

Ala

Gly

Val

Pro

Thr

Gin

Val

Pro

Phe

Gly

Arg

‘Thr

Glu

Phe

Ser

ser
60

Ile
75

Gin
90

Glu
105

Gly
15

Ser
30

Leu
45

Tyr
60

Ser -
75

Asp
90

Tyr
105

Ser
120

Asp Ile val Met Thr Gln Ser His Lys Phe Met Ser Thr Ser Val
1

Gly Asp Arg Val Ser Ile Thr Cys Lys Ala Ser Gln Asp Val Asn; 25

5

20
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Thr

Leu

Arg

ser

His

Tle

Ala Val Ala Trp Tyr Gin Gin Lys Pro Gly/35 40

Leu Ile Tyr Ser Ala Ser Phe Arg Tyr Thr
50 55

Phe Thr Gly Asn Arg Ser Gly Thr Asp Phe
65 70

Ser Val Gln Ala Glu Asp Leu Ala Val Tyr
80 85

Tyr Thr Thr Pro Pro Thr Phe Gly Gly Gly
95 100

Lys Arg Ala
109

(2) INFORMATION FOR SEQ ID NO:6:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids
(B) TYPE: amino acid
{D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO;:6:

Glu
1

“Ala

Asp

Glu

Asp

Ser

Thr

Ala

Val Glin Leu Gin Gin Ser Gly Pro Glu Leu
5 10

Ser Leu Lys Leu Ser Cys Thr Ala Ser Gly
20 25

Thr Tyr Ile His Trp Val Lys Gin Arg Pro
35 : 40

Trp Ile Gly Arg Ile Tyr Pro Thr Asn Gly
50 55

Pro Lys Phe Gln Asp Lys Ala Thr Tle Thr
65 70

Asn Thr Ala Tyr Leu Gin Val Ser Arg Leu
80 85

Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly
95 ‘400

Met Asp Tyr Trp Gly Gln Gly Ala Ser Val
110 | 115

(2) INFORMATION FOR SEQ ID NO:7:

(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

TCCGATATCC AGCTGACCCA GTCTCCA 27
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His

Gly

Thr

“Tyr

Thr

Val

Phe

Glu

Tyx

Ala

Thr

Asp

Thr

Ser

Val

Phe

Cys

Lys

Lys

Asn

Gln

Thr

Asp_

ser

Gly

Val

Pro

Pro

Thr

Gln

Leu

Pro

Ile

Gly

Arg

Thr

Glu

Phe

ser

Lys
45

Asp
60

Ile

Gln
90

Glu
105

Gly
i5

Lys
30

Leu
45

Tyr
60

Ser

Asp.
- 90

Tyr
105.

Ser
120



 
10

15

20

25,

30

35

40

45

(2) INFORMATION FOR SEQ ID NO:8:

(i)

(x1)

SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

SEQUENCE DESCRIPTION: SEQ ID NO:8;

GTTTGATCTC CAGCTTGGTA CCHSCDCCGA A 31

(2) INFORMATION FOR SEQ ID NO:9:

(4)

(x4)

SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

SEQUENCE DESCRIPTION: SEQ ID NO:9:

AGGTSMARCT GCAGSAGTCW GG 22

(2) INFORMATION FOR SEQ ID NO:10:

(1)

(xi)

SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

SEQUENCE DESCRIPTION: SEQ ID NO:10:

TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34
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ee eeee) a
PATENT DOCKET709 be7

   AND TRADEMARK OFFICE
4

In re Application of

PAUL J. CARTER ET AL.
Art Unit; to be assigned

Serial No. 07/715,272
| Examiner: to be assigned _

} hereby certify thet this correspondence Is boing
deposited with the United States Postal Service os
first class mail in an envelope addressad- to: Cone
missioner of Patents and Trademarks, wat- DC, 20231 on w AL A

(Date of Deposit}

__LOVISeSTRASHpert
Name of Deposititg Party ~

Filed: June 14, 1991

For: IMMUNOGLOBULIN VARIANTS

 
  Signaturs of ‘Depositing Porty

. ww 12, Aa.
Honorable Commissioner of Patents and Trademarks ‘Date ef ignatute
Washington, D.C. 20231 .

Sir:

This is responsive to thé Notice to Comply with Requirements for Patent Applications

Containing Nucleotide and/or Amino Acid Sequence Disclosures, mailed June 25, 1991. 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 a computer-

readable diskette. The sequence listing has been corrected to conform exactly to the sequences

as recited in the specification as originally filed. I hereby state that the content of this paper and
computer readable copies are the same, andthat this amendment corrects errors in the previous
sequencelisting 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 inaptt --sequences--.
On page 16, line 12, delete intrachain-affecting and insert --inter¢hain--affecting.

July 12, 1991
460 Point San Bruno Blvd

South San Francisco, CA 94080
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Respectfully Submitted,
_ GENENTECH,INC.

LilesheloCarolyn R. Adler
Reg. No. 32,324
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WwOWAMYHPWNHeE
10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

“28
29.
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

Raw Sequence Listing

Patent Application US8/07/715,272A

SEQUENCE LISTING

(1) GENERAL INFORMATION:

(4)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

(ix)

APPLICANT: Carter, PaulJ.
Presta, Leonard G.

TITLE OF INVENTION: Immunoglobulin Variants

NUMBER OF SEQUENCES: 10

CORRESPONDENCE ADDRESS:

{A) ADDRESSEE: Genentech, Inc.
(B) STREET: 460 Point San Bruno Blvd
(Cc) CITY: South San Francisco
(D) STATE: California ‘ ,
(E) COUNTRY: USA
(F) ZIP: 94080

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)

CURRENT APPLICATION DATA:

(A) APPLICATION NUMBER: 07/715 ,272
(B) FILING DATE: 14-June-1991
(C) CLASSIFICATION:

PRIOR APPLICATION DATA!

(A) APPLICATION NUMBER:
(B) FILING DATE:

ATTORNEY/AGENT INFORMATION:
(A) NAME: Adler, Carolyn R.
(B) REGISTRATION NUMBER: 32,324
(C) REFERENCE/DOCKET NUMBER: 709

TELECOMMUNICATION INFORMATION:

(A) TELEPHONE: 415/266-2614
(B) TELEFAX: 415/952-9881
(C) TELEX: 910/371-7168

(2) INFORMATION FOR SEQ ID NO:l:

G)

(xi).

SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

SEQUENCE DESCRIPTION: SEQ ID No:1:
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54
55
56
57
58
59
60
61
62
63
64
65

66
67
68
69
70
71
72
73
74
75

76
77
78
79
80
81

- 92

84
85
86

87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105

106 —

Asp

Gly

Thr

Leu

Arg

Ser

His

Ile

Ile

Asp

Ala

Leu

Phe

Ser

Tyr

Lys

Gln

Arg

Val

Tle

Ser

Leu

Thr

Arg

Met

Val

Ala

Tyr

Gly

Gln

Thr

Thr
109

Thr

Thr
20

Trp
35

Ser

50

Ser
65

Pro
80

Pro

95:

Gin

Ile

Tyr

Ala

Arg

Glu

Pro

Patent Application US/07/715,272A

Ser

Thr

Gln

Ser

Ser

Asp

Thr

Raw Sequence Listing

Pro

cys

Gln

Phe

Gly

Phe

Phe

(2) INFORMATION FOR SEQ ID NO:2:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH:
(B) TYPE:
(D) TOPOLOGY:

amino acid
linear

(xi) SEQUENCE DESCRIPTION:

Glu Val Gin Leu Val
1

Gly

Asp

Glu

Ala

Lys

Thr

Ser

Thr

Trp

Asp

Asn

Ala

Leu

Tyr

Val

Ser

Thr

Val

Arg

Ile

Ala

Val

Ala

Tyr

5

Leu
20

His

35

Arg

SEQ

Glu Ser Gly

Ser

Trp

Ile
50

Lys
65

Tyr
80

Tyr
95

Gly

Leu

cys

Cys

Val

Tyr

Arg

Gln

Ser

Ala

Arg

Pro

Phe

Met

Arg

Ser

‘Arg

Lys

Leu

Thr

Ala

Gly

120 amino acids

Ser Leu
10

Ala Ser
25

Pro Gly
40

Gluser
55

Asp Phe

; 70

Thr Tyr
85

Gln Gly
100

ID NO:2:

Gly

Ala

Glin

Thr

Thr

Asn

Trp

Gly Leu
_10

Ser Gly
25

Ala Pro
40

Asn Gly
55

Tle Ser
70

Ser Leu
85

Gly Gly
100

151

Ser

Gin

Lys

Gly

Thr

Tyr

Thr

Val

Phe

Oly

Tyr

Ala

Arg

Asp’

Ala

Asp

Ala

Val

Leu

cys

Lys

Gln

Asn

Lys

Thr

Asp

Ala

Gly

Ser

Val

Pro

Pro

Thr

Gln

Val

Pro.

Ile

Gly

Arg

Thr

Glu

Phe

Val
15

Asu
30

Lys |
45

Ser

60

lle
75

Gln
90

Glu
105

Gly

Lys
- 30

Leu
a5

Tyr
60

Ser
75

Asp
90

Tyr
105

07/19/91
16:16:26



 

Page:

107
108
109
110
lil
112
113
i114

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

Ala

Raw Sequence Listing

Patent Application US/07/715,272A

Met Asp Val Trp Gly Gin Gly Thr Leu Val Thr Val Ser Ser
110 7 115_ 120

(2) INFORMATION FOR SEQID NO:3:

(i) SEQUENCE CHARACTERISTICS:
_.(A) LENGTH: 109 amine acids

(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID No:3:

Asp
1

Gly

ser

‘Leu

Arg

Ser

Tyr

Tle

Tle Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val
5 , 10 15

Asp ArgVal Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Ser
20 25 30

Tyr Leu Ala Trp Tyr Gln Gin Lys Pro Gly Lys Ala Pro Lys»
SO 35 , 40 45

Lex Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser
50 55 . 60

Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
: 65 . 70 75

Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin
80 . 85 90

Asn Ser Leu Pro Tyr Thr Phe Gly Gin Gly Thr Lys Val Glu:
95 100 105

Lys Arg Thr
109

(2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids
(8) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Glu
1

Gly

Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gin ProGly
5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser
. 20 25 30
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160
161
162.
163
164
165
166
167
168
169

170
171
172
173
174
175
176
177
178
179
180
181

182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212

Asp “Tyr

Glu Trp

Ala Asp

Lys Asn

Thr Ala

Ala Met

Ala

Val

Ser.

Thr

Val

Asp

Met

Ala

val

Ala

Tyr

Val

f

Ser
35

val
50

Lys
65

Tyr
80

Tyr
95

Trp
110

‘trp

Ile

Gly

Leu

cys

Gly

Patent Application U8/07/715,272A

val

Ser

Arg

Gin

Ser

Gin

Raw Sequence Listing

Arg

Glu

Phe

Met

Arg

Gly

(2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE c
- (A) LENGTH:

(B) TYPE: amino acid

(D) TOPOLOGY: linear:

(xi) SEQUENCE DESCRIPTION:

Asp Ile Val Met Thr Gln Ser
51

Gly Asp

Thr Ala

Leu, Leu

Arg Phe

Sex Ser

His Tyr

Ile Lys

Arg

Val

Ile

Thr

Val

Thr

Arg

Val

Ala

Tyr

‘Gly

Gln

Thr

Ala
109

Ser

Trp
35

Ser

50

Asn

Ala
80

Pro
95

‘Tle

Tyr

Ala

Arg

Glu

Pro

The

Gln

Ser

Ser

Asp

Thr

HARACTERISTICS.:
109 amino acids

SEQ

His

cys

Gin

Phe

Gly

Leu

Phe

(2) INFORMATION FOR SEQ ID NOr6:

Gla

Asn

Thr

Asn

Trp

Thr

Ala Pro
40

Gly Gly
55

Ile Sex
70

Ser Leu
85

‘Gly Gly
100 .

Leu Val
115

ID NO:5:

Lys

Lys

Lys

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

Ser

Gln

His

Gly

Thr

Tyr

Thr

Lys Gly Leu
as

Thr Arg Tyr
. 60

Asp Thr Ser
75

Ala Glu Asp
90.

Gly Phe Tyr
105

Val Ser Ser
120

Thr Ser Val
15

Asp Val Asn
‘ 30

Ser Pro Lys
45

Val Pro Asp _
60

Phe Thr Ile
75

Cys Gln Gln
90

Lys Leu Glu
105

07/19/91
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213°
214
215
216
217
218 .
219
220
221

/ 222
223
224
225

226
227
228
229
230
231
232
233
234

' 235
236°

237,
238
239
240°
241
242
243
244
245
246
247
248
249
250
251

252
253
254
255
256
257
258

259
260°
261
262
263
264
265

Raw Sequence Listing

Patent Application US/07/715,272A

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids.
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Glu
1

Ala

Asp

Glu

Asp

‘Ser

Thr

Ala

Val Gln Leu Gin Gln Ser Gly Pro Glu Leu
“5 10

Ser Leu Lys Leu Ser Cys Thr Ala Ser Gly
20 8

Thr Tyr Tle His Trp Val Lys Gln Arg Pro
35 , 40

Trp Ile Gly Arg tle Tyr Pro Thr Asn Gly
50 55

Pro Lys Phe Gln Asp Lys Ala Thr Ile Thr
65 70

Asn Thr Ala Tyr Levu Gln Val Ser Arg Leu
80 , 85

Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly
95 100

Met Asp Tyr Trp Gly Gln Gly Ala Ser Val
110 115

(2) INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

TCCGATATCC AGCTGACCCA GICICCA 27

(2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 bases
(B) TYPE: nucleic acid

154

Val

Phe

Glu

Tyr

Ala

Thr

Asp

Thr

Lys

Asn

Gln

Thr

Asp

Ser

Gly

Val

‘Pro

Tle

Gly

Arg

Thr

Glu

Phe

Ser

Gly
15

Lys
30

Leu
45

Tyr
60

Ser
75

Asp
90

Tyr
105

Ser
120
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266

267
268

; 269°
270
271
272

273
274
275
276
277
278
279
280
281
282
283
284
285

286
287
288
289
290°
291

292
293

294
295
296
297
298
299
300
301
302
303
304

6 Raw Sequence Listing
patent Application US/07/715,272A

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:

GTTTGATCTC CAGCTTIGGTA CCHSCDCCGA A 31

(2) INFORMATION FOR SEQ ID NO:9:

(4) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 bases
(B) TYPE: nucleic acid

.(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

AGGTSMARCT GCAGSAGTCW GG 22

_(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

{TGAGGAGACG GTGACCGTGG TCCCTTLGGCC CCAG 34

155
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[6(\\ ce 5 PATENT DOCKET*70| myN THE UNITED STATES PATENT AND TRADEMARKOFFICE

CEIVED -| yaIn re Application of Group Art RI
Paul J. Carter et al. Examiners: MAY U 8 1992
Serial No. 07/715272

GROUP 180 
Filed: June 14, 1991

460 Point San Bruno Boulevard
South SanFrancisco, CA 94080
(415) 266-2614

For: Immunoglobulin Variants

INFORMATION DISCLOSURE STATEMENAby certify. that this corr spondence:isbespontence: js being

Cepotited with the United’ States PostalSemicHonorable Commissioner of Patents " Tirst close mail in an envelope addro om.and Trademarks “ ___ missioner of Patents and Tredethorks,\sbhgten
Washington,D.C. 20231 D.C20231 on t O, 1992.

{Data of Deposit).
Sir: , 3S BRAVE

The following items are supplied to the United States Patent and Traders ofFenmitignreehivance
the prosecution of the subject application. reterule

_~ Chothia ef a/., J. Mol. Biol. 186:651-663 (1985) ril lNovotny and Haber, Proc. Natl. Acad. Sci, USA 82:4592-4596 (1985) Pato ofrot
Cabilly et a/., U.S. patent No. 4,816,567

Morrison, S. L. et af, Proc. Natl. Acad. Sci. USA 81:6851-6855 (1984)

Boulianne, G. L. etal., Nature 312:643-646 (1984)
Neuberger, M. S.et a/., Nature 314:268-270 (1985)

Briggemann, M. et a/., J, Exp. Med. 166:1351-1361 (1987)

Riechmamn,L. et a/., Nature 332:323-327 (1988)

Love et al., Methods in Enzymology 178:515-527 (1989)
Bindon et a/., J. Exp. Med. 168:127-142 (1988) |
Jones, P. T. et af,, Nature 321:522-525 (1986)

Verhoeyen, M. et a/., Science 239:1534-1 536 (1988)

Hale, G. et a/., Lancet i:1394-1399 (1988)

Queen, C. et a/., Proc. Natl. Acad. Sci. USA 86:10029-10033 (1989)

Co et al., Proc. Natl. Acad. Sci. USA 88:2869-2873 (1991)

. Gormanetal., Proc. Natl. Acad. Sci. USA 88:4181-4185 (1991)
. Daugherty et a/., Nucleic Acids Research 49(9):2471-2476 (1991)
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Brownet a/., Proc. Natl. Acad. Sci, USA 88:2663-2667 (1991)

Junghans et a/., Cancer Research 50:1495-1502 (1990)
Davies, D. R. et.a/., Ann. Rev. Biochem. 59:439-473 (1990)
Chothia, C. & Lesk, A. M., J. Mol, Biol, 196:901-917 (1987)
Chothia, C. et e/., Nature 342:877-883 (1989)

Tramontano,A. et a/., J. Mol. Biol, 215:175-182 (1990)

Margolies et al., Proc. Natt. Acad. Sei. USA 72:2180-2184 (1975)
Pluckthun, Biotechnology 9:545-51 (1991)

Spiegelberg et al., Biochemistry 9:4217-4223 (1970)

Wallick et af., J. Exp. Med. 168:1099-1109 (1988)

Sox et al., Proc. Natl. Acad. Sci. USA 66:975-982 (1970)

Margni et a/., Ann. Rev. Immunol.6:535-554 (1988)

Fendly, B. M. et a/., Cancer Res. 50:1550-1558 (1990)
Neuberger et a/., Nature 312:604-608 (1984) .

_ Takeda et a/., Nature 314:452-454 (1985)

Snow and Amzel, Protein: Structure, Function, and Genetics 1:267-279, Alan R. Liss, Inc. pubs.
(1986) _—_

Cheetham,J., Protein Engineering, 213): 170-172 (1988)

WO 91/09967, pub. 07/11/91, Adair et al.

One copy of each item cited above is supplied, along with a completed Form PTO-1449, The
Examiner is requested to make thecitations of record.

This submission is understood to complementthe results of the Examiner’s own independent
search. The submission of this Disclosure Statement should notbe construed as a representation that
a search was made,or that the cited itms are inclusive of all the relevant and amterial citations that

may be available publicly.
The citation of any item is not an admission that the item is prior art. The right is reserved to

antedate any item in adherence with standard procedures.. ,
Respectfully submitted,
GENENTECH,INC.

‘uyChe
Carolyn R. Adler
Reg. No. 32,324

Dated: April 30, 1992
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Serial No. 715272

Art Unit 1886

Restriction to one of the following inventions te required
under 35 U.S.C. 121:

i. Claims 1-13, drawn to a methodof making an

antibody and an antibody compriging a
. 5 , polypeptide, classified in Class 435, 530

subclass 69.1, 359.

Ii. Claims 14-16, drawn to computer

representations, clargsified in Class 364,
gubclass 282.1r. |

19 | The inventions are distinct, each from the other because of
the following reasons:

. The two Groups are drawn to two different products, Group I
being @ biological molecule and. Group II being a machine. These
constitute two different statutory classes of invention and are

15 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

20 coextensive, restriction for examination purposes as indicated is
proper.

Applicant ie reminded that upon the cancellation of claine
to a non-elected invention, the dnventorship must be amended in

\ . compliance with 37 C.F.R. 1.48(b) 1lf one or more of the currently .
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Serial No. 715272.

Art Unit 1806

named inventors ia 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. 1.17¢h).

A telephone call was madeto Carolyn Adler, on 42/9/91, to
request an oral election to the above restriction requirement,
but did not result in an election being made and a written

reatriction was requested.

Applicant is advised that the response to this requirement
toa be complete must include an election of the invention to be
examined even though the requirement he 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 de (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) 408-0196. .

Papers related to this application may be submitted to Group
18@ by facsimile transmission. Papers should be faxed to Group
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 06 32 (November 15, 1989). The CML FAX
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Serial No. 715272

Art Unit 1806

Center number is (7@3) 308-4227. The hours of operation of the

Center are 8:45 am - 4:45 pm, Monday - Friday.

. Feisee/lf

 
May 11, 1992

YK
-7JOHN J. DOLL

SUPERVISORY PATENT EXAMINER
, ~ GROUP 180
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1 PATENT DOCKET 709 ieAW
IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re Application of Group Art Unit: 1806
Paul J. Carter et al. Examiner: L. Feisee

Serial No. 07/715,272

Filed: 14 June 1991

460 Point San Bruno BoulevardeeteereeeetNeeeeteteeeeteterFor: Immunoglobulin Variants South San Francisco, CA 94080
(415) 225-2614

Response

Honcrable 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 extension of time to respondis submitted herewith, bringing the due date for this response to
11 July 1992. This responseis timely filed. 7

Thea inventors hereby elect to prosecute Group_1, claims 1-13.
Respectfully submitted,
GENENTECH, INC.

10 July 1992 Adter
Reg. No. 32,324

CERTIFICATE OF MAILINGeT

1 hereby certify that this correspondence is being deposited with the United States Postal Service as firstclass mail in an envelope addressed to: Commissioner of Patents and Trademarks, Washington, D.C. 202 41, on 10
duly 1992.

 
 

  Dated: 10 July 1992. Carolyn R.fAdier
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r Sern a » | % |CRO: | , (8U or!9PATENT DOCKET 709

\ IN THE UNITED STATES PATENT AND TRADEMARK OFFICE by
Aor 

‘\ ~~ G2 penny”in re Application of Group Art Unit: 1806
Paul J. Carter et al. \ Examiner: L. Feisee
Serial No. 07/715,272

* Filed: 14 June 1991

For: immunoglobulin Variants 460 Point San Bruno Boulevard
South San Francisco, CA 94080
(415) 225-2614

PETITION AND FEE FOR EXTENSION OF TIME (37 CFR 1,136(a))

Honorable Commissioner of Patents
and:Trademarks

Washington, D.C. 20231

JUL 2 2 192

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 month(s) from 11 June 1992 to “411 July

"1992. 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.
Respectfully submitted,

GENENTECH,INC.

Carolyn R. Adler
Reg, No. 32,324 .

Date: 10 July 1992

 
CERTIFICATE OF MAILING (37 CFR 1.88)

I hereby certify that this paper is being deposited with the United States Postal Service on the date shownbelow with sufficient postage as first class mail in an envelope addressed to the: Commissioner of Patents and
Trademarks O/ on, 20231.. , Date: 10 July 1992

i Carolyn R€ Adler /

LaL0099 O7/17/92 07715272 97-0630 O10 115 410.00CH
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31/7/21 (Item 1 from file: 5)
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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

 

169



 

, *Antibodies* that possess the Ag-binding regions of OKT3 within the
context of a human framework (Hu-OKT3 Ab) offer distinct advantages for
optimizing anti-CD3 mAb therapy. First, manipulation of Ab genes to produce
*shumanizead*. Ab that retain Ag-binding activity may circumvent antigenicity
problems. Second, Ab gene engineering provides a means for modifying
functional properties, including Tcell activation and immune suppression.
The purpose of this study was to determine the functional properties of
Hu-OKT3 Ab and to compare the functional properties and idiotypes of
Hu-OKT3 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
*santibodies* , 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 gOKT3~6 Ab was markedly less
than that of the other Hu-OKT3 Ab. Serologic analysis suggested that cOKT3
and gOKT3-5 Ab possess idiotypes (combining sites) similar to murine OKT3.
C cell 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 IFN-.gamma.). The cOKT3 and
gOKT3-5 Ab demonstrated T cell activation potencies similar to murine OKT3
as assessed by each parameter. CD3 coating and modulation by these two Ab
was effective but somewhat less potent than that ebserved with OKT3.

Finally, cOKT3 and gOKT3-5 Ab both inhibited CTL activitycomparably to
murine OKT3. In conclusion, these studies indicate that gOKT3~5 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 mo
Department of Protein Engineering, Genentech Inc., South San Francisco,

CA 94080.
Proc Natl Acad Sci U S A (UNITED STATES) May 15 1992, 89 (10) p4285-9,
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Languages: ENGLISH
Document type: JOURNAL ARTICLE :
The murine monoclonal antibody mumAb4D5, directed against human epidermal

growth factor receptor 2 (p185HER2), specifically inhibits proliferation of
human tumor cells overexpressing p185HER2. However, the efficacy of
mumAb4D5 in human cancer therapy is likely to be limited by a human
anti-mouse antibody response and lack of effector functions. A "*humanized* - —
" antibody, humAb4D5-1, containing only the antigen binding loops from
mumAb4D5 and human variable region framework residues plus IgGi constant
domains was constructed. Light- and heavy-chain variable regions were
simultaneously *humanized* in one step by "gene conversion mutagenesis"
using 31ll-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 p1l85HER2, 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
blocking SK~BR-3 cell proliferation. Furthermore, humAb4D5-8 is much more

‘efficient in supporting antibody-dependent cellular cytotoxicity against
SK~BR-3 cells. than mumAb4D5, but it does not efficiently kill WI-38 cells,
which express p185HER2 at lower levels.
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Antibody framework residues affecting the conformation of the
hypervariable loops.

Foote J; Winter G
MRC Laboratory of Molecular Biology, Cambridge, England.
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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
introd@uced into framework positions to improve its affinity. The affinities
were determined from the relaxation kinetics of reactant mixtures using
quenching of fluorescence that occurs upon formation: of the
antibody-antigen complex. The dissociation constant of lysozyme ranged from
3.7 nM (for D1.3) to 260 nM. Measurement of antibody-antigen association
kinetics using stopped-flow showed that D1.3 and most of the reshaped
antibodies .had bimolecular rate constants of 1.4 x 10(6) s-1 M-1,
indicating that differences in equilibrium constant were predominantly due
to @ifferent rates of dissociation of lysozyme from immune complexes.
Mutations in a triad of heavy chain residues, 27, 29 and 71, contributed
0.9 -Kcal/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
complementarity-determining 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 inantibodies. 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)
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Chimeric and *humanized* antibodies with specificity for the CD33
antigen. .

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) pi149-54, ISSN
0022-1767 Journal Code: IFB -
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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 IgGl and IgG3 chimeric antibodies. In addition,
*humanized* antibodies were constructed which combined the
complementarity-determining- 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
xhumanized* IgGl and IgG3 M195 antibodies, whichhave 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)
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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. -
Biotechniques (UNITED STATES) Jan 1992, 12 (1) p88-97, ISSN 0736-6205
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Document type: JOURNAL ARTICLE. oo

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 Vv to be supplanted. The second strand is synthesized,
transfected into bacteria and mutant plaques selected by hybridization.
Since restriction sites in primers are not required, altered primer-encoded
amino acids are avoided. Further, the PCR donor piece can be of any length
if it shares homology with the recipient gene. This allows construction and
expression of complete gene replacements and chimeras. This method is also
applicable to V "xhumanization* " 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)
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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 Hien

31/7/7 (Item 7 from file: 5)
8563624 BIOSIS 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; KAWKA D W; SINGER I I; MARK G E
DEP. CELL. MOL. BIOL., MERCK SHARP DOHME RES. LAB., RAHWAY, N.J. 07065,

USA. OONUCLEIC ACIDS RES 19 (9). 4991) “2471-2476. CODEN: NARHA
Full Journal Title: Nucleic Acids Research ,
Language: ENGLISHTwo novel approaches of recombinant PCR technology were employed to graft

the complementarity determining regions from a murine monoclonal *antibody*
(mAb) onto human kxantibody* 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* *xantibody* was driven
by the adenovirus major late promoter and was detected 48 hrs
post-transfection into non-lymphoid mammalian cells. The applicafioroF
these new approaches enables the expression of a recombinant *humanized*
kantibody* just 6 weeks after initiating the cDNA cloning of the murine
mAB.

31/7/8 (Item 8 from file: -155)
08049594 92187594 oo ,

kHumanization* of a mouse monoclonal antibody by CcDR-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
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A mouse monoclonal antibody (mAb 425) with therapeutic potential was ’

¢humanizea* ’ in two ways. Firstly the mouse variable regions from mAb 425
were spliced onto human constant regions to create a chimeric 425 antibody. .
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 ofthese 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 version
of reshaped human 425 antibody bound to antigen with an avidity approaching
that of the mouse 425 antibody.
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*Humanization* of monoclonal antibodies.
Gussow D; Seemann G OS
Methods Enzymol (UNITED STATES) 1991, 203 p99-121, ISSN 0076-6879
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Construction, expression and characterization of *humanized* antibodies |
directed against the human alpha/beta T cell receptor.

Shearman CW; Pollock.D; White G; Hehir Kj; Moore GP; Kanzy EJ; Kurrle R
Genzyme Corporation, Framingham, MA 01701. ;
J Immunol (UNITED STATES) Dec 15 1991, 147 (12) p4366-73, ISSN
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- -Completely. *humanized* antibodies with specificity for the humanalpha/beta TCR have been producedby genetic engineering. The L and H chainVY region exons. encoding the murine mAb BMA 031 CD regions and human EUframework regions were synthesized and replaced into previously isolated
genomic fragments. These fragments were inserted into mammalian expressionvectors 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 *xhumanized* genes were transfected into Sp2/0
hybridoma cells by electroporation and transfectomas secreting *xhumanized*antibody were isolated. Levels of antibody expression up to 7 pg/cell/24 hwere obtained. The xhumanized* antibody, BMA 031-EUCIV2, competed poorly.
with murine BMA 031 for binding to T cells. BMA 031-EUCIV3, however, boundspecifically to T cells and competed effectively with both the murine BMA631 antibody and a previously constructed chimeric BMA 031 antibody for_binding to these cells. The relative affinity of BMA 031-EUCIV3 was about2.5 times lower than BMA 031. The ability to promote antibody dependentcell-mediated cytolysis - was ‘significantly enhanced with the engineeredantibodies as compared to. murine BMA 031. *Humanized* BMA 031 is aclinically relevant, genetically engineered antibody with potential uses in
transplantation, graft vs host disease, and autoimmunity.

31/7/11 ° (Item 11 from file: 155)
07909485 -92047485 :Antigenicity of mouse monoclonal antibodies. A study on the variable
region of the heavy chain.

Olsson PG; Hammarstrom L; Smith CI
Department of Clinical Immunology, Karo

University Hospital, Sweden. ,
3 Theor Biol (ENGLAND) Jul_7 1991, 151 (
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Document type: JOURNAL ARTICLEMouse monoclonal antibodies (Mabs) against human tumour antigens arecurrently used in therapy, put up /to 50% of the patients receivingtreatment form anti-Mab antibodies thus reducing the efficiency of thetreatment. One attempt to minimize e immunogenicity of the mouse Mabs isto "*humanize* " them by replacin the constant part of the molecule with
the human equivalent by genetic e gineering. However, this does not reduce
the immunogenicity of the vay able part of the antibody. Some variable
regions may be expected to eless antigenic than others. We thereforecompared consensus sequences £ the 11 mouse VH families with the human VHsequences, published so Yr. Theoretical antigenicity predictions(hydrophilicity, flexibilyty, ‘gurface accessibility and relativeantigenicity) were made ara two families; VH 1(J558) and VH XI (CP5 B5-3)were predicted to be immunogenic by all four methods. One family, VH X(MRL~DNA4), was not prediéted 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 II! (36-60) are predicted not to be exposed on the surface of
the antibody molecule and may therefore not be immunogenic.
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A ‘*humanized* monovalent CD3 antibody which can activate homologous
complement.

Routledge EG; Lloyd I; Gorman SD; Clark M; Waldma
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The rat monoclonal antibody (mAb) YTH1

complex on human T cells has been modifie
in human, therapy. With the aim of reridering it less immunogenic, it has
been *humanized* using the method f framework grafting. During this
process sequence analysis of the YTH12.5 VL gene indicated that it wasof
the lambda subclass, however, it Mas markedly dissimilar from previously
published rat and mouse V lambda/gene sequences and may represent a new V
lambda gene family. The *humaniZzation* of this light chain represents the
first successful reshaping of aAambda light chain V region. To improve the

 
 

 
 

  

 

17~25, ISSN 0014+2980

£5, specific for the CD3 antigen
in order to improve its efficacy

- effector function of the antibgdy we have created a monovalent form (1 Fab,
1 Fe) using a novel metho involving the introduction of an N-terminally
truncated human IgGi heavy Ahain gene into cells producing the *humanized*

CD3 mAb. Comparison of /the mono- and bivalent *humanized* mAb ina
complement-mediated cell /lysis 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.
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A possible procedure for reducing the immunogenicity of antibody variable ,:
domains. while preserving their ligand-binding properties. (kxPadlan EA ee 

Laboratory of Molecular Biology, National Institute of Diabetes and
Digestive and Kidney Diseases, National Institutes of Health, Bethesda, MD
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Document type: JOURNAL ARTICLE — ,
It is proposed to reduce the immunogenicity of allogeneic antibody

variable domains, while preserving ligand-binding properties, by réducing
their antigenicity through replacement of “the exposed residues in theframework regions which differ from those usually fount In host antibodies.
The results of a comparison of representative murine antibody sequences
with those of human origin suggest that the number of residues that need to
be replaced to "*humanize*" thoseantibodies could be small.
31/7/15 (Item 15 from file: 155)
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Immunoglobulin complementarity-determining region grafting by recombinant

polymerase chain reaction to generate *humanised* monoclonal antibodies.
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- -Document type: JOURNAL ARTICLE
We describe an approach to rapidly generate *humanised* monoclonal

antibodies by grafting rodent complementarity-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.
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*Humanized* antibodies for antiviral _therapy.
Co MS; Deschamps M; Whitley RJ; Queen C
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Antibody therapy holds great promise for the treatment of cancer,

autoimmune disorders, and viral infections. Murine ihonoclonal 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 gB and gD
glycoproteins. The binding, virus. neutralization, and cell”protection
results all indicate that both *humanized* antibodies have retained the
binding activities and the biological properties of the murine monoclonal
antibodies.
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IDENTIFIERS: humanized antibody intercellular adhesion mol 1,
inflammation inhibitor humanized antibody ICAM1, asthma inhibitor humanized
antibody ICAM1, AIDS virus humanized antibody ICAM1, virucide humanized
antibody ICAM1, diagnosis humanized antibody ICAM1 ~~~
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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-1...antibody to, and humanized antibody to intercellular adhesion mol.-l,
for inflammation treatment

Neoplasm inhibitors,metastasis...chimeric antibody to intercellular adhesion mol.-1, for hemopoietic
cell tumors

Toxicity...cytokine-induced, inflammation of, treatment of, humanized antibody to
intercellular adhesion mol.~-1 for

Inflammation... .
diagnosis of, with chimeric antibody binding to cell expressing
intercellular adhesion mol.~1

Deoxyribonucleic acids...for antibody heavy and light chains, in humanized antibody to
intercellular adhesion mol.-1 prodn.

Deoxyribonucleic acid sequences..-for monoclonal antibody R6-5-D6 heavy and light chain components for
humanized antiintercellular adhesion mol.-1 antibody

Leukocyte...human immunodificiency virus infection of, inhibition of, with
humanized antibody to intercellular adhesion mol.-1

Bronchodilators,antiasthmatics... Inflammation inhibitors... tnflammation
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.-i-expressing tumor cell
Diagnosis...humanized antibody to intercellular adhesion mol.-1 for
Inflammation jnhibitors,antiarthritics...

humanized antibody to intercellular adhesion mol.-1, for reaction
arthritis -

Glycoproteins,specific or class, ICAM-1 (intercellular adhesion mol. 1)...
humanized recombinant antibody to

Antibodies...
humanized recombinant, to intercellular adhesion mol.-1

Thyroid gland,disease, autoimmune thyroiditis...inflammation in, treatment of, with humanized antibody to intercellular
adhesion mol.-1

Nervous system,central... | ;inflammation of, treatment of, humanized antibody to intercellular
adhesion mol.-1 for

Autoimmune Gisease... Blood vessel,disease, Raynaud’s phenomenon...
Brain,disease, stroke... Dialysis,hemo-... Encephalomyelitis...
Intestine, disease, Crohn's... Intestine,disease, pseudomembranousenterocolitis... Intestine,disease, ulcerative colitis... Kidney ,disease
acute glomerulonephritis... Leukapheresis... Lupus erythematosus...
‘Multiple sclerosis... Psoriasis... Respiratory distress syndrome,adult...inflammation of, treatment of, with humanized antibddy 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....
multiple organ injury syndrome secondary to, inflammation of, treatment
of, humanized antibody to intercellular adhesion mol.-1 for

Protein sequences...
of monoclonal antibody R6-5-D6 heavy and light chain components for
humanized antiintercellular adhesion mol.-1 antibody ,

Plasmid and Episome...
pAL5, in grafted humanized antibody to intercellular adhesion mol.-1
prodn.

Plasmid and Episome...

pAL6, in grafted humanized| antibody to intercellular adhesion mol.-1
prodn-

Plasmid and Episome...

pBJ1, in grafted humanized antibody to intercellular adhesion 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 mouse, “in humanized antibody -to intercellular adhesion.

mol.-2 prodn.
Organ,disease, multiple organ failure.

secondary to septicemia or trauma, “treatment of, humanized antibody to
intercellular adhesion mol.-1 for

Temperatureeffects, biological...
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...toxin-derivatized humanized antibody to intercellular adhesion mol. -1,
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 1... 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 142007-80-5 142007-81-6 142007-82-7

142007-83-8 142007-85-0 amino acid sequence of
142007-84-9 amino acid sequence of, humanized antibody to intercellular
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adhesion mol.-1 in relation to
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
140857-88-1 142008-94~4 nucleotide sequence of, humanized antibody to

intercellular adhesion mol.-1 prodn. in relation to
140857-89-2 142008-93-3 nucleotide sequence of, humanized antibody to

intercellular adhesion mol.01 prodn. in relation to
Copyright 1992 by the American Chemical Society

31/7/18 . (Item 18 from file: 155)
07449972 90356972

Immunoglobulin V regions of a bactericidal anti-Neisseria meningitidis
outer membrane protein monoclonal antibody.

Larrick JW; Coloma MJ; del Valle J; Fernandez ME; Fry KE;
Gavilondo-Cowley JV a

Genelabs Inc., Redwood City, California.
_ Scand J Immunol Aug 1990, 32 (2) pi21-8, ISSN 0300-9475
Journal Code: UCW . -

Languages: ENGLISH
Document type: JOURNAL ARTICLEC6 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 pacteria. We describe a general method of obtaining the heavyand light chain variable-region sequence from immunoglobulin~secreting
cells. The method uses mixed polymerase chain reaction (PCR) primers
designed from the 5’ end of the framework 1 (FR1) sequences of the heavy
and light chains, and 3/~-end primers for constant-region conserved
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 method
have multiple applications in the study of the immune response to
infectious diseases.

31/7/19 (Item 19 from file: 155)
07292738 90199738 . :

Cloning of the genes for 784.66, 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 ADDivision 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 forin. 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 184.66 variable region genes and human constant region genes. The
resulting chimeric gene constructs were transfected into murine myeloma
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‘cells (Sp2/0) by electroporation and into Chinese hamster ovary cells by
lipofection. The chimeric antibodies obtained exhibited the samespecificity and affinity for CEA as that of the T84.66 immunoglobulin
produced by the murine hybridoma cell line. Antibody concentrations in
culture medium supernatants were clonally variable but similar (15-480
ng/ml) for both Sp2/0 and Chinese hamster ovary transfectants; the average
production by Chinese hamster ovary transfectants was only 3~-5-fold lessthan Sp2/0 transfectants. Ascites production of Sp2/0 transfectants is
sufficiently high (900 micrograms/ml) for. initial in vivo studies with
*ehumanized* T84.66. — co

31/7/20 (Item 20.from file: 155)
07192290 °90099290

A *humanized* antibody that binds to the interleukin 2 receptor.
Queen C; Schneider WP; Selick HE; Payne PW; Landolfi NF; Duncan JF;

Ava@alovic NM; Levitt M; Junghans RP; Waldmann TA
Protein Design Labs, Palo Alto, CA 94304.Proc Natl Acad Sci USA Dec 1989, 86 (24) p10029-33, ISSN 0027-8424

Journal Code: PV3 —ee ; NwLanguages: ENGLISH isk
Document type: JOURNAL ARTICLEThe anti-~-Tac monoclonal antibody is known to bind to the p55 chain of the

human interleukin 2 receptor ana to inhibit proliferation of T cells by
blocking interleukin 2 binding. However, use of anti-Tac as an

_ immunosuppressant drug would be impaired by the human immune résponse
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 humanframework regions were. chosen to maximize homology with the anti-Tac
antibody sequence. In addition, a computer model of murine anti-Tac was
used to identify several amino acids which, while outside the CDRs, are
likely to interact with the CDRs or antigen. These mouse amino, acids werealso retained in the *humanized* antibody. The xpiumanized* anti-Tac
antibody has an affinity for p55 of 3 x 10(9) M-1, about 1/3 that of murine
‘anti-Tac. | Co ,

31/7/21 (Item 21 from file: 155).
06533056 88178056.

Reshaping human antibodies: grafting anantilysozyme activity.-
Verhoeyen M; Milstein C; Winter G |Medical Research Council Laboratory of Molecular Biology; Cambridge,

England.Science Mar 25 1988, 239 (4847) pi534-6, ISSN 0036-8075
Journal Code: UJd7

Languages: ENGLISH
Document type: JOURNAL. ARTICLE ;The production of therapeutic human monoclonal antibodies by hybridoma

technology has proved difficult, and this has prompted the "*humanizing*"
of mouse monoclonal antibodies by recombinant. DNA techniques. It was shown
previously that the binding site for a small hapten could be grafted fromthe heavy-chain variable domain of a mouse antibody to that of a human
myeloma protein by transplanting the hypervariableloops. It is now shownthat a large binding site fora protein antigen (lysozyme) can also be
transplanted from mouse to human. heavychain. The success of such. .

constructions may be facilitated by an induced-fit mechanism.
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SYSTEM:0S__- DIALOG_OneSearch
PLVe"I51i:Derwent WorldPatentsIndéxLatest~ 1981+ ;DW=9227, UA=9214, UM=9143

+4PEGESSITFormats327337 35,37 & 39 display the new ‘Expanded’ PatentFamily table for UD=9216 and greater. For more info. type ?NEWS351
File350TDerweritWorld Patents Index
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**RELES502—Formats...327337 35,37 & 39 display the new ‘Expanded’ Patent
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Set Items Description

?exs

Executing TD101 |
HILIGHT set on as ‘*’ \

. O HUMANIZED/TI .
2945 ANTIBODIES/TI —

$1 0 HUMANIZED() ANTIBODIES/TI
>>>File 155 is not open
>>>No valid files specified in FROM
>>>File 155 is not open -
>>>No valid files specified in FROM
>>>Set "S2" does not.exist
>>>*#S4" does not exist

82 0 S84
83 1 HUMANIZ?
S4 26 HUMANIS?
S5 0 S4 AND (HUMANIZ? OR HUMANIS?)

HILIGHT set on as /*’
>>>File 5 is’ not open
>>>File 73 is not open
>>>File 399 is not open
>>>No valid files specified in FROM
>>>Pile 5 is not open
>>>File 73 is not open
>>>File 399 is not open
>>>No valid files specified in FROM
>>>Set "S8" does not exist
>>>Set "S27" does notexist
>>>Set "S28" does not exist
>>>Duplicate detection is not supported for File 351.
>>>Duplicate detection is not supported for File 350.
>>>All specified files are unsupported, command ignored.
s>>Set '30/ has not yet been created.
cost = OFF.
?ss antibod? and (s3 or s4)

S6 13936 ANTIBOD? .
1 83

26 S4

S7 -22 ANTIBOD? AND (S3 OR S4) .
?ss cdr or (ig or immunoglobulin) () variable() region or (complementary () determing
Processing
Processing

$8 31 CDR
89 786 IG
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$10 1576 IMMUNOGLOBULIN
S11 108404 VARIABLE —
$12 108131 REGION

$13 4 (IG OR IMMUNOGLOBULIN) (W) VARIABLE (W) REGION
$14 23564 COMPLEMENTARY ,
$15 501 DETERMING
S16 0 COMPLEMENTARY (W) DETERMING
$17 23 HYPERVARIABLE
$18 108131 REGION ©
$19 12 (COMPLEMENTARY (W)DETERMING OR HYPERVARIABLE) (W) REGION

- §20 -.11218 ANTIBODY
$21 43127 RELATED.
$22 28329 BINDING

$23 29492 SITE? ?
0 ANTIBODY(W)RELATED(W) BINDING(W) SITE? ?

$25 45 CDR OR (IG OR IMMUNOGLOBULIN) () VARIABLE() REGION OR
(COMPLEMENTARY () DETERMING OR HYPERVARIABLE) () REGION OR
ANTIBODY () RELATED() BINDING() SITE? ?

?c 7 and 25

 
26/7/1 (Item 1 from file: 351)

009040436 WPI Acc No: 92-167794/21
XRAM Acc No: ‘C92-077239° . . ,

New *humanised* *antibody* specific for interleukin-2 receptor ~ with
complementarity determn. regions and frameyork 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 p55-Tac protein and/or inhibits
binding of human interleukin-2 (I1-2) 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 bina to IL-2 receptors with one or more *CDR* from anti-Tac

-*antibody* in a human framework, where the framework includes includes
at least one amino acid (AA) from anti-Tac; (3) nucleic acid encoding a
human Ig framework and murine *CDR* which, when expressed, produces’ an
Ig specifically reactive with p55-Tac protein and can block binding of
IL-2 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

182

 



  

?

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 mgfor therapy or 0.57-2.5 mg for prophylaxis. Ig can ‘also be used, opt. |labelled, for diagnosis; T-cell typing; specific receptor isolation or
vaccine prodn. 0/10

Derwent Class: B04; D16; -
. Int Pat Class: A61K-039/395; C12N-015/13

26/7/2 (Item 2 from file: 351)
009039793 WPI Acc No: 92-167155/20
XRAM Acc No: C92-076891Prepn. of chimeric *humanised* *antibodies* - using a new. polymerase

chain reaction technique; PCR
Patent Assignee: (WELL ) WELLCOME FOUND LTD
Author (Inventor): CROWE J S; LEWIS A P
Number of Patents: 001
Number of Countries: 015

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 91GB1744 (911008)
Language: English ,EP and/or WO Cited Patents: 4.Jnl.Ref; WO 9007861
Designated States

(National): JP; US i(Regional): AT; BE; CH; DE; DK; ES; FR; GB; GR; IT; LU; NL; SE
Abstract (Basic): WO 9207075 A_ prodn. of ds or ss DNA of formula: 5’ F1-M-F2 3’ encoding an*xantibody* (Ab) chain or fragment in which at least one of thecomplementarily determining regions (CDRs) of the variable region isderived from a first mammalian Ab and the framework of the variableregion is derived from a second different mammalian Ab, where M is DNAencoding a *CDR* of the second Ab and Fl and F2 resp. encode 5’ and 3°sequences flanking M, by: (a) prepg. a ss or das DNA template offormula: 5’ f1-H-f2 3' where H is DNA encoding a *CDR* of a different

specificity from M, and fi and f2 are homologous to Fl and F2, resp-;(b) obtaining DNA oligonucleotide primers A, B, © and D, where: Acomprises the sequence al with a 5’ end corresp. to the 5’ and of Filand which is identical to the corresp. length of Fl ana is oriented ina 5’ to 3’ direction towards Hj B has of the sequence 5’ bi-b2 3’,where b1 comprises a sequence complementary to a corresp. length of Mand has a 3’ end complementary to the 5’ end of M, and b2 iscomplementary to a sequence of corresp- length in Fl and has a 5’ endwhich starts at the nucleotide complementary to the 3’ end of Fi, C hasof the sequence 5” cl-c2 3’ where cl comprises a sequence identical tothe 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 Dcomprises a sequence al which has a 5’ end complementary to the 3’ endof F2 and which is complementary to a corresp. length of F2 and isoriented in a 5’ to 3’ direction towards H, where bl and cl overlap by
a sufficient length to permit annealing of their 5’ ends underconditions which allow PCR to be performed; (Cc) performing, in anydesired order, PCR reactions with primer, pairs A, B ana Cc, D on thetemplate prepd. in (a), and (da) mixing the prods. of (c) and .performing
PCR using: primers A and D.USE/ADVANTAGE — The method allows the prepn. of chimeric,esp. *humanised* Abs. The resulting Ab retains the antigen binding
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‘capability of the non-human Ab from which the *CDR*(s) are derived.
0/4 .

Derwent Class: BO4; D16; -Int Pat Class: C12N-005/10; C12N-015/12; C12N-015/69; C12P-021/08
26/7/3 (Item 3 from file: 351)

008937440 WPI Acc No: 92~064709/08
XRAM Acc No: C92~-029621New multivalent anti-cytokine immunoglobulins - for treating disorders

associated with elevated cytokine levels, e.g- septic and endotoxic
shock, AIDS, allergies, etc.; ACQUIRE IMMUNE DEFICIENT SYNDROME

patent Assignee: (CLLT ) CELLTECH LTD; (CELL~) CELLTECH LTD
Author (Inventor): ALLEN R A; MORGAN S.A
Number of Patents: 002
Number of Countries: 035
Patent Family:cc Number Kind Date | Week .

WO 9201472. A 920206 9208 (Basic)
AU 9182381. A 920218 9222

priority Data (CC No Date): GB 9015908 (900719)Applications (CC,No,Date): AU 9182381 (910719); WO 91GB1216 (910719)
Language: English ,EP and/or WO Cited Patents: 2.Jnl.Ref; EP 347057; EP 355067; WO 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.(Regional): AT; BE; CH; DE; DK; ES; FR; GB; GR; IT; LU; NGL; OA; SE
Filing Details: AU9182381 Based on . WO 9201472
Abstract (Basic): WO 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 bycovalent crosslinking (e.g. 2-iminothiolane/ maleimide system) or bynon-covalent interaction (e.g. using an *antibody* reactive with sites
on Ig other than those involved in antigen binding; or thebiotin-avidin system). (I) are made by joining together appropriateimmunoglobulin molecules or fragments esp *CDR*-grafted or xhumanised*chimaeric Ig. USE/ADVANTAGE- (I) are used to treat or prevent diseases
assciated with elevated cytokine levels, ¢-g- immuno regulatory and
inflammatory disease, sepsis, endotoxic or cardiovascular shock, AIDS,
psoriasis, organ transplant rejection or excessive TNF generationinduced cancer therapy etc., Compared with monomeric Ig, (I) have much
greater neutralising activity. @(43pp) @Derwent Class: B04; D16; , \

Int Pat Class: A61K-039/39; A61K-039/395; CO7TK-015/28; C12P-021/08
26/7/4 (Item 4 from file: 351)

/ 008929605 WPI Acc No: 92-056874/07
Related WPI Accession(s): 91-222915
XRAM Acc No: C92-025713New *cdr*-grafted anti carcinoembryonic antigen xantibodies* - 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
wo 9201059 A 920123 19207 (Basic)

priority Data (CC No Date): WO 91GB1108 (910705); GB 9014932 (900705); WO
90GB2017 (901221) (Soren mo

Language: EnglishEP and/or WO Cited Patents: WO 8910140; WO 8901783; EP 323806; 6.Jn1.REF.
Designated States > ane(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; OA

Abstract (Basic): WO 9201059New *xhumantSed**antibody* molecule (HAM) is specific for
carcino-embryonic antigen (CEA) and has an antigen binding site in
which at least one of the complementarity determining regions (*CDR*’s)
of the variable domain is derived from the mouse monoclonal *antibody*
(MAb) A5B7. The remaining Ig-derived parts of HAM are of human origin.’ HAM is a chimeric.or, *CDR*-grafted -*humanised* *xantibody*, prepd.
by recombinant DNA techniques. It can be a complete xantibody* 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 : a

Derwent Class: B04; D16;Int Pat Class: A61K-039/39; CO7K-015/28; C12N-015/13; C12P-021/08
ew eee

me

26/7/5 (Item 5 from file: 351)
008849515 WPI Acc No: 91-353533/48
XRAM Acc No: C91~152448New *humanised* *CDR*-grafted anti-ICAM *antibodies* - used to treat

and prevent inflammation (e.g. psoriasis) tumours, viral infections and’
asthma and in diagnosis; INTER CELLULAR ADHESIVE MOLECULAR

Patent Assignee: (CELL~) CELLTECH LTD; (BOEH ) BORHRINGER INGELHEIM PHA
Author (Inventor) : ADAIR J R} ATHWAL D S; ROTHLEIN RA ,
Number of Patents: 002.
Patent Family:

cc Number Kind Date Week
WO 9116927 A 911114 9148 (Basic)
AU 9179001 =. A 911127 ' 9210

priority Data (CC No Date): GB 909549 (900427)
Applications (CC,No,Date): WO 91US2942 (910429)
Language: EnglishEP and/or WO Cited Patents: US 4816567; WO 8901783; 7.dn1.REF '
Designated States(National): AT; AU; BB; BG; BR; CA; CH; DE; DK; ES; FI; GB; HU; JP; KP; KR¢* LK; MC; MG; MW; NL; NO; PL; RO; SD; SE; SU; US ‘

(Regional): AT; BE; CH; DE; DK; ES; FR; GB; GR; IT; LU; NL; SE; OA
Abstract (Basic): WO. 9116927A recombinant *antibody* molecule comprising antigen binding

regions derived from the heavy and/or light chain variable regions ofan anti-intracellular adhesion molecule-1 (anti~ICAM-1) kantibody* is
claimed. The Ab is *CDR*-grafted and comprises several non-human
residues. Also claimed are DNA encoding an Ab heavy or light chain, a
vector comprising the DNA, host cells transformed with the vector and a
method for producing the anti-ICAM-1 grafted Ab.

USE/ADVANTAGE - The Abs are used to treat - and prevent
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inflammation in e.g. delayed type hypersensitivity, psoriasis, an
autoimmune disease e.g. Reynaud7s syndrome, autoimmune thyroiditis,
EAE, multiple sclerosis, rheumatoid arthritis and lupus erythematosus,
tissue or organ transplant or graft rejection. They are also used to
treat and prevent tumours, viral infections (e.g. rhinoviruses of the
major serotype within the genus Picornavididae, group A coxsackievirus,
a Mengo virus and HIV); asthma ana 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 TCAM-1-expressing tumour cell and
inflammation. @(68pp Dwg.No.0/4

Derwent Class: BO4; D16;
Int Pat Class: A61K-039/39; CO7K-015/28

26/7/6 (Item 6 from file: 351)
008718897 WPI Acc No: 91-222916/30
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 S
Number of Patents: 00S”~~~
Patent Family:

 
 

cc Number Kina Date _ Week
WO 9109968 A 910712 9130 (Basic)
AU 9170330 . A 910724 9143
GB 2246781 A. 920212 9207priority Data (CC No Date): WO 90GB2018 (901221); GB 8928874 (891221); GB
9117611 (910815) a .

‘Applications (CC,No,Date): GB 9017611 (901221)
Language: English ee
EP and/or WO Cited Patents: EP 403156; EP 328404
Designated States oo(National): AT; AU; BB; BG; BR; CA; CH; DE; DK; ES; FI; GB; GR; HU; JP; KR

; LK; LU; MC; MG; MW; NL; NO; RO; SD; SE; SU; US .
(Regional): AT; BE; CH; DE; DK; ES; FR; GB; GR; IT; LU; NL; SE; OA

Filing Details: GB2246781 Based on WO9109968 (E) (1251CH)
Abstract (Basic): WO 9109968A recombinant *antibody* (RAM) comprising antigen binding regions

derived from the heavy and or Light chain variable regions of a donor
anti- CD3 *antibody*. The xantibody* 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 *xhumanised* *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 dervicedfrom non human anti-CbD3 xantibody*. The RAM may be a chimeric or *CDR*
grafted *antibody*. Usually, the donor and acceptor *antibodies* are
derived from different species. Typically the donor anti CD3
*kantibody* is non-human (e.g- rodent) and the acceptor *antibody* is
human. A *CDR* grafted *antibody* heavy chain comprising variable
region with acceptor and: donor CD3 binding comprising donor residues atone 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*
xantibodies* do not have the immunologic complications associated with
administration of nonhuman *antibodies* to human subjects. @(81lpp
Dwg.No.0/13)@

Derwent Class: B04; D16;
Int Pat Class: A61K-039/39} A61K-049/00; CO7K-015/06; C12N-005/10;

C12N-015/13; C12P-021/08

26/7/7 (Item 7 from file: 351)
008718896 WPI Acc No: 91-222915/30
Related WPI Accession(s): 92-056874
XRAM Acc No: C92-025713 /New *humanised* *antibodies* comprising *CDR* grafted *antibody* - with

heavy and light chains, for use in vivo therapy and diagnosis;
COMPLEMENTARY DETERMINE REGION ,

Patent Assignee: (CLLT ), CELLTECH LED; (CELL-) CELLTECH LTD2 BODMER M W; MOUNTAINA; OWENS R J; ATHWAL D S

 
 
 

 
 
 
 

 
 
 
 
 

Author (Inventor): ADAIR J Ry
; EMTAGE J S oo TO .

Number of Patents: 00 ,Number of Countrids!035 - a
Patent Family: — ~~ . .cc Number Kind . ee

WO 9109967+ . ,
AU 9169740
GB 2246570
WO 9201059

AU 9182005
PPPPP
  

 
Priority Data (CC.No Date):

9014932 (900705) a |
Applications (CC,No,Date): AU 9182005 (910705); WO 91GB1108 (910705); GB

9017612 (901221) Faa
Language: English ; ,
EP and/or WO Cited Patents: EP 239400; EP 323806; EP 328404; EP 403156;

6.dnl.Ref; WO 8901783; WO 8910140 a _
Designated States(National): AT; AU; BB; BG; BR; CH; DE;. DK; FI; GB; HU; JP; KP; KR; LK; LU

} MC; MG; MW; NL; NO; RO; SD; SE; SU; US; CA; CS; ES; PL .
(Regional): AT; BE; CH; DE; FR; GB; GR; IT; LU; NL; OA; SE; DK; ES

Filing Details: AU9182005 Based on WoO 9201059
act (Basic): WO 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 doner
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 *CDRgrafted *antibody* molecule is also claimed comprising at least one
*xCDR* grafted heavy chain and light chain. DNA encoding the *CDR*
grafted heavy and light chains is also claimed. The heavy. or light
chains may have an effector or reporter molecule attached e.g. a
macrocycle for chelating a metal atom or a toxin such as ricin. The
*CDR* grafted *xantibodies* 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: B04; D16; .

Int Pat Class: A61K-039/39; A61K-039/395; CO7K-015/06; CO7K-015/28;
C12N-005/10; C12N-015/13; C12P-021/08; C12R-001/91 :

26/7/8 (Item 8 from file: 351)
008366799 WPI Acc No: 90-253800/33
XRAM Acc No: C90-109897 . . .

Chimaeric immunoglobulin(s) blocking IL-2 binding to receptors —-
comprising human framework and murine complementary determining
regions, less immunogenic than murine *xantibodies*

Patent Assignee: (PROT-) PROTEIN DESIGN LABS INC; (PROT~) PROTEIN DESIGN
LABS

Author (Inventor): QUEEN C L; SELICK H E
Number of Patents: 010
Number of Countries: 034

“Patent Family: oo, ;
cc Number Kind Date Week ,
wo 9007861 A 900726 9033 (Basic)
PT 92758 A (900629 9033
CA 2006865 A 900628 9037
AU 9051532 A 900813 9044
ZA 8909956 A 901031 — 9048
CN 1043875 A 900718 9115
FI 9102436 A 910520 9133

- NO 9102385 A 910619 9142 ©
DK 9101191 A 910619 9143
JP 4502408 W 920507 9225

Priority Data (CC No Date): US 290975. (881228) ; US 310252 (890213)
Applications (CC,No,Date): WO 89US5857 (891228); JP 90503677 (891228); ZA

899956 (891228) : :
Language: English; German.
EP and/or WO Cited Patents: 7.Jnl.Ref; EP 239400; GB 2188941; US 4816567;

WO 8901783 . .

Designated States(National): AT; AU; BB; BG; BR; CH; DE; DK; Fl; GB; HU; JP; KP; KR; LK; LU
; MC; MG; MW; NL; NO; RO; SD; SE; SU

(Regional): AT; BE; CH;. DE; ES; FR; GB; IT; LU; NL; OA; SE
Filing Details: JP04502408 Based on wo 9007861 |
Abstract (Basic): WO 9007861 aCompsn. comprises a pure human-like immunoglobulin (Ig) which (a)

reacts specifically with p55 Tac protein and/or (hb) 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 aifferent Ig molecules than FR’S; (2) *humanised* Ig (hIg) which
can bind to IL-2 receptors and contain at least one *CDR* from anti-Tac
kantibody* in a human-like FR contg. at least one amino acid from the
anti-Tac *antibody*; (3) nucleic acia 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. @(52pp Dwg.No.0/10)@

Abstract (EP): 9142 EP 451216
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Compsn. comprises a pure human-like immunoglobulin (Ig) which (a)
reacts specifically with p55 Tac protein and/or (b) inhibits binding of

-human interleukin-2 (IL-2) to its receptor. Also new are (1) human like
Ig having 2 pairs of light/heavy chains and able to react specifically
with an epitope of a human IL-2 receptor withaffinity 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-Tac
kxantibody* in a numan-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 - hiIG 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 toa.
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. ,
Derwent Class: BO4; D16;
Int Pat Class: A61K-039/39; CO7K-007/10; CO7K~013/00; CO7K-015/14;

C12N-005/10; C12N~-007/01; C12N-015/00; C12P-021/084
?
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40/7/12 (Item 1 from file: 5)
9081780 | BIOSIS Number: 93066780 ; ,

DEVELOPMENT OF *HUMANIZED* BISPECIFIC *ANTIBODIES* REACTIVE WITH
CYTOTOXIC LYMPHOCYTES AND TUMOR CELLS OVEREXPRESSING THE HER2 PROTOONCOGENE

SHALABY M R; SHEPARD H M; PRESTA L: RODRIGUES M L; BEVERLEY PCL;
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 HER2 protooncogene encodes a 185-kD transmembrane

phosphoglycoprotein, human epidermal growth factor receptor 2 (Pp185HER2),
whose amplified expression on the cell surface can lead to malignant
transformation. Overexpression of HER2/p185HER2 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 UCHT1 hybridoma. The
antigen-binding loops for the anti-CD3 were installed in the context of
human variable region framework residues, thus forming a fully *humanized*
BsF(ab’)2 fragment. Additional variants were produced by replacement of
amino acid residues located in light chain xcomplementarity* *determining*

*region* 2 and heavy chain framework region 3 of the ekhumanized* anti-CD3
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 cCD3 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 Joh
LOCATION: UK,
ASSIGNEE: Celltech Ltd.
PATENT: PCT International ; WO 9201059 Al DATE: 920123
APPLICATION: WO 91GB1108 (910705) *GB 9014932 (900705) *WO 90GB2017

(901221)
PAGES: 70 pp. CODEN: PIXXD2 LANGUAGE: English CLASS: C12P~-021/08A;

A61K-039/395B; C12N-015/13B; CO7K-015/28B DESIGNATED COUNTRIES: AT; AU; BB
; BG; BR; CA; CH; CS; DE; DK; ES; Fi; GB; HU; JP; KP; KR; LK; LU; MC; MG;
MN; MW; NL; NO; PL; RO; SD; SE; SU; US DESIGNATED REGIONAL: AT; BE; BF; BJ
} CF; CG; CH; CI; CM; DE; DK; ES; FR; GA; GB; GN; GR; IT; LU; ML; MR; NL;
SE; SN; TD; TG ,

SECTION:

CA215003 Immunochemistry
IDENTIFIERS: carcinoembryonic antigen humanized chimeric antibody,

191



 

‘ complementarity detg region grafted antibody CEA, cloning DNA humanized
antibody CEA -

DESCRIPTORS:

Antibodies,monoclonal...
A5B7 murine, to carcinoembryonic antigen, in humanized antibody prodn.

Animal cell line....
CHO L761 h, humanized anti-carcinoembryonic antigen antibody
recombinant prodn. in uO

Deoxyribonucleic acid. sequences... ;
for antibody variable regions in humanized anti-carcinoembryonic
antigen antibody prodn.

Genetic vectors... Molecular cloning...
for humanized anti-carcinoembryonic antigen antibody prodn.

Diagnosis... Therapeutics...
humanized anti-carcinoembryonic antigen antibodies for

Escherichia coli... -
humanized anti-carcinoembryonic antigen antibody fragment recombinant
prodn. in

Animal cell line,CHO-K1... Animal cell line,COS-1... Bacteria...
- humanized anti-carcinoembryonic antigen antibody recombinant prodn. in

Mammal...

humanized anti-carcinoembryonic antigen antibody recombinant prodn. in
cells of

Immunoglobulins,fusion products...
humanized, prodn. of

Antibodies... .
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, for humanized anti-carcinoembryonic antigen antibody prodn.

Plasmid and Episome... mo
; pAL46, for humanized anti-carcinoembryonic antigen antibody prodn.

Plasmid and Episome...
pAL53, for humanized anti-carcinoembryonic antigen antibody prodn.

Plasmid and Episome... -
pAL54, for humanized. anti-carcinoembryonic antigen antibody prodn.

Genetic vectors...
pEEGhCMV gpt, for humanized anti-carcinoembryonic antigen antibody
prodn. ,

Plasmid and Episome...
pHMC19, for humanized anti-carcinoembryonic antigen antibody prodn.

. Plasmid and Episome... .
pHMC30, 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 prodn.

Genetic vectors...
PMRRO28, 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: : :
142661-53-8 142661-54-9 142661-55-0 142661-56-1 142661-57-2

142661-58-3 amino acid sequence of, humanized anti-carcinoembryonic
antigen antibody prodn. in relation to

142662-69-9 142662-70~2 142662-71-3 142662-72-4 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 file: 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 3BS UK. : .
GENE (AMST) 101 (2). 1991. 297-302. CODEN: GENED
Full Journal Title: GENE (Amsterdam)
Language: ENGLISHWe describe an approach to rapidly generate *humanised* monoclonal

xantibodies* by grafting rodent complementarity~determining regions into
human immunoglobulin frameworks using recombinant polymerase chain reaction
(PCR) methodology. The approach was applied to grafting a rat
*complementarity*-*determining* *xregion* 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—and expression. No
nucleotide errors were ‘introduced into the 1463-bp sequence even after
sequential applications of PCR. Ser

40/7/4 (Item 4 from file: 5)
7912269 BIOSIS Number: 40113269 |

CONSTRUCTION OF *HUMANIZED* *ANTIBODIES* ANDTESTING IN PRIMATES
QUEEN C; CO M S; DESCHAMPS Mj; WHITLEY Rj; 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 BIOLOGY.,--DENVER, COLORADO, USA,
MARCH 10-16, 1991. J CELL BIOCHEM SUPPL 157(PARE 1991: 137. CODEN:

. z na nceJCBSD

Language: ENGLISH ee

40/7/5 (Item 5 from file: 5)
7400987 BIOSIS Number: 89052006 .

A *HUMANIZED* *ANTIBODY* THAT BINDS TO THE INTERLEUKIN 2 RECEPTOR
QUEEN C; SCHNEIDER WP; SELICK H E; PAYNE P W; LANDOLFI N F; DUNCAN J F;

AVDALOVIC N M; LEVITT M; JUNGHANS R P; WALDMANN T A
PROTEIN DESIGN LABS., 3181 PORTER DRIVE, PALO ALTO, CALIF. 94304.
PROC NATL ACAD SCI US A 86 (24). 1989. 10029-10033. CODEN: PNASA
Full Journal Title: Proceedings of the National Academy of Sciences of

the United States of America
Language: ENGLISH . ‘The anti-Tac monoclonal *antibody* is known to bind to the p55 chain of

the human interleukin 2 receptor and to inhibit proliferation of T cells by
blocking interleukin 2. binding. However, use of anti-Tac as an
immunosuppressant drug would be impaired by the human immune response

x © 193
\



 

“ against this murine *antibody*. We have therefore constructed a."
*humanizea*" *eantibody* by combining the complementarity-determining
regions (CDRs) of the anti-Tac xantibody* with human framework and constant

‘regions. The human framework regions were chosen to maximize homology with
the anti-Tac *antibody* sequence. In addition, a computer model of murine
anti-Tac was used to identify several amino acids which, while outside the
CDRs, are likely to interact with the CDRs or antigen. These mouse amino
acids were also retained in the *humanized* *antibody*. The *humanized*
anti-Tac *antibody* has an affinity for p55 of 3 .times. 109 M-1, about

1/3 that of murine anti-~-Tac.

40/7/6 (Item 6 from file: 399)
113170316 . CA: 113(19)170316b . PATENT
Recombinant antibodies to Campath-1 antigen, containing foreign

complementarity determining region(s), and their use in immunosuppression
and cancer therapy nn

INVENTOR(AUTHOR): Waldmann, Herman; Clark, Michael Ronald; Winter,
Gregory Paul; Riechmann, Lutz —— ae

LOCATION: UK,
ASSIGNEE: Medical Research Council
PATENT: PCT International ; WO 8907452 Al DATE: 890824
APPLICATION: WO 89GB113 (890210) *GB 883228 (880212) *GB 884464 (880225)
PAGES: 61 pp. CODEN: PIXXD2 LANGUAGE: English CLASS: A61K~039/395A;

C12N~015/00B 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... oO

complementarity detg. regions of, in recombinant antibody to Campath~-1
antigen ,

Immunoglobulins,G2... 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-1 antigen

Gene and Genetic element,animal, synthetic...
for humanized light chain variable region, construction of, in prodn.
of recombinant human antibody contg. rat complementarity detg. regions
to Campath-1 antigenProtein sequences.
of IgG2a YTH 34.15 HL heavy and light chainvariable domains, of rat

Deoxyribonucleic acid sequences, IgG2a-specifying..
. of rat.

Antigens, CAMPATH-1.

recombinant antibodies to, foreign complenentar ity detg. regions inImmunosuppressants... Neoplasm inhibitors... Neoplasm inhibitors, lymphomawae

recombinant antibody contg. foreign complementarity detg. regions to
Campath-1 antigen as

Gene and Genetic element,animal.
recombinant, for anti-~Campath— 1 antigen antibody of human, sequences
encoding rat complementary detg. regions in

Immunoglobulins,G2a...
recombinant human antibody to Campath-1 antigen contg. complementary
detg. regions of rat
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’" Leukemia,B-cell...recombinant human antibody to Campath-1 antigen killing leukemia cells
of

Antibodies...recombinant, to Campath-1 antigen, foreign complementarity detg.
regions inImmunoglobulins,Gl... Immunoglobulins,G... Immunoglobulins,M...
recombinant, to Campath~-1 antigen, foreign complementary detg. regions
in

CAS REGISTRY NUMBERS:
129711-40-6 amino acid sequence encoded by HuVLLYS gene ot129711-41-7 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 128096-10-6

128096-11-7 complementarity detg. region of rat YTH 34.5 HL, human
recombinant antibody contg., Campath-1 antigen binding by

129711-56-4 heavy chain variable region of human contg. rat
complementarity detg. regions, recombinant antibody contg., Campath-1
antigen binding by129711-60-0 heavy chain variable region. of rat YTH 34.5 HL, recombinant
antibody contg., Campath-1- antigen binding by

129710-86-7P HuVLLYS gene, prepn. of, in prepn. of recombinant human —
antibody contg. rat complementarity detg. regions to Campath~1 antigen

129711-59-7 light chain variable region of human contg. rat
complementarity detg. regions, recombinant antibody contg., Campath-1
antigen binding by-129711-61-1 light chain variable region of rat YTH 34.5 HL, recombinant
antibody contg., Campath~-1 antigen binding by

127859~21-6P - 127859-23-8P 127859-24-9P 127859-26-1P 127859-62-5P
_ 127859-70-5P 127859-72-7P 127859-79-4P 127859-82-9P 127859-92-1P

127859-93-2P 127859-94-3P 127859-99-8P 127860-01~9P 127860-02-0P
127860-03-1P 127860-04-2P 129924-57-8P 129924-59-OP prepn. of, in
gene synthesis for recombinant human antibody contg. rat
complementarity detg. regions to Campath-1 antigen |

129711-57-5 129711-58-6 recombinant human antibody contg., Campath-1
antigen binding by129710-91-4P synthetic gene HuVLLYS.degree., prepn. of, in prepn. of
recombinant human antibody contg. rat complementary detg. regions to
Campath-1 antigen

Copyright 1992 by the American Chemical Society
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Set Items | Description
$1 22 ANTIBOD? AND (HUMANIS? OR HUMANIZ?) ;
82 8 S1 AND (CDR OR (IG OR IMMUNOGLOBULIN) () VARIABLE () REGION OR

HYPERVARIABLE() REGION)
$3 0 $1 AND COMPLEMENTARITY () DETERMIN? () REGION
S4 : 3 S1 AND COMPLEMENT? () DETERMIN? () REGION

SST(2R42)NOT2 ®
25/7/21 -

5/7/21 (Item 1 from file: 351)  
 

 
 

 
 
 

007820291 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
kantibody* and the remainder from human_immunogTobulin

Patent Assignee: (CELL~) CELLTECH LTD
Author (Inventor): BODMER M W; ADAIR J R; WHITTLE N R
Number of Patents: 001 Cenaes
Patent Family:

cc Number Kind . Date Week
wo 8901783 A 890309 8911 (Basic)

Priority Data (CC No Date): WO 88GB731 (880905); GB 8720833 (870904)
Language: English. oT
EP and/or WO.Cited Patents: No.SR.Pub; 4.Jn1.REF
Designated States.

(National): AU; DK; FI; HU; JP; KR; NO; RO; SU; US
(Regional): AT; BE; CH; DE; FR; GB; IT; LU; NL;. SE

Abstract (Basic): WO 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* xdetermining* *region* (CDRs) 0
the variable domains are derived from the mouse monoclonal *antibodieg*
(MAb) B72.3 and the remaining immunoglobulin-derived parts of the HAM
are derived from a human immunoglobulin. .

USE/ADVANTAGE - *Humanising* the B72.3 MAb does not adversely
affect its binding activity and this prodiices a HAM which is useful i
both therapy and diagnosis of certain carcinomas, e.g. solid tumours
expressing TAG-72. @(49pp Dwg.No.0/13)@

Derwent Class: B04; D16;
Int Pat Class: A61K-039/39; C12N-015/00; C12P-021/00
?s complement? ()determin? (w) region? ?

Processing
Processing
Processing

27431 COMPLEMENT?
234285 DETERMIN?
124968 REGION? ?

S6 23 COMPLEMENT? () DETERMIN? (W) REGION? ?
?c 1 and 6

22 1

23 6

S7 10 i AND 6
?

?c 7 not (2 or 4)
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S38 NOT (2 OR 4)

2t8/7/1-3

8/7/11 (Item 1 from file: 351)
009004842 WPI Acc No: 92-132139/16
XRAM Acc No: C92-061892 ,

*Humanisation* of *antibodies* binding to human CD4 antigen - by
mutation of framework-encoding regions of DNA encoding variable domain
of rat or mouse *antibody* chain

Patent Assignee: (GORM/) GORMAN S D
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Abstract (Basic): WO 9205274 A | ,
*Complementarity* *determining* *xregions* (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 regionsof 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
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variable portions .
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cc Number Kind Date Week
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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
xantibody* 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;
(a) selecting human variable heavy and light chain frameworks which
show a high degree of amino acid similarity with the variable heavy and
light chain framework of the murine immunoglobulin; (e) selecting human
constant heavy and light chain frameworks; (f) grafting the murine
*complementary* *determining* *regions* of (c) to the human framework
regions of (e); (g) incorporating the complete DNA sequence for the .
*humanisea* recombinant immunoglobulin into an appropriate expression
vector; (h) transfecting host cells with the vector; (i) growing the
transfected cells in an environment in which the *humanised*
recombinant immunoglobulin is expressed; and (j) collecting the

. immunoglobulin.
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)@
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Recombinant altered *antibodies* - having *xcomplementarity*
*determining* *regions* replaced with those from *antibody* of
different specificity
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Priority Data (CC No Date): GB 867679 (860327); GB 877252 (870326)
Applications (CC,No,Date): EP 87302620 (870326); JP 8773980 (870327)
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Abstract (Basic): EP 239400

An altered *antibody* in which at least parts of the
*complementary* *determining* xregions* (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
xegions from a first xantiboady* and CDRs comprising at least parts of
the CDRs from a second *antibody* of aifferent 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
xantibody*. ,

‘USE/ADVANTAGE - The method is used for ’’*humanising*’’ non-human
monoclonal *antibodies* (MAbs) e.g. CDRs from mouse MAb can be
partially or totally grafted into the framework regions of a human MAb,
which is then produced in quantity by a suitable cell line. Only the

CDRs of the *antibody* will be foreign to the body and this should
minimise side effects ifused for human therapy. @(4ipp Dwg.No.0/8)@

Derwent Class: B04; D16; : co, .
Int Pat Class: C12N-015/00; C12P-021/02; CO7K~015/00; A61K-039/39;

C12N-005/00; C12R-001/91
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‘Serial No. 715272

Art Unit 1806

‘Applicant’s election of Group I, in Paper No. iZ, is

acknowledged. Because applicant did not distinctly and

specifically point out the supposed errors in the restriction

requirement, the election has been treated as an @lection without

traverse. See M.P.E.P.. 818.@3(a). . ,

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, de. what the
determines what is to be an import antibody. ‘Claim 1 step a) is
indefinite in thatit is not clear what is meant by a "consensus
human variable domain". Claim 4 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, de. de this a’ physical or mental

20

step? Claim 1 step e) is unclear in what type of homology is
‘indicated, ie. 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 f) is indefinite in that
-it is not clear how one of erdingry skill can determine the effects

25

which are listed in steps 1-3, ie. through antigen binding, through

hybridization? Claim 1 step g) is indefinite in that it dis not
clear what effects are reasonably expected to occur. Claim 2 dis
indefinite in that the antecedent basis for "the. 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 aitee. Claim 4 de indefinite for the eame 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 ig unclear how "preparing a humanized
antibody" in claim § differs from the preparation of the antibody
up to this point. Furthermore, it i8 not clear what is intended in

the preparation ‘of the antibody of claim 5. Claim 6 is vague in
that it is not clear what the numbers are meant to designate. it

is suggested that applicant clarify the nature of the numbers or

point to a figure. Claim 7 is indefinite in that it is not clear

what the method is drawn to. it is suggested that the language "a

method of making a humanized antibody" be inserted within the
Claim. .

The following is a quotation of the first paragraph of 35
U.S.C. § 112: |

The ‘specification shall contain a written
description of the invention, and of the manner=and
process of waking and. using it, in auch full, clear,
concise, and exact terms as to. enable any person skilled
in the art to which it pertains, or with which it is most
Rhearly connected, to make and use the same and shall set
forth the best mode contemplated by the inventor of

carrying out hia invention.

The specification is objected to under 35 U.S.C. § 112, first

‘paragraph, as failing to adequately describe the . invention and

failing to adequately teach how to make and or use the invention,

ie. failing to provide an enabling disclosure. The following terms

lack enablement in the specification:.

Claims i and 7 lack enablement in the language "at least a
portion of an import variable domain". Applicant has .only

indicated specific residues which may be transferred, but they are’

claiming an antibody wherein the a portion of the import antibody

are to be transferred. There is no guidance in the specification
which would enable one of skill ‘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 CDRe as

well as the framework regions. However, this language also reads

on small amino acid sequences which are incomplete regions of the

variable region’ of the antibody. There ig 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 human
variable region which is described in the specification be recited

within the claim or this languagehe removed confpletely 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.
~~ ;

Claim 1 step £), lacks enablement in that. the protocol for. en 7 .

determining whether theamino acid residues in the import amino

acid sequence. are reasonably expected to interact with the antigen

ig not descrihed 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 ne 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 other4

methods? i
A

Claim 3° lacks enablement in that there is no guidance in the
specification on how one would determine which glycosylation site
affects. antigen binding, or what. comprises "reasonable
expectation’. |

Clains 6, 7 and 9 lack enablement in that it would appear that
these amino acids are relevant to IgG and not to other isotypes.
There is no indication that one of skill in the art would

extrapolate the use of these amino acids to all or other isotypes

of immunoglobulins. Furthermore, there is’ insufficient description

and guidance in the specification with regards to the properties of

these amino acids which would enable one of ordinary skill in the
art to make humanized antibodies with other isotypes using these
amino acid sequences.
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Applicant has not shown that antibodies which have been

modified as that which is claimed are capable of functioning as

that which is being disclosed, ie. maintaining the binding affinity

of the parent antibody. Protein chemistry is probably one of the
most . unpredictable areas of biotechnology. For example,

‘replacement of a single lysine residue at position 118 of acidic

fibroblast growth factor by glutamic acid led to the substantial

loss of heparin binding, receptor hinding and biological activity

of the protein. Burgess et. al. Journal of Cell biology, 112: 

2129-2138 (1999). In transforming growth factor alpha, replacement

of aspartic acid at position 47 with alanine or asparagine did not

affect biological activity while replacement ‘with serine or

glutamic acid sharply reduced the biological activity of the
mitogen. Lazar et. al. Molecular and Cellular Biology, 8:1247-1252
(1988). Similarly it has been chown 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. 2595-2601 (1989) and Gillies et. al. Human Antibodies

and Hybridomas, Vol 1, no. i, 47-354 (1990). These references

demonstrate that even a single amino acid ‘substitution or what

appears to be an inconsequential chemical modification, will often

dramatically affect the biological activity and characteristic of a

protein. Therefore, without sufficient guidance in the
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specification to support the use of the above terms and for the’)

reasons mentioned above (one of ordinary skill in the art would

forced into undue experimentation in order to practice the
invention as is claimed.

Claims 1-11 are rejected under 35 U.S.C. § 112, first.

paragraph, for the reasons set forth in the objection to the

‘specification.

,35 U.S.C. § 101 reads as followa:

Whoever invents or discoversany new and useful
precess, machine, manufacture, or composition
ef matter or any new and useful improvement

thereof, may abtain a patent therefore, subject
te the conditions and requirements of this
title. °

'Claime 1-4, 6-8 are rejected under 35 U.S.C. § 101 because the

claimed invention is directed to non-statutory subject matter. The

above claims are drawn toa method of preparing an antibody,

however, there is no indication within the claims that actual

physical steps are taking place. For example, there ie 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 @ computer terminal.

The specification is objected to under 35 U.S.C. § 112, first

paragraph, and claims 9-13 are rejected under 35 U.S.C. § 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

7
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purposes. Applicants claims are eupported only by in vitro data
showing the ability of muMab4bD5, which is a humanized anti-pl8s

antibody which reacts with. breast and ovarian cancers, to react
with different cell lines (see page 88-98 of the specification).

Applicant has made no showing that these data correlate with

 utility for in vivo therapy in humans of the complex array of

diseases encompassed by the claims. In general, effective

- 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 hag 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 he

convincing to those skilled in the art that the claimed

compositions have utility for the treatment of malignant and

autoimmune diseases in humane. See MPEP 608.@1(p).
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Waldmann, in a recent review of the literature pertaining to

clinical applications of monoclonal antibodies for diagnosie 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 hy 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 utilitywould be
viewed by those skilled in the art as being predictive of their

‘utility for treating humans. Applicant has not exemplified how to

use the claimed antibodies in vivo and has not shown that the
antibodies would be effective in vivo. It appears that undue

experimentation would be required of one skilled’ in the art to

practice the claimed invention for the single utility disclosed in
the specification. :

“The following is a quotation of the appropriate paragraphs of

35 U.S.C. § 102 that form the basis for the rejections under this

section made in this Office Action:

A person shall be entitled to a patent unless--

Ca) the invention was known or used by cthera in
this country, or patented or described in a
printed publication in this or a toreign
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.5.C. § 103 which forms

the basia for all obviousness rejections set forth in thie Office

action:

A patent may not be obtained though the invention is
net 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 auch 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 “ matter pertains. Patentability shall not=be
negatived by the manner in which the invention was made.

Subject watter developed by another person, which
qualifies as prior art only under subsection (f) or (g)
ef section 102 of this title, shall not preclude
patentability under this section where the subject matter
and the claimed invention were, at the time the invention
waa wade, owned by the same person or subject to an
obligation of assignment to the same person.

Claims i, 2, 5-10 are rejected under 35 U.S.C. § 102(b) as

being anticipated by Queen et. al.. The above claims are drawn to

a method of producing a humanized antibody wherein the amino acid

sequences of an import antibody and a consensus antibody are

compared, wherein the CDRae 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, oer participating in the V1i-Vh

interaction are aise imported ta the consensus antibody. ~ In

esgence, residues of the framework region are also transferred with

18
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the CDRs in order to retain the antigen binding affinity of the

parent antibody. |

Queen et. al. describe the production of humanized antibodies

wherein the murine antibody is compared to human antibodies and the

nost homologous human antibody is chosen as the acceptor molecule. —
The CDRs of the murine antibody are then substituted for the CDRs
of the human antibody and certain framework residues are also

changed. Queen et. al. describe computer modeling and sequence

comparison in order to determine the amino acid residues which are
to be substituted (see page 10031-10033). ‘Although the steps of

the methods are not in exactly the same order, all of ‘the claimed
elements are present with in the reference.

Claims 1,2 and 5-10 are rejected under 35 U.S.C. § 102(a) as

being anticipated by Co et. al.. See above discussion.

/Co et. al. show the production of humanized anti-HSV-

using the general concept of Queen et. al. (see Results and Table
i).

Claims 3 and 4 are rejected under 35 U.S.C. § 103 as being
unpatentable over “Queen et. al. or Co 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

li
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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 et. al. and Co et. al. both describe the production of

humanized antibodies by transferring the CDRs and certain framework

regions of the donor antibody to the human consensus antibody (see
Queen et. al. pages 10031-10033 and Co et. al. page 2871). They

further state that any residue which might have an affect an 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. al. teachthe
importance of carbohydrate interaction with antigen for maintaining

or increasing antigen binding: affinity (see pages 1107-1108). Yt
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 Coet. al. and further
incorporating the cencept 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 ‘retaining 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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Wallick 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 primaryand secondary references.

Claim 11 ais rejected under 35 U.S.C. §& 183 as being

unpatentable over Queen et. al. or Co et. al. in view of Reichmann
et. al.

The above Claim is drawn to a humanized antibody wherein only

one amino acid (listed in claim 9) in the framework and the CDRe
have been substituted in the consensus antibody.

Queen et. al. and Coet. al. both teach the production of

humanized antibodies by transferring the CDRe of a murine antibody

along with specific residues of the framework region to the

‘acceptor antibody molecule. They do not however teach only

substituting one of the framework residues among those ligted 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 “in 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. al. or

Co et. al. in positions among those listed in claim 9. It would

have been obvious to one of ordinary skill to complete the
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invention in light of the success of Reichmann et. al. in only
mutating one amino acid of the framework. Knowing that each
antibody varies slightly in the non-conserved region, and given the

computer modelling protocol set forth by Queen et. al. one of

ordinary skill would have been motivated to make a single mutation

in 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 ta 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-@196.

Feisee/lf
September 29, 1992

AVID L. LACEY
SUPERVISORY PATENT EXAMINER

GROUP 180
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Honorable Commissioner of Patents and Trademarks
Washington, D.C. 20231

Sir:

The attached materials were received in connection with the
prosecution of a foreign patent application corresponding to the
captioned case. These materials contain at least two reference
citations, the relevance of which is apparent from the
communication from the foreign patent office that is also enclosed.
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to the record of all references contained in these materials.
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Trademarks, Washington, D.C. 20231.
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SH IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Group Art Unit: 1806 Ae
Examiner: L. Feisee

 Rsanag

In re pp ation of

Paul J. Carter et al.

Serial No. o7/71 5,272

Filed: 14 June 1991

460 Point San Bruno Boulevard

South San Francisco, CA 94080
(415) 225-2614

For: Immunoglobulin Variants

Amendment and Response

Honorable Commissioner of Patents
and Trademarks

Washington, D.C, 20231

Sir: .

Responsive to the Office Action mailed 5 October 1992, please amend the claims as follows:
ee,
 ~N .

(Amended) A method for making at least a portion Of a humanized antibody variable domain
‘comprising 3!amino-acid sequence of anon--humanl; import] antibody which is desired to be

v3 anda human antibody, comprising the steps of: 
a. . obtaihing the’ amino‘acid sequences of, lat least a’ portion of] an import,variable domain
ne

and &€&consensus human variabledomain; =?
_b. identifying Complamentarity-Determining Region (CDR) amino acid sequences in the

import and the human amino variable domain sequences;
Cc. substituting animportortCDR aamino acid Sequence for the correspondivg human CDR .—— nein

amino acid sequence;

d. aligning the amino acid sequences of a Framework Region (FR) of the import antibody
 
 

and the corresponding FR of the consensus antibody;

e. identifying import antibody FR residues in the aligned FR sequences that are non- L.homologousto thé(corresponding consensus antibodyresidues; ye ~ ye 7
ahimologouSimportamino acidresidueTaf, | determining if thenon-homologousimport amino acid residue is SeaaeySeteto have at least one of the following effects: SS

1. non-covalently binds antigen directly,

cl24.u
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2. __ interacts with a CDR; or

°3. participates in the V,- V, interface by affecting the proximity or orientation of

the V, and V,, régions with respect to one another; [and]

g. for any non-homologous import antibody amino acid residue which is Ireasonably]
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-q.

2. (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
dl fdomain or buried within it, and if the residue is exposed, retaining the consensusresidue.

any two steps in the method of claim] of searching. import antibody variable domain
amino acid sequence for glycosylation sites, determining if any such glycosylation site is
reasonably expected to affect the antigen binding—or-affinity of the antibody, and if so,

 ey 3. {Amended} The method of claim 1, having the additional steps, which may be taken between
substitutingthe glycosylation site into the consensus amino acid sequence.Tnett oe,neeon ie

| “ ~ ° Mee ee ee

4, (Amended) The method of claim 1, having the additional steps, which may be taken between
any two_steps in the method of claim_1. of searching the consensus variable domain amine

 

acid sequence for glycosylation sites which are not present at the corresponding amino acid
| . in the import antibody amino acid sequence, and if the glycosylation site is not present in the

import sequence, substituting the import amino acid residues for the amino acid residues

:; , comprising the consensus glycosylation site.

5. (Amended) The method of claim 1, having an additional step which comprises aligning import

antibody and consensus antibody FR amino acid sequences, identifying import-antibody FR
amino acid residues which are non-homologous with the aligned consensus FRsequence, 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 thatsite.

¢124.u
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(Amended) A method for making a humanized antibody comprising providing [at least a portion

of] a non-human antibody variable domain amino acid sequence which is desired to be
humanized (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 CDRfor the human CDRiin the consensus human antibodyvariable
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, 431, 44L, 46L, 58L, G2L, 63L, 64L, 65L, 66L, 67L, 68L, 69L, 70L, TIL,
73L, 85L, 87L, 98L, 2H, 4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H, 58H, 60H, 68H, 69H,

70H, 73H, zai 75H, 76H, 78H, 91H, 92H, 93H, and 103H.
{Please-add the following new claims 17-21:\

17,

"18.

19,

c124.u

A method ofusing\aconsensus human_antibody variable domain amino acid sequre® in there SePS . 7preparation of a humanized antibody.-_— | >|a we nds J

In a methodfor making a humanized antibody variable domain, the improvement consisting of
using consensus humanantibody variable domain amino acid sequence.--

human (import) antibody and a human antibody, comprising the steps of:
a.

A method for making an improved antibody, comprising amino acid sequence from a non- |
»

- obtaining the amino acid sequencesofat least a portion of an import antibody variable
domain and of a consensus human antibody variable domain;
identifying Complementarity Determining Region (CDR) amino acid sequencesin 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,
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interacts with a CDR;orNS

3. participates in the V, - V,, interface by affecting the proximity or orientation of
the V, and V,, regions with respect to one another;

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

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, Amethod 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, Amethod comprising, following the identification of an antibody by the method of any one of

claims 1, 7, or 17-19, the expression of nucleic acid encoding the antibody.--
 

Remarks .

Claims 1-13, and 17-21 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 responseis timely filed.

Amendments

Claims 1, 3, 4, 5 and 7 have been amendedto indicate that an import antibodyiis a non-human
antibody whichis desired to be humanized. Support for this language is found in the specification at
page6,line 27 to page 7, line 3.

Claim 1, step (f) has been amended to clarify that the word “participates” in the V, - Vy .
interface means to affect the proximity or orientation of the V, and V,, regions with respect to one
another. Support for this amendmentis found on page 15,lines 30-32. New step (h) has been added

to claim 1, directed to the physical stepof 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

223



 

07/715,272 | Page No. 5

any two steps in the method of claim 1. Claims 2-7 have been amended to clarify that the residues
or sequencesreferred 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 these amendments.

The rejection under 35 U.S.C.§112, sacond paragraph

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 29 to 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 residuesat ‘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 et —
al, Sequences of Proteinsof Immunological Interest, National Institutes of Health,
‘Bethesda MD (1987), namely vikx subgroup | and V,, group M..

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 octurring amino acid residue -
gathered from a group of human immunoglobulins. The identity of each amino acid residue making up

the consensus sequence is determined separately, requiring merely routine tabulation of the amino

acids present in each member of a particular immunoglobulin subclass. To expedite the routine

tabulation of the most commonly occurring amino acids, workersin 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 isa 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 commonin the art to which this invention pertains. ‘Step {d) of claim 1 does not require

el24u
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manipulation of the actual, tangible amino acids, merely manipulation of symbolic representations of
the actual aminoacids.

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 sequenceofthis invention is defined on page 17, lines 18-27. At
lines 22-23, the specification indicates that this invention does "not considerling] any conservative
substitutions as part of the sequence identity”. Conservative substitutions are therefore not considered

as homologs. _ .
Claim 1 step (f) was rejected for use of the language “participates”. Step (f) of claim 1 refers

to an amino acid residue which "participates in the in the V, - V,, interface”. This step has been
amended to clarify that immunoglobulin residues which so participate are those that affect the
proximity or orientation of the V, and V,, regions with respect to one.another.

Claim 1 step (f) was also rejected as indefinite as to how oneof 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 V, - V,, interface by affecting the proximity or orientation of the vl
and V, regions with respect to one another.

The specification discusses, at pages 13-16, the interactions of amino acid “residues within an
immunoglobulin and describes at least twomethods 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 programsare available whichillustrate and display
probable three dimensional conformational structures of selected candidate
immunoglobulin sequences. Inspectionofthesedisplayspermitsanalysis of thelikely
role of the residues in the functioning of the candidate immunoglobulin sequence,i.e.,
the analysis of residues that_influence the abilityofthe candidateimmunoglobulin to
binditsantigen."

 

The specification provides detailed information how to evaludte the three-dimensional models to
determine the various potential effects of amino acid residue changes.

The specification also suggests an alternate method-for evaluating the effect of an amino acid
_residuaé change. On page 16,lines 14-18, the specification teaches:

"Sinceit 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 knownin the

art, and that those skilled in the art would understand whatis claimedin step {f).

Claim 1 step (g) was rejected as being indefinite as to what effects are reasonably expected

to occur. The word "reasonably" has been deleted from the claim. .
Claim 2 was rejected as lacking antecedent basis for "the domain". This claim hasbeen

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 amendedto indicate that one would search

for glycosylation sites between any twosteps in the methodof claim 1.

Claim 5 was rejected as unclear in the use of the phrase "preparing a humanized antibody”;

this phrase has now been added by amendment as the last step of claim 1. The phrase is intended

to mean the physical making of a humanized antibody, methods for; which are described in the
specification, including in vitro mutagenesis and recombinant engineering. The Examiner also seems

to be questioning how 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--whichdiffers

from the import antibody amino acid residue at that site--also appears at that site in.antibodies of other

species at that particularsite lis conserved). If the particular amino acid residue is conserved across
species at thatsite, 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 sharacteristics.

Claim 6 was rejected as vague for unclear use of numbers, These numbers refer to particular
aminoacids in the light (L) and heavy (hi chains of immunoglobulins. By convention, workers in this
field generally utilize the immunoglobulin numbering system set forth in Kabat, E. A. et a/., Sequences

ofProteins of immunological Interest (National Institutes of Health, Bethesda, MD, 1987}), as described

in the specification at page 8, lines 19-21. The Examiner’s attention is drawn to Queen eta/., already

of record in this case, especially at page 10032 colurnn 1 first paragraph (and reference 38 therein)

where antibody aminoacid 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 wasrejected 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 whethera claim is invalid for indefiniteness "requires

a determination whether those skilledin the art would understand whatis claimed”, Amgen v. Chugai,

o124,u
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18 USPQ2d 1116, 1030 (CAFC 1991). The presently pending claims use terminology with clear
meaningsin the-field, especially in light of the definitions provided in the specification. The wordings

of the claims comply with the requirements of 35 USC § 112, and this rejection should be reconsidered
and withdrawn. -

The rejection under 35 U.S.C. 8 112, first paragraph
Claims 1-11 were rejected under 35 U.S.C. § 112, first paragraph as lacking enablement.

Claims q and 7 were rejected as lacking enablement.in the language “at least a portion of an
import variable domain”. These terms have been deleted from the claims.

Claim 1 step(c) was rejected for being unclear as to how one would determine which amino
acids are to be substituted. This step recites "substituting an import CDR aminoacid sequencefor the
corresponding human CDR amino acid sequence”. The identificationof the Complementarity
Determining Region (CDR) amino acid sequence of the import and the human amino variable domain

sequences is made in previous step (b). To accomplish step (c), therefore, one substitutes the amino

acids identified in step (b). .
Methods for identifying CDRs and distinguishing them from Framework Residues (FRs) are

knownin the art. As the ‘specification describes on page two, antibody variable domains of natural
light and heavy chains have the same general structure, and each domain comprises four framework

{FR) regions, whose sequences aré somewhat conserved, connected by three hyper-variable or
complementarity determining regions (CDRs). (see Kabat, E. A. et ai., Sequences of Proteins of

‘Immunological Interest, National Institutes of Health, Bethesda, MD, (1987)). The four framework

regions largely adopt a f-sheet confermation and the CDRs form loops connecting, and in some cases
forming part of, the £-sheet structure, The CDRs in.each chain are held in close proximity by the
framework regions and, with the CDRs from the other chain, contribute to the formation of the antigen

binding site. The CDR may beidentified following three-dimensional modeling of the antibody. The

CDRs mayalso be identified based on comparison of the an antibody amino acid sequence with a

knownantibody. |
Attached as Exhibit A for the Examiner's convenienceare pages from the Introduction to Kabat,

E. A. et af, Sequencesot Proteins of Immunological Interest, Fifth Edition, National Institutes of
Health, Bethesda, MD, (1 991).Thiswork,alongwiththeearlierKabat compendiumsreferred to in
the specification and other references, guide the practitioner in the numbering of antibody amino acid

sequences, and the assignment of particular amino acids to one of the FR or CDR regions. The
Examiner's attention is drawn the sections beginning on page xv, the section entitled "Variable Region

Sequence” and especially to Table |, page xvi. Table 1 presents the amino acid residues associated
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with FRs and CDRsof the variable domains of immunoglobulin light and heavy chains. See also Figure

1. page xviii, which shows a schematic view of an immunoglobulin; please note the mentionin that

figure description to the use of ‘a@ maximum homology alignment to determine the proper numbering

of the amino acids (as referred to in the response to the previous $112 rejection). The inventors

submit that the identification of immunoglobulin amino acid residues as belonging to a CDR orto 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. Oligonucleotide-mediated

- mutagenesis, PCT mutagenesis and cassette mutagenesis are described in the specification at page

39, line 10 through page 44, line 10. The inventors submit that steps (b) and (c) of claim 1 are fully

enabled by the specification. . . |
Claim 1 step (f) 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 specification teaches 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. 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."

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 15, line 6, where it is stated:

"A residue that noncovalently directly binids to antigen is one that, by three dimensional, ,
analysis, is reasonably expected to noncovalently directly bind to antigen. Typically, :
it is necessary to impute the position of antigen from thespatial location of neighboring

CDRs and the dimensions and structure of the target antigen.” In general, only those
humanized antibody residues that are capable of formingsalt bridges, hydrogen bonds,

or hydrophobic interactionsare likely to be involved in non-covalent antigen binding,
however residues which are separated spatially by 3.2 Angstroms or Jess may also
non-covalently interact. Such residues typically are the relatively larger amino acids,

such as tyrosine, arginine, and lysine. Antigen-binding FR residues also typically will
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have side chains that are oriented into an envelope surrounding the solvent oriented

face of a CDR which extends about 7 Angstromsinto the solvent from the CDR domain

and about 7 Angstroms on either side of the DR domain, again as visualized by three
dimensional modeling.

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 wasrejected 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 wasrejected as lacking enablement for how ona woulddetermine 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 IgG and not other
antibody. isotypes. The specification, at page 13 lines 14-22, states: .

~ "The humanized antibody will be selected from any class of immunoglobulins, including

IgM, i9G, IgD, IgA and IgE, and any isotype, including IgG1, IgG2, IgG3 and I9gG4.,
Usually the constant domain is a complement fixing constant domain where it is
desired that the humanized antibody exhibit cytotoxic activity, and the classis typically

IgG,. Where such cytotoxic activity is not desirable, the constant domain may be of
the IgG, 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 algG, constant domain. As noted in

the specification, specific method steps and illustrative reagents for the use of IgG, 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 IgG, 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 deducethe 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 parte Goeddel, 5 U.S.P.Q. 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 CCPAin In re Goffe, 191 USPQ 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
mest the guidelines specified for ‘preferred’ materials in a process such as the one
herein involved would not serve the constitutional purpose of promoting progressin the
useful arts. See Inre Fuetterer, 50 CCPA 1453, 1462, 319 F.2d 259, 265, 138 USPQ

217, 223 (1963).
For a similar case, see In re Strahilevitz, 212 USPQ 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 illustrative examples or by broad terminology. is of no
importance, In re Marzocchi et_al., 169 USPQ 267 (CCPA 1971). Further, an assertion by the
Examiner that the enabling disclosure is not commensurate with the protection being sought must be
supported by reasons for doubting the truth or accuracy of any statement in the presumptively

accurate supporting disclosure. itis 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 Strahilevitz, op cit.

Se also In re Smith, supra, wherein the CCPA reversed an Office ruling that the description in

the specification of two categories of prepolymers was not sufficient to support the broad claim for

all polymers having a certain desired property. In this case, the court even acknowledged that the

specification. did not contain language that was precisely identical to the language of the claims.

However, the tenor of the specification was that the applicant had made a generic invention rather

than one limited to two categories of polymers.

In the present situation, the Examiner has provided no evidence to support the assertion that

the invention is not enabled for the preparation of humanized antibodies. Broad claims should be

allowed if there is adequate disclosure and-where, as in the present situation, there is no pertinent art

to prevent such claims. As stated in In_re Sus and Schaefer, 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 of more specific
claims on more specific inventions. It.is neither contemplated by the public purpose
of the patent laws nor required by the statute that an inventor shall be forced to accept
claims narrower than hisinvention in order to secure allowance of his patent.

-The inventors submit that in view of the detailed information provided in the specification as
discussed above, the specification adequately teaches how to practice the claimed invention. The
rejections under 35 USC § 112, first paragraph, should be reconsidered and withdrawn, as they are

" not statutorily based, are inconsistent with court and Patent Office decisions on the subject, and are’

contrary to public policy. ; '

The rejection under 35.U.S.C. § 101

Claims 1-4, and 6-8 were rejected under 35 U.S.C. § 101 as being directed to non-statutory

subject matter. It is believed that the amendments to the claims made above render moot this ground
of rejection.

The rejection under35U.S.C. § 112, first paragraph and under 35 U.S.C. § 101
Claims 9-13 were rejected under 35 U.S.C. § 112, first paragraph and under 35 U.S.C. § 101

as lacking utility for the treatment of malignant and autoimmune diseases in humans. The inventors

request clarification of this rejection, because none of claims 9-13 are directed to methods of
treatment. These claims are directed to humanized antibody variable domains and the polypeptides
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of recited sequences. These polypeptides are useful as probes, and in diagnostic assays, as described
in the specification at pages 65-66, and need notrely on therapeutic utility.

The rejections under 35 U.S.C. § 102{b) and § 102(a

Claims 1, 2, and 5-10 wererejected under 35 U.S.C. § 102(b) as being anticipated by Queen
et af, and.under 35 U.S.C. § 102(a) as being vanticipated by Co et a/.. The inventors respectfully
traverse these rejections.

To constitute anticipation, all material elements of a claim must be found in one prior art
source. Inre Marshall, 198 USPO 344 (CCPA 1978); Inre Kalm, 154 USPQ 10 (CCPA 1967). The
inventors will showthat neither Queen nor Coe contains ail the material elements of these claims,

particularly the limitation regarding the use of a consensus sequence.
The rejected claims are directed to the humanizationan antibody, namely the combination of

amino acid sequence from a non-humanantibody desired to be humanized, and from a consensus
human variable domain. Methods for.preparing such a consensus sequencearefully described. in 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 workersin the field prior to the present invention. These workers did not prepare a consensus
human antibody to combine with their non-human antibody. Instead, they selected only one human
antibody for use, basedon the similarity of that human antibody to their non-human antibody. Queen
et ai. 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-Tac antibody, we reasoned that the more homologous the human

antibody wasto the original anti-Tac antibody, the less likely would combining the anti-
Tac CDRs 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 dismissingall other candidate as between 30-52% identical to their non-
human. They selected the humanlight chain V region from the same human antibody for their use.

Co et ai. 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 humanantibody 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 inventionis quite distinct, in its use of a consensus humanvariable
domain sequence. This consensus sequence might or might not have a high degree of homology with
the non-humanantibody. Neither Queen eta/. or Coe et a/. supply this teaching, and therefore do not
anticipate the claimed invention. This rejection should be reconsidered and withdrawn.

Th rejection under 35 U.S.C. § 103
Claims 3 and 4 were rejected under 35 U.S.C. § 103 as being obvious over Queen et a/. or Co

et al. in view of Wallicket a/.. Claim 11 was rejected under 35 U.S.C. § 103 as being unpatentable
over Queen et al. or Co etal. in view of Reichmann et al.

None of the cited references teaches or suggests the claimed invention, which involves the
preparation humanized antibodies using & ponsensus 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 Rejections Do Not Meet the Test of Graham v. Deere
The proper context for determining the issue of obviousnessis providediin the seminal decision

of Graham v, John Deere, 383 U.S. 1, 148 U.S.P.Q, 459 (1966). In that case, the U.S. 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 theprior 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 Contentof the Prior Art.
1. Queenet a/. teach the humanizationof 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 et al. teach the humanization of an anti-HSV antibody. They do not teach

the use of a human consensus variable domain to provide the framework for their non-human CDRs.

. / 3. Wallick et a/. teach the importance of glycosylation for maintaining the affinity
of a monoclonal antibody for its antigen. They do not teach methods for humanization of antibodies,
nor teach the creation of a human antibody variable domain consensus sequence.

4. Reichmann et a/. teach the humanization of an antiCAMPATH-1 antibody.
They do not teach the creation of a human antibody variable domain consensus sequence, or suggest
that such might be desirable to provide the framework for their non-human antibody CDRs.

b. The Differences Between the Prior Art and the Claims at Issue

_The Examiner has chosen various pieces of prior art and concludes that the combination of
these references would have.rendered 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 whichincluded 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 thefiling date to attempt to produce such a consensussequence oruseit 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 iinquiries 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 Co. v. American Cyanami
Co.,-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 innovate,.
whether by patient, and often expensive, systematic research or by extraordinary
insights, it makes no difference which.

The inventors submit that one who followed the conventional wisdom would not have
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extrapolated from the teachings ofthe cited references methodsfor using a consensus humanantibody
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 obviousnessin this regard.

The inventors submit thatin light of the foregoing amendments and remarks the subject matter

defined by the pending claimsis useful, enabled, and patentable over the references relied upon by the
Examiner, which.in no way teach or suggest the invention. The inventors believe the claims are now
in condition for allowance arid earnestly solicit a Notice to that effect. lf the Examiner has any ©

_questions, she should feel free to contact the undersigned attorney at the telephone numberindicated
above.

Respectfully Submitted,
GENENTECH, INC.

Cauehy MA
Carolyn R. Adler
Reg. No. 32,324

29 January 1993

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. 20231, on 29

January 1993. . G NhDated:_29 January, 1993. - fe. -
: Carolyn R /Adler
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INTRODUCTION

: Our earlier "Variable Regions of Immunoglobulin Chains”
(1), 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, B2-microglobulins, antigens
of the major histocompatibility complex (HLA, H-2, Ia, DR) as well
as of Thy-1, complement, T-lymphocytereceptors 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 after
the name of the clone. We have continued to use the PROPHET
Software Package of the National Center for Research Resources,
National Institutes of Health (7,8) to tabulate the sequences.

In compiling the data for this Fifth Edition we have tried to be as
up-to-date as possible and have included only sequences which have
been published or which have been accepted for publication.
Residues which have not been definitely determined have been
excluded. It should be remembered that sequences are often
published in review articles without detailed documentary evidence.
These have often been revised. We have listed such revisions in the
notes in many instances; others can readily he found by comparison
with sequences in previous editions. We have compiled sequences
determined directly as amino acids and have merged with them those
translated from the nucleotide sequences thus making all comparable
data available. When antibody activities were known, they have
been listed after the amino acid and nucleotide sequence tables and
are included in the indexes. :'

When doubts arise ds to the validity of any residue in a sequence,
the original reference shovld 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 convérting 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 "checked with
GenBank". We have entered many nucleotide’ sequences which were not
then available from GenBank. In general, we have not included
stretches of .sequence such as enhancers, switch ,regions and
intxons. Much information about such sequences may be found in
references (10-13). We have also had access to the Protein
Information Resource (14) 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 theprobability that a given amino acid at a given position may not becorrect. This is most readily done for the framework residues of
the V~xregion and for the C-region; in the complementarity—determining regions this is more difficult because of -the high
variability.

AMINO ACID SEQUENCES

The first column in each table gives the residue number. Except for
complement, T-cell surface antigens, integrins and miscellaneousproteins, the second column is a tabulation of invariant residues.Since exceptions to invariance are found, the frequency, if lessthan 1.0 and greater than or equal to 0.95, is indicated alongside
the xesidue 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 that position andthat the sequence continues. {fn all instances residues considered
uncertain by the authors have not been included in the table. Insome instances the symbol # is used to indicate that several amino
acid residues were found in one position, and these residues areListed 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 jnckuded only in tables with more than five
sequences. Miscellaneous tables have only columns corresponding to
the first two above. ‘ :

Variability is calculated (16) as:
Number of different amino acids occurring

at a given position 
Variability =

Frequency of the most common amino acidat that position

An invariant position would have a variability of one; if ‘20 amino
acids occurred with equal frequency, the variability, would be 20divided by 0.05 equals 400. If, for example, four different aminoacids Ser, Asp, Pro, and Thr occurred at a given position, and of
100 sequences available at that position, Ser occurred 80 times,the variability would be 4/0.8 = 5. When any of the amino acidresidues, sequenced directly as amino acids, were not identified
completely and are listed as Glx (or Asx), two values, separated bya comma, are given in the last three columns. The first value ineach of thése columns is calculated assuming that only.one of the
two possibilities, @.g-,- Glu or Gin (or ASp oF Asn) occurred, whilethe 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 usedin the next to last column. If no sequence data have been reportedfor any position, there are no entries in the last four columns.Variability is not calculated for insertions or if only a single
sequence is known. When the translated sequence of a clonecorresponds to a previously listed sequence of a plasmacytoma from
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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 fer 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, put often several references are
included, especially when revisions of a sequence have been made.
Notes are of two types: general notes about a table indicated by
the symbol #, and specific notes indicated by the sequence number.

Signal Sequences .
The signal (precursor) amino acid sequences of immunoglobulin
chains are listed as human, mouse, and-.miscellaneous for kappa
Light chains, for lambda light chains, and for heavy chains for a
total of nine precursor tables. They were obtained either by direct
sequencing of signal proteins (17-19) or by translating nucleotide
sequences from DNA clones. Signal segments range from 17-29 amino

acid residues in length and are thus numbered from +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 -1.

The signal amino acid sequences of the T-cell receptors for
antigens, B2-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-Trp-Val~-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 Vj, and mouse V, light
chains aligned for maximum sequence similarity (16,23,24,27).
These and the three corresponding segments of the heavy chains (27)
were hypothesized (16,27) to be the complementarity~determining
regions or -segments (CDR) containing the residues which make
contact with various antigenic determinants, several years before
high resolution x-ray structures were determined, and this has now
been verified by X-ray diffraction studies at high resolution for
all antibodies examined Figures ‘3-47. The proposed fourth
hypervariable region (cf. 30) of heavy chains is not part of the
antibody combining site (27). The rest of the V~-region constitutes
the framework (16,27,45-54). It is convenient to identify the
framework: segments {FR1, FR2, FR3, and FR4) ana the
complementarity-determining segments (CDRL, CDR2, and CDR3) 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. , . 



 

 

 

TABLE I

Amino Acid Residues. Associated with Framework (FR) and
Complementarity Determining Regions (CDR) of the variable Domains

of Immunoglobulin Light (V,) and Heavy (V,) Chains

Light Chain Heavy ChainSegment

FR1 4-23 (with an occasional 1-30 (with an occasional
residve at 0, and a residue at 0)
deletion at 10 in VY, chains)

CDR1 24-34 (with possible 31-35 (with possible
insertions numbered insertions numbered
as 27A,B,C,D,E,F) as 35A,B8)

FR2?° 35-49? 36-49
CDR2 50-56 50-65 (with possible

insertions numbered

as 52A,B,C)*

FR3 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,5,F) 100A, B,C,D, By F/G) Hy 1,9, K)

FR4 98-107 (with a possible
insertion numbered ‘as 106A) 103-113

4 pive Basilea rabbits (A) immunized with type II pneumococci and
which produced anti-type II pneumococcal polysaccharide had Met atposition 48 and an insertion of four amino acid residues betweenpositions 48 and 49; in four of the five the sequence was Glu, Leu,Lys, Sex and the fifth was Trp, Leu, Arg, Lys (53,54,63,64); theothers were not sequenced at these positions (for references see
table of rabbit A amino acid sequences.)
» In the rabbit, Mage et al. (65) consider position 65 in Vy to be
in FR3, since it is allotype related.  
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The V-genes for the light chains code to amino acid position 95,
and the J-minigenes from position 97 to 107 for lambda and 108 for
kappa light chains. Position 96 is usually the site of V+JI joining
by recombination and may be coded partly by the V~gene 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 lecation
of the inserted residues from 97A-F (2) to 9SA-F, since it makes
for better alignment by confining chains of different lengths to
the V-gene region. In mouse V, chains, Jl and J2 were used 5 to 10
times more frequently than J4 and JS (55).

The V-genes for the heavy chains code up to amino acid position 94
and are followed by the D- and J-minigenes. Because of the
extensive variation in the’ lengths of D-minigenes, and their
ability to be read in different reading frames (56), the exact
boundary between D and J is not always located at the same amino
acid position. In addition, the lengths of the J encoded amino acid
sequences vary by a few amino acid residues. Moreover, the process
of D-J joining appears to involve insertions of extra nucleotides
between V and D and between D and J, termed the N region (57+61)
and correlates with the appearance of terminal deoxytransferase in
B cells (60). The original numbering system for the heavy chains
has therefore been retained. Wysocki et al. (61) have provided some
evidence suggesting a non-random origin for the Vy-D,y junction,.’
perhaps a minigene, rather than xvandom addition of the N-
nucleotides. Light chains do not appear to have N sequences at the
V,-J, junction (62), but show an additional residue 95A which’
probably results from V,-J, joining. N sequences are generally rare
in fetal and neonatal mouse V,-D-J, junctions (62), only 1/87 DNA
and 17/146 RNA sequences contained N regions, an incidence much
lower than in adults indicating that N insertion is developmentally
regulated both in T and B cells. P elements also contribute to
diversity but are templated (62a).

In the tables of V-regions, ‘the FR and CDR are separated by
horizontal lines for convenience in reading, One mouse kappa light
chain, MPC 11; has an extra segment of 12 amino acid residues
between position 1 and the signal sequence (66). Several chainshave internal deletions. .
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Figure 1 (50) shows the domain structure for IgGl protein EU.Numbering on the left half indicates the CDR for the light and
heavy chains (50), while that on. the right nalf gives the EU
numbering (67).

30 
 
 
 PAPAIN

SPLITShb

FIG. 1. Schematic view of four-chain structure of human IgGl, molecule. Numbers
on xight side: actual yvesidue numbers in protein EU {Edelman et al, 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). Heavychains of EU have residue 52A, three residues 82A,B,C, and lack residues termed
100A,B,C,D,E,F,G,H,1,5,K, and 35A,8. Thus residue 110 (end of variable region)is 114 in actual sequence. Hypexvariable regions, complementarity-determining
segments or regiona (CDR): -heavier lines. Vi, and Vyr Light and heavy chainvariable region; Cyl, Cy2, Cy3t domains of constant region of heavy chain: C,:
constant region of light chain. Hinge xegion in which two heavy chains are.
linked by disulfide bonds is indicated approximately. Attachment of carbohydrateig 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 genexation 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 neavily upon such sequences. The role
and scope Vy and V, chains in contributing to binding of. the epitope
must be resolved. This can be often accomplished by use of
immunochemical data-in defining antibody combining sites (68,70-73)
in addition to other methodologies such as 2D=-NMR (71,51), or high
resolution X-ray crystallography. ,

Through the generous cooperation of X-ray crystallographers we have
been provided with the a-carbon coordinates of almost all available
Fab molecules, V, 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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Serial No. 715272 ~2-

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 use 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 acia be described in the following ~ x
manner: “an import antibody comprising the amino acid sequence of

a non-human antibody which binds to ...". The language Oo
"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 y
under 35 USC 112 first paragraph as lacking enablement for the Y
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 j



 
Serial No. 715272 ~3-

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 1-11 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 theCDRs
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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Art Unit 1806

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 js 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 newly@added claim 19 is maintained, since there we
is no set standard for determining what is reasonable | S&S .
interaction, or interfacing or what amount of glycosylation |
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 required to
exemplify every embodiment, however, if the claim requires the

presence of a certain sequence which does not exist in a

particular isotype, than clearly there is a lack of enablement
for making that particular embodiment of the claim.

The rejections of claims 1,2,5-10 under 35 USC 102(a) and

102(b) is maintained and newly added claims 17-21 are rejected
under 35 USC 102(a) and 35 USC 102(b) as being anticipated by
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Art Unit

Queen et. al. or Co et. al. for the same reasons as set forth in

the previous Office action. |
Applicant argues that the distinction between the priorart

and the instant invention is that the framework amino acids are
chosen from a consensus human variable region. However, as
previously mentioned there is no clear indication of what is
meant by consensus variable regions and as it is stated by

applicant on page 14 of the response the chosen amino acids in
the references may indeed be the same as what applicant calls
consensus variable domain sequences.

The rejection of claims 3 and 4 under 35 USC 103 is -
maintained for the same reasons as set forth in the previous
Office action. Applicant. again argues that the use of "consensus

region variable domains" is different from the prior art methods,
however, as previously mentioned, theconsensus amino acids may
be the same as the most homologous murine antibodies of the

references. The lack of clarity of the language "consensus"

amino acid region" is what allows this particular interpretation
of the claims. .

Claims 17,18, 20 and 21 are rejected under 35 U.S.C. § 112,

second paragraph, as being indefinite for failing to particularly
point out and distinctly claim the subject, matter which

applicant regards as the invention. New claims 17,18,20 and 21
are indefinite in that there are no discrete method steps.
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Art Unit

THIS ACTION I8 MADE FINAL. Applicant is reminded of the

extension of time policy as set forth in 37 C.F.R. § 1.136{(a).

A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS FINAL
ACTION IS SET TO EXPIRE THREE MONTHS FROM THE DATE OF THIS
ACTION. IN THE EVENT A FIRST RESPONSE IS FILED WITHIN TWO MONTHS
OF THE MAILING DATE OF THIS FINAL ACTION AND THE ADVISORY ACTION
IS NOT MAILED UNTIL AFTER THE END OF THE THREE-MONTH SHORTENED
STATUTORY PERIOD, THEN THE SHORTENED STATUTORY PERIOD WILL EXPIRE
ON THE DATE THE ADVISORY ACTION IS MAILED, AND ANY EXTENSION FEE
PURSUANT TO 37 C.F.R. § 1.136(a) WILL BE CALCULATED FROM THE
MAILING DATE OF THE ADVISORY ACTION. IN NO EVENT WILL THE
STATUTORY PERIOD FOR RESPONSE EXPIRE LATER THAN SIX MONTHS FROM
THE DATE OF THIS FINAL ACTION.

Any inquiry concerning this communication or earlier
communications from the examiner should be directed to Lila
Feisee whose telephone number is (703) 308-2731. ;

Any inquiry of a general nature or relating to the status of
this application.should be directed to the Group receptionist
whose telephone number is (703) 308-0196.

Feisee/em
May 18, 1993

ID L. LACEY
SUPERVISORY PATENT EXAMINER

. GROUP189°
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 ’ Attorney Docket No.709
Examiner:L. FEISEE

Group Art Unit 1806

Filed: June 14, 1991

For: Immunoglobulin Variants  
Honorable Commissioner of Patents 3

and Trademarks an Le
Washington, D.C. 20231 Ce EN
Sir: ,

Transmitted herewith is an amendmentin the above-identified application.

The fee has been calculated as’ shown below.

(Col. 1) (Col. 2) (Col. 3)seem Se  

Claims ~ Highest No.
Remaining Previously

After Paid For
Amendment
  

First Presentation of Multiple Dep. ClaimaH AREER 

 
TOTAL... $ 0

*If the entry in Col. 1 is less than the entry in Col. 2, write "0" In Col. 3.
**14 the “Highest Number Previously Paid For" IN THIS SPACE is less than 20, write "20" jn this space.

wrTF 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 feeis required.
2. xX 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 additionalfiling fees required under 37 CFR 1.1 6.x.
xX. ny patent application processing fees under 37 CFR'1.17.

Dated: September 20, 1993  
Janet E. Hasak
Registration No. 28,616

CERTIFICATE OF MAILING 

I hereby certify that this correspondence is being deposited with the U.S. Postal Service on the date below as
first class mail in an envelope addressed to: Commissioner of Patents and Trademarks, ashington, 0.C. 20231.

pated: 2 Sep 1992 -Louise Strasbaugh
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: Filed: June 14, 1991

For: Immunoglobulin Variants-

PETITION AND FEE FOR EXTENSION OF TIME (37 CFR 1.136(a))

Honorable Commissioner of Patents

and Trademarks /
- Washington, D.C, 20231

Sir:
Applicant petitions the Commissioner of Patents and Trademarks to extend the time for

response to the Office action dated 19 May 1993 for one month(s) 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 duplicateof this sheet is enclosed.

. Respectfully submitted,
GENENTECH, INC.

uroul
Janet E. Hasak

Reg. No. 28,616

Date: September 20, 1993
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CERTIFICATE OF MAILING (37 CFR 1.8a)

I hereby certify that this paper is being deposited with the United States Postal Service on the date shown
below with sufficient postage as first class mail in an envelope addressed to the: Commissioner of Patents and
Trademarks, Washington, D.C. 20231.

J V Date: September 20, 1993
Louisé Strasbaugh noone
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Group Art Unit: 1806 MeExaminer: L. FEISEE
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AMENDMENTAFTER FINAL. REJECTION PURSUANT TO 37 CFR g§ 1.116

Honorable Commissioner of Patents
and Trademarks

Washington, D.C. 20231
“oy

Sir:

This is responsive to the Office Action mailed May 19, 1993, which is afinal
rejection of claims 1 to 11 and 17 to 21. Claims 12 & 13 have been allowed. A requestfor
a one-month extension of time to respondis 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 page19, line 3, please delete "effect or" and insert --effector--.
On page 87; please amend Table 1-as follows:

line 6, please amend the heading of the secondtolast column to read
Kt}
lines 6 & 7, please amend the headingof the last column to read --Relative

w014.u

261



 

07/715272

IN THE CLAIMS:
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Page No. 2

cell proliferation'--;

line 8, please delete "proliferation";
line 10, pleaseamend the second to last column to read --25-- and thelast
column to read --102--.

Please cancel claims 14-16 and 18 from the application, without prejudice. Please
amendclaims 1, 3, 7, 17, 19, 20 and 21 as follows:

(Twice amerided) A method for making [at least a portion of] a humanized

_ antibody variable domain comprising aminoacid sequencesof an import antibody

w0l4.u

comprising a non-human antibody which is desired to be humanized [(import
antibody)] and a humanantibody, comprising the steps of:
a.

, obtaining the aminoacid sequences of an import variable domain and of |
a consensus human variable domain of a human immunoglobulin
subgroup;) ow
Be % ;

ideritifying Complementarity Determining Region (CDR) amino acid

sequencesin 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 sequencesthat
are non-homologous to the corresponding consensusantibody residues;
determining if the non-homologous import amino acid residue is

[reasonably] expected to haveat least one of the followingeffects:

1 non-covalently bindsantigen directly,
2. interacts with a CDR; or

3 participates in the V, - Vy interfaceby affecting the proximity or

orientation of the V, and V, 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 residuefor
the corresponding amino acid residue in the consensus antibody FR .
sequence; and

h. preparing a humanized antibody variable domain having amino acid
sequences determined in steps a-g.

In claim 3,line 4, please delete "reasonably".

17.

- corresponding CDR amino acid residuesof[

(Twice amended) A method for making a humanized antibody comprising
providing an import antibody com rising a non-humanantibody variable domain
amino acid sequence which is desired to be humanized [(import antibody)]
having a CDR and a ER, obtaining the amino acid sequence of {at least a portion
of] a consensus human antibody variable domain of a human immunoglobulin
subgroup, having a ‘CDR and a ER, substituting the non-human CDR for the
human CDRin the consensus human antibody variable domain, and then
substituting an aminoacid residue for the consensus amino acid residue at at
least one of the followingsites:

4L, 35L, 36L, 38L, 43L, 441, 46L, 58L, 62L, 63L, 64L, 65L, 66L, 67L, 6BL, 69L, 7OL,
TIL, 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.

(Amended) A method of making a humanized antibody variable domain
comprising the step of substituting Complementary Determining Region (CDR)
amino acid residues of a variable domain of a non-human antibody for the

using] a consensus human antibody

~ variable domain amino acid sequenceof a human immuno lobulin subgroup [in

w0li4.u

the preparation of a humanized antibody].
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(Amended) A method for making an improved antibody, comprising aminoacid

sequences from an import antibody comprising a non-human [(import)] antibody

and a human antibody, comprisingthe steps of:
a. obtaining the amino acid sequences of [at least a portion of] an import

antibody variable domain and of a consensus human antibody variable
domain of a human immunoglobulin subgroup;
identifying Complementarity Determining Region (CDR) amino acid
sequences in the import and the human [amino] variable domain
sequences; ,

substituting an import CDR amino acid sequence for the corresponding
human CDR amino acid sequence;

aligning the amino acid sequences of a Framework Region (FR) of the

import antibody and the corresponding FR of the consensusantibody;

identifying import antibody FRresidues in the aligned FR sequencesthat

are non-homologous to the corresponding consensus antibody residues;

determining if the non-homologous import amino acid residue is
[reasonably] expected to have at least one of the following effects:
1. non-covalentlybinds antigen directly, .
2, interacts witha CDR; or |

3. participates in the V, - Vy interface by affecting the proximity or |

orientation of the V, and V,, regions with respect to one another;
for any non-homologous import antibody amino acid residue which is
[reasonably] expected to haveatleast oneoftheseeffects, substituting that
residue for the corresponding amino acid residue in the consensus

antibody FR sequence[;and] zand
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 [, following the identification of an antibody] by the method
of any one of claims [1,] 7L] or 17 [-19, the manufacture of the antibody].

21. A method of making a humanized antibody comprising the 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, lor] 17, [-] or 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 prejudiceto file divisional
applications directed thereto.

| The proposed amendments tothe claims are purely in responseto the rejections
of the Final Action. No new matter has been introduced by the claim amendments.
These amendments should be considered under Rule 116 because they do not introduce
issues not already fully joined in this case and because they are believed to place the
claims in better condition for appeal. Further, they are offered in a good faith effort to
place this case in condition for allowance.

I. Amendments

The specification has been amended |to correct obvious typographicalerrors. With
respect to the amendment to Table 1 on page 87, a copy of Carter ef al., Proc. Natl. Acad.

_ Sci., 89, (1992) is attached, which is a publication of the experimental data disclosed in .
the above application, and waspublishedafter the filing date thereof.It is clear that the

w0l4.u
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last two column headings of Table 1 were inadvertently superimposed and the

amendmentto 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 * 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 amendedto 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
amendmentfound onatleast page 16,lines 29-32 and page 17, line 4. Claim 17, 19, and

20 have been amendedto recite a preamble and a positive step, which steps are clear
from at least the original set of claimsfiled.

IL: Rejections under 35 U.S.C. § 112, second paragraph

Mostofthe rejections under 35 U.S.C. § 112, second paragraph,which wereraised

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, whichrelate 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”becauseit 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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266



 

@ ®

07 /715272 Page No. 7
immunoglobulin subgroup". Information concerning the amino acid sequences of the
‘variable domainsof antibodies belonging to various human immunoglobulin subgroups
was compiled 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 to the ericlosed Kelley Declaration as Exhibit "B". Kabatet 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 subgroupsI to Ill (see pages 41-76 and 160-167 of Kabatetal.). 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 domainfor a particular human immunoglobulin subgroup asdefined 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
bindsto ...". Applicants understand that the Examiner considers that inclusion of the
wording "import antibody” in parentheses is unclear and thatthe rejection relates to
claims 1, 3, 4,5 and 7. In order to overcometherejection, claims 1, 7 and 19 have been
amended to recite "an import antibody comprising a non-humanantibody...". The non-
human, import antibody may be the muMAb4D5 disclosed in Example 1 of the
‘application, for example. Claims 3-5 depend on claim 1 and because there is clear
antecedence basis for the phrases “import antibody variable domain amino acid

w0l4.u
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~ sequence", ‘import sequence” and "import antibody” in claim 1, the’ rejection of these
claims is also rendered moot.

C. The Examiner has maintained the rejection of claim 1 under 35 U.S.C. §112,

"second paragraph, with respect to the wording. "reasonably expected” on the grounds
_ that it is not known whatcriteria 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 amendmentto the claims renders the rejection
moot. .

Applicants respectfully request that the maintainedrejectionsof 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.

Ill, Objection and Rejections under 35 U.S.C.§112, first aragraph
The Examiner has maintained the objection to the specification and the rejection

of claims 1 to 11 under 35 U.S.C. § 112,first paragraph as lacking enablement. New
claims 17 to.21 have also been rejected under 35 U.S.C. § 112,first paragraphas lacking
enablement. The varioussets of rejections are addressed separately below.

A. The Examiner has maintained the rejection of claim 1 and has rejected claims

19 to 21 forincluding the language “at least a portion”. In the interests of expediting
examination, claims 1, 7 and19 have been amended by deleting the wording "at least

a portion of" therefrom. Applicants submit that the amendmentofthe claims renders the
rejection of claims 1 and 19-20 under 35 USS.C..§ 112, first paragraph, moot and
respectfully request the withdrawal thereof.

B. The Examiner has maintained the rejection that step c) of claim 1 (i.e. the step

of substituting an import CDR amino acid sequence for the corresponding human CDR
amino acid sequence) is not enabled by the specification. The Examiner asserts that
there is no clear guidance in the specification to enable one of ordinary skill in the art |
to make the human "consensus variable domain’. The Examiner further asserts that the
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only guidance presented in the specification with regards to the substitutions is the
amino acid sequences of SEQID NO:3 and 4. Applicants understand that the basis for
the Examiner's rejection is that the information provided in the specification would not

“have enabled the ordinarily skilled biochemistto carry out the methodsclaimed in order
to produce a humanized antibody. . .

Applicants respectfully traverse this rejection on the groundsthat the specification
is enabling for the method claimed. In support of the above position, a Declaration
pursuantto 37 C.ER. § 1.132 by Robert Kelley is attached. See specifically his opinion
in paragraph 3 and the bases for this opinion set forth in paragraphs\4 to 7.

This Declaration was notearlier submitted because it was believed, in good faith,
that the rejection would be overcome without the need for a Declaration. Applicants
respectfully request the entry of this Declaration in the above application pursuant to
Rule 116, because it does not introduce issues not already fully joined in this case. The
Declaration is offered in a goodfaith effort to place this case in condition for allowance.

As discussed under section II (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 Kabatet al. The
immunoglobulin subgroups referred to in Kabatet 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 wereidentified (i.e. the "consensus humanvariable 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 (Le. light
chains kappa subgroup I and heavy chains subgroupIII) as disclosed in Kabatet 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 domainof another human immunoglobulin subgroup as defined in Kabatet al.
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ie. the consensus human variable domain for human kappalight chains subgroups i
to IV, human lambdalight chains subgroups I to VI, or human heavy chains subgroups
I or II (see pages 41-76 and 160-167 of Kabat et al.). Therefore, the skilled biochemist

* could have elected to.use a consensus human variable domainother than those defined

_as SEO ID NO: 3 & 4 on page 17 of the above application, as the consensus human
variable domains for other subgroups were compiled in Kabatet al. Page ix of Kabat
et al. identifies the residues forming the CDRregionsof heavy and light chain variable
domains tabulated from human and mouse variable domains. Kabatet al. have adopted
standardized numberingfor 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 Kabatetal. Alternatively,
the structural definition of Chothia etal., ]. 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 asfiled. ‘
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
manualtabulation of amino acid sequencesor a computer program which was known.
in the art prior to June 14, 1991. See paragraph 5 of the Kelley Declaration. .

Steps d to g of claim 1 would similarly have been straightforward to perform.
These steps of claim 1 relate to the identification of Framework Region (FR) residues in
the consensus human variable domain which are non-homologousto the corresponding

import FR residues and replacement of such non-homologous human residues with
corresponding import residues,if the residuesare expected to have any oneofthe effects
specified in step f. The locations of FR residues in human and mouse variable domains
are indicated in Kabatet al. (see page ix) and the structural definition of the FR’s was
available (see Chothia et al.) 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 whethera particular non-homologous import amino acid
_ residueis likely to have oneofthe 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-homologousresidue(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 relevantart, prior to June 14, 1991.
See paragraph 6 of the Declaration. |

| 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 outthe method claimed in the above
application, using the information providedin the specification and techniques which
were well knownin the relevantart, 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 withdrawnin light of the above submissions
and the Declaration. a ,

@. The Examinerhas maintained the rejection of claims 1 and 3, and hasrejected
claim 19 under 35 U.S.C. § 112,first paragraph, with respect to the wording "reasonably"
therein.In order to obviate the rejection, the wording "reasonably" has been deleted from
claims 1, 3 and 19. . .

Accordingly, Applicants request that the rejection of claims 1, 3 and 19 under 35
U.S.C. § 112, first paragraph, be withdrawn. |

' D, The Examiner has maintained the rejection of claims 6, 7 and 9 as lacking
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enablement under 35 U.S.C.’§ 112,first paragraph, the Examiner’s position being that the
amino acids are relevant to IgG only and not to other isotypes. Applicants respectfully
traverse this rejection on the basis that the immunoglobulin sites claimed would have

~ beenrelevant with respect to antibodies, other than IgG antibodies. Applicants refer the
_ Examiner to paragraphs8 & 9 of the Kelley Declaration which supportthis position. The

Examiner appears to suggest that the rejected claims cover sequences which would not
be found.in 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 aminoacid residues. Thesesites relate to the position of

a residueiin the 3-D structure of the variable domain. Kabat et al. have used universal
numbering for the aminoacid residuelocations of the variable domains for each of the
immunoglobulin subgroups mentioned therein. The FRresiduesites indicated may be
occupied by an amino acid residue which is non-homologous to the corresponding
consensus human variable domain residue, and which residue is 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 locationsor sites are applicable across species (see page 16, line8). Accordingly, .
it is likely that an aminoacid residue located at one of the sites indicatediin claims6, 7
and 9 will have one ofthe effects of claim 1 (step f) regardlessof the antibody in which
it is located. It is apparent that the particular sites claimed are applicable to_
-immunoglobulins other than IgG.

Accordingly, Applicants submit that the rejection of claims 6, 7 & 9 under 35
US.C. § 112, first paragraph, should be reconsidered and withdrawnin light of the
above submissions and Declaration. |

In light of the submissions presented in paragraphs A to D above, Applicants .
respectfully requestthat 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

IV. Rejection of claims 1, 2 and 5-10 under 35 U.S.C, 102 (a) and 102(b)
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 Queenef al., Proc. Natl. Acad. Sci., 86:10029-10033
(1989) and Co et al., Proc. Natl. Acad. Sci,, 88:2869-2873 (1991). The basis for the rejection
is that there is allegedly no clear indication as to what is meant by the consensus human
variable domain claimed in the above application.

To constitute anticipation, all material elements of a claim must be found in one
prior art source. In re Marshall, 198 USPQ 344 (CCPA 1978), In re Kalm, 154 USPQ 10
(CCPA 1967). Applicants will show that Queen et al. and Co 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 subgroup" as defined in the claims as amended has been discussed
above under Section II(A) of this response and in paragraph 4 of the Kelley Declaration,
those discussions being incorporated herein. Applicants submit that the meaning of the
phrase consensus humanvariable domain of a human immunoglobulin subgroup would
have beenclearly 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’s attention to paragraphs11-13 of the attached Declaration.
It is apparent from the information given in Table 1 of Exhibit C and in the Figures of

Exhibits D and E of the Kelley Declaration (see paragraphs 12 & 13 thereof), that the
variable domainsof the human immunoglobulin sequences used by Queenet al. and Co
et al. are not a consensus human variable domain of any human immunoglobulin
subgroupasset forth in the claims of the above application.
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Since, as shown above, Queen et al. and Co et 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, 5-10 and 17-21 under 35 U.S.C. §
102(a) and (b) can not be upheld and therefore request that the rejections be withdrawn.

V. Rejection of claims 3 and 4 under 35 U.S.C. § 103
Therejection of claims 3 and 4 as unpatentable under 35 U.S.C. § 103 over Queen

et al. or Co et al., supra, in view of Wallick et al., J. Exp. Med., 168 (1988) has been
maintained. The basis for the rejection relates to the alleged lack of clarity of the
language "consensus human variable domain”in the claimsof the above application. The
consensus human variable domain as defined in the above application would have been
readily understood bythe ordinarily skilled biochemist (see paragraph 4 of the Kelley
Declaration). Claim 1 of the above application relates to a method of using a consensus
human variable domain to "humanize" a non-human antibody (e.g. muMAb4D5). As

established in section IV above, use of a consensus human variable domain from a

human immunoglobulin subgroup is not disclosed in Queen et al. or Coet al.
The publication by Wallick et al. does not compensate for the deficiencies in the

primaryreferences. Wallick et al. refer to the importance of glycosylation for maintaining
antigen bindingaffinity.of monoclonal antibodies. Wallick etal. fail to disclose or suggest
a method of humanizing a non-human antibody, much less a method of humanizing a
non-human antibody using a consensus human variable domain of a immunoglobulin
subgroup. The skilled biochemist would have had -no motivation to use a consensus |
humanvariable domain based onthe 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 thelikelihood of introducing distortions into the CDR’s
(see column 2 on page 10031 of Queenet al.) and "to retain high bindingaffinity in the
humanized antibody”(see column 1 on page 2871 of Coetal). 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 thepriorart. It was surprising that a consensusvariable
domain of a selected immunoglobulin subgroup could be used to humanize a non-

humanantibody, regardless of the degree of homology between the human and non-
human amino acid sequences.It was also surprising that the humanized antibody so
formedretained, and in someinstances, had increased antigen bindingaffinity compared

to the non-human antibody from which it was derived. The above application shows
that the huMAb4D5-8 variantactually binds the p185""” ECD 3-fold moretightly than

muMAb4D5 (see page 82 lines 31 & 32.to page 83, line 1 of the specification) which
could not have been predicted by the ordinarily skilled biochemist. See paragraph 15 of
the Kelley Declaration. The evidence of unexpected 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 artfailed to disclose, or suggest,
the invention claimed in claim 1 and, moreover, the method resulted in a new and

unexpected result which could not have-been reasonably predicted from the art.
Claims 3 & 4 depend onclaim 1 which, as established above, is novel and

nonobviousoverthe citations. Claim 3 refers to the step of finding any glycosylation site
which is likely to affect the antigen binding oraffinity 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 sequerice. These claims would not have been obvious overthe prior art of
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record because the prior art failed to disclose the use of a human consensusvariable
domain to humanize the non-human antibody. Accordingly, the skilled biochemist
would have had no motivation to replace or insert glycosylation sites into a consensus
amino acid sequence, as claimedin claims 3 and4 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. ACS Hospital Systems, Inc. v.
Montefiore Hospital, 221 USPQ 929, 933 (Fed. Cir. 1984). The above discussion shows that
the cited references, alone or in combination, lack the requisite teaching of the use of a
consensus humanvariable domain to humanize a non-humanantibody. In this case, the

combinedart would not have reasonably enabled or motivated the skilled practitioner
to use a humanconsensusvariable domain in this manner, which provides a method of

making improved humanized antibodies. Accordingly, it is clear that the invention.
claimedin claims 3 & 4 is novel and nonobvious over the prior art of record. 7

Applicants submit that the rejection of claims 3 and 4 under 35 U.S.C. § 103 ©
should be reconsidered and withdrawn in light of the above submissions and the
Declaration.

VIL._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 eachrecite a
definite method step and claim 18 has been deleted.

Applicants respectfully request the withdrawal ofthe rejection of claims 17, 20,
and 21 under 35 U.S.C. § 112, second paragraph,in light of the amendments to the

claims,

Asall 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,INC.

Janet E. Hasak
Reg. No. 28,616

Date: September 20, 1993
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PATENT DOCKET 709 v AHE UNITED STATES PATENT AND TRADEMARK OFFICE

Group Art Unit: 1806 AF.
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460 Point San Bruno Boulevard

South San Francisco, CA 94080

In re Application of

Paul J. Carteret al.

Serial No. 07/715272

Filed: June 14, 1991

For: Immunoglobulin Variants

DECLARATION OF ROBERT F. KELLEY PURSUANT TO 37 CFR §1.132 

Honorable Commissioner of Patents
and Trademarks

Washington, D.C. 20231

Sir:
, ROBERT F, KELLEY, do hereby declare as follows:

1. | received my Ph.D. in Biochemistry in 1984 from the University of lowa. Following my Ph.D,
| was a NIH postdoctoral fellow in the Department of Molecular Biophysics & Biochemistry at Yale
University from July 1984 to December 1985. In 1986, | joined the Biocatalysis Department at

Genentech, Inc. as an Associate Scientist. In September 1988, | was promoted to Scientist and | am

employed in that capacity at present, (The Biocatalysis Department has been renamed “Protein

. Engineering"). | am-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”.

i 2.) understand ‘that the PatentOffice 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 biochemistto make the "consensus humanvariable domain” and substitute an import (i.e. non-

human) Complementary Determining Region (CDR) amino acid sequence forthe corresponding human

bo CDR amino acid sequence, as set forth in claim 1.1 further understand that the Office considers that
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‘the only guidancein the specification with regards to the substitutions is the amino acid sequences of

SEQ ID NO; 3 and 4.
3. |} 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 responseto the
rejection. In my opinion, the skilled biochemist could have readily carried out the method of claim Tin
order to make a humanized antibody, using the general knowledge available in the field on and before
June 14, 1991, and the information given in the above application. The bases for my opinion are given

in paragraphs 4 to 7 below.

4, Claim 1 relates to a method of making a humanized antibody. Steps a and b of claim 1, as

amended, discuss identification of the CDR amino acid sequences of a non-human import antibody (to
be humanized) and a consensus human variable domain of a human immunoglobulin subgroup. The’
consensus human variable domain constitutes an amino acid sequence comprising the most commonly
occurring amino acids at each position in the variable domain of a particular human immunoglobulin

_subgroup as defined by Kabat et a/., Sequences of Proteins of ImmunologicalInterest, Fourth Edition,
U.S. Dept. of Health & Human Services, pubs., (1987), a copy of which is attached as Exhibit"B". The
immunoglobulin subgroups referred to in Kabat ef 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 {i.e.
the "consensus human variable domain”). The skilled biochemist could have used the consensus human
variable domainsof the light chain and heavy chain subgroups having the greatest numberof sequences

(i.e. light chains kappa subgroup | and heavy chains subgroupIII) as disclosed in Kabat et a/. (see page
7, 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. (i.e. the consensus human variable domain for
human kappa light chains subgroups H to IV, human lambda light chains subgroups| to VI, or human

w012.u

279



 

07/715272 Page No. 3

heavy chains eubgroups lor ll [see pages 41-76 and 160-167 of Kabat et a/.]}. Therefore, the skilled
biochemist could have elected to use a consensus human variable domain other than those defined as

SEQ ID NO: 3 & 4 on page 17 of the above application, as the consensus human variable domains for

other subgroups were compiled in Kabat et a/. Page ix of Kabat et a/. identifies the residues forming

" the CDR regionsof heavy and light chain variable domains tabulated from human and mousevariable

domains. Kabat et a/, 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 a/. Alternatively, the

structural definition of Chothia et a/., J. Mo/. Biol., 196: 901-917 (1987) (see page 16, third paragraph

of the specification) could have been adoptedto identify the CDR regions of the consensus and import

variable domains. Hence, it would have been straightforward for the skilled biochemist to carry out

steps a and b of claim 1 using the information provided in the specification.
5. Step c of claim 1 discloses the step of replacing the corresponding human CDR sequence

with the import CDR amino acid sequence. This step could have been carried out routinely by the skilled

biochemist by manual tabulation or using a computer program such as the ALIGN program, (Dayhoff _

et al., Meth. Enzymol., 91:524-545 [1983]) which was available prior to June 14, 1991. Steps a to c

of claim 1 would have resulted in the characterization of a primary amino acid sequence encoding a

humanized variable domain with import (non-human).CDRregions.

6. Steps d to g of claim 1 relate to the identification of Framework Région (FR) residuesin 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 importresidues, if the

residues are expected to have any one of the effects specified in step f. The locations of FR residues .

in human and mouse variable domains are indicated in Kabat et a/. (see page ix) and the structural
definition of the FR’s was available (see Chothia et a/.) Hence, it would have been straightforward for

the skilled immunologist to identify the FR residues in the consensus human variable domain and the
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import sequence. Using computer programs (such as the INSIGHT program [Biosym Technologies],

available before June 14, 19914}, 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-homologousresidue(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.

_7. Steps a to g of claim 1 would have lead to the characterization of an amino acid sequence
of a humanized antibody having non-human CDR amino acid residues and, optionally, having one or
more non-human FR residues. In order to prepare the humanized antibody as claimed in claim 1, step

h, the skilled biochemist could have synthesized the antibody using a peptide synthesizer which was
commercially available before June 14, 1991. Alternatively, the antibody could have been made in
recombinantcell 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. 1 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 IgG 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 givenin 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 immunoglobulins. The residue sites
referred to in claims 6, 7 & 9 relate to the positionof a residue in the 3-D structure of the variable

domain. Kabat et a/, have used universal numbering for the amino acid residue locations of the variable

domains for each of the immunoglobulin subgroups mentioned 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 are applicable across species (see page
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 the.same position in the 3-D structure of the

antibody variable domainas 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 IgG antibodies. | .

10. | understand that the Patent Office has rejected the above application on the groundsthat

the invention as claimedis disclosed in Queen et a/., Proc. Natl. Acad. Sci., 86:10029-10033 (1989)
or Co et al., Proc. Natl, Acad. Sci., 88:2869-2873 (1991) and that the Office has suggested that the
human variable domains disclosed in thesereferences may have the same amino acid sequences as one
of the consensus human variable domains disclosed in Kabat et al,

11. The above statements regarding. the 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 antibodyof interest. The Queenet a/. and

Co et al. publicationsfail 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. Queeneta/. used the Eu humanvariable domain
sequence (see Fig 2 thereof) and Co et a/, used the variable domains of the Pom or Eu human
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antibodies (see Fig 1 thereof). The sequences used in Queen et a/. and Co et 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 eta/. 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 -
differences between these residues for variable domains of different antibodies, The Pom and Eu

variable domain sequences were taken from Kabat et al. The consensus humanvariable domainsof the

Vi lambda subgroups |V and V were not compared, as these subgroups have too few members. While
the variable domain of Euis classified in subgroups V, kappa | and V,,1, and the variable domain of Pom
is classified in subgroups V, kappa Iand V,, Hl, it is apparent that the Eu and Pom variable domain
amino acid sequences are not consensus human variable domains of any immunoglobulin 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 Pom and Eu heavy andlight 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

sequencesof the light chain variable domains of Eu, Pom and the cansensus variable domain of the V,
- 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, Pom and the
consensus variable domain of the V,, subgroup Hi (in which the heavy chain variable domain of Pom is

classified}. Even though Eu is classified in V, kappa |, it has seven framework residues which are

different from the framework residues of the kappa | consensus sequence. Furthermore, while Pom is

classified in the V,, Ill subgroup, eight of its framework residues differ from the corresponding
framework residues of the V, Ill consensus sequence. There are, of course, many differences between
the CDR residues of the consensus sequences and the corresponding CDR residues of Pom and Eu,
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It is clear from the information in Exhibits C; D, & E that the Queen etal. and Coet al. publicationsfail

' to disclose a method wherein a non-human import antibody is humanized using a consensus human

variable domain of an immunoglobulin subgroup.

14, | understand the Patent Office has rejected the above application on the basis that the

invention-claimed in claims 3 & 4 would have been obviousin light of Queen et a/., or Co et a/., when

read in conjunction with Wallick et a/., J. Exp. Med., 168 (1988). After reading these references,it

is my opinion that the invention claimed in claims 3 and4 is novel and would not have been obvious

in light of the citations. The basis for my opinion is given in the following paragraph.

15. Claim 1 of the above application relates to a method of using a consensus human variable
domain to "humanize" a non-humanantibody (e.g. muMAb4D5). Use of a consensus human variable

domain from a human immunoglobulin subgroup to humanize a non-human antibody is not.disclosed

in Queen et a/,, Co et al. or Wallick et a/. Wallick et a/. 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 non-human antibody, because the techniques in the prior literature had all relied upon using
a human variable domain sequence which has the closest sequence homology to the non-human

variable sequence (to be humanized) in order to reduce thelikelihood of introducing distortions into the

CDR’s (see column 2 on page 10031 of Queen et al.) or to "retain high binding affinity in the
humanized antibodies” (see column 1 on page 2871 of Co et a/.). The method claimed in the above

application does notrely on a high degree of homology betweenthe variable domain of the non-human
sequence and the consensus variable domain which is used to humanize the non-human sequence, It
wassurprising that a consensus variable domain of a selected immunoglobulin subgroup could be used

to humanize a non-humanantibody, 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 someinstances, had increased antigen binding affinity compared to the non-human antibody
from which it was derived. The above application shows that the huMAb4D5-8variant actually binds
the p185"*F? ECD 3-fold more tightly than muMAbD4D5 (see page 82 lines 31 & 32 to page 83, line 1
of the specification), which could not have been predicted by the ordinarily skilled biochemist at the
time the specification was filed. Claim 3 refers to the step of finding any glycosylation site whichis
likely to affect the antigen binding oraffinity 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-humen antibody. Accordingly, the skilled biochemist would have had no
motivation to replace or insert glycosylation sites into a consensus amino acid sequence, as claimed
in claims 3 and 4 of the application.

16. | declare further that all statements made herein of my own knowledge are true and that
all statements made on information andbelief are believed to be true; and further that these statements
were made with the knowledge thatwillful false statements and thelike so madeare 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.

“7

Dated: 9/20 [4 3 ~ Signed: loetoA v
 

 ROBERT F. KELLEY

CERTIFICATE OF MAILING
| hereby certify that this correspondenceis 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 20, 1993CouryShraxdaudv

Louise Strasbaugh

w012.u

285



© usr A

Robert F. Kelley CURRICULUM VITAE September, 1993

Work address:

Genentech,Inc.

Protein Engineering Dept.
South San Francisco, CA 94080.

Home address:

1029 San Felipe Ave,

San Bruno, CA 94066

Personal information: .

Birthdate: November 7, 1957
Married, Wife's name: Wendy L. Kelley
One child: Brian F. Kelley

Education:
_B.S., Biochemistry, Michigan State University, 197

Ph. D., Biochemistry, University of lowa, 1984

- Employment positions:
Teaching assistant, Chemistry Dept, Michigan State Univ., 1978-1979
Teaching assistant, Biochemistry Dept., University of lowa, 1979-1981
Graduate research assistant, Biochemistry Dept, University of Iowa, 1982-

April 1984
Poswoctoral associate, Biochemistry Dept., University of lowa, May 1984-

June 1984 |
NIH postdoctoral fellow, Dept. of Molecular Biophysics & Biochemistry,

Yale University, July 1984-Dee. 1985
Associate Scientist, Biocatalysis Dept., Genentech,Inc., January 1986-

September 1988
Scientist, Biomolecular Chemistry Dept, Genentech,Inc., September

1988-present oo
Awards and membership in professional organizations:

Biophysical Society, 1983-present
American Chemical Sociery, 1991-present

286



Scientific publications

Kelley, R-F.. & Stellwagen, 5. (1984) "Conformational transitions of thioredoxin
in guanidine hydrochloride”, Biochemistry 23, 5095-5102.

Kelley, R.F., Wilson, J., Bryant, C., & Stellwagen,E. (1986)"Effects of
guanidine hydrochioride on the refolding kinetics of denatured thioredoxin”,
Biochemistry 25, 728-732,

Wilson, J. Kelley, R-F.. Shalongo, W.. Lowery, D., & Stellwagen, E. (1986)
"Equilibniura and kinetic measurements of the conformational transitionof
thioredoxin in urea”,Biochemistry 25, 7560-7566.

Kelley, R.. Wilson, J., Bryant, C., Shalongo, w., Ledger, R., Lowery, D.. &
~ Stellwagen, E. (1986) "Folding of EB. coli thioredoxin into its sative

conformation” in Thioredoxin and Glutaredozin Systems: Structure &
Function (Holmgren, A., Branden, C.-L, Jornvall, H., & Sjoberg, B.-M.,
Eds.) pp 77-85, Raven Press, New York.

Kelley, R., Ledger, R., Shalongo, W., & Stelwagen,E. (1986)" Spectral and
hydrodynamic methods for identification of intermediates in provein folding",
UCLA Symp. Mol. Chem. Biol., New Ser. 39, 269-281.

Kelley, R.F., Shalongo, W., Jagannadham, M.V., & Steliwagen, E.(1987)
"Equilibrium and kinetic measurements ofthe conformational transition of
reduced thioredoxin”, Biochemistry 26, 1406-1411.

Kelley, R-F., & Richards, EM. (3987) "Replacement of proline 76 with alanine
eliminates the slowest kinetic phase in thioredoxin folding” Biochemistry 26,
6765-6774.

Cleary, S., Mulkerrin, MG., & Kelley, RF. (1989) “Purification andcharacterization oftissue plasminogen activator kringle-2 domain expressed in
E. coli", Biochemistry, 28, 1884-1891.

Kelley, R.F., & Cleary, S. (1989) "Effect of residue 65 substitutions on thermal ~
stability of tPA kringle-2 domain", Biochemistry 28, 4047-4054.



 

e 9
EXHIBIT C

. TABLE 7 -

SEQUENCE IDENTITY - (%)

CONSENSUS VARIABLE DOMAIN=EU POM
SUBGROUP |

V, kappal 92 - 76
V, kappa I 61 71
V, kappaIll 72 85
V, kappa IV . 73 78

~V, lambda| — 61 59
Vi, lambda Il 67 54
V, lambdaIII | 59 56
V, lambda VI | . 52 49

| Va! 83 64 .
Vy ll 53 62

61 . 91
Vy
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®@ EXHIBIT D ®

variable Light Domain
10 20 30 a0EU prqungsrSitsAsvoDRVEZICRASOSINELNYOORPOPTTTS

Kappa-1 | prghingsPSSLSASVGDRVTTICRASO=SNYLAWYQOKPGKAPKLLTYPOM mevaFoocLsASNaNATODISEHTRT
CDR-LA

50 80 90 100EU casseroleKappa-1 g,sunsovPshTS086SGTEFTLATSSLOPEDIADPICOONNEGGe
POM GG.rhnrscscsoteriSSLCSEOFATPICEEEIETSCDR-L2 . CDR-L3 .
EV GTKVEVKGT=x t

>

POM - G@TRVEIKR

KEY: * « Jifferences in FR residues
@ = differences In CDR residues —
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; EXHIBIT E
a

Variable Heavy Domain -
. 10 20 30 40 -EV CVOLVOSGAEVEKPGSSYIYSCKASGGTFSRSAIZHVROAPGOSLEWGwe RES *

human-iil EVOLVESGGGLVOPGGSLRLSCAASGFIFSSYYAMSWVROAPGKGLEWVS
. POM EVOLLESGGGLVOPGGSLRLSCAASGFIFSS  AMSHVRQRPGKGLEWVA

CDR-H1

. 50 a 60 - 70 80 abe 90
EU GIVPMFGPPNYAOKFOGRVTI TADESTNTAYMELS SLRSEDTAFYPCAG

: @ CeCe * ak eR we WHEY *human-IIT @GAGAe|CAGontSRONSRNTLYLQUNSLRREDTAVYYCAR
eaaee a * ¥ *

POM ‘ WKYENGNDKEYADSVNGRFTI SRNDSKNTLYLLNNSLOAEDTALYYCAR
CDR-H2 |

; 110
1 EV GYGIYSPE---3->EYNGGLVTVSS
t ( wre ww

human-ITIl GRGGGSDYer7"RGQGTLVIVSS
| @e aan )POM . SAGEIVSPTFFARYGOGTLVE
"a CDR-H3

KEY: * = differences In FR residues

@ = differences in CDR residues
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considered uncertain by the authors have not beenincludedin 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 columnsat the end of each table give: .

the numberof residues sequenced at that position,
the numberof different amino acids found at that position,
the numberof times the most Common amino acid occurred and that amino acid in parentheses, and
the variability. . .

On
s

Variability is calculated (11) as:
Numberof different amino acids occurring

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 would be 20 divided by 0.05 equals 400. If, for example, four different amino
acids Ser, Asp, Pro, and Thr occurred ata given position, and of 100 sequences available at that position,
Ser occurred 80 times, the variability would be 4/0.8 = 5, When any of the amino acid residuessequenced were not identified completely and are listed as Gix (or Asx), two values, separated bya
colon, are given in the last three columns. Thefirst value in each of these columnsis calculated assuming
that only oneof 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 entriesin the last four columns. Variability is not calculatedforinsertionsorif only.a single sequence is known. Whenthetranslated sequenceof 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 noteis included.

If agiven sequenceis associated with any antibody activity, this is indicated by an asterisk alongside
the protein heading, and the antibody specificities are given in a separatelist with binding constants
if available. The notes list the a-allotypesfor the rabbit heavy chain V-region and the b-allotypes forthe constant domain of the rabbit kappalight chain. A key reference to the sequenceis given; generally
the most recent reference sinceitis usually the most nearly complete, but often several reterences
are included, especially when revisions of a sequence have been made. Notes are now of two types,
general notes about a table indicated by the symbol #, and specific notes indicated by the sequence
number.

Signal Sequences

The signal (precursor) amino acid sequencesof immunoglobulin chainsare listed in three tables:
one for kappalight chains, one for lambdalight chains, and onefor 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 47-29 amino acid residuesin length and are thus numbered from
-29 to -1. Genomic DNAclones 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 -1.°

. t

The signal amino acid sequences of the T-cell receptors for antigens, Bo-microgiobulins,
major histocompatibility complex proteins, and complement components are listed in separate tables.

By conformational energy calculations, the core V, hydrophobic Leu-Leu-Leu-Trp-Val-Leu-Leu-
Leu (MOPC321, MOPCE63) exists in an alpha helical conformation, terminated by chain reversal confor-mationsin.the four C-terminal residues Trp-Val-Pro-Gly; the four amino terminal residues are compatible
with the alpha helix (15).

‘Variable Region Sequences

The variable regions (16) of imraunogiobulins have been shownto contain hypervariable segments
in their light (11,17-23) and heavy (22,24-27) chains,of which certain residues have beenaffinity jJabeled
(28-41). Three hypervariable segments of light chain were delineated from a statistical examination
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of sequences of human V,, human Vj, and mouse V,, 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 compiementarity-determining regions or segments (CDR) containing the residues
which make contact with various antigenic determinants, and this has beenverified 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 convenientto identify the framework segments (FA1, FR2, FR3, and FR4) andthe complementarity-
determining segments (CDR1, CDAR2, and CDR3) with the three CORsseparating the four FRs. The
residue numbers for these segments are as follows:

Segment Light Chain ~ Heavy Chain

FR1 1-23 (with an occasional 41-30 (with an occasional
residue at 0, anda residue at 0) |
deletion at 10 in Vj chains) _

CDR1 24-34 (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

CDR2 50-56 : 50-65 (with possible
insertions numbered

as 52A,B,C)4

FR 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) 100A,8,C,D,E,F,G,H,1,J,K)
FR4 98-107 (with a possible mo 4103-113

insertion numbered
as 106A)

® In the rabbit, Mage eft a/. (69) consider position 65 in Vy to be in FR3, since it is allotype related.

In the tables of V-regions, the FR and CDRare separated by horizontal lines for convenience
in reading. One mouse kappalight chain, MPC11, has an extra segment of 12 amino acid residues
betweenposition 1 and the signal sequence (70). Several chains have internal deletions.

In the tables, the V-genesfor the light chains code to amino acid position 95, and the Jamninigenes
from position 97 to 107 for lambda and 108 for kappalight chains. Position 96 is usually the site of VJ
joining by recombination and may be codedpartlyby the V-gene and partly by the J-minigene. Because
the site of V-J recombination could occurat different positions within a codon,different amino acid
residues mayresult at this position, We have changedthelocation of the inserted residues from 97A-
F (2) to 95A-F,since it makesfor better alignment by confining chainsof different lengths to the V-gene
region. In V, chains, J1 and J2 were used 5 to 10 times more frequently than J4 and J5 (71).

The V-genesfor the heavy chains code up to amino acid position 94 and aré followed by the D-
and J-minigenes. Becauseof the extensive variation in the lengths of D-minigenes, the exact boundary
between D and Jis not always located at the same amino acid position. in addition, the lengths of the
J encoded amino acid sequences vary by a few amino acid residues. Moreover, the process of D-J
joining appearsto involve insertions of extra nucleotides between V and D and between D and J, termed
the N region (72-76) and correlates with the appearanceof terminal deoxytransferase in B cells (75).
The original numbering system for the heavy chains has therefore been retained. Wysocki et a/. (76)
have provided some evidence suggesting a non-random origin for the V}4-D}4 junction, perhaps a
minigene, rather than random addition of the N nucleotides. : ‘

It has becomeevidentthat a critical understanding of the architecture of antibody combiningsites
and the genetics of the generation of diversity and of antibody complementarity will depend to a great
extent on the evaluation of a farge numberof sequencesof the variable regions and especially of the

- complementarity-determining segments of light and heavy chains of immunoglobulinsof different spe-
cies. Ability to locate residuesin the site making contact with antigenic determinants (77) andto predict
(67,78-82) the structures of antibody combiningsites will depend heavily upon such sequences.

Figures 1 and 2 are stereoviews of the a-carbon skeletons of the four Fv eons for which highresolution X-ray structures have been determined, NEWM (44), KOL (62), MCPC603 (47, 48, 63), and
J539 (64). The residues in the CDRs are shown as solid circles. In Fig. 1 the combining site isat the
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HUMAN KAPPA LIGHT CHAINS SUBGROUP f {cont'd
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HUMAN KAPPA LIGHT CHAINS SUBGROUP } {cont'd)
48 49 50 St $2 53° $4 56 57 58 59 60 63 62 63 64 65 66° 67" 68 69 70 71 72,HBS FAA GR PAUL MON HEI POT S- AMYLOID BJ —L JBL PAP CAR MEV BI AMYLOID CRA DAV FIN KA Vd LUX NE Ve4 Gu BAN 18 * £S305 ch CLe wv wv e
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5 THR THR6 GLN GLN7 SER SER8 PRO PRO3 SER SER
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50 LYS51 THR

§ 52 SER5 83 SER2 $4 Leu55 GLU56 ARG
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97 98 99 100 104 102 104* 105 106 «107° 108 109 110 a4 OF # OF OCCURRENCES.- LOD HB. N AA MYLO AR A y HBS N  AMYLO! u 131 SE cx AN &J Be Ga OM MUK A vrRio MAR AMYLOID BJ’ HBI PE MYLOIO GM131 QUENCES AMINO OF MOST COMMON10 6 MS "CL ACIDS AMINO ACID* *

° was Tee we o ws wee Tr vee at T= T= wT 7 T{IPGA)1 ASP ASP ASP ASP ASP ASP ASP ASP ASP ASX ASP ASP ASP a 109 3: 4 103(ASP) : QS{ASP)2 WE KE IE We NE ILE LE LE LE ILE ILE 2 — . 107 4 1O1UILE)3  GLN GLN GLN GLN GLN GLY GUN GiN Ww GLN GLN GUN - 108 8 baie93(GLN)4 MET MET MET jeu MET MET iev ET MET MET MéT MET oer 106 4 ET)5 THR THA THR THR THR THR THR THA ro THR THR THR “ 108 3 106(THA)6  GLN GLN GLN GLN GLN GEN GLN GLN iN GLN GLN a 107 a: 2 ronGLN"AGOLN)5 SER SEA SER SER SER SER SER SER SER 108 3g PRO PRO PRO PAO PRO. PRO PRO PRO PAO 105 3 103 SRO9 -SER SER SER SEAR ‘SER SER SER SER SER 105, 4 99(SER10 thr SER SER SEA thr SER SER SER SER 105 5 81(SER)}Ao LEU LEU LEU LEU LEU LEU LEU LEU 103 5 91 kEWAR 12 SER SER SER SER SEA SER 102 4 98{SER19 ALA ALA ALA val ALA 101 4 STALA)14 - SEAR _37 ? B&SER)18 VAL 97 3 93{1VAL16 33 2 92(1Gl7 93 3: 4 87(ASP): 7OIASP)mw ARG 99 6 82(ARG)9 +VAL a 3 BB(VAL}20 THR at 4 adie,2i ILE as 4 LE:22 . THR ag 7 75(TH23 cys _ 83 1 aaeys.24 GLN 78 "8 4HARG)25. ALA 75 4 TUVALA)26 SER 72 4 B7{SER)27 GLN 72 4 66(GLN) : 53(GLN)274 a 4 2 3(SER)278 4 2 3(VAL)27e 2 2 w+)S 270 2 2 WedR Bre 1 1 USER)+ 28 72 a 25(ASP) :  22(SER)23 71 5 S108)30 68 10241 35(SEA)-31 66 10 24(SER)32 66 7 33 oom33 64 4 BOULEU)34 . os 60 7: 8  24(ASN) 2 22(ALA)35 : : ; 63 i 63(TRP)36 61 2 S7(T YR)37 60 4 GEN): S5(Gtny38 58 4 EelGIN SO(GLN.39 55 4 50 LYS)40 - 57 4 54(PRO)pO 4) a 44 3 soGty)A 42 a 46 § 35{LYS'2 43 a7 2 A2{ALAS44 a a7 1 47(PRO)45 AT 6 AuLys)46 46 ? So{LEU)47 45 2 44{LEU)48 43 2 42(ILE}Ag 45 4 AZTYR)$0 45 7: 8 434 *c 33 45 5 39lALA}5 8 aa 4 4{SER)Rg 83 . . ~ 43 5: 6 18(SER)2 54 - 144 2 a3(LEU)55 44 7 20(GLU56 AZ Zz BrISER$7 43 1 GLY58 43 2 2tVAL) 42 4 39(PRO)60 42 i 4XSER)63 43 a SARS62 43 3 41(PHE)63 43 7 36(SEBA)54 43 1 AXGLY)65 42 4 38 Sen}86 43 3 4UGLY!67 41 3 38(SER)68 -- 41 3 seer }69 - 41 3° a(THA)70 at 5: 6 25(ASP 23{ASP)pe 2 40 4 B(PHEA 72 40 4 3 THAR 73 oo 40 3 SuceU)74 a 40 4 THR)75 40 3 ae)76 33 2 ase77 40 5 agen78 LEU 40 2 a5(Leu79 GLN 40 2:3 a9(GLN} :_35(GLN)80 PRO a0 3 PRO!a3 GLU 40 3: 5 291GLU) : 26(GLU)Be ASP a0 +22 A01ASP) 37(ASP)83 PHE 40 4 PHE)Ba ALA 40 2 39 ALA)8s THR 40 4 37(THR)86 TYR a2 2 auTYR)87 TYR ai 2 4QTYR'88 cys 42 1 42(CYS)a9 GLN 43 3: 4 AO(GLN) : 37{GLN)30 oo GUN 43 3:4 3S1GLN) 1 34(GLN)93 HIS 45 10511 24(TYR)92 ASP a6 8 4SIASN) 2 1 + )93 MIS. 46 9 20(SER)
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ANTIBODY SPECIFICITIES: HUMAN KAPPA LIGHT CHAINS SUBGROUP I
ay

25)
39}
§3)
66)
67)
92)

104)

WEA: ANTI-3,4-PYAUVYLATED GALACTOSE MONOCLONAL
LOW: COLD AGGLUTININ WITH ANTI-BLOOD GROUP ! ACTIVITY
LAY; ANTEHUMAN GAMMA G1 AND G3 GLOBULINS; PO IDIOTYPE

HEL: COLD AGGLUTININ WITH ANTEGD (MEMBRANE-GLYCOLIPID- DEPENDENT) ACTIVITYDAV: ANTFHUMAN GAMMA G GLOBULIN
FIN: ANTIHUMAN GAMMA G GLOBULIN
WAG: ANTEDINITROPHENYL
MAR: ANTILIPOPROTEIN LIPASE

ALLOTYPE; HUMAN KAPPA LIGHT CHAINS SUBGROUP }
79) KUE: INV(2)

CLASS: HUMAN KAPPA LUGHT CHAINS SUBGROUP }
8)

33)
85)
74)
82)

WEA: “IGM-KAPPA
F-GUI:  1GG3-KAPPA
S-GU): IGG3-KAPPA
PW: TGGT-KAPPA
Ri: 1GG1-KAPPA

REFERENCE: HUMAN KAPPA UGHT CHAINS SUBGROUP 1
1)

2)
3)
4)
5}
6)

n
8)
9}

10)
24)
42)
13)
14)

18)
16)
47)
18}
19)
20)
21
22)
23)
24}
28)
26)
27)
28)
29)
30)
31)
32)
33)
34)
35)
36)
37)

39)
40)
4y)
42)
43)
44)
a5)
46)
avy
48)
49)
50)
$1)
52)
$3)
54)
55)
56)
sn
58)
59)
60)
61)
62)

ROY: HILSCHMANN.N. & CRAIG.L.C. (1965) PROC.NAT.ACAD.SCLUSA,.53.1403- 1409; HILSCHMANN.N, A282 Z.PHYSIOL,CHEM.,.948,peee, FEBS SYMPHILSCHMANN.N..BARNIKOL.H.U_HESS.M.. LANGER. B..PONSTINGL,H..STEINMETZ-KAYNE,.M. SUTE WATANABE,S. (1969
1587-74. (CHECKED BY AUTHOR WHO PROVIDED “ADDITIONAL RESIDUES TO THOSE PUBLISHED ANO CORRECTED RESIDUES 65 AND 67 ASGIVEN IN THE TABLE)

AU: SCHIECHL.H. 8 HILSCHMANN.N. (1971) Z.PHYSIOL.CHEM..352,111-115: (1972) 2.PHYSIOL.CHEM, 353.345-370. (CHECKED BY AUTHOR)
REI PALM.W. & HILSCHMANN.N. (1973) Z.PHYSIOL.CHEM.,354,1651-4654; (1975) Z.PHYSIOL.CHEM.,356,167-191, (CHECKED BY AUTHOR)
MAU:. WATANABE,S. 8 HILSCHMANN.N. (1970) 2.PHYSIOL.CHEM..951,1291- 1295. (CHECKED BY AUTHOR)HKIOVCL: BENTLEY.D.L, & RABBITTS.T.H. (1980) NATURE,288.730-733. (CHECKED BY AUTHOR 11/30/82)
SCW: EULITZ.M..GOTZE.D. & HILSCHMANN.N., (1972) 2.PHYSIOL.CHEM.,953,487-491; EULITZ.M, & HILSCHMANN.N. (1974) Z.PHYSIOL.CHEM.355.84 2-866.(CHECKED BY AUTHOR)
AG: TITANLK.SHINODA.T. & PUTNAM,F.W. (1968) J.BIOL.CHEM,,244.3550-3560. (CHECKED BY AUTHOR 06/15/83)
WEA: GONIF. & FRANGIONE,8. (1983) PROC.NAT.ACAD.SCI.USA.80,4837-4841. (CHECKED BY AUTHOR 03/29/84)HKIS7°CL: BENTLEY.D.L. & RABBITTS.T.H. (1983) CELL.32,181-189. .
HKI34'CL: BENTLEY,.O.L. & RABBITTS,T.H. (1983) CELL32,161-i89. /
DAUDI'CL: KLOBECK.H.G..COMBRIATO,G. & ZACHAU.H.G. (1984) NUC.ACIOS RES.,12.18,6995-7006.WALKER'CL: KLOBECKH.G..COMBRIATO.G. & ZACHAULH.G. (1984) NUC.ACIDS RES..12,18.6995-7006. (CHECKED BY AUTHOR 08/22/85 WHOCORRECTED RESIDUE 34)
HF3-18/6: ATKINSON,P.M..LAMPMAN,G.W. FURIE.8.C..NAPARSTEK.Y..SCHWARTZ,A.S..STOLLAR.B.D. & FURIE,B. (1985) J.CLIN.INVEST.,75.1 136-1143.(CHECKED BY AUTHOR 08/21/85)
HF2-113B:|ATKINSON,PM, (LAMPMAN.G.W.,FURIE,B.C..NAPARSTEK.Y..SCHWAATZ,R.S..STOLLAR,B.D. & FURIE.B. (1985) J.CLIN.INVEST.,75,13381143,(CHECKED BY AUTHOR 08/21/85)
MF2-18/2: ATKINSON,P.M..LAMPMAN.G.W..FURIE.B.C..NAPARSTEK.Y..SCHWARTZ.A.S..STOLLAR.B.D. & FURIE.B. (1985) J.CLININVEST.,75, 1138-1143.(CHECKED BY AUTHOR 08/21/85)*
HEQ-4/17: ATKINSON.P.M,.LAMPMAN.G.W.,.FURIE,B.C.,NAPARSTEK.Y..SCHWARTZ.A.S..STOLLAA.B.O. & FURIE.B. (1985) J.CLIN.INVEST..75,1 138-1143,(CHECKED BY AUTHOR 08/21/85) :
BJZ6: ALESCIO-ZONTAL. & BAGLIONI,C. (1970) EUR.J.BIOCHEM.,.18,450-463, (CHECKED BY AUTHOR)

RFZ: SMITHIES.O..GIBSON.0..FANNING.E.M..GOODFLIESH.R.M..GILMAN.S.G. & BALLANTYNE.D.L. (1971) BIOCHEMISTAY,10,4912-4921, (CHECKED BY
PSM: SHON.B.K. (1982) MOLAMMUNOQL.,19,63-86. (CHECKED BY AUTHOR 06/23/83)
HOM: SAVVIDOU.G..KLEIN.M..HORNE,G..HOFMANN,T., & DORRINGTON.KJ. (1981) MOL.IMMUNOL..18,.793-805.
ESM 1QG; KUAN.T.K..TUNG,E..WANG.LY. & WANG.A.C. (3981) IMMUNOL..44,265-271. (CHECKED BY AUTHOR 06/26/83)
ESM IGM: KUAN,T.K..TUNG.E..WANG.LY. & WANG,A.C. (7981) IMMUNOL..44,265-27t. (CHECKED BY AUTHOR 05/26/83)
WAT: STEVENS.F.J..WESTHOLM,E.A., PANAGIOTOPOULOS.N, SCHIFFER.M..POPP.R.A, & SOLOMON.A. (1981) J.MOL.SIOL..147,185-193. {CHECKED BYAUTHOR 08/26/1983)
AMYLOID VIH-B: GLENNER,G.G..TEARY.W.HERADA.M.ISERSKY.C. & PAGED. (1971) SCIENCE. 472,1150-1451. (CHECKED BY AUTHOR 09/22/78)
LOW: CAPRAJ,D..KEHOEJ-M.. WILLIAMS,B.C.JR.FEIZLT. & KUNKELH.G. (1972) PROC.NAT.ACAD.SCIUSA,69,40-43. (CHECKED BY AUTHOR WHOCORRECTED RESIDUE 16 AS GIVEN IN TABLE)
DIE: CAPRAJ.D, & KUNKEL.H.G. (1970) PROC.NAT.ACAD.SCI.USA,67,.87-92, (CHECKED BY AUTHOR)
CAR A; CAPRAJ.D. & KUNKEL,H.G. (1970) PROC.NAT.ACAD.SC!.USA.67.87-92. (CHECKED BY AUTHOR)
TE: CAPRAJ.D. & KUYNKEL.H.G.-(1970) PROG.NAT.ACAD.SCI.USA.67.87-92. (CHECKEO BY AUTHOR)
BJ48: ALESCIO-ZONTA,L. & BAGLIONIGC. (1970) EURWJ.BIOCHEM.,15.450-463. (CHECKED BY AUTHOR)
CON: NIALL.H.D. & EOMAN.P. (1967) NATURE,216,262-263. (CHECKED BY AUTHOR: 07/25/79)
TRA: NIALL.H.D. & EDMAN,P. (1967) NATURE,216.262-263. (CHECKED BY AUTHOR 07/25/79)
AMYLOID LEP: LIANAB..SKINNER.M..BENSON.M.D. & COHEN.A.S. (1977) BIOCHIM.BIOPHYS ACTA,491,167- 176.F-GUIt WANG,A.C..FUDENBEAG.H.H. & CREYSSEL,R. (1982) ACTA HAEMAT..66.187-195. (CHECKED BY AUTHOR 05/26/83)
OUUOC): KOHLEALH..SHIMIZU.A..PAUL.C. & PUTNAMLE.W. (1970) SCIENCE.169,56-59. (KAPLAN.A.P. 8 METZGER.H. (1969) BIOCHEMISTRY.9.3944-9951)(CHECKED BY AUTHOR 06/15/83)
DEE: MILSTEIN,C. & DEVERSON,E.V. (1971) BIOCHEM.J..123.945-958. (CHECKED BY AUTHOR)
GALO): LAURE,C.J..WATANABE.S. & HILSCHMANN.N. (1973) 2.PHYSIOL.CHEM..354,1503-1504. (CHECKED BY AUTHOR)
JOH: CAPRAA.D. & KUNKELH.G. (1970) PROG.NAT.ACAD.SC}.USA.67,87-92, (CHECKED BY AUTHOR)
KER: MILSTEIN.C. (1966) BIOCHEM.J..101,352-368. (CHECKED BY AUTHOR WHO PROVIDED ADDITIONAL RESIDUES TO THOSE PUBLISHED)
LAY: KAPLANLA.P. & METZGER.H, (1969) BIOCHEMISTRY.8,3944-3951. (CHECKED BY AUTHOR): KLAPPER.D.G. & CAPRAS.D. (1976)ANN.IMMUNOL.(INST.PASTEUR).127C.263-271. (CHECKED BY AUTHOR 08/01/79)
BRA: WANG.A.C.,WELLS.J.V..FUDENBEAG.H.H. & GERGELY. (1974) IMMUNOCHEM,11,341-345. (CHECKED BY AUTHOR)WES: ' KRATZIN.H..YANG.C.Y..KRUSCHEJ.U. & HILSCHMANN,N. (1980) 2.PHYSIOL.CHEM..361,1591-1598.
Vb'CL: PECH.M..JAENICHEN,H.-A..PORLENZ.H.-D..NEUMAIER.P.S..KLOBECK.H.-G. & ZACHAUH.G. (1984) J.MOL.BIOL..176,189204. (CHECKED BY AUTHOR12/14/84)
Vo"ChL: PECH,M..JAENICHEN.H.-R..POHLENZ.H.-D..NEUMAIER,P.S..KLOBECK.H.-G. 8 ZACHAULH.G. (1964) J.MOL.BIOL..176,189-204. (CHECKED BY

AUTHOR 12/14/34)
MK102°CL: BENTLEY,D.L. & RAGBITTS,T.H. (1980) NATURE,288.790-733. (CHECKEO BY AUTHOR 11/30/82)
EU: GOTTLIEB.P.D..CUNNINGHAM.B.A..ARUTISHAUSER.U. & EDELMAN,G.M. (1970) BIOCHEMISTARY.9.3155-3161. (CHECKED BY AUTHOR}
DEN: ‘YANG,.C.Y..PAULY.E..KRATZIN.H. & HILSCHMANDA.N. (1981) Z.PHYSIOL.CHEM.,362.1131-1146.

PAU: DAYHOFF,M.O. AGROAYATLAS OF PAOTEIN SEQUENCE & STRUCTURE.5,0-245. SUBMITTED BY SMITHIES.O,,GIBSON,.D.M. AND FANNING,E. M.(CHECKED BY AUTHO:
HBJ4a: SMITH.G.P..HMOOD,.L. & veeroHw. M. (1971) ANN. REV BIOCHEM. ,40.969- 1012.FRA: MEINKE.G.C..SIGRIST.P.H. & SPIEGELBERGAH.L. (1974) IMMUNOCHEM..11,457-460. (CHECKED BY AUTHOR WHO PROVIDED ADDITIONAL RESIDUES

TO THOSE PUBLISHED: : MEINRE.G.C. & SPIEGELBEAG.H.L. (1976) IMMUNOCHEM,., 13.915-918. {CHECKED BY AUTHOR 10/17/77)
GR: FAIR.D.S..SLEDGE.C..KAUEGER.A.G..MANN,K.G. & HOOD,L.E. (1975) BIOCHEMISTRY.14,556 1-556B.
PAUL: SMITH.G.P.HOOD.L. & FITCH.W.M. (3971) ANN. REV, BIOCHEM.,40,969- 1082. ,MON: NIALL.H.D. & EOMAN,P. (1967) NATURE.216,262-263, (CHECKED BY AUTHOR 07/25/79)
HE: RIESEN.W.F..MAJANIEMIL.HUSER,H..BRAUN.D.G. & ROELCKE.D. (1978) SCANDWJ.IMMUNOL.,6,145-348. (CHECKED BY AUTHOR 10/10/79)
POT: CAPRAJ.O. & KUNKEL,.H.G. (1970) PROC.NAT.ACAD.SCI.USA,67,87-82. (CHECKEO BY AUTHOR WHO GORRECTED RESIDUE 3 AS GIVEN IN TABLE)
S-GUI; WANG,A.C..FUDENBEAG.H.H, & CREYSSEL.R. (1982) ACTA HAEMAT..68.187-195. (CHECKED BY AUTHOR 05/26/83)
AMYLOID BAN: DWULET.F.E..O°CONNOR.T.P. & BENSON,M.D. (1986) MOL.IMMUNOL.,.23,73-78.
BuI9: ALESCIO-ZONTA.L. & BAGLIONI.C. (1970) EUR.J.BIOCHEM.,15.450-463. (CHECKED BY AUTHOR}

BEL: MILSTEIN.C. bys? PROC. STH FEBS SYMP.,15.43-56. (CHECKED BY AUTHOR WHO PROVIDED ADDITIONAL RESIDUES TO THOSE PUBLISHEDAND CORAECTED RESIDUES 1,3,8.27. 79 ANO 62 AS GIVEN IN TABLE}
JBL: SEON.B.K. (1992) MOL.IMMUNOL..19.83-86. (CHECKED BY AUTHOR 05/23/83)PAP: NIALL.H.D. & EOMAN.P. (1967) NATURE,216,262-263. (CHECKED BY AUTHOR 07/25/79)
CAR: MILSTEIN.C.P. & DEVERSON.E.V. (1974) EUR.J.BIOCHEM..49,377-391. (CHECKED BY AUTHOR)
MEV: EULITZ.M. & LINKE.ALP. (1982) Z.PHYSIOL CHEM. .963.1347-1358. {CHECKED BY AUTHOR 10/10/83)
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NOTES: HUMAN KAPPA LIGHT CHAINS SUBGROUP |
IWENTICAL SETS OF FRAMEWORK SEGMENTS:

FRI: SET 1: edMaenHEPeoerratic! 7» HFS 18/6, 1

FR2: SET

J.WEALB). HK 137'CLI9].HK 134°CL£ 10}, DAVOI'CLI 11),WALKER’CLI12}.
{BHF 2-1/138(1 4) MF 2- 18/21 15].HF2- 1/17] 16).B326) 17). AFZ( 16].PSM] 19], HOM/201. ESM IGG[21]). ESM IGMI22].WAT(23),AMYLOID Vill-B124},COW(25],0IE{26],CAR A[27}.7 Et] 26}.8548) 29},CON| SO},TRALS 1}, F-GUI33]OULIOC)(S4,.0EE1I5}, (34

 
IDENTICAL)

SET WESLSNVE-CR2LVB“CL49) io IDENTICAL)Set HK102°CL{144],£U(45],DEN] 461. PAUL 47].HBJ41 48}FRA[49].GR'I50].PAULIS 1]. MONIS2}. (9 IDENTICAL)
ser : AMYLOID BAN[56}.BJ19157].BELI58}. (2 IDENTICAL): DAVIG6)FINIG7}. (? IDENTICAL)Vd’ CL{B9},LUX(70}. (2 IDENTICAL)

ROYI1),AUI2I,WALKER'CLI 12],Vb'CL1 42], Vb" CL | 43},HK102°CL[44].KAI6B], VE'CLIGSI.Va"CL{72},.VeGUi83}. (10 IDENTICAL)
HK IOV CLISLE SeCU tOh, 2 IDENTICALHK137°CLIS)AMYLOID BAN[S6]. (2 IDENTICAL
VIBACLIB6], (IDENTICAL TO 7 MOUSE V-KAPPA MN: PC1229(NZB} 1}. PC2880(NZB)I21.PC7132(NZB)i3], MOPC7015} PC2413(NZB)[ 111.505 10.1127}.V-218 18KB'CLI48}; AND § RABBIT V-KAPPA: K9-335(11,K9-338[2],K 29-213131,.V20°CL{ 36.1 16, 167164].: ViSBCLI8B),VI8B-CLIBS]. (2 IDENTICAL HUMAN V-KAPPA-I; ALSO 4 HUMAN V-KAPPAIV: VIVCLIVLVKAPPA IV ERMLINE’CLI2].

ama PONTOFSON
SET 3:

BCUaT LEN): + MOUSE V-KAPPA-I: MCPC603[47]: 30 MOUSE V-KAPPA-HI: MPC1UCLIG},.TEPC111[71,PC374 NZD}.TEPC124/9|MOPC321[ 12},PC7043(NZB)/ 13], PC7 1B3(NZB){ 14} PCESOHK(NZB){ 15], PC5684(NZB)t 171. PC79SQ(NZB)I 18),PC7175(N2B){ 19},PO2485NZ8){20),PC4039(NZ6)12 1].PC 72 10(NZ8){ 23}, H96- 15{ 28}],2242}29},V-2161 SKB'CL(30).V-21C9. SKB'CLI31}. >
PC746 NNZBNI3}.PCZI6O(NZB 341.97.C{A. BY 351.1 AVALTH)LSS91.H35- 3148 1.40,C A.TH)IS2,MOPC631 54},ABPC22155}.POODASINZN 56] PCSO50\NZB)(571,V-218 16K CLiSa}.1 1949/62]: 1 MOUSE V-KAPPA-Vi_ BFPC6IA'CLIG4I, AND 15 RABBIT V-KAPPA:
KS-395-l{ 19],3366| 20}. BS-5158], AS- 1{ 39) .K49-50 1] 45},9847[ 471K 48201 $7], K90-26 7162.9 1 11651.4 422166}, 1709°CL68},419217 1},6363185].120[ 103}.K-25/ 1121.) ~ :

FR&: SET 4: HAUL4],HK101'CLI5},HK197°CU 9),HK194'CLE10L.VD'CLI 42),Vib" CLE43}.VaCL[72}. (7 IOENTICAL)SET 2: Ve'Cl83}.VIFCLI85}. (2 IDENTICAL)SET 3: VISECLG.VIsB CLISS}. (2 IDENTICAL)

PR4: SET 1: AUIZLGAL(MIGS.GL7( 110). (3 IDENTICAL, HUMAN V-KAPPA-|, ALSO 2 HUMAN Y-KAPPA-Ik GM 607 ‘CLISLAPM1-6410°CL(16]; 7 HUMANGARAPBA-II WOL[2]PAYI7]PIEH 1].GLO!15].CUR[20) REEIS7}.VKAPPASCL{82]; AND 1 HUMAN V-KAPPA-IV: PBI7IVCLIOL)
SET 2: HAUIA). QOENTICAL TO" 1 HUMAN V-KAPPA-HE POM{48],Set 3: AGI?) DEN 46),.81163]. (3 IDENTICAL HUMAN V-KAPPA-|; ALSO 2 HUMAN V-KAPPA-INIMIS.FRI 14}; 6 HUMAN W-KAPPA-INEUISI.GOT(6}.GAATIOLFLOI2).F A421. IARC/BL41CLI281; AND 1 HUMAN V-KAPPA-IV: LENI4).) .SET 4: WEAI8},8048/29],LAY|99], €UL45]. (4 IDENTICAL)
SET §: WALKERCLI12] OULOCI 34). (2 I ENTICAL HUMAN V-KAPPA-1: ALSO 1 HUMAN V-KAPPAHE: TEWI1).)SET 6: WES[41).MEVI62]. (2 JOENTICAL) .

1OENTICAL SETS OF COMPLEMENTARITY OETERMINING REGIONS:
CORT: SET : AUL2).NEI71).SHEU77}. (3 IDENTICAL)SET WEA[8},GAL(DI36}. (2 IDENTICAL)

SET HK194°CL10},Vb'CLi42).Vb"CLI43}. (9 IDENTICAL)SET + HFS-16/6[ 13},HF2-1/43B1 14),HF2- 18/21 15}.HF2-1/7) 16}. (4 IDENTICAL)Set + Va CLI69].Ve'CL[83}. (2 IDENTICAL)
CcOR2. SETs

COAR3: SETsi

+ HK101°CLISLHK137°CLI9}. HK 134°CL( 10),WALKER'CLI f 2,.Vb°CL(42].Vo"CLI43}. (8 IDENTICAL)
AG(7LNU73}h (2 IDENTICAL) : .

2 MK102°CLI44), Va"CLI72). F IDENTICAL)Va'CL[69],Vo'CLi83),VISCLI8S), (3 IDENTICAL) -
+ VIBACLIB6]. (IDENTICAL TO 1 RABBIT V-KAPPA: Arsangay2 VISA'CLI87}. (IDENTICAL TO 1 RABBIT V-KAPPA: AH8O-5{4}.

1 HKIOTCLIS|HK134°CUL 10], (2 IDENTICAL)
: LAYISS}. GDENTICAL TO .1 HUMAN V-KAPPA-HI. POMP48].}SET 3: Vb'CL{42},Vb"CLI43}. (2 IDENTICAL)

mn - NtBUPONsVEen~
IDENTICAL SETS OF J-MINIGENES:

SET 1: AUIz}, (IRENTIOAL, TO 1 HUMAN V-KAPPA-H: APM1-6410°'CLiI6]. 2 HUMAN V-KAPPA-HE PIEL1I,.VKAPPASCLIG2}; AND 1 HUMANV-KAPPA-IV: RBICUSEDSET 2: AGI7}). (IDENTICAL TO 1 HUMAN V-KAPPA-IE: GOTI6}.)SET 3: WALKER'CU12Z]. (DENTICAL TO 1 MUMAN V-KAPPA-H; TEW)#).)
SET 4: OEN]46].8U63}. (2 IDENTICAL HUMAN VeKAPPA-I, ALSO 1 HUMAN V-KAPPA-H: FA(T4I: ANO 3 HUMAN V-KAPPAGIIE GAR UIOLFLOL 121,IARC/BL41°CL4 281.)
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NOTES: HUMAN KAPPA LIGHT CHAINS SUBGROUP 1 (cont'd)
GENERAL NOTES:
# SEE SIGNAL PEPTIDE TABLE iF # OCCURS AT POSITION 0.

SPECIFIC NOTES: .
5) HKIOVCL: THE SEQUENCE IS OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN FOETAL LIVER DNA.
7) AG: THE AMINO ACIO RESIOUES AT POSITIONS 39 AND 41 WERE REPORTED BY THE AUTHORS AS GLY AND LYS RESPECTIVELY: HOWEVER. THEPROOF WAS NOT ABSOLUTE. THUS. THEY ARE OMITTED.

9) HKI37'CL; THE AMINO ACID SEQUENCE 1S OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN FETAL DNA.
10) MK194°CL: THE AMINO AGID SEQUENCE IS OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN FETAL DNA.

E REPORTED BY THE AUTHORS AS GLY AND LYS RESPECTIVELY. SINCE THIS17) BJ28: ACID RESIOUES AT POSITIONS 39 AND 4) OF BU26 WER
BROTEIN, WASSEQUENCED BEFORE THE SEQUENCES OF MANY OTHER PROTEINS WERE KNOWN AT THESE TWO POSITIONS. WE HAVE

33) F-GUI: THE SEQUENCES OF F£-GUI ANO SGU! WERE FROM THE SAME PATIENT.
44) HKI02ZCL: THE SEQUENCE IS OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN FOETAL LIVER DNA,55) SGU: THE SEQUENCES OF F-GUI ANO S-GUI WERE FAOM THE SAME PATIENT.

-56) AMYLOID BAN: AMINO ACID RESIDUES FOUND AT POSITIONS 104 AND 105 ARE VAL.LEU AND GLN.GLU RESPECTIVELY, .
§7) 8U19: THE AMINO ACID RESIDUES AT POSITIONS 39 AND 41 WERE REPORTED BY THE AUTHORS AS GLY AND LYS RESPECTIVELY. SINCE THISPROTEIN WAS SEQUENCED BEFORE THE SEQUENCES OF MANY OTHER PROTEINS WERE KNOWN AT THESE TWO POSITIONS, WE HAVEOMITTED THEM.

~ 59) UBL: THE AMINO ACID RESIDUE FOUND AT POSITION 34 WAS ALA OR SER,
64) AMYLOID ES305: THE AMINO ACID RESIDUES AT POSITIONS 21 ANO 29 WERE ILE OR LEU. .
74) PW: THE SEQUENCE WAS FROM A PATIENT WITH TRANSITIONAL CELL CARCINOMA OF THE URINARY BLADDER.
82) “Al: THE SEQUENCE WAS FROM A PATIENT WITH TRANSITIONAL CELL CARCINOMA OF THE URINARY BLADDER.169) AMYLOID MS: THE AMINO ACID RESIOUE AT POSITION 2 MS WAS ILE OR LEU. .

411) GMI3N'CL: FROM AN EPSTEIN-BARR VIRUS-TAANSFORMEO HUMAN LYMPHOID CELL LINE

+ THE FOLLOWING WERE EQUALLY AND MOST FREQUENTLY OCCURRING:
AT POSITION _- RESIDUES

27c (LEU.VAL)
270 {TRP.GLU)50 {ALA.ASP
92 (TYRLASP.ASN)354 (SER.GLY)$58 {TRP.GLY)
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HUMAN KAPPA UGHT CHAINS SUBGROUP H
INVARIANT 1 2 3 4 5 8 7 8° 9 19°44 12 13 14515 16 17 18 19-20. «212229~ RESIDUES TEW MIL NIM CUM GM BAT BATES AOB SLO WILS GLI AMYLOID AAl FR YOS APM}- MAN KIRA HYL MAG IVE EIQ GAL607 TEW # 8410 ay"CL * “CL4

0 vo — Toe a — wa vo Toe ra a = = wae = ae Te ca w=
1 ASP. ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP “ASP ASP ASP ASP ASP ASP ASP ASP ASP
2  IWEl.$7) WE iE ILE HE WE KE ILE LE WE thE ILE ILE LE “WE WE We HE WE RE3 VAL(.97) VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL4 MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET MET
5 THR THR THR THR THR THR THR THA THR THR THA THR THAR THR THR THR THR THR THA THA6 GiN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN GUN GLN GLN GLN GLN7 SER SER SER SEA SER SER SER SER SER SEA SEA SER SER SER SEA SER SER SER SEA
8 PRO PRO PRO PRO PRO PRO PAO PRO PRO PRO PRO PRO PRO PRO PRO PRO PAO PAO PRO9” LEU LeU LEU LEU LeU LEU LEU LEU LEU LEU LEU LEU LeU Leu LEU LEU LEU LEU LEU LEU LEU

¢ 10 SER SEA SER SER SER SER SER SER SER SER SER SER SER SEA SER SER SER SER SEA SER SERA OY u Leu Leu Ley Ceu LEY LeéU LEU LEU LEY LEU LEU LEU LEU LEV LEU LEU LEU LeU LEU LEU1 12 PRO(.96) PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PAO PRO PRO13 VAL(.98) VAL VAL VAG VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL14 THR THR THA THA THA THR THA YHA THR THA THR THR THA THR THR
18 PRO PRO PRO PRO PRO PRO PAO PRO PAHO PRO PRO PRO PRO PRO16 «GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY Guy17 GLU Glu GLU Glu GLU GLU GLU GLU GLU GLU GLU GLU GLu @Lu18 PRO PRO PRO PAO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO19 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA
20 SEAR SER SER SEAR SER SEA SER SER SER SER SER SER SER SER sSeA2% LE Ee (LE KE RE ILE ILE WE we Ike WE Le LE ike LE22 SER SEA SER SER SER SER SEA SER SER SER SER SER SEAR SER
23. CYS éYs CYs cYs CYS CYS CYS CYS CYS CYS CYS CYS cys cys cys
24 ARG ANG ARG ARG AAG ARG ARG ARG ARG AAG AAG ARG ARG ARG ARG
26 SER SER SER SER SER SER SER ALA SER SER SER SER26 SER SER SER SER SER SER SER SER SER SER SER SER séa27 GUN GLN GLN GEN GLN GLEN GLEN GLX GLN GLN GLYN GLX27A SER ASN SER SEA SER SER ARG SER SER SER278 LEU LEU LEU LEU LEU LEU LEU LEU ~ (LeU Lev Leu

c 276 LEU LEU LEU LEU LEU LEU LEU ~~ ARG LEU LEU5 270 HIS GLX TRP ASP HIS HIS HIS — HSR 27E SER ~~ SER SER SER SER _
1 27F = -- GLY -~ “en = — ASX26 ASP SER ASP ASP ASN ASX ASX VAL

22 GLY ASX GLY GLY’ GLY GLY GLY LEU30 PHE GLY TYR ASN TYR ASX ASX31 ASP ASX LYS THR ASN ASX ASX32. TYR TYR YYR TYR TYR TYR TYR TYR33° «LEU LEU LEU LEU LEU. LEU LEU
34 ASN_ASP ASN ASN ASP ASX
38 «TAP TAP TARP TAP TARP TRE TAP36. TYR TYA TYR TYA TYR TYR37 LEU LEU LEU LEU LEU LEU38 GUN GLX GEN GLN GUN GIX
39 LYS LYS LYS LYS LYS “LYS
a0 PRO PRO PRO ALA PRO PRO

F 4t GLY GLY GLY GLY GLY GLY GLYa 42 GLN GLX GLN GLN GLEN GLX
2 43 SER . SER SEA SER SER

44 PRO PRO PRO PRO PRO PRO45 GLX GLN GLN GLN GLX48 Ley CEU LEU LEU LEU47 LEU LeU LEU LEU Lev. LEU48 ILE mE RE LE WE tLe
49__TYR TYR _TYA TYR “Tyr
50 LEU LEU THR LEU

ec 3 GLY GLY LEU GLY6 $2 SER SER SER SER SER SERBR 353 ASN ASN ASN TYR ASN2 54. ARG ARG ARG ARG ARG ARG55 ALA ALA ALA ALA ALA58 SER SER_SER SER SEA SER
57 .GLY GLY GLY GLY GLY GLY58 VAL VAL VAL VAL VAL VAL
59 PRO PRO PRO PRO .PRO PRO60 ASP ASN ASP ‘ASP ASP
63 ARG AAG AAG ARG ARG ARG
62 PHE PHE PHE PHE PHE PHE PHE63 «SEA SER SEA SEA SER SER SER
64 GLY GLY GLY GLY GLY GLy6s SEA SER SER SER SER SER SER68 GLY GLY GLY GLY GLY GLY GLY87 SER SER SER SER SEA SER SER68 GLY GLY ASP GLY GLY GLY
69 THR THR THR THR THR THAR70 ASP ASX ASP ASP ASP

F 71) PHE PHE PHE PHE PHE PHE PHE
R 72 THR THR THA THR THR THA THRa 73 Lev Leu LEU LEU LEU LEU LEU74 LYS LYS ILE LYS .LYS ASX75) ILE ie jiLE NE tLe ILE ILE78 SER SER SER SER SER SEA77) ARG ARG ARG ARG ARG ARG ARG

78 VAL VAL VAL VAL VAL VAL VAL
79 GLU GLX GLU GLN GLU . GLX80 ALA ALA PRO ALA ALA LAat GLU GLX GLU GLU GLU GLXa2 ASP ASX ASP ASP ASP ASXes VAL VAL VAL VAL VAL VAL VAL
84 GLY GLY GLY GLY GLY GLY GLY
85 VAL VAL VAL VAL VAL VAL ‘ VAL86 YA TYR TYA TYA TYR TYR TYRBy TYR TR TYR TYR TYR TYR Tra
88 CYS. CYS CYS CYS CYS CYS Cys89 MET MeT MET MET MET MET30 GLX GLN GLEN GLN GLN91 ALA ALA ALA ARG ALA
92 LEU LEU LEU LEU LEU933 GUN GLN GiN GLU GLN

co | 94 ALA THR SER ILE THA
6 8. PRO PRO PRO PRO PRO
8 958 — oe wee ooo -_386 =~ os oo o -

950 _ _ ~~ —95E _ _ aa .
95F — on = on
36 LEU PRO TYA GLN97 THR THA THR THR THR THA
98 PHE PHE PHE PHE PHE PHE99 GLY GLY GLY GLY GLY GLY100 GUN @LY GLN GLN GLN

101 GLY GLY GtY GLY GLY GLY
e 02 THA THA THR THR THR THRR103 ARG ASN LYS LYS LYS
4 104 LEU VAL LEU LEU VAL VAL

105 GLU GtU GLU GLU GLU GLU106 ILE HE ILE Ee We We ILE106A wee ~ ~ = a
107 LYS LYS LYS ARG LYS LYS108° ARG ARG ARG ARG ARG ARG109 THA THR THR THA
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HUMAN KAPPA LIGHT CHAINS SUBGROUP tt (contd)
24° 28 26 27> 28 29 390 31 OCCURRENCES,| VARIABILITYGit MEH SC TH SYV LUT ROB RAI SEQUENCES aInO OF MOST COM2 2 ACIDS AMINO ate

oO -— — aan — <a ae ate eee
7 ASP ASP ASP ASP ASP ASP ASP ASP 3Y : SHASP) 1.2 RE ILE WE LE ARE RE IE ILE 30 2 2SILE} 2.43 VAL VAL VAL VAL VAL VAL VAL met 30 2 29{(VAL 244 MET MET MET MET MET MET leu thr 30 3 2B(ME 3.2
5 THR THR THR THR THR HR 28 4 2B(THR in6 GLN GLN GLN GLN GUN GLN 27 1 27(GLN y2 SER SER SER SER 25 1 25(SER 7”a PRO PAO PRO 24 y 24(PRO) 19 LEU LEU 25 1 25(LEU) u

e190 SER 24 1 “(SER 1Ro LED 24 + (LEU) 1.7 12 ser 24 2 23(PRO) 2412- 23 2 a\VAL) 2414 17 4 T7(FHR) 1.
1S 17 2 16(PRO) 2.1
16 17 + GL 1.wr 17 2 1E(GLU 2.1
18 Ww 1 17{PRO} 1.19 1? + TTALA) 1.
20 . 17 1 17{SER) %.21 17 1 170LE 1.22 17 2 1& 2423 17 1 +2(CYS') 1,
24 16 7 THARG) 1.25 14 2 SER 22
oy 44 : GLI) TAG 232 14 4:2 14GL ae LN to7 2.278 12 3 A nee y »278 12 1 qaLeEU)

c 2c 12 3 9{LEU)Dp 270 10 5 S(HISR 278 7 2 ses+ 27F 2 2 +28 10 4 ASP) aq +} 5.7: 10.
29 10 3 oy 3830 9 4:35 ASN}: ASP 7.2315.
33 3 4 atAaN) a 5 42,32 9 1 1.33 8 1 BLEU) .s
34 8 2 __6{ASN) : At +) 27:83S 8 3 a(TAP) 1.
36 8 2 z TYR) 2337 8 2 *  7LEU! 2338 8 4:2 B{GLN}) 1 6(GLN) 1.03 27
39 8 2 7UL¥S) 2.3ao a 2 7(PRO) 2.3

F 4} 8 ’ BIGLY) 1.BR 42 8 4:2 BIGLN) 7 &GLN} oo: BP?2 43 6 i . 6(SER) os
44 7 2 1
48 7 3 SIGLN) BU + 4.2: 7.46 7 2 Leu 2.347 ? 7 S{tEo} 1
48 7 5) FOLE) co
a9 6 1 6CTYR) 1
50 6 3 4(LEU 4.5

co 2 6 4 aIGL a.§ sz 7 1 2(SER, 1.p83 7 2 S{ASN) 2.82 84 7 3 TIARG) 2.5S 7 2 S(ALA) 2856 Z 3 _T{SER) 1.
57 7 7 (GLY) 1
58 7 + 7IVAL) 4
59 7 1 ZiRBO 1.60 7 2. GASP) 2363 7 1 J(ARG) 1.62 8 1 S(PHE cs
83 a 1 a(SER' 1.64 8 2 7IGL 2385 8 7 a(SEA) 1.
66 8 1 aGLY, 1.67 8 1 BISER} ia68 8 2 HGLY} 23
68 z 1 7(THR) 4,70 7 4:2 ASP) 6(ASP) t 3) 2.3e 7 8 1 PHE' 1.AR 72 8 1 a(THR' v3g «73. 8 1 BILEV! n74 8 3 (LYS) - 4.75 3 1 LE} 1
78. 8 2 HSER) 2.377 8 1 a(ARG) ¥78 8. 4 a(VAL) 1
73 8 2 BIGLU) 4+ 27. 4.Bo 8 2 LA} 2.3Bt 8 a2 aouuy: (GLU) to: RF?
82 8 4:2 BIASP) 6{ASP) ot 2783 8 i AL} %.
84 8 + GLY) 1.a5 8 ’ ava n
86 3 1 S{TYA) ih
a7 8 . a(tYR i
88 8 3 BES) : 189 7 7 7(MET) 1.
50 7 132 HGLN) 2Bie) 105 23gt 7 3 oes a292 7 2 E 2.8
93 7 3 S{GLN) > 4(GLN) 42: 53

c ga 7 5 a +) 18.Bp 98 7 2 6(PAO) 23mR BBA
5 «95895C

95D
95e
O5F .
96 7 8 2cvYA 21.37 7 i FTHR' 1.
38 7 7 7{PHE) 7.99 7 3 HIGLY) 1.

100 7 2 6{GLN) 2:3401 7 1 7iGLY) 1.
ge 102 7 1 7ITHA} 4
R 103 7 3 Says; 424 104 8 2 4.105 8 i152 atueeotyy 1061 23106 8 i om108A

107 8 2 7(LYS) 23
108 7 3 (ARG) 1.109 4 7 A4(THR) 1.
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ANTIBOOY SPECIFICITIES: HUMAN KAPPA LIGHT CHAINS SUBGROUP if

ay ROB: COLD AGGLUTININ WITH ANTEPRIO ACTIVITY
10) WILS: COLD AGGLUTININ WITH ANTI-SLOOD GROUP } ACTIVITY
14) FR: ANTLPHOSPHOCHOLINE(BINOING CONSTANT =6.4X 10EXP4)24) Git: ANTIHGG27) TH: COLD AGGLUTININ WITH ANTEPA2 ACTIVITY (ABC MEMBRANE ANTIGEN ON HUMAN. RAT AND GUINEA PIG ERYTHROCYTES INACTIVATED BYPROTEOLYTIC ENZYMES ANDO NEURAMINIDASE)

REFERENCE: HUMAN KAPPA LIGHT CHAINS SUBGROUP IE
1) TEW: PUTNAM.F.W..WHITLEY,EJS.JA., PAUL.C.6 DAVIOSONAN. (1973) BIOCHEMISTAY.12.3763-3780. (CHECKEO BY AUTHOR 06/15/83)2) MIL:_ DREYER.WA..GRAY,W.A. & HOOD.L. (1867) COLD SPRING HARBOR SYMP, QUANTITATIVE BIOL,,32.353-367.
3) NIM: EULITZ.M. & KLEY.H-P. (1977) IMMUNOCHEM,..14,.289-297. (CHEGKED SY AUTHOR AQ 18/77)4) CUM: HILSCHMANN.N. & CRAIG.L.C. (1965) PROG.NAT.ACAD.SCHUSA.53.1403- 1403; HILGCHMANN.N. (19687) Z.PHYSIOL.CHEM..348,17 18-1722;HILSCHMANN.N. (1969) NATURE.,S6.195-205. (CHECKED BY AUTHOR)
5) GM 6077°CL: KLOBECK.H.G.SOLOMONAA, & ZAGHAU.H.G, (1984) NATURE, 309.73-76.6) BAT: “DAYHOFF.M.O- Qo ATLAS OF PROTEIN SEQUENCE & STAUCTURE,5.0-246. SUBMITTED BY SMITHIES.O..GIBSON.O.M, AND FANNING, E.M_(CHECKEO BY AUTHOR)
TY BATES: SMITH.G.P..HOOD.L, & FITCH WLM. (4971) ANN. REV. BIOCHEM.,40,969- 1012.8) ROB: GERGELYJ.WANGAC. & FUDENBEAG.H.H. 41973) VOX SANG. ,246.432-440, (CHECKED BY AUTHOR)9) SLO: WANGAC., UNG. E..WANG,|..FUOENBEAG.H.H..PICK.AL & FROEHLICHMAN,A. (1980) CANCER IMMUNOL. IMMUNOTHER,9.61-66. (CHECKED 8YAUTHOR 03/18/81) .10) WILS: CAPRAJ.0..KEHOE.J.M..WILLIAMS.R.C..JR.FEIZET. & KUNKEL..G. (1972) PROC.NAT.ACAD.SGI.UGA,.69.40-43, (CHECKED BY AUTHOR)11) GLE FRANGIONE.S..FRANKLINE.C. & PRELLLF. (1976) SCAND.J.IMMUNOL..5.623-627. (CHECKED BY AUTHOR VOT)12) AMYLOIDod TERRY .W.0..PAGE.D.L..KIMUAA.S..ISOBE.T..OSSERMAN.EF. & GLENNER,G.G. (1973) J.CLININVEST..52. 1276-1281. {CHECKED BY AUTHOR

43) RAK MSTENS) & MILSTEIN.C. (3971) BIOCHEM.J.,121,.211-215, (CHECKED BY AUTHOR WHO PROVIDED ADDITIONAL AESIOUES TO THOSE
14) FA: RIESEN.W..AUDIKOFF.S..ORIOL,A. & POTTER.M. (1975) BIOCHEMISTRY,14,1052-1057; AIESEN.W.F..BRAUN.O.G. & JATONS.G. 43978)PROG.NAT.ACAD.SCI.USA,73,2096-2 100: RIESENW.F. & JATON.C, (1978) BIOCHEMISTRY, 15,.3822-3833. {CHECKEO BY AUTHOR 1Q0N77)18) YOS: WANG.A.C..TUNG€.WANG...FUDENBEAGHIPICEA & FROEHLICHMAN.R. (1980) CANCER IMMUNOL.IMMUNOTHER..9.61-86. {CHECKED BY
46) RAPM1-G410°CL: HIETER.P-A..MAX.E.E.. SEIOMANJ.G..MAIZEL JVJA. & LEDERLP. (1980) CELL.22,197-207; KLOBECK.H.G.MEINOLA..COMBRIATO.G..

SOLOMON.A, & ZACHAU.H.G. (1985) NUC.ACIDS RES.,.13.6499-6513.17) MAN: MILSTEIN.C. (1969) PROC. STH FEBS SYMP.,15,43-56. (CHECKED BY AUTHOR WHO PAOVIDED ADDITIONAL RESIDUES TO THOSE PUBLISHED)38) KIR: SLETTEN.K..HANNESTAD.K, & HARBOE,M. (1974) SCANO.J.IMMUNOL..9.2 15-218. (CHECKED BY AUTHOR 42/08/77)19) HYL: SLETTEN.K..HANNESTAD.K. & HARBOE.M. (1974) SCAND.LIMMUNOL,.3,215-218. {CHECKED BY AUTHOR $2105{77)20) MAG: SLETTEN.K..HANNESTAO.K. & HARBOE.M. (1974) SCAND.J.IMMUNOL, .9.218-2 18, (CHECKED BY AUTHOR 12/05/77)21) TVE: SLETTEN.K..HANNESTAD.K. & RARBOE.M. (1974) SCAND .J.IMMUNOL..3,215-218- {CHECKED BY AUTHOR 1205/77)22) EID: SLETTEN,K..HANNESTAD.K. & HAABOE.M, (1974) SCAND.J.IMMUNOL..,3,215-2 18. (CHECKED BY AUTHOR ANT7)23) GALL}: MILSTEIN.C. JARVISALM. & MILSTEIN.C.P. (1969) J.MOL.BIOL..46,599-602. (CHECKED BY AUTHOR)24) Qik: ABRAHAM.G.N..GROWN.P. JOHNSTON,S.L..NELLIS.L.MARKS.S. & WELCH.E.H. (1978) IMMUNOLOGY.35.447-453. (CHECKED BY AUTHOR 07/2479}25) MEH: SLETTEN.K..HANNESTAD.K. & HARBOE.M. (1974) SCANO.J.IMMUNOL..3.2 15-218. (CHECKED BY AUTHOR 1YON77)
26) $C: SEON.B.K.YAGLY. & PRESSMAN,.O. (1973) JAMMUNOL..110.945-349. (CHECKED BY AUTHOR)27) TH:. GERGELY .J..WANGA.C. & FUDENBERG.H.M. (1973) VOX SANG..24.432-440, (CHECKEO BY AUTHOR)28) SYV: SLETTEN.K..HANNESTAD.K. & HARBOE.M. (1974) SCAND.JAMMUNOL.,3,2 15-218. (CHECKED BY AUTHOR 12/08/77)29) Lut: SLETTEN.K..HANNESTAD.K. & HARBOE.M. (1974) SCAND.J.IMMUNOL..9,2 35-218. (CHECKED BY AUTHOR 12/05/77)
30) ROB2: MOULINA. & FOUGEREAU.M. (1973) NATURE NEW BIOLOGY.246,176-1786.
31) RAZ: MOULIN.A, & FOUGEREAULM, (1973) NATURE NEW BIOLOGY .246,176-178.

  

 

NOTES: HUMAN KAPPA LIGHT CHAINS SUBGROUP I
IDENTICAL SETS OF FRAMEWORK SEGMENTS:FRI:|«SET ot: TEV.MIL[2}.NIMISILCUMISL.GM 607 ‘CL{5}.BATIGL.BATES{7]. ROBIS1,.SLOLS],.WILSI101.GLI1 1LAMYLOID TEW| 12],AAI19). (13' ICAL}

FRO: SET 1: MIL{2).NIMI3I.GM 607 ‘CLISI. (3 IDENTICAL HUMAN V-KAPPA-I; ALSO 2 MOUSE V-KAPPA-I: VKAPPA 248°CL[83}.281.3t671)SET 2: MIL{2.FRIT4}. (2 IDENTICAL)
FAS: SET 1: TEW(LGM 607 “CLIS}.APMI-6410°CLI16]. (3 IDENTICAL) :FR4a. SET 1: GM 607 ‘CLISI.RPM1-6410°CL(16]__ (2 IDENTICAL, HUMAN V-KAPPArIi ALSO 3 RUMAN V-KAPPAL AUIZ,.GAL(NISE).CL E1101 7 HUMANSet 2 Y-KAPPADh ROLOLPAYIH,PIEL | 11.GLOI 18].CURIZ0LREEIS7IVKAPFAGCLIB2I ‘AND 1 HUMAN V-KAPPA-IV: PB 171V'CLI3}). NIMISLFRII4}. (2 lOENTICAL HUMAN V-KAPPA-It; ALSO 3 HUMAN VKAPPACE AG{7]}.DENL46}.Bu63}; 6 HUMAN V-KAPPA-IR: NEUES].Merle)GAR ITO]. FLOI12).FR4[2 1} JARC/BL4TCL{28]: AND. 1 HUMAN V-KAPPAIV: LEN(41.)

. SET 3: TEWLT). (IDENTICAL TO 2 HUMAN V-KAPPA-h: WALKER'CL12}, OUVOCH34).)
IDENTICAL SETS OF COMPLEMENTARITY DETERMINING REGIONS:CORI:

CDR2: SET 1: MILI2}.NIM[3].GM 607 “CLIS}. (3 IOENTICAL)COR3:

IDENTICAL SETS OF J-MINIGENES: . . .SET 1: APM1-6410°CLI 16}. (IDENTICAL TO 1 HUMAN V-KAPPA-I: AUI2); 2 HUMAN V-KAPPA-HE PIE[11LVKAPPAS'CL[62]: AND 1 HUMANVeKAPPA-W: PBI7IV'CLISL)
SET 2: TEWIS]). (IDENTICAL TO 1 HUMAN V-KAPPA-I: WALKER CLI 121) .Set 3: FRINM), (IDENTICAL TO 2 HUMAN V>KAPPASE DENT46},BN631; AND 3 HUMAN V-KAPPAHK GAR‘110), FLOL 12}. JAACIBL4 TCLI28},)

SPECIFIC NOTES:

12) AMYLOID Tew: IT HAS THE SAME SEQUENCE AS THAT OF TEW SO FAR AS THE SEQUENCEO POSITIONS ARE CONCERNED.14) FR: AN IO1OTYPIC ANTIBOOY TO FA NOT INHIBITABLE BY. PHOSPHORYLCHOLINE REACTED BETTER WITH THE FA HEAVY CHAIN THAN WITH THELIGHT CHAIN. THE CROSS-REACTION WITH MOPC167 WAS 16,000 TIMES WEAKER. {RIESEN,W.F. (1979) EUR.J.IMMUNOL..9.421-425.)16) APM1-6430°CL: THE AMINO ACID SEQUENCE 1S OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN ADULT DNA.
+ THE FOLLOWING WERE EQUALLY ANO MOST FREQUENTLY OCCURRING:

AT_POSITION AESIOVES
27F {GUV,ASN)_: (GLY.ASP)28 {ASP.ASN)31 THR.ASP)
34 ASPASN)45 (GLUIGLN)
72 {GLU.GEN)94 {THALSEA)104 {LEU,VAL]
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HUMAN KAPPA UGHT CHAINS SUBGROUP IIb. INVARIANT 4 + 3r 4 5 6" ra ar 3 10 tie 1B 168? 20-21RESIOUES Tr WoL SIE NGS NEU GOT PAY SON WE GAR’ PIE GLO SAL WIL CUR FRA“Ck
9

3 =1 GLU2 LE3 VALE.98) VAL4 LEU
5 THR THR6 GUN7 SER SER8 PRO PRO8 GLY

10 THRFoo31 LEYC99) LEU12 SER SER1 19 ~ LeU14 SERL97) SER
15 PROY.98} PRO1% GLY GLYWwW GLU18 - ARG19 ALA20 THA21° LEULgS) LEU22 SERCS7) SEA23. CYS cys24 ARG25. ALA(.98) ALA26 GLY27 GLN278 SER278 eee
27c a§ 27D “BR are -a 27F a28 SEA
28 VAL30 SER4 SER32 TYA33 VAL
34 ALAa5. TAP TRP36 «TYR TYR37 GUN GLN38 GUN GtN GLN39 LYS LYS AAG40 PRO PRO PRO PROf 41 GLY{(.96) GLY GLYA 42 GLN GIN GLN2. 43 ALA ALA ALA44 PRO PRO PRO45 ARG ARG LYS46 LEU3S) LEU Lev47 LEU(-9B) LEU LEY48 Le49 TYR TYR50 GLY avy51 ALA ALACc 52 SER SERD 83 SER SER2 54 ARGLYS) ARG ARG55 ALA ALA ALA36 THR THR THR57 GLY..96) GLY Guy GLY58 ILE LE ILE59 PRO PRO PRO PRO60 ASP ASP ASP6% ARG ARG ARG ARG62 PHE PHE PHE PHE63 SER SER SER64 «GLY GLY GLY GLY65 SEA(.95) SER SER SER66 GLY GLY GLY67 SER{.95) SER SER SER68 GLY SLY GLY GLY699THAY.95) THA THR THR70 ASP ASP ASP.p 2) PHE PHE PHE PHER 72 THR THR THA THRfp 73) (LeU Leu LEU LEU74° THAL.95) THR THR. THR75 ILE(.95) ILE LE ILE76 SER SEA SER77 ARG ARG ARG78 Leu LEU LEU79 GLU GLU GLU80 PRO PRO PRO81 GLUL.95) GLU GLU GLU82. ASP ASP ASP ASP83 PHE PRE PHEBa ALA ALA ALA ALABS VAL(.95) VAL VAL VAL86 TYR TYR TYR TYA87 TYR TYR PHEeB CYS cys cys__cys89 GLN{.95) GLN GiN GLN90 GLEN GLN GUN GLN93 TYR TYR TYR92 GUY GLY GLY93 SER SER GLYco 94 SEA SER SER5 9 PRO PAO PROR 984 . nes ws5 95B es95C oe a 2

95D . ae95E oe aeSSF a wn wie36 Lev ARG GLN87__THAY.95) THR THR -PRO98 PHE PHE PHE PHE99 GLY GLY GLY GLY100 GLN GEN GLN101 GLY GLY GLY GLYfr 102 THR THA THAR103 Lys LYS LYS4 108 VAL VAL LEU105° GLU GLU GLU106 LE tLe wLE106A oe ae we107 LY S498) LYS LYS LYS108 ARG ARG AAG109 THR THR THA THR 
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HUMAN KAPPA LIGHT CHAINS SUBGROUP HI (cont'd)

 

      
 

 
 
 

 

 

 
 

 
 

25° 26° 27° 28 29 30 31 32 33 34 35° 36 37 38 39 40 a7 42° 43° 44 45 46 ar 48° 4gSTE Gs TAK JARG) RAD DIL CAS MCE’ KEA SM) Al BRO NIG IKE TIL AMYLOIO POL CLA SHE JH WIN LEA ARP POM VANO. BL44 : # 1GG KSA a e # :‘Cl .

0 oo ma wae _ vee a ve ae = wee wee a w= a =o1 GLU GLU GLU GLU GLU GLU GLU lys GLU GLU GLY Glu Glu GLU GLU 4s lys2 tle ILE LE ILE ILE Le ILE tLe HE “ihe ILE iLE iLé ILE ILE Mu ILE3 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAG VAL VAL4 Leu LEU LEU LeU LEU LEU LEY LEG LEU LEU met LEU met met met LEU LEU
& THA THR THR THR THAR THR THA THR THR THR THR THA HR THR THR THR THR6 GLN GLN GLX GLN GLN GLN GUN GLN GLN GtN GLN gty GLN GLN GLN7 SER SEA SEA SEA SER SEA SEA SER SER SER SER SER SEA SER SEAa PAO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO$ GLY GLY GLY GLY GLY GLY GLY GLY pro ala GLY ala ” # als

F 10 THR THR THR THR THA THR THR THR THR THR THA THR THA THR THARi) LEU LEU LEU LEU LEU LEU LEU LEU LeU LEY LEU Lev LEY LEU LEU1 12 SER SER SEA SER SER SER SER SER SER SER SER SER SER SER SEA.13 LEU LEU LEU LEU LEU LEU LeU LEU LEU LEU val LEY val vat Lev14 SER SER S@A SEA SER SER SER SER SEA SER SEA SER SER SER SER
15 ~ PRO PRO PAO PAO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO16. GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY17 Gtu GLU GLX GLU asp asp asp GLU Giu GLU GLU @tx GLU GLU GLU3:3 ARG AAG ARG ser ARG ARG ARG ARG AAG ARG ARG ARG ARG ARG ARG19 ALA val val ALA ALA ALA ALA ALA ALA val ALA ALA ALA ALA ALA
20 ala THR THR THR THA THR THR THR ala THA THR THA THR THR THARay Leu LEU LEU LEU LeU LEU Leu LEU LEU LEU LEV LEU LEU LEU LEU22 SER SER ' SER SER SER SEAR SER SER SER SEA SEA SEA SEAR SER SER23 cys cys CYS CYS CYS cys cys CYS cys CYS CYS24 x ARG ARG ARG ARG ARG ARG ARG ARG ARG ARG THA
25 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA26 SER SER SER SER SER SEA SER SER SER SEA27 GLX GLN GLN GLN GLiN GLN GLX Gix27A SER -- VAL SER SEA THR a3738 oo -- oe woe _ a —
275 ~ awe

§ 270 a aR 27& see - one1 27F on we ws o we28 VAL SEAR LeU SER SER
29 SER VAL VAL VAL30 SER ARG . SER31 SER SER LEU32 TYR TYR TYR TYR33 LEU Leu LEU LeU TYR34 ALA ALA ALA ALA ALA35 TRP TAP38 TYR - TYR TYR '37 GLN GUN GLN38 GLN GLN
39 SER LYS40 PRO : PROF 4t GLYR a2 GLN2 43 ALA
44 PRO45 AAG4B LEU47 LEu48 1LE
49 TYR
50 GLY

c St THR5 52 SERR 53 N THR2 54 ARG§5 ALA56 THA
57 GLYsa. LE
sg PRO60 ALA81 ARG62 PHE‘63 SER
64 GLY6s
68a768
63

8
5 223 7374757677

738
79a0et
8283
8485a687
88
8330
949293
94

§ 95RB: OBA3 953gsc
950 _95E —95F oo96 PRO~ aT THA98 PHE93 GLY400 GLNyOt GLYfF (102 THRR 1034 398 vac
% ae106A a ane we
107 LYS us. LYS.~ 108 ARG ARG
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HUMAN KAPPA UGHT CHAINS SUBGROUP Hi (cont'd)
50

AMYLOID DOV424Sor
St $2SHM

53 6a* 55 56

GRA SOE Low VER

57REE 58WE

55

64~PLA 65"PIN 66MCE 67HAC 88KEV15‘Ck

69BER 70°BOR
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=200
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at AaRUWAOWOMYAM2WVA0
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HUMAN KAPPA LIGHT CHAINS SUBGROUP IM (contd) .F w# OF OCCURRENCES VARIABILITY

 

  
 

 
 

 

 

  
  
 

75 #76 %rw7 $78 79 80 at 82 oO- bOS HS6é HBJ BUA LEG 86 AMYLOID VKAPPAS SEQUENCES AMINO OF MOST COMMON12 (kK) - WR “CL. ACIDS AMINO ACID9 re
0 nee - wae Toe aan
1 Giu GLU GLU GLU GLU 7 79 3,4 7HGLY) | PRGLY) 3.2: 432 ie WE we RE Ie 79 5 74(1LE) $33 ile VAL VAL VAL VAL 79 4 TEVAL) 4.24 met LEU val LEU LEU 79 3 65(LEU) 3.6
5 THR THR THR 77 4 T7THED 16 GLN GLEN GLN 77 2 7HGLN) : & (GUN) 2.4: 2.27 SER : 75 1 75(SER) 1.8 PRO 74 4 74{PRO) 4.3 ale 69 6:7 a6(GLY) 9 4

fe 10 70 4 66(THA) 4.2R v1 6B 2 67{LEU) 2.1 42 67 1 67(SER) 1.13 87 5 §2 EY 6.44 68 2 64(SEA 24
1S - 68 2 B5jnRo 2.16 62 1 62\GLY) a17 62 3:4 S6(GLU) + S0(GLU) 3.3! 5.18 58- 7 Salatay 8.19 60 2 B2(ALA) 23
20 59 5 §3(THA) 862i 60 2 S71 SERS 2.122 60 3 58iSER 31123 » 50. 1 SO(CYS) 124 51 4 S7(ARG) 43
28 52 z SUALA) 2.26 49. 2 48(SER} 2427 47 3 4G) & 37(GLN) 33) 3.827A 32 4 20(SER)278
27¢

& 270A ORTE
1 oa7F _28 Leu 47 7:8 2H{VAL) t3.2 15.

29 SER 44 6 a7 Sem 9.830 GLY 40 ? 241SEA 12.33 ASN 39 10 24(SER) 16.32 TYA 40 8 2a(TYR) it,33 LEU ay 4 3G{LEU) 4.6
34 ALA at § 3T{ALA) 5.535 TARP TAP 38 + 38{TRP) Y.36 TYR TyR 39 ' S9(TYR) os37 GLN GLN 39 1:2 S9(GUN) + 3XGLN) :38 GUN GLN 37 213 ‘B3E(GEN) : 30(GLN)
39 LYS LYS 33 3 201YS) 3.440 PRO PHE 34 3 32(PRO) 32pF 44 GLY GLY 27 2 26aLy) ByR 42 GLN GLN 27 4 2a1GEN) 24(GLN) 45: 472 43 ALA ALA 26 3 23(ALA) 3.444 PRO PRO 27 3 25(PRO) 3.245 ARG 26 3 24(ARG) 3.346 Leu LEU 24 2 2YXLEU) 2.147 teu LEU 23 2 22(LEU) 2448 Met Le 22 3 2OULE} 33
49 TYR PHE 22 4 19 TYR) 4.650 GLY ASP 21 5 T6(GLY) 6.6co 3 VAL 20 3 1BLALA) 3.8& 52 seA 20 2 1e(SER) 228 SER SER 21 2 16tSER) 2.62 $4 ARG * 20 2 19{ARG) Qa55 ALA ALA 23 3 21{ALA) 3.358. THA 22 4 TO(THA) 3687 GLY GLY 23 2 221GLY) 2.458 LE VAL 23 3 21(0LE) 3.3
89 ‘ pao 23 4 23(PRO) 1.60 ASP 23 5 ¥7(ASP) 6.86) ARG 23 1 23{ARG) 1.62 PHE 23 1 ZxEHE) 1SER 23 2 2USER) 2.2
64 GLY 23 1 2RGLY) 165 SER 22 2 21(SER) 2168 GLY 22 4 THGLY) 5.26? SER 22 2 21{SER 2168 SLY 22 4 2aGry on
69 ALA 22 2 2THEY 2.170 21 2 19 ASP’ 22pe 2 21 1 2PHE) 1,AR 72 21 1 | 2UTHR) 13 73 21 1 2u{LEU) 174 21 2 20{THR) 2475 23 2 2O{iLE) 2176 21 3 19{SER) 3.977 ARG - 22 5 16(ARG) 6.97a LEU 22 3 20{LEU) 33
79 GLx 22 2 2NGLY 20(GLU) 21: 2280 PAO 22 2 19(PRO) 23at GLU 22 2 21(GLU) 24a2 ASP 22 7 22(ASP) 1.a3 PHE 22 3 20(PHE) 33
B4 ALA 22 4 22(ALA) 78s VAL 22 2 BUVAL) 2486 TYR 22 4 22{TYA} 7.87 TYR 22 2 20(TYA) 2288 cYs 22 1 2aCYs) as89 GLN 22 2 2GLN) 2.490 GUN 22 1 22tGLN) 191 TYR 22 2 20(T7 YR) 2292 GLY 22 5 16{GLY 6993 SER ay 5 12(SER! 6.8

c (984 SER 21 4 18(SER) 475 98 PRO 21 3 18(PAQ) 3.8R 8A 1 7 1(PRO)3 958956 —98D _
95E oeOSF ee
96 PHE 19 10 4tTYR) 48.97 THR 20 2 1S(THR) 21
98 PHE 20 + ZorNe) 1,99 GLY 20 } 20(GLY) 1,100 GEN 20 2 1A(GUN) 22101 GLY 20 1 20iGLY) 1.F 102 SER 20 2 TSa(THR) 2.2R103 LYS 20 2 18{LYS) 2.24 104 LEU 20 2 TA{VAL) 3.6105 GLU 20 2 18(GLU) 22106 1LE 20 3 tBHLE) 3.3
106A Le Le A
107 LYS uys. 20 2 39{L YS) 2.4
308 ARG 16 1 I6(ARG) 1,109 10 1 tO( THR) r,
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ANTIBODY
2) WOL:
3) SHE:

SPECIFICITIE Ss: HUMAN KA PPA LIGHT CHAINS SUBGROUP an

 
87 .

ANTI-HUMAN GAMMA G GLOBULIN, WA IDIOTYPE
ANTI-HUMAN GAMMA G GLOBULIN: WA IOTYPE

5) NEU; CRYOGLOBULIN, WITH ANTHIGG ACTIMITY: 6 IDIOTYPE (KUNKEL.H.G..WINCHESTER.R.J. JOSLIN.E.G. & CAPAAJ.D. (1974) J.EXP.MED., 139,128)
6) GOT: CRYOGLOBULIN WITH ANTHGG ACTIVITY: B IDIOTYPE us
7) PAY: CRYOGLOBULIN WITH ANTHIGG ACTIVITY; B IDIOTYPE
8) SON: CAYOGLOBULIN WITH ANTI-LOW-DENSITY LIPOPROTEIN ACTIVITY; 8 IDIOTYPE
9) WEN: CRYOGLOBULIN WITH ANTLLOW-DENSITY LIPOPROTEIN ACTIVITY: B IDIOTYPE

10) GAR’; CRYOGLOBULIN WITH ANTHGG ACTIVITY; B IDIOTYPE
11) PIE: AUTOANTIBODY WHICH BINDS SPECIFICALLY TO INTERMEDIATE FILAMENTS
12) FLO: CRYOGLOBULIN WITH ANTI-IGG ACTIVITY, B IDIOTYPE -CRYOGLOBULIN WITH ANTLIGG ACTIVITY: & IDIOTYPE
14) SCA: CRYOGLOBULIN WITH ANT-LOW-DENSITY LIPOPROTEIN ACTIVITY: 8 IDIOTYPE
98) GLO: ANTI-HUMAN GAMMA G GLOBULIN: WA IDIOTYPE; CRYOGLOBULIN WITH ANTHGG ACTIVITY: 8 IDIOTYPE
18) MA: COLD AGGLUTININ WITH ANTSBLOOD GROUP | ACTIVITY (GROUP 1)
49) NIG: COLD AGGLUTININ WITH ANTI}BLOOD GROUP SMALL | ACTIVITY

_ CRYOGLOBULIN WITH ANTIHGG ACTIVITY, B IDIOTYPE
22) DRE: COLD AGGLUTININ: WITH ANTI-BLOOD GROUP # ACTIVITYCOLD AGGLUTININ WITH ANTIBLOOD GROUP ! ACTIVITY

COLD AGGLUTININ WITH ANTI-BLOOD GROUP f ACTIVITY
26) GJ: COLD AGGLUTININ WITH ANTI-BLOOD GROUP t ACTIVITY (ATYPICAL)

13) LOP:

20) CUR:

23) PER:
25) STE:

27) TAK: COLD AGGLUTININ WITH ANTFBLOOD GROUP ! ACTIVITY
35) Ad: COLD AGGLUTININ WITH ANTI-BLOOD GROUP I ACTIVITY
42) CLA: CRYOGLOBULIN WITH ANTLIGG ACTIVITY; B IDIOTYPE
43) SHE’: CRAYOGLOBULIN WITH ANTHGG ACTIVITY: 8 IDIOTYPE
48) POM: “ANTEHUMAN GAMMA Gt GLOBULIN; PO IDIOTYPE

 

$4) GOEI: ANTFMEASLES VIRUS (WOODFOLK STRAIN): ANTHSUBACUTE SCLEROSING PANENCEPHALITIS VIRUS (LEG STRAIN)
62) YEH: ANTHHUMAN GAMMA G GLOBULIN
63) CRAUI): ANTFHHUMAN GAMMA G GLOBULIN
64) PLA: ANTI-HUMAN GAMMA G GLOBULIN
65) PIN: ANTI-HUMAN GAMMA G GLOBULIN :
70) BOR: COLD AGGLUTININ WITH ANTFBLOOD GROUP I ACTIVITY
71) DRI: ANT-HUMAN GAMMA G GLOBULIN
72) WAL: ANTF-HUMAN GAMMA G GLOBULIN
73) GOL! ANTFHUMAN GAMMA G GLOBULIN
74) GAG: COLD AGGLUTININ WITH ANT+BLOOO GROUP } ACTIVITY

CLASS: HUMAN KAPPA LIGHT CHAINS SUBGROUP In
5) NEU: IGM-KAPPA .
6) GOT: IGM-KAPPA
7) PAY: IGM-KAPPA
B) SON; IGN-KAPPA
9) WEF: IGM-KAPPA

10) GARY: IGM-KAPPA
+1) PIED I1GM-KAPPA
12) FLO: IGM-KAPPA
13) LOP: | IGM-KAPPA
14) SCA: IGM-KAPPA
18) GLO:: IGM-KAPPA
20) CUR: IGM-KAPPA
42) CLA! IGM-KAPPA
43) SHE’: IGM-KAPPA

REFERENCE: HUMAN KAPPA LIGHT CHAINS SUBGROUP II

yh SUTERML.BARNIKOL.H.U.WATANABE.S. B HILSCHMANN.N. (1969) Z.PHYSIOL.CHEM..250.275-278; (1972) Z.PHYSIOL.CHEM,353,189 208, (CHECKED BYROR) ,
ANDAEWS.D.W. & CAPRAJ.D, (9981) PROC.NAT.ACAD.SCI.USA.78.3799-3803.(1981) BIOCHEMISTRY.20.5816-5822,

3) SIE: CAPRAW.D. (1975) ADV.IMMUNOLOGY.20,1-40, (CHECKED BY AUTHOR: ANDRE WS.O.W. & CAPRAJ.D. (1981) PROC.NAT.ACAD.SCI.USA.78.3799-3803.{CHECKED BY AUTHOR 0825/81 WHO SUGGESTED THAT THE SEQUENCE DETERMINED IN 1975 WAS INCORRECT ANO SHOULD BE DELETED);ANDREWS.D.W. & CAPRAJ.D. (1981) BIOCHEMISTRY.20,58 16-5822.
4) NG@S'CL: BENTLEY.D.L. (1984) NATURE .307,77-80. . ,
5) NEU: LEDFORD.D.K.GONLF..PIZZOLATO.M.fF RANKLIN.E.CSOLOMON A. & FRANGIONE,B. (1983) J.IMMUNOL.191,1322-1925.6328'B4}) GONLF..CHEN.P-P..PONS-ESTEL.8..CARSON.D.A. & FRANGIONE.B. (1985) J.AMMUNOL..735.4073-4073.

2) WOL: {CHECKED BY AUTHOR 08/28/81). ANDREWS.0O.W. & CAPRAS.O.

(CHECKED BY AUTHOR

  

 

6) GOT: LEOFORD.D.K..GONLF..PIZZOLATO.M.FRANKLIN.E.C.SOLOMON A. & FRANGIONE.B. (1983) J.EMMUNOL..131, 1322-1325. ASRESKES. BY AUTHOR. 03'23-84): PONS-ESTEL.B..GONLF SOLOMON.A. & FRANGIONE.B. (1984) J.EXP.MED,.160.893-904; GONLF..CHEN.P.P..PO S-ESTEL.B.CARSON.DO.A, &FRANGIONE.B. (1985) JJMMUNO! 435.4073-4079.
7) PAY: LEDFORD.O.K,.GONIF..PIZZOLATO.M. FRANKLIN.E.C..SOLOMON A. & FRANGIONE.B. (3983) J.IMMUNOL..131.9922-1925, (CHECKED BY AUTHORO32 384): GONLF..CHEN.P.P..PONS-ESTEL,B..CARSON.D.A. & FRANGIONE.B. (1985) JAMMUNOL..135.4073-4079,8) SON: LEDFORD.O.K. GONLF..PIZZOLATO.M. FRANKLIN.E.C. SOLOMONA. & FRANGIONE.B, (1983) J.MMUNOL..134,1322-1325. (CHECKEO BY AUTHOR03/23/84); ‘PONS-ESTEL.B..GONS.F..SOLOMONA, & FAANGIONE.B. (1984) J-EXP.MED..160,893-904. .
9) WES: LEDFORD.D.K..GONLF..PIZZOLATO.M..FRANKLUINE C-SOLOMON-A- & FRANGIONE.B. (1983) JIMMUNOL.,191,1922-1328. (CHECKED BY AUTHOR

10) GAR‘: LEDFORD.D.K..GONLF..PIZZQLATO.M..FRANKLIN.E.CSOLOMONA, & FRANGIONE 8. (1983) J.IMMUNOL..191 1322-1925. (CHECKED BY AUTHOR03°23'84); PONS-ESTEL.B..GONILF.SOLOMON.A. & FRANGIONE.B. (1984) J.EXP.MED.. 160.6: 3-904. GONIF..CHEN.P.P..PON -ESTEL.B..CARSON.O.A. &FRANGIONE.B. (1985) J4AMMUNOL..135.4073- 4079. .
14) PIE: PONS-ESTEL.B..GONLF..SOLOMONA, & FAANGIONE,B. (1984) J.EXP.MED.,.160.893- 904. {CHECKED BY AUTHOR 05/16/86) .
12) FLO: LEOFORD.O.K..GON1F..PIZZOLATO.M..FRANKLIN.E C.SOLOMON.A. B FRANGIONE.B. (1983) JIMMUNOL.,.131.3322-1325. (CHECKED BY AUTHOR03'23/B4), GONLF..CHEN.P.P..PONS-ESTEL.B..CARSONDAA. & FRANGIONE.8. (1985) J.IMMUNOL.,136.4073-4079.
13) LOP: LEQFORD.D.K..GONIF..PIZZOLATO.M.FRANKLINE CSO. OMONA & FRANGIONE,B. (1983) JIMMUNOL..131,1322-1325. {CHECKED 8Y AUTHOR184)

14) SCA: LEDEORD.D.K..GONIE..PIZZOLATO.M. FRANKLIN.E.C-SOLOMONA. & FRANGIONE.B. (1983) JAMMUNOL..131,1322-1325. (CHECKED BY AUTHORi23'84)

15) GLO: CAPRAJ.O. (3975) ADV.IMMUNOLOGY,20.1-40. (CHECKED BY AUTHOR}: LEDFORD.D.K..GONLF..PIZZOLATO.M..FRANKLIN.E.C..SOLOMONA. &FRANGIONE.B. (1983) JAMMUNOL..131.1322-2325. (CHECKED BY AUTHOR 03/23'84): GONLFE..GHEN P,P.PONS-ESTEL.B..CARSON.DA. &
FRANGIONE.B. (1385) WIMMUNOL..335.4073-4078.

16) SAL: CAPRAJ.D.:;KEHOE.J.M..WINCHESTER.Rw. & KUNKELH.G. (1971) ANN.N.Y.ACAO.SCL. 190.371-381. (CHECKED 8Y AUTHOR)
17) Wik: CAPRAJ.O..KENOE.J.M..WINCHESTER.A.3, 8 KUNKELH-G. (1971) ANN.N.Y.ACAD.SCI.,.190.371-381. (CHECKED BY AUTHOR)
18) MA: CAPRAJ,O..KEHOE.J.M.WILLIAMS.R.G.JR.FEILT. & KUNKEL.H.G, (1972) PROG.NAT.ACAD.SCLUSA,.69.40-43, (CHECKED BY AUTHOR)
19) NIC: CAPRAS.D..KEHOE J.M..WILLIAMS,A.C..JA.FEIZET. & KUNKEL.M.G. (1972) PROC.NAT.ACAD.SCIUSA,69.40-43, (CHECKED BY AUTHOR)
20) CUR: LEDFORD,D.K..GONL.F,. PIZZOLATO.M..F RANKLIN EC.SOLOMONA. & FRANGIONE.B. (1983) J.IMMUNOL..131,1322-1325. (CHECKED BY AUTHOR03/23/64). GONTF..CHEN.P.P..PONS- ESTEL.B..CARSONDA. & FRANGIONE.B. (1985) J.JMMUNOL..135.4073-4079.
21) FRG: MILSTEIN.C, (1969) FEBS LETTERS.2.301-304. (CHECKED BY AUTHOR WHO PROVIDEO ADDITIONAL RESIDUES TO THOSE PUBLISHED)
22) DRE: GERGELY.L.WANGA.G. & FUDENBERG.H.H. (1973) VOX SANG..24.432-440. (CHECKED BY AUTHOR)
(23) PER: GEAGELYJ..WANG.A.C. & FUDENBERG.HH. (1973) VOX SANG..24,432-440. (CHECKED BY AUTHOR)24) CAM: HOPPER.J.E..NOYES.C..HSU.A. HEINRIXSON.R. & GALLAGHER.W. (1979) J-IMMUNOL..122.2007-2010. (CHECKED BY AUTHOR 01/26/89)
25) STE: EDMAN.P. & COOPER.A.G. (1968) FEBS LETTERS.2,33-35. {CHECKED BY AUTHOR)
26) Gd: CAPAAJ.D..KEHOEW.M..WILLIAMS A.C.JR.FEIZ1.T, & KUNKELH.G. (1972) PROC.NAT.ACAD.SCI.USA.69,40-43. (CHECKED BY AUTHOR)
27) TAK: GERGELYJ..WANG.A.G. & FUOENBERG.HH, (1973) VOX SANG..24.492:440, (CHECKED BY AUTHOR)
28) IARC/BL4V'CL: KLOBECK.H.G.MEINOL A..COMBRIATO.G..SOLOMON.A. & ZACHAU.H.G. (1985) NUC.ACIOS RES..13.6499-6513.
29) BAD: MILSTEIN.C. (1969) FEBS LETTERS.2.801-304. (CHECKED BY AUTHOR)
30) DIL: DAYHOFF.M.O, (1972) ATLAS OF PROTEIN SEQUENCE & STRUCTURE,5.0-250. SUBMITTED BY SMITHIES.O..GIBSON.D.M, AND FANNING.E.M.(CHECKED BY AUTHOR O72 A7 9}
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REFERENCE: HUMAN KAPPA LIGHT CHAINS SUBGROUP HI (cont'd)
3y
az
33)
34)
35)
36)
37)
38}
39)
40)
41)
42)
43)
4a)
aS)
46)
47)
48)
49}
50)
51)

52)
63)
54)
55)
56)
57}
5B)
59)
60)
61)
62)
83)
84)
65)
66)
67)
68)
68)
70)
71)
72)
73)
74)
75)
76)
m7
78)
79)
BO)
8h
82)

CAS: NIALL.H.0. & EDMAN.P. (1967) NATURE.216.262-253. (CHECKED BY AUTHOR 07/25/79)MCE’: MIODAUGH.C. f..KEHOE.J.M., PRYSTOWSKY.M.B..GERBER-JENSON,B..JENSON.S.C. B LITMAN.G.W, (1978} IMMUNOCHEM.,15.171-387. (CHECKED BYAUTHOR 10/22/80)
KEA: WANG.A.C. & FUDENBERG.H.H. (i975) IMMUNOL.COMMUN..4,483-497. (CHECKED BY AUTHOR 09/2977); WANG,A.C.,TUNG.E..WANG d..FUDENBERG.LH. PICK AL & FROEHLICHMAN.A, (7980) CANCER IMMUNOL.IMMUNOTHER..9,8 1-86. {CHECKED BY AUTHOR 03/18/81)
SMI: NIALL.H.D. & EDMAN. (1967) NATURE.216.262-263. (CHECKED BY AUTHOR 07/25/79)Ad: CAPRAJ.D..KEHOEJ.M..WILLIAMS.A.C..JA.FEIZLT. & KUNKEL.H.G. (1972) PROC.NAT.ACAD.SCIUSA.69,40-43. (CHECKED BY AUTHOR)
BROIGG: HOPPERJ.E.NOYES.C.HEINRAIKSON,A. & KESSELWJ.W. (1976) JAMMUNOL..116,743-746, (CHECKED 6Y AUTHOR 01/26/89)
MIG: NIALL.H.D. & EDMAN,P. (1967) NATURE.216.262-269. (CHECKED BY AUTHOR 07/25/79)
IKE: CAPRAJ.D. (1978) ADV.IMMUNOLOGY.20,1-40. (CHECKED BY AUTHOR)
Tik:  PINK.J.A.L.WANGA.C, & FUDENBSERG.HLH. (1971) ANN.REV.MED.,.22,145-170. (CHECKED BY AUTHOR) : .
AMYLOIDKSA: SLETTEN.K..WESTERMARK.P..PITKANEN,P..THYRESSONN, & OLSTAD.O.K. (1983) SCAND.J.IMMUNOL..18,557-560. {CHECKED BY AUTHOR
POL: WANG.A.C..WELLS.J.V..FUDENBERG.H.H. & GEAGELYJ. (1974) IMMUNOCHEM,,11.341-345. (CHECKED BY AUTHOR)
CLA: LEOEORD.0.K..GONLF..PIZZOLATO.M. FRANKLINE-C--SOLOMONA A FRANGIONE.B. (1983) J.IMMUNOL..131.1922-1925. (CHECKEO BY AUTHOR
SHE": LEDFORO.0'K..GONI..PIZZOLATOM.FRANKUN-E-C-SOLOMON-A. & FRANGIONE.S. (1989) JLIMMUNOL..131,1322-1328. (CHECKED BY AUTHOR
JM: JEMMERSON.A..KAPLAN.B..DENTON,M.0.,ANDERAS.P..ANDERSON.B. & MARGOLIASH.E. (1978) BIOCHEMISTRY,18.46 76-4683.
WIN: NIALL.H.O. & EOMAN.P. (1967) NATURE,216.262-263. {CHECKED BY AUTHOR 07/25/79)
LEA: WANG.A.C..WELLSJ.V.FUOENBERG.H.H. & GERGELY. (1974) IMMUNOCHEM.,11.941-345. (CHECKEO BY AUTHOR)ARP: WANG.A.C.TUNG.E..WANG).,.FUDENBERGH.H.PICKAL & FROEHLICHMAN.R, (1980) CANCER IMMUNOL.IMMUNOTHER.,9.81-66. (CHECKED OY-AUTHOR 03/18/81) .
POM: KLAPPER.O.G. & CAPRAJO. (1976) ANN.IMMUNOL (INST.PASTEUA).127C.261-271. (CHECKED BY AUTHOR 08/01/79) :
VAND: SEON,B.K..GAILANIS..HENDERSON,E.S, & PRESSMAN.O. (1977) IMMUNOCHEM..14.567-572. (CHECKED BY AUTHOR’ 08/28/78)
AMYLOID $0124: SLETTEN,K.,.WESTEAMARK.P. PITKANEN,P..THYRESSONN, & OLSTAD.O.K. (1983) SCAND.J.IMMUNOL..18.587-560. (CHECKED BY

AUTHOR 04/28/84) .DOV: WANG.A.C..TUNG.E..WANG,)..FUDENSEAG.H.H.PICKAL & FROEHLICHMAN,R, (1960) CANCER {MMUNOL.IMMUNOTHER..9.81-86. (CHECKED BY
AUTHOR 03/38/81) :SHM: WANG.A.C.,.TUNG.E..WANGL.FUDENBEAGHAN..PICK.AL & FROEHLICHMAN,A. (1980) CANCER IMMUNOL.IMMUNOTHER..9.81-88. (CHECKED BY” AUTHOR 03/18/81)

GRA: NIALL.H.O. & EOMAN.P. (1967) NATURE.216.262-263. {CHECKED BY AUTHOR 07/28/79)
GOEN: STAOSBEAGA.O..KARCHER.O. & LOWENTHALA, (1975) JAMMUNOL,,115,157-160. (CHECKED BY AUTHOR)
LOW: AYANG.ACoTUNG&..WANG,.FUDENBERGHN.PICK-AL & FROEHLICHMAN,A, (1980) CANCER IMMUNOL.IMMUNOTHER,.9.81-86. (CHECKED BY
VER: CHERSIA. & NATALLP.G. (1978) IMMUNOCHEMISTAY.15,.585-589. (CHECKEO BY AUTHOR 09/13/79)
REE: PRELLIF..TUMMOLO,C..SOLOMON.A. & FRANGIONE.B. (1986) J.IMMUNOL.. IN PRESS.
WE: OWORSKY.E..SLETTEN.K..HARBOE.M. & WETTELAND.P. (1980) SCAND J.AMMUNOL..12.201-287. (CHECKED 8Y AUTHOR 02/28/1984)
HOW: KAPLANA.P. & METZGER. (1969) BIOGHEMISTAY.8.3944-3951, (CHECKED BY AUTHOR)
HS4: HOOD.L..GRAY.W.A.SANDERS.B.G. & DREYEA,WW. (1967) COLO SPRING HARBOR SYMP. QUANTITATIVE BIOL..32.153-145.BUS: HOOD.L..GRAYW.R..SANDERS.B.G. & DREVER,W.J. (1967) COLO SPRING HARBOR SYMP. QUANTITATIVE BIOL..32.193-145.
TEH: JOHNSTON,S.L..ABRAHAMG.N. & WELCH.E.H. (1975) BIOCHEM. BIOPHYS.RES.COMMUN.,66.942-847. (CHECKED BY AUTHOR 10/17/77) ‘
CRA): JOHNSTON.S.L.ABRAHAM.G.N. & WELCHE.H. (1975) BIOCHEM, BIOPHYS.RES.COMMUN..66.862-847, (CHECKED BY AUTHOR 10/17/77)
PLA: JOHNSTON.S.L..ABRAHAM,G.N. & WELCH,.E.H. (1975) BIOCHEM. BIOPHYS.RES.COMMUN,,66.842-847. (CHECKEO BY AUTHOR 10/17/77)
PIN: JOMNSTON,S.L.ABRAHAM.G.N. & WELCH.E.H,, (1975) BIOCHEM. BIOPHYS.RES.COMMUN. .66.842-847, (CHECKED BY AUTHOR 10/17/77)
MCE: CAPRAJ.O..KEHOE.J.M..WILLIAMS,A.C. JR.FEIZ.T. & KUNKELH.G. (1972) PROC.NAT.ACAD.SCI.USA.69.40-43. (CHECKED BY AUTHOR)
HAC: HOOD,L. & TALMAGE.O.W. (1970) SCIENCE, 163,325-334. ,
K- EVIS'CL: STAVNEZER.J.,KEKISH.O..BATTER,D..GRENIER..BALAZSA..HENDERSON.E. & ZEGEAS.8.J.M. (1985) NUC.ACIDS RES..13,3495-9514,
BER: WANG.A.C..WELLSsLV..FUDENBEAG.HLH, & GERGELYJ. (1974) IMMUNOCHEM..11.941-345. (CHECKED BY AUTHOR)
BOA: GEAGELYJ..WANGA.C, & FUDENBERGHLH. (1973) VOX SANG..24.432-440, (CHECKED BY AUTHOR) :
DRI: CAPRAJ.O. (1975) ADV.IMMUNOLOGY.20,1-40. {CHECKED BY AUTHOR)
WAL: CAPRA,J.D. (1975) ADV.IMMUNOLOGY.20,1-40. (CHECKED BY AUTHOR)
GOL: CAPRAJ.O. (1975) ADV.IMMUNOLOGY.20.1-40, (CHECKED BY AUTHOR)
GAG: CAPRAJ.D..KEHOEJ.M..WILLIAMS.R.C.JA.FEIZLT. & KUNKELH.G, (3972) PROC.NAT.ACAD.SCI.USA.69,40-43. (CHECKED 8Y AUTHOR)
DOB: HOOD.L. & TALMAGE,.D.W, (1970) SCIENCE, 168.325-324.
HS6: HOOD.L..GRAY.W.R..SANDERS.8.@. & OREYER,W.1. (1967) COLD SPRING HARBOR SYMP. QUANTITATIVE BIOL..32,133-145,
HBJ12: HOOD.L..GAAY.W.AR..SANDERS.B.G. & DREYER,W.J. (1967) COLD SPRING HARBOR SYMP. QUANTITATIVE BIOL..32,133-145.
BUR(K): MOULIN|A. & FOUGEREAU.M. (1973) NATURE NEW BIOLOGY.246,176-178. (CHECKED BY AUTHOR)
LEG: MOULIN,A. & FOUGEREAU.M, (1973) NATURE NEW BIOLOGY,246,176-178. (CHECKED BY AUTHOR)
88: MILSTEIN.C. (1969) FEBS LETTERS.2,301-904. {CHECKED BY AUTHOR) :
AMYLOIDWR WESTERMARK,®..GLETTEN.X..PITKANEN,P.NATVIGJ.B, & LINDHOLM.G.E, (1982) MOL.IMMUNOL.,.19,447-450, (CHECKED BY AUTHOR

 

VKAPPAZ'CL: BENTLEY.O.L. & RABBITTS,T.H. (1981) CELL.24,613-623. (CHECKED BY AUTHOR 12/07/84}
NOTES: MUMAN KAPPA LIGHT CHAINS SUBGROUP TE
{OENTICAL SETS OF FRAMEWORK SEGMENTS:

coR2: S€&Ts
COR3: SET“8

: WOU SLNEUIS| GOTISI PAYIZLSONISLGAA NG) PUGLY Y ELOL 21.GLOL'S).CURIZ0) {31 IDENTICAL) -POMS. (IDENTICAL TO 1 MOUSE V-KAPPA-IV: Vrouri12).) :
: POMI48}. (IDENTICAL TO 1 HUMAN V-KAPPA‘E LAYI391)+ GOTIBLCURI20}, (2 IDENTICAL)

FRI: SET 1: TH}WOL(2) SIEISL.NGOCUA) NERS GOTIG}.PAYI7).SON{B},WEF19}.GAR[10], PIEL1N FLO 2L.LOPI 33}. SCAI 14],GLOI15},SAL{ 16],IL LMALtBNICE 9.CUR[2Q}. R421),GRE122]PERIZ3).CAMI24}. (24 IDENTICAL)SET 2: GJI26LTAKI27]. (2 JOENTICAL
SET 3: RAOl[29},01L[30],CASI31]. g IDENTICAL)SET 4: KEAS3},SMiN34]. (2 (OEN ICAL HUMAN V-KAPPA-HI; ALSO t MOUSE V-KAPPA-V; Vg'CL{t22h)SEY §: ORE(22).PER{ 23}. BRO IGGI36}. (3 IDENTICAL)SET 6: CLAL42).SHEI43}. (2 IDENTICAL) :

FR2: SET t: THA), WOL{2}SIEI9 NG9'CLI4),NEUISI,GOTISLSONI8},GAB'| 101, PIE[4 11. FLOU12).GLOL 15). CURIZO1, (12 IDENTICAL HUMANVeKAPPA-I; ALSO 1 MOUSE V-KAPPA-V: ViiCLi123; AND 7 MOUSE V-KAPPA-V: Vg'CLit22}.)
FR3: SET 4: BOG (2 IDENTICAL)SET 2: G Tig},PAY|7}.GAR {10}. PIEL 11.FLOL 121,GL.0U151.CURI 201. (7 IDENTICAL)
FRSA: SET ft: WOLI2}PAYI7) PIEL11},GLOL 15},CURI20 REELSZAeeBon - eg IDENTICAL HUMAN V-KAPPA-II ALSO 3 HUMAN V-KAPPA-I:AUl2LGAL(NI3S),.CLT Jy 2 HUMAN V-KAPPA-H? GM 607 'CL{5],RPM1-6410°CLII6} AND 1 HUMAN V-KAPPA-IV: P817IV'CLI9].)SET 2: POM[48). UOENTICAL TO 1 HUMAN V-KAPPA-1: HAUI41) .SET 3: NEU[SLGOTIS}GAA TiO]. FLO[ 121. FAa[ 231 JARC/BL41CL( 28). 6 IDENTICAL HUMAN V-KAPPA-HH, ALSO 3 HUMAN V-KAPPA-E AGE7}.

OENI461,8i(631; 2 HUMAN V-KAPPA-H: NIMISHTSH "AND 1 HUMAN V-KAPPA-IV: CENI4I.}_ SET 4: SONTS}. UDENTICAL TO 1 HUMAN V-KAPPA]V: VII'CLIN)
IDENTICAL SETS OF COMPLEMENTARITY DETERMINING REGIONS:

CDA): SET 1: SIEISLIKEI98), (2 IDENTICAL!SET 2: NGS CLI6LPAYI7,.SON([BLWE +9), GAR TIO}, PIEL 11]. FLOL1 21,GLOI 15], CURI20}.ORE[221,.CAMI 24}. (11 IDENTICAL)SET 3: TILIG9}. (DENTICAL TO 1 MOUSE V-KAPPA-V: Va'CLIt221)1
2:
t
23:4 f PAYI7).GLOL15}) (2 IDENTICAL)> GARIO).FLOUI2Z). (2 IDENTICAL)

IDENTICAL SETS OF -J-MINIGENES:

SET 1: PIE(L 1LVKAPPASCL{S2)- (2 IDENTICAL HUMAN V-KAPPA-ITI ALSO 1 HUMAN V-KAPPA-I: AUI2Zh 1 HUMAN V-KAPPACH:APM1-6440'CLU[ 16}: AND 1 HUMAN V-KAPPA-IV: PBI7IV'CLIS1)
SET 2: GOTIB}. (IDENTICAL TO 1 HUMAN V-KAPPACI: asi),SEF 3: GARNOLFLOU ZLARG/B LAT CLI28). (3 WENTICAL HUMAN V-KAPPA-: ALSO 2 HUMAN V-KAPPAE DEN{461.BH63}; ANO 1 HUMAN
SET 4: WOLJ2),.CUR[20}. (2 BenTcaLSET 5: PAYI7],GLO}15!. (2 IDENTICAL)

SPECIFIC NOTES:
4y

32)
42)
43)
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NGO'CL: THE AMINO ACID SEQUENCE IS TRANSLATED FROM THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN CONA,
MCE’: IT IS A GRYOIMMUNOGLOBULIN, THE AUTHORS ORIGINALLY DESIGNATED 1T AS MCE. BUT IN ORDER TO OFFERENTIATE IT FROMANOTHER MCE SEQUENCED SY CAPRA ET AL. IT 1S DENOTED AS MCE’.
CLA: THE AMINO ACID RESIOVES FOUND AT POSITION 9 WERE GLY AND ALA.
SHE: THE AMINO ACID AESIOVES FOUND AT POSITION 9 WERE GLY AND ALA.



 

@ ss ®
NOTES: HUMAN KAPPA LIGHT CHAINS SUBGROUP III (cont'd)
44) JH; THE NAME WAS GIVEN TO US BY THE AUTHORS. IT 1S NOT INCLUDED IN THE PAPER.
58)°WE: AT POSITIONS 20.29 AND 33 OF AMINO ACID SEQUENCE WERE FOUND SOTH LEU AND ILE. IN THE SAME SEQUENCE TWO RESIDUES WEREFOUND IN POSITIONS 1.3,4.9,.10,15.17.19,.20,21.22 AND 29. THE SECOND RESIDUES WERE GLY.VAL,LEU.GLY. THR,PRO.GLU,ALA, THAR,LEU SERAND VAL. RESPECTIVELY. A DETERMINATION WAS NOT MADE IN THE ARTICLE AS TO WHETHEA THE SEQUENCE BELONGED TO SUBGROUP| OR TO SUBGAOUP It.
81) AMYLOID WR: AMINO ACID RESIDUES FOUND AT POSITION 54 ARE LEU AND ALA.
82} VKAPPA3'CL: THE AMINO ACID SEQUENCE IS OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF CONA FROM AMOUSE-HUMAN HYBRID CELL LINE.
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HUMAN KAPPA LIGHT CHAINS SUBGROUP IV - .INVARIANT 1 2 ~ _ 4 8° oe 7 8 9 10 4 12 13 4 15 # OF # OFRESIDUES Vb VKAPPA PBI7IV LEN ALK. k. TUR AH DA OA-H DAN JAH SCH JUV AMYLOID SEQUENCES AMINO- “Ch wv “Ch TH. GAB ACIDS. GERMLINE‘cL

3 ve sa _ nae ca neo a a vo ae a c= mam aoe Tae .1 ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP ASP 15 12 HE Le iLe ILE LE RE hE tLE SLE HE LE LE Le jeu HE 15 23 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL 41s 14 MET MET MET MET MET leu MET MET MET MET Ieu MET MET MET MET 1S 25s THA THR THA THR THA THR THR THR THAR THR in THR THR THR THR 15 26 GUN GLN GLN GLN GLN GLN GLN GLN GLN GLN GLN LN GLN GLN GLN GUN 15 17 SER SER SER SER SEA SER SER SER SER SEA SER SER SER SEA SER 14 18 PRO PRO PRO PRO PRO PRO PRO -PRO PRO PRO PRO PRO PAO PRO PRO PRO 15 13 ASP ASP ASP asn ASX ASX ser gix ASP ASP ASP ASP ata asn ASX 15 5Fe. 10 ser SER SEA SEAR SER SEA SER SER SER SEA SEA the thr 3 2A ti LEU LEU Leu LeU Leu LEU LEU LEU LED Leu LEY LeU LEU LEU LEU 14 11 12 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA 16 113 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL 14 114° SER SER SER SER SER SER SEA SER SEA SER SER SER 1 118 ro ro Leu at 216 GLY LY Ly GLY 41 17 asp asp asp VW 2:318 gin gin leu it 319 | ALA ALA ALA ALA ALA 12 t20 THR THR THR THA THR 12 tat val vat lou LE 2 322 sor ser ger asp 12 323 cys cYs cys CYS cvs 10 124 GLN GUN GLN LYS 10 32s ALA ALA ALA g 326 SER 7 227 GLN 7 1:227A oo 8 2278 VAL 7 2c 270 LEU LEU 8 1BD 270 TYR TYR 5 tAR 27& 5 2A 27F SER 4 428 ASP 5 229 4 23006«(C«LYS LYS 5 y3t ASN: 4 132 TYR 4 +33 LEU 4 +34 ALA 4 435 TRE 4 136 TYR 4 137 GUN 4 !38 GLN 4a bi39 Lys 4 140 PRO PRO 5 1FE 44 GLY GLY s sA 42 GEN GUN 5 12 43 ALA 5 244 PRO PAO $ 34S LYS Lys $ 148 LEU LEU 3 +47 LE LEU 5 448 HE ILE 5 149__sTYR UVR 5 350 TRE TRP 5 4c 5t GLY 5 2o 52 ARG S 2R 53 THR 4 12 54 ARG 4 tBS GLU 4 +56 SER 4 i87 GLY 4 158 VAL 4 153 PRO 4 160 ASP 4 181 ARG 4 162 PHE 4 163 «SER SER 5 bi64 Guy GLY 3 t6S SER SER $ t68 GLY GLY S 167 SER S&B 5 168 LYS 5 2693 THR 4 t790 ASP. 4 1F 71 PHE 4 qR 72 THR 4 13 73 LEU 4 474 THR 4 175 LE 4 178 SER 4 477 «SER 4 178 LEU 4 179 GLN 4a 180 ALA 4 18i GLU 4 132 ASP 4 ta3 VAL 4 184 ALA 4 185 VAL 4 1a6 TYR 4 1a7 TYR 4 +88 cys. 4 189 GLN 4 130 GLN 4 1g1 TYR 4 v92 4 293 4 3c 94 4 36 95 PRO 4 ?R 3A
3 95895C

9sD95EOSF
96 2 237 3 238 PRE 3 199 GLY 3 1100 3 2101 GLY 3 1fp 102 THR 3 iRA 103 LYS 3 14 104 LEU 4 2105 GLU GLU 4 4406 iLE Le 4 4106A ate .107, ARG. A 2108 ARG 3 y109 1 1
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HUMAN KAPPA LIGHT CHAINS SUBGROUP IV (cont'd) ® ®@OCCURRENCES VARIABILITYOF MOST GOMMON
AMINO ACID
 

 

 

 
 

 

 

 

 

 

 

oO
- 4 15(ASP) 1.

2 14QLe 24

3 isvaly +.4 13{ME 2:3
5 TQ THR 2.1
6 IGEN 4? 14{SER)
a 1§(PRO)9 1OQ{ASP) : 7{ASP)

e 10 VSER) 2.4Fo rake :1 43 yarVAL: 1,14 1SER) L
15 B(LEU) 2.816 INGLY) . 4

% TIGL)3SIGLY) 3.1 ds 6.618 42(ALA) 1.
20 12(THR) 124 S{ILE) 4

22 TASH) +) sar 9,= 1 } 1.
24 S(tYS) 6.
25 . 5S(SER' 5.426 6ISER 23

a7 GLY)|SIGN) 1 23}
278 BAG

co 27e SLEW
9 Be aiSeR
R a7F sem}28 . 3{ASN)} 3.3

29 ASN} 2.7
30 BILYS} ?31 4{ASN) 1.
32 altyas 133 4(LEU) 1

“34 4{ALA) 1.
35 a{TRP) 1. .36 ACTA) v
37 4(GLN) 138 4(GUN) v
39 4{Lys 1
40 PRO)

£43 ASN LR 1
2 43 _ AIP) 25

44 s(Ppo) 1.45 SILYS) v46 S(LEU 1.
ay LeU) i48 StILE) 4,
49 _S(TYR) 1,

50 SrA) 7.ce 2 4{ALA) 2552 4(SER) 25
g 83 A(THR 7,2 84 . HARG i

85 “(tu i56 ___AISER) 1
87 a(GLy) 1
58 aay 159 4(PRO) t60 4{ASP) 1
61 4{ARG) r82 alPHE) 1.63 5(SER) 1"
84 1

88 Beary ¥67 S(SEB: re6B AGL 25
69 4{THR) 170 4a(ASP) 1

ce 7 4{PHE) 1
h # ren} :3 4 1

74 aq 4.
78 ace 1
76° S(SER) 1,
77 assem 1,78 4(LEU) v
79 4{GLN) +,80 4{ALA) on
82 dtASey 7

1, ’
a3 a{VaL 284 A{ALA) 785 aval} 1"
a6 : atv) .4(TYR) 1,
88 aleyay i
ag aiGtn) 1.i isn :92 sttvAR 2793 2(SER)} 6.
94 2(THA 6.

8 98 a{EAS} 1.A 9SA§ 95895C
950
956

- Foal 4,
97 atti} 3.98 S{PHE} 1,

& ae i704 BIGLY) 1,
fo 102 ATHAY 1. .

R103 guys 1.4 104 | at + om105 4(GLu) 1106 40) t106A
407 3(LYS) 22

108 3 THAD 1.
109 VITHR:
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ANTIBODY SPECIFICITIES: HUMAN KAPPA LIGHT CHAINS SUBGROUP IV .

3) PBITIV'CL: ANTI-STREPTOCOCCUS GROUP A CARBOHYDRATE WITH SPECIFICITY FOR N-ACETYL GLUCOSAMINE
3) AK. COLO AGGLUTININ WITH. ANTEPBIH ACTIVITY (RBG MEMBRANE ANTIGEN ON HUMAN ERYTHROGYTES INACTIVATED BY PROTEOLYTIC ENZYMESANO NEURAMINIDASE) .
6) L.TH.: COLD AGGLUTININ WiTH ANTI-PR2 ACTIVITY spec MEMBRANE ANTIGEN ON HUMAN, RAT AND GUINEA PIG ERYTHROCYTES INACTIVATED BYPROTEOLYTIC ENZYMES AND NEVURAMINIDASE)
7 TUR: COLD AGGLUTININ WITH ANTLPR ACTIVITY

REFERENCE: HUMAN KAPPA LIGHT CHAINS SUBGROUP [Vv
4) VEPCL: KLOBECK.H.G..8ORNKAMMM,G.W..COMBRIATO,G..MOGIKAT.A..POHLENZ,H.D. & ZACHAU.H.G. (1985) NUC.ACIDS RES.,19.6515-6529. (CHECKEOBY AUTHOR 02/25/86) .

2) VKAPPAtyGERMLINE'CL: KLOBECK,.H,G..BORNKAMMM,G.W.,COMBRIATO,G,.MOCIKAT,A..POHLENZ.H.O. & ZACHAULH.G. (1985) NUC.ACIDS RES..13,
9) PBI7IV'CL: MAASH,P..MILLS.F. 8 GOULD.H. (1985) NUCG.ACIDS RES.,19.6531-6544. (CHECKED BY AUTHOR 03/19/86 WHO CORRECTED A MISPRINT: IN THE ORIGINAL PAPER FOR RESIDUE 30
4) LEN: SCHNEIDER.M. & HILSCHMANNN. (1974) Z.PHYSIOL.CHEM,,355.1164-1168, (CHECKED BY AUTHOR)
S$) R.K.2 WANG,A.C..FUDENBERG.H.H..WELLS.LLV. & ROELCKE.O. (1973) NATURE NEW BIOLOGY.243,126-128. (CHECKED BY AUTHOR)
6) LTH: WANG,A.C..FUOENBERG.H.H..WELLS.JV. & ROELCKE.O. (1973) NATURE NEW BIOLOGY.243,126-128. {CHECKED BY AUTHOR)
7) TUR: GAPRAJ.D..KEHOE,J.M..WILLIAMS.A.C.JA.FEIZLT. & KUNKELH.G. (1972) PROCG.NAT.ACAD.SCI.USA.69,40-43, (CHECKED BY AUTHOR)
8) AH: PICK.AS.WANG,A.C..FROHLICHMAN.A. & FUDENBEAG.HH, (1982) ACTA HAEMAT.,68.207-214, (CHECKED BY AUTHOR 06/26/83)
9) DA: WANG.A.C..ZHANG.H.S.. BONEWALD.L. TUNG £.BOUVET.J.P. 8 LIACOPOULOS,P. (1988) MIAM! WINTER SYMP..17.335-336. (CHECKED BY AUTHOA02/25/86 WHO CORRECTED RESIDUES AS SHOWN) : :

10) DA-H: BOUVETJ.P..LIACOPOULOS,P. PILLOT,J..BANDA,R..TUNGE. & WANG.A,C. (1980) JAMMUNOL.,125.213-220. (CHECKED BY AUTHOR 08/04/80);BOUVET.JP..LIACOPOULOS.P..PILLOT J. BANDAA..TUNG.E. & WANG.A.C, (1982) JIMMUNOL.,129,15 19 1524.
Wy) DA-N: BOUVET.WLP..LIACOPOULOS.P..PILLOT BANDA,R.,TUNG,.E. & WANG.A.C. $4389) JAMMUNOL,,125.213-220. (CHECKED BY AUTHOR 08/04/80);BOUVET.J.P.. LIACOPOULOS.P..PILLOT J..BANDA.R..TUNG.E. & WANG.A.C, (1982) J.IMMUNOL.,.129, 1519-1524,
12) JAM: SLETTEN,K.HANNESTAD.K. & HARBOE.M, (1974) SCANOWJ.IMMUNOL..3.219-222, (CHECKED BY AUTHOR 12/08/77)
13) SCH: SLETTEN.K..HANNESTAD.K. & HARBOE.M. (1974) SCANO.JIMMUNOL.,.3.23%222, (CHECKED BY AUTHOR 12/05/77)
14) JUV: SLETTEN.X.HANNESTAD.K. & HARBOE.M, (1974) SCANO.J.IMMUNOL..3.219222. (CHECKED BY AUTHOR 12/05/77}
15} AMYLOIO GAB: PRAS.M.FRANGIONE.B. & FRANKLIN, E.C, (1980) IN AMYLOID AND AMYLOIDOSIS,G.G.GLENNEA.P.P.E COSTA & F.DE FREITAS EDS..EXCERPTA MEDICA AMSTEROAM OXFORD-PRINCETON.249-252. {CHECKED BY AUTHOR 11/18/81) .

  

NOTES: HUMAN KAPPA LIGHT CHAINS SUBGROUP IV
IDENTICAL SETS OF FRAMEWORK SEGMENTS:

FRI: SET 1: VIFCLEITLYKAPPA IV. GERMLINE CLI2LPBI7IV'CLIGLA.KAS). (4 IDENTICAL)SET 2: LEN[4).R.KIS). (2 IDENTICAL,SET 3: DAISLDA-HI10} {2 IDENTICAL) .

FR2: SET 1: VARCOLLKAREA, W GERMLINE'CLI2).PB 171 CLISL.LENI4). 3 IOENTICAL HUMAN V-KAPPAV: ALSO 2 HUMAN V-KAPPAsl ¥19B'CL188}.ViIBS CLIO}: 1 MOUSE V-KAPPA-1:) MCPC603/47}: 90 MOUSE V-KAPPA-HE MPC1Y CLLTERCHU71PC374 NZBNBLTEPC? 2419},
MOPG321[12].PC7043,.NZB}}13).PC7 163: NZB)14}.PCEI0QiNZB 115}.PC6684(NZB)f 17), PC7940) NZBNIOris B)I19},
erorial SNZEU 21.PC7 JOINZBy 201 HOE The 1,2242129}.V¥-21E1.5KB'CLI30J.V-21C9.SKB’CLI31},PC7461{NZB){33}, PC296EQINZS}1I94),.97.C{A.BY, Feeeeee A THES2.MOPCBS S41TeorkPC9245(NZB 136] PC SQB0(NZONES) T6KB'CLI58.11949(62]; 1 MOUSE V-KAPPA-Vi BFPCBIA’CLIG4]: AND 15 RABBIT V-KAPPA:K9-335-I{ 19},3368120).8S- [38).8S-3(39},K49-501 | 45],9547(47}.K482015 7}.K 30-26 716 11,3 11[651.4422166).1709" Usa}.4192(71).4363185], 1 20[ 103),K-25( 4121)

FR: SET 1: VUICLUT.VKAPPA IV GERMLINE'CLI2}.PBI7IV'CLIS).LENEA). (4 IDENTICAL)
FR4: SET 1: PBIVN'CLI3]. (IDENTICAL TO 3 HUMAN V-KAPPA-H AUL2}.GAL(R[S6].CL7] 110): 2 HUMAN V-KAPPA-i GM 607 galAPM}-6410'CL(16]; AND 7 HUMAN V-KAPPA-IN: WOLI2),PAY{ P.PIE[11].GLOL 451.CUR[Z0] AEEIS7|,VKAPPA2CLI82 i; .AN V-KAPPA-It NIMI3,.FR{i1t4é]; AND 6 HUMAN V-KAPPA-IE:

SET 2: LEN[4). (IDENTICAL TO 3 HUMAN V-KAPPA-: AGI7]DEN[ 451.8163}, 2 HUM.NEU{S].GOT(6],GAR101.FLO|12},.F A4l21JARC/BLA1CLIZ5})
SET 3: VurCL{1). (IDENTICAL TO 1 HUMAN V-KAPPA-IiI: SONIBL)

IDENTICAL SETS OF COMPLEMENTARITY OFTERMINING REGIONS:
COR1: SET 1: VJICLIT].VKAPPA WV GERMLINE’CLI2]. (2 IDENTICAL)

cDR2:; SET 1: VANGLEN.VRAPPA 1V GEAMLING'CL/21,PB I7IV'CLIS).LENI4). (4 IDENTICAL HUMAN V-KAPPA-IV; ALSO 1 MOUSE V-KAPPA-VI: KPNI6Syor:
COR3:

IDENTICAL SETS OF J-MINIGENES; .
SET 1: PBITIVCLIS) (IDENTICAL TO 1 HUMAN V-KAPPA-K AUI2}: 1 HUMAN V-KAPPA-H: APM1-6410°CLI 16}: AND 2 HUMAN V-KAPPA-HEPIEI11],VKAPPAS‘CLI 82}.)

4+ THE FOLLOWING WERE EQUALLY AND MOST FREQUENTLY OCCURRING:
AT_POSITION RESIDUES

22 . (SER.ASP.ASN)

9s Teowae104 LEU,VAL,
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- 63

HUMAN LAMBDA LIGHT CHAINS SUBGROUP F

INVARIANT 17 2 3 9 10 WwW 42 3 14 15 16° VF 18 19 20 21 22 23
- RESIDUES NEWM HA LR VOR SHE LOC OKA AMYLOID HAS COX KOH HS HS NIG HS HBS BJ MZEPS a 9278-81948

o aes ae tee awe wees wee — ee nen aes nee a1 PCA(.95) PCA PCA PCA PCA PCA PCA PCA PCA PCA PCA PCA PCA2 SER SER SEA SER SER SER SER SEA SER SER SER SER3 VAL(.95) VAL VAL VAL VAL VAL VAL VAL VAL ala VAL VAL VAL
4 LeU LEU Lev LEU CEU=LEU LEU LEU LEU Leu LEU LeU LeU
5 THA THR THA THR THR THR THA THR THR THR THR THA THAR& GLNI.S5) GLN GLN GLN GLN GLN GLX GLN GLN GLN GLN GLN
7 PRO PRO PRO PAO PRO PRO PRO PRO PRO PRO PRO PRO& PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO
9 SER SER SER SEA SER SER SER SEA SER SEA SER SER

10 ae a ~ woe ove + awe oa ~ New wee
ROW VAL ala leu ala sia ala VAL VAL ala VAL staP12 ser SEA SER SER SEA SER SER SER SEAR SER SER SER SER33 BLY GLY ala GLY GLY GLY GLY GLY GLY ‘alo GLY ala14 ALA thr ALA thr thr thr ALA ALA val ALA thr ALA

15 PRO;.95) PRO PRO PRO PRO ser PRO PRO PRO PRO PRO PRO16 «GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY7 glu Gun GUN.GLN GLN GLX GLN GLN GLN GEN GEN38 ARG ARG ABG  - gly ARG ser ARG thr ser ARG ARG
19 VALI.95) VAL VAL Vac VAL Vat OVAL VAL VAL VAL ale
20- tu THR ser THR THA THR THA ile THR ile21 ILE(.95) iLE ILE ILE ILE LE ILE ILE ser LE22 SEA(.95) SEA SER SER SER SER SER SEA ite SER23 Cys cys cys CYS CYS CYS cys cys CYS
24 SER SER SER SER SEA SER SER
25 GLY GLY GLY GLY GLY GLY GLY GLY26 6LY SER SEA SEA SER SER
27 ASN SER SER SER SER274A wae News ane ae we276 . x aan x

co Re on on wee teenie a ann oe
§ 275 SER SER PHE THR SER SER oo SER SER SERA 27eé ASN ASN ASP ASP ASN ASN SER ASN ASN ASNRo OOTF ILE a wee Eee ASN se a oe

28 GLY ILE WE {LE GLY ILE LE Leu le MET
29 ALA GLY GLY GLY GLU GLY GLY GLY GLY30 GLY ASP ARG. SER THR SER LYS SER ARG
31 ASN ASN ASN ASN ASN HIS ASN ASN ASN32 HIS PHE SER SER SER THA ‘YA Gtn THA33 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL
34 LYS. SER ASN ILE SER ASN ASP ASN ASN
36 TRP TRP TRP TAP TRP TRE TAP TAP TAP TARP36 TYR TYR TYR TYR YYR TYR TYR TYR TYR
37 GLN GLN GLN GLN GLN HIS GLN ARG GLN38 GLN GLN VAL GLN HIS GLN GIN HIS GUN
39. Ley LEU HIS VAL LEU PHE LEU LEU VAL40° PRO PRO PRO PRO PRO PRO PRO PAO PRO PROF 41 GLY GLY GLY GLY GLY GLY GLY GLY SLY GLYA 42 THR THA THA LYS THR THR THA THR ALA2 43 ALA ALA ALA ALA ALA ALA ALA ALA ALA
44 PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO45 LYS LYS ARG LYS LYS LYS LYS LYS LYS
46 LEU LEU LEU LEU CEU LEU LEU LEU LeU reva7 LEU LeU LEU LEO LED LEU Leo VAL LEO48 ILE wE ILE LE ILE LE LE ILE VAL
4g PHE TYR TYR_TYR TYR TYR PHE TYR TYA
50 His ASP SEA TYA GLU ARG ASN SER SER
ra ASN ASN SER ASN ASP ASN ASN ASP ASN

§ 52 ASN ASN ASP ASP ASN ASP ASN SER ASNo 53 ALA LYS GLN LEU SER GLN LYS GLN GLN
2 $4 ARG ARG ARG LEY ARG ARG ARG ARG TAP55 _ PHO SER PRO ALA PRO PRO PRO

56 SER = SER SER _SER SEA SEA SEA SER
57. GLY GLY GLY GLY GLY GLY GLY GLY‘58 LE VAL VAL VAL VAL VAL VAL,
59 PRO PRO SER SER PRO PRO PRO60 ASP ASP ASP ASP ASP ASP ASP61 ARG ARG ARG ARG ARG ARG ARG AAG62 PHE PHE PHE PHE BHE ILE PHE63 sen SEA SER SER SER SER SER SER
64 GLY GLY ALA ALA GLY ALA GLY65 SER SER SEA SER SER SEA SER SEA66 LYS LYS Lys Lys Lys Lys LYS LYS
67 SER SER SER SER SEAR SER SER SER68 GLY Sly GLY GLY GLY GLY aLy GLY

69 THR THR THA THR THR THR THR
70° «SER SER SER SER SER SER SER SERF 7t ALA ALA ALA ALA ALA ALA ALA ALA ALA

aR 72 THR THR SER SER SER SER SER SERR73) Leu LEU LEU LEU LeU LEU Leu LEU teu
74 ALA GLY ALA ALA ALA ALA ALA ALA75 Le ILE ILE le RE ‘LE ‘LE Le ILE76 THA THR SER SER. SER SER SEA SEA
727) GLY GLY GLY GLY GLY GLY GLY GLY GLY78 LeU LEU tev LEU LEU Leu LEU teu teu
73 GUN GLN GLN GLU GLN GLN GUN HIS80 ALA THR SER SEA PAO SER SER SER81 GLU GLY Gtu GLU GLU GLU Btu SLU
82 ASP ASP ASN ASP ASP ASP ASP ASP83 GLU Giu Gtu Glu GLU GLU GLU Gtu Giv
ea ALA ALA ALA |ALA THR ALA SER ALA85 ase ASP ASP 'ASP ASP ASP ASP ASP88 TYR YA Wr TYR TYrA TYA TY¥A TYR TYR8? TYR TYR PHE TYR TYR TYR TYR PHE
B8__cYS cYs cys CYS CYS CYS CYS cys cys .Ba GLN GLY ALA ALA ALA ALA ALA ALA30 SEA THR THR ALA ALA ALA SER THR94 TYR RP TAP YReE TAP TAP TAP TAP
92 ASP ASP ASP ASN ASP ASP ASP ASP93 ARG SER ASP ASP ASP ASP ASP ASP

c 34 SER SER SEA SER SER SER SER SER
§ 35 LEU LEU LEU LEU LEU LEU LEU LeURB 95a we SER ASP ASP ASP ASP ASP ASP
a 328 — VAL GLY GiU VAL GLY GLY GLY95D wee nee ae ae

98E i aI
85 ZO Om Om = a I
96 PRO PRO ALA PRO SER PRO PRO
97 VAL GLY VAL VAL VAL VAL VAL _96 PHE PHE PHE PHE PHE PHE  PHE PHE PHE89 GLY GLY GLY GLY GLY GLY GLY GLY GLY100 | GLY GLY GLY THR GLY GLY GLY GLYTOT GLY GLY GLY GLY GLY GLY GLY GLY GLY

F 302 THA THR THR THR THR THR THR THA THR
R103 ARG LYS LYS LYS LYS ASN LYS Lysa 104 VAL VAL LEU VAL LEU VAL VAL LEU105 THA THR THA THR THR THR THR THR THA106 VAL VAL VAL VAL VAL VAL VAL VAL VAL

406A LEU LEU LEU LEU LEU VAL LEU LEU
307 GLy GLY GLY GLY GLY GLY GLY Guy
108 GLN GLN GUN GLN GLN  GLN GLN GLN109 PRO PRO PRO PRO PRO PRO PRO PRO
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24 # OF # OF. OCCURRENCES. VARIABILITYFUL SEQUENCES AMINO OF MOST COMMON# ACIDS. AMINO ACIO°
1 20 2 19(PCA) 2.4
2 20 1 20{SER) 1.
3 21 2 ZO(VAL) 244 at ' 24{LEU) s
5 22 1 22(THR) . 1.6 2 1:2  2GLN) : 20(GLN) wo:7 21 1 21(PRO)
8 21 1 2UPRO} :9 2t 1 2iSer} w

fF 10
ao 21 3 1MALA} 8.71 12 22 1 22SEA) ce3 22 2 S6(GLY) 2.814 22 3 TAC THAR) 6.

15 21 2 20(PRO) 2.418 2) 1 2UGLY) 1,
7 21 2 2O(GLN) : 19(GLN) 2.4: 2.218 21 8 14(ARG) 9.19° 20 2 +O{VAL) 24
20 20 4 18(THA) 8.
2 19 2 18ULE) 2)2 19 2 18(SER) .
23 cys. 19 1 1SiCYS} i
24 SER 7-3 3 tSSEA) 3.8
28 GLY 18 1 1B gi 1.26 ASN 17 3 IQSER! 3.9
27 SER 16 5 12(SER) 8.7274 —278

» ¢ oS oo
5 270 SER 18 3 12(SER)Rn ze 18 3 12ASN) .1 27F 4 3 aug)28 15 5 FORILE) 78

29 14 3 12(1GL 3.5830 14 7 4(SER) 25.
31 4 4 T{ASN 5.432 44 6 sR I,
33 14 1 14(VAL) ’.
34 14 T At +). “25.
35 14 ? FRTAP) +
38 4 2° TAT YA) 2.237 14 3 12(GLN) 3.5™~ 38 14 3 S{GLN) 47
39 14 4 9{LEU) 6.240 14 1 14, PRO) 3

=e 41 14 + 1a{GLY) tAR 42 14 3 12(THA) 3.82 43 14 2 TA{ALA) 2.2
44 14 1 +4(PRO) iF
45 14 2 THLYS) 2.248 14 1 14(LEU Lo.4?, 14 2 ? TEU} 2.2
48 14 2 +HILE) 2.2
39 14 2 L2TYA) 2.3
50 14 8 4(SER} 28,

c 3 14 3 8(ASN} 5.35 14 3 SLASH) 5,3Rr 3 14 5 6{GLN) 12.2 84 14 3 +2(ARG) 3.555 12 3 TOXPRO) 3.656. 12 1 12(SER) 3.
57 12 1 T2(GLY} 1
58 12 2 S(VAL} 2.7
89 12 2 4O(PRO) 2.460 12 2 . TMASP) 2.261 13 1 AMARG 462 44 ‘2 12 ee} 2363 14 1 14{SER Y
64 14 3 AGLY) 4765 14 1 1AISER) is
68 14 1 14(LYS) 187 14 1 1A{SER is
68 14 1 14lQL in
69 14 3 12(THR 3.570 i4 7 iiseR 1pe 7) a 1 1 a{ALA) 1.A 72 14 2 9(SER) 3.13. O73 14 1 saveuy 1.
74 14 2 TACALA) 2.57s 14 4 14LE 1,76 14 2 OSER) 3177 14 1 14{GLY) 1.
78 4 1 14{LEU) 1.
79 14 4 ASEM 6.2eo 14 4 BISER) 7.
at 44 2 10{GLU) 2.8a2 14 2 TAKASP) 2.283 14 1 14 atu y
84 4 3 TA(ALA) 3.885 4 3 12(ASP) 3.5a6 14 1 1a(TY A) ie
87 14 3 THTYA 38BB 1a 1 1alCYS rs
89 14 3 4O(ALA) 4.2
30 14 3 7 THe) 6.91 14 2 V2ITAP! 2392 14 2 12(ASP) 2.393 14 5 B(ASP) 88

c 38 14 2° 12ASER 235B 3s 14 2 YRCEV! 22Rosa 4 3 GASP,3 «988 11 4 6(GL35C
950
95ES5F
96 14 z (PRO) 18.97 14 3 12(VAL) 3.5.
98 14 + TaPHE 1.99 4 1 1TaGL +.

100 14 2 1THGL 2.2101 14 1 14h 1.
FE 702 14 + THTHA) aR 109 14 8 1O(LYS) 7.4 104 14 2 7+ a105 14 1 Ta{ THR) 7

106 14 1 1a{VAL) 1106A 4 3 F2(LEU)
107 14 3 INGLY) 38
308 12 1 12(GLN 1.109 12 1 RAO} Ww
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ANTIBODY SPECIFICITIES: HUMAN LAMBDA LIGHT CHAINS SUBGROUP 1
1) NEWS: ANTE3-(3--HYOROXY-3'.7'°.11°.4S TETRAMETHYL HEXADECYL) 2-METHYL 1.4 NAPHTHOQUINONE{VIT.KIOH)

"16) KOM: ANTIFHUMAN GAMMA G GLOBULIN
REFERENCE: HUMAN LAMBDA LIGHT CHAINS SUBGROUP I

1) NEWM: CHEN.B.L, 8 POLJAK,A.J. (1974) BIOCHEMISTAY.13,1295- 1302. (CHECKED BY AUTHOR 01/24/78)
2) HA: SHINODA,T..TITANLK. & PUTNAM.F.W. (1970) J.BIOL,.CHEM,.245.4475-4487. (CHECKED BY AUTHOR 06/15/83)
3) LA: CAULIN-GLASER,T..PRELLIF. & FRANKLIN.E.C. (1982) J.LAB.CLIN.MED.,99,845-851. (CHECKED BY AUTHOR 12/10/82)

4) NIG-84: TONOIKE.H.KAMETANLF,..HOSHLA.SHINODA,T. & ISOBE.T. (1985) BIOCHEM.BIOPHYS.RES. COMMUN, »126,1228-1234.5) NEW: LANGER.S..STEINMETZ-KAYNE.M, & HILSCHMANN,N. (1968) 2.PHYSIOL.CHEM..349,945-951,
6) BL2 "CL: TSUJIMOTO.Y. & CROCE.C.M. (1984) NUC.ACIOS RES..12.8407-8414,
7) WAH: TAKAHASHLY..TAKAHASHI,N., TETAEAT.D. & PUTNAM,.F.W. (1983) PROC.NATIACAD.SCI,USA.30,3686-3690. (CHECKED BY AUTHOR 06/15/83)
8) NIG-77: TONOIKE.H..KAMETANLF,HOSHIA.SHINODA,T. & ISOBE,T. (1985) BIOCHEM. BIOPHYS.RES.COMMUN.,,126,1228- 1234.

9) VOR: | FNGELHAROM..HESS.M. & HILSCHMANN.N, (1974) Z.PHYSIOL.CHEM..355.85-88; ENGELHARD.M. & HILSCHMANN.N. (1975) Z.PHYSIOL.CHEM..355,
10) RHE: FUREY.W. JA..WANG.B.C..YOO,C.S. & SAX.M. (1983) J.MOL.BIOL..167.661-692. (CHECKED 8Y AUTHOR 05/15/84)
31) LOC: ZHULD..KIM.H.S. & DEUTSCH.H.F. (1983) MOL.AMMUNOL..20.1107-1 116.
42) OKA: ZHU,D..KIM.H.S. & DEUTSCHE. (1983) MOL.IMMUNOL.,20,14107-1 116.
13) AMYLOID EPS: TOFT.K.G.SLETTEN.K. & HUSBY.G. (1985) BIOL.CHEM.HOPPE-SEYLER.366.617-625.
14) MBJ7: HOOD.L..GRA?.W.AR..SANDERS.B.G. & DREYER.W.J. (1967) COLD SPRING HARBOA SYMP. QUANTITATIVE BIOL.,32.139-145,
18) COX: ZHU.O..KIM.H.S. & DEUTSCH.N.F. (19863) MOL.IMMUNOL,,20,1107-1116.
16) KOM: KAPLAN.A.P. & MET2GER,H. (1969) BIOCHEMISTAY.8,3944.3951. .
17) HS92:| HOOD,L. & EIN.D. (1968) NATURE.220.764-767; (1968) SCIENCE .1662,679-681,
16) HS78:  HOOD.L. & EIN.D. (1968) NATURE.220,764-767; (1968) SCIENCE,1662,679-681. .
19) NIG-54:  TAKAHASHI.N..TAKAYASU,T..SHINODA,T..1TO.S,,OKUYAMA,T. & SHIMIZU.A. (1980) BIOMED.RES..1.321-333. (CHECKED BY AUTHOR 01/28/81)

°20) HS84; HOOD.L. & EIN.D. (1968) NATURE.220,764-767: (1968) SCIENCE,1662.679-681.

21) HBJ1t: HOOD.L..GRAY.W.R..SANDERS.8.G. & DREYER.W.J. (1967) COLD SPRING HARBOR SYMP. QUANTITATIVE BrOL’,.32,133-1 45.22) 8198: BAGLIONIC. (1967) BIOCHEM.BIOPHYS.RES.COMMUN.,26,.82-89, :
23) MZ: MILSTEIN.C,. FRANGIONE.B. & PINKJR.L. (1967) COLD SPRING HARBOR SYMP. QUANTITATIVE BIOL..32,31-36. (CHECKED BY AUTHOR 10/17/77)24) FUL: SOX.H.C.JR. 8 HOOD,L. (1970) PROC.NAT.ACAD.SCLUSA,66.975-982.

 

NOTES: HUMAN LAMBDA LIGHT CHAINS SUBGROUP I
IDENTICAL SETS OF FRAMEWORK SEGMENTS:

FRI: SET 1: WAHI7}.NIG-7718). VORI9}. AME] 10}.LOC111.,.0KAI12}. (6 IDENTICAL)

FR2: SET 1: NEWMIS,.AMYLOID EPS| 12h, e IDENTICAL)
. SET 2: HAL2).NIG-64} 4}. (@ IDENTICA’SET 3: NIG-77(8) LOCIH1}. (2 IDENTICALFR3: SET 1: NIG-6414}.BL2 "CLIG}. (2 [OENTICAL) .

FRA: SET 3: NEWMI1}. (IDENTICAL TO 1 HUMAN V-LAMBDA-I WHIS}) AND 7 HUMAN V-LAMBDA-Y: BOI4].)
SET 2: NEWS}.VORIS).COX{ 15]. (3 IDENTICAL HUMAN V-LAMBDA-I: ALSO 1° HUMAN V-LAMBOA-VI: AMYLOID-ARI1}: AND 6 MOUSE V-LAMBDA:MOPC315125),TEPC952| 26]. MAB- 131 27).5-7} 29]. MOPC3 15-26CL130], MOPC315-37°CLI32].SET 3: BL2 “CL{6),RREL10),OKAI12).NIG-51119}. {4 IDENTICAL HUMAN V-LAMBOA-I; ALSO 5 HUMAN V-LAMBDA-I: MES|2}.€S49218}.7RO] 14),. VIL{97).WIN}23)}: 4 HUMAN V-LAMBDA-Ii HIL{1],CAPI4],.BAUL12] DEL(14]; 1 HUMAN V-LAMBOA.IV: SHI1}: 39 HUMAN V-LAMBDA-.VI:

SUTI2}, THO|4). LAV'CLIS}; ANO 24 MOUSE V-LAMBDA: MOPC104E{1},J558}2], XS 10413}, HOPC1] 4} J69815].H206 116}.W3 15917].

Y¥543118}.¥ 548519]. ¥ 5830] 10}. 5669] 11 tise)SeesCL-S178143).¥5444{ 14),¥56061 15).S 1761 16}.42020] 17}. APC20!16}.1GSOSLAMBDA'CL] 19}.$43°CLI21]}.S2H8'CLI38 SES" LISS)SIF 12"CLIAO).IG 25LAMBDA'CLI41}.)SET 4: LOCI11}, (IDENTICAL TO 1 HUMAN V-LAMB: GI3})
IDENTICAL SETS OF COMPLEMENTARITY DETERMINING REGIONS:

CORT: .
COR2: SEF 1: NIG-6414}),.BL2 ‘CLIGL. (2 IDENTICAL)
CDRS: SET 1: VORI9).NIG-53119}. (2 IDENTICAL)

IDENTICAL SETS OF J-MINIGENES:
SEY 3: NEWI5]. GOENTICAL TO 3 HUMAN V-LAMBDA.VI: AMYLOIJO-ARI1}.)
SET 2: BL2 ‘CLIS}. (IDENTICAL TO 2 HUMAN V-LAMBDA-Vi: SUTI2}.7HOI 4}: ANO 24 MOUSE V-LAMBDA: MOPC10a6! 113558121.XS 10413). HOPCIHS},J698}5},14206316).W3159] 7).543118},Y5485169].Y58301 10},¥5669] t1],.MOPCS1 ohWeal»S178143},.VS444] 14],¥5606] 15).57761 16).H2020117}.APC20/18)1G SO3LAMBDA'CL{19).S43°CL{24].S2HS"CL138].SZENCLIZO).SIFIZCLEAOLIG 25LAMBOA'CLI41}.)SET 3: VORIS).COX115}. (2 IDENTICALSET 4: OMAJ12}).NIG-51119}. (2 IDENTICAL)

SPECIFIC NOTES: :
24) FUL: SOX AND MOOD HAVE REPORTED FOUR HUMAN V KAPPA AND ONE V LAMBDA CHAINS WITH ASN-SER/THR TO CONTAIN CARBOHYHORATE.

~ THE FOLLOWING WERE EQUALLY AND MOST FREQUENTLY. OCCURRING:
AT POSITION RESIDUES

34 (SER.ASN)104 {LEULVAL}
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“xn

+200

vam

n2o0

oxn

endo

ayn

NOONVOHaOnao
ry13

INVARIANTRESIDUES

SER(.96)
LEUl.96)
GLN(.96)

SEAI.96)

SER(.96)
SEA(.98)
PROU96)GLY

THR

cys

TAP

PRO

PRO

Ee

SER

ARG
SEA
GLYSER

ALA
Leu
THR
SERGLY

Glu
ALA

cys.

PHEGLY
GLYTHR

VALLEU

PRO

1
NIG-84
PCA

2
MES

3WH!

PCA
SERALA
LeU
THR
GLNPROALA
SEA

4
NEI

PCA
SERALA
LEU
THR

 
5KAR

PCA
SERALA
Leu
THR
PRO
ALA
SER
VAL
SERGLYSER
PRO
GLYGLUN
SERWe
THR
SER
cys

66
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12
HS68

3
HS77

PCASERALA
Leu
THAR
GLNPROALA
SER

4
TRO

PCA
SERALA
Leu
THA 

is
BOH

18
NIG
758

7VIL 18
Hey415
PCA
SERALALEU
THR
GLNPROALA
SER
VAL
SERGLYSER
PROGLYGUNthr
LE

THR

19
HBI‘a

21
WIN 22

BUR
23PRE

PCA
. SERALA

LEU
THR
GLNgerro

ER

  PHESER
GLY
tys 
 



  

HUMAN LAMBDA LIGHT CHAINS SUBGROUP (contd)

 

 

 

 

 

 

 

 

 
 

25 26 OF # OF OCCURRENCES VARIABILITY
WAL 4A SECUENCES AMINO OF MOST COMMONCh ACIDS AMINO ACID°o wee aoe

1 PCA gin 26 3 24(PCA) 3.3
2 SER thr 26 2 25(SER) 213 vel vah 26 a 231AL A} 3.4

4 LEU valet 286 2 goireu) 245 THR THR 26 3 23{THR) 34.
6 GLN GLN 26 1:2 26(GLN) : 2X(GLN) wor ad7 PRO glu 26 3 24(PRO) 3.3
8 ro ro 26 3 Fatacy 4.33 ER SER 26 2 25(SER)} 2.1

Ff 10 ae + .
R 1t ala leu 26 3 RIVAL) a4? 12 SER thr 26 2 26(SER) 2.113, GLY val 26 4 23(GLY) 4.5

14 thr SER 26 2 25(SER) 2.2
15 PRO PRO 26 2 25{PRO) 2.116 GLY GLY 26 1 26(GLY: 1.
7 GLN gly 26 4 23 tN} 4518 arg thr 26 3 2SER) 3.419 val 25 3 7ACLE) 4.2

~20 THR 25 1 25(THA} 1.21 lev 9 3 T7{LE) 3.422 the 18 2 Tt7{SER) 2.1
23 crys 18 1 18(CYS) 1.
24 ALA 1s 4 (THA) 6.7

25 SEA 16 2 14 Six 2.326 SER 15 5 OTH 752? THR 1S 5 7{SEA) 127A a
278 oe

co a7¢ a
6 27D GLY 1S 4 12(SER)
A 27E ALA 15 4 THASP)27F VAL 15 2 VA(VAL}28 THR 15 5 O(GLY) 7.5

29 SER 44 5 siciy 12.30 GLY ta 6 Me, 9.331 TYR 14 7 aiasny ASN) 12. : 1432 TYR 14 5 14,
33 PRO 13 3 way 3.5
34 ASN 13 2 12(S ER) 2.2
35 TRP 14 1 14{TRP) 1.36 PHE 14 2 1O(FYR 2827 GUN 14 1:2 1AGLN) : 13IGLN) 4 0: 22
38 GLN 14 2:3 1Q{GLN) 2 42¢GLN} 22: 3.5
39 LYS 14 5 TO(HIS) 7.
40 PRO 34 7 14(PRO) i.F 41 GLY 14 2 TAGLY) 2.2A 42 GEN 14 4 THLYS) 5.1

2 43 ALA 14 2 TA(ALA) 2.2
44 PRO 14 1 14{PRO} 1.45 ARG 14 2 IALYS 2.2
4g ALA 14 2 TALE 3.54? Leu 14 3 a = 8.4
48 ILE 14 1 tauicey Y
49 TYR 14 3 Q{TYR) 4.7
50 SER 14 5 WASP) 40,53 THR 14 4 THVAL} 5.4

GC 82 SER 14 8 S(SER) 44,B 53 ASN 34 6 4t + } an.2 54 LYS 14 2 IMAARG' 2.2$5 HiS 14 2 13(PRO 2.2
56 SER 14 1 14{(SER] 1.57 TRP 14 2 THGLY) 2.258 THR 14 3 TOIVAL) 4.2
59 PRO 14 2 “7 4) 4.60 ALA 14 7. S{ASP)} 20,
6} ARG 14 1 Y4{ARG) is62 PHE 15 2 14¢PHE 2163 SER 15 + 1SISER %.
64 GLY is 1 15(GLY) v
65 SER 15 1 IS{SER) 1
66 LEU 15 3 {SEYS) a567 LEU 44 2 IS{SER} 2.2
68 GLY 1 2 12IGLY) 2.3

69 GLY 14 4 TOURSAtASN) 5.6: 6.270 LYS 44 a : 3.8
F 7% ALA V4 % aCe aR72 ALA 14 2 TASEA) 2.23 73 Leu 14 7 14{LEU) 1.

74 THR 14 1 14(THR) +.75 LEU 14 2 JaILE: 22
76 SER 14 ? 14Se }77 GLY 14 i 1a(GLY] .
78 VAL 14 2 T3{LEU) 2.2
79 GLN 14 3 42(GLN) 3.580 PRO 14 3 TOLALAY 4.2
81 GLU id 3 2 GLU) 38a2 ASP 14 2 Het 2.283 Gtu 14 1 14(GLU 1.
a4 ALA 14 1 woot
85 GLU 14 3:4 1WAsey2MIOIASP) 38: 56a6 TYA 14 1 1.
87 TYR 14 2 1airvAl 2488 cYs 14 3 14(CYS) 1.89 LEU 14 4 (SER 7.
90 Lev 14 2 1YSER 2291 TYA 14 2 12(TYA 2.392 TYR 44 7 S{ALA) 20.93 GLY 14 4 FIGLY} 8.

co 9 GLY 14 5:6 B(SER) Wa. 5 175B 3s ALA 13 7 a+) 30.
aR 958 — Ww 3 y+)
3 958 - 2 2 tt + 3950 os

95D o95E oO5F -
96 = 13 B S(VAL) 21.
97 VAL 16 3 JOCVAL) 4.898 PHE 16 1 16(PHE 739 GLY 18 t 1BIGLY: 3.

100 SER 18 4 1QGLY) 7.2
101 GLY 16 ’ 18(GLY} af 102 THR 1B 1 18(THR)} 1

R103 LYS 18 5 THALYS) 6.94 104 VAL 15 2 S(LEU) 3.3105 THR 15 3 TUATHA) 3.5
106 3 7 IBEVAL) 1106A 13 1 TSLEU)
107 19 3 BIGLY) 4.9
108 10 1:2 VOIGLNYioe) ho: 22109 - 10 1 %

67
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NOTES: MUMAN LAMBDA LIGHT CHAINS SUBGROUP I
IDENTICAL SETS OF FRAMEWORK SEGMENTS:
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FRA: SET > WHISEL (IDENTICAL TO + HUMAN V-LAMBDA-: NEWMI1?]: AND 1 HUMAN VeLAMBDA-¥: BOIT})set : MESI21L.ES49218}.TROL14).VIL]I7EWINIZ1). (5 IDENTICAL HUMAN V-LAMBOA-H: ALSO 4 HUMAN V-LAMBOA-! BL2 ‘CLIG].AHE( 10).OKA] tZ}.NIG-51{19}; 4 HUMAN V-LAM DA-IH: HILEILCAPI4},,BAU1 12}. DELI 14}; 1 HUMAN, V-LAMBDA-SV: SHIT): 3 HUMANV-LAMBOA-VE SUTIZL,THOL4},.L8V'CLIS]: ANO 24 MOUSE V-LAMBOA: MOPC 104E] 1}.1558121.XS 104{3] HOPC 144].J69815].H206116},

W3159171,Y5331(8).¥5485/9]. ¥5830{ 10).¥S669[ 11]. MOPC5t1(L)j 12).S378} 13.7 S444( 14}.¥S606) 1$}.S176) 16}. H2020} 27].
APC201 18) iG ‘QO3LAMBDACLI 19],S43 CLI 21}.S2H5CL38}.SZ2E9CLI39}.StF IZCLISOLIG 25LAMBDA'CL41}.}SET 3: NIG-84]/t} (IDENTICAL TO 1 HUMAN V-LAMBDA-III: GARI7}.)

IDENTICAL SETS OF COMPLEMENTARITY DETERMINING REGIONS: .
CORI: SET 1: MES{2),VILII7}. (2 IOENTICAL HUMAN V-LAMBDA-H: ALSO t HUMAN V-LAMBDA-V: MCGI31.)
COR2: SET fh NIG-84[ 1}.TOGO} (2 IDENTICAL)CORS:

IDENTICAL SETS OF J-MINIGENES:
SET 1: MES[2}.TROII4}. (2 IDENTICAL HUMAN V-LAMBDA-I; ALSO 1 HUMAN V-LAMBDA-IIi: BAU? 2].)SET 2: ESS92/5,VILEI7). (2 IDENTICAL HUMAN V-LAMBDAGH: ALSO 1 HUMAN V-LAMBDA-IH: DELI 141)

n=

SPECIFIC NOTES: :

+1) SM: {T HAS O-LINKED CARBOHYDRATE ATTACHED TO SER AT POSITION 22 AND N-LINKED CARBOHYDRATE ATTACHEO TO ASX AT POSITION 25.
+ THE FOLLOWING WERE EQUALLY ANDO MOST FREQUENTLY OCCURRING: .

AT POSITION “-RESIOUES
47 (ILE.MET) .53 (LYS,ASN)39 PRO.SER)
95 SER.ASN) .
954 THA.SER) : .958 LEU.ARG)
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HUMAN LAMBDA LIGHT CHAINS SUBGROUP 1)

INVARIANT t 2 3 4 5 1 12 13 14 15 16 7 18 19 2000 24 22RESIDUES: HIL YO PS CAP LOY TA SAU AMYLOID DEL: LYN NIG AMYLOID MOT WIG wel Ou LON- A 758° 68 808 2
o mee awe pe ce a vee Tae woe v= nen see eee ¥ ane — nee ae1 SER SER SER SER SEA SER -w on a a= aon on he SER
2 TYR(.96) TYR TYA TYA TYR TYA TYR TYR TYR TYR TYR TYR TYR YA phe3 GLU GLU GLU GLU GLU ala gly asp vel GLU asp asp GLU gly4  LEU/.96) LEU LEU LEU CEU LEU Leu LeU LEU Leu LEU LED LEU LEU val
5 THR THR THA THR THA THR THR THA ser THR THR THR THR ser6 GIN GLN GLEN GLN GLN GLN GLN GLN GLN GLN GLN GUN GLN GLN? PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO ale PAO PHO
8. PRO PRO PRO PRO PRO PRO PRO PRO PRO PAO PRO PRO PRO PRO PRO
9 SEA SER SER SER SER SER SER SER SER SER SER SER SER SER10 ose ons wee ae we oe ae eae —

Roa VAL VAL VAL VAL VAL VAL mot VAL VAL teu VAL VAL7 12 SER SER SER SER SER SEA SER SER SEAR SER SER SER SER13° VALT.96) VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL14 SER SER SER SER SEA SER SER aia phe SEA SEA SER
15_PAOK.95) PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO PRO16 “GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY
17 GLN GUN GLEN GLN GLiN GLN GLX GLN GLN GUN GLN18 THA THR THR THR THA THR THR THA pro THA THA THA19 ALAL.95) ALA ALA ALA ALA ALA ALA ALA ALA gly ALA ALA ALA
20 ARG ARG” ser ARG thr tyr serz ILE LE NE iE WE IE ILE ILE iLE22 THR THA THR THR THR THR THA THR THA
23. CYS cys cys SYS CYS CYS cys
24 SER SER SEA GLY SER SER
25 ALA GLY GLY GLY GLY GLY26 ASN ASP GEX ASP ASP ASP27 ALA ALA ASX GLY ALA ASN27A aed woe a we ae278 - a -
27c o - oo

S 275 mn ~ aR 27E nee ee ae ae
+ «27k = oe _ oe a on a on

28 LEU LEU LEU RE LEU LEU LE LE
29 PRO PRO ae GLY SER GLY GLY GLX30 ASN ASP. GLX Gty .aSP ASN Gtu GLX33 GIN LEU GLX GLX LYS LYS GLU ARG32 TYR TYR SER TYR PHE SER TYR33 ALA VAL VAL VAL VAL VAL VAL
34 TYR HIS SER HIS. cys
35” TAP TRP TRP TARP TRP TAP TAP TAP36 TYR TYR TYR TYR TYR TYR37 GLN GLN GLN GLX GLN GLN38 GLN GLN GLN HIS .GLN GUN
39 LYS LYS Lys LYS ARG LYS
40 PRO PRO PRO PRO PROfF 41 GLY GLY GLY GLY GLY GLY

A 42 ARG GLN GLX GLN2 43 ALA ALA SER ALA
44 PRO PRO PRO PRO PRO PRO45 VAL VAL LEU ALA VAL
46 MET LEU Leu PRO47 VAL VAL VAL VAL VAL VAL48 LE VAL JLE ILE LE
a9 TYR HIS TYR TYR TYR
50 LYS GLU GLX ASX ASP51 ASP ASP THR ASP

§ 82 THA ASN THR SER ALARB 53 GLN ASP LYS LYS ASP
2 54 ARG ARG ARG ARG ARG ARG55 PRO PRO PRO PRO PRO

56 SER ALA SER SER
57 GLY GLY GLY GLY GLY58 LE ILE 1LE VAL
59 PRO PRO PRO ., PRO PRO60 GLN GLU Gtx GLU ALA61 ARG ARG ARG ARG ARG ARG
62 -PHE PHE PHE PHE PHE PHE
63 SER SER SER SER SER64 SER GLY6S SER TYR66 THR ASN
67 SEA SER SEA6a GLY GLY GLY
69 THR ASN
70 THR SEAe 71 VAL ALA

R 22 THR Le9 73° LEU LEU LEU
74 «THR THR THA75 SLE LE LE76 SER ASN
77 GLY ARG78 VAL VAL
79 GLN Gtu80 ALA ALAat GLU GLY82 ASP ASP
83 GLU GLU
34 ALA ALA ALA85 ASP ASP86 TYR TYR TYR
37 TYR PHE

__._ 88___ CYS crs cys
389 GLN
go SER97 TAP92 ASP
93 ASN

c 38 GLY
D> 8S SERAR 95A TYR
5 958 GLU95¢ a -

950 ” :95E a = :95F os a a
96 MET VAL VAL
97 VAL LE VAL VAL VAL
98 PHE PHE PHE PHE PHE PHE PHE
99 GLY GLY GLY GLY GLY GLY GLY100 GLY GLy. GLY GLY THR ALA

101 GLY GLY GLY Guy 6ty GLY GLYse 102 THR THR THR THR THR THR THR
R103 LYS LYS LYS Lys MET THR4 104 LeU LeU Leu Leu VAL10S THA THR THR THA THR308 VAL VAL VAL VAL VAL VAL106A LEU LEU LEU LeU LeU LEU

107 GLY. GLY GLY GLY GLY
10a GUN GUN GLN GEN GLN108°«=PRO PRO PRO PRO PRO
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* .
HUMAN LAMBDA LIGHT CHAINS SUBGROUP mi (cont'd)23 24 «25 «40260 7,88 # OF # OF OCCURRENCES VARIABILITYSG Gm oat 119° VIN MIL SEQUENCES AMINQ OF MOST COMMON: ACIOS, AMINO ACIDoO

1 12 3 10(SEA) 3.62 27 2 26(TYA) 23 26 6:7 HOLL] 2 93¢GLU) 12. 2 17.4 26 2 25(LEU) 2.45 26 3 2TH 3.46 26 222 2EGLN} 22{GLN) 1. ¥  247 25 2 ZXPAO) 2.a 26 1 26(PAO} 1.9 24 1 24SER) 1
e 10R tt 24 3 20(VAL) 3.6+ 12 24 1 24(SER) a43 24 2 ‘ aaival) 2414 22 3 1RSER) a718 22 2 21(PRO) 2.1418 21 7 2UGLY) 117 20 122 2XGEN) 31 (GUN) 7 24mB met 21 3 1G(THA) 3.319 20 2 HO{ALA) 2.320 18 6 8(ARG) 34,ar ILE 19 4 YOURS 1.22 THA 19 1 19tTHR) 1.23 cys 37 1. ICYS) is24 GLY 7 3:4 THSER) 39: 5.225 GLY 16 2 GL 2a26 ASP 7 3 14(ASP)|12ASP) 3.6: 4327 GLU 15 7 ) 21.o7A

278
arc

gS 270QR 281 27F28 16 2 1H{LEV) 2529 13 5:6 5(GLY) 13.0: 16.30 15 6:7 S(GLU) at +) 18. 5 36.31 14 8 (LYS) 7,32 413 4 atTyA} 6533 413 2 AVAL) 2.934 1 4 4{TVA) in35 43 3 TRIBP) t.36 4 2 QTYA) 2.237 a 1:2 TAKGLN) : ¥0(GLN) 1,0: 223a "1 3 (GLN) 3.739 . 7 2 ZXS) 3.140 10 2 9{PRO) 22e A 10 1 1KALY) 1.R 42 9 2:3 B(GLN) :  7(GLN) 23: 392 43 3 2 5{ALA) 3.6aa 10 1 FOLPRO} 1.as 19 3. 7(VAL) ag46 9 3 6{LEU) 4547 10 1 YOIVAL) o48 10 2 BULE) as49 . 10 2 gcTYA) 2.250 40 $36 aiIGL) GLY) 73. 7 20.$? 10 2 TLASP! 2.9§ 82 11 4 4{SER 41.R 53 1 5 4a{LYS) 14,2 54 vw 1 13{ARG) 1.55 i 2 TOXPRO 2258 40 2 SEA! 2.257 +4 3 B{GLY) 4.458 40 2 SLE) 2.259 10 ; 10{PRO) 760 4 3 RGLUY a(GLU) a7 4463 rs) 1 14ARG i.62 WI 1 ral ene 763 10 1 +0{SER) tt,84 10 2 AGL 2265 10 2 HSER 2268 40 3 AMASN) 10.67 10 1 10Q{SER 168 10 + ISL ri) 10 3 8 THR) 8.70 10 3 B(THR! 38ep 2 40 2 BUALA) 25E22 10 3 atTaR 388 73 40 1 TQXLEU! 1.74 10 1 AMTHR) a78 10 4 TOILE! +.76 40 2 9 sen 2277 40 2 BIGL 2578 40 3 SiVAL) 6.79 40 2 GUN) 2.980 +6 3 TRALA) 43B81 190 5 + V7.82 10 472 (ASP): B(ASP) : 2583 10 122 10(GLU) > AGL) 2284 10 1 1O(ALA) 1a5 10 1:2 O(ASP) 3 B(ASP) 407 2886 10 i VOTYR i.87 410 2 aTYA 268a 10 1 10{CYS in89 10 3 7IGLN) : S{GLN) 4a: 690 10 4 ALA) +0.91 10 3 TAP) a92 10 3 BIASP) : 7(ASP) a6: 4393 10 8 4SEA) 13.c 94 10 8° 3h +} 30.S 3 9 6 3tTHR) 78,R 998A 4 4 us )3 958 2 2 t+)95G
95D
9s5é9SF36 9 5 B{VAL) cea7 10 3 GB{VAL) 5.98 10 1 TOPHE) 1.93 it 4 IG 1.100 14 3). aise 3710% 41 4 tHUGLY) 1.fp 102 1 + 114TH) 1R 103 re 4 LYS) 5.5‘4 104 10 2 LEW 221058 10 2 S(THA! 22106 10 1 OVAL) 1,108A 10 1 1O(LEU}107, 8 2 6{QLY). 27108 7 1 T{GLN; 4,409 ? 1 eno} 1



 

mo @
S ANTIBODY SPECIFICITIES: HUMAN LAMBOA LIGHT CHAINS SUBGROUP IIT

7) GAR: ANTI-RIBOFLAVIN

- REFERENCE; HUMAN LAMBDA LIGHT CHAINS SUBGROUP I}
1) WIL: LOPEZ DE CASTRO,J.A., CHILY.Y.H. & POLJAK.AW. (1978) BIOCHEMISTRY .17.1716-1723. {CHECKED BY AUTHOR 07/16/79)
2) YO: TISCHENDOAF.F.W.,TISCHENDORF.M.M. & WITTMANN-LIEBOLD.S. (1976) Z.NATURFORSCH,31C,756-760.
3) PS: KOCHWA\S..TERRY.W.D..CAPRAJ.D. & YANG.N.Y. (1971) ANN.N.Y.ACAD.SCI..190,.4970. (CHECKED BY AUTHOR)
4) CAP: ZHU.O..KIM,H.S, & DEUTSCH,H.F. (1983) MOL.IMMUNOL..20,1 107-1116,
5) LOY A: WOLFENSTEIN-TODEL.C.,FRANKLIN,E.C. & RUDDERS.A.A. (1974) JIMMUNOL,.112,871-876. (CHECKED BY AUTHOR)
6) LOY @: WOLFENSTEIN-TODEL.C..PRANKLIN.E.C. & RUDDERS.A.A. (1974) JJMMUNOL.,112.871-876, (CHECKED 8Y AUTHOR)
7) GAR: KIEFER.C.R..MCGUIRE.S.S.JA..OSSERMAN.E.F. & GARVER,F.A. (1983) JIMMUNOL..134, 1871-1875. (CHECKED BY AUTHOR 02/20/84}
8) CH: OKADA,Y..NOZU.Y. TITANLK..WATANABE.S..HARAM. & KITAGAWA,.M, (1972), IMMUNOCHEM.,9,207-210.
9) X(PET}): MILSTEIN.C..CLEGG.J.B. & JARVIS,J.M. (1968) BIOCHEM.J,:110,631-652. (CHECKED BY AUTHOR}

10) KERN: PONSTINGL.H..HESS.M. & HILSCHMANN,N. (1968) Z.PHYSIOL.CHEM.,369,867-871; (1971) Z.PHYSIOL.CHEM..352,247-266. (CHECKED BY AUTHOR)
11) TA: TONNELLE.C, (1973) BIOCHIM. BIOPHYS.RES.COMM.,55.13 12-1116. (CHECKED BY AUTHOR 11/16/80)

12) BAU: BACZKO.K..BRAUN.D.G..HESS.M, & HILSCHMANN.N. be” Z.PHYSIOL, CHEM. .351,.763-767, BACZKO.K. \BRAUNLD.G. & HILSCHMANN.N, (1974)Z.PHYSIOL.CHEM..355,131-354, (CHECKED BY AUTH

43) AMYLOID04783) NATVIG.J.B.. WESTERMARK,P.,SLETTEN K..HUSBY.G, & MICHAELSON.T. (1981) SCAND.J.IMMUNOL..14,89-94. (CHECKED BY AUTHOR
14) DEL: euLitZM, (1974) EUR.U.BIOCHEM. 50,49-68, {CHECKED BY AUTHOR TOft B77}
45) LYN: MEINKE.G.C..SIGRIST.P.H. & SPIEGELBERG.H.L. (1974) IMMUNOCHEM..11,457-460, (CHECKED BY AUTHOR WHO PROVIDED ADDITIONAL RESIDUES |TO THOSE PUBLISHED); MEINKE,G.C. & SPIEGELBERG.H.L. (1976) IMMUNOCHEM..13,915-919, (CHECKED BY AUTHOR 10/37/77) :
16) NIG-68: KAMETAN:,F..YOSHIMURA.K.,TONOIKE.H.HOSHLA..SHINODA,T. & ISOBE.T. (1985) BIOCHEM. BIOPHYS.RES.COMMUN.,126,848-852.
17) AMYLOID 808; WESTERMAAK.P..NATVIG.J.B..ANDERS.B.F..SLETTEN.K. & HUSBY.G. (1976) SCAND.J.IMMUNOL,,5,31-36. (CHECKED BY AUTHOR 06/01/83)18) MOT: KOJIMA.M..ODANLS, & IKENAKA,T. (1980) MOL.IMMUNDOL.,.17,4407-1414.
19) WIG: FETT.A.W. & DEUTSCH.H.F. (1976) IMMUNOCHEM.,13,149-155, (CHECKED ‘BY AUTHOR)
20) WHI: WANG.A.C..WELLSWJLV..FUDENBEAG.H.H. & GEAGELY.J. (1974) IMMUNOCHEM,,11,341-345. (CHECKED BY AUTHOR)
21) DU: BUCHWALD.6.M. (1971) CAN.J.BIOCHEM..49.900-902, (CHECKED BY AUTHOR)
22) LON: JOHNSTON.S.L..ABRAHAM.G.N. & -WELCH,E.H. (1975) BIOCHEM. BIOPHYS. RES.COMMUN..66.842-847, (CHECKED BY AUTHOR 10/7/77)
23) SG: TISCHENDOAF.F.W..TISCHENDORF,.M.M, & WITTMANN-LIEBOLD.B. (1976) Z.NATURFORSCH.31C,758- 760. .
24) GIM: HESS.M..HILSCHMANN.N. RIVET.L. RIVET.C. & ROPARTZ.C. (1971) NATURE NEW BIOLOGY ,234,58-61, (CHECKED BY AUTHOR)
25) 134: LANGER,B..STEINMETZ-KAYNE.M. & HILSCHMANN.N. (2968) Z2.PHYSIOL.CHEM.,349.945-951. (CHECKED BY AUTHOR)
26) 119: HESS.M..HILSCHMANN.N.RIVET.L..RIVET.C. & ROPAARTZ.C. (1971) NATURE NEW BIOLOGY.234,58-61. (CHECKED BY AUTHOR)
27) WIM: PINKAJ.R.L. & MILSTEIN,C. (1969) PROC. 5TH FEBS SYMP..15,177-182. (CHECKED BY AUTHOR)
"28) Mik: LANGER.B. SSTEINMETZ-KAYNE.M. & HILSCHMANN.N. (1968) Z.PHYSIOL.CHEM.,,349.945-951. (CHECKED BY AUTHOR)

  
 

NOTES: HUMAN LAMBDA LIGHT CHAINS SUBGROUP HI
IDENTICAL SEYS OF FRAMEWORK SEGMENTS: FRI: SET : HILIG,.YOU2),PSISLCAPIS}. (4 IDENTICAL)

SET 2: LOY AIS).LOY Gi6]. (2 IDENTICAL)FR2:
FR3:

FR4: SET 1; HIL()-CAPIA).BAULT2).DELIA). (4 IDENTICAL HUMAN V-LAMBDA-IE, ALSO 4 HUMAN V-LAMBDA-I BL2 JOLIBL RENO!|0] SORA T1NIG-51E49); HUMAN V-LAMBDAAJ: MES{2}).ES492[8),TRO[ 14,VILIT7).WINI21}); 1 HUMAN V-LAMBDA-IV: SHI1}:
V-LAMBOALUE: SUT[2],THO}4).LBV'CLI5}, AND 24 MOUSE V-LAMBDA: MOPC104E]1}.J558}2},Beat»HOPC 114,569)salenBosi6),W315917},Y543 118], ¥5485] 9) ¥5830110}.¥5669/13}.MOPeST U2)1$178)13],.¥ 5444] 14}.Y 5606} 15},$3761 16), H2020] 7),RPC20[18}.IG 303LAMBDA‘CLI 19},.S43°CLi21], S2HS'CL/38}.S2ESCL39].StFIZCLIS40}.IG 25LAMBOA'CLIS t).)SET 2: GARI7}. (DENTICAL TO + HUMAN V-LAMBOA-: NIG-84{1].)SEF 3: KERNITO}. (IDENTICAL TO 1 HUMAN V-LAMBDA-VI: NIG-S8[10}.)

IDENTICAL SETS OF J-MINIGENES:
SET 1: BAUIN2}. (IDENTICAL TO 2 HUMAN V-LAMBDA-II MES12).TAOI14).)SET 2: DEL{14}, (IDENTICAL TO 2 HUMAN V-LAMBDA-I: ES492j8},VIL} 17)}.)

SPECIFIC NOTES:
18) MOT: THERE ARE TWO RESIOUES IN FRONT OF POSITION 1; THEY ARE VAL AND THA.

+ THE FOLLOWING WERE EQUALLY AND MOST FREQUENTLY OCCURRING:
AT_PQSITION RESIOUES

30 ° (ASP-ASN.GLN)
94 . GLE,MraSER,GLY)954 (TYH,ALA,GLY.ASP)9sB inis.GLuy

. . 7
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HUMAN LAMBDA LIGHT CHAINS SUBGROUP IVINVARIANT 1 2 3 4 5 # OF “ » OF OCCURRENCES VARIABILITYRESIDUES SH NEV USH PFA FRA’ SEQUENCES AMINO OF MOST COMMONAGIOS. AMINO ACIO

0 - = — _1 ae - oe wee2 SER SER SER SER SER 4 1 48g ss3 Gtu Gtu GLU GLU 5 2 4{GLU) 2.54 LEU Leu Leu LEU LEU 5 1 S(LEU) 1.Ss THA THA THR THA 5 2 THA) 258 GLN GLN GLN GLN GLN 5 1 GLN)7 ASP ASX Pas ro 5 2:3 B{PRO) Ss.8 PRO PRO RO RO 5 72 a{PRO) 2.59 ALA ALA ser ser 5 2 a(SER} 33
10 ne a -— an oneA wo VAL VAL VAL VAL VAL VAL 8 t S(VAL}1 12 SEA SEA SER SER git S 2 4{SEA) 253 - VAL VAL VAL VAL gly & 2 AVAL) 2514 ALA ALA ser ser LA 5 2 ALA) 3.318 Leu LEU ro ro ro 3 2 PRO) 3.31G GLY GLY GLY LY LY LY § 4 S{GLY) 4.17 GLN GLX GLN GLN GLX 5 ri 2 S{GLN) 2 O{GLN) 13 3S18. JHR THR THR THR ser 5 2 THA) 2.519 VAL VAL ala ala ite 5 3 a+) 7520 ARG ARG. ser val ala 5 4 BARS) 10.at ILE LE LE iLE ILE LE 5 t 5 we) ,22 THR THR THR THR ay 5 2 40TH 2.523. CYS. CYS cys CYS s 4. 1 CYS. 1.24 GLN SER SER ILE 4 3 2{SeR} 8.28 GLY GLY GLY GLY GLY 4 1 4(Gb 1.26 ASP ASP ASP ILE 4 2 3(ASP. 2.727 4 2 a+ 4.27A
278 :27¢

S 275 .BR 276{ 27F 1 1 A{ASN) = WASP)28 4 2 S(LEU) 2723 4 2 RGLY) 2.730 4 4 Woes 18,31 4 3 arr 8.32 3 2:33 2(ASP) w+? Bo:33 3 2 (ALA} 3.34 3 3 w+) 2.35 TRP 3 1 3UTRP) 1,36 TYR 3 t - 3¢TYR) Vv37 GLN 2 i 2GLN) w38 GLN 2 1 « 2 Stn 1.
39 LYS 2 t 2(LYS) . rn40 1 1 (PRO)F 41 GLY 1 1 HGLY)R 42 GUN 4 1 H{GLN)z 43 ALA 1 1 ALA)44 PRO 4 % 4(PRO)4s LEU 1 1 +(LEU)46 Leu t a + ve47 VAL 1 1 Wal48 LE 1 1 CHL E})
49 TYR + 4 UTYR50 GLY 1 ' UGLY)c 51 ARG 1 ' ARG)6 $2 ASN ¥ t (ASN)a 53 ASN 1 1 4{ASN}2 54 ARG 4 3 . WARS55 PRO ‘ 1 PRO.56 SER. 4 1 USER)57 GLY ’ 1 UGLY)58 ILE ' 7 ACHLE} .
$9 PRO 1 1 1{PRO)60 ASP 1 1 Vasey63 ARG 1 i ARG)62 PHE 4 4 UPHE63 SER 1 1 USER
64 GLY 1 4 4(GL65 SER 1 1 USER)68 5En 4 4 (SER,67 SER 4 1 USER!68 GLY 1 1 GL6&9 HIS 1 3 Ne70 THR 1 1 atTHA)e 7) ALA : 1 WALA)a 72 SER % 1 HSER3 73 LEU 1 1 {LEU74 THA 3 1 wh75 ILE 1 q VOLE:78 THA 1 1 4TH77 GLY 1 1 HGh78 ALA 1 5 +tALA)

79 GLN 1 3 HGLN)a0 ALA 1 1 LALA)at GLU % + WGLU)a2 ASP 1 1 1 eet}83 GLU 1 t WGLU)
94 ALA 1 1 TLALA85 ASF 4 t ase86 TYR 1 1 VWT¥R)a7 TYR 1 q iTYA)88 cys i 1 1 ova
89 ASN % 1 V(ASN)30 SER 1 1 ASER)gt ARG +. 1 (ARG)92 ASP 1 1 + aa93 SER + 1 USER}

c 94 SER 1 1 WEEN5 9 GLY 1 1 GLa 9SA LYS } i Wats)3 988 HIS 1 1 +{HIS)956 =
95095E
95F ood °
96 VAL 4 1 HVAL)97 LEU 1 \ +(LEU)98 PHE 1 1 T{PHE:99 GLY 4 1 GL100 GLY DS % HGL404 GLY 1 1 AteF 402 THA 1 4 (THR:A 10 uYs 1 1 HLYS'4 104 LeU 1 i HLEU405 THA 1 1 4(THA108 VAL 1 t TIVAL1064, LEV % ' TLE)
107 GLY + 1 UGLY3108 GLN 1 1 4(GLN)}109 PRO 1 + 1(PRO)
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REFERENCE: HUMAN LAMBDA LIGHT CHAINS SUBGROUP IV
1) SH: TITANLK..WIXLEALM..SHINODA.T. & PUTNAM.F.W. (1970) J.BIOL.CHEM..245.2171-2176. (CHECKED BY AUTHOR 06/15/83)
2) NEV: WANG,A.C..WELLS.J.V..FUDENBEAG.H.H. & GERGELY. (1974) IMMUNOCHEM..11,341-345. (CHECKED BY AUTHOR)
3) USH: TISCHENDORF ,.F.W..TISCHENDOORF.M.M. & WITTMANN-LIE BOLD.B. 41976) Z.NATURFORSCH.31C.758 760,
4) PFA: TISCHENDOARF.F.W..TISCHENDOAF.M.M. & WITT MANN-LIEBOLO.B. (1976) Z.NATURFORSCH,31C,758-760.
5) FRA’: WANG.A.C. & FUDENBERG,H.H. (1974) J.MMUNOGENETICS.1303-319. (CHECKED BY AUTHOR)

NOTES: HUMAN LAMBDA UGHT CHAINS SUBGROUP IV
IDENTICAL SETS OF FRAMEWORK SEGMENTS:

 

FRI: SET 1: SHIIENEVI2]. (2 IOENTICAL)
FR2:
FR3:

FRA: SET 1: SHI4}). UDENTICAL TO 4 HUMAN V-LAMBDA-} BL2 'CLI6},RHE(10].OKAI12,NIG-51119}: 5 ‘HUMAN V-LAMBDA: Te MEST aSarct8l.- TFROI 4) .VILIV7 WIN] 21): 4 HUMAN V-LAMBDA-HE HiL} 7}, CAPL4).GAU112}.DELI 14}: 3 HUMAN V-LAMBDA-V!
LBV'CLIS]: AND 24 MOUSE V-LAMBDA: MOPC 1046} 11,3558] 21X51 04] 31,HOPC 11 4},698] 51,4206 461,.W3 159171, ¥543118],¥ 548519}.
¥58301 191.¥S6691 111MOPCSI MLL 21 S178) 13),Y54441 14}.Y5606) 15}.5176] 16}.H2020] 17}. APC201 18). 3G 3O03LAMBDA'CL} 19}.$43°'CL121),S2H5CLI38}].S2E9 CLIGSL.SIFIZCLIGO).IG 25LAMBDA'CLI41}.)

+ THE FOLLOWING WERE EQUALLY AND MOST FREQUENTLY OCCURRING:
AT_POSITION RESIDUES

719 {(VALALA)27 (LYS:SER)
30 (ALA,GLY ASP.GLN)32 (TYA.ASP_ASN)34 (LE.ALA.SER)
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HUMAN LAMBDA LIGHT CHAINS SUBGROUP V

 

  
 

 

 

 

 

  
 

 

INVARIANT 40 2 38 * OF ” OF OCCURRENCES VARIABILITY
‘ INVARIANT 8 HY MCG SEQUENCES AMINQ OF MOST COMMON2 AGIOS AMINO ACID° a no

1 PCA PCA PCA 3 t a 42 SER stR SéA 3 : 3{SER }3 ALA ALA ALA 3 3 3(ALA) 34 LeU teu LEU 3 ’ 3(LEU) '
5 THR THR THR 3 1 3(THR '6 GUN LN GLNN 3 ’ GL t7 PRO PRO PHO 3 3 HERO} 18 PRO PRO PRO 3 3 3(PRO :9 SEA SER SER 3 1 3(SEA) ’10 ~ _ s

BE oo33) ALA ALA ALA 3 ? SALA 1R42 SER SER SEA 3 ’ a(SER ve13 GLY Sty GLY 3 t 31S :13. SER SER SER 3 1 a(SER) u
15 : PRO leu 3 2 2(PROy 3.18 GLY GLY GLY 3 3 Gu 1.17 GUN GLN GIN 3 : 3{GtUN 118 SER SER SER 3 3 SER! i:19 VAL VAL VAL 3 1 B(VAL) +.
20 THR THR THR 2 1 ATHA) 1.27° WE LE ILE 3 1 ILE Yr22 SER SER SEA 3 i (SE v23 Cys éys_ CYS 3 4 atcys L
24 THA THR THR 3 1 a(THR) r.
25 GLY GLY GLY a 1 gin 1.260 THA THR THA 3 1 THA’ "27. SER SER 2 ‘ 2(SER) u27a on278 ~

c 27C on condS 270 sen SER SER 2 1 2{SER,Q 27— ASP ASP ASP 2 1 2ASP:1 27F VAL VAL VAL 2 1 2{VAL)28 GLY Guy BLY 2 ' AGL ie
29 ASP guy 2 2 +} 430 ASN TYA 2 2 +} a31 Lys ASN 2 2 Ro) 4.32. TYR TYR TYR 2 7 2ITYR) 1.a3. VAL VAL VAL 2 1 2{VAL} ¥
34__ SER SER SER 2 1 2{SEA) 2
35 TRE TAP TAP 2. 7 aiTAP ?.36° TYR 1A TYR 2 : 2CtyAI 137 GUN GLN GLN 2 3 2GLN338 GUN GUN GLN 2 1 2GLN v
39 HIS HIS HIS 2 1 2¢HI8) 1.PRO LA 2 2 t+ 4.

F 41 GLY GLY GLY 2 4 2G 1.R42 AAG Lys 2 2 + 4.2 43 ALA ALA ALA 2 1 2{ALA) 1.
44 PRO PRO PRO 2 ’ apRo) .45 LYS LYS LYS 2 1 2iLYS) re26 LeU VAL 2 2 t+} 4a7 VAL LE 2 2 Wo) 4. ,45 tLe We ite 2 + 20LB) 1.
49 PHE TYR 2 2 +) 4.
30 GLU GLu Guu 2 1 AGU) 1.co By AL VAL VAL 2 5 2VAL) ¥S52 SeA ASN 2 2 + 4.a) GLY Lys 2 2. mee 4a2 54 AAG ARG ARG 2 1 2{ARG) 755 PRO PRO PRO 2 1 21PRO) u56__SEA SEA SER 2 4 2iSE v
sy GLY GLY GLY 2 1 RAGLY) 1.58 VAL VAL VAL, 2 1 AVAL) L
s9 PRO PRO PRO 2. } 2(PRO) re66 ASP ASP ASP 2 4 2taSP) ¥61 ARG ARG ARG 2 1. 2(ARG)62 PHE PHE PHE 2 1 2(PHE63 «SER SER SER 2 1 2{seR v
6s GLY OLY GLY 2 1 AGL %65 SER SEA SEA 2 ‘ 2SER 166 LYS cys LYS 2 i 2iLYS) 167’ SER SER SER 2 } 2SER) v68 ASP oly 2 2 q+) 4
69 ASN ASN ASN 2. 3 2(ASN ..70 THA THA THR 2 t RTHR vp 7i ALA ALA LA 2 3 - BALA) 1fF 72 SEA SER SEA 2 t 2ISER) zBo o73 teu LEU teu 2 1 areu 174 THA THR THR 2 1 2THA ‘75 VAL VAL VAL 2 1 BIVAL). v76 «SER SEA SER 2 1 SER t77 OLY &ty GLY 2 1 2IGL v78 LEU Leu tEU 2, } 2LEU nr
79 ARG GLM 2 2 4 + 480 ALA ALA ALA 2 4 2tALA 1ar GLU GW ety 2 3 2GLU) ¥.82. ASP. ASP ASP 2 1 BASP) u83 GLU Glu 6tu 2 t 2t{GLu) "
84 ALA ALA 2 } ALA) 185 ASP ASP ASP 2 i 2tAaSP\ a86 TYR TYR TYR 2 1 2(TYR)} 1.87 TYR TR WR 2 1 RTA ¥a8__CYS cys cys 2 1 2iCYS L ‘
89 SER SER SER 2 3 2SER 1.$0 SER SER SER 2 1 2SER V.91 TYR TYR TYR 2 1 aR v92 VAL GLU 2 2 + 4.93 ASP GLY 2 2 hoe 4. :

c ASN SER 2 2 y+ 4.§ 95 ASN ASP 2 2 ee aD954 ASN ASN ASN 2 1 2tasn)5 958 — — : ,95C ane _
950 _95E
95F ~— .
96 PHE PHE PHE 2 1 2(PHE) 1.97, VAL _VAL VAL 2 3 2IVALL im
96 PHE PHE PHE 2 $ 2(PHE ¥.99 GLY GLY GLY 2 3 GL100 . -@ty THA 2 2 oe 4tOT GLY GLY GLY 2 1 AGL tw« 102 THA THR THA 2 + 2THAY vR 103 LYS Lys LYS 2 3 BILYS 1.4 104 REY VAL 2 2 ars 4105 THR THA THR 2 7 2(THA) 7106 VAL VAL VAL 2 1 2@(VAL) ¥106A LEU Leu Lev 2 1 a(LEV)
107 ARG GLY 2 2 +) 4.
108 GLN GUN GUN 2 1 2(GLR) 1.109 PRO PRO PRO 2 4 2a{PRO) 1.
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ANTIBODY SPECHFICITIES: HUMAN LAMBDA LIGHT CHAINS SUBGROUP V

3) MCG: ANTLEPSILON-DNP-LYS, EPSILON-DNP-AMINOCAPROATE, ONP-LEU, TRIACETIN, SODIUM MEATHIOLATE, METHADONE, 1,10-PHENANTHROLINE,CAFFEINE. THEOPHYLLINE, OLONP-LYS. DNP-TAP. DNP-PHE, ODNP-TYR, COLCHICINE, P-NITROANILINE, P-NITROPHENYLPHOSPHORYL CHOLINE,S-ACETYLURACIL. MENADIONE. MEPERIDINE, TRIBUTYRIN, OMEGA-BROMOHEPTANOATE, O-CHLOROMERCURIPHENOL,P-CHLOROMERCURIPHENOL. PHENYLMERCURIC COMPOUNDS. METHYL-MERCURIC CHLORIDE.

REFERENCE: HUMAN LAMBDA LIGHT CHAINS SUBGROUP v
1) BO: WIKLEA.M. & PUTNAM.F.W. (1970) J.BIOL.CHEM..245.4488-4507. (CHECKED BY AUTHOR 06/15/83)
2) HBJ2;  HOOO.L..GAAY.W.R..SANDERS.8.G. & DREYER.W.J. (1967) COLD SPRING HARBOR SYMP. QUANTITATIVE BIOL..32,.133-145,
3) MCG: FETTJ.W. & DEUTSCHLH.F. (1974) BIOCHEMISTRY. 13,46102-4114, (CHECKED BY AUTHOR)

NOTES: HUMAN LAMBDA LIGHT CHAINS SUBGROUP V
IDENTICAL SETS OF FRAMEWORK SEGMENTS: .

FRi|SET t: BO11}.4BI212). (2 IDENTICAL)
FR2: . . .
FR: ~
FR4: SET 3: BOHM}. (IDENTICAL TO 1 HUMAN V-LAMBDA-I: NEWMI1}: AND 7 HUMAN V-LAMBDA-I: WHI3}.)SET 2: MCGI3}. (IDENTICAL TO 1 HUMAN V-LAMBDA: LOCI11).)

IDENTICAL SETS OF COMPLEMENTARITY DETERMINING REGIONS:
CORI; SET 4: MCGI3}. (IDENTICAL TO 2 HUMAN V-LAMBOA-I: MESIZ1.VILI171)corz: .
CDRS:

+ THE FOLLOWING WERE EQUALLY AND MOST FREQUENTLY OCCURRING:

AT.POSHIONRESIDUES,
29 (GLY.ASP)30 (TYALASN}31 (LYS-ASN)
40 (PRO.ALA)42 (LYS.ARG)
46 (LEU.VAL)
47 (LE VAL)49 ERRe52 SERLASN)
63 (LYS.GLY)68 (GLY.ASP79 (ARG GUN) ‘92 (VAL.GLU)
93, (GLY.ASP)94 (SERIASN)35 (ASPASN100 (THRIGLY

104 (LEU.VAL)107 (ARG:GLY)
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MUMAN LAMBDA LIGHT CHAINS SUBGROUP VI

   
 
 

   
 

 

 

 

 
   
 

 
INVARIANT 1 2 3 4 5 6 7 8 9 # OF # OF OCCURRENCES VARIABILITY. “RESIDUES AMYLOID SUT AMYLOID THO LBV GIO YAM WAN WIN’ SEQUENCES AMINO OF MOST COMMON-AR a: -RS “Ch ACIOS AMINO AGIO# ”

oO Lae wae ee eee nee1 ASP asn ASP asn asn 3 2 B(ASN} 3.32 PHE PHE PHE PHE PHE 13 2 1i(PHE! 243 MET MET MET ite MET 13 2 32(MET) 2.24 Leu LeU Leu Leu Leu LEU 13 1 s3{LEU) 1.5 ‘THR THA THR THR THR 13 3 TATHRD 3.56 GLN GLN GLN GUN GLN 33 2 12(GLN) 2.27 PRO PRO PRO PRO PRO PRO 13 1 13{PRO) 1.a HiS mS HIS rs 2 SOCKS: 2.29 SEA SER SER SER SER SER 83 1 1HSER} 1.
10 ave a ean aes aseBO VAL VAL VAL VAL 13 2 1AvAL 22, 12 «SEA SER SER SER SEA 3 1 13{SER) 1.13 Glu GLU GLU GLU 12 2 +THGLU) 2.214 «SiR SER SEA SER 13 + 1HSER) 118 PRO PRO PRO PRO PRO 12 1 1ARBO) v16 «GLY GLY GLY GLY GLY 32 1 AGL) 1,17 LYS gly LYS LYS 12 3 4O{LYS} 3.61B THR 3 THA THR 1 2 10(THR: 2.29. VAL VAL VAL VAL 4 2 16 vauy 2220 THA see THA THR W 3 8(THR) 4.24 jie tle. «ile ~ 10 3 BILE 3.822 «SER SER SER SER 10 3 10SE » cs23. CYS CYS CYS CYS 40 } s0(CYS) 124 THR SEAR 9 2 B{THR) 2.325 : z 3 Bt) 226 7 3 4(SER) 5.327 2 3 am) 7.27A ALA 2 3 S(GLY)278 6 3 A(SER)27G

8 270R 27 1 \ +(ASP)X a7F a+ j 1 HSER)26 ILE WE 7 v 7tLé) i29 ALA 7 2 Siaba 2330 6 3 a{Sery 4.531 sea 7 4 2-3 1432 TYR 7 3 5{TYA) 4.233° (VAL VAL 7 1 FIVAts t.34. GEN 5 1 S{GLN) 136~=«CTRP 6 3 6(TAP) i36 TYR 6 7 &{TYR) 1a7 6 3 aotn) 4538 s 2 4(GUN) 2839 ARG 5 1 SIAR) 140 6 2 5(PRO) 2.4Fe o4t 8 3 4(GLY} 48A 42 6 3 4{SER} 452 43° ALA 5 1 5(ALA) 1.44 PRO 5 1 5(PRO +.45 THR 5 1 ara 1.46 5 2 S{THA)} 28a? 5 2 a{VAL) 254B ILE 5 1 stice) -49 $ 2 acTYA) 2.850 $ 2 S(GLU) 3.3c 3 Ss 2 StASP) 28§ $2 5 2 4{ASN) 2.5o 83 GLN 5 1 5(GLN) 12 54 ARG 5 1 S(ARG) 1.55 PAO 5 1 5(PRO) io56 3 3 SER) 5.57 GLY $ 1 S(GLY) t58 (VAL 5 Jt B(VAL) 159 PAO 8 1 5(PRO) .60 5 2 4tASP) 2.563 ARG 5 1 StARG> i62 PHE 5 1 5(PHE, y63 SEA 5 1 S(SER 164 GLY 5 1 S{GLY) L8s SéA 5 t 5{SER) 167 SER 5 ? SiSER} 3.68 5 2 a(SER) 2.569 ASN 5 1 5(ASN] 170 SER S + ee8 Ype 7) ALA 5 1 S(ALA) 1i 72 SéR 5 1 S(SER) 1,R73 LeU s 4 S(LEU) Y74 THR 7 § 1 S(THR) 1.75 5 2 ILE 2.576 SER 5 1 5(SER) 1.77 5 2 aiGLY) 2878 LEU & 1 S(LEU) on79 5 3 3{LYS) 5.a f 4 He 43
u .

82 ASP 5 1 seep) 1.83 5 2 aiGluy 2884 ALA 5 1 B(ALAY 1.35 5 2 ASP) 25B6 «TYR 5 1 SCTYR) +,87 5 2 a{TYR) 258a CYS 5 + 5(CYS) iao GLN 8 i 5(GLN' 1.90 SEA 5 $ oeER} a,Qt 5 2 4(TYR} 2592 5 2 4(ASP 2.593 5 3 agen 5.ga $ 4 2(ASN 10,8 33, 8 . 3 Btasny 3.35 988 ur)
95C a950
95E

3
5 3 3{TRP 5

97 VAL 5 wt 5 vat} iBay ; eee1 S(GLY 1

100 «GLY 3 i ec ;101 GLY GLY 5 ' S(GLY) 'fp 102 THA THR 5 + S(THR) 7R 108 LYS 5 ! SILYS 74 104 ’ Ley Lev 6 2 SES) 24105 THR THA THR 6 1 8(THR) +.m6 VAL VAL VAL 6 1 G(VAL) 1106A LEU LEU Leu 6 1 6(L EU)107 GLY SER & 2 ARGLY) 3.703 GLN GLN ~GLN GUN 6 1 NI 7.109 PRO PRO PRO PRO 6 v eR) %
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HUMAN HEAVY CHAINS SUBGROUP $
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INVARIANT 1 2° 3 at 5 6 7 8 9 10°RESIOUES Fu SIE HG3 WOL CA NO MOT BRO THO STE BEN zUuc Dr BOT OMM MAR FI VU) WAR VIL OUN ADA NOR SAW‘cL ‘cL o# ‘IGG 0) « ” "CLL
ye ” # #o To = ¥ = =. va =e a aoe 7 ~ ns wae = zs me woe we Te vo = =1 PCA PCA gin PCA PCA gin PCA gly gly POR gu PCA (PCA PCA PCA PGA PCA PCA PCA PCA PCA PCA2 aL OVAL WAL VAR OVAL othe YALL VAL WAL VAL Jou VAL (VAL VAL VAL OVAL OVAL) VAL VAL VAL VAL VAL3 GUN GLN GLN GLN GLN GLN GLN GLN GLN his GLN GLN GLEN GiN GUN GLN GLN GLN GLN GLN: GLN glyA LEU(.96) teu Ceu teu LEU LEU LEU LEU LEU LEU LEU LEU oval LEU LEU LeU LEU Leu LeU LEU Leu
5 VAL VAL VAL met VAL VAL VAL VAL VAL Val VAL VAL6 GLN GLN GUN GLN glu GLN GEN GLN GEN plu GLN glu7 SER SER SER SER SER SER SER SER SER SER €R SER SER8 Sty GLY GLY GLY GLY GLY GLY GLY GLY sor GLY GLY GLY9 ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA ALA gly

40 GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU GLU asp4 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL. VAL teu42 LYS LYS LYS LYS ar “rg «LYS «LYS LYS LYS ser val LYS33 tvs uys tys tys vyS vyS tyS LYS LYS LYS LYS LYSF 14 PRO PRO FRO PRO PRO PRO PRO PRO PRO PRO PAO PROA 4S ~ GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY1 16 SER SER slo SER ala sla SER glu iu Bio oy7 SéA SER SER SER SER SER SEA SER SER SER418 SAL VAL VAL VAL VAL VAL sia ley ley=met19 LYS arg LYS org LYS arg erg LYS arg LYS Lys
20 VAL VAL VAL VAL (He YAL Jey ile te VAL21 SEH in SER SEA SER SER SER SEA SER SEB22 eyS CYS GYS CYS CYS CYS CYS cys23 tys tvs tys LYS LYS LYS LYS LYS LYS Brg24 CR nr ALA othr the ALA oval gly gly ALA
25 SER SER SER SER SER SER SEA SER phe26 @cy Gty GLY GLY GLY GLY GLY GLY GLY27 GLY GLY tyr GLY tyr tyr ssp tyr tyr .28 THA THR THR THA THR THA asp29 PHE PHE PHE PHE PHE PHE PHE
30 SER SER_asn val SER. Ho _asn
at ARG GLY SEA ASP HIS ASP THA aa2 SEA TYA TYR TYR TYR SER TYR —

§ 33 RLA THA TYR LYS ALA TYR ASP oeBD 34 E iLE MET GLY MET HE ILE on
1 as WE SER HIS LEU HIS=HIS354 —_ ~ —_ = _ ~-8358 = — = =

36 TAP TRe TAP TRP37 VAL VAL VAL VAL
38 ARG ARG ARG ARG39 GLN GLN GLN GLEN40 ALA ALA ALA ALAat PRO PRO PRO PRO

A 42 GLY GLY GLY GLY2 43 GLN ARG GLEN LYS44 GLY GLY GLY GLY GLY
45 Lev LEY LEU LEU LEU
46 GLU GLU GLY GLU GLU47) «oTRP TAP TAP TRP TAP
48 MET VAL MET VAL49 GLY GLY GLY GLY
30 GLY SEA JLE Gin
51 ILE PRO HE WE52 VAL ALA ASN PRO
524 PRO LYS PRO LEU8298 ~ wen _ =
326 _ _ = _
53 MET TRP SER ARG54 PHE THR GLY PHE

§ 38 GLY ASP GLY ASNA 58 PRO PRO SER GLY2 $7 PAO PHE THA GLU58 ASN GLN SER VAL89 TYR GLY TYR LYS
60 VAL ALA ASN ~ --61 GIN TYR GLN PRO —62 LYS ILE YS GLY _63 PHE LYS PHE SER oe84 GLN TRP GLN VAL LYS _
85 GLY GLU GLY VAL sea ora66 ARG ARG ARG ARG ARG ARG os —67 VAL VAL VAL VAL _ _66 THA THR THR SER _69 1E VAL MET VAL MET oo
7 JHR SER THR SEA SER -- ~7% ALA LEU ARG LEU LEU. = -72 ASP LYS ASP LYS ASP = _73 GLU PRO THA PAO THR -74 SER _SER SER SER SEA SER _
75 THR PHE THA PHE — VAL _76 ASN ASN SER ASN ~ ASN _77 THA GLEN THR GLN ~ LeU _78 ALA ALA VAL ALA «+ PHE oo73 TYR TYR TYR. HIS - SER ~~

rf 99 MEY MET MET MET ~~ LEU _A 81 GLU GLU GLU GLU SER ~3 82 Ley Leu Lev Leu LEU _a2a SEA VAL SER SER THAR —82B SER ASN SER SER SER -- -
e2C LEY LEU LEU LEU ~ VAL = aARG PHE ARG PHE -- THA =84 SEAR ASN SER SEA s- ALA ~95 GLU GLU GLU GLU ALA = ~88 ASP ASP ASP ASP ASP = _
az THR GLY THR THR THR -Ba ALA ALA ALA ALA ALA ALA _69 PHE VAL VAL VAL VAL = ~80 TYR TYR TYA TYR WR91 PHE TYA TYR TYR wR oo .
92 cys cys cys CYS CYS + cys - _93 ALA ALA ALA ALA ae ALA94 GLY ARG ARG AAG . 2 ARG
95 Giy GLU # GLU - — =96 TYR TRP -- TYR ~ _ =
87 GLY LYS GLY -—- ~98 LE GLY PHE _ _99 TYR GLN ASP ~300 SER VAL THR a1004 -—— ASN SER a ~—

c 1998 — VAL -- ASP -p 100C ~~ ASN -- TYA .AR «1000 =. PRO = TYA .3 100E ~ oe a - . ~100F a = _ _
1006 ane “ —3007 — _ . _ —1001 _ _ wm oe1005 ~~ ~ — —
400K -- TYR --
104 TYA102 TYA
193 TRE104 GLY
108 GLN
406 «GLY GLY GLY GLYF 407 GLY VAL THAR 108 teu LEU LEUa 109 VAL VAL VAL
110 THR THR =. THA a ce2 VAL VAL VAL VAL112 SER SER SER
113 SER SER_$.6R nen SER . “. _  
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2s¢ 26 427, 28 29, 30 33 32 3334 # OF 4 OF OCCURRENCES ° VARIABILITY. f8n AiG wis VAU LEB SAC DEE LEA HAR HUS SEQUENCES AMINO OF MOST COMMON’ * * * ACIDS AMINO ACID
0 — — we = ms _ :1 gin PCA PCA PCA PCA Bly 30 5 21(PCA) TA2 GaL VAL met VAL VAL ale _ ae 30 6 25{VAL} 723 GLN lev GLN oe - pea pea 29 6 22{GLN) 784 LeU * _ _ ~ Leu LEU 25 2 24(LEU) 215 14 4 TA(VAL) 548 14 2 1O{GLN) 2.87 . 14 + 44(SER) 1.a 18 2 14(GLY) 2.33 5 4 V2(ALA) 5.10 14 3 12GLU) 3.5eI 14 2 12(VAL) 2312 6 & QLYS) 3313 4 2 1BLYS} 2.2e 4 14 2 13(PRO) 2.2R 16 14 3 I2GLY) 3.54 16 WZ 4 a(+} 12,17 13 2 10{SEA) 2.21B - — VAL 32 5 TIVAL) 8.619° = -- arg 13 3 a + } 6.520 ~- oo ile 12 4 S(VAL) 8.24 _ ~ 4 3 S{SE 8 3722 ~ — 9 2 gies 2.323 _ _ Ww 3 a(L¥S) a724 _ 41 s a{ALA) 14.25 _ 10 3 B(SER) 3.826 ‘ we 10 2 9(GLY) 2227 o 10 4 5 rye} 8.28 a 8 3 StTHA: 4.29 wee = ~e B 2 TIPHE) 2330. - = od 8 5 A{SER) 13.34 w= = =. 8 7 2(ASP} 28.32 _ a = 8 2 SITYA) 3.2Gc 33 _ ~ — 8 6 a a} 24.® 34 _ —_ oe 8 4 40LE) a.+ 35 ~ ~~ _ 8 8 aqHis) 12,354 o _ ~

i 358 — -- = _: 36 mo = — 8 2 7(TAP) 2.3i 37 ae o =_-_ = 8 3 SIVAL) 48‘ 35 8 2 THARG 23.39 a 2 FIGLN 23| 40 a 3 B{ALA} 4: 4t 8 2 7{PRO)Y 235 42 8 2 PIGLY) 23> 43 7 4 3 +) 14.44 7 1 HGLY) 1} 45 7 t 7(LEU) 146 7 1 7(1GLV) va7 7 1 7iTRP) vwj 48 7 2 AIVAL 35643 2 2 IGLY) 2.350 7 7 14”) i 49.: $1 7 3 pe 4.2: 52 7 6 2tASN) at.! 524 8 3 a{PRO}' 52B$20 :i $3 7 6 2{seR) 21.54 7 5 a+ } 18.& 58 ? 3 A(GLY) 5.3a 86 7 5 2+) 18.a 5? 7 4 4(THR) 7.58 7 6 @{(ASN) 21,58 7 3 5(TYR) 42go. 6 4 BALA} 8.61 6 3 3(PRO) 8.62 6 4 at + 12.63 6 3 3(PHE 6.64 7 4 A(GLN) 7.65 2 $ 3iGLY) 12.66 7 1 TIARG) 1.67 6 2 SIVAL) 2468 6 2 SITHR) 2.469 7 3 3t +) qr70 7 2 4(THR) 3.573 7 3 at + > 7.72 7 2 S(ASP 2.873 7 5 2c 3 18.74 7 1. (SER) n75 7 a 34 4) va76 7 3 a{ASN) 5.377 7 3 UN 6.3768 7 3 4 ALA) 5379 7 3 S(TYR 42rp 80 7 2 (MET 2.3rR 28 7 3 5 Bcus 4.25 82 MET a 2 7ILEV 2.3B2A ASN 8 5 3(SER228 SER a 3 6(SER)82c LEU a 2 TiLEU)83 ARG 8 4 atAAG) a.t a4 VAL B 4 S(SER)} 6.4as GLX 8 3:4 BIGLU) + 4iGLU) 4.8: 866 ASX 8 12 (ASP) : 7(ASP} wo: 2337 THA 8 3 6{THR) 4,aa ALA 8 7 BALA 138g VAL 8 3 6(VAL. 4go TYA 8 2 aye 2.3i 91 - TYR 9 2 a(TYR 2.3: 92 cys 9 1 (cys) 1.93 ALA 9 2 BALA} 2.394 AAG 2. 2 BIARG) 4.5: es ASX 5 6 2 + ) 18,‘ 96 ARG 7 6 2{TVR) 2).1 97 ASX 7 6 ZIGLY) 21.98 ASX 6 5 2(PHE 15.99 VR 6 5 2(T¥A) 16.100 GLY 6 5 2ISER) 15.100A ASX & a 2{ASN) : 2(ASP)c 1998 PHE s 4 2(ASPY5 200C =r 4 3 2(TYA)‘ R 100D - 4 4 ioe}§  100€ a 2 2 +100F - 2 2 wet }
‘ 100G on 2 2 Ws300K 2 2 Woe1001 ¥ 7 vTYA)' 100) ' 1 a(THR)\ 100K -~ 3 3 w+): 107 ASX 7 4:5 BIASP) ; 2t + 9.3: 18.| 102 TYR 8 56 agyR) 13.3 16.103 TRAP 8 2:3 6(TAPY 27: 4| 104 GLY 8 3 SIGLY) ay; 305 GLX a 3:5 BIGLN) : 4(GLN) 4.8 5 10.106 GLY 8 1 BIGLY .f 3107 THR 3 4 anny 9.A 108 LEU 8 3 BILEU) 4.4 409 VAL 8 3 B(VAL) 4.| o THR 9 2 a(THA) 23| VAL 9 1 S{IVAL) aTHA 10 2 SEA) 2.2

{ SEA 30 1 .O(SER) 1,



@ . @
ANTIBODY SPECIFICITIES: HUMAN MEAVY CHAINS SUBGROUP I

2)
»)

10)

SIE: ANTI-HUMAN GAMMA G GLOBULIN; WA WIOTYPE
WOk: ANTIEHUMAN GAMMA G GLOBULIN; WA IDIOTYPE
STE: COLD AGGLUTININ WITH ANTI-BLOOD GROUP ft ACTIVITY

18) MAR: ANTPLIPOPROTEIN LIPASE25) KOH: ANTEHUMAN GAMMA G GLOBULIN

CLASS: HUMAN HEAVY CHAINS SUBGROUP ¢t
yy
2)
4}
5}
6)
7)
8}

40)
41)
12)
13)
14)
15)
16)
19)
20)
24)
22)
23)
24)
25)
26)
27)
28)
29)
30)
34}

€£U: 1GGI-KAPPA
SIE: I1GM-KAPPA
WOL: IGM-KAPPA
GA: 1GG1-
ND’'CL: IGE-
MOT: IGG.
BROIGG: 1GG-KAPPA
STE: IGG1-
BENQ): 1GG3-
Zuc: 1GG3-
Di IGM:
BOT: 1IGM-
OMM'CL: iGG3-
MAAR: IGM:WAR: IGG1-
Vit: 1GG3-LAMBOA
DUN: 1GG4
ADA: IGA-
NOR: IGA-
SAW: 1GG62-
KOH: 1GM-LAMBDA
Ric: IGG2
wis: IGG?
VAU: 1GG1-
LEB: 1GG1-
SAC: IGGI-KAPPA
HUS: !GGa-

REFERENCE: HUMAN HEAVY CHAINS SUBGROUP 1
1)

2)
3)
4)
5)
6)

7
8)

8)
10)
41)
12)
13)
14)
+5)
+6)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)
27)
28)
29)
30)
31)
92}
33)
34)

eu: CUNNINGHAM, 8.A.,RUTISHAUSER.U..GALLW.E..GOTTHEB.P.0-WAXOAL-M9: & EDELMAN,G.M. (1970) BIOCHEMISTRY.9,31 61-3170. (CHECKED BYAUTHOR} .
SIE: ANDAEWS.O.W, & CAPRAJ.D. (1981) PROC.NAT.ACAD.SCI.USA.78.3799-3803; ANOREWS.D.W. & CAPRAW.O. (1981) BIOCHEMISTAY.20,5816-5822.(CHECKED BY AUTHOR 34/15/62); ANOREWS,O.W.. & CAPRAJ.D. (1981) BIOCHEMISTRY, 20,5822-5820.HG3'CL; RECHAVLG.,RAM.,O,.GLAZER.L..ZAKUT.A. & GIVOL,D. (1983) PROG.NAT.ACAO,SCI.USA,80, 855-853. {CHECKEO BY AUTHOR 01/04/83)
WOL: ANOREWS.D.W. & CAPRAY.O. (1981) PROG.NAT,ACAD. SCI.USA,78,3799-3803; ANDREWS.O.W. & CAPRAJ.O. (1981) BIOGHEMISTAY,20,5816-5822.

{CHECKED BY AUTHOR 11/15/82): ANDAEWS.D.W. & CAPRAJ.O, (1981) BIOCHEMISTAY,20,5822-5830.
CA: PITCHER,S.E. & KONIGSBEARG.W. (1970) J.GIOL.CHEM.,245, 1267-1274. (CHECKED BY AUTHOR)
NO'CL: BENNICH.H. & VON BAHR-LINDOSTROM.H. (1974) PROGRESS IN IMMUNOLOGY.1,49-58: BENNICH,H.H.JOHANSSON,S.G.0, & VONBAHR-LINDSTROM.H. (1979) IN IMMEDIATE HYPERSENSITIVITY: MOOEAN CONCEPTS AND DEVELOPMENTS, BACH.N.K., EO..PP.1-36. MARCELDEKKER,NEW YORK: CeaEN U.N.MOLGAARD.H.V., HOUGHTON. M.,DERBYSHIRE,A... VINEY.J..BELL.L.O- & GOULO.HA. (1982)PAOG.NAT.ACAD. SCLUSA,79,6661-6665.
MOT: KOJIMA,M..ODANLS. & ONO,T. (1982) MOL.IMMUNOL.,19, 1095-1103; KOJIMA.M..KOIDE,T..OOANLS. & ONO.T. (1986) MOL.IMMUNOL..23, 169-174,{CHECKED BY AUTHOR 08/08/85) . .
BRO'IGG: HOPPEAJ.E..NOYES.C.,HEINRIKSON.R. 3 KESSEL.J.W. (1976) J.IMMUNOL,.116, 743-748: HOPPER.WJ.E. & BRAHN.E. (1977) JIMMUNOL..119.847-849. (CHECKED BY AUTHOR 08/25/78 WHO POINTED Out THAT BRO’ IS SAME AS BRIGG AND SUGGESTED THAT IT SHOULD BERENAMED AS BROIGG) . :
THO: HOPPER.E. & BRAHN.E. (1977) JIMMUNOL.,119.847-849. {CHECKED SY AUTHOR 09/25/76)
QTE: FISHER.C.E..PALM,W.H. & PRESS.E.M. (1969) FEBS LETTEAS.5,20-22. (CHECKED BY AUTHOR)
BEN(!): KAPLAN,A.P..HOOD,L..TEARY.W.D. & METZGER,H. (1971) IMMUNOCHEMISTRY. 8,801-8T1. (CHECKED BY AUTHOR)
ZUC: FRANGIONE,B. & MILSTEIN,C. (1969) NATURE,224,$97-599. (CHECKED BY AUTHOR) . .
Ol: KOHKLER.H..SHIMIZU.A..PAUL,C..MOORE,V. & PUTNAM.FEW. (1970), NATURE,227,1318-1320: FLORENT,G..LEHMAN.D. & PUTNAM.F.W. (1974)BIOCHEMISTRY.19,2482-2498, (CHECKED BY AUTHOR 06/35/83)
BOT: BARNIXOL-WATANABE,S., MIHAESGO,E, MIHAE SCO,C., BARNIKOL,H.U. & HILSCHMANN,N. (1984) Z.PHYSIOL.CHEM.,365.108-118.
OMM'CL: ALEXANOEA,A. STEINMETZ, M..BARRITAULT.O..FRANGIONE,B., FAANKLIN,E.C..HOOO.L. & BUXBAUMAN, (1982) PROC.NAT.ACAD.SCLUSA,79.3260-4264. (CHECKED BY AUTHOR 06/17/83)
MAR: KAPLAN,A.P..HOOD,L..TERRY.W.O, & METZGER.H. (1971) IMMUNOCHEMISTRY,8,801-811, (CHECKED BY AUTHOR)
Fi: MONTGOMERY,P.C.,BELLO.A.C. & ROCKEY.J.H. (1970) BIOCHIM. BIOPHYS. ACTA.200,258-266. (CHECKED BY AUTHOR)
VU: MONTGOMERY.P.C.,BELLO,A.C. & ROCKEY.J.H. (1970} BIOCHIM. BIOPHYS.ACTA,200,258-266. (CHECKED BY AUTHOR)
WAR: KAPLAN.A.P.,HOOD.L..TERRY.W.D, & METZGER,H. (1971) IMMUNOCHEMISTRY,8,801-811. [CHECKED BY AUTHOR)
Vil: KAPLAN,A.P,,HOOD,L.. TEBRY.W.O. & METZGER.M. (1971) IMMUNCCHEMISTAY,8.801-811. (CHECKED BY AUTHOR)
DUN: KAPLAN.A.P.,HOOD.L..TERRY.W.D. & METZGER,H. (1977) {MMUNOCHEMISTAY,8.801-811, (CHECKED BY AUTHOR)
ADA: KAPLAN.A.P.,HOOD,L..TERRY.W.0. & METZGER.H. (1971) IMMUNOCHEMISTRY.8,801-617. (CHECKED BY AUTHOR)
NOR: KAPLAN,A.P..HOOD,L..TERRY.W.D. & METZGER.H. (1971) IMMUNOCHEMISTRY.&,801-83 3. (CHECKED BY AUTHOR)
SAW: KAPLAN,A.P..HOOO,L..TERAY.W.D. & METZGER,H. (1971) IMMUNOCHEMISTRY.8.601-831, (CHECKED BY AUTHOR)
KOH: MAPLAN,A.P.,HOOD,L.TERAY.W.O. & METZGER.H. (1971) IMMUNOCHEMISTRY.8,801-811. (CHECKED BY AUTHOR)
RIG: KAPLAN,A.P.,HOOD,L..TERAY.W.O. & METZGER.H. (1971) IMMUNOCHEMISTRY.8,801-81 1, (CHECKED BY AUTHOR)
WIS: FRANKLIN,E.C..PRELLILF. & FRANGIONE.S. (1979) PROG.NAT.AGAD.SCLUSA,76,452-456. (CHECKED 8Y AUTHOR O71 B79)
VAU: FRANKLIN.E.C..KYLE.R..SELIGMANN.M. & FRANGIONE.B. 11978) MOL.IMMUNOL.,16,919-921. (CHECKEO BY AUTHOR 12/10/82}
LEB: FRANKLIN.E.C..KYLE,A..SELIGMANN.M. & FAANGIONE,B. (1979) MOL.IMMUNOL..16.939-921. [CHECKED BY AUTHOR 12/40/82)
SAC: PARR,O.M. (1981) MOL.IMMUNOL,,18,257-259. (CHECKED BY AUTHOR 03/02/82)
OEE: FRANGIONE.B. & MILSTEIN.C. (1967) NATURE,216,939-941. (CHECKED BY AUTHOR)
LEA: FRANGIONE.B. & FAANKLIN,E.C, (1977) PROG.IMMUNOL.,3,276-288. (CHECKED BY AUTHOR 07/18/79)
HAR: FRANGIONE,B. & FRANKLIN.E.C. (1977) PROG.IMMUNOL..3,278-288. (CHECKED BY AUTHOR O7/18/79)
MUS: WANG.A.G. & FUDENBERG,H.H, (1975) ARCH. BIOCHEM. BIOPHYS., 168,.657-664. (CHECKED BY AUTHOR 09/24/77)

 

NOTES: HUMAN HEAVY CHAINS SUBGROUP I
IDENTICAL SETS OF FRAMEWORK SEGMENTS:

FRI: SEY 1: VAUL28).LE 8129}. (2 IDENTICAL)
FR2: SEY 4: EULILHGS'CLUS}. (2 IDENTICAL)

SET 2: WOL4), (DOENTICAL TO 2 HUMAN VeHeH: TILES}.TEU TOD)
FAQ: SET 4: NO'CLIG]. GOENTICAL TO 1 HUMAN V-H-il: U266'CU 106}.)
FRA: SET 1: WOL{4]. (DENTICAL TO 2 HUMAN V-HE MGETS).NZUI15}): 4 HUMAN V-H-HE THU 4L.OOB(91), WEAIS3).NIE[341: AND 1 MOUSEV-H-HIA: MOPC474] 48}.) .

SET 2: NO'CLI6}). QOENTICAL TO 't HUMAN V-H-th HIGTCL{10[. 1 HUMAN V-Hell U266'CLE106}; AND | MOUSE V-H-AIA: HOEX12(151.)
JOSNTICAL SETS MF GQMPLEMENTARITY DETERMINING REGIONS:CDRI:

cOR2:
CDRS: SET 1: HGICUSL (IDENTICAL TO 3 HUMAN Versi: LAMBDA-VH26'CLI2]; 1 MOUSE V-H-IB: PUTs'CL22]; AND 5 MOUSE V-H-18: 166-2,CU 3},186-1 CUS}, 102°CL 151.23 CU 18}.3CUi26}.)

SET 2: NOCLI6. HOENTICAL TO 1 HUMAN V-H-IID U266'CLI106).)
IDENTICAL SETS OF J-MINIGENES:

SET 1: NO'CLI5}. (IDENTICAL TO 1 HUMAN V-H-IE yNGUCLEFO}; AND 1 HUMAN V-H-lik: U266' CL 106).}
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NOTES: HUMAN HEAVY CHAINS SUBGROUP } (cont'd)
SPECIFIC NOTES:

3)
6)

7)
12)
+4)
18)
27)
28)
29)
30}

HGI'CLs THE AMINO ACID SEQUENCE iS OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN FETAL LIVER GENOMICNA,

ND'CL: THE AMINO ACID SEQUENCE IS OBTAINED BY “TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF MOUSE CONA. urCORRESPONDS TO THE AMINO ACID SEQUENCE DETERMINED EARLIER EXCEPT THAT THE AMINO ACID SEQUENCE DETERMINATION GAVEPOCA AT POSITION 1, VAL AT 2. VAL AT 34, GLY AY 35, ILE AT 48 ANO HiS AT 49.
MOT: PAPAIN CLEAVES BETWEEN ARG 86 AND THR 57, AND BETWEEN ARG 62 ANO SER 63.
zUC: iT WAS FROM A CASE OF HEAVY CHAIN DISEASE.
BOT: IT WAS FROM A CASE OF IGM HEAVY CHAIN DISEASE.
OMM'CL: THE AMINO ACID SEQUENCE 1S OBTAINED BY TRANSLATING THE NUCLEOTIDE SEQUENCE OF A CLONE OF HUMAN CELL RINE CONA. (tTWAS FROM A GASE OF HEAVY CHAIN DISEASE.
wiS: iT WAS FROM A CASE OF HEAVY CHAIN DISEASE. ITS RESIDUES AT POSITIONS 108 AND 1039 AAE ASN AND CYS RESPECTIVELY, WHICH DONOT CORRESPOND TO THE USUAL RESIDUES FOUND AT THESE POSITIONS IN HUMAN HEAVY CHAIN SUBGROUP 1
VAU: IT WAS FROM A CASE OF HEAVY CHAIN DISEASE.
LEB: IT WAS FROM A CASE OF HEAVY CHAIN DISEASE.
SAC: IT WAS FROM A CASE OF HEAVY CHAIN DISEASE.

+ THE FOLLOWING WERE EQUALLY AND MOST FREQUENTLY OCCURRING:
 AT POSITION RESIOUES

16 (ALA. SER)18 iLYS.ARG)33 (TYRLALA)
43 (LYS. ARGGEND,50 (TRP,ILE, VAL.SER,GLY.GLU.GLN)54 (PHE, SER}
56 (PRO.GLY}62 (LYS.ARG)
69 (VAL.MET)74 (LEU.ARG)73 {PRO.THR}75 (PHE. THA)
95 (GLY.GLU)1000 (TYR. PRO, SER,ASN)

100E (PHE'GLY) 1100F (THRLASP)1006 (TYRSER)
1004 {LEULSER)100K (TYB.PHE,LEU)
703 . (PRO,ASP)
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, INVARIANT t 2 3 4 5 6 Zz 10 1 12 19 14 15 18 * OF & OF OCCURRENCESRESIDUES “COR DAW OU MCE CE-1 HE SUP-Th Hig) CAR SA 10 SPA NZU EA} SEQUENCES AMINO OF MOST COMMON» “CL. VHA ch » a ACIOS AMINO ACIO

° = wee me1 in PCA PCA 12 3 B(PCA)2 AL VAL glu 12 4 Q(VAL)3 gin THR glu 312 4 8(THR)4 teu Leu val 12 2 VLE)5 gin ARG WwW 3 4t + } 2 4{AAG)& gia GLU " 2 10IGLU) : AGLU)7 rp SER 11 3 StSER)8 GLY GLY a 10 1 IOIGLY)29 als — 10 2 S(PRO}10 gly 10 3 arr)3100 «LEU LEU 10 1 1O(LEU)120 VAL VAL 10 1 TO(VAL)13 LYS 10 2 a(LYS)- 14 ~ PRO 10 2 S(PRO)R15 ser 10 3 S(THR)+ 16 Ju 10 3 S{GLU)17 HR 10 2 O(THA)18 LEU LEU 10. t 1O{LEU)19 . ser 10 2 6(THR}20 «LEV LEU LEU wy ' 11¢LEuU)21 THR THR THA THR 12 i 12(THR)22 CYS cys CYS CYS o 12 1 12(CYS)23 ala THR THR oe 12 3 1Q{THR)24 val val_—sval - 12 3 6{VAL}25 he SEA SER on 12 2 11(SER)26 GLY Ly GLY GLY a 12 1 12(GLY)27 oly. oy. o i” $ 4(PHE)28 SER SER n 3 g{(SER)}29 phe 10 4 S{LEU)30 SER 10 4 2(SEA)3 GLY 10 5 a(THR)co 2 TYR 10 7 2+)5 33 TYA 10 4 S(GLYQ 34 TAP 10 4 a(MET)+ 36 SEA 10 a a+ >35A _ 8 3 BIVAL)358 os 2 3 a(GLY)36 TAP TAP 10 7 TOTAP)37 ILE 10 2 9PLE)38 ARG ARG 10 1 10(ARG)39 GLN 10 2 S(GLN)40 PRO 10 3 B(PRO)e 4) BAO PRO 10 i 10(PRO)R 4 GLY GLY 10 ' 1OKGLY)2 a3 ARG ~~ 10 3 6ILYS)a4 GLY a 10 2 Ss +)65 LEU LeU - 40 Y 1OREU)46 GLU GLU o 10 1 1O{GLU)47 TRP TAP o 10 5 JO(TRP)48 LE “- 10 2 {LEU}49 GLY, zo 10 2 B{ALA}50 SLU 10 7 3(ARG)51 iLE 10 4 BULE)52 ASN = 10 6 S(ASN) = 3(ASP)52A 2 2 we)$28
52¢ ~53 HIS 9 8 acTAP)c 54 SEA 10 5 S(ASP) : 4{ASP)Dp 8 GLY 30 2 Siase)R 98 SER 40 4 Stase2 457 THR 10 6 4(LYS)$8 ASN 10 4 6{TY A)58 TYR 10 4 FITYR)60 LYS 10 5:6 B+ } > S(SER)6} THA i0 3 SUITHA)62 SEA 10 2 9(SEA}63 LEU LeU 10 1 1O{LEU)64 LYS 10 3 a{ARG)85 SER 10 3 S{SER)66. AAG ARG 10 q 1OLARG)87 VAL 10 2 6(LEU)68 THR 10 3 a(THA)69 LE 10 a BILE)70 SER 10 3 7{SEA)7 LEV 10 4 S{LYS) t72 ASP 10 2 SIASE)73 THR 10 2 a(THA74 SER SER ann 10 + 1O{SER)
78 Lys 10 2 TILYS)76 ASN ASN 10 1 TOIASN)77 LEU 10 2 aici}73 PHE 19 2 BIVAL)79 SER 10 2 BiVAL)

F go LEU Lev a 10 4 TO(LEU)aA 28 Lys —~ 10 6 a+)3 82 Leu = 16 4 ate82A SEA - 9 s 3s ~)828 SER 9 3 at + )g2C VAL MET 10 2 SE +)83 THA ASP it 5 S{ASP)84 ALA PRO 3) 2 7(PRO)85 ALA VAL ca 3 St 4)88 asp ASP ASP it 1 VIASP)a7 THR SER 8 2 9CTHR)88 ALA GLY it 2 {ALA}89 VAL THA it 3 7{THR)90 TYR TYR TYR W + AUTYR)eT TYA PHE W 2 aTYR)92 CVS cys cys os 1 +1(SYS)93 ALA ALA " 2 TO(ALA)94 ARG a7 HES: v 2 B(ARG)98 GLY ARG 14 ? BIARG)96 Lev PRO 4 9 2b)97 Leu ~~ PRO W 7 4(PRO)98 ARG -- TARP nM 7 3(ARG}99 GLY -- ARG 10 7 ai)300 GLY “-  PHE 10 8 20+ )100A TRP -- THR 10 8 2+)
co 1008 ASN SER 7 6 2(GLY)5 100C ASP ASP 7 6 21ASP)R 1000 VAL Leu 7 5 aa +)3 190E ASP GLY 6 Ss 21GLY)1OOF TYR SER 6 4 a>)100G TYR ~ o 5 2 3(TYA)100H TYR _ os 4 4 wr)1001 GLY o a 3 wo)100) MET 4 3 2{ALA)100K oe 8 4 A(PHE)104 ASP ASP 12 3 10(ASP)102 VAL VAL ch 4 7IVAL)103 TRP TRP 12 2 1T2(TAP)104 GLY GLY 12 2 VAIGLY)405 GUN ARG 12 4 BiGLN)

106 GLY GLY 12 2 TH(GLY& 407 THAR THR 12 4 altaR108 THR THA 12 5 S(THA)4 109 VAL VAL 12 2 TVIVAL)110 THR THR 42 a 9(TRA}
F414 VAL VAL 12 2 THIVAL)2 SER SEA 12 2 11(SEA)113 SER ALA 8 3. &(SER)

 
 



 

HUMAN HEAVY CHAINS SUBGROUP {contd}
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ANTIBODY SPECIFICITIES: HUMAN HEAVY cnaQPocrove “

8) NEWM: ANTH-3-(3 -HYOROXY-3,7°,.1 1,15) TETRAMETHYE HEXADECYL) 2-METHYL 1.4 NAPHTMOQUINONE(VIT.KIOH)
CLASS: HUMAN HEAVY CHAINS SUBGROUP If

4) COR: 1GG1- ©
2) DAW: [GG1-LAMBDA
3) OU: IGM-KAPPA
4) MCE': IGM-KAPPA
6) HE; 1GG1-
6) NEWM: IGG1-LAMBDA
9) WAH: IGD-LAMBDA

12) SA: 1GG2-LAMBDA
15) MZ: IGM.
16) FAK iGD-

REFENENCE: HUMAN HEAVY CHAINS SUBGROUP H
4) COR: PRESS.E.M. & HOGG.N.M. (1970) BIOCHEMS..117,6414-660. {GHECKED BY AUTHOR)
2) DAW: PRESS.E.M. & HOGG.N.M. {1970) BIOCHEM.J..117.641-660. (CHECKED BY AUTHOR}3) OU: PUTNAM, F.W..SHIMIZU,A.,PAUL..C..SHINODAT. & KOHLERLH, (1974) ANN.N.Y.ACAD.SCI.,190,83-103, (CHECKED BY AUTHOR O6/15/B3}4) MCE: [GERBERVENSON.®..KAZIN.A,KEHOE W-M,.SCHEFFELC-ERICKSONOW: 3 LITMAN,.G.W, (1981) JIMMUNOL.,126, 1212-1216. (CHECKED BY AUTHOR
5) SE (CL: TAKAHASHIN.NOMAT, & HONJO.T. (1984) PROG.NAT.ACAD,SCLUSA, 84,5194-5198.6) HE: CUNNINGHAM,B.A..GOTTLIES.P.D..PFLUMM.M.N, & EDELMAN.G.M, (1971) PROGRESS IN IMMUNOLOGY (B.AMOS.ED.). ACADEMIC PRESS.NLY..PP.3-24.(CHECKED SY AUTHOR)
7) SUP-T1 VHVA'CL: DENNY.C.T..YOSHIKALY..MAK.T.W..SMITH,S.O..HOLUIS.G.-F. B KIRSCHLAR. (1966) NATURE,320.549-551.8) NEWM: _POLJAK, A.J.AMZEL,L_M, GHEN,B.L..PHIZACKERLEY. BLP. & SAUL.F, (1974) PROC.NAT.ACAD, SCILUSA.71,9440-0444. (CHECKED: BY AUTHOR WHOCORRECTED RESIDUES 6.9,15,16,24,26.27,29 THROUGH 358.59.60 AS GIVEN IN FABLE OF THE FIRST EDITION OF THIS BOOK, AND HASMORE RECENTLY REVISED RESIDUES 624,28,29,30,.91,23,04.35.354.358.59,60 AND 103}: POLJAK, ALJ. AMZEL.L.M..CHEN.B.L,.CHIU.Y.Y..PHIZACKERLEY.A.P..SAULF. & YSERN,X. (1976) COLD SPRING HARBOR SYMP. QUANTITATIVE BIOL.,45.639-645: POLJAK.A.J..NAKASHIMA,¥..CHEN,BL, & KONIGSBERG,W. (1977) BIOCHEMISTRY, 16.3412-3420. THE SEQUENCE LISTED IN THE LAST REFERENCE IS GIVEN IN THE TABLE.(CHECKED BY AUTHOR, W.K., 09/30/78) . : .
9) WAH: PUTNAM.F.W.,TAKAHASH! NLTETAEART.O..DEBUIRE.S. & LINLL.C. (1981) PROC, NAT.AGAD.SCIUSA78,8168-61 72, (CHECKED BY AUTHOR 11/30/81);TAKAHASHLN.TE TAERT.O..O8 BUIRE.B.LINL, & PUTNAM.LE.W. (1982) PROG.NAT.ACAD.SCLUSA,79.2850-2854,

1D) HIGYCL: KUDO,A, ISHIHARA.T.,.NISHIMURAY. & WATANABE,T. (1955) GENE,32,181-189. {CHECKED BY AUTHOR 10/07/85)
11) CAR: FRANGIONE.B. (1968) PM.O. THESIS, UNIVERSITY OF CAMBRIDGE, (CHECKED BY AUTHOR)
12) SA: MILSTEIN,C. & FRANGIONE,B. (1971) BIOCHEM.J..927,217-225, (CHECKED BY AUTHOR)

 

* 93) 10: MONTGOMERY.P.C,,BELLO.A.C. & ROCKEYIH. (1970) BIOCHIM. BIOPHYS. ACTA,200,258-266. {CHECKED BY AUTHOR)
44) SPA: FRANGIONE.B. & FRANKLIN.E.C. (1979) J.IMMUNOL,.222,1477-9373, {CHECKED BY AUTHOR 07/18/79)$$) NZU: ERICKSON, B.W..GEABER-JENSON,B..WANG,A.C. & LITMAN,G.W. (1981) MOL.IMMUNOL..18,357-365, (CHECKED BY AUTHOR 11/30/83)
46) ERS: MILSTEIN.G.P. & DEVERSON,E.V. (1980) IMMUNOLOGY,40.657-664. {CHECKED BY AUTHOR 1430/82)

NOTES: HUMAN HEAVY CHAINS SUBGROUP
{IDENTICAL SETS OF FRAMEWORK SEGMENTS: ‘FAL:

FR2: SET 1: SUP-TT VHJA'CUT).WAHISE (2 IOENTICAL)
FRO : .FRA: SET 1: MGELA,.NZUI15|, (2 IDENTICAL HUMAN VEG ALSO 7 HUMAN V-H-: WOLI4); 4 HUMAN V-HAH: TH 4),DOBIS1},WEAI33} .NIE{34);. . ANDO 1 MOUSE V-H-iiA; MOPC47Al48}.} : ;SET 2: HIGTCLItOL (OENTICAL TO 1 HUMAN V-He: NO'CLI6): 1 HUMAN Vebeiitt U266'CU106}; AND 1 MOUSE V-HHIA, HOEX12115}.)

IOENTICAL SETS OF J-MINIGENES:
SET 1: HIGYCLI10), HDENTICAL TO 1 HUMAN V-H-: ND‘CUE}; AND 1 HUMAN V-Hell: U266'GU 106}.)

SPECIFIC NOTES:

4) MCE: IT IS A CRYOIMMUNOGLOBULIN AND 15 DESIGNATED BY THE AUTHORS. AS MCE. IN ORDER TO DIFFERENTIATE IT FROM ANOTHER MCESEQUENCED BY CAPSA ET AL. 17 1S DENOTED AS MCE’. . .
5) CE-1 Ch: CELL LINE CESS
7) SUP-T1t VH-JA'CL: \¥ 3S FROM_A PATIENT SUFFERING FROM CHILDHOOD T-CELL LYMPHOMA WITH inv(14}(qt?.2:992.2). THE INVERSION ONCHROMOSOME 14 BRINGS THE Vi. GENE AND JA MINIGENE FOGETHER, GIVING RISE TO A HYBRIO MOLECUL! CONTAINING PART OF THE

IMMUNOGLOBULIN GENE AND PART OF YHE T-LYMPHOCYTE RECEPTOR FOR ANTIGEN GENE. .
14) SPA: IT WAS FROM A CASE OF HEAVY CHAIN DISEASE.
46) NZU: IT 1S A CRYOIMMUNOGLOBULIN.

+ THE FOLLOWING WERE EQUALLY ANO MOST FREQUENTLY OCCURRING:
AT_PQSITION RESIDUES

$ (ARG.GLN)
30 {ALAGLY)32 (THRSER.ASP)
35 IGYS.SEBas tALA.GLY
S2A {TYR.HIS60 {SERLASN)
Bt iySEER82 {LEUIMET!82A {THRISER)928 {SERLASN)B2c (VAL-MET)8s {VALLALA)
98 {PROLEY)a8 iPRO.ARG,.GLY)

100 {TVR.PHE)Y100A {ALATHAR100D CYB.ALEU!100F 1 ATYRIGLY) .100H {TYB,SER.ASP.ASN)1001 {SER,GLY.ASP)
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INVARIANT=97 2 gt 4 5 6 7 8 9 wo 24100 «92:98 4s 4S BS OF 1BBO 21 2BeR, «FUR LAMBDA POM TiL WAS HF2. HF2- HF2- Hii TEL BRO GR’ WAT LAY GRA’ FR MU VIN HF3- BEN ZAP JON KEA
“YH26 Wi3B UT? (18/2 CL GM ° ” 16/6 (MN)Cta”

° a ” mn aoe ve nee = = = nae = — a - Te ao
1 Glu Giu)Ss Glu SCGLU GLU GLU «GLU GLU «GLU GLU GLU GLU GLU GLU GLU GLU2 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL3 Gin GUN  GLN GLN GLN GLN GLN GLN GLN GLN GLEN GLN GLN GLN GLN GLN3 oLeu.e7) ° LEU LEU Ley Ley LEU LeU LEU Leu LEU LEU LEU LEU LEU LEU LeU LEU
5 Leu LEU LEU LeU LEU LEU. LEU LEU val val val val yal ova) “LEU val6 Gu «=6GLOSCOGLU GLU GLU «GLU «GLU gin Gty GlU GLU GLU Gu GLU gin GLU7 SER.97 SER SEAR SER SER SER SER SER SER SEA SER SEA SER SER SER SEA .SER8 SLelas} Giy GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY GLY9 GLY(98) Guy GLY «Gly Gly GLY GLY Gty GLY GtyY GLY GLY GLY Gly Gry Gty GLY
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NOTICE OF APPEAL 

Honorable Commissioner of Patents
and Trademarks

Washington, D.C. 20231

Sir:

Applicant hereby appeals to the Board of Appeals and Interferences 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.

art E took
Janet E. Hasak ,

Reg. No. 28,616

Dated: October 15, 1993

 

CERTIFICATE OF MAILING (37 CFR 1.8a)

I hereby certify that this paper is being deposited with the United States Postal Service on the date shown
below with sufficient postage as first class mail in an envelope addressed to the: Commissioner of Patents and
Trademarks, Washington, D.C. 20231.

OuayShrehauafy_Date: October 15, 1993Louise Strasbaugh
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PETITION AND FEE FOR EXTENSION OF TIME (37 CFR 1.136(a))

Honorable Commissioner of Patents
and-Trademarks : ;

Washington, D.C. 20231 .

Sir:

Applicant petitions the Commissioner of Patents and Trademarks to extend the time for
response to the Office action dated May 19, 1993 for an additional month, from September 19, 1993
to October 19, 1993. The extended time for response does not exceed the statutory period,

Please charge Deposit Account Number 07-0630 in the amountof $250 to cover the cost of
the second month extension fee less the first month extension fee paid-in relationto the requestfor a
one month extension of time filed on September 20, 1993. Any deficiency or overpayment should be
 charged orcredited to this deposit account. A duplicate of this sheet is enclosed.

Respectfully submitted,

GENENTECH, INC.

LE Monek
Janet E. Hasak
Reg. No. 28,616

Date: October 15; 1993

RPi4i66 41/04/93 07715272 07-0630 140 116 250,06CH

CERTIFICATE OF MAILING (37 CFR 1.8a)

1 hereby certify that this paper is being deposited with the United States Postal Service on the date shownbelow with sufficient postage as first class mail in en envelope addressed to the: Commissioner of Patents and
rks, Washington, D.C. 20231. 
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wt i , Patent and Trademark Officeres 8 Address: COMMISSIONER OF PATENTS AND TRADEMARKS. washington, 0.6. 20231 : .

SERIAL NUMBER T_ Fung DATE | j MEL APPLICANY |CATToANTypocKE) Nee | |
 
  

 
 
  

 
   

   

Bee AAd aR 8 ae? _t
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AVING EGRUL YM Fl. Q)LEE(Tanon]Fareayer
4a POINT SAN BRIML BLO.BCE SAN FRANC § ih Bacay [oeef |DATE MAILED:

Ves ST3 3

> Below ls 8 communication from the EXAMINERIn charge of this application
COMMISSIONER OF PATENTS AND TRADEMARKS

ADVISORY ACTION

-. THE PEAIOD FOR Aenfs axtonded to run “Tonentheof continues to un____.___.__. from the date of the final rojection
b T) oxplos thrae months trom tho dota of the final rejection oraa of the malling date of thia Advisory Action, whichever is tater. In noovont howovar, will the statutory poriod tor the response expire later than six months from the date ofthe final rajection.

Any extension of time must be obtalned by fillng @ potion under 97 CFR 4.136{a), the proposed responseand the appropriate fae.The date on which the response, the pation , and the fee have boonfled Is the date of the response and also tho date for thepurposes of datarmining tre parfod of extension und the corresponding amount o} the fee. Any axtansion fee pursuant to 37 CFA1.17 will be calculated from the date of the originally sot shortened statutory period for response oF assat forth in b) above,

oO Appellant's Briof Is duo fn accordance with 37 CFR 1.392{8). wh Applicant's response fo the final rejection, fled has been considered with thefollowing effect, but itls not deemed40 place the application In condition for aRowance:

>proposed amendments to the claim and /ot specification wil not be entered and the final rejection stands bacause:
a.{2 There Is no convindng showing undor 37 GFA 1.116(b} why the proposed amendmentis necessary and was not serilerpresented,

vpKtney raise new isaues that would roquire further consideration and/or esarch, (Sae Note).
c ey Taine the iasue of now matter. {Seo Noto}. .

Thoy are not deemed to place the appilcation in better form for appoal by matorially reducing or simpiitying the tesves forappeal. ,
’ e.{] They prasont additional claims without cancelling a corpsponding number of Bnolty rejected clalms.

 
 

 

  
2. [I] Newly proposed or amended claimsthe norrallowablo clalms.

“A Upon the fillng an appesl, the proposed amendment 0 wit be ontorodEL not be entered and the status of the ayyfeybe 29 follows:

would be allowed It sUbmitted In a separately filed amendmentcancelling

Chaines rejocted:

DAVID L. LACEY

Claims allowad: SUPERVISORY PATENT EXAMI ¥): Claims objactad to: Group iso =| ef) b

 
Laan Bho. Wrdek, 25Use Hd

 
5. (C} Theaffidavit or exhibit will not be considered because applicant has not shown good and eu!-presentad,

mo (J The proposed drawing correction [nes (3 has act been approved by the examinor.
‘ (1) Omer

\ |
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(415) 225-1896

 AMENDMENTPURSUANT TO 37 CFR § 1.136{a)

3

. “Honorable Commissioner of Patents
and Trademarks ,

IN Washington, D.C. 20231
Ss.

Nee Sirs~ ~~ wo -7 ON Pursuant to 37 CFR § 1.11G(a), please cancel claims 1-11, 17, and 19-27 of the above. oeRy upplication. Claim 18 was canceled in the Amendmentfiled September 20, 1993: Applicants trust that
\) the above-mentioned application with allowed claims 12 and 13 will be in condition for allowance
S following the entryof this amendment and look forward to receiving the Notice to this effect.

Respectfully submitted,
GENENTECH, INC.

Jena &. {trek
Dated: December 13, 1993 _ Janet E. Hasak

, Reg. No. 28,616

 
CERTIFICATE OF MAILING

I hereby cortify that this correspondenceis being deposited with the Jnited States Postal Serviceinfirst class envelope addressed
to: Commissioner of Patents and Trademarks, Washington, D.C. 20231, on the date shown below..

pate_{bDEC AZ
 
  uise Strasbaugh
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and TrademarkOffice :
Address: COMMISSIONER OF PATENTS AND TRADEMARKS

Washington,D.C. 20231 : ee
- er |. pu . ED ‘| ATTORNEY DOCKET NO. 

 

 
 

[- ART UNIT PAPER NUMBE |
  

 

DATE MAILED:

EXAMINER INTERVIEW SUMMARY RECORD

_ All participants (applicant, applicant's representative, PTO personnel):

 (1) (3) 

a__A ade _ 4)

Date of interview : | / [ [9G.PType: elephonic ersonal (copy. is-given to ( applicant (1 applicant’s representative).

 

 

Exhibit shown or demonstration conducted: CD) Yes OI) No. If yes, brief OSCRIte

Agreement (J was reached with respect to someor all of the claims in question.|€) was not reached.

Claims discussed:

 
 

Identification of prior art discussed: 

 

Description of the general nature of what was.agreed to if an agreement was reached, or any other comments:

ey veal baCI)WANE, 
 

 

 
‘
  

 
(A fuller description, if necessary, and @ 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.)
Unless the paragraphs below have been checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION ISNOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW (e.g., items 1—7 on the reverse side of this form). Hf a response to thelast Office action has already been filed, then applicant is given one month from this interview date to provide a statement of the substanceof the interview.

(0 it is not necessary for applicant to provide a separate record of the substance of the interview.

: C1 Since the examiner’s interview summary above (including any attachments) reflects 3 complete response to each of the objections, rejections andrequirements that may be present in the last Office action, and since the claims are now allowable, this completed form is considered to fulfill the
response requirementsof thelast Office action. '
 
Examiner's Signature

PTOL-413 (REV, 1-94) Sie
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uNieD Bia ‘8 CEPARTME MMERCEPatent andidemark OtheoF bo
Address: COMMISSIONER DF PATENTS AND TRADEMARKS

N ‘

ae os a 
 

— : . im Weshingon, 0.0. 20234 : :
C4

1 07/715.272 06/14/91 CARTER . F 7a9 :
: . FEISEE.L —

1OM2/0203 [ARTUN|__FABERNUMBER]GENENTECH. INC. ARUUNIT PAPER NUMBER
, ATINe . CARGLYN R. ADLER ee' 460 POINT GAN BRUNO BLVD.

SOUTH SAN FRANCISCO, CA 94080 1606
DATE MAILED:

02/03/94
This is 8 communication from the examiner in charge of your application.
COMMISSIONER OF PATENTS AND TRADEMARKS ,

\

This applicationhas been examined SLresoenne to communication filed on___ ot | 4 oO ‘This action Is made final,
: -|A'shortened statujory period for response to this action Is setto explre__.4_monthye), days tro the date of this lotter,
i Failure to respood within the period for response will cause the appiication to become abandoned] 35 U.S.C. 133

Pan) THE FOLLOWING ATTACKMENT(S) ARE PART OF THIS ACTION:

+ 
Notes of References Clied by Examine, PTO-682. . 2 O Hiollos of Draftsman's Patent Drawing Review, PTO-48. ,

3 Notloa of Art Cited by Applicant, PTO-1449, a Oo Notice of informal Patent Appioation, PTO-152.
8. [] intormation on How to Elfoct Drawing Changes, PTO-1474. 6 :
 

Part!) SUMMARY OF ACTION

"PQcame 1a On" 1% iro ponding in tho spplleaton,
 

 

 

 

; Ot the above,clalma are withdrawn trom conskdoration,
2. PiLouims /- 1i (4-2[ have boon cancelled.

‘ 9.13 cisims ecnmaen are slowed.
+PXctno . {2. onel 43 Ar0 rejected,
8.0) ciaime : aro objected to.

, - 6.) clams 258 subject to restrfovion of election raquiemenl, 

r M This application has beenfiled with Informal drawings under 37 C.F,R, 1.65 which are acceptable for axamination purpesss.

' 8 oO Formaldrewings ara required in response to thls Office action.
‘ 9. 0 ‘The corpeted or substitute drawings have been recelvedonoo,Under 97 CFR 1.84 these drawings

ase Cl anceptabie; (not acceptable (se9 explanation or Notice of Drattsman’s Patent Drawing Review, PTO-948), an

10.[3 ‘The propesed addiional or substitute shest(s) of drawings, filed on, » has (have) been Dapproved by theexaminer; (Ci deapproved by the examiner (see explanation). .

has been Clopproved; C1 disapproved (ese explanation),

2 Q) Acknowledgementls made of the dalm tor priory under 35 U§.C. $19. The centiilad copy hes 1 been recelved D not boon recolved:5 : - (1 beenfied in pasant application, serial no. 7 Med on

‘ An [J theproposed drawing dorraction, filed
 

 

13. (7) since this application apppears to be In conditionfor allowance except tor formal matters, prosooutton aa to the merits ta closed in
accordance with the practice underEx parte Quayle, 1935 C.0. 11; 453 0.Q. 239,

' 14. J ome:
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The finality of the previous Office action is withdrawn in
view of the following new grounds af rejection.

Claims 12 and 13 are pending in thie application, and these
claime are humanized light and heavy chain variable regions of 4
previously referenced antibody 4D5.

Claime 12 and 13 are rejected under 35 U.S.C. 5 103 as being

unpatentable over Hudziak et. al. or Fendly et. al. in. view of
Queen et. al. .

Hudziak et. al. and Fendly et. al. both teach the production
and characterization of the 4D5 antibody (see Hudziak et. el. 1166-
14167 and Feéendly et. al. pages 1553-1594). Hudziak et. al. suggests
the possible therapeutic role of the 4D5 antibody in human
neoplasias which overexpress pl@5-HER2 (pages 1171, last paragraph)
while Fendly et. al. disclose the possibile use of anti-pi85 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 et. al. teach the production of antibodies against IL-2
receptor in the humanized form, using computermodeling in order to
determine the modification of certain: framework regions in
conjunction with CDR grafting. The antibodies produced are than to
be used for in vivo administration to human patients, either for
diagnosis or therapy. It is known in the art that murine and=even

chimeric antibodies have characteristics which may severely Limit

their use in human therapy. As foreign proteins, murine and
chimeric antibodies may elicit immune reactions that reduce or

destroy their therapeutic efficacy and/or evoke allergic. or

hypersensitivity reactions in patients. ‘the probable need for

readministration of such therapeutic modalities in neoplastic

2 350
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disorders increases these risks. The result would be tissue injury

hy 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 et. al. were clear and self explanatory, and

resulted in a high affinity antibody. One of ordinary skill in the
art would have been motivated to humanize the 4D5 antibody in light
of its potential therapeutic and diagnostic applicability.

| Although the claims are drawn to specific amino acid
sequences, it te maintained that the differences in amino acid
sequence which would have been obtained using the method of Queen
et. al. would not have heen 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. § 101 reads as follows:

Whoever invents or discovers any new and useful
process, wachine, 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.

Cisims 12 and 123 are rejected under a5 U.S.C. § 1@1 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

no patentable utility. The specification does not disclose any

3 351
















































































