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[57] ABSTRACT 

This invention provides for recombinant single cbain an ti ­
bodies capable of specifically binding to a Lewis1'-related 
carbohydrate amigen and fusion proteins comprising these 
antibodies. More particularly, the invention provides for 
bumaoized chain Fv regions of the monoclonal ant ibodies 
Bl, B3 and BS and fusion proteins incorporating tbese 
humanized antibod ies. Tbe antibodies may comprise 
humanized variable heavy (V H) chains, humanized variable 
light (VL) chains, or both. The invention also provides for 
DNA sequences encoding the various humanized antibodies. 
In addition, the invemion provides for methods of detecting 
cells bearing a Lewis1' antigen in a parienl and for methods 
of killing or inhibiting the growth of cells bearing a LewisY 
antigen in a patient. 
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N.de.I. J- ---Fv HEAVY CHAIN--
1 TTTAACTTTAAGAAGGAGATATACATATGGATGTGAAGCTGGTGGAGTCT 50 

SD M D V K L V E S 
E V K L V E S 

---------> 
51 GGGGGAGGCTTAGTGCAGCCTGGAGGGTCCCTGAAACTCTCCTGTGCAAC 100 

G G G L V Q P G G S L K L S C A T 
G G G L V Q P G G S L 

101 CTCTGGATTCACTTTCAGTGACTATTACATGTATTGGGTTCGCCAGACTC 150 
S G F T F S D Y Y M Y W V R Q T P 

151 CAGAGAAGAGGCTGGAGTGGGTCGCATACATTAGTAATGATGATAGTTCC 200 
E K R L E W V A Y I S N D D S S 

201 GCCGCTTATTCAGACACTGTAAAGGGCCGGTTCACCATCTCCAGAGACAA 250 
A A Y S D T V K G R F T I S R D N 

251 TGCCAGGAACACCCTCTACCTGCAAATGAGCCGTCTGAAGTCTGAGGACA 300 
A R N T L Y L Q M S R L K S E D T 

301 CAGCCATATATTCCTGTGCAAGAGGACTGGCCTGGGGAGCCTGGTTTGCT 350 
A I Y S C A R G L A W G A W F A 

BarnHI 
351 TACTGGGGCCAAGGGACTCTGGTCACTGTCTCCTCAGGCGGAGGCGGATC 400 

Y W G Q G T L V T V S S G G G G S 
<--- - -Fv HEAVY CHAIN--J----------LINKER-

-- -------LINKER---------------1 --Fv LIGHT CHAIN- --
401 CGGTGGTGGCGGATCTGGAGGTGGCGGAAGCGATGTGCTGATGACCCAGT 450 

G G G G S G G G G S D V L M T Q S 
D V L M T Q S 

-----Fv LIGHT CHAIN----------> 
451 CTCCATTGAGTTTACCTGTCAGTCTTGGAGATCAAGCCTCCATCTCTTGC 500 

P L S L P V S L G D Q A S I S C 
P L S L P V S L G ? Q 

501 AGATCTAGTCAGATCATTGTACATAGTAATGGAAACACCTATTTAGAATG 550 
R S S Q I I V M S N G N T Y L E W 

551 GTACCTGCAGAAACCAGGCCAGTCTCCAAAGCTCCTGATCTACAAAGTTT 600 
Y L Q K P G Q S P K L L I Y K V S 

FIG. 2A-1. 
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601 CCAACCGATTTTCTGGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGG 650 
N R F S G V P D R F S G S G S G 

651 ACAGATTTCACACTCAAGATCAGCAGAGTGGAGGCTGAGGATCTGGGAGT 700 
T D F T L K I S R V E A E D L G V 

701 TTATTACTGCTTTCAAGGTTCACATGTTCCATTCACGTTCGGCTCGGGGA 750 
Y Y C F Q G S N V P F T F G S G T 

HiodII I 
751 CAAAGCTGGAAATTAAAGCTTT ....... . 772 

K L E I K A F -~ PE40 

FIG. 2A-2. 

721 CACATGTTCCATTCACGTTCGGCTCGGGGACAAAGCTGGAAATTAAATAA 770 
H V P F T F G S G T K L E I K * 

EcoRI 
771 TGAATTCC . . 

* - :iio- TERM 
779 

FIG. 28. 
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GAGGTGCAGCTGGTGGAATCTGGAGGAGGCTTAGTGAAGCCTGGAGGGTCCCTGAAA 
E V Q L V E S G G G L V K P G G S L K 
E V Q L V E S G G G L V K P G G S L 

CTCTCCTGTGCAGCCTCTGGATTCATTTTCAGTGACAATTACATGTATTGGGTTCGC 
L S C A A S G F I F S D N Y M Y W V R 

CDR 1 
CAGACTCCGGAGAAGAGGCTGGAGTGGGTCGCAACCATTAGTGATGGTGGCACTTAT 

Q T P E K R L E W V A T I S D G G T Y 
COR 2 

ATCGACTATTCAGACAGTGTGAAGGGGCGATTCACCATCTCCAGAGACAATGCCAAG 
I D Y S D S V K G R F T I S R D N A K 

AATAATCTGTACTTGCAAATGAGCAGTCTGAGGTCTGAGGACACAGGCATGTATTAT 
N N L Y 1 Q M S S L R S E D T G M Y Y 

TGTGGAAGGAGTCCGATCTACTATGATTACGCCCCGTTTACTTACTGGGGCCAAGGG 
C G R S P I Y Y D Y A P F T Y W G Q G 

CDR 3 
ACTCTGGTCACTGTCTCTGCAGCCAAAACGACACCCCCATCTGTCTATCCACTGGCC 

C L V T V S A A K ~ ~ P P S V Y P L A 

C·'.::TGGATCTGCT 
P 6 S A FIG. 15A. 

GATGTTGTGATGACCCAGACTCCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCC 
D V V M T Q T P L S L P V S L G D Q A 
D V V M T Q T P L S L P V S L G D 

TCCATCTCTTGCAGATCTAGTCAAAACCTTGTACACAGTGATGGAAAAACCTATTTA 
S I S C R S S 0 N L V H S P G K T Y L 

CDR 1 
CATTGGTTCCTGCAGAAGCCTGGCCAGTCTCCAACGCTCCTGATCTACAAAGTTTCC 
_H W F L Q K P G Q S P T L L I Y K V S 

CDR 2 
AACCGATTTTCTGGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGGACAGATTTC 

N R F S G V P D R F S G S G S G T D F 

ATACTCAAGATCAGCAGAGTGGAGGCTGAGGATCTGGGAGTTTATTTCTGCTCTCAA 
I L K I S R V E A E D L G V Y F C S 0 

AGTACACATGTTCCGCTCACGTTCGGTGCTGGGACCAAGCTGGAGCTGAAACGGGCT 
S T H V P L T F G A G T K L E L K R A 

CDR 3 
GATGCTGCACCAACTGTATCCATCTTCCCACCA 

D A A P ~ V S I F P P 
FIG. 158. 
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GAGGTGAAGCTGGTGGAATCTGGAGGAGGCTTAGTGCAGCCTGGAGGGTCCCTGAAA 
E V K L V E S G G G L V Q P G G S L K 
E V K L V E S G G G L V Q P G 

CTCTCCTGTGCAACCTCTGGATTTACTTTCAGTGACTATTACATGTATTGGGTTCGC 
L S C A T S G F T F S D Y Y M Y W V R 

CDR 1 
CAGACTCCAGAGAAGAGGCTGGAGTGGGTCGCATACATTAGTAATGGTGGTGGTAGC 

Q T P E K R L E W V A Y I S N G G G S 
CDR 2 

ACCTATTATCCAGACACTGTAAAGGGCCGATTCACCATCTCCAGAGACAACGCCAAG 
T Y Y P D T V K G R F T I D R D N A K 

AACACCCTGTACCTGCAGATGAGCCGTCTGAAGTCTGAGGACACAGCCATGTATTAC 
N T L Y L Q M S R L K S E D T A M Y Y 

TGTGCAAGGGGGCTCTCTGATGGTTCCTGGTTTGCTTACTGGGGCCAAGGGACTCTG 
C A R G L S D G S W F A Y W G Q G T L 

CDR 3 
GTCACTGTCTCCTCAGGCGGAGGCGGATCCGGT 

V T V S S G G G G S G 
FIG. 16A. 

GATGTTTTGTTGACCCAAACTCCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCC 
D V L L T Q T P L S L P V S L G D Q A 
D V L L T Q T P L S L P V S L 

TCTATTTCTTGTAGATCTAGTCAGAGCATTGTACATAGTAATGGAAACACCTATTTA 
S I S C R S S 0 S I V H S N G N T Y L 

CDR 1 
GAATGGTACCTGCAGAAACCAGGCCAGTCTCCAAAGCTCCTGATCTACAAAGTTTCC 
~ W Y L Q K P G Q S P K L L I Y K V S 

CDR 2 
AACCGATTTTCTGGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGGACAGATTTC 

N R F S G V P D R F S G S G S G T D F 

ACACTCAAGATCAGCAGAGTGGAGGCTGAGGATCTGGGAGTTTATTACTGCTTTCAA 
T L K I S R V E A E D L G V Y Y C F 0 

GGTTCACATGTTCCATTCACGTTCGGCTCGGGGACAAAGTTGGAAATAAAGCGGGCT 
G S H V P F T F G S G T K L E I K R A 

CDR 3 
GATGCTGCACCAACTGTATCCATCTTCCCACCA 

D A A P ~ V 6 I F P P 
FIG. 168. 
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HUMANIZED 83 ANTrBODY FRAGMENTS, 
FUSION PROTEINS, ANO USES THEREOF 

2 
has been s hown tha t certain single chain antigen binding 
proteins made from the Fv portions of the heavy and light 
cbain of antibodies beld together by a polypeptide linker can 
have the same binding properties as their fuo length two Tbc preseot applicatioo is a continuation-in-part of U.S. 

patent application Ser. No. 07n 67,331, filed on Sep. 30, 
1991, oow abandoned, which is a continuation-in-part of 
U.S . patent application Ser. No. 07/596,289 filed on Oct. 12, 
1990 issued as U.S. Pat. No. 5,242,813 both of which are 
hereby incorporated by reference. 

s cbain counterparts (Bird ct al., Science, 242: 423-26 (1988) 
and Huston et al., Proc. Natl. Acad. Sci. USA, 85: 5879-83 
(1988)). 11 bas also been shown that, in some cases, fusion 
proteins composed of single chain an tibodies linked to 
toxins may retain the binding capacity of the single chain 

BACKGROUND OF THE INVENTION 
10 antibody as well as the act ivity of the toxin (Chaudhary et 

al., Nature, 339: 394-97 (1989); Batra e t al. , J. Biol. Chem., 
265: 15198-15202 (1990); Batra et al., Proc. Natl. Acad. 
Sci. USA 86: 8545-8549 (1989); Cbaudhary et al., Proc. 

The subject invention relates to tumor-specific recombi­
nant antibody fragments, to molecules incorporating such 
fragments such as immuootoxins and to uses thereof. Exem­
plary embodiments of the invention ioclude immuootoxins 15 

comprising Pseudomooas exotoxins fused to the Fv regions 
of monoclonal antibodies Bl, B3, and BS which have tumor 
specificity and which may be used in the trea tment of 
mammalian cancer. 

Monoclonal antibodies Bl, B3, and BS are recently 20 

isolated murioe antibodies directed against a carbohydrate 
antigen in the Lewis1

' (Le1
') family (Pastan et al. Cancer 

Res., 51: 3781-3787 (1991)). The Le-'" an tigens are found on 
lhe surface of many mucinous carcinomas of the colon, 
stomach, ovaries, breast, Jung as well as some epidermal 25 

carcinomas. Because they react wi th only a limited number 
of normal tissues, these antibodies are ideal candidates for 
use in the treatment and diagnosis of cancer. 

lo order to create a cytotoxic agent that specifically 
30 

aliacks cancer cells, an an tibody or its fragments may be 
used as the targeting moiety of an irorouootoxio. lo such 
immuootoxins, the targeting moiety typically replaces tbe 
cell binding domain of a cytotoxio molecule (e.g. domain 1 
of Pseudomooas exotoxin (PE) or the B chain of Diphtheria 

35 
toxin) and acts to specifically direct the cytotoxio to its target 
cell (as determined by the specificity of Lbe targeting 
moiety). As a result, only cells wbicb are recognized by tbe 
targeting moiety are efficiently killed and cells which are not 
recognized are spared (for a review see Brinkmann and 

40 
Pastan, Biochem. Biophys. Ac10., 1198: 27-45 (1994)). 

lrnmunotoxias were first made by chemically coupling 
anl ibodies to cytotoxic molecules. Thus, for example, mono­
clonal antibody B3 bas been chemically coupled to at least 
two different forms of Pseudomoaas exotoxia (PE) (U.S. 45 
Pat. No. 4,545,985). One of Lbese is the full length toxin (PE) 
and the other a trunca ted derivative (PE40) (Kondo et al., .!. 
Biol. Chem., 263: 9470-75 (1988) and Pai et al., supra). 
Both of these immunotoxins have been shown to be selec­
tively cytotoxic to tumor cells that contain the B3 antigen on 50 
their surface, aod tbese imrnuooloxios have been sbown to 
cause complete tumor regression in mice bearing human 
tumor xcoografts (Pai ct al., Proc. Natl. 1\cad. Sci. USA, 88: 
3358-62 (1991)). 

Natl. Acad. Sci. USA 87: 1066-1070 (1990)). 
Receptor proteins have often been used as immuootoxin 

targets because they are cell surface proteins which are often 
overexpressed in various cancers (Brinkmann and Pastao, 
Biocltem. Biophys. Acta., 1198: 27-45 (1994)) and thus 
provide cancer-specific targets. For example, single chain 
immunotoxins have been made consisting of the Fv domain 
of ao antibody directed al the interleukin 2 receptor 
(Chaudbary ct al., Nawre, 339: 394-97 (1989) aod Batra ct 
al., J. Biol. Chem. 265: 15198-15202 (1990)) or at the 
transferrin receptor (Batra et al., Proc. Natl. A cad. Sci. USA 
86: 8545-49 (1989)) fused to trunca ted forms of PE or 
diphtheria toxin (Chaudhary et al., Proc. Natl. Acad. Sci. 
USA 87: 9491-94 (1990)). Although receptor proteins are 
overcxpressed on many cancers, tbey may still be present on 
healthy cells and therefore often do not provide the defined 
caocer specificity desired for an immu notoxio. 

Since the number of antibodies Lbat react preferentially 
with carcinomas is limited, the identification and character­
ization of addilioaal "cancer specific" antibodies that would 
react with aU or most of the cells in a tumor and with 
relatively few normal cells and tissues is desirable. lo 
addition, recombinant immuaotoxias are known to degrade 
over time both in vitro and in vivo. It would be desirable to 
obtain immunotoxins tbat show a redticed rate <>f degrada-
tion and therefore require less frequent administration. 
Finally, with repeated use, murine antibodies and fusion 
proteins containing muriae antibodies, like any other foreign 
protein, may ultimately prove immuoogenic and invoke an 
immune response in the treated organism. It would be 
desirable to produce targeting moieties and iromunotoxios 
having reduced antigenic potential. As will be explained 
herein, these advantages and others are provided by the 
present invention. 

SUMMARY OF TI-IE INVENTION 

The present invention provides for recombinant single 
chain antibodies and fusion proteins, such as iromunotoxins, 
employing these ant ibodfos. ln particular, this invention 
provides for recombioaotly produced humanized single-

Although chemically coupled immunotoxias are useful 
they have several undesirable properties. For example, the 
chemical modifications can change the antibody and affect 
its binding LO the antigen. Funhem1ore, the purified immu­
notoxins are a heterogeneous mixture of antibody-toxin 
mo lecules connected Lo each other v ia different positions on 
tbe antibody and the toxin. Thus, Pseudomooas exotoxio, for 
example, can be coupled either 10 the light- or heavy-chain 

55 chain antibodies compris ing humanized variable light and 
heavy (Fv) regions of antibodies that have the binding 
speci fi city of monoclonal antibody BJ, B3 or BS. These 
antibodies provide carcinoma-specific targeting moieties 
suitable for use in cytotoxic fusion proicins. Particularly 

60 preferred are humanized single-chain Fv regions of Bl, B3 
or BS. 

of the antibody and to differen t positions on each of these 
chains. 

To overcome the limitations of chemically conjugated 65 

immuaotoxias, chimeric immuaotoxios have been made as 
recombinant, single chain, antibody-toxin fusion proteins. It 

la one embodiment, the single-chain antibody is a human­
ized B3(Fv). Particularly preferred is an antibody compris­
ing a humanized variable heavy chain, more specifically a 
humanized var iable heavy chain having the amino acid 
sequence des ignated HumB3V11 in FIG. 11. Another pre­
ferred variant is an antibody comprising a humanized vari-
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able lighl chain, more specifically a humanized variable 
lighl chain baving tbe amino acid sequence designated 
HumB3V 1.. in FTG. ll. Ye1 anolber preferred humanized 
antibody is one comprising both a bumaoizecl variable ligb1 
chain and a bumaoized variable heavy chain. Particularly 5 

preferred is an antibody comprising a bumaoizecl variable 
heavy cbain baviog the amino acid sequence designated 
HumB3V17in FIG. 11 and a humanized variable ligh1 cha.in 
baviog 1be amino acid sequence designated HumB3 V 1.. in 
FIG. 11. Still yet ano ther preferred humanized antibody is 10 
one comprising a humanized variable beavy ebain having 
the amino acid sequence designated HumB3V11 in FIG. 11 
and a humanized variable ligbt cbain baving lbe amino acid 
sequence designated HumB3VH in FIG. ll in which the 
serine at the position designated as 82b in FIG. ll, is 15 

replaced with arginine. 

4 
FIG. lb shows lhe coostruction LMB7, the immunoloxin 

B3(Fv)-PE38 with a "C3 connector" between the Fv region 
and the PE38 cytotoxio (GGGGSGGGGSGGGGS linker= 
SEQ lD N0:32; SGGPEGGS C3 conoector~SEQ ID 
N0:44). 

FIG. 2 shows the nucleotide sequences encoding the 
heavy and light chain Fv region of monoclonal antibody B3 
(SEQ ID N0:33). (a) The heavy chain Fv coding region 
extends from position 30 to 383, the Jigh1 chain Fv gene 
from position 433 10 767 and the linker from 384 10 432. The 
deduced amino ac id sequence is sbowo in plain letters (SEQ 
ID N0:34); below in italic letters is nhe protein sequence 
detcrmiocd by Edman scqucnciog of tbe ani-ibody (SEQ ID 
N0:56). The first amino acid encoded by the cloned heavy 
chain Fv gene is Asp instead of Glu due to the oligooucle­
otide primer used al position 456-465. This is 1be region 
where 1he PCR cloning artifact was repaired. This sequence 
encodes 1he same amino acids as the original B3 ligh1 chain 
gene bu1 uses other codons. Homology comparisons to the 

lo any of the single chain antibodies described above lhe 
variable heavy region and the variable light region may be 
joined by a linker. One par1icularly preferred linker is 
(Gly4Ser)3 (SEQ ID N0:32). 

This invention also provides for single-chain fosion pro­
teins incorporating any of tbe above-described single-cbaio 
antibodies. The fusion proteins comprise tbe single chain 
antibodies recombinantly fused to an effector molecule. The 
effector molecule may be a cy101oxio such as Pseudomooas 
exotoxin and more preferably is either PE38, P40, 
PE38KDEL, or PE38REDL. Thus preferred fusion proteins 
include HUMB3(Fv)-PE38, HUMB3(Fv)-PE40, HUMB3 
(Fv)-PE38KDEL and HUMB3(Pv)-PE38REDL. 

20 known nucleotide sequence of PACT Jg kappa chain (Taub 
cl al., J. Biol. Chem., 264: 59-65 (1989)) wbjcb is most 
homologous lo the B3 light chain iodica1es that the original 
sequence was most probably CTCrCCCTG (SEQ ID 
N0:37) instead ofTTGAGTITA(SEQ ID N0:38). 1nus the 

TI1e fusion proteins may also include a linker belween the 
variable heavy (VH) and the variable lighl (V L) chain regions 

25 natural B3 light chain gene bas a sequence repetition 
5-(CCAGTCT[CC)ACTCTCC]-3' (SEQ ID N0:39) 
between positions 445 and 465 which is responsible for the 
incorrect primer annealing in PCR. (b) Sequence al 1he 
3'-end of the light chain for expression of the single chain 

JO B3(Fv) alone (SEQ fD N0:35 and amino acid sequence 
SEQ ID N0:36). (SD)- Shine Dalgarno consensus 
sequence; (*)-translation stop signal. (Term) transcription 
terminator. 

of tbe Fv fragmen t. One preferred linker is the peptide linker 
(Gly4 Serh (SEQ ID N0:32). "fbe fusion proteins may also 
include a connector between the Fv region and the effector 

35 
molecule. A particular preferred connector is SGGPEGGS 
(SEQ ID N0:44). 

FIG. 3(n) represents lhe toxicity of B3(Fv)-PE38KDEL 
on different cell lines. Cytotoxicity assays were performed 
as described in Example 7. (b): Inhibition of the cy101oxicity 
of B3(Fv)-PE38KDEL by monoclonal amibody B3. Com­
petition by monoclonal antibody B3 was performed on A431 

1bis invention also provides for a method of detecting the 
presence or absence of a cell bearing a LewisY carbohydrate 
antigen in a patient. The method involves removing a tissue 
or fluid sample from the pa1ien1; adding any of the above­
dcscribcd antibodies to the sam1>le aod dctectiog for the 
presence or absence of a binding complex between ihe 
antibody and the antigen. 

40 
cells as described in Example 7. 

lo another embodiment, this invention provides for a 45 

method of killing or inhibiting the growth of cells bearing a 
Lewis1

' antigen in a patient. This method includes adminis­
tering to the patient a pharmaceutical composition in an 
amount sufficient to kill or inhibi t the growth of 1be cells. 
The pharmaceutical composition wiU include any of tbe so 
above-described an tibodies or fusion proteins. 

FIG. 4 shows the ADP-ribosylalion and cytotoxic ac1ivi-
1ies of Bl(Fv)-PE38, B3(Fv)-PE38, BS(Fv)-PE38 recombi­
nant immunotoxins. (A) A DP-ribosylalion activity was 
determined by lhe incorporation on 1 4C-NAD into acid­
prccipitable material using elongation factor 2 enriched 
wheat-germ extract (Collier and Kandel, 1971). (B) Cyto-
toxic i1y towards A431 cells was measUcred by the inhibition 
of incorporation of 3H-leucine into cell protein, following 2 
hours (open symbols) or 20 hours (solid symbols) of incu-
bation of the cells with serial dilutions of immuno1oxins in 
PBS+0.2% BSA. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. l n illus1ra1es the strategy for the cloning of the heavy 
and light chain Fv genes of monoclonal antibody B3 and the 
coos1ructioo of expression vectors (e.g., plasmids) for the 
expression of B3(Fv) immunotoxins. The cloning strategy is 
a varia tion of thal previously described (Cbaudhary ct al., 
Proc. Natl. Acad. Sci. USA, 87: 1066-70 (1990)). The 
plasmid pVC38H, which is used as a vector for construction 
of immuootoxins from beavy and light chain Fv regions, 
contains an Ndel and a Hiodlll recognition sequence pre­
ceding 1be PE40 gene (Chaudbary ct al., supra (1990)). (*) 
indicates a PCR-generaled mutation and was repaired by site 
directed mutagenesis; (L) iodicates the region encoding the 
(Gly4Ser)3 linker (SEQ lD N0:32) which serves to join 
heavy and light chains of the immunotoxin. 

FIG. S shows antigen binding of Bl(Fv)-PE38, B3(Fv)­
PE38 and B5(Fv)-PE38. Antigen binding was estimated by 
competition of. [1251]-Bl lgG (A) or [ 125l]-B3 lgG (B) 

55 binding to A431 cells at 4° C. 
FIG. 6 shows stability data for Bl(Fv)-PE38, B3(Fv)­

PE38, and B5(Fv)-PE38. Tbe immuno1oxins were diluted in 
PBS to 0.1 mg/ml and incubated at 37" C. for 4 hours. {A) 
The molecular fo rms of lhc immunotoxins were lban ana-

60 lyzed by size exclusion chromatography al 4° C. The mono­
mer peak elutes at 18-20 ml, wbile the aggregates elute at 
11-13 ml. Chromatograms of the proteins prior to incuba­
tion at 37° C. are shown by broken Lines. The proteins after 
the incubation at 37° C. are shown by solid lines. (B) 

65 Cytotoxic activity of immunotoxins before (open symbols) 
or after (solid symbols) incubation al 37° C. 0 1ber details are 
as in FIG. S(B). 
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FIG. 7 shows blood levels of B3(Fv)-PE38KDEL in mice. 
Balb/c mice were injected intravenously with 10 11g of 
B3(Fv)-PE38KDELand immunotoxin levels were measured 

6 
FIG. 15 provides tbe nucleotide (SEQ ID N0:57 and SEQ 

lD N0:58) and deduced amino acid sequences of (SEQ lD 
N0:61 and SEQ ID N0:63) Bl beavy (A) aod light (B) 
chains. Underlined nucleotide sequences correspond (at tbe at different time periods. Bars indicate the standard devia­

tion. 
FIG. 8 illustrates the effect of B3(Fv)-PE38KDEL on Lhe 

growth of A431 tumors in nude mice. Mice were injected 
with 3xl06 A431 cells on day 0 and treated beginning on day 
4 wiih int ravenous injections every 12 hrsx6. A: (o) 
untreated; (e ) lO pg B3{Fv)-PE38KDEL;B: (D) 2.5 jig B3; 
(• ) 5 ,ug B3(Fv)-PE38KDEL; C: (6) 2.5 jig anti-Tac (Fv) 
PE38KOEL; (.&.) 2.5 jig B3(Fv)-PE38KDEL; (--o--) 0.5 jig 
B3(Fv)-PE38KDEL; D: treatment began on day 7 with 
intravenous injections every 12 hrsx8. (o) untreated,(• ) 5 
jig B3(Fv)-PE38KDEL. Bars=l standard deviation. 

5 5' end) or are complementary (a t the 3' cod) to tbe PCR 
primers which were used to PCR amplify tbe fragment. The 
amino acid sequence is in siogle-leuer code; below is the 
amino acid sequence determined by Edman sequencing 
(SEQ ID N0:62 and SEQ ID N0:64) shown in italics. CORs 

10 are underlined, and constant region amino acids are struck 
tbrougb. 

FIG. 16 provides lbe nucleotide (SEQ ID N0:59 and SEQ 
ID N0:60) and deduced amino acid sequence (SEQ ID 
N0:65 and SEQ ID N0:67) of BS heavy chain (A) and tbe 

FIG. 9 illustrates the construction of plasmids for expres­
sion of B3-B5 chimeric Fv single chain immunotoxins. L 
indicates the (Gly,,Ser)3 linker whicb connects the V11 10 the 
V'- in the single-chain Fv configuration. 

15 variable region and the beginning of tbe constant region of 
the light (B) chain. Other details are as in FIG. 15 ((Edman 
amino acid sequences are SEQ lD N0:66 and SEQ lD 
N0:68). The struck-through carboxyl-terminal amino acids 
in tbe heavy chain correspond to the beginning of tbe 

FIG. 10 shows tbe cytotoxic activity of immunotoxins 
B3(Fv)-PE38, B3V11-B5VcPE38 and B3(Fv)-PE38: VL 
M4L S7T following incubation in PBS at 37° C. A431 
epidermoid carcinoma cells were incubated wilb aliquots of 
the immunotoxins which were diluted in PBS+0.2% BSA 
following incubation at 37° C. 3 H-Leucine was added 20 
hours after addition of immunotoxins. 

20 (Gly4Ser):, (SEQ TD N0:32) linker used lo connect tbe Vu 
and tbe VL in the single chain con1ig11ratioo. 

FIG.17 provides the amino acid (peptide) sequence of the 
B3 single chain Fv. The figure provides the sequences for the 
Vn region, (SEQ ID N0:45) tbe linker (SEQ ID N0:32) and 

25 tbe V '- region respectively. CD Rs are in parentheses. 

FIG.11 illustrates tbe humanization ofB3(Fv). Al ignment 
of the amino acid sequences of (A) B3 V 11, 56Pl'CL V /1 and 
HUMB3Vu (SEQ ID NOS:45, 46 and 47, respectively (B) 

30 
B3 VL, GM607 VL, and HUMB3V'- (SEQ ID NOS:48, 49 
and 50, respectively. B3 amino acids that differ from the 
res idues of the corresponding position of the human anti­
body are indicated by vertical lines above the sequence. 
Inter-domain residues that were not humanized are indicated 

35 
by asterisks below tbe sequence. Heavy chain residue 82b is 
indicated. Numbers above the sequence indicate the posi­
tions of residues tbat were humanized. 

FIG. 12 illustrates the plasmids utilized for expression of 
humanized B3(Fv)-PE38 immunotoxins. Single-stranded 40 
u.racil-containing pULl 7 DNA (A) encoding wild type 
B3(Fv)-PE38 was the template for the mutagenesis accord­
ing 10 the method of Kunkel, Proc. Natl. Acad. Sci. USA 
82,488-492 (1985). Single stranded uracil -containing 
pB3V H"'HUMVcPE38 DNA (C) was the template for tbe 45 
generation of pHUMB3(Fv)-PE38. 

FIG. 13 shows the ADP-ribosylation activity, cytotoxicity, 
and antigen binding of B3(Fv)PE38 and of the humanized 
variants. (A) ADP-ribosylation activity was determined by 
the incorporation on 14C-NAD into acid precipitable mate- so 
rial using elongation [actor 2 enriched wheal-germ extract. 
(B) Cytotoxicity towards A431 cells was measured by the 
inhibition of incorporation of [3 H)-leucine in to cell protein. 
(C) Antigen binding was estimated by competition of (ml] 
-B3 IgG binding to A431 cells at 4° C. witb eacb immune- 55 

toxin. 

FIG. 18 provides the nucleotide sequence of the human­
ized B3 single-chain Fv (SEQ lD N0:31). 

DETAJLED DESCRIPTION OF THE 
INVENTION 

Definitions 
Abbrevia tions used bere for tbe twenty naturally occur-

ring amino acids, Lhe five naturally occurring nucleic acids 
and the eleven nucleic acid degeneracies (wobbles) follow 
conventional usage. In the polypeptide notation used herein, 
the left-band direction is tbe amino terminal direction and 
the righ t-hand direction is the carboxy-terminal direction. la 
tbe nucleic acid notation used berein, tbe left-band direction 
is the 5' direction and lbe right-hand direct ion is the 3' 
direction. 

Tbe term "nucleic acid" refers to a deoxyribonucleotide or 
ribonucleotide polymer in either single- or double-stranded 
form, and unless otherwise limited. would eocompas.5 
known analogs of natural nucleotides tbat can function in a 
similar manner as naturally occurring nucleotides. 

Tbe phrase "nucleic acid encoding" or "nucleic acid 
sequence eocodiog" refers io a nucleic acid which directs tbe 
expression of a specific protein or pepride. The nucleic acid 
sequences include both the DNA strand sequence lbat is 
transcribed inio RNA and the RNA sequence that is trans­
lated ioto protein. Tbe nucleic acid sequences include both 
full length nucleic acid sequences as well as shorter 
sequences derived from the full length sequences. lt is 
understood that a particular nucleic acid sequence includes 
tbe degenerate codons of the native sequence or sequences 
which may be introclucecl to provide codon preference in a 
specific host ceU. TI1e nucleic acid includes both the sense 
aod antisense strands as ei ther individual single strands or in 
the duplex form. 

The terms "isolated" or "substantially purified", when 
referring to recombinantly produced proteins, means a 
chemical composit ion which is essentially free of other 
cellular components. Such a composition is preferably in a 
homogeneous state allhougb it can be in either a dry or 

FIG. 14 shows the reactivity of pooled monkey an ti­
B3(Fv)-PE38 scra lo B3(Fv)PE38 and humanized variants. 
B3(Fv)-PE38, B3HUMVH-l-IUMVL-PE38 and l-IUMB3 
(Fv)-PE38 were immobilized on a 96-well microtiter plate. 60 

Sera that were preincubated with PE38 as a competitor at a 
molar ratio of 1000 10 1 over the immobilized proteins were 
added in an equal volume al a dilution of 1:50. Percent 
reactivity was calculated by setting the mean reactivity with 
B3(Fv)-PE38 obtained from four independent experiments 65 aqueous solution. Purity and homogeneity are lypicaUy 

determined using analytical chemistry techniques such as 
polyacrylamicle gel electrophoresis or high performance 

to 100% and adjusting the relative reactivities with the 
humanized variant accordingly. 
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Siagle Chain Antibodies 
Tbis iavention relates to recombinantiy produced single 

cbain antibodies. lo particu lar, tbis invention provides fo r 
recombinant single cbain antibodies tba l may be joined to 

liquid chromatography. A protein which is the predominant 
species present in a preparation is substantially purified. 
Generally, a substantially purified or isolated p rotein will 
comprise more than 80% of all macromolecular species 
present io the preparation. Preferably, the protein is purified 
to represent greater tbao 90% of all macromolecular species 
present. More preferably the protein is purified to greater 
than 95%, and most preferably the protein is purified to 
essential homogeneity, wherein other macromolecular spe­
cies are not detected by conventional techniques. 

s one or more effoctor molecules aod, because of tbeir ability 
to specifically bind 10 a particular preselected targe t 
molecule, these antibodies are useful as targeting moieties 
which serve to di rect tbe joiaed effector molecules or 
compositions to a cell or tissue bearing the preselected target 

10 molecul e. 
The term '"labeled antibody" as used herein refers to an 

antibody bound to a label such that detection of the presence 
of the label (e.g. as bound to a biological sample) indicates 
the presence of the antibody. 

Cytotoxin refers to a molecule that when contacted with t5 
a cell brings about the death of that cell. 

The phrase "binding specificity", ··specifical ly binds to an 
antibody" or ''specifically immunoreactive with," when 
referring to a protein or carbohydrate, refers lo a binding 
reaction which is determinative of the presence of the 20 

protein or carbohydrate io the presence of a heterogeneous 
popul ation of proteins and other biologics. Thus, under 
designated immunoassay conditions, the specified antibod-
ies bind to a particular protein or carbohydrate and do not 
bind in a significant amount to other proteins or carboby- 25 

dratcs present in the sample. Specific binding to an an tibody 
lrnder such conditions may require an an tibody that is 
selected for its specificity for a particular protein or carbo­
hydrate. For example, antibodies raised to the Lel' antigens 
may be selected to provide antibodies that are specifically 30 

immuooreactive with Lel' proteins and not with other pro­
teins. A variety of immunoassay forma ts may be used to 
select an tibodies specifically immunoreactive with a par­
ticular protein or carbohydrate. For example, so.l id-phase 
ELISAimmuooassays arc routinely used to select antibodies 35 

specifically immu.noreactive with a protein or carbohydrate. 
See Harlow and Lane (1988) Antibodies, A Laboratory 
Manual, Cold Spring Harbor Publications, New York, for a 
description of immunoassay formats aad condi tions that can 
be used io determine specific immunoreactivity. 

40 

The terms "rccombioaot DNA," " recorobioaot ouclcic 
acid" or "recombioantly produced DNA" refer to DNA 
which bas been isolated from its native or endogenous 
source and modified eitbcr cbemicaUy or eozymatically by 45 
adding, deleting or altering naturaUy-occurring flanking or 
ialerna1 aucleotides. Flankiag nucleotides are those nucle­
otides which are either upstream or downstream from the 
described sequence or sub-sequence of nucleotides, while 
internal nucleotides are those nucleotides which occur 

50 
within tbe described sequence or subsequence. 

As used berein, the term "aotibody" refers to a protein 
consisliog of o ne or more polypeptides substaotia lly 
encoded by immunoglobulio genes or fragments of irnmu­
ooglobu Lin genes. The rccogoizcd imrouooglobulin genes 
include the kappa, lambda, alpha, gamma, delta, epsilon and 
mu constant region genes, as well as lhe myriad immuno-
globulio variable region genes. Light cbaios are classified as 
either kappa or lambda. Heavy chains are clas.si:fied as 
gamma, mu, alpha, della, or epsilon, which in tum define the 
immunoglobulin clas.ses, IgG, lgM, lgA, lgD and lgE, 
respectively. 

Tbe basic immunoglobulio (antibody) structura l unit is 
known to comprise a tetramer. Each tetramer is composed of 
two identical pairs of polypeptide chains, each pair having 
one " ligbt" (about 25 kD) and oae ''heavy" chain (about 
50-70 kD). The N-terminus of each chain defines a variable 
region of about 100 LO 110 or more amino acids primarily 
responsible for aa tigen recognition. The terms variable light 
chain (V1.) and variable heavy chain 0111) refer to these light 
and heavy chains respectively. 

Antibodies may exist as iotact imonunoglobulins, or as 
modifications in a variety of forms including, for example, 
ao Fv fragment cootaining only Lhe light aod heavy chain 
variable regions, a Fab or (Fab)'2 fragment containi ng the 
variable regions and parts of the constant regions, a single­
chain antibody (Bird et al. , Science 242: 42~26 (1988); 
Huston et al., Proc. Natl. Acad. Sci. USA 85: 5879-5883 
(1988) both incorporated by reference herein), and tbe like. 
The ant ibody may be of animal (especia lly mouse or rat) or 
human origin or may be chimeric ( Morrison et al. , Proc Nall. 
Acad. Sci. USA 81, 6851-6855 (1984) both incorporated by 
reference herein) or humanized (Jones et al., Nawre 32 l, 
522-525 (1986), and published UK patent application 
#8707252, both incorporated by reference herein). As used 
herein tbe term ·'antibody" includes these various forms. 
Using the guidelines provided herein and those methods 
well known to those skilled in the art which are described in 
the references c ited above and in such publications as 
Harlow & Lane, Antibodies: A Laboratory Manual, Cold 
Spring Harbor Laboratory, (1988) the antibodies of the 
present invention can be readily made .. 

The terms "recombinant protein" or ·' recombinant ly pro­
duced protein" refer to a peptide or protein produced using 
non-native cells that do not have an endogenous copy of 
DNA able to express the proteia. The cells produce tbe 
protein because they have been genetically altered by Lhe 
introduction of Lhe appropriate nucleic acid sequence. The 
recombinant protein wi.11 not be found in association wi th 
proteins aod other subcellu tar componeots normally associ­
ated wilh the cells producing the protein. 

The term .. Fv" region as used herein refers to a single 
chain antibody Fv region containing a variable heavy (VH) 
and a variable light (VL) cbain. Tbe beavy and light chain 

55 may be derived from the same antibody or different anti­
bodies thereby producing a chimeric fv region. 

Mutations io proteins arc designated by nomenclature 
consisting of the peptide sequence in which the mutalioo 
occurs, a representation of the oon-mutated amino acid, 
followed by its position, followed by the representation of 
the mutated amino acid. Thus, for example, a mutation 
designated B3(Fv)V1.. S7T is a mutation from serine (S) to 
threonine (1) at posilioo 7 of the V1• chain of B3(Fv). 

The term ·•effector molecule" or ·'effector composition" as 
used herein refer to agents having a particu lar biological 
activity which is to be di rected to a particular target mol-

60 ecule or a cell bearing a target molecule. One of ski ll in the 
art will appreciate that effector molecu les may include 
various drugs such as vinblastine, daunomycio and the like, 
cytotoxins such as native or modified Pseudomonas exo­
toxin or Diphtheria toxin, encapsulating agents (e.g., 

65 liposomes) which themselves contain pharmacological 
compositions, radioactive agents such as ns1, 131Cs, 32p, 
14C, 31-I, and 35S, target moieties and Jigaods. 
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domain in the B chain and, more specifically, involve 
truncations of tbe carboxyl region of the B chain. 

The recombinant single cbaio an tibodies of the present 
invention may be fosed to, or otherwise bound to the effector 

As used herein "ligands" are molecules capable of react­
ing wiLb or otherwise recognizing and specifically bi.nding a 
"target" molecu le. Ligands and their respective target mol­
ecules represent paired species. Typical paired species 
include, but are not Limited to, enzyme/substrate, receptor/ 
agonist, antibody/an tigen, and lectio/carbobydrate. Tbe 
binding between a ligand and its target may be mediated by 
covalent or non-covalent interactions or a combination of 
covalent and non-covalent in teractions. Wben tbe interac­
tion of the two species produces a non-covalently bound 
complex, the bi.nding which occurs is typically electrostatic, 
hydrogen-bonding, or the resu lt of hydropbilic/ lipophilic 
interactions. Accordingly, "specific binding" occurs between 

5 molecule or composition by any method k:oowo and avail­
able to those in the art. The two components may be 
chemically hooded together by any of a variety of well­
known chemical procedures. For example, the linkage may 
be by way of heterobifunctional cross-linkers, e .g. SPDP, 

a ligand and its target molecule where there is interaction 
between the two which produces a bou.nd complex having 
the characteristics of an antibody/antigen or enzyme/ 
substrate interaction. Specifically, examples of ligands 
include, but are not limited to antibodies, lympbokines, 
cytokines, receptor proteins such as CD4 and CDS, solubi­
lized receptor proteins such as soluble CD4, hormones, 
growth factors, and the like which specifically bind desi red 
target cells. 

10 carbodiimide, glutaraldebydc, or Lhe like. Production o( 
various immunotoxins is well-known w[tbi.n the art aod can 
be found, for example in ·'Monoclonal Antibody-Toxin 
Conjugates: Aiming the Magic Bullet," Thorpe et al.,Mono­
clonnl Antibodies in Clinical Medicine, Academic Press, pp. 

15 168-190 (1982) and Waldmann, Science, 252: 1657 (1991), 
both of wbich are iocorporated by rcfereoce. To use the 
recombinant PE molecules with an antibody, a form of the 
PE molecu le \vith cysteine at amino acid position 287 is 
preferred to couple the toxin to the antibody or other ligand 

20 tbrough the thiol moiety of cystcinc. 
In a preferred embodiment, the antibodies of this inven­

tion may also be fused to a protein effector molecule by 
recombinant means such as through the use of recombinant 
DNA techniques to produce a nucleic acid which encodes 

The choice of the particular effector molecule or compo­
sition depends on the particular target molecule or cell and 
Lbe biological effect it is desired to evoke. Tb us, for example, 
lbe effector molecule may be a cytotoxin where it is desi red 
Lo br ing about deatb of a particular target cel l. Conversely, 
where it is merely desired to invoke a non-lethal biological 
response, the effector molecule may be a conjugated non­
lethal pharmacological agent or a liposome containing a 
non-lethal pharmacological agent. 

25 both the antibody and the effector molecule and expressing 
tbe DNA sequence in a bast cell such as£. coli. Tbe DNA 
encoding the chimeric protein may be cloned in cONA or in 
genomic form by any cloning procedure known to those 
skilled in the art. Sec for example Sambrook et al., Molecu-

30 lnr Cloning: A Laboratory Mnnunl, Cold Spring Harbor 
laboratory, (1989), wbicb LS herein incorporated by refer-

In a particularly preferred embodiment, Lbe antibodies 
may be joined to an effector molecule that is a drug or to a 
cytotoxin to form an irnmunotoxin capable of selectively 
killing particu lar target cells. Numerous cytotoxic com- 35 

pounds are known to those of skill in the art of include, but 
are not limited to, ricin, abrin, Pseudomonas exotoxin (PE), 
Diphtheria toxin (DT), and the like. Preferred toxins are PE 
or OT. Native PE and OT are highly toxic compounds that 
typica lly bring about death tbrougb liver toxici ty. PE and 40 

OT, however, can be modified into a form for use as an 
immunowxin by removing the native targeting component 
of tbe toxin (e.g. domaio Ia of PE and the B cbaio of DT) and 
replacing it with a differeoce antibody targeting moiety. 

The term "Pseudomonas exotoxio" (PE) as used berein 45 
refers to a full-length native (naturally occurring) PE or a PE 
lbat bas been modified. Such modifications may include, but 
are not limited to, elimination of domain La, various amino 
acid deletions in domains II and Ill, single amino acid 
substitu tions (e.g., replacing Lys with Gln at positions 590 so 
aod 606), and the addition of one or more sequences at tbe 
carboxyl terminus such as KDEL SEQ ID N0:51 and REOL 
SEQ lD N0:52. See Siegall et al., J. Bio. Chem. 264: 
14256-14261 (1989). Thus, for example, PE38 refers to a 
truncated Pseudomonas exotoxin composed of amino acids 55 

253-364 and 381-613 (see commoaly assigned U.S. patent 
application Ser. No. 07/901,709 filed Jun. 18, 1992 incor­
porated herein by reference. The native C-tcrminus of PE, 
REOLK (SEQ ID N0.53) (residues 609- 613), may be 
replaced with the sequeoce KDEL(SEQ ID NO:Sl), REDL 60 

(SEQ JO N0:52) and Lys-590 and Lys-606 may be cacb 
mutated to Gin (see commonly assigned U.S. patent appli­
cation Ser. No. 07/522,563 filed May 14, 1990, iocorporated 
herein by reference). 

The term "Diphtheria toxin" (Dl) as used herein refers to 65 

ful l lenglb nat ive OT or to a OT that bas been modified. 
Modifications typically include removal of tbe targeting 

ence. 
As indicated above, in addition to cytotoxios, the single 

chain an tibodies of the present invention may be fused or 
chemically conjugated to a wide vari.cty of el!cctor mol­
ecules. Thus, for example, the antibody may be conjugated 
or fused to bacterial or plant toxins, or 10 otber effector 
agents to treat or diagnose human cancer. For example, 
radioouclidcs conjugated to antibodies !hat bind to tumors 
can produce cell ki lling based on tbe bigb local concentra­
tion of radia tion. Chemotherapeutic drugs, for example, 
vinblastine or daunomycin, can be coupled to the antibodies 
aod delivered at bigh conceotration to cells tbat react with 
Lbe antibodies. Similarly, tbe antibodies of this invention 
may be utilized to specifically target a vehicle that encap­
sulates a therapeutic agent. For example, the ant ibodies may 
be conjugated to a iiposome which itself carries a drug (e.g. 
doxorubicin) and thereby specifically targets the liposome to 
a specific tissue or cell. Alternatively, the antibodies may be 
recombinant ly fused to a membrane-inserting protein and 
thereby incorporated into the liposome for delivery of thera­
peutic agents. 

Fusion or conjugation of the an tibodies of this invention 
to various labels produces a highly specific detectable 
marker that may be used to detect tbe presence or absence 
of cells or tissues bearing the particular molecule to whicb 
the ant ibody is detected. Alternatively, the antibodies may be 
chemically conjugated or fused to an effector molecule tha t 
is another specific binding moiety, e.g. a ligand such as those 
described above. lo thi5 form the compositioo will act as a 
bigbly specific bifuncrional linker. This linker may act to 
bind and enhance the interaction between cell5 or cellular 
components to wbicb the fusion protein binds. Thus, for 
example, where tbe fusion protein is a growlb factor joined 
to an antibody or an tibody fragment (e.g. an Fv fragment of 
an antibody), tbe antibody may specifically bind antigen 
positive cancer ccll5 while tbe growth factor binds receptors 
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(e.g., TL2 or Tl4 receptors) on the surface of immune cells. 
The fusion protein may Lbus act to enbance and direct an 
immune response toward target cancer cells. 

One of skill in tbe art will appreciate tbal tbe antibodies 
of tbe present invention may also be utilized as multiple 5 

targeting moieties. Tbus tbis invention also provides for 
compositions in wbicb two or more antibodies are bound to 
a single effector molecule. Wbere the effector molecule is a 
cytotoxin, tbe presence of two or more antibodies may 
increase specificity or avidity of bind ing of the immuno- 10 
toxin. Conversely, multiple effector molecules may be fused 
or otherwise joined to a single antibody. Compositions of 
tbis nature may provide two or more kinds of biological 
activity witb a single targeting moiety. 

In a particularly preferred embodiment, the antibodies of 15 

tbi5 invention are antibodies that specifically bind Lewis1
' 

(Le1
) carbohydrates (Le1

' carbohydrate antigens). As used 
berein, the Le1

' carbohydrate antigens include natural or 
syntbetic Le1

' carbohydrates or fragments thereof that con­
tain cpitopcs recognizable by Ley binding antibodies. Also 20 
included arc carbohydrates, glycoproteins and other glyco­
conjugates wbicb contain or mimic tbc Ley carbobydrate or 
cpitopcs contained within tbe Ley carbohydrate (sec, Pastan 
et al., Cancer Res., 51: 3781-3787 (1991) and 1-loess et al., 
Gene, 128: 43-49 (1993)). Such mimics are known by their 25 

ability to specifically bind to known anti-Le1' antibodies 
such as Bl, B3, BS, BR64 and BR96 (Hellstrom et al, 
Cancer Res., SO: 2183-90 (1990)), and the like. 

Of the Ley binding antibodies, particularly preferred are 
antibodies having the tissue binding specificity of 133 or BS. JO 
The term "tissue binding specificity'' as used herein refers to 
Lbe particular distribution of tissues to wbich an an tibody 
binds and does not bind as determined by immunohis­
tocbemical analysis. Meihocls of determining tissue binding 
specificity as welJ as the binding specificities for Bl, B3 and 35 

BS are described in U.S. Pat. No. 5,242,813 (see, especially 
Tables I, II and 111) which is incorporated herein by refer­
ence. 

12 
dom hexamers as primers. T he V11 and VL domains are 
amplified separately by two polymerase chain reactions 
(PCR®). Heavy cbain sequences may be amplified using S' 
end primers which are designed accorcling to the amioo­
terminal protein sequences of tbe Bl , B3 and BS beavy 
chains respectively (SEQ ID NOS:l9, 17 and 21, 
respectively) and 3' end primers according to consensus 
immunoglobulin constant region sequences (Kabat et al., 
Sequences of Proteins of Immunological Imeres1. Stb edi­
tion. U.S. Department of Health and Hu man Services, Public 
Hcaltb Service, National Institutes of Health, Bethesda, Md. 
(1991) incorporated by reference). Light chain Fv regions 
arc amplified using S' encl primers designed according to the 
am ino-tcnninal protein sequences of Bl, B3 and BS light 
chains respectively (SEQ ID NOS: 20, 18 and 22 
respectively) and in combination witb tbe primer C-kappa 
(Table 1 and SEQ ID N0:14). Suitable primers are specifi­
cally illustrated in Examples l and 2 although one of skill in 
the art would recognize that other suit.able primers may be 
derived from the sequence listings provided herein. 

The crude PCR proclucts are subcloned into a suitable 
cloning vector. Clones containing the correct size insert by 
DNA restriction arc identified. l11c nucleotide sequence of 
Lbe beavy or light chain coding regions may tben be deter­
mined from double stranded plasmid DNA using sequencing 
primers adjacent to the cloning site. Commercially available 
kits (e.g. the SequenaseTM kit, United States Biochemical 
Corp., Clevelancl, Obio, USA) may be used to facilitate 
sequencing the DNA. 

Of course the sequencing steps are 1wnecessary given the 
sequence information disclosed in the present invention. 
One of skill will apprecia te Lbat utilizing tbe sequence 
information provided for Lhe Fv regions of Bl, B3, and BS 
(SEQ ID NOS: 17-22), nucleic acids encodiog these 
sequences may be obtained using a oumber of methods well 
known to those of skill in the art. Thus, DNA encoding the 
Fv regions may be prepared by aay suitable methocl, 
including, for example, amplification techniques such as 
ligase chain reac tion (LCR) (see Wu and Wallace, The ant ibodies may be derived from the monoclonal 

antibodies designated Bl, B3, and BS (see U.S. Pat. No. 
5,242,813). These antibodies bavc been shown to specifi­
cally bind to Lewis>' and Lewis>'-related carbohydra te an ti­
gens tbat are typically found on various carcinomas includ­
ing carcinomas of the breast, colon, cervix, and prostate. 

40 Genomics, 4: 560 (1989), Lanclegren, et al. , Science, 241: 
1077 (1988) and Barringer, ct al., Gene, 89: 117 (1990)), 
transcription amplificat ion (see Kwon, et al., Proc. Natl. 
Acnd. Sci. USA, 86: 1173 (1989)), aod self-sustained 
sequence replication (see Guatelli, el al., Proc. Natl. Acad. 

The antibodies of this invention may be Fv regions 
comprising a variable light (VL) and a variable heavy (V11) 
chain. The light and beavy chains may be joined clirectly or 
th rough a linker. As used herein a linker refers to a molecule 
Lbat is covalently Linked to the light and heavy chain and 
provides enough spacing and flexib ility between the two 
chains sucb tbat they are able to achieve a conformation io 
which they arc capable of specifically binding tbe cpitopc to 
wbich tbey are directed. Protein Linkers are particularly 
preferred as they may be expressed as an intrinsic compo­
nent of the fusion protein. 
Preparation o[ Antibody Fv Fragments 

Single chain 131, B3 and BS Fv regions may be cloned 
from the hybridoma cell lioes Bl, 83 and BS which were 
deposited on Oct. LO, 1990 with tbe American Type Culture 
Collection (ATCC), 12301 Parklawn Drive, Rockville, Md. 
20852, where tbe deposits were granted the accession num­
bers ATCC HB 10S72, HB 10573, and HB 10S69, respec­
tively. The deposits were made pursuant to the provisions of 
the Budapest Treaty. 

The Fv regions may all be cloned using the same general 
strategy. Typically, for example, poly(At RNA extracted 
from the hybridoma cells is reverse transcribed using ran-

45 Sci. USA, 87: 1874 (1990)), cloning and restriction of 
appropriate sequences or direct chemical synthesis by meth­
ods such as tbe phosphotriester method of Narang et al. 
Met!t. Enzymol. 68: 90-99 (1979); the phosphodiester 
method of Brown et al., Meth. Enzymol. 68: 109-lSl 

so (1979); the diethylphosphoramiditc method of Beaucage et 
al., Te1ra. Leif., 22: 18S9-1862 (1981); and tbe solid support 
metbod of U.S. Pat. No. 4,4S8,066, all sucb references in 
this paragraph incorporated by reference bereio. 

Chemical synthesis produces a single stranded oligo-
55 nucleotide. This may be converted into double stranded 

DNA by hybridization with a complementary sequence, or 
by polymerization wi th a DNA polymerase using the single 
strand as a template. While it is possible to cbcmically 
synthesize an entire single cbain Fv region, it is preferable 

60 to synthesize a number of shorter sequences (about 100 to 
lSO bases) that are later ligated together. 

Alternatively, subsequences may be cloned and the appro­
priate subsequcoces cleaved using appropriate restriction 
enzymes. The fragments may then be ligated to produce the 

65 desired ONA sequence. 
Once tbe Fv variable light and heavy chain DNA is 

obtained, the sequences may be Ligated together, citber 
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direclly or th rough a DNA sequence encoding a peptide 
linker, using techniques well known to those of skill ia the 
arl. Ia a preferred embodiment, heavy and Ligh t chain 
regions are connected by a .flexible peptide linker (e.g. 
(Gly4 Scrh SEQ ID N0:32) which starts at the carboxyl end 5 

of the heavy chain Fv domain and ends at the amino 
terminus of the light chain Fv domain. The entire sequence 
encodes the Fv domain in the form of a single-chain antigen 
binding protein. 

a 3 fragment ligation, using an Ndel/BamHI fragmen t of the 
heavy chain coding region and the BamHl/Hindlll fragment 
encoding the light chain Fv (FIG. l a) as described in 
Example l. 

Similarly, a plasmid encoding B3(Fv)-PE38 may be pro-
duced by removing the PE40 coding region from pULll 
from the 1-IindJll site to an EcoRI site positioned just beyond 
the PE40 gene and replacing it with a Hiad/Ul/EcoRl 
fragment from pRK79K described by Chaudhary et al. 

Preparation of Ant ibody Fusion Proteins 
Once a DNA sequence bas been identified tbat encodes an 

Fv region which, when exprcs.sed shows specific binding 
activity, fusion proteins comprising that Fv region may be 
prepared by methods known to one of skill in the art. The Fv 
region may be fused directly to the effector molecule (e.g. 
cywtoxin) or may be joined directly to the cytotoxin through 
a peptide connector. The peptide connector may be present 
s imply lo provide space between the targeting moiety and 
the effecwr molecule or to facilitate mobility between these 
regions to enable tbcrn to each attain their optimum confor­
mation. The DNA sequence comprising the connector may 
also provide sequences (such as primer si tes or restriction 
sites) 10 facilitate cloning or may preserve the reading frame 
between the sequence encoding the targeting moiety and the 
sequence encoding the effector molecule. The design of such 
connector peptides will be well known to those of skill in the 
art. However, one particularly preferred coaoeclor is the 
peptide SGGPEGGS (SEQ ID N0:44), designated herein as 
the C3 connector. 

Methods of producing fusion proteins are well known lo 
those of skill in the art. Thus, for example, Chaudhary et al., 
Nature, 339: 394-97 (1989); Batra et al.,J. Biol. Chem. 26S: 
1S198-1S202 (1990); Batra et al., Proc. Natl. Acad. Sci. 
USA, 86: 8S4S-8S49 (1989); Chaudbary et al. , Proc. Natl. 
Acad. Sci. USA, 87: 1066-1070 (1990), all incorporated by 
reference, describe 1he preparation of various single chain 
aa1 ibody-1oxio fusion proteins. 

Generally producing immuaotoxio fusion proteins 
involves separately preparing the Fv light aad heavy chains 
and DNA encoding any other protein 10 which !hey will be 
fused and recombining the DNA sequences in a plasmid or 
other vector to form a construct encoding the particular 
desired fusion protein. However, a simpler approach 
involves inserting the DNA encoding the particular Fv 
region into a construct already encoding the desired second 
protein. 

Thus, for example, DNA encoding Bl(Fv), B3(Fv), 
BS(Fv) or chimeric Fv fusion proteins is most easily pre­
pared by inserting the DNA encoding the Bl, B3, BS or 
chimeric Fv regions into constructs already containing DNA 
encoding the desired cytotoxin. The expression plasmid 
p VC381-l contains the gene from the immunotoxin TGFa­
PE40 under control of the T7 promoter, the Tcj> transcription 
terminator at the 3' end of the PE40 coding region and the 
single strand replication region p•, to generate single 
stranded phage DNA by con1ransfec1ion with (M13) helper 
phages, if desired to create derivatives of the plasmid by sile 
directed mutagencsis (Chaudhary et al. Proc. Natl. /\cad. 
Sci. USA, 87: 1066-1070 (1990). Similarly, the plasmid 
pRK79K encodes the Pseudomonas exotoxin PE38KDEL 
(Chaudhary, et al. Proc. Natl. Acad. Sci. USA, 87: 308-312 
(1990). 

The DNA sequence encoding the Fv region is inserted 
into the construct using techniques well known to those of 
ski ll in the art. Thus, for example, to create a plasmid for 
expression of the immuaotoxia B3(Fv)-PE40 (pULEE3), the 
TGFa gene is removed aod replaced by the B3(Fv) gene io 

10 supra. This approach is described in greater detail in 
Example l. 

A particularly preferred approach involves the use of 
plasmid pULl7 which encodes the B3(Fv)-PE38 immuno­
toxin (Benhar cl al. Bioconjug. Cl1e111., S: 321-326 (1994)). 

15 For each Fv, the V Hand VL sequences are PCR amplified 
using the heavy chain and ligbl chaio in their respective 
plasmids as templates. The amplification primers are 
designed lo bave at their cods sequences tha t are comple­
mentary io the translation init iation, peptide linker and 

20 Fv-toxin junctfoo (connector) which arc common to the 
single-chain Fv-immunotoxin expression vectors. The PCR 
products arc purified and annealed to a uracil-containing 
single stranded DNA corresponding to the pUU7 DNA 
prepared by rescue of pULl 7 with a helper phage. The 

25 annealed PCR products are extended using the single 
stranded DNA as a template (see, for example, 
MUTAGENE® mutageaesis protocol, Uiorad, Hercules, 
Ca lif., USA). The intact DNA may be used to transform cells 
and express the new fusion protein . In a preferred 

JO embodiment, because annealing efficiency to the template is 
low, the remaining intact "unmodified" DNA may be 
digested using a restriction eadoouclease which bas a unique 
site in the B3(Fv) template but that is absent from Bl and 
BS. This destroys any residual B3(Fv) sequences leaving 

35 only tbe modified sequences. This approach is described in 
greater detail in Example 2. 
The Preparation of DNA Eacodiag Variable Domain 
Shufiled Fusion Proteins 

It was observed tha t the stabil ity of monoclonal amibody 
40 B3 could be improved. In the form of a single chain Fv 

immunotoxin, B3 is considerably more stable, however it 
still undergoes inactivation, mainly by aggregation, espe­
cia Uy upon incubation in 0.lSM NaCl, O.OlM NaP0,1 pH 7.4 
at 37° C. l o contrast to B3(Fv)-PE38 immunotoxin, 

45 BS(Fv)-PE38 is roorc resistant to inactivation under these 
conditions (see FIG. 6). Based on these observations, the 
stability of chimeric Fv immuootoxins was examined. 

ii is an unexpected discovery of the present invention 1ha1 
chimeric Fv regions containing variable heavy and light 

so chain domains from different, albeit rel.ated, antibodies may 
show significantly greater stability in vitro and in vivo than 
Fv reg.ions where both the heavy aod light domain are 
derived from the same antibody. Thus, for example, a fosion 
protein comprising a B3 variable heavy region and a BS 

55 variable light region fused together and to PE38 shows 
higher activity and longer term stability than a B3(Fv)-PE38 
fusion protein. 

Nucleic acids encoding chimeric Fv regions are easily 
prepared using the techniques described above. The V,,, and 

60 VL sequences are PCR amplified using the heavy chain and 
light cbaia in thei r respective plasm ids as tern plates as 
described. However, instead of usiag Lhe V H and V r.. DNA 
froro the same antibody, the V11 and VL DNAs are selected 
from different antibodies. 1bus, for example, one may 

65 combine a B3V,,, witb a B5Vr.. or a BSVn witb a B3V4 and 
so forth. The DNAs are annealed to a uracil-coataini og 
siagle stranded DNA corresponding to the pUU7 DNA and 
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tbe synthesis of the chimeric Fv-cytotoxin fusion protein 
DNA is completed as described above and in Examples 2 
and 12. 

One of skill will appreciate tbat it is possible to eliminate 
the cytotoxin moiety and express the chimeric or single 
antibody Fv regions alone. '.lllese may be used in various 
chemical conjugates for example, either directly with toxins 
or other therapeutic agents, with carriers for therapeutic 
agents such as liposomes, or with various labels and markers 
such as fluorescent labels. 
Stabilizing Mutations of B3 

When a more stable related form of an antibody is 
identified, site directed mutagenesis may be used to identify 
tbe differences between the more and less stable forms. 
Thus, for example the B3V H-B5VcPE38 immunotoxin 
shows greater stability than the B3-PE38 (B3V1rB3VL­
PE38) immunotoxin. To identify tbe amino acid residues 
contributing to the increased stability one performs a 
sequence analysis to ident ify those regions of the particular 
light or heavy region (in this case the V1_ reg.ion) that differ 
from the corresponding light or heavy chain in the non­
cbimeric antibody. Once the differences have been 
identified, mutat ions reflecting those differences may be 
systematically introduced into the corresponding region of 
the non-chimeric antibody. Comparison of the activity and 
stability of the mutated antibody with the chimeric antibody 
(usion protein wil l indicate which mutation is responsible 
for the increased stability. For example, it was discovered 
that replacing the B3 V /., methionine 4 with leucine s tabi­
lized the immunotoxin as much as the B3V H -BSV c PE38 
combination whereas replacing VL serine 7 with threonine 
bad no stabilizing effect. Thus, in a particularly preferred 
embodiment, the fusion protein comprises either B3V11-

B5VcPE38 or B3(Fv)-PE38: VL M4T. 
Mutations that Increase Antibody Binding Affinity 

An unexpected result of the present invention is the 
discovery that mutations at position 95 of the Vu region can 
alter the binding affinity of the single chain an tibody. More 
specifica lly, it was discovered that mutations that altered ihe 
serine at position 95 in TI3(Fv) LO tyrosine or to 
phenylalanine, wbich arc the most common amino acids at 
th is position in other antibodies, reduced the binding affini ty 
of B3(Fv) by approximately 10-fold (see Example 18). 
Conversely, when the tyrosine at V H 95 in B5(fv) was 
mutated to serine showed a for-fold increase binding activity 
as analyzed by cytotoxicity assays. BS(Fv) differed from 
B3(Fv) in having a completely differen t binding site. Thus 
the effect of the mutation is independent of the particular 
binding s ite. 

Wi thout being bound lo a particular theory, it is believed 
that a serine located in the V ~V r.. interface slightly desta­
bilizes the interface contacts enabling movement of V fl 
relative to VL. This movement facilita tes a so called 
"induced fit" binding mode. This destabilization mechanism 
wou ld be expected to function in any antibody in which the 
Vu 95 position is not normally a serine. Thus, this invention 
provides a new mechanism for increasing the binding affin­
ity of antibodies that do not normally have a serine at Yu 
position 95. 
Humanized B3(Fv) 

Because monoclonal antibodies Bl, B3 and BS arc mouse 
antibodies, repeated administra tion of either labeled anti­
bodies or Lbc immunotoxins including these antibodies as 
targeting moieties will result in the formation of anti-mouse 
antibodies (Parren et al., Hum. Antibod. lfybridomas., 3: 
137-145 (1992)), in addition to the production of antibodies 
to the toxin moiety. This immune response may preclude 

16 
long term treatment in some cases. Therefore it is desirable 
to produce less immunogenic molecules. 

As a first ste1> in making less imrounogenic molecules the 
Fv portion of tbe mouse antibody is ltlumanized so that it 

5 may then be used to replace the Fv portion of the murine 
antibody in the fusion proteins of tbe present invention. 
Humanized antibodies are non-human antibodies in which 
some or all of the amino acid residues arc replaced with the 
corresponding amino acid residue found in a similar human 

10 antibody. Humanization thereby reduces the antigenic 
potential of the antibody. 

Antibody variable domains have been humanized by 
various methods, such as CDR grafting (Riechmann el al., 
Nature, 332: 323-327 (1988)), replacement of exposed 

15 residues (Padlan, Mo/. /111111unol. 28: 489-498 {1991)) and 
variable domain resurfacing (Roguska et al. , Proc. Natl. 
Acad. Sci. USA, 91: 969-973 (1994), all incorporated by 
reference. The minimalistic approach of resurfacing is par­
ticularly suitable for antibody variable domains which 

20 require preservation of some mouse framework residues to 
maintain maximal ant igen binding affinity. However, the 
straightforward CDR grafting approach bas also been suc­
cessfully used for the humanization of several ant ibodies 
either without preserving any of the mouse framework 

25 residues (Jones et al. Nnlllre, 321: 522-525 (1986) and 
Verhocyen et al., Science, 239: 1534-1536 (1988)) or with 
lhe preservation of just o ne or two mouse residues 
(Riechmaon et al. , Nature, 332: 323-327 (1988); Queen et 
al., Proc. Natl. Acnd. Sci. USA, 86: 10029-10033 (1989), all 

JO incorporated by reference. 
To improve the Bl, B3, or BS antibodies or the chimeric 

antibodies of this invention, for therapeutic applications, the 
Fv portion is humanized by a method referred to as "frame­
work exchange". lo this approach, fra mework residues are 

35 identified tha t d iffer from human framework residues in 
bigbly homologous human V Hor V r.. donors. These differing 
framework residues are then simultaneously mutated to 
human residues. The mutations are in troduced onto a single­
stranded DNA template prepared from a single-cbain imnm-

40 notoxin cassette which may be expressed in E. coli and 
allows the rapid purification and analysis of the resultiog 
humanized varianL5. 

Tbis approach corobioes, yet deviates from the principles 
of CDR grafting or from the replacement of exposed 

45 residues, as some residues that arc not normally exposed are 
humanized, while some other residues that are normally 
exposed are not humanized. Decisions to preserve certain 
mouse residues are based on knowledge regarding the effect 
of muta ting these particular residues on Lbe binding affinity 

so of the Fv fragment, or on the possible interactions of these 
residues with other Fv residues observed in a structural 
model. 

More specifically, humanization is accomplished by 
aligning the variable domains of the heavy and light chains 

55 with the best human homolog identified in sequence da ta­
bases such as GENBANK or SWISS-PROT using the stan­
dard sequence comparison software as described above. 
Sequence analysis and comparisoo to a structural model 
based on the crystal structure of the variable domains of 

60 monoclonal antibody McPC603 (Queen et al., Proc. Natl. 
Acad. Sci. USA, 86: 10029-10033 (1989) and Satow ct al., 
J. Mo/. Biol. 190: 593-604 (1986)); Protein Data bank Entry 
IMCP) aUows identification of the framework residues that 
differ between the mouse antibody and its buman counter-

65 part. 
Jo a preferred embodiment, the mouse residues at B3 V11 

positions 1, 3, 19 24, 89 and 91 (see coordinates io Kabat et 
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al. supra.) and B3 VL positions 2, 3 and 41 (FTG. 11) are 
preserved. In a particularly preferred embodiment, residue 
82b in Hum B3 V11 is mutated to arginine (SEQ TD N0.68). 

18 
fac il itate !be cloning, expression, or incorporation of tbe 
single chain Fv region in to a fos ion protein. Such modifi­
cations are well known to those of skill in the art and 

V 11 and V L gene segments (e.g. in plasmid pULI7) encod­
ing wild type B3(Fv)-PE38 may be independently human- 5 

ized by site specific mutagenesis (see Example 14). One of 
skill in the art will appreciate that once the Fv region bas 
been cloned and sequenced, al teration of various residues by 
site specific mutageoesis is routine using standard tecb-

include, for example, a methionine added at the amino 
terminus to provide an initiation site, or additional amino 
acids placed on either terminus Lo create conveniently 
located restriction sites or termination codons. For example, 
in a preferred embodiment, tbe primers used to construct 
B5(Fv) will introduce a sequence encoding an initia tor 
methionine for expression in £. coli and an Ndel restriction 
s ite 10 facilitate cloning. 

n iques well known to those of ski ll in the art (Kunkel, Proc. 10 
Natl. Acad. Sci. USA, 82: 488-492 (198S)). 
Expression of Recombinant Proteins 

The recombinant Fv regions and fusion proteins incorpo­
rating these antibody regions may be expressed in a variety 

One of st..."ill will recognize that other modifications may 

of host cells, including £. coli, other bacterial hosts, yeast, 15 

and various higher eukaryotic cells sucb as tbe COS, CHO 
and I leLa cells lines and myeloma cell lines. A particularly 
preferred bost is£. coli. T he recombinant protein gene will 

be made. Thus, for example, amino acid substitutions may 
be made that increase specifici ty or biodiog affinity of single 
chain Fv region and fusion proteins comprising the single 
chain Fv region, etc. Alternatively, non-essential regions of 
the molecule may be shortened or eliminated entirely. Thus, 
where there are regions of the molecule that are not them­
selves involved in the activi ty of the molecule, Ibey may be 
eliminated or replaced with shorter segments tba1 serve to 
maintain the correct spatial relationships between the act ive 

be operably linked to appropria te expression control 
sequences for each bost. For£. coli ibis includes a promoter 20 
such as the ·17, trp, or lambda promoters, a ribosome binding 
site and preferably a transcription termination signal. flor 
cukaryotic cells, tbe cont rol sequences will include a pro­
moter and preferably an enhancer derived from immuno­
globul in genes, SV40, cytomegaJovirus, etc., and a polyade- 25 

nylation sequence, and may include splice donor and 

components of the molecule. Alternatively more flexible 
segmen1s may be placed in io1erdomai11 regions which then 
can facilitate fo lding or production of the molecule 
(Brinkmann, el al. Proc. Natl. Acad. Sci. USA, 89: 
307S-3079 (1992). 

acceptor sequences. 
The plasmids of the invention can be transferred into the 

cboscn bost cell by well -known methods such as calcium 
chloride transformation for E. coli and calcium phosphate 
treatment or electroporation for mammalian cells. Cells 
transformed by the plasmids can be selected by resistance to 
ant ibiotics conferred by genes contained on the plasmids, 
such as the amp, gpl, neo and hyg genes. 

Once cxpres.scd, the recombinant fusion proteins can be 
purified according to standard procedures of the art, includ­
ing ammonium sulfate precipitation, affinity columns, col­
umn chromatography, gel electrophoresis and the like (see, 
genera lly, R. Scopes, Protein Purification, Springer-Verlag, 
N.Y. (l 982), Deutscher, Methods in Enzymology Vol. 1.82: 
Guide to Protein Purification., Academ ic Press, Inc. N.Y. 
(1990)). Substantially pure composit ions of at least about 90 
to 9S% homogeneity are preferred, aod 98 to 99% or more 
homogeneity are most preferred for pharmaceutical uses. 
Once purified, partially or to homogeneity as desired, lbe 
polypeptides may tben be used therapeutically. 

One of skill in the art would recognize that after chemical 
synthesis, biologica l expression, or purification, the single 
chain Fv region or a fosion protein comprising a single chain 
Fv region may possess a conformation substantially differenl 
than the na tive protein. Ia this case, it may be necessary to 
denature and reduce !be protein aod then 10 cause the protein 
to re-fold into the preferred conformation. Methods of 
reducing and denaturing the protein and inducing re-folding 
are well known to those of skil l in the arl. (See, Debinski et 
al. J. Biol. Chem., 268: 14065-14070 (1993); Kreitman and 
Pastan, Bioconjug. Chem., 4: S81-S8S (1993); and Buchner, 
et al., Anal. Biocilem., 20S: 263-270 (1992) which are 
incorporated herein by reference.) Debinski et al. , for 
example, describe lbe clenaturatioo aod reduction of inclu­
sion body proteins in guaoidioe-DTE. Tbe protein is 1beo 
refolded in a redox buffer containing oxidized glutatbione 
aod L-arginine. 

One of skill would recognize that modifications can be 
made to tbe single chain Fv region and fusion proteins 
comprising the single chain Fv region without diminishing 
their biological activity. Some modifications may be made to 

Diagnostic Assays 
In addition to the targeting of immuaotoxins to tumors ia 

a cancer pa1ico1, the recombinant antibodies of the present 
JO invention also recognize materials such as surface mucins on 

tumor cells that would be expected to be shed into the 
surrounding tissues, picked up by the blood stream, and 
detectable in blood samples taken from distant sites. Such 
shed antigens have proven LO be usefu l in the diagnosis of 

35 primary and recurrent cancers usiog antibodies that react to 
these shed antigens. A currently useful example of this is the 
CA125 antigen 1bat can be assayed ia sera from patients with 
ovarian cancer to predict recurrence or to confirm a primary 
diagnosis of tumor. Simila rl y, Bl, B3 and BS may be useful 

40 in the diagnosis of tumors. 
Also, the selective reactivity of these an tibodies witb 

certain types of tumor cells may be exploited for anatomic 
pathological diagnosis of tumors, clarifying the type and 
origin of tumors, and whether a particular group of cells 

45 represents a recurrence of a previous tumor or tbe develop­
ment of another primary tumor elsewhere. Such a diagnostic 
determination can be useful for the subsequent planning of 
anti-tumor therapy in each particular patient. In panicular, 
immunohis1ochemical pathologic diagnosis in tissue sec-

so lions (e.g., biopsies) or cytological preparations (e.g., Pap 
smears, effusions) can be performed usiog the moooclonal 
antibodies of the present invention. 

Another potential use of such targeting antibodies could 
be in the diagnosis of macroscopic foci of a tumor using 

55 antibodies Bl, 83 or BS coupled to radjoisotopes that could 
be detected either by external body scanning (imaging 
d iagnosis) or by localization using radia tion detector probes 
at the time of exploratory surgery. 

In general, the d iagoostic methods described above 
60 involve contacting a Bl(Fv), B3(Fv), BS(Fv) or chimeric Fv 

region with a biological sample either in vivo or ex vivo aod 
subsequently detecting the binding of that an tibody lo the 
target tissue. lo a preferred embodimen1 a diagnostic method 
comprises the steps of (a) removing a tissue or Jlujd sample 

65 from a patient; (b) adding an antibody wbicb includes the Fv 
region of a heavy chain of a first antibody and the Fv region 
of a light chain of a second antibody, where the Fv regions 
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are recombinanlly fused 10 form a single molecule tbat 
specifically bind a Lewis1'-related carbohydrate antigen; and 
( c) detecting for the preseoce or abseoce of lbe aotibody in 
tbe sample. 

lo a preferred embodiment, dcteclion is by 1bc de1ection s 
of a label bound 10 lbe an tibody. Means of labeling anti­
bodies are well known to I hose of skill in tbe art. Labels may 
be directly linked through a covalent bond or covalently 
1brough a linking molecule wbicb typically bears reactive 
s i1es capable o f forming covalent bonds with the label and 10 
tbe antibody rcspcc1ivcly. A com moo approach is to label tbc 
antibody and the label wi tb ei ther avidin or strcptavidin or 
biotin which, in tum, bind irreversibly with each olhcr. 

Suilablc labels arc well koowo to those of skill in 1bc art. 
The lerm "label", as used herein, refers to a composition 15 
deteclable by spectroscopic, photochemical, biochemical, 
immunochemical, or chemical means. For example, useful 
labels include radioactive mo lecules such as 32P, 14C, 1251, 
3H, and 35S, fluorescent dyes such as fiuorescein o r 
rhodamine, clcclron-dcnsc reagents, enzymes (as commonly 20 
used in an ELISA), luminescent enzymes such as luciferase 
and the like. 
Pharmaceutical Compositions 

20 
administered lo a secluded si te and not into the blood stream, 
such as into a body cavity or into a lumen of an organ. Actual 
roelhods for preparing parenterally administrable composi-
tions will be known or apparent to 1bose skilled in tbe an and 
arc described in more deta il in such publications as Rem­
ington's Plum11ace11tica/ Science, 15th eel., Mack Publisbing 
Company, Easton, Pa. (1980). 

The compositions containing lhe presenl fusion proteins 
or a cocktail thereof (i.e., witb other proteins) can be 
administered for lherapeulic trea tmenls. In lherapeutic 
applications, compositions arc administered to a pa tient 
suffering from a disease, in an amount sufficient to cure or 
al least partially arrest the disease and its complications. An 
amount adequate to accomplish Ibis is defined as a ''thera­
peutically effec1ive dose." Amounts eJiec1ive for this use 
will depend upon the severi ty of the disease and the general 
state of the patient's health. 

S ingle or multiple administrations of the compositions 
may be administered depending on the dosage and fre­
quency as required and 1olcratcd by the pat ient. lo any event, 
the composit ion should provide a sufficient quanlily of the 
proteins of this invention to effectively 1rea1 tbe patienl. 

Among various uses of the cytotoxic fusion proteins of 
the present invention are included a variety of disease The recombinant fusion proteins and pbarmaceulical 

composilions of ibis invention are useful for parenteral, 
topical, oral, or local administration, sucb as by aerosol or 
transdermaJJy, for prophylactic and/or therapeulic 1rea1ment. 
The pharmaceutical composi1ions can be administered in a 
variety of unit dosage forms depending upon lbe 01e1hod of 
administration. For example, unit dosage forms suilable for 
oral adminis1 ra1 ion ioclucle powder, tablels, pills, capsules 
and lozenges. It is recognized lbat tbe fosion proteins and 
pharmaceutical composilions of tbis invention, when admin­
istered orally, must be protected from digestion. This is 
typically accomplished eilber by complexing lhc protein 
with a composition to render it resistant to acidic and 
enzymalic hydrolysis or by packaging the protein in an 
appropriately resistant carrier such as a liposome. Means of 
protecting proteins from digeslion are well known in the art. 

25 conditions caused by specific humaa cells tbal may be 
eliminaled by the 1oxic ac1ion of the prn1ein. One preferred 
applicalion is the treatment of cancers, in parl icular cancers 
in which the tumor cells express carbohydrate antigens that 
arc members of 1he Lcwis1

' family. Sucb cancers include, but 
JO are not limited to colon, breast, esophagus, bladder, gast ric, 

bead aod neck, lung aod ovarian carcinomas. The fusion 
proteins may also be used in vi1ro, for example, in lhe 
elimination of harmful cells from bone marrow before 
transplant where those cells express Lewis1'-rela ted an li -

35 gens. 
Kits 

This invention also embraces kils for research or diag-
nos1ic purposes. Research ki ls typically include one or more 
conlainers conlaining the sing le chain antibodies of tbe 
present invention. In a preferred embodiment, research kits 
comprise containers containing single cha in Bl(Fv), 
B3(Fv), B5(Fv), chimeric Fv, mutated Fv or humanized Fv 
antibodies in a form suilable for deriva tiziog wilb a second 
molecule, e.g. a label, a drug, a cy101oxin, and lbe like. In 
ano1ber embodiment, tbe re.searcb kits may contain DNA 
sequences encoding these antibodies. Preferably the DNA 
sequences encoding 1hese ant ibodies are provided in a 
plasmid sui1able fo r transfection into and expression by a 
bos1 cell. The plasmid may contain a promoter (often an 

The recombinant fusion proteins and pharmaceu1ical 40 

compositions of this invention are particularly useful for 
parenteral administration, such as intravenous administra­
tion or adminislration into a body cavity or lumen of an 
organ. The composi1ions for administration will commonly 
comprise a solution of the single chain an tibody or a fusion 45 

protein comprising the single chain an tibody dissolved in a 
pharmaceutically acceptable carrier, preferably an aqueous 
carrier. A variely of aqueous carriers can be used, e.g., 
buffered saJine and the like. These solutions are s terile aad 
generally free of undesirable matter. 111ese composit ions 
may be sterilized by conventional, well known sterilization 
techniques. The composilions may contain pharmaceutically 
accep1able auxiliary subslances as required 10 approximate 
physiological condilions such as pH adjus ting and buffering 
agents, loxicity adjusLing agents and the like, for example, 
sodium aceta1e, sodium chloride, potassium chloride, cal­
cium chloride, sodium lactate and Lhe like. The concentra­
tion of single chain antibody, fusion protein, or labeled 
single chain antibody in these formulations can vary widely, 
and will be selected primarily based oo fluid volumes, 60 
viscosilies, body weight and the like in accordance wilb the 
particular mode of administra tion selected and the patient's 
needs. 

so inducible promoter) to regulate expression of lhe DNA in the 
bosl cell. Tbe plasmid may also contain appropriate restric-
1ion sites to facilitate 1hc insertion of o ther DNA sequences 
into the plasmid 10 produce various fusion proteins. The 
plasmids may also contain numerous other elemcn1s 10 

1bus, a typical pharmaceutical composition for intrave­
nous administration would be about 0.01 to 100 mg per 
patient per day. Dosages from 0.1 up 10 about 1000 mg per 
patient per day may be used, particularly when the drug is 

ss facililate cloning and expression of tbe encoded proteins. 
Such elements are well known to those of skill io 1be art and 
include, for example, seleclable markers, ini tiation codons, 
tcrminalion codoos, and lhc like. 

Diagnostic kits typica lly comprise containers conlainiog 
tbe antibodies described above. The anlibodics are them­
selves dcrivalized with a label or, allcroa tivcly, Ibey may be 
bound with a secondary label 10 provide subsequent detec­
tion. As described above, such labels may include 
radiolabels, fluorescent labels, enzymatic labels, i.e., borse-

65 radish peroxidase (HRP), or the like. The kit may also 
contain appropriate secondary labels (e.g. a s heep anti­
mousc-HRP, or the like). The kit may also contain various 
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reagents to facilitate the binding of the antibodies, lhe 
removal of non-specific binding aatibodies, and lhe detec­
tion of tbe bound Labels. Such reagents are well known to 
tbose of skill in tbe art. 

Perkin Elmer/Cetus tbermocycler, under conditions as 
described in Cbaudhary et al., Proc. Nm!. A cad. Sci. USA 87: 
1066-70 (1990). 

Tbe primer pair B3-Hl and B3-H2 was used for ampli-Methods for using the research and diagnostic kits s 
described above are generaUy well known, and will gener­
aUy be provided in an instruction manual for use of tbe kit. 

fication of 1be heavy cbain Fv coding region, while tbc 
primer pair B3-Ll and B3-L2 was used for amplifica tion of 
the ligbt chain Fv coding region (see Table 1 and SEQ ID 
NOS:l,2,8 and 9 respectively). Tbese oligonucleotides have EXAMPLES 

10 
The fo llowing examples are offered by way of illustration, 

not by way of limitation. 

Example 1 

at their 3' ends constant sequences that occur at the begin­
ning and end of mouse Fv DNA Al their 5' ends are 
restriction endonuclease recognition sites (Nclel, l3amHI, 
Hincllll) for cloning of the PCR products as shown in FIG. 
la. The products of the amplifications of heavy- and light 

Cloning of DNA Fragments Encoding the Heavy 
and Light Fv Region of MAb B3 

B3 cloning experiments and propagation of plasmids were 
carried out initiaUy in E. coli 1-113101 (Boyer et al.,J. Molec. 
Biol. 41: 459-72 (1969)). DNA fragments encodiog the Fv 
portions of beavy and light cbaio of monoclonal antibody 
(MAb) B3 were obtained by (PCR®) amplification of single 
stranded DNA whicb was syntbesized by random primed 
reverse transcription of mRNA from a B3 monoclooal 
aotibody producing hybridoma cell line. Polymerase chain 
reaction (Saiki et al., Science, 239: 487-91 (1988)) was 
performed using the Perkin Elmer Genel\mp kit and an 

is cbain Fv DNA fragments were identified by agarose gel 
electrophoresis to be DNA fragments between 350 and 400 
bp. Tbey were purified from gels, cut with BamHI or I liadll I 
(FIG. l a) and, after purification on a second gel, ligated with 
Hindlll - or BamHI linearized and depbospborylated 

20 pBR322 vector (Bolivar et al. , Gene, 2: 95-113 (1977)). The 
nuc.leotide sequence of the light- and heavy cbain Fv coding 
region of monoclonal antibody B3 was determined from 
double stranded plasmid DNA using sequencing primers 
(New England Biolabs, Beverly, Mass., USA) adjacent to 

25 the Baml-ll or Hindlll site of pBR322 and a T7 polymerase 
sequencing reagent kit (United S tates Biochemicals, 
Cleveland, Ohio, USA). 

TABLE 1 

PCR primers used to amplify F'v heavy and light chains. The Frl primers were designed according 10 

the amino acid sequences which were determined by Edman degradation, and are indicated in single 
leti.:r code above the primer sequences. Underlined Met are initiator methionine codons. Other underlined 
amino acids in the light chain primers arc segments of the peptide linker that fuses V H to V L in the single 
chain configuration. Underlined nucleotides in 131HFrJ and 65HFrJ encode the initiator methionine for 
expression in £. coli, and include an Ndel restriction site. Underlined nucleotides ill Bl HFr4 and J35HFr4 
are complementary lo the ooding sequence for segments of the peptide tinker that fuses VH to VL in the single­
chaio configuration. Underlined nucleotides in BlLFr4 J35LFr4 are complementary 10 the coding sequence of 
the junction between the Fv and PE38 and include a Hind ill restriction site. 
Seq. Sequence 
Name 5'-3' LD 

lleavy chain primers 

B3-Hl 

l33-H2 

.BllIFrl 

B5Hf'rl 

TAACTAGGATCCGTCCATATGGATGTGAAGCTGGTGGA~ 

TCTGG 
TGGATAGACTGATGGGGATCCGCCTCCGCCTGAGGAGAC 

M E V Q L V E S G G 
GATATACATATGGAGGTGCAGCTGGTGGAATCTGGAGGA 

M E V K L V E S G G 
GATATACATATGGAGGTGAAGCTGGTGGAATCTGGAGGA 

GammaCHJ AGCAGATCCAGGGGCCAGTGGATA 
61HFr4 ACCGGATCCGCCTGCAGAGACAGTGAC 
B5HFr4 ACCGGATCCGCCTCCGCCTGAGGAGACAGTGAC/ G 

Light chain prill1ers 

63-LJ 

.63-L2 

63-1..3 

B3-L4 

BlLFrl 

GTCTCCAAGCTTGGGGATCCGGTGGTGGCGGATCTOGAG~ 

TGGCGGAAGCGATGTGCTGACCCAGTCTCC 
AGTTGGTGCAGCATCAAAAGCTTT[G/ T J A(G / T][T / C} 
TCCAGCTT[T / GJGT[G/ CJCC 
TTGGGGATCCGGTGGTGGCGGATCTGGA 

AGCGGGAATTCATTATTTAATTTCCAGCTTTGTCCCCGAC 

G G G S D V V M T Q 
GGTGGCGGAAGCGATGTTGTGATGACCCAA 

2 

40 
3 

41 

4 

5 
6 

7 

8 

9 

10 

11 

42 

12 
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TABLE 1-cootioued 

PCR primers used to ampli£y Fv heavy and light chains. The Frl primers were designed according to 
the amino acid sequences which were detem1ined by Edman degrodation, and are indicated in single 
letter code above the primer sequences. Underlu1ed Met are initiator methionine codons. Other underlined 
an1ino acids in the light chain primers are segments of the peptide Lulker that fuses V H to V L in the single 
chain configuration. Underlined nucleotides in BJllFrl and BSIWrl encode the u1itiator methionine for 
expression in £. coli, and include an Ndel restriction site. Underlined nucleotides in BlHFr4 and B5t1Fr4 
are complementary to the coding sequence for segments 0£ the peptide linker that fll5es Vli to V L in the single· 
chain configuration. Underlined nucleotides in Bl LFr4 B5LFr4 arc complementary to the coding sequence of 
the junction between the Fv and PEl.38 and include a HindllJ restriction site. 
Seq. Sequence 
~= ~y ID 

B5LFrl 

G G G S D V L L T Q 
GGTGGCGGAAGCGATGTTTTGTTGACCCAA 

43 

13 

C-kappa 
BlLFr4 

B5LFr4 

TOGTGGGAAGATGGATACAGTTGG 
GGAAGCTTTCAGCTCCAGCTTGGT 
GGAAGCTTTATTTCCAACTTTGT 

Example 2 

Cloning of DNA Fragments Encoding the Heavy 
aod Light Fv Segments of MAbs Bl aod BS 

To obtain DNA encoding the variable regions of the heavy 
aod light chains of Bl and BS, Poly(A)+ mRNA was 
prepared from 10"5 hybridoma cells aod reverse-transcribed 
LL5ing random hexamers as primers to yield first st rand 
cDNA. Separate PCR® reactions were carried out to 
amplify fragments encompassing heavy chain variable 
th rough part of CHl domains, and light chain variable 
through part of C-kappa. The Bl and BS VH sequences were 
amplified using S' end primers desigocd according to the 
amino-terminal protein sequence of the Bl and BS heavy 
chaios and 3' cod primers clesigoed according to cooscnsus 
immunoglobulin constant region sequences (Kabat ct at. 
(1991) supra.). lo particular, Bl V H was amplified using S' 
eod primer BlHFrl and 3' eod primer GammaCHl (Table L 
and SEQ ID NOS:3 and S respectively). BS V H was ampli­
fied using S' end primer BSHFrl and 3' eod primer BSHFr4 
(Table 1 and SEQ ID NOS:4 and 7, respectively). Primer 
GammaCHl was designed according to consensus JgGl 
CHl region codons 122-129 while primer BlHFr4 was 
designed according to the determined nucleotide sequence 
of codons 109-113 of Bl VH (Kabat et al. , (1991) supra.). 

20 

14 

15 

16 

sequences of tbe BS V" and V,_ are shown in SEQ fD 
NOS:2J and 22, respectively. BS could ooi be amplified 
using a mu chain CHl primer, so the oooscosus bcavy chain 
BSHFr4 primer (Table 1 and SEQ m No:7) was used 

25 instead. V H Primer B5HFr4 was designed accorcliog to 
consensus lgGl Fr4 region codons 109-113 (Kabat et al., 
(1991) supra.) 

Alignment of Bl, 83 (Brinkmann et al., Proc. Nat. A cad. 
Sci. USA 88: 8616-8620 (1991)), and BS Fv sequences 

JO revealed that BS is highly homologous to B3 (91.6% identity 
in v,., aod 94.9% identity ill VL coding sequence) and to the 
anti-Lewis'' an tibody l-H8A (Kaneko ct al. , J. Biochem., 
113: 114-117 (1993)) (93.3% idemity in V H and 97.6% 
identity in VL coding sequence). Bl differs considerably 

35 botb io framework and in CDR sequence from both B3 
(83.9% identity in V H and 88.9% identity in V l coding 
sequence) and BS (86.3% identity in V Hand 91.2% identity 
in VL coding sequence), and does not show high sequence 
identity to aoy knowo anti-carbohydrate aotibody in a data-

40 base search (Devereux et al. , Nucleic Acids Res., 12: 
387-39S (1984)).All three antibodies have a mouse class Ill 
heavy chain and a kappa II light chain (Kabat ei al., supra). 
Tbe diffcreoccs in sequence between Bl and B3 may explain 
why they recognize different epitopes of otherwise similar 

45 antigens (see, Pastan et al., Cancer Res., Sl: 3781-3787 
(1991) and U.S. Pat. No. S,242,813). The Bl and BS VL sequences were amplifi.ed using S' cod 

primers BlLFrl and BSLFrl (Table 1 and SEQ ID NOS:l2 
aod 13, respectively) which were designed according to Lhe 
amino-terminal protein sequence of Bl and BS light chains 
respectively (SEQ LD NOS:20 and 22, respectively) in so 
combination witb the primer C-kappa (Table l, SEQ TD 
NO: l 4). Primer C-kappa was designed accord ing to con­
seosus kappa fight chain codons 113-120 ( Id.). 

Example 3 

Construction of Plasmids for Expression of B3(Fv) 
and B3(Fv)-Imunotoxins 

A) Construction of B3(Fv) and B3(Fv)-PE40 
The expression plasmid pVC38H contains the gene from 

the immunotoxia TGFa-PE40 under control of the n 
promoter (Chaudbary et al. , Proc. Natl. Acad. Sci. USA 87: PCR was performed as described by Brinkmann et al., 

Proc. Nm. Acad. Sci. USA 88: 8616--8620 (1991). 55 1066-70 (1990)), the Tc transcription terminator at tbe 3' 
end of Lhe PE40 coding region and the single strand repli­
cation origin, F'", to generate single stranded phage DNA by 
cotransfection wi th (M13) helper phages, if desired, lo 

'The crude PCR products were subcloned into a PCR® 
cloning vector (lnvitrogen, San Diego, Calif., USA) employ­
ing blue/white selection. Clones containing the correct size 
insert by DNA restriction analysis were identified. Tbe 
nucleotide sequence of the heavy or light chaio coding 60 

regions was determined from double stranded plasmid DNA 
using sequencing primers (Invitrogen) acljacent to the PCR® 
EcoRI cloning site and the Sequenaseni kit (United S tates 
Biochemical Corp). Three to five independent clones were 
sequenced for each amplified DNA segment. The nucleotide 65 

sequences o f the Bl Yu and V L are shown in SEQ LD 
NOS:21 and 22, respectively, whi le the nucleotide 

create derivat ives of the plasmid by sile directed mutagea­
esis. The TGFa coding region in pVC381-I has ao Ndel 
recognition site at the S' cod aod a Hindlll site at tbc point 
of connection to tbe DNA encoding PE40. 

To create a plasmid for expression of !be immuootoxin B3 
(Fv)-PE40 (pULEE3), the TGFa gene was removed aod 
replaced by the B3(Fv) gene io a 3-fragrneot ligation, using 
an Ndel/BamHI fragment of the heavy chain coding region 
and the BamHl/Hindlll fragment encoding the light chain 
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VL sequences were amplified using the light chain clones in 
PCR® plasmids as templates. Primers BlLFrl and 
S'-phosphorylated BlLFr4 were used to amplify Bl V L• 

while primers BSLFrl and 5'-phosphorylated BSLFr4 were 
used to amplify BSVL. The primers bad at their ends 
sequences that are complementary to the translation 
initiation, peptide linker and Fv-toxin junction (connector) 
which are common lo the single-chain Fv-immunotoxin 
expression vectors. Primers BlLFr4 and B5LFr4 were 

Fv (FIG. la). l3ecause sequence analysis showed a mutation 
(deletion and framesbift) ai the 5' end of the light chain Fv 
gene due to a sequence repetition in the PCR primer anneal­
ing region, site-directed mutagenesis was performed 
(Kunkel, Proc. Nari. Acad. Sci. USA, 82: 488-92 (198S}), s 
using uridioe incorporated single stranded phagemid DNA 
(pULEE3) as the mutagenesis template. In the resulting 
plasmid (pULll), the correct amino end of the B3 light chain 
established by partial protein sequencing of monoclonal 
antibody 83, was reconstructed. 

To make another B3(Fv) imrnunotoxin, B3(Fv)­
PE38DKEL, the PE40 coding region was removed from 
pULll from tbe Hindlll site to an EcoRl site positioned just 
beyond the PE40 gene, and replaced by a Hindlll/EcoRJ 
fragment from pRK79K encoding the PE variant 15 

PE38KDEL which lacks domain la (amino acids 1-2S2) and 
part of domain lb (amino acids 365-380), and also contains 

10 designed according lo the determined nucleotide sequence 
of codons 102-107 of Bl aad BS V1• respectively. The PCR 
ampl ifications were performed as described in Example 2. 

an altered carboxyl terminal sequence KDEL (SEQ IO 
NO:Sl)(Chaudhary cl al., Proc. Natl. A cad. Sci., 87: 308-12 
(1990)). Tbc expression plasmid pUL14 for production of 20 
B3(Fv) was constructed by removal of the light chain and 
PE40 coding region from pULll from BamHI to EcoRI 
which was replaced by a PCR fragment obtained by ampli­
fication of the light chain Fv coding sequence with tbe 
primer-pair B3-L3+B3-L4. The primer B3-L3 (Table 1) is 25 

similar lo B3Ll, used for cloning of light chain Fv from 
cDNA and B3-L4 (Table 1) is, in the 3' part for priming the 
PCR, identical to B3-L2, but, at the 5' end, the Hind!JI site 
(or fusion to PE-sequences is replaced by translation stop 
codons followed by an EcoRJ recogni tion sequence. JO 
B) Construction of pUL17, the Plasmind for Expres.5ion of 
LMB7, (B3(Fv)-PE38 with C3-Connector 

B3(Fv)-PE38, also called LMB7 is one recombinant 
B3(Fv)-immunotoxin of this invention preferred fo r use as a 
cancer therapeutic. The plasmid pULIJ 7 for expression of 35 

B3(Fv)PE38 was constructed as follows: Plasmid pULll 
contains the Fv region of monoclonal antibody B3 in the 
form of a single chain fv containing a (Gly4 -Ser)3 peptide 
linker (SEQ 10 N0:32) between V Hand V L• fused to PE-40, 
a truncated form of Pseudomonas exotoxin (see Brinkmann 40 

ct al. , Proc. Nat. Acad. Sci. USA 88: 8616-8620 (1991) and 
FJG. l b). To improve foldi ng and production of this 
molecule, a flexible "connector'' peptide, designated C3, 
was added between the fv and the toxin moiety by PCR 
mutagenesis (Brinkmann, et al. Proc. Natl. Acad. Sci. USA 45 

89: 3075-3079 {1992)) to result in pULl6. Finally, part of 
the toxin portion of pUL16 was replaced with a shorter 
molecule wi th ihe same activity, PE38 (lacking domain lb of 
PE), replacing by subcloning a Sall-EcoRJ toxin fragment of 
pUU6 wi th the PE38 coding Sall-EcoRI fragment of pCSlO so 
(Siegall et al. J. Biol. Chem., 264: 142S6-14261 (1989)). 
The resulting expression plasmid, which codes for tbe 
immunotoxio B3(Fv)-PE38 is pUL17 (FIG. l b). 

The PCR products were purified using spin columns, 
combined and annealed to a uracil -containing single ­
stranded DNA phagemid pULI7 whicb encodes the single­
chain imrmrnotoxin B3(Fv)-PE38. The phagemid was pre-
pared by rescue of pULI7 pbagemid with an Ml3MK07 
helper phage (Bio-Rad, Hercules, Calif., USA). llle DNA 
was extended and ligated according 10 the MUTA-GENE® 
muiagcnesis kit protocol (Bio-Rad). 

Since the annealing efficiency of tbe PCR fragmen ts to the 
single-stranded template, and bence lhe mutagenesis effi­
ciency was relatively low (about 10%), an additional step 
was added. Plasmid ONA obtained from a pool of transfor­
mants from tbe mutagenesis reaction was digested with a 
restriction endonucleasc whicb had a unique site in the B3Fv 
template, but whose site was absent from botb Bl and BS. 
The digested DNA was used lo re-transform E. coli cells. 
Following Ibis extra step mutants were obtained witb an 
efficiency greater tban 80%. Correct clones were identified 
by ONA restriction analysis and verified by DNA sequenc­
ing. The resulting immunotoxin clones were named pBl(Fv) 
-PE38 and pB5(Fv)-PE38. 

Example S 

Expression and Purification of Recombinant 
B3(Fv)-lmmunotoxins 

Plasmids were transformed in the ex:pres.5ion-host E. coli 
BL21 (A.DE3) (Studier et al. J. Mo/. Biol. 189: 113-30 
(1986)). The bacteria were grown in supcrbrotb containing 
0.2-0.4% g lucose, 0.05% MgS0.1, and 100 1-ig/ml 
ampiciUin, induced in tbc log pbasc al 00600 of 3.0 witb 1 
mM isopropyl-B-D-thiogalactopyranoside (IPTG) and har­
vested 90 min later. About 30% of tbe total protein of tbe 
induced cultures was the recombinant expression product 
which was deposited in inclusion bodies. The purified inclu­
sion bodies contained almost pure recombinant protein, 
which bad the expected size of about 67 kDa for a single 
chain immunotoxin. The recombinani immunotoxin mol-
ecules were solubilized, refolded, purified, and the protein 
was analyzed as previously described (Chaudhary ct al., 
Nalure 339: 394-97 (1989) & Batra et al., J. Biol. C/Jem. 

Example 4 

Construction of Plasmids for Expression of Bl(Fv)-
aad BS(Fv)-Immunotoxins 

55 26S: 15198-202 (1990)). Protein concentrations were deter­
mined by Bradford assay (Bradford, Anal. Bioche111. 72: 
848-54 (1976)). 

For expression as single-chain immunotoxins, Bl and BS 
Fv fragments replaced B3Fv sequences in the expression 60 

plasmid pULl7 which encodes the B3(Fv)-PE38 imrnuno­
toxin (Benhar et al. Bioconjug. Chem., 5:321-326 {1994)). 
For each Fv, the Ynsequences were PCR amplified using the 
heavy chain clones in PCR® plasmids as templates. Primers 
BlHFrl and S'-phosphorylated BlHFr4 were used to 65 

ampl i fy Bl V" , whi le primers BSHFrl and 
S'-phosphorylated BSHFr4 were used to amplify BSV n · The 

Example 6 

Expression and Purification of Bl(Fv)-PE38 and 
BS(Fv)-PE38 

Cultures of£. coli (BL21A.DE3, sec Studier, et al. J. Mot. 
Biol. 189: 113-130 (1986)) were transformed with each 
expression plasmid to produce Bl(Fv)- and BS(Fv)­
immunotox;ns. Following IPTG induction, the overpro­
duced fusion proteins accumulated in inclusion bodies. 
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These were isolated by solubiliza tion and refolding of 
inclusion body protein using redox-shttffie as described 
(Buchner et al., Anal. Biochem. 205, 267- 270 (1992)). 
Briefly, inclusion bodies were dissolved in 6M guanidine 
(HCI)/0.lM Tris(HCl) pH 8.0/2 mM ED1i\ and reduced by 5 

the addition of solid DTE to a fina l concentration of 65 mM 

immunotoxins possess only one antigen binding site per 
molecule and the chemical conjugate bas Jwo (see Table 3 
below). 

TABLE 3 

at a protein concentration of 10 mg/ml. The solubilized and 
reduced inclusion body proteins were dilutedxlOO into O.lM 
Tris (HCl) pH 8.0/0.5M L-arginine/0.9 mM oxidized 
g lutathione/2 mM EDTA and were allowed to refold for 36 10 
brat 10° C. The refolded proteins were extensively dialyzed 
against 20 mM Tris (HCJ) pH 7.4/2 mM EDTNO.lM Urea. 
Properly refolded proteins were separated from contaminat­
ing proteins and aggregates by sequential ion-exchange 
chromatography on Q-sepharose and Mono Q columns 15 
(Pharmacia, Piscataway, NJ., USA) followed by size exclu­
sion chromatography on a TSK G3000SW (Tosollaas, 
Montgomcryville, Pa., USA) column. Typically, purified 
monomeric proteins were over 95% pure. 

Stn1cture and Activitv of 133 lmmunotoxins on A431 Cells. 

lJnmunotoxin Toxin Part C-Term Binding !05-0 

B3 chemical PE40 REDLK bivalent 8.0 ng/ml 
conjugate (42 pM) 
B3(Fv) PE40 REDLK monovalenl 3.0 ng/ml 
fusion (50 pM) 
protein 
B3(Fv) PE38 KDEL monovalent 0.8 nglml 
fusion (13 pM) 
protein 

B3(Fv)-PE38KDEL has two (eatures that distinguish it 
from B3(Fv)-PE40. One is that a portion of domain lb 

Example 7 

Cytotoxic Activity of Chemically Linked and 
Recombinant B3(Fv)-lmmunotoxins 

A5Says measuring inhibition of protein synthesis were 
performed as previously described (Chaudhary et al. , 
Narure, 339: 394-97 (1989) and Batra et al. , J. Biol. Chem. 
265: 15198-202 (1990)). All as.5ays were performed in 96 
well plates each well containing l.6xl04 cells in 200 pl 
medium. For competition assays designed to prove the 
specificity of the recombinant immunotoxins, the medium 
was changed and 5011g/well of antibody was added 15 min 
prior to the addjtioo of the immunotoxio. 

20 encompassing amino acids 365- 380 is deleted. This 
removes the disulfide bond formed between cysteine resi­
dues at positions 372 and 379, which migbt form disulfide 
bonds with other cystcines during the renaturation process 
and thereby result in the creation of inactive chimeric toxins. 

25 The second feature is that the carboxyl terminus of the toxin 
is changed from Jhe original sequence REDLK (SEQ ID 
N0:53) to KDEL (SEQ ID N0:51). When the disulfide bond 
was removed in other molec11les, tbe increase in activity was 
small. For example, TGFa-PE38 is ooly 50% more active 

JO than TGFa-PE40 (sec Siegal! et al ., J . of Biol. Chem. 264: 
14256-14261 (1989)). 1L6PE38 is no more active than 
IL6-PE40. Changing REDLK (SEQ LD N0:53) to KDEL 
(SEQ ID N0:51)usually only produces a Lwo to three fold 
increase in activity of chimeric toxins. 

To analyze w hether the cytotoxicity of B3(Fv)­
immunotoxins was specific, competition experiments were 
carried out with an excess of monodooal antibody B3. 1ae 
data in FIG. 3(b) shows that the iotoxication of A431 
carcinoma cells by B3(Fv)-PE38KDEL is due 10 the specific 

A5shown in FIG. 3 and in Table 2, the recombinant single 35 
chain immunotoxins inhibited protein synthesis in cells 
expressing the B3 antigen but not in non-expressing cells, 
similarly to the previously described results with chemical 
conjugate of 83 with a tru.ocated form of PE (Pai et al., Proc. 
Nari. Acad. Sci. USA, 88: 3358- 62 (l 991)). The relative 
potencies of the chemical conjugate and the single chain 
immunotoxins were about tbc same on the four antigen 
positjve ce ll Jines MCF7, CRL1739, A431 and LNCaP. l11e 
most active agent was B3(Fv)-PE38KDEL. 

40 binding to Lhc B3 antigen, since ils cytotoxici ty was blocked 
by exces.5 B3 but not by MAb Hl321 which recognizes the 
transferrin receptor oo these cells (Haynes e t al., J. 
fmmunol., 127: 347- 51 (1981)). A large excess of mono­
clonal antibody B3 is necessary for reversal of cytotoxicity, 

TABLE 2 

Activities of B3 immunoto~;ns on different cell li nes. 
C\'IOtoxicitv (lD,ol in nglml (pM). 

Cell B3 B3 (Fv) • B3 (E'v) • B3· 
Line Cancer Type antigen PE40KDEL PE38 LysPE40 

MCF7 breast ++ 3 (50) 0.2 (3.2) 3 (16) 
C RU739 gastric ++ 3 (50) 0.3 (5) 3 (16 
A43l epidem1oid + 3 (50) 0.8 (13) 8 (42) 

vulva 
LNCaP prostate + 40 (1330) 20 (325) 85 (460 
KB3·1 epidem1oid >1000 >1000 >1000 

cervix 
HUT102 adult T cell - >1000 >1000 >1000 

leukeotla 

The recombinant single cbaio B3-Fv immunotoxins did 
not affect B3 antigeo-oegative control cells. The cytotoxicity 
of the recombinant B3(Fv)-PE40 (ID50~50 pM; 3.0 ng/ml) 
was similar lo Lhe chemically linked B3-immuooconjugate 
(ID50m42 pM; 8 ng/ml), wbereas B3(Fv)-PE38KDEL was 
much more active than the chemical conjugate (ID50ml3 
pM; 0.8 ng/ml). This is despite the fact that the single chain 

45 probably because there is a large amount of the B3 antigen 
on the surface of A431 cells (Pai et al ., supra.) 

Example 8 

so Antigen Binding, ADP-Ribosylation and Specific 
Cytotoxicity of Recombinant l mmunotoxins 

A) ADP-Ribosyla1ion Activity 
The ADP-ribosylation activity of each of the immunotox­

ios was to tested to verify that they were of equal enzymatic 
55 activity. ADP-ribosylatioo activity was determined by the 

incorporation on [14 C]-NAD into acid-precipitable material 
using e longation facto r 2 enriched wheat-germ extract 
(Collier and Kandel, J. Biol. Chem., 246: 1496-1503 
(1971)). As shown in FIG. 4(A), B3(Fv)-PE38, which was 

60 used as a reference molecule, Bl(Fv)-PE38 and B5(Fv)­
PE38 bad similar ADP-ribosylation activi ties. 
B) Specific Cytotoxfoity 

Cytotoxicity towards A431 cells was measured by the 
inhibition of incorporation of [3 H}leucioe into cell protein, 

65 following 2 hours or 20 hours of incubation of the cells with 
serial dilutions of immunotoxins in PBS+0.2% BSA (see 
Brinkmann. ct al ., Proc. Natl. Acad. Sci. USA, 88: 
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8616-8620 (1991)). As sbown in FIG. 4(B), when tested on 
A431 cells which strongly bind the 83 and tbe Bl MAbs, 
B3(Fv)-PE38 has an !C50 of 2.8 ng/ml and 2.0 ng/ml 
following 2 or 20 hours incubation respectively. B1(Fv)­
PE38 bas an IC50 of 0.6 ng/ml and 0.3 ng/rol following 2 or 5 
20 boors incubatjon respectively. BS(Fv)-PE38 has an IC-50 

antigen expression, while antigen-negaiive cells are spared. 
The activities of the immunotoxins varied with Bl(Fv)­
PE38 being the most potent. lo a 20 hr as.5ay Bl(Fv)-PE38 
had an IC50 of 0.3 ng/ml on A431 cells, and BS(Fv)-PE38 
was the least potent, wi th an IC50 of20 ng/ml on A431 cells. 

The antigen binding assays (FIG. 5) showed that appar­
ently Bl aod BS recognize the same antigen as B3, because 
all three immunotoxios compete for the binding of .12

51 
labeled Bl IgG and B3 IgG. However, the possibility of each 
recognizing a different epitope of a mutual antigen can no t 
be excluded. A clear correlation was observed between each 
immuaotoxins' antigen binding affinity and its cytotoxic 
potency. The relative low affinity of BS(Fv)-PE38 is con­
sistent with its being derived from an lgM. 

of 120 ng/mJ and 20 ng/mJ following 2 or 20 boms incu­
bation respectively. 

To check the specificity of the immunotoxins, tbe same 
cytotoxic assay (Brinkmann et al. supra.) was done on 

10 
additional ce ll lines. As shown in Table 4, B3(Fv)-PE38, 
Bl(Fv)-PE38, and BS(Fv)-PE38 bad the same spectrum of 
recogrution of the cancer ceU lines tested albeit having 
different levels of cytotoxic activity toward the an tigen­
positive cells, whlcb correlates witb tbe binding affinity of 

15 
each immunotoxin toward its cellular binding site. These 
cell lines differ in their level of B3 or Bl antigen expression 
(Pastan et al. , 1991; Brinkmann et al., 1993; see Table 4). 

Example 9 

Stability of Immunotoxins 

The stability of the Bl(Fv)-, B3(Fv)- and BS(Fv) immu­
notoxins fol lowing beat treatment was determined by incu­
bation at 0.J mg/ml in PBS at 37° C. for 4 hours, followed 

TABLE 4 

Cytotoxicity of Bl(Fv)PE38, B3(Fv)PE38, and B5(Fv)PE38 toward 
various cell li.nes. 

Bl or B3 
Cell 

20 by analytical chromatography on a TSK G3000SW 
(TosoHaas) column, to separate the monomers from the 
aggregates. Cytotoxic activities of aliquots of beat treated 
immuaotoxins were determined as described above, and 
compared to the activities of the untrea ted immunotorios. 

antigen Bl(Fv) -
Line Source expression PE38 

133(Fv) ­
PE.38 

135(Fv) -
PE.38 25 As sbown in FIG. 6(A), all three immunotoxins were 

monomeric before the incubation (FIG. 6(A), broken lines), 
whereas after 4 hours of incubation in PBS at 37° C., abou t 
half Bl(Fv)-PE38 and B5(Fv)-PE38 were aggregated, and 
B3(Fv)-PE38 was completely aggregated (FIG. 6(A), solid 

A431 Epidem1oid +++ 0.3 2.0 20 
carcinoma 

MCF7 Breast +++ 0.6 4.0 22 
carcinoma 

LnCap Prostate + 2.7 21 210 
carcino ma 

KBJ-1 Cervical >1000 >!000 >1000 
carcinoma 

HlJrl 02 T-cell >1000 >)000 >1000 
leukentia 

L929 Mouse >1000 >1000 >1000 
fibroblast 

C) Antigen Binding Affinity of Bl(Fv)-PE38 and B5(Fv)­
PE38 

The specific antigen binding of the immunotoxins was 
further analyzed by determination of their binding affinity to 
antigen positive cells by competition assays, in which 
increasing concentrations of each immunotoxin were used to 
compete the binding of iodinated B3 lgG or Bl lgG to A431 
adenocarcinoma cells at 4° C. as described by Beabar et al., 
Bioconjug. Chem. , (1994) supra). As shown in FIG. 5, 
Bl(Fv)-PE38 competed for Lbe bindrog of [125 I]-Bl lgG to 
A431 cells by 50% at 1.3 pM, and for the binding of 
[

1251]-B3 lgG by 50% at 1.7 pM. 133(Fv)-PE38 competed fo r 
the binding of [1251)-Bl lgG to A431 cells by 50% at 2.7 pM, 
and for tbe binding of [1251}B3 lgG by 50% at 2.5 11M. 
BS(Fv)-PE38 competed for the binding of (1251)-Bl lgG to 
A431 cells by 50% at about 50-100 pM, and for the bincliag 
of (1zsl)-B3 IgG by 50% at 50 ,uM. Bl IgG competed by 
50% for the bindrog of 1 251 labeled Bl IgG at 110 nM and 
B3 IgG competed by 50% for the binding of 125I labeied B3 
IgG al 200 nM (not shown). 

30 
lines). As shown in FIG. 6(B), following tbe 4 hours 37° C. 
treatment, Bl(Fv)PE38 had an IC50 of 1.8 ng/ml whicb is 
25% of its cytotoxic activity before treatment. B5(Fv)-PE38 
bad an IC50 of 30 ng/ml (FIG. 6(B)) which is 66% of its 
cytotoxic activity before treatment. No cytotoxic activi ty 
could be detected after treatment of B3(Fv)-PE38 for 4 

35 bours at 37° C. 
These stabil ity assays reveal dilfe reoces in stabil ity 

amoog the single-chain Fv-immuaotoxins tested here. ]rus 
is evident botb from the cytotoxicity assay (FIG. 6(B)) and 
the from the stability assay (FIG. (6)). The B3(Fv)-PE38 is 

40 somewhat unstable at 37° C. (Benbar et al., 1994 supra; 
Brinkmann el al., Proc. Natl. Acad. Sci. USA, 90: 7538- 7542 
(1993)) and undergoes inactivation mainly by aggregation. 
As a consequence it sbows little difference in cytotoxic 
activity when incubated 2 or 20 bours on A431 cells, 

45 because most of the immunotoxin is inactivated after 2 
boors. Bl(Fv)-PE38 is more stable, as indicated by the fact 
that its cytotoxic activity following 20 hours incubation on 
A431 cells is twice the activity following a 2 hou r 
incubation, and by its reduced aggregation and inactivation 

50 following incubation at 37° C. BS(Fv)-PE38 may be the 
most s table as its cytotoxic activity following 20 hours 
incubation on A431 cells is six fo ld bigher than the activity 
after a 2 bour incubation. B5(Fv)-PE38 seems to aggregate 
as much as Bl(Fv)-PE38 in tbe absence of antigen, but, 
wbeo incubated with cells, it appears to be more resistant 

55 than both Bl(Fv)-PE38 and B3(Fv)-PE38 to inactivation 
following incubation at 37° C. Since the antigen binding 
studies were done at 4° C. for three hours, conditions under 
which all three immunotoxins are stable, tbe re lat ive binding 
affinities of the immunotoxins best correlate with their 

The analyses of the Bl(Fv)-PE38 and B5(Fv)-PE38 and 
their comparison w ith B3(Fv)-PE38 s howed that all three 
had similar ADP-ribosylation activities (FIG. 4(A)), indi­
cating tbat cytotoxic activity dilforences between the immu­
notoxins did not result from different enzymatic activity, but 
iostead reflect relative an tigen binding affini ties. The cyto­
toxic assays (FIG. 4(B) and Table4), show that the cytotoxic 
activity of Bl(Fv)-PE38, B3(Fv)-PE38 , and B5(Fv)-PE38, 65 

is specific, as they all kill amigen posi tive cells, whose 
sensitjvity to iotoxication is proporiional to the level of 

60 relative cytotoxic act ivities following a 2 hour incubatjon 
period. 

Example 10 

Assay of Blood Levels of B3(Fv) -PE38KDEL in 
Mice 

Six week o ld (19-20 gm) female Balb/c mice were 
injected with 10 pg of B3(Fv)-PE38KDEL in tbe tai l vein. 
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Blood was drawn at various lime intervals and the level of 
the immunotoxin measured by incubating serum wilb A431 
cells and measuring inhibition of protein synthesis. A stan­
dard curve was made wilb pure B3(Fv)-PE38KDELand lbe 
blood level of immunotoxin (which is shown in FIG. 7) 5 

calculated using Lbis curve. 

Lion of extended PCR products (see Example 2). The result ­
ing PCR products were used as "primers" in a "domain 
shutlling" scheme where they replaced tbe corresponding 
B3(Fv) VH or VL regions or both, generating single chain 
Fv-toxin expression plasmids having B3Y11-BSV1,, B5V1r 
B3V L• aocl BSFv (FIG. 9). 11le extension of template-primer, 

Example 11 

Anti-tumor Activity of B3(Fv)-PE38KDEL in Nude 
Mice Bearing a I luman Epidermoid Carcinoma 

A431 cells (3x10°) were injected subcutaneously on day 
0 into female nude mice (4-6 weeks old, 18-20 gm). Mice 
with S mm by S mm 1umors, that usually developed by day 
4, were treated with B3(Fv)-PE38KDEL or, as a control, 
with MAbB3 or an tiTac(Fv)-PE38KDEL (Cbaudbary et al., 
Nature 339: 39497 (I 989)). Because tbe lifet ime of 
B3(Fv)-PE38KDEL in the circulation of the mice was 
observed io be only lS-20 min (FIG. 7), six injections were 
given at 12 hour intervals into the tail vein, starling 4 days 
after rumor implantat ion. Eacb treatment group consisted of 
five animals. The volume of the tumor was calculated by 
(tumor volume in cm3~leogtbxwidtb2x0.4). 

As shown in FIG. 8, injection of either 2 .5, 5 or 10 pg 
lwice daily produced complete tumor regression despite 1be 
fact that B3(Fv)-PE38KDEL bas a short lifetime (15-20 
min) in the c irculation. Partial regression was observed 
when only 0.5 /tg was injected. No toxicity was observed at 
these doses. In addition, when mice with large tumors about 
l cm in diameter were treated wi1b S pg twice a day for 4 
days, complete regression of these large tumors containing 
about Sxl0'1 cells rapidly occurred (FIG. 8(0)). Previously, 
it was found that even tbe administration of 75 pg per day 
for 5 days of a chemical conjugate composed of B3 and 
PE40 (see Table 3) only produced 1mtial regres.sion of large 
tumors despite tbe fact that the chemical conjugate has a 
much longer lifetime in the blood ( 4 hours). Tbe recombi­
nant molecule probably bas a higher anti tumor activity in lbe 
mouse model because of its small size which allows belier 
access to tumor cells. Regression of MCF-7 tumors (breast 
carcinoma) also was observed wi1b 5 11g twice daily of 
B3(Fv)-PE38KDEL 

Example 12 

Chimeric Fv Region l mmunotoxins and Mutated 
lmmunotoxins Show Increased Stability 

In order 10 investigate 1be mechanism contributing to the 
greater stability of BS(Fv)-PE38 as compared to B3(Fv)­
PE38 immuootoxins comprising chimeric Fv regions in 
which the light and beavy chains were derived from different 
antibodies were constructed as described below. lo addition, 
B3(Fv)-PE38 immunotox.ios carrying V L mutations M4L (in 
wbicb metbionine 4 is replaced with leucine) and S7T (in 
which serine 7 is replaced with threonine) in combination or 
separately were prepared. The cytoloxicily and stability of 
the chimeric Fv and mutated fusion proteins was then 
determined. 

ligation, transformation and analysis of clones are described 
in Examples 2 and 4. Tbis procedure resul ted in the gen­
eration of plasmids for expression in£.. coli in which either 

10 !he V 14 or the V L domains of B3 were replaced by the 
corresponding domains from BS (FIG. 9). 

In addition, plasmids expressing B3(Fv)-PE38 deriva tives 
in carrying VL mutations M4L and S7T in combination or 
separately, were prepared by s ite-specific mutageoesis 

15 (Kunkel, et al. Proc. Natl. Acad. Sci. USA, 82: 48~92 
(1985)). In addition, similar plasmids expres.5iog B3(Fv)­
PE38 derivatives carrying V /, mutations M4L and S7r 
together or separately were prepared by s ite-specific 
mutagenesis using oligonucleotide primers. Plasmids encod-

20 ing B3(Fv)-PE38, B5VfrBSYcPE38) B5YfrB3VcPE38, 
B5(Fv)-PE38 or mutated B3(Fv)-PE38 were expressed and 
the fusion protein purified as described in Example 6. 
Typically, monomeric proteins were .recovered that were 
over 95% pure. 

25 B) Specific cytotoxici ty of recombinant immunotoxins 
The cytotoxic activity of B3(Fv)-PE38 and its deriva tives 

was as.sessed, according 10 the method of Brinkmann et al., 
Proc. Nat. Acad. Sci. USA 88: 8616-8620 (1991), by mea­
suring the incorporation of [3H]-leucine by various human 

JO carcinoma cell lines after treatmenl with serial dilutions of 
the immuootoxin in phosphate buffered saline (PBS) con­
taining 0.2% BSA as described in Exa.mple 8. 

When tested on A431 cells, which strongly bind mono­
clonal antibody 83, B3(Fv)-PE38 bas an IC50 of 2.8 ng/ml 

35 and 2.0 ng/ml following 2 or 20 hours incubation respec­
tively. B3VH"BSVL-PE38 and B3(Fv)-PE38 YL: M4LS7T 
are more active and have identical JC50s of0.6 ng/ml and 0.3 
ng/ml following 2 or 20 hours incubation respectively. 
BS(Fv)-PE38 is much less active with an IC50 of 120 ng/ml 

40 and 20 ng/ml following 2 or 20 hours incubation respec­
tively. BSY1rB3Y, -PE38 has an ICSO of 200 ng/ml and 120 
ng/ml fo llowing 2 or 20 hours incubation respectively (data 
not shown). 

45 
C) Stability of the recombinant immuaotoxins 

Tbe stability of B3V H-BSVcPE38, and B3(Pv)PE38;VL 
M4L S7T were tested and compared to that of B3(Fv)-PE38 
by determination of their respective levels of aggregation 
and inactivation at 37° C. as described in Example 9. All 
three immunotoxins were principally monomeric before 

so incubation at 37° C. After one hour of incubation in PBS at 
37° C., about half of B3V fl"BSVL-PE38 and B3(Fv)PE38 
V,: M4LS7Twere aggregated, whereas B3(Fv)-PE38 was 
about 75% aggregated. After 2 hours of incubation in PBS 
at 37° C, 60% of B3Y"·BSVL-PE38 aad B3(Fv)-PE38 YL: 

55 M4L S7T were aggregated, and B3(Fv)-PE38 was >80% 
aggregated. After 4 hours of incubation in PBS at 37° C., 
about 80% B3Y11-BSVcPE38 and B3(Fv)-PE38 VL: M4L 
S7T had aggregated, wbereas B3(Fv)PE38 was almost com-
pletely aggregated. 

A) Cloning and Expres.sioo of Chimeric Fv and Mutated 60 

Immunotox.ios 
Tbe cytotoxic activities of these immuootoxins are shown 

io FIG. 10. Following tbe 1 hour incubation at 37° C. in 
PBS, B3(Fv)-PE38 bad an IC50 of 8 ng/ml which is 25% of 
its cytotoxic activity before treatment. After 2 hours at 37° 
C., it bad an JC50 of 200 ng/ml wbicb is about 1 % of its 

'lb produce chimeric Fv immunotoxios, DNA encoding 
tbe variable regions of the heavy and ligbt chains of BS was 
prepared from mRNA obtained from BS bybridoma cells as 
described in Example 2. To generate single chain immuno­
toxins with Fvs of BS, the Yn and VL fragments were PCR 
amplified usiog pbospborylated primers to enable the liga-

65 cytotoxic activity before treatment. Both B3YH·BSV'--PE38 
and B3(Fv)-PE38: V, M4L S71' cytotoxic activities after 
one hour at 37° C. in PBS were similar to their pretreatment 
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activities. After 2 hours they showed an IC50 of 3.5 nglml 
which is l2% of their cytotoxic activity before treatment. 

34 

The lower IC50 of the chimera and 1he mutant can be 
explained by 1he fac1 1hat both are more stable that the wild 
type B3(Fv)-PE38. This improved stability was evident 5 
from their slower aggregation aod loss of cytotoxic activity 
upon incubation in PBS at 37° C. Very little B3(Fv)-PE38 
monomer survives a 2 hours incubation, whereas 1he s1abi­
lized variants survive for a longer time. This correlates wi th 

highest overall sequence identity and had the highest iden­
tity in the framework regions. The alignmem of B3 v,., wilb 
59Pl'CL VH is shown io FIG. ll(A). T he VL of the human 
IgM GM607 (Klobeck et al., Nature, 309, 73-76 (1984)) 
(SWISSPROT file sw:kv2e-humao) scored fourth in overall 
sequence identity (77.7%), but bad the bigbest identity in the 
framework regions. The alignment of B3 V L witb GM603 
VL is shown in FIG. ll(B). The amioo acid residues that 
differ are identified in FIG. 11 by vertical lines above the 
sequence. Based on experiments with B3(Fv)-PE38 mutants 
(Benbar, uopublished), aod on the analysis of B3Fv using 

the fact 1hat while B3(Fv)-PE38 cytotoxic activity is only 10 
slightly increased i[ A431 cells are expressed to it for 20 
bours instead of two bours, wbereas tbe stabilized variants 
show a 3 fo ld increase upon a 20 hour incubation when 
compared to a 2 hour incubation on A431 cells. 

tbe structural model, it was decided to preserve the mouse 
residues at Vff positions 1, 3, 19, 24, 89, and 91 and VL 
positions 2, 3 and 41 (Kabat, et al. Sequences of proteins of 
immunological interest. 5th edition. U_S, (1991); FIG. 11). 
These residues are identified by asterisks in FIG. ll(A) and 

Site specific mutagenesis was used to identify which of 15 
lbe three VL residues tha t differ between B3 and BS was 
previously responsible for 1be stabilizing effect. Since 
B3Vf,-B5V1.-PE38 and B3(Fv)-PE38: V'- M4L S7T (which 
differs from the chimera on ly at the fourth CDRl residue) 
had identical characteristics in the assays, the CDR residue 20 
is not the siabiliziog ooe. Analysis of B3(Fv)-PE38 deriva­
tives carrying mutations V L M4L or V L S7T separately 
showed that replacing V L methionine 4 witb leucine stabi­
lized the immuaotoxin as much as the B3V H-B5VcPE38 
combination, whereas replacing V L serine 7 with threonine 25 
had no stabil.izing effect (data not shown). 

ll(B), some of them are inter-domain residues and others 
are buried and 1berefore are not expected to be part of an 
immunogenic epitope (Padlan, Mot. /111111unol. 28: 489-498 
(1991) and Roguska et al. Proc. Nari. Acad. Sci. USA, 91: 
969- 973 (1994)). 

The human antibodies chosen aL5<> bad similarity to 
B3(Fv) in the sequence of the complementarity determining 
region loops (CDRs), and bad the same CDR length which 
further indicates Lhal they belong Lo a similar structural 
group, and possibly have a similar canonical structure of the 

A binding study using a BioCore instrument indicated that 
B3(Fv)-PE38: VL M4L STf bas a similar off rate to that o( 
B3(Fv)-PE38 (0.0023 and 0.0021, respccrively) whereas the 
on ra tes differ (1150 and 984, respectively). The apparent Kd 30 
is 2.33xl0-6 for B3(Fv)-PE38 aod l.84xl0-6 for B3(Fv) 
-PE38: V L M4L S7T. ThL5 data correlates with binding data 
obtained by competition with 12 51 83 lgG. 

CDR loops (Chothia et al. , J. Biol. Chem. 227: 799-817 
(1992); Williams et al. , Eur. .!. /111111unol. 23: 1456-1461 
(1993)). 
B) Construction of plasmids expressing humanized variants 
of B3(Fv)PE38 

B3 V H and VL gene segments in plasmid pUL17 (FIG. 
13(A)) encoding wild type B3(Fv)-PE38 was selected for 
modification via site-directed mutageaesis. Uracil-Example 13 

Humanization of the B3(Fv) Alllibody 

B3(Fv) was humanized by a process of " framework 
exchange". As will be explained in detail below, the variable 
domains of the heavy and light chains were aligned wi1h 
human antibody sequences and, by comparison of each 
domain wi tb its best human homolog, framework residues 
that differed be1ween the mouse B3 and its human homolog 
were identified. Eleven framework residues io Vu aod eight 
in VL were changed by site-specific mutagenesis to human 
residues and introduced simultaneously into a pre­
assembled single-chain Fv (scFv) expression cassette. 
A) Identification of Residues for Huma.nization 

A structural model of B3(Fv) was constructed based on 
lbe crystal structure of the variable domains of monoclonal 
antibody McPC603 (Satow et al., J. Mo!. Biol., 190: 
593-604 (1986); Abola et al., pp. 107-132 io Crystallo­
graphic databases-information content, Sofrware Systems, 
Scientific Application, eds. Allen, Bergerboff, & Sievers, 
Data Comm. of the lotL Union of Crystallogr., Bono (1987); 
Protein Data bank Entry lMCP), which was modified and 
refined by an energy minimization algorithm using lbe 
program CHARMM (Brooks et al., .!. Complll. Chem., 4: 
187- 217 (1983)) version 22. Tbe construction of this refioed 
model in described in detai l e lsewhere (.Tung el al., Protein 
Structure Function and Genetics, 19: 35-47 (1994)). The 
amino acid sequences of B3 V Hand V L were independently 
aligned with all the human antibody sequences contained io 
the SWISS-PROT Data Ba5e using the FASTA program 
(Release 27.0 10/93) (Devereux et al.,N11cleicAcids Res. 12: 
387- 395 (1984)). 

The Yu o( the human (etal immunoglobulin 56Pl'CL 
(Schroeder et al., Science, 238: 791- 793 (1987)) bad the 

35 containing single-stranded DNA was prepared by rescue of 
our F+ origin containing plasmids witll ao M13K07 helper 
pbage and was used as a template for site-specific mutagen­
esis (Kunkel, Proc. NM!. Acad. Sci. USA, 82: 488-492 
(1985)). The complete nucleotide sequence o( Lbe gene 

40 encoding B3(Fv)-PE38 bas been described (Brinkmann, et 
al., Proc. Natl. Acad Sci. USA, 88: 8616-8620 (1991)). 
Mutagenic oligonucleoiides used and tine mutation, they are 
listed in Table 5. 

B3 V H and VL gene segments in plasmid pULI7 (FIG. 
45 12(A)), encoding wild type B3(Fv)-PE38, were iodepeo­

deatly humanized by site specific mutagenesis. A set of four 
oligonucleotides was used to simultaneously in1roduce tbe 
mutations into each segment , wi1h most of Lbe oligonucle­
otides changing more than one mouse to human codon. la 

so B3 VN, the mutations in troduced were LllV and Gl6R, 
T40A, E42G and R44G, A74S and R75K, S82aN, R82bS, 
K83R aod S84A. lac resu ll iog plasmid was pB3HUMVfr 
VcPE38 (FIG. 12(B)). lo B3 V1,, tbe mutations introduced 
were Sl4T, USP, Dl7E and QlSP, K45Q, L83V, SlOOQ aod 

55 L104 V. The resulting p lasmid, pB3HUMV H'" VL-PE38 (FIG. 
U(C)) was used as a template for a second mutagenesis with 
tbe combined heavy chain mutagenie o ligonucleotides gen­
erating plasmid pHUMV,.-HUMVL-PE38 (FIG. 12(D)), 
wh ich encodes the humanized B3(Fv) single-chain immu-

60 ootoxio. The residues that were mutated are identified in 
FIG. 11 by 1beir numbers. 
C) Expression aod Purification of Recombinant Proteins 

Expression plasmids co cod iog B3(Fv)-PE38 or its 
humanized derivatives were introduced into £. coli strain 

65 BL21 {)1.DE3) (S1udier el al. .!. Mo!. Biol. 189, 113-1.30 
(1986)) and the recombinant proteins were expressed as 
inclusion bodies as described io Example 6. The single-
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chain immunotoxins were obtained by solubilization and 
refolding of inclusion body protein as described and subse­
quently purified as described in Example 6. Typically, the 
monomeric proteins were obtained at over 95% purity, as 
determined by non-reducing SDS-PAGE of the product. 

TABLE 5 

36 
done on additional cell lines. A<> shown in Table 6, B3(Fv) 
-PE38 and all the humanized variants bad the same spectrum 
of recognition of the cell lines used. These cell lines differ 
in their level of B3 antigen expression (Brinkmann et al., 
Proc. Natl. Acad. Sci. USA, 90: 7538- 7542 (1993). This 

Oligonucleotidcs utilized for site directed mutagenesis and the 
mutations they introduced. Restriction sites which were introduced into 
these ol igonuclcotides to facilitate identification of mutated clones are 

underlined. 

Primer Sequence Mutation SEQ ID. No: 

5'-GGAGAGTTTCAGGGAGCGCCCGGGGT GC v.,: Lil V; Gl6R 23 

ACGACGCCT CCCCC-3' 

2 5'-T GCGACCCACTCCAGGCCCCTT GCCCGGG VH: T40A: E42G: 24 

GCCTGG CGAACCCAATA-3' R44G 

3 5'-GAGGG'TGTTCTTGCTAT TGTCTCTAGAG VH: A74S; R75K 25 

ATGGTGAACCG-3' 

4 5'-TATGGCTGTGTCCTCGGCGCGCAGGCTG v11: SS2aN: R82bS; 26 

l 'T CATTT GCAGGTA-3' KSJR; S84A 

5'-GCAAGAGATGGAGGCCGGCTCTCCCGGG VL: SJ4T: L151': 27 

QTGACAGGT AAACl'CAA-3' Dl7E: Ql8P 

6 5'-AACTTTGTAGATCAGCAGCT GT GGAGAC VL: K45Q 28 

TGGGCTGG-3' 

7 5'-GCJ\GTAAT AAACTCCGJ\CGTCCTCAGCC VL: l.1J3V/ 

TCCAC-3' 

8 5'·GGAAGCTTTAATTTCGACCTTGGTACCC Yi..: S lOOQ; Ll04 30 

TGGCCGAACGTGAA TGG-3' 

D) Cytotoxici ty and Binding Affini ty of Humanized 
B3(Fv)-PE38 

35 

The ADP-ribosylation activity of eacb immunotoxin was 
tested, to verify that they are of equal enzymatic activity. Ac; 
shown in FIG. 13(A), B3(Fv)-PE38 aod the humanized 40 

variants had similar ADP-ribosylation activities. 
The cytotoxic activity of B3(Fv)-PE38 and of its human­

ized variants was measured by incubating various human 
carcinoma cell Jines witb serial dilutions of tbe 
immunotoxin, and measuring the incorporation of [3H)- 45 

leucine as described in Example 8. As sbown in FlG. 13(B), 
B3(Fv)-PE38 bad an IC50 o(1.8 ng/ml on A431 cells which 
express bigb levels of the B3 antigen. The variant B3Vu­
HUMVL -PE38 (HUML) bad a similar cytotoxic activity, 
while B311UMV,.;Vc PE38 (HUMu) and B3-HUMV,.,- 50 

HUMYL -PE38 (HUM11+d had IC5oS of about 4.4 Dg/ml. 
To cbeck wbetber humanizing B3(Fv)-PE38 caused a 

cbange in antigen specificity, the same cytotoxic assay was 

result indicates that the antigen binding specificity of the 
B3(Fv) was 001 altered by the bumaoizing process. 

Tbe specific antigen binding affinity o f the B3(Fv) immu­
notoxins was further analyzed by determination of the 
binding affinity of B3(Fv)-PE38 and the bumanized variants 
to B3 antigeD bearing cells by a compelition assay, in which 
increasing concentrations of eacb immu10otoxin were used to 
compete for the binding of [1251)-B3 lg·G to A431 cells at 4° 
C. As shown in FIG. 13(C), both B3(Fv)-PE38 and HUML 
blocked the binding of [1z51)-B3 antibody to A431 cells by 
50% at l-2 pM. However, HUMu and HUM211+L had a 
lower affini ty, and competed by 50% at 4-5 pM. The results 
from the cytotoxicity and the binding assays indica te 1ba1 the 
humanized B3(Fv) suffered a 2- 3 fold Joss in antigen 
binding affinity and that tbe damaging mu1atioa probably 
resides in the V,., segment. 

TABLE 6 

Cytotoxicit~ of recombinant B3(Fvl PE38 and its humanized variants towa rd various cell lines. 

Cell 63 antigen 
Line Source expression B3(Fv)PE38 HUMi. IIUMH !IUMu .1.. HUMFv 

A431 Epidermoid +++ 1.8 1.9 4.4 4.2 2.2 
carcinoma 

MC F7 Breast +++ 4.0 3.8 8.2 8.5 4.2 
carcinoma 

LnCap Prostate + 35 30 110 90 300 
carcinoma 
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TABLE 6-continued 

Cvtotoxicitv of reoombinant B3(Fv)PE38 and its humanized variants toward various cell lines. 

Cell 8 3 antigen 
Line Source expression B3(Fv) PE38 IIUML llUMH HUMH+L HUMFv 

KBJ-1 Cervical >1000 >1000 >1000 >1000 >1000 
carcinoma 

HlJI"J02 T-cell >1000 >1000 >1000 >1000 >1000 
leukemia 

L929 Mouse >1000 >1 000 >1000 >1000 >1000 
fibroblast 

Cytotoxicity data arc given as IC,0 values, the oonccntration of immunotoxin that causes a 50% inhibition 
of protein synthesis following irs incubation on the cells for 20 hours. 
Expression level es timation of the 8 3 antigen is oosed on immu11oftuoresce11ce. 
++-+, strong; 
+weak; 
- , not detected. 
The immunotoxins used are 133(Fv)PE38, B3Vh-HUMVL-PE38 (HUMJ, 8J HUMVH-VL-PE38 (HUMH), 
8 31iUMVH·HUMVL· PE38 (liUMH,J, HUM133(Fv)-PE38 (HUMFv). 
All cell lines except L929 are of human origin. 

E) Back-Mutating VH Residue 82b to Restore Ac1ivi1y Example 18 
To restore Ibe reduced activity of HUMH+l• some mutated 

forms which were partially humanized in the Vil region 
were tested for cytotoxic activity. It was found tbat a mutan t 25 
of D3(Fv)-PE38 in which the Vl was wild type and V11 
residues at posiiions 74, 75 or 83 were humanized, did not 
lose cytotoxic activi ty, whi le a derivative in which residues 
74, 75 and 82a, 82b, 83, and 84 were bwnanized was about 
5- 6 fold less active. In the B3 Vu s1ruc1ural group (mouse 30 
lll(A)) residue 82a is most commonly asparagioe, as it is in 
HUMH+l· However, serine is never found at position 82b. 
Furthermore, the original residue at position 82b, arginine, is 
acceptable in human IgGs. Therefore, residue 82b in 
HUMH+1.. was mutated lo arginine by site-specific mutagen- 35 
esis. The resulting molecule is named HUMB3(Fv)-PE38. 
Tbe protein was purified lo near bomogeneity and was 
subjected to activity and binding assays. As shown in FIG. 
13(A), its ADP-ribosylation activity did not differ signifi­
cantly from that of the other immunotoxins. Moreover, as 40 
shown in FIGS. 13(B), 13(C), and Table 6, its cytotoxic and 
an tigen binding activities were improved relative to 
HUMH+l and were s.imilar 10 those of 1he original B3(Fv) 
-PE38 immunotoxio. 

Tbe V11 Tyrosine to Serine Mutation Improves ibe 
Affinity of Anti-Lev Carbohydra te An1iboclies 

When comparing the amino acid sequence of B3 to the 
conserved framework sequences of other an tibodies (Kabat 
ct al. (1991) supra.) it was observed that a tyrosine at 
posi tion V H 95 was exchanged to serine, wbicb is very 
unusual. To investigate tbe significance of tbis excbange, 
tbis residue was mutated to tyrosine or to phenylaJaniae, 
wbicb are the amino acids tbat are moslly present al Ibis 
position in othe r antibodies. II was found, that both 
exchanges reduced the affinity or B3(Fv) compared to the 
molecule wi tb tbe original serine approximately 10 fold. 
Thus, the serine is importan t for high affinity binding. ]ais 
was unexpected and surprising, because position V H 95 is in 
the V11-V1.. interface, and thus neither in tbe binding region 
nor close 10 it (see, commonly assigned U.S. patent appl i­
cation Ser. No. 08/077,252 fi led on Jun. 14, 1993). "lais 
excludes the possibility that a direct (contact) effect of the 
serine, ioflueoccs binding. Tbe most W<c!y explanation for 
Ibe effect of the serine is, tbat, because ii is positioned in the 

Example 17 

Reactivity with Sera from Monkeys Immunized 
with B3(Fv)-PE38 

Sera obtained from monkeys that bad been immunized 
with B3(Fv)-PE38 contain antibodies to PE38 as well as a 
lower reactivity with B3Fv. To assess the success or human­
izing B3Fv, sera from four Cynomolgus monkeys containing 
specific anti B3(Fv)-PE38 titers (Id.) were pooled and used 
in ao ELISA assay on plates ibat were coated witb B3(Fv) 
-PE38, HUMH+u or HUMFv (B311UMFv). An excess of 
PE38 was included as a competitor to preadsorb reactivity 
which is directed against the toxin moiety o f the molecule. 
As shown in FIG. 14, the anti B3(Fv)-PE38 sera bad a 
weaker reaction against both HUMN+l and HUMFv than 
with the wild-type B3(Fv)PE38, indicating that primate 
B3(Fv) epitope(s) were missing in the bumanizecl variants. 

'lbe above examples are provided to illustrate the inven­
tion but not to limit its scope. Other variants of tbe invention 
will be readi ly apparent to one of ordinary skill in the art and 
are encompassed by the appended claims. All publications, 
patents, and patent appl ications ci1ed herein are hereby 
incorporated by reference. 

45 V rrY1.. in terface and sligbtly destabilizes tbe interface con­
taclS it enables a movement of V11 relatiive to V1,.S, mediating 
a so called "induced fit " antibody binding mode (Rini el al., 
Science, 255: 959-965 (1992) and Stanfield el al. Structure, 
1: 83-93 (1993)). To analyze whether the ·'serine mutation" 

so at v,, 95, which was found in B3(FV) increases only ihe 
affinity ofB3(Fv) or if it can (possibly by mediating induced 
fit) also increase tbc affini ty of 01bcr Le 1' binding antibodies, 
we introduced Ibis mutation into BS(Fv). BS Fv binds like 
B3 Le1

' but contains a different antibody binding site, and in 
55 addition contains the "conserved" tyrosine in position Vu 

95. Exchange of this tyrosine 10 serine was done by site 
directed mutagenesis (Kunkel, et al. 1985) supra.). The 
resulliog BS(Fv)-Ser Vu 95 mutaot molecule (designated 
B5(Fv): V11 Y95S) showed 4-fold increase in specific bind-

60 ing activity as analyzed by cytotoxicity assays, from wbicb 
the (relative) affin ities can be deduced (Table 7). Tbus, lhc 
Vu tyrosine to serine 95 mutation not only increases the 
affinity of B3(Fv) but also ofonc otber Lcl' binding antibody 
and probably others. Since the mechanism by whicb the ser 

65 95 causes increa5ed affinity is most likely facili tation of 
induced fit binding, it is expected Lhai this mutation can also 
increase tbe affinity of certain otber antibodies, in cases 
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where induced fit wi ll generate increased interactions 
between the antibody aod tbe aotigeo. 

TABLE 7 

Relative binding affi.nit y of single chain fusion proteins with 
substitutions at V H position 95. 

Si ng)e Chain 
Antibody 

B3(Fv) 
B3(Fv) 
BS(Fv) 
BS(Fv) 

Amino Acid at Position 
95 of V11 

tyrosine 
serine 
tyrosine 
serine 

•Best binding affinity was set 10 100%. 

Percentage Binding 
Affinity• 

10% 
100% 
25% 

100% 

5 

10 

15 

SEQUENCE LISTING 

l ) GENERAL INFORMATION: 

( i i i ) N1.JM BER or SEQUE.\'CES: 68 

( 2 ) INFORMATION FOR SEQ ID NO:l: 

( i ) SEQUENCE CHARACl'ERISTICS: 
( A ) LENGTI-~ .;4 base pairs 
( B ) TYPE: nucleic acid 
( C ) S'fRANDEDNESS: single 
( D ) TOPOLOGY: linear 

i i ) MOLECULE TYPE: DNA 

i x ) FEATURE: 
( A ) NAME/KllY: • 
( ll ) LOC~ION: 1..44 
( D ) OTHER INFORMATION: /nolc= "B3-Hl Hcovy chain PCR primer" 

( x i ) SEQUENCE DESCRlPTION: SEQ ID NO: l: 

TAACTAGGAT CCGTCCATAT GGATGTGAAG CTGGTGGAGT CTGG 

( 2 ) INFORMATION FOR SEQ ID N0:2: 

( i ) SEQUENCB CHARACl'ERls·ncs: 
( A ) LENGTll: 39 base pain; 

( B ) 1YPE: nucleic acid 
( C ) S'ffiANDEDNESS: single 
( D ) TOPOLOGY: lincor 

i i ) MOLECULE TYPE: DNA 

i x ) FEATURE: 
( A ) NAME/KEY: • 
( B ) LOCATION: 1..39 
( D ) OTHER INFORMA:llON: /nolc• "RJ-li2 Heavy c.hain PCR primer" 

( x i ) SEQUENCE DESCRIP'llON: SEQ ID N0:2: 

TGGATAGACT GATGGGGATC CGCCTCCGCC TGAGGAGAC 

( 2 ) INfORMA'.llOJ-1 FOR SEQ tD N0:3: 

( i ) SEQUENCE CHARACl'ERl.STICS: 
( A ) LENGTH: 39 base pairs 
( B ) lYPE: nucleic acid 
( C ) S'fRANDEDNESS: single 
( D ) TOPOLOGY: linear 

i i ) MOLECULE TYPE: DNA 

i x ) FEATURE: 

40 

4 .. 

3 9 
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-continued 

( /\ ) NAME/KEY: · 
( B ) LOCATION: 1..39 
( D ) 0111£R INFORMATION: /note• "BIHFrl Heavy chain PCR primer" 

( x i ) SEQUE.'ICE DESCRll'TION: SEO ID N0:3: 

GATATACATA TGGAGGTGCA GCTGGTGGAA TCTGGAGGA 

( 2 ) INFORMi\l10N FOR SEO ID N0:4: 

( i ) SEOUE.'ICE CHARACTERISTICS: 
( A ) LENGTH: 39 base pair$ 
( 13 ) TYPE; nucleic acid 
( C ) STRANDEDNESS: single 
( I) ) TOPOLOGY: linear 

i i ) MOLECULE TYPE: ONA 

i x ) FEA1VRE: 
( A ) NAME/KEY: • 
( B ) LOCATION: 1..39 
( 0 ) OTilER INFORMA'.nON: /note- ··BSHFrl Heavy chain J'CR primer" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:4: 

GATATACATA T GGAGG T GAA GCTGGTGGAA TCTGCAGGA 

( 2 J INFORMATION FOR SEO ID NO:S: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 24 base pair> 
( B ) TYPE: nucleic add 
( C ) S"ffiANDEDNESS: single 
( 0 ) TOPOLOGY: linear 

i i ) MOLECULE TYPE: ONA 

i x ) FEA11JRE: 
( A ) NAME/1(£Y: • 
( B ) LOCATION: 1..24 

( D ) OTHER INFORMATION: tno1e- "Ganut1aCHI Hea.•y ch>iu PCR 
primer'' 

( x i ) SEQUENCE DESCRIPTION: SEO ID NO:S: 

AGCAGATCCA GCCGCCAGTG GATA 

( 2 ) INFORMA'.nON FOR SEO ID N0:6: 

( i ) SEQUENCE Cl lARACTERISTICS: 
( A ) LENGTH: 27 base pairs 
( B ) 1YPE; nucleic acid 

( C l 5'TRANDEDNESS: single 
( D l TOPOLOGY: linear 

i i ) MOLECULE TYPE: DNA 

i x ) FEATURE: 
( A ) Nfu\olE/KEY: • 
( B ) LOCATION: 1..27 

( D ) OTHER INFORMATION: /Dole= "BlHl'r4 Heavy <fain PCR primer" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0 :6: 

ACCGGATCCG CCTGCAGAGA CAGTGAC 

( 2 ) INFORMAOON J'OR SEQ ID N0:7: 

( i ) SEQUENCE CHARACl'ERISTICS: 
( A ) LENGTH: 33 base pairs 
( 13 ) TYPE: nucleic :acid 
( C ) STI~ANDEDNESS: <inglc 
( D ) TOPOLOGY: linear 

) MOLECULE TYPE: DNA 

42 

3 9 

3 9 

2 4 

2 7 
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-continued 

i x ) FEATURE: 
( A ) NAME/KEY: • 
( B ) LOCATION: 1..33 
( D ) OTHER INFORMA'.nON: /note• "B5HFr4 Hca"y chain PCR p<imer" 

( x i ) SEQUENCE DESCRIPTION: SEQ II) N0:7: 

ACCGGATCCG CCTCCGCCTG AGGAGACAGT GAS 

( 2 ) INFORMATION FOR SEQ ID N0:8: 

( i ) SEQUENCE CHARACrERISTICS: 
( A ) LENGTH: 70 base pai,. 
( ll ) TYPE; nucleic •cid 
( C ) S'rnANDEDNESS: single 
( D ) TOPOLOGY: linear 

i i ) MOLECULE TYPE; DNA 

i x ) FEATURE: 
( A ) NAME/KEY:· 
( B ) LOCATION: l..70 
( D ) OTHER INFORMA'.nON: /note- "BJ-W Light chain PCR primer" 

( x i ) SEQUENCE DESCRIP'nON: SEQ II) NO:S: 

44 

l l 

GTCTCCAAGC TTCCCCATCC CCTCGTOCCG GATCTGCAGG TGGCGGAAGC CATGTGCTGA 60 

CCCAGTCTCC 70 

( 2 ) INFORMA'.nON FOR SEQ ID N0:9: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 42 base p.1irs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

i i ) MOLECULE TYPE: DNA 

i x ) FEA11JRE: 
( A ) NAME/KEY: • 
l B ) LOCATION: 1..42 
( D ) OTHER INFORMA'.nON: /note= "B3-l2 1.ight cboin PCR primer" 

( x i ) SEQUENCE DESCRIP'nON: SEQ ID N0:9: 

AGTTGGTGCA GCATCAAAAG CTTTKAKYTC CAGCTTKGTS CC 

l 2 ) CNFORMATION FOR SEQ TD NO:lO: 

( i ) SEQUENCE OIARACrERIS'nCS: 
( A l LENGTH: 28 base pairs 
( B ) TYPE: nucleic •cid 
( C ) STRANDEDNESS: single 
( D J TOPOl.OGY: line>r 

i i ) MOLECULE TYPE: DNA 

i x ) FEATURE: 
( A ) NAME/KEY: · 
( IJ ) LOCATION: 1..28 
( D ) OTHER INFORMATION: /note= "Bl·L3 Ught chain PCR primer" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:l(); 

TTGGGGATCC GGTGGTGGCG GATCTGGA 

( 2 ) CNFORMA'.OON l'OR SEO ID NO: IL: 

( i ) SEQUENCE Cl !ARACTERISTICS: 
( A ) LENGTH: 40 base p.1irs 
( 13 ) TYPE: nucleic acid 
( C ) STRANDEDNr:.SS: single 
( D ) TOPOLOGY: linear 

4 2 

28 
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i i ) MOLECULE TYPE: DNA 

i x ) FEATURE: 
( A ) NAME/KEY: • 
( B ) LOCA:rCON: 1..40 

( D ) OTIIER INFORMATION: /note= "133·1.-1 l.ight chain PCR primer" 

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

AGCGGGAATT CATTATTTAA TTTCCAGCTT TGTCCCCGAC 

( 2 ) INFORMATION FOR SEQ ID l\0:12: 

( i ) SEQUENCE CHARACll!RISTICS: 
( A ) LENGTH: 30 base pai,. 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

i i ) MOLECULE TYPE: DNA 

i x ) FEATURE: 
( A ) NAME/KEY: · 
( 13 ) LOCATION: 1..30 
( D ) OTHER INFORMA°nON: /note- "RILFrl Liglll chain PCR primer" 

( x i ) SEQUENCE DESCRIPTION: Sr;Q ID N0:12: 

GGTGGCGGAA GCGATGT T GT GATOACCCAA 

( 2 ) INFORMATION FOR SEQ ID NO:l3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 b>Se p.1irs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

i i ) MOLECULE TYPE: DNA 

i x ) FEA11JRE: 
( A ) NAME/KEY: • 
l 13 ) LOCATION: 1..30 
( D ) OTHER INFORMA'.nON: /note= "BSLFrl Liglll cb•in PCR primer" 

( x i ) SEQUENCE DESCRIP'nON: SEQ ID NO:LJ: 

GGTGGCGGAA GCGATGTTTT GTTGACCCAA 

( 2 ) INFORMATION FOR SEQ TD NO:l4: 

( i ) SEQUENCE OIARACll!RIS'nCS: 
( A l LENGTH: 24 base pairs 
( B ) TYPE: nucleic •cid 
( C ) STRANDEDNESS: single 
( D J TOPOLOGY: line•r 

i i ) MOLECUU:. TYPE: DNA 

i x ) FEATURE: 
( A ) NAME/KEY: · 
( 13 ) LOCATION: 1..24 
( D ) OTHER INFORMATION: /note= ''C·kapp.1 LiJ>hl cl•• in PCR pnmd' 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:l4: 

TGGTGGGAAG ATOGATACAG TTGG 

( 2 ) INFORMA'.nON l'OR SEQ ID NO: 15: 

( i ) SEQUENCE Cl !ARJ\Cl"ER!ST!CS: 
( A ) LENGTH: 24 base p.1irs 
( 13 ) TYPE: nucleic acid 
( C ) STRANDEDNr:.SS: single 
( D ) TOPOLOGY: linear 

46 

4 0 

3 0 

3 0 

2 4 
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-continued 

i i ) MOLECULE TYPE: DNA 

i x ) FEATURE: 
( A ) NAME/KEY: • 
( B ) LOCA:rCON: 1..24 
( D ) OTIIER INFORMATION: /note= "BlLFr4 Light cha;n PCR pr;mer" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:lS: 

GGAAGCTTTC AGCTCCAGCT TGGT 

( 2 ) INFORMATION FOR SEQ ID l\0:16: 

( i ) SEQUENCE CHARACll!RISTICS: 
( A ) LENGTH: 23 base pai,. 
( B ) TYPE: nucle;c ac;d 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

i i ) MOLECULE TYPE: DNA 

i x ) FEATURE: 
( A ) NAME/KEY: · 
( 13 ) LOCATION: 1..23 
( D ) OTHER INFORMA°nON: /no te- "13SLFr4 Liglll chain PCR primer" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:16: 

GGAAGCTTTA TTT CC AACTT TGT 

( 2 ) INFORMATION FOR SEQ ID NO:l7: 

( ; ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 357 base poirs 

( B ) TYPE: nuddc acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

i i ) MOLECUI.£ TYPE: DNA 

i x ) FEA11JRE: 
( /\ ) NAME/KEY: · 
l 13 ) LOCATION: 1..357 
( D ) OTHER INFORMA°nON: /note= " B3 V.,r;able Heovy choin (Y·H)" 

( x ; ) SEQUENCE DESCRIP'nON: SEQ ID NO:l7: 

48 

2 4 

2 3 

GATGTGAAGC TGGTGGAGTC TGGGGGAGGC TTAGTG C AGC CTGGAGGGTC CCTGAAACTC 60 

TCCTGTGCAA CCTC T GGATT CAC TTT CAGT GACTATTACA TGTATTGGGT TCGCCAGACT 12 0 

CCAGAGAAGA GGCTGGAGTG GGTCGCATAC ATTAGTAATG ATGATAGTTC CGCCGCTTAT 180 

TC/\GAC/\CTG TAAAGGGCCG GTTCACCATC T CCAG/\GACA ATGCCAGGA/\ CACCCTC TAC 240 

CTGCAAATG/\ GCCGTCTGAA GTCTGAGGAC ACAG CC ATAT ATT CC TGTGC AAGAGG/\CTG 300 

GCCTGGGGAG CCTGGTTTGC TTACTGGGGC CAAGGGACTC T GGTCACTG T CTCC T CA 35 7 

( 2 ) INFORMATION FOR SEQ ID NO: l8: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 336 b.'se poirs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

; i ) MOLECUl.E TYPE' l)NA 

i x ) FEATURE: 
( A ) NAME/KEY: • 
( 13 ) LOCATION: 1..336 
( D ) OTHER INFORMA°nON: /note~ "BJ V.1riable Light chain (V-L)" 

( ·' i ) SEQUENCE DESCRIP"llON: SEQ ID NO:IS: 

GATGTGCT GA TGACCCA GTC TCCATTG/\GT TTACCT GTCA GTCTTGGAGA TCAAGCCTCC 60 
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-continued 

ATCTCTTGCA GATCTAGTCA GATCATTGTA CA TA GTAATG GAAACACCTA TTTAGAATGG 120 

TACCTGCAGA AACCAGGCCA GTCTCCAAAG CTCCTGATCT ACAAAGTTTC CAACCGATTT 180 

TCTGGGGTCC CAGACAGGTT CAGTGGCAGT GGATCAGGGA CAGATTTCAC ACTCAAGATC 240 

AGCAGAGTGG AGGCTGAGGA TCTGGGAGTT TATTACTGCT TTCAAGGTTC ACATGTTCCA 300 

TTCACGTTCG GCTCGGGGAC AAAGCTGGAA ATTAAA 336 

( 2 ) INFORMATION FOR SEQ 10 l\0:19: 

( i ) SEQUENCE CHARACll!RISTICS: 
( A ) LENGTH: 363 base rxiin 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

i i ) MOLECULE TYPE: ONA 

i x ) FEATURE: 
( A ) NAME/KEY: -
( 13 ) LOCATION: 1..363 
( 0 ) OTHER INFORMA°nON: /note- "RI \\iriable Heavy chain (Y-H)" 

( x i ) SEQUENCE DESCRIPTION: sr;o ro N0:19: 

GAGGTGCAGC TGGTGGAATC TG GAGGAGGC TTAGTGAAGC CTGGAGGGT C CCTGAAAC T C 60 

TCCTGTGCAG CCTCTGGATT CAT TTT CAGT GACAATTACA TGTATTGGGT TCGCCAGACT 120 

CCGGAGAAGA GGCTGGAGTG GGTCGCAACC ATTAGTGATG GTGGCACTTA TATCGACTAT 180 

T CAGACAGTG TGAAGGGGCG ATTCACCATC TC CAGAGACA ATGCCAAGAA TAAT CTG TA C 2~0 

TT GCAAATGA GCAGTCTGAG GTCTGAGGAC ACAGGCATGT ATTATTGTGG AAGGAGTCCG JOO 

ATCTACTATG ATTACGCCCC GTTTACTTAC T GGGGCCAAG GGACTCTGGT CAC T GTC TCT 360 

GCA 363 

( 2 ) INFORMATION FOR SEQ ID N0:20: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 336 base poirs 
( 13 ) 1YPE: nudeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

i i ) MOLECULE 1YPE.: DNA 

i x ) FEATURE: 
( A l NAME/KEY: -
( B l LOCATION: l..336 
( D ) OTHER INFORMATION: /note• "Bl Variable Light chain (Y-L)" 

( x i ) SEQUEl\'CE OESCRll'TION: SEQ fO N0:20: 

GATGTTGTGA TGACCCAGAC TCCACTCTCC CTGCCTGTCA GTCT T GGAGA TCAAGCCTCC 60 

ATCTCTTGCA GATCTAGTCA AAA CCTTGT A CAC AGTGATG GA AAAAC C TA TTTA CATT GG 120 

TT CCTGCAGA AG CC T GGCC A GTC T CCAACG C T CCTGATC T AC AAA GTTTC C AA CCGA TTT 180 

TCTGGGGTCC CAGACAGGTT CAGTGGCAGT GGATCAGGGA CAGATTTCAT ACTCAAGATC 240 

AGCAGAGTGG AGGCTGAGGA TCTGGGAGTT TATTTCTGCT CTCAAAGTAC ACATGTTCCG 300 

C T CACGTTCG GTGCTGGGAC CAAGCTGGAG CTGAAA 336 

( 2 ) INFORMATION FOR SEQ fO N0:21: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 357 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
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-continued 

( D ) TOPOLOGY: linm 

i i ) MOLECUU! TYPE: ONA 

i x ) FEATURE: 
( A ) NAME/KEY: -
( R ) LOCATION: I..357 
( D ) OTHER INFORMATION: /note= "BS \Coriablc He.-•y chain (V-H)" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:2l: 

GAGGTGAAGC TGGTGGAATC TGGAGGAGGC TTAGTGCAGC CTGGAGGGTC CCTGAAACTC 60 

TCCTGTGCAA CCTCTGGATT TACTTTCAGT GACTATTACA TGTATTGGGT TCGCCAGACT 20 

CCAGAGAAGA GGCTGGAG T G GGTCGCATAC ATTAGTAATG GTGGTGGTAG CACCTATTA T LSO 

CCAGACACTG TAAAGGGCCG ATTCACCATC TCCAGAGACA ACGCCAAGAA CACCCTG TA C 240 

CTGCAGATGA GCCGTCTGAA GT CTGAGGAC ACAGCCATGT ATTACTGTGC AAGGGGGCTC JOO 

TCTGATGGTT CCTGGTTTGC TTACTGGGGC CAAGGGACTC TGGTCACTGT CTCCTCA 357 

( 2 ) INFORMATION FOR SllQ ID N0:22: 

( i ) SEQUENCE CHARACJ1!RISTICS: 
( A ) LENGTH: 336 base p:•irs 
( B ) TYPE: nucleic •cid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

i i ) MOLECULE TYPE: ONA 

i x ) Fl!ATURE: 
( A ) NAME/KEY: -
( B ) LOCATION: I..J36 
( D ) OTllER INFORMAnON: /note= "BS V.iriable Light chain {V-L)" 

( x i ) SEQUENCE DESCRIP'nON: SEQ ID N0:22: 

GATGTTTTGT TGACCCAAAC TCCACTCTCC CTGCCTGTCA GTCT T GGAGA TCAAGCCTCT 6 0 

ATTTCTTGTA GAT CTAGTCA GAGCATTGTA CATAGTAATG GAAACACCTA TTTAGAA TGG L20 

TA CC TGCAGA AACCAGGCCA GT CTCCAAAG CTCCTGATCT ACAAAGTTTC CAACCGA TTT 18 0 

TCTGGGGTCC CAGACAGGTT CAGTGGCAGT GGATCAGGGA CAGATTTCAC ACTCAAGATC 2 4 0 

AG C AGAGT GG AGGCTGAGGA TCTGGGAGTT TATTACTG CT TTCAAGGTT C ACATGTTCCA JOO 

TTCACGTTCG GCT CGGGG AC AAAGTTGGAA ATTAAA 

( 2 ) INFORMA'.nON FOR SEQ ID N0:23: 

( i ) SEQUENCE CHARACJ1!RISTICS: 
( A ) LENGTH: ~2 base pairs 
( B ) TYPE: nudeic acid 
( C ) S'ffiANDEDNESS: single 
( 0 ) TOPOLOGY: linear 

i i ) MOLECULE TYPE: DNA 

i x ) FEATURE: 
( A ) NAME/KEY: · 
( B ) LOCATION: L.42 
( D ) OTHER INFORMATION: /note= "Primer I. for 83 Variable Heavy 

chain (V-H) si1c-dir«1cd mutagencsis 
of LU V: Gl6R" 

( x i ) SEQUENCE DESCRIP'nON: SEQ ID N0:23: 

GGAGAGTTTC AGGGAGCGCC CGGGGTGCAC GACGCCTCCC CC 

( 2 ) CNFORMAnON FOR SEQ ID N0:24: 

( i ) SEQUENCE CHARACJ1!RIS'nCS: 
( A ) LENGTH: 45 base pairs 

J 3 6 

4 2 
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( B ) TYPE: nucleic •cid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

i i ) MOLECULE lYPE: DNA 

i x ) FEATURE: 
( A ) NAME/KEY: • 
( B ) LOCATION: l..~S 

5,889,157 

-continued 

( D ) OTI!ER INFORMA'.DON: /not"" "Primer 2 for B3 Variable Heavy 
chain (V-H) site-dir«lcd mutagcnesis of 
HOA: E42G: R44G" 

( x i ) SEQUENCE DESCRI P'llON: SEQ ID N0:24: 

TGCGACCCAC TCCAGGCCCT TGCCCGGGGC CTGGCGAACC CAATA 

( 2 ) INFORMATION FOR SEQ ID N0:25: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 39 base pairs 
( B ) lYPE: nucleic •cid 
( C ) S'ffiANDEDNESS: single 
( D ) TOPOLOGY: linear 

i i ) MOLECUl..E TYPE: DNA 

i x ) FEATURE: 
( A ) NAME/KEY: · 
( B ) LOCATION: 1..39 
( D ) O'lllER CNVORMA'.rlON: /notea ··Primer 3 for ll3 Vorioble Heavy 

ebain (V-H) sitc-dircc1ed mulagenesis of 
A74S: R7SK" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:25: 

GAGGGTGTTC TT GCTA TT GT C T C TA GAGAT GGTGAACCG 

( 2 ) INFORMA'.nON FOR SEQ II) N0:26: 

( i ) SEQUENCE Cl IARACrER!S'nCS: 
( /\ ) LENGTH: 42 base poirs 
( B ) TYPE: nuclei< •cid 
( C ) S'ffiANDEDNESS: single 
( D ) TOPOLOGY: lincor 

i i ) MOLECUl..E TYPE: DNA 

i x ) FEATURE: 
( A ) NAME/KEY: • 
( 13 ) LOCATION: 1..42 
( D ) OTHER INFORMATION: /note• "Primer 4 For 83 V..riable Heavy 

chain (V·f>f) si1c-dircc1cd mui:tgcnesis of 
S82aN: R82bS: KSJR: S84A" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:26: 

TATGGCTGTG TCCTCGGCGC GCAGGCTGTT CATTTGCAGG TA 

( 2 ) INFORMATION FOR SEQ ID N0:27: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 45 b•se pairs 
( B ) TYPE: nucleic acid 
( C ) S'rnANDEDNESS: single 
( D ) TOPOLOGY: lincor 

i i ) MOLECUl..E TYPE: l)NA 

i x ) FEATURE: 
( A ) NAME/KEY: • 
( 13 ) LOCATION: 1..45 
( D ) OTHER INFORMAnON: /note• "Primer 5 for BJ V..rioble Light 

chtiin (V-L) si tc~dircclcd mutagencsis of 
sur; LISP: D'l7E: Ql8P" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:27: 

54 

4 5 

3 9 

4 2 
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-continued 

GCAAGAGATG GAGGCCGGCT CTCCCGGGGT GACAGGTAAA CTCAA 

( 2 ) INFORM/ffiON FOR SEQ U) N0:28: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 36 base p.1irs 
( B ) TYPE: nuckic acid 
( C ) STRANDEDNESS: sini;le 
( D ) TOPOLOGY: linear 

i i ) MOLECUI.£ TYPE: ONA 

i x ) FEA11JRE: 
( A ) NAME/KEY: • 
( B ) LOCATION: 1..36 
( D ) OTHER INFORMATION: /nolc= "Primer 6 for BJ Voriable Ligbl 

chain (V-L) site-directed mutagencsis of 
K45Q" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:28: 

AACTTTGTAG ATCAGCAGCT GTGGAGACTG GGCTGG 

( 2 ) INFORMATION FOR SEQ lD N0:29: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LE.'IGTH: 33 base pairs 
( B ) TYPE: nucleic ocid 
( C ) S"!RANDEDNESS: •inglc 
( D ) TOPOLOGY: linear 

i i ) MOLECUI.£ TYPE: DNA 

i x ) FEATURE: 
( A ) NAME/KEY: • 
( B ) LOCATION: 1..33 
( D ) 011-lER INFORMATION: /nole• ··Primer 7 for B3 Voriable Ligh1 

chain (V·L) si1e~dircctcd mulagcncsis of 
L83V" 

( x i ) SEQUENCE DESCRIPTION: SEQ U) N0:29: 

GCAGTAATAA ACTCCGACGT CCTCAGCCTC CAC 

( 2 ) INFORMA'.nON FOR SEQ ID N0:30: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTI~: 45 base pair> 
( 13 ) TYPE: nucleic acid 
( C ) S"!RANDEDNESS: single 
( D ) TOPOLOGY: linear 

i i ) MOLECULE TYPE: DNA 

i x ) FEA'J1JRE: 
( A ) NAME/KEY: • 
( B ) LOCATION: 1..45 
( D ) OTilER INFORM/ffiON: /uolc• "Primer 8 for 83 Variable lighl 

chain {V-L) site-directed 1UUtogcncsis of 
SlOOQ: Ll04V" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:JO: 

GGAAGCTTTA ATTTCGACCT TGGTACCCTG GCCGAACGTG AATGG 

( 2 ) INFORMAOON l'OR SEQ ID NO:Jl: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 738 base pairs 
( 13 ) TYPE: nucleic ncicl 

( C ) STI~ANDEDNESS: <inglc 
( D ) TOPOLOGY: lineor 

) MOLECULE TYPE: DNA 

56 

4 5 

3 6 

3 J 
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i x ) FEATURE: 
( A ) NAME/KEY: · 
( B ) LOCATION: 1..738 
( D ) OTHER INFORMA'.nON: /note• "Humonizcd BJ single-chain I'v" 

( x i ) SEQUENCE DESCRIPTION: SEQ II) N0:31: 

GATGTGAAGC TGGTGGAGTC TGGGGGAGGC 

TCCTOTGCAA CCTCTGGATT CACTTTCAGT 

CCGGOCAAGG GCCTGGAGTG GGTCGCATAC 

TCAGACACTG TAAA GGGCCG GTT CACCATC 

CTGCAAATGA ACCGTCTGCG CGCCGAGGAC 

GCCTOGGGJ\G CCTGGT TT GC TTA CTGGGGC 

GGAGGCGGJ\ T CCOOTGG T GG CGOATCTGGA 

TCTCCATTGA GTTTACCTGT CACCCCGGGA 

CAGATCATTG TACATAGTAA TGGAAACACC 

CAGTCTCCAC AG CTGCTGAT CTACAAAGTT 

TTCAGTGGCA GTGGATCAGG GACAGATTTC 

GACGTCGG/\G TTTATTACTG C TTT CAAGGT 

ACCAAGGTCG AAATTAAA 

( 2 ) INFORMATION FOR SEO ID N0:32: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTII: 15 amino adds 
( B ) TYPE: amino acid 
( C ) SffiANDEDNESS: 
( D ) TOPOlOOY: linear 

( i i ) MOLECULE TYPE: pcplide 

( x ) SEQUENCE l)ESCRlPTION: SEO ID N0:32: 

GTCGTGCAGC 

GACTATTACA 

ATTAGTAATG 

TCTAGAGACA 

ACAGCCATA1' 

CAAGGGACTC 

GG T GGCGGAA 

GAGCCGGCCT 

TAT "rTAGAAT 

TC CAACCGAT 

ACACTCAAGA 

TCACATGTTC 

58 

CCGGGCGCTC CCTGAAACTC 

TGTATTGGGT TCGCCAGGCC 

ATGATAGTTC CGCCGCT TAT 

ATAGCAAGAA CACCC TCTA C 

ATTCCTGTGC AAGAGGACTG 

T GGTCACTG T CTCCTCAGGC 

GCGATGTGC T GATOACCCAG 

CCATCTCTTG CAGATCTAGT 

GGTACCTGCA GAAACCAGGC 

TTTCTGGGGT CCCAGACAGG 

TCAGCAGAGT GGAGGCTGAG 

CATTCACG TT CGGCCAGGGT 

Cly C ly GI Gly Ser C l y G l y GI Gly Ser C l y GI 
l 0 

C ly Cly Ser 

l 5 

( 2 ) CNFORMA'.nON FOR SEQ ID N0:33: 

( i ) SEQUENCE Cl IARACTERISTICS: 
( A ) LENGTH: 772 base pairs 
( B ) 1YPE: nucleic acid 

( C l 5'TRANDEDNESS: single 
( D l TOPOLOOY: linear 

i i ) MOLECULE TYPE: ONA 

i x ) FEATURE: 
( A ) Nfu\1E/KEY: • 
( B ) LOCATION: 1..772 
( D ) OTHER INFORMATION: /uole= '·Singlc·cliain antibody fu.$lon 

protein of 133 monoclonal anlibody 
\Tnriablc Heavy ch~ln (Y·H) :ind \13riabtc 
Light chain (V-L) Pv region joined by a 

( G I y · 4 S c r }-3 peptide linker" 

i x ) FEATURE: 
( A ) NAME/KEY: CDS 
( B ) LOCATION: 27 .. 770 

( .< i ) SEQUENCE DESCRWnON: SEO ID N0:33: 

TTTAA CTT TA AGAAGGAGAT ATACAT ATG OAT GTG AAG CTG GTG GAG TCT GOG 
Me o A sp Va I Ly• Len Vol G l u Ser Gtiy 

GOA GGC TT/\ GTG CAO CCT GGA OGG TCC CTG AAA CTC T CC TOT GCA ACC 

6 0 

l 2 0 

l 8 0 

2 4 0 

300 

3 6 0 

J 2 0 

4 8 0 

s 4 0 

6 0 0 

6 6 0 

7 2 0 

7 3 8 

5 .l 

l 0 l 
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Gly Gly Leu Va I Gin Pro GI y GI y Ser Leu Lys Leu Ser Cys Ala Tbr 
10 15 20 25 

TCT GGA TTC ACT TTC AGT GAC TAT TAC ATG TAT TGG GTT 
Ser Gly Phc Tht Phc Ser Asp Tyr Tyr Mel Tyr Trp Va l 

3 0 3 5 

CCC CAG ACT 
Atg Gin Tbr 

4 0 

CCA GAG AAG AGG CTG GAG TOG OTC GCA TAC ATT AGT AAT GAT OAT AGT 
Pro Glu Lys Arg Leu Glu Trp Val Ala Tyr lie Ser Asn Asp Asp Ser 

45 50 55 

TCC GCC GCT TAT TCA GAC ACT GTA AAG GGC CGG TTC ACC ATC TCC AGA 
Ser Ala Ala Tyr Ser Asp Thr Va l Lys Gly Arg Phc Thr Ile Ser Arg 

60 65 70 

GAC AAT CCC AGG AAC ACC C T C TAC CTG CAA ATG AGC CGT CTG AAG TCT 
Asp As n Alo J\rg Asn Thr Leu T yr Leu Gin Mel Ser Arg Leu Lys Ser 

75 80 85 

GAG GAC J\CA ace ATA 
G l u Asp Tbr Ala lie 

9 0 

TAT T CC TOT GCA AGA GGA 
Tyr Ser Cy; Ala Arg Gly 

9 5 l 0 0 

CTG ace TOG GGA GCC 
Leu Ala Trp Gly Al• 

1 0 S 

TGG TTT GCT TAC TGG GGC CAA GGG ACT CTG GTC ACT GTC TCC TCA GGC 
Trp Ph e Ala Tyr Trp GI 

I I 0 
Gin Gly Thr Leu Val Thr Val Ser Ser Gly 

I l 5 I 2 0 

GGJ\ GGC GGA TCC GGT GG T GGC GOA TCT GGA GGT GGC GGA AOC GAT GTG 
G l y Gly Gly Ser G l y Gly C l y Gly Ser Gly C l y G l y Cly Ser Asp Vol 

L25 130 135 

CTG ATC ACC CAG TCT CCA TTG AGT TTA CCT OTC AGT CTT GOA GAT CAA 
Leu Mel Tbr Gin Ser Pr o L eu Ser Leu P ro Vol Ser Leu Cly Asp G i n 

140 L45 150 

CCC TCC ATC TCT TGC AGA T CT AGT CAG ATC ATT GTA CAT AGT AAT GGA 
A I a S c r 

l 5 5 
Ile Ser Cys Arg Se r Ser Gin 

I ~ 0 
I I e lie Val His Ser Asn Gly 

I 6 5 

AAC ACC TAT TTA GAA TGG TAC CTG CAG AAA CCA GGC CAG TCT CCA AJ\0 
Asn Thr Tyr Leu G l u Trp Tyr Leu Gin Lys Pro G I Gi n Ser P ro Lys 
170 175 L80 I 8 5 

CTC CTG ATC TAC AAA OTT TCC AJ\C CGA TTT TCT GGG GTC CCA GAC AGO 
Leu Leu 1 le Tyr Lys Val Ser Asn Arg P be Ser G l y Val Pro Asp Arg 

L90 195 200 

TTC ACT GGC AGT GGA TCA GGG ACA GAT TTC ACA CTC AAG ATC AGC AGA 
Pbe Ser Cly Ser C l y Ser Cly 1" br Asp Pbe Tbr Leu Lys lie Ser Arg 

205 2LO 215 

GTG GAG OCT GAG OAT CTG GGA OTT TAT TAC TGC TTT CAA GOT TCA C AT 
Val Glu Ala Glu Asp Leu G l y Val Tyr Tyr Cys Ph e Gi n Gly Ser His 

220 225 230 

GTT CCA TTC ACG TTC GGC T CG GOG ACA AAG CTG GAA ATT AAA GCT 
Val Pro Pbe Tbr Pbe Gly Ser Gly Thr Lys Leu G l u l le Lys Ala 

235 240 245 

TT 

( 2 ) INFORMATION FOR SEQ ID N0:34: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 248 amino acids 
( B ) TYPE: amino acid 
( D ) TOPOLOGY: linear 

( i ) MOLECIJLE TYPE: prolein 

( .< i ) SEQUENCE DESCRIP'nON: SEQ ID N0:34: 

Mel Asp V•I Lys L eu Val Glu Ser Gly Gly Gly Leu Vol Gin 
l 0 

P ro C l y 
I 5 

G I Ser Leu Ly• Leu Ser Cys Ala Thr Ser Gly Pbe Thr Phe Ser Asp 
20 25 30 

Tyr Tyr Mel Tyr Trp Val Arg Gin Thr Pro Glu Lys Arg Leu Glu Trp 

1 4 9 

I 9 7 

2 4 5 

2 9 3 

3 4 L 

3 8 9 

4 3 7 

4 8 5 

5 3 J 

5 8 l 

6 2 9 

6 7 7 

7 2 5 

7 7 0 

7 7 2 
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Va I 

Va I 
6 5 

Ty r 

Cys 

G I l' 

G I y 

Se r 
1 4 s 

Se r 

Leu 

As n 

Th r 

V n I 
2 2 5 

61 

3 s 

Alo T)'r lie Ser 
50 

Lys Gly Arg Pho 

Leu Gin Mei Ser 
85 

Ala Arg Gly Leu 
1 00 

Thi' Leu V:il Thr 
I l 5 

Ser Gly Gly G l y 
l 3 0 

L eu Pro Val Ser 

Gin lie lie Val 
I 6 5 

Gin Lys P ro G l y 
I 8 0 

Arg Phe Ser G l y 
l 9 s 

Asp Pbc Thr Leu 
2 l 0 

Tyr Tyr Cys Phe 

-continued 

40 

Asn Asp Asp Ser Ser 
s s 

Thr lie Ser Arg Asp 
7 0 

Arg Leu Lys Ser Glu 
9 0 

Alo Trp Gly Ala Trp 
I 0 S 

Vol Ser Ser Gly Gly 
l 2 0 

Gly Ser A•p Val Leu 
1 3 s 

Leu Gly A•p Gln Alo 
l s 0 

His Ser Asn Gly Asn 
I 7 O 

Gin Ser P ro Ly• Leu 
I 8 S 

Vol Pro Asp Arg Pbe 
200 

L y• lie Ser Arg Vol 
2 1 s 

Gin Gly Ser Hi;s Vol 
2 3 0 

G l y Thr L ys Leu G l u lie Lys Ala 
2 4 s 

( 2 ) INFORMA'.nON FOR SEO lO N0:35: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 58 base pairs 
( B ) TYPE: nuelcic odd 
( C ) S'mANDEDN'ESS: single 
( D J TOPOLOGY: linear 

) MOLECULE TYP~ DNA 

x ) FEATURE: 
( A ) NAMF./KEY: • 
( R ) LOCATION: 1..58 
( D l OTHER INFORMATION: /no1c= ··J'Variablc LieJil chain (V·L) 

scqucntc from nuct~tides 72l-779 for 
C.'q>rcssion of single-chain B3(Fv) alone'' 

i x ) FEATURE: 
( A J NAME/KEY: CDS 
( B ) LOC..XrtON: 3 .. 47 

( x i l SEQUENCE DESCRIPTION: SEQ ID N0:35: 

A I a 

As n 

7 5 

Asp 

p h c 

GI y 

Mc I 

Se r 
l 5 s 

Th r 

L c u 

Sc r 

GI u 

P r o 

2 3 s 

CA CAT G TT 
Hi s Va I 

CCA 
P r o 

T TC ACG T T C 
Phc Tbr Pbc 

s 

GGC 
GI y 

TCG GOG AC A 
Ser Oly Thr 

l 0 

TAATGAATTC C 

( 2 ) INFORMA'.nON l'OR SEO ID N0:.36: 

( i ) SEQUENCE Cl LARACTERISTICS: 
( A ) LENGTH: LS amino adds 
( B ) TYPE: all)ino acid 
( D ) TOPOLOGY: linear 

) MOLECULE TYPE: pcplidc 

4 5 

A I a Ty r 
60 

A I a Ar g 

Th r A I a 

A I a Ty r 

Thr Gin 
l 4 0 

I I e Sc r 

Tyr Leu 

Ile Tyr 

G I y Se r 
2 0 s 

A I • GI u 

2 2 0 

P hc Thr 

62 

Ser Asp 

Asn Thr 

I I e 1' y r 
9 s 

Tr p GI y 
I I 0 

GI GI y 

Ser P ro 

Cys Arg 

GI u Tc p 
I 7 5 

I.. y s Vo I 
l 9 0 

Gly Ser 

Asp Leu 

Phe Gly 

AAG 
Ly s 

C T G GAA 
Leu Glu 

AT T 
I I e 

1' b r 

Leu 
80 

Se r 

GI D 

G I y 

Leu 

S c r 
l 6 0 

Tyr 

Se r 

G I y 

G l y 

Sc r 
2 J 0 

AAA 
Ly s 

l 5 

4 7 

s 8 
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( x i ) SEQUENCE DESCRll'llON: SEQ l.D N0:36: 

u i s Va I P r o p he Thr p be GI l' Sc r G l y Tb r Ly < Leu GI u I I e Ly s 
5 I 0 I 5 

( 2 ) INFORMATION FOR SEQ m N0:37: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 9 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE 1YPE: DNA 

( x ) SEQUENCE DESCRIPTION: SEQ ID N0:37: 

CTCTCCCTG 9 

( 2 ) INFORMA'.nON FOR SEQ ID N0:3S: 

( i ) SEQUENCE CHARACTERISTICS: 
l A ) LENGTH: 9 base pail'$ 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNF..SS: single 
( D ) TOPOLOGY: linear 

( i ) MOLECULE 1YPE: ONA 

( x i ) SEQUENCE DESCRIPTION: SEQ l.D NO:JS: 

TTGAGTTTA 9 

( 2 ) INFORMATION FOR SEQ II) N0:39: 

( i ) SEQUENCE CHA.RACTERISTICS: 
( A ) LENGTH: I 6 base pairs 
( B ) TYPE: nucleic acid 
( C ) S'ffiANDEDNr:.SS: single 
( D ) TOPOl.OGY: linear 

( i ) MOLECULE TYPE: DNA 

( x ) SEQUENCE DESCRll'llON: SEQ ID N0:39: 

CCAGTCTCCA CT CT CC I 6 

l 2 ) INFORMATION FOR SEQ TO NO:-IO: 

( i ) SEQUENCE OIARACTERIS'llCS: 
( A l LENGTH: 10 amino acids 
( B ) TYPE: aJUino acid 
( C ) STRANDEDNESS: 
( D J TOPOLOGY: line•r 

( i i ) MOLECULE TYPE: peptide 

( x ) SEQUENCE DESCRIPTION: SEQ ID N0:40: 

Mc I GI u V • I GI n 1..cu Va I G I u S c r GI GI y 
I 5 l 0 

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

( i ) SEQUENCE CHARACl'ERIS'llCS: 
( A ) LENGTH: 10 amino acids 
( 0 ) TYPE: amino •cid 
( C ) S'ffiANDEDN'ESS: 
( D ) TOPOLOGY: Hncor 

( i ; ) MOLECULE TYPE: pcp1idc 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:U: 
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Mc t GI u V • I L ys Leu Vo I 
I 

( 2 ) INFORM/ffiON FOR SEQ U) N0:42: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) l.E.~GTH: JO amino rscids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: 
( D ) TOPOLOGY: linear 

( i i ) MOLECUI.£ TYPE: peptide 

( x i ) SEQUENCE DESCRIP'llON: SEQ ID N0:42: 

GI y GI y GI y Se r A< p Vo I 
l s 

( 2 ) INFORMA'.nON FOR SEQ ID N0:43: 

( i ) SEQUENCE CHARACIERISTICS: 
( A ) LENGTH: 10 amino acids 
( B ) TYPE: amino acid 
( C ) S'ffiANDEDNESS: 
( D ) TOPOLOGY: linear 

( i ) MOLECUI.£ TYPE: pepiide 

( x ) SEQUENCE DESCRI PTION: SEQ ID N0:43: 

GI y G I y GI y S c r A• p 
s 

( 2 ) INFORMATION FOR SEQ fl) N0:-14: 

( i ) SEQUENCE CHARACl1lRISTICS: 
( A ) LENGTH: 8 amino acids 
( B ) TYPE: :tmiuo acid 
( C ) S'rnANDEDNr:.SS: 
( D ) TOPOLOGY: linear 

i i ) MOLECUI.£ TYPE: peptide 

i x ) FEATURE: 
( A ) NAME/KEY: Peptide 
( B ) LOCAI'ION: 1..8 

v. l 

-continued 

G I u S c r GI y 

Va I Me I Th r 

L eu L eu Tb r 

( D ) 011-1.ER INFORMA'.nON: /note• ··CJ connector between F•• region 
and PE38 cytotoxin effector molcculc'1 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:44: 

Ser Gly Gly P ro Glu Gly G l y Ser 
I 

( 2 l tNFOR~\'.llON !·OR SEQ ID N0:4S: 

( i ) SEQUENCE CHARACll!RlSTICS: 
( A ) LENGTH: ll9 amino acids 
( 13 ) TYPE: omi1\o acid 
( C J S'rnA.l\'DEDNESS: 
( D ) TOPOLOGY: linear 

; i ) MOLECULE TYPE: protein 

i x ) FEATIJRE: 
( A ) NAME/KEY: Protcu1 
( ll ) LOCATION: 1..119 
( D ) Orl!J!R INFORMAnON: /note• "Mou"" monoclonal antibody B3 

Variable I lcavy cl>ain (V·H)" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:45: 

GI y 
I 0 

GI n 

I 0 

G l n 

l 0 

66 

A s p V al L ys Leu Vnl G l u Ser 01 GI G l y Leu Val G i n P ro Gny GI) 
I I 0 I 5 

Ser Leu lys L eu Ser Cy1 Al a Tbr Ser Gly P he Thr Phc Ser Asp Tyr 
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-continued 

2 0 2 5 3 0 

Tyr Mc t Ty r Trp Va I Arg G I n Thr P r o GI u L )' s Arg L c u GI u Trp Va I 
3 5 40 4 5 

A I a Ty r I I c S e r As n Asp A~p S e r S c r A I a A I n Ty r S e r A• p Th r v. I 
s 0 5 5 6 0 

Ly s G I y Ar g Ph e Th r I I e Se r Arg Asp Asn A I a Arg As n Th r Leu Ty r 
6 s 7 0 7 s 8 0 

L c u GI n Mc 1 S c r Arg Le u Ly s S c r GI u Asp Th r A I a I I c Ty r Ser c y s 
8 5 9 0 95 

A I a Arg GI y L cu A I a Trp G I y A I a T r p p h c A l a Ty r Trp GI y GI n GI y 
l 0 0 l 0 5 l I 0 

Th r l c u Va Th r V • I Ser Sc r 
I I 

( 2 ) INFORMA'.nON FOR SEQ ID N0:46: 

( i ) SEQUENCE CHARACTERISTICS: 
l A ) LENGTI I: ll9 amu10 acids 
( B ) TYPE: amino acid 
( C ) STRANOEONESS: 
( l) ) TOPOLOGY: linear 

j i ) MOLECIJLE TYPE: protein 

i x ) FEA11f RI!: 
( A ) NAME/KEY: Protci11 
( B ) LOCATION: 1..119 
( 0 ) O'll!ER INFORMA'.nON: /note• "Human fot>I immunoglobulin 

56P1 'CL V..iriablc Heavy ch3in (V-H)" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:46: 

GI n Va I Glu Leu Va G I u S c r GI y GI y GI y Va I Va I GI n P r o GI y Arg 
l 0 I 5 

Sc r L c u Ar g L c u Sc r Cys A I a A I a S c r GI y P II t Th r p h c: Se r Se r Ty r 
2 0 2 s J 0 

A I a Mc t Hi s Tr p Va I Arg G I n A I a P r o GI Ly s GI y L c u GI u Tr 1> Vo I 
J s 4 0 4 s 

A I o Va I 1 I c S c r Ty r Asp G I y S c r As n Ly s Ty r Ty r A I o Asp Se r Va I 
s 0 s s 6 0 

Ly s GI y Ar g p h c Th r I I e Sc r Ar g Asp A•n Ser Ly• Asn Th r L c u Ty r 
6 5 7 0 7 s s 0 

L c u GI n Mc 1 As n Se r Le u Ar g A I 3 GI u A• p Th r A I a Va I Ty r Tyr c y s 
8 5 9 0 95 

A I a Arg Arg Sc r A I a Arg T b r Ty r Ty r p b. Asp Ty r Trp GI y GI n GI y 
l 0 0 l 0 s I l 0 

Th r Le u v. I Th r Va I Se r S c r 
l l 5 

( 2 ) INFORMATION FOR SEQ ID N0:47: 

( j ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: ll9 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: 
( D ) TOPOLOGY: linear 

i i ) MOLECUI..£ TYf>E: pro1cin 

x ) l'EATIJRE: 
( A ) NAME/KEY: Prolcin 
( B ) LOCATION: 1..119 
( D ) OTHER INFORMA'.nON: /nolc• "Humani;ocd BJ V.'<iablc Heavy 

chain (V·H) (HumB3V-H)" 
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( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:47: 

Asp Val L y• L eu Vo G i u Ser GI GI y 
I 

G I y Va I 
I 0 

Val G i n P ro Gny Arg 
l 5 

Ser Leu Ly$ Leu Ser 
2 0 

Cys Ala Thr Se r 

2 5 
Cly P hc Thr Ph c Ser Asp Tyr 

3 0 

Tyr Mel Tyr Trp Val 
3 5 

Arg G i n Ala 
4 0 

P r o GI y Ly s Cly Le u Glu T r p Val 
4 5 

Al" Tyr lie Ser Asn Asp Asp Ser 
5 5 

S e r A I a A I a Tyr Ser Asp Tbr Val 
5 0 6 0 

L ys C l y Arg P he Th r l ie Ser Arg A sp A $ n Ser L ys A sn 1· hr L eu Tyr 
6 5 7 0 7 5 8 0 

Leu G i n Me l A .s n Ser Leu Arg Ala 
8 5 

GI u Asp T hr 
9 0 

Ala lie T yr Ser Cys 
95 

Ala Arg C l y L eu Ala 
l 0 0 

Trp C l y Ala Tr p 
l 0 5 

J> II c A I a Tyr Trp Cly Guu Cly 
L l 0 

Tbr L eu Val Tbr V•I Ser Ser 
l L 5 

( 2 ) INFORMATION FOR SEQ ID N0:48: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: ll2 amino acids 
( B ) TYPE: amino acid 
( C) S'ffiANOEDNESS: 
( D ) TOPOLOGY: linc•r 

i i ) MOLECULE TYPE: protein 

i x ) FEATURE: 
( A ) NAME/KEY: Prolein 
( B ) LOCATION: L..112 
( 0 ) O"rHER lNf'.ORMATION; /nolc• "Mouse monoclonal anLibody HJ 

\!tlriablc Light duiu (V·L)" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:48: 

A sp Val Leu Mee 
1 

Asp G i n Ala Ser 
2 0 

As n G ly A s n Thr 
3 5 

Pr o L ys L eu L eu 

5 0 

Asp Arg Pb c Ser 
6 s 

Se r A rg Val Glu 

Ser His Val P ro 
1 0 0 

2 ) INFORMATION FOR SEQ ID N0 :49: 

Th r GI n 
5 

I e S c I' 

T y r l,. e u 

l I e Ty r 

GI y Ser 
7 0 

A I • GI u 
8 s 

P he Thr 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 1 l2 amino acids 
( B ) 1YPE: om ino •cid 
( C ) S'ffiANOEDNESS: 
( 0 ) TOPOLOGY: linear 

) MOLECULE TYPE: protein 

x ) FEA:l'URE: 
( A ) NAME/KEY: Protein 
( B ) LOCATION: l..l12 

Ser Pr o Leu Ser 
l 0 

Cys Arg Ser Ser 
2 5 

G l u Trp Tyr Leu 
4 0 

L ys Val Ser A s n 

5 5 

C l y Ser Cly T br 

Asp L e u Cly Val 
9 0 

P hc GI Ser 01 
L 0 5 

Leu rr o Val Ser Leu 
I S 

G i n l i e lie Val Hes 
3 0 

G i n L ys P ro Gly GUn 
4 5 

A rg Ph c Se r Cly V>I 
6 0 

A sp Pb e Tbr Leu Lys 
7 s 

T yr Tyr Cys P hc Gun 
9 5 

T hr Lys Leu Glu ! Uc 
I l 0 

G I y 

S e r 

Ser 

P r o 

I I e 

8 0 

G 1 y 

Ly s 
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( D ) OTHER INFORMATION: /note= ··Human lgM antibody GM607 

V:tri>blc Liglu ch3in (V-L)" 

( x i ) SEQUENO! DESCRlmON: SEQ ID N0:49: 

A ' p I I c Va I Met Th r GI n S c r P r o L c u Sc r L cu P r o Va I Th r p < 0 GI y 

I s I 0 I 5 

GI u P r o A I a s c t I I c Sc r Cys Arg S c r s. t GI II s ct L c o L c u H ~ s s c t 

2 0 2 s 3 0 

As o GI y Ty r A s n Ty r L c u A s p Trp Ty r L c u G I n Ly s P r o GI n GU n Sc r 
3 5 4 0 4 5 

Pr o GI n L c u L cu I I c Ty r L cu GI y Sc r A s n Arg A I a Sc r GI y V•l P r o 
5 0 5 5 6 0 

A s p Arg p h. Sc r GI y Sc r G I y S c r GI y Th r A sp p h c Th r L cu Ly• I I c 

6 s 7 0 7 s so 

Sc r Arg Va I GI u A I a GI u A sp Va I GI y Va I T )' r Ty r c y s Mc t Gu II GI y 
8 s 9 0 95 

L c u G I n Th r P r o GI n Th r p h • GI y GI n GI y Th r Ly s Va I GI o I U c Ly s 
l 0 0 I 0 5 I l 0 

( 2 ) INFORMATION FOR SEQ ID N0:50: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: ll2 amino acids 

( B ) TYPE: amino acid 
( C) S'ffiANDEDNESS: 
( D ) TOPOLOGY: line>t 

i j ) MOLECULE TYPE: protein 

i x ) FEATURE: 
( A ) NAME/KEY: Prolcin 
( B ) LOCATION: 1..112 
( 0 ) OTHER INFORMATION: /note• "Humanitcd IB Variable tight 

chain (V·L) (Hum83V·L)"' 

( x i ) SEQUENCE OESCRlmON: SEQ ID NO:SO: 

As p Va I L c u Me c Th r GI n s c t P r o L c u Se r L cu r r 0 Va I Th r P r o GI y 

I s I 0 I 5 

GI u P r o A I a S c r I c S c r Cys Arg s c t Sc r GI D I I c I I c Va I H < s s c t 

2 0 2 s 3 0 

As n GI y As n Th r Ty r L c u GI u Trp Ty r L cu G I n Ly s P r o GI y GU n Ser 
3 5 4 0 4 5 

P r o GI n Le u L eu I I c Ty r Ly s Va I Sc r A s n Arg Ph c Sc r G 1 y v.1 P r o 

s 0 s s 6 0 

Asp Arg p h c Sc r GI y Sc r G I y S c r GI y Th r A sp p b c Th r Leu Ly s I I c 

6 5 7 0 7 5 8 0 

S e r Arg Va I Glu A I 3 GI u Asp Va I GI y Va I Ty r TY r c )' s J> he GU u GI y 
8 s 9 0 9 5 

Se r Hi s Va I p t 0 p he Th r p h. Gl GI n GI Th r Ly s Va I G 1 u I U c Ly s 
I 0 0 I 0 S I l 0 

2 ) INFORMATION FOR SEQ ID NO:Sl: 

( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 4 amino acids 
( B ) 1YPE: om ino •cid 
( C ) S'ffiANOEDNESS: 

( 0 ) TOPOLOGY: linear 

( i ) MOLECULE TYPE: pcp1idc 

( ·' i ) SEQUENCE DESCRIP"llON: SEQ ID NO:SI: 

Ly s A sp GI u Leu 
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( 2 ) INFORMA'.nON FOR SEQ U) N0:52: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) l.E.'fGTI l: -l amino ::icids 
( R ) TYP~ omino ncid 
( C ) S'rnANDEDNESS: 
( D ) TOPOLOOY: linear 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRI P'llON: SEQ ID N0:52: 

Arg G l u A sp L eu 
l 

( 2 ) INFORMA"nON FOR SEQ ID NO:S3: 

( i ) SEQUENCE CHARACTERIS'nCS: 
( A ) LENGTH: S amino acids 
( B ) TYPE: amino ac.id 
( C ) STRANDEDNESS: 
( D ) TOPOLOOY: linear 

( i i ) MOLECUI.£ TYPE: peptide 

( x i ) SEQUENCE DESCRIJYnON: SEQ ID NO:S3: 

Arg G l u A •p L eu L ys 
l s 

( 2 ) !NfORMA'.nON FOR SEQ II) t\0:54: 

( i ) SEQUENCE CflARACl"ERISTICS: 
( A ) LENGTI I: 18 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNf:.SS: 
( D ) TOPOl.OOY: linear 

( i ) MOLECUI.£ TYPE: peptide 

( x ) SEQUENCE DESCR£JYnON: SEQ ID NO:S~: 

GI u Va I L y s Leu Va G I u 
s 

Se r Le u 

( 2 ) INFORMATION FOR SEQ tD N0:55: 

( j ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 18 amino acids 
( B ) TYPE: amino acid 
( C J STRANDEDNESS: 
( D ) TOPOLOOY: linear 

i i ) MOLECULE TYPE: peptide 

i x ) FEATURE: 
( A ) NAME/KEY: Modified-site 
( ll ) LOCATION: 17 

Se r 

( D ) OTiiER INFORMATION: /product•"OTHER" 
I no1c .. "'Xaa = unsure0 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:SS: 

A s p Val Le u Met 1' h r GI n S e r 
I s 

x !) :l GI o 

( 2 ) CNFORMA'.nON FOR SEQ ID r-'0:50: 

( i ) SEQUENCE CHARACTERISTICS: 

5,889,157 
74 

-continued 

GI y GI)' GI y Leu Va I GI n P r o G i y GI y 
l 0 l 5 

P r o L e u Sc r L eu p r o Va I Se r Leu G I y 
l 0 l 5 
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( A ) LENGTH: 411 base poin; 

( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

i i ) MOLECUtE TYPE: ONA 

i x ) FEATURE: 
( A ) NAME/KEY: • 
( B ) LOCATION: I.All 

5,889,157 

-continued 

( D ) OTHER INFORMATION: /not°" "Mouse monoclonal antibody Bl l'v 
Hca'')' chain rcgjoo" 

( x i ) SEQUENCE DESCRI P'llON: SEQ ID N0:56: 

76 

GAGGTGCAGC TGGTGGAATC TGGAGGAGGC TTAGTGAAGC CTGGAGGG T C CCTGAAACTC 60 

TCCTGTGCAG CCTCTGGATT CAT TTT CAGT GACAATTACA TGTATTGGGT TCGCCAGACT 20 

CCGGAGAAGA GGCTGGAG T G GGTCGCAACC ATTAGTGATG GTGGCACTTA TAT CGACTAT 180 

TCAGACAGTG TGAAGGGGCG ATTCACCATC TCCAGAGACA ATGCCAAGAA TAATCTGTAC 240 

TTGCAAATGA GCAGTCTGAG GTCTGAGGAC ACAGGCATGT ATTATTGTGG AAGGAGTCCG JOO 

ATCTACTATG ATTACGCCCC GTT TA CTTAC TGGGGCCAAG GGACTCTGG T CAC T GTC T CT 360 

GCAGCCAAAA CGACACCCCC ATCTGTCTAT CCACTGGCCC CTGGATCTGC T 

( 2 ) INFORMATION FOR SEQ ID NO:S7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 375 base poi<> 
( B ) TYPE: nucleic add 
( C ) STRANDl!DNllSS: single 
( D ) TOPOLOGY: linear 

i i ) MOLECULE TYPE: DNA 

i x ) FEA11JRE: 
( A ) NAME/KEY: · 
( B ) LOCArtON: l..375 
( D ) OTHER INFORMATION: /note= "Mouse monoclonnl antibody BJ p,. 

Light d1".lin region" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:57: 

4 J I 

GATGTTGTGA TGACCCAGAC TCCACTCTCC CTGCCTGTCA GTCTTGGAGA TCAAGCC T CC 60 

ATCTCTTGCA GATCTAGTCA AAACCTTGTA CACAGTGATG GAAAAACCTA TTTACATTGG 120 

TTCCTGCAGA AGC CT GGCCA GT CT CCAACG CTCCTGATC T ACAAAGTTTC CAACCG ATTT 180 

TCTGGGGTCC CAGACAGGTT CAG T GGCAGT GGATCAGGGA CAGATTTCAT ACTCAAGATC 240 

AGCAGAGTGG AGGCTGAGGA TCTGGGAGTT TATTT CTGCT CTCAAAGTAC ACATGTTCCG 300 

CTCACGTTCG GTGC T GGGAC CAAGCTGGAG CTGAAACGGG CT GATGCTGC ACCAACTGTA 360 

TCCATCTTCC CACCA 375 

( 1 ) INFORMATION FOR SEQ ro NO:SS: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 375 base poirs 
( B ) TYPE: nucleic acid 
( C ) STRA.'<DEDNllSS: single 
( D ) TOPOLOGY: linear 

i i ) MOLECUI.£ 1YPE: DNA 

i x ) FEATURE: 
( A ) NAME/KEY: · 
( B ) l.OCATION: 1..375 
( D ) OTHER lNFORMAnON: /note~ "Mouse roonoclonnl antibody BS F' 

Hcav)' chain rcgioo" 

( x i ) SEQUENCE DESCRIPnON: SEQ ID NO:S8: 
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GAGGTGAAGC TGGTGGAATC TGGAGGAGGC 

TCCTGTGCAA CCTCTGGATT TACTTTCAGT 

CCAGAGAAGA GGCTGGAGTG GGTCGCATAC 

CCAGACACTG TAAAGGGCCG ATTCACCATC 

CTGCAGATGA GCCGTCTGAA GTCTGAGGAC 

TCTGATGGTT CCTGGTTTGC TTACTGGGGC 

GGAGGCGGA T CCGGT 

( 2 ) INFORMATION FOR SEQ IP N0:59: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) L.ENGTH: 375 base poirs 
( B ) TYPE: nucleic •<id 
( C ) S'ffiANDEDNESS: single 
( D ) TOPOLOGY: linear 

i i ) MOLECULE TYPE: DNA 

i x ) FEA11JRE: 
( A ) NAME/KEY: · 
( B ) LOCArlON: 1..375 

5,889,157 

-continued 

TTAGTGCAGC 

GACTATTACA 

ATTAGTAATG 

TCCAGAGACA 

ACAGCCATGT 

CAAGGGACTC 

( D ) OTHER 11\'FORMATION: /nolc= ··~<ouse monoclonal antibody B5 Fv 
l.ig.h1 ('ktin region" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:59: 

78 

CTGGAGGGTC CCTGAAACTC 6 0 

TGTATTGGGT TCGCCAGACT 1 2 0 

GTGGTGGTAG CACCTATTAT l 8 0 

ACGCCAAGAA CACCCTG TA C 2 4 0 

ATTACTGTGC AAGGGGGCTC 300 

T GGTCACTGT CTCCTCAGGC 3 6 0 

l 7 5 

GATGTTTTGT TGACCCAAAC TCCACTCTCC CTGCCTGTCA GTCTTGGAGA TCAAGCC T CT 60 

ATTTCTTGTA GATCTAGTCA GAGCATTGTA CATAGTAATG GAAACACC TA TTTA GAATGG 120 

TACCTGCAGA AA CCAGGCCA GT CTC CAAAG C T CCTGATC T ACAAAGTTTC CAACCGATTT 180 

TCTGGGGTCC CAGACAGGTT CAG T GGCAGT GGATCAGGGA CAG ATTT CA C ACTCAAGATC 240 

AGCAGAGTGG AGGCTGAGGA TCTGGGAGTT TATTACTGCT TTCAAGGTTC ACATGTTCCA JOO 

TTCACGTTCG GCTCGGGGAC AAAOTTGGAA ATTAAACGGG CTOATGCTGC ACCAACTGTA 360 

T CCATCTTCC CACCA 375 

( 2 ) INFORMA'.nON FOR SEQ ID N0:60: 

( i ) SEQUENCE Cl IARACTERISTICS: 
( A ) LENGTH: 137 amino adds 
( 13 ) TYPE: amino acid 
( C ) S'ffiANDl!DNESS: 
( D l TOPOLOGY: linear 

i i ) MOLECULE TYPE: pro1ein 

i x ) fEAJ1JRE: 
( A J NAME/KEY: Region 
( B J LOCAJ'ION: 1..137 
( D ) 011.fER INFORMATION: /note= "Mouse monoclonal antibody Bl Fv 

Heavy chain region" 

( x i ) SEQUENCE Dl!SCR!PTION: SEQ ID N0:60: 

Glu Val Gin Leu Va O l u Ser Oly Oly Gly Le u Val Lys P ro Oiy Gly 
1 5 1 0 1 5 

Ser L eu L ys L eu Ser Cys Al a Alo Ser GI Ph c l i e J)hc Ser A$p Asn 
3 0 2 0 2 5 

Ty r Mc I T y r Trp Va I Arg GI n Thr P r o GI u L y s Arg Le u GI u Trp Va I 
3 5 4 0 4 s 

A I a Th r I I c Sc r A • p GI y G I y Th r Ty r I I c Asp T y r Se r Asp S e r Va I 
5 0 5 5 6 0 

Ly s GI y Arg P h e Th r l I c s e t Arg Asp As n A I a Ly s As n Asn Leu Ty r 
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6 5 7 0 7 5 8 0 

L c u GI n Mc t S c r Sc r L c u Arg s c t GI u A•p Th r GI y Mc t Ty r Tyt c y s 
8 5 9 0 9 5 

GI y Arg Sc r P r o I I e Tyr Ty r A~ p Ty r A I • P r o P h e Th r Ty r T rp GI y 
100 I 0 5 I l 0 

GI II G I )' Th r Leu v. I Tb t Va I S c r A I a A I a L )' s Th r Th r P r o P r o Sc r 
l l s l 2 0 I 2 5 

v. I Ty r P r o Leu A I a P r o G I y S c r A I a 
l 3 0 l 3 5 

( 2 ) INfORMA'.nON FOR SEQ tD l'\0:61: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 18 amino ocids 
( B ) TYPE: amino add 

( C ) !.""ffiANDEONESS: 
( D ) TOPOLOGY: linear 

) MOLECULE TYPE: pcpo.idc 

x i ) SEQUENCE DllSCRIP'nON: SEQ ID N0:61: 

GI u Va I GI n L eu Vo G I u Sc r CI y 0 I y CI y L cu v. I Ly s P r o GU y GI y 
l 5 l 0 l 5 

S c r L c u 

( 2 ) INfORMA'.nON FOR SEQ lD N0:62: 

( i ) SEQUENCE CHARACl"ERISTICS: 
( A ) Ll!NGTI I: l25 amino acids 
( B ) TYPE: amino acid 
( C ) STRANOEDNESS: 
( D ) TOPOLOGY: linear 

i i ) MOLECULE T YPI!: protein 

i x ) FEATURE: 
( A ) NAME/KEY: Region 
( B ) LOCATION: 1..125 
( D ) OTifER INFORMAHON: /note= ··Mouse monodonnl antibody Bl f\' 

Llg,ht chain region° 

( x i ) SEQUENCE DESCRIPTION: SEQ lD N0:62: 

Asp Va I Va I Mc t Th r GI n T h r P ro I.. c u Sc r L cu Pr o Va I Sc r L c u G I y 
l 5 l 0 I 5 

Asp GI n A I a Sc r I I e Se r c )' • Arg Sc r Sc r G I n As n L c u Va I Hi s S c r 

2 0 2 5 3 0 

Asp GI y Ly s Tb r Ty r L c u Hi s Trp p h c L c u G I n Ly s P r o GI y GU n Sc: r 

3 5 4 0 4 5 

p I' 0 Tb r L c u L c u I I c TY r l )' • Va I Se r As n Arg P h e S c r GI y v.1 P r o 

5 0 5 s 6 0 

Asp Arg p h c Sc r GI Sc r G I y S e r GI Th r Asp p h c: I I c l cu l y • I I e 
6 5 7 0 7 5 8 0 

Sc r Arg Va I GI u A I a GI u Asp L c o GI y Va I Ty r p b c Cys Sc r GU n Sc r 
8 5 9 0 9 5 

Tb r His Va I P ro 1.. cu Th r P bc Gly A I a GI y Th r Ly s L c u GI u L c u Ly s 
1 00 I 0 5 l I 0 

Ars A I tt Asp A I 3 A I a P r o T h r Va I Sc r I I c p h c r1 r 0 J> r o 
l I S I 2 0 I 2 5 

( 2 ) INFORM;mON FOR SEQ ID N0:63: 

( i ) SEQUENCE CHARACl"ERIS'nCS: 

( A ) LENGTH: l 7 amino acids 
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( B ) TYPE: omino ocid 
( C ) STRANDEDNESS: 
( D ) TOPOLOGY: linear 

( j ) MOLECULE lYPE: peptide 

( x ) SEQUENCE DESCRIPTION: SEQ ID N0:63: 

Asp Va I Va I Mc c Th r GI n Tb r Pro Le u Se r Leu Pro Va I Sc r Leu GI y 
l s L 0 l s 

As p 

( 2 ) tNfORMAnON FOR SEQ ID l\0:64: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 125 amino ocids 
( B ) lYPE: amino acid 
( C ) S"rnANDEDNESS: 
( D ) TOPOLOGY: linear 

) MOLECULE TYPE: protein 

x ) F'EA1lJRE: 
l A ) NAME/KEY: Region 
( B ) L,OCA:rlON: 1..125 
( 0 ) OTIIER IN~ORMATION: /note• "Mou>C monoclonal antibody 1!5 Pv 

He3"Y ebain region" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:64: 

GI u V • I Ly s L c u v •. G I u Sc r GI y GI y GI y Leu Vo I G I n p ' 0 GI y GI y 
1 0 ls 

Sc r L c u Ly s L c u Sc r Cys Ala Thr Sc r GI y p h c T h r p h c Sc r Asp Ty r 
2 0 2 5 3 0 

Tl" Mc I T y r Trp Va I Arg G I n Thr P r o GI u Lys Arg L c u GI u Trp Va I 
3 s 4 0 ~ s 

A I u Ty r I I e S c r As n GI y G I l' GI y Sc r 1' h r ·r y r ·r y r P ro A• p Thr Va I 
5 0 5 5 6 0 

Ly s GI y Arg p h c Th r I I c Asp Arg Asp Asn A I a Ly s /\ s n Th r Leu Ty r 
6 s 7 0 7 5 s 0 

L c u G I n Mc I S c r Arg L c u l )' s S c r GI u Asp Tb r A I a Mc I 1' y r Tyr c y s 
8 s 9 0 9 s 

A I o Arg GI y Leu Sc r Asp G I y S e r Tr p P b e A I a 1' y r Trp GI y GI n GI y 
l 0 0 l 0 5 l L 0 

Th r L c u Va I Th r Vo I Sc r Se r GI y GI y GI y G I y Sc r GI y 
l l 5 120 1 2 5 

( 2 ) [Nf-ORMATION FOR SEQ ID N0:6S: 

( j ) SEQUENCE CHARACTBRl!.11CS: 
( A J LENGTil: 15 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: 
( I) ) TOl'Ol.OGY: linear 

( i i ) MOLECULE TYPE: peptide 

( x ) SEQUENCE DESCRIPTION: SEQ ID N0:65: 

GI u V • I Ly s I.. c u Vo G I u S < r Gly GI y GI y I.. cu Vo I G I n p ' 0 GI y 
1 0 I 5 

( 2 ) tNfORMAnON FOR SEQ ID N0:66: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: l25 nmino aci<L1 
( R ) TYPE: :u:nino acid 

( C ) STRANDEDNESS: 
( D ) TOPOLOGY: linear 
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i i ) MOUlCUUl TYPE: prolein 

i x ) FEATURE: 
( A ) NAME/KEY: Region 
( B ) LOCATION: 1..125 
( D ) OTI!ER INFORMATION: /nole= "Mouse mono<lonol anlibody BS Fv 

Ug.h1 ch3in region'' 

( x i ) SEQUENCE DESCRIJYllON: SEQ ID N0:66: 

As p Val L e u L eu Th r G I n Th r P r o Leu Se r Leu Pr o Va I Se r Leu GI y 
I l 0 I 5 

Asp G I n A I a Ser I I c Sc r Cys Arg Sc r Sc r G I n Sc r I I c Va I JI ~ ~ S c r 
2 0 2 5 3 0 

A s n GI y A• n Th r Ty r Leu G I u Trp T y r L cu G I n Ly• P r o GI y GI n Se r 

3 5 J 0 J 5 

Pr o L )' s L e u Leu I I c Tl" L y s Va I Se r A•n Arg Phc Se r GI y V•l P r o 

5 0 5 5 6 0 

Asp Arg p h. Se r GI y Se r G I y S e r GI y Tb r A sp p h c Tb r L cu L ys I I c 
6 5 7 0 7 5 8 0 

Sc r Ar g Va I G I u A I a GI u A•p Le u GI y Vo I 1' y r Ty r c y. p h c GU n GI y 
8 5 9 0 95 

S c r Hi s Va I P ro p h c Thr p h c GI y Sc r GI y Th r Ly s L c u GI u I I e I. y s 
l 0 0 l 0 5 l l 0 

Arg A I o A•p A I a A I • P r o Th r Va I Sc r I I c J> b e P ro Pr o 
l l s 1 2 0 l 2 s 

( 2 ) INFORMATION FOR SEQ II) N0:67: 

( i ) SEQUENCE CHARACTERISTICS: 
( /\ ) LENGTH: 15 amiao acids 

( B ) TYPE: :tmiuo acid 
( C ) STRANDEDNr:.SS: 
( D ) TOPOLOGY: linear 

( i ) MOLECUUl TYPE: peptide 

( x ) SEQUENCE DESCRIPTION: SEQ ID N0:67: 

Asp Val L c u L eu Tb r G I D Tb r P r o L cu Sc r Leu P r o Va I Sc r Leu 
1 5 1 0 1 s 

l 2 ) CNFORMATION FOR SEQ TD N0:68: 

( i ) SEQUENCE OIARACTl!RIS'llCS: 
( /\ l LENGTH: U9 amino acids 
( B ) TYPE: aJUino acid 
( C ) STRANDEDNESS: 

( D J TOPOLOGY: linear 

i i ) MOLECULC. TYPE: prolein 

x ) FEATURE: 
( A ) NAME/KEY: Prolc in 

( IJ ) LOCATION: 1..119 
( D ) OTHER INFORMATION: /nolc= "Humanized BJ Variable Hca'1' 

chain (V·H) with Arg at position 85" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:68: 

Asp V al l )' • L e u Vo G I u S c r Giy GI C l y Va I Vo I G I n P r o GU y Ar g 
I 5 l 0 l 5 

S c r L c u L )' s L e u s c t Cys A l a Thr Sc r GI y p h c Th r p h c Sc r A sp T y r 
2 0 2 5 3 0 

Ty r Mc I T y r Tr p Va I Ar ll G I n A I a P r o GI L y• GI y L c u GI u Trp Va I 

3 5 J 0 J 5 

A I a Ty r I I e S c r As n Asp A sp S c r Sc r A I a A I a Ty r Sc r Asp Tb r Va I 
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-continued 

5 0 5 5 

L y s G I )' Ar g Ph e Th r 1 I e S e r Ar g 
6 5 7 0 

L e u G I n M c t A s n A rg L e u A r g A I a 
8 5 

A I a A rg GI y L eu A I a T rp G I )' A 1 a 
l 0 0 

Th r L e u V a I Th r v . 1 S e r S e r 
l l 5 

What is claimed is: 
1. A recombinant DNA molecule that encodes a single 

chain fus ion protein, said recombina01 DNA molecule com­
prising: 

i) a DNA sequence that encodes a humanized Fv region of 
both the light and Lhc heavy chains of a B3 antibody 
(ATCC Accession No. HB 10573) wbcrein said beavy 
chain bas a serine al position 95 as shown in SEQ lD 
N0:47; and 

ii) a DNA sequence that encodes an effector molecule; 
wherein said DNA sequences are recombinantly f1LSed 
to form a single molecu le. 

2. The recombinant DNA molecule o[ claim 1, wherein 
said DNA sequence encodes an Fv region comprising a 
humanized variable light chain having the amino acid 
sequence designated SEQ lD N0:50. 

3. The recombinan1 DNA molecule of claim 1, wherein 
said DNA sequence encodes an Fv region comprisi.ng a 
humanized variable heavy chain having the amino acid 

6 0 

A s p A s n S er L y s A s n T h r L eu T yt 
7 5 8 0 

G 1 u A s p Th r A I :i I I e T y r Se r c y. 
9 0 9 5 

T r p f> b c A I > T y r T rp G I y G ~ n G 1 y 
l 0 s l l 0 

15 
13. The recombinant DNA molecule of claim 11, wherein 

said DNA sequence encodes an Fv region comprising a 
humanized variable heavy chain having the amino acid 
sequence designated SEQ ID N0:47. 

14. A recombinantly produced protein comprising a 
20 bumanizcd Fv region of both a ligbt and a beavy cbain of a 

B3 monoclonal antibody (ATCC Accession No. l-ffil0573) 
and wherein said heavy chain bas a serine at position 95 as 
shown in SEQ ID N0:47. 

15. The protein of claim 14, wherein said protein com-
25 prises a humanized variable light chain having Lbe amino 

acid sequence designated SEQ lD NO :50. 
16. The protein of claim 14, wherein said protein com­

prises a humanized variable heavy chain having the amino 
acid sequence designated SEQ ID N0:47. 

17 . A pham1accutical composi tion comprising a recom-
30 binantly produced single chain fusion protein in a concen­

tration sufficient to inhibit tumor growth, together wilb a 
pbarmaceutically acceptable carrier wherein said fusion 
protein comprises: 

sequence designated SEQ ID N0:47. 
35 4. The recombinant DNA molecule of claim 1, wherein 

said effector molecule is a Pseudomonas exotoxin. 

a) a humanized Fv region of both a light and a heavy chain 
of a B3 monoclonal antibody (AJ'CC Accession No. 
HBJ0573) wberein said heavy cbain ha5 a serine at 
position 95 as shown in SEQ ID N0:47; and 

5. The recombinant DNA molecule of claim 4, wherein 
said effector molecule is selected from the group consisting 
of PE38, PE40, PE38KDEL and PE38REDL. 

6. A single chain fusion protein comprising: 40 

b) an effector molecule; wherein both of said Fv regions 
and said effector molecule are recombinanlly fosed to 
form a single molecule that bas the binding specificity 
of the B3 monoclonal antibody (ATCC Accession No. 
HB10573). 

18. Tbe composition of claim 17, wherein said effector 
molecule is a Pseudomooas cxotoxin. 

a) a humanized Fv region of both the ligbt and beavy 
chains of a B3 antibody (A:TCC Acces.5ion No. HB 
10573) wherein said heavy chain bas a serine at posi­
tion 95 as shown in SEQ lD N0:47; and 

b) an effector molecule wherein the humanized Fv region 
and the effector molecule are recombinanlly fused to 
form a single molecule. 

45 19. The composition of claim 18, wherein said effector 
molecule is selected from the group consisting of PE38, 
PE40, PE38KDEL, PE38REOL. 

20. 'The composition of claim 17, wherein said humanized 
Fv region is a bumani7,cd B3(Fv) region. 7. The fusion protein of claim 6, wherein the Fv region of 

said protein comprises a bumani:t.ed variable light chain 
having the amino acid sequence designated SEQ ID N0:50. 

8. The fusion protein of claim 6, wherein said protein 
comprises a humanized variable heavy chain having the 
amino acid sequence designated SEQ ID N0:47. 

21. A method of detecting the presence or absence of a cell 
so bearing a LewisY carbohydrate an tigen in a patient, said 

method comprising tbe steps of: 

9. Tbe fusion protein of claim 6, wherein said effector 
molecule is a Pseudomonas exotoxio. 

10. The fusion protein of claim 9, wherein said 
Pseudomonas exoloxin is PE38, PE40, PE38KDEL and 
PE38REDL 

55 

U . A recombinant DNA molecule tbat encodes a human­
ized Fv region of both the light and heavy cbains of a B3 60 
monoclonal antibody (ATCC Accession No. HB 10573) and 
wherein said beavy chain bas a serine at position 95 as 
shown in SEQ lD N0:47. 

12. The recombinant DNA molecule of claim ll, wherein 
said DNA sequence encodes an Fv region comprising a 65 
humanized variable light chain baving the amino acid 
sequence designated SEQ ID N0:50. 

a) removing a tissue or fluid sample from said patient; 
b) adding ao antibody to said sample wherein said anti­

body comprises: 
i) a humanized Fv region of both a light and a heavy 

chain of a B3 monoclonal antibody (ATCC Acces­
sion No. HB10573) wherein said heavy chain has a 
serine al posit ion 95 as shown in SEQ ID N0:47; and 

ii) an effector molecule; furtber wherein said Fv regions 
are recombinantly fa5ed to form a single molecule 
that bas tbe binding specificity of the B3 monoclonal 
antibody; and 

c) detecting for tbe presence or absence of a binding 
complex between the antibody and the antigen. 

* * * * * 
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CERTIFICATE OF CORREC1;ION 
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DATED 
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March 30, 1999 

Pastan et al. 

It is certified that error appears in the above-identified patent and that said letters Patent is hereby 
corrected as shown below: 

At column 86, line 48, please cancel and delete Claim 20. 

At column 86, line 50, please delete "21" and renumber the Claim -20-. 

Auest: 

A11es1i11g Officer 

Signed and Sealed this 

Eleventh Day of January, 2000 

Q . TODD OI CKI NSON 

62 of 62 BI Exhibit 1123


