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[57] ABSTRACT 

A reshaped human antibody to the human Il..-6R. compris· 
ing: 

(A) an L chain comprising. 
(1) a human L chain C region. and 
(2) an L chain V region comprising human L chain 

framework regions (FRs). and mouse L chain 
complementary determination regions (CDRS) of a 
momoclonal antibody to the IL-6 recepcor (1L-6R); 
and 

(B) an H chain comprising. 
( 1) a human H chain C region. and 
(2) an H chain V region comprising human H chain 

fRs. and moose H chain CDRs of a monoclonal 
antibody to the Il..-6R. 

Since major portion of the reshaped human antibody is 
derived from a human antibody and the mouse CDRs which 
are Jess immunogenic. the present reshaped human antibody 
is less immunogenic to human. a.od therefor is promised for 
therapeutic uses. 

(i Claims, 24 Dnwing Sheets 
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5.795.965 
1 

RESHAPED HUMAN TO HUMAN 
INTERLEUKIN-6 RECEPTOR 

TECHNICAL FIELD 

2 
to bind antigen with the same specificity as the original 
mouse antibody. In addition. chimeric antibodies have a 
substantial reduction in the percent of the p rotein sequence 
derived from a non-human source andl. therefore. are 
expected to be less immunogenic than the original mouse 
antibody. Although chimeric antibodies are predicted to bind 
antigen well and to be less immunogenic. an immune 
response to the mouse V regions can still occur (LoBuglio 
et al.. Proc. Natl. Acad. Sci. USA 84. 4220-4224. 1989). 

The present invention relates to variable regions (V 
region) of a mouse monoclonal antibody to the human 
interleukin-6 receptor (Il..-6R). human/mouse chimeric anti
body to the human Il..-6R. and reshaped human antibody 
comprising a human antibody wherein the complementarity 
determining regions (CDRs) of the human light chain (L 
chain) V region and of the human heavy chain (H chain) V 
region are grafted with the CDRs of a mouse monoclonal 
antibody to the human IL-6R. Moreover. the present inven
tion provides DNA coding for the above-mentioned anti
bodies or part thereof. The present invention further pro
vides vectors. especially expression vectors comprising said 
DNA. and host cells transformed or transfected with said 
vector. The present invention still more provides a process 
for production of a chimeric antibody to the human IL-6R. 
and process for production of a reshaped human antibody to 
the human Il..-6R 

JO The second method for humanizing mouse antibodies is 
more complicated but more extensively reduces the potential 
immunogenicity of the mouse antibody. In this method. the 
complementarity determining regions (CDRs) from the V 
regions of the mouse antibody are grafted into human V 
regions to create "reshaped" human V regions. These 

15 reshaped human V regions are then joillled to human C 
regions. The only portions of the final reshaped human 
antibody derived from non-human protein sequences are the 
CDRs. CDRs consist of highly variable protein sequences. 
They do not show species-specific sequences. For these 

20 reasons. a reshaped human antibody carrying murine CDRs 
should not be any more immunogenic thalll a natural human 
antibody containing human CDRs. 

BACKGROUND ART As seen from the above. it is supposed that reshaped 
human antibodies are useful for therapeutic purposes. but 

Intecleukio-6 (Il..-6) is a multi-function cytokine that is 
produced by a range of cells. It regulates immune responses. 
acute phase reactions. and hematopoiesis. and may play a 
central role in host defense mechanisms. It acts on a wide 
range of tissues. exerting growth-inducing. growth 
inhibitory. and differentiation-inducing effects. depending 

25 reshaped human antibodies to the human IL-6R are not 
known. Moreover. there is no process for construction of a 
reshaped human antibodies. universally applicable to any 
particular antibody. Therefore to construct a fully active 
reshaped human antibody to a particular antigen. various 

30 devices are necessary. Even though mouse monoclonal 
antibodies to the human Il--6R. i.e .. PMl and MT18. were 
prepared (Japanese Patent AWlication N<>. 2-189420). and 
the present inventors prepared mouse monoclonal antibodies 
to the human IL-6R. i .e .. AUK12-20. AUK64-7 and 

on the nature of the target cells. The specific receptor for 
IL-6 (Il..-6R) is expressed on lymphoid as well as non
lymphoid cells in accordance with the multifunctional prop
erties of Il..-6. Abnormal expression of the IL-6 gene has 
been suggested to be involved in the pathogenesis of a 
variety of diseases. especially autoimmune diseases. mesan
gial proliferative glomeruJonephritis. and plasmacytoma/ 
myeloma (see review by Hirano et al .. Immunol. Today 11. 
443-449. 1990). Human myeloma cells are observed to 
produce IL-6 and express Il..-6R. In experiments. antibody 

40 
against IL-6 inhibited the in vitro growth of myeloma cells 
thus indicating that an autocrine regulatory loop is operating 

35 AUK146-15. the present inventors are not aware of publi
cations which suggest construction of reshaped human anti
bodies to the human IL-6R. 

in oncogenesis of human myelomas (Kawano et al .. Nature. 
332. 83. 1988). 

The IL-6R is present on the surface of various animal 45 
cells. and specifically binds to IL-6. and the number of 
IL-6R molecules on the cell surface has been reported (Taga 
et al .. J. Exp. Med. 196. 967. 1987). Further, cDNA coding 
for a human Il..-6R was cloned and a primary structure of the 
IL-6R was reported (Yamasaki et al .. Science. 241. 825. 50 
1988). 

The present inventors also found that. when the mouse 
monoclonal antibodies to the human D....-6R were injected 
into nude mice transplanted with a human myeloma cell line. 
the growth of the tumor was remarkably inhibited. This 
suggests that the anti-human IL-6 receptor antibody is useful 
as a therapeutic agent for the treatment of myeloma 

DISCT.OSURE OF INVENTION 

Therefore. the present invention is intemded to provide a 
less immunogenic antibody to the human IL-6R. 
Accordingly. the present invention provides reshaped human 
antibodies to the human IL-6R. The present invention also 
provides human/mouse chimeric antibodies useful during 
the construction of the reshaped human antibody. The 
prese.nt invention further provides a part of reshaped human 
antibody. as well as the expression systems for production of 
the reshaped human antibody and a part thereof. and of the 

Mouse antibodies are highly immunogenic in humans 
and. for this reason. their therapeutic value in humans is 
limited. The half-life of mouse antibodies in vivo in human 
is relatively short. In addition. mouse antibodies can not be 
administered in multiple doses without generating an 
immune response which not only interferes with the planned 
efficacy but also risks an adverse allergic response in the 
patient. 

55 
chimeric antibody. 

To resolve these problems methods of producing human- ro 
ized mouse antibodies were developed. Mouse antibodies 
can be humaniz.ed in two ways. The more simple method is 
to construct chimeric antibodies where the V regions are 
derived from the original mouse monoclonal antibody and 
the C regions are derived from suitable human antibodies. 65 
The resulting chimeric antibody contains the entire V 
domains of the original mouse antibody and can be expected 

More specifically. the present invention provides L chain 
V region of mouse monoclonal antibody to the human 
IL-6R; and H chain V region of a mouse monoclonal 
antibody to the human IL-6R. 

The present invention also provides a Chimeric antibody 
to the human Il..-6R. comprising: 

(1) an L chain comprising a human L chain C region and 
an L chain V region of a mouse monoclonal antibody 
to the Il..-6R; and 

(2) an H chain comprising a human H chain C region and 
an H chain V region of a mouse monoclonal antibody 
to the human Il..-6R. 
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The present invention also provides CDR of an L chain V 
region of a mouse monoclonal antibody to the human IL-6R: 
and CDR of an H chain V region of a mouse monoclonal 
antibody to the human ll.-6R. 

The present invention moreover provides a reshaped 
human L chain V region of an antibody to the human IL-6R. 
comprising: 

(1) frameworkregions(FRs) of a human L chain V region. 
and 

(2) CDRs of an L chain V region of a mouse monoclonal 
antibody to the human IL-6R; and 
a reshaped human H chain V region of an antibody to 

the human Il.-6R comprising: 
(1) FRs of a human H chain V region. and 
(2) CDRs of an H chain V region of a mouse 

monoclonal antibody to the human Il.-6R. 
The present invention also provides a reshaped human L 

chain of an antibody to the human IL-6R. comprising: 

(1) a human L chain C region; and 

(2) an L chain V region comprising human FRs. and 
CDRs of a mouse monoclonal antibody to the human 
IL-6R; and 
a reshaped human H chain of an antibody to the human 

IL-6R. comprising: 
(1) a human H chain C region. and 
(2) an U chain V region comprising a human FRs. 

and CDRs of a mouse monoclonal antibody to the 
human Il.-6R. 

4 
FIG. 5 is a graph showing a result of ELISA testing the 

ability of the present chimeric antibodies PM la and PMJb to 
inhibit ll.-6 from binding to the human Il..-6R. 

FIG. 6 is a diagram of the conslruction of the first version 
s of a reshaped human PM-1 H cha.in V region. 

FIG. 7 is a diagram of the construction of the fust version 
of a reshaped human PM-1 L chain V region. 

FIG. 8 represents a process for construction of an expres-
10 sion plasmid HEF-12h-gyl comprising a human elongation 

factor la (HEF-la) promoter/enhancer. useful for the 
expression of an H chain. 

FIG. 9 represents a process for construction of an expres
sion plasmid HEF-12k-gk comprising the HEF- la 

is promoter/enhancer system. useful for the expression of an L 
chain. 

FIG. 10 represents a process for construction of an 
expression plasmid DHFR-PMh-gyl comprising HCMV 
promoter/enhancer and the dihydrofolate. reductase ( dhfr) 

20 gene linked to a defective SV40 promoter/enhancer 
sequence for amplification. useful for expression of an H 
chain. 

FIG. 11 represents a process for the construction of an 
expression plasmid DHFR-AE-RVh-PM 1-f comprising EFla 

2S promoter/enhancer and dhfr gene linked to a defective SV40 
promoter/enhancer sequence for amplification. useful for 
expressio~ of an H chain. 

The present invention still more provides a reshaped 30 
human antibody to the human IL-6R. comprising: 

FIG. U is a graph showing an ability of version "a" and 
"b" of the reshaped human PM-1 L chain V region for 
binding to the human IL--6R. 

FIG. 13 is a graph showing an ability of version "f" of the 
reshaped human PM-1 H chain V region plus version "a" of 
the reshaped PM-1 L chain L chain V region for binding to 

(A) an L chain comprising. 
(1) a human L chain C region. and 
(2) an L chain V region comprising human L chain FRs, 

and L chain CDRs of a mouse monoclonal antibody 35 

to the human Il.-6R; and 
(B) an H chain comprising. 

(1) a human H chain C region. and 
(2) an H chain V region comprising human H chain 

FRs. and H chain CDRs of a mouse monoclonal. 40 

antibody to the human IL-6R. 
The present invention further provides DNA coding for 

any one of the above-mentioned antibody polypeptides or 
parts thereof. 

The present invention also provides vectors. for example. 45 

expression vectors comprising said DNA. 
The present .invention furthe.r provides host cells trans

formed or transfectcd with the said vector. 
The present invention still moce provide a process for 

production of a chimeric antibody to the human IL-6R. and so 
a process for production of reshaped human antibody to the 
human Il.-6R. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 represents expression vectors comprising human 
cytomegalo virus (HCMV) promoter/enhancer system. use
ful for the expression of the present antibody peptide. 

SS 

FIG. 2 is a graph showing a result of ELISA for confir
mation of an ability of the present chimeric antibody 60 
AUK12-20 to bind to the human IL-6R. 

the human llr6R. 
FIG. 14 is a graph showing an ability of vergion "f" of the 

reshaped PM-I H chain V region plus version "a" of the 
reshaped PM-1 L chain V region to inhibit the binding of 
IL-6 to the human Il.--6R. 

FIG. 15 represents expression plasmids HEF-V cgk and 
HEF-V H"gyl comprising a human EFI -a promoter/ 
enhancer. useful for expression of an L chain and H chain 
respectively. 

FIG. 16 shows a process for construction of DNA coding 
for reshaped human AUK 12-20 antibody L chain V region. 

FIG. 17 is a graph showing results of an ELISA for 
confirm of an ability of a reshaped human AUK 12-20 
antibody L chain V region to bind to human ll.-6R. In the 
Figure. "Standard AUK 12-20 (chimera) means a result for 
chimeric AUK 12-20 anubody produced by CHO cells and 
purified in a large amount. 

FIG. 18 is a graph showing a result of an ELISA for an 
ability of a reshaped human AUK 12-20 antibody (L chain 
version "a"+H chain version "b") to bind to human IL-6R. 

FIG. 19 is a graph showing a result of an ELISA for an 
ability of a reshaped human AUK 12-20 antibody (L cha.in 
version "'a"+H chain version "'d") to bind to the human 
IL-6R. 

FIG. 2t shows a process for chemical synthesis of a 
reshaped human sle 1220 H anul>ody H cha.in V region. 

FIG. 3 is a graph showing a result of measurement of an 
ability of the present chimeric antlOody AUK12-20 to inhibit 
the binding of Ilr6 to the human IL-6R. 

FIG. 4 .is a graph showing a result of ELISA for binding 
of the present chimeric antibodies PMla and PMlb to 
human IL-6R. 

FIG. 21 is a graph showing a result of an ELISA for an 
ability of a reshaped human sle 1220 antibody (L chain 
version "a"+H cha.in version "'a") to .inlubit the binding of 

65 IL-6 to the human Il.-6R. 
FIG. 22 is a graph showing a result of an ELISA for an 

ability of a reshaped human sle 1220 antibody (L chain 
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version "a"+H chain version "b") to inhibit the binding of 
Il.-6 to the human Il..-6R. 

FIG. 23 is a graph showing a result of an ELISA for an 
ability of a reshaped human sle 1220 antibody (L chain 
version "a"+H chain version .. c") to inhibit the binding of 
Il.-6 to the human Il..-6R. 

FIG. 24 is a graph showing a result of an ELISA for an 
ability of a reshaped human sle 1220 antibody (L chain 
version "a"+H chain version ''d") inhibit the binding of D..,-6 
to the human U-6R. 

Best Mode for Carrying O\Jt the Invention Cloning 
of DNA codi.og for mouse V regions 

More specifically. to clone DNA coding for V regions of 
a mouse monoclonal antibody to a human Il.-6R. the con
struction of hybridoma. which produces a monoclonal anti
body to the human II...-6R. is necessary as a gene source. As 
such a hybrldoma. Japanese Patent Application No. 
2- 189420 describes a mouse hybridoma PM-1 which pro
duces a monoclonal antibody PM 1 and the properties 
thereof. Reference Examples 1 and 2 of the present speci
fication describe the construction process of the hybridoma 
PM 1. The present inventors have constructed hybridomas 
AUK12-20. AUK64-7. and AUK146-15. each producing a 
mouse monoclonal antibody to the human JL.6R. The con
struction process of these hybridomas is desaibed in the 
Reference Examples 3 of this specification. 

To clone desired DNAs coding for V regions. of a mouse 
monoclonal antibody. hybridoma cells are homogenized and 
a total RNA is obtained according to a conventional proce
dure described by Chirgwin et al .. Biochemistry 18. 5294. 
1977. Next. the total RNA is used to synthesize siogle
stranded cDNAs according to the method descri.bed by J. W. 
Larrick et al.. Biotechnology. 7. 934. 1989. 

Next. a specific amplification of a relevant portion of the 
cDNA is carried out by a polymerase chain reaction (PCR) 
method- For amplification of a IC L chain V region of a mouse 
monoclonal antibody. 11 groups of oligonucleotide primers 
(Mouse Kappa Variable; MKV) represented in SEQ ID NO: 
1 to 11. and an oligooucleotide primer (Mouse Kappa 
Constant; MKC) represented in SEQ ID NO: 12 are used as 
5'-tenninaJ primers and a 3'-terminal primer respectively. 
The MKV primers hybridize with the DNA sequence coding 
for the mouse lC L chain leader sequence. and the MKC 
primer hybridizes with the DNA sequence codi.og foe the 
mouse IC L chain constant region. For amplification of the H 
chain V region of a mouse rnonoclonal anlll>ody. 10 groups 
of oligonucleotide primers (Mouse Heavy Variable; MHV) 
represeoted in SEQ ID NO: 13 to 22. and a oligonucleotide 
primer (Mouse Heavy Constant MHC) represented in SEQ 
ID NO: 23 are used as 5'-terminal primers and a 3'-terminal 
primer. respectively. 

Note. the 5'-terminal primers contain the nucleotide 
sequence GrCGAC near the 5'-end thereof. which sequence 
provides a restriction enzyme Sal I cleavage site; and the 
3'-terroinaJ primer contai.ns the nucleotide sequence 
CCCGGG near the 5-end thereof. which sequence provides 
a restriction enzyme Xma I cleavage site. These restriction 
enzyme cleavage sites are used to subclone the DNA frag
ments coding for a variable region into cloning vectors. 

Next. the amplification product is cleaved with restriction 
enzymes Sal I and Xma I to obtain a DNA fragment coding 
for a desired V region of a mouse monoclonal antibody. On 
the other hand. an appropriate cloning vector such as plas
mid pU09 is cleaved with the same restriction enzymes Sal 
I and Xma I and the above DNA fragment is ligated with the 

6 
cleaved pUC19 to obtain a plasmid incorporating a DNA 
fragment coding for a desired V region of a mouse mono

clonal antibody. 
The sequencing of the cloned DNA can be carried out by 

s any conventional procedure. 

The cloning of the desired DNA. and the sequencing 
thereof. are described in detail in Examples J to 3. 

Complementarity Determining Regions (CDRs) 
10 

The present invention provides hypervariable or comple-
mentari ty determining regions (CDRs) of each V region of 
the present invention. The V domains of each pair of L and 
H chains from the antigen binding site. The domains on the 

is L and H chains have the same general structure and each 
domain comprises four framework regions (FRs). whose 
sequences are relatively conserved. connected by three 
CDRs (see Kabat. E. A .. Wu. T. T .. Bil of sky. H .. Reid-Miller. 
M . and Perry. H .. in "Sequences of Proteins of Immuno-

20 logical Interest" . US Dept Health and Human Services 
1983). The four FRs largely adopt a ~sheet conformation 
and the CDRs form loops connecting FRs. and in some cases 
fooning part of. the ~sheet structure. The CDRs are held in 
close proximity by FRs and. with the CDRs from the other 

25 
domain. contribute to the formation of the antigen binding 
site. The CDRs are described in Example 4. 

Construction of Chimeric Antibody 

Prior to designing reshaped human V reg.ions of an 

30 antibody to the human IL-6R. it is necessary to confirm that 
the CDRs to be used actually form an effective antigen 
binding region. Fa this purpose. chimeric antibodies were 
constructed. In addition the amino acid sequences of V 
regions of mouse anti human IL-6R antibodies predicted 

35 from the nucleotide sequences of cloned DNAs of the 4 
mouse monoclonal anlibodies desaibed in Ex.ample 1 and 2 
were compared to each other and to V regions from known 
mouse and bum.an antibodies. For each of the 4 mouse 
monoclonal antibodies. a set of typical. functional mouse L 

40 and H chain V regions had been cloned. All four mouse 
anti-IL-6R anllbodies. however. bad relatively distinct V 
regions. The 4 antibodies were not simply minor variations 
of each other. Using the cloned mouse V regions. 4 chimeric 
anti-Il.-6R antibodies were constructed. 

4S The basic method fa constructing chimeric anl!l>od.ies 
comprises joining the mouse leader and V region sequences. 
as found in the PCR--cloned cDNAs. to hwnan C regions
coding sequence already present in mammalian cell e.xpres
sioo vectors. Among said 4 monoclonal antibodies. con-

so struction of a chimeric antibody from the monoclonal 
antibody AUK12-20 is desaibed in Example 5. 

Construction of a chimeric antibody from the monoclonal 
antibody PM-1 is described in Example 6. The cDN A codi.og 
for the mouse PM-1 lC L chain leader and V region was 

ss PCR-subcloned into an exp-ession vector containing a 
genomic DNA coding foe the human kappa C region. The 
cDNA coding for the mouse PM-1 H chain leader and V 
regions was PCR-subcloned into an expression vector con
taining a genomic DNA coding for the hum.an gamma·! C 

60 region. Using specially designed PCR primers. the cDNA 
coding for the mouse PM-1 V region were adapted at their 
5'- and 3'-ends (1) so that they would be easy to insert into 
the expression vectors and (2) so that they would function 
properly in these expression vectors. The PCR-modified 

6S mouse PM-1 V regions were then inserted into HCMV 
expression vectors already containing the desired human C 
regions (FIG. 1). These vectors are s uitable for either 
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transient or stable expression of genetically-engineered anti
bodies in a variety of mammalian cell lines. 

In addition to constructing a chimeric PM-1 antibody with 
V regions identical to the V regions present in mouse PM-1 
antibody (version a). a second version of chllneric PM-1 S 
antibody was constructed (version b). In chimeric PM-1 
antibody (version b). the amino acid at position 107 in the 
L chain V region was changed from asparagine to lysine. In 
comparing the L chain V region from moose PM-1 antibody 

8 
With respect to V regions from human antibodies. the L 

chain V region of PM-1 antibody was most similar to the L 
chain V region of bu man antibody ldbure. also referred to as 
REI (W. Palm et al .• Physiol. Chem. (1975) 356:167-191) 
with a 72.2% identiry. The H chain V region of PM- I 
antibody was most similar to the H chain V region of human 
antibody humigbvap (YAP) (H.W. Schroeder ct al .. Science 
(1987) 238:791-793) with a 7 1.8% identity. The compari
sons to human V regions are most important for considering 
bow to design reshaped human antibodies from mouse PM-1 
antibody. The percent identities to human V regions are less 
than the percent identities to mouse V regions. This is 
indirect evidence that the mouse PM-1 V regions do look 
l.ike mouse V regions and not like human V regions. This 
evidence also indicates that it will be best to humanize 
mouse PM- I V regions in order to avoid problems of 
immunogenicity in human patients. 

The V regions from mouse PM-1 antibody were also 
compared to the consensus sequences for the different 

to other mouse L chain V regions. it was noticed that the 10 
occurrence of an asparagine at position 107 was an unusual 
event. In mouse K L chain V regions. the most typical amino 
acid at position 107 is a lysine. In order to evaluate the 
importance of having the atypical amino acid asparagine at 
position 107 in the L chain V region of mouse PM-1 JS 
antibody. position 107 was changed to the typical amino acid 
lysine at this position. This change was achieved using a 
PCR-mutagenesis method (M. Kamman et al.. Nucl. Acids 
Res. (1989) 17:.5404) to make the necessary changes in the 
DNA sequences coding for the L chain V reg.ion. 20 subgroups of human V regions as defined by E. A. Kabat et 

al (( 1987) Sequences of Proteins of Immunological Interest. 
Forth Edition. U.S. Department .of Health and Human 
servides. U.S. Government Printing Office). The compari-

The dllmeric PM-1 antibody version (a) extubited an 
activity to bind to the human ll..-6R. The chimeric PM-1 
antibody version (b) also binds to the human ll.-6R as well 
as version (a). Similarly. from other 2 monoclonal antibodies 
AUK64-7 and AUK146-15. chimeric antibodies were con- 25 

structed. All 4 chllncric antibodies bound well to the bwnan 
ll..-6R thus indicati.og in a functional assay that the correct 
mouse V regions bad been cloned and sequenced. 

From the 4 mouse anti-ll..-6R antibodies. PM-1 antibody 30 was selected as the tint candidate foe the design and 
construction of a reshaped human antibody to the human 
1L-6R. The selection of mouse PM-1 antibody was based 
largely on results obtaiJ>Cd studying the effect of the mouse 
anti-ll..-6R antibodies on human myeloma tumor cells trans
planted into nude mice. Of the 4 mouse anti-ll...-6R 
antibodies. PM-1 anllbody showed the strongest anti-tumor 
cell activity. 

35 

Comparison of the V Regions from Mouse 
Monoclonal Antibody PM-1 to V Regions from 

known Mouse and Human Antibodies 

40 

sons were made between the FRs of the V regions. The 
results are shown in Table 1. 

TABLE 1 

Percenl identities between 1bt FRs from the mouse 
PM-1 V re,;oos and 1bt FRs &om the c:omcmus 
sequeoce£" I for !he dilf=nl subgroups of hlEWl 

V regions. 

A. FRs in the L chain V regions 

HSGI HSGD HSGJII HSGIV 

70.J 53.3 (1),1 .59.8 
B. Rs in the H chain V re~ 

HSGI HSGU nsom 
44.1 52.9 49.2 

<•>Jbc c:oo.sensus soque:nces were llkm &om the subgroups of human V 
regions as dcs<:n"bed in Kabat ct al., (1987). 

The FRs of mouse PM-1 L chain V regioo arc most 

To construct a reshaped human antibody wherein the 
CDRs of a mouse monoclonal antibody are grafted into a 
human monoclonal antibody. it is desired that there is high 
homology between FRs of the mouse monoclonal antibody 
and FRs of the human monoc1on.al antibody. Therefore. the 
amino acid sequences of the Land ff chain V regions from 
mouse PM-1 antibody were compared to all known mouse 
and mouse V regioos as found in the OWL (or Leeds) 
database of protein sequences. 

45 similar to the FRs from the consensus sequence foe subgroup 
I (HSGI) of human L chain V regions wilb 70. 1% identity. 
The FRs of mouse PM-1 H chain V region are most similar 
to the fRs from the consensus sequence for subgroup ll 
(HSGil) of human H chain V regioos with 52.9% identity. 

With respect to V regions from mouse antibodies. the L 
chain V region of PM-1 antibody was most similar to the L 
chain V region of mouse antibody musigkcko (Chen. H. T. 

so These results support the results obtained f.rom the compari
sons to known human antibodies. The L chain V region in 
human REI belongs to subgroup I of human L chain V 
regions and the H chain V region in human VAP belongs to 
subgroup n of human H chain V regions. 

ss From these comparisons to the V regioos in human 
et al .• J. Biol. Otero. (1987) 262:13579-13583) with a 
93.5% identity. The H chain V region of PM-1 antibody was 
most similar to the ff chain V region of mouse antibody 
musigvhr2 (F. J. Grant ct al .• Nucl. Acids Res. (1987) 
15:5496) with a 84.0% identity. The mouse PM-1 V regions 
show high percents of identity to known mouse V regioos 
thus indicating that the mouse PM-1 V regions are typical 
mouse V regions. nus provides further indirect evidence 
that the cloned DNA sequences are coaect. There is gener
ally a higher percent identity between the L chain V regions 
than between the ff chain v regions. nus is probably due to 6S 
the lower amount of diversity generally observed in L chain 
V regions as compared to H chain V regions. 

antibodies. it is possible to select human V regions that will 
be the basis for the design of reshaped human PM-1 V 
regions. It would be best to use a human L chain V region 
that belongs lo subgroup I (SGm for the design of reshaped 

(I) human PM-1 L chain V region and a human H chain V 
regioo that belongs to subgroup Il (SGll) for the design of 
reshaped human PM-1 H chain V region. 

Design of Reshaped Human PM-1 Variable 
Regions 

The first step in designing the reshaped human PM-1 V 
regions was to select the human V regions that would be the 
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basis of the design. The FRs in the mouse PM- I L chain V 
region were most similar to the FRs in human L chain V 
regions belonging 10 subgroup I (Table 1). As discussed 
above. in comparing the mouse PM- l L chain V region to 
known human L chain V regions. it was most similar to the 
human L chain V region REL a member of subgroup I of 
human L chain V regions. In designing reshaped hum.an 
PM- 1 L chain V regions. the FRs from REI were used. 
Moreover the REI FRs were used as starting material for the 
construction of reshaped human PM-1 L chain V region. 

In these human FRs based on REI. there were five 
dltferences from the FRs in the original human REI 
(positions 39. 71. 104. 105. and LO? according to Kabat et 

al .• 1987: see Table 2). The three changes in FR4 (positions 
104. 105. and 107) were based on a J region from another 
human kappa L chain and. therefore. do not constitute a 

10 
amino acid at this position is preclicted to directly intluence 

the structure of the CDR I loop of the L chain V region and. 

therefore. may well infl uence antigen binding. In the mouse 

PM-1 L chain V region. position 71 is a tyrosine. In the 
5 modified REI FRs used in the design of version "a" of 

reshaped human PM-J L chain V region. position 71 was a 

phenylalanine .. In version "b'" of reshaped human PM-1 L 
chain V region. the phe nylalanine at position 71 was 

10 changed to a tyrosine as found in mouse IPM-1 L chain V 

region. Table 2 shows the amino acid sequences of mouse 

PM-1 L chain V region. the FRs of REI as modified for use 

in reshaped human CAMPATH- lH antibody (Riecbrnann et 

al .. 1988). and the two versions ofreshaped human PM-I L 
chain V region. 

Table 2 

Desip or l'>"O different versions or reshaped human PM-I L cbaio v region. 

PR! CDRI 
I 2 

1234S678901234S67890123 
3 

45678901 2 34 

Vi,t>M-1 DI QMTQTTSSLSASLODRVTI SC 
REI DIQMTQSPSSLSASVODRVTITC 
RVua DI QMTQ S PSSLSASVODRVTI T C 

RASQDISSYLN 

RASQDJS S YLN 

RVi.b - - - - - - - - - - - - - - - - - - - - - - -

FR2 CDR2 
4 s 

567890123456789 0123456 

Vi.PM-I WYQQKPDGTI KLLI Y YTSRLHS 
REI WYQQKPGKAPKLLIY 
RV()I WY QQKP GKAP KLL I Y YTS R LHS 
RYt.b - - - - - - - - - - - - - - - - - - - - - -

ViJ'M-1 
REI 
RVua 
RVrJ> 

PRJ 
6 7 8 

78901234567890123456789012345678 
:r; 

GVPSRPSGSGSGTDYSLT I NNLEQEDIATYFC 
GVPSRPSGSGSGTDPTPT I SSLQPEDIATYYC 
GVPSRFSGSGSGTDPTPTISSLQPEDIATYYC 

---- ---- - --- - - Y--- -- -- - ---~ ----
FR4 

10 
8901234567 

Vi.PM-I P GGGTKLElN 
REI P GQGTK VEI K 
RVua P GQOTKVE J K 
RV Lb - - - - - - - - - -

Note: 

CDR3 
9 

901234567 

QQGN TLPYT 

QQGN TL PYT 

The Fils given for REI are those fooOO in 1hc reshaped human CAMPA11f-1 H antibody (Rcicboiann er al .• 1988). 

The 6ve Ulldcrlincd amino acid res dies in 1hc REI FR$ ate those mar diJfer from the amino .cid sequciu of hlllllan 

REI (Palm et al., 1915; 0 . Epp et al, Biochemistty (19?S) 14:4943-4952). 

deviation from human (L. Riedunann et al .. Nature (1988) 
322:21-25). The two changes at positions 39 and 71 were 
changes back to the amino acids that occurred in the FRs of 
rat CAMPATH-1 L chain V region (Riechmann et al. 1988). 

Two versions of reshaped human PM-1 L chain V region 
were designed. Io the first version (version "a"). the human 

FRs were identical to the REI-based FRs present in reshaped 
human CAMPIJH- lH (Riech.ma.on et al .. 1988) and the 
mouse CDRs were identical to the CDRs in mouse PM-1 L 
chain V r egion. The second version (version "b") was based 
on version "a" with only one amino acid change at position 
71 in human FR3. Residue 71 is part of the canonical 
structure for CORI of the L chain V region as defined by C. 
Chothia et al .. (J. Mot. Biol (1987) 196:901-917). The 

The FRs in the mouse PM-1 H chain V region were most 

ss similar to the FRs in human H chain V regions belonging to 
subgroup D (Table 1). As discussed above. in comparing the 

mouse PM-1 H chain V region to known human H chain V 

regions. it was most similar to the human H chain V region 
VAP. a member of subgroup Il of human H chain V regions. 

tiO DNA sequences coding foe the FRs in human H chain V 

region NEW. another member of subgroup ll of human H 
chain V regions. were used as starting material for the 

construction of reshaped human PM-1 H chain V region. and 
as a base for designing the reshaped human PM-1 H chain 

65 V region. 
Six versions of resh.aped human PM-1 H chain V region 

were designed. In all six versions. the human FRs were 
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based on the NEW FRs present in reshaped human 
CAMPATH-lH (Riechmaoo et al.. 1988) and the mouse 
CDRs were identical to the CDRs in mouse PM-1 H chain 
V region. Seven amino acid residues in the human FRs 
(positions 1. 27. 28. 29. 30. 48. and 71. see Table 3) were 
identified as having a possible adverse influence on antigen 
binding. In the model of mouse PM-I V regions. residue 1 

the overall structure of the V region and its antigen-binding 
site. Residue 7 1 is part of the canonical structure for CDR2 
of the H chain V region as predicted by Chothia et al .• 
(1989). The six versions ofreshaped human PM-1 antibody 

5 incorporate diJfereot combinations of amino acid clianges at 
these seven positions in the human NEW fRs (see Table 3 ). 

VHf'M-1 
NEW 
RVH'l 
RVHb 
RVHC 
RVH(I 
RVJ!C 
RV Hf 

V.Hf'M·l 
NEW 
RVH" 
RV Nb 
RVHC 
RVH(I 
RVRC 
RV Hf 

V.Hf'M· l 
NEW 
RVH" 
RVHb 
RVHC 
RVB(I 
RVRC 
RV Hf 

V,Hf'M-1 
NEW 
RVlfll 
RV11b 
RVllC' 
RVJ!C 
RVHC 
RV Hf 

Note: 

TABLE3 

Design of six differenl versions of ..:shaped human PM-I H chain V region. 

Pitt C~l 
I 2 3 

I 234S678901234S678901234S67890 1234SS 

DVQLQESGPVLV KPSQSLSL T CTVTGYSIT 
QVQLQESOPOLV RPSQTLSLTCTVSGS T PS 
QVQLQESO P GLVRPSQTLS LT CTVSOYTP! 
--------- -------- ---- --- --Y-- T 
0 - - ---- ---- -------- -- ----- Y-- T 
- --- ---- - --------- --- -- --- Y- -T 
0--- ------ -- --- - -- -- ------ Y-- T 
---------- - ------- -- ------ YS I T 

PR2 CDR2 
4 s 6 

A 
S DHAWS 

S DHAWS 

67890123 456 789 012234S678901234S 
A 

WI RQPP GN KLEWMG YI S - YSGI T T YNPSLKS 
WVRQP P GRGLE WJ 0 
WVRQPPORGLEWJ G YI S - YSGI TT YNP SL KS 

- - - - - - - - - - - - M -
- - - - - - - - - - - - M-

PR3 
7 8 9 

678901234S67890122223 4 S678901234 
ABC 

RISITRDT S KNQPPLQLNSVTTGDTSTYY C AR 
RVTMLVD TSKNQPSLRLSSVTAAOT AVYYC AR 
RVTMLVDTSKNQP SL RLSSVTAAOTAVYYCAR -----R---- -- --- -- ------- ------------- R--- --- --- ---------- --- -------- -R------- --------- ----- ---------- R-- ---------- -- --- -- -- --------- -R--- --- -- --- -- -- -- ------ ---

CDR3 flR4 
11 

34567890123 
10 

5678900 01 2 
AB 

SLARTTAMDY WOQOTSVTVSS 
WOQOSLVTVSS 

SLARTTA MDY WGQOSLVTVSS 

The FRs given for NEW are those fOUDd in the first venioo of rcSiapod human CAMPAllt-lH 
antibody (Rieebmann cl al., 1988). 

Construction of Reshaped Hwnan PM-JV Regions 

The first versions of the reshaped bwnan PM-1 Land H 
chain V regions were each constructed using a novel PCR
based method. Essentially. a plasmid DNA coding for 
reshaped human V region that already contained suitable 
human fRs was modifted using PCR primers to replace the 

in the H chain V region is a surface residue lhal is located 
dose to the CDR loops. Residues '1:7. 28. 29. and 30 are 

60 either part of the canonical structw-e for CDRl of the H 
chain V region. as predicted by C. Chothia et al .. Nature 
(1989) 34:877-883. and/or are observed in the model of the 
mouse PM-1 V regions to form part of the first structural 
loop of the H chain V region (Chothia. 1987). Residue 48 
was observed in the model of the mouse PM-l V regions to 

6S CDRs present in the starting reshaped bWIWl V region with 
the CDR.s from mouse PM-1 aolll>ody. The starting material 
for the construction of the reshaped human PM-1 L chain V be a buried residue. Changes in a buried residue can disrupt 
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region was a plasmid DNA conta ining the reshaped human 
Dl..3 L chain V region. The reshaped human D l.3 L chain 
V region was constructed based on the FRs present in the 
human Lchain V region of REI. The starting material for the 
construction of the reshaped human PM-1 H chain V region 
was a p lasmid DNA containing the reshaped human D 1.3 H 
chain V region. The reshaped human DUH chain V region 
was constructed based on the FRs present in the human H 
chain V region of NEW (M. Verhoeyeo et al.. Science (1988) 
239:1534-1536). 

Once the starting plasmid DNAs conlaining the desired 
human FRs were selected. PCR primers were designed to 
enable the substitution of the mouse PM-! CDRs in place of 
the mouse Dl.3 CDRs. For each reshaped human PM-1 V 
region. three primers containing the DNA sequences coding 
for the mouse PM-1 CDRs and two primers flanking the 
entire DNA sequence coding for the reshaped human V 
region were designated and synthesized. Using the five PCR 
primers in a series of PCR reactions yielded a PCR product 
that consisted of the human FRs present in the starting 
reshaped human V region and the CDRs present in mouse 
PM- I V region (see Example 7. and FIGS. 7 and 8). The 
PCR products were cloned and sequenced to ensure that the 
entire DNA sequence of version "a" of reshaped human 
PM-1 Land H chain V region coded for correct amino acid 
sequence (SEQ ID NO 55 ). 

The remaining versions of the reshaped human PM-1 V 
regions were conStructed using slight modifications of pub
lished PCR-mutagenesi s techniques (Kanunan et al .. 1989). 
As described for the design of the reshaped hum.an PM-1 V 
regions. one additional version (version "b") of the reshaped 
human PM-1 L chain V region was conStructed and five 
additional versions (versions "b". "c". "d". "e". and "f') of 
the reshaped human PM-1 H chain V region were con
Structed. These additional versions contain a series of minor 
changes from the first versions. These minor changes in the 
amino acid sequences were achieved using PCR mutagen
esis to make minor dlanges in the DNA sequences. PCR 
primers were designed that would introduce the necessary 
dlanges into the DNA sequence. Following a series of PCR 
reactions. a PCR product was cloned and sequenced to 
ensure that the changes in the DNA sequence had occurred 
as planned. Sequence of the reshaped human PM-1 antibody 
H chain V region version "f" is shown in SEQ ID NO 54). 

Onee the DNA sequences of the different versions of 
reshaped human PM-1 V regions were confirmed by 
sequencing. the reshaped human PM-1 V regions were 
subcloned into mammalian cell expression vectors already 
containing human C regions. Reshaped human PM-1 L 
dlain V regions were joined to ONA sequences coding for 
human x: C region. Reshaped human PM-I B chain V 
regions were joined to DNA sequences coding for human 
gamma-I C region. In order to achieve higher levels of 
expression of the reshaped human PM-1 antibodies. the 
HCMV expression vedors. as shown in flG. I. were modi
fied to replace the HCMV promoter-enhancer region with 
the human elongation factor (HEF-la) promoter-enhancer 
(see PIG. IS). 

Next. all combinations of the reshaped human L chain 
versions (a) and (b) with the H chain V region versions (a) 
to (f) were tested for biding to human Il..-6R. and as a result. 
a reshaped human antibody comprising the L chain version 

14 
the levels of expression of the reshaped human H chains 
were always approximately 10-fold lower t han the levels of 
expression of the reshaped human L chains or of the 
chimeric Lor H chains. It appeared that there was a problem 
in DNA coding for the reshaped human H chain V region 
that caused low levels of expression. In order to identify 
whether the lower levels of protein expression were the 
result of lower levels of transcription. RNA was prepared 
from cos cells co-transfected with vectors expressing 

10 reshaped human PM-I Land H chains. Fust-strand cDNA 
was synthesized as described for the PCR cloning of the 
mouse PM- l V regions. Using PCR primers designed to 
flank the ends of DNA coding for the reshaped human L or 
H dlain V regions. PCR products were generated from the 

ts cDNAs that corresponded to reshaped human L chain V 
region or to reshaped human H chain V re gion. 

For the reshaped human L chain V regioo. there were two 
PCR products. one 408 bp long. as expected. and a shorter 
PCR product 299 bp long. The correct size PCR product 

20 made up approximately 90% of the total yield of PCR 
product and the shorter PCR product made up approximately 
10% of the total yield. For the reshaped human H chain V 
region. there were also two PCR products. one 444 bp long. 
as expected. and a shorter PCR product 370 bp long. In this 

25 case. however. the incorrect. shorter PCR product made up 
the majority of the total yield of PCR product. approxi
mately 90%. The correct size PCR product made up only 
approximately 10% of the total yield of PCR product. These 
results indicated that some of the RNAs coding for the 

30 reshaped human V regions contained deletions. 
In order to determine which sequences were being 

deleted. the shorter PCR products were cloned and 
sequenced. From the DNA sequences. it became clear that 
for both the L and H chain V regions specific sections of 

3S DNA were being deleted. Examinat ion of the DNA 
sequences tlanking the deleted sequences revealed that these 
sequences corresponded to the consensus sequences for 
splice donor-acceptor sequences (Breatbnach. R. ct al. Ann. 
Rev. Biochem (1981) 50:349-383). The explanation for the 

40 low levels of expression of the reshaped human H chains 
was that the design of the reshaped hum.an H chain V regions 
had inadvertently aeated a rather efficient set of splice 
donor-acceptor sites. lt also appeared that the design of the 
reshaped human L chain V regions had inadvertently created 

45 a rather inefficient set of splice donor-acceptor sites. In order 
to remove the splice donor.acceptor sites. minor modifica
tions in the DNA sequences coding for versions "a" and ''f'. 
respectively. of the reshaped human PM- 1 Land H chain V 
regions were made using the PCR-mutagenesis methods 

so described earlier. 
Another possible cause of reduced levels of expression 

was thought to be the presence of introns in the leader 
sequences in both the reshaped human L and H chain V 
regions (SEQ ID NOs: 54 and 55). These introns were 

ss originally derived from a mouse mu R dlain. leader sequence 
(M.S. Neuberger et al .. Nature 1985 314:268-270) that was 
used in the construction of reshaped human 0 1.3 and V 
regions (Verhoeyen et al .• 1988). Since the l'eshaped human 

(a) and the H chain version ( f) exhibited an ability to bind 
60 to Il..-6R at a same level as that of chimeric PM-1 (aJ (FIG. 

13) as described in detail in Example 11. 

Dl.3 was expressed in a mammalian cell vector that 
employed a mouse immunoglobulio promoter. the presence 
of the mouse leader intron was important. The leader intron 
contains sequences that are impona.nt for expression from 
immunoglobulin promoters but not from viral promoters 
like HCMV (M. S. Neuberger et al .• Nucl. Acids Res. ( 1988) 

Modifications in the DNA Sequences Coding for 
the Reshaped Human PM-1 V Regions to Improve 

the Levels of Expression. 
In reviewing the levels of reshaped human PM-1 anti

bodies being produced in cos cells. it became apparent that 

6S 16:6713-6724 ). Where the reshaped human PM-1 Land H 
chains were being ellpressed in vectors employing noo
immunoglobulin promoters. the introns in the leader 
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sequences were deleted by PCR cloning cDNAs coding for 

the reshaped human V regions (sec Example 12). 

10 

IS 

16 

TABLE 4 

Pcn:em ideruities berweco FRs from tbe mouse 
AUK 12-20 V rcgioos and FRS ffOlu the consensus 

sequeDCc for the diffcrau subgioups of lluman 
V regjom 

Fits in the L chajn V regioos 

HSGI HSG2 HSG3 

6S.8 64.0 67.6 
Fits in the H chain V regjoos 

HSGI HSGII HSGID 

S8.6 53.6 49.1 

HSG4 

67.6 

Another possible cause of reduced levels of expression 
was thought to be the presence of a stretch of approximately s 
190 bp of non-functional DNA within the intron between the 
reshaped human PM-1 H chain V region and the human 
ganuna-1 C region. The reshaped human PM-1 H cha.in V 

region was constructed from DNA sequences derived origi
nally from resha.pcd human Bl-8 H chain V region (P. T. 

Jones et al .. Nature (1986) 321:522-525). This first reshaped 
human V region was constructed from tbc mouse NP H 
chain V region (M. S. Neuberger et al. . Nature (1985); M. S. 
Neuberger ct aJ .. EMBO J. (1983) 2:1373-1378). This 
stretch of approximately 190 bp occurring in the intron 
between the reshaped human H chain V region and the 
BamHI site for joining of the reshaped human V regions to 
the expression vector was removed during the PCR cloning 
of cDNAs coding for the reshaped human V regions. 

As seen from Table 4. the KL chain V region of the mouse 
monoclonal anlll>ody AUK 12-20 is homologous in a similar 
extent (64 to 68%) with the human 1CL chain V region 

20 subgroups (HSG) I to IV. In a search of the Data base 
"LEEDS" for protein. L chain V region of human antibody 

The DNA and amino acid sequences of the final versions Len (M. Schneider et al .. Physiol. Chem. ( 1975) 
of reshaped human PM-1 Land H chain V regions. as altered 366:507-557) belonging to the HSG-IV exhibits the highest 
to improve expression levels. are shown in SEQ ID NOs: 57 homology 68%. On the olher hand. the human aoubody REL 
aod 56. These DNA sequences code for version "a" of the used for construction of a reshaped human ant11>ody from the 
reshaped human PM-1 L chain v region as shown in Table 25 mouse monoclonal antibody PM-1 belongs to the HSG L 
2 and version "f' o{ the reshaped human PM-l H chain y exhibits a 62% homology with L chain V region of the 

mouse mooodonal antibody AUK 12-20. In addition. the 
region as shown in Table 3. When inserted into the HFF-la CDRs in the AUK 12-20 antibody L chain v region par-
cxpression vectors (FIG. IS). these vectors transiently pro- ticularly CDR2. corresponded better to canonical structures 
duce approximately 2 µg/ml of antibody in transfected cos 30 of the CDRs in REI rather than those in LEN. 

cells. In order to stably produce larga amoonts of reshaped considering the above. it is not necessary to choose a 
human PM-1 antibody. a new HEF-lcx expression vector human a.nllbody used for humanization of the mouse mooo-
incorporating the dhfr gene was constructed (see Example clonal antibody AUK 12-20 L chain V region from those 
10. FIG. 11). The "rrinpled" dhfr gene was introduced into antibodies belonging to the HSG IV. Therefore. as in the 

-..,. case of the humanization of the mouse monoclonal antibody 
the REF-la vector expressing human gamm.a-1 H chains as 3S PM-1 L chain V region. the fRs of REI are used for 
was desa-Ibcd foc lhe HCMV vector expressing human humanization of the mouse monoclonal antibody AUK 
gamma-I H chains. The HEF-l a vector expressing reshaped 12-20 L chain V region. 
human PM-1 Lcbains and the HEF-la-dhfr vector express- As shown in Table 4. H chain V region of the antibody 
ing reshaped bu.man P-1 H chains were co-transfcctcd into AUK 12-20 exhibits the highest homology with the HSG L 
CHO dhfi(-) cells. Stably transformed CHO cell lines were 40 Moreover. in a search of Data base "LEEDS". human 

selected in Alpha-Minimum Essential Medium (a-MEM) antibody HAX (Stollar. B. «?· et al .• J. Immuool. (~987) 
without nucleosides and with 10% FCS and 500 µg/ml of 139:2496-2501) also ~long1ng to the HSG I exlub1ts ~n 
G418. Prior to any gene amplification steps. CHO cell lines about ?6% homolo_gy with the A_UK U -20 aobbody H cham 

6 V region. Accordingly. to design reshaped human AUK 
were observed that produ~ up to 10 µgf 10 cells/day of 4S 12-20 anl!body H chain V region. the fRs of the human 

reshaped human PM-1 antibody. antibody BAX belonging to the HSG land fRs of human
iud 425 anlll>ody H chain V region which has FRs consist
ing of HSGI consensus sequence (Ketteborougb C. A ct al .. 
Protein Engineering (1991) 4:773-783) are used. Note. the 

Comparison of V Regions from Mouse Monoclonal 
Antibody AUK 12-20 to V Regions from Known 

Human Anbl>odies 

The homology of FRs of KL chain V region of the mouse 
monoclonal antibody AUK 12-20 with FRs of human lCL 
chain V region subgroup (HSG) I to IV. and the homology 

so AUK 12-20 antibody H chain V region exhibits an about 
64% homology with version "a" of the humanized 425 
antibody H chain V region. 

of FRs of H chain V region of the mouse monoclonal ss 
antibody AUK 12-20 will fRs of human H chain V regions 
subgroup (HSG) I to m are shown in Table 4. 

Design of Reshaped Human AUK 12-20 Anbbody 
L Chain V Regions 

According to the above reason. reshaped hwnan AUK 
12-20 antibody L chain V regions is designed as shown in 
Table 5 using fRs of the REL 
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TABLE 5 

FR I 
I 2 

123 4 5678901234567890 1 23 

Vt.A~l2-20 OIYLTQ S PA SLGVS LGQRATI SC 

~I DI Q MT QSPSSLSASYGD RYTI TC 
RVt DI Q MTQS P SSLSAS YGDRYTJ TC 

l'R2 CDR2 
4 5 

567890123 4 56789 0123456 

Yt.A~12-20 WYQQKP GQT PK LL I Y A SNLES 
~I WYQQKP G KAPKL L I Y 
RVt WYQQKPGKA PKL L IY ASNLE S 

CORI 
3 

45 67777890 1234 
AB C D 

R ASKSYSTSGYSYMH 

RA S K S VST SGYS YMJl 

18 

PR3 C DR3 
6 7 8 9 

7890 1 234567890123 4567 890123 4 5678 90 12 3 4 567 

Vt.A~ 12-20 GY P ARPS GS GS G T DP T LNI HP VEEEDAATYYC QHS RE NP YT 

REI GY P S RF SGSGSGTDYTFTJ SS LQPEDIATYY C 

RVL GV P S RF SGSGSGTDf'.T FTI SS L QPEDIATYYC QHSRENPYT 

l'R4 
JO 

8901234567 

Vt.A~l2-20 PGGGTKLEI It 
Ul PGQGTKLQI T 
RV, PGQGT K VEI ~ 

Nolt: 
.S underlined nucleotides are those chanaed in the design of CAMPATH·lH aoribody (see the oote of Tai*: 2). 

Design of Reshaped Human AUK 12-20 antibody 
H Chain V Regions 

there is a possibility of an abnormal splicing in the reshaped 

According to lhe above reason. reshaped human AUK 
12-20 antibody H chain V regions are designed using FRS 
of the reshaped human VHa 425. It is found. however. that 

35 human AUK 12-20 antibody. Therefore. the nucleotide 
sequence was partially modified to eliminate Ibe splicing 
donor-like sequence. The modified sequence is designated as 
version "a". 

nucleotide sequence of DNA coding foe reshaped human In addition. version "b" to "d" of Ibe reshaped human 

AUK 12-20 antibody H chain V region thus designed has a 40 AUK 12-20 antibody H chain V region were designed. 

sequence well conforming to a splicing donor sequence. Amino acid sequences of the versions "a,. to "d" are shown 

Therefore. as in lhe case of reshaped human PM-1 antibody in Table 6. 

VsAUK 12-20 
SGJ 
RVsa 
RVHI> 
RVse 
RVH(I 

VHAUK 12- 20 
SGI 
RYsa 
RYHI> 
RV.se 
RVH(I 

TABLE 6 

PRl COR I 
I 2 3 

1234567890 1 23 45 67890 12345 67 89 0 1234.S 

E l QLQQSGPELMKPGA S VKI SCKASOYSP T SYYI H 
ZVQ L VQSGAEVKKPGXSVXYSCKA SOYT P S 
QVQLVQSGAEVKKPGA S YKVS C KA SGYS P T SYYI H 

PR2 CDR2 
4 s 6 

67890123456789 01223 45 6789012345 
A 

WYKQS H GKSLE WJ 0 Y I DPPN GGTSYNQKPKG 
WYRQAP GXGLE WY O 
WYRQAPGQGLEWYO Y IDPPN GGTSYNQKP K G 

------------ )- ------------------- -- ---- ---- )- -- -- ----------- --
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SGI 
RVJ(.l 
RVHI> 
RVHC 
RV,,d 

VNAUK 12- 20 
SGI 
RVH" 
RVHb 
RVHC 
RV,,d 

Noee: 

5.795.965 
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TABLE 6-continued 

PR3 
7 8 9 

678901234S678901222234S67890123 4 
ABC 

KATLTVDKSS ST AYMHLSSLTSEDSAVYYCA R 
RVTXTXDX SXNTA YMELSSLR SEDTAV YY CA R 
RVTMTLOTSTNTAYMELSSLRS EDTAVYYCA R 
K --- -V- ----- -- -- -- ---- -- ------- _ 

K ---- V--------- - --------------- -

CDR3 
10 

S678900012 
AB 

OO N- RF--AY 

GGN-RF--AY 

PR4 
11 

34567890123 

WOQGTL VTVS A 
WGQGT L VTVSS 

20 

The po6ition whore ooc commo11 amino acid residue is 00! idtntiDed in tbeHSG I V w regioos (SGT) is 
shown as ·x--. 1"'o under tined amino acid residues..., di«crem bom 1lioee in SOI COD5CDSU$ sequence. 
I'« RV.J>, RV,.c aixl RV,A ooly amino acid residues dilferelll from IOOse of RV,.a are sbowo. 

Moreover. version "a" to "d" of reshaped human AUK 
12-20 antibody H chain V region arc designed as shown in 
Table 7. using FRs of the humaD antibody HAX (J. Immu
nology (1987) 139:249&-2501; an antibody produced by 

hybridom.a 21128 cells derived from B cells of a SLE patient; 
its amino acid sequence is described in PIG. 6 and nucle
otide sequence of ONA codi.og for the amino acid sequence 
is shown in flGS. 4 and 6. of this literature). 

TABLE 7 

FRI 
I 2 3 

12345678901234S67890123456789 12345 

VHAUK11-20 El QLQQSGPELMJCPGASVKI SCKASOYSPT SYYI H 
SGI QVQLVQSGAEVKKPGASVKVSCKASGYTPT 
sic: 
1220Ha 
1220Hb 
1220Hc 
1220Hd 

QVQLVQSGAEVKKPOASVKVSCKASGYSPT SYYJH -- ---- ---- ----------- ------5----------- -- ---------------- s----- --- -- -- -- ---------- --- -- $--
PR 2 CDR2 

4 5 6 
67890123456789 012222345678901234S 

ABC 
VNAUK12- 20 WVKQSHOKSLEWI 0 YI DP -- PNG OTSYNQKPKG 
HAX WVRQAPGQRLEWMO 
sic: 
1220Ha WVRQAPGQRLEWMG YI DP--PNGOTSYNQKPKG 
1220Hb - - - - - - - - - - - - I - - - - - - - - - - - - - - - - - - - -
1220Hc - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1220Hd - - - - - - - - - - - - I - - - - - - - - - - - - - - - - - - - -

PR3 
7 8 9 

678901234S678901222234S678901234 

V HAUK 12- 20 K AT LT VD KS S S T A Y MH L S S L T S E D S A VY Y C A R 
RAX RVTITRDTSASTAYMELSSLRSEDTAVYYCAR 
sic: 
1220Ha 
1220Hb 
1220He 
!220Hd 

RVTITVDTSASTAYMELSSL RSEDTAVYY CA R 
--- --v- ---- --------- --- -- --- ---K--- -v---- ------- ------ --------
K ---- V ---- -- ----- -- ----- - ------ -
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TABLE 7-continued 

CDR3 
10 

578900012 
AB 

VHAUXl2-20 OON- R P - -AY 

HAX 
s le: 
1220Ho OON- R P -- AY 

12201fb - - - - - - - - - -

1220lk - - - - - - - - - -
1220Hd - - - - - - - - - -

Nocc: 

FR4 
II 

3 4567890123 

WGQG T L VT VS A 
WGQG T L VTVS S 

WGQOTLVTVSA 

22 

The ""'O wxlerlioed rcsXluos in slcl220Ha :ue changes from lhe KAX FRs. For Sle l220Hb, slel220Hc, 

and slelnl>Hd only Ibo amino acids in !he FRs lhat differ from~ in the HAX FRs :ue shown. 

For the production of the chimeric antibody. two expres

sion vectors. i.e .. one comprising a ONA coding for a mouse 
L chain V region and a human L chain C region under the 

For the production of the present chimeric or reshaped 

human an1jbodies to the human Il..-6R. any expressfon 
system. including eucaryotic cells. for example. animal 

cells. such as established mammalian ceU lines. fungal ceUs. 
and yeast cells. as well as procaryotic cells. for example. 

bacterial cells such as E.coli cells. may be used. Preferably 

the present ch.imeric or reshaped human antibodies are 

expressed in manunalian ceUs such as cos cells or CHO 

cells. 

20 control of an expression control region such as an enhancer/ 
promoter system. and another comprising a DNA coding for 
a mouse H chain V region and a human H chain C region 
under the expression control region such as an enhancer/ 
promotor system. are constructed. Next. the expression 

In such cases. a conventional promoter useful for the 

expression in mammalian cells can be used. For example. 

viral expression system such as human cytomegalovirus 

immediate early (HCMV) promoter is preferably used. 
Examples of the expression vector containing the HCMV 

promoter include H CMV-V H"HCyl. HCMV-V z.-HCK. 
HCMV-12h-gyl. HCMV-12k-gk and the like derived from 
pSV2neo. as shown in FIG. 1. 

2S vectors are co-traosfected to host cells such as mammalian 

cells. and the transfected cells are cultured i n vitro or in vivo 

to produce a chimeric antibody. 
Alternatively. a DNA coding for a mouse L chain V region 

and a human L chain C region and a DNA coding for a 

Another embodiment of promoter useful for the present 

invention is the human elongation factor lo. (HEF-lo.) 
promoter. Expression vectors containing this promolor 

include HEF-12h-gyl and HEF-Uh-glC (FIGS. 8 and 9). as 
well as HEF-V >rgyl and HEF-V z.-gic (FIG. 15). 

30 mouse H chain V region and a human H chain C region are 

introduced into a single expression vector. and the vector is 
used to transfect host cells. which are then cultured in-vivo 

or in-vitro to produce a desired chimeric antibody. 

The present invention further provides a reshaped anti-

3S body to the human Il..-6R. comprising: 

For gene amplification dhfr in a host cell line. an expres
sion vector may contain a dhfr gene. Expression vectors 

containing the dhfr gene. are for example. DHFR-6E-PMh- 40 

gyl (FIG. lt). DHFR.-AE-RVh-PMl-f (FIG. 11) a.nd the like. 

Io summary. the present invention first provides an L 
chain v region and an H chain V region of a mouse 

monoclonal antibody to the human ll..-6R. as well as DNA 
coding for the L chain V region and DNA coding for the H 4S 

chain V region. These are useful foe the construction of a 
human/mouse chimeric antibody and reshaped human anti
body to the human ll..-6R. The monoclonel antibodies are. 

(A) an L chain comprising. 
(I) a human L chain C region. and 
(2) an L chain V region comprising a human L chain 

FRs. and L chain CDRs of a mouse monoclonal 

antibody to the human D...~6R; and 

(B) an H chain comprising. 
(1) a human H chain C region. and 
(2) an H chain V region comprising human H chain 

FRs. aod H chain CDRs of a mouse monoclonal 
antibody to the Il..-6R. 

Io a preferred embodiment. the L chain CDRs have amino 
acid sequences shown in any one of SEQ ID NOs: 24. 26. 

28 and 30 wherein the stretches of the amino acid sequences 

are defined io Table 9: the L chain CDRs have amino acid for example. AUK12-20. PM-1. AUK64-7 and AUK146-15. 

The L chain V region has an amino acid sequence shown in. 
for example. SEQ ID NOs: 24. 26. 28 or 30: and the H chain 
V region bas an amino acid sequence shown in SEQ ID 
NOs: 25. 27. 29. or 3 1. These amino acid sequences are 

encoded by nucleotide sequences. for example. shown in 

SEQ ID NOs: 24 to 31 respectively. 

so sequences shown in any one of SEQ ID NOs: 25. Z7. 29 and 

31 wherein the stretches of the amino acid sequences are 

defined in Table 9: human L chain FRs are derived from the 
REI: and human H chain FRs are derived from the NEW or 

HAX. 

The present invention also relates to a chimeric antibody 

ro the human Il..-6R. comprising: 

{ l ) ao L chain comprising a human L chain C region and 

a mouse L chain V region: and 

SS 

(2) an H chain comprising a human H chain C region and 60 

a mouse H chain V region. The mouse L chain V region 

and the mouse H chain V region and DNA encoding 

them are as desaibed above. The human L chain C 
region may be any human L chain C region. and for 

example. is human CK. The human H chain C region 6S 

may be any human H chain C region. and for example 

human c;1• 

In the preferred embodiment. the L chain V region has an 

amino acid sequence shown in Table 2 as RV z.a; and the H 

chain V region bas a n amino acid sequence shown io Table 

3 as RV "3· RV ,}J. RV~· RV ,fi. RV ,,e OI" RV Hf. The amino 
acid sequence RV,/ is most preferable. 

For the production of the reshaped human antibody. two 

expression vectors. i.e .. one comprising a DNA coding for 

the reshaped L chain as defined above under the control of 

an expression control region such as an e nhancer/promoter 
system. and another comprising a DNA coding for the 

reshaped human H chain as defined above under the expres

sion control region such as an enhancer/promoter system. 

are constructed. Next. the expression vectors are 
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co-transfected to host cells such as mammalian cells. and the with phenol and chloroform. and RNA was precipitated with 
transfected cells are cultured in vitro or in-vivo to produce ethanol. Next. the RNA precipitate was dissolved in 200 µI a reshaped human antJbody. of 10 mM Tris-HO (pH 7.5) containing 1 mM EDTA. 

Alternatively. a DNA coding for the reshaped human L 2. Synthesis of single stranded cDNA 
chain and a DNA coding for the reshaped H chain are s To synthesize single stranded cDNA according to a pro-
introduced into a single expression vector. and the vector is cedure described by J. W. Larrick et al .. Biotechnology. 7. used to transfect host cells. which are then cultured in vivo 934 (1989). about 5 µg of the total RNA prepared as or in vitro to produce a desired reshaped human antibody. described above was dissolved in 10 µJ of 50 mM Tris-HCI A chimeric antibody of a reshaped human antibody thus (pH 8.3) buffer solut.ion containing 4() mM KCI. 6 MM 
produced can be isolated and purified be a conventional 10 MgCJ2• JO mM dithiothreitoL 0.5 mM d.IJP. 0.5 mM dGTP. processes such as frO(ein A affinity chromatography. ion 0.5 mM dCI'P. 0.5 mM dlTP. 35 µM oligo dT primer exchange chromatography. gel filtration and the like. (Amersham). 48 units of RAV-2 reverse transcriptase (RAV-

The present chimeric L chain or reshaped human L chain 2: Rous associated virus 2; Amersham) and 25 units of can be combined with an H chain to construct a whole human placenta ribonuclease inhibitor (Amersham). and the antibody. Similarly. the present chimeric H chain or ts reaction mixture was incubated at 37° C. for 60 minutes and reshaped human H chain can be combined with an L chain directly used for the subsequent polymerase chain reaction to construct a whole antibody. (PCR) method. 
The present mouse L chain V region. reshaped human L 3. Amplification of cDNA coding for antibody V region by chain V region. mouse H chain V region and reshaped PCR method 

human H chain V region are intrinsically a region which 20 The PCR method was carried out using a Thermal Cycler binds to an antigen. human Il..-6R. and therefore considered Model PHC-2 (Techne). 
to be useful as such or as a fused protein with other protein. (I) Amplification of cDNA coding for mouse K' light (K' L) for preparing pharmacenticals or diagnostic agents. chain variable region 

Moreover. the ixesent L chain V region CDRs and H The primers used for the PCR method were MKV (Mouse chain V region CDRs are intrinsically regions which bind to 2s Kappa Variable) primers represented in SEQ ID NO: 1 to 11. an antigen. human n..-6R. and therefore considered to be which hybridize with a mouse K' L chain reader sequence (S. useful as such or as a fused protein with other protein. for T. Jones et al.. Biotechnology. 9. 88. 1991). aod an MKC preparing pharrn.acenticals or diagnostic agents. (Mouse Kappa Constant) primer represented in SEQ ID NO: DNA coding for a mouse L chain V region of the present 12. which hybridiz.es with a mouse K' L chain C region (S. T. invention is useful for construction of a DNA coding for a 30 Jones et al.. Biotechnology. 9. 88. 1991). 
chimeric L chain or a DNA coding for a reshaped hum.an L First. 100 µ1 of a PCR solution comprising 10 mM chain. Tris-HO (pH 83). 50 mM KCl. 0.1 mM dATP. 0.1 mM Similarly. DNA coding for a mouse H chain V region of dGTP. 0.1 mM dCTP. 0.1 mM dlTP. 1.5 mM MgO. 2.5 
the present invention is useful for construction of a DNA units of DNA polymerase Ampli Taq (Pakin Elmer Cetus). coding for a chimeric H chain or a DNA coding for a 3S 0.25 µM of each group of MKV primer. 3 µM MKC primer reshaped human H chain. Moreover. DNA codiog for L and 1 µl of the reaction mixture of the singl.e-stra.nded cDNA chain V region CDR of the present iJlvention is useful for synthesis was heated at an initial temperature of 94° C. for construction of a DNA coding for a reshaped hum.an L chain 1.5 minutes. and then at 94° C. for l minute. 500 C. for l V region and a DNA coding for a reshaped human L chain. minute and 72° C. for l minute. in this order. After this Similarly. DNA coding for H chain V region CDR of the 40 temperature cycle was repeated 25 times. the reaction mix-present invention is useful for construction of a DNA coding ture was further incubated at 72° C. for 10 minutes. 
for a reshaped human H chain V region and a DNA coding (2) Amplification of cDNA coding for mouse H chain V 
for a reshaped human H chain. region 

EXAMPLES 

The J?l'esent invention will be further illustrated by. but is 
by no means limited to. the following Examples. 

As primers for the PCR. MHV (Mouse Heavy Variable) 
•s primers 1 to 10 represented in SEQ ID NO: 13 to 22 (S. T. 

Jones el al .. Biotedinology. 9. 88. 1991). and an MHC 
(Mouse Heavy Constant) primer represented in SEQ ID NO: 
23 (S. T. Jones et al .. Biotechnology. 9. 88. 1991) were used. 

Example 1 Amplification was carried out accordi.og to the same proce-
Ooning of DNA coding for V region of mouse monoclonal 50 dure as described for the ampl.i1ication of the IC L chain V antibody to human Il..-6R (l) region gene iJl section 3. (1). 

A ONA coding for the V region of a mouse monoclonal 4. Purification and Digestion of PCR Product 
antibody to a human Il..-6R was cloned as follows. The DNA fragments amplified by the PCR as described 1. Preparation of total RNA above were purified using a QlAGEN PCR product purifi-

Total RNA from hybridoma AUK12-20 was prepared ss cation kit (QlAGEN Inc. US). and digested with 10 units of according to a procedure desaibed by Chirr'in et al.. restriction enzyme Sal I (GIBCO BRL) in 100 mMTris-HCl Biochemistry 18. 5294 (1979). Namely. 2. l x l O cells of the (pH 7.6) containing 10 mM MgCl2 and 150 mM NaCl. al hybridoma AUK12-20 wae completely homogenized in 20 37° C. for three hours. The digestion mixture was extracted ml of 4M guaoidine thiocyanate (Fulka). The homogenate with phenol and chloroform. and the DNA was recovered by was layered over a 5.3M cesium chloride solution layer in a 60 ethanol precipitation. Next. the DNA precipitate was centrifuge tube. which was then centrifuged in a Beckman digested with 10 units of restriction enzyme Xma I (New SW4-0 rO(O£ at 31000 rpm at 20° C. for 24 hours to England Biolabs). at 37° C. f<X two hours. and resultiJlg precipitate RNA. The RNA precipitate was washed with DNA fragments were separated by agarose gel electtophore-80% ethanol and dissolved in 150 µ1 of 10 mM Tris-HCI (pH sis using low melting agarose (FMC Bio Products USA). 
7.5) containing 1 mM EDTA and 0.5% SDS. and after 6S An agarose piece containing DNA fragments of about 450 adding Protenase (Boehringer) thereon to 0.5 mg./mL incu- bp in length was excised and melted at 65° C. for 5 minutes. bated at 37° C. for 20 minutes. The mixture was extracted and an equal volume of20mMTris-HCl (pH 7.5) containing 
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2 mM EDTA and 200 mM NaCl was added thereon. The 
mixture was extracted with phenol and chloroform. and the 
DNA fragment was recovered by ethanol precipitation and 
dissolved in 10 µI of 10 mM Tris-HCI (pH 7.5) containing 
I rnM EDTA. In this manner. a DNA fragment comprising 5 
a gene coding for a mouse K'. L chain V region. and a DNA 
fragment comprising a gene coding for a mouse H chain V 
region were obtained Both of the above DNA fragments had 
a Sal I cohesive end at the 5'-end thereof and an Xma I 
cohesive end at the 3'-end thereof. 
5. Ligation and Transformation 

About 0.3 µg of the Sal I - Xma I DNA fragment 
comprising a gene coding for a mouse K'. L chain V region. 
prepared as described above. was ligated with about 0.1 µg 

10 

26 
trial and Marine Bacteria Limited under the :Budapest Treaty 
on Feb. 11. 1991. and were given the accession number 
shown in Table 8. 

TABLE 8 

Plasmid SEQ ID NO Accession No. 

pl2 - k2 24 NCIMB 40367 
pl2 - b2 25 NCIMB 40363 
pPM - k3 26 NCIMB 40366 
pPM- bl 27 NCIMB 40362 
p64- k4 28 NC!IMB 40368 
p64- b2 29 NC!IMB 40364 
pl46 -k3 30 NCIMB40369 
pl46 -hi 31 NC!IMB 40365 

Example 3 
Sequencing of DNA 

of a pUC19 vector prepared by digesting plasmid pUC19 by 15 

Sal I and Xma L in a reaction mixture comprising 50 mM 
Tris-HCI (pH 7.4). 10 MM MgCl2• 10 rnM dithiothreitol. l 
mM spermidine. l mM d.ATP. 0.1 µg/ml of bovine serum 
albumin and 2 units of T4 DNA ligase (New England 
Biolabs). at 16° C. for 16 hours. 

Nucleotide sequences of a cDNA coding region in the 
above-mentioned plasmids were determined using a kit. 

20 Sequenase™ Version 2.0 (U.S. Biochemical Corp. USA). 
Next. 7 µl of the above ligation mixture was added to 200 

µl of competent cells of E. coli DH5a. and the cells were 
incubated for 30 minutes on ice. for one minute at 42° C .. 
and again for one minute on ice. After adding 800 µl of SOC 
medium (Mlecular Cuming: A Laboratory Manual. Sam- 2s 
brook et al .. Cold Spring Habor Laboratory Press. 1989). the 
cell suspension was incubated at 37° C. for one hour. and 
inoculated onto an 2xIT agar plate (Mlecular Cloning: A 
Laboratory Manual. Sambrook et al .. Cold Spring Habor 
Laboratory Press. 1989). which was then incubated at 37° C. 30 
overnight to obtain an E.coli transfonnaot. The transformant 
was cultured in 5 ml of 2xYf medium containing 50 µg/ml 
arnpicillin. at 37" C. overnight. and a plasmid DNA was 
prepared from the culture according to an alkaline method 
(Mlecu/ar Cloning: A Laboratory Manual. Sambrook et al.. 3S 
Cold Spring Habor Laboratory Press. 1989). The thus
obtained plasmid containing a gene coding foe a mouse x: L 
chain V region derived from the hybridoma AUK12-20. was 
designated p12-k2. 

First. about 3 µg of plasmid DNA obtained as described 
above was denatured with 0.2N NaOH. annealed with a 
sequencing primer. and labeled with 35S-dATP according to 
a protocol of the supplier. Next. the labeled DNA was 
applied to 6% polyacrylamide gel containing 8M urea. and. 
after electrophoresis. the gel was fixed with 10% methanol 
and 10% acetic acid. dried. and subjected to autoradiography 
to determine the nucleotide sequence. 

The nucleotide sequence of cDNA coding region in each 
plasmid is shown in SEQ ID NOs 24 to 31. 

Example 4 
Determination of CDRs 

General structures of L chain and H chain V regions are 
similar each other. wherein 4 frame works (FRs) are linked 
through 3 super variable regions. i.e.. complementarity 
detennining regions (CDRs). While amino acid sequences in 
the FRS are relatively well conserved. amino acid sequences 
in CDRs are very highly variable (Kabat B. A. et al .. 
"Sequences of Proteins of I.mmunological Interest". U.S. 
Dept. Heath and Human Services 1983). 

On the basis of the above-determined amino acid 
sequences of V regions of mouse monoclonal antibodies to 
human Il.r6R. and according to Kabat. E. A. et al .. 

According to the same procedure as described above. a 40 

plasmid containing a gene coding for a mouse H chain V 
region derived from the hybridoma AUK12-20 was con
structed from the Sal I - Xma I DNA fragment. and desig
nated p12-h2. 

45 
"Sequences of Proteins of Immunological Interest". US 
Depl Health and Human Services 1983. CDRs of each V 
region of mouse monoclonal antibodies to the human Il.r6R 
were determined as shown in Table 9. 

Example 2 
Cloning of DNA coding for V region of mouse monoclonal 
antibody (2) 

Substantially the same procedure as described in Example 
I was applied to the hybridoma PMl. AUK64-7. and so 
AUK146-15. to obtain the following plasmids: 

a plasmid pPM-.k3 containing a gene coding for a JC L 
chain V region derived from the hybridoma PMl; 

a plasmid pPM-hl containing a gene coding for an ff 
chain V region derived from the hybridoma PM!: 

a plasmid p64-k4 containing a gene coding for a KL chain 
V region derived from the hybridoma AUK64-7; 

a plasmid p64-h2 containing a gene coding for an H chain 

5S 

plasmid SEQ ID NO 

pl2-K2 24 
p12-b2 25 
pPM·k3 26 
pPM-bl Z7 
p64-k4 28 
p64-b2 29 
pl46-k3 30 

TABLE9 

CDR(l) CDR(2) CDR(3) 
(Amino acid No.) 

2~38 5~ 93-101 
31- 35 .50-66 99-IOS 
24-34 SG-56 89-97 
31- 36 Sl-06 99-108 
2~38 54-60 93-101 
31-35 .50-66 99-109 
24-34 S0-56 89-97 

V region derived from the hybridoma AUK64-7; 60 ---------------------
p146-bl 31 31-35 .50-66 99-106 

a plasmid pl46-k3 containing a gene coding for a JC L 
chain V region derived from the hybridoma AUK146-
15; and 

a plasmid pl46-h 1 containing a gene coding for an H chain 
V region derived from the hybridoma AUK146-15. 

Note E. coli strains containing the above-mentioned plas
mid were deposited with the National Collections of Indus-

65 

Example S 
Confirmation of expression of cloned cDNA(l) 
(Construction of Chimeric AUK12-20 antibody) 

Construction of Expression Plasmid 
A chimeric L chain/H chain was constructed from PCR

cloned cDNAs coding for V regions K L chain and H chain 
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of AUK12-20. In order 10 easily join a cDNA coding for the 
mouse AUK12-20 V region 10 a DNA coding for a human 

28 
ELISA for confi.nnation of an ability to bind to human 

Il..-6R 
A culture supernatant of the transformed COS cells was 

assayed by ELISA to determine whether the produced 
C region in a mammalian expression vec1or containing an 
enhancer and promoter of human cylomegalovirus (HCMV) 
expression vector. ii is necessary to introduce convenien1 
restriction enzyme cleavage sites to the 5'- and 3'- termini of 
the mouse cDNA. 

This modification of the 5'- and 3'- termini was carried out 

s an~body can bind to the antigen. To detecl the binding 10 the 
antigen. a plate was coated wilh Mf18 mouse monoclonal 
antibody (Reference Example l). and after blocking with 
l % bovine serum albumin (BSA) soluble recombinant 
human ll.-6R (SR 344) was added thereon. After washing. 

by PCR method. Two sets of primers were designed and 
synthesized. An L chain V region backward primer (SEQ ID 10 

NO: 32) and H chain V region backward primer (SEQ ID 
NO: 33) were designed so that the primers hybridize with a 
DNA coding for the beginning of the leader sequence. 
maintain a DNA sequence essenlial for efficient translation 
(Kozak. M .. J. Mol. Biod. 196: 947-950. 1987) and form a 1s 
Hindill site for cloning into the HCMV expression vec1or. 
An L chain V region forward primer (SEQ ID NO: 34) and 
ao H chain V region forward prim.e.r (SEQ ID NO: 35) were 
designed so that the primers hybridize with a DNA coding 
for the terminal portion of the J region. maintain a DNA 20 

sequence essential for splicing in10 the C region and form a 
Barn }fl site foe joining to the human C region io the HCMV 
expression vector. 

a serially diluted rulture supernata.nt from the COS cells was 
added to each well. After incubation and washing alkaline 
phosphatase-linked goal anti-human lgG was added. The 
reaction mixture was inrubated. and after washing a sub
strate buffer was added. After incubation. the reaction was 
terminated, and optical density at 405 mm was measured. 

A result is sbown in FIG. 2. Transfectioo of gene coding 
for a chimeric antibody AUK12-20 into COS cells was twice 
repeated. Both the culture supernatant sampl.es exhibited a 
strong binding to Il--6R. and optical density at 405 mm was 
c hanged in a sample diJulion (monaclonal antibody 
concentration)--Oependenl manner as shown in FIG. 2 by 
open circles and closed circles revealing the presence of an 
a ntibody to IL-6R in the sample. 

Detennination of ao ability 10 inhibit the binding to Il--6R 
with IL-6 

To detennine whether ao antibody present in a medium 
inhibits the binding of IL-6R with ll.-6. a plate was coated 
with MT18 monoclonal antibody (Reference Example 1). 
After blocking. soluble recombinant human Il..-6R (SR 344) 

Following the amplification by the PCR. the PCR product 
was digested with Hind m and Bamlil. cloned into the is 
HCMV vector containing the human x: and yl chain C 
regions DNA and sequenced to confirm that errors were not 
introduced during the PCR amplification. The resulting 
expression vectors arc designated as HCMV-12k-gk and 
HCMV-12h-gy1. 

The structures of the HCMV expression plasmids are 
shown in FIG. 1. In the plasmid HCMV-V cHCK. V L region 
may be any mouse L chain V region. In this example. 
AUKl2-20 KL chain V region was inserted to obtain the 
HCMV-12k. In the plasmid HCMV-V J("HCyl. V H region 3S 

may be any mouse H chain V region. In this example. 
AUK.12-20 H cbai.o V region was inserted to obtain HCMV
l2h-gyl. 

30 
was added thereon. After washing. serially diluted sample 
from COS cell culture was added to each well with bioti
nated IL-6. 

Transient expression in COS cells 
To observe transient expression of a chimeric AUK12-20 40 

antibody in COS cells. the expression vectors constructed as 
described above were tested in the COS cells. The vector 
DNAs were introduced into COS cells by electroporation 
using a Gene Pulsar apparatus (Bio Rad). Namely, COS cells 
were suspended in phosphate-buffered saline (PBS) to a cell 4S 

concentration of l x l07 cells I ml. and to0.8 ml aliquot oflhe 
suspension was added 10 µg (per each plasmid) of DNA. 
Pulses were applied at l.900 V and 25 µF. 

After recovery period of 10 minutes at a room 
temperature. the electroporated cells were added to 8 ml of so 
DMEM (GIBCO) conta.ioi.og 10% fetal bovine serum. After 
incubation for 72 boors. a culture supernatant is collected. 
centrifuged to eliminate cell debris. and aseptically stored 

After washing. allc.aline phosphatase-linked streptoavidio 
was added. and after incubation and washing. a substrate 
buffer was added. The reaction mixture was incubated. and 
after termination of the reaction. optical density at 405 mm 
was measured. purified mouse AUK12-20 monoclonal anti
body was added as a positive control. and a culture medium 
from COS cells expressing a non-related antibody was used 
as a negative control. 

A result is shown in FIG. 3. A culture supernatant of COS 
cells transfected with genes coding for chimeric antibody 
AUK 12-20 exhibited the binding of ll.-6R with ll.-6 at the 
highest and second highest concentrations. Namely. as 
shown by closed circles in flG. 3. optical density at 405 mm 
changed in a sample dilution (antibody concentration) 
dependent manner. revealing the inhibition of the binding to 
D..,-6R with IL-6 by an antibody in the sample. This is further 
confirmed by substantive conformity with antibody concen-
tration dependent change of the positive control (open 
circles). Note. the negative control did not exJubit inlubition 
activity (open triangles). 

Example 6 
for a short period at 4° C. or for a long period at -20° C. 

Quantification of chimeric antibody by ELJSA 
Confirmation of expression of cloned cDNA ( 2) 

ss (Construction of chimeric PM-1 antibody) 
A culture supernatant of the transfected COS cells was 

assayed by ELISA to confirm the production of chimeric 
antibody. To detect the chimeric antibody. a plate was coated 
with goat anti-human IgG whole molecule (Sigma). The 
plate was blocked. and serially diluted supernatant from the 60 

COS cell a:ilture was added to each well. After inrubation 
and washing. a.Ltaline phosphatase-linked goat anti-human 
IgG (y-cbain specific. Sigma) was added to each well. After 
inrubation and washing. substrate buffer was added thereon. 
The reaction mixture was incubated. and after termination of 6S 

the reaction. optical density at 405 mm was measured. As a 
standard. purified hwnan IgG (Sigma) was used. 

(Construction of expression vectors) 
In order to construe! vectors expressing chimeric PM- I 

antibody. the cDNA clones pPM-k3 and pPM-hl. coding for 
the mouse PM-1 KL chain and the H chain V regions. 
respectively. were modified by a PCR tedlnique. and then 
introduced into the HCMV expression vectors (see FIG. 1). 
The backward primers pm.k-s (SEQ NO: 38) for L chain V 
region and pmh-s (SEQ NO: 40) for H chain V region were 
designed to hybridize to the DNA sequences coding for the 
beginning of the leader sequences. and to have Kozak 
consensus sequence and a Hiodill re striction site. The 
foiward primers pmk-a (SEQ No: 36) for L chain V region 
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and pmh-a (SEQ No: 39) for H chain V region were 10 each well. After incubation and washing. alkaline 

designed lo hybridize lo the DNA sequences coding for the phosphatase-conjugated goal anti-human lgG (ganuna chain 

ends of the J regions. and lo have a splice donor seque nce specific sigma) was added. After incubation and washing. 

and a BamHI restriction site. substrate bulfer was added. After incubation. lhe reaction 

For the kappa L chain v region. two forward primers were s was stopped and the optical density at -405 om measured 

synthesized. Although in most kappa L chains lysine at There was no standard available for this assay. 

position 107 is conserved. in mouse PM-1 kappa L chain Two samples were from transfection with genes coding 

position 107 is an asparagine. In order 10 investigate the for a chimeric antibody with V regions identical to those 

effect of this change on the antigen-binding activity of the found in mouse PM-1 antibody (chimeric PM-la antibody. 

10 
FIG. 4). One sample was from transfcction with genes 

chimeric PM-I antibody. the forward primer pm.k-b (SEQ coding for a chimeric antibody with a single amino acid 

NO: 37) was designed to mutate position 107 from an change at position lO? in the L chain v region as described 

asparagine to a lysine. Following the PCR reaction. the PCR above (chimeric PM-lb antibody. FIG. 4). All samples 

products were purified. digested with Hind.ill and BamHL showed strong binding to IL-6R that decreased with dilution 

and subcloned into a pUC19 vector (Yanishe-Perron et al.. of the sample. Thus. the chimeric PM-1 anubody. as 

Gene ( 1985) 33: 103-109). After DNA sequencing. the IS constructed. is functional and can bind well to its antigen. 

HindIIl-BamHI fragments were excised and cloned into the Most imponantly. the demonstration of a functional chi-

expression vector HCMV-V 11HCy1 to obtain HCMV-pmh- meric PM-1 is direct evidence that the correct mouse PM- I 

gyl for the chimeric H chain. and into the expression vector V regions have been cloned and sequenced. The chimeric 

HCMV-V L.-H~ 10 obtain HCMV-pm.ka-gk and HCMV- PM-I antibody. with either amino acid at position 107 in the 

pmkb-gk for the chimric L chain. 20 L chain V region. bound well to its antigen . .a.-OR. It appears 

Transfcction of cos cells that position 107 in the mouse PM-1 L chain V region is not 

The vectors were tested in cos cells to look for transient very critical in antigen-binding and that either an asparagine 

expression of chimeric human PM-1 antibodies. The or a lysine at this position will function satisfactorily. Since 

HCMV-pmh-gyl. and either HCMV-pm.ka-gk or HCMV- the mouse PM-1 antibody has an asparagine at this position 

pmkb-gk were co-transfected into the cos cells by electrop<r 25 in its L chain V region. all future work with chimeric PM-1 

ration using the Gene Pulsar apparatus (BioRad). DNA (10 antibody was done with version a. the version that has V 

µg of each plasmid) was added to a 0.8 ml aliquot of lx107 regions identical to those found in mouse PM-1 antibody. 

cells/ml in PBS. A pulse was delivered at 1.900 volts. 25 In order to stably produce larger amounts of chimeric 

roicrofarads capacitance. After a 10 min recovery period at PM-1 antibody. a new HCMV expression vector incorpo-

a room temperature. the clectroponted cells were added to 30 rating the d.hfr gene was constructed. The first step in 

20 ml of Dulbecco' s Modified Eagle Medium (DMEM) achieving higher levels of expression of the ch.imeric PM-1 

(GIBCO) containing 10% gamma-globulin-free fetal calf antibody was to modify the vector HCMV-V ,.,..HC,1 (FIG. 

serum. After 72 h incubation. the medium was collected. 1) so that this vector contained a dhfr gene being expressed 

centrifuged to remove cellular debris. and stored under by a "crippledtt SV40 promoter-enhancer. The SV40 

stctile conditions at 4° C for short periods of time. or at 3S e nhancer elements were deleted from the pSV2-dhfr vector 

-20° C. for longer periods. (S. Subramani ct al .. Mol. Cell. Biol (1981) 1:8.54-864) and 

Expression and analysis of the chiroaic PM- 1 antibodies the dhfr gene being expressed by the "crippled" SV40 

After 3 days of ttansicnt expression. medium from the cos promoter was inserted into the HCMV-V ,.,..HCy1 vector in 

cells was collected and tested for chimeric PM-I antibody. place of the neo gene being expressed by the SV40 

The medium was first analyzed by ELISA to determine if 40 promoter-enhancer. The mouse PM-1 V region was then 

human-like antibody was being produced by the traosfected inserted into this new HCMV-V ,.,..HCy1-4hfr vector. Con-

cos cells. By using known amounts of purified huma.n IgG struction of the improved expression vector is described in 

as a standard in this assay. it is also possible to estimate an Example 10 in detail. 

amount of human-like antibody (in this case. chimeric PM-1 CHO dhfr(-) cells (G. Urlaub et al .. Proc. Natl. Acad. Sci. 

antibody) present in the medium from the cos cells. For the 45 USA (1980) 77:4216-4220) were co-traosfected with two 

detection of human antibody. pl.ates were coated with goat plasmid DNAs. the HCMV-V c HC,., vector for expressing 

anti-human IgG (whole molecule. Sigma). Following chimeric PM-la L chain (HCMV-pmk.a-gk) and the HCMV-

blocking. the samples from cos cells were serially diluted V irHCy1-dhfr vector for expressing chimeric PM-1 H chain 

and added to each well. After incubation and washing. (DHFR-6EPMh-gyI;Example 10).DNA(lO µfmlofcach 

alkaline phosphatase-conjugated goat anti -human IgG so plasmid) was added to a 0.8 ml aliquof of lxlO cells/ml in 

(gamma chain specific. Sigma) was added. After incubation PBS. A pulse was delivered at 1900 volts. 25 microfarads 

and washing. substrate buffer was added After incubation. capacitance. Aftec a 10 min recovery period at a room 

the reaction was stopped and the optical density at 405 nm temperature. the electroporated cells were added to 10 ml of 

measured. Purified human IgG (Sigma) was used as a Alpha minimum essential medium (a-MEM) containing 

standard ss nucleosides and 10% FCS. After overnight incubation. the 

The medium from the cos cells transfected with the medium was changed to a-MEM without nucleosides and 

vectors carrying the chimeric PM-1 genes was positive for with 10% FCS and 500 )Jg/ml of G418 (GIBCO) for the 

the expression of a human-like antibody and the approxi- selection of dhfr+and neo"'ttansforroed cells. After selection. 

mate amounts were quantified as described the selected clones were used for gene amplification. After 

Next. the same medium from the cos cells transfected 60 one round of amplification in 2xl0-s M methotrexate 

with the vectors carrying the chimeric PM-1 genes was (MTX). a cell line (PMlk3-7) was selected that produced 

assayed for a an ability to bind to human IL-6R. For the approximately 3.9 µg/106 cells/day of chimeric PM-l a anti-

detection of binding to the antigen. plates were coated with body. 

Mrl8 mouse monoclonal antibody (Reference Example 1). ELISA assay for the ability of chimeric antibodies to 

an antibody to the human IL-6R. Following blocking. 6S inhibit Il..-6 from binding to human IL-6R. 

soluble recombinant human Il..-QR (SR344) was added Antibodies produced in transfected cos cells or in stable 

After washing. the samples were serially diluted and added CHO cell lines were assayed to determine whether the 
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antibodies could compete with biotinylated ll.-6 for binding 
to ll.-6R. Plates were coaled with MT1 8 mouse monoclonal 
antibody. Following blocking. soluble recombinant human 
IL-6R (SR344) was added. After washing. the samples from 
the cos cells were serially diluted and added together with 
biotinylated Il..-6 to each well. After washing. alkaline 
phosphatase-conjugated slreptavidin was added. After incu
bation and washing. substrate buffer was added. After 
incubation. the reaction was stopped and the optical density 
at 405 run measured. The Results are shown in FIG. 5. 

32 
Three mutagenk primers phv-1. phv-2. and phv-3 were 

synthesized for the construc1ion of reshaped human PM-1 H 
chain V region. They were purified on 12% polyacrylamide 
gels containing 8M urea. The mutagenic primer phv-1 was 

s designed not only for mouse PM-1 CDRl-grafting but also 
for mutations at positions 27 and 30 in human PRl. Ser 10 
Tyr and Ser to Thr. respectively. Each 100 µI PCR reaction 
typically contained 10 mM Tris-HCI (pH 8.3). 50 mM KO. 
1.5 mM MgCl2 • 250 µM dNTPs. 50 ng of the template DNA 

10 (Vh-lys-pUC19). 2.511 of AmplJTaq (Perkin Elmer Cetus) 
Example 7 and the primers. The first PCR reaction containing l JIM of 

Construction of reshaped human PM-1 antibodies each of the phv-3 and APCR4 primers was carried out. after 
In order to achieve CDR-grafting more rapidly and an initial denaturatioo at 94° C. for 1.5 min. for 30 cycles of 

efficiently. a method for sequential CDR-grafting by PCR 94° C. for 1 min. :n° C. for l min and 72° C. for l min were 
was developed. This method is based on PCR-mutagenesis IS repeated. The ramp time between lhe annealing and synthe-
metbods (Kamman et al .. 1989). sis steps was set for 2.5 min. The completio n of the last cycle 

In order to prepare the template DNAs containing the was followed by a final extension al 72° C. for 10 min. A523 
selected human FRs for CDR-grafting. ii was necessary lo bp PCR product was purified using a 1.6% low melling 
red one suitable reshaped human V regions into convenient temperature agarose gel and then used as a primer in the 
vectors. Plasmid DNAs alysll and F lO code for reshaped 20 second PCR reaction. 
human Dl.3 L and H chains and contain the FRs from In lhe second PCR reaction approximately 1 µg of the 
human REI and NEW. respectively. An approximately 500 purified first PCR product and 25 pmoles of the mutagenic 
bp Ncol-BamHI fragmenl containing DNA sequence coding primer phv-2 were used as pri.meis. The PCR conditions 
for the reshaped human D 1.3 L chain V region was excised were the same as described foc the first PCR reaction. In the 
from alysll and subclooed into Hiodlll-BamHI cleaved- 2s same manner. a 665 bp PCR product from the second PCR 
pBR327 to obtain a vector V l-lys-pBR327. Hindlll-BamBI reaction and a 737 bp PCR product from the third reaction 
fragment from the V l -lys-pBR327 was inserted into were used as primers in the third PCR Teactioo with the 
Hindlll-Bam.HI cleaved pUCl 9 to obtain a vector V 1-Jys- primer phv-1. and in the fourth PCR reaction with the primer 
pUC19. An approximalely 700 bp Ncol-BamBI fragment APCRl. respectively. A 1.172 kb PCR product from the 
containing DNA sequence coding for the reshaped human 30 fourth PCR reaction was purified. digested with Hind.Ill and 
Dl.3 H chain V region was excised from F lO and subclooed BamHI. and then an approximalely 700 bp fragment con-
into the Hindlll-Ba.m.HI sile of pBR327 vector. using a taining lhe reshaped hwnan PM-1 H chain V region was 
Hindlil-Ncol adaptor. yielding Vh-lys-pBR327. A Hindill- subclooed into a pUC19 vector. Two of four clones 
Bamlll fragment was then excised from this vector and sequenced had the DNA sequence coding for the correct 
subclooed into HindID-BamHI cleaved pUC19 vector yield- 3S amino acid sequence and were desig.oated pUC-RVh-PM la. 
ing Vh-lys-pUC19. In order to construct other versions of reshaped PM-1 H 

Note the construction of the plasmid alysll and the DNA chain V region. five mutagenic PCR primers were synthe-
sequence coding for lhe reshaped human Dl.3 L chain V sized. Each PCR reaction was essentially carried out under 
region used in a template is described. The DNA seque nce the same condition as described above. For version "b". 
coding for the reshaped human D 1.3 H chain V region in the 40 mutageoic primer phv-m4 (Val-71 to Arg-7 1; the number is 
plasmid FlO used as a template is described in V. Vcrlloey acoording to Kabat et al; sc.e Table 3) (SEQ ID NO: 46) and 
et al .. Science 237:1534-1536 (1988) FIG. 2. APCR4 were used in the first PCR reaction with template 

flG. 6 diagrams the primers and the PCR reactions used DNA. pUC-RVh-PMla. The PCR product from this first 
in the construction of the first version of reshaped human PCR reaction was purified and was used as a forward primer 
PM-1 H chain V region. A backward Jrimer A (APCRl; 4S in lhe serond PCR reaction wilh the primer APCRl. The 
SEQ NO: 41) and a focward primer E (APCR.4; SEQ NO: PCR producl from the second PCR reaction was purified 
42) hybridize to DNA sequences on the vector. Although using a 1.6% low melting temperature agarose gel. digested 
APCRl and APCR4 were specifically designed for pUC19 with HindIIl and Bamlll. and subclooed into a pUC19 
vector. universal Ml3 sequence primers could be used. vector yielding pUC-RVh-PMlb. In the same manner. vcr-

The CDRl-graftiog/mutagenic !XiJncr B (phv-1; SEQ so sion "c" (pUC-RVh-PMlc) was obtained using a mutagcnic 
NO: 43). CDR2-graftiog primerC (phv-2; SEQ NO: 44) and primer phv-nm (As~l to Gln-1) (SEQ ID NO: 47) and a 
CDR3-graftiog primer D (phv-3; SEQ NO: 45) were 4-0-60 template pUC-RVh-PMlb; vers ion "d" (pUC-RVh-PMid) 
bp in length. consisting of DNA sequences coding for CDRs was obtained using a mutagenic primer phv-m6 (Ile-48 to 
from the mouse PM-1 H chain V region and the human PRs Met-48) (SEQ ID NO: 48) and a template pUC-RVh-PMlb; 
in the template DNA that flank the CDR regions. In the first ss version "e" (pUC-RVh-PMle) was obta.iJled using the 
PCR reaction. the foiward primer APCR4 and the backward mutageoic primer phv-m6 and a template pVC-RVh-PM le; 
primer D were used. The first PCR product. which contains and "version f ' (pUC-RVh-PMlf) was o btained using a 
lhe mouse PM-1 CDR3 sequence. was purified and used in mutagenic primer phv-m7 (Thr-28 to Ser-28. and Phe-29 to 
the second PCR reaction as a forward primer with primer C De-29) (SEQ ID NO: 49) and a template pUC-RVh-PMlb. 
as the backward primer. In the same manner. the second and w Amino acid sequence of the version "f" of the reshaped 
third PCR products. which contain mouse PM-1 CDR2 and human H chain V region. and a nucleotide sequence cod.in 
CDR3. and all three mouse PM- 1 CDRs. respectively. were therefor is shown in SEQ ID NO: 54. 
used as primers in the following PCR step. The fourth PCR FIG. 7 diagrams the primers and the PCR reactions used 
product. which has the complete reshaped human PM-1 H in lhe construction of lhe first version of reshaped human 
chain V region. was purified. digested with H.indilI and 6S PM-1 L chain V region. For the construc tion of the first 
Bamlll. and subcloned into a pUC19 vector for further version of reshaped human PM-IL chain V reg.ion. CDRl-
analysis. grafting primer pkv-1 (SEQ ID NO: 50). CDR2-grafting 
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primer pkv-2 (SEQ ID NO: 5 1) and CDR3-grafting primer vector contains genomic DNA coding for the human kappa 
pkv-3 (SEQ ID NO: 52) were synthesized and purified on a C region (I'. H. Rabbitts et al.. Curr. Top. Microbiol. 
12% polyacrylamide gel containing 8M urea. PCR reactions Immunol. ( 1984) 113: 166-17 1) and the H chain expression 
were carried out as described above. The first PCR reaction vector contains genomic DNA coding for the human 
contained lµM ofeachofthepl-v-3andAPCR4primers. A 5 gamma-! C region (N. Takahashj et al. Cell (1982) 
350 bp PCR product from the first PCR reaction was purified 29:671-679). The HCMV expression vectors are versatile 
using a 1.5% low melting temperature agarose gel and used and can be used for both transient and stable expression in 

as a forward primer in the second PCR reaction. The PCR a variety of mammalian cell types. 
product from the second PCR reaction was purified. digested Example 9 

with BamHl and HindlII. and the 500 bp fragment contain- 1o Construction of vectors that employ the human elongation 
ing the CDR.1-grafted DNA was subcloned into a pUC19 factor l a. (HEF-l cx) promoter to express geneticaUy-
vector for DNA sequencing. A plasmid DNA having the engineered antibodies in mammalian cells (FIG. 8 and f1G. 
correct sequence was identified and used as the template 9) 

DNA in the following PCR reaction. In the third PCR TilC human polypeptide chain elongation factor la (HEF-
reaction. 25 pmoles of mutagenic primers pkv-2 and APCR4 

1s lex) is one of the most abundant proteins. [t is expressed in 

were used. The PCR product from the third PCR reaction most cells. The transcriptional activity of the human EF-la 

was purified and used as a primer. with the primer pkv-1. in promoter-enhancer is about 100-fold stronger than that of 

the fourth PCR reaction. In the same manner. the PCR the SV40 early promoter-enhancer (D. W. Kim et al .. Gene 
product from the fourth PCR reaction was used as a primer. (l990) 91 :217_223. and T. Uetsuki et al.. J. Biol. Chem. 

with the APCRl primer. in the fifth PCR reaction. 20 ( l989) 264:5791-5798). The 2.5 kb HEF-l<X promoter-
A <rl2 bp PCR product from the fifth PCR reaction was enhancer regjon consists of approximately 1.5 kb of DNA 

purified. digested with BamHI and HindITL and subcloned flanking the 5'-end of the gene. 33 bp in the first exon. 943 
into a pUC19 vector for DNA sequencing. A problem was bp in the first intron. and 10 bp of the first part of the 2nd 

identified in the CDR2 region. 1Wo additional PCR reactions exon. The approximately 2.5 kb Hindlll-EcoRI fragment 

were necessary. In the sixth and seventh PCR reactions. the 25 was excised from plasmid DNA pEF321-CAT (D. w. Kim et 

PCR product from the fifth PCR reaction. as cloned into al.. Gene (l990) 9l:2l7-223. and T. Uetsuki et al .. J. Biol. 

pUC~9 vector. v.:as used as template DNA. In the sixth PCR Chem. (1989) 264:579l-5798) and cloned into pdKCR 

reaction. the pr~rs were pkv-~ and ~4. The PCR vector DNA (M. Tsuchjya el al.. EMBO J. (1987) 

product. from ~e sixth PCR r~on w~ purified and used 6:611-616) (K. O'Hare et al .• Proc. Natl. Acod .. Sci USA 

as a~· with the APCRl pruner. 10 the seven!h PCR 30 Vol. 78. No. 3. 1527-1531. 1981) to replace an approxi-
rea~tion. ~e PCR p~oduct of the scve~th PCR reacuon was mately 300 bp Hindlil-E.c:oRI fragment containing the sv 40 

purifi.ed. digested with B~ and Hindlll. and a 500 bp early promoter-enhancer sequence thus yielding pTEF-1. 
DNA fr~gment was subcloned mto a pUC19 vector for DNA pTEF-l was digested with EcoRl filled-in with the Kienow 

sequenc.wg. 1Wo of five clones Sc:<Juenced bad the correct polymerase. and ligated to Hindlll linkers. An approxi-

DNA sequence: The clon.e was designated pUC-RV 1-PMla. 35 mately 1.6 kb Hindlll-Smal fragment was then excised from 

The sequence 1s sho~n JD SEQ ID NO: 5~. the modified pTEF-1 vector DNA. 
For the constr~on of.the other ver~1on .of reshaped Plasmid DNA HCMV-12h-gyl (.1.E.2) was constructed 

humanPM-1 LchainVregion:amutageruc~pvk-ml from the HCMV-l2h-gyl constructed in Example 5 by 

(SEQ~ NO: 53) °"'.'as synthesized. The PCR reactio?s were partially digesting HCMV-12h-gyl with EcoRI. filling-in 

essenti~y as ~scribed above. In the first PCR reaction. the 40 with ldenow polymerase. and self-ligating. 
mutageruc. pruner pkv-ml (~e-71 to Tyr-71) and the The plasmid HCMV-12h-gyl (.1.E.2) was digested with 

APCR4 pruner were used with the template DN~ pUC- EcoRI. filled-in with Klenow polymerase. and digested with 

RV ~-PM la. The PCR p~oduct ~f the first PCR r~acuo~ was HindIII. The resulting approximately 7 kb fragment con-
punfied and used ~s a pruner. with the APCRl pruner. 1n the tainiog the DNA sequence coding for human gamma-I c 
seco~d PCR rea~tion. ~e PCR fl"oduct of the s~nd PCR 4S region was ligated to the above-prepared 1.6 kb Hind.ID-

reacbon w~s purified. digested with BamHI and Hin~. and Smal fragment containing the HEF- l cx promoter-enhancer 
subcloned 10t~ a pUC19 vector for DNA sequencmg. The yielding HEP-12h-gyl. The HEF- l a promoter-enhancer 

clone was designated pUC-RV 1-PMlb. region in th.is vector was the same as that in pTFF-1 except 

Example 8 for 380 bp of DNA flanking the 5'-region. The H chain V 

Construction of vectors that employ the hwnan cytomega- 50 region. present as a Hindlll-Bam.HI fragment. was easily 

lovirus inunediate early (HCMV) promoter to express interchangeable with other H chain V regions. 
geneticaUy-engineered anllbodies in mammalian cells (FIG. Hindlll-BamHI DNA fragments containing the reshaped 

1). H chain V region were excised from the pUC-RVh-PMla. 
The DNA fragments coding for the chimeric PM-1 Land pUC-RVh-PMlb. pUC-RVb-PMlc. pUC-RVh-PMld. pUC-

H chain V regions were initiaUy inserted into HCMV vectors ss RVh-PMle. and pUC-RVh-PMlf (Example 7). and inserted 

(HCMV-V cHC,. and HCMV-V ll"HCyi) designed to express into the Hindlil-BamHI portion of the HEF-12h-gyl to 

either human .kappa L chains or human gamma-I H chains obtain expression vectors RVh-PMla. RVh-PMlb. RVh-

in mammalian cells (see F1G. 1). A detailed description of PMlc. RVb-PMld. RVh-PMle and RVh-PMhf. respec-
the construction of the HCMV expression vectors is pub- tively. The expression vectors RVb-PMla. RVh-PMlb. 

lisbed in Maeda et al .. Human Antibodies and Hybridomas 60 RVh-PMlc. RVh-PMld. RVh-PMle and RVh-PMlf. as 

(1991) 2: 124-134: C. A. Kettleborough et al.. Protein Enge- well as HEF-PMh-gyl have the reshaped human PM-1 H 
neering (1991) 4:773- 783. Both vectors are based on chain V regions versions "a". "b'". "c". "d". "e" and "r'. as 
pSV2noo (P. J . Southern et al.. J. Mol. Appln .. Genet (1982) well as the mouse PM-1 H chain V reg.ion. respectively. 
1:327-341) and contain the human cytomegalovirus To construct the L chain expression vector. HEF-12k-gk. 

(BCMV) promoter and enhancer (M. Boshan et al .. Cell 65 an approximately 3.0 kb Pvul-HindID fragment conlaiojng 

(1985) 41:521-530) for high level transcription of the the HFF-lcx promoter-enhancerregion was excised from the 

imrounoglobulin Land H chains. The L chain expression HEF-12h-gyl and ligated to an approximately 7.7 kb Pvul-
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Hindill fragment from the HCMV L chain expression vector 
HCMV-J2k-gk constructed in Example 5 to obtain HEF-
12k-gk. As for the H chain expression vector HEF-12h-gyl. 
the L chain V region in HEF-12k-gk.. present as a Hindlil
BamHl fragment. is easily interchangeable with other L 
chain V regions. 

HindlD-BamHI DNA fragments containing the reshaped 
human L chain V region were excised from the pUC-RV 1-
PM la and pUC-RVl-PMlb (Example 7). and inserted into 
the Hindill-BamHI portion of the HEF-12k-gk to obtain 
expression vectors RV 1-PM la and RV 1-PMlb. respectively. 
The expression vectors RV 1-PMla. RV 1-PMlb. and HEF
PMk-gk have the reshaped human L chain V regions "'a". 
"b". and the moose PM-1 L chain V region. respectively. 

36 
Cells were also co-transfected with vectors expressing chi
meric PM-1 Land H chains (HCMV-PMJca-gk and HCMV
PMh-gyl ). Data using unpurified cos cell supernatants 
showed that version "a" of reshaped human PM-1 L chain 

5 was equivalent to chimeric PM-1 L chain in assays for 
binding to ll.-6R. Version "b" of reshaped human PM- I L 
chain. however. virtually abolished binding to ll.-6R (FlG. 
12). From these results. it was concluded that the change at 
position 7 1 in FR3 from phenylalanine (as present in the 

10 
human REI as modified for CAMPATH- IH) to tyrosine (as 
present in natural human REI and in moose PM· l ) was very 
detrimental to the formation of a functional antigen-binding 
site. 

Version "a" of the reshaped human PM-1 Lchain V region 

15 
was selected as the best version. In subsequent experiments 

Example 10 evaluating the different versions of reshaped human PM- 1 H 
Construction of vectors that employ the dihydrofolate reduc- chain V regions. version "'a" of the reshaped human PM-1 L 
tase (dhfr) gene linked to a defective SV40 promoter- chain v region was always used. 
enhancer sequence to achieve high levels of expression of Evaluation of the six versions of reshaped human PM-1 H 
genetically-engineered antibodies in CHO cells (AG. 10 and 

20 
chain V regions were conducted by ro-transfecting cos cells 

AG. 11). widt one of the six vectors expressing reshaped human PM- I 
In order 10 remove the enhancer sequence from the SV 40 H chains (RVh-PM la. RVh-PM lb. RVh-PM I c. RVh-PM Id. 

early promoter. the plasmid DNA pSV2-dhfr (S.Subramani RVh-PMle or RVh-PMlf) and the vector expressing version 
Cl al .. Mot. Cell. Biol .. (1981) 1: 854-864) (ATCC 33694) '"a" of the reshaped human PM-1 Lchain (RV 1-PMla). Cells 
was digested with Sphl and Pvuil. filled-in with Klenow 

25 
were also co-transfected with vectoes expressing chimeric 

polymerase. and self-ligated to yield pSV2-<1hfr-b.E (see PM-I Land H chains (HEF-PMK-gk and HEF-PMb-gyl). 
AG. 10). An approximately 3.7 kb EcoRI fragment con- Preliminary data using unpurified cos cell supern.atants 
taining the HCMV promoter. the H chain V region. and the showed that version "a" of reshaped human PM-1 L chain 
human gamma-I C region was excised from HCMV-PMb- and version "f' of reshaped human PM-I H chain were 
gyl by partially digesting with EcoRI. This fragm.ent was 

30 
equivalent to chimeric PM-I Land H chains in assays for 

ligated to EcoRI-digested pSV2-<1hfr-AE to yield DHFR- binding to Il--6R. 
6E-PMb-gyl. To confirm this preliminary data. chimeric and reshaped 

A similar vector was constructed based on the H chain human PM-1 antibodies were concentrated and pwified 
expression vector that employs the HEF-la promoter- from cos cell supematants using Protein A. Namely the 
enhancer (see FIG. 11). An approximately 3.7 kb EcoRI 

35 
media from cos cells was concentrated using a 100 kd cut-off 

fragment derived from HCMV-12h-gyl was ligated with ultrafiltratioo device (Amicon). lbe CODCClltratcd media was 
E.coRI-digestcd pSV2-dbfr-b.E to yield DHFR-6E-12b-gyl. pwified using Protein A agarose (Affi-Gel Protein A MAPSil 
The BamHI site following the dbfr cDNA sequence in kit. BioRad). Briefly. the concentrated media was applied to 
DHFR-AE- 12h-gyl was removed by partially digesting with a Protein A agarose column that was equilibrated with five 
BamHI. filling-in with Kienow polymerase. and self-

40 
bed volumes of binding buffer. The column was washed with 

ligating. An approximately 4 kb Pvul-Bamlll fragrocnt 15 bed volumes of the binding buffer. followed by 5 bed 
containing the dhfr cDNA was excised from the modffied volumes of the elution buffer. The eluate was concentrated 
DHFR-AE- 12h-gy1 DNA and ligated to an approximately 3 and the buffer changed to PBS using a rnicroconcentrator 
kb Pvul-BamHI fragment from RVb-PM lf-4 (constructed in (Centricon 10. Amicoo). The purified antibodies we.re used 
Example 12) to yield DHFR-AE-RVh-PMlf. s for further analysis. 

The improved expression plasmids as p-epared above can 4 
The analysis of purified samples of chimeric PM- I 

be used foe the production of the reshaped human PH-1 antibody. and reshaped human PM-1 antibodies with version 
antibodies of the present invention. "a" of the L chain V region and versions "a". "b'". "c". "d". 

Example 11 
Expression and analysis of different versions of reshaped 
human PM-I antibody 

"e". and "f' of the reshaped human H chain V region was 

50 
carried ouL Version "a" of the L chain plus version "f' of the 
H chain is clearly the beM reshaped human PM-1 antibody. 
It binds to ll.-6R as welJ as chimeric PM-1 antibody does 
(AG. 13). It also inhibits human ll.-6 from binding to the 
IL-6R as well as both the mouse and chimeric PM- 1 

The HEP-l a vectors expressing reshaped human PM-1 L 
and H chains were co-transfectcd into cos cells. As a 
standard control. REF- la vectors expressing chima-ic PM-1 
Land H chains were also co-transfected into cos cells. After .ss antibodies do (FlQ_ 14). 
3 days the medium from the transfected cos cells was Example 12 
colloctcd and analyzed by ELISA (1) for the amount of Reconstruction of the reshaped human PM-1 V regions to 
human IgG antibody present in the supernatant and (2) foe improve the levels of expression. 
the ability of that human lgG to bind to Il..-6R. Later the In order to remove the intrans within the DNA sequences 
same samples were also tested by ELISA for the ability of 60 coding for the leader sequences of the reshaped human 
the antibody to inhibit human L6 from binding to human PM-I Land H chain V regions (see SEQ ID Nos: 54 and 55). 
ll.-6R. the cDNAs coding for the V regions were recloned using the 

Evaluation of the two versions of reshaped human PM-1 PCR primers. The Land H chain expression vectors RV 1-
L chain V regions were conducted by co-transfecting cos PM la and RVh-PM lf were co-transfecte<l into cos cells. 
cells with one of the two vectors expressing reshaped human 65 After 48 hrs. total RNA was p-epared (Chirgwin et al .• 
PM-1 L d!aios (RV I-PM la oe RV I-PM lb) and the vector Biochemistry (1979) 18:5294-5299) and 5 µg of total RNA 
expressing chimeric PM-1 H chain (HCMV-PMh-gyl ). was used for the first strand cDNA synthesis as described for 
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1he PCR cloning of mouse antibody V regions. Three PCR 
primers were designed and synthesized. LEV-Pl (SEQ ID 
NO: 60) and HEV-Pl <SEQ ID NO: 58) contain the splice 
donor sequence and the Bamlil site and were used as 
forward primers for the L and H chain V regions. respec- s 
tively. HEV-P2 (SEQ ID BO: 59) contains the Kozak 
consensus sequence before the ATG ioiliation codon and the 
Hind.ID site and was used as a back.ward primer for both lhc 
L and H chain V regions. Each 100 µI PCR reaction 
contained 20 mM Tris-HCI (pH 8.8J. 10 mM KCI. 10 mM 10 

(NH4 hS04 • 2 mM MgSO,.. 0.1% Triton X-100. 0.1 µg BSA. 
250 µM dNTPs. 2.5µ of Venl DNA polymerase (Biolabs. 
U.J(.). 50% of the first-strand cDNA synthesis reaction and 
100 pmoles each of the forward and backward primers. Each 

PCR tube was overlayed with 50 µJ of mineral oil and then 1s 
cycled. after an ioi1ia1 melt at 94° C. for 1.5 min. at 94° C. 
for l min. 50° C. for 1 min. and 72° C. for 1 min. and then 

at 72° C. for 10 min. The 408 bp PCR product containing the 
L chain V region and the 444 bp PCR product containing the 

38 
"a" wherein introns have been deleted is shown in SEQ ID 
NO: 57. and sequence of reshaped human PM-1 antibody H 
chain V region version "r' wherein have been deleted is 
shown in SEQ ID NO: 56. 

Example 13 
Construction of DNA coding for reshaped human AUK 
12-20 antibody L chain V region 

A process for construction of DNA coding for a reshaped 
human AUK 12-20 antibody L chain V region is shown in 
FIG. 16. A gene coding for a human antibody L chain V 
region is incorporated into pUC19 vector using restriction 
enzymes Hind.ID and 8amHL Eight PCR primers (A to HJ 
are prepared. and in the first PCR 4 regions which form a 

gene coding for the V region are amplified. The primers A 
and H have homology to DNA sequences on the pUC19 
vector. The primers B. C and D are primers of 40 to 60 bp 
length each having a gene sequence of CDR to be grafted. 

respectively. The primers E. F and G have homology to 
DNA sequence of 15 to 20 bp length of the 5'-terrninus of the 

H chain V region were purified using 2.0% low melting 

temperature agarose gels. digested with 8am1U and Hind.Ill. 
and subcloned in10 a pUC19 vector to obtain pUC-RV l

20 primers B. C and D. respectively. Four first PCR use pairs 
of primers A and E. B and F. C and G. as well as 0 and H. 
respectively. 

PMla-3 and pUC-RVh-PMlf-3 respectively. 
It was revealed that the DNA sequences of the reshaped 

human PM-1 Land H chain V regions contain inappropriate 2s 
splice donor and acceptor sites (sec SEQ ID NOs: 54 and 
55). The sites within the L chain V region are not frequently 
used (approximately 10% of the mRNA). but the sites within 

The PCR product A-E encodes FRI. and the PCR product 
8-F encodes CORI and FR2. The 3'-tenninal portion of the 

A-E fragment and the 5'-terminal portion of the 8-F frag
ment have homology in their 15 to 20 bp length. allowing to 

join thece fragments at latter stage. Similarly. the 8-F 
fragment has a homology with the C-G fragment which 

encodes CDR2 and FR3. The C-G fragment further has a the H chain V region are used frequently (approximately 
90% of the mRNA). This aberrant splicing resulted in low 
levels of expression of the reshaped hum.an PM-1 antibody. 

30 homology with the D-H fragment which encodes CDRJ and 
FR4. Thus. these 4 fragments can be joined by their mutual 

homology. After joining these 4 fragments in a PCR reaction 
mixture. primers A and H are added thereon in the second 

Io order to avoid aberrant splicing in the V regions. the 
splice donor sites were removed using a PCR-based method. 
For the H chain V region. the backward primer NEW-SPl 
(SEQ ID NO: 61) and the forward primer NEW-SP2 (SEQ 3S 

ID NO: 62) were synthesized. changing the DNA sequence 
TGG GTG AGA to the DNA sequence TOO GIT CGC. The 
conditions foe the PCR reactions were as described above 
for cDNA cloning except that the template DNA was 50 ng 

of pUC-RVh-PMlf-3 and the primers were either HEV-P2 40 

and NEW-SP2. or HEV-Pl and NEW-SPl. 
The PCR products from the two PCR reactions were 

purified using a 2.0% low melting temperature agarose gel 
and used in a PCR joining reaction. A 98 µl PCR reaction 

PCR to amplify a product formed by correct joining of the 

4 fragmenL The second PCR product thus obtained has three 
grafted CDRs. and after digestion with Hindlll and 8amHL 

is subcloned into pUC19 vector. 
More specifically. as a template. plasmid pUC-RVl

PMla-4 constructed by inserting a DNA encoding reshaped 
human PM-1 antibody L chain V region version "a" into 
plasmid pUC19 was used. 

The above-mentioned primers A to H have the following 
sequences. 

containing 0.5 µg of each of lhe firs1 PCR products and 5µ •s ------------ -------

A. REVERSE 

Forward 
SEQ ID NO. primer SEQ ID NO. 

of Vent DNA polymerase was incubated at 94° C. for 2 min. 
50° C. for 2 min. and 72° C. for 5 min. and then 100 pmoles 
each of REV-Pl and HEV-P2 primers were added. The PCR 
rube was overlayed with 30 µI of mineral oil and subjected 

to 25 cycles of PCR. at 94° C. for 1 min. 50° C. for 1 min. 
and 72° C. for 1 min. and then incubated at 72° C. for 10 

B. 1220-Ll 
SO C. 1220-L2 

D. 1220.J..3 

83 
65 
67 
ff) 

1220-L16 
122~L2b 
1220L3b 
UNIVERSAL 

66 
68 
70 
82 

min. 
lo the same manner. the splJce donor site in the reshaped 

human PM-1 L chain V region was removed using PCR 
primers REl-SPl (SEQ ID NO: 63) and REI-SP2 (SEQ ID ss 
NO: 64) that changed the DNA sequence CAG GfA AGG 

The backward primers 1220-Ll. 1220-1.2 and 1220L3 for 
CDR grafting were purified with 12% polyacrylamide gel 
containing 8M area prior to using them. 

A 100 µJ PCR reaction mixture contained 20 mM Tris
HCl (pH 8.8). 10 mM KCl. 10 mM (NH,.)2S04 • 2 mM 
MgSO,.. 0.1% Triton X-100. 1 µg BSA. 250 µm dNTPs. 5 
units Vent DNA polymerase (Biol.abs. U.K..). 50 ng pUC-

to the DNA sequence CAG GAA AGG (see). Both PCR 
products. a 408 bp DNA fragment for the L chain V region 
and a 444 bp DNAfragmeot for the H chain V region. were 
puriiied using a 2.0% low melting temperature agarose gel. 
digested with Hindlll and BamHl. and subcloned into a 
pUC19 vector to yield pUC-RVl-PMla-4 and pUC-RVh
RM lf-4. respectively. 

60 RVl-PMla-4 DNA. and 100 p moles each of the forward 
and backward primers. Each PCR tube was overlaid with 50 
µJ of mineral oil. and after an initial denaturation at 94° C. 
for 1.5 minutes. 30 cycles of reaction al 94° C. for 1 minute. 

RVh-PMlf-4 was constructed by replacing the Hiodlll
BamHI fragment of RVh-PMlf with the Hiodlll-8amHI 6S 

fragment excised from pUC-RVh-PM lf-4. Sequence of 
reshaped human PM-1 antibody L chain V region version 

50° C. for 1 minute and 72° C. for 1 minute was carried OUL 

followed by an incubation at 72° C. for 10 minutes. 
Each of the PCR products. 252 bp (A-E). 96 bp (B-F). 130 

bp (C-G) and 123 bp (D-H) was purified with a 2.0% low 
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melting agarose (FMC. Bio. Products. USAJ. Namely. an 
agarose piece containing a DNA fragment was excised. 
melted at 65° C. for 5 minuces. and added to the same 
volume of 20 mM Tris-HCI (pH 7.5) containing 2 mM 
EDTA and 200 mM NaCl. The mixture was extracted with 
phenol and chloroform. The DNA fragment was rerovered 
by an ethanol precipitation. dissolved in 10 mM Tris-HCl 
(pH 7 .5) containing J mM EDTA. and used for PCR joining 
reaction. 

Next. 98 µI of a PCR reaction mixture containing 0.2 µg 
each of the first PCR products and 5 units of Vent DNA 
polymerase was incubated at 94° C. for 2 minutes. 50° C. for 
2 minutes and 72° C. for 5 minutes for a joining reaction. 
Next. 100 p moles each of the primers A (REVERSE) and 
H(UNIVERSAL) were added to the reaction mixture to 
make it to 100 µI volume. and the reaction mixture was 
overlaid with 50 µJ of mineral oil and subjected to 30 cycles 
of a reaction at 94° c. for l minute. 50° c. for 1 minute and 
72° C. for 1 minute. followed by an incublation at 72° C. for 
10 minutes. 

The second PCR product of 558 bp length containing an 
Lchain V region in.to which CDRs of the mouse monoclonal 
antibody AUK 12-20 L chain had been grafted was purified 
by a 2.0% low melting agarose gel and after digestion with 
Bamlil and Hindlll. subcloned into a pUC19 vector to 
obtain pUC-Rl.L-1220a. and sequenced. A resulting amiJlo 
acid sequence of the L chain V region and a nucleotide 
sequence encoding the amino acid sequence is shown in 
SEQ ID NO: 71. 

Next. for construction of an L chain CXJXCssion vector. a 
Hindlil-BamHI DNA fragment containing a reshaped 
human AUK 12-20 antibody L chain V region was excised 
from the above-mentioned plasmid pUC-RV c1220a. and 
inserted to Hiodlll-BamHI site of an L chain expression 
vector HEF-12k-gk to obtain an exjll'Cssion vector RV L -

1220a for reshaped hwnan AUK 12-20 a.ntibody L chain V 
region version " a" . 

40 
specific. Sigma) was added thereon. After incubation and 
washing. a substrate solution was added. After further 
incubation. the reaction was tenninated and an optical 
density at 405 nm was measured. As a standard. purified lgG 

s (Sigma) was used. 
ELISA for confinnation of an ability t o bing to human 

IL-6R 
A supernatant from the transfected COS cells was assaied 

by ELISA to determine whether the produced human-like 
10 

a ntibody can bind to the antigen. human IL-6R. A plate was 
coated with a mouse monoclonal antibody Mr 18 (Reference 
Example 1). After blocking with l % BSA. soluble recom
binant human Il..-6R (SR 344) was added to the plate. After 
washing the plate. supernatant from COS cells was scquen-

15 tially diluted and added to each well of the plate. After 
inclusion and washing. alkaline phosphatase-conjugated 
goat anti-human lgG was added to the wells. and after 
further incubation and washing. a substrate solution was 
added thereon. After incubation. !he reaction was terminated 

20 and optical density at 405 nm was measured. 
A result is shown in FIG. 17. The human-like antibody 

comprising a combination of a reshaped human AUK 12-20 
antibody L chain version "a" and a chimeric 12-20 antibody 
H chain exhibited a binding ability to Il..-6R as strong as 

25 
chimeric 12-20 antibody. Optical density a.t 405 nm changed 
in a dilution rate-dependent manner. confuming that lbe 
sample contains an antibody to Il..-6R. lo addition. this result 
shows !hat the reshaped human AUK 12-20 antibody L chain 
version "a" has an antigen binding ability as high as cru-

30 maic AUK 12-20 anti'body L chain. 

Example 15. 
Construction of gene coding for reshaped human AUK 
12-20 antibody H chain using HSGI consensus sequence 

According to the same procedure as descnbed in Example 
3S 13. CDRs of AUK 12-20 antibody H chain V region were 

grafted into the reshaped human V ~25 containing HSG I 
consensus sequences as its FRs (Kettleborougb et al .. Pro-

Example 14. tein Engineering (1991) 4:773-783). Fist. a HiodIII-BamHI 
Expression and analysis of reshaped human AUK 12-20 ONA fragment encoding the reshaped human V ~25 (FlG. 
antibody L chain 40 3 in the literature) was excised from a plasmid HCMV-

Transienc expression in COS cells RV ~-425-yl and subcloned at HiodIII-BamHI sites in pUC 
The expression vector RV L-1220a for reshaped human 19 vector to obtain pUC-RV ~25a. which was then used as 

AUK 12-20 antibody L chain and Che expression vectoc a template. 8 PCR primers (Al 10 Hl) were synlhesiz.ed. The 
HEF-12h-gyl for chimeric 12-20 antibody H chain primer 1220-Hl was designed to graft CDRl and to induce 
(Example 5) were cottansfected into COS cells to evaluate 4S a mutation from T-28 to S-28. and lhe primer 1220-HJ was 
lhe reshaped human AUK 1220 antibody L chain version designed to graft CDR3 and 10 induce a mutation from S-94 
"a". Namely. COS ceUs were suspended in a /!1osphate- to R-94. The primers 1220-Hl. 1220-H2 and 1220-HJ were 
buffeted saline (PBS) at a concentration of l x lO cells 1 ml. purified using a 12% polyaaylamide gel containing 8 M 
and 10 0.8 ml of lhe suspension were added the plasmid urea prior to using them. Nucleotide sequence of each 
DNAs (10 µg for each plasmid). Pulses were applied to !he so primer was as follow. 
suspension at an electric capacity of 1.900 V. 25 µF using a 
Gene Pulser apparatus (Bio Rad). 

After restorac:tion at a room temperature for 10 minutes. 
electroporated cells were added to 8 ml of DMEM medium 
(GIBCO) containing 10% bovine fetal serum. After incuba
tion foc 72 hours. supernatant was coU~. centrifuged 10 
eliminate cell debris. and stored in an aseptic condition at 4 ° 
C. for short period or al -20° C. for longer period. 

Detenninatioo of human-like antibody by ELISA 
A supernatant of the transfected COS cells was assaied by 

ELISA and the production of chimeric antibody was con
firmed. To detect human-like antibody. a plate was coated 
with a goat anti-hum.an IgG (whole molecule) (Sigma). After 
blocking. the supernatant from COS cells was sequentially 
diluted and added to each well. 

The plate was incubated and washed. and an a.lkaline 
phosphatase-conjugated goat anti -human IgG (a-chain 

Backward 
primer SEQ ID NO. Forward primer SEQ ID NO. 

SS A l. REVERSE 83 El. 122(}.HJb 13 
B !. 1220-Hl 72 Bl. 1220-Hlb 15 
Cl . 1220-Hl 74 Gl. l220-H3b 77 
DI. 1220-H3 16 H l. UNIVERSAL 82 

60 Condition of PCR was the same as that described in 
Example 13. except that the pUC-RV 025a was used as a 
template DNA and the above-mentioned primers were used 
for grafting H chain CDRs. Primer pairs of Al and El. Bl 
and Fl. Cl and Gl. as well as 01 andHl were used to carry 

6S out first PCR reactions. and the respective first PCR 
products. 186 bp (Al -El). 75 bp (Bl-Fl). 173 bp (Cl-GI) 
and 105 bp (D I-HI) were purified with 2.0% low melting 
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agarose gel. and used in subsequent second PCR joining RV H-1220a were used in a PCR to obtain a PCR product 

reaction. According to the condition described in Example (vers.ion "c"). The product was digested with Hindill-

13. 0.2 µg each of the first PCR products were used to carry BamHI and inserted at HindllI-BamHI :sites of pUCl 9 

out the second PCR reaction (including PCR joining vector to obtain pUC-RHV-1220c. Moreover. mutagenic 

reaction) to obtain a PCR product of 495 bp containing DNA s primers 1220H-mla (SEQ ID NO: 78). 1220H-mlb (SEQ ID 

coding for a human H chain V region into which mouse NO: 79). and a template pUC-RV 1rl220c were used to 

AUK 12-20 antibody H chain V region CDRs had been obtain a PCR Product (version "d"). which was then 

grafted. and the PCR product was purified using 2.5% low digested with HindllI and BamHI and insened into Hindfil-

melti ng agarose gel. After digesting the PCR product with BamHI sites of pUC19 vector to obtain pUC-RV 1rl220d. 

BaroHI and HiodllI. resulting BamHI-Hindill DNA frag- 10 Note. an amino acid sequence of the reshaped human 

ment was subcloned into pUC19 and sequenced to obtain AUK 12-20 antibody H chain V region version "b" and a 

pUC-RV 1rl220a. nucleotide sequence coding therefor in the plasmid pUC-

lt was revealed that DNA sequence coding for reshaped RV 1rl220b is shown in SEQ No. 84: and an amino acid 

human AUK 12-20 antibody H chain V region contains a sequence of the reshaped human AUK 12-20 antibody H 

sequence well conforming to a splicing donor sequence. ts chain V region version "d" and a nucleotide sequence coding 

which may cause an abnormal splicing which was trouble- therefor in the plasmid pUC-RV 1rl220d is shown in SEQ 

some in the product.ion of the reshaped human PM-1 anti- ID NO: 85. 

body. Therefore. this DNA sequence was modified by PCR. Next. to construct the expression vectors. Hindill-BamHI 

Mutagenetic primers. SGl-SPl (SEQ ID NO: 97) and SGI- fragments containing a reshaped human AUK 12-20 anti-

SP2 (SEQ ID NO: 98) were synthesized. These primers 20 body H chain V region were excised from pUC-RV H" 1220b. 

convert lhe DNA sequence AAG GTG AGC to the DNA pUC-RV ,,-1220c and pUC-RV H-1220d and inserted into 

sequence AAA GTC AGC. Condition of PCR reaction was HindllI-Ba.mHl sites of H chain expression vector HEF-

same as described above. except that 50 ng of pUC-RV H" 12h-gyl to obtain RV 1rl220b. RV 1rl220c and RV 1r1220d 

1220a was used as a template DNA. and the SGI-SPl and respectively. 

UNIVERSAL (SEQ ID NO: 82). or the SGI-SP2 and 25 

REVERS (SEQ ID NO: 83) were used as primers. Example 16. 
PCR products from two PCR reactions were purified by Expression and analysis of various versions of reshaped 

2% low melting agarose gel and used in a PCR joining human AUK 12-20 antibody. . . 

ti 98 µl f PCR cti · tur lain.in 0 2 COS cclJs were cotransfected w1th one of 4 expremon 
reac on. 0 rca 00 nux e ~n g · µg vectors for reshaped human AUK 12-20 antibody H chain 

each of the first. PCR products and 5 um~ of Vent DNA 30 (RV 1220a RV 1220b. RV 1220c or RV 1220d) and 
polymerase was mcubatcd al 94° C. for 2 rmnutes. at 55° C. H" . • W- 27.0H" H" • 

for 2 minutes and at 720 C. for 5 minutes for a joining an cxpress1on vector VR1r 1 a~ evaluate ~ vers10~ of the 

.: N t lOO 1 h f UNIVERSAL d reshaped human AUK 12-20 anttbody H chain V region. For 
reacuon. ex . pmo es eac o an COS . · · 
REVERSE · added t th ti . t reference. cells were cotransfected with expression 

hich :ners ~CZ:~ .. th 
50
° .,1 e /ca~ 0~ ~ ure. vectors for chimeric 12-20 antibody L chain and H chain 

w . · was 0 ov 31 wi ,... 0 ~er .0~ and 35 (HEF-12h-gyl and FEF-12-gk). In an assay for bi.nding to 

~UbJCct:<1 to 30 cycles of sec<>?d PCR reactton constS~g of the human Il..-6R. a reshaped human AUK 12-20 antibod 
10cubat1ons at 94° C. for 1 mtnutes. at 50° C. for 1 minute . . . .Y 

d at 720 c i 1 · t i 11 ed b . b ti t 720 cons1sttng of reshaped human AUK 12-20 antibody L chain 
an : or mtnu e. 0 ow Yan lDCU a. ons ~ and reshaped human AUK 12-20 antibody H chain version 

C. for 10 ID1Jlutes. DNA fragment of 495 bp obtained 10 the "b" d haped h AUK 12 20 .:bod · t' 
d PCR purified b 2 0% 1 1 · . an a res uma.n - anu y oons1s mg 

secon w~ ':I a · ow me tulg agarose g~L 40 of reshaped human AUK 12-20 anttl>ody L chain and 

and subcloned 1010 pUC19 vector and sequenced to obtalO h d h AUK l2 20 'bod H h · · "d" 
pUC-RV ,,-1220a-2. res ape u~n . - anti . y . c arn vers1~n 

Next. HindIIl-BamHI DNA fragment containing DNA shows good b10ding as ~ell as chimenc 12-20 antibody. 

coding for reshaped human AUK 12_20 antibody H chain v These results are shown 10 FIGS. 18 and 19. 

region was excised from the pUC-RV 1r1220a-2. and 4S Example 17. 

inserted at HindllI-Bamlil sites of an H chain expression Construction of gene coding for resh.aped human sle 1220 

vector HEF-12b-gyl to obtain an expression vector RV If antibody H chain using human antibody HAX 

1220a for the reshaped human AUK 12-20 antibody H chain A human antibody having the highest homology with the 

version "att. mouse monoclonal antibody AUK 12-20 !H chain V region 

For construction of genes coding for reshaped human so is HAX (J. Immunology (1987) 139:2496-2501: an anti-

AUK 12-20 antibody H chain V region versions "b" to "d". body produced by hybridoma 21128 derived from B cells of 

two paires of mutagenic primers were synthesized. Each an SLE patient; its amino acid sequence is. shown in AG. 6. 

PCR reaction was carried out under substantially the same and nucleotide sequence therefor is shown in AGS. 4 and 5 

condition as described above. For construction of version of this literature). according to a protein data base "Leeds". 

"b". in two first PCR reactions. either 1.JNIVERSAL primer ss Reshaped human sle 1220H antibody H chain V region was 

(SEQ ID NO: 82) and mutagenic primer 1208-ml (SEQ ID constructed using FRs of the antibody HAX and CDRs of 

NO: 78). or REVERSE primer (SEQ ID NO: 83) and mouse monoclonal antibody AUK 12-20 H chain V region. 

mutagenic primer 1220H-mlb (SEQ ID NO: 79). as well as An entire DNA coding for a reshaped human sle 1220 H 

pUC-RV ,.1220a as a template were used. The first PCR antibody H chain V region version "a" was chemically 

products of 202 bp and 323 bp were purified by a 2.0% low 60 synthesized. DNA coding for sle 1220 H antibody H chain 

melting agarosc gel. and used in second PCR (including V region of an entire length 439 bp was designed by dividing 

PCR joining reaction) under the same condition as described the DNA into 6 oligonucleotides of 90 to 94 bp length 

above to obtain a 495 bp product (version "b"). The product overlapping each other by 2 1 bp (sle 1220 h l to 6; SEQ ID 

was digested with Hindill and BamHI. and subcloned into NOs: 86 to 91. respectively). In designing the 

pUC 19 vector to obtain pUC-RV H" 1220b. 65 oligonucleotides. secondary structure was tested and for 

Similarly. mutagenic primer 1220H-rn2 (SEQ ID NO: sites having struroaal problems the third nucleotide in a 

80). 1220H-m2b (SEQ ID NO: 81) and a template pUC- codon was changed without change of amino acid encoded 
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thereby. The relationship of lhese oligonucleotides and a As a templete pUC-RVh-sle I 220Hb was used. 50 pmoles 
process for construction of double-stranded synthetic DNA each of a mutageoic primer sle 1220Hm2 and the terminal 
are shown in FIG. 20. primer B was used to carry out 30 cycles of the first PCR The reaction shown in FIG. 2t is carried out using PCR reaction. Resulting 176 bp PCR product was purified on a 
technique. Namely. 6 synthetic oligonucleotides were added s 1.6% low melting agarose gel to use as a primer in the 
to a single PCR reaction tube to carry out the first PCR second PCR. This primer and 50 p moles of the terminal 
reaction. thereby two oligonucleotidcs arc anea1ed and primer A was used in the second PCR to obtain a 439 bp 
extended. and further 4 oligooucleotides or an entire oligcr DNA fragment. The PCR product thus obtained was 
oucleotjde are obtained. purified. digested with BamHI and Hiodlll. and subcloned 

Next. terminal primers A (SEQ ID NO: 92) and B (SEQ 
10 

into pUC 19 vector to obtain pUC-RV ,,.,-sic 1220Hd. 
ID NO: 93) arc added to carry out the second PCR reaction. Next. to construct expression vectors for various versfons 
wherein only a correct oligonucleotide having an entire of reshaped human sic 1220H antibody H chain v region. 
length can be amplified. The resulting product fa digested BamHl·Hindlll fragments containing a DNA encoding 
with BamHI and Hind.ID. and subclooed into pUC19 vector. reshaped human sic 1220 antibody H chain v region were 
followed by sequencing. 

15 
excised from pUC-RV 1rsle 1220Hb. pUC-RV 1rsle 122Hc More spccifica1Jy. 98 µI of a reaction mixture containing and pUC-RV.-sle 1220Hd. and inserted into HiodIU-BamHI 

100 mM tris-RCI (pH 8.5). 50 mM KCI. 0.1mMdATP.0.1 sites of the H chain expression vector HEF-12h-gyl to 
mM dGTP. 0.1 mM dCTP. 0.1 mM dTI'P. 1.5 mM MgCl2 obtain expression vectors RV 1rsle 1220Hb. RV 1rsle and 2.5 U of DNA polymerase Ampl.aTaq (Perkin Elmer 22e R 220 Cetus) as well as 5 pmoJes ea.ch of the oligonucleotides was 1 He and V ,,.,-sle 1 Hd respectively. 
denaturated at 940 C. for 1.5 minutes and subjected to 3 20 Each of four vectors expressing reshaped human sle 
cycles of reaction by incubation at 920 c. for 3 minutes. 500 1220H antibody H chain (RV 1rsle 1220Ha. RV trsle 
C. for 2 minutes and 720 c. for 5 minutes. followed by ao 1220Hb and RV ,,.,-sic 1220Hc or RV "sic 1220Hd) and the 
incubation at 720 c. for lO minutes. One µI each of 50 mM vector RV cl220a expressi.og reshaped human AUK 12-20 
tennioa1 primers A aod B were added 10 the reaction antibody L chain were cotransfccted to COS cells to evaluate 
mixture. wrucb was then overlaid wilh 80 µJ of mineral oil. 25 the four versions of the reshaped huma.o sic 1220H antibody 

H chain V regioo for an ability to inhibit the binding of IL-6 and afte.r de.naturation of 940 C. for 1.5 minutes. subjected to Il.-6R. Results is shown in FTGS. 21 to 24. Note. these to 30 cycles of reaction by incubation at 94° C. for 1 minute. 
500 c. for l minute and at 720 c. for 1 minute. followed by result w~re obtained after purifying the produced antibodies 
an incubation at 72° C. for 10 minutes. The PCR product of by protClD A. . 
439 bp was purified by a l.5% low melting agarose geL 30 . As _seen. from . the . above. ~ccordiDg to the present 
di t d 'th ~-= Baro.Hl u:-.rrn d '- 10ven11on. 10 a chimeric L charn or a reshaped human L ges e w1 resu.< .. uOD enzymes n.wU&.&.L. an SU<>- ch . chime · H ...._ · h d h H chain cloned into pUC19 vector. followed by confirmation of aan. or~ . nc u.•Wl or a res ape u~ . · . . . and especially m RF. one or more than one amino acid can se~uence. A clone thus obtained was designated pUC·RV,. be 1 d .th oth . ·d . · · bility t sle 1220Ha. An amino acid sequence of reshaped human sle . rep ace wi er arnuio aci rnamlai.JWlg an _a . 0 
1220H antibody H chain V region version "'a" and a nude- 3S ~md to h~. D..r6R. Therefore. the present inv~ntJoo . . . . mcludes chimeric antibody llDd reshaped human antibody. oode coding therefor 10 the plasmid pUC-RV 1rsle 1220Ha himeri L chain d baped h L ch · hi.meri H are shown in SEQ ID NO: 94. c . c an res ~ ai.n. c . c 

N t Hi dIU BamHI DNA fra t •-:-: a chain and reshaped human H chWI. reshaped L chain V ex . o . gmen coo.~ng gene . d h d H ch · v · h · cocliog for reshaped human 12-20 (sic 1220H) antibody H region. an r~ ~ . arn re~on. w cre10 ooe or more 
chain V region was excised from the pUC-RV ,,.,-sic 1220Ha "° th~ one 8JD1DO aad IS replaced ~ otb~ as ~ell as DNA 
and inserted at HIDdlll-Baro.Hl sites of an H chain expres- coding ~erefor .. as far as they ~taJO theu ~alive ~roperty. 
sion vector HEF-12h-gyl to obtain RV ,,.,-sle l220Ha. StarUOg bybridomas used lD the present invention were 

For construction of version "b" to "d" of reshaped human constructed as follows. 
sic 1220H antibody H cl:iain V region. two mutagenic Reference Example 1 
primers sic 1220Hrol (SEQ ID NO 95) and sle 1220Hm2 4S Construction of Hybridoma MT18 
(SEQ ID NO: 96) were synthesized. In each PCR. Vent DNA To construct a hybridoma producing monoclonal antibody 
polymerase and reaction mixture composition described in to human llA>R. as an immuoogen. a mouse T cell line 
Example 13 were use. In each PCR reaction. a reaction expressing human Il.-OR oo the cell surface was constructed 
mixture containing pUC-RV H"sle 1220Ha as template. 50 as follows. Namely. a plasmid pBSF2R.236 disclosed in 
pmoles of a mutagcnic primer sic 1220Hml or sic so Japanese Patent Application No. Hl-9774 andpSV2neowas 
1220Hm.2. and 50 pmoles of the terminal primer B was transfectedintoamouseTcclllioecn..L-2(ATCCTIB214) 
denaturated at 94° C. for 1.5 minutes. and subjected to 30 according to a conventional procedw-e. and the resultant 
cycles of reaction by incubation at 94° C. for 1 minute. at transformant was screened using G418 according to a con· 
50° C. for l minute and at 72° C. for 1 minute. followed by ventiooal procedure to obtain a cell line expressing about 
an incubation at 72° C. for 10 minutes. The product of 235 5S 30.000 Il..-6Rs per cell. This cell line was desjgnated 
bp or 178 bp was purified by a 1.5% low melting agarose gel crBC3. 
to use as a primer in the second PCR reaction. Namely the The CTBC3 cells were cultured in RPMI 164-0 according 
second PCR reaction was carried out using 50 pmoles of the to a conventional procedure. the cultured cells were washed 
terminal primer A . 0.2 µg of the PCR product and pUC- four times with PBS buffer. and lxl07 cells were intrapcri· 
RV 1rsle 1220Ha as a template. and resul.tiog product of 439 60 toneally injected to C57BU6 mice for immunization. The 
bp was purified by a 1.5% low melting agarose gel. digested immunization was carried out once a week for 6 weeks. 
with BamHI and HiodID. and subcloned into pUC19 vector Spleen cells were obtained from the immunized mice and 
to obtain pUC-RV ,,,sic 1220Hb or pUC-RVE-sle 1220Hc. fused with myeloma P3Ul cells using polyethylene glycol 
which encodes reshaped human sle 1220 antibody H chain according to a conventional procedure. and the fused cells 
V region version "b" or "c". respectivity. 6S were sacened as follows. The D.A>R negative hWD3J> T cell 

A DNA coding for reshaped human sic 1220 H antibody line JURKAT (ATCC CRL 8163) was co--transfected with 
H chain V region version "d" was constructed also follow. the plasmids pBSF2R.236 and pSV2neo . .and transformed 
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cells were screened to obtain a cell line expressing about 
100.000 IL-6Rs per cell. The ce.IJ line was designated 
NJBC8. A hybridoma cell clone producing an antibody 
which recognized NP40-lysed NJBC8 but did not recognize 
NP40-lysed JURKAT was cloned and designated MT18. 
The hybridoma MT 18 was deposited with the Fermentation 
Research Institute Agency of Industrial Science and Tech
nology (FRI). under the Budapest Treaty. as FERM BP-2999 
on Jul. 10. 1990. 

Reference Example 2 
Construction of Hybridoma PMl 

To construct a hybridoma producing monoclonal antibody 
to the IL-6R. as an antigen. human IL-6R was extracted as 
follows. 3xl09 human myeloma U266 cells (IL-6R
producing cells) were lysed in 1 ml of 1 % digitooin. 10 mM 
triethaoolamine buffer (pH 7.4). 0.15 M Nacl and 1 mM 
PMSF (phenylmethylsulfonyl fluoride: Wako Pure 
Chemicals). On the other hand. an MT 18 antibody produced 
by the MT18 hybridoma prepared in Reference Example 1 
was bonded lo cyanogen bromide-activated Sepharose 48 
(Pharmacia) according to a conventional procedure. This 
MT18 antibody-conjugated Sepharose 48 was mixed with 
the above-prepared cell lysate to bind the solubilized IL-6R 
to the MT18 antibody on Sepharose 48. Substances non
specifically bonded to the Sepharose 4B were washed off. 
and the IL-6R bound to Sepharose 48 via the MTI8 anti
body was used as an immunogen. 

BALB/c mice were intraperitoneally immunized with the 
above-prepared immunogen. once a week for 4 weeks. Next. 
spleen cells were obtained from the immunized mice. and 
fused wilh myeloma cells P3Ul using polyethylene glycol 
according to a conventional procedure. The fused cells were 
screened as follows. First. a culture supernatant and 0.01 ml 

46 
incomplete adjuvant (Bacto Adjuvant Incomplete Freund. 
Difeo) two and three weeks after the first injection. respec
tively. A final inununization (the fourth injection) was car
ried out without adjuvant into a tail vein one week after the 

5 third injection. A serum sample was prepared from the 
immunized mice. serially diluted with a dilution buffer. and 
assayed by ELISA according to a procedure described by 
Goldsmith. P. K. . Analytical Biochemistiry. 117. 53-60. 
1981. Namely. an SR144 (0.J µ/ml)-cGated plate was 

10 
blocked with l % BSA. and the diluted sample was added 
thereon. Mouse lgG bound to the SR.144 was measured 
using goal anti-mouse IgG/alkaline phosphatase (A/P) 
(ZYMED) and a substrate for alkaline phosphatase (Sigma-
104). 

After confirming an increase of the anti-SR344 antibody 
IS in the serum. spleen cells were obtained !from 5 BALB/c 

mice three days aft.er the final immunization. The spleen 
cells and myeloma cells (P3Ul) were mixed at a ratio of 
25:1. fused using PEG1500. and cultured in 2000 wells at a 
cell concentration of 0.7 to l. l xl06 cells/well. Supernatants 

20 from the wells were screened for their ability to bind SR344 
(the first screening designated as R344 recognition assay). 
and for their ability to inhibit a binding of SR344 with an 
interleukin-6 by a IL-6/sIL-6R binding inhibition assay 
(RBIA). The first screening provided 240 p<>sitive wells. and 

25 the second screening provided 36 positive wells. 
The above-mentioned R344 recognition assay was carried 

out as follows. Goat anti-mouse lg (Cappel) (1 µg/ml)
coated plate (MaxiSorp. Nunc) was blocked with 1 % BSA. 
and 100 µl/well of hybridoma culture supernatant was added 

30 thereon. followed by an incubation at room temperature for 
one hour. After washing the plate. 20 µg/ml of SR344 was 
added to each well. and incubation was canied out at room 
temperature for one hour. The amount of SR344 captured by 
the immobilized antibody derived from the supernatant was 

35 determined by addition of rabbit anti-SR344 lgG (#2. 5 
µg/ml). goat anti-rabbit IgG-alkaline phosphatase (AIP) 
(1:3000. Tago). and of a substrate (1 mg/ml. Sigma-104). 
followed by measurement of the optical dencity at 405-600 
nm. 

of Protein G Sepharose (Pharmacia) were mixed to adsorb 
immunoglobulin in the supernatant to the Protein G 
Sepharose. On the other hand. 107 U266 cells internally 
labeled with 35S-methionine were lysed. and the Il..-6R was 
affinity-purified using the MT18-conjugated Sepharose 4B. 
Next. the 3$S-methionine-labeled Il..-6R was immunopre-

4-0 cipitated with the above-prepared Protein G Sepharose on The above-mentioned RBIA was carried out as follows. 
MTI8 antibody-coated plate was filled with 100 µg/ml of 
SR344 (100 µJ/well). and incubation was carried out at a 
room temperature for one hour. After washing the plate. 50 
µl/well of hybridoma supernatant and 50 µg/well of biotin
interleukin-6 conjugate (20 µg/ml) were simultaneously 
added to each well. and the wells were incubated at room 

which an imrnunoglobulin bad been bonded. and the pre
cipitate was analyzed by SDS/PAGE. As a result. one 
hybridoma clone producing antibody which specifically 
bound to the Il..-6R was isolated. and designated PMl. The 
hybridoma PMl was deposited with the FRI under the 45 

Budapest Treaty as FERM BP-2998. on Jul. 10. 1990. 

Reference Example 3 
temperature for one hour. An amount of biotin-JL-6 bound 
to SR344 was measured by an addition of streptavidin-AIP 
(1:7000. PIERCE) and a corresponding substrate (Sigma-Construction of Hybridoma AUK12-20. AUK64-7 and 

AUK146-15 
As an immunogen. a soluble 1L-6R (SR 344) was pre

pared according to a procedure described by Yasukawa. K. 

so 104). followed by a measurement of the optical density at 
405-600 run. 

et al .. I. 8iochem. 108. 673-676. 1990. Namely. a plasmid 
pECEdhfr 344 containing a cDNA coding for Il.,..6R wherein 
the 345th codon from the N-terrninus had been replaced by 55 
a stop codon was transfected to CHO (5E27) cells. the 
transfected cells were cultured in a secum-free medium 
(SF-0 medium. Sanko Junyaku). and a resulting supernatant 
was concentrated with an HF-Lab! system (Tosoh). and 
purified by Blue-5PW column and Phenyl-5PW column. 60 
The purified soluble 1L-6R showed a single band in an 
SDS-PAGE. 

A female BALB/cAnNCrj mouse (Nippon CREA) was 
subcutaneously injected with 10 µg/mouse of the imrouno
gen in Freund's complete adjuvant (Bacto Adjuvant Com- 65 
plete H 37 Ra. Difeo). followed by the second and third 
injections of the same amount of the imrnunogen in Freund' s 

Finally. positive clones were purified by a twice-repeated 
limiting dilution method. and three bybridoma clones. i.e .. 
AUK12-20. AUK145-15 and AUK64-7. which inlubit the 
binding of SR344 with the IL-6; and a hybridoma clone 
AUK181-6. which does not inhibit the binding of SR344 
with the Il..-6. were obtained. 

Industrial Applicability 
The present invention provides a reshaped human anti

body to the human Il.,..6R. comprising a human antibody 
wherein the CDRs of the human V regions are replaced with 
the CDRs of a mouse monoclonal antibody to the human 
IL-6R Since major portion of the reshaped human antibody 
is derived from a human antibody and the mouse CDRs 
which are less antigenic. the present reshaped human anti
body is less immunogenic to human. and therefore is prom
ised for therapeutic uses. 
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Reference 10 Deposited Microorganisms under Rule 13-

2 of Budapest Treaty 

5.795.965 

5 

48 
-continued 

Refereixe to Deposited M.iCTOOf8anisms wider Rule 13-

2 of Budapest Treaty 

kkotification of 

Microorganism Dcpositioa No. Deposition Date 
ldelllification of 

Microorgarusrn Deposition No. Deposition Date 

Depository AlllOOrity: National Collections of 

lnd~trial and Marine Bacleria Liltlited 

Address: 23 St Macber Drive, Aberdeen AB2 IRY. 

UNTIBD KINGDOM 

10 
Depository Authority: Fermentation Rese=h 

lnstilUle. Agcocy of indu.slria1 

Science and Technology 

E. Coli DH5a, pPM-bl NCCMB 40362 Feb. 12. 1991 IS 
Addrc5s: 103, Higashi !~home Tsukuba-shi lbaraki 

Japan 

£. Coli DH5et, p12-h2 NCIMB 40363 

£. Coli DH5et, p64-h2 NCIMB 40364 

£. Coli DH5et, pl46-hl NCIMB 40365 

£. Coli DH5a, pPM-1<3 MCIMB40366 

£, Coli DH5a, pl2-k2 NCIMB 40367 

E. Coli DH5<X. p64-k4 NCIMB 40368 

£. Coli OH5et, pl4f>.k3 NCIMB 40369 

( t ) GENERAL INFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 158 

I 2 ) INFORMAI10N FOR Sl!Q ID NO:! : 

( i ) SEQUl!NCE CHARAcn:JUSllCS: 
( A ) L.al<ITH: 40 ba<c pairs 

( B ) TYPE: nudcic aoid 
( c ) S'IRANDEDNESS: ""8lc 
( D ) TOPOLOOY: iKS 

Feb. 12, 1991 

Feb. 12, 1991 

Feb. 12, 1991 

Feb. 12, 1991 

Feb. 12, 1991 

Feb. 12. 1991 

Feb. 12. 1991 

t x i ) SEQUENCE OESCRIPJlON: SEQ ID NO:! : 

MTIS 

PM! 

ACTAOTCOAC ATOAAOTTOC CTGTTAOOCT OTTOOTGCTG 

( 2 ) INFORMAllON FOR SEQ ID NOa: 

i ) S5QUENC1l OIAR.ACTERISTICS: 

( A ) LEN<JlH: 39 - pairs 
( B ) TYPE: ..,.IQc ooid 
( c ) STRANDEDNESS: si,.ic 
( D ) lOPOLOOY: Ii.MS 

( :t i ) S1!QUENC1! DESCRIPllON: SEQ ID N0;2: 

ACTAOTCGAC ATOGAOWCAO ACACACTCCT OYTATGGOT 

( 2 ) OO'ORMAl10N FOR SEQ ID N0-.3: 

( i ) SEQUENCE QllJV.CTERISllCS: 
( A ) U!NOTH: 40 base poirs 
( B l TYPE: 1IUClcic: ooid 
( c l STR.ANDEDNESS: ""8lc 
( D ) TOPOLOGY: -

( x i ) SEQUENCE OESCRIPTION: SEQ ID N0:3: 

ACTAOTCOAC ATOAOTOTGC TCACTCAGOT CCTGGSOTTO 

( l ) INFORMATION FOR SEQ ID N0:4: 

FERM BP-2999 July 10. 1990 

FERM BP-2998 July 10, 1990 

40 

3 9 

4 () 
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( i ) SEQUENCE CHARACfERJSTICS: 
( A 1 l.El'IG'J'H: 43 baoc pairs 
c B 1 TYT'E: oucl6c acid 
I C I S'lllANDE.DNESS: single 

I D I TOPOLOGY: linc:ar 

C • i ) SEQUENCE DESCRIP110N: SEQ ID N0:4: 

5.795.965 

-continued 

ACTAGT C OAC AT OAOOR CCC C TOCTCAOWT TYTTOOMWTC TTO 

I 2 ) lNroRMATION FOR SEQ ID NO:S: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 40 baoc pairs 

r B 1 TYPE: oucleic acid 
I C ) STRANDEDNESS: single 

I D I TOPOLOGY: linear 

( x i \ SEQUENCE DESCRlPilON: SEQ ID NO:S: 

AC T AOTCOAC ATOGATTTWC AOOTOCAGAT TWTCAOCTTC 

( l ) INroRMATION FOR SEQ ID N0:6: 

( i ) SEQUENCE Cl!ARACTERISilCS: 
( A ) l.ENGTII: 37 base paiJ> 
( B ) TYPE: wckM: 11eid 
( C ) ST'RA.NDl!DNESS: single 

( D ) TOl'OLOGY: 1inc:ar 

( x i ) SEQUENCE l>ESCRD"I10N: SEQ ID N0:6: 

AC T AOTCGAC ATGAGGTKCY YTOYTSAOYT YCTOROO 

( l ) INl'ORMATlON FOR SEQ ID N0:7: 

( i ) SEQUENCE CHARACTER.JSilCS: 
( A ) u;NGTH: 41 bo$e plit1 
< B )TYPE: oucrac ocid 
( C ) STRANDEDNESS: sinp 
( D ) TOl'OLOOY: !inc:• 

( • i ) SEQUENCE DESClUl"JlON: SEQ ID N0:7: 

ACTAOTCOAC ATGOOCWTCA AOATGGAOTC ACAKWYYCWO 0 

( l ) INKIRMATION FOR SEQ ID N0:8: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGill: 41 buc plit1 
( B ) TYPE: ouclcic ocid 
( c ) ST'RA.NDl!DNESS: •• 

( D ) TOl'OLOGY: fu>e• 

( • i ) SEQUENCE DESCRIP110N: SEQ ID N0:3: 

ACTAOTCOAC ATGTOOOOAY CT KTTTYCMM TTTTTCAATT 0 

I 2 ) INKIRMATION FOR SEQ ID N0:9: 

( i ) SEQUENCE CHARACTERISilCS: 
( A l l.ENOTI!: 3S baK pairs 
( B ) TYPE: audcic ocid 
( C ) STRANDEDNESS: sinp 
( D l TOPOLOGY: linc:ar 

( x i ) SEQUENCE DESCR!PilON: SEQ ID N09: 

ACTAOTCOAC ATOOTRTCCW CASCTCAOTT CCTTO 

( 2 ) INFORMATION FOR SEQ ID NO:IO: 

I i ) SEQUENCE CHARACI'ERISTICS: 

( A ) LENGTH: 37 baK peirs 

so 

40 

3 7 

4 I 

4 I 

) 5 
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l B I TYPIO: ooclcic acid 
1 C I STRANDEDNESS: single 

( D \ TOPOLOOY: line. 

I A i ) SEQUENCE! OESCRIP110N: SEQ ID NO:IO: 

5.795.965 

-continued 

ACTAGTCGAC ATOTATATAT GTTTGTTGTC TATTTCT 

( 2 l lNR>RMAI'IONFORSl!Q!DNO:ll: 

c i > Sl!QUENCI! CHARACTERISTICS: 

( A ) LENGlli: .la bes< pair> 
l B ) TY!'ti: ouclcic ""id 
( c ) SillANDEONESS: liogle 

( D ) TOPOl..OOY: liaca 

( 1 i ) SEQUENCE OESCRJP'JlON: SEQ ID NO:ll: 

ACTAGTCGAC ATGGAAGCCC CAOCTCAOCT TCTCTTCC 

( 2 I INl'ORMATION FOR SEQ ID NO:l2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENOni: Z7 ii..., pairs 
C B ) TYJ'ti: oocleic Kid 
( C ) STRANOEDNESS: sinsl< 
( D ) TOPOLOGY: W.... 

( 1 i ) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 

GGATCCCOOO TOGATGOTOO GAAGATG 

( 2 ) !Nl'ORMATION FOR SEQ ID NO:IJ: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENOTH: 37 base peirs 
( B ) TYPE: u:leic Kid 
( c ) Sl1\ANDEONESS: •• 
( D ) TOPOLOOY: W.... 

( • i ) SEQUl!NCI! OOSCRIP'IlON: SEQ ID N0:13: 

ACTAOTCOAC ATOAAATOCA GCTGOGTCAT STTCTTC 

( 2 ) !NR)RMAl'!ON POR SEQ ID NO:J4.: 

( i ) SEQUENCE CHAllACI"ERISTICS: 

( A ) LENG'IH: 36 base pairs 
( B ) TYPE: u:leic ocid 
( c ) SffiANDEDNESS: ainP 
( D ) TOPOLOGY: W.0-

( • i ) SEQUENCE DESCRJPTION: Sl!Q ID NO:l4: 

ACTAGTCOAC ATOGOATGGA OCTRTATCAT SYTCTT 

( 2 I JNl'ORMATION FOR SEQ ID NO:l5: 

( i ) SEQUENCE Cf!ARACJ'ERISTICS: 
( A ) LENGIH: 37 - poirs 
( B ) TYPE: oocJeic acid 
C C ) STRANDEDNESS: rioglc 
( D ) TOPOLOGY: lixa 

( • i ) SEQUENCE DESCIUYl10N: SEQ ID NO:JS: 

ACTAOTCOAC ATGAAGWTGT OOTTAAACTO GOTTTTT 

( 2 ) INPORMAJlON FOR SEQ ID NO:J6: 

( i ) SEQUENCE CHARACTERISTICS: 

( A ) u:NG'IH: 35 hose pairs 
( B ) TYPE: IUCleic acid 
( C) ~DNESS: ""8Je 

52 

3 7 

3 8 

2 7 

3 7 

3 6 

3 7 
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53 
-continued 

< D I TOPOLOOY: liDCOI 

< • 1 I SEQUENCE DESCIUYTION: SEQ ID NO:l6: 

ACTAOTCOAC ATORACTTTO OOYTCAOCTT ORTTT 

( 2 ) INR>RMATION FOR SEQ ID l'l0:17: 

( I ) SEQUENCE CHAR.ActtRJSTICS: 

( A l LelO'lll: 40 hos<: peirs 

( B I TYP6: •uclac acid 
C C ) S'I'AANDEDNESS: san@lc 

C D ) TOPOLOOY: liocar 

( • I I SEQUENCE DESCIUYTION: SEQ ID NO: 17: 

ACTAOT CO AC ATOOACTCCA OOCTCAATTT AOTTTTC CTT 

( 2 ) INl'ClllMAJlON FOR SEQ ID N0:18: 

I 1 ) SEQUENCE CHARACIEUSTICS: 

( A ) LENO'lll: 37 base Jiiin 
( B ) TYP6: llUClcic ac:id 

( C ) STRANDEDNESS: •iask 
( D ) TOl'OUXJY: liocar 

( • I ) SEQUENCE DESCRIPnON: SEQ ID !'10:18: 

ACTAOTCOAC ATOOCTOTCY TROSGCTRCT CTT C TOC 

( 2 ) fNR>RMADON FOR SEQ ID N0:19: 

( i ) SEQUENCE CHARACTERISTICS: 

( A ) l.ENOTii: J6 - plin 
( B ) TYPl!: ouclcic acid 
( c ) sntANDEDNESS: Noale 
( D ) rol'Ol.OOY: W.... 

( • 1 ) SEQUENCE DESCIUP'TlON: SEQ JI) N(),19: 

ACTAOTCOAC AT OORATGO A OCKOORTCTT TMTCTT 

( 2 ) INR>RMATION FOR SEQ LO N0:20: 

( ; ) SEQUENC!! CHARACTB.tsncs: 

( A ) U!NOlll: 33 - Jiiin 
( B ) TYPB: oOOeic acid 
( c ) S'mAND£DNESS: •• 
( D ) TOPOLOGY: lioesr 

( • i ) SEQUENCE OE.sCRIPTlON: Sl!Q JI> N()e21): 

ACTAOTCOAC AT O AOAOT OC TOAT TCTTT T OTO 

( 2 ) INl'ORMAilON FOR Sl!Q ro NO:ll: 

( I ) SEQUENCI! CffARAcn:JUSTICS: 

( A ) LE'IOnl: 40 - poin 
( 8 ) TYP!!: auckic ICid 

( C ) STRANDEDNESS: •itale 
( D ) TOPOLOOY: lioesr 

( a 1 ) SEQUENCE OOSC1UPTION: Sl!Q ID N<>.21: 

AC TAO TCOAC ATOOMTTOOO TOTOOAMCTT OCT AT TCCTO 

( 2 ) INroR.MA:rlON FOR SllQ ID N0:22: 

( 1 ) SEQUENC1! CHARACTBIS'DCS: 

( A ) LEN<ml: 37 bas<> pairs 
( 8 ) TYPll: llllCi.;c acid 

( c ) STllANDEDNESS: '""ale 
( D I TOPOLOOY: lioesr 

54 

3 s 

4 0 
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-continued 
I • i 1 SEQVENCE DESC'RlPTION: SEQ ID N0-.21: 

ACTAGTCGAC ATOGGCAGAC TTACATTCT C ATTCCTG 

1 i 1 SEQUENCE CHARACTERISTICS: 
I A J l..ENGIB: 2& bide pan 
( 8 I TYPE: lll>Ck>e llC>d 
( C I STR.ANI>EDNESS: l~e 
I D ) TOPOLOGY: W... 

( • 1 ) SllQU9ICI! C>ESCIUP'IJON: Sl!Q ID NO:D: 

OOATCCCGOO CCAGTGGATA OACAGATO 

( 2 ) INR)RMATION POil SllQ ID N<>.211: 

c i l SEQUENCE CHAllACTEIUSTICS: 
( A ) LENOlH; 393 buc pus 
( B I TYPE: .xlc:io Kid 
I C ) STRANDEDNESS: •iooglc 
1 D ) TOPOLOGY: bur 

' i • ) FEAnJR.I!: 
I A ) NAM2/KEY: COO 
I 8 ) LOCAllON: 1 • .393 

i • ) FEA1'\JR.E; 

( A ) NAMEll:EY: ~ 
( B ) l.OCAIJON: 1 • .393 

( x i ) SEQUENC1! OOSCIUPilON: SBQ ID N0:24: 

56 

ATO GAG TCA OAC ACA CTC CTG CTA TOO OT A CTO CTO CTC TOO OTT CCA 
Mc Glu Ser Asp Thr Leo Leo Leu Trp Val Leu Leu L eo Trp Val Pro 

S I 0 I S 

GOT TCC ACT GOT GAC ATT OTO CTO ACA CAG TCT CCT OCT TCC TT A GOT 
Oly Ser Tbr Oly Asp I le Val Leu Tbr Ola Ser Pro Ala Ser Leu Oly 

20 25 30 

OTA TCT CTO 000 C AO AGO OCC ACC ATC TCA TOC AGO OCC AOC AAA AOT 
Val Ser Leu Oly Ola Ar1 Ala Tbr lie Ser Cy• Ara Ala Ser Ly• Ser 

3 5 4 0 4S 

OTC AOT ACA TCT OOC TAT AOT TAT ATO CAC TOO TAC CAA CAO AA A CCA 
Val S e r Tbr Sor Oly Tyr Ser Tyr Mel His Trp Tyr 01• Ola Ly1 P ro 

SO SS 60 

OO A CAO ACA CCC AAA CTC CTC ATC TAT CTT OCA TCC AAC CTA OAA TCT 
Oly Ola Tbr Pro Ly 1 Leo Leu lie Tyr L e o Ala S er Asa Leu Olu Ser 

6S 10 1s a o 

000 OTC CCT OCC AOO TTC AOT OOC AOT 
Oly Val Pro Ala Ara Pb• Ser Oly Ser 

8 5 

000 T CT 000 ACA O AC TTC ACC 
Oly Ser Oly Tb r Asp Pbe T b r 

90 95 

CTC AAC ATC CAT CCT OTO OAG OAO OAO O AT OCT OCA ACC TAT TAC TOT 
Leu Asa l lo His Pro Val Olu Olu Olo Asp Ala Al a Tbr Tyr Tyr Cy a 

JOO IOS 110 

CAO CAC AOT AGO GAO AAT CCO TAC ACO TTC OOA 000 000 ACC AAO CTO 
Ola Hit Ser Arg O l u A I D Pro Tyr Tbr Pbe Oly Oly Oly Tbr Lys Leu 

l l S 120 12s 

OAA ATA AAA 
Olu lie Ly• 

I l 0 

( 2 ) r~ POil SllQ ID N0:2S: 

( i I SEQUENCE CHARACTERISTICS: 
I A J l..ENGIB: ll I mniDO .adJ 
( 8 ) TYPE: ...U.O acod 
I 0 ) TOPOLOOY: ....._ 

3 7 

1 8 

4 8 

96 

I 4 4 

I 9 2 

240 

2 a a 

336 

384 

3 9) 
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< 1 I MOLECULE TYPE: pro1<111 

I • I ) SEQUENCE OESClUl'TlON: SEQ ID lo:O:'!.S: 

Mc t G l u 

I 

0 I y Sc r 

Va. I Sc r 

Val Ser 
50 

Ser Asp Tbr Leu Leu 

s 

Tbr Oly Asp I le Val 
20 

Leu Oly Ole Ars Ala 
~ 5 

Tbr Ser Oly Tyr Ser 
5 5 

Oly Ola Tbr 
6 5 

Pro Lys Leu Leu 
70 

5.795.965 

-continued 

Leu Trp Val 
I 0 

Leu Tbr Ola 
~ s 

Tbr le Ser 
40 

Ty r Met His 

Leu 

s. r 

Cys 

Trp 

I I e Ty r Leo Ala 
7 s 

58 

Leu Leu Trp Val Pro 

I ~ 

Pro Ala Ser Leu Oly 

3 0 

Arg Ala Ser lys Ser 
4 s 

Tyr 01• Ola Lys Pro 
60 

Ser A10 Leu Olu Se r 
80 

GI y Va I Pro Ala Arg Pb• Ser Oly Sci 
8 5 

Gly Se r Gly 
90 

Tb1 Asp Pbc Tbr 
95 

Leu Aaa I I e Hi s Pro Val Olu Olu Olu 
I 0 0 I 0 5 

Asp Ala Ala Tb r Tyr Tyr Cys 
I I 0 

GI a H i 1 s e I 

I I 5 
Arg Olu A•• Pro Tyr Tbr 

I 2 0 

Pbc Oly Oly 0 I y 

I 2 S 

Tb1 Lyi Leu 

Qiu lie Lys 
I 3 0 

( 2 ) INR:>RMATION FOR SEQ ID 1'1():26: 

( 1 ) SEQl1ENCB CHARACTEJUSilCS: 

( A ) l..ENG'lli: 405 ~ pan 
( 8 )TYPl!:11><kica0d 

( c ) S'TRANDIIDNESS: rinp 
( 0 ) TOPOLOClY: U-

( I S ) fl!Al'URE: 
( A ) NAME/KEY: COS 
( 8 ) LOCATION: 1.<IOS 

• )FEATIJRE: 
( A ) NAME/Xl!Y: ~ 

( 8 ) LOCAJ'ION: J.AOS 

( x i ) SEQUENCE DESCR.IP'l10N: SEQ ID N0-.26: 

ATO OOA 
Mc t 0 I y 

I 

TOO AOC 000 AT C 
Trp Ser Oly lie 

5 

TTT CTC 
Pbe Leu 

TTC CTT 
Pbe Leu 

l 0 

CTO 
L c" 

TCA OOA 
Ser Oly 

ACT OCA OOT 
Tbr Ala Oly 

I 5 

OTC CAC TCT GAO ATC CAO CTO CAO CAO TCT OO A CCT OAO CTO ATO AAO 

V~I His Ser 01u 
2 0 

I I c 0 I• L cu 0 l 6 0 lo Sc r 0 1 y Pro 0 1 u L c: u Mc 1 

2 s 3 0 
Ly• 

CCT 000 OCT TCA OTO AAO ATA TCC TOC AAO OCT TCT OOT TAC TCA TTC 

Pio Oly Ala Ser Val Ly• 
3 s 

I le Ser Cys Ly• Ala 
4 0 

Ser Oly Tyr Ser- Pbc 
4 s 

ACT AOC TAT 
Tbr Ser Ty1 

so 

TAC ATA CAC TOO OTO 
Tyr lie Hii Trp Val 

s s 

AAO CAO AO C CAT OOA AAO AOC CTT 
Ly• Gin Ser Hi• Gly Lys Ser Leu 

60 

GAG TOO 
Glu Trp 

6 s 

CAO AAA 
GI• Ly s 

ACA OCC 
Tb r A I a 

ATT OOA 
I I c GI 1 

TAT ATT OAT CCT 
Tyr le A•p Pro 

7 0 

TTC 
Pbe 

TTC 
Pbe 

AAO OOC AAO OCC ACA TTO 
Ly1 Oly Lys Ala Tbr Leu 

as 

AAT GOT GOT ACT AOC TAC AAC 
Asa O l y Oly Tb1 Ser Tyr A•• 

1S 80 

ACT OTT 
Tbr Val 

90 

OAC AAA 
Atp Lys 

TCT TCC AOC 
Ser Ser Ser 

9 s 

TAC ATO CAT CTC AOC 
Ty1 Met His Leu Se r 

I 0 0 

AOC CTO ACA 
Ser Leu Tbr 

105 

T CT GAO OAC TCT OCA OTC 
Ser Olu A l p Sci Ala Val 

I I 0 

TAT TAC TOT OCA AOO 000 GOT AAC COC TTT OCT TAC TOO OOC CAA 000 

Tyr Tyr Cys Ala A1g Oly Oly Asa Ara Pbc Ala Tyr Tr p Gly Gia Gly 

4 8 

96 

I 4 4 

I 9 2 

2 4 0 

2 8 8 

3 3 6 

3 8 4 
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59 

I I $ 

ACT CTO OTC ACT OTC TCT OC A 
Tbr Leu Val Tbr Val Ser Ala 

I l 0 I ) S 

) INroRMATION FOR SEQ 10 N0:27: 

Mc I 

Va 

Pr o 

Tbr 

0 I u 
6S 

0 1 o 

Tb r 

Tyr 

( I I SEQUENCE CHAAACTERlSTICS: 
I A I LENGlH: IJS amino acids 
I 8 I TYPE: .-xiiJIO m:id 
I 0 >TOPOLOGY: lioc:• 

( 1 1 1 MOLECULE TYPE: prorcU 

( a I SEQUENCE DESCRIPT10N: SllQ ID NC>'-Z7: 

O I y 

1:1 •• 

GI y 

Se r 
so 

Trp 

Ly' 

A I a 

Ty r 

Trp Ser 

Ser (;lo 
10 

A 1 a Sc r 
3 s 

Tyr Ty r 

I I c O I y 

Pbc Lys 

Ty r Me I 

I 0 0 

C 7 r A I a 
I I S 

0 I y 
s 

I c 

Va J 

I I c 

Tyr 

0 I y 
as 

lf i ' 

Ar!! 

I I c Pb c 

Ola Leu 

Ly s I I c 

His Tr p 

5 s 

I e As p 

7 0 

Ly s A I a 

Lea Ser 

0 I y 0 I y 

Tbr Leo Val Tbr Val 
I 3 0 

Ser Ala 
I l S 

( 2 ) ~ FOil SEQ ID N0-.28: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGIH: 331 bMe peir1 
( B ) TYPE: mcleic acid 
( C ) STIIANDEDNESS: siQal< 
( 0 ) TOPOLOOY: W... 

( i • ) F'EAIURE: 
( A ) NAME/XEY: COS 
( B ) LOCATION: t . .381 

i • ) FEATUIU!: 
( A ) NA.MEllCEY: m# pepride 
( B ) LOCATION: l . .381 

( • 1 ) SEQUENCE DllSC'RIPTION: SEQ ID N0-.28: 

5.795.965 

-continued 

I 2 0 

Leu Pbe Leu l..eu 
I 0 

Gia Ola Ser 017 
2 s 

Ser Cys Ly• Ala 
40 

Val Lys Gia Ser 

Pro Pbe A•• Oly 
7 s 

Tbr l..eo Tbr Val 
90 

Ser Leu Tbr Ser 
I 0 S 

AID Ar1 Pbo Al• 
I 2 0 

60 

I 2 S 

Ser Oly Tbr Ala Cly 
ls 

Pro Olu Leu M ee Lys 
3 0 

Ser Oly Tye Se r Pbe 
4 s 

His Oly Lys Ser L eu 
60 

Oly Tbr Ser Tyr Asa 
8 0 

Asp lys Ser Ser Ser 
95 

Olu Asp Ser Ala Val 
I I 0 

Tyr Trp Gly Ola Oly 
I 2 S 

ATO OTO 
Mc Va I 

TCC 
Ser 

TCA OCT CAO TTC CTT OOT CTC CTG TTO CTC TOT 
Ser Ala Ola Pbc Leu Oly Leu Leo Leu Lea Cys 

TTT CAA 
Pbe O la 

I S S I 0 

OOT ACC AGA TOT OAT ATC CAO ATG ACA CAO ACT ACA TCC TC C CTO TCT 
Gly Tbr Ats Cy• Alp 

20 
I le G in Mel Tbr Ola Tbr Tbr Ser Ser Leu Ser 

OCC TCT 
Ala Sor 

ATT 
I I e 

A OC 
set 

so 

25 30 

CTG OOA OAC 
L eu Oly Asp 

) s 

AOA OTC ACC ATC AOT 
Ara Val Tbr I le Ser 

4 0 

AGT 
Sc r 

TAT 
Tyr 

TTA AAC TOO TAT CAO CAO 
Leu A•• Trp Tyr Ola Olo 

s s 

TOC AGO OCA AGT C AO GAC 
Cy• Ara Al• Ser Ola Asp 

4 s 

AAA 
Ly s 

CCA OAT GOA 
Pro Asp Oly 

60 

ACT 
Tb r 

ATT 
I I e 

4 0 5 

4 8 

96 

144 

I 9 2 
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AAA 
Ly• 

6 s 

AOO 
Ara 

CTC CTO 
Leu Leu 

TTC 
Pbe 

AOT 
s. r 

61 

ATC TAC TAC ACA TCA 
I le Tyr Tyr Tbr Sc• 

? 0 

OOC 
GI 1 

AGT 000 TCT GOA 
S er Gly S er Oly 

as 

5.795.965 
62 

-continued 

AGA TTA CAC TCA OOA OTC 
Arg Lou Hi s Ser Gly Val 

7 s 

CCA TCA 
Pr O Sc r 

8 0 

ACA OAT TAT TCT 

Tbr A • p T)" S or 
90 

CTC ACC ATT AAC 
Leu Tbr Ile. Asa 

9 s 

AAC CTO OAG CAA GAA GAC ATT GCC ACT TAC 

Aso Leu Glu GI• Glu A sp lie Al a Tbr Ty1 
TTT TOC CAA CAO OOT AAC 
Pbe Cy• Olo Ola Oly As • 

I I 0 I 0 0 I 0 S 

ACO CTT Ceo 
Tbr Leu Pro 

I l S 

TAC ACO TTC GOA OGO 
Tyr Tbr Pbc Oly Oly 

I 2 0 

r 2 > ll"IR>RMAT!ON FOR sEQ ro N0:29: 

Mc I 

0 l y 

A I a 

I le 

Ly t 
65 

( i ) Sl!QUENCE CHARACTERISTICS: 
( A ) LENGTH: 127 - acids 
( 8 ) TYPE: -..o acid 
( 0 ) TOPOU)() Y: W.:. 

( i ) MOUlCULE TYl'E: protein 

( • ) SBQUENCE OESCRIPTION; SEQ ID N<>.29: 

Va 

Tbr 

Se r 

Sc r 
so 

Leu 

Ser Ser 

Arg C y• 
2 0 

Leu Oly 
3 s 

Ser Ty• 

Leu ( I c 

Ala Olo Pbc Leu 
s 

A• p I I e 0 Io Mc I 

A s p Arg Va t Tb r 
40 

L eu As• Trp Tyr 
s s 

Tyr Tyr Tbr Ser 
7 0 

000 ACC AAO C TG OAA 
Oly Tbr Lys Leu O l u 

1 2 .s 

Oly Leu Leu 
I 0 

Thr Olo Thr 
2 s 

l e Sor Cys 

Ola Gia Lys 

Arg Leu !:fjl 

?S 

Leu 

Tbr 

Ara 

Pro 
60 

S c r 

Leu 

s er 

Al a 
4 s 

Asp 

0 I y 

ATA AAT 
I l c A I a 

Cys Phc Gia 
I S 

Ser Lc.u Ser 
3 0 

Ser Olo Asp 

Oly Th• lie 

Val Pro Se r 
80 

Ara Pbe Ser Oly S er Oly Se r Oly Tbr 
85 

Asp Tyr Sc1 
90 

Leo Tbr I c As o 
9S 

Asa Leu Olu Olo Olu Asp 
I 0 0 

lie Al a Tbr Tyr 
l 0 s 

Pbc Cy& Olo Glo Oly Asn 
I 0 

Tb r Leu P10 Ty1 Tbr 
I IS 

Pbe Oly Oly Oty Tbr Lys 
I 2 0 

Leu Glu 
I 1 5 

I c As o 

( 2 ) IN1'0RMIJ'ION POR SSQ 10 N<>.30: 

( i ) SllQUENCE CHARACl"ERISTICS: 
( A ) LENO'IH: 411 base poin 
( B )TYPE: .,.lcic .ad 

( c ) STRANOEONESS: ...... 
( 0 ) TOl'OLOOY: liooar 

i • ) Pf!ATURE: 
( A ) NAMl:/KEY: CDS 
( B ) LOCAllON: 1-411 

i • ) Fl!Ail.JJll!: 
! A) NAMe/KEY:~ 

( 8 ) LOCATION: 1..411 

( • i ) SEQUENCE OESCIUJ"IlON: SEQ ID N<>.30: 

ATO AOA OTO CTO ATT CTT TTO TOO CTG TTC ACA GCC TTT CCT GOT ATC 

Mer A•s Val Leu I le Leu Leu Trp L eu Pbe Tb r Ala P be 
I 0 

Pro Oly I le 
I S 

CTO TCT OAT OTO CAO CTT CA O OAO TCO OOA CCT OTC CTO O TO AA O CCT 

Leu Ser A t p Val Gia Leu Oln Olu 
2 0 

Ser Oly Pro Val 
1 s 

Leu Val Ly• 
3 0 

pr 0 

TCT CAO TCT CTO Tee CTC ACC TOC ACT OTC ACT OGC TAC TCA AT C ACC 

2 4 0 

~ 8 8 

3 3 6 

3 8 I 

4 8 

96 

144 
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5.795.965 
63 64 

-continued 

Ser Oln Ser Leu S er Leu Tbr Cys Tbr Val Tbr Gly Tyr Ser I le Tbr 
35 4 0 4S 

AGT GAT CAT GCC TGG AO C 
Ser Asp His AJa Tip Ser 

s 0 

OAO TOO ATG OGC TAC 
Glu Trp Mer Oly Tyr 

6 s 

ATA 
I I c 

70 

TOO ATC COG CAO TTT 
Trp I le Ar1 Gin Pbe 

s 5 

AGT 
S • r 

TAC AOT OGT ATC 
T y r Ser Gly le 

7 5 

CCA OOA AAC AAA 
Pro Oly A•• l..ys 

60 

ACT ACC TAC AA C 
Tbr Tbr Tyr As• 

CTG 
Le" 

CCA 
Pro 

8 0 

TCT CTC AAA AOT COA ATC TCT ATC ACT COA OAC ACA TCC AAO AAC CAO 
Ser Leu Lys Ser Arg l ie Sc1 

g $ 
I le Tbr Arg Asp Tbr Ser Lys Aan Gin 

90 95 

TTC TTC CTA CAO TTG AAT TCT OTO ACT ACT 000 OAC ACO TCC ACA TAT 
Pbe Pbe Leu Olo Leu A so Ser V a l Tbr Tbr Oly Asp Tbr 

100 105 

TAC 
Ty r 

TOT 
c y s 

OCA 
Ala 
I I 5 

AOA TCC 
Ar 8 Ser 

CTA OCT 
L cu A I a 

COO ACT ACG OCT 
Ar8 Tbr Tbr Ala 
12 0 

ATO OAC 
Me I A 1 p 

I 2 S 

CAA OOA ACC TCA OTC ACC OTC TCC TCA 
GI• Oly Tbr Sor Val 

I 3 0 
Tbr Val Ser 

I JS 
S • r 

( i ) S!!QUENCS CHARACTERISTICS: 
( A ) l..ENGllf: 137..W.0 acids 
c e )TYPE: '"""'°""id 
l D ) TOl'OlOOY: liaes 

( • • ) MOU:CUU! TYP£: pooci!> 

( a ) SEQUENCE DESCRIPTION: SEQ ID N<>.31: 

Mc t Ar I 

Leu Se r 

s. I 0 I • 

Val Leu le 
5 

Aap Val Olo 
20 

Ser Leu Ser 
3 s 

Lev Leu Trp Leu Pb• Tbt AJa 
I 0 

Lou Ola Olu Ser Oly Pro Val 
2 s 

Leu Tbr Cy1 Tbr Val Tbr Oly 
40 

p b • 

I. ... 

Tyr 
45 

Ser Tbr Tyr 
I I 0 

TAC 
Ty r 

TOO OGT 
Tr p 0 I y 

Pro Oly 
IS 

Val Lys 
3 0 

Sc r I I o 

I I c 

Pro 

Tbr 

Ser A1p Bis Ali Trp Sci 
so 

Tr p 
5 s 

lie Ara Gia Pbe Pro Oly As o Ly1 
60 

Leu 

0 I u 
6 s 

Se r 

p be 

T 1 r 

Trp Met Gly Tyr 

Leu Lys Ser A,.a 
gs 

Pbo Leu O l a Leu 
I 0 0 

Cys Ala Ara Ser 
I IS 

I o S e r 
7 0 

1 c Sc r 

As• Set 

Leu Ala 

Tyr Ser Gly le 
75 

I I• Tbr Ara Alp 
90 

V al Tbr T br O l y 
I 0 5 

Arg Tbr Tbr Alo 
I 2 0 

Ola Oly Tbr Ser Val 
I 3 0 

Tb r Val Ser 
I 3 5 

s. r 

( Z ) INfORMAl'JON FOil SBQ ID l'IO:J2: 

( i ) SEQUENCB CHAJlACTERISllCS: 
( A ) LENOnl: 393 b- pairs 
( 8 ) TYPE: DUclcic acid 
C C ) STRANDEDNESS: -ale 
( D l TOl'Ol..OGY: .._ 

i " ) PEAnJllf: 
( A } NAME/KEY: CDS 
< 8 } LOCAllON: 1..393 

I ' " ) fEATI.JR£: 

Tb r 

Tb r 

Asp 

Mc r 

Tb r 

s. r 

T br 

Aap 
I 2 S 

Tyr A a a 

L 1 s A 1 a 
9 s 

Ser Tbr 
I I 0 

Tyr Trp 

pr 0 

8 0 

GI a 

Tyr 

01 y 

t 9 2 

2 4 0 

l 8 8 

3) 6 

3 g 4 

4 1 I 
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5.795.965 
65 66 

-continued 

l A ) NAMl'.JK.l!Y: ~ 

< 8 t LOCATION: 1..393 

< • 1 t St:-QUENCE DESCRJP'llON: SEQ 10 NO-J1! 

ATO OAO TCA GAC ACA CTC CT O CTA TOO OTO CTO CTO CTC TOO OTT CCA 

Met Olu S er 
I 

A sv Tbr 
s 

Leu Leu Leu Trp Val Leu Leu 
I 0 

Leu Trp V i l Pro 
I S 

OOT TCC ACA 
Oly Ser Tbr 

OOT 
0 I y 

2 0 

OAC ATT OTO TTO 
Asp I I• Val Leu 

ATC CAA 
I e 0 Io 
2 s 

TCT 
Ser 

CCA OCT TCT TTO OC T 
Pr o Ala Ser Leu Ala 

30 

OTO 
Va I 

TCT CT A 000 CA O 
Ser Leu Oly Ola 

3 s 

AOO OCC AC C 
Arg Ala Tbr 

4 0 

ATA 
I I c 

TCC TOC AO A OCC AOT OAA AOT 
Ser Cys Ara Ala Ser Olu Ser 

.. s 

OTT OAT AOT TAT OOC AAT AOT TT T ATO CAC TOO TAC CAO CAO AAA CCA 

V a I A sp Ser Tyr Oly A s n 
so 

Sor Pbe M c • 
s s 

GOA CAO CCA 
O ly Ola Pro 

65 

CCC AAA 
Pro Lys 

CTC CTC ATC TAT 
Leu Leu li e Ty r 

70 

His Trp Tyr Ola Olo Lys 
60 

COT OCA 
Ara Al a 

7 s 

TCC AAC 
Se r A 111. 

CTA OAA 
Leu Olu 

Pro 

TCT 
Ser 

8 0 

000 AT C CCT OCC AOO TTC AGT GGC AOT 000 TCT AOO ACA GAC TTC ACC 

0 I y l ie Pro Ala Arg Pbe Ser Oly 
8 s 

Ser Oly Ser Ars Tbr 
90 

A s p Pbe Tb< 
95 

CTC ACC ATT AA T CC T OTO GAG OCT OAT OAT OTT OCA ACC TAT T AC TOT 

Leu Tbr I le As• Pro Val Olu Ala A s p Asp Va l Ala Tbr Tyr Tyr Cys 
I I 0 I 0 0 l 0 S 

CAO CAA AO T AAT OAO OAT CCT CCC ACO TT C OO T OCT 000 AC C AAO CTG 

Ola GI• S er A to Ol u Asp Pro 
I I S 

Pr o Tb r 
I 2 0 

GAG CTO AAA 
Qiu Leu Ly• 

I 3 0 

( 2 ) 1NroRMATIONFORSSQID N0:33: 

( I ) SE!QU!!NCE CHARACTERISTICS: 
( A ) LllNOni: 131 amUo Kids 
( B ) TYPE: .-U.O ac;.t 

( D ) lOPOLOGY; W... 

( 1 ) MOlECULE TYP2: prOl<io 

( 1 i ) SEQUENCE Dl!SCRIPTION: SEQ ID N<>J3: 

Met 0 I u 

I 

0 I Ser 

Va 1 Ser 

Val Asp 
so 

0 I y 0 I a 
65 

O I y I I e 

Leu Tbr 

0 I• 0 I 1 

S er A1p Tbr 
s 

Tbr Oly A s p 
2 0 

Leu Oly Ol a 
3 s 

Ser Tyr Oly 

Pro Pro Lys 

Pro Ala Arg 
8 s 

Ile A s.a Pro 
I 0 0 

Ser A s• Olu 
I I S 

Olo Leo Lys 
I) 0 

Leu Leo Loo Trp 

lie Va l Lou Ile 
2 s 

Ara Ala Tbr lie 
40 

As• Ser Pbe Met 
s s 

Leu Leo lie Tyr 
70 

Pbe S er Oly Sor 

Val Olu Ala Asp 
I 0 S 

A sp Pro Pr o Tbr 
I 2 0 

Pbo Oly A I a 

Val Leu Leu 
I 0 

Ola Se r Pr o 

Se r Cya A r a 

Hit Trp Tyr 
60 

Ara Ala Ser 
15 

Gl y Se r Ar1 
90 

Asp Val Ala 

Pbe Oly Al a 

O I y 
I 2 S 

Tbr Lys L e" 

L eu Trp V•I Pr o 

I S 

Ala S e r Leu Ala 
3 0 

Al a Ser Olu Ser 
.. s 

O l o GI• Ly • Pro 

Ate Leo 01u Ser 
s o 

Tbr Asp Pbe Tbr 
9 s 

Tbr Tyr Tyr Cys 
I I 0 

Oly Tbr Lys L eu 
I 2 S 

4 8 

96 

I 4 4 

I 9 2 

2 4 0 

2 8 8 

3 3 6 

3 8 4 

393 
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67 

I i I SEQUENCE CHARACTERISTICS: 

l A I l..ENGTli: •ll 7 ~ ~· 
1 8 t TYPE: auc:leic IC>d 
( C I 5nANDl!ONESS: single 
t D J TOPOLOOY: 11,,.. 

i • ) Fl:AI\IRE: 
l A ) NAME/KEY: CDS 
l 8 ) LOCAllON: 1..417 

( I • ) f'EAlURE: 
( A l NAMf/KEY: mac pcp!><k 
( B ) LOCAllON: 1 . .417 

( • I ) SEQUENCE D£SCRJYI10N: SEQ ID N0:34: 

5.795.965 
68 

-continued 

ATO OOA 
Mc I 0 l y 

I 

TOO AOC 000 OTC 
Trp Ser Oly Val 

5 

TTT 
p b. 

ATC TTC CTC CTG 
lie Pbc I.cu I.cu 

I 0 

TCA OTA ACT GCA OGT 
Ser Val Tbr Ala Oly 

I 5 

OTC CAC 
v. I HI I 

CCT 000 
Pro 0 I y 

AOT AOT 
Ser Ser 

so 

OAG TOO 
GI u Tr p 

6 s 

TCC CAO OTT CA A 
Ser Glo Val Ola 

20 

occ 
A I a 

3 5 

TCA 
Ser 

OTC 
v a I 

AAO 
Ly • 

TTG CAO CAO 
I.cu GI• Olo 

25 

ATC 
I I e 

TCC TOC 
Ser CyJ 

40 

TCT GOA OCT OAO TTG ATG AAG 
Ser Gly Alo Olo Leo Met l.y• 

3 0 

AAO OCT 
Ly s A I a 

ACT 
Tb r 

ooc 
0 I y 

• 5 

TAC ACA 
Ty r Tb r 

TTC 
p b • 

TAT TOG 
T yr Trp 

ATA 
I I e 

OTO TOO ATA 
Val Trp lie 

5 s 

AAO CAO AOO CCT 
1.71 Ola Arg Pro 

60 

OOA CAT GGC CTT 
Oly His Gly I.cu 

ATT GOA O AO 
I I e 0 I y GI u 

ATT 
I I e 

7 0 

TTA 
1.. u 

CC T GOA 
Pro Oly 

ACC GOT AGT 
Tbr Oly Ser 

7 s 

ACT 
Tb r 

AAC TAC AA T 
As.a Tyr A1a 

8 0 

GAO AAA TTC AAG OOC AAO OCC ACA TTC ACT OCA OAT ACA TCT TCC AAC 
0 I u Ly 1 Pbc Lys Oly Ly1 A l a Tbr 

• s 
Pbc Tbr Ala Atp Tbr 

90 
Ser Ser Ato 

95 

ACA OCC TAC ATO CAA C TC AOC AOC CTO ACA TCT OAO OAC TCT GCC OTC 
Tbr Ala Tyr Mee Ola 

I 0 0 
Leu Sc r Sc r Leo Tbr 

I 0 5 
Ser Olu A•p Ser Ala Val 

I I 0 

TAT TAC TOT OCA AOT CT A GAC AOC TCO OOC TAC TAT OCT ATG GAC TAT 
Tyr Tyr Cys Ala Ser 

I 1 5 
Leu A t p Ser Ser Oly Tyr Tyr 

I 2 0 
A I a Me I 

I 2 5 
A•p Tyr 

TOO OOT 
Tr p 0 I y 

I 3 0 

CAA OOA ACC 
Ola Oly Tbr 

TCA OTC ACC OTC TCC TCA 
Ser Val Thr Val Ser Ser 

I 3 5 

( 2 1 IN'la\MAJ10f'I FOR SEQ ID NCY.35: 

( 1 ) Sl!QUENCE CHARACTERISTICS: 
( A ) 1...ENOl11: 139 .m..., ac:idJ 
( B ) TYPE: amiao acid 
( D ) TOPOLOGY: U... 

( i ) MOl..EClU TYPE: "'°""" 
( & 1 ) S8QUENCll DESCIUPnON: Sl!Q ID N0-.35: 

Mc I 0 I y 

V •I H i I 

p' 0 0 1 y 

Ser Ser 
50 

Ola Trp 

Trp Ser Gly 
5 

Se r Olo Vol 
2 0 

Alo Ser Va l 
J 5 

Tyr Trp lie 

lie Oly Glu 

Val 

0 ID 

l. y • 

Va I 

I I c 

Pbc 11c Pbo Leo Leo 
I 0 

Leu Ola Ola Ser Gly 
25 

I le Sor Cy1 Ly• Ala 
40 

Trp le Ly• Ola Ar1 
5 s 

Leu Pro Oly Tbr Gly 

Sor Val 

A I a 0 Io 

Tbr Oly . ' 
Pro Oly 

60 

Ser Tbr 

Tbr Ala Oly 
I S 

Leu Mer Lyt 
3 0 

Tyr Thr Pbc 

Hi• Gly Leu 

Asn Tyr A•• 

4 8 

96 

I 4 • 

I 9 2 

240 

2 8 8 

3 3 6 

314 

4 I 7 
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5.795.965 

69 70 
-continued 

65 10 7S 8 0 

Glu Lys Pbe Lys Oly Ly s Ala Tbr 
8 s 

Pbc Tbr Ala Asp Tbr 
90 

S c:r Ser A s n 

9 s 

Thr 

T y r 

Ala Tyr Mei Oln 
10 0 

Tyr Cys Ala Se r 
I I S 

Leu S er Ser Leu Tbr 
I 0 S 

Leu A s p Ser Ser Oly 
I 2 0 

Trp Oty Olo Oly Th r 
I 3 0 

Ser Val Tbr Val 
I 3 S 

s er 

) INl'ORMAJ'ION POR SEQ ID N0-.36: 

I i ) SEQUENCE CHARACTERISTICS: 
( A ) t..ENOni: 381 base pn;s 
( 8 ) TYPE: .,.lei<: acid 

( c ) sntANt>EDNESS: ~ 

( D !TOPOl..OOY: me. 

• ) FEATI.IR.E: 
( A ) NAMll/KBY: COO 
I 8 ) l.OCAJ10N: L181 

i • ) FEAIVRE: 
( A ) NAMe/Kl!Y: 1D1f....P<PCX1e 
( 8 ) LOCATION: l • .381 

( • ) SEQUENCE DESCIUP110N: SEQ ID N0-.36: 

S er Otu Asp S er Ala Val 
I I 0 

Tyr Ty1 Ala Mei Asp Tyr 
t 2 5 

s., 

AT O OTO TCC ACA CCT CAO TTC CTT OGT CTC CTO TTO AT C TOT TTT C AA 

Mc• Val Ser Thr P r o Gin Pbe Leu Oly Leu Le u Leu t i c C y s P be Ol n 

S I 0 IS 

OOT ACC AOA 
Oly Tb r Ar& 

TOT OAT 
Cy1 Asp 

20 

ATC C AO ATO ACA CAO ACT ACA 
I le Oto Mee Tbr Oln Thr Tbr 

lS 

TCC TCC CTO TCT 
Ser Ser Leo Ser 

30 

OCC TCT CTO GOA OAC AOA OTC AC C ATC AOT TOC AOO OC A AOT CAO OAC 

A l a Ser Leu Oty Asp Ar& Val Tbr Ile Se r 

ATT 
I I e 

3S 40 

AOT AAT TAT 
Set A•o Tyr 

so 

TTA AAC TOO TAT CAA CAO 
Leu Ase Trp T yr Olo Oln 

s s 

Cys Arg Ala S er G i n A sp 
4 S 

AA A 
Ly s 

CCA OAT OO A A CT OTT 
Pr o A sp Oly Thr Val 

60 

AAA 
Ly• 

6 s 

CTC CTO 
Leu Lou 

ATC 
I Io 

TAC TAT ACA T CA 
Ty r Tyr Tbr Ser 

7 0 

AOA TTA CAC 
Arg L.c:u His 

15 

TCA GOA OTC 
Ser Gly Vat 

CCA 
Pro 

TCA 
s. r 

80 

AOO 
Ar 8 

T TC 
Phe 

AOT 
S • r 

ooc 
0 I y 

AOT 00 0 
Ser Oly 

8 s 

TCT GOA ACA OAT 
Ser Oly Thr A s p 

90 

TAT 
Ty r 

TCT CTC 
So r Leu 

ACC AT T 
T b r I c 

9 s 

AOC 
Se 1 

AAC C TG OAO CAA OAA OA T ATT O CC AOT TAC TTT TOC CAA CAO GOT TAT 

A s o Leu Glu Olo Otu Asp 
I 0 0 

I le Al• Ser Tyr 
I 0 S 

Pbc Cy1 Ola Ola Oly Tyr 
I I 0 

ACO CCT CCO TOG ACO 
Tbr Pro Pr o T rp Thr 

I I 5 

TTC OOT OOA OGC ACC AAO TTO GAA ATC AAA 

Pbe Gly Gly Oly Tbr Lys Leu Gin lie Ly • 

( 2 ) INR>RMATION FOR SBQ lD N0-.37: 

( i ) SEQUENCECHAAACTEIUSTICS: 

( A ) LENOllf; 127 ..W.0 Kids 

( 8 ) TYPE: ano acid 

( D ) TOPOLOOY: W... 

I i i ) MOl.ECULE TYPE: pcocin 

( x i ) SEQUENCE DESCIUPilON: SEQ ID N0-.37: 

I 2 0 I l S 

Mee Val Ser T hr Pro O l n Phe Leu Oly Lou L e u Lou I lo Cys Pbo Olo 

s I 0 IS 

4. 

96 

I 4 4 

I 9 2 

2 4 0 

l •• 

3 3 6 

3 8 I 
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Gly Tbr 

A I a S c r 

l I c Set 
50 

Lys L eu 
6 s 

Ar 8 Pb c 

Asa Leu 

71 

Arg Cys Asp lie Oln Mer 
20 

Leu Oly A sp Arp Val Tbr 
) s 4 0 

Asn Tyr Leu A1n Trp Tyr 
5 s 

Leu I le Tyr T yr Tbr Ser 
7 0 

S e r 0 ' I y S e r 0 I y S e r G I y 
8 s 

Ola Olo Glu A sp li e Alo 
I 0 0 

5.795.965 

-continued 

Tb r 0 I n 
25 

l c Sc: r 

GI n GI n 

Arg Leu 

Tbr A sp 
90 

Ser Ty r 
I 0 S 

Tb r 

Cys 

Ly s 

H is 
75 

Ty r 

Pbc 

Tb r S • r 

Ar 8 A I a 
4 s 

Pr o Asp 
6 0 

Sc r 0 I y 

Ser Lc:.u 

c 7 I 0 I • 

72 

Ser Leu 
3 0 

Gly Tbr 

Va I Pr o 

Tbr lie 
9S 

GI o 0 I y 

I I 0 

S < r 

Asp 

Va I 

Sc r 
8 0 

Ser 

Ty r 

Tbr Pro Pro Trp Tbr Pbc Oly Gly Oly Tbr Lys Leu Olu lie Lys 
llS 120 12S 

( 2 ) INFORMATION FOR SEQ ID N0-.38: 

I I l SSQ\JENCll CHIJtACTERISTICS: 
( A ) U!NO'lll: '402 "- pb'I 

( B ) TYPI!: ouclcic ocid 
( c ) ST'RANDEDNESS: .. 
( D )TOPOLOGY: be. 

i • ) Fl!Al'UIU!: 
{ A ) NAMl!IJCEY: COS 
( B ) LOCATION: I.AO:! 

I I ) FEAnJRE: 
(A ) NAMP/ICEY: ~ 
( B ) LOCATION: I.AO:! 

( • I ) SeQUENCl! OE.9CIUPtlON: SEQ ID N<>.38: 

ATG GAG CTG OAT CTT TAT CT T ATT CTG TCA OTA ACT TCA OGT OTC TAC 
Mcf Otu Leu Aap 

I 
Leu T yr 

s 
Leu I I c 

TCA C AO OTT CAO CTC CAO CAO TCT 
Ser Glo Val Olo Leu Olo Olo Ser 

20 

Leo Sc r Va I 
I 0 

Tb r Ser 

000 OCT GAG CTG OCA 
Gly Ala Olu Leu Ala 

2 s 

Gly Val Ty r 
I S 

AGA CCT GOO 
At& Pro Oly 

30 

OCT TCA OTO 
Ala Sor Val 

3 s 

AAO T TG TCC TOC AAG OCT 
Ly1 Leu Ser Cys L71 Ala 

4 0 

TCT OOC TAC ACC TTT ACT AAC 
Sor Oly Tyr Tbr Pb e Tbr Aso 

45 

TAC TOO OTO CAO TOG OTA AAA CAO AOO CCT GOA CAO OOT CTO GAA TOO Tyr Trp Val Ola Trp Vol 
so 

Lys 01• Ara 
SS 

P r o Oly Gia Oly Leu Olu Trp 
60 

ATT 000 
I I e 0 I y 

65 

TCT 
Se r 

TTC AAO OGC 
Pbe Lys O ly 

ATT 
I I e 

TAT CCT OOA OAT 
Tyr Pro Oly Asp 

70 

AAO GCC ACA TTG ACT 
Ly1 Ala Tbr Leu Tbr 

as 

OO T OAT 
0 I y A 1 p 

OCA OAT 
Ala A sp 

90 

ACT AGO 
Tbr Arg 

75 

AAC 
A' • 

AAA TCC T C C 
Ly• Ser S er 

ACT C AO AAO 
Tbr Ola Ly1 

80 

ATC ACA OCC 
lie Tbr Ala 

9 s 
TAC ATG CAA CTC ACC AOC TTO OCA TCT GAO OAC TCT OCO OTC TAT TAC 
Tyr Mc < Glo Leu Tbr 

I 0 0 
Ser L eu Ala Ser Olu Atp Set 

I 0 S 
Ala Val Tyr 

I I 0 
Tyr 

TGT OCA AOA 
Cys All Arg 

I l S 

TCO ACT GOT A.AC CAC 
Ser Tb r Oly A1a H is 

I 2 0 

ACT CTC ACA OTC T CC TCA 
Tbr Leu Tbr Va l Ser Ser 

I 3 0 

( 2 l INR>RMATION POR SBQ ID N<>.39: 

I I ) SEQUENCE CHAltACTEIUSTICS: 

TTT GA C TAC TOO QOC CAA OOC ACC 
Pbe A sp Tyr Trp O l y Gin Oly Tbr 

I 2 S 

•a 

96 

l 4 4 

I 9 2 

2 4 0 

2 g. 

'.l 3 6 

3 • 4 

4 02 
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5.795.965 
73 

( A I LENGTll: l H aouno ..,,.u 
( 8 > TYPE: amuo oc\d 

I D l TOPOLOOY: luicx 

( I I MOLECUl.E TYPE: vroreU. 

( l J SEQUENCE DESCRll'TION: SEQ ID N0:39: 

Me I Glu L cu Asp L c u Ty r L c u 

I ~ 

Sc r 0 I• v a I 0 In Leu 0 I a 0 I• 

20 

A I a S • r Va I Ly s L cu S c r Cys 

J s 

Ty 1 Tr p v a I 0 I• Trp Va I Ly s 
s 0 s s 

I I c 0 l y Ser I I e Tyr Pro 0 I y 

6S 70 

Pbc Ly s 0 I y Ly' Ala Tbr L cu 

as 

Ty r M e I 0 l. Lev Tb r Sc r Leu 

I 0 0 

c y s A I a Are Sc r Tb r 0 I y A I a 

I IS 

Tb r Leu Tb r Va I s.' Ser 

I 3 0 

( l ) INR>RMAJlON FOR SEQ ID N0:40: 

( I ) SEQUENCE CHARACTERISTICS: 

( A ) L.ENOIH: JS bmc poirs 
( B ) TYPE: -i..c acid 

( c ) S'IRANDIIDNESS: ••Blc 
( D ) TOPOLOOY: ~ 

( • I ) SEQlJENCE DESC1UJl'110t;: SEQ ID NO:«I: 

-continued 

I I c Leu Ser 
I 0 

S e r o 1 r Ala 

2 s 

Lys A I a Sc r 

40 

0 I a Arg Pro 

Atp O I y Asp 

Tb r A I a Asp 
90 

A I a S • r 0 l u 

I 0 S 

Hi s Pbe A s p 

I Z 0 

ACAAAGCTTC CACCATOOAO TCAOACACAC TCCTG 

( Z ) INl'ORMAilON FOR SEQ ID N0:41: 

( i ) SEQUENCE CHA.R.ACTERISlTCS: 

( A ) 1..ENOIH: 36 base pin 

( 8 ) TYPE: - acid 

( C ) STRANDEDN'ESS: rioak 
( 0 ) TOPOLOGY: linoar 

( 1 i ) SEQUENCE DESCIUPl'lON: SEQ ID N0;41 : 

OOCTA A OCTT CCACCATOOG ATOOAOCOOO A T CTTT 

( Z ) lNl'ORMA:J'lON FOR SEQ ID N0:42: 

( i ) SEQUl!l'ICI! CHARACTERISTICS: 
( A ) l.ENOTI!: JS Im< pin 

< 8 ) TYPE: 9Xlci< acid 
( c ) ST'RANDl!DNESS: ...... 

( D ) TOPOLOOY: llaea 

( • i ) SSQUENCI! DESCJlJPTlON: SEQ ID l'i0>42: 

CTTOOATCCA CTCACOTTTT ATTTCCAOCT TOOTC 

( l ) INR>R.MA110N FOR SEQ ID NO:Cl: 

( i ) SEQUl!NCl! CHARACTERISTICS: 

( A ) L.ENOIH: 36 base pain 

( 8 ) 1YPE: audac: acid 

v.r 

0 I u 

GI y 

0 I y 

Tb r 
7S 

Ly s 

Asp 

Ty r 

74 

Tb r S c r 0 I y v a I T y r 

I~ 

L c v A I a Ara Pr o 0 I y 

3 0 

Ty r Tb r p b. T b r As n 
4 s 

0 Io 0 I y Leu Glv Tr p 

60 

A 1 8 As a Tb r 0 I a Ly s 
eo 

s.' S • r I I• Tb r Al a 
9 s 

Sc r A I a v I I Tyr Ty' 
I I 0 

Tr p 0 I y 0 I• 0 I y Tbr 

I 2 S 

3 s 

36 

3 s 
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75 

I C I snv.NtlEDNESS: sintdc 
ID tTOPOLOOY: line. 

c • i ) Sl!QUENCE DESCRIPTION: SEQ ID N0:43: 

5.795.965 

-continued 

GTTOGATCCA CTCACCTOC A OAOACAGTTA CCAOAO 

1 INR)RMATION FOR SEQ ID N0:44: 

C i ) ~ CHAAACTERISTICS: 
c A I LENOTH: lS base poin 
( 8 I TYPE: 11>elcic acid 
1 c i STitANOEONESs: smalc 
I D ) TOl'OLOOY: W... 

( • i l SSQUENCE DESCIUP110N: SEQ ID NC>l44: 

CTTOGATCCA CTCACOATTT ATTTCCAOCT TGGTC 

( 2 ) INl'ORMATION FOR SEQ ID r-IO:.U: 

( i ) SEQUENCE ClWlACTERISTICS: 
C A ) LENOTH: JS bue poir1 
I 8 ) TYPE: ll>Clac acid 
( c l STRANDl!DNESS: Nop 
( D l TOl'Ol..OOY: liMor 

( • i ) SEQUENCE DESCRJPnON: SEQ ID NO:.U: 

CTTOOATCCA CTCACOTTTT ATTTCCAOCT TGOTC 

( 2 ) INR>RMAl'ION FOR SEQ 10 N0>46: 

( i ) SEQVENCE ClWlACTERJSTICS: 
( A ) l..ENC111f: )6 bok S-W 
( a ) TYPE: -lac acid 
( c )~:sioale 
( D ) 1'0l'OLOOY: line.-

( • i ) S£iQUENCE DESC'RD"IlON: SEQ ID l'IO'A6: 

ACAAAOCTTC CACCATOGTO TCCTCAOCTC AGTTCC 

( l ) IM'ORMA1'l<ltl flOll SEQ ID l'IO'.c7: 

( i ) SSQUENCE CHARACT'EIUSTICS: 
( A ) LENGTH: l9 bue poirs 
( a ) TYPE: -* acid 
( C ) S'IUNDl!DMSSS: &io8le 
( 0 ) TOl'Ol..OOY: l:iaclr 

( x i ) SEQUENCE OESCIUP110N: SEQ ID N0:47: 

TOTTAGATCT ACTCACCTOA GOAG ACAOTO ACTOAOOTT 

( l ) INR:>RMATJON FOR SEQ 10 N014&: 

( i ) SllQlllll'ICE CBAJt.ACTF.RISDCS: 
( A ) l..ENCl11i: )6 bloc poin 

( 9 ) TYPI!: - acid 
( c ) SlllANDEDNBSS: ...... 
( D ) TOl'OLOOY: W... 

( x i ) SEQUENCE OESCIUPTION: SEQ ID N<>AB: 

OTCTAAOCTT CCACCATOAO AOTOCTOATT CTTTTO 

( 2 ) INFORMATION FOR SEQ ID N0:49: 

( i ) SBQUENCE CHARACTEIUSllCS: 
( A ) LENOTH: 17 bue poin 
( 8 ) TYPI!: ooxloic acid 
( c ,~, siaglc 
( D ) TOl'Ol..OOY: be. 

76 

J6 

3 s 

) 6 

39 

3 6 
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77 

1 • i 1 SEQUENCE DESCRIPTION: SEQ ID NO:ol9: 

TACOCAAACC GCCTCTC 

1 ~ t INR:>RMl(llON FOR SEQ ID ..0:50: 

c , ) SEQUENCE CHARAC!nJSTICS: 

( A I LENGTH: IS base pun 
I B I TYPE: - .lei<: OCtd 
( C I S"IltAN'OEDNES5: sio~ 

f D ) TOl'OLOOY. U.C. 

< x 1 ) SEQUENCE DESCRJl"TION: SEQ JD NO:SO: 

OAOTOCACCA TATOCOOT 

( 2 ) INR>RMAl'ION FOR SEQ ID NO:SI : 

r i ) SEQUENCE CHARACT!lRISTICS: 

( A l l.ENOtH: SS base pair• 

( B )TI'PS: t1UC1cic:ac>d 
( C I STRANDEDNESS: sio@k 
( D l TOl'OLOOY: baea 

( x i ) SEQUENCE DESCIUP110N: SEQ ID N0-.51 : 

5.795.965 
78 

-continued 

ACCOTOTCTG OCTACACCTT CACCAGCGAT CATOCCTOOA GCTOGGTGAG ACAO C 

I 2 ) INFORMATION FOR SEQ ID NO:S2 : 

I i l SEQUENCl! CHARACTERISTICS: 

(A) L&IO'nl: 63 bue poin 
( B ) TYPE: ooclac ocid 
( c ) STRANDeONE.'>S: .. 
( D ) TOl'OLOOY: W... 

I • i ) SBQUENCe D£SCIUPT10N: SEQ ID N0-.52: 

I 7 

I 8 

s s 

TOAGTGGATT OOATACATTA OTTATAGTOO AATCACAACC TATAATCCAT CTCTCAAATC 60 

CAO 6 3 

( 2 ) INRlRMAilON FOR SEQ ID NO-.S3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENO'TH: S4 base pun 
( B ) TYPE: -lcic ocid 
( c ) STR.ANOEDNl!SS: lb>aJo 
( D ) TOPOLOGY: W... 

( • i ) SBQUENCE Df!SCIUP110tl: SEQ JD NO:SJ: 

TATTATTGTO CAAOATCCCT AGCTCOOACT ACOOCTATOO ACTACTOOOO TCAA 

( 2 ) INR>RMAnON FOR SBQ ID NO:S4: 

( i ) SEQUENCI! CHARACTERISTICS: 
( A ) l.EN011i: %7 base poin 
( B ) TI'PS: ouclei<: ocid 

( c l STR.ANDBDNESS: ·~• 
( D ) TOl'OLOOY: linc.w 

( x i ) SEQUENCE DESCIUP't10N: SEQ ID NO:S4: 

OTOACAATOC TOAOAOACAC CAOCAAO 

( 2 ) INR:lRMAnON FOR SEQ ID N0-.5S: 

C i l SEQUENCE CHARACTERJS11CS: 
( A ) l.ENOtH: 2A - pus 
( B ) TYPE: ...aci< acid 

( C ) STRANDEDNl!SS: sio@lc 

( D l TOl'OLOGY: lu>c.w 

s .. 

2 7 
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79 

t • i ) SEQUENCE OESCRlP110N: SEQ ID NO:SS: 

GOTOTCCACT CCOATOTCCA ACTO 

( 2 I INR>RM.'JION fOR SEQ ID N0-.$6: 

( i ) SEQUENCE CHARACTERJSllCS: 
( A ) LENO'Jli: Z1 base pairs 
< 8 ) TYPE: wclc:ic acid 
< C l STRANDEDNESS: siAgk 
( D l TOPOLOO Y: li.oca-

C x i ) SEQUENCE DESCRlPTION: SEQ ID N0:56: 

OOTCTTGAOT OGATOGOATA CATTAGT 

( 2 I INR>RMATlON FOR SEQ ID N0-:57: 

i ) SEQUENCE CHARACTERISTICS: 
( A ) UNO"IH: 29 b...c poin 
( 8 ) TYPE: -lc:ic acid 
( c ) SffiANDEONESS: single 
( D ) TOPOLOGY: liDca" 

I x i } SEQUENCE DESCIUPllON: SEQ ID N0:.57: 

GTOTCTOOCT ACTCAATTAC CAOCATCAT 

( 2 ) INR:>RMAllON FOR SEQ ID N0:.58: 

i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGIH: 48 b6se poin 
< 8 ) TYPE: m>Cleic: acid 
( C ) STRANDEDNESS: single 
< D ) TOPOLOGY: liDca" 

( x i ) SBQUENCB DESCR.IP'llON: SEQ ID N0:.58: 

5.795.965 

-continued 

TOTAOAOCCA OCCAOOACAT CAOCAOTTAC CTOAACTOOT ACCAOCAO 

( 2 ) J'NR:>RMATION FOR SEQ ID N0-.$9: 

( i ) SEQUENCE CHARACTERJSilCS: 
( A ) U!NO'Ili: 42 b6se pairs 
( 8 ) TYPE: llllClac acid 
( c ) SIJl.ANDEDNESS: sia8le 
( D ) TOl'OLOO Y: liDca" 

( x i } SEQUENCE DESCIUP'llON: SEQ ID N0:.59: 

ATCTACTACA CCTCCAOACT OCACTCTOOT OTOCCAAOCA OA 

( 2 > INFORMAilON FOR SEQ ID~: 

C i ) SEQUENCE CHARACTERISTICS: 
( A ) Ll!NOIB: .50 bale poin 
( B ) TYPE: auclcic acid 
( C ) STRANDEDNF.SS: sio8Je 
( D ) TOl'OLOOY: liDca" 

( x i ) SEQUENCE DESCRlPTION: SEQ ID ~: 

ACCTACTACT OCCAACAOOO TAACACOCTT CCATACACOT TCOOCCAAOO 

( 2 ) INfORMAl10N FOR SEQ ID ~l: 

( i ) SEQUENCE CHARACT'ERISTICS: 

( A ) l.9'0Tli: Z1 bale pair$ 
( 8 ) TYPE: auclcic acid 
( c ) S'l1tANDl!DNESS: •• 
( D ) TOPOLOGY: liDcar 

( x i ) SEQUENCE DESCRlPTION: SEQ ID N0:61 : 

80 

2 4 

2 7 

2 9 

4 8 

4 2 

s 0 
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81 

AG COGT ACCO ACTACAC CTT CACCATC 

( i l SEQUENCE CHARACTERISTICS: 
f A J LENGTH: 706 base pairs 

! 8 ) TYPE: ouc:k>c: oad 

(C)~: SlllsJ< 

( D I TOPQLOOY: lille$' 

i • ) FEAlUR£: 
( A ) NAME/KEY: COS 

( 8 ) LOCAIION: 8 • ..S2 

i • ) fEAI'URE: 
I A ) NAME/KEY:~ 

( B ) LOCATION: 8..S2 

i ~ ' FBAnJR.E: 
( A ) NAME/KEY: COS 
( B ) LOCATION: 13S . .SOO 

' i • ) fEAlUJlE: 
( A ) NAMEIKEY: ma_pcpcidc 

( 8 ) LOCATION: 13S . ..S03 

( 1 i ) SEQIJENC£ DESCRIP1TON: SEQ ID N0:62: 

5.795.965 
82 

-continued 

AAG CTTC ATG GOA TOO AGC TGT ATC ATC CTC TTC TTG OTA GCA ACA GCT 

Mer Oly Trp Ser Cys I le l le Lou Pbo Leu Val Ala Tbr Ala 

I S I 0 

ACA OOTAAOOOOC TCACAGTAGC A00CTTGA00 TCTOGACATA TATATGOGTO 

Tb r 
I 5 

ACAATOACAT CCACTTTGCC TTTCTCTCCA CA OOT OTC CAC TCC CAO OTC CAA 

Oly Val His Ser Oln V a l Glo 

I S 

CTO CAO OAO AOC GOT CCA GOT CTT OTO AOA CCT AOC CAO ACC CTO AOC 

Leu Olo Olu Ser Oly Pro 017 Leu Val Ara Pro Ser Olo Tbr Leu Ser 

I 0 IS 2 0 

CTO ACC TOC ACC OTO TCT OOC TAC TCA ATT ACC AO C OAT CAT OCC TOO 

Leu Tbr Cy• Tbr Val Ser Gly TJr Ser I le Tbr Ser Asp Hi• Ala Trp 

25 30 3S 

AOC TOO OTO AOA CAO CCA CCT GOA 

S•r Trp Val Arg Olo Pro Pro Oly 
COA 
Ar 11 

GOT CTT GAG TOO ATT GOA TAC 

017 Leu Glu Trp l le Oly TJr 

45 s 0 s s 

ATT AOT TAT AOT GOA ATC ACA ACC TAT AAT CCA TCT CTC AAA TCC AOA 

I le Ser Tyr Ser Oly I le Tbr Tbr Tyr A•• Pro S e r Leu Ly • Ser Ara 

60 65 10 

OTO ACA ATO CTO AOA GAC ACC AOC AAO AAC CAO TTC AOC CTO AOA CTC 

Val Tb r Met Leu Ara Asp Tbr Sor L yJ AtA Olo Pbe Ser Leu Ars Leu 

1s ao 85 

AOC AOC OTO ACA GCC OCC OAC ACC OCO OTT TAT TAT TOT OCA AOA TCC 

Ser Ser Val Tbr Ala Ala A•p Tbr Ala Val Tyr Tyr Cy 1 Ala Arg Ser 

90 9S 100 

CTA OCT COO ACT AC O OCT ATO OAC TA C TOG OOT CAA OOC AOC CTC OTC 

Leu Ala Arg Tbr Tbr Ala Mer Asp TJr T rp Oly Olo Gly Ser Leu Val 

I 0 S I I 0 I IS 

ACA OTC TCC TCA OOTOAGTCCT TACAACCTCT CTCTTCTATT CAOCTTAAAT 

Tbr Val Ser Ser 

1 2 0 

4 9 

I 0 2 

I S S 

203 

2 S I 

299 

347 

3 9 s 

44J 

491 

s 4 3 

AOATTTTACT OCATTTGTTO GOOOGOAAAT OTOTOTATCT GAATTTCAOO T C ATOAAGGA 60 3 

CTAOOGACAC CTTOOOA OTC A0AAA000TC ATTOGGAOCC COOOCTOATO CAGACAOACA 663 

TCCTCAOCTC CCAOACTTCA TOOCCAOAOA TTTATA000A TCC 106 
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5.795.965 
83 84 

-continued 

l INR>RMATION FOR SEQ ID N0:6.l: 

I ' i SEQUENCE CHARACTERISTICS· 
( A l l.ENOTii: I~ amino acids 
I 8 ) TYPE: uoo 1cid 
I D I TOf'Ol..OOY: liDol< 

( . 1 I MOt.ECULE TYPE: p oto • 

I • ' l SEQUENCE DESCRIPTION: SEQ ID N0:63: 

Me 1 GI 1 Trp Se. r c r • I I e I I c L eu Pbe L cu Va I A I a T b r A I a T b r 
I s I 0 I S 

1 INR>RMAllON Rllt SEQ ID N<>.64: 

( . ) SEQUENCll CHARACTERISTICS: 
( A \ l...ENG'JH: 123 ..W.0 xidl 
( 8 ) TYi'£: - acid 
I D ) 10l'Ol.OO Y: liooar 

( i ) MOLeCUl.E TYi'!:.: potu 

( l • I SEQUENCE DESCRll'TION: SEQ ID N0:64: 

G I y V a H 1 1 s e ' 0 I• V a I 0 I• Le u GI a G I u S c r GI y Pr o GI y Leu Va I 
I s I 0 IS 

A r g P ro S c r 0 I• Tb r L c u s . ' L c u Tbr Cys Tb r Va I S c r O I 1 T yr S • r 
20 2 s 30 

I I c Tb r S • r A s p H i s Al 1 Trp S • r Trp v a L Ara Gt a Pro Pr o Gl y Ara 
3 s 4 0 4 s 

0 I y Leu 0 I u Tr p I I c G J y Tyr I I c Se 1 T y r S • r G l y I e Tb r Tb r Ty r s 0 s s 60 

A s • Pr o Ser L eu L 1 • S c r Ara v. J Tbr Mc 1 L eu A' 8 A s p Tia r s . J L 1 1 6S 1 0 1S 80 

A< a 0 l • p b. Sc r Leu Ar 8 L cu Se r S • r Val T b r Al a Al a Alp Tb r A I 1 • s 9 0 9S 

Va I Ty' Tyr c y. Al a Ar 8 Sc r Lou Al a Ar 8 Tbr Tb r A I 1 Me I A' p Ty r 
I 0 0 l 0 s l I 0 

Trp G I y 0 l .. 0 I y S c r Leu Va I Tbr Va I S c r Sc r 
I I s 12 0 

( 2 ) INl'ORMIJION FOR SEQ ID N0:6S: 

( i ) SBQUENCE CHA!lACil!RISTICS: 
( A ) l..ENOIH: S06 bMc pairs 
( 8 ) TYPE: -*acid 
( c ) STltANDEDNESS: sio8'o 
( 0 ) TOf'OLOOY: W... 

• ) FEATUIU!: 
( A ) NAMl:IXEY: COS 
( 8 ) l.OCAllOtl: LS? 

( .. ) fl!AIURI!; 

( A ) NAMEllCEY: ~ 
( 8 ) LOCAllON: LSl 

i • ) FEATUIU!: 
( A ) w.ME/KllY: COO 
( 8 ) LOCIJION: 135-467 

( .. ) FEAIUR.E: 
( A ) NAME'KEY: a:>ae_pq:ibdc 
( 8 ) LOCAJ!ON: llS • .467 

( ~ i ) SBQUENC'E DESCIUPTlON: SEQ ID N0:6S: 

AAG C TTC ATO OOA T OO AOC TOT ATC ATC CTC T TC TTO OTA O C A ACA O C T 49 
Mc I 0 J y Tr p S c r Cy • l I e I l c l.. u Pbc l.." Va I Al a Tbr Ala 
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85 86 
·continued 

I 0 

ACA OGTAAOOOGC TCACAGTAGC AOOCTTGAGG TCTOGACATA TATATOGOTO 

Tb r 
I S 

ACAATGACAT CCACTTTOCC TTTCTCT CC A CA OOT OTC CAC TC C OAC ATC CAO 

Oly Val Flt • Ser Asp lie Gin 
~ 

ATO 
Mc I 

ACC CAO 
Tbr Ola 

I 0 

AOC 
S • r 

CCA 
Pro 

AOC 
s. r 

AOC 
Sc r 

CTO AOC OCC 
Leu Ser Ala 

I 5 

AOC OTO GOT OAC AOA OTO 

S ec Val Oly Asp Ara Vil 
20 

ACC ATC ACC TOT AOA OCC AOC CAO GAC ATC AOC AGT TA C ,CTO AAT TOO 

Thr le Tbr Cys Ara Ala Ser Olo Asp 1 le Ser Ser Tyr Leu A•• Trp 

?S 30 JS 

TAC CAO CAO AAO 
Tyt Gia Ola Ly s 

40 

TCC 
s. ' 

AOA C TG CAC 
Are Leu Hi> 

CCA OOT 
Pro Oly 

4S 

AAO OCT CCA 
Lys Ala Pro 

TCT OGT OTO CCA AOC 
Ser Gly Val Pro Ser 

60 

GOT 
GI y 

ACC OAC TTC ACC 
Tbr A s p Pbe Tht 

7 s 

TTC ACC ATC AOC 
Pbe Tbr lie Ser 

80 

AAO 
Ly s 

CTO CTG ATC TAC TAC ACC 
Leu Leu I le Tyr Tyr Tbr 

SO SS 

AOA TTC AOC GOT 
Ara Pbe Ser Oly 

65 

AOC 
S • r 

OOT 
0 I y 

70 

AOC 
s e r 

CTC CAO 
Leu Olo 

CCA GAO OAC 
Pro Olu Asp 

8 s 

AOC 
S c r 

ATC 
l I e 

OCT ACC TAC TA C TOC CAA CAO OOT AAC ACO CTT CC A TAC ACO TTC OOC 

Ala Tbr Tyr Tyr 
90 

Cys Oto Ola Oly Asa Thr 
9S 

Leu Pro Tyt Thr 
I 0 0 

Phe Oly 

CAA 000 ACC AAO OTO OAA 

Ola Oly Tbr Lys Vil Glu 
I 0 S 

ATC AAA COTGAOTAOA ATTTAAACTT TOCTTCCTCA 

I I c Ly 1 

GTTOOATCC 

( 2 ) INFORMAJlON FOR SEQ ID N<>l66: 

( i ) SEQUENCE CHARACTERJS'TICS: 

( A ) l.ENO'IB! IS - lcids 
( B ) TYPl!: 11111AOacid 

( D ) TOPOLOOY: li.ocar 

I I 0 

( • i l SeQUENCE OESCIUPI10N: SEQ ID NO~: 

Mel Gly Trp Ser Cys I Jc 

s 
Ile Leu Phe Leu Vil Ala Tbr 

I 0 

< 2 ) 1,._'RlRMATION FOR SEQ ID N0"57: 

( i J SEQUENCE CHARACTEJUSTICS: 

( A ) U!NO'IH: 111 ..a.o acidl 

( B ) TY'PE: lllli.Dol<>d 

( D ) TOPOLOOY: lil>ta 

( j I ) MOLECULE TYPE:~ 

< • ) SEQUENCE DeSClUP'IlON: SEQ ID N0:67: 

0 I y Va I 

I 

Ala Ser 

J 1 e Se r 

Lys Leu 
so 

At& Phc 

His Ser Atp lie 

' 
Va l Oly Asp Ara 

2 0 

Ser Tyr Leu A.so 

JS 

Leu lie Tyr T yt 

Set Oly Ser Gly 

Ola Meo Thr 

Val Tbr l e 
2 s 

Trp Tyr Ola 
40 

T bt Ser Ara 
5 s 

Sec Oly Tb r 

0 Io Ser 
I 0 

Tbr Cys 

Ola Lys 

L c: u. H l s. 

Asp Phe 

Pro Sor 

Ara Al i 

Pro 0 I y 

45 

Set Oly 
60 

Tbr Pbc 

Ala T hr 
I S 

s. t 

s.' 
3 0 

Lys 

Va I 

T b r 

Leu Sor 
I S 

Oln Asp 

A I a PI 0 

Pro Sc r 

I I e s e I 

l 0 2 

I 5 S 

2 0 J 

2 S I 

2 9 9 

3 4 7 

395 

44 3 

497 

S06 
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5.795.965 
87 88 

-continued 
65 70 8 0 

Set Leu Gia Pro Glu Asp 
s s 

I le Ala Tbr Tyr Tyr Cys Gia Gia Gly A s• 
90 95 

Tbr Leu Pro Tyr Tbr 
I 0 0 

Pbe Oly Oln Gly T br Lys Vol Olu 
I 0 S 

l c Ly s 
I 0 

1 ll'll'ORMIJION FOR SEQ ID N0:68: 

I I ) SEQIJEl'ICE CHAA.ACTERISTICS: 
( A ) l.£NGTH: 4.1t bMc pars 
( B ) lYPE: ..cleic acid 
I C ) SlllANOeDNESS: sirlaJc 
I D ) TOPOLOOY: 6-

I I • I FEIJtJRI!: 
( A ) NAME/KEY: CDS 
( B ) LOCA110N: ll..42.S 

I I I ) fEAlVRE: 
( A ) NAMEIXEY: IDIL.pqJbde 
( B ) LOCAIION: 12..42.S 

( • I I SEQUENCE DESCIUPTlON: SEQ ID ~: 

AAGCTTCCAC C ATO OOA TOO AGC TOT ATC ATC CTC TTC TTO OTA OCA ACA 

OCT AC A GOT 
Ala Tbr Oly 

I S 

Mel Gly Trp Set 
I 

OTC 
Va I 

CAC 
Hi s 

TCC CAO 
Set Ola 

20 

Cf I 

s 
I I e I I e Leu Pho 

OTC CAA CTG CAO GAO 
Val Olo Leu Gia Glu 

2 s 

Leu Val 
I 0 

AOC OOT 
Ser Oly 

Ala Tbr 

CCA OOT 
Pro O l y 

CTT OTO AOA CCT AOC CAO ACC CTO AOC CTO ACC Toe ACC OTO TCT ooc L c 1:1 Vat 
30 

Arg Pro Sot Olo Tbr 
3 .s 

Leu Ser Leu Thr Cys Tbr 
40 

Val Ser 0 I y 
4 s 

TAC T CA ATT ACC AO C OAT CAT OCC TGO AOC TOO OTT COC CAO CCA CCT Tyr Ser I I e Tb r Ser Asp Hit 
so 

Ala Trp Ser Trp Val 
SS 

GGA COA GOT 
Gly Ara 01, 

CTT OAO TOO 
Leu Olu Ttp 

6 s 

ATT OOA TAC ATT AOT TAT 
I le O l y Tyr I le Ser Tyr 

7 0 

Arg Ola Pro Pro 
60 

AOT OOA 
Se r Oly 

7 s 

ATC ACA 
I I c Tb r 

ACC TAT AAT CCA TCT CTC AAA TCC AGA OTO AC A ATO CTO AOA OAC ACC Tbr Ty r Asa Pro Ser Leu Lys Ser Arg Val Tbr Mee 
8 0 8 s 

Leu Arg A sp Tbr 
90 

AOC AAO AAC CAO TTC AOC CTO AOA CTC AOC AO C GTO ACA OCC OCC OAC Ser Ly1 AsD O l a Pbc Ser 
95 

Leo Ara Lou S er Ser Val Tbr Ala Ala A sp 
I 0 0 I 0 S 

ACC OCO OTT TAT TAT TOT OCA AO A TCC CTA OCT COO ACT ACO OCT ATO Tbr Ala Val 
I I 0 

Tyr Tyr Cy 1 Ala A r a Ser 
I IS 

Leo Ala Arg Tbt Tbr 
I 2 0 

Ala Met 
I 2 S 

OAC TAC TOO OOT CAA Goe AOC CTC OTC ACA OTC TCC TCA OOTOAOTOOA Asp Tyr Trp Oly Ola Gly Ser 
I 3 0 

TCC 

( i ) SEQUENCB CHAJV.CTEIUSTICS: 
( A ) l...EJllC1lll: 138 m... acid.s 
( B ) TYPE: ..UO acid 
( 0 ) TOPOLOGY: 6-

( I ) MOUlCUl.E TYPE: protcia 

( I ) Sl!QUE!NCB DESCRIPJ10N: SEQ ID N0:69: 

Leu Val Tbr Val Set 
I 3 S 

Se r 

Mee Oly Trp Ser Cys lie 
s 

I le Leu Pbe Leu Val Ala Tbr Ala Thr Oly 
I 0 IS 

.s 0 

9 8 

I 4 6 

I 9 4 

242 

290 

) ) 8 

3 8 6 

4 3 s 

438 
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Val His Ser Oln 
2 0 

Pro Ser Oln Tbr 

~' 5 

Tbr Ser A sp His 
so 

Leu Glu Trp I le 
6 s 

Pro Ser Leu Lys 

Ola Pbe Ser Leu 
I 0 0 

Tyr Tyr Cy1 Ala 
I I 5 

89 

Va I 0 In 

Le LI Se 1 

Ala Trp 

Oly Tyr 
1 0 

Ser Arg 
8 s 

Ara Leu 

Arg Ser 

Oly Gia Oly Ser Leu Val 
I 3 0 

( 2 ) INl'ORMATION f'OR SEQ 10 ~: 

( i ) SEQVENCE CHARACTERISTICS: 
( A ) LENO'll!: 402 lwc: pairs 

( 8 ) TYPE: °"'kic acid 
< C ) STRANOSONESS: sia~ 
( D ) TOPOLOOY: ti.our 

i a ) FEATI.IRE: 
( A ) NAMFJXJ!Y: CDS 

( 8 ) LOCATION: 12.389 

( i a ) fEAl'\1RE: 
( A ) NAMEIXEY: ~ 

( 8 ) LOCATION: 12..389 

5.795.965 

-continued 

Leu Ola Olu Ser 01 

25 

Leu Tbr Cys Tbr Val 
.. 0 

Ser Trp Val Arg Gia 
s s 

lie Ser ryr Ser Gly 
1 s 

Val Thr Mel Leu Arg 
90 

Ser Ser Val Tbr Ala 
I 0 S 

L e u Ala Arg Tbr Tbr 
I l 0 

Tb r v a I 

I 3 S 
Sc. r Sci r 

( a ) S£QU'ENCI! DESCRIP110N: SEQ ID NO:'IO: 

AAOCTTCCAC C ATG OGA TOO 
M e Oly Trp 

AOC TOT ATC 
Ser Cyt lie 

s 

ATC 
I I e 

CTC 
Leu 

90 

Pr o Gly Leu Val 
30 

Ser Oly Tyr Ser 
4 s 

Pr o Pro Oly Ar1 
6 0 

le Tbr Thr Tyr 

A sp Tbr S er Lys 
9S 

Ala Asp Tbr Ala 
I I 0 

Ala Mel Asp Tyr 
I 2 S 

Ar, 

I I c 

0 I y 

As o 
ao 

As o 

Val 

Trp 

TTC TTO OTA OCA ACA 
Pbe Leu Val Ala Tbr 

I 0 

OCT ACA OOT OTC CAC TCC OAC AT C CAO ATO ACC CAO AOC CCA AOC AOC 

Ala Tbr Oly Val H11 Ser A1p I le Gia Mer Tbr Gia Ser 
2S 

Pro Ser Set 

IS 2 0 

CTO AOC OCC AOC OTO GOT GAC AGA OTO ACC ATC ACC TOT AGA OCC AOC 

Leu Ser Ala Ser Val Gly Asp Ari Val Tbr le Tbr Cys Ara Ala Ser 
4 0 4 s 3 0 ) 5 

CAO 
0 I a 

OAC 
Asp 

ATC 
I I e 

AOC 
Se r 

AOT 
S • r 

s 0 

TAC 
Ty r 

CTO AAT TOO TAC 
Leu Ato Trp Tyr 

5 5 

CAO CAO AAO CC A GOA A AO 
01 n Oln Lys Pro Oly Lyt 

60 

OCT CCA AAO CTO CTO ATC TAC TAC ACC TCC AOA 

A l a Pro Lys Leu Leu I le Tyr Tyr Tbr Ser Arg 

6 s 1 0 

CTO CAC TCT GOT OTO 
Leu His Ser Oly Val 

7 s 

CCA AOC AOA T T C AOC GOT AOC OOT AOC GOT ACC OAC TTC ACC TTC ACC 

Pro Ser Arg Pbe 

80 
Ser 017 Ser 017 Ser Gly Thr 

8 s 
A a p Phe Tbr 

90 
Pbc Tbr 

ATC AOC AOC CTC CAO CCA GAG GAC ATC OCT ACC TAC TAC TOC CAA CAO 

lie Ser Ser Leu Oto Pro Olu A1p lie Ala Tbr Tyr Tyr Cys Ola Gia 
I 0 S 9 S I 0 0 

GOT 
GI y 

I I 0 

AAC ACO CTT CCA TAC 
A.so Tbr Leu Pro Tyr 

I I S 

AAA CGTGAOTOGA TCC 
Lya 

) INRlRMAl"ION f'OR SEQ ID N0!71 : 

ACG TTC OOC CAA 000 ACC AAO OTO OAA 

Tbr Pbc O l y O l n Oly Tbr Lys Val Olu 
I 2 0 

ATC 
I I c 
I 2 5 

so 

98 

1 4 6 

I 9 4 

2.? 

290 

3 3 8 

3 8 6 

4 02 
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I I 1 SEQUENCE CHAAACTEIUSTICS· 
C A ) U!NO'Tl!: 126- Kids 
C B I TYPE: mlioo •<id 
I D I TOPOLOGY: lin<.w 

I I I MOlECIJLE TYPE: JWOlcUt 

( 1 I I SEQUENCE DESCRJPDON: SEQ ID N0:71: 

Mer 0) y Trp s., Cy• I I • I I e Leu 
5 

Val HI I s c , A J p I c O I• M <' Tb r 
20 

s c' Va I GI y A•p Ar 8 V •I Tbr I" 
3 s 4 0 

S • r s., Tyr L cu A In Tr P Ty r o I a 
50 5 s 

Leu Leu I I e Ty r Ty r Tb r Ser Ar a 
65 70 

p b. S • r 0 I y S • r 0 I y S • r 0 I y Tbr 
as 

Leu O I a Pro O I u Asp I I c A I• Tbr 
I 0 0 

L cu Pro Ty r Tb r Pbc o I y 0 I D 0 I y 
I I 5 1 l 0 

( 2 I INJ'ORMAJ10N FOR SBQ I 0 N0:72: 

Ii ) SllQUENCI! CHARAC'IllRJSTICS: 
( A ) Ll!N011i: 36 buc: J19$ 

( B ) TYPE: mcJcic aad 
( c ) STilANDEDNESS: mp 
( 0 ) TOPOLOGY: U.. 

( l i J SEQUENCE Ol!SCIUPilON: SllQ ID N0:72: 

TAAOOATCCA CTCACCTOAO OAOACTOTOA 

( 2 ) ll<'R>RMAl10N FOR seQ ID N0:73: 

C i ) SEQUENCE CHAllACIERJSTICS: 
( A ) U!NOTH: 32 buc pein 
( 8 ) TYPE: mcJeic aad 
(C)~: -.ic 

( D ) TOPOLOGY: 6-

( I i ) SEQUENCE Ol!SCIUPilON: SBQ ID N0:73: 

5.795.965 

-continued 

Pbe Leu V • I 
I 0 

0 In S • r Pro 
2 s 

Tbr Cy• Ar g 

O I a Ly I Pro 

Leo Hi 1 s., 
7 5 

A s p Pbc Th r 
90 

Tyr T yr c y. 
I 0 5 

Tb r Ly• Va I 

CO A OOC 

ATCAAOCTTC CACCA T OOOA TOOAOCTOTA TC 

( l ) lNl'OllMATION l'OR SBQ ID N0:74: 

( i ! SEQUENCB CHARACI'ERISTICS: 
( A ) U!NOTlf; JO - pairs 
( B >TYPE: mcJcic 11<*1 
( c >STRANDEDNESS: .. 
C D ) TOPOLOGY: U.. 

( 1 ) SEQUENCE Ol!SCIUPilON: SEQ ID N0:74: 

AATOOATCCA CTCACOTTTO ATTTCCACCT 

( 2 ) rNR>RMAnON FOR SllQ ID N0:15: 

f i l SEQUB'ICB CHAllACIERJSTICS: 
( A ) l..ENO'Ilf: 33 - poln 
< 8 l TYPE: ax:loic aad 
( c ) snANDEOl'ol:SS: ..... 

92 

A I • T br A I• Tbr GI y 
I 5 

S • r S c r L cu Sc r A I a 
30 

Ala S • r 0 I a A>p I I • 
4 5 

0 l y Ly I Al a Pro Ly s 
60 

GI y Va I Pro s. , Ar g 
80 

p b. Th r I I c S • r Ser 
9 5 

O I a 0 I• GI y As o Th r 
I I 0 

0 I u I I c Ly s 
I l 5 

36 

3 l 

J 0 
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5.795.965 
93 

-continued 

I D > TOPOLOOY: Uocar 

< x 1 I SEQIJENCE DESCRJPTION: SEQ ID N0:7S: 

CA TOCCTOOA OCTOOOTTCO CC AO CCACCT OOA 

I 2 1 INR>RMAJ'lON FOR SEQ ID NO.~ 

( i ) SEQUENCll CHARACTERISTICS: 

< A I LENGTH: 33 base pairs 

I B I TYPE: u:la< ocid 
( C ) SIRANDEOl'IESS: siq)e 

( D ) TOPOLOOY: tu.ca 

( x i ) SEQUENCE OESCllJPTION: SEQ ID N0:76: 

TCC AO OTO OC TOGCGAACCC AO C TCCAOOC ATO 

I 2 1 INR>RMATION FOil SEQ ID N0:77: 

( i ) SEQUENCE Cf!ARACTER.lSTICS: 

( A ) LENOTH: 30 base pairs 
I 8 l TYPE: """lex Kid 
( C ) STRANDEDNESS: sinalc 
I D ) TOl'OLOOY: luicar 

I 1 i ) SEQUENCE DESCIUP'llON: SEQ ID N0:77: 

C AOCAOAAOC C AOOAAAOOC TCCAAAOCTO 

( 2 ) INl'ORMA:nON FOR SEQ lD N0:78: 

i ) SEQUENCE CllAR.ACTElUSTICS: 

( A ) LENGTH: 30 t>ese poin 
( B ) TYPE: aodoic: Kid 

( c ) STJW\'DEDNE.SS: siol!le 
( D I TOl'OLOOY: .,_ 

( x i ) SEQUENCE DESCIUl"tlON: SEQ ID N0:78: 

CAOCT TTOOA OCCTTTCCTO OCTTCTOCTO 

( 2 ) INPOlt.MATJON FOil SEQ lD N0:79: 

( 1 ) SSQllENCE CllAR.ACTElUSDCS: 

( A ) LENGTH: 66 base poin 

( B )TYPE:"""lcieocid 
( c ) S'IRANDEDNESS: •• 

( D ) TOPOLOOY: ""'-

( • i ) SSQUENCE DESCRIP110N: S6Q ID N0:79: 

94 

3 J 

3 3 

30 

30 

ACCTOTAOAO CCAOCAAOAO TOT TAOTA CA TCTOOCTATA OTTATATOCA C TOO T ACCAO 60 

C AOAAO 

( 2 ) lNR>RMATION FOR Sl:Q ID NO:IO: 

( i ) SEQUENCB Cf!ARACTElUSTICS: 

( A l l..ENOTH: 15 - pairs 
( B ) TYPE: aicleic Kid 

( c ) STRANDEDl'IESS: .. 
( D ) TOfOLOOY: luicar 

( x i ) SEQUENCE DESCRIPTION: SEQ lD N0:80: 

OC TOOCTCTA C AGOT 

< 2 ) INR>RMAilON FOil SEQ ID NO:&I : 

( I ) SEQUENCE CHAAACTERJSilCS: 

( A ) LENOlll: 48 bole pain 

( B ) TYPE: auc.leic Kid 

( c ) SlMNDllONESS: u.,i. 

66 

I 5 
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95 

-continued 

t D I TOl'Ol..OOY: 6-

I x i J SEQUENCE DESC1Ul'TION: SEQ ID 1110:81: 

AAOCTOCTOA TCTA CC TTCC ATC C ACCCTO OAATCTOOTO TOCCAAOC 

< Z l JNR)RMATION FOR SEQ ID NO:Sl: 

< i I SEQUENCE O!ARACTERISTICS: 
f A I l.DiOlll: 15 base i-• 
( 8 Jn'PE: aucl<i<xid 
I C t STRANDEDNESS: sml!lc 
( D I TOl'Ol,.OOY: 6-

l • l SEQUENCE DESCIUPT10N: SEQ 10 N0:82: 

OTAOATCAO C AOCTT 

C i I SEQUENCE CHAAACTERISllCS: 
( A l l..EN<ilH: 48 buc: pein 
( B ) TYPE: -lcic Kid 
(C )~: .. 
( D I TOPOLOOY: me. 

( • i I SSQUElllCE DESCIUP'IlON: SEQ ID NO:ll3: 

GCTACCTACT ACTOCCAOCA CAOTAOGOAO ACCCCATACA COTTCOO C 

( i ) SJ!QUElllCE CHA.RACTERIS11CS: 
( A ) l..ENCl'TH: 15 buc: poin 
l B ) TYPE: 9Xloio oc:>d 
( c ) Sil\AND£0NESS: ,..i. 
( 0 ) TOPOLOOY: m.... 

( • i ) SBQll'ElllC!! DESCRJYflON: SEQ ID N0:8': 

CTOOCAOTAO OTAOC 

2 l INroltMATION !'Oil SEQ ID NO:&S: 

( ' ) SEQUENCE CHAJtACTERISllCS: 
( " ) l..ENCl'TH: 4 14 hue i-ir• 
( B ) TYPE: Dl>CiMc Kid 
( c ) STRAND(!DNESS: .. 
( O ) TOPOLOOY: 6-e.r 

i • ) FEAnlRE: 
I A I NAME/KEY: CDS 
( 8 ) LOCAI'ION: 12..AOI 

i 1 ) Fl!AIURE: 

( " > NAME/lCEY:-~ 
( B ) LOCAI'ION: 12..401 

(. i ) SliQUENCI! DESCRIPTION: SEQ ID NO:&S: 

AAOCTTCCA C c ATO OO A TOG AOC 
Mc I G I y Tr p Sc r 

OCT ACA OGT OTC CAC TCC GAC 
Al a Tbr 0 I 1 Va I Hi I Ser A s p 

I 5 2 0 

CTO i\OC occ AOC OTO OOT Oi\C 
Leu S • r A I 1 Se r Va I 0 I y A' p 

3 0 3 s 
AAG AGT OTT AGT AC A TCT GGC 
Ly I S • r v. l S e t Tb r Sc r 0 J y 

s 0 

TOT ATC ATC CTC TTC TTO 
c y. l l • I I c Leu Pbe Lou 

s l 0 

ATC CAO ATO ACC CAO AOC 
J ( • 0 I a Mc I Tb r 0 I o Sc r 

2 s 

AOA OTO ACC ATC ACC TOT 
Ar 8 Val Tb r I Io Tbr c y. 

4 0 

TAT AOT TAT ATO CAC TOG 
Tyr s c t Tyr M o I HJ' Trp 

's 

96 

4 8 

l s 

• 8 

ls 

OTA OCA ACA so 
Va I A I a Tbr 

CCA AOC AOC 98 
Pro S • r s c: f 

AGA occ AOC I 4 6 
Ara Ala S • r 

4 s 

TAC CAO CAO I 9 4 
Ty r 0 J . 0 I• 

60 
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97 98 

-continued 

AAO CC A OOA AAO OC T CCA AAO CTO CTO ATC TAC CTT OCA TCC AAC C TG 

Lys Pro Ol y Lys Ala 
65 

Pr o Ly s Leu Leu J Jc Ty r 
70 

Leu Ala Ser A s a Leu 
7 s 

GAA TCT GOT OT O CC A AO C AOA TTC AOC OGT AOC GOT AOC OOT ACC OAC 

G l u Ser Oly Va l 
8 0 

Pro Sor Ar~ Pb• Ser Gly S er Oly Sor Gly Tbr Asp 

as 90 

TTC ACC TTC ACC ATC AO C AOC CTC C AO CCA GAO GAC ATC OCT ACC TAC 

Pbc T br 
95 

Pbc Tbr I I e Sc r S er Leu Ola 

I 0 0 
Pr o Olu A s p 

I 0 S 

I le Ala Tbr Tyr 

TAC TO C CAO CAC AOT AOO OAO AAC CC A TAC ACO T T C OOC CAA OGG ACC 

Tyr Cy s 
I I 0 

0 I a Hi s Sc r Ars Olu A s a Pio Tyr 
I I S 

Tb r 
I 2 0 

Pbc 01)' Ola O l y Tbr 
I 2 S 

AAG OTO OAA AT C AAA COTOAOTOGA T CC 

Ly; Val Ol u Ile Ly.s 
I 3 0 

2 ) INR>RMAll<>N FOR SEQ ID l"0:86: 

Me 1 

I 

Va I 

Ser 

( I ) SEQUENCE Ct!ARACTERISTICS: 

( A ) LEN01ll: 130 amjm ocid. 

( B ) TYPS: Dino acid 
( D ) TOPOLOGY: 1i.oea 

i I ) MOlECULE TYPS: prouia 

( • ) SEQUENCE DESCRIP'IlON: SEQ ID No.86: 

0 I y 

Hi t 

Va I 

Trp Ser Cy• lie lie 
s 

S er Asp le Glo Mer 
2 0 

Gly Asp Arg Val Tb1 

3 s 

Leo Pbc 

Tb r 0 I• 
2 s 

I I c Tb r 
40 

Leu Val Ala 

I 0 

Ser Pro Ser 

Cys Ar11 Al a 

Tb r 

Ser 

S er 
• s 

A l i Tbr Oly 
I S 

Leu S er Ala 
30 

Ly• Ser Val 

Ser Tbr Ser Gl y Tyr 
so 

Ser Tyr Mer 
s s 

Hrs Trp T y r Ola Ola Lys Pro Oly 
60 

Lys Ala 
65 

v a I Pro 

Tb r I I c 

1:1 i s Sc r 

I I c Ly s 
I 3 0 

Pro 

Se r 

Ser 

Ly1 Leu Leu le Tyr 

7 0 

Ara Pb• Ser Ol y Se r 
IS 

Sor Leu O ln Pro Olu 
I 0 0 

Ara Olu A I D 
I I S 

Pr o Tyr Tbr 
I 2 0 

( 2 ) 11'"R>RMAI'10tl FOR SllQ ID N0-.$7: 

( i ) S!!QUENCE CHARACTERISTICS: 
( A ) LENO'lll: 4.S besc poin 

( B ) TYPE: IUClcic ac:XI 
( C ) STRANDEDNESS: sillale 
( D )TOPOLOOY: 6-

( • i ) SF:QUENCS DESCRIPTION: SEQ ID NO:S7: 

Lou 

0 I y 

A s p 
I 0 S 

Al a So r 
1 s 

Ser Oly 
90 

I I c A I a 

A s o 

Tb r 

Tb r 

Leu Glu Sor O ly 
80 

Asp Pbc Tbr Pbc 
95 

Tyr Tyr Cys Ola 
I I 0 

Pbc Gly Ola Gly Tbr 
I 2 S 

L ys v a I GI u 

OOTTATTCAT TCACTAOT T A TTACATACA C TOOOTTAOAC AOOC C 

( 2 1 J~ON FOR SEQ ID NO:ll: 

! i ) SEQUENCE CHARACTERISTICS: 
( A ) Ll!NGTH: 27 baso pain 
( B ) TYPE: auclcic acid 
( c ) S'TltANDEDtlESS: smp 
( D ) TOPOLOOY: li.oea 

2 4 2 

290 

3 3 8 

3 8 6 

4 I 4 

4 5 
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t • ' I SC:-QUENCI! OESCIUP'IlON: SEQ 10 NO:Sll: 

AOTGAATGAA TAACCGCTAO CTTTACA 

I 2 I INfORMATION R>R SEQ ID N0:19: 

I 1 IS~ CHARACTERISTICS: 
C A 11.£NG'TH: 69 buc pun 
c 8 J TYPE: wcle;c acid 
C C I STRANDEDNSSS: •• 
I 0 I TOPOLOGY: line• 

I • i l SEQUENCE OESCRIPI'ION: SEQ ID N0:89: 

5.795.965 
100 

-continued 

1 7 

OAOTGGGTOO OC TATATTOA TCCTTTCAAT OOTOGTACTA OCTATAATCA OAAGTTCAAO 60 

OOCAOGGTT 69 

( 2 ) lNroRMAnON R>R SEQ ID N<>.\10: 

( i l SeQUl!NCE CHARACTERISTICS: 

( A J l.£NO'IH: 15 - _. 
( 8 ) TYPE: calCIQo; acid 
( c ) STRAMlEONESS: 1inf)o 
( 0 ) TOPOLOOY: 1iDoa 

( • i ) SEQVENCI! DESCIUPDON: SEQ ID N0:90: 

ATAGCCCACC CACTC 

( 2 ) JNroRMATION R>R SEQ 10 N0:91: 

( i ) SEQUENCE CHARACTERISTICS: 

( A ) U!NO'IH: 36 - pin 
( 8 ) TYPE: aaclcio acid 
< C ) STRM"DEDNESS: .m,tle 
( 0 ) TOPOLOGY: liaoor 

( • i ) SSQU'ENCI! OEsclUPTION: SSQ ID N0:91: 

OOOOGTAACC OCTTTGCTTA CTGGGGACAO OOT ACC 

( l ) INPORMAt'ION FOR Sl!Q ID N0:92: 

( i ) SEQVENa! CHARACTERISllCS: 

( A ) U!NOlH: 36 - pin 
( 8 ITYPE:miclcicacid 
( c ) STltANDEDNESS: •• 
( 0 ) TOl'OLOOY: W... 

( • i ) SllQUENCE OESCIUPilON: SSQ ID N092: 

AOCAAAOCOO TTACCCCCTC TOGCGCAOTA OTAGAC 

( 2 ) INR>RMATION FOR SEQ ID N<>.93: 

( • l SJ;QUENCE CHAllACTEIUSllCS: 
( A ) LENGTH! JO - _. 
( 8 )TYl'E:-.:id 
( C ) STRANDEDNESS: oinalc 
( 0 )'TOl'OLOOY: liuos 

( • i ) SeQUENCE DESCRIPTION: SEQ ID N0:93: 

CAAOGTTACC ATOACCOTOO ACACCTCTAC 

( 1 ) INRlRMAI'ION FOR SEQ ID N0:94: 

( i ) SEQUENCE CHAAACTERJSTICS: 
( A ) l..£NOTB: 30 buc pin 
( 8 J TYPE: -* .:id 
( c ) STltANDEDNESS: ""@le 

( 0 ) TOl'OLOOY: W... 

I S 

3 6 

.l 6 

3 0 
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101 

I 1 i l SEQ1JENCE DESCRJPTION: SEQ ID Jll()9'1: 

CACOGTCATO OTAACCTTGC CCTTGAACTT 

( ~ I INR>RMA1'10N FOR SEQ ID N0:9S: 

C i l SEQIJENC'E CHARACTERISTICS: 

( A ) l..ENGlll: 30 - pain 
( B 1TYPE: -1cl<acid 

t C ) STRANOEDliESS: sm@l< 
I D I TOPOLOO Y: liocar 

t • i ) SEQUENCE OESCIUPTlON: SEQ CD Jll0:9S: 

OOOCTCOAAT OOATTOOCTA TATTOATCCT 

t l ) INR>RMAllON FOR SEQ ID J"0:96: 

\ i ) SEQUENCE CBARACTERlSTlCS: 
( A ) LENO'nl: JO !me pmr7 

( B ) TYPE: -=lcic acid 
( C ) snu.NDEDNESS: ""ale 
( D ) TOPOLOOY: ....._ 

( • i 1 SBQO'ENCE OESCRIPTlON: SEQ ID N0:96: 

A00ATCAATA TAOCCAATCC ATTCG AOCC C 

I 2 ) INR)RMAl"JON FOR SEQ ID N0:97: 

( i ) SEQUENCE CHARACTERlSTICS: 
( A ) u:NOTlf.: 16 bue pain 

( B ) TYPE: -=Jae: acid 

( c ) S'JltANDEDl,"ES: .;,,~ 

( D ) TOPOLOOY: W... 

( x i ) SEQUENCE DESCRJPilON: SEQ ID N0:97: 

OTAAAACOAO OCCAGT 

( 2 ) INR>RMATION FOR SEQ ID J"0:98: 

( i ) Sl!QlJ'ENCE O!ARACI'ElUSTlCS: 
( A ) u:NO'llt: 17 base pain 

( B ) 'IYPE: lllClcic acid 
( c ) SIRANOflDNESS: ...... 

C D ) TOPOLOOY: lioea-

C • i ) Sl!QUENCE Dl!SC1UPT10N.: SEQ ID NO;i8: 

AACAOCTATG ACCATOA 

C 2 ) INl'ORMAl'ION FOR SEQ lO N0:99: 

( i ) SEQll'E!NCE CHARACTERISTICS: 
( A ) LENO'Jli: 433 base pairs 

( B ) TYPE: alClcic acid 
( c ) S'IRANDEDNESS: .. 
( 0 ) TOPOLOOY: Ju.e. 

( i • ) FEA:n.IR.E: 
( A ) NAME/KEY: CDS 
( B ) LOCAI10N: 16..420 

( i • ) F'EAl'IJRE: 
( A ) NAMl!/KEY: """--Pqltid• 
( B ) LOCATION: 16.,420 

( • i ) S5QU'ENCE DESCRJP'I10N: SEQ ID N0:99: 

5.795.965 
102 

-continued 

AAG CTT OCCO CC ACC ATG OAC TOO ACC TOO coc OTO TTT roe CTG CTC GCC 

Mel A •p Trp Tbr Trp Ara Val Pbe Cy1 Leu Leu Ala 

S I 0 

30 

l 0 

3 0 

I 6 

l 7 

5 I 
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5.795.965 
103 104 

-continued 

GTG OCT CCT GGO OCC C AC AOC CAO OTO CAA CT A GTO C AO TCC OGC OCC 
Val Al a Pto Oly A l • Hi• Se c Ola Val Gia Leu Val Glo Ser O ly Ala 

l 5 '! 0 2 s 

OAA OTO AAG 
Olu Val Lys 

30 

AAA CCC GOT OCT 
Lys Pro G l y Ala 

3 s 

T CC OTO 
Se r Va I 

AAA 
Ly' 

OTC 
Val 

AO C TOT 
Ser Cys 

4 0 

AAA OCT 
Ly s Ala 

AOC 
Se r 

GGT T AT TCA TTC ACT AGl TAT TAC ATA CAC TOG GTT AOA CAO OCC CCA Gly Tyr 
4 5 

s e J Pbc Tbr Ser Tyr T yr 
5 0 

OOC CAA OGG CTC GAO TO O GTG OOC TAT 
O l y O lo O ly Lou Glu Trp Val Gly Tyr 

6 5 

Tr p Val 
5 s 

A•8 01• Ala Pro 
60 

AT T OAT 
I I e A s p 

70 

CCT TTC AAT OOT OO T 
Pro Pbe Aso Oly Oly 

15 

ACT AO C TAT AAT C AO AAG TTC AAO OOC AAO OTT AC C ATG ACC GTO GAC 
Tb r s e J T yr A•• Ola Lys 

80 
Pbc Lys O l y 

8 5 
Ly' Va I Tb r Mc I Tbt Val 

90 
A sp 

ACC TCT ACA AAC ACC Gee TAC ATG GAA CTO Tee AOC CTO CGC TCC GAG 
Tb r Ser Tbr Asa Tbr 

95 
Ala Tyr Mer Olu 

I 0 0 
Leu S • r Ser Leu Ara Ser Olu 

105 

GAC ACT OCA TO C TAC TAC Toe o cc AOA OGG GOT AA C coc TTT OCT TA C 
A s p T br Ala Cy• Tyr T y r 

I I 0 
Cy• Al a Ars 
I I S 

TOO OOA 
T t p 0 I y 
I ZS 

C AO OOT ACC CTT OTC 
Ola Oly Tbr Leu Val 

I 3 0 

( l ) lNR>RMAl"ION FOR SEQ ID NO:IOO: 

( i ) SEQ(JENCE CHAllACTERIS11CS: 
( A ) 1.ENGlH: 135 -;,.. acida 
( B ) TYl'I!: ..U0 oc:id 
( D ) TOPOLOGY: liacor 

( I j ) MOl.EC\JU! TYl'I!: -

( a i ) ~ DESCRJl'110N: S8Q ID I'«>: 100: 

Mc t A 1 p 

A I a U a t 

Pro Oly 

Trp Tbr Ttp Ara 
s 

S et Ola Val Ola 
20 

Ala Set Val L ys 
3 5 

Va I 

Leo 

V 1 I 

ACC OTC 
Thr Va l 

Pbc C ys 

Va I 0 I a 
ZS 

Set Cy t 
4 0 

G l y Gly At• Ara 
I 2 0 

Pbc A l a Tyr 

AOT 
Sc r 

TCA OGTGAGTGOA TCC 
Se r 
1 35 

Leu Leu A l a Val 
I 0 

Ser Ol y A la Qiu 

Lya Ala Ser OJy 
4S 

A 1 a Pro 
I 5 

V a l Ly• 
30 

T y r S or 

0 I y 

Lys 

p b e 

Tbr Se t Tyr Tyr 
so 

I le Hi s Ttp Val Ars 01• Ala Pro Gly GI• Gly Leo 
55 60 

GI u 
65 

0 I • 

Tb r 

Ty r 

Tr p 

Ly t 

A I a 

Ty r 

Va I 

Pbe 

Ty r 

O ly Tyr 

Ly• GI y 
• 5 

M et O l u 
I 0 0 

I e 
70 

Ly' 

L eu 

A s p 

Va I 

Sc r 

C ys Ala Ar1 O l y O l y 
I IS 

T br Le u Val Tbr Val S et Se r 
I 3 0 I 3 S 

( l ) INl'OllMATION FOR SEQ ID NO:IOI: 

( 1 ) SEQUENCE CHARACTERISTICS: 
( A ) 1.ENGlH: 433 bMe poirs 
( B ) TYPI!: oucleic oc:id 
( c ) STRANO£DNESS: n.p. 
( D )TOPOLOOY: i-. 

Pr o Pb• 

Tb r Mc r 

Ser Leu 
I 0 S 

A sa Arg 
I l 0 

A tu Oly Gly Tbr 
7 5 

Tbr Val A•p Tb t 
90 

Ara Ser Olu Alp 

Set Tyr 

Ser Tbt 
95 

Tb r A I a 
I I 0 

A' D 
80 

A s• 

Cy1 

p b. A I a T y r Trp Oly Ole G ly 
I 2 S 

9 9 

I 4 7 

I 9 S 

2 4 3 

~ 9 I 

3 3 9 

3 8 7 

4 33 
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105 

i • I FEATURJl: 
I A 1 NAME/KEY: CDS 
1 8 I LOCAllOS: 16..4:?0 

i • ) FEAIURE: 
( A I NAME!l<EY: ~ 

( B I LOCAIION: 16..420 

( • ) SEQUENCEDESCRJPTION: SEQ!DNO: IOI : 

5.795.965 
106 

-conlinued 

AAOCTTOCCO CCACC ATO OAC TOO ACC TOO Coe OTO TTT TOC CTO CTC occ 
Mc Asp Ttp Tbr Trp Ars Vol 

s 
Pbc Cys Leu Leu Al• 

I 0 

OTO OCT CCT 000 OCC CAC AOC CAO OTO CA A CTA OTO CAO TCC OOC OCC 

Va I Ala Pr o Oly All Hi s 
I S 

Se r- Ola V al OJa L eu Val 0 J 6 Se. r 

2 s 
0 I y A I 1 

OAA OTO AAO 
Olo Vol Ly s 

J 0 

2 0 

AAA CCC G OT OCT TC C OTO AAA OTC 

Lys Pro O l y Ala Ser Val Lys Val 
J s 

AOC TOT 
S er Cyt 

4 0 

AAA OCT 
Ly • Al a 

AOC 
S e r 

OOT TAT TCA TTC ACT AOT T AT TA C AT A C AC TOO O T T AOA CAO OCC CCA 

Oly Tyr 
4 s 

S • r Pbc T br Ser Tyr Tyr 
5 0 

lie His T r p Val Arg Qin Ala 
SS 

ooc 
0 I y 

CAA 000 CTC GAA TOO 
Gi n Oly Leu Glo Trp 

6S 

ATT OOC TAT 
I le Oly Ty r 

ATT OAT 
I I e A sp 

70 

CCT 
p T 0 

TTC AAT GOT 
Pbc A sn Oly 

7 s 

Pro 
6 0 

GOT 
0 I y 

ACT 
Tb r 

AOC 
s er 

TAT 
Ty r 

AAT CAO 
As• 0 I n 

a o 

AAO 
Ly • 

TTC 
Pbe 

AA O OOC AAO O T T ACC ATO 
L yt Oly Lys Val Tbr M et 

8 s 

ACC OTO OAC 
Tbr Val Atp 

9 0 

ACC TCT ACA AAC ACC occ TAC ATO OAA CTO TCC AOC CTO coc rec OAO 

Tb r Se r Tbr A s o Tbr 
9 s 

Alo Tyr Me r Olu Leo Ser S er 
100 

Lea At 8 Ser Olu 

IOS 

OAC ACT GCA OTC TAC TAC TOC OCC AOA 000 GOT AAC COC TTT OCT TAC 

A•P Tbr 
I I 0 

A l a Va I Ty r Tyr Cys Alo Arg Oly Oly 
I I S 

Asn Arg 
I 2 II 

Pbc A I I 

TOO OOA CAO OOT ACC CTT OTC ACC OTC AOT TCA OOTOAOTOO A TCC 

Trp Oly Ola Oly Tbr 
I 2 S 

Leu Val Tbr Val 

I 3 0 

( 2 ) INR>llMAllON FOR SEQ ID NO: 102: 

Met 
I 

A I a 

Pro 

Tbr 

0 I u 
6S 

0 I o 

Tb r 

Ty r 

( i ) SEQUENCE C'HARACI'ERISTICS: 

( A ) l.ENGT!:I: IJS ~ acXlt 
( B ) TYP£:""'1>oac.id 
( D ) TOPOLOGY: luicar 

( i ) MOLECUU! TYP£: protein 

( • ) SEQUENCE DESCRIP110N: SEQ ID N0:102: 

A•p Trp Tbr Trp 
s 

Hit S er Ol• V al 

20 

Oly Ala Ser Val 
3 s 

Ser Tyr Tyr lie 
s 0 

Trp llc Oly Tyr 

Ly s Pb< Lys Oly 
8 s 

Ala Tyr Met Olu 
I 0 0 

Tyr Cys Alo Arg 

Ara Vol Pbe Cys 

Ol a Leo Val Ola 
2 s 

Ly• V i l Ser Cys 
40 

His Tr-p V a l Ara 

s s 

l e Asp Pr o Pbc 
70 

Lys V al Tbr Met 

1.cu Ser Ser Leo 
l 0 s 

Oly Oly A so Arg 

Ser Sc r 
I 3 S 

Leu Leu 
I 0 

Ser Oly 

Lys Ala 

0 Io A I a 

As o GI 1 
15 

Tbr Val 

90 

Ar g Ser 

I' be A I a 

A I a 

Al a 

Ser 

Pr o 
60 

0 I y 

Asp 

0 I u 

Ty r 

Va I 

OJ" 

0 I y 
4 s 

Oly 

Tbr 

Tb r 

A l p 

Trp 

A I a 

Va I 
30 

Ty r 

0 In 

S • r 

Se r 

Tb r 
I I 0 

O I y 

Pro 
I S 

Lys 

S er 

O I y 

Ty r 

Tb T 

95 

A I a 

0 I o 

Ty r 

0 I y 

Ly ' 

p b c 

Leu 

Aoo 
ao 

A' n 

Va I 

0 I y 

5 I 

9 9 

I 4 7 

I 9 S 

243 

2 9 I 

339 

3 3 7 

4 3 3 
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107 

I I ~ 

Tbi L c:u Val Tbr Val S c1 S er 
I ) 0 I 3 S 

f Z ) INR:>RMATION FOR SEQ 10 NO:!Ol: 

( I I SE«JENCE OlARACTERISTICS· 
< A ) LENGlH: 90 ~ _. 
( B ) TYPE: aucJcic aod 

' c ) SlRANDEDNESS: ~ 
f D ) TOPOLOGY: W..• 

( • I ) SEQUENC!! DESCIUP'llON: SEQ ID N0:103: 

5.795.965 
108 

-continued 

120 I 2 S 

GATAAO CTTO CCO C CACCAT OOA C TGOACC TOGAOO OTCT TC T T C TTGCT GOCTOTAO C T 60 

CCAOOTOCTC ACTCCCAOOT OCAOCTTOTO 90 

( 2 ) INRlRMAllON FOR SllQ 10 N0:104: 

( I ) SEQUENCE CHAltACTEIUSTICS: 

( A ) LENGTH: 90 - poin 
< B ) TYPE: -* acid 
( c ) S'TRANtlEI>l'IE: .a@lc 
I 0 ) lOPOLOOY: li8cs 

( • ' ) SEQUENCE Ol!SCR.IPIION: SEQ JO N0:104: 

CACTCCCAOO TOCAOCTTOT OCAOTCTOOA OCTOAOOTOA AOAAOCCTOG OOCCTCAGTO 60 

AAOOTTTCCT GCAAOOCTTC TOOATACTCA 90 

( 2 ) lNR>RMAilON FOR SllQ ID NO:IM: 

( i ) SEQUENCE CHARACTER1SDCS: 
( A ) LENOlU; 90 buc pms 
( 8 ) TYPE: mcleX.ad 
(C)~: -.ic 
( D ) TOPOLOGY: 6-

( a i ) SEQUENCE Ol!SCR.IPIION: Sl!Q ID NO:IOS: 

TOCAAOOCTT CTOOATACTC ATTCACTAOT TATTACATAC ACTOOOTOCO CCAOOCCCCC 6 0 

OOACAAAOOC TTOAOTOGAT OOOATATATT 90 

( 2 ) ll'l"R:>llMATION FOR SllQ ID N0:106: 

< • l SEQUENCE CHAJV.CTEIUSTICS: 

( A ) UlNOTH: 90 - s-1 
( B )TYPl!: .xleic .ocid 
( c ) SI1tAND!!DNESS: ..... 
( D ) TOl'OLOOY: .U... 

( • ' ) SEQUENCE Ol!SCIUP'IlON: SEQ ID NO: 106: 

CTTOAOTOGA TOOOATATAT TOACCCTTTC AATOOTOOTA CTAO C TATAA TCAOAAOTTC 60 

AAOOQCAOAO TCACCAT T AC COTAOACACA 

( 2 ) (NR)RMA110N FOR SEQ 10 ...0:107: 

( I ) S£:QUENCE CHARACTERISTICS: 
( A ) LENC11H: 90 buc poin 
( B J TYPE: m>eleic acid 
( c ) SlRANDEDNESS: •• 
( 0 ) TOPOLOGY: btor 

( 1 I ) SEQUENCE OESC'R.IP1lON: SBQ ID N0:107: 

90 

OTCACCATTA CCOTAOACAC ATCCOCOAOC AC AOCCTACA TOOAOCTOAO CAOCCTOAOA 60 

TCTOAAOACA COO C TOTOTA TTACTOTOCO 90 
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109 

l ~ t INR:>RMATIOI'< FOR SEQ ID NO:I03: 

c i 1 SEQUENCE CHARACTERISTICS: 
c A I LENGTH; 9o4 base pain 

c 8 ) TYPE: -Irie acO<I 
( C l STRANDEDNESS: ..,l!le 
( 0 ) TOPOLOGY: W..z 

( 1 i ) SllQUENCE DESCRIPTION: SEQ ID NO:IOB: 

5.795.965 
110 

-continued 

ACOOCTOTOT ATTACTOTOC GAOAGGOGGT AACCOCTTTO CTTACTGOGG CCAOOOAACC 60 

CTOOTCACCG TCTCCTCAGO TOAO TGOATC CGAC 

I l l INR>RMAI'lON FOR SEQ ID NO:I09: 

c i ) SEQUENCE CliAAACTERISTICS: 
l A J L.ENOTH: IS base pain 

( B ) TYPE: -lcic -=id 

( C l STRANDEDNESS: sioo81e 
( 0 ) TOPOLOGY: liaca< 

( x i ) SllQlll?NCE OESCIUPTION: SEQ ID NO:I09: 

GATAAGCTTO CCOCC 

( 2 1 INroRM/JION FOR SEQ 10NO:l10: 

( i ) Sl!QUCNC'E CHAAACTEIUSTICS: 
I A ) LENGlli: IS bloc p81 

c 8 )TYPE: -ie;o-=id 

( c ) SIRANOODN'l!SS: •• 
( D ) TOPOLOGY: W.C.. 

( 1 ) SllQU9ICE DESCRIP1JON: SEQ ID NO: 110: 

OTCOOATCCA CTCAC 

C 2 )~FORSEQIDNO:lll: 

( i ) SEQUENCE CtlA.RACil!RJSTICS: 
( A ) LENOTH: 4.13 buc po;, 
( 8 ) TYPE: auclcie -=id 

( c ) sntANDEDNESS: .... 
( D ) TOl'OLOOY: !l.c.w 

( i x ) Fl!A'IVlUi: 
l A ) NAME/KEY: CD5 
( B ) l..OCAilON: 16..420 

( i 1 ) Fl!Al1.IRE: 

( A ) NAMPJKEY: mM pq>ricle 

( 8 ) LOCATION: 16 •. 420 

( 1 i ) Sl!IQUENCE OOSC'RlP'JlON: SEQ ID NO:ll I: 

AAOCTTGCCO CCACC ATO GA C TOG 
Me I A sp T r p 

I 

OTA OCT CCA GOT OCT CAC TCC 
Va I A I a p' 0 0 I y A I a Bi 1 s.' 

I S 

OAO OTO AA O AAO CCT 000 occ 
0 I u Va I L 1 ' Ly' Pro 0 I y A I a 

30 3 s 

GOA TAC TCA TTC ACT AOT TAT 
GI y Tyr s.' Pbe Tb r S • r Tyr 

4 s s 0 

GOA CAA AOO CTT OAO TOO ATO 
Oly 0 Io Ar g Leu 0 I u Trp Mc r 

6S 

ACC TOO AOO 
Tb 1 Trp Ar g 

s 

C AO OTO CAO 
0 In Val 0 I• 

20 

TCA OTO AAO 
S • r v a I LJ• 

TAC ATA CAC 
Ty r I I c HI . 

GOA TAT ATT 
0 I y Tyr I c 

70 

94 

IS 

I S 

OTC TTC TTC TTO CTO OCT s l 

Va I Pbe p b • Leu Lou A I a 
I 0 

CTT OTO CAO TCT GOA OCT 99 

L • o Va I GI n S • r GI y A I a 
2 s 

OTT TCC TOC AAO OCT TCT I 4 1 

Va I S • r Cy> Ly• A I a S • r 
40 

TOO OTO coc CAO occ CCC I 9 S 

Tr p Va I Arg 0 I• A I a Pio 
s s 60 

OAC CC T TTC AAT OOT OGT 2 4 3 

Asp Pro p b. A' n G 1 y 0 l y 
7 s 
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5.795.965 
111 112 

-continued 

ACT 
Tb I 

AOC 
Ser 

TAT AAT CAO 
Tyr A •o Ola 

80 

AAO 
Ly s 

TTC AAO OGC AOA OTC 
Pb• Ly• Oly Ars Val 

8 s 

ACC ATT ACC 
Tbr I le Tbr 

9 0 

OTA OAC 
Val Alp 

ACA TCC OCO AOC ACA GCC TAC ATO GAO CTO AOC AGT CTO AGA TCT OAA Tbr Ser Ala Ser Tbr Ala Tyr Mer Olu Leu Ser 
9 S I 0 0 

Ser Leo Arg Ser Glu 
I 0 S 

OAC ACO OCT OTO TAT TAC TOT OCO AOA 000 GOT AAC COC TTT OCT TAC Asp Tbr Al a Val Tyr 
I I 0 

Tyr Cy• Ala Arg Oly Oly Atn Ar@ Pbc Ala Tyr 
llS 1 20 

TOG GGC C AO GOA ACC CTG OTC ACC OTC TCC TCA GGTGAGTOOA TCC Trp Gly Oln Gly Tbr Leu Val T br Val Ser Ser 
llS 1 30 13S 

) INRJRMATION FOil SEQ ID NO:lll: 

l i ) SEQUENCE CHA.RAcrEIUSTICS: 
( A ) l..&IOni: 13S ...WOO .:Ills 
( B \ TYPE: -"° acid 
( D ) TOl'Ql.OOY: 6-

( i i ) MOLECUI.£ TYPll: pracm 

C x i 1 SEQUENCE D£SCRIYI10N: SEQ ID NO:ll1: 

Mc I Asp 
I 

Al a Hi s 

Pro O ly 

Tbr Ser 
so 

0 I u Tr p 
6 s 

0 I a L J • 

Tbr Ala 

Tyr Tyr 

Trp Tbr Trp 
5 

Ser Ola Val 
20 

Ala Ser Val 
J s 

Tyr Tyr I le 

Mee Oly Tyr 

Pbc Lys Oly 
as 

Tyr Mee Olu 
1 0 0 

Cy• Ala A r a 
I IS 

Tbr Leo Val Tbr Val 
I 3 0 

( 2 I INRlRMATION FOil SEQ 10NO:t13: 

Arg V al 

Gia Leu 

Ly s Va I 

Hi s Tr p 
5 s 

I• A• p 
70 

Ara Val 

Leu Ser 

0 I y 0 I y 

Ser Ser 
1 3 s 

C i ) SSQUENCE CHAlt.ACJl!IUSIICS: 
( A ) Ll!NOnl: ?7 booe poin 
( B ) TYPE: -*acid 
( C ) S'IllANDl3DNESS: tiqlc 
C D ) TOPOl.OOY: liaoa 

( x i ) SllQUENCE DESCRJP'IlON: SEQ ID NO:lll: 

Pbc Pbe 

Va I GI • 
ZS 

Ser Cys 
•0 

Val Arg 

Pr o Pbe 

Tb r I I c 

Ser Leo 
I 0 S 

A I a Ar 8 
I 2 0 

AOGCTTOAOT OGATTOO A TA TATTOAC 

l J ~FORSEQIONO:lt4' 

( i ) SBQUENC'I! C'HARACTEJUSIICS: 
( A ) U!NOTii: 27 bole poin 
< B ) TYPE: 1111Cleic acid 
( c ) STllANDEI>NESS: .. 
( D )TOPOLOGY: 6-

( • i ) SEQUENCE DESC'IUP'l'lON: SBQ ID NO:ll4: 

AAOTTCAAOO OCAAOOTCAC CATTACC 

Lou Leo Ala Val 
I 0 

Sor Gly Alo Olu 

Lyt Ala Sor Oly 
• s 

01• Alo Pro Gly 
60 

A&o Oly Oly Tbr 
1 s 

Tbr Val Asp Tbr 
90 

Arg Ser Olu A sp 

Pbo Ala Tyr Trp 
I 2 5 

Al• Pro 
I S 

V •I Ly 1 

30 

Tyr Ser 

0 I a Ar a 

Sc r Ty r 

Ser Ala 
9 s 

Tbr Ala 
I I 0 

0 I y 0 Io 

Oly 

Lys 

Pbc 

Leu 

AS D 

8 0 

Ser 

Va I 

0 I y 

2 9 1 

3 J 9 

3 8 1 

433 

2 7 

2 1 

81 of 95 BI Exhibit 1124



113 

, 2 1 INFOll.MATION FOR SEQ 10 NO: l IS: 

I i l SEQUENCE CliAAACTERISTICS: 
( A I LENGTii: .IO base pMn 

C B I TYPE: MKlelC acid 

( C I ST'RA.~'l:SS: SU>l'lc 

C D ) TOPOLOGY: W..• 

( • 1 ) SEQV'ENCE DESCRIPTION: SEQ ID NO:llS: 

OGTGCTTCCG TOAAAGT C AO CTGTAAAGCT 

I 2 J lNrollMAl'ION FOR SEQ ID NO:l 16' 

( I ) SEQUENCE CHAllACTERISTICS: 
( A ) LEN<Jni: lO "°"' poin 
( 8 ) TYPE: nuclc>cacid 

( C ) STRANOEONESS: siagle 
( D l TOl'Ol..OOY: W... 

( • i ) SEQU'ENCI! DESCR.ll"nON: SEQ ID NO:ll6: 

AOCTTTACAG C T GACTTTC A COOAAGCACC 

( ? l INR>RMAilON FOR SEQ ID NO:ll7: 

C i ) SEQUENCE CHARACTEJUS11CS: 
(A ) LENGTH: 11-..ooads 

( B ) TYPE: ..U.O acid 
( c ) STRANDeON'ESS: •insl• 
( D ) TOPOLOGY: lli>ear 

( • i ) SEQUENCE DESCRIPTtON: SEQ ID NO:ll7: 

5.795.965 

-continued 

A•8 Ala Ser Gi n Asp I le Se r S er Ty r Leu A sa 
I S I 0 

C 2 )INRlRMATIONFOR SBQIDNO:lll: 

( i ) SEQUENCE CHAJlACTERJSTICS: 

( A ) LENCmi: 7 - acids 
( 8 )TYPE: amaoacid 

( C ) STRANDEDNESS: siope 
( D ) TOPOLOOY: W... 

( x i ) SEQUENCE DESC1U.PTlON: SEQ ID NO:ll8: 

Tyr T br S•r Arg Leu Hi s Ser 
s 

c 2 > 1NR:>RMAI10N FOR SllQ ro NO: 119: 

( i ) SSQUENCE C'HAAACTEJUSTICS: 
( A ) LENGTH: 9_,.,aads 
( 8 ) TYPE: ..U.O Kid 
( C ) STRANDEDNESS: mglc 
( D ) TOPOl.OGY: ....._ 

( • i ) SEQUENCE DESCIUP110N: SEQ ID NO:l19: 

G i a Gia Gly Asn Tbr Leu Pro Tyr Tbr 
I S 

( 2 ) INR>RMAT!ON FOR SEQ 10 NO:l20: 

( i ) SEQUENCE C'HARACTERJS11CS: 

( A ) LENGIH: ~ - acids 
( 8 ) TYPE: -..01tid 

I C l STRANOl!DNllSS: ...pc 
( D ) TOPOLOOY: W... 

C • i ) SEQV'ENCE DESCRIPTION: SEQ ID NO:l20: 

114 

3 0 

3 0 
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-continued 

A • p I I c 0 I u Mc 1 Tb r 0 Io S c r Pr o S c r S er L c u S c r A I a S c r Va I GI y 
I s I 0 I S 

A s p Ar 8 V • I T b r I e Tb r c y s 
2 0 

2 l INR>RMATION FOR SeQ 10 N0:121: 

I j ) SEQUE'ICE CHAAACTERISTICS: 
I A I UNOTlf: I S llDiao ..0 
I B I TYPE: lllUo aoid 
( C I STRANDEDNESS: ~ 
l 0 1TOPOt.OOY: W.... 

( • j ) SEQ1JENCE OESCRIP'J10N: SEQ ID NO: 121: 

Tr p Ty r 0 I a GI n Ly s Pro G l y Ly' A I 1 Pr o Ly• Leu L cu I I c Tyr 
I 5 I 0 l s 

( 2 J INl'ORMA.TION FOR SllQ 10 NO:tn: 

( i ) SEQUENa CHAAACTERJSTICS: 
I A J LENCml: 32 ......, ..0 
I B ) TYPE:-aoid 
( c l SlltANOEDNESS: ..... 
C 0 I TOPOLOOY: W.... 

( . i l SEQUENCE OESCRIPilON: Sl!Q ID NO:IU: 

GI y Va I Pr o S c r Ar 8 Pbc Sc r GI y S o r Oly Ser GI y Tb r A • p p b .. Tb r 
s I 0 I S 

Pbo Tb r l Io Sc r S c r L cu 0 Io Pro 0 l u A s p I I c A I a Tb t Ty r Tyr c y. 
20 2 s 3 0 

( 2 ) lNR>RMAl'lON FOR SllQ ID NO:l23: 

( i ) SBQUENCE CHARACTERISTICS: 
I A ) U!NUIH: 10 .m.o 111:8 
( B ) TYPE: lllUo a<ld 
( c ) STRANDeDNBSS: sioaJe 
( 0 ) TOl'OLOOY: liD<.w 

( J. i ) SSQVENCE OESc:IUP'IlON: SEQ ID NO: 123: 

p b. 0 I y 0 Io O ly Tb r Ly' v a I 0 I u I I e Ly' 
I s I 0 

( 2 ) lNR:lRMIJION POR SllQ 10 N0:124: 

( i ) SBQUENCI! OIARACTEIUSTICS: 
( A ) l..ENOnl: 32 mUo 111:8 
< B 1TYPE: ailloaoid 
( c ) STitANDllDNESS: ..... 
( 0 ) TOf'OLOOY: liBear 

( . i ) SBQUENCB OE9CIUP'IlON: Sl!Q ID NO: 124: 

GI y Va I p' 0 So r Ar g Pbe Sor 0 I y Ser 0 I y Sc r Gly Tb r Asp T yr Tbr 
I s I 0 I S 

P b c Tb r l I c Sc r S c r L cu 0 l. P r o 0 l u Asp I I c Al a Tb r T y r Ty r Cyt 
20 2S 3 0 

( 2 ) INFORMATION FOR SllQ 10 NO:llS: 

( j ) SEQUENCE CHAJtACmlUSllCS: 
( A I LENOTH: 6..,;,,., aoida 
( 8 I TYPE: lllUo acid 
( C I S'TltANDEDNESS: ""cle 
I 0 l TOl'OLOOY: Ii.a 

( J. i I S6QUENCE OESCIUP'l10N: Sl!Q ID NO:l2S: 

Sc r A s p HI . Al I Tr p Ser 
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-continued 

l 2 >INFORMATION FOR SEQ ID NO:l26: 

( i 1 SEQUENCE CHARACTERISTICS: 

I A > LENOili: 16 ...U0 a<Mls 

I B I TYPE: ami.oo a<id 
I C I snv..NDEDl>'ESS: sut@lc 

I D I TOl'OLOOY: W.Car 

( J. i I SEQUENCE DeSCRJPilON: SEQ ID NO: l26: 

Tyr I Io s. ' Ty' S c r 0 I y I I o Tb r Tb r T y r A s • Pro Sc r Leu Ly s Sc r 

I 0 IS 

2 I INFORMATION FOR Sl!Q lO NO:l27: 

Ii ) SEQUENCE CHARACTEIUSTICS: 

I A ) LENOTH: 10 .m:Uo #:ids 
I 8 ) TYi'!!: ami.oo ood 
( C ) STIV.NDEDNESS: ..,.p. 
I D ) TOPOLOGY: W... 

( . i ) SEQUENCE Ol!SCIUPilON: SBQ lD NO:J27: 

Sc r Leu A I a Ara Tb r Tb t A I a Mo I Asp Ty r 

I 5 I 0 

( 2 I lNR>RMAilON FOR Sl!Q ID NO: 128: 

'i ) SEQUeNCE CHARACTERISTICS: 

( A ) U!NOTH: 30 -.0 acids 

( 8 ) TYPE: llllioo acid 
( C ) STRANDEDNESS: slioaJe 
( D ) TOPOLOGY: W... 

( 1 i ) S6QUENC'E DESC1UP'TlON: SEQ lD N0:12ll: 

0 I• v a I 0 Io Leo 0 I n 0 I u Sor 0 I y pt 0 Oly L cu V •I Ar I Pro Sc r <l I n 

I 0 I S 

Tb r Lou s. t Leu Tb r c y. Tb r Va I s . t 0 I y Ty r Tbr Pbc Tbr 

2 0 25 30 

( 2 ) INR:>ll.MATlON FOR Sl!Q ID NO:l29: 

( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENO'lli: 14 omiJio acids 
( 8 ) TYPE: llllioo ac;.t 
( c ) ~'ESS; U08lc 
( D ) TOPOLOGY: Uc. 

( • i ) SeQ(J!!NCE DESCRIPTION: SEQ lD NO:J29: 

Tr P Val Ar 8 0 I a Pr o pt 0 O I y Ar@ 0 I y Lou 0 I u T rp I I o 0 I y 

I s 1 0 

( 2 ) INRlRMADON FOR SEQ ID NO:OO: 

( i l SEQUENCE CHARACTERISTICS: 

( A ) UlNO'Ill: 32 lmiDo acids 

( 8 ) TYPE: mnino acid 
( c ) S'l'RANDEDNESS: •• 
( O I TOPOl.OOY: W.C. 

( l I ) SEQUENC!! DESC'RIPI10N: SEQ ID NO:IJO: 

Ar 8 Va I Tb r Mc I Leu Va I A•p Tb r S c r L 1 s As D 0 I a Pbc Sc r Leu Ar I 

I s I 0 I S 

L eu s.' s. ' Va I Tb r A I a A I a A J p Tbr A I 1 Va I Ty r Ty r c y. A I a Ar a 

20 2 ~ 3 0 

l 2 ) INRlRMATION FOR Sl!Q ID NO:IJI: 
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I SEQUENCE CHAAACTEIUSTICS: 
( A ) LENOnl. II omim acids 
( B l TYPE: miino 1eid 
( C I STRANOt;DNESS: si.,Jc 
< O I TOl'OLOOY· liac• 

I • ) SEQUENCE DESCRIP110N: SEQ 10 1'1<>:131: 

Trp 0 I 7 GI o 0 I) s. ' L e u Val Tb r Va I Sc r Sc r 
I ~ I 0 

I 2 ) INR>RMAI'ION FOR SEQ 10 NO:l32: 

( i I SEQUENCE CHARACTERISTICS: 
( A ) l.ENOTH: 31 omioo ocids 

I B ) TYPE: - ICid 
< C ) STl\ANOOONESS: •isalt 
( 0 ) TOf'QLOOY: ll.ac.w 

( x i ) SEQUENCE DESCRIP110N: Sl!Q ID NO: 132: 

Arg Val Tb r Mc t L co Ar I Alp Tb r Sc r Ly s As o GI a p b. Sc r Le 11 Ar 8 
I 5 I 0 I 5 

Leu s .' S • r Va I Tb r A I a A I a Asp Tbr A I a Va I T7r T 7 r c 7. A I a Ar I 
10 1 s J O 

( 2 ) INKlRMATION POR SEQ lD N0:133: 

( j ) SEQUENCE CHARACTERISTICS: 
( A ) LENOllf: 30 omi.oo acidl 
( 8 ) TYPE: llDiao 1<id 
( C ) STRANDEDNBSS: siqle 
( 0 ) TOPOLOOY: 6oe. 

( x i ) SEQUENCE DESC'IUPnOf'I: SEQ ID N0:133: 

Asp Val 0 I• Leu 0 Io GI o S • r GI 7 p. 0 O I y Leo Va I Ar S Pro S • r 0 I• 
I s I 0 I S 

Tb r Leo Se r Leo Thr Cy1 Tb r Va I Sc r 01 '1 Ty r Tb r Pbe Tb r 
10 2 s 30 

{ 2 ) INRlRMADON FOR SBQ ID NO:l:M: 

( i ) SEQllENCE CHARACTERISTICS: 
( A i UlNO'lll: 14 ...,;,.., ocidl 
( B ) TYPI!: amiJlo 1<id 
( c ) S11lANOEONESS: siDale 
{ D ) TOPOLOOY: liMar 

( 1 j ) SEQUENCE DESCRIPTfON: SEQ ID NO:l34: 

Trp Va I At S GI o Pro Pro GI 1 Ar S 01 y Leu GI 11 Trp Mc t 0 I 7 
I s I 0 

( 2 ) lNR)lt.MAl1()tl P0R SEQ lD NO:IJS: 

( i ) SE!Q(JENCE CHARACTERISTICS: 
( A ) UlNGlH: 30 omioo acids 
( B ) TYPE: Mlliao 1<id 
C C ) STRANDEDNESS: 1iqlc 
C 0 ) TOPOLOOY: liDoa-

( J. i ) SEQUENCE DESCRIPTfON: Sl!Q ID NO:l'.lS: 

GI a Va I 0 I a L c u G I • GI o S • r GI y Pro O I y Leu Va I A•• Pro S e r GI o 
s I 0 I S 

Tbr Le" s. ' Leu Tbr C7s T b r Va I $. ' 0 I y Ty r s.' I I c Tb r 
l 0 2 s 3 0 

( 2 ) lNR:lRMATION FOR SEQ ID 1'1<>:136' 
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-continued 

(I 1 SEQUENCE CHARACTERISTICS· 

( A 11.l:NGn!: IS amuio acids 

I B I T'tl'I!: C>lllO acid 
I C I S"111.ANDeDNES: sllj1)e 

I 0 I TOPOLOOY: liooar 

( x i I SEQUENCE OOSCR.IPT!ON: SEQ ID N0:136: 

Ar 8 A I a S • r L ys S • r Va I S c r Tbr Sc r 0 I y T y r S c r Ty r Mc I Hi s 

I 0 IS 

( 2 ! INFORMATION FOR SEQ ID NO:IJ7: 

(I I SEQUENCE CHARACTERISTICS: 
I A l U!NO'Tll: 6 ..,,_ a<..s. 
( B ) TYP6: -acid 

I C ) S"lltANOEONESS: siosl< 
( D ) TOPOLOGY: li.oc:a-

I l I ) SeQ\JE'ICE DeSCIUYJlON: SEQ ID N0:137: 

A I a S c r A• o Leu G I " Sc r 

I s 

( 2 l ll'<'R>RMA!lON FOR SEQ ID NO:l38: 

Ii l 5EQ'."ENCE CHARACTERISTICS: 

( A ) LENO'Jll: 9 amillD acids 
( B ) TYPE: amino acid 

( c ) STRANDEDNEss: •• 

( D ) 1'0POLOOY: fuicar 

( l I ) SeQ\JE'ICE Dl!SCRSP'llON: SEQ JO NO: 138: 

GI• Hi s Sc r Ar 8 01 u As o Pr o Tyr Tb r 

I s 

< 1 1 !NroRMATION FOR SEQ ro NO: 139: 

( I ) SEQUENCE CHARACTERISTICS: 

( A ) LENOTH: 23 msiao ar:idl 

( 8 )TYPl!: tminoaeid 
( c ) S'I1lANDl!DNESS: ..,. 
( D ) TOl'OLOOY: &-

( . i ) SEQUENCE Dl!SCRlPTION: SEQ ID N0:139: 

A s p I l c 0 Io Mc I Tb r () l • S • r p' 0 S • r S c r Leu S • r A I a S • r Va I () l y 

s I 0 I S 

Asp Ara Va. I Tbr I I c Tbr Cys 

20 

( 2 ) INroRMATION FOR SEQ 10 N0:140: 

( . l SEQUENCE CHARACTERISTICS: 

( A ) U!NGIH: ISaniJloa<:ids 
( B ) TYPE: am!no acid 

( c ) S"IRANDEDNESS: siiisl< 
( D ) TOPOLOGY: fuicar 

( l I ) SEQUENCE Dl!SCIUPilON: SEQ ID N0:140: 

Tr p Ty r 0 l. 0 I• Ly s p' 0 0 I y Ly s A I a Pr o Ly s Leu Leu I I c Tyr 

I s I 0 1 s 

( 2 J INR>RMATIONFORSEQIDN0:141: 

(I 1 SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 32 moo aacb 
( B ) TYPE: amino ac:id 

( C ) STRANDEDNESS: sio81c 
( D ) TOPOLOGY: liac.w 

( l I I SEQU'ENCE DESCIUPIION: SEQ ID NO:l41: 
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0 I y V • I p' 0 S • r A' 8 p b. s. J 0 I y s. ' 0 I y Sc r 0 I y Tb r A •p Pbc Tb r 
I I 0 I 5 

p b c Tb r I I e Sc r S c r L c u 0 I a p' 0 0 I u Asp I I c A I a Tb r Tyr T y r Cys 
20 2 s 3 0 

I 2 1 INR>RMAl'ION FOR SllQ ID N0:142· 

( i I SEQUENCE CHAJlACl'ERISTICS: 

( A ) l..EN011i: 10 - acids 
( 8 1TYP£: G1110a<id 
( C I STRANDEDNESS: mil< 
( D ) TOPOUXlY: ~ 

( X I J SEQUENCE DESCRIPTIO!'I: SEQ 10 NO:l42: 

Pbe 0 I y 0 I • 0 I y Th 1 Ly s V a I 0 I u I I o Ly • 
5 I 0 

t 2 J INR>RMATION FOR Sl!Q ID N0:143: 

( i I SEQUENCE CHAllACl'ERISTICS: 
! A ) U!NOlH: S ....... oc:ids 
( 8 ) TYP£: -..oor:id 
( c ) ST'RANDEDtll!SS: •• 
( D ) TOl'OLOOY: ...._ 

l :l i J SllQUENCE DESCRlP'IlON: S6Q ID NO:t43: 

Sc r Tyr Ty r I I e H is 
5 

( 2 ) INl'ORMATION FOR SBQ ID N0:144: 

( ; ) SEQUENCE C'HAllACTElllSTICS: 
( A ) U!NOJH: 17 ..UOl<D 
( 8 ) TYP£: -or:.>d 
( C ) STRANDEDNESS: s.p 
( D ) TOl'OLOOY: W... 

( x i l SEQUENCE OESCRJPTION: SEQ ID N0:144: 

Tyr I I c Asp Pr o Pbe A S D 0 I y O I y Tbr Sc r Ty r A S a O I a Ly s Pbe Ly ' 
I s I 0 I S 

0 I y 

( 2 ) INFORMAJ'lON FOR SBQ ID NO: l4S: 

C i ) SBQUENCE CHAllACl'l!IUSTlCS: 
( A ) LENCJIH; 7 - acidt 
( 8 ) TYPti: ..... ><id 
( c ) Sl'RANDEDNE.SS: ~ 
( D ) TOPOLOOY: lia.r 

( x i ) seQ1JENC1! DESCIUP1l()fl: SEQ ID NO: 14': 

0 I 1 O I y A' o Ar 8 p b. A I a Tyr 
I s 

f 2 I INR>RMATION FOR S5Q ID NO:l46: 

( i ) SEQUENCE CHARACJllRJSTICS: 
( A ) l..ENOTH: 30 llDiao acids 

( B ) TYP£: - .:id 
( C ) STRANDEDNESS: siqjc 
( D ) TOPOLOOY: &.. 

( x i ) SEQUENCE DESCIUP1lON: SEQ ID NO: 146: 

0 I a Val 0 I a Lea Va I 0 Io Sc r 0 I y A I a 0 I u v a I L ys L y s Pro 0 I y A I a 
I ' I 0 IS 

Sc r v a I Ly' Va I Sc r c y. Ly s Ala S • r 0 I y Ty r Ser Pbc Tb r 
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zo 2 5 3 0 

1 INFORMIJION FOR SEQ ID N0:147: 

1 l I SEQUENCE CHARACTERISTICS: 

( A I LENGTH: 14 ..m,,o aoids 
I B JTYPE:amuoo acid 

t c •STRANDEDNESS: smglc 

I D I TOPOLOOY: hnur 

( .. I SEQUENCE DESCRIP110N: SEQ ID NO:l47: 

Trp Val Ar~ 0 I o A I a Pro O I y GI n 0 I y L • u 0 I u Tr p Vol G 1 y 

l s I 0 

( 2 ) INFORMIJION FOR SEQ 10 N0:143: 

(I ) SEQUENCE CHAAACTEIUSTICS: 

I A ) LENGTH: Jl ..m,,o aoids 

( B )TYPE: -ocid 
( C I SiRANDEONESS: sia,Yc 

( D ) TOl'OLOOY: liacar 

( & I ) SSQU&ICE DESClUP'I10N: SEQ ID N0:143: 

Ar I v. l Tbr M et Tbr Leu Asp Tb r Sc r Tb r As o Tb r A I o Ty r Mc 1 0 I u 

I s I 0 I 5 

Leu Ser S c r Leu Ara Ser GI o Asp Tbr A I a V a I Ty r Ty r CY I A I a Ar I 

l 0 ls 3 0 

( 2 ) !NR>RMATION FOR SEQ ID NO:l49: 

(' ) SEQUENCE CHARACTERISTICS: 

( A ) LEN01H: 11 m>iao or:ids 

( 8 ) TYPE: ..,..., acid 

( c ) S'lllANDIIDN'ES: .. 

( 0 ) TOPOLOOY: W.... 

( . ' ) SEQUENC!l OESCR.IP'IlON: SEQ ID NO: 149: 

Trp GI y GI a 0 I y Tb r Leu Va I Tbr Va I s. t Ser 

I s I 0 

( 2 ) INFORMAllON FOR SEQ ID NO:ISO: 

(I ) SEQUENCe CHARACTERISTICS: 

( A ) LENG'JH: 32 amiao .ado 
( 8 ) J'YPI;; mUo Kid 

( c ) SlltANOl!DNESS: .... 

( 0 ) TOPOLOGY: liae• 

( z I ) SllQUENCI: DESCRll'1lON: SEQ ID NO:lSO: 

Ly I Va I Tb r Met Tb r Va I A Ip T b r Sc r Tbr A s a Tbr A Io T yr M e I GI u 

s I 0 I S 

Leu Ser Se r Leu Ar a Se r 0 I u Asp Tbr A I a Va I Tyr Ty r c y. A Io Ar g 

20 2S 30 

( 2 ) LNl'ORMAllON FOR SEQ ro NO:U 1: 

r ' ) SEQUl:NCE CHARACTI!RISTICS: 

( A ) LENOTH: 14 ..U0 aoids 
( B ) J'YPI;: ...,;.., acid 

( c ) S'IR.V<l>EDNBSS: •"'81• 
( 0 ) TOPOLOOY: U... 

( . l ) SEQUENCe DESCRIP'IlON: SEQ ID NO:ISI: 

Trp Val Ars GI a A Io Pro 0 I y 0 I a 0 I y Leu GI u Trp I I c 0 I y 

I s I 0 

( l ) INFORMIJION FOR SEQ ID NO:ISl: 
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'j t SEQUENCE CHARACTERISTICS: 
I A i LENOTii: 30 muno acids 
c B ) TYi'!!. ault>o acid 
I C I S11tANtlEONESS: •• 
( D I TOPOl.OOY: linca 

' x i ) Sl!QUEIOC'E DESCRIPTION: SEQ ID NO:JS2: 

GI a v a I GI n L c u V 1 0 l. Sc r GI y A I a GI u Va I Ly ' Ly' Pro GI y Ala s 1 0 I 5 

S e r Va I Ly I v a I Se r Cys Ly • A I a S c r GI y Ty r s.' Pbe Tbr 
2 0 2 s 30 

t 2 j INR)RMATION FOR SEQ ID N0:1S3: 

( j ) SEQUENCE CHARACTERISTICS: 
( A ) LENG'Ili: 14 amioo acids 
( 8 ) TYPE: amiao ocid 
( c ) STRANDeDN'ESS: ...... 
( D ) TOPOLOOY: liaear 

(" j ) SBQOENC'E DESCRIPTION: SEQ ID NO:IS3: 

Trp Va I Ar I GI a A I a Pro 0 I y 0 I • Ars Leu Olo Trp Mc I O I y 
I 5 I 0 

( 2 ) INR>RMATJON FOil SEQ ID NO:l54: 

( 1 ) SEQUENCE CKAAACTERJSTICS: 
( A ) J..ENOnl; 32 amiao a:iiU 
( 8 ) TYPl!: amiao acid 
( c ) SlRANDEDNESS: ,;.po 
( D ) TOPOLOOY: W... 

( • i ) seQUENCE DESCIUPilON: seQ ID l'IO:l54: 

Ar 8 Va I Tb r I I c Tb r Va I A' p Tb r Sc. r A I a Sc r Tbr Ala Ty r Mc I 0 I u 
I ' I 0 1 s 

L <" Ser S < r Leu Ar I Sc r 0 I" A•p Tbr A I a Val Tyr Tyr c y' A I a Ar 8 
20 2 5 3 0 

( 2 ) INR>RMATION FOlt SEQ ID NO:US: 

( i ) SBQllENCE Oi/Jt.ACTERJS'IICS: 
( A ) LENOlH: 14 amino acldl 
( 8 ) TYPI!: amiao acid 
( c ) S'l'RAl'(l)EDNE: .. 
( D I TOPOLOGY: liDear 

( • j ) S50UEJ'IC'E DESC'IUP'I10N: SEQ ID NO:l55: 

Tr p v a I Ar I GI o A I a Pro 0 I y 0 Io Ar I Leu 0 I u Tr p I I c GI y 

' I 0 

( 2 ) I NflORMAI'ION FOR SBQ ID NO: 156: 

( i ) SEQUENCE CllA.RACTEIUSDCS: 
( A ) U!N01ll: 32 ..-0 acidJ 
( 8 ) T\'1'£: ....... acid 
C c ) STRANDEDNESS: •"'l!l• 
( D ) TOPOLOOY: boa 

( " i ) SBQCJENa: DESCIUP'J10N: SEQ ID N0:156: 

Ly I Va I Tbr I I e Tbr Va I Arp Tbr S e r A I a S e r Tb r A I a Ty r Met 0 I u 
I ' I 0 I 5 

Le" Ser Sc r L c" Ar8 Sc r GI o A Ip Tbr A I a Va I Tyr Tyr c y' Ala Ar I 
2 0 2' 30 

c 2 ) INflORMAI'ION POR SeQ 10 NO:ll7: 
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I 1 > SEQUENCE CHARACTER.ISTICS: 
t A ) U oNGIR JO m&o acids 

t B > TYP!l: amao .:id 

1 C 1~: s10llic 

t D > TOPO!.OO Y: linear 

5.795.965 
130 

-continued 

t • i 1 SEQUENCE DESCR!l'flON: SEQ ID NO:>S7: 

Olo Val Olo Leu V a l Ola Ser Oly Ala Olu Val Ly• Ly s Pro Oly Ala 

I I 0 IS 

Ser Val Ly s Va l Ser Cys Ly s Ala Ser O l y Tyr Ser Pbc T b r 

20 lS 30 

( 2 l IP..'R>RMIJION FOR SEQ ID NO:IS8: 

( \ ) SEQUENCE CHARACTERJSTICS: 
( A l LENOTH: 14 amiJ>o acids 

( 8 I TYPE: omiJlo acid 
( c ) sntANDEDNESS: .. 

( D ) TOPOLOGY: IDlear 

( • \ ) SEQUENCE DESCRIPTION: SeQ ID NO:IS8: 

Trp Val Arg O lo Ala Pr o Oly Olo Arg Leu Olu Trp I )e O l y 

I S I 0 

We claim: FR12-CDR12-FR22-CDR22-FR32-CDR32 -FR42 

I. A variable (V) region of a heavy (H) chain of an 

antibody 10 the human ll.-6 receptor having the following 
structure: 

wherein CDR12
• CDR22 and CDR32 represent a set of three 

complementarity determining regions comprising a set of 
the following amino acid sequences shown by: 

SEQ ID No. 125 CDRl2 

SEQ ID No. 126 CDR22 
Ser Asp ills 
1Yr Ile Ser 

Ala Trp Ser 
'fyr Ser Gly De 

Set 
Ala 

1br 1br 

1Yr AJn Pro Ser Leu Lys 

SEQ ID No. 127 CDR32 Set Leu Ala Ar& Tbr Tur Met Asp 

1)r. 

and 
40 

FRI2
• FR.22

• FR32 and FR42 comprise a set of the following 
amino acid sequences: 

SEQ ID No. 135 FR12 Oln Val Gin Leu Gin Glu Ser Gly Pro Oly 

Leu Val Ar& Pro Ser Gin lbr Leu Ser Leu 

Tur Cys Tbr Val Ser Gly 1Yr Ser lie 1br 

SEQ ID No. 129 FR2' Trp Val Ar& Gin Pro Pro Gly Arg Oly Leu 

Olu Trp Uc Gly 

SEQ ID No. 132 FR32 Ara Val 1br Met Leu Arg Asp Tur Ser Lys 

Am Gin Pbc Ser Leu Arg Leu Ser Ser Val 

Tur Ala Ala Asp 1br Ala Val l)'r 1}'r Cys 
Ala Arg 

SEQ ID No. 131 FR42 Trp Oly Gin Oly Ser Leu Val Tht Val Ser 

Ser. 

55 

2. An H dlain of an antibody to the human ll.-6 receptor. 
comprising: 

( J) a V region of a heavy chain of an antibody to the 
human ll.-6 receptor having the follo wing structure: 

60 FRI 2-CDRJ2-FR.22-CDR22-FR3 2-CDR32-FR42 

wherein CDR12
• CDR22 and CDR32 represent a set 

of three complementarity determining regions 
comprising a set of the following amino acid 
sequences: 
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SEQ ID No. 125 COR l1 Ser Asp His Ab Trp Ser 
SEQ ID No 126 CDRl' Tyr Ile Ser Tyr Ser Gly lie 

Asn Pro Ser Leu Lys Ser 
SEQ ID No In C OR32 Ser Leu Ala Atg Thr Tur Ala 

'l)T; 

and FR12
• fR2 2

• FRJ~ and FR42 comprise a set of the 
following amino acid sequences: 

SEQ ID No. IJS FR 12 Gin Val Gin Uu Gin Glu Ser 
Leu Val Ar& Pro Ser Ohl Thr 
1br Cys Thr Val Ser Oly Tyr 

SEQ ID No. 119 FR22 Trp Val Ar& Gin Pro Pro Gly 
Glu Trp lie Gly 

SEQ ID No. 132 FR32 Atg Val Tur Met Leu Arg Asp 
Asn Gin Pile Ser Leu Arg Leu 
Tbr Ala Ala Asp Tbr Ala Val 
Ala Ara 

SEQ ID No. 131 FR42 Tip Oly Glo Gly Ser Leu VaJ 
Ser. 

and 

(2) a C region of an H chain of a human antibody Cy. 
3. A reshaped human antibody to lhe human Il..-6 receptor. 

comprising 

(A) L diains of an antibody to said human ll.-0 receptor. 
30 eadi comprising: 

( 1) a variable (V) region of a light (L) chain of an 
antibody to the human Il...--0 receptor having the 
following structure: 
F'Rl 1-CDR1 1-FR21-CDR21-FR3 1-CDR3 1-FR41 

wherein CDR1 1• CDR21 and CDR31 represent a set 
of three complementarity determining regions com
prising a set of the following amino acid sequences: 

SEQ ID No. 117 CORI 1 Atg Ala Ser GID Asp Ile Ser Ser Tyr Leu Asa 

SEQ ID No. 118 COR2 1 1)'rThr Ser Arg Leu His Ser 

SEQ IO No. 119 COR31 Gln Gin Gly A.sn Thr Leu Pro Tyr "TlY; 

and 
lhe FRl 1• F'R21.FR3 1 and F'R41 comprise a set of the 
following ami.oo acid sequences: 

SEQ ID No. IWPR1 1 AspllcGlnMe1ThrGIDSerProSer Ser 
Leu Ser Ala Ser Val Gly Asp Ara Val Tur 
IleThr Cys 

SEQ ID No. I 2 I PR 21 Trp Tyr 01.o Gin Lys Pro Gly Lys Ala Pro 
Lys Leu Leu Ile Tyr 

SEQ ID No. 122 F'R31 Oly Val Pro Ser Ara Pbe Ser Gly Ser Oly 
Ser Oly Tur Asp Pile lbr Pbe Thr lie Ser 
Ser Leu Ola Pro Glu Asp lie Ala Thr Tyr 
TyrCys 

SEQ IO No. 123 FR41 Phc Gly Gin Oly Tur Lys Val Glu lie LY$: 

or 

SEQ ID No. 120 FRI I Asp Ile Oln Met Tur Glo Ser Pro Ser Ser 
Leu Ser Ala Ser Val Gly Asp Ara Val lbr 
llelbr Cys 

SEQ ID No. 121 FR21 T1pTyrGlnOlnLysProGly LysAla Pro 
LysLeu Leu De Tyr 

3S 

40 

4S 

SS 

60 

6S 

132 

Thr Thr Tyr 

Met Asp 

Oly 
Leu 
Ser 
Atg 

Tur 
Ser 
Tyr 

Thr 

Pro Oly 
Ser Leu 
Ile Thr 
Gly Leu 

Ser Lys 
Ser V.J 
Tyr Cys 

Val Ser 

-continued 
SEQ ID No. 124 PR31 Gly Val Pro Ser Arg Pb: Ser Gly Ser Oly 

Ser Gly Tur Asp Tyr Thr Pbe Thr Ile Ser 
Ser Leu Glo Pro Olu Asp lie Ala Tur Tyr 
Tyrcys 

SEQ ID No. I 23 FR41 Pbe Gly Glo Oly 1br Lys Val Glu lie Lys; 

and 
(2) a C regjon of an L chain of a human anb.body CJC; 

andN 
(B) H chains of an antibody to the human Il.,-6 recept<r. 

each comprising: 
(1) a V rcgjon of a heavy (H) diaio of an antibody to 

the human D..,-6 receptor baviog the following struc
ture: 
F'Rl 2-CDRl 2_FR22 CDR22-FR32...CDR32-FR42 
wherein CDR12 CDR22 aod CDR32 represent a set 
of three complementarity detennining regions com
prising a set of the amino acid sequences shown by: 

SF.Q IO No. 125 CDRl 2 Ser Asp ffjsAJa Trp Ser 

SEQ ID No. 126 CDR22 Tyr lie SerTyr SerGJy Ilt:TbrThr Tyr Am 
PIO Ser Leu Lys Ser 

SEQ IO No. I rt CDR32 Ser Ul1 Ala AJJ Tbr Thr Ala Mc1 Asp Tyr. 

and 
theFR12 • FR22 .FR32 andFR42comprise a set of the 

following amino acid sequences: 

SEQID•WRP~W~~~~Ser~PIO~ 
Leu Val Azg Pro Ser Gin Thr Leu Ser Leu 
lbr Cys lbr Val Ser Oly Tyr Ser lie 1br 

SEQ IO No. I 29 PR22 Trp Val Ara Gin Pro Pro Oly Ng Gly Leu 
Glu Trp Ile Oly 

SEQ ID No. 132 R3l Arg Val Thr ~Leu Ara Asp Thr Ser Lys 
Aso Gin Pbe Ser Leu Ara Leu Ser Ser Val 
Tur Ala Ala Asp Tbr Ala Val Tyr Tyr Cys 
Ala Arg 

SEQ ID No. 131 PR4' Trp Gly Gin Gly Ser Leu Val Tbr Val Ser 
Ser: 

and 
(2) a C region of an H diaio of a human antibody Cy. 
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4. AV region of a heavy (H) chain of an antibody to the wherein CDR 14
• CDR24 and CDR.T'. represen1 a set of 

human ll..-6 receptor having lhe following structure: three complementarity determining regions compris-

FR14 -CDR14 -FR24 -CDR24 -FR34 -CDR34 -FR44 ing a set of lhe following amino acid sequences: 

SEQ ID No. 143 C ORl4 Ser Tyr T}T Ile His 

SEQ ID No. 144 CDR1' 1)rr Ile Asp Pro Phe /\!ill Gly Gly Thr Ser 

Tyr Asn Gin Lys Phc Lys Gly 

SEQ ID No. 145 CDR34 Gly Gly Asn Arg Phe Ala l yr. 

and 
the FR14

• FR2 4. FR34 and FR44 comprise a set of the 

following amino acid sequences: 

SEQ ID No. 146 FRl 4 Gin Val Gin Leu Val Gin Ser Gly Ala Glu 

Val Lys Lys Pro Gly Ala Ser Val Lys Val 

Ser Cys Lys Ab Ser Gly Tyr Ser Pbe 1br 

SEQ ID No. 147 FR?' Trp Val Arg Gin Ala Pro Gly Gin Gly Leu 

Glu Trp Val Gly 

SEQ ID No. ISO FR34 Lys Val Thr Met Tur Val Asp 1lbr Ser Thr 

Asn Tur Ala Tyr Met Glu Leu Ser Ser Leu 

Arg Ser Gly Asp Thr Ala Val 'lYr Tyr Cys 

Ala Arg 

SEQ ID No. 149 FR44 Trp Gly Gin Gly Thr Leu Val Tur Val Ser 

Ser. 

SEQ ID No. 146 FRl4 Gin V..l Gin Leu Val Gin Ser <Hy Ala Glu 

Val Lys Lys Pro Gty Ala Ser Val Lys Val 

Ser Cys Lys Ala Ser Gly Tyr Ser Pbe Tbr 

SEQ ID No. 151 FRZ' Trp Val Arg Oln Ala Pro Gly Gin Gly Leu 

Glu Trp lie Gly 

SEQ ID No. ISO FR34 Lys Val 'Ibr Met Tur Val Asp Thr Ser Thr 

Asn Tur Ala Tyr Met Glu Leu Ser Ser Leu 

Arg Ser Gtu Asp Tur Ala Val Tyr Tyr Cys 

Ala Arg 

SEQ ID No. 149 FR44 Trp Oly Gin Gly 1hr Leu Vat Tur Val Ser 

Sa-; 
SEQ ID No. 152FR1• Trp Vat Arg Gin Ala Pro Gly Gin Arg Leu 

Otu Trp lie Oty 

SEQ ID No. !SS FRZ' Trp Val Arg Gin Ala Pro Gly Gin Arg Leu 

Olu 1l'p Ile Gly 

SEQ ID No. 154 FR34 Arg Val Tbr Ile Tur Val Asp Tur Ser Ala 

Ser Tur Ala Tyr Met Glu Leu Ser Ser Leu 

Arg Ser Glu Asp Tur Ala Val Tyr Tyr Cys 

Ala Arg 

SEQ ID No. 149 FJW Trp Oly Gin Gly 1br Leu Val Thr Val Ser 

Ser: 
SEQ ID No. 152 FR14 Oln Val Gin Leu Val Oln Ser Gly Ab Glu 

Val Lys Lys Pro Gly Ala Ser Val Lys Val 

Ser Cys Lys Ala Ser Gly Tyr Ser Pbe 1br 

SEQ ID No. !SJ FR2" Trp Val Arg Oln Ala Pro Oly Gin Arg Leu 

Olu 1l'p Met Gly 

SEQ ID No. 156 FR34 Lys Val 1br Uc Tur Val Asp Tur Ser Ala 

Ser 1br Ala Tyr Met Glu Leu Ser Ser Leu 

Arg Ser Glu Asp 1br Ala Val Tyr Tyr Cys 

Ala Ni 
SEQ ID No. 149 FR44 Trp Oly Gin Oly Tur Leu Val 1hr Val Ser 

Ser. 
or 
SEQ ID No. IS2 .FR14 Gin Val Gin Leu Val Gin Ser Gly Ala Olu 

Val Lyi Lys Pro Oly Ala Ser Val Lys Val 

Ser Cys Lys Ala Ser Gly Tyr Ser Phe 1br 

SEQ ID No. 15S FRZ' Trp V..I Arg Gin Ab Pro Gly Gin Arg Leu 

Olu 1l'p Oe Gly 

SEQ ID No. 156 FR34 Lys V..l Thr [le Thr Val Asp Tur Ser Ala 

Ser 1br Ala Tyr Met Qiu Leu Ser Ser Leu 

Arg Ser Glu Asp 1br Ala Val 1)'T Tyr Cys 

Ala Arg 

SEQ ID No. 149 FR44 Up Gly Gin Gly Thr Ltu Val 1br Val Ser 

Ser. 
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S. Ao H chain of an antibody 10 the human Il.-6 receptor. 
comprising: 

(I) a V region of heavy (H) chain of an antibody to the 
human Il.-6 receptor having the foUowing structure: 
FRJ 4-CDR14 -FR.24-CDR24-FRJ4 -CDR34-FR44 

5 
where CDR l". CDR24

• and CDR3" represent a sci of 
three complementarity determining regions rompris-
ing a set of the following sequences shown by: 

SEQ ID No. 143 CDR1• Ser Tyr 1Yr De His 
SEQ ID No. 144 CDR2• 'fyr Ile Asp Pro Pile Asn Oly Oly Tur Ser 

'fyr Aso Oln Lys Pbc Lys Gly 
SEQ ID No. 14S CDRJ• Gly Gly Asn A1g Pbe Ala 'fyr; 

and 
the FRJ 4

• FR24
• FR34

• and FR44 comprise a set of the 
following amino acid sequences: 

SEQ ID No. 146 FRI• Gin Val Gin Leu Val Gin Ser Gly Ala Glu 
Val Lys Lys Pro Gly Ala Ser Val Lys Val 
Ser Cys Lys Ala Ser Gly 'fyr Ser Pbc Tur SEQ ID No. 147 FR2• Trp Val Arg Gin Ala Pro Gly Qin Gly Leu 
Qiu Tip Val Gly 

SEQ ID No. ISO fR3• Lys Val Thr Mee Tbr Val Asp 1br Ser Tur 
Aso Thr Ala 1Yr Met Glu Leu Ser Ser Leu 
A1g Ser Glu Asp 1br Ala Val 'fyr Tyr Cys 
Ala Ara 

SEQ ID No. 149 FR4' Tip Oly Gin Gly Tbr Leu Val Thr Val Ser 
Ser: 

SEQ ID No. 146 FJt1• Gin Val Gin Leu Val Gin Ser Gly Ala Qiu 
Val Lys Lys Pro Gly Ala Ser Val Lys Val 
Ser Cys Lys Ala Ser Gly 'fyr Ser Pbe Tur SEQ ID No. IS I FJU' Tip Val Arg Qin Ala Pro Gly Gin Gly Leu 
Qiu Trp Ile Gly 

SEQ ID No. ISO FR3• Lys Val Thr Met Thr Val Asp Tur Ser Tur 
Aso 1br Ala 1Yr Met Qiu Leu Ser Ser Leu 
Arg Ser Glu Asp 1br Ala Val 'fyr 'fyr Cys 
Ala Ara 

SEQ ID No. 149 FR4• Trp Oly Gin Gly 1br Leu Val Tur Val Ser 
Ser: 

SEQ ID No. JS7 PR1• Qin Val Gin Leu Val Gin Ser Gly Ala Gtu 
Val Lys Lys Pro Gly Ala Ser Val Lys Val 
Ser Cys Lys Ala Ser Gly 1Yr Ser Pbe 1br 

SEQ ID No. IS8 FJt2• Tip Val Ara Gin Ala PIO Qty Gin A1g Leu 
Glu Trp Ile Gly 

SEQ ID No. JS4 FRJ• Arg Val Tur lie 1br Val Asp 1br Ser Ala 
Ser Thr Ala Tyr Met Glu Leu Ser Ser Leu 
Arg Ser Glu Asp Thr Ala Val 'fyr 'fyr Cys 
Ala Arg 

SEQ ID No. 149 FJt4• Tip Gty Gln Gly Tbr Leu Val 1br Val Ser 
Ser: 

SEQ ID No. IS2 FR14 Gin Val Gin Leu Val Gin Ser Oly Ala Glu 
Val Lys Lys Pro Oly Ala Ser Val Lys Val 
Ser Cys Lys Ala Ser Gly 1Yr Ser Pbc Tur 

SEQ ID No. 153 PJU' Tip Val Arg GlD Ala Pro Gly Gin A1g Leu 
Gtu Tip Met Oly 

SEQ ID No. 156 FRJ• Lys Val Tur lie Thr Val Asp 1br Ser Ala 
Ser Tbr Ala 1Yr Md OJu Leu Ser Ser Leu 
Arg Ser Glu Asp 1br Ala Val 1Yr 'fyr Cys 
Ala Arg 

SEQ ID No. 149 FR4• Trp Oly Gin Gly Thr Leu Val Thr Val Ser 
Ser. 

or 
SEQ ID No. 152 FRI• GI.I) Val Gin Leu Val Oto Ser Oly Ala Glu 

Val Lys Lys Pro Gly Ala Ser Val Lys Val 
Ser Cys Lys Ala Ser Gly Tyr Ser !'be Tur 

SEQ ID No. IS5 FR2• Trp Val Arg Oto Ala Pro Oly Obi A1g Leu 
Qiu Tip De Oly 

SEQ ID No. 156 FR34 Lys Val Thr De Tbr Val Asp 1br Ser Ala 
Ser Tur Ala "J}T Mee Olu Leu Ser Ser Leu 
Arg Ser Glu Asp 1br Ala Val 'fyr 1Yr Cys 
Ala Ara 
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-continued 

SEQ ID No. 149 FR4• Trp ~ ~ ~ Tur ~ ~ Tu w Ser 

Ser: 

and -continued 

(2) a C region of an H chain of a human antibody Cy. SEQ ID No. ISO PR3• Lys V:ll Tur Met Thr Val Asp Tbt Ser Tur 

6. A reshaped human antibody to the human D.,-6 receptOI'. 
Asn Tur Ab Tyr Met Glu Leu Ser Ser Leu 

Arg Ser Glu Asp Tbr Ab Val Tyr Tyr Cys 

comprising: 10 Ala Arg 

(A) L chains of an antibody to the human lL-6 receptor. 
SEQ ID No. 149 PR44 Trp Gly Gin Gly lbr Leu Val Tur Val Ser 

each comprising: Ser. 

(1) a variable (V) region of a light (L) chain of an 
antibody to the human D.,-6 receptor having the SEQIDNo. 146FR14 Obi Val Gin Leu Val Glo Ser Gly Ala Glu 

following structure: JS Val Lys Lys Pro Gly Ala Ser V:ll Lys Val 

FR! 3 -CORI 3 -FR23 -CDR23-FR.13-CDR33 -FR43 Ser Cys L>'S Al• Ser Gly Tyr Ser Pbt Tbt 

wherein CDR!3. CDR23 and CDR33 represent a set SEQ ID No. ISi FR2' Trp Val Arg Gin Ala Pro Oly Gin Gly Leu 

of three complementariiy determining regions com- Glu Trp De Gly 

prising a set of lhe following amino acid sequences: SEQ ID No. ISO PR3' Lys Val Thr Met lbr V:ll Asp lbr Ser Tbt 

20 Asn Tu A.Sil Thr Ala Tyr Mel Glu Leo Ser 

SEQIDNo. 136CDRIJ ArgAla Ser Lys Ser Val Serllir SerOlyTyr Ser Leu Arg Ser Glu Asp Tur Ala Val Tyr 

SEQ ID No. 137 CDR2' 
SerTyr Mel His 
Ala Ser A.Sil Leu Glu Ser 

Tyr Cys Ala AJ8 

SEQ ID No. 138 CDRJ' Gin His Ser AJ8 Glu A.Sil Pro Tyr Thr. SEQ ID No. 149 PR4• Trp Gly Gin Gly lbr Leu Val Thr Val Ser 

Ser: 

and 2S 

FR13
• FR23

• FR33 and FR43 comprise a set of the SEQIDNo. 152FR14 Gin Val Gln Leu V:ll Gin Ser Gly Ala Glu 

following amino acid sequences: 
Val Lys Lys Pro Gly Ala Ser Val Lys Val 

Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr 

SEQ ID No. 139PR11 Asp Ile Obi Met Thr Gin Ser Pro Ser Ser SEQ ID No. JSS PR2' Trp Val Arg Oln Ala Pro Oly Gin Arg Leu 

Leu Ser Ala Ser Val Oly Asp Arg Val Thr 
30 

Glu T rp Ile Gly 

IleThrCys 
SEQ ID No. IS4 fllt34 AJ8 Val Thr De Thr Val Asp Thr Ser Ala 

SEQ ID No. 140 FR2l Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Ser 1br Ala Tyr Met Glu Leu Ser Ser Leu 

LysLeu Leu Ile Tyr Ara SerGlu Asp Tbr Ala Val TyrTyrCys 

SEQ ID No. 141 PR)l Gly Val Pro Ser Arg Pbe Ser Gly Ser Gly 
Al2AJ8 

Ser Gly Thr Asp Pbe Thr Pbe Thr lie Ser 3S SEQ ID No. 149 FR44 TrpGlyGhlGlylbrLeu Val TbrV:ll Ser 

Ser Leu Gin Pro Glu Asp lie Alli Thr Tyr Ser; 

TyrCys 
SEQIDNo. 152FR14 Ohl ValGhlLcu ValOln SerOly Ala Glu 

SEQ ID No. 142 FR4, Pbe Oly Gln Gly Tur Lys Val Olu Ile Lys; Val Lys Lys Pro Gly Ala Ser V:ll Lys Val 

Ser Cys Lys Ala Ser Gly Tyr Ser Pbe Thr 

and 40 
(2) a C region of an L chain of a human antibody CK; SEQ ID No. IS3 PR2' Trp Val Arg Ohl Ala Pro Oty GiD Arg Leu 

and 
Glu Trp Mel Oly 

(B) H chains of an antibody to the human D...-6 receptor. SEQ ID No. IS6 PR34 Lys Val Thr Ile Thr Val Asp 1br Ser Ala 

each comprising: 
Ser Thr Ala Tyr ~ Glu Leu Ser Ser Leu 

(1) a V region of a heavy (H) chain of an antibody to 
Ara ScrGlu Asp Thr Ala Val TyrTyr Cys 

4S AlaAra 

the human ll.,-6 receptor having the following struc-
ture: SEQ ID No. 149 PR44 Trp Oly Gln Gly Tur Leu Val Thr Val Ser 

FR1'4-CDR14-FR24-CDR24-FR34-CDR34 -FR44 Ser. 

wherein CDR14
• CDR24 and CDR34 represent a set 

or 

of three complementariiy determining regions com- so SEQ ID No. IS2FR14 Gin Val Gin Leu Val 0-ID Ser Gly AlaOlu 

prising a set of the following amino acid sequences: Val Lys Lys Pro Gly Alla Ser Val Lys Val 

Ser Cys Lys Ala Ser OLy Tyr Ser Pbe Thr 

SEQ ID No. 143 CDRI• Ser Tyr 'fyr Ile His SEQ ID No. ISS PR2' Trp Val Arg Ghl Ala Pro Oly Gin Arg Leu 

SEQ ID No. 144 CDR2' Tyr lie Asp Pro Pbe Asn Gly Oly Thr Ser Tyr 
Glu Trp De Gly 

Asn G~ Lys Phe Lys Gly SS SEQ ID No. IS6 PR3' Lys Val Tbr Ile Thr Val Asp Thr Ser Ala 

SEQ ID No. 145 CDR34 Gly G y Asn Arg Pbe Ala Tyr: Ser Th: Ala Tyr Ilk! Glu Leu Ser Ser Leu 

and 
Arg SerGluAsplbr Ala V:ll TyrTyrCys 

FR14
• FR24

• PR34 and FR44 comprise a sec of the 
Ala Arg 

SEQ ID No. 149 PR44 Trp Gly Gln Gly Tur Leu V:ll Thr Val Ser 
following amino acid sequences: 

60 Ser; 

SEQ ID No. 146 FR I' Gin Val Gin Leu Val Gin Ser Oly Ala Glu 
Val Lys Lys ProGly Ala Ser Val Lys Val 

Ser Cys Lys Ala Ser Gly Tyr Ser Pbe Tur and 

SEQ ID No. 147 PR2' Trp Val Arg Gin Ala Pro Gly Glo Gly Leu 
Glu Trp Val Gly 6S (2) a C region of an H chain of a hlillllan antibody Cy. 

* • * * * 
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