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E K P G L K 

GAG GTG AAG CTG GTG GAG TCT GGA CCT GAG CTG AAG AAG CCT GGA 

E T V K I S C K A. S G , Y I F T 
GAG ACA GTC AAG ATC TCC TGC AAG GCT TCT GGG TAT ATC TTC ACA 

N Y G N W V K G L P G K A 
AAC TAT GCA ATG AAC TGG GTG AAG CAG GCT CCA GGA AAG GGT TTA 

K W M 
AAG TGG ATG 

A. D D 
GCT GAT GAC 

A S T 
GCC AGC ACT 

T A. T 
ACG GCT ACA 

F A. y 

TTT GCT TAC 

G G G 
GGA GGC GGT 

I Q M 
ATT CAG ATG 

G W I N T Y 
GGC TGG ATA AAC ACC TAC 

F K G R F A. 
TTC AAG GGA CGG TTT GCC 

A. Y L Q I N 
GCC TAT TTG CAG ATC AAC 

Y F C A L Y 
TAT TTC TGT GCA TTA. TAT 

G Q G T L W 
TGG GGC CAA. GGG ACT CTG 

S G G R A. S 
TCA GGT GGG CGC GCC TCT 

T Q S P K F 
ACA CAG TCT CCC AAA TTC 

FIG. 14-1 

T G E P T Y 
ACT GGA GAG CCA ACA. TAT 

F S L E T S 
TTC TCT TTG GAA ACC TCT 

K N E D 
AAA AAT GAG GAC 

N L 
AAC CTC 

S P K G 
TCC CCT AAG GGG 

G IN 
GGT AAC 

?inker 
V S A G 
GTC TCT GCA GGT 

VL 
G G S 

GGC GGA TCG 

V T 
GTC ACT 

G G D 
GGC GGT GAT 

V S A. G 
GTA TCA GCA GGA 

L L 
CTG CTT 
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+ 1 D R V T I T C K A S Q S V S N 
451 GAC AGG GTT ACC ATA ACC TGC AAG GCC AGT CAG AGT GTG AGT AAT 

+1 D V A. W Y Q Q K P G Q S P K L 
496 GAT GTA GCT TGG TAC CAA CAG AAG CCG GGG CAG TCT CCT AAA CTA 

+ 1 L M Y Y A. S N R Y T G V P D R 
541 CTG ATG TAC TAT GCA TCC AAT CGC TAC ACT GGA GTC CCT GAT CGC 

+1 F T G S G Y G T D F T F. T I S 
586 TTC ACT GGC AGT GGA TAT GGG ACG GAT TTC ACT TTC ACC ATC AGC 

+1 T V Q A. E D L A. V Y F C Q Q D 
631 ACT GTG CAG GCT GAA GAC CTG GCA GTT TAT TTC TGT CAG CAG GAT 

+1 Y G S P P T F G G G T K L E I 
67.5 TAT GGC. TCT CCT CCC ACG TTC GGA GGG GGC ACC AAG CTG GAA ATT 

+1 K R 
721 AAA CGG 

FIG. 14-2 
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+ 1 S L G Q R A. T I S C R A S E S 
451. TCT CTA GGG CAG AGG GCC ACC ATA TCC TGC AGA GCC AGT GAA AGT 

+1 V D S Y G Y N F M H W Y Q Q I 
496 GTT GAT AGT TAT GGC TAT AAT TTT ATG CAC TGG TAT CAG CAG ATA 

+1 P G Q P P K L L I Y R A. S N L 

541 CCA GGA CAG CCA CCC AAA CTC CTC ATC TAT CGT GCA TCC AAC CTA 

+1 E S G I P A R F S G S G S R T 
586 GAG TCT GGG ATC CCT GCC AGG TTC AGT GGC AGT GGG TCT AGG ACA 

+ 1 D F T L T I N P V E A. D. D V A. 

631 GAC TTC ACC CTC ACC ATT AAT CCT GTG GAG GCT GAT GAT GTT GCA 

+1 T Y Y C Q Q S N E D P L T F G 
676 ACC TAT TAC TGT CAG CAA AGT AAT GAG GAT CCG CTC ACG TTC GGT 

+1 T G T R L E I K R 

721 ACT GGG ACC AGA CTG GAA ATA AAA CGG 

FIG. 16-2 
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+1 V M V M S Y G N S E E D S Q 
2017 GTG ATG GTG ATG AGT TAC GGG AAC TCC GAA GAG GAT TCA CAA 

CAC TAC CAC TAC TCA ATG CCC TTG AGG CTT CTC CTA AGT GTT 

+1 E H T G S Q L R I A A y G P 
2059 GAA CAT ACC GGC AGT CAG TTG CGT ATT GCG GCG TAT GGC CCG 

CTT GTA TGG CCG TCA GTC AAC GCA TAA CGC CGC ATA CCG GGC 

+1 H A A N v v G L T D o T D L 
2101 CAT GCC GCC AAT GTT GTT GGA CTG ACC GAC CAG ACC GAT CTC 

GTA CGG CGG TTA CAA CAA CCT GAC TGG CTG GTC TGG CTA GAG 

His tag 
+ 1 F Y T M K A A L G D I H A H H 

2143 TTC TAC ACC ATG AAA GCC GCT. CTG GGG GAT ATC | GCA CAC CAT 
AAG ATG TGG TAC TTT CGG CGA GAC CCC CTA TAG | CGT GTG GTA 

+l H H H H + 

2185 CAC CAT CAC CAT TAA 
GTG GTA GTG GTA ATT 

FIG. 26-5 



US 7,033,590 B1 Sheet 43 of 61 Apr. 25, 2006 U.S. Patent 

08 

09 

OZ 

  



U.S. Patent Apr. 25, 2006 Sheet 44 of 61 US 7,033,590 B1 

Pel B - Leader 
+ 1 M K Y L L p T A. A. A G L L L L 
1 ATG AAA TAC CTA TTG CCT ACG GCA GCC GCT GGA TTG TTA TTA CTC 

TAC TTT ATG GAT AAC GGA TGC CGT CGG CGA CCT AAC AAT AAT GAG 

+1 A A Q P A M A E V K L V E S G 
46 GCG GCC CAG CCG GCC ATG GCG GAG GTG AAG CTG GTG GAG TCT GGG 

CGC CGG GTC GGC CGG TAC CGC CTC CAC TTC GAC CAC CTC AGA CCC 

91 GGA GGC TTA GTG AAG CCT GGA GGG TCC CTG AAA CTC TCC TGT GCA 
cCT cog AAT cAc TTC GGA ccT coc AGG GAC TTT GAG AGG ACA CGT 

136 GCC TCT GGA TTC ACT TTC AGT AGC TAT Acc ATG TCT TGG GTT CCC 
CGG AGA CCT AAG TGA AAG TCA TCG ATA TGG TAC AGA ACC CAA. GCG 

181 CAG ACT CCG GAG AAG AGG CTG GAG TGG GTC GCA ACC ATT AGT AGT 
GTC TGA GGC CTC TTC TCC GAC CTC ACC CAG CGT TGG TAA TCA TCA 

226 GGN GGT AGT TCC ACC TAC TAT CCA GAC AGT GTG AAG GGC CGA TTC 
CCN CCA TCA AGG TGG ATG ATA GGT CTG TCA CAC TTC CCG GCT. AAG 

271 ACC ATC TCC AGA GAC AAT GCC AAG AAC ACC CTG TAC CTG CAA ATG 
TGG TAG AGG TCT CTG TTA CGG TTC TTG TGG GAC ATG GAC GTT TAC 

3.16 AGC AGT CTG AGG TCT GAG GAC ACA GCC ATG TAT TAC TGT ACA AGA 
TCG TCA GAC TCC AGA CTC CTG TGT CGG TAC ATA ATG ACA TGT TCT 

+1 E G G G F T V N W Y F D V W G 
361 GAG GGG GGT GGT TTC ACC GTC AAC TGG TAC TTC GAT GTC TGG GGC 

CTC CCC CCA CCA AAG TGG CAG TTG ACC ATG AAG CTA CAG ACC CCG 

Linker 
+1 A G T S V T V S S G G G G S G 

406 GCA GGA ACC TCA GTC ACC GTC TCC TCA GGT GGA GGC GGT TCA GGT 
CGT CCT TCG AGT CAG TGG CAG AGG AGT CCA CCT CCG CCA AGT CCA 

VL 
+ 1 G R A S G G G G S D T V L T Q 

451. GGG CGC GCC TCT GGC GGT GGC GGA TCG GAC ATT GTG CTG ACA CAG 
CCC GCG CGG AGA CCG CCA CCG CCT AGC CTG TAA CAC GAC TGT GTC 

FIG. 28-1 
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+1 R G Y Q L V S D A A S L N S 
1513 CGT GGT TAT CAG TTG GTG AGC GAT GCT GCC TCA CTG AAT TCG 

GCA CCA ATA GTC AAC CAC TCG CTA CGA CGG AGT GAC TTA AGC 

F 
1555 GTG ACG GAA GCG AAT CAG CAA AAA CCC CTG CTT GGC CTG TTT 

CAC TGC CTT CGC TTA GTC GTT TTT GGG GAC GAA CCG GAC AAA 

CGA CTG CCG TTA. TAC GGT CAC GCG ACC GAT CCT GGC TTT CGT 

1639 ACG TAC CAT GGC AAT ATC GAT AAG CCC GCA GTC ACC TGT ACG 
TGC ATG GTA CCG TTA TAG CTA TTC GGG CGT CAG TGG ACA TGC 

1681 CCA AAT CCG CAA CGT AAT GAC AGT GTA CCA ACC CTG GCG CAG 
GGT TTA. GGC GTT GCA TTA. CTG TCA CAT GCT TCG GAC CGC GTC 

1723 ATG ACC GAC AAA GCC ATT GAA TTG TTG. AGT AAA AAT GAG AAA 
TAC TGG CTG TTT CGG TAA CTT. AAC AAC TCA TTT TTA CTC TTT 

1765 GGC TTT TTC CTG CAA GTT GAA GGT GCG TCA ATC GAT AAA CAG 
CCG AAA AAG GAC GTT CAA CTT CCA CGC AGT TAG CTA TTT GTC 

1807 GAT CAT GCT. GCG AAT CCT TOT GGG CAA ATT GGC GAG ACG GTC 
CTA GTA CGA CGC TTA. GGA ACA CCC GTT TAA CCG CTC TGC CAG 

1849 GAT CTC GAT GAA GCC GTA CAA CGG GCG CTG GAA TTC GCT AAA 
CTA GAG CTA CTT CGG CAT GTT GCC CGC GAC CTT. AAG CGA TTT 

1891 AAG GAG GGT AAC ACG CTG GTC ATA GTC ACC GCT GAT CAC GCC 
TTC CTC CCA TTG TGC GAC CAG TAT CAG TGG CGA CTA GTG CGG 

+1 H A. S Q I V A. P D T K A P G 
1933 CAC GCC AGC CAG ATT GTT GCG CCG GAT ACC AAA GCT CCG GGC 

GTG CGG TCG GTC TAA CAA CGC GGC CTA TGG TTT CGA GGC CCG 

+1 L T Q A L N T RC D G A. v M V 
1975 CTC ACC CAG GCG CTA AAT ACC AAA GAT GGC GCA GTG ATG GTG 

GAG TGG GTC CGC GAT TTA TGG TTT CTA CCG CGT CAC TAC CAC 

FIG. 29–4 . 
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Spacer | His-tag 
+1 G | H H H H H H = 

94.6 GGT |CAC CAT CAC CAT CAC CAT TAA 
CCA GTG GTA GTG GTA GTG GTA ATT 

FIG. 30–3 
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HindIII 
2206 CAG GAA ACA GCT ATG ACC ATG ATT ACG CCATAGCTTC CAT GAA AAT 

GTC CTT TGT CGA TAC TGG TAC TAA TGC GGT TCG AAG GTA CTT TTA 

Pelb-Leader 
M K Y L L P T 

2251 TCT ATT TCA AGG AGA CAG TCA TAA TGA AAT ACC TAT TCC CTA CGG 
AGA TAA AGT TCC TCT GTC AGT ATT ACT TTA TGG ATA ACG GAT GCC 

A A A G L L L L A A G P A M A 
- - - - -ºº ºr * *-* - - - - - - - * * 

2296 CAG CCG CTG GAT TGT TAT TAC TCG CGG CCC AGC CGG CCA TGG CCC 
GTC GGC GAC CTA ACA ATA ATG AGC GCC GGG TCG GCC GGT ACC 

Polylinker 
Q V Q L Q A R L Q V D L E I K 

* * * *-* - - - - - - 

2341 AGG TGC AGC TGC AGG CGC GCC TGC AGG TCG ACC TCG AGA TCA AAC 
TCC ACG TCG ACG TCC GCG CGG ACG TCC AGC TGG AGC TCT AGT TTG 

Spacer Myc-tag 
R A A A E Q K L I S E E D L N 

Not I 
2386 GGG CGG, CCGTCAG AAC AAA AAC TCA TCT CAG AAG AGG ATC TGA ATG 

CCC GCC GGC GTC TTG TTT TTG. AGT AGA GTC TTC TCC TAG ACT TAC 

Spacer. His tag 
G |A A | H H H H H H k # 

2431 GGG CGG CAC ATC ACC ATC ACC ATC ACT AAT AAG AAT TCA CTG GCC 
CCC GCC GTG TAG TGG TAG TGG TAG TGA TTA TTC TTA AGT GAC CGG 

FIG. 33 
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Pelb – leader 
+ 1 M K Y L. L P T A A A G L L L L 
1 ATG AAA TAC CTA TTG CCT ACG GCA GCC GCT GGA TTG TTA TTA CTC 

TAC TTT ATG GAT AAC GGA TGC CGT CGG CGA CCT AAC AAT AAT GAG 

VH 
+1 A A. Q P A. M A. E V K L V E S G 

46 GCG GCC CAG CCG GCC ATG GCC GAG GTG AAG CTG GTG GAG TCT GGG 
CGC CGG GTC GGC CGG TAC CGG | CTC CAC TTC GAC CAC CTC AGA CCC 

91 GGA GGC TTA GTG AAG CCT GGA GGG TCC CTG AAA CTC TCC TGT GCA 
CCT CCG AAT CAC TTC GGA CCT CCC AGG GAC TTT GAG AGG ACA CGT 

136 GCC TCT GGA TTC ACT TTC AGT AGC TAT ACC ATG TCT TCG GTT CGC 
CGG AGA CCT AAG TGA AAG TCA TCG ATA TGG TAC AGA ACC CAA. GCG 

181 CAG ACT CCG GAG AAG ACG CTG GAG TGG GTC GCA ACC ATT AGT AGT 
GTC TGA GGC CTC TTC TCC GAC CTC ACC CAG CGT TGG TAA TCA TCA 

226 GGN GGT AGT TCC ACC TAC TAT CCA GAC AGT GTG AAG GGC CGA TTC 
CCN CCA TCA AGG TGG ATG ATA GGT CTG TCA CAC TTC CCG GCT. AAG 

271 ACC ATC TCC AGA GAC AAT GCC AAG AAC ACC CTG TAC CTG CAA ATG 
TGG | TAG AGG TCT ICTG TTA CGG TTC TTG TGG GAC ATG GAC GTT TAC 

316 AGC' AGT CTG AGG TCT GAG GAC ACA GCC ATG TAT TAC TGT ACA AGA 
TCG TCA GAC TCC AGA CTC CTG TGT CGG TAC ATA ATG ACA TGT TCT 

+1 E G G G F T V N W Y F D V W G 
3 61 GAG GGG GGT GGT TTC ACC GTC AAC TGG TAC TTC GAT GTC TGG GGC 

CTC CCC CCA CCA AAG TGG CAG TTG ACC ATG AAG CTA CAG ACC CCG 

Leader 
+1 A G T S V T V S S G G G G S G 

406 GCA GGA ACC TCA GTC ACC GTC TCC TCA. GGT GGA GGC GGT TCA GGT 
CGT CCT TGG AGT CAG TGG CAG AGG AGT CCA CCT CCG CCA AGT CCA 

FIG. 34-1 
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both chains from human immuno-globulin. A chimeric anti 
body consisting of murine and human sequences may, for 
example, be produced. According to the present invention, 
the antibodies and antibody derivatives may also be single 
chain antibodies or miniantibodies (scr'v fragments, which, 
e.g., are linked to proline-rich sequences and oligomerisa 
tion domains, e.g. Pluckthun A. and Pack P., Immuno 
technology, 1997, Vol. 3, pp. 83–105) or single chain Fv 
(sPv) which incorporate the entire antibody binding region 
in one single polypeptide chain. For instance, single chain 
antibodies may be formed by linking the V-genes to an 
oligonucleotide which has been constructed as a linker 
sequence and connects the C terminus of the first V region 
with the N terminus of the second V region, e.g. in the 
arrangement VH-Linker-VL or VL-Linker-V, both, V,” 
v, thus may represent the N-terminal domain (Huston JS et 
al., Int. Rev. Immunol., 1993, Vol. 10, pp. 195–217; Raag R. 
and Whitlow M., FASEB J., 1995, Vol. 9, pp. 73–80). The 
protein which can be used as linker sequence may, e.g., have 
a length of up to 150 A, preferably up to 80 Å, and more 
preferably up to 40 A. Linker sequences containing glycine 
and serine are particularly preferred for their flexibility, or 
glutamine and lysine, respectively, for their solubility. The 
choice of the amino acid is effected according to the criteria 
of immunogenicity and stability, also depending on whether 
or not these single chain antibodies are to be suitable for 
physiological or industrial applications (e.g. immunoaffinity 
chromatography). The single chain antibodies may also be 
present as aggregates, e.g. as trimers, oligomers or multim 
ers. The linker sequence may, however, also be missing, and 
the connection of the VA, and V, chains may occur directly. 

Bispecific antibodies are macromolecular, heterobifunc 
tional cross-linkers having two different binding specificities 
within one single molecule. In this group belong, e.g., 
bispecific (bs.) IgGs, bs IgM-IgAs, bs IgA-dimers, bs (Fab')2. 
bs(scr'v)2, diabodies, and bs bis Fab Fc (Cao Y. and Suresh 
M. R., Bioconjugate Chem., 1998, Vol. 9, pp. 635–644). 
By peptidomimetics, protein components of low molecu 

lar weight are understood which imitate the structure of a 
natural peptide component, or of templates which induce a 
specific structure formation in an adjacent peptide sequence 
(Kemp DS, Trends Biotechnol., 1990, pp. 249–255). The 
peptidomimetics may, e.g., be derived from the CDR3 
domains. Methodical mutational analysis of a given peptide 
sequence, i.e. by alanine or glutamic acid scanning muta 
tional analysis, allows for the identification of peptide resi 
dues critical for procoagulant activity. Another possibility to 
improve the activity of a certain peptide sequence is the use 
of peptide libraries combined with high throughput screen 
1ng. 
The term antibodies and antibody derivatives may also 

comprise agents which have been obtained by analysis of 
data relating to structure-activity relationships. These com 
pounds may also be used as peptidomimetics (Grassy G. et 
al., Nature Biotechnol., 1998, Vol. 16, pp. 748–752; Greer J. 
et al., J. Med. Chem., 1994, Vol. 37, pp. 1035–1054). 

Examples of hybridoma cells expressing the antibodies or 
antibody derivatives according to the invention were depos 
ited on 9 Sep.1999 under the numbers 99090924 (#198/A1), 
99090925 (#198/B1) and 99090926 (#198/BB1) and on 
Dec. 16, 1999 under the numbers 99121614 (#193/A0), 
99121615 (#196/c4), 99121616 (#198/D1), 99121617 (198/ 
T2), 99.121618 (#198/G2), 99.121619 (#198/AC1) and 
99121620 (#198/U2) according to the Budapest Treaty. 
Methods of Production: 
The antibodies of the present invention can be prepared 

by methods known from the prior art, e.g. by conventional 
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8 
hybridoma techniques, or by means of phage display gene 
libraries, immunoglobulin chain shuffling or humanizing 
techniques (Harlow E. and Lane D., in: Antibodies, A 
Laboratory Manual, Cold Spring Harbor Laboratory, 1988). 
The production of the inventive antibodies and antibody 
derivatives may, for instance, be made by conventional 
hybridoma techniques (Antibodies, A Laboratory Manual, 
Cold Spring Harbor Laboratory, 1988, Eds. Harlow and 
Lane, pp. 148–242). According to the present invention, 
human and also non-human species may be employed 
therefor, such as cattle, pigs, monkeys, chickens and rodents 
(mice, rats). Normal, immunocompetent Balb/c mice or 
FIX-deficient mice may, e.g., be used (factor IX-deficient 
mice may be obtained from Dr. Darrel Stafford from the 
University of North Carolina, Chapel Hill). Immunization 
may, e.g., be effected with factor IX, factor IXao or com 
pletely activated factor IXaff, or with fragments thereof. 
The hybridomas are selected with a view to the fact that 

the antibodies and antibody derivatives in the supernatants 
of the hybridoma cells bind to factor DK/factor IXa and cause 
an increase of the procoagulant activity of factor DXa. The 
increase in the procoagulant activity may, e.g., be proven by 
assaying methods as known from the prior art for the 
measurement of factor VIII-like activity, e.g. chromogenic 
assays. 

Alternatively, the antibodies and antibody derivatives of 
the invention may also be produced by recombinant pro 
duction methods. In doing so, the DNA sequence of the 
antibodies according to the invention can be determined by 
known techniques, and the entire antibody DNA or parts 
thereof can be expressed in suitable systems. Recombinant 
production methods can be used, such as those involving 
phage display, synthetic and natural libraries, expression of 
the antibody proteins in known expression systems, or 
expression in transgenic animals (Jones et al., Nature, 19B6, 
Vol. 321, pp. 522–525; Phage Display of Peptides and 
Proteins, A Laboratory Manual, 1996, Eds. Kay et al., pp. 
127–139; U.S. Pat. No. 4,873,316; Vaughan T. J. et al., 
Nature Biotechnology, 1998, pp. 535–539; Persic L. et al., 
Gene, 1997, pp. 9–18; Ames R. S. et al., 
J.Immunol. Methods, 1995, pp. 177–186). 
The expression of recombinantly produced antibodies 

may be effected by means of conventional expression 
vectors, such as bacterial vectors, such as pHrš22 and its 
derivatives, pSKF or eukaryotic vectors, such as pNMSG and 
SV40 vectors. Those sequences which encode the antibody 
may be provided with regulatory sequences which regulate 
the replication, expression and secretion from the host cell. 
These regulatory sequences comprise promoters, e.g. CMV 
or SV40, and signal sequences. 
The expression vectors may also comprise selection and 

amplification markers, such as the dihydrofolate reductase 
gene (DHFR), hygromycin-B phosphotransferase, 
thymidine-kinase etc. 
The components of the vectors used, such as selection 

markers, replicons, enhancers etc., may either be commer 
cially obtained or prepared by means of conventional meth 
ods. The vectors may be constructed for the expression in 
various cell cultures, e.g. for mammalian cells such as CHO, 
COS, fibroblasts, insect cells, yeast or bacteria, such as E. 
coli. Preferably, those cells are used which allow for an 
optimal glycosylation of the expressed protein. Particularly 
preferred is the vector pHax (cf. FIG. 17) which is expressed 
in CHO cells or in SK-Hep. 
The production of Fab fragments or F(ab')2 fragments may 

be effected according to methods known from the prior art, 
e.g. by cleaving a mAb with proteolytic enzymes, such as 
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papain and/or pepsin, or by recombinant methods. These 
Fab and F(ab')2 fragments may also be prepared by means of 
a phage display gene library (Winter et al., 1994, Ann. Rev. 
Immunol., 12:433–455). 
The antibody derivatives may also be prepared by means 

of methods known from the prior art, e.g. by molecular 
modeling, e.g. from Grassy G. et al., Nature Biotechnol., 
1998, Vol. 16, pp. 748–752, or Greer J. et al., J. Med. Chem., 
Vol. 37, pp. 1035–1054, or Rees A. et al., in: “Protein 
Structure Prediction: A practical approach”, ed. Sternberg 
M. J. E., IRL press, 1996, chapt. 7–10, pp. 141–261. 
The purification of the inventive antibodies and antibody 

derivatives may also be carried out by methods described in 
the prior art, e.g., by ammonium sulfate precipitation, affin 
ity purification (protein G-Sepharose), ion exchange 
chromatography, or gel chromatography. The following 
methods may be used as the test methods to show that the 
antibodies and antibody derivatives of the present invention 
bind to factor DK/factor IXa, increase the procoagulant 
activity of factor DKa or have factor VIII-like activity.; the 
one step coagulation test (Mikaelsson and Oswaldson, 
Scand. J. Haematol., Suppl., 33, pp. 79–86, 1984) or the 
chromogenic tests, such as COATEST VIII: C(R) 
(Chromogenix) or Immunochrom (IMMUNO). In principle, 
all the methods used for determining factor VIII activity may 
be used. As the control blank value for the measurements, 
e.g., unspecific mouse-IgG antibody may be used. 
The present antibodies and antibody derivatives are suit 

able for therapeutic use in the treatment of coagulation 
disorders, e.g. in the case of hemophilia A, for factor VIII 
inhibitor patients etc. Administration may be effected by any 
method suitable to effectively administer the therapeutic 
agent to the patient, e.g. by oral, subcutaneous, 
intramuscular, intravenous or intranasal administration. 

Therapeutic agents according to the invention may be 
produced as preparations which comprise a sufficient 
amount of antibodies or of antibody derivatives as the active 
agent in a pharmaceutically acceptable carrier substance. 
These agents may be present either in liquid or in powder 
ized form. Moreover, the preparations according to the 
invention may also comprise mixtures of different 
antibodies, the derivatives thereof and/or organic com 
pounds derived therefrom, as well as mixtures consisting of 
antibodies and factor 1x and/or factor DKa. Factor IXa may 
be present as factor IXao and/or factor DKaff. An example of 
an aqueous carrier substance is, e.g., saline. The solutions 
are sterile, sterilisation being effected by conventional meth 
ods. 
The antibodies or antibody derivatives according to the 

invention may be present in lyophilized form for storage and 45 
be suspended in a suitable solvent before administration. 
This method has proven generally advantageous for con 
ventional immunoglobulins, and known lyophilisation and 
reconstitution methods may be applied in this case. 

Moreover, the antibodies and antibody derivatives 50 
according to the invention may also be used for industrial 
applications, e.g. for the purification of factor IX/factor IXa 
by means of affinity chromatography, or as a component of 
detection methods (e.g. ELISA assays), or as an agent for 
identification of and interaction with functional domains of 55 
a target protein. 
The present invention will be described in more detail by 

way of the following examples and drawing figures, to 
which, however, it shall not be restricted. 

EXAMPLES 

Example 1 
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Immunization of Immunocompetent Mice and 
Generation of Anti-FIX/IXa Antibody Secreting 

Hybridoma Cells 
Groups of 1–3 normal immunocompetent 5–8 week old 

Balb/c mice were immunized with 100 pig antigen (100 pil 

65 

10 
doses) via the intraperitoneal (i.p.) route. In a typical 
experiment, mice were inoculated with either recombinant 
human coagulation factor (F) DK (Benefix"M), human acti 
vated FIXao (Enzyme Research Laboratories, Lot: FIXao. 
1190L) or human FIXaff (Enzyme Research Laboratories, 
Lot: HFDXAa? 1332AL.) adjuvanted with Al(OH), or KFA. 

Individual mice were boosted at various times with 100 
pig antigen (10011 doses, i.p.) and sacrificed two days later. 
Spleen cells were removed and fused to P3×63-Ag8 6.5.3 
myeloma cells essentially as described by Lane et al., 1985 
(J. Immunol. Methods, Vol. 81, pp. 223–228). Each fusion 
experiment was individually numbered, i.e. #193, 195, 196 
or 198. 

Hybridoma cells were grown in 96 well plates on a 
macrophage feeder layer (app. 10° cells/ml) and selected in 
HAT-medium (RPMI-1640 medium supplemented with 
antibiotics, 10% FCS, Na-pyruvate, L-glutamine, 
2-mercaptoethanol and HAT (HAT 100x. 1.0×107*M hypox 
anthine in H2O (136.1 mg/100 ml H2O), 4.0×107°M ami 
nopterin in H2O (1.76 mg/100 ml H2O) and 1.6×107°M 
thymidine in H2O (38.7 mg/100 ml H2O). Medium was first 
changed after 6 days and thereafter twice a week. After 2–3 
weeks HAT-medium was changed to HT-medium (RpMI 
1640 supplemented with antibiotics, 10% FCS, 
Na-pyruvate, L-glutamine, 2-mercaptoethanol and HT) and 
later on (after additional 1–2 weeks) to normal growth 
medium (RPMI-1640 medium supplemented with 10% 
FCS, Na-pyruvate, L-glutamine and 2-mercaptoethanol) 
(see: HYBRIDOMA TECHNIQUES, EMBO, SKMB 
Course 1980, Base1). 

In another set of experiments FIX deficient C57B16 mice 
(Lin et al., 1997, Blood, 90: 3962) were used for immuni 
zation and subsequent hybridoma production. Since FIX 
knockout (k.o.) mice do not express endogenous FIX, the 
anti (a)-FIX antibody spectrum achievable is supposed to be 
different compared to normal Balb/c mice (due to lack of 
tolerance). 

Example 2 
Assaying for FVIII-like Activity in Supernatants of 
Anti-Fix/FIXa Antibody Secreting Hybridoma Cells 
In order to assay the FVIII-like activity of anti-FIXa 

antibodies secreted by hybridoma cells, the commercially 
available test-kit COATEST VIII:C/4R (Chromogenix) was 
employed. The assay was done essentially as described by 
the manufacturer with the following modifications: 
To allow high throughput screening, the assay was down 

scaled to microtiter plate format. Briefly, 25 pul aliquots of 
hybridoma supernatants were transferred to microtiter plate 
(Costar, #3598) wells and warmed to 37° C. Chromogenic 
substrate (S-2222), synthetic thrombin inhibitor (1–2581), 
factor (F) DKa and FX were reconstituted in sterile water and 
FIXa/FX was mixed with phospholipids according to the 
supplier’s protocol. Per reaction, 50 pil of the phospholipid/ 
FIXa/FX solution were combined with 25 pil CaCl2 (25 mM) 
and 50 pil of the substrate/inhibitor cocktail. To start the 
reaction, 125 pil of the premix were added to the hybridoma 
supernatant in the microtiter plates and incubated at 37° C. 
Absorbency at 405 nm and 490 nm of the samples was read 
at various times (30 min to 12 h) against a reagent blank 
(MLW, cell culture medium instead of hybridoma 
supernatant) in a Labsystems iBMS Reader MFTM microtiter 
plate reader. FVIII-like activity of the samples was calcu 
lated by comparing the absorbency of the samples against 
the absorbency of a diluted FVIII reference standard 
(IMMUNO AG # 5T4AR00) using GENESISTM software. 
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shown in FIG. 6B. After a lag phase, both antibodies give 
rise to chromogenic substrate cleavage, as judged by the 
increasing optical density measurable at 405 nm wave 
length. 

Example 5 

FVIII-like Activity Exhibited by Anti-FIX/FDXa 
antibodies Generates Factor Xa and is 

Phospholipid, FIXa/FX and Caº Dependent 
Factor VIII activity is usually determined with a chro 

mogenic assay and/or an APTT-based clotting assay. Both 
types of assays rely on FVIIIa/FIXa-mediated factor Xa 
generation. In the case of a chromogenic FVIII assay, the 
factor Xa produced will subsequently react with a chro 
mogenic substrate, which can be monitored 
spectroscopically, e.g., in an ELISA reader. In an APTT 
based clotting assay free factor Xa will assemble with FVa 
on a phospholipid surface in the so-called prothrombinase 
complex and activate prothrombin to thrombin. Thrombin in 
turn gives rise to fibrin generation and finally to clot for 
mation. Central to the two assay systems is generation of 
factor Xa by the FVIIIa/FIXa complex. 

To demonstrate that the FVIII-like activity exhibited by 
anti-FIX/FIXa-antibodies indeed generates factor Xa, the 
following experiment was carried out. Several 25 pul aliquots 
of unpurified hybridoma supernatant 196/AF2 (IgM isotype) 
were transferred to microtiter plate wells and warmed to 37° 
C. As a positive control, 16ml) of Recombinate"M were 
diluted into hybridoma medium (196 HM 007/99) and 
treated exactly the same way as the hybridoma supernatant. 
As a negative control, plain hybridoma medium was used. 
Chromogenic substrate (S-2222), synthetic thrombin inhibi 
tor (I-2581), factor IXa and FX were reconstituted in sterile 
water and FIXa/FX was mixed with phospholipids accord 
ing to the supplier’s protocol. Pefabloc Xa R, a factor Xa 
specific proteinase inhibitor (Pentapharm, LTD), was recon 
stituted with water to a final concentration of 1 mM/1. Per 
reaction, 5011 of the phospholipid/FIXa/FX solution were 
combined with 25 pil CaCl2 (25 mM) and 50 pil of the 
substrate/thrombin-inhibitor cocktail. To start the reaction, 
125 pil of the premix were added to the samples in the 
microtiter plates and incubated at 37°C. Where indicated, 35 
puM Pefabloc Xa R were added. Absorbance at 405 nm and 
490 nm was read at various times (every 5 minutes to 6 h) 
against a reagent blank (cell culture medium) in a Lab 
systems iBMS Reader MFTM microtiter plate reader employ 
ing the GENESISTM software. 
The results of the factor DKa stimulation by the FVIII-like 

activity exhibited by the IgM anti FIX/FIXa-antibody 196/ 
AF2 in generating actor Xa as judged by the readily mea 
surable cleavage of the chromogenic substrate S-2222 
(compare “16 mL FVIII” and “196/AF2”) is shown in FIG. 
7A. Factor Xa activity is effectively blocked by the FXa 
specific inhibitor “Pefabloc Xaº” (compare “196/AF2” 
versus “196/AF2 351M Pefabloc XaR*) indicating that 
indeed FXa was generated. 
The same experiment was performed using purified IgG 

preparations of clone 198/AM1 (FIG. 7B). Purified IgG was 
diluted in TBS to a final concentration of 0.4 mg/ml and 25 
pul (i.e. a total of 10 pig), transferred to microtiter plate wells 
and warmed to 37° C. As a positive control, 6 mL plasma 
derived FVIII was used. 10 pig unspecific mouse IgG 
(Sigma, I-5381) served as a negative control. The assay was 
performed as described above. 

Further experiments show the factor IXa stimulation by 
the FVIII-like activity exhibited by the IgG anti-FIX/FIXa 
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antibody 198/AM1 generates factor Xa as judged by the 
readily measurable cleavage of the chromogenic substrate 
S-2222 (FIG. 7B). Again factor VIII and antibody 198/AM1 
generate FXa which is effectively blocked by the FXa 
specific inhibitor “Pefabloc Xa Rº’. As a negative control, 
unspecific mouse IgG (Sigma, 15381) was assayed. 

In another set of experiments, the dependence of the 
FVIII-like activity of either purified anti-FIX/FIXa 
antibodies (IgM, FIG. 8A) or of unpurified antibodies 
derived from cell culture supernatants (IgG, FIG. 8B) on the 
presence of phospholipids (PL), FIXa/FX and Caº was 
demonstrated. Mouse IgG was used as a control (FIG. 8C). 
Factor VIII-like activity was assayed essentially as 
described above. When indicated, either the FIXa/FX 
mixture, the PL or Caº was omitted from the reaction. 
Absorbency at 405 nm and 490 nm of the samples was read 
at various times against a reagent blank (buffer instead of 
purified antibody) in a Labsystems iBMS Reader MFTM 
microtiter plate reader. The results are shown in FIG. 8A, 
FIG. 8B and FIG. 8C. 

The dependence of the FVIII-like activity of purified 
anti-FIXa-antibody 198/AC1/1 (IgG isotype, concentration 
used throughout the assay was 10 pg/ml) on the presence of 
phospholipids (PL), FDXa/FX and Caº is further shown in 
FIG. 8A. As is easily recognizable, only the complete assay, 
including antibody, PL, Caº”, and FIXa/FX gives rise to a 
reasonable FXa generation. The dependence of the FVIII 
like activity of cell culture supernatant containing unpurified 
IgM isotype anti-FIX/FIXa-antibody (196/AF1) on the pres 
ence of phospholipids, FIXa/FX and Caº is shown in FIG. 
8B. 

Again, as already shown for the purified IgG preparation 
(FIG. 8A), antibody 198/AC1/1, only the complete assay, 
including PL, Caº”, FIXa/FX, will give a reasonable amount 
of FXa generation. To demonstrate the specificity of the 
reaction, total IgG prepared from normal mouse plasma was 
assayed under the same conditions as above. The results are 
shown in FIG. 8C. No FVIII-like activity could be detected. 
There is, as expected, no activity detectable in the absence 
of phospholipids, FIXa/FX and Caº”. All experiments were 
done in a microtiter plate and the OD405 was scanned every 
5 minutes for 6 h. 

Example 6 

Certain anti-FDK/FIXa-antibodies are procoagulant 
in the presence of FIXa 

During normal hemostasis, FIX becomes initially acti 
vated either by the tissue factor (TF)/factor VIIa pathway or 
later on by activated factor XI (FXIa). Subsequent to its 
activation, FIXa associates on the platelet surface in a 
membrane bound complex with activated FVIII. Factor IXa 
by itself has little or no enzymatic activity towards FX, but 
becomes highly active in the presence of FVIIIa. To dem 
onstrate that certain anti-FDX/FIXa antibodies have FVIII 
like activity and hence are procoagulant in a FVIII deficient 
human plasma, the following experiment was carried out. 
Different amounts of antibody 193/AD3 or mouse IgG (as a 
control) were used in a standard apTT based one stage 
clotting assay. Briefly, 100 pil of antibody-containing 
samples were incubated with 100 pil of FVIII deficient 
plasma (DP) and with 100 pil of DAPTTIN (PTT Reagent for 
determining activated Thromboplastin Time; IMMUNO 
AG) reagent, in a KC10A clotting analyzer. Where 
indicated, a total amount of 50 ng activated FIX was 
included in the reaction mixture. After a 4 minute 
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incubation, the reaction was started by the addition of 100 pil 
CaCl2 (25 mM). The results are shown in Table 1 and FIG. 
9. 

cloiting time (see 

193/AD3 mouse IgG 
pig AB 50 ng FDXa 50 ngFIXa 

9 101.6 102.5 
4.5 95.6 103.2 
2.25 93.1 103.2 
1.8 93.7 101.9 
1.35 91.4 103.4 
0.9 94.4 102.2 
0.45 98.1 101.9 
0.34 97.1 103.9 
0.23 99.3 103.7 

Table 1: Clotting times of FVIII deficient plasma in an APTT 
based clotting assay employing various amounts of proco 
agulant (193/AD3) and control antibody (mouse IgG) in the 
presence of 50 ng activated FIX (0.01 UFDX). The molar 
ratio of antibody in the reaction and activated FIX is 10:1. 
The molar ratio between antibody and total FIX (FIX and 
FIXa, assuming that human FVIII deficient plasma contains 
1 U (5% g) FIX) varies between 6:1 (9% g antibody in 
reaction) and 1:6 (0.23% g antibody in reaction). At the 
optimal shortening of the clotting time, the molar ratio 
between antibody and total FIX is 1:1. The clotting time 
without the addition of FIXa is in the range of 120 seconds. 

FIG. 9 is a graphical representation of the clotting times 
of FVIII deficient plasma in an apTT based clotting assay 
employing various amounts of procoagulant (193/AD3) and 
control (mouse IgG) antibody in the presence of 50 ng 
activated FIX. There is a clear dose-dependent reduction of 
the clotting time in samples supplemented with antibody 
193/AD3. These results imply that antibody 193/AD3 is 
procoagulant in the presence of FIXa. 

Example 7 

Anti-FIX/FIXa-antibodies are Procoagulant in the 
Presence of FVIII Inhibitors and FIXa 

A severe complication of the standard FVIII substitution 
therapy is the development of alloantibodies directed against 
FVIII, leading to FVIII neutralization and a condition where 
the patient’s blood will not clot. 

To demonstrate that certain anti-FDXa-antibodies have 
FVIII-like activity even in the presence of FVIII inhibitors, 
the following experiment was carried out. Different amounts 
of antibody 193/AD3 or, as a control, mouse IgG were used 
in a standard APTT based one-stage clotting assay. Briefly, 
100 pul antibody samples were incubated with either 100 pil 
of FVIII deficient plasma (FIG. 10A) or FVIII inhibitor 
plasma (inhibitor potency 400 BU/ml), FIG. 10B) as well as 
with 100 pil of DAPTTIN reagent, in a KC10A clotting 
analyzer. In addition, a total amount of 50 ng activated FIXa 
was included in the reaction mixture. After a 4 minute 
incubation, the reaction was started by the addition of 100 pil 
CaCl2 (25 mM). To ensure equal conditions, the experiments 
employing FVIII deficient plasma and FVIII inhibitor 
plasma were done side by side. The results are shown in 
FIGS. 10A and 10B. As already shown in Example 6, there 
is a clear dose-dependent reduction of the clotting time in 
samples supplemented with antibody 193/AD3 in the pres 
ence of FVIII inhibitors. 
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Example 8 

Anti-FIX/FIXa-antibodies are Procoagulant in the 
Presence of Defective FVIII and FIXa 

To demonstrate that certain anti-FIXa-antibodies have 
FVIII-like activity in the presence of defective FVIII, the 
following experiment may be carried out. Increasing 
amounts of antibody 193/AD3 or, as a control, mouse IgG 
are used in a standard apTT-based one stage clotting assay. 
In this clotting assay, a hemophilia A patient’s plasma 
having very low clotting activity due to the presence of 
defective FVIII (DF8) is used. Briefly, 100 pil antibody 
samples are incubated with either 100 pil of DF8 plasma or 
FVIII deficient plasma as well as with 100 pil of DAPTTIN 
reagent, in a KC10A clotting analyzer. In addition, a total 
amount of 50 ng activated FIXa is included in the reaction 
mixture. After a short incubation, the reaction will be started 
by the addition of 100 pil CaCl2 (25 mM). To ensure equal 
conditions, the experiment employing FVIII deficient 
plasma and DF8 plasma is done side by side. 

Example 9 

Anti-FIX/FIXa-antibodies with Procoagulant 
Activity in the Presence of FIXa Distinguish 

Between Human and Bovine FIXa 

FIX/FIXa specific monoclonal antibodies selected from 
the 198" fusion experiment were purified from the respec 
tive hybridoma supernatant and quantified as described in 
Example 3. These antibodies were analyzed in a modified 
one-stage clotting assay (as described in Example 6) and 
some showed procoagulant activity. 
The chromogenic activity of these antibody preparations 

was measured in the following FXa generation kinetic assay: 
10 pig of monoclonal antibody (in 25 pul) were transferred to 
microtiter plate wells and warmed to 37° C. Chromogenic 
substrate (S-2222), synthetic thrombin inhibitor (I-2581), 
factor DKa and FX were reconstituted in sterile water and 
FIXa/FX (both bovine) were mixed with phospholipids 
according to the supplier’s protocol. Per reaction, 50 pil of 
the phospholipid/FIXa/FX solution were combined with 25 
pul CaCl2 (25 mM) and 50 pil of the substrate/inhibitor 
cocktail. To start the reaction, 125 pil of the premix were 
added to the monoclonal antibody solution in the microtiter 
plates and incubated at 37° C. Absorbance at 405 nm and 
490 nm of the samples was read at various times (5 min to 
2 h) against a reagent blank (25 ml TBS instead of mono 
clonal antibodies) in a Labsystems iBMS Reader MFTM 
microtiter plate reader using GENESISTM software. In 
parallel, the same reactions were performed except that 50 
ng human FIXa were added per reaction. Those antibodies 
that showed procoagulant activity had no chromogenic 
activity in the case of bovine FIX, but displayed high 
activity when human FIXa was present. 

FIG. 11 shows the time course of the FVIII-like activity 
exhibited by the monoclonal antibodies 198/A1, 198/B1 and 
198/AP1 with (+) and without (–) addition of 50 ng human 
FIXaff. Non-specific polyclonal mouse IgG was used as a 
control. 198/A1 and 198/B1 show procoagulant activity 
(similar as 193/AD3 in example 6) whereas 198/AP1 does 
not. Antibody 198/BB1 had the same activity pattern (data 
not shown). 

Further monoclonal antibodies selected from the 198” 
fusion experiment include 198/D1 (ECACCNO. 99121616), 
198/T2 (ECACC No. 99121617), 198/G2 (ECACC 
No.9912118), 198/U2 (ECACC No. 99121620). 
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Example 10 

Structure and Procoagulant Activity of Antibody 
Derivatives Derived from Anti-FIX/FDXa 

antibodies; Subcloning Antibody Variable Domains 
from Hybridoma Cell Lines 193/AD3, 193/K2, 

198/A1 and 198/B1 (Clone AB2) 
Cloning procedure: Messenger RNA was prepared from 

1×107° hybridoma cells of the respective cell line (either 
193/AD3, 193/K2, 198/A1 or 198/B1 (clone AB2)) employ 
ing the “QickPrep R. Micro mRNA Purification Kit” 
(Pharmacia) according to the manufacturer’s instructions. 
The corresponding cDNA was produced by retro transcrip 
tion of mRNA using the “Ready-To-Go-You-Prime-First 
Strand Beads kit” (Pharmacia) according to the manufac 
turer’s instructions. Heavy and light chain encoding 
sequences were converted to the corresponding cDNA 
employing a set of primers. To reverse transcribe heavy 
chain-specific mRNA (VH), an equimolar mixture of the 
oligonucleotides MOCG1-2FOR (5' CTC AAT TTT CTT 
GTC CAC CTTGGTGC3") (SEQ.I.D.NO. 1), MOCG3FOR 
(5'CTC GAT TCT CTT GAT CAA CTC AGT CT 3) 
(SEQ.I.D.NO. 2) and MOCMFOR (5' TGG AAT GGG CAC 
ATG CAG ATC TCT 3') (SEQ.I.D.NO. 3) was used 
(RTmix1). In the same reaction tube, light chain-specific 
cDNA (VL) was synthesized using primer MOCKFOR 
(5'CTC ATT CCT GTT GAA GCT. CTT GAC 3') 
(SEQ.I.D.NO. 4). 
The coding sequences for VH were amplified by PCR 

using the primer-sets depicted in FIG. 12 and the specific 
cDNA, derived from the reverse transcription mixture 
(RTmix1) described above, as the template. VK-chain genes 
were amplified using the primer sets depicted in FIG. 13 and 
also employing Rtmix1 as a template. The VF-PCR product 
was cleaved Sfil-AscI and inserted into Sfil-AscI digested 
vector p?)AP2 (GeneBank accession no. U35316). The 
p?)AP2-VH constructs obtained thereby were named 
pIDAP2-193AD3/VH, ply AP2-198A1/VH, ply AP2 
198AB2/VH (derived from antibody 198/B1) and pL)AP2 
193/K2/VH, respectively. The plasmids were subsequently 
cleaved with AscI-Not? and the corresponding AscI-Not? 
digested VK-gene PCR product was inserted. The resultant 
vectors were designated p?)AP2-193/AD3scFv, pIDAP2 
198/A1scFv, pIDAP2-198/AB2scFv (derived from antibody 
198/B1) and pL)AP2-193/K2scFv and code for the VH-gene 
and the VL-gene of the monoclonal antibodies 193/AD3, 
198/A1, 198/AB2 (derived from antibody 198/B1) and 
193/K2. Heavy and light chains are linked by the coding 
sequence for an artificial, flexible linker (GASGGRASGAS 
(SEQ ID NO:111); Engelhardt et al., 1994) and enables 
expression of the scr'v variant of the respective antibody. 

In FIG. 14, the DNA and the deduced protein sequence of 
the scr'v derived from the hybridoma cell line 193/AD3 are 
depicted. Nucleotides 1 to 357 code for the heavy chain 
variable domain, nucleotides 358 to 402 code for the arti 
ficial flexible linker and nucleotides 403 to 726 code for the 
light chain variable region. The protein sequence of the 
CDR3 region of the heavy chain has the sequence YGNSP 
KGFAY (SEQ ID NO:5) and is given in bold letters. The 
artificial linker sequence (GaSGGRASGAS; SEQ ID 
NO:111) is shown. 

In FIG. 15, the DNA and the deduced protein sequence of 
the scr'v derived from the hybridoma cell line 193/K2 is 
shown. Nucleotides 1 to 363 code for the heavy chain 
variable domain, nucleotides 364 to 408 code for the arti 
ficial flexible linker, and nucleotides 409 to 747 code for the 
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light chain variable region. The protein sequence of the 
CDR3 of the heavy chain has the sequence DGGEIGYGSS 
FDY (SEQ ID NO:6), and is given in bold letters. The 
artificial linker sequence (GaSGGRASGAS; SEQ ID 
NO:111) is shown. 

In FIG. 16, the DNA and the deduced protein sequence of 
the scr'v derived from the hybridoma cell line 198/AB2 
(derived from antibody 198/B1) are depicted. Nucleotides 1 
to 366 code for the heavy chain variable domain, nucleotides 
367 to 411 code for the artificial flexible linker, and nucle 
otides 412–747 code for the light chain variable region. The 
protein sequence of the CDR3 region of the heavy chain has 
the sequence EGGGFTVNWYFDV (SEQ ID NO:7) and is 
given in bold letters. The artificial linker sequence 
(GASGGRASGAS; SEQ ID NO:111) is also shown. 

In FIG. 17, the DNA and the deduced protein sequence of 
the scr'v derived from the hybridoma cell line 198/A1 are 
depicted. Nucleotides 1 to 366 code for the heavy chain 
variable domain, nucleotides 367 to 411 code for an artificial 
flexible linker, and nucleotides 412–747 code for the light 
chain variable region. The protein sequence of the CDR3 
region of the heavy chain has the sequence EGGGYYVN 
WYFDV (SEQ ID NO:8) and is given in bold letters. The 
artificial linker sequence (GaSGGRASGAS; SEQ ID 
NO:111) is also shown. 

Example 11 

Procoagulant Activity of Peptides Derived from 
CDR3 Regions of Anti-FDK/FIXa-Antibodies 

In principle, the antibody molecule can be envisioned as 
a biological device for the presentation of a combinatorial 
array of peptide elements in three dimensional space (see 
Gao et al., 1999, PNAS, 96:6025). Therefore, an antibody 
(or an antibody derivative, e.g. scºv, Fab, etc.) can be used 
either as a tool for the detection of functionally important 
domains of a specific target protein, or on the other hand, for 
the delineation of amino acid sequences specifically medi 
ating certain interactions, i.e. activating or enhancing the 
activity of FIXa towards the physiological substrate FX. The 
latter process has led to the evaluation of a number of heavy 
chain CDR3 region (CDR3H) derived peptide sequences as 
FIXa enhancing agents. 

Enhancing the procoagulant activity of peptides which 
exhibit such activity may be accomplished through sequence 
variation within the peptide regions critical for mediating the 
FIXa activity enhancement. As a possible step towards 
peptide sequences with enhanced procoagulant activity, the 
binding site of an antibody, i.e. 198/A1 or 198/B1, on the 
FIXa molecule is mapped by employing sequence compari 
son analyses, competitive binding assays, Western blot 
analyses and competitive ELISA analyses. Since the crystal 
structure of FIX is known, molecular modeling is subse 
quently used to improve the fitting of i.e. 198/B1 derived 
peptides in the 198/B1 binding site on human FIXa. 
On the other hand, methodical mutational analysis of a 

given peptide sequence such as 198/A1 or 198/B1 CDR3H 
derived peptide sequences by, e.g., “alanine scanning muta 
tional analysis” allows for the identification of peptide 
residues critical for procoagulant activity. Another way to 
improve the activity of a certain peptide sequence is the use 
of peptide libraries combined with high throughput screen 
ing. 
The antigen binding site of an antibody is derived from 

the juxtaposition of the six “complement determining 
regions (CDR's)” at the N-terminal end of the VL-HL dimer 
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(or Fv region). The contribution of a single CDR to the 
antibody specificity for a given antigen may vary 
considerably, but in general it is thought that the CDR3 
region of the heavy chain (CDR3H) is of special influence, 
i.e. the particular protein sequence of CDR3, region may be 
highly important for antigen recognition. The length of 
CDR3H regions has been reported to vary considerably and 
is in the range of 4–25 amino acids (Borrebaeck, p. 16). 
An example of a methodical mutational analysis of pep 

tide sequences is given below. To improve the solubility/ 
procoagulant efficacy of peptides derived from the CD3 
region of anti FIX/FIXa antibodies, the N-terminal as well 
as the C-terminal amino acid sequences were changed. In 
addition, a series of mutated peptides was constructed and 
analyzed. 
The principle of such a study is exemplified by a series of 

peptides derived from CDR3H region of antibodies 198/A1 
and 198/B1. The original peptide A1 (see table 2) is derived 
from the CDR3H region of antibody 198/A1 and peptide B1 
is derived from the CDR3H region of antibody 198/B1, 
respectively (see example 10, FIGS. 16 and 17). The term 
“scrambled version” means that a peptide has the same 
amino acids but in random order. 

Amino- MW 
Peptide Sequence acids (D) 

A. EGGGY'YVNWYFDV (13aa) 1569 
(SEQ ID NO:8) 

A1/1 VYCFGWGYEVNDY (13aa) 1569 
(SEQ ID NO:10) 

A1/2 EEEEGGGYYVNWYFDEEE (183a) 2244 
(SEQ ID NO:11) 

A1/3 RRREGGGYYVNWYFDRRR (183a) 2407 
(SEQ ID NO:12) 

A1/4 EYGEGYGEVNEYDEFEWE (183a) 2244 
(SEQ ID NO:13) 

A1/5 VRYRNRYRWGYRGRFGDE (183a) 2407 
(SEQ ID NO:14) 

A1/3-scr:3 RRRGEYGVYWNGDFYRRR (183a) 2407 
(SEQ ID NO:15) 

A1/3-Rd RdRdRdEGGGYYWNWYFDRdRdRd (183a) 2407 

A1/3–Rd-Srmb RdRdRdGEYGVYWNGDFYRdRdRd (183a) 2407 

Table 2 
List of a series of antibody 198/A1 derived peptizes. 

Listed are the length of the peptide (aa, amino acids #), the 
calculated molecular weight (MW, in Dalton (D) and the 
statistical isoelectric point (pl).D-Arg is abbreviated as Rd. 

In a first series of experiments we improved the solubility 
of the original CDR3H peptide sequence (A1; EGG 
GYYVNWYFDV; SEQ ID NO:8) by removing the 
C-terminal Val residue and adding several charged residues 
at the N– as well as the C-terminal end of the peptide. The 
resulting peptides, A1/2 (acidic p?), A1/3 (basic p?) and their 
respective scrambled versions A1/4, A1/5 and A1/3scr? 
were readily soluble in a variety of buffer systems at 
physiological pH. 

To analyze the FVIII-like (FIXa activating) activity of the 
peptides, an assay system based on a commercial available 
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FVIII assay was developed (see examples 2 and 4). The 
basic principle is, that without a cofactor, FIXa will have 
very limited activity towards its natural substrate FX. Only 
in the presence of a substance having FIXa activation 
properties, i.e. FVIII or a substance exhibiting FVIII-like 
activity, a substantial amount of FXa is produced by cleav 
age of FX through the FIXa/activator complex. The amount 
of FXa generated is monitored by cleavage of a chromoge 
nic substrate. The principle of the revised chromogenic 
assay is described for two representative peptides: A1/3 and 
A1/5 (Table 2). Briefly, 25 pil aliquots of peptide stock 
solution (in imidazole buffer (IZ) 50 mM imidazole, 100 
mM NaCl, pH7.2) were transferred to microtiter plate wells 
and warmed to 37° C. Chromogenic FXa substrate (S-2222), 
synthetic thrombin inhibitor (I-2581), bovine FIXa and 
bovine FX were reconstituted in sterile water and FIXa/FX 
mixed with phospholipids according to the supplier’s pro 
tocol. Since the peptides do not react with bovine FIXa, 
(which comes as a mixture with bovine FX in the Test Kit) 
2.9 nM (in most cases 2.3 nM) human FIXa (ERL) were 
added (see Example 11, FIG. 19). Per reaction, 50 pil of the 
phospholipid/FIXa/FX solution were combined with 251 
CaCl2 (25 mM) and 50 pul of the substrate/inhibitor cocktail. 
To start the reaction, 125 pil of the premix were added to the 

Remark 

Decreased 
solubility 
Scrambled 
version of 
A1, 
Acidic pH, 
soluble, 
Basic pH, 
soluble, 
Scrambled 
version of 
A1/2 
Scrambled 
version of 
A1/3 
Scrambled 
version of 
A1/3 
Peptide 
A1/3 but 
substitute 
D-Arg for 
L-Arg 
Scrambled 
version of 
A1/3-Rd 

peptide solution in the microtiter plate and incubated at 37° 
C. Absorbance at 405 nm and 490 nm of the samples was 
read at various times (5 min to 2 h) against a reagent blank 
in a Labsystems iBMS Reader MFTM microtiter plate reader 
using GENESISTM software. 
The result of this experiment are shown in Example 11, 

FIG. 18. Peptide A1/3 induced a readily measurable FXa 
generation in the presence of 2.9 nM human FDXa, whereas 
the scrambled version A1/5 was inactive. In addition, the 
acidic peptide A1/2 as well as the scrambled versions A1/4 
and A1/3-scrá did not give any significant chromogenic 
activity when tested under comparable conditions (data not 
shown). To prove that the peptide A1/3 like the parental 
antibody 198/A1 does not react with bovine FIXa and FX 
the experiment shown in FIG. 19 was done. The peptide 
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-continued 

w/o w?o 2.2 nM 2.2 nM 
Peptide FIXa FIXa, average FDXa FIXa average 
ÇQIlC. SèC SèC. SèC. SèC. SèC. SèC. 

2.5 mM 111.9 111.9 112 105 104.2 105 
1.25 piM 107.2 107.1 107 101.1 105.3 103 

26 
100 mM. NaCl, 1% human albumin, pH7.4) to the desired 
final concentration. The peptides were analyzed for their 
chromogenic activity as well as for their potential to reduce 
the clotting time in a FVIII deficient plasma. The one-stage 
clotting assay was essentially done as described (see 
example 6). Clotting times (time from starting the reaction 
to the “clot”-formation were compared either against a 
buffer control or a control peptide (scrambled version). 
Some of the results of the “Alanine scan” are given for the Table 4. One stage clotting activity of peptides A1/3, 10 - 

A1/3-Rd and A1/3-Rd-srmb (sequences see table 2). IZ, peptides A1/3-2 and A1/3-3. The change of Gs-As as exem 
buffer control. plified in the peptide A1/3-2 yields high chromogenic activ 

FIG. 20 demonstrates the unchanged chromogenic activ- ity and a strong reduction of the one-stage clotting time (34 
ity of peptide A1/3-Rd. Peptides at a final concentration of seconds at a concentration of 12.5 HM) in the presence of 22 
12 nm or the buffer control (Iz) were incubated in the is nM human FDXa. Peptide A1/3-3 (GA-AA) exhibits an opti. 
presence of 2.3 nM human FIXa (+). The chromogenic mum of chromogenic activity around a final concentration of 
activity of peptide A1/3 and A1/3-Rd was found to be 12 IM with decreased activity at either higher or lower 
virtually unchanged and gave almost identical results in the concentrations. The peptide is somewhat inhibitory 1Il &l 
chromogenic assay. The scrambled version of peptide A1/3, one-stage clotting assay at higher concentrations (12.5 nM) 
A1/5 as well as the buffer gave no significant FXa genera- 20 in the absence of FIXa but becomes strongly active in the 
tion. presence of 2.2 nM FIXa (31 seconds, 12.5 puM). 

In the next series of experiments we set out to determine In the next series of experiments we set out to determine 
the individual role of any amino acid of the peptide core the individual role of any amino acid of the peptide core 
sequence by substituting each residue for the amino acid sequence by substituting each core residue for the amino 
Alanine (Table 5). acid glutamic acid (E) (see Table 6). 

Amino MW 
Peptide Sequence acid # (D) pI Remark 

A1/3 RRREGGGYYWNWYFDRRR (18aa) 2407 9.9 Basic pl. 
(SEQ ID NO:12) soluble. 

A1/3-13 RRRAGGGYYVNWYFDRRR (183a) 2349 10.4 El-A1 
(SEQ ID NO:19) 

A1/3–1 RRREAGGYYWNWYFDRRR (183a) 2421 9.9 G2–A2 
(SEQ ID NO:20) 

A1/3–2 RRREGAGYYWNWYFDRRR (183a) 2421 9.9 G3–As 
(SEQ ID NO:21) 

A1/3–3 RRREGGAYYVNWYFDRRR (183a) 2421 9.9 Ga–A4 
(SEQ ID NO:22) 

A1/3–4 RRREGGGAYVNWYFDRRR (183a) 2315 9.9 Ys–As 
(SEQ ID NO:23) 

A1/3-5 RRREGGGYAVNWYFDRRR (183a) 2315 9.9 Yg—Ag 
(SEQ ID NO:24) 

A1/3–6 RRREGGGYYANWYFDRRR (183a) 2379 9.9 V7–A, 
(SEQ ID NO:25) 

A1/3–7 RRREGGGYYVAWYFDRRR (183a) 2364 9.9 Ns—As 
(SEQ ID NO:26) 

A1/3–8 RRREGGGYYVNAYFDRRR (183a) 2292 9.9 Ws–Ao 
(SEQ ID NO:27) 

A1/3–9 RRREGGGYYWNWAFDRRR (183a) 2315 9.9 Y10–Alo 
(SEQ ID ND:28) 

A1/3–10 RRREGGGYYWNWYADRRR (183a) 2331 9.9 F11—A11 
(SEQ ID NO:29) 

A1/3-11 RRREGGGYYWNWYFARRR (18aa) 2363 10.5 D12—A12 
(SEQ ID NO:30) 

A1/3- RRRYWYNGWGYFEGARRR (183a) 2363 10.4 Scrambled 
12srmb (SEQ ID NO:31) version 

55 

Table 5. Listed are the peptides designed to elucidate the 
role of any single amino acid within the peptide core 
sequence (E,G,G,Ga Ys Ya W-Ns.W., YoF, D12, SEQ ID 
NO:112). The subscripted numbers describe the position of 
the amino acid within the peptide. Alanine, an uncharged 60 Peptide Sequence 
small amino acid, was substituted for each amino acid 
(“Alanine scan”). Also listed are the lengths of the peptides 
(amino acids #), the calculated molecular weights (MW, in 
Dalton (D) and the statistical isoelectric points (pl). 

Each of the peptides was dissolved individually in imi 
dazole buffer (50 mM imidazole, 100 mM NaCl, pH7.2) and 
subsequently diluted in clotting buffer (50 mM imidazole, 

65 

Amino- MW 
Acids (D) plRemark 

A1/3 RRREGGGYYVNWYFDRRR (188a) 2407 9.9 Basic 
(SEQ ID NO:12) pI, 

soluble, 
A1/3-22 RRREEGGYYWNWYFDRRR (18aa) 2479 9.5 G, E., 

(SEQ ID NO:32) 
A1/3–23 RRREGEGYYWNWYFDRRR (18aa) 2479 9.5 G3–Es 



US 7,033,590 B1 
27 

-continued 

Amino- MW 
Peptide Sequence Acids (D) plRemark 

(SEQ ID NO:33) 
A1/3–24 RRREGGEYYWNWYFDRRR (18aa) 2479 9.5 Ga-Ea 

(SEQ ID NO:34) 
A1/3–26 RRREGGGEYVNWYFDRRR (18aa) 2373 9.4 Ys–Es 

(SEQ ID NO:35) 
A1/3-27 RRREGGGYEVNWYFDRRR (18aa) 2373 94 Ya-Eg 

(SEQ ID NO:36) 
A1/3–28 RRREGGGYYENWYFDRRR (183a) 2437 9.5 V, E, 

(SEQ ID NO:37) 
A1/3–29 RRREGGGYYVEWYFDRRR (18aa) 2422 9.5 Ns–Es 

(SEQ ID NO:38) 
A1/3–30 RRREGGGYYWNEYFDRRR (188a) 2350 9.5 Wo-Eo 

(SEQ ID NO:39) 
A1/3-31 RRREGGGYYVNWEFDRRR (183a) 2373 94 Yio-Elo 

(SEQ ID NO:40) 
A1/3-32 RRREGGGYYVNWYEDRRR (183a) 2389 9.5 FM-El, 

(SEQ ID NO:41) 
A1/3-33 RRREGGGYYVNWYFERRR (183a) 2421 9.9 D, E, 

(SEQ ID NO:42) 
A1/3- RRRGEYGEYWNGDFYRRR (18aa) 2437 9.5 Scram 
34srmb (SEQ ID NO:43) bled 

version 

Table 6. Listed are the peptides designed to elucidate the 
role of any single amino acid within the peptide core 
sequence (E,G,G,Ga Ys Ya W-Ns.W., YoF, D12, SEQ ID 
NO:112). The subscripted numbers describe the position of 
the amino acid within the peptide. Glutamic acid, a nega 
tively charged large amino acid, was substituted for each 
amino acid of the core sequence (“Glutamic acid scan”). 
Also listed are the lengths of the peptide (amino acids #), the 
calculated molecular weights (MW, in Dalton (D) and the 
statistical isoelectric points (pl). 

Each of the peptides was solved individually in imodazole 
buffer (50 mM imidazole, 100 mM NaCl, pH7.2) and 
subsequently diluted in clotting buffer (50 mM imidazole, 
100 mM. NaCl, 1% human albumin, pH7.4) to the desired 
final concentration. The peptides derived from the 
“Glutamic acid scan” series were analyzed for their chro 
mogenic FVIII-like activity as well as for their potential to 
reduce the clotting time in a FVIII deficient plasma. The 
one-stage clotting assay was essentially done as described 
(see example 6). 

The peptide A1/3-24 showed some interesting properties. 
The molecule exhibited high chromogenic FVIII-like activ 
ity at concentrations between 6.5 puM-12 pum but lost activity 
at higher concentrations (up to 24 pum?). The peptide had no 
procoagulant activity in the absence of human FIXa but was 
strongly active in the presence of 2.2 nM hFIXa. 

In a second series of experiments we set out to improve 
the procoagulant activity of the antibody-198/B1 CDR3H 
derived peptide sequence B1. In a first step we improved the 
solubility of the original peptide sequence (B1; EGGG 
FTVNWYFDV, SEQ ID NO:7) by removing the C-terminal 
Val residue and adding several charged residues at the N- as 
well as the -C-terminal end of the peptide. The resulting 
peptides B1/4, B1/6 (acidic p?), B1/7 (basic p?) and their 
scrambled versions B1/5, B1/7scr? are readily soluble in a 
variety of buffer systems at physiological pH. 
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Amino- MW 
Peptide Sequence acids (D) plRemark 

B1 EGGGFTVNWYFDV (13aa) 1491 6.0 Decreased 
(SEQ ID NO:7) solubility 

B1/4 REGGGFTVNWYFDR (14aa) 1704 7.9 Soluble, 
(SEQ ID NO:45) 

B1/5 FGVGYRGETRNFDW (14aa) 1704 8.0 Scrambled 
(SEQ ID NO:46) version, 

soluble 
B1/6 EEEEGGGFTVNWYFDEEE (183a) 2166 5.0 Acidic pl 

(SEQ ID NO:47) soluble 
B1/7 RRREGGGFTVNWYFDRRR (183a) 2329 9.9 Basic pl 

(SEQ ID NO:48) soluble 
B1/7 RRRFGVGYGETNFDWRRR (183a) 2329 9.9 Basic pl. 
Scr? (SEQ ID NO:49) soluble, 

scrambled 
version 

Table 7 is a list of a series of antibody 198/B1 derived 
peptides. Listed are the length of the peptide (aa, amino 
acids #), the calculated molecular weight (MW, in Dalton 
(D) and the statistical isoelectric point (pl). 

Peptides B1/4 and B1/5 were soluble in 50 mM Tris, 100 
mM NaCl, pH=6.5. Both peptides were analyzed in a 
chromogenic FVIII assay. Peptide B1/4 but not the 
scrambled version B1/5 was found to have some chromoge 
nic activity (data not shown). 

Subsequently peptides B1/6, B1/7 and B1/7scrg were 
analyzed. Each of the peptides was solved individually in 50 
mM imidazole, 100 mM. NaCl, pH7.2 and subsequently 
diluted either in clotting buffer (50 mM imidazole, 100 mM 
NaCl, 1% human albumin, pH7.4) or in imidazole buffer to 
the desired final concentration. The peptides were analyzed 
for their chromogenic activity as well as for their potential 
to reduce the clotting time in a FVIII deficient plasma (table 
8 & 9). The one stage clotting assay was essentially done as 
described (see example 6). Clotting times (time from start 
ing the reaction to the “clot”-formation were compared 
either against a buffer control or a control peptide 
(scrambled version). 
The FIXa activating activity (FVIII cofactor-like activity) 

from peptide B1/7 was first measured in the chromogenic 
assay described above. 
As shown in FIG. 21, the addition of 2.4 puM peptide B1/7 

to the reaction mixture led to a well measurable generation 
of FXa. In contrast, the addition of 35 puM Pefabloc Xa, a 
specific inhibitor of FXa protease activity, resulted in a 
significant reduction of the chromogenic substrate cleavage 
reaction (FIG. 22) thereby proving that there was indeed a 
peptide-FIXa mediated FXa generation. If there was no 
addition of FIXa and FX to the reaction mixture, no FXa was 
synthesized (FIG.22). Peptide B1/6 and the control peptides 
B1/5 and B1/7scr? exhibited no activity (data not shown). 

FIG. 21 demonstrates the chromogenic activity of peptide 
B1/7. The peptide at a final concentration of 2.4 puM or the 
buffer control (IZ) were incubated in the presence of 2.3 nM 
human FIXa. 

In FIG. 22 peptide B1/7 at a final concentration of 2.4 puM 
or the buffer control (IZ) were incubated in the presence of 
2.3 nM human FDXa (as indicated either as “42.3 nM hFIXa” 
or “4”) The chromogenic activity of peptide B1/7 was found 
to be dependent on the presence of FIXa and FX since no 
reaction is detectable when FIXa and FX are left out of the 
reaction (w/o FIXa/FX). To prove that the peptide B1/7 
mediates indeed FXa generation, the FXa specific protease 
inhibitor Pefabloc Xa was added to the reaction mix (35 puM 
Pefabloc Xa). In a second set of experiments, the procoagu 
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lant effect of peptides B1/6, B1/7 and B1/7scrg were tested 
in a apTT based one-step coagulation assay. The experi 
ments were done essentially as described in Example 6. The 
results are shown in tables 8 and 9. 

Pep- 12.5 piM 1.25 p.W. O.125 piM 12.5 nM Buffer 
tide (–) (–) (–) (–) (–) remarks 

B1/6 115 110 111 111 110 
B1/7 157 112 109 110 110 
B1/7 115 105 106 105 107 
Scr? 

Table 8: FVIII deficient plasma was incubated either with 
peptides B1/6, B1/7scr; or B1/7 in the absence of activated 
human FIX. As a negative control, plain buffer was added to 
the deficient plasma. The clotting times for the various 
combinations are given. Under these conditions, peptide 
B1/7 at its highest concentration (12.5 pum) becomes inhibi 
tory to the coagulation process as indicated by the extended 
clotting time of 157 seconds. 

Pep- 12.5 piM 1.25 p.W. O.125 piM 12.5 nM Buffer 
tide (+) (+) (+) (+) (+) remarks 

B1/6 103 100 101 100 100 
B1/7 83 92 99 99 100 
B1/7 102 94 94 94 94 
Scr? 

Table 9: FVIII deficient plasma was incubated either with 
peptides B1/6, B1/7scr? or B1/7 in the presence of activated 
human FIX. As a negative control, plain buffer was added to 
the deficient plasma. The clotting times for the various 
combinations are given. In the presence of FIXa, peptide 
B1/7 becomes procoagulant as indicated by the reduced 
clotting time (83 seconds compared to 102 seconds for the 
scrambled peptide and 100 seconds for the buffer control). 

Example 12 

Procoagulant Activity of Peptide Derivatives 
Obtained from CDR3 Regions of Anti-FIX/FDXa 

Antibodies in FVIII Inhibitor Plasma 

To assay for the procoagulant activity of peptide A1/3 in 
FVIII inhibitor plasma the following experiment was carried 
out. We performed a standard apTT based one stage clotting 
assay, but instead of FVIII deficient plasma we employed 
FVIII inhibitor plasma. The inhibitory potency of the plasma 
was 8.1 Bethesda Units per ml. 

Peptide FIXa FIXa Average FIXa FIXa average 

IZ O 104.9 103.6 104 94.2 94.1 94 
A1/3 12.5 mM 85.8 85.3 86 61 60.2 61 

10 mM 88.4 87.9 88 61.3 61.8 62 
7.5 mM 93.7 92.7 93 68.8 70.9 70 
5 pm. 101.5 101.1 101 81 82 82 

2.5 mM 106.1 105.3 106 90.2 90.5 90 
1.25 piM 104.5 104.3 104 91.3 91.4 91 

Table 10: Various amounts of peptide A1/3 (12.5 puM-1.25 
puM) were added to FVIII inhibitor plasma (either in the 
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30 
presence (FIXa) of 2.2 nM FIXa or in the absence (w/o 
FIXa). As a negative control, plain buffer was added to the 
plasma (IZ). Experiments were done in duplicate and the 
average (aver.) was calculated. The clotting times (in 
seconds) for the various combinations are given. It is easily 
appreciable that the peptide A1/3 reduces (in a dose depen 
dent manner) the clotting time of FVIII inhibitor plasma in 
the presence of FIXa but, although albeit to a much lesser 
extent, also in the absence of FIXa. 

Example 13 

Conversion of the 196/C4 IgM into IgG1 
Since some IgM antibodies demonstrate high FVIII-like 

activity in chromogenic assays, attempts were made to 
convert such IgM antibodies into IgG antibodies (though 
antibody derivatives such as Fab, F(ab')2, scFv, etc. could 
also be produced). Described in detail below is the rescue of 
the IgM variable region genes. Expression vector pHax 
IgG1 (FIG. 23) was first constructed from vectors pSI 
(Promega) and pHF/Bsd (Invitrogen) through multiple clon 
ing steps. B-lymphocytes of a donor are purified from blood 
and mature mRNA purified from these cells using the 
“micro-mRNA purification-kit” (Pharmacia). The cDNA of 
a human kappa chain and a human gamma 1 chain are 
prepared employing the “you-primefirst-strand-clNA-“kit” 
(Pharmacia) using specific primers. 
The coding sequence of a human kappa light chain 

constant domain is amplified from the cDNA by PCR using 
specific primers. 
The gene of a human gamma 1 chain constant region 

(CH1-hinge-CH2—CH3) is amplified from the cDNA by 
PCR using specific primers. 
The PCR product of the light chain constant domain is 

digested with Xbal and Nhe? and inserted into digested pSI. 
The resultant vector is cleaved with EcoRI and Xbal and 
annealed oligonucleotides are inserted, resulting in vector 
pSI-Ckappa. The annealed oligonucleotides provide for the 
leader and the SacI-Xbal sites for insertion of the kappa 
chain variable region. The PCR product of the human 
gamma 1 chain constant region is digested with Spel and 
Bamfil and inserted into digested pSI. The resultant vector 
is cleaved with Spe? and Not? and annealed oligonucleotides 
are inserted resulting in vector pSI-Cgamma. The annealed 
oligonucleotides provide for the leader and the XhoI-BstEI 
sites for insertion of the heavy chain variable region. Vector 
pEF/Bsd is digested Nhel and Sfil, blunt ended by Klenow 
treatment and the whole expression cassette of pSI-CKappa, 
excised with BgllI and Bamfi?, is inserted (after Klenow 
treatment). The resultant vector is digested with EcoRI and 
HindIII and treated with Klenow. The whole expression 
cassette of pSI-Cgamma is excised with BgllI and Bamfil 
and is inserted (after Klenow treatment). The resultant 
vector is named pPax-IgG1. 
The light chain variable region can be inserted in between 

the SacI-Xbal sites, yielding the complete coding-sequence 
of a kappa light chain. The heavy chain variable region can 
be cloned in between the XhoI-BstEI sites, resulting in a 
complete IgG1 heavy chain gene. Both open reading frames 
are expressed under the control of the SV40-promoter and 
harbour the coding sequence of a signal peptide at the 5' end 
of the genes for secretion of the heavy and light chains into 
the endoplasmatic reticulum. Transfection into COS cells 
allows the expression of an IgG1 with the same binding 
properties as the parental IgM. 

Construction of the plasmid pHax-196/C4 is further 
accomplished by amplifying the VH of the 196/C4 scr'v 
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(subcloned as described in Experiment 10) by PCR using 
specific primers. The PCR product is digested with XhoI and 
BstEII and inserted into XhoI and BstEII digested pPax 
IgG1. The VL of the 196/C4 scr'v is amplified by PCR using 
specific primers. The PCR product is digested with SacI and 
Xbal and inserted into SacI and Xbal-digested pPax IgG1 
VH. The resultant vector (pHax-196/C4) is transfected into 
COS cells by electroporation, and hybrid IgG1 molecules 
(murine variable region and human constant region) with the 
same specificity as the parental IgM is expressed. 

Example 14 

Activation of FIXa Amydolytic Activity by Anti 
FIXa Antibodies 

Briefly, 20+1 factor IXa (containing 20 mL FIXa (Stago)) 
were incubated at 37°C., with 200 pil of reaction buffer (50 
mM Tris HCl pH7.4, 100 mM NaCl, 5 mM CaCl, and 40% 
Ethyleneglycol), 25 pul of FIXa substrate (CHASO2-D-CHG 
Gly-Arg-pnA, AcOH, 10M/ml, Pentapharm LTD) in the 
absence or presence of various amounts of anti-FIX anti 
bodies 198/B1 (IgG isotype) or 196/AF1 (IgM isotype). 
Specific cleavage of FIXa substrate was monitored at 405 
nm in an ELISA reader. 

The presence of the anti-FIX antibodies enhanced the 
amydolytic activity of FIXa at least 2 fold. FIG. 24 shows 
the increase of the amidolytic activity of FIXa in the 
presence of antibody 198/B1 (FIG. 24A) and antibody 
198/AF1 (FIG. 24B). 

Example 15 

FVIII-like Activity Exhibited by Fab Fragments 
Derived from Anti FIX/FIXa-antibodies 

Fab fragments of anti-FIX/FIXa antibodies were prepared 
and purified according to standard protocols. Briefly, 1 ml 
antibody 198/A1(4 mg/ml in 50 mM imidazole, 100 mM 
NaCl, pH7.4) was incubated overnight with 87 pil fragmen 
tation buffer (1M Na Acetate, 10 mM EDTA 67.5 mg/ml 
L-cysteine) and 0.25 mg papain (immobilized on agarose 
beads), at 37°C. The preparation was filtered to remove the 
papain. L-histidine was added (final concentration 50 mM) 
and afterwards the pH was adjusted to 7.0. Finally, solid 
NaCl is added to give a final concentration of 1M. 

Subsequently, the 198/A1 Fab fragment was purified by 
binding to protein L: we used ImmunoPure Immobilized 
PROTEIN L Plus (Pierce) in a PHARMACIA XK 16/20 
Column (gel-volume: 2 ml) Buffers for chromatography 
were: 1) equilibration-buffer: 50 mM L-histidine pH 7.0; 1M 
NaCl; 0,1% (w/v) NaNs; 2) wash-buffer: 50 mML-Histidine 
pH 7.0, 0.1 (w/v) NaNs; 3) elution-buffer: 100 mM glycine 
pH 2.5; 0.1% (w/v) NaNs; and 4) neutralization buffer: 2M 
Tris/C1 pH 8,0; 

Chromatography was essentially done by following steps 
1 to 7 described in table 11. In order to neutralize the low pH 
of the elution buffer “Fraction-tubes” were pre-loaded with 
0.2 ml 2M Tris pH 8.0. 

TABLE 11 

STEP BUFFER Flow rate Vol. CV Fractions 

1. column- elution- 2.0 ml/min 10 ml 5 waste 
wash buffer 

2. equil- equi- 2.0 ml/min 10 ml 5 waste 
ibration buffer 
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TABLE 11-continued 

STEP BUFFER Flow rate Vol. CV Fractions 

3. sample- sample 1.0 ml/min x ml x flow-through 
load 

4. wash 1 equi- 1.0 ml/min 20 ml 10 flow-through 
buffer 

5. wash 2 wash- 1.0 ml/min 10 ml 5 flow-through 
buffer 

6. elution elution- 1.0 ml/min 15 ml 7.5 1,0 ml fractions 
buffer 

7. neutral- wash- 2.0 ml/min 10 ml 5 waste 
ization buffer 

Table 11 
The final 198/A1 Fab preparation was dialyzed against 50 

mM imidazole, 100 mM. NaCl, pH7.4 and analyzed in a 
chromogenic FVIII assay as described above (FIG. 25). 
Compared to an intact antibody, the 198/A1 Fab fragment 
has somewhat less activity; however, the Fab fragment still 
gives rise to FIX dependent FXa generation. 

FIG. 25 demonstrates the chromogenic FVIII-like activity 
of the antibody 198/A1 Fab fragment in the presence of 2.3 
nM human FIXa. As a positive control we used the intact 
antibody 198/A1 as well as 7.5 pm FVIII. Buffer control 
(IZ) instead of 198/A1 Fab fragment or FVIII was used as 
a negative control. 

Example 16 

FVIII-like Activity Exhibited by Fusion Proteins 
Between scr'v Fragments of Anti-FDK/FIXa 
Antibodies and E. coli Alkaline Phosphatase 

The single chain Fv fragment (see example 10) of anti 
body 198/B1 (subclone AB2) was fused to the N-terminus of 
E. coli alkaline phosphatase employing the p?)AP2 vector 
system (Kerschbaumer et al., 1996). Two identical clones 
were isolated and designated p?)AP2-198AB2#1 and 
pDAP2-198AB2#100 (FIG. 26). The resulting fusion pro 
teins were expressed in E. coli, purified by metal affinity 
chromatography (Kerschbaumer et al., 1997) and analysed 
in a standard chromogenic assay (FIG. 27). 

FIG. 27 demonstrates the chromogenic FVIII-like activity 
of two antibody 198/B1 (subclone AB2) scr'v fragment 
alkaline phosphatase fusion proteins (198AB2#1 and 
198AB2#100) in the presence of 2.3 nM human FDXa. As a 
positive control we used 7.5 p.M FVIII. 

Example 17 

FVIII-like Activity Exhibited by a Bivalent 
Miniantibody 

In order to obtain a bivalent miniantibody, the scr'v 
fragment of antibody 198/B1 (subclone AB2) was fused to 
a amphipatic helical structure employing the pzip1 vector 
system (Kerschbaumer et al. (Analytical Biochemistry 249, 
219–227, 1997). Briefly, the gene of the 198/B1 scr'v 
fragment was isolated from the plasmid p?) AP 
198AB2#100 (example 16) by digestion with Sfil and Not?. 
The DNA fragment was gel purified and inserted in the 
Sfil/Not? digested vector p7.ip1. The resulting plasmid was 
sequenced and designated pzip-198AB2#102 (FIG. 28). In 
parallel, we constructed a miniantibody version from an 
irrelevant monoclonal antibody termed #8860. In a first step, 
the single chain Fv fragment of antibody #8860 was 
assembled in the vector p?)AP2. The cloning was done 
essentially as described in example 10. The construct was 
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named pL)AP2-8860scFvii.11 (FIG. 29). Subcloning of the 
scr'v fragment contained within p?)AP2-8860scFVH11 into 
plasmid pzip1 (see above) yielded the miniantibody con 
struct p8860-Zip;#1.2 (FIG. 30). Since antibody #8860 does 
not react with FIX/FIXa (as judged by Western Blot and 
ELISA analysis) it represents an appropriate negative con 
trol. Subsequently, the miniantibody proteins were 
expressed in E. coli and purified from bacterial supernatants 
by binding to Protein L according to the following protocol: 
For affinity chromatography we used ImmunoPure Immo 
bilized PROTEIN L Plus (Pierce) in a PHARMACIA XK 
16/20 Columns having a gel-volume of 4 ml Buffers 
employed were: 1) equilibration-buffer: 5 mM L-Histidine 
pH 7.0, 1M NaCl, 0.1% (w/v) NaNs, wash-buffer: 50 mM 
L-histidine pH 7.0, 0.1% (w/v) NaNs; elution-buffer: 100 
mM glycine pH 2.5, 0.1% (w/v) NaNs; and neutralization 
buffer: 2M Tris/C1 pH 8.0. 

Samples were prepared as follows: The bacterial culture 
supernatant was obtained by centrifugation of the bacterial 
expression culture (11,000×g, 4°C., 10 minutes). 470 g of 
ammonium-sulphate was added to 1 liter of supernatant and 
the solution stirred on ice for 1 hour to precipitate the 
protein. The precipitate was pelleted at 14,000×g for 35 
minutes at 2°C. and re-dissolved in 100 ml 20 mM Tris pH 
7.0. Subsequently the concentrate was dialyzed against 20 
mM Tris pH 7.0, L-histidine was added to a final concen 
tration of 50 mM and the pH was adjusted to 7.0. Finally, 
solid NaCl was added to give a final concentrations of 1M. 
Before loading on the column, a sample was first centrifuged 
at 16,000×g for 15 min at room temperature and then filtered 
through a 0.45 pum sterile filter. 

Chromatography was essentially done by following steps 
1 to 7 described in table 12. In order to neutralize the low pH 
of the elution buffer “Fraction-tubes” were pre-loaded with 
0.2 ml 2M Tris pH 8.0. 

STEP BUFFER Flow rate Vol. CV Fractions 

1. column- elution-buffer 2.0 ml/min 20 ml 5 waste 
wash 

2. equil- equi-buffer 2.0 ml/min 20 ml 5 waste 
ibration 

3. sample- sample 1.0 ml/min x ml x flow-through 
load 

4. wash 1 equi-buffer 1.0 ml/min 40 ml 10 flow-through 
5. wash 2 wash-buffer 1.0 ml/min 20 ml 5 flow-through 
6. elution elution-buffer 1.0 ml/min 30 ml 7.5 1.0 ml 

fractions 
7. neutral- wash-buffer 2.0 ml/min 20 ml 5 waste 

ization 

Table 12. The final 198/B1 (subclone AB2) miniantibody 
preparation (designated 198AB-Zip;#102) and the negative 
control 8860-Zip;#1.2 were dialyzed against 50 mM 
imidazole, 100 mM. NaCl, pH7.4 and analyzed in a chro 
mogenic FVIII assay as described above (FIG. 31). 
As can be seen in FIG. 31, the miniantibody construct 

198AB-Zip;#102 gives rise to substantial FXa generation 
(compare to FVIII) whereas the negative control minianti 
body 8860-ZipH1.2 does not. 

FIG. 31 demonstrates the chromogenic FVIII-like activity 
of the 198/B1 (subclone AB2) miniantibody 198AB 
Zip;#102 in the presence of 2.3 nM human FIXa. As a 
positive control we used 4.8 pm FVIII whereas an unrelated 
miniantibody (8860-Zip;#1.2) and plain reaction buffer (IZ) 
served as negative controls. 

Example 18 
FVIII-like Activity Exhibited by Anti-FIXa/FIX 

Antibody scr'v Fragments 
The single chain Fv fragment of antibody 198/B1 

(subclone AB2) as well as the scfw fragment of antibody 
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34 
#8860 were expressed employing the pNMycHisó vector 
system. Vector pl/?ychisé (FIGS. 32 & 33) was constructed 
by cleaving vector pGOCK (Engelhardt et al., 1994, 
Biotechniques, 17:44–46) with Not? and EcoRI and inser 
tion of the following oligonucleotides: mychisé-co: 5'ggc 
cgcagaacaaaaactCatcteagaagaggat.ct gaatgggg.cggcacatcac 
catcaccatcactaataag 3' (SEQ. ID.N.O. 

79) and mycChis–ic: 5'aattcttattagtgatggtgatggtgat 
gtgcc.gc.cccatteagat.cct.ct tctgagatgagtttttgttctgc 3' 
(SEQ.ID.N.O. 80) FIG. 32 shows a schematic representation 
of the plasmid pl/?ychisé. The c-myc-tag sequence is used 
to detect the scr'v fragment in an ELISA or a Western Blot 
analysis (Evan et al., Mol.Cell.Biol., 1985, 5(12), pp. 
3610–6). The Hisé-tag sequence was included to facilitate 
the purification of scºv fragments by metal ion chromatog 
raphy (Hochuli et al., 1988. Biotechnology, 6: 1321–1325). 
The plasmid contains the lacz gene promoter (Placz) the 
Pelb-leader sequence (see legend FIG. 26) an E. coli origin 
of replication (colelori) and a M13 phage origin of replica 
tion (M13ori). To allow for specific selection, the plasmid 
also carries the gene for the enzyme fl-lactamase (Ampk) 
mediating resistance against the antibiotic ampicillin. 

The gene of the 198/B1 (clone AB2)-scFv was rescued 
from plasmid p?)AP2-198AB2#100 (example 16) by diges 
tion with Sfil and Not? and inserted into Sfil/Not? cleaved 
pMycHisó. The resultant plasmid was designated pl/?ychis 
198AB2#102. FIG. 34 shows the nucleotide and amino acid 
sequence of 198AB2 scr'v (linked to the c-myc-tag and the 
Hisétag):the resulting ORF of the expression vector is 
named pmycHisG-198AB2#102. Vector p\?ychisé was 
constructed by cleaving vector pCOCK (Engelhardt O. et al. 
BioTechniques 17, 44–46, 1994) Not-EcoRI and inserting 
the following annealed oligonucleotides: (5' 
G GCC G C A GAA CAA AAA CT CAT C T C A GAA – 
G. A. GG AT C T G A AT G. G. G. 
GCGGCA CAT CACCAT CACC ATC ACTAATAAG-3' 

(SEQ.I.D.No. 103) and 5'-TTATTAGTGATGGTGATGGT 
GATGTGCCGCCCCATTCAGATCCTCTTCTGAGATGA 

GTTTTTGTTCTGC-3'(SEQ.I.D.N.O. 104)). The resultant 
vector, named pl/?ychisé, was cleaved Sfil-Not? and the 
gene of scr'v 198AB2 was swapped into this vector from 
vector plap2-198AB2#100. 

In analogy to the 198AB2 construct, the #8860 scr'v 
fragment was cloned from a plasmid designated p?)AP2 
8860scFv clone 11. The pure scr'v protein of #8860 was 
designated 8860-M/Hä4c (plasmid p8860-M/HH4c, FIG. 
35). The scr'v proteins were expressed in E. coli and affinity 
purified from bacterial supernatants on Protein L columns 
(see example 17). The final MycHis-198AB2#102 and 
8860-M/Hä4c preparations were dialyzed against 50 mM 
imidazole, 100 mM. NaCl, pH7.4 and analyzed in a chro 
mogenic FVIII assay as described above (FIG. 36). 
As can be seen in FIG. 36, the scfw construct MycHis 

198AB2#102 gave rise to a substantial FXa generation 
whereas the negative controls 8860-M/Hä4c and plain reac 
tion buffer (IZ) did not. 

FIG. 36 demonstrates the chromogenic FVIII-like activity 
of the 198/B1 (subclone AB2) scr'v fragment (Mychis 
198AB2#102) in the presence of 2.3 nM human FDXa. As a 
positive control we used 4.8 pm FVIII whereas a unrelated 
scfv (8860-M/Hä4c) and plain reaction buffer (IZ) served as 
negative controls. 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 112 

<210: SEQ ID NO 1 
<2 11: LENGTH - 26 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

oligonucleotide MOCG1–2FOR 

<400: SEQUENCE: 1 

ctoaattttc ttgtccacct togtgc 26 

<210: SEQ ID NO 2 
<2 11: LENGTH - 26 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

o ligonucleotide MOCG3FOR 

<400: SEQUENCE: 2 

ctegattotc ttgatcaact cagtct 26 

<210: SEQ ID NO 3 
<211: LENGTH : 24 
<2 12: TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

o ligonucleotide MOCMFOR 

<400: SEQUENCE: 3 

tggaatgggc acatgcagat citct 24 

<210: SEQ ID NO 4 
<211: LENGTH : 24 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

MOCKFOR 

<400: SEQUENCE: 4 

ctoattoct9 ttgaagctot toac 24 

<210: SEQ ID NO 5 
<2 11: LENGTH = 10 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: hybridoma 

cell line 193/AD3 heavy chain CDR3 region 

<400: SEQUENCE: 5 

Tyr Gly Asn Ser Pro Lys Gly Phe Ala Tyr 
1 5 10 

<210: SEQ ID NO 6 
<211: LENGTH : 12 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: hybridoma 

cell line 193/K2 heavy chain CDR3 region 

36 
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—continued 

<400: SEQUENCE: 6 

Asp Gly Gly His Gly Tyr Gly Ser Ser Phe Asp Tyr 
1 5 10 

<210: SEQ ID NO 7 
<2 11: LENGTH - 13 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: hybridoma 

cell line 193/AB2 (derived from antibody 198/B1) heavy chain CDR3 
region, peptide B1 

<400: SEQUENCE: 7 

Glu Gly Gly Gly Phe Thr Val Asn Trp Tyr Phe Asp Val 
1 5 10 

<210: SEQ ID NO 8 
<2 11: LENGTH - 13 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: hybridoma 

cell line 198/A1 heavy chain CDR3 region, peptide A1 

<400: SEQUENCE: 8 

Glu Gly Gly Gly Tyr Tyr Val Asn Trp Tyr Phe Asp Val 
1 5 10 

<210: SEQ ID NO 9 

<400: SEQUENCE: 9 

0 00 

<210: SEQ ID NO 10 
<2 11: LENGTH - 13 
<2 12: TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutated peptide A1/1 scrambled versiocn of A1 

<400: SEQUENCE: 10 

Val Tyr Gly Phe Gly Trp Gly Tyr Glu Val Asn Asp Tyr 
1 5 10 

<210: SEQ ID NO 11 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutated peptide A1/2 

<400: SEQUENCE: 11 

Glu Glu Glu Glu Gly Gly Gly Tyr Tyr Val Asn Trp Tyr Phe Asp Glu 
1 5 10 15 

Glu Glu 

<210: SEQ ID NO 12 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutated peptide A1/3 
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—continued 

<400: SEQUENCE: 12 

Arg Arg Arg Glu Gly Gly Gly Tyr Tyr Val Asn Trp Tyr Phe Asp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 13 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutated peptide A1/4 scrambled version of A1/2 

<400: SEQUENCE: 13 

Glu Tyr Gly Glu Gly Tyr Gly Glu Val Asn Glu Tyr Asp Glu Phe Glu 
1 5 10 15 

Trp Glu 

<210: SEQ ID NO 14 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutated peptide A1/5 scrambled version of A1/3 

<400: SEQUENCE: 14 

Val Arg Tyr Arg Asn Arg Tyr Arg Trp Gly Tyr Arg Gly Arg Phe Gly 
1 5 10 15 

Asp Glu 

<210: SEQ ID NO 15 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutated peptide A1/3–scri scrambled version of A1/3 

<400: SEQUENCE: 15 

Arg Arg Arg Gly Glu Tyr Gly Val Tyr Trp Asn Gly Asp Phe Tyr Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 16 

<400: SEQUENCE: 16 

0 00 

<210: SEQ ID NO 17 

<400: SEQUENCE: 17 

0 00 

<210: SEQ ID NO 18 

<400: SEQUENCE: 18 

0 00 

<210: SEQ ID NO 19 
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—continued 

<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–13 Alanine scan E-1-A-1 

<400: SEQUENCE: 19 

Arg Arg Arg Ala Gly Gly Gly Tyr Tyr Val Asn Trp Tyr Phe Asp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 20 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–1 Alanine scan G-2-A-2 

<400: SEQUENCE: 20 

Arg Arg Arg Glu Ala Gly Gly Tyr Tyr Val Asn Trp Tyr Phe Asp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 21 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–2 Alanine scan G-3–A–3 

<400: SEQUENCE: 21 

Arg Arg Arg Glu Gly Ala Gly Tyr Tyr Val Asn Trp Tyr Phe Asp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 22 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–3 Alanine scan G–4–A–4 

<400: SEQUENCE: 22 

Arg Arg Arg Glu Gly Gly Ala Tyr Tyr Val Asn Trp Tyr Phe Asp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 23 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–4 Alanine scan Y-5–A–5 

<400: SEQUENCE: 23 

Arg Arg Arg Glu Gly Gly Gly Ala Tyr Val Asn Trp Tyr Phe Asp Arg 
1 5 10 15 

Arg Arg 
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—continued 

<210: SEQ ID NO 24 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–5 Alanine scan Y-6–A–6 

<400: SEQUENCE: 24 

Arg Arg Arg Glu Gly Gly Gly Tyr Ala Val Asn Trp Tyr Phe Asp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 25 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–6 Alanine scan V-7-A-7 

<400: SEQUENCE: 25 

Arg Arg Arg Glu Gly Gly Gly Tyr Tyr Ala Asn Trp Tyr Phe Asp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 26 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–7 Alanine scan N–8–A–8 

<400: SEQUENCE: 26 

Arg Arg Arg Glu Gly Gly Gly Tyr Tyr Val Ala Trp Tyr Phe Asp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 27 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–8 Alanine scan W-9–A–9 

<400: SEQUENCE: 27 

Arg Arg Arg Glu Gly Gly Gly Tyr Tyr Val Asn Ala Tyr Phe Asp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 28 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–9 Alanine scan Y-10–A–10 

<400: SEQUENCE: 28 

Arg Arg Arg Glu Gly Gly Gly Tyr Tyr Val Asn Trp Ala Phe Asp Arg 
1 5 10 15 

Arg Arg 
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—continued 

<210: SEQ ID NO 29 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–10 Alanine scan F-11–A–11 

<400: SEQUENCE: 29 

Arg Arg Arg Glu Gly Gly Gly Tyr Tyr Val Asn Trp Tyr Ala Asp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 30 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–11 Alanine scan D-12-A-12 

<400: SEQUENCE: 30 

Arg Arg Arg Glu Gly Gly Gly Tyr Tyr Val Asn Trp Tyr Phe Ala Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 31 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–12 srmb scrambled version 

<400: SEQUENCE: 31 

Arg Arg Arg Tyr Val Tyr Asn Gly Trp Gly Tyr Phe Glu Gly Ala Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 32 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–22 Glutamic acid scan G–2–E–2 

<400: SEQUENCE: 32 

Arg Arg Arg Glu Glu Gly Gly Tyr Tyr Val Asn Trp Tyr Phe Asp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 33 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–23. Glutamic acid scan G–3–E–3 

<400: SEQUENCE: 33 

Arg Arg Arg Glu Gly Glu Gly Tyr Tyr Val Asn Trp Tyr Phe Asp Arg 
1 5 10 15 

Arg Arg 
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—continued 

<210: SEQ ID NO 34 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–24 Glutamic acid scan G–4–E–4 

<400: SEQUENCE: 34 

Arg Arg Arg Glu Gly Gly Glu Tyr Tyr Val Asn Trp Tyr Phe Asp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 35 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–26 Glutamic acid scan Y-5–E–5 

<400: SEQUENCE: 35 

Arg Arg Arg Glu Gly Gly Gly Glu Tyr Val Asn Trp Tyr Phe Asp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 36 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–27 Glutamic acid scan Y-6–E–6 

<400: SEQUENCE: 36 

Arg Arg Arg Glu Gly Gly Gly Tyr Glu Val Asn Trp Tyr Phe Asp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 37 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–28 Glutamic acid scan V-7–E–7 

<400: SEQUENCE: 37 

Arg Arg Arg Glu Gly Gly Gly Tyr Tyr Glu Asn Trp Tyr Phe Asp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 38 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–29 Glutamic acid scan N–8–E–8 

<400: SEQUENCE: 38 

Arg Arg Arg Glu Gly Gly Gly Tyr Tyr Val Glu Trp Tyr Phe Asp Arg 
1 5 10 15 
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—continued 

Arg Arg 

<210: SEQ ID NO 39 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–30 Glutamic acid scan W-9–E–9 

<400: SEQUENCE: 39 

Arg Arg Arg Glu Gly Gly Gly Tyr Tyr Val Glu Trp Tyr Phe Asp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 40 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–31 Glutamic acid scan Y-10–E–10 

<400: SEQUENCE: 40 

Arg Arg Arg Glu Gly Gly Gly Tyr Tyr Val Asn Trp Glu Phe Asp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 41 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–32 Glutamic acid scan F-11–E–11 

<400: SEQUENCE: 41 

Arg Arg Arg Glu Gly Gly Gly Tyr Tyr Val Asn Trp Tyr Glu Asp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 42 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–33 Glutamic acid scan D12–E–12 

<400: SEQUENCE: 42 

Arg Arg Arg Glu Gly Gly Gly Tyr Tyr Val Asn Trp Tyr Phe Glu Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 43 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/A1 derived mutant peptide A1/3–34 srmb scrambled version 

<400: SEQUENCE: 43 

Arg Arg Arg Gly Glu Tyr Gly Glu Tyr Trp Asn Gly Asp Phe Tyr Arg 
1 5 10 15 
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—continued 

Arg Arg 

<210: SEQ ID NO 44 

<400: SEQUENCE: 44 

0 00 

<210: SEQ ID NO 45 
<211: LENGTH : 14 
<2 12: TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/B1 derived mutated peptide B1/4 

<400: SEQUENCE: 45 

Arg Glu Gly Gly Gly Phe Thr Val Asn Trp Tyr Phe Asp Arg 
1 5 10 

<210: SEQ ID NO 46 
<211: LENGTH : 14 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/B1 derived mutated peptide B1/5 scrambled version 

<400: SEQUENCE: 46 

Phe Gly Val Gly Tyr Arg Gly Glu Thr Arg Asn Phe Asp Trp 
1 5 10 

<210: SEQ ID NO 47 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/B1 derived mutated peptide B1/6 

<400: SEQUENCE: 47 

Glu Glu Glu Glu Gly Gly Gly Phe Thr Val Asn Trp Tyr Phe Asp Glu 
1 5 10 15 

Glu Glu 

<210: SEQ ID NO 48 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/B1 derived mutated peptide B1/7 

<400: SEQUENCE: 48 

Arg Arg Arg Glu Gly Gly Gly Phe Thr Val Asn Trp Tyr Phe Asp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 49 
<2 11: LENGTH = 18 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: antibody 

198/B1 derived mutated peptide B1/7 scr:8 scrambled version 
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—continued 

<400: SEQUENCE: 49 

Arg Arg Arg Phe Gly Val Gly Tyr Gly Glu Thr Asn Phe Asp Trp Arg 
1 5 10 15 

Arg Arg 

<210: SEQ ID NO 50 
<2 11: LENGTH - 57 
<2 12: TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse V–H 

back primer VH1BACK-Sfil 

<400: SEQUENCE: 50 

catgcc atga citc.gc.ggc.cc agc.cggc.cat go cosaggts marctgcags agtcwgg 57 

<210: SEQ ID NO 51 
<2 11: LENGTH - 56 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse V–H 

back primer VH1BACKSfi 

<400: SEQUENCE: 51 

gtcc to go aa citgcgg.ccca gcc.ggc.catg goc gaggtgc agcttcagga gtcagg 56 

<210: SEQ ID NO 52 
<2 11: LENGTH - 56 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse V–H 

back primer VH2BACKSfi 

<400: SEQUENCE: 52 

gtcc to go aa citgcgg.ccca gcc.ggc.catg goc gatgtgc agcttcagga gtcrgg 56 

<210: SEQ ID NO 53 
<2 11: LENGTH - 56 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse V–H 

back primer VH3BACKSfi 

<400: SEQUENCE: 53 

gtcc to go aa citgcgg.ccca gcc.ggc.catg goccaggtgc agctgaags a gtcagg 56 

<210: SEQ ID NO 54 
<2 11: LENGTH - 56 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse V–H 

back primer VH4/6BACKSfi 

<400: SEQUENCE: 54 

gtcc to go aa citgcgg.ccca gcc.ggc.catg goc gaggtyc agctgcarca ritctgg 56 

<210: SEQ ID NO 55 
<2 11: LENGTH - 56 
<2 12: TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse V–H 

54 



US 7,033,590 B1 
55 

—continued 

back primer VH5/9BACKsfi 

<400: SEQUENCE: 55 

gtcc to go aa citgcgg.ccca gcc.ggc.catg goccaggtyc arctgcago a gyctgg 

<210: SEQ ID NO 56 
<2 11: LENGTH - 56 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse V–H 

back primer VH7BACKSfi 

<400: SEQUENCE: 56 

gtcc to go aa citgcgg.ccca gcc.ggc.catg goc gargtga agctggtgga ritctgg 

<210: SEQ ID NO 57 
<2 11: LENGTH - 56 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse V–H 

back primer VH8BACKSfi 

<400: SEQUENCE: 57 

gtcc to go aa citgcgg.ccca gcc.ggc.catg goc gaggttc agcttcago a gtctgg 

EQ ID NO 58 
ENGTH = 56 
YPE : DNA 

RGANISM: Artificial Sequence 
EATURE : 

THER INFORMATION: Description of Artificial Sequence: mouse V–H 
ack primer VH10BACKSfi 

: 
S EQUENCE: 58 

gtcc to go aa citgcgg.ccca gcc.ggc.catg goc gaagtgc agctgktgga gwctgg 

<210: SEQ ID NO 59 
<2 11: LENGTH - 56 
<2 12: TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse V–H 

back primer VH11BACKSfi 

<400: SEQUENCE: 59 

gtcc to go aa citgcgg.ccca gcc.ggc.catg goccagatcc agttgctgca gtctgg 

<210: SEQ ID NO 60 
<2 11: LENGTH - 68 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse J-H 

forward primer VH1FOR2LiAsc 

<400: SEQUENCE: 60 

acco coagag gogcgc.ccac ctgaacco co tocacct gag gaga.cggtga cc.gtggtocc 

ttggc.ccc 

<210: SEQ ID NO 61 
<2 11: LENGTH - 60 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
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—continued 

<223> OTHER INFORMATION: Description of Artificial Sequence:mouse J-H 
forward primer JH1FORLiAsc 

<400: SEQUENCE: 61 

acco coagag gogcgc.ccac ctgaacco co tocacct gag gaga.cggtga cc.gtggtocc 60 

<210: SEQ ID NO 62 
<2 11: LENGTH - 60 
<2 12: TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse J-H 

forward primer JH2FORLiAsc 

<400: SEQUENCE: 62 

acco coagag gogcgc.ccac ctgaacco co tocacct gag gag actgtga gagtggtgcc 60 

<210: SEQ ID NO 63 
<2 11: LENGTH - 60 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse J-H 

forward primer JH3FORLiAsc 

<400: SEQUENCE: 63 

acco coagag gogcgc.ccac ctgaacco co tocacctgca gaga.ca.gtga ccagagtocc 60 

<210: SEQ ID NO 64 
<2 11: LENGTH - 60 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse J-H 

forward primer JH4FORLiAsc 

<400: SEQUENCE: 6.4 

acco coagag gogcgc.ccac ctgaacco co tocacct gag gaga.cggtga citgaggttcc 60 

<210: SEQ ID NO 65 
<2 11: LENGTH - 60 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse 

V-kappa back primer VK2BACK-LiAscI 

<400: SEQUENCE: 65 

ggttcagatg gg.cgc.gc.cto togcggtggc ggat.cggaca ttgagotcac coagtetc.ca 60 

<210: SEQ ID NO 66 
<2 11: LENGTH - 59 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse 

V-kappa back primer VK1BACKLi Asc 

<400: SEQUENCE: 66 

ggttcagatg gg.cgc.gc.cto togcggtggc ggat.cggaca ttgtgatgwc acagtc.tc.c 59 

<210: SEQ ID NO 67 
<2 11: LENGTH - 59 
<2 12: TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse 

58 
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V-kappa back primer VK2BACKLi Asc 

<400: SEQUENCE: 67 

ggttcagatg gg.cgc.gc.cto togcggtggc ggat.cggatg ttktgatgac coaaactcc 

<210: SEQ ID NO 68 
<2 11: LENGTH - 59 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse 

V-kappa back primer VK3BACKLi Asc 

<400: SEQUENCE: 68 

ggttcagatg gg.cgc.gc.cto togcggtggc ggat.cggata ttgtgatrac b.caggcwgc 

<210: SEQ ID NO 69 
<2 11: LENGTH - 59 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse 

V-kappa back primer VK4BACKLi Asc 

<400: SEQUENCE: 69 

ggttcagatg gg.cgc.gc.cto togcggtggc ggat.cggaca ttgtgctgac moartcitcc 

<210: SEQ ID NO 70 
<2 11: LENGTH - 59 
<2 12: TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse 

V-kappa back primer VK5BACKLi Asc 

<400: SEQUENCE: 70 

ggttcagatg gg.cgc.gc.cto togcggtggc ggat.cgsaaa wtgtkctcac coagtet.cc 

<210: SEQ ID NO 71 
<2 11: LENGTH - 59 
<2 12: TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse 

V-kappa back primer VK6BACKLi Asc 

<400: SEQUENCE: 71 

ggttcagatg gg.cgc.gc.cto togcggtggc ggat.cggaya tyvvygatgac moagwctcc 

<210: SEQ ID NO 72 
<2 11: LENGTH - 59 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse 

V-kappa back primer VK7BACKLi Asc 

<400: SEQUENCE: 72 

ggttcagatg gg.cgc.gc.cto togcggtggc ggat.cgcaaa ttgttctgac coagtet.cc 

<210: SEQ ID NO 73 
<2 11: LENGTH - 59 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse 

V-kappa back primer VK8BACKLi Asc 

59 

59 

59 

59 

59 

59 

60 
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<400: SEQUENCE: 73 

ggttcagatg gg.cgc.gc.cto togcggtggc ggat.cgt.cat tattgcaggt gcttgtggg 

<210: SEQ ID NO 74 
<211: LENGTH : 42 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse 

J-kappa forward primer JK1NOT10 

<400: SEQUENCE: 74 

gag to attct gcggcc.gc.cc gtttgatttc cagottggtg cc 

<210: SEQ ID NO 75 
<211: LENGTH : 42 
<2 12: TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse 

J-kappa forward primer JK2NOT10 

<400: SEQUENCE: 75 

gag to attct gcggcc.gc.cc gttittatttc cagottggto co 

<210: SEQ ID NO 76 
<211: LENGTH : 42 
<2 12: TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse 

J-kappa forward primer JK3NOT10 

<400: SEQUENCE: 76 

gag to attct gcggcc.gc.cc gttittatttc cagtctggto co 

<210: SEQ ID NO 77 
<211: LENGTH : 42 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse 

—kappa forward primer JK4NOT10 

<400: SEQUENCE: 77 

gag to attct gcggcc.gc.cc gttttatttc caactttgtc. cc 

<210: SEQ ID NO 78 
<211: LENGTH : 42 
<2 12: TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence:mouse 

—kappa forward primer JK5NOT10 

<400: SEQUENCE: 78 

gag to attct gcggcc.gc.cc gtttcagotc cagottggto co 

<210: SEQ ID NO 79 
<2 11: LENGTH = 74 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide mychisé-co 

59 

42 

42 

42 

42 

42 

62 
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5 O 55 60 

Lys Gly Arg Phe Ala Phe Ser Leu Glu Thr Ser Ala Ser Thr Ala Tyr 
65 70 75 30 

Leu Gln Ile Asn Asn Leu Lys Asn Glu Asp Thr Ala Thr Tyr Phe Cys 
85 9 O 95 

Ala Leu Tyr Gly Asn Ser Pro Lys Gly Phe Ala Tyr Trp Gly Gln Gly 
100 1 O 5 1 1 0 

Thr Leu Val Thr Val Ser Ala Gly Gly Gly Gly Ser Gly Gly Arg Ala 
115 120 125 

Ser Gly Gly Gly Gly Ser Asp Ile Gln Met Thr Gln Ser Pro Lys Phe 
130 1 35 1 40 

Leu Leu Val Ser Ala Gly Asp Arg Val Thr Ile Thr Cys Lys Ala Ser 
1 4.5 150 155 160 

Gln Ser Val Ser Asn Asp Val Ala Trp Tyr Gln Gln Lys Pro Gly Gln 
1.65 17 O 175 

Ser Pro Lys Leu Leu Met Tyr Tyr Ala Ser Asn Arg Tyr Thr Gly Val 
180 185 19 O 

Pro Asp Arg Phe Thr Gly Ser Gly Tyr Gly Thr Asp Phe Thr Phe Thr 
195 20 0 205 

Ile Ser Thr Val Gln Ala Glu Asp Leu Ala Val Tyr Phe Cys Gln Gln 
2 1 0 215 220 

Asp Tyr Gly Ser Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile 
225 2 30 2.35 240 

Lys Arg 

<210: SEQ ID NO 83 
<2 11: LENGTH = 747 
<2 12: TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: scFv from 

hybridoma cell line 193/K2 

<400: SEQUENCE: 83 

gaagtgcago togtggagto toggggaggc Ctagtgaagc Ctggagggto CCtgaaactC 60 

to ctgtgcag cotctggatt cacttitcagt acctatacca totctitgggt togc.ca.gact 120 

cc.ggagaaga gqctggagtg ggtogcaa.cc attagtagtg gtggtagtta cacctactat 180 

ccagacagtg to agggg.ccg attcaccatc tocagaga.ca atgccaagaa caccctgtac 24 0 

ct; caaatga goagtotgaa gtctgaggac acago catgt attact.gtac aagagatggg 3 O O 

ggacacgggt acggtagtag citttgactac togggccaag goaccactct cacagtc.tc.c 360 

to aggtggag gC9 gttcagg toggc.gc.gcc totgg.cggtg gC ggat.cgca aattgtgctc 420 

acco agtc.tc. cactcitc.cct gcc.tgtcagt cittggagatc aag.cc.tc.cat citc.ttgcaga 48 0 

totagt caga goattgtaca tagtaatgga aac acctatt tagaatggta cct gcagaaa 54 0 

ccaggc.cagt citccaaagct cotgatctac aaagtttcca accqattttc togggtocca 60 0 

gacaaattca gtggcagtgg atcagggaca gattt cacac to aagat.cag cagagtggag 660 

gctgaggat.c toggagttta ttact.gcttt caaggttcac atgttcc.gtg gacgttc.ggt 72 O 

ggaggcacca agctggaaat caaacgg 747 

<210: SEQ ID NO 84 
<2 11: LENGTH 3 249 
<2 12: TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
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<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: scFv from 

hybridoma cell line 193/K2 

<400: SEQUENCE: 84 

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

Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Thr Tyr 
20 25 3 O 

Thr Met Ser Trp Val Arg Gln Thr Pro Glu Lys Arg Leu Glu Trp Val 
35 40 45 

Ala Thr Ile Ser Ser Gly Gly Ser Tyr Thr Tyr Tyr Pro Asp Ser Val 
5 O 55 60 

Arg Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr 
65 70 75 30 

Leu Gln Met Ser Ser Leu Lys Ser Glu Asp Thr Ala Met Tyr Tyr Cys 
85 9 O 95 

Thr Arg Asp Gly Gly His Gly Tyr Gly Ser Ser Phe Asp Tyr Trp Gly 
100 1 O 5 1 1 0 

Gln Gly Thr Thr Leu Thr Val Ser Ser Gly Gly Gly Gly Ser Gly Gly 
115 120 125 

Arg Ala Ser Gly Gly Gly Gly Ser Gln Ile Val Leu Thr Gln Ser Pro 
130 1 35 1 40 

Leu Ser Leu Pro Val Ser Leu Gly Asp Gln Ala Ser Ile Ser Cys Arg 
1 4.5 150 155 160 

Ser Ser Gln Ser Ile Val His Ser Asn Gly Asn Thr Tyr Leu Glu Trp 
1.65 17 O 175 

Tyr Leu Gln Lys Pro Gly Gln Ser Pro Lys Leu Leu Ile Tyr Lys Val 
180 185 19 O 

Ser Asn Arg Phe Ser Gly Val Pro Asp Lys Phe Ser Gly Ser Gly Ser 
195 20 0 205 

Gly Thr Asp Phe Thr Leu Lys Ile Ser Arg Val Glu Ala Glu Asp Leu 
2 1 0 215 220 

Gly Val Tyr Tyr Cys Phe Gln Gly Ser His Val Pro Trp Thr Phe Gly 
225 2 30 2.35 240 

Gly Gly Thr Lys Leu Glu Ile Lys Arg 
2 45 

<210: SEQ ID NO 85 
<2 11: LENGTH = 747 
<2 12: TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: scFv from 

hybridoma cell line 198/AB2 (subclone of 198/B1) 

<400: SEQUENCE: 85 

gaggtgcago ttcaggagto agggggaggc titagtgaagc Ctggagggto CCtgaaactC 60 

to ctgtgcag cotctggatt cacttitcagt agctatacca totctitgggt togc.ca.gact 120 

cc.ggagaaga gqctggagtg ggtogcaa.cc attagtagtg gtggtagttc. cacctactat 180 

ccagacagtg tdaaggg.ccg attcaccatc tocagaga.ca atgccaagaa caccctgtac 24 0 

ct; caaatga goagtotgag gic to aggac acago catgt attact.gtac aagagagggg 3 O O 

ggtggtttca cogtcaactg gtactitcgat giftctgggg.cg cagggactct got cactgtc 360 

totgcaggtg gaggcggttc aggtggg.cgc gCCtctggcg gtggcggat.c ggaaaatgtg 420 





<2 20: FEATURE : 
<221: NAME/KEY: modified base 
<222> LOCATION: (1) . . 
<223> OTHER INFORMATION: n = g, a, c or t 

<400: SEQUENCE: 87 

gaggtgcago 

to ctgtgcag 

cc.ggaga aga 

ccagacagtg 

ct; caaatga 

ggtggttatt 

to citcaggtg 

ctoacncagt 

agagcc agtg 

cCaggg cago 

gccaggttca 

gctgatgatg 

gCtgggacca 

ttcaggagto 

cctotggatt 

ggctggagtg 

tgaaggg.ccg 

gcagtctgaa 

acgtcaactg 

gaggcggttc 

cto cagottc 

aaagtgttga 

CaCCC aaact 

gtggcagtgg 

ttgcnaccta 

gactggaaat 

<210: SEQ ID NO 88 
<2 11: LENGTH 3 249 
<2 12: TYPE : PRT 

71 

(747) 

agggggaggc 

catttittagt 

ggtogcaa.cc 

atto a C CatC 

gtctgaggac 

gtactt.cgat 

aggtggg.cgc 

tttggctgtg 

tagttatggc 

C CtcatCitat 

gtc.taggaca 

ttactgtcag 

aaaacgg 

ttagtgaagc 

agttatacca 

attagtagtg 

to cagaga.ca 

acago catgt 

gtotgggg.cg 

gcc.tctggcg 

totctagggc 

aagagtttta 

cgtgcatc.ca 

gactitcaccc 

caaagtaatg 

<213> ORGANISM: Artificial Sequence 
<2 20: FEATURE : 
<223> OTHER INFORMATION: Description of Artificial Sequence: scFv derived 

from hybridima cell line 198/A1 

<400: SEQUENCE: 88 

Glu Val Gln 
1 

Ser Leu Lys 

Thr Met Ser 
35 

Ala Thr Ile 
5 O 

Lys Gly Arg 
65 

Leu Gln Met 

Thr Arg Glu 

Gly Ala Gly 
115 

Gly Arg Ala 
130 

Pro Ala Ser 
1 4.5 

Arg Ala Ser 

Tyr Gln Gln 

Leu Gln G 
5 

lu Ser Gly 

Leu Ser Cys Ala Ala 
20 

Trp Val Arg Gln Thr 

Ser Ser G 

Phe Thr I 

Ser Ser L 
85 

Gly Gly G 
100 

Thr Thr I, 

Ser Gly G 

Leu Ala V 
1 

Glu Ser V 
1.65 

Lys Pro G 
180 

40 

ly Gly Ser 
55 

le Ser Arg 
70 

eu Lys Ser 

ly Tyr Tyr 

eu Thr Val 
120 

ly Gly Gly 
1 35 

al Ser Leu 
50 

al Asp Ser 

ly Gln Pro 

Gly Gly Leu 
10 

Ser Gly Phe 
25 

Pro Glu Lys 

ser Thr Tyr 

Asp Asn Ala 
75 

Glu Asp Thr 
9 O 

Val Asn Trp 
1 O 5 

Ser Ser Gly 

Ser Asp Ile 

Gly Gln Arg 
155 

Tyr Gly Lys 
17 O 

Pro Lys Leu 
185 
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Ctggagggto 

tgtc.ttgggt 

gtggtagttc 

atgccaagaa 

atcactgtac 

caggcaccac 

gtggcggat.c 

agagggc.cac 

tgcactggta 

acctagaatc 

to a CC atta a 

aggat.ccc.ct 

Val Lys Pro 

Ile Phe Ser 
3 O 

Arg Leu Glu 
45 

Tyr Pro Asp 
60 

Lys Asn Thr 

Ala Met Tyr 

Tyr Phe Asp 
1 1 0 

Gly Gly Gly 
125 

Glu Leu Thr 
1 40 

Ala Thr Ile 

Ser Phe Met 

Leu Ile Tyr 
19 O 

ued 

cctgaaactc 

togc.ca.gact 

CaC Ctactat 

caccctgtac 

aagagagggg 

totcacagtc 

gga cattgag 

catatoct9.c 

ccago agaaa 

tgggat.ccct 

to citgtggag 

cacgttc.ggt 

Gly Gly 
15 

Ser Tyr 

Trp Val 

Ser Val 

Leu Tyr 
30 

His Cys 
95 

Val Trp 

Ser Gly 

Gln Ser 

Ser Cys 
160 

His Trp 
175 

Arg Ala 

60 

120 

180 

24 0 

3 O O 

360 

420 

48 0 

54 0 

60 0 

660 

72 O 

747 

72 


































