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MULTIVALENT SINGLE CHAIN ANTIBODIES

The present invention relates to single chain multivalent antibodies.

Antibodies are proteins belonging to a group of inmunoglobulins elicited by the
immune system in respanse to a specific antigen ar substance which the body deems foreign. .
There are five classes of human antibodies, each class having ihe same basic structure. The
basic structure of an antibody is a tetramer, or a multiple thereof, composed of two identical
heterodimers each consisting of a light a‘nd a heavy chain. Thelight chain is composed of one
variable (V) and one constant (C) d:;main, while a heavy chain is composed of one variable and
three or more constant domai ns: The variable domains from both the light and heavy chain,
designated V and Vy respectively, determine .the specificity of an immunoglobulin, while the
constant (C) domains carry out various effectqr functions.

Amino acid sequence data indicate that each variable domain comprises three
complementarity determining regions (CDR) flanked by four relatively conserved framework
regions (FR). The FR are thought to maintain the structural integrity of the variable region
domain. The CDR have been assumed to be responsible for the binding specificity of individual
antibodies and to account for the diveisity of binding of antibodies. '

As the basic structure of an antibody contains two heteradimers, antibodies are
multivatent rﬁoiécules. For example, the 1gG classes have two identical antigen binding sites,
while the pentameric IgM class has 10 identical binding sites.

Monoclonal antibodies having identical genetic parentage and binding specificity
have been useful both as diagnostic and therapeutic agents. Monoclonal antibodies are

' routinely produced by hybridomas generated by fusion of mouse lymphoid cells with an

appropriate mouse myeloma cell line according to established procedures. The administration
of murine antibodies for in vive therapy and diagnostics in humans is limited however, due to
the human anti-mouse antibody respoﬁse illicited by the human immune system. '

Chimeric antiBbdies, in which the binding or variable regions of antibodies
derived from one species are combined with the constant regions of antibadies derived from a
different species, have been produced by recombinant DNA methodology. See, for example,
Sahagenetal., J. iImmunol., 137:1066-1074 (1986); Sun et al., Proc. Natl. Acad. Sci. USA,
82:21 4-218 (1987); Nishimura et al., Cancer Res., 47:999-1005 (1987); and Lie et al. Proc Natl.
Acad. Sci. USA, B4:3439-3443 (1987) which disclose chimeric antibodies to tumor-associated
antigens. Typically, the variable region of a murine antibody is joined with the constant region
of a human antibody. Itis expected that as such chimeric antibodies are largely human in
composition, they will be substantially less immunogenic than murine antibodies.

Chimeric antibodies still carry the F¢ regions which are not necessar'y for antigen

" binding, but constitute a major portion of the overall aniibody structure which affects i_ts

pharmacokinetics. For the use of antibodies in immunotherapy or immunodiagnostics, is it
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i mune Ssystemin response to a specific antigen or substance whi ch the body
deens fareign. There are five classes of human antibodi-es, each class
having the same basic structure. The basic structure of an antibody is a
tetramer, or a nultiple thereof, conposed of Iwo identical heterodiners
each consisting of a light and a heavy chain. The light chain is conposed
of one variable (V) and one constant (C) domain, while a heavy chain is

conposed of one variable and three or nore constant donains. The variable

domai ns fromboth the |ightand heavy chain, designated VL and VH

respect| i vel Y- det ‘3&!?3&;@?0 Ixat'e néb%@yqfki Jl’l&éCles

constant (O donai ns earr
Amino acid sequen® "¥&te4"

\«?:Ich é&hie%ggg tRer g!et@issué’\dgﬁnlll? the

conpl enentarity d&psrent i heresiegirdens perTRrity prndareimets rapidlvicigered froathaioge| y
conserved franmeworienwisgd aptitediesER) . The FR are thought to maintain the
structural integrity of tshg iNakevatabierehiB@obnRMARIRREY chaifbiBatidach@anbeen

‘assunmed to be res QRQ&L ng?e cmamagﬁgdﬁiawng ch§s? ﬁa% JeLnCcLeEMd Qlfth AnQ@J aw:l &I'H%L,

10

15

20

25

30

335

containing all six CDR's, joined by a peptide linker (U.S. Patent 4,946,778) to create a Vi-L-Vy
polypeptide, wherein the L stands for the peptide linker. A scFvwherein the Vi and Vi
domains are orientated Vyu-L-V is disclosed in U.S. Pétent S, 1 32,405.

As the scFvs have one binding site as compared to the minimum of two for
complete antibodies, the scFvs have reduced avidity as compared to the antibody containing
two or more binding sites. ' _

It would therefore bé advantageous to obtain constructions of scFvs having more
than one binding site to enhance the avidity of the polypeptide, and retain or increase their
antigen recognition properties. in addition, it would be beneficial to obtain multivalent scFvs
which are bispecific to allow for recognition of different epitopes on the target tissue, to allow
for antibody-based recruitment of other immune effector functions, or allow antibady capture
of a therapeutic or diagnostic moiety. _ '

1t has been found that single chain antibady fragments each having one Vy and
one V; domain covalently linked by a first peptide linker, can be covalently linked by a second
peptide linker to form a multivalent single chain antibody which maintains the binding affinity
of awhole antibody. Inone embodimenﬁ. the present invention is a multivalent si'ngle chain
antibody having affinity for an antigen wherein the multivalent single chain antibedy .
comprises two or mare light chain variable domains and two or more heavy chain variable
domains; wherein, each variable domain is linked to at least one other variable domain.

in another embodiment, thé present invention is a multivalent i ngle chain antibody
which comprises two or more single chain antibedy fragments, each fragment having affinity
for an antigen wherein the fragments are covalently linked by a first peptide linker and each
fragment comprising: _

(a)  afirst polypeptide comprising a light chain variable domain;

{b) . asecond polypeptide comprising a heavy chain variable domain; and

()  asecond peptide finker linking the first and second polypeptides inta a functional

binding moiety. _

In anather embodiment, the invention provides a DNA sequence which codes for
a multivalent single chain antibody, the muitivalent single chain antibody compnsmg two or
more single chain antibody fragments, each fragment having affinity for an antigen ‘wherein
the fragments are covalently linked by a first peptide linker and each fragment comprising:

(a) afirst polypéptide comprising a light chain variable domain;
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anti bodi es and to account for the diversity of binding of antibodies.
As the basic, structure of an antibody contains two heterodinmers, antibodies
~are multival ent nol ecul es. For exanple, the I1gG classes have two identical
~antigen binding sites, while the pentanmeric I gM class has 10 identi cal
bi ndi ng sites. Monocl onal anti bodi es having identical genetic
parent age and bi ndi ng specificity have been useful both as diagnostic and
t herapeuti c agents. Mbonocl onal antibodies are routinely produced by
hybri domas generated by fusion of nouse |ynphoid cells with an appropriate
~nouse nyel oma cel | | &he asssedrelypargide omesingdhepwimaih variabiedeteriresnd The
adm ni stration of nugi.na sasiipbpaek liaker frRihg théfistiamedohEiolpaptidadodifagiasit i CS i n
humans is |imted howevegfgingH&ed. 0 the human anti-nouse antibody response
| l i cited by t.he hurman IT e rl"tlevalesrXsslrEgEr&aina tibodigs.a lowforthecq}{rurrcrﬁgrlq r?ai}]l iéol%Odl es, In
whi ch the binding or varia 1e regions _of' ant bodl,es derived. fr.om ohe
species are coirb%?ﬂgﬁ“wht‘hhﬂ‘Wé‘pé‘ﬂf%'é’taa‘ﬁ’t"'d?‘@éf‘G?Pé" byt HHMUL Nt i ved from a
allowing for more rapid capiilary permeability. Multivaient singie chain antibodies aiso aliow
for the construction of a multivalent single chain antibody wherein the binding sites can be
two different antigenic determinants. . '
- BRIEF DESCRIPTION OF THE DRAWINGS
10 Figure 1 iflustrates covalently linked single chain antibodies having the
configuration Vi -L-Vy-L-V-L-V4 {LHLH) and V{-L-Vy-L-Vy-L-V| (LHHL) and a noncovalently

linked Fv single chain antibody (Fv2).

Figure 2 illustrates the nucleotide sequence of CC49 V.
Figure 3 illustrates the amino acid sequence of CC49 V.
15 Figure 4 iliustrates the nucleotide sequence of CC493 V.
Figure S illusr.ratgs the amino acid sequence of CC49 V4.
Figure 6 illustrates the nucleotide sequence and amino acid sequence of the CC49
single chain antibody LHLH in p49LHLH.
-Figure 7 illustrates the nucleotide sequence and amino acid sequence of the CC49
20 single antibody LHHL in p4SLHHL. '
Figure 8 illustrates construction of plasmids pSL301 T and pSL301 HT.
Figure 9 illustrates construction of plasmid p49LHHL.
Figure 10 illustrates construction of plasmid p49LHLH,
Figure 11 illustrates the resuits of a competition assay using CC49 IgG, CC49 scFv2,
25 and CC49 scFv using biotinylated CC49 1gG as competitor. ’ '
The entire teaching of all references cited herein are hereby incorporated by
reference.
Nucleic acids, amino acids, peptides, protective groups, active groups and such,
when abbreviated, are abbreviated according to the JUPAC IUB {Commission on Biological
30 Nomenclature) or the practice in the fields concerned.
The term "singie chain antibody fragment” (scFv) or "antibady fragment” as used
herein means a polypeptide containing a Vi domain linked to a Vy domain by a peptide linker
(L), represented by V{-L-V4. The order of the V_and Vi domains can be reversed to obtain
polypeptides represented as Vy-L-V,. “Domain” is a segment of protein that assumes a discrete
35 function, such as antigen binding or aﬁtigen recognition.
A “multivalent singie chain antibody” means two or more single chain antibody ~
fragments covalently linked by a peptide linker. The antibody fragments can be joined to form

bivalent single chain antibodies having the order of the V| and Vy; domains as follows:
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di fferent species have been produced by reconbi nant DNA net hodol ogy. See,
for exapple,, Sahagen et al., J. Imunol., 137:1066-1074 (1986);, Sun et al.,
Proc. Natl. Acad Sci. USA, 82: 214- 218 '(1987); Nishimura et al., Cancer
Res., 47:999-1005 (1987); and Lie et al. Proc Natl. Acad Sci. USA,

84: 3439- 3443 (1987) which disclose chineric antibodies to tunor-associ ated
antigens. Typically, the variable region of a nurine antibody is joined
with the constant region of a human antibody. It is expected that as such
chineric antibodies are largely human in conposition, they will be

substantially |ess i MARAGERILG,, VDAR,-DHEL RS, ARN-L- BN, B85 VLV LV Ly,
Chimeric anti bodi %@Ué%fkaln muﬁ.azﬁJné’anLJLﬁreE&.J@rQkr%éné(éa*ab,ffeiler%% ohk2f m gQ .§§¢’ar y for

antigen bindi ng t const over a

O A L e
i mmunot her apy or i Hﬁﬁﬂﬁémb&gﬁ%ﬁﬂe@gmbqrg Vi gnd Vy domains is equivalent. -

5 The present invention also provides for multivalent single chain antibodies which
can be designated Vy-L-Viy-L-V -L-V or Vi -L-V -L-Vy-L-Vy.

Covalently linked single chain antibodies having the configuration Vi-L-Vp-L-V-L-
“Vy (LHLH} and Vi-L-Vy-L-Vy-L-V, (LHHL) are illustrated in Figure 1. A noncaovalently linked Fv

" single chain antibody (Fv2) is also illustrated in Figure 1. )
N 10 The single chain antibody fragments for use in the present invention can be
- derived from the light and/or heavy chain variable domains of any antibody. Preferably, the
light and heavy chain variable domains are specific for the same antigen. The individual
antibody fragments which are joined to form a multivalent single chain antibody may be
directed against the same antigen or caﬁ be directed against different antigens.

15 To prepare a vector containing the DNA sequence for a single chain multivalent’
antibody, a source of the genes encoding for these regions is required. The appropriate DNA
sequence can be obtained from published sources or can be obtained by standard procedures
known in the art. For example, Kabat et al., Sequences of Proteins of Immunoiogical Interest
4th ed., (1991), published by The U.S. Department of Health and Human Services, discloses

20 Sequences of most of the antibody variable regions which have been described to date.

When the genetic sequence is unknown, it is generally possible to utilize cDNA
sequences obtained from mRNA by reverse transcriptase mediated synthesis as a source of DNA
to clone into a vector. For antibodies, the source of mRNA can be obtained from a'wide range
of hybridomas. See, for example, the catalogue ATCC Cell Lines and Hybridomas, American

25 Type Culture Collection, 20309 Parklawn Drive, Rockville Md., USA (1990). Hybridomas
secreting monodianal antibodies reactive with a wide variety of antigens are listed therein, are
available from the collection, and usable in the present invention. These cell lines and others of
similar nature can be utilized as a source of mRNA coding for the variable domains or to obtain
antibody protein to determine amino acid sequence of the monoclonal antibody itself.

30' Variable regions of antibodies can also be derived by immunizing an appropriate
vertebrate, normally a domestic animal, and most conveniently a mouse. The immunogen will
be the antigen of interest, or where a hapten, an antigenic conjugate of the hapten to an
antigen such as keyhole limpet hemocyanin (KLH). The immunization may be carried out
conventionally with one or more repeated injections of the immunogen into the host mammal,

35 normally at two to three week intervals. Usually, three days after the last challenge, the spleen
is removed and dissociated into single cells to be used for cell fusion to provide hybridomas

from which mRNA can readily be obtained by standard procedures known in the art.
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rapidly and for the ubound material to quickly clear fromthe body.
‘General ly, snmaller antibody fragnents have greater capillary perneability
and are nore rapidly ¢leared fromthe body, than whol e anti bodies.

Since it is the variable regi.ons of light and heavy chains that interact
with an antigen, single chain antibody fragnent (scFvs) have been created
with one Verr] and one : '

When an antibody of interest is obtained, and only its amino acid sequence.is
known_,_lt is possible to reverse translate the sequence.

The Vi_and Vy domains for use in the present invention are preferably obtained
from one of a series of CC antibodies against tumor-associated glycoprotein 72 antigen

5 (TAG-72) disclosed in published PCT Application WO 90/04410 on May 3, 1990, and published

PCT Application WO 85/00692 on January 26, 1983. More preferred are the V| and Vy domains
from the monocional antibody designated CCa9in PCT Publications WO 90/0441 0 and

WO 89/00692. The nucieotide sequence (SEQ ID NO: 1) which codes for the Viof CCa9is
substantially the same as that given in figure 1. The amino acid sequence (SEQ 1D NO: 2) of the -

10 VL of CC49is substantially the same as that given in Figure 2. The nucleotide sequence (SEQ 1D

NO: 3) which codes for the Vy of CC49 is substantially the same as that given in Figure 3. The
amino acid sequence (SEQ ID NO: 4} for the Vy of CC49 is substantially the same as that givenin
Figure 4. .

To form the antibody fragments and multivalent single chain antibodies of the

15 Ppresentinvention, itis necessary to have a suitable peptide linker. Suitable linkers for joining
the Vi and V; domains are those which allow the VH.and V domains to fold into a single
polyr:eptide chain which will have a three dimensional structure very similar to the original
structure of a whale antibody and thus maintain the binding specificity of the whole antibady
from which antibody fragment is derived. Suitable linkers for linking the scFvs are those which

20 allow thelinking of two or more scFvs such that the Vy and V; domains of each -
immunoglobulin fragment have a three dimensional structure such that each fragment
maintains the binding specificity of the whole antibody from which the immunoglobulin
fragment is derived. Linkers having the desired properties can be obtained by the' method
disclosed in U.S. Patent 4,946,778, the disclosure of which is hereby incorporated by reference.

2s From the polypeptide sequences generated by the methods described in the 4,946,778, genetic
sequences coding for the polypeptide can be obtained.

Preferably, the peptide linker joining the Vy and V| domains to form a scfv and
the peptide linker joining two or more scFvs to form a multivalent single chain antibody have
substantially the same amino acid sequence.

"30 1t is also necessary that the linker peptides be attached to ihe antibody fragments
such that the binding of the linker to the individual antibody fragments does not interfere with
the binding capacity of the antigen recognition site.

A preferred linker is based on the helical linker designated 205C as disclosed in
Pantoliano et al. Biochem., 30, 101 17-10125 (1991) but with the first and last amino acids

35 changed because of the codon dictated by the Xho | site at one end and the Hind Hli site at the
other. The amino acid sequence (SEQ 1D NO: 5) of the preferred linker is as follows: '
Leu-Ser-Ala-Asp-Asp-Ala-Lys-Lys-Asp-Ala-Al a-Lys~Lys-Asp-Asp-Ala-Lys-Lys-Asp-Asp-Ala-
-Lys-Lys-Asp-Leu.
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VH, containing all six CDR's, joined by a peptide linker (U.S. Pat ent
4,946, 77%8) tq create a V[err] V[err] pol ypeptide, wherein the L stands for
the peptide liker. A scPv wherein the V[err] ‘and V[erre] domains are
orientated V[err]-V[err] is disclosed in U S. Patent 5,132, 405. As the
scFvs have one binding site as conpared to the mninmumof two for conplete
.anti bodies, the scFvs have reduced avidity as conpared to the antibody - ..
containing two or nore binding sites. It would therefore be
advant ageous to obtain constructions of scFvs having nore than one binding
site to enhance the avidity of the eptide, and r etain or |ncrease

e At wL

their antigen recogniti o g arrera Hapqe siques; fre e BANES i ci al
to obtain nultivaloemigesripsesigies- &P’wﬁefﬂ'ﬁbﬁéﬁkeﬁsbnﬁ?aaﬂ@éfw resigpesyM¥ogni ti on of
di fferent epitopeasefond tshthkéral Gei2semissatlresidas.al | ow for anti body- based
recrui ment of other i mMuagre@bd RRitiQKorproduction of the molecuies of the invention include

5  plasmids or other vectors. In generél, such vectors contain replicon and control sequences
which are derived from species compatible with a host cell. The vector ordinarily carries a
replicon site, aswell as specific genes which are capable of providing phenotypic selection in
transformed cells. For example, E. coliis readily transformed using pBR322 {Bolivar et al., Gene,

2, 95-(1977), or Sambrook et al., Malecufar Cloning, Cold Spring Harbor Press, New Yark, 2nd
10 Ed.(1989). | L
Plasmids suitable for eukaryotic cells may also be used. S. cerevisiae, or comman '
baker’s yeast, is the most commonly used among eukaryotic microorganisms, although a
number of other strains, such as Pichia pastoris, are available, Cultures of cells derived from
multicellular organisms such as SP2/0 or Chinese Hamster Ovary (CHO), which are available from

15 the ATCC, may also be used as hosts. Typical of vector plasmids suitabie for mammailian cells
are pSV2neo and pSV2gpt (ATCC); pSVL and pKSV-10 (Pharmacia), pBPV-1/pML2d
(International Biotechnology, inc.).

The use of prokaryotic and eukaryotic viral expression vectors to express the
genes for polypeptides of the presentinvention is also contemplated.

20 itis preferred that the expression vectors and the inserts which code for the single
chain multivalent antibodies have compatible restriction sites at the insertion junctions and
that those restriction sites are unique to the areas of insertion. Both vecior and insert are
treated with restriction endonucieases and then ligated by any of a variety of met.hods such as
those described in Sambrook et al., supra.

25 Preferred genetic constructions of vectors for praduction of single chain
muttivalent antibodies of the present invention are those which contain a constitutively active
transcriptional promoter, a region encoding signal peptide which will direct synthesis/secretion
of the nascent single ¢hain polypeptide out of the cell. Preferably, the expressionrate is
commensurate with the transport, folding and assemnbly steps to avoid accumulation of the

30 Polypeptide asinsoluble material. In addition to the ifeplicon and control sequences,

' additional elements may also be needed for optimal synthesis of single chain polypeptide.
These elements may include splice signals, as well as transcription promoter, enhancers, and
termination signals. Furthermore, additional genes and their products may be required to
facilitate assembly and folding (chaperones).

35 Vectors which are commercially available can easily be altered to meet the above
criteria for a vector. Such alterations are easily performed by those of ordinary skill in the art in

light of the availabie literature and the teachings herein.
-6-
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functions, or allow antibody capture of a therapeutic or diagnastic noiety.
It has been found that single chain antibody fragnents, each having one VH
and oné VL donai n coval endy linked by a first peptide |linker, can be
covalently linked by a second peptide linker to forma nulti vaI ent single
chain anti body which maintains the binding affinity of a whole antbody. In
one enbodi nent, he present invention is a multivalent si ngl e chain anbody
havi ng af fi ni ty for an antigen wherein the nultival ent single chaifi

anti body conprises two or nore |light 'chain variable domains and two or nore
heavy chain variabl e domai ns; wherin, each variable domain is |linked to at
| east one ot her vari abl e Addtienaly. itis preferrefthetheiioniga vegtogrorftaip elegablsaraent ,
‘there is provided siah sakiug kadtedmafdei b bber bdérvhiciidatisedaerlassiantdl Hlecdlvprit S€s  t Wo

or more single chajfe ﬁd?ltclelp Oshy ctlp' ABTRE s WhiN &h BEYedodhbihdnt@fdsiorn@d@inekordy a
first peptide linker, Sagh using SLdABngne Bnéiegmﬁurgs P&%es LR O IR er BaYbRGaALS | NI LY

for
5 isintendedinpartto facilitate in the selection of transformants. Additionally, the presence of

a selectable marker, such as a drug resistance marker, may be of use in keeping contaminating
microorganisms from muitiplying in the culture medium. In this embodiment, such a pure
culture of the transformed host cell would be obtained by culturing the cells under conditions
which require the induced phenotype for survival.

10 Recovery and purification of the present invention can be accompllshed using
standard techniques known in the art. For example, if they are secreted into the culture
medium, the single chain muitivalent antibodies can be concentrated by ultrafiltration. When _
the polypeptides are transported to the periplasmic space of a host cell, purification can be
'accompiished by osmotically shocking the cells, and proceedingwith ultrafiltration, antigen

15 affinity column chromatography or column chromatagraphy using ion exchange '
chromatography and gel filtration. Polypeptides which are insoluble and present as refractile
bodies, also called inclusion bodies, can be purified by lysis of the cells, repeated centrifugation -
and washing to isolate the inclusion bodies, solubilization, such as with guanidine-HCl, and
refolding followed by purification of the biologically active molecules. '

20 The activity of single chain multivalent antibodies can be measured by standard
assays known in the art, for example competition assays, enzyme-linked immunosorbant assay
(ELISA), and radicimmunoassay (RIA). ’

~ The multivalent single chain antibodies of the present invention provude unique
] benefits for use in diagnostics and therapeutics. The use of multivalent single chain antibodies

25 afford a number of advantages over the use of larger fragments or entire antibody molecules.
They reach their target tissue more rapidly, and are cleared more quickly from the body.

For diagnostic and/or therapeutic uses, the multivalent single chain antibodies
can be constructed such that one or more antibody fragments are directed against a target
tissue and one or more antibody fragments are directed againsta diagnostic or therapeutic

30 3agent. l l )

The invention also concerns pharmaceutical compositions which are particularly
advantageous for use in the diagnosis and/or therapy of diseases, such as cancer, where target
antigens are often expressed on the surface of cells. For diagnostic and/or therapeutic uses, the
multivalent singie chain antibodies can be conjugated with an appropriate imaging or

35 therapeutic agent by methods known in the art. The pharmaceutical compositions of the
invention are prepared by methods known in the art, e.g., by conventional mixing, dissolving

or lyophilizing processes.

-7-
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TAG 72 and each single chain antibody fragnment having: - (a) a
first pelypeptide containing a |ight chain variable domain; (b)
~a second pol ypeptide containing a heavy chain variabl e donain; and

(c) a second peptide linker linking the first and second pol ypeptides into
a function binding noiety wherein the first peptide link contains a

. 15-25 anino acid segnment of the amino acid sequence:,

. Leu- Ser - Al a- Asp- Asp- Al a- Lys- Lys- Asp- Al 2, - Al a-Lys

- The invention will be further clarified by a consideration of the following

examples, which are intended to be purely exemplary of the present invention.

15

20

25

30

35

8-

Sheet Has Been R laced :

T i




3 Lys- Asp- Asp- Al a- Lys-Lys- Asp- Asp- Al a-Lys-Lys-Asp-Leu.

According to,a second enbodi nent, there is provided a DNA sequence which
.codes for a nultivalent single chain antibody, the nultivalent single chain
‘anti body conmprising two or nore single chain antibody fragnents coval ently
il i nked together by a first peptide |inker, each single chain antbody havig
affinity for TAG 72 and each single chain antibody having: (a) a
first pol ypeptide containing a |light chain variable donmain (b) a
second pol ypeptide containing a heavy chain variable domai n; and

ABBREVIATIONS
BCIP 5-bromo-4-chloro-3-indoyl phosphate
bp base pair '
5 " Bis-Tris (l.ﬁ-bis[tris(hyd:nxymethyl)-methylamino]-
propane propane)
BSA bovine serum albumin
CDR Complementarity determining region '
ELISA enzyme linked immunasorbent aésay
Pv2 non-covalent single chain Fv_dimer
0 IEP iscelectric focusing -
Kbp kilo base pair
LB Luria-Bertani medium
Mab _ monoclonal antibody
_ MES 2-(N-Morpholino)ethane sulfonic acid
15 M molecular weight
HBT nitro blue tetrazolium chloride
Oliga bligonucleotides
PAG polyacrylamide gel
PAGE polyacrylamide gel electrophoresis
20 PBS phosphate buffered saline
Pén polymerase chain reaction
pSCFV plasmid containing DNA sequence coding far SCFV
RIGS ‘radioimmunoguided surgery
_ RI1T radicimmunotherapy
= sckv . single chain Fv immunoglobulin fragment monomer
scPv2 single chain Fv immunoglobulin fragment dimer
covalently linked
SDS sodium dodecyl sulfate
TBS Tris-buffered saline .
3¢ Tris (Tris[hydroxymethyl]aminomethane)
TTBS Tveen-20 wash solution o
vg immunoglobulin heavy chain variable domain
Vi, immunoglobulin light chain variable domain
35
-9-
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(c) a second pepdide linker the first and second pol ypeptides . into a
functignal binding noiety wherein the first peptide Iinker contains a 15-25
am no aci d segment of the amino acid sequence:

Leu- Ser - Al a- Asp- Asp- Al a- Lys-Lys- Asp- Al a- Al a- Lys- - _
Lys- Asp- Asp- Al a- Lys-Lys- Asp- Asp- Al a- Lys-Lys-Asp- Leu. " According to a
third enbodi nent, there is provided a DNA sequence which codes for a

mul tival ent single chain antibody, the nultival ent single chain antibody
conpri'sing two or nore single chain antibodies covalently |inked together
by a first peptldAn nker, each single chain antibody having affinity for
TAG 72 and each haln antlbod Q 2 [st

pol ypepti de cont al ning a $EHAMEEECR ‘V&a??"ég%é’pa%fﬁéﬁtﬁeh”ﬁﬁ"t il cflobdd

glycoprotein 72 (TAG-72) deposited as ATCC No. HB9459.
CC49 FAB: An antigen binding portion of CC49 consisting of anintact light chain
s linked to the N-terminal portion of the heavy chain. '
CCa9 scFv: Single chain antibody fragment consisting of two variable domains of
€C49 antibody joined by a peptide linker.
CCA49 Fv2: Two CC49 scFv non-covalently linked to form a dimer. The number
after Fv refers to the number of monomer subunits of a given molecule, e.g., CC49 Fv6 refers to
10 the hexamer multimers.
CC49 scFv2: Covalently-linked single chain anti body fragment consisting of two
CC43 V, domains and two Vy domains joined by three linkers. Six possible combinations for the
order of linking the V(L) and the Vy(H) domains together are: LHLH, LHHL, LLHH, HLLH, HLHL,
and HHLL.
15 Plasmids )
pSCFV UHM: Plasmid containing coding sequence for scFv consisting of a CC49
variable light chain and a CC49 variable heavy chain joined by a 25 amino acid linker.
p49LHLH or p49LHHL: Plasmids containing the coding sequence for producing
C€C49 scFv2 LHLH or LHHL products, respectively. ,
20 EXAMPLES ' '
General Experimental
Procedures for molecular cloning are as those described in Sambrook et al.,
Molecular Cloning, Cold Spring Harbor Press, New York, 2nd Ed. (1989) and Ausubél etal.,
Current Protocols in Molecular Biology, John Wiley and Sons, New York (1992), the disclosures
25 of whicn are hereby incorporated by reference.
. All water used throughout was deionized distilled water.
Oliaonucieotide Synthesis and Purification
All oligonuclotides (oligos) were synthesized .on either a Model 380A ora
Model 391 DNA Synthesizer from Applied Biosystems (Foster City, CA) using standard
30 Byanoethyl pnosphoramidites and synthesis columns. Protecting groups on the product were
removed by heating in concentrated ammonium hydroxide at 55°C for 6 to 15 hours. The
ammonium hydroxide was removed through evaporation and the crude mixtures were
resuspended in 30 to 40 pl of sterile water. After electrophoresis on polyacrylamide-urea gels,
the oiigos were visualized using short wavelength ultraviolet (UV)} light. DNA bands were
35 excised from the gel and eluted into 1 mL of 100 mM Tris-HCl, pH 7.4, 500 mM NaCl, 5 mM EDTA
over 2 hours at 65°C. Final purification was achieved by applying the DNA to Sep-Pac™ C-18
columns (Millipore, Bedford, MA} and eluting the bound oligos with 60 percent methanol. The
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domain is encoded by a mcleotide sequence whose expression product is
subst ani,al | y ,honol ogous to that having the am no acid sequence of Figure 3,
and whose expression product retains the characterisits of functional
.binding to TAG 72; (b) a second pol ypeptide containing a heavy"
‘chai n variabl e domain, which domain is encoded by a nucl eodde sequence
whose expression product is substantially honol ogous to that having the

am no aci-d sequence of Figure 5, and whose expression product retains the

characteristic of functional blndlng to TAG 72; and (c) a
second peptide linker linking the first and second pol ypeptides into a
functional binding noLety wherein (1) tn first peptide |Iinker

contains a 15- 25 saytioneiuerewes reyeprtaapprodmatdinesO ploantl the Ditedotkesatnevie e
determined by measuring the optical density at 260 nm (OD

Restriction Enzyme Digests
All restriction enzyme digests were performed using Bethesda Research

200

s Laboratories (Gaithersburg, MD), New England Biolabs, Inc. (Beverly, MA) or Boehringer
Mannheim (BM, Indianapalis, IN) enzymes and buffers following the manufacturer's
recommended procedures. Digested products were separated by polyacrylamide gel
electrophoresis (PAGE). The gels were stained with ethidium bromide, the DNA bands were

= visualized using long waveiength UV light and the DNA bands were then excised. The gel slices

10 were placed In dialysis tubing (Union Carbide Corp., Chicago) containi'ng S mM Tris, 2.5 mM
acetic acid, 1 mM EDTA, pH 8.0 and efuted using a Max Submarine electrophoresis apparatus
(Hoefer Scientific instruments, CA). Sample volumes were reduced on a Speed Vac
Concentrator (Savant instruments, Inc., NY). The DNA was ethanol precipitated and redissolved
in sterile water.

15 Enzyme Linked Immunosorbent Assay !ELISA}

TAG-72 antigen, prepared substantially as described by Johnson et al, Can. Res.,
46, 850-857 (1986), was adsorbed onto the wells of a polyvinyl chloride 96 well microtiter plate
{Dynatech Laboratories, Inc., Chantilly, VA) by drying overnight. The plate was blocked with
1 percent BSA in PBS for 1 hour at 31°C and then washed 3 times with 200 ut of P8BS,

20 0.05 percent Tween-20. 25 ul of test antibodies and 25 pl. of biotinylated €C49 (1/20,000
dilution of a 1 mg/mL solution) were added to the wells and the plate incubated for 30 minutes .
at 31°C. The relative amounts of TAG-72 bound to the plate, biotinylated €C49, streptavidin-
alkaline phosphatase, and color development times were determined empirically in order not
to have excess of either antigen or biotinylated CC49, yet have enough signal to detect

25 <competition by scFv. Pasitive controls were CC49 at 5 po/mL and CC49 Fab at 10 pg/mL.
Negative controls were 1 percent BSA in PBS and/or concentrated LB. Unbound proteins were
washed away. 50 pL of a 1:1000 dilution of streptavidin conjugated with alkaline phosphatase
(Southern Biotechnology Associates, inc., Birmingham, AL) were added and the plate was
incubated for 30 minutes at 31°C. The plate was washed 3 more times. 50 pLofa _

30 Para-nitrophenyl-phosphate solution (Kirkegaard & Perry Laboratories, inc., Gaitpersburg, MD)
were added and the color reaction was allowed to develop for a minimum of 20 minutes. The
relative amount of scFv2 binding was measured by optical density scanning at 404-450 nm
using a microplate reader (Molecular Devices Corporation, Manlo Park, CA). Binding of the
scFv2 species resulted in decreased binding of the biotinylated CC49 with a concomitant

35 decreasein color development.
SDS-PAGE and Western Blotting

Samples for SDS-PAGE analysis (20 uL) were prepared by boiling in 2 non-reducing
sample preparation buffer-Seprasol | {Integrated Separation Systems {IS5), Natick, MA} for
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Leu Ser - Al a- Asp- Asp- Al a- Lys-Lys- Asp- Al a- Al a- Lys- _ :
- Lys- Asp; Asp- Al a- Lys- Lys- Asp- Asp- Al a- Lys- Lys- Asp- Leu; and ' (2) the
mul ti val ent S|gle chain anti body has an affinity which is at least 60% of
~that of a native anti-TAG 72 anti body, as neasured by a conpetive binding
assay.

S minutes and loaded on 10-20 percent gradient polyacrylamide Daiichi Minigels as per the
manufacturer's directions (1SS).

Electrophoresis was conducted using a Mini 2-gel apparatus (ISS) at 55 mA per gel
at constant current for approximately 75 minutes. Gels were stained in Coomassie Brilliant Blue

5 R-250(Bio-Rad, Richmond, CA) for at least 1 hour and destained. Moiecular weight standards
were prestained (Mid Range Kit, Diversified Biotech, Newton Center, MA) and included the
following proteins: Phosphorylase b, gldtamate dehydrogenase, ovalbumin, lactate
dehydrogenase, carbonic amhydrase, B-lactogiobulin and cytochrome C. The corresponding
MWs are: 95,500, 55,000, 43,000, 36,000, 29,000, 18,400, and 12,400, respectively.

10 When Western analyses were conducted, a duplicate gel was also run. After
electrophoresis, one of the gels was equilibrated for 15-20 minutes in anode buffer #1 (0.3 M
Tris-HCI pH 10.4). An Immobilon-P PVDF (poiyvinylidene dichiorine) membrane (Millipore,
Bedford, MA) was treated with methanol for 2 seconds, and immersed in water for 2 minutes.
The membrane was then equilibrated in anode buffer #1 for 3 minutes. A Milliblot-SDE

15 apparatus (Millipore) was utilized to transfer proteins in the gel to the membrane. A drop of
anode buffer #1was placed in the middle of the anode electrode surface. A sheet of Whatman
3MM filter paper was soaked in anode buffer #1 and smoothly placed on the electrode surface.
Another filter paper soaked in anode buffer #2 (25 mM tris pH 10.4) was placed on top of the
first one. A sandwich was made by next adding the wetted PVDF membrane, placing the .

20 equilibrated gel on top of this and finally adding a sheet of filter paper scaked in cathode
buffer (25mM Tris-HCl, pH 9.4 in 40 mM glycine). Transfer was accomplished in 30 minutes
using 250 mA constant c.urrent (initial voltage ranged from 8-20 volts).

After blotting, the membrane was rinsed briefly in water and placed in a dish
with 20 mL blocking solution (1 percent boviﬁe serum albumin (BSA) (Sigma, St. Louis, MO) in

25 Tris-bufiered saline (TBS)). TBS was purchased from Pierce Chemical (Rockford, IL) as a
preweighed powder such that when 500 mL water is added, the mixture gives a 25 mM Tris,
0.15 M sodium chloride solution at pH 7.6. The membranes were blocked for a minimum of
1 hour at ambient temperature and then washed 3 times for 5 minutes each using 20 mL
0.5 percent Tween-20 wash solution (TTBS). To prepare the TTBS, 0.5mL of Tween 20 (Sigma)

30 wasmixed per liter of TBS. The pfobe antibody used was 20 mL biotinyiated FAID14 solution
{10 ng per 20 mL antibody buffer). Antibody buffer was made by adding 1 g 85A per 100 mt of
TTBS. After probing for 30-60 minutes at ambient temperature, the membrane was washed
3 times with TTBS, as above.

Next, the membrane was incubated for 30-60 minutes at ambient temperature

35 with io mt of a 1:500 dijution in antibody buffer of streptavidin conjugated with alkaline
phosphatase (Southern Biotechnology Associates, Birmingham, AL). The wash step was again
repeated after this, as above. Prior to the color reaction, membranes were washed for

2 minutes in an alkaline carbonate buffer (20 mL). This buffer is 0.1 M sodium bicarbonate,
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3a. - - The nultivalet single chain antibodies allow for the construction
of an antibody fragnent which has the specifcity ad avidity of a whole
‘anti body but are smaller in size allowing for nore rapid capillary
.permeability. Miltivalent single chain anbodies also allow for the
rconsruction of a nulival ent single chain antibody mhereln the binding sites
can be two different aigenic deternlnants Bri ef
Descri pti-on of the Draw ngs "Figure 1 illustrates covalently |inked
singl e chain antibodi es having the configuration
Vierr]-L-V[err]-L-V[err]-L-V[err] (LHLH)and
Vierr]-L-V[err]-L-1\\neiagd +o; ;M[s @/ Tolmakdubltlelubatiieh for aRQNESHEPhRRE, hivrobibenked Fv
sin g le chain anti Q&Q)!nnﬁf \‘g')) thlonde {50 mg, Sigma) was dissolved in 70 percent dimethylformamide.
5-Bromo-4-chioro-3-indoyl phosphate (BCIP) {25 mg, Sigma) was separately dissolved in
100 percent dimethylformamide. 5-Bromo-4-chloro-3-indoyl phosphate (BCIP) 25 mg, Sigma} '
5  wasseparately dissolved in 100 percent dimethyiformamide. These solutions are also
commiercially available as a Western developing agent sold by Promega. For color
development, 1 26 L of each were added to the alkaline solution above and allowed to react
for 15 minutes before they were washed from the developed membranes with water.
Biotinviated FAID14
10 FAID 14 is a murine anti-idiotypic antibody (IgG2a, K isotype) deposited as ATCC ©
No. CRL 10256 directed against CC49. FAID14 was purified using a Nygene Protein A affinity
column (Yonkers, NY). The manufacturer's protocol was followed, except that 0.1 M sodium
citrate, pH 3.0 was used as the elution buffer. Fractions were neutralized to pH ~7 using 1.0 M
Tris-HCl pH 9.0. The biotinylation reaction wasset up as follows. FAID14 (1mg, 100 pLin
15 water) was mixed with 100 utofo.1 M Na,CO, pH 9.6. Biotinyl-e-amino-caproic acid N-hydroxy
succinimide ester (Biotin-X-NHS) (Calbiochem, Lalolla, CA) (2.5 mg) was 'dissolved in0.5mL
dimethylsulfoxide. Biotin-X-NHS solution (20 pl) was added to the FAID14 solution and
allowed to react at 22°C for 4 hours. Excess biotin and impurities were removed by gel
filtration, using a Pharmacia Superose 12 HR10/30 column (Piscataway, NJ). At a flow rate of
20 0.8 mUmin, the biotinylated FAID14 emerged with a peak at 16.8 min, The fractions making up
this peak were pooled and stored at 4°C and used to detect the CC49 idiotype as determined by
the CC49 v, and V, CDRs.
Isoelectric Focusing (IEF)
lsoelectric points {pl's} were predicted using a computer program called PROTEIN-
25 -TITRATE, available through DNASTAR (Madison, W1). Based on amino dcid composition with
an input sequence, a MW value is given, in addition to the pl. Since Cys residues contribute to
the charge, the count was adjusted to 0 for Cys, since they are ail invoived in disulfide bonds.
Experimentally, pi's were determined using Isogel agarose IEF piates, pH range
- 3-10 (FMC Bioproducts, Rockland, ME). A Biorad Bio-phoresis horizontal electrophoresis celi
30 Wasused torun the IEF, following the directions of both manufacturers. The electrophoresis
conditions were: 500 volts (limiting), at 20 mA current and 10 W of constant power. Focusing
was compiete in 90 min. IEF standards were purchased from Biorad; the kitincluded
phycocyanin, -lactoglobulin 8, bovine carbonic anhydrase, human carbonic anhydrase, equine
myoglobin, human hemogiobins A and ¢, 3 lentil lectins and cytochrome C, with pi values of
35 4.65,5.10, 6.00, 6.50, 7.00, 7.10 and 7.50, 7.80, 8.00, and 8.20 and 9.60, respectively. Gels were
stained and destained according to the directions provided by FMC.
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Figure 2 illustrates the nucl eotide, sequence of CC49 V[err]. Figure 3
illustrates the am no acid sequnce of CC49 VL. Figure 4 illustrates

t he nucl eoti de sequence of CC49 VH. Figure 5 illustrates the amno

aci d sequence of CC49 VH. " Figure 6 illustrates the nucl eoti de sequence
and am no acid sequen of the CC49 single chain antibody LHLH in p49LHLH .
"Figure 7 illustrates the nucleotide sequence and anino acid sequence of
the CC49 single antibody LHHL in p49 LHHL Figure 8 illustrates
-construction of plasmds pSL301 T and .pSL301 HT. Figure 9 illustrates
construction of [uasiidtth§48bkhbodyspedesFi gure 10 il lustrates construction of

plasm d p49LHLH. -Fi gy, enf.l&cchéJnu&u@a&cﬁﬁmgIp.elg&%&wsﬁéles%dtﬁe&&ms}kl tion
assay using CC49

sg:G\here quantitated by measuring the absorbence of protein dilutions at 280 mm using
matching 1.0 cm pathlength quartz cuvettes (Hellma) and a Perkin-Eimer UV/VIS

5 Spectrophatometer, Model 552A. Molar absorptivities (En) were determined for each

antibody by using the following formula: ' '
Em = (number Trp) X 5,500 + {number Tyr) X 1,340 +
{number (Cys)2) X 1 50_ + (number Phe) X 10

_ The values are based oninformation given by D. B. Wetlaufer, Advances in Protein Chemistry,

10 17,375-379). '
High Performance Liauid Chromatoarachy

All'high performance liquid chromatography (HPLC) was perfarmed for CC49
scFv2 purification using an LKB HPLC system with titanium or teflon tubing throughout. The
' systern consists of the Model 2150 HPLC pump, model 2152 controlier, UV CORD Sii madel 2238
15 detection system set at an absorbence of 276 nm and the model 2211 SuperRac fraction
collector. '
PCR Generation of Subunits

All polymerase chain reactions (PCR) were performed with a reaction mixture
consisting of: 150 picograms (pg) plasmid target (pSCFVUHM); 100 pmoles primers; 1 uL
2¢ Perkin-Elmer-Cetus (PEC, Norwalk, CT) Ampli-Taq polymerase; 16 uL of 10 mM dNTPsand 10 pi -
of 10X buffer both supplied in the PECkit; and sufficient watér to bring the volume to total
volume to 100 pL. The PCR reactions were carried out essentiél!y as described by'the
manufacturer, Reactions were donein a PEC 9600 thermocycler with 30 cycles of: 'denaturation
of the DNA at 94°C for 20 to 45 sec, annealing from between 52 to 60°C for 0.5 to 1.5 min., and
25 elongationat72°Cfor0.5t02.0 rﬁin. Oligonucleotide primers were synthesized on an Applied
Biosystems (Foster City, CA) 380A or 391 DNA synthesizer and purified as above.
Ligations
Ligation reactions using 100 ng of vector DNA and a corresponding 1:1
stoichiometric equivalent of insert DNA were performed using a Stratagene {La Jolla, CA} T4
- 30 DNAligase kit foliowing the manufacturer s directions. Ligation reactions (20 ut total volume)
were initially incubated at 18°Cand allowed to cool gradually overnlght to 4°C.
Transformations
Transformations were performed utilizing 100 ul of Stratagene E. coli AG1
competent cells (Stratagene, La Jolla, CA) according to the direétions provided by the
35 manufacturer. DNA from the ligation reactions (1-5 ul) were used. After the transformation
step, cells were allowed to recover for 1 hrin Luria broth (LB} at 37°C with continuous mixing
and subsequently plated onto either 20 pg/mL chioramphenicol containing (CAM 20) Luria agar
for pSCFVUHM, p49LHLH or p49LHHL or 100 pg/ml ampicillin (AMP 100) Luria agar plates
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scFv2, and CC49 scFv using bi cti nyl at ed cc49 I gG as corrpetltor The
entire teaching of all references cited herein are hereby incorporated by
Nucl ei ¢ acids, am no acid, peptides, protective groups, active groups and
such, when abbrevi ated, are abbreviated according to the | UPAC | UB

~ (Conm ssion on Bi ol ogi cal Norrencl ature) or the practice in the fields
concerned: - The term "single chain antibody fragnment" (scFv) or -
"anti body fragnent” as used herein neans a pol ypeptide containing a VL
domain linked to a V[err] domain by a peptide linker (L), represented by
Vierr]-L-V[err]. (Brawratoglr caddés cinftningfi@iplaimidgstBoVoreinidquéhbisbsridioR asivee rever sed
to obtain pol pepti.gesaor epresented as Verr]-L-V[err]. "Donmain' is a
segnent of protein thatfE cOlsames a d| screte function, such as antigen

Screening O
bi ndi ng or anti gire “mul tival ent single chain antibody”
ining the appropriate

mean tWwo or nore sin gI e Beﬁgna rFlaé{H?slvﬁﬁdf?lated from LB broth cuiture cont
5 drugtomaintain selection pressure using Promega (Madison, W1) Magic mini-prep plasmid

preparation kits. The kit was used per the manufacturer’s specifications.
Plasmid Constructians

Two plasmids, designated p49LHLH and p49LHHL, were constructed to produce
muitivalent single chain antibodies. The host cell containing p49LHLH produced a polypeptide

10 which can be designated by V(-L-Vy-L-V~L-Vy where V{ and Vy are the light and heavy cahin
variable regi::ns of CC49 antibody and linker (L) is a 25 amino acid linker having the sequence
(SEQID NO: 5).

Leu-Ser-Al a-Asp-Asp-Ala—Lys-Lys-Asp-Ala-AIa-Lys-Lys-Asp-A§p-AIa-Lys-Lys-Asp-
-Asp-Ala-Lys-Lys-Asp-Leu.

15 ' The host cell containing p49LHHL produced a polypeptide which can be
designated by Vi -L-Vu-L-Vy-L-V) where V_ and V are the light and heavy chain variable
domains of the CC49 antibody and Lis a peptide linker having the amino acid sequence
indicated above.

The nucleotide sequence (SEQ ID NO: 6) and amino acid sequence (SEQ D NQ: 7)

20 o©of the CCA9 Vi -L-Vy-L-V| -L-Vy (p49LHLH) are given in Figure 6. The nugleotide sequence (SEQ
1D NO: 8) and amino acid sequence {SEQ ID NO: 9) of the CC49 V-L-Vy-L-V-L-V (p49LHHL) are
givenin Figure 7.

Constryction of pSt301 HT _
The construction of pSL301 HT isillustrated in Figure 8. The Bacillus lichiformis

25 penicillinase P (penP) terminator sequence was removed from the plasmid designated
pSCFV UHM by a 45 minute digest with Nhe | and BamH |, excised from a 4.5 percent
polyacrylamide gel after electrophoresis, elect.roélut’ed, ethanol precipitated and ligated into
the same sites in the similarly prepared vector: pSL301 (Invitrogen, San Diego, CA). A
procedure for preparing pSCFV UHM is given is U.S. patent applicatioh Ser. No. 07/935,695 filed

30 August21, 1992, the disclosure of which is hereby incorporated by reference. In general,
pSCFV UHM conztains a nucieotide sequence for a penP promoter; a unique Nco | restriction
site; CC49 V. region; Hind ll! restriction site; a 25 amino acid linker; a unique a Xho | restriction
site; CC49 Vi region; Nhe | restriction site; penP terminator; and BamH | restriction site (see,
Figure 8). The penP promoter and terminator are described in Mezes, et al. (1383), J. Biol.

35 Chem.,258, 11211-11218 (1983). |

An aliquot of the ligation reaction (3 pl) was used to transform competent E. coli
AG1 cells which were plated on LB-AMP100 agar plates and grown overnight. Potential clones

containing the penP terminator insert were screened using a Pharmacia (Gaithersburg, MD) T7
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fragments coval ently |linked by a peptide |inker. The antibody fraghent can
be joined to -form bival ent single chain antibodi es having the order of the

Vlerr] and V[err]
4

10

. 15

20

25

30

35

donmi ns as foll ows:

Quickprime 3P DNA labeling kitin con}unction with the microwave colony lysis procedure
outlined fn Buluwela'et al., Nucleic Acid Research, 17, 452 (1989). The probe, which was the
penP-Nhe I-BamH | terminator fragment itself was prepared and used according to the
directions supplied with the Quickprime kit. A clone which was probe positive and which
contained the 207 base pair inserts from a Bam#H | and Nhe | digest (base pairs (bp) 1958 to
2165, Figure 6) was designated pSL301 T and chosen to construct pSL301 HT which would
contain the nucleatide sequence for CC49 V. The reason the Nhe 1-BamH | penP terminator .
was placed into pSL301 was to eliminate the Ecod7 Nl restriction endonuglease site present in _
the polylinker region between its Nhe | and BamH I sites. Thiswas designed to accommodate
the subsequent build-up of the V| and V}; domains where the Eco47 Ill site needed to be unique
for fhe placement of each successive V domain into the construction. As each V domainwas
added at the Ecod7 til-Nhe | sites, the Ecod7 IIl was destroyed in each case to make the next
Eco47 lil site coming in on the unique insert. '

The V4 sequence was made by PCR with aligos 5 SCP1 and 3'aligo SCPS using
PSCFV UHM as the target for PCR amplification. The DNA sequence for SCP1 (SEQ 1D NO: 10)
and SCPS (SEQ ID NO: 11) are as follows:

SCP1: S-TAAACTCGAG GTT CAG TTG CAG CAG-3*
SCP5: 5'-TAAA GCT AGC ACCA AGC GCT TAG TGA GGA GAC GGT GACTGA GGT-3'
The underlined portion indicates the endonuclease restriction sites.

The amplified Vi bNA was purified from a 4 percent PAG, electroeluted ethanol
precipitated and dissolved in 20 ul water. The Vy; sequence was digested with Xho 1 and Nhe |
restriction enzymes and used as the insert with the pSL301 T vector which had been digested
with the same restriction enzymes ana subsequently purified. A standard figation reaction was
done and an aliquot (4 ul) used to transform competent E. coli AG1 cells. The transformed cells
were plated onto LB AMP100 agar plates. Candidate clones were picked from a Nhe 1and Xheo |
digest screen that revealed that the CC49Vy, insert had been obtained.

DNA'se'quehcing was performed to verify the sequence of the CC49Vy with
United States Biochemical (USB) (Cleveland, Chio) Sequence kit and sequencing primers
pSL301SEQB (a 21 bp sequencing primer which annealed in the pSL301 vector 57 bp upstream
from the Xho I site) and CC49VHP, revealed clones with the correct CCA9Vy sequence in
PSL301HT, ThlS' plasmid was used as the starting point in the construction of both pSL301-HHLT
and pSL301-HLHT. The sequencing oligos used are shown here.

The nucieotide sequence of pSL301SEQ B (SEQ ID NO: 12) and CC43Vy (SEQ ID
No: 13) are as follows:

PSL301SEQB: 5'-TCG TCC GAT TAG GCA AGC TTA-3*

CCA9VHP: 5°-GAT GAT TTT AAA TAC AAT GAG-3" -
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Vierr]-L-V[err]-L-V[err]-L-V[err]; V[[err] -L-V[err]-L-V[err]-L-V[err];
Verr]-L-V[err]-L-V[err]-L-V[err]; or V[err]-L-V[err]-L-V[err]-L- V[err]
Single chain multival ent anti bodies which are trivalent and greater have
one or nore antibody fragnents joined to a bivalent single chain antibody
by an additional interpeptide linker. In a preferred enmbodinent, the number
of VL and-VH domains is equival ent. The present invention

al so provides for multival ent single chain antibodies mhlch can be
designated V[err]-L-V[err]-L- V[err] L-V[er] or

Vierr]-L-V[err]-L- V[err] L- V[err] Coval ently |inked single
chain antibodi es havi,0g Nyration V[err]-L-V[err]-L-V[err]-L-

-V[err LHL and v[err
in [ Fi gL r (e 1. H)A noncoval elﬁ' g)’/’}/'%‘ﬁ Hﬁ é&%‘i‘%ﬁuﬁlﬁ'lgé"abe gr'%"laé%?ligg}%m% I)a l ‘ﬁu : t ;?ts gd
illustrated in Fi Y endthelarger vector fragmentwas pyifieds A REA9W: '@Prairwmaﬁwwawtfdr agnent s
for use in the priaPehdsing 3CPesas thapioligaandISePs as the 3' oligo. The nucleotide sequence (SEQ ID
5 NO: 14) of SCPEB is as follows: :
SCPEB: 5'-TAAA TGC GCA GAT GAC GCA AAG AAA GAC GCA GCT AAA AAA GAC GAT
GCCAAA AAG GAT GAC GCCAAG AAA GAT CTT GAG GTT CAG TTG CAG CAG
TCTl-G _
The oligo SCP6B also contains part of the coding region for the linker (bp 8-76 of SEQ ID
10 NO: 14). The portion of the oligo designed to anneal with the CC49VH target in pSCFV UHM is
from bp77-90in SEQ ID NO: 14.

The underlined sequence corresbonds to the Fsp I site. The resuiting PCRinsert
was purified, digested with Fsp | and Nhe | and used in a ligation reaction with the pSL301 HT
Eco47 lii-Nhe | vector (Figure 7). CompetentE. coli AG1 cells were used for the transformation

15 of this ligation reaction (3 pl) and were piated on LB-AMP1Q0 agar plates. Twa clones having
the correct size Xho I-Nhe i insert representative of the pSL301 HHT product were sequenced
with the oligo SQP1 and a single clone with the correct sequence (nucleotides 1124-1543 of
Figure 7) was chosen for further construction. The nucleotide sequence of SQP1(SEQID
NQO: 16) is as follows:

20 _ SQP1: 5'-TGACT TTA TGT AAG ATG ATG T-3'

The final linker-Vy_ Subunit {bp 1544-1963, Figure 7) was generated using the
5'oligo, SCP7b and the 3’ oligo, SCP8a, using pSCFV UHM as the target for the PCR. The
nucleotide sequence of SCP7b (SEQ ID NO: 17 is as follows:

SCP7b: 5-TAAA TGC GCA GAT GAC GCA AAG AAA GAC GCA GCT AAA AAA GAC GAT

25 GCCAAA AAG GAT GACGCC AAG AAA GAT CTT GACATT GTG ATG TCA CAG TCT

cc '
The underiined nucleotides correspond to an Fsp | site. The nucleotide sequence of SCP8a
(SEQID NOQ: 18) is as follows:

SCP8a:  5-TAAA GCTAGCTTT TTA CTT AAG CAC CAG CTT GGT CCC-3’

30 . Thefirstset of underiined nucleotides correspond to an Nhe i site, while the other
correspands to an Afl Il site. Nucleotides 8-76 of SCP70 code for the linker (nucleotides
1544-1612 of Figure 7) while nucleotides 77-99 which anneal to the V, correspond to 1613-1635
of Figure 7. The primer SCP8a has a short tail at its 5’ end, a Nhe [ restriction site, a stop codon,
an Afl ll restriction site and the last 21 bases of the V(. After Fsp1and Nhe | digestion, this

35 resulting 420 bp insert was purified and ligated into the Nhe | and Ecod? Il sites of the purified
pSL301HHT vector, candidate clones were screened with Nhe { and Xho |, the correct size insert
verified and sequenced with 49LFR2(¥) and SQP1 to confirm the newly inserted sequence in
pSL301HHLT. The nuclectide sequence (SEQ ID NO: 19) is as follows:
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derived fromthe |ightand/ or heavy chain variabl edomai ns of any anti body.
Preferably, the light and heavy chain variable domains are specific for the
sanme antigen. The individual antibody fragnments which are joined to forma
mul tival ent single chain antibody nmay be directed agai nst the sane antigen
or can be directed against different antigens. To prepare a
.vector containing the DNA sequence for a single chain nultival ent anti body.,
a source of the genes encoding for these regions is required. The '
appropri ate DNA sequence can be obtained from published sources or can be
obt ai ned by standard procedures known in the art. For exanple, Kabat et al.

Sequences of Proteins_of .4, pBUNElAOHE Rk dAGBEESIc.#t h ed[err] (1991),
publ i shed by The U. S. Depar

t Qf |th and H ryices, discloses
sequences of nost of the éﬁFgﬁgﬁy°V§Eﬁ%ﬁ@%“?gﬁﬁﬁﬁ§nﬂiﬁﬁﬁPﬁﬁ%&“ﬁégn
described to dat eresulting 1179 bp Vyrlinker-VinfigierVysppme; tigated;into aSERY YModhidh Bad pRsatiiun, i t
i s general |y posswibithe saroe restriclianzerym SR thedaygee yecteiraginerapurified. th foomP43RNIA. by
reverse transcri pthabgatishrebcindn @Gl Sigidtfwasised taGansforidmpsetents colDNA cells

(Stratagene} and plated onto LBCAM20 agar plates. A singie clone which had a plasmid with
the correct restriction enzyme map was selected to contain p49LHHL. The p49L|-:IHL contains a
penP promaoter and a nucleotide sequence for the CC49 multivalent single chain antibody
scFv2:
10 Vi-L-Vi-L-Vi-L-V( or CC49 scFv2 (LHHL).
Example 2: p49LHLH Construction
The construction of p49LHLH is schematically represented in Figure 11. Alinker-
Vi subunit was generated with the 5’ oligo SCP7b and the 3'oligo SCP9.
SCP9: 5'-TAA AGC TAG CAC CAA GCG CTT AGT TTC AGCACCAGC TTG GTC CCA G-3°
15 The SCP7b oligo (nucfeotides 8-76) codes for the linker in Figure 6 (corresponding
to nucleotides 1124-1192) and annealed to the pSCFV UHM target for the PCR (nucleotides
77-99) corresponding to nucleotides 1193-1215 of the V, in Figure 6.
SCP9 has a Nhe I site (first underfined nucleotides) and an Ecod7 il site (second
underiined nucleotides) which are restriction sites needed for making the pSL301HLT ready to
20 acceptthe nextV domain. Nucleotides 18-23 of SCP9 carrespond to nircleotides 1532-1537 of
Figure 6 (coding for the first 2 amino acids of the linker), while nucleotides 24-46 correspond to
nucleotides 1508-1531 of Figure 6 which was also the annealing region for SCP9 in the PCR. The'
plasmid pSL301 HT was digested with Eco47 Ill and Nhe { and the larger vector fragment was
purified for ligation with the linker-CC49V; DNA insert fragment from the PCR which had been
25 treated with Fsp { and Nheland purified. The ligation mixture (3 pL) was used to transform
E. coli AG1 competent cells and one colony having the correct Xho I-Nhe | size fragment was
sequenced using the oligo PENPTSEQ2. The nucleotide sequence (SEQ. ID NO. 21) is as follows:
5-TTG ATCACC AAG TGA CTT TAT G-3'
The sequencing results indicated that there had been a PCR error and deletionin
3p theresulting pSL301HT clone. A five base defetion, corresponding to nucieotides 1533-1537 as
seen in Figure 6 had been obtained and nucleotide 1531 which should have beena T was
actually a G, as determined from the DNA sequence data. The resulting sequence was
5'...G AAGCGCT T...etc. '
where the underlined sequence fortuitously formed an Ecod7 ll site. The
35 AGCGCT sequence in Figure 6, would correspond to nucleotides 1530, 1531, 1532, 1538, 1539
and 1540. This error was corrected in the next step, generating pSL301 HLHT, by incorporating
the 5 base deletion at the end of oligo SCPEC. '
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to clone into a vector. For antibodiesthe source of nRNA can be obtai ned
froma w de range of hybridomas. See, for exanple, the catal ogue ATCC Cel
-Unes and Hybri domas, Anerican Type Cul ture Collection, 20309 Parkl awn
Drive, Rockville M., USA (1990). Hybridomas secreting nonocl onal

-anti bodies reactive with a wide variety of antigens are listed therein, are
available fromthe collection, and usable in the present invention. These
cell lines and others of simlar nature can be utilized as a source of NMRNA
coding for the variable domains or to obtain antibody protein to determ ne
am no aci d sequence of the nonoclonal antibody itself.

Vari abl e regions of antibodies can also be derived by imuni zi ng an

appropriate vert et %t %ZTA%%Q%NCVATE}G%%W%C% ,_and nost conveniently
a nmouse. The i munogen WEFACGAGEAMPBAARATEAERAMIAYREATCESR , or where a hapten,
an antigeni c conjugat e OAGEIMNGAGITEOAGIGITWGALB antigen such as keyhol e |inpet
hemocyani n (KLH). The i Mihauradiedeqidide ifRree oredpbids 1k Ecod7 QiYL BEPEORR! | yWi t h
one or more repeatgd | Al SGidh WREsBlo L AE LITIHIRERDnBLR L RRelteR Y SRR .
The nucleotide sequence (SEQ ID NO: 23) is as follows:
SCP10: 5'TTG TGCTAG CTT TTT ATG AGG AGA CGG TGA CTG AGG TT-3'
The underlined sequence in SCP10 corresponds to the Nhe I site found at
nucleotides 1958-1963 in Figure 6._The PCR insert was digested this time only with Nhe t and
10 purified. The vector (pSL301 HLT) was digested at the Eco47 Il site (that had been formed) and
Nhe { and purified. The insert and vector were ligated and an aiiqt;ot (3 pb) used to transform
competeﬁt E. coli AG1 cells. This was plated on LB-AMP100 plates and candidate ciones
screened with Xho | and Nhe 1. Three clones having the correct size DNA were obtained. Two
of these clones were sequenced using the oligo 49VLCDR3( +) and SQP1. The nucleotide
t5 sequence (DWQID NO: 24 of 49VLCDR3I( +) is as follows: ,
A9VLCDR3(+):
5"-CAG CAG TAT TATAGC TAT-3'
One clone, with the correct sequence was obtained and the sequence from
nucieotides 1533 to 1963 in Figuré 6 were verified, giving a correct pSt301 HLHL clone.
20 Togenerate the final plasmid, p4SLHLH for expression in E. coli, pSL301 HLHT
(5 ng) was digested with Nhe | and Xho |, and the smaller insert fragment containing the
VieL-V-L-Vy sequence purified. it wasligated with the larger purified vector fragment froma -
digest of pSCFV UHM (5 ng) with Xho | and Nhe I. An aliquot of the ligation mix (4 pl) was used
to transform competent E. coli AG1 cells. The transformation mix was plated on LB-CAM20
25 plates, and a representative clone for b49 LHLH was selected on the basis of a correct restriction
enzyme map (see Figure 10) and biological activity toward TAG-72.
Example3: Purification of CC49 scFv2 LHLH and LHHL Covaiently Linked Dimers
For the purification of the CC49 covalently linked single chain dimers, (scFv2),
E. cofi periplasmic fractions were prepared from 1.0 L overnight cultures of both p4d3LHLH and
30 P49LHHL. Briefly, the culture was divided into 4 X 250 mL partions and centrifuged at
5,000 rpm for 10 minutes in a Sorvall GS-3 rotor. The pelleted cells were washed and
resuspended in 100 mL each of 10 mM Tris-HCl pH 7.3 containing 30 mM NaCl. The cells were
again pelleted and washed with a total of 100 mL 30 mM Tris-HCl pH 7.3 and pooled into one
tube. To this, 100 mi of 30 mM Tris-HCl pH 7.3 contéining 40 percent wi/v sucrose and 2.0 mi of
35 10mM EDTA pH 7.5 was added. The mixture was kept at room temperature, with occasional
shaking, for 10 minutes. The hypertonic celis were then pelleted as before. in the next Qtep, the
shock, the pellet was quickily suspended in 20 mL ice cold 0.5 mM MgCl; and kept on ice for 10
minutes, with occasional shaking. The cells were pelieted as before and the supernatant
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normal |y attwoto threeweek intervals. Usually, three days afterthe

| ast chal:l enge, the spleen is renoved and dissociated into single cells to
be used for cell fusion to provide hybridonmas fromwhich nRNA can readily
-be obtained by standard procedures known in the art. -

5

containing the E. coli periplasmic fraction was clarified further byﬁltration througha 0.2 ym
Naige (Ro?hester, NY) filter apparatus and concentrated in Amicon (Danvers, MA) Centriprep
30 and Centricon 30 devices to a volume of less than 1.0 mL.
The concentrated periplasmic shockates from either the pA9LHLH or pA9LHHL
5 cTones were injected onto a Pharmacia (Piscataway, NJ) Superdex 75 HR 10/30 HPLC column that
had been equilibrated with PBS. At a flow rate of 0.5 mL/minute, the product of interest, as
determined by competition ELISA, had erherged between 21 through 24 minutes. The active
fractions were pooled, concentrated as before and dialyzed overnight using a system 500
Microdialyzer Unit (Pierce Chemicél) against 20 mM Tris-HCl pH 7.6 with 3-4 changes of buffer
10 and using an 8,000 MW cut-off membrane. The sample was injected on a Pharmacia Mono Q
HR 5/5 anion exchange HPLC column. A gradient program using 20 miM Tris-HCl pH 7.6 as
buffer A and the same solution plus 0.5 M NaCl as buffer B was employed at a flow rate of
1.5 mUmin. The products of interestin each case, as determined by competition ELISA,
emerged from the column between 3 and 4 minutes. Analysis of the fractions at this point on
15 duplicate SDS-PAGE gels, one stained with Coomassie Brilliant Blue R-250 and the other
transferred for Western analysis (using biotinylated FAID 14 as the probe antibody) revealed a
single band at the calculated molecular weight for the scfv2 (LHLH or LHHL) species at 58,239
daltons. The active fractions were in each case concentrated, dialysed against 50 mM MES pH
5.8 overnight and injected on a Pharmacia Mono S HR 5/5 cation exchange column. The two
2¢ fractions of interest from this purification step, as determined by SDS-PAGE and ELISA, fractions
5 and 6, eluted just before the start of the gradient, so they had not actually bound to the
column. Fractions 5 and 6 were consequently pooled for future purification. o
A Mono Q column was again run on the active Mono S fractions but the buffer
used was 20 mM Tris-HCl, pH 8.0 and the flow rate was decreased to 0.8 mU/minute. The
25 Pproducts emerged without binding, but the impurity left over from the Mono S was slightly
" more held up, so that separation did occur between 5 and 6 minutes. After this run, the
products were homogeneous and were saved for further characterization.
Isgelectric Focusing
The isoelectric points {pl) of the constructs was predicted using the DNASTAR
30 (Madison, Wi) computer program Protein-titrate. Based an amino acid compogition, a MW and
pl value was calculated.

Experimentally, pls were determined using FMC Bioproducts (Rockland, ME)
isogel {EF plates, pH range 3-10. A Biorad (Richmond, CA) electrophoresis unit was used to run
the IEF, following the directions of both manufacturers. The electrophoresis conditions were as

35 follows: 500 V (limiting) at 20 mA and at 10 W of constant power. Focusing was complete in
90 minutes. Biorad IEF standards included phycocyanin, beta lactogiobulin B, bovine c;rbonic
anhydrase, human carbonic anhydrase, equine myoglobulin, human hemoglobins Aand C, 3
lentil lectin, and cytochrome C with pl value of 4.65, 5.10, 6.00, 6,50, 7.00, 7.50, 7.8, 8.00, 8.20
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Wien an anti body of interest isobtained, and only its am no acid sequence
Is knowna, it ,is possible to reverse translate the sequence.

"The VL and VH domains for use in the present invention are preferably
~obtained fromone of a series of CC antibodi es agai nst tunor-associ ated
.glycoprotein 72 antigen (TAG 72) disclosed in published PCT Application WO
90/ 04410.0on May 3, 1990, and published PCT Application WO 89/00692 on
January 26, 1989. More preferred are the VL and VH domains fromthe”

nonocl onal anti body designated CC49 in PCr Publications WO 90/ 04410 and WO
89/ 00692. The nucl eoti de sequence (SEQ ID NO 1) which codes for the V[err]
of CCA9 is subst atvdP-Elrgsectiveie Gelawree stained 3nd desgingdarcotding midiyertiens proviqsddy ani no aci d
. sequence (SEQ | D NG Tha pNASTAR dr@rapesdicted @fuesGiBlGoritise psfalimthadiid spdcley Atsihgle,sane as
that given in Fi ghtmBgedecusldaft b0 brodlRis #RAbERESEN tholddtbRalbkdfor Bdth Wtisch codes

fl‘ ﬁ(ra the Vierr] of CCA9 i §,5dReds@bbdtls luth & 16108 31 (@ith DAL X&DalaRekguUr € 3.

5 bymeasuring the absorbence spectrophotometrically at 280 nm. Mofar absérbtivity values, ey,
were determined for each using the formula cited above by Wetlaufer.
Based on the amino acid composition, the E>'™ (280 nanometers) values for CC49
lgG, CC49 scFv2 LHLH, CC49 scFv2 LHHL and CC49 scFv were 1.49, 1.65, 1.65 and 1.71,
respectively. '
10 Exampie4
Relative activities of the CC49 scFv2 species LHLH and LHHL, were compared with
the IgG and a monomer scFv form with a FLAG peptide at the COOH terminus.
' Percent competition was determined from the ELISA data by the following

equation:

Zero competition - sample reading (0D405-450 nm) 100

zero competition - 100 percent competition

The "zero competition” value was determined by mixing {(1:1) one percent 85A
with the biotinylated CC49 (3 X 10-14 moles) while the 100 percent competition value was
basedonas pglmL sample of CC49 1gG mixed with the biotinylated CC49 IgG. The data are
presented in Figure 11. Absorbence values for the samples were measured at 405 nm - 450 nm.

15

20 The average of triplicate readings was used. Initially samples (25 ul) were applied to the
TAG-72 coated micraliter plates at 1.0 X 10-10 moles of binding sites/mL. Biotinylated CC49
(4 pg/pt diluted 1:20,000 - used 25 pt) diluted the samples by a factor of 2. Serial dilutions (1:2)
were performed. Both forms of the scFv2 are approximately equivalent to the IgG (see
Figure 11). inaseparate experiment, a CC49 scFv monomer was compared to a Fab fragment,
25 poth of which are monovalent and these were also shown to be equivalent in their binding
affinity for TAG-72. These results indicate that both forms of the covalently tinked dimers have
2 fully functional antigen binding sites. This is the same increase in avidity as observed with the
whole IgG, relative to a monomeric species.
These data also indicate that the scFv2 molecules, like their CC49 IgG parent are R
30 candidates for immunotherapeutic applications, but with the benefit of increased capillary
permeability and more rapid biodistribution pharmacokinetics. The advantage should allow
multiple injections of compounds of the present invention and give higher tumor:tissue ratios
inimmunotherapeutic treatment regimens for cancer treatment, relative to the existing IgG
molecules.
35 Other embodiments of the invention will be apparent to those skilled i ntheart

from a consideration of this specification or practice of the invention disclosed herein. Itis
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amno aci d sequence (SEQ ID NO 4) for the VH of CC49 is substantially the
same as, that, given in Figure 4. To formthe antibody
fragnents and mul tival ent si ngl e chai n anti bodi es of the present invention,
it is necessary to have a suitable peptide linker. Suitable l|inkers .for
joining the VH and VL donmins are those which allow the Verr] and V[erer]
domains to fold into a single polypeptide chain which will have a three

di mensional structure very simlar to the original structure of a whole
anti body and thus maintain the binding specificity of the whole antibody
fromwhi ch anti body fragnent -is derived. Suitable |inkers for tI1hnk| ng the
scFvs are those \/\hl"&qﬂdealtﬂab‘?/‘f’?ﬁ@‘ﬂ"mﬂ???iﬁ'“ﬂf’bfiﬁﬁ"‘ﬁ\’d?fﬁfeg“’feﬁ'?/’éwgutcﬁmfehat t he

" V[err] and V[err] Gtomnmmnifthea@htwnrbﬁnmm@qa@bwth?f°‘f°r"!i'gFh‘.'ﬁt have a three

di mensi onal structure such that each fragnent maintains the binding -
specificity of the whole antibody fromwhich the i mmunogl obulin fragnent is
derived. Linkers having the deS|red properties can be obtained by the

met hod 5

15

20

i)

30

35
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disclosed in U S Patent 4,946,778, the disclosure of which is her eby
i ncor por.at ed by reference.” From the pol.ypeptide sequences generated bythe
net hods described in the 4, 946, 778&%is eteiasBeen@ngrtes coding for the

pol ypepti de can be obt ai ned. ably, the peptide |inker
joining the V[err] and V[err] donmi cFv and the peptide

| i nker joinihg two or nore scFvs to orn1a mul t1val ent single chai in

anti body have substantially the same am no acid sequence.

It is also necessary that the |inker peptides be attached to the ant i body

regrents such that e bl gl Sl HGE b g ity body

recognition site, an a""b"dyf"ag"'e""ea‘*ﬂ’aﬂ'f‘ﬂ'é“r‘"f‘%ﬂf'l"ﬁ?k@ra“'i‘%“‘ﬁ'%?éeéﬁhﬁﬁg‘f‘ﬂé‘ hel i cal
| i nker desi gnat edar@@%@ntlinkidd 4 fisss esatiderinkeRad eagh fragmentedmpedding: Bi ochem , 30,
10117-10125 (1991) but wia h dirsepdypéptie camlisihdRlightahdidariabie dakmin; Changed because

of the codon dictated by g e ;X pbiySbids cdprifys hefthandrdohi@otlifighd | | site at
t he

() asecond peptide linker linking the first and second polypeptidesinto a

functional binding moiety.

2. The multivalent singfe chain antibody of Claim 1 wherein the first peptide
linker has the amino and sequence

10 Leu Ser Ala Asp Asp Ala Lys Lys Asp Ala Ala Lys Lys Asp Asp Ala Lys Lys Asp Asp Ala Lys Lys
Asp Leu. ' .

3.  Themuitivalent single chain antibody of Claim 1 wherein the light chain
variable region has an amino acid sequence substantially the same as that bf Figure 3 and the
heavy chain variable region has an amino acid sequence substantially the same as that of

15 Figure5.

4.  Themultivalent single chain antibody of Claim t wherein the first and
second peptide linkers have an amino acid sequence which is substantially the same.

5.  ADNAsequence which codes for a mutivalentsingle chaih antibody, the
multivalent single antibody compriﬁing two or more single chain antibody fragments, each

20 fragment having affinity for an antigen wherein the fragments are covalently linked by a first
peptide linker and each fragment comprising:

(a) afirst polypeptide comprising a light chain variable domain; )

(b) asecond polypeptide comprising a heavy chain variable domain; and

()  asecond peptide linker linking the first and second polypeptidesinto a

25 functional binding moiety. '

6. The DNA sequence of Claim 5 wherein the sequence coding for the first
polypeptide is substantiaily the same as that of Figure 2 and the sequence coding for the
second polypeptide is substantially the same as that of Figure 3.

30

35
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other. The anino acid sequence (SEQIDNQ 5) of the preferred linker.is as
fol |l ows. o -

Leu- Ser - Al a- Asp- Asp- Al a- Lys- Lys-Asp- Al a- Al a- Lys- Lys- Asp- Asp- Al a- Lys-Lys- Asp
- Asp-Al a- ~ -Lys-Lys-Asp-Leu.

FIGURE 1
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6 : The linker is generally 10 to 50 amino acid residues.
Preferably, the linker is 10 to 30 am no acid residues. Mre preferably the
linker is 12 to 30 anmino acid residues. Mst preferred is a linker of 1 5
to 25 amino acid residues. Expr essi on vehicles for production
of the nol ecules of the invention include plasm ds or other vectors. In
general, such vectors contain replicon and control sefguences which are
derived ffom species conpatible with a host cell. The vector ordinarily
carries a repliconsite, aswell as specific geneswhich are capabl eof
providi ng phenotypic selection in transforned cells. For exanple, E. col
is readily transfornmed using pBR322 [Bolivar et al., Gene, 2,95- (1977),

or Sambr ook etal ., Mol écul ar Cl oning, Cold Spring Harbor Press, New York,
2nd Ed. (1989)]. : :

FIGURE 2

GAC ATT GTG ATG TCA CAG TCT CCA TCC TCC CTA CCT GTG TCA
' GTT GGC GAG AAG GTT ACT TTG AGC TGC AAG TCC AGT CAG AGC
CTT TTA TAT AGT GGT AAT CAA AAG AAC TAC TTG GCC TGG TAC
CAG CAG ARA CCA GGG CAG TCT CCT AAA CTG CTG ATT TAC TGG
GCA TCC GCT AGG GAA TCT GGG GTC CCT GAT CGC TTC ACA GGC
AGT GGA TCT GGG ACA GAT TTC ACT CTC TCC ATC AGC AGT GIG
AAG ACT GAA GAC CTG GCA GTT TAT TAC TGT CAG CAG TAT TAT
AGC TAT CCC CTC ACG TTC GGT GCT GGG ACC AAG CTG GTG CIG
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Pl asmi ds suitable for eukaryotic cells may al so be used. S. cerevisiae, or
common paker's yeast, is the nost comonly used anong eukaryotic

m croor gani sns, although a nunber of other strains, such as Pichia
pastoris, are available. Cultures of cells derived frommulticellular

or gani snms such as SP2/0 or Chinese Hanster Ovary (CHO), which are avail able
fromthe-ATCC, may al so be used as ‘hosts. Typical of vector plasm ds
suitable for mammalian cells are pSV2neo and pSV2gpt (ATCC); pSVL and
pKSV- 10 (Pharmacia), pBPV-1/pM2d (International Biotechnology, Inc.).

The use of prokaryotic and eukaryotic viral expression vectors to express
the genes for polypeptides of the present invention is also contenplated.
It is preferred that the express gg the inserts which code for
the single chain nultival ent anttgi‘ﬁgijiijEf npatible restriction sites
at the insertion junctions and that -those restriction sites are unique to
the areas of insertion. Both vector and insert are

Asp Ile Val Met Ser Gln Ser Pro Ser Ser Leu Pro Val Ser Val
Gly Glu Lys Val Thr Leu Ser Cys Lys Ser Ser Gln Ser Leu Leu
Tyr Ser Gly Asn Gln Lys Asn Tyr Leu Ala Trp Tyr Gln Gln Lys
Pro Gly Gln Ser Pro-Lys Leu Leu Ile Tyr Trp Ala Ser Ala Arg
Glu Ser Gly Val Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr
Asp Phe Thr Leu Ser Ile Ser Ser Val Lys Thr Glu Asp Leu Ala
val Tyr Tyr Cys Gln Gln Tyr Tyr Ser Tyr Pro Leu Thr Phe Gly
Ala Gly Thr Lys Leu Val Leu Lys '
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treated with restriction endonucl eases and then ligated by any of a variety
of methods such as those described in Sanbrook et al., supra.

Preferred genetic constructions of vectors for production of single chain
mul tival ent anti bodi es of the present invention are those which contain a
constitutively active transcriptional pronoter, a region encoding signal
peptide which will direct synthesis/secretion of the nascent single chain
pol ypeptide out of the cell. Preferably, the expression rate is '
commensurate with the transport, folding and assenbly steps to avoid
accumnul ati on .of the polypeptide as insoluble material. In addition to the
‘replicon and control sequences, additional elenents may al so be needed for
opti mal synthesis of single chain polypeptide. These el ements may incl ude
splice signals, as well as tran T;z;tgngggf ter, enhancers, and

term nation signals. Furthernnri? i rIgenes and their products may
be required to facilitate assenbly and fol di ng (chaperones).

GAG GTT CAG TTG CAG CAG TCT GAC GCT GAG TTG GTG AAA CCT
GGG GCT TCA GTG AAG ATT TCC TGC AAG GCT TCT GGC TAC ACC
TTC ACT GAC CAT GCA ATT CAC TGG GTG AAA CAG AAC CCT GaA
CAG GGC CTG GAA TGG ATT GGA TAT TTT TCT CCC GGA AAT GAT
GAT TTT AAA TAC AAT GAG AGG TTC AAG GGC AAG GCC ACA CTG
ACT GCA GAC AAA TCC TCC AGC ACT GCC TAC GTG CAG CTC AAC
AGC CTG ACA TCT GAG GAT TCT GCA GTG TAT TTC TGT ACA AGA
TCC CTG AAT ATG GCC TAC TGG GGT CAA GGA ACC TCA GTC ACC
GTC TCC TCA ' '

llIIlIll (L
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V@ctors whi ch are connerC|aIIy avallable can easily be altered to nmeet the
above criteria for a vector. Such alterations are easily performed by those
of ordinary sikll in the art in light of the available literature and the

t eachi ngs herein. _ . 7

FIGURE 5

Glu Val Gln Leu Gln Gln Ser Asp Ala Glu Leu Val Lys Pro Gly
Ala Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr
Asp His Ala Ile His Trp Val Lys Gln Asn Pro Glu Gln Gly Leu
Glu Trp Ile Gly Tyr Phe Ser Pro Gly Asn Asp Asp Phe Lys Tyr
Asn Glu Arg Phe Lys Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser
Ser Ser Thr Ala Tyr Val Gln Leu Asn Ser Leu Thr Ser Glu Asp
Ser Ala Val Tyr Phe Cys Thr Arg Ser Leu Asn Met Ala Tyr Trp
Gly Gln Gly Thr Ser Val Thr Val Ser Ser '
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Additionally, it is preferred that the cloning vectorcontain a selectable
marker, .such as a drug resistance nmarker or other marker which causes
expression of a selectable trait by the host cell. "Host cell' refers to
cells which can be-reconbinantly transformed with vectors constructed using
reconbi nant DNA techni ques. A drug resistance or other selectable marker is
intended in partto facilitate in the selection of transformnts.

Addi tionatly, the presence of a sel ectable marker, such as a drug

resi stance marker, may be of use in keeping contam nating m croorgani sns
frommultiplying in the culture medium In this enbodi nment, such a pure
culture of the transfqorned host cell would be obtained by culturing the
cells under conditions which require the induced phenotype for survival.
Recovery and purification of the present invention can be acconplished
usi ng standard techni ques known in the art. For exanple, if they are
secreted into the culture

}
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Ser Ser:Gln Ser Leu Leu Tyr Ser Gly Asn Gln Lys Asn Tyr Leu Ala
TCC AGT CAG AGC CTT TTA TAT AGT GGT AAT CAA AAG AAC TAC TTG GCC
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ACG GTT GCA TTT AAA TCT TAC ATA TAT AAT ACT TTC AAA GAC TAC ATT
TGT AAG ATT TGA TGT TTG AGT CGG CTG AAA GAT CGT ACG TAC CAA TTA

Neo i
Leu Ala Ala Gln Pro Ala Met Ala Asp Ile Val Met Ser Gln Ser Pro

Met Lys Tyr Leu Leu Pro Thr Ala Ala Ala Gly Leu Leu Leu
30

ATT TTG ATG AAA TAC CTA TTG CCT ACG GCA GCC GCT GGA TTG TTA TTA
VL

-22

10 _
Ser Ser Leu Pro Val Ser Val Gly Glu Lys Val Thr Leu Ser Cys Lys

5'-C TCA TGT TTG ACA GCT TAT CAT CGA TGA ATT CCA TCA CTT CCC TCC

. GTT CAT TTG TCC CCG GTG GAA ACG AGG TCA TCA TTT CCT TCC GAA AAA
TTG TTT CGT GAT TGT TCA AGC CAT AAC ACT GTA GGG ATA GTG GAA AGA
GTG CTT CAT CTG GTT ACG ATC AAT CAA ATA TTC AAA CGG AGG GAG ACG
CTC GCT GCC CAA CCA GCC ATG GCC GAC ATT GTG ATG TCA CAG TCT CCA
TCC TCC CTA CCT GTG TCA GTT GGC GAG AAG GTT ACT TTG AGC TGC AAG

DNA AND AMINO ACID SEQUENCE OF CCM9 Vp-L-Vy-L-VL-L-Vy
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medi um the single chain nultival ent antibodies can be concentrated by
ultrafi|tration. When the polypeptides are transported to the periplasmc
space of a host cell, purification can be acconplished by osnotically
shocking the cells, and proceeding with ultrafiltration, antigen affinity
col um chr omat ogr aphy or col um chromat ogr aphy using i on exchange
chromat ogr aphy and gel filtration. Pol ypeptides which are insoluble and
“present as refractile bodies, also called inclusion bodies, can be purified
by lysis of the cells, repeated centrifugati on and washing to isolate the
i ncl usi on bodi es, solubilization, such aswi th guanidine-HC, and refolding
followed by purification of the biologically active nol ecul es.
The activity of single chain nmultival ent anti bodi es can be neasured by
standard assays known in the art, for exanple conpetition assays, _
enzyme- | i nked i mmunosor bant assay (ELISA), and radi oi munoassay (RIA).

The multival ent single chain antibodies of the present invention provide
uni que

526
574
622
670
718
766

120

Gly Ala Gly Thr Lys Leu Val Leu Lys Leu Ser Ala Asp Asp Ala Lys

70
GGT GCT GGG ACC AAG CTG GTG CTG AAG CTT AGT GCG GAC GAT GCG AAA

Glu Ser Gly Val Pro Asp Arg Phe Thr Gly Ser Gly
_ 130
p Asp Ala Lys Lys Asp Asp Ala Lys Lys

50
AAG GAT GCT GCG AAG AAG GAT GAC GCT AAG AAA GAC GAT GCT AAA AAG

Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Lys Leu Leu Ile Tyr Trp -.

- FIGURE 6 (Cont. (2)

Hind III

80

.Ser Gly Thr Asp Phe Thr Leu Ser Ile Ser Ser Val Lys Thr Glu Asp
100 _
Gln Tyr Tyr Ser Tyr Pro Leu Thr Phe

CT GGG GTC CCT GAT CGC TTC ACA GGC AGT GGA
CTG GCA GTT TAT TAC TGT CAG CAG TAT TAT AGC TAT CCC CTC ACG TTC

TGG TAC CAG CAG AAA CCA GGG CAG TCT CCT AAA CTG CTG ATT TAC TGG
TCT GGG ACA GAT TTC ACT CTC TCC ATC AGC AGT GTG AAG ACT GAA GAC
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benefits for use in diagnostics and therapeutics. The use of nultival ent
single chain antibodies afford a nunber of advantages over the use of

| arger fragnents or entire anti body nol ecul es. They reach their target
tissue nore rapidly, and are cleared nore quickly fromthe body.

For diagnostic and/or therapeutic uses, the nultival ent single chain

anti bodi es- can be constructed such that one or nore antibody fragnents are
directed against a target tissue and one or nore antibody fragnents are

di rected agai nsta di agnostic or therapeutic agent. ' The

I nvention also concerns pharmaceutical conpositions which are particularly
advant ageous for use in the diagnosis andlortherapy of diseases, such as
cancer, where target antigens are often expressed on the surface of cells.
For di agnostic and/or therapeutic uses, the nultivalent single chain

anti bodi es can be conjugated with an appropriate imaging or therapeutic
agent by nethods known in the art. The pharnaceutical conpositions of the

862
910
958
1006
1054

81y

230

Ala Tyr Val Gln Leu Asn Ser Leu Thr Ser Glu Asp Sei Ala Val Tyr

200
GCC TAC GTG CAG CTC AAC AGC CTG ACA TCT GAG GAT TCT GCA GTG TAT

CCUQVHP~- GAT GAT TTT AAA TAC AAT GAG

Trp 1le Gly Tyr Phe Ser Pro Gly Asn Asp Asp Phe Lys Tyr Asn Glu

150
TGG ATT GGA TAT TTT TCT CCC GGA AAT GAT GAT TTT AAA TAC AAT GAG

180
210

Arg Phe Lys Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser Ser Thr

FIGURE 6 (Cont. (3))

160 _
Gly Ala Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr

GGG GCT TCA GTG AAG ATT TCC TGC AAG GCT TCT GGC TAC ACC TTC ACT

190

220

140
Asp Leu Glu Val Gln Leu Gln Gln Ser Aap Ala Glu Leu Val Lys Pro

GAC CTC GAG GTT CAG TTG CAG CAG TCT GAC GCT GAG TTG GTG AAA CCT

VH

Xho I

170 : .
Asp His Ala Ile His Trp Val Lys Gln Asn Pro Glu Gln Gly Leu Glu

GAC CAT GCA ATT CAC TGG GTG AAA CAG AAC CCT GAA CAG GGC CTG GAA
AGG TTC AAG GGC AAG GCC ACA CTG ACT GCA GAC AAA TCC TCC AGC ACT

8/22 -
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- by conventi onal

e.g.

| yophi li zi ng processes.

i nvention are prepared by nethods known-'in the art,

m xi ng, dissolving or
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i nvention wll

The

be further clarified by a consideration of the follow ng

whi.ch are intended to be purely exenplary of the present

exanpl es,

i nventi on.
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phosphat e
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CC49: A nurine nonoclonal
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t he human tupor-associ at ed
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LLHH,

CC49
| i ght chain
CC49
CC49 Fv2: Two CC49
after Fv reférs
CC49 Fv6 refers
‘LHLH, LHHL,

€.g,, _
CA49 scFv2: Covalently-linked single

chain anti body fragneht consisting of two CC49 VL domai ns and twoV][err]

domai ns joi ned bythree |inkers.

The nunber
Si xpossi bl e conbi nations forthe order of

portion of the heavy chain
-Singl e chain antibody fragnment consisting of two variabl e donai ns of

CC49 anti body joined by a peptide |inker.
‘and the VH(H) donai ns together are:

mul ti mers.

lently linked to form a.di ner.

-.cova
and HHLL.

FAB: An.antigen binding portion of CC49 consisting of an intact
HLHL,

| i nked to the N-term nal

gl ycoprotein 72 (TAG 72) deposited as ATCC No. H89459
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LHHL
(1989) and

John Wley and

2nd Ed.
t he di scl osures of which are héereby incorporated by

DA9LHLH or p49LHHL: Pl asm ds
New York,
Bi ol ogy,

Experi nent al
in Mol ecul ar

nol ecul ar cloning are as those described in Sanbrook et al

Press,
used throughout was deionized distilled

wat er

Al

pSCFV UHM Plaénid cont ai ni ng codi ng sequence forscFv

consisting of a CC49 variable |ight chain and a CC49 variabl e heavy chain

joined by a 25 am no acid |inker.

Col d Spring Harbor

Current Protocols

respectively. EXAMPLES Gener al

Pr ocedures.for-
et al J
New York (1992),
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d i aonucl esti de, Synthesis and Purification Al'l oligonuclotides
(oligos) were synthesized on either a Mbdel 380A or a Model 391 DNA

Synt hesi zer from Applied Biosystens (Foster City, CA) using standard
[err]-cyanoet hyl phosphoram dites and synthesis columms. Protecting groups
on the product were renoved by heating in concentrated anmoni um hydroxi de
at 55[err]C for 6 to 15 hours. The amoni um hydroxi de was renoved t hrough
evaporati-on.and the crude m xtures were resuspended in 30 to 40 [err]L of
sterile water. After el ectrophoresis on polyacrylam de-urea gels, the

ol i gos were visualized using short wavel ength ultraviolet (UV) light. DNA
bands were excised fromthe gel and eluted into. 1 nL of 100 nM Tris-HC, pH
7.4, 500 nM NaCl, 5 nM EDTA over 2 hours at 65C. Final purification was
achi eved by applying the DNA to Sep-Pac C 18 colums (M I1lipore, Bedford,
MA) and eluting the bound oligos with 60 percent nethanol. The

1870
1918
1966
2110
2158
2165

2014
2062

o
N
[Te)
— L
P
(-] ]
g :
3 =
s
Qo
&)
S’ o
r~ =
=
== -
-1
= 2
O he
—
=

PENPTSEQ2~ G TAT TTC AGT GAA CCA CTA GTT
CAT ATC ATT GTC CGG CAA TGG TGT GGG CTT TTIT TTG TTT TCT ATC TTT

510
Glu Asp Leu Ala Val Tyr Tyr Cys Gln Gln Tyr Tyr Ser Tyr Pro Leu

GAA GAC CTG GCA GTT TAT TAC TGT CAG CAG TAT TAT AGC TAT CCC CTC

SQP1~ TGT AGT AGA ATG TAT TTC AGT

490
Ser Gly Ser Gly Thr Asp Phe Thr Leu Ser Ile Ser Ser Val Lys Thr

BamH I

ACG TTC GGT GCT GGG ACC AAG CTG GTG CTT AAG TAA AAA GCT AGC.GAT
CGG ATC C-3!

GAA TCC GTC AAA ACA TCA TCT TAC ATA AAG TCA CTT GGT GAT CAA GCT
AAA GAT CAT GTG AAG AAA AAC GGG AAA ATC GGT CTG CGG GAA AGG ACC
GGG TTT TTG TCG AAA TCA TAG GCG AAT GGG TTG GAT TGT GAC AAA ATT

AGT GGA TCT GGG ACA GAT TTC ACT CTC TCC ATC AGC AGT GTG AAG ACT

Thr Phe Gly Ala Gly Thr Lys Leu Val Leu Lys ###
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1 1 solution volume was reduced to approximately 50 [err]L and the DNA

concentration was determined by measuring the optical density at 260 nm
(O err]). Restriction Enzyne Digests

Al'l restriction enzyne
di gests were perforned using Bethesda Research '
- FIGURE 8
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Laboratories (Gaithersburg, MD), New England Biol abs, Inc. (Beverly, M\ or
Boehri nger Nannhei m (BM I'ndi anapolis, IN) enzynes and buffers foll ow ng
t he manufacturer's recommended procedures. Digested products were separated
by polyacryl am de gel el ectrophoresis (PAGE). The gel swere stained with
et hi di um brom de, the DNA bands were visualized using | ong wavel ength UV
i ght and the DNA bands were t hen excised. The gel slices were placed In
di al ysis tubing (Union Carbide Corp., Chicago) containing 5 M Tris, 2.5 nM
~acetic acid, 1 nM EDTA, pH 8.0 and eluted using a Max Submari ne
felectrophore5|s appar atus (Hoef er S¢l E% jfic Instruments, CA). Sanple
vol umes were reduced on a Speed Vac ncentrator (Savant Instruments, Inc
NY). The DNA was et hanol precipitated and redlssplved in sterile water.
Enzynme Li nked | nmunosor bent Assay (E?‘ (g TAG 72 antlgfn
i al ,

prepared substantially as descri bed ohnsq@ Can. Res
* 5.2 ‘
: 2234 /A
Y L B
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46 850-857 (1986), was adsorbed ontothe wellsof a polyvinyl chloride 96wel |
mcrotiter plate (Dynatech Laboratories, Inc.., Chantilly, VA) by drying
overni ght The plate was bl ocked with 1 percent BSA in PBS for 1 hour
at31l[err]C and then washed 3 timeswith 200 [err]L of PBS, 0.05 percent
Tween-20. 25 [err]L of test antibodies and 25 pL of biotinylated CC49
(1/20,000 dilution of a 1 ng/nL solution) were added to the wells and the
pl ate i neubated for 30 minutes at 31[err]C. The relative anounts of TAG 72
bound to the plate, biotinylated CC49, streptavidin- alkaline phosphatase,
and col or devel opnent tinmes were determined enpirically in order not to
have excess of either_antigen or biotinylated CC49, yet have enough signal
to detect conpetition by scFv. Positivg.gopjrols were C49 at 5 [err]g/nL
and CC49 Fab at 10 [erer]g/nmL. Negative controls were 1 percent BSA in PBS
and/ or concentratedsLB. Unbound proteins were waghed away. R0 [err]L of a
1: 1000 dil ution of reptavidin conjugated with kal i ne ph@sphat ase
(Sout hern Biotechnog gy ﬁ?sociates,-lnc.,_Birnin am AL) vwkre adddd and

- — [¥r] gy
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I ncubated for 30 mnutes at 31 [err]C. The plate was washed 3 nore tines.
50 [err]sL ofwa para-nitrophenyl - phosphate sol ution (Kirkegaard & Perry
Laboratories, Inc., Gaithersburg, MD) were added and the col or reaction was
allowed to develop for a mininmumof 20 m nutes. The rel ative anmount of
scFv2 bi ndi ng was neasured by optical density scanning at 404-450 nm usi ng
a mcropl ate reader (Ml ecul-ar Devices Corporation, Manlo Park, CA).

Bi ndi ng of the scFv2 species resulted in decreased binding of the

bi otinyl ated CC49 with a concomitant decrease in col or devel oprment. )
SDS- PAGE and Western Bl otting - Sanpl es for SDS-PACE anal ysi s
(20 [err]L) were prepared by boiling in a non-reducing sanpl e preparation
buf fer-Seprasol | (Integrated Separation Systens (ISS), Natick, MA\) for

FIGURE 11
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The present invention relates to single chain multivalent antibodies.

Antibodies are proteins belonging to a group of immunogicbulins elicited by the

immune system in response to a ﬁpeciﬁc antigen or substance which the body deems foreign.
There are five classes of human antibodies, each class having the same basic structure. The

basic structure of an antibody is a tetramer, or a multiple thereof, composed of two identical

heterodimers each consisting of a light and a heavy chain. The |ight chain is composed of one
variable (V) and one constant {C) domain, while a heavy chain is composed of one variable and

three or more constant domains. The variable domains from both the light and heavy chain,

designated V| and Vy respectively, determine the specificity of an immunoglobulin, while the
constant (C) domains carry out various effector functions.

Amino acid sequence data indicate that each variable domain comprises three
complementarity determining régions (CDR) flanked by four relatively conserved framework
regions (FR). The FR are thought to maintain the structural integrity of the variable region
domain. The CDR have been assumed to be responsible for the binding specificity of individual

~ antibodies and to account for the diversity of binding of antibodies.
' As the basic structure of an antibody contains two heterodimers, antibodies are
muitivalent molecules. For example, the IgG classes have two identical antigen bindi ng sites,
while the pentameric IgM class has 10 identical Bindi ng sites. . .

Monoclonal antibodies having identical gehetic parentage and binding specificity’
have been useful both as diagnostic and therapeutic agenti Monoclonal antibodies are
routinely produced by hybridomas generated by fusion of mouse lymphoid cells with an
appropriate mouse myeloma cell line according to established procedures. The administration
of murine antibodies for in vivo therapy and diagnostics in humans is Iiﬁtited however, due to

the human anti-mouse antibody response illicited by the human immune system. -

Chimeric antibodies, in which the binding or variable regions of antibodies
derived from one species are combined with the constant regions of antibodies derived from a
different species, have been produced by recombinant DNA methodology. See, for example,
Sahagen et al., J. Immunol., 137:1066-1074 (1986); Sun et al., Proc. Natl. Acad. Sci. USA,
82:214-218(1987); Nishimura et al., Cancer Res., 47:999-1005 (1987); and Lie et al. Proc Natl.
Acad. Sci. USA, 84:3439-3443 (1987) which discl oée chimeric antibodies to tumor-associated

antigens. Typically, the variable region of a murine antibody is joined with the constant region

of a human antibody. It is expected that as such chimeric antibodies are largely humanin

composition, they will be substantially less immunogenic than murine antibodies.

Chimeric antibodies still carry the F¢ regions which are not necessary for antigen
binding, but constitute a major portion of the overall antibody structure which affects its

pharmacokinetics. For the use of antibodies in immunotherapy orimmunodiagnostics, is it
This is the replacement sheet
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Newt on Center, MA) and included the foll ow ng protel ns

gl ut amat e -dehydrogenase, oval bum n, | act a&e dehydrogen

anmhydrase, B-lactoglobulin and cytochrome“C. The correspondi ng M\are:
95, 500, 55de@9£blé€om&,aaﬁb&ﬁpl;l&&n&@aales]ﬁhnél@[%calmdn&Bmmatheesgmtssuaeriawdly

Wien West I
ol cct r ophaPBSPeTedRBS T PR BLRIEY A hurernaPely el Sl gnafh stifod) '
anode buf ffeagritént{ Bave dviedter capiG@ry pétrieability arﬂharé mupd rdpidly Elef¢Bfrom the body

(pol yyi nyl ne) menbrane (MIIlipore, Bedford. MA) was treated
w th met harl'?g(ﬁw%or %Efggéin s, and imersed in water for 2 mnutes. The
menbr ane was t hen eiqmelitbtmmabhremodsaofblghtmdhﬁbwmall@thﬁﬁm%éﬁmtha"

M11iblot- p,ﬂgguéggaﬁos.bdupdg gﬁ)eﬁ‘?ﬁ?cwé L#\sv%%qea Qrte%?é?ﬁ:f:% aﬁ@wmam he

gel tothe ne 'aced in | e of
the anode @ln&asmmea sg@oﬁade-neAbymtmhmfuvﬁr?atent‘% 946,778) tocreateaVL-L-VH

polypeptide, wherein the L stands for the peptide linker. A scFv wherein the V_and V.
domains are orientated Vy-L-V_ is disclosed in U.S. Patent 5,132,405.

R-250*(Bi o- Rad, Ri chnond, 'CA) for at least | hour an a@% &gul ar
wei ght st andar ds wer e prestained (Md Range Kit, Dlvgt;ng% eﬁm j‘“ﬁa

As the scFvs have one binding site as compared to the minimum of two for
complete antibodies, the scFvs have reduced avidity as compared to the antibody containing
two or more binding sites. '

It would therefore be advantageous to obtain constructions of scFvs havi ng more

- than one binding site to enhance the avidity of the polypeptlde, and retain or increase their
antigen recognition properties. In addition, it would be beneficial to obtain mul;:walent scFvs
which are bispecific to allow for recognition of different epitopes on the target tissue, to allow
for antibody-based recruitment of other immune effector func_tions, or allow antibody capture
of a therapeutic or diagnostic moiety.

| it has been found that si'ngl,e chain antibody fragments, each having one Vy and
one V, domain covalently linked by a first peptide ilinker, can be covalently linked by a second
peptide linker to form a multivalent single chain antibody which maintains the binding affinity
of a whole antibody. Inone embodiment, the present invention is a multivalent single chain
antibody having affinity foran antigen Wheréin the multivalent single chain antibody
comprises two or more light chain variable domains and two or more heavy chain variable
domains; wherein, each vafiable domiain is linked to at least one other variable domain.

" In another embodiment, the present invention is a multivalent single chain antibody
‘which comprises two or more single chain anti body fragments, each fragment having affinity
for an antigen wherein the fragments are covalently linked by a first peptide linker and each
fragment comprising:

(a) afirst polypeptide compnsmg a light chain variable domain;
{(b) asecond polypeptide comprising a heavy chain variable domam and
()  asecond peptide linker linking the first and second polypeptidesinto a functional
binding moiety.
In another embodiment, the invention provides a DNA sequence which codes for
a muitivalent single chain antibody, the multivalent single chain antibody comprising two or
more single chain antibody fragments, each fragment having affinity for an antigen wherein
the fragments are covalently linked by a first peptide linker and each fragment comprising:
(a) afirst polypeptide comprising a light chain variable domain;
Thia is the repiacement shegt
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el ectrode surface. Another filter paper soake fer #2 (25 nM
trts pH 10.4) was placed on top of the firsto was nade by
next addi ng thewetted PVDF nenbrane, pl as ed gel on top of
this and finally adding a sheet of filter paper soaked i n cat hode buffer

(25mM Tris-HC, bgH 2 sétohB pblpaMicl W)smg-grlﬁgﬁfﬂalrv‘@a%a%m hsiied in 30

m nutes using 2 mA const ant current (initial” voltage ranged from 8- 20
volts). (9 asqgondpeptide linkeg linking thediriead secpos nalypsptidesinterd functional

wat er and pl aced i npdihRoidty.h 20 m_ bl ocki ng solution (1 percent bovine
serum al bum n ( BSA)

TBS was purchased fI é%"%f%‘h‘%“ Eﬁﬂ@'r‘ﬁ‘@é‘F‘ a(‘F%?,‘kf’tﬁl ‘(?I""qub#ﬁ%g"ggb?stal I gn%&tg&iy
powder sucfraginent WhikR hadihedpedificity ant adiditg of a Whéleintibotigb@l aresmalletn sihé Tri s,
O o e haL . SRR, TR B g °
m nut es eatdr thecorgtrdttioriof a multivalent single chain antibody wherein the binding sites can be

two different antigenic determinants.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates covalently linked single chain antibodies having the
canfiguration Vi -L-Vy-L-V-L-Vy (LHLH) and V{-L-V-L-Vy-L-V| (LHHL) and a noncovalently
linked Fv single chain antibody (Fv2). ' '

3W fi-lter paper was soaked in anode buffer 4 %&'QTﬁ Nee! aced on t he

Figure 2 illustrates the nucleotide sequence of CC49 V.

Figure 3 illustrates the amino acid sequence of CC49V,.

Figure 4 illustrates the nucleotide sequence of CC49 Vy,.

Figure 5 illustrates the amino acid sequence of CC49 Vy.

Figure 6 iliustrates the nucleotide sequence and amino acid sequence of the CC49
single chain antibody LHLH in p49LHLH. .

Figure 7 illustrates the nucleotide sequence and amino acid sequence of the CC49
single antibody LH!"-II. in p49LHHL. .

Figure 8 illustrates construction of plasmids pSL301 T and pSL301 HT.

Figure 9 illustrates construction of plasmid p4§LHHL.

Figure 10 illustrates construction of plasmid p49LHLH.

Figure 11 illustrates the resuits of a competition assay using CC49 1gG, CC49 scFv2,
and CC49 scFv using biotinylated CC49 IgG as competitor. !

The entire teaching of all references cited herein are hereby incorporatéd by
reference. '

Nucleic acids, amino acids, peptides, protective groups, active groups and such,
when abbreviated, are abbreviated accordmg to the IUPAC lUB (Commission on Blologu:al
Nomenclature) or the practice in the fields concerned.

The term “single chain antibody fragment” (scFv) or "antibody fragment” as used
herein means a polypeptide containing a V| domain linked to a Vi domain by a peptide linker
(L), represented by Vi -L-Vy. The order of the V| and Vi domains can be reversed to obtain
polypeptides represented as VH;L-VL. “Domain” is a segment of protein that assumes a discrete
function, such as antigen binding or antigen recognition.

A “multivalent single chain anfibody‘_" means two or more single chain antibody
fragments covalently linked by a peptide linker. The antibody fragments can be joined to form

bivalent singie chain antibodies having the order of the V| and V. domains as follows:
Thiis is the replacement sheet
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"0.5 percent Tween-20 wash solution (TTBS). To prepare the TTBS, 0.5nL of
Tween 20 (Sigma) was nixed per literof TBS. The probe antibody used was 20
me biotinyl ated FAI Dl4solution (10 [err]g per 20 nlL anti body buffer).

Ant i body buffer was nmade by adding 1g BSA per 100 nlL of TTBS. After probing
for 30-60 m nutes atanbi entterrperaturé‘, t he nenbrane waswashed 3 tinmes with
TTBS, as above. Next, the menbrane was incubated for 30-60

mnutes at ambielyl @W@rﬁw{.e—vﬂm.vmzﬁz m..w[ LamlL-WQ:rdnHLuM-wuLMantl body
buf fer of strept avidin conju

' al kal i ne ho at ase (So
Bi ot echnol $0g/e shaip fultivalent B{‘?(.2 ‘ﬁﬁﬁ‘é{h\‘h A‘if’)‘""al‘;’f? a\ﬂﬁgﬁ %?Q;fva,i’ge é’ "‘gw &thibody
repeat ed airs?ae&@ joinedxd atihaVvént sﬁ@ecuhamnt.bedm 41 addithartal merpmmlam e e

:/vgs Be(i ]IC\/IO;UG %m%%%gﬁt? e6}1|um ‘berof glnr n Jn?alrt?sul]; L&Jwélg&)t m). This buffer

The present mventlon also provides for multivalent single chain antibodies which
can be designated Vy-L-Vy-L-V -L-V| or Vi -L-V-L-Vy-L-Vy.

Covalently linked single chain antibodies having the configuration V(-L-Vu-L-V,-L-
Vi (LHLH) and V-L-Vy-L-V-L-V (LHHL) areillustrated in Figure 1. A noncovalently linked Fv
single chain antibody (Fv2) is also illustrated in Figure 1.

Thesingle chain antibody fragménts for use in the present invention can be
derived from the light and/or heavy chain variable domains of any antibody. Preferably, the
light and heavy chain variable domains are specific for the same antigen. Theindividual
antibody fragments which are joined to form a muitivalent single chain antibody may be
directed against the same antigen or can be directed égainst different antigé'ns.

To prepare a vector containing the DNA séquencé for a single chain multivalent
antibody, a source of the geries encoding for these regioﬁs is required. The appropriate DNA

' sequence can be obtair:led from published sources or can be obtained by standard procedures
known inthe art. For e!xample, Kabat et al., Sequences of Proteins of Immunological Interest.
P 4th ed., (1991), published by The U.S. Department of Health and Human Services, discloses
sequences of most of the antibody variable regions which have been described to date.

When the genetic sequence is unknown, it is generally possible to utilize cDNA
sequences obtained from mRNA by reverse transcriptase mediated synthesisas a source of DNA .
to clone into a vector. For antibodies, the source of mRNA can be obtained from a wide range
of hybridomas. See', for example, the catalogue ATCC Cell Lines and Hybridomas, American
Type Culture Collection, 20309 Parklawn Drive, Rockville Md., USA (1990). Hybridomas
secreti ng monoclonal antibodies reactive with a wide variety of antigens are listed therein, are
available from the collection, and usable in the present invention. These cell lines and others of
similar nature can be utilized as a source of mMRNA coding for the variable domains or to obtain
antibody protein to determine amino acid sequence of the monocionat antibody itself.

Variable regions of antibodies can also be derived by immunizing an appropriate
vertebrate, normally a domestic animal, and most conveniently a mouse. Theimmunogen will
bé the antigen of interest, of where a hapten, an antigenic conjugate of the hapten to an
antigen such as keyhole limpet hemocyanin (KLH). The immunization may be carried out
conventionally with one or more repeated injections of the immunogen into the host mammal,
normally at two to three week intervals. Usually, three days after the last challenge, the spleen
is removed and dissociated into single cells to be used for cell fusion to provide hybridomas

from which mRNA can readily be obtained by standard procedures knownin the art.
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13 I mM MyC[err].Herr]0, pH9.8. To neke up the substrate for alkaline
phosphat ase, nitroblue tetrazolium (NBT) chloride (50 ng, Sigma) was
dissol ved in.70 percent dimethylformanm de.

]

When an antibody of interest is obtained, and only its amino acid sequence is
known, it is possible to reverse translate the sequence. _

The V| and V,; domains for use in the present invention are preferably obtained
from one of a series of CC antibodies against tumor-associated glycoprotein 72 antigen
(TAG-72) disclosed in published PCT Application WO 90/04410 on May 3, 1990, and published
PCT Application WO 89/00692 on january 26, 1989. More preferred are the V_and Vy domains
from the monocional antibody designated Ct49 in PCT Publications WO 90/04410 and
WO 89/00692. The nucleotide sequence (SEQ ID NO: 1) which codes for the V_of CC49is
substantially the same as that given in Figure 1. The amino acid sequence (SEQ ID NO: 2) of the
v, of CC49 is substantially the same as that givenin Figure 2. The nucleotide sequence (SEQ ID
NO: 3) which codes for the Vy of CC49 is substantially the same as that givenin Figure 3. The
amino acid sequence (SEQ ID NO: 4) for the Vy of CC49 is substantially the same as that givenin
Figure 4.

To form the antibody fragments and multivalent single chain aqtibodies of the
present invention, it is necessary to have a suitable peptide linker. Suitable linkers for joining
the Vy and V| domains are those which allow the Vi and V| domains to fold into a single
polybeptide chain which will have a three dimensional structure very similar to the originai
structure of a whole antibody and thus maintain the binding specificity of the whole antibody
from which antibody fragment is derived. Suitable linkers for linking the scFvs are those which
allow the linking of two or more scFvs such that the Vi and V| domains of each '
immunoglobulin fragment have a three dimensional structure such that each fragment
maintains the binding specificity of the whole antibody from which the immunoglobulin
fragment is derived. Linkers having the desired properties can be obtained by the method
disclosed in U.S. Patent 4,946,778, the disclosure of which is hereby inéorporated by reference.
From thé polypeptide sequences generated by the methods descri.bed inthe 4,946,778, genetic
sequenées coding for the polypeptide can be obtained.

Preferably, the peptide linker joining the Vy and V| domains to form a scFv and
the peptide linker joining two or more scFvs to form a multivalent single chain antibody have
substantially the same amino acid sequence. ‘

It is also necessary that the linker peptides be attached to the antibody fragments
such that the binding of the linker to the individual antibody fragments does not interférg with
the binding capacity of the antigen recognition site.

A preferred linker is based on the helical linker designated 205C as disclosed in
Pantoliano et al. Biochem., 30, 10117-10125 (1991) but with the first and last amino acids
changed because of the codon dictated by the Xho I site at one end and the Hind lll site at the
other. The amino acid sequence (SEQ 1D NO: 5) of the preferred linker is as follows:

Leu-Ser-Ala-Asp-Asp-Ala-Lys-Lys-Asp-Ala-Ala-Lys-Lys-Asp-Asp-Al a-Lys-Lys-Asp-Asp-Ala-
-Lys-Lys-Asp-Leu.
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5- Br orip- 4- chl or o- 3-i ndoyl phosphate (BCIP) (25 ng,-Sigm) was separately

di ssol ved in 100 percent dinethylformam de. 5-Bronp-4-chloro-3-indoyl
phosphate (BCIP) 25 ng, Signa) was separately dissolved in 100 percent

di met hyl f ormam de. These solutions are also commercially available as a
West ern devel opi ng agent sold by Promega. Foi6 col or devel opnent, 120 [err]l
of each were added to the al kaline solution above and allowed to react for
15 m nutes before tmyinuerriegmklwo‘tbawtd’msbw&kndped Hn@fatubmmelmldehiswatter

Bi oti nyl d EA i bod
(lgcoa, K Taggpayameiser Marerreferel s trikefls Tl W arfaapiiesdyel frcfc, 0
FAI D14 WaSprpigrueHnmilmj@r of1 Btoldp@arino Beidtaidoesn affinity col umm (Yonkers, NY) :

The manuf act urer” s gees. 6l oS, of bl Eden S4AERIodJIR oPuk N RU RIS 2t o

pH 3.0 was used as BCtions wer e neut pH -7
usi ng 1.0 Masmidsoné@henyeictops. IThersral suchivedtons cortain replicansandicaptic! seauenses .

FAI D14( 1 rWhidJ( QIQ[operr{vl-Hrgm species compatible with a host cell. The vector ordinarily carries a
replicon site, aswell as specific genes which are capable of providing phenotypic selection in
transformed cells. For example, E. coliis readily transformed using pBR322 [Bolivar et él., Gene,
2,95-(1977), or Sambrook et al., Molecular Cloning, Cold Spring Harbor Press, New York, 2nd
Ed. (1989)].

Plasmids suitable for eukaryotic cells may also be used. S. cerevisiae, or common
bakers yéast, is the most commonly used among eukaryotic microorganisms, although a
number of other strains, such as Pichia pastoris, are available. Cultt_lres of cells derived from
multicellular organisms such as SP2/0 or Chinese Hamster Ovary (Cl-iO), which'are available from
the ATCC, may also be used as hosts. Typical of vector plasmids suitable for mammalian cells
are pSV2neo and pSV2gpt (ATCC); pSVL and pKSV-10 (Pharmacia), pBPV-1/pML2d
(International Biotechnology, Inc.).

The use of prokaryotic and eukaryotic viral expression vectors to express the
genes for polypeptides of the present invention is also contemplated. _

itis preferred that the expression vectors and the inserts which code for the single :
chain multivalent antibodies have compatible restrictidn sites at the insertion junctions and
that those restriction sites are unique to the areas of insertion. Both vector and insert are
treated with restriction endonucleases and then ligated by any of a variety of met-Hbds such as
those described in Sambrook et al., supra. : |

. Preferred genetic constructions of vectors for production of single chain

multivalent antibodies of the present invention are those which contain a constitutively active
transcriptional promoter, a region encbding signal peptide which will direct synthesis/secretion
of the nascent single chain polypeptide out of the cell. Preferably,'the expressionrate is
commensurate with the transport, folding and assembly steps to avoid accumulation of the
polypeptide asinsoluble material. In addition to the replicon and control sequences,
additional elements may also be needed for optimal synthesis of single chain polypeptide.
These elements may include splice signals, as well as transcription promoter, enhancers, and
termination signals. Furthermore, additional genes and their products may be required to
facilitate assembly and folding (chaperones). -

Vectors which are commercially available can easily be altered to meet the above -
criteria for a vector. Such alterations are easily performed by those of ordinary skill in the artin

light of the available literature and the teachings herein. This is the replacemeni sheet
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water) was mxed with 100 [err]L of 0.1 MNa[err]CJerr] pH 9.6.

Bi ot i nyl -e-am no-caproic acid N hydroxy succinimde ester (Biotin-X-NHS)
(Cal bi ochem LaJolla, CA) (2.5 ng) was dissolved in 0.5 nL

di met hyl sul foxi de. Biotin-X-NHS solution (20 [err]l) was added to the

FAI D14 solution and allowed to react at 22C for 4 hours. Excess biotin and
I mpurities were renopved by gel filtration, using a Pharmacia Superose 12
HR10/.30 col urm ( Pi sRAYiERAYIY. fisprelgredithaihe deringvegropeantainafeleriglle marker,
bi oti nyl at&dh k¥4 8A4 rediRts ARtk étordbud Maridr whiéh &udédexpreefion 6PE el detdbl@rdlsitng

PR T CICE I IR GO I R N
Focusi ng (ddnbfructed using recombinans Dalaste¢HniqueROA dhugy repibtange ovtheqselediableadanker ng
VT AL S T e SV A AL P8,
val ue i s gasetertablenaddrs suoimat adrubeegistanc8marierGysy be of ubedrs keaping ¢dngarainating
microorganisms from muitiplying in the culture medium. In thisembodiment, such a pure
culture of the transformed host cell would be obtained by culturing the cells under conditions
which require the induced phenotype for survival.

Recovery and purification of the present invention can be accomplished using
standard techniques known in the art. Fbr example, if they are secreted into the culture
medium, the single chain muitivalent antibodies can be concentrated by ultrafiltration. When
the polypeptides are transported to the periplasmic space of a host cell, purification can be
accomplished by osmaotically shocking the cells, and proceeding with ultrafiltration, antigen
affinity column chromatography or column ﬁhromatography using ion exchange
chromatography and gel filtration. Polypeptides which are insoluble and present as refractile
bodies, also called inclusion bodies, can be purified by lysis of the cells, repeated centrifugation
and washing to isolate the inclusion bodies, solubilization, such as with guanidine-HCl, and
refolding followed by purification of the biologically active molecules.

The activity of single chain multivalent antibodies can be measured by standard
assays known in the art, for example competition assays, enzyme-linked immunosorbant assay
(ELISA), and radioimmunoassay (RIA). | |

The multivalent single chain antibodies of the present invention prt;vide unique
benefits for use in diagnostics and therapeutics. The use of multivalent single chain antibodies
afford a number of advantages over the use of larger fragments or entire antibody molecules.
They reach their target tissue more rapidly, and are cleared more quickly from the body.

For diagnostic aﬁdlor therapeutic uses, the multivalent single chain antibodies
can be constructed such that one or more antibody fragments are directed against a target
tissue and one or more antibody fragments are directed against a diagnostic or therapeutic
agent.

_ The invention also concerns pharmaceutical compositions which are particularly
advantageous for use in the diagnosis and/or therapy of diseases, such as cancer, where target
antigens are often expressed on the surface of cells. For diagnostic and/or therapeutic uses, the
multivalent single chain antibodies can be conjugated with an appropriate imaging or
therapeutic agent by methods known in the art. The pharmaceutical compositions of the
invention are prepared by methods known in the art, e.g., by conventional mixing, dissolving

or lyophilizing processes. This is the replacement Sh’e .
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the charge, the count was adjusted to O for Cys, since they are al

i nvol ved in disulfide bonds. , Experinentally, p[err]'s were
determ ned using |sogel agarose | EF plates; pHrange 3-10 (FMC
Bi-oproducts, Rockland, ME). A Biorad Bi o-phoresis horizontal

el ectrophoresis cell was used to rungthe IEF, followi ng the directions of
both manufacturers. The el ectrophoresi's conditions were: 500 volts
(limting), -at 20 mA current and 10 Wof constant power. Focusing was
conplete in 90 mn. | EF standards were purchased from Biorad; the kit

i ncl uded phycocyani te ipgntipnmialk be i rghian kliarifi8) bibpsansidlecaidnafitse tatloydnase,

human car basxathphe3|WHiCR SR infabled'e bd Bl R T QRnflgnA and G 3
lentil lectins and cytochrome C,.&??h BI %ﬁ?ﬁ&s 0 eaﬁg%gfgé#ﬂg?
6. 00, 6.50,7.00,7.10 and 7.50,7.80,8.00, and 8.20 and 9. 60, respectively.

Gel swere stained and destai ned according to the directions provided by
FMC. '
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14 Quantitation of CC49 Anti body Species Al purified CC49
anti bodies including the 1gG scFv2 species and the nononeric scFv were
quantitated by neasuring the absorbence of protein dilutions at 280 mm
using matching 1.0 cm pathl ength quartz cuvettes (Hellm) and a

Perki n-El ner UVNI'S 9

ABBREVIATIONS

BCIP 5-brpmo—4—chloro—3—indoyl phosphate

bp base pair

Bis-Tris (1,3-bis(tris(hydroxymethyl)-methylamino]-

propane propane)

BSA bovine serum albumin

CDR - Complementarity determining region

ELISA " enzyme linked immunésorbent assay

Fv2 non-covalent single chain Fv dimer

IEF iscelectric focusing

Ebp kilo base pair

LB Luria-Bertani medium

Mab monoclonal antibody

HES 2-(K-Morpholinc)ethane sulfonic acid

M molecular weight

HBT nitro blue tetrazolium chloride

Qligo Oligonucleotides

PAG polyacryiamide gel

PAGE polyacrylamide gel electrophoresis

P8BS phosphaté buffered saline

PCR polymerase chain reaction

pSCFV plasmid containing DNA sequence coding for SCFV

RIGS radioimmunoguided surgery

RIT radioimmunotherapy

scPv single chain Fv immunoglobulin fragment monomer

scPv2 single chain Fv immunoglobulin fragment dimer
covalently linked

SDS sodium dodecyl sulfate

TBS Tris-buffered saline

Tris (Tris[hydroxymethyl]aminomethane) -

TTBS " Tween-20 wash solution

Va' immunoglobulin heavy chain variable domain

VL immunoglobulin light chain variable domain

This is the repiacement sheet
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Spect rophot onet er, Mddel 552A. Mol ar absorptivities (Em were determ ned
for each antibody by using the follow ng fornul a: Em = (nunber
Trp) X 5,500 + (nunber Tyr) X 1,340 + (nunber (Cys)2) X
150 + (nunber Phe) X 10 The val ues are based on information given by D. B.
Wet | auf er, Advances in Protein Chem st1|0y, 17, 375-378). Hi gh Performance

Li qui d Chr omat ogr aphy Al'l high performance |iquid

chr omat ograahuog.bPLC) vvas performed for CC49 scFv2 purification using an.

LKB HPLCsystem w t h an| um orteflon tubi n thr? ghhout The system
consists of the Md W”Hﬁﬁ@%ﬁﬁ?“a'ﬁ%@? YSPSSiiE Suman tumer-esppRd
nmodel 22389@06;&6{6'@72mméﬂﬁt&HGﬂAﬂtﬁNﬁ ipgsy.of 276 nm and the nodel

2211 SuperRac fract| (Q_Eb I-CA(H IAr'a antlgen binding portion of CC49 consisting of an intact light chain
linked to the N-terminal portion of the heavy chain.

CC49 scFv: Single chain antibody fragment consisting of two variable domains of
CC49 antibody joined by a peptide linker.

CC49 Fv2: Two CC49 scFv non-covalently linked to form a dimer. The number
after Fv refers to the number of monomer subunits of a given molecule, e.g., CC49 Fv6 refers to
the hexamer multimers. '

CC49 scFv2: Covalently-linked single chain antibody fragment consisting of two
CC49 vV, domains and two Vi domains joined by three !inkers Six possible combinations for the
order of linking the V(L) and the V4(H) domains together are: LHLH, LHHL LLHH HLLH, HLHL,
and HHLL.

Plasmids

PSCFV UHM: Plasmid containing coding sequence for scFv consisting of a CC49
variable light chain and a CC49 variable heavy chain joined By a 25 amino acid linker.

- p49LHLH or p49LHHL: Plasmids containing the coding sequence for producing
CC49 scFv2 LHLH or LHHL products, respectively. 1
EXAMPLES '

General Experimental

Procedures for molecular cloning are as those described in Sambrook etal.,
Molecuiar Cloning, Cold Spring Harbor Press, New York, 2nd Ed. (1989) and Ausubel etal.,
Current Protocols in Molecular Biology, John Wiley and Sons, New York (1992), the disclosures
of which are hereby incorporated by reference.

All water used throughout was deionized distilled water.

Oligonucleotide Synthesis and Purification

All oligonuclotides (oligos) were synthesized on either a Model 380A or a
Model 391 DNA Synthesizer from Applied Biosystems (Foster City, CA) using standard
B-cyanoethyl phosphoramidites and synthesis columns. Protecting groups on the product were
removed by heating in concentrated ammonium hydroxide at 55°C for 6 to 15 hours. The
ammonium hydroxide was removed through evaporation and the crude mixtures were
resuspended in 30 to 40 ul of sterile water. After electrophoresis on polyacrylamide-urea gels,
the oligos were visualized using short wavelength ultraviolet (UV) light. DNA bands were
excised from the gel and eluted into 1 mL of 100 mM Tris-HC!, pH 7.4, 500 mM NacCl, 5 mM EDTA
over 2 hours at 65°C. Final purification was achieved by applying the DNA to Sep—Pac_"‘ c-18
columns (Millipore, Bedford, MA) and eluting the bound oligos with 60 percent methanol. The
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PCR Géneration of Subunits : Al'l polynerase chain reactions
(PCR) were perfornmed with a reaction m xture consisting of: 150 pi cograns
(pg) plasmd target (pSCFVUHM ; 100 proles prinmers; 1 [err]L

- Perkin-El mer-Cetus (PEC, Norwal k, CT) Anpl4-Taq pol ynerase; 16 [err]L of 10
mM dNTPs and 10 [err]L of 10X buffer bot upplied in the PEC kit; and

suf fici entsmkamu@htvoldmé Was reliécedab approkiondtélly 30 pv ohdl the DA ¢8teheatigiwasThe PCR

reactions &Q%r%‘ '%gas%%tﬁ% sse tl‘ta%@}{ﬁ‘givgﬁscrl d)sby t he manuf acturer.

Reacti ons Were 0 cycles
of : denaturmmuﬁw&at 94C for 20 to 45 sec, annealing from between

52 to 60[err]c ford&)" Fbs{rﬁtxané nfbdl @s'?ﬂlv %@ﬁgiﬂ'\gguﬁﬁ%zgtﬁe%lgegeag’cﬁo 2.0

mn. Qi gonucl eot i I mers S nt on an osyst ens
(Fost er Oltayora@s&()esm@mhmbtmd\ﬂMemﬁmla@dlﬂzéabsam (Beveriyi, M) asBedivinger

I(;l)??:als g(r)]rsldnlﬂ?]ngnhle'lm (BM, IndiahbSalis! ) ehffids bR Bulfers RslickAflg e MbnYE&LRAINsDNA and a
recommended procedures. Digested products were separated by polyacrylamide gel
electrophoresis (PAGE). The gels were stained with ethidium bromide, the DNA bands were
visualized using long wavelength UV light and the DNA bands were then excised. The gel slices
were placed In dialysis tubing (Union Carbide Corp., Chicago) containing 5 mM Tris, 2.5 mM
acetic acid, 1 mM EDTA, pH 8.0 and eluted using a Max Submarine electrophoresis apparatus
(Hoefer Scientific Instruments, CA). Sample volumes were reduced on a Speed Vac
Concentrator (Savant instruments, inc., NY). The DNA was ethanol precipitated and redissoived
in sterile water.

Enzyme Linked Immunosorbent Assay (ELISA)

TAG-72 antigen, prepared substantially as described by Johnson et al, Can. Res.,
46, 850-857 (1986), was adsorbed onto the wells of a polyvinyl chioride 96 well microtiter plate
(Dynatech Laboratories, inc., Chantilly, VA) by drying overmght. The plate was blocked with
1 percent BSA in PBS for 1 hour at 31°C and then washed 3 times with 200 L of PBS,
0.05 percent Tween-20. 25 uL of test antibodies and 25 pL of biotinylated CC49 (1/20,000
dilution of a 1 mg/mL solution) were added to the wells and the plate incubated for 30 minutes
at31°C. The relative amounts of TAG-72 bound to the plate, biotinylated CC49, streptavidin-
alkaline phosphatase, and color development times were determined empirically in order not
to have excess of either antigen or biotinylated CC49, yet have enough signal to detect
competition 59 scFv. Positive controls were CC49 at 5 ug/mL and CC49 Fab at 10 pg/mL.
Negative controls were 1 percent BSA in PBS and/or concentrated LB. Unbound proteins were
washed away. 50 pLofa 1: 1000 dilution of streptavidin conjugated with alkaline phosphatase
(Southern Biotechnology Associates, Inc., Birmingham, AL) were added and the plate was
incubated for 30 minutes at 31°C. The plate was washed 3 more times.- 50 upL of a
para-nitrophenyl-phosphate solution (Kirkegaard & Perry Laboratories, inc., Gaithersburg, MD)
were added and the color reaction was allowed to develop for a minimum of 20 minutes. The
relative amount of scFv2 binding was measured by optical density scanning at 404-450 nm

using a microplate reader (Molecular Devices Corporation, Manlo Park, CA). Binding of the

scFv2 species resulted in decreased binding of the biotinylated CC493 with a concomitant
decrease in color development.
SDS-PAGE and Western Blotting

Samples for SDS-PAGE analysis (20 uL) were prepared by boiling in a non-reducing -
sample preparation buffer-Seprasol | (ln_tegrated Separation Systems (ISS), Natick, MA) for
This is the repiscement sheet
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stoi chionetric equivalent of insert DNA were perforned using a Stratagene
(La Jolla. CA) T4 DNA ligase kit follow ng the manufacturer's directions.
Li gation reactions (20 [err]L total volume) were initially incubated at
18[erre] C and all owed to cool gradually ?Z'erni ghtto 4[err] C

Transf ormati ons TransformatTons were performed utilizing 100

[err]L of Shidiedfitoddedon lio- %&c%ﬁ%ﬁ&@bol@@ér&ﬁnﬁ@ HRlADRANfgeld-& pkotie,

CA) according to the direct | ons provided bythe manufacturer. DNA fromthe
ligation r®aeyieeneercAIBs(B) were used. Afterthe transformation step,

cell's were al | oned Eiectr@movels vidicoddlited Wirlgd Milrgel SprdrBs ASS) 37 $2mAl@r gkl h
S e e A N BT CRA M Ea
p49LHHL or R-260(HieRad,RidimamdpCA) for atlebsiiVRolOihd deastairedagdolepblat weight standards

' were prestained (Mid Range Kit, Diversified Biotech, Newton Center, MA) and included the
following proteins: Phosphorylase b, glutamate dehydrogenase, ovalbumin, lactate
dehydrogenase, carbonic amhydrase, B-lactogiobulin and cytochrome C. The corresponding
MWs are: 95,500, 55,000, 43,000, 36,000, 29,000, 18,400, and 12,400, respectively.

When Western analyses were conducted, a duplicate gel was also run. After
electrophoresis, ane of the gels was equilibrated for 15-20 minutes in anode buffer #1 (0.3 M
Tris-HCl pH 10.4). An Immobilon-P PVDF (polyvinylidene dichlorine) membrane (Millipore,
Bedford, MA) was treated with methanol for2 seconds, and immersed in water for 2 minutes.
The membrane was then equilibrated in anode buffer #1 for 3 minutes. A Milliblot-SDE
apparatus (Millipore) was utilized to transfer proteins in the gel to the membrane. A drop of
anode buffer #1 was placed in the middle of the anode electrode surface. A sheet of Whatman
3MM ﬁlier paperwas soa_kéd in anode buffer #1 and smoothly placed on the electrode surface.
Anotheni' filter paper soaked in anode buffer #2 (25 mM tris pH 10.4) was placed on top of the
first one. A sandwich was made by next adding the wetted PVDF membrarie, placing the
equilibrated gel on top of this and finally adding a sheet of filter paper soaked in cathode
buffer (25mM Tris-HCl, pH 9.4 in 40 mM glycine). Transfer was accomplished in 30 minutes
using 250 mA constant current (initial voltage ranged from 8-20 volts).

After blotting, the membrane was rinsed briefly in water and placed in adish
with 20 mL blocking solution (1 Perceﬁt bovine serum albumin (BSA) (Sigma, St. Louis, MO) in
Tris-buffered saline (TBS)). TBS was purchased from Pierce Chemical (Rockford, IL) asa
preweighed powder such that when 500 mL water is added, the mixture gives a 25 mM Tris,
0.15 M sodium chloride solution at pH 7.6. The membranes were blocked for a minimum of
1 hour at ambient temperéture and then washed 3 times for 5 minutes each using 20 mL
0.5 percent Tween-20 wash solution (TTBS). To prebare the TTBS, 0.5mL of Tween 20 (Sigma)
was mixed per liter of TBS. The probe antibody used was 20 mL biotinylated FAID14 solution
(10 g per 20 mi antibody buffer). Antibody buffer was made by adding 1 g BSA per 100 mL of
TfBS. After probing for-30-6b minutes at ambient temperature, the membrane was washed
3 times with TTBS, as above.

Next, the membrane was incubated for 30-60 minutes at gmbient temperature
with 26 mL of a 1:500 dilution in antibody buffer of streptavidin conjugated with alkaline

~ phosphatase (Southern Biotechnology Associates, Birmingham, AL). The wash step was again
repeated after this, as above. Prior to the color reaction, membranes were washed for

2 minutes in an alkaline carbonate buffer (20 mL). This buffer is 0.1 M sodium bicarbonate,
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15 (bB-AMP 100) for clones containing the plasnid pSL30 1 or subsequent
constructions derived from pSL301. Screening of E. coli Cones

Bacterial plasmds ver e i solated fromLB broth culture containing the
appropriate 13

1 mM MgCl,-H,0, pH 9.8. To make up the substrate for alkaline phosphatase, nitroblue
tetrazolium (NBT) chioride (50 mg, Sigma) was dissolved in 70 percent dimethylformamide.
5-Bromo-4-chloro-3-indoyl phosphate (BCIP) (25 mg,5igma) was separately dissolved in
100 percent dimethylformamide. 5-Bromo-4-chioro-3-indoyl phosphate (BCIP) 25 mg, Sigma)
was separately dissolved in 100 percent dimethylformamide. These solutions are also
commercially avallable as a Western developing agent sold by Promega. For color
development, 120 pl of each were added to the alkalme solution above and allowed to react
for 15 minutes before they were washed from the developed membranes with water.
Biotinylated FAID14 o

FAID14 is a murine antiAidiotypic antibody (lgG2a, K isotype) deposited as ATCC
No. CRL 10256 directed against CC49. FAID14 was purified using a Nygene Protein A affinity
column (Yonkers, NY). The manufacturer's protocol was followed, except that 0.1 M sodium
citrate, pH 3.0 was used as the elution buffer. Fractions were neutralized to pH ~7. using 1.0 M
Tris-HCl pH 9.0. The biotinylation reaction was set up asfollows. FAID14(1 mg, 100 pL in
water) was mixed with 100 uL of 0.1 M Na,CO, pH 9.6. Bioti nyl-e-amino-caproic acid N-hydroxy
succinimide ester (Biotin-X-NHS) (Calbiochem, LaJolla, CA) (2.5 mg) was dissolved in 0.5 mL
dimethylsulfoxide. Biotin-X-NHS solution (20 pl) was added to the FAID14 solution and
allowed to react at 22°C for 4 hours. Excess biotin and impurities were removed by gel '
filtration, using a Pharmacia Superose 12 HR10/30 column (Piscataway, NJ). At a flow rate qf
0.8 mUmin, the biotinylated FAID14 emerged with a peak at.16.8 min, The fractions making up

 this peak were pooled and stored at 4°C and used to detect the CCA49 idiotype as determined by
the CC49 V, and V, CDRs. |

Isoelectric Focusing (IEF

. Isoelectric points (pl’s) were predicted using a computer program called PROTEIN-
-TITRATE, available through DNASTAR (Madison, W1). Based on amino acid composition with
an input sequence, a MW value is given, in addition to the pl. Since Cys residues contribute to
the charge, the count was adjusted to 0 for Cys, since they are all involved in disulfide bonds.

Experimentally, pl's were determined usihg Isogel agarose IEF plates, pH range
3-10 (FMC Bioproducts, Rockland, ME). A Biorad Bio-phoresis horizontal electrophoresis cell
was used to run the IEF, following the‘directi ons of both manufacturers. The electrophoresis
conditions were: 500 volts (limiting), at 20 mA current and 10 W of constant power. Focusing
was complete in 90 min. IEF standards were purchased from Biorad; the kitincluded
phycacyanin, -lactoglobulin B, bovine carbonic anhydrase, human carbonic anhydrase, equine
myoglobiﬁ, human hemoglobins A and C, 3 lentil lectins and ¢cytochrome C, with pl values of
4.65, 5.10, 6.00, 6.50, 7.00, 7.10 and 7.50, 7.80, 8.00, and 8.20 and 9.60, respectively. Gels were
stained and destained according to the directions provided by FMC.
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drug to maintain selection pressure using Pronega (Madison, W) Magic
mni-prep plasmd preparation kits. The kit was used per the manufacturer's
speci fications. Plasm d Constructions Two pl asni ds,

desi gnated p49LHLH and p49LHHL, were cqgstruct ed to produce rrultlval ent
single chain antibodies. The hostcell containing p49LHLH produced a

pol ypept i dguuhiifion aNct® Afioap8h&ks by V[err] L-Merr]-L-V[err]-L-V[err]

where VL and VH are the I| an av n variabl e regi ons of CC49 .

anti body and |i nkerAi'IP}‘"f‘g GL4 Wﬁ'&s é‘é'i“ ng"HRlﬂG RVt ?ﬂfc&'ﬁénigﬁdg?f&%“frﬁQ

| D NO. 5). scFv were quantitated by measuring the absorbence of protein dilutions at 280 mm using

Leu- Ser - Al a- s- Asp- Al a- - Lys- - - ASp- - Lys-Lys- Asp
- e A'I‘gfgfi@ pf)}ég'ﬁtb E%’ﬁ.zpuvenes(ﬁl"’ﬁmayan}gl/'%ééﬁg%?‘egg [“*Tont ai ni ng

p49 LHHL pr Spketrephotoprdten Mudedis 2ah Motarahsorpdvitdes(Egheeetdigrmined for each

Vierr]-L- VLﬁzﬁ&ld,}nBl\éLi%ftﬂuéHMWJJ«M’{}@!e Vl[erre] and VH are the |Iight and

aple

heavy chai n vari
Em = (number Trp) X 5,500 + (number Tyr) X 1,340 +
' (number (Cys)2) X 150 + (number Phe) X 10

The values are based on information given by D. B. Wetlaufer, Advances in Protein Chemistry,
17,375-378).

_High Performance Liquid Chromatography

All high performance liquid chromatography (HPLC) was performed for CC49
scFv2 purification using an LKB HPLC system with titanium or teflon tubing throughout. The
system consists of the Model 2150 HPLC pump, model 2152 controller, UV CORD Sii model 2238

detection system set at an absorbence of 276 nm and the model 2211 SuperRac fraction
collector.

PCR Generation of Subunits

All polymerase chain reactions (PCR) were performed with a reaction mixture
consisting of: 150 picograms (pg) plasmid target {(pSCFVUHM); 100 pmoles primers;‘ tul
Perkin-Elmer-Cetus (PEC, Norwalk, CT) Ampﬁ-‘i‘aq polymerase; 16 L of 10 mM dNTI;s and 10 pL
of 10X buffer both supplied in the PEC kit; and sufficient water to bring the volume to total
volume to 100 uL. The PCR reactions were carried out essenfially as described by the _
manufacturer. Reactions were donein a PEC 9600 thermocycier with 30 cycles of: denaturation
of the DNA at 94°C for 20 to 45 sec, annealing from between 52 to 60°C for 0.5 to 1.5 min., and
elongation at 72°C for 0.5 to 2.0 min. Oligonucleotide primers were synthesized on an Applied
Biosystems (Foster City, CA) 380A or 391 DNA synthesizer and purified as above.

Ligations _ . _ _

Ligation reactions using 100 ng of vector DNA and a corresponding 1:1
stoichiometric equivalent of insert DNA were performed using a Stratagene (La Jolla, CA) T4
DNA ligase kit following the manufacturer’s directio'ns. Ligation reactions (20 ul total volume)
were initially incubated at 18°C and allowed to cool gradually overnight to 4°C.'

Transformations

Transformations were performed utilizing 100 pL of Stratagene E. coli AG1
competent cells (Stratagene, La Jolla, CA) according to the directions provided by the
manufacturer DNA from the hgatlon reactions (1-5 uL) were used. After the transformation
step, cells were allowed to recover for 1 hrin Luria broth (LB) at 37°C with continuous mixing
and subsequently plated onto either 20 pg/mL chloramphenicol containing (CAM 20) Luria agar
for pSCFVUHM, p49LHLH or p49LHHL or 100 pa/mL ampicillin (AMP 100) Luria agar plates
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domai ns of the CC49 antibody and L is a peptide linker having the am no

aci d sequence indi cated above. The nudeoti de sequence (SEQ ID
NG 6) and ami no acid sequence ([err]EQ ID NO. 7) of the CC49
Vierr]-L-VHL-V[err]-L-Verr] (p49LHLH) ar g iven in Figure 6. The

nucl eoti de sequence (SEQ ID NGO 8) and am no acid sequence (SEQ ID NO 9)

of the CCQJSB-))([VMIIOD}MV[oeésdontaih{ng nthé plhsnvid@stI0( i Sibdehyerarcongivctons derviedur e
7. ConstrgctlogLIé pSL301 HT The construction of pSL301 HT is
i1 lustrat 'gure 8. The Bacillus lichiform s penicillinase P(penP)

t er m nat orscrzenipand &. ealiClonayoved from the plasmid designated pSCFV UHM by a

45 mnute digestw tﬂf?!é‘%l | é’rﬂi@smﬁ@_‘selateg)fﬂ QéjbafortRFﬁlﬁ:récén@ﬁg appropriate

pol yacryl am de gel fecttophor esi's ect roe
preci pi t atdeda mwmagmsdactiqmmessh@ usingPremeaasMadisane V) Magig migi- FHFE plasmid

vector: pYrafbtadiddiitd TRERA wasdbed Pt U mbtlfactliver's specifications.

Plasmid Constructions

Two plasmids, designated p49LHLH and p49LHHL, were constructed to produce
multivalent single chain antibodies. The host cell containing p49LHLH produced a polypeptide
which can be designated by V-L-Vy-L-V-L-Vyy where V|_and V, are the light and heavy cahin
variable regions of CC49 antibody and linker (L) is a 25 amino acid linker having the sequence
(SEQID NO: 5).

Leu-Ser-Ala-Asp-Asp-Ala- Lys-Lys-Asp-Ala-Ala-Lys-Lys-Asp-Asp-Al a-Lys-Lys-Asp-
-Asp-Ala-Lys-Lys-Asp-Leu. _ _

The host cell containing p4d9LHHL produced a polypeptide which can be
designated by V,-L-Vu-L-Vy-L-V| where V|_and Vy, are the light and heavy chain variable
domains of the CC49 antibody and L is a peptide linker having the amino acid sequence
indicated above.

"The nucleotide sequence (SEQ ID NO: 6) and amino acid sequence (SEQID NO: 7)
of the CC49 V~-L-Vy-L-V -L-Vy (p49LHLH) are given in Figure 6. The nugleotide sequence (SEQ
ID NO: 8) and amino acid sequence (SEQ ID NO: 9) of the CC49 V| -L-Vy-L-Vy-L-V| (p49LHHL) are
givenin Figure 7.

Construction of pSL301 HT _

The construction of pSL301 HT isillustrated in Figure 8. The Bacillus tichiformis
penicillinase P. (penP) terminator sequence was removed from the plasmid designated '
pSCFV UHM by a 45 minute digest with Nhe | and BamH |, excised from a 4.5 percent
polyacrylamide gel after electrophoresis. electroeluted, ethanol precipitated and ligated into
the same srtes in the similarly prepared vector: pSL301 (Invitrogen, San Diego, CA). A
procedure for preparing pSCFV UHM is given is U.S. patent application Ser. No. 07/935,695 filed
August 21, 1992, the disclosure of which is hereby incorporated by reference. in general,
pSCFV UHM contains a nucleotide sequence for a penP promoter; a unique Nco | restriction
sife; CC49 V, region; Hind li restriction site; a 25 amino acid linker; a unique a Xho | restriction
site; CC49 Vu region; Nhe | restriction site; penP terminator; and BamH | restriction site (see,
Figure 8). The penP promoter and terminator are described in Mezes, et al. (1983), J. Biol.
Chem., 258, 11211-11218(1983).

An aliquot of the ligation reaction (3 pb) was used to transform competent E. coh
AG1 cells which were plated on LB-AMP100 agar plates and grown overnight. Potential clones

containing the penP terminator insert were screened using a Pharmacia (Gaithersburg, MD) T7
This is the replacement sheet
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procedure for preparing pSCFV UHMis given is U. S. patent application Ser.
No. 071935,695 filed August 21, 1992, the disclosure of which is hereby

i ncorporated by reference. In general, pSCFV UHM contains a nucl eotide
sequence for a penP pronoter; a unique,Nco | restriction site; CC49 VL
region, Hnd IIl restriction site; a 280 anino acid linker; a uni que a Xho |
restriction site; CC49 Vu region; Nhe | restriction site; penPterm nator;
and BamH | restriction site (see, Figure 8). The penP pronoter and

t er mi nat or QuickpdenecihDivAdlabelingkitis cojunction v(nlm'e@)mlcmwalaa eploniysisprocedure .

11211- 11213, {iih28 % Buluwela et al. Nucle:cAﬁA@R?slebanCW 93‘2 (ti l ‘\'iﬂ?ﬁrb%‘ v&lﬁ?rﬁv'a?ﬂ‘\e( 3

[err]L) was used to transform conpet ent wer e
pl at ed on esn&\Mbsb@a'aljéFerﬁ'r%ﬁtersfrww*é%wmpmrgﬁfmd Piﬁdéﬁquﬁ!"gé%%s

cont ai ni ng dirB&idie &Ebdnea Wi thRhe QuicRBfink WRI & cfohk WG vatTirBBe SosiiValamBGitich

(Gaithers buongtamNche ZO7 base pairinserts from a BamH | and Nhe | digest (base pairs (bp) 1958 to
2165, Figure 6) was designated pSL301 T and chosen to construct pSL301 HT which would
contain the nucleotide sequence for CC49 Vy. The reason the Nhe I-BamH | penP terminator
was placed intolpSL301 was to eliminate the Eco47 {il restriction endonuciease site presentin
the polylinker region between its Nhe | and BamH I sites. This was designed to accommodate
the subsequent build-up of the V| and Vy domains where the Eco47 Il site needed to be unique
for the placement of each successive V domain into the construction. As each V domain was
added at the Eco47 lii-Nhe | sites, the Eco47 Il was destroyed in each case to make the next
Eco47 ill site coming in on the unique insert. '

The Vi sequence was made by PCR with oligos 5° SCP1 and 3'ohgo SCPS using
pPSCFV UHM asthe target for PCR ampt |f|cat|on. The DNA sequence for SCP1 (SEQ ID NO: 10)
and SCPS (SEQ ID NO: 11) areas follows:

SCP1: S'-TAAA CTCGAG GTT CAG TTG CAG CAG -3’
SCPS: S-TAAA GCT AGC ACCA AGCGCT TAG TGA GGA GACGGT GACTGA GGT-3'
The underiined portion indicates the endonuclease restriction sites.

The amplified Vi; DNA was purified from a 4 percent PAG, electroeluted ethanol
precipitated and dissolved in 20 ulL water. The Vy sequence was digested with Xho | and Nhe |
restriction enzymes and used as the insert with the pSL301 T vector which had been digested
with the same restriction enzymes.and subsequently purified. A standard ligation reaction was
done and an aliquot (4 uL) used to transform competent E. coli AG1 celis. The transformed cells
were plated onto LB AMP100 agar plates. Candidate clones were picked from a Nhe | and Xho |
digest screen that revealed that the CC49Vy insert had been obtained.

'DNA sequencing was performed to'verify the sequence of the CC49Vy, with
United States Biochemical (USB) (Cleveland, Ohio) Sequence kitand seduencing primers
pPSL301SEQB (a 21 bp sequencing primer which annealed.in the pSL301 vector 57 bp upstream
from the Xho I site) and CCA9VHP, revealed clones with the correct CC49Vy, sequence in
PSL301HT. This plasmid was used as the starting point in the construction of both pSL301-HHLT
aﬁd pSL301-HLHT. The sequencing oligos used are shown here.

The nucleotide sequence of pSL301SEQ B (SEQ ID NO: 12} and _CC49VH (SEQID
No: 13) are as follows:

pPSL301SEQB: 5-TCG TCC GAT TAG GCA AGCTTA-3'

CCA9VHP: 5'-GAT GAT TTT AAA TAC AAT GAG-3' -

This is the replacement sheet
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16 Qui ckprinme [err]p DNA | abeling kit in conjunction with the m crowave
colony lysis procedure outlined in Buluwela et al., Nucleic Acid Research,
17 452 (1989). The probe, which wasthe penP-Nnhe |-BanH | termninator
fragnent itself was prepared and used _aCf;?r ding to the
Example 1 p49LHHL € Construction
Using pSL301 HT (5 pg) as the starting material, it was digested wnth Ecod7 1l and
‘Nhe | and the larger vector. fragment was purified. A CC49Vy, insert fragment was generated

by PCR using SCP6C as the 5’ oligo and SCP5 as the 3’ oligo. The nucleotide sequence (SEQ ID

NO: 14) of SCPEB is as follows:

SCP68: 5'- TAAA TGC GCA GAT GAC GCA AAG AAA GAC GCA GCT AAA AAA GACGAT
GCC AAA AAG GAT GAC GCC AAG AAA GAT CTT GAG GTT CAG TTG CAG CAG
TCT-G' .

The oligo SCP6B also contains part of the coding region for the linker (bp 8-76 of SEQ ID

NO: 14). The portion of the oligo designed to anneal with the CC49VH targetin pSCFV.UHM is

from bp77-90in SEQ ID NO: 14.

The underlined sequence corresponds to the Fsp I site. The resulting PCR insert
was purified, digested with Fsp | and Nhe | and used in a ligation reaction with the pSL301 HT
Eco47 Ill-Nhe | vector (Figure 7). CompetentE. coli AG1 cells were used for the transformation
of this ligation reaction (3 uL) and were plated on LB-AMP100 agar plates. Two clones having
the correct size Xho I-Nhe | insert representative of the pSL301 HHT product were sequenced
with the oligo SQP1 and a single clone with the correct sequence (nucleotides 1124-1543 of
Figure 7) was chosen for further construction. The nucleotide sequence of SQP1(SEQID
NO: 16) is as follows:

SQP1: 5'-TGACT TTA TGT AAG ATG ATG T-3'

The final linker-V, subunit (bp 1544-1963, Figure 7) was generated using the
5'oligo, SCP7b and the 3’ oligo, SCPBa,. using pSCFV UHM as the target for the PCR. The
nucleotide sequence of SCP7b (SEQ ID NO: 17 is as follows:

SCP7b: . S5'-TAAATGC GCA GAT GAC GCA AAG AAA GAC GCA GCT AAA AAA GAC GAT
GCCAAA AAG GAT GAC GCCAAG AAA GAT CTT GACATT GTG ATG TCA CAG TCT
cc

The underlined nucleotides correspond to an Fsp Isite. The nucleotide sequence of SCP8a

(SEQ ID NO: 18) is as follows:

SCP8a: 5'-TAAA GCTAGC TTT TTACTT AAG CACCAG CTT GGT CCC-3°

The first set of underlined nucleotides correspond to an Nhe | site, while the other
‘corresponds to an Afl Il site. Nucleotides 8-76 of SCP70 code for the linker (nucleotides
1544-1612 of Figure 7) while nucleotides 77-99 which anneal to the Vi correspond to 1613-1635
of Figure 7. The primer SCP8a has a short tail atits 5’ end, a Nhe | restriction site, a stop codon, '
an Afl 1l restriction site and the last 21 bases of the V. After Fspland Nhe | digestion, this
resulting 420 bp insert was purified and ligated into the Nh; | and Eco47 lil sites of the purified
pSL301HHT vector, candidate clones were screened with Nhe | and Xho |, the correct size insert
verified and sequenced with 49LFR2(-) and SQP1 to confirm the newly inserted sequence in

"PSL301HHLT. The nucleotide sequence (SEQ ID NO: 19) is as follows:
_ This is the repiscemerg shee!
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di rections supplied with the Quickprinme kit. A clone which was probe
positive and which contained the 207 base pair inserts froma BanH | and
Nhe | digest (base pairs (bp) 1958 to 2165, Figure 6) was designated pSL301
T and chosen to construct pSL301 HT which uld contain the nucleotide
sequence for CC49 V[err]. The reason the e |-BanH | penP term nator was
placed into pSL301 was to elininate the Eco47 11l restriction endonucl ease

site present in the gio%% i nker %I on _between its,Nhe | and BanH | sites.
Thi swas desi gned t *%E T’rm'éd‘é?‘%q GTAGHRESE&EAA B | d-up of the VL and VH

domai ns where the Efpfashlid pﬂ]JD&HHEEd&(BI@Qtd@ﬁNHﬁmueaiﬁmﬂhehpuqbltabenéme of

each successi yve t.h nstruct.. on d
at the Eco®lfipg ‘f\ﬁg’nav’s'i"f 'lﬁ’geﬁgbsf?"\epf"%gd ﬁ%g Pﬁg& %/ng'h eac g@gggﬁl{;{g
make the nmth t&ﬁéﬁ rbithctibrt engmes argl the |avgerivieetoufragoment ma‘éretd. to form p49LHHL.
The VH se

pSCFV UHM tl‘f’:‘ﬁ? J)MQR nﬁ” Ja?u?éd'tggéngﬁé%gﬁﬂté &li a8 cefidS usi ng

Icat uence for SCP1 (SEQ
| D NO 10) (Stratagene) and plated onto LBCAM20 agar plates. A single clone Wthh had a plasmld with

the correct restriction enzyme map was selected to contain p4d9LHHL. The p49LHHL contains a
penP promoter and a nucleotide sequence for the CC49 multivalent single chain antibody
scFv2:

Vi-L-Vy-L-Vy-L-V or CC49 scFv2 (LHHL).

Example 2: p49LHLH Construeﬁ on

The construction of p43LHLH is schematically fepresented inFigure 11. Alinker-
V subunit was generated with the 5’ oligo SCP7b and the 3'oligo SCP9. ‘

SCP9: 5'-TAA AGC TAG CAC CAA GCG CTTAGT TTCAGCACCAGC TI'G GTCCCAG-3'

The SCP7b oligo (nuclectides 8-76) codes for the linker in Figure 6 (corresponding
to nucleotides 1124-1192) and annealed to the pSCFV UHM target for the PCR (nucleotides
77-99) corresponding to nudeotides 1193-1215 of the V, inFigure6.

' SCP9 hasa Nhelisite (first underlinéd nucleotides) and an Eco47 ili site (second
underlined nucleotides) which are restriction sites needed for making the pSL301HLT ready to
accept the next V domain. Nucleotides 18-23 of SCP9 correspond to nucleotides 1532-1537 of
Figure 6 (coding for the first 2 amino acids of the linker), while nudeotides 24-46 correspond to
nucleotides 1508-1531 of Figure 6 which was also the annealing region for SCP9 in the PCR. The

. plasmid pSL301 HT was digested with Eco47 lil and Nhe | and the larger vector fragment was
purified for ligation with the Imker-CC49V|_ DNA insert fragment from the PCR which had been
treated with Fsp 1 and Nhe 1 and purified. The ligation mixture (3 pL) was used to transform
E. coli AG1 competent cells and one colony having the correct Xho I-Nhe | size fragment was
sequenced using the oligo PENPTSEQ2. The nudleotide sequence (SEQ. ID NO. 21) is as follows:

5'-TTG ATC ACC AAG TGA CTT TAT G-3’

The sequencing results indicated that there had been a PCR error and deletionin '
the resulting pSL301HT clone. A five base deletion, EOrresponding to nucleotides 1533-1537 as
seen in Figure 6 had been obtained and nucleotide 1531 which should have been a T was
actuallyaG, as determined from the DNA sequence data. The resulting sequence was

5'...G AAGC GCT T...etc.

where the underlined sequence fortuitously formed an Ecod7 lll site. The
AGCGCT sequence in Figure 6, wodld correspond to nucleotides 1530, 1531, 1532, 1538, 1539
and 1540. This error was corrected in the next step, generating pSL301 HLHT, by incorporating

~ the 5 base deletion at the end of oligo SCP6C. _ This is the replecement sheet
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and SEP5 (SEQ ID NO 11) are as foll ows: SCP1: 5'-TAAA CTCGAG GIT CAG

TTG CAG CAG - 3' SCP5: 5' - TAAA GCTAGC ACCA AGC GCTTAG TGA GGA GAC GaGr
GAC TGA GGT-3' The underlined portion indicates the endonucl ease
restriction sites. The anplifi Vierr] DNA was purified from

a 4 percent PAG electroeluted ethanol precitfitated and dissolved in 20

[err] L watgipgeTher \AGESEHEEATERIANGAREEREGHEGDAARAAR and Nhe | restriction

enzymes and used as"the insert with the pSL301 T vecto i ch had been
di gested with the @%EG%%WWM%E%M%%% tly purified. A

standard |igation seattds@iiTeeacdagecrint-3in aliquot (4 [err]L) used to
t ransf orm conpet ent

onto LB AMP 100 ag aﬁwﬁ#'abeﬁ%%ﬁ%g%@tg %ﬁég%ﬁ‘é{’%{%g@ﬁMsztﬁ;"g&ﬁ]cgk%t ond

Xho | di gegdedsERES olife)iwitresaPab agkhe Bodlidoliea ECH B rérienste atlinkert"030 i) segmenitned.

DNA seque n‘?ﬂenlgucY&stid%%u%Egg&Eh?D Xlar 5;)3{5 atsr?c‘inllos\'n(rasg uence of the CCA9VH with
SCP10: 5'TTG TGCTAG CTT TTT ATG AGG AGA CGG TGA CTG AGG TT-3'

' The underlined sequence in SCP10 corresponds to the Nhe I site found at --
nucleotides 1958-1963 in Figure 6. The PCR insert was digested this time only with Nhe | and
purified. The vector (pSL301 HLT) was digested at the Eco47 lll site (that had been formed) and
Nhe { and purified. The insert and vector were ligated and an aliquot (3 uL) used to transform
competent E. coli AG1 cells. This was plated on LB-AMP100 plates and candidate clones
screened with Xho | and Nhe I. Three clones having the correct size DNA were obtained. Two
of these clones were sequenced using the oligo 49VLCDR3( +) and SQP1. The__ nucleotide
sequence (DWQ ID NO: 24 of 49VLCDR3( +)is as follows:

49VLCDR3( +):

5'-CAG CAG TAT TAT AGC TAT-3'

One c|dine, with the correct sequence was obtained and the sequence from
nucleotides 1533 to 1963 in Figure 6 were verified, giving a correct pSL301 HLHL clone‘_.

To generate the final plasmid, p49LHLH for expressionin E. coli, pSL301 HLHT
(5 ug) was digested with Nhe | and Xho |, and the smaller insert fragment containing the
Vu-L-V|-L-Vy sequence purified. It was ligated with the largér purified vector fragment froma -
digest of pSCFV UHM (5 ug) with Xho | and Nhe I. An aliquot of the ligation mix (4 L) was used
to transform-competent E. coli AG1 cells. The transformation mix was plated on LB-CAM20
plates, and a representative cione for p49 LHLH was selected on the basis of a correct restriction
enzyme map (see Figure 10) and biological activity toward TAG-72.
Example 3: Purification of CC49 scFv2 LHLH and LHHL CoQalently Linked Dimers

For the purification of the .CC49 covalently linked single chain dimers, (scFv2),
E. coli periplasmic fractions were prepared from 1.0 L overnight cultures of both p49LHLH and
pA4SLHHL. Briefly, the culture was divided into 4 X 250 mL portions and centrifuged at
5,000 rpm for 10 minutes in a Sorvall GS-3 rotor. The pelleted cells were washed and
resuspended in 100 mL each of 10 mM Tris-HCI pH 7.3 containing 30 mM Nacl. The cells were
again pelleted and washed with a total of 100 mL 30 mM Tris-HCl pH 7.3 and pooled into one
tube. To this, 100mL of 30 mM Tris-HCl pH 7.3 containing 40 percent w/v sucrose and 2.0 mb of
10 mM EDTA pH 7.5 was added. The mixture was kept at room temperature, with occasional
shaking, for 10 minutes. The hypertonic cells were then pelleted as before. In the next step, the
shock, the pellet was quickly suspended in 20 mL ice cold 0.5 mM MgCl; and kept on ice for 10

minutes, with occasional shaking. The cells were pelleted as before and the supernatant
' ' This is the replacement shee
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United States Biochenmical (USB) (d eveland, Chio) Sequence kit and

sequenC| ng primers pSL301 SEQB (a 21 bp sequencing priner which annealed in
thé pSL301 vector 57 bp upstream fromthe Xho | site) and CCA9VHP, reveal ed
clones with the correct CC49VH sequence in p O1HT. This plasm d was used
as the starting point in the construction of th pSL301- HHLT and pSL301

- HLHT. Thecoﬁ@éih'iﬂa%é"ﬁ cBli i b&?a#ﬁi@ &ﬁmmlfﬂgrfﬁrther byﬁltratlon throJ a 0.2 p
nucl eoti de sequence of B (SEQ 12) and CC49V QID No

13) are asNalge{Raghester, NY) f"terappafaﬁs@sesgrseetratsdﬂre@'m@w OHEATEP 3
CCAIVHP: 530 dat Certiicon BA dévices 16 ERAILINEEHihs than 1.0 mL. -

The concentrated periplasmic shockates from either the p4ASLHLH or p49LHHL
clones were injected onto a Pharmacia (Piscataway, NJ) Superdex 75 HR 10/30 HPLC column that
had been equilibrated with PBS. At a flow rate of 0.5 mU/minute, the product of interest, as
determined by competition ELISA, had emerged between 21 through 24 minutes. The active
fractions were pooled, concentrated as before and dialyzed overnight using a system 500
Microdialyzer Unit (Pierce Chemical) against 20 mM Tris-HCI pH 7.6 with 3-4 changes of buffer
and using an 8,000 MW cut-off membrane. The sample was injected on a Pharmacia Mono Q
HR 5/5 anion exchange HPLC column. A gradient program using 20 mM Tris-HCi pH 7.6 as
buffer A and the same solution plus 0.5 M NaCl as buffer B was employed at a flow rate of
1.5 mUmin. The products of interest in each case, as determined by competition ELiSA,
emerged from the column between 3 and 4 minutes. Analysis of the fractions at this pointon
duplicate SDS-PAGE gels, one stained with Coomassie Brilliant Blue R-250 and the other
transferred for Western analysis (using biotinylated FAID 14 as the probe antibody) revealed a
single band at the calculated molecular weight for the scFv2 (LHLH or LHHL) species at 58,239
daltons. The active fractions were in each case concentrated, dialysed against 50 mM MES pH
5.8 overmght and m]ected on a Pharmacia Mono S HR 5/5 cation exchange column. The two
fractions of interest from this purification step, as determined by SDS-PAGE and ELISA, fractions
5 and 6, eluted just before the start of the gradient, so they had not actually bound to the
column. Fractions 5 and 6 were consequently pooled for future purification. )

A Mono Q column was again run on the active Mono S fractions but the buffer
used was 20 mM Tris-HCl, pH 8.0 and the flow rate was decreased to 0.8 mL/minute. The
products eme'}ged without binding, but the impurity left over from the Mono S was slightly
more held up, so that separation did occur between 5 and 6 minutes. After this run, the
products were homogeneous and were saved for further characterization.

Isoelectric Focusing

The isoelectric points {p!) of the constructs was predicted using the DNASTAR
(Madison, W) computer program Protein-titrate. Based on amino acid compaosition, a MW and -
pl value was calculated. .

Experimeﬁtally, pls were determined using FMC Bioproducts (Rockland, ME)
Isogel IEF plates, pH range 3-10. A Biorad (Richmond, CA) electrophoresis unit was used to run
the |EF, following the directions of both manufacturers. The electrophoresis conditions were as
follows: 500 V {limiting) at 20 mA and at 10 W of constant power. Focusing was complete in
90 minutes. Biorad IEF standards included phycocyanin, beta lactoglobulin B, bovine carbonic
anhydrase, human carbonic anhydrase, equine myoglobulin, human hemoglobinsAand C, 3

lentil lectin, and cytochrome C with pl value of 4.65, 5.10, 6.00, 6,50, 7.00, 7.50, 7.8, 8.00, 8.20 .
Thia is the repiscsment shee
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17 Exanple 1 p49LHHL Construction Usi ng pSL301 HT (5 [err]Q)
asthe starting material, itwas digested with Eco47 IIl and Nhe | and the

| af ger vector fragnment was purified. A CC49VH insert fragnment was generated
by PCR using SCP6C as the 5 oligo and SCP5 as the 3' oligo. The nucl eoti de
sequence (SEQ ID NO -14) of SCP6B is as foldpws: SCP6B: 5' - TAAATGC GCA
GAT GAC GCA AAG AAA GAC GCA GCT AAA AAA (A T

and 9.6, respectively. Gels were stained and destained according to directions provided by
FMC. The DNASTAR program predicted values of 8.1 for the pl for both scFv2 species. A single,
homogeneous band for the pure produ'cts was observed on the gel at pl values for both at 6.9.

Purified CC49 antibodies such as the IgG, scFv2 (LHLH and LHHL) were quantitated
by measuring the absorbence spectrophotomeirically at 280 nm. Molar absorbtivity values, gy,
were determined for each using the formula cited above by Wetlaufer.

Based on the amino acid composition, the E*'* (280 nanometers) values for CC49
IgG, CC49 scFv2 LHLH, CCA49 scFv2 LHHL and CC49 scFv were 1.49, 1.65, 1.65 and 1.71,
respectively. ’ |
Example 4

Relative activities of the CC49 scFv2 species LHLH and LHHL, were compared with
the IgG and a monomer scFv form with a FLAG peptide at the COOH terminus. .

Percent competition was determined from the ELISA data by the following
equation:

Zero éomgetiti'on - sample reading (0D405-450 nm) 100

zero competition - 100 percent competition

The "zero competition” value was determined by mixing (1:1) one percent BSA
with the biotinyléted €C49 (3 X 10-14 moles) while the 100 percent competition value was
baséd ona$s ug/mL sample of CC49 IgG mixed with the biotinylated CC49 igG. The data are
presented in Figure 11. Absorbence values for the samples were measured at 405 nm - 450 nm.
The average of triplicate readings was used. Initi_allly samples (25 pl) were applied to the
TAG-72 coated microliter plétés at 1.0 X 10-10 moles of binding sitesymL. Biotinylated CC49
(4 pg/pL dituted 1:20,000 - used 25 plL) diluted the samples by a factor of 2. Serial dilutions (1:2)
were performed. Both forms of the scFv2 are approximately equivalent to the IgG (see
Figure 11). In aseparate experimeni, a CC49 scFv monomer was compared to a Fab fragment,
both of which are monovalent and these were also shown to be equivalent in their binding
affinity for TAG-72. These results indicate that bbth forms of the covalently linked dimers have
2 fully functional antigen binding sites. Thisis the same increase in avidity as Qbservéd with the
whole IgG, relative to a monomeric species.

These data also indicate that the scFv2 molecules, like their CC49 IgG parent are
candidates forimmunotherapeutic applications, but with the benefit of increased capiliary
permeability and more rapid biodistribution pharmacokinetics. The advantage should allow
multiple injections of compounds of the pre'sent invention and give higher tumor:tissue ratios
inimmunotherapeutic treatment regimens for cancer treatment, relative to the existing IgG
molecules.

Other embodiments of the invention will be apparent to those skilled in the art
from a consideration of this spécification or practice of the invention disclosed herein. 1tis
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GCC AAA AAG GAT GAC GCC AAG AAA GAT CTT GAG GIT CAG TTG CAG CAG

TCT-G The oligo SCP6B al so contains part of the coding region for the

i hker (bp 8-76 of SEQ ID NO 14). The portion of the oligo designed to
anneal with the CC49VH target in pSCFV UHMis from bp77-90 in SEQ I D NG

14. The underlined sequence22orresponds to the Fsp | site. The
~resulting PCRinsert was purified, digested with Fsp I and Nhe | and used
. in aligation reaction with the pSL301 HT Eco47 Il11-Nhe | vector (Figure

. 7). Conpet ieviended that|the sp@tificalidrsarwbeempiesdetonsiddred avexasiptaryatly oniththe thies

" ligationr ' ( 3 QQ% . Dl at o agar plates. Two
cl ones havﬁ&%ﬁ%ﬁ:@?éﬁﬁ%%ﬁ% _ 6x§{n§hcg{elﬁ b?ggg#rbt"b?'é eé’gr%t ative of the

pSL301 HHT productwere sequenced with the oligo SQP1 and a single clone

with the correct sequence (nucleotides 1124-1543 of Figure 7) was chosen
for further construction. The nucl eoti de sequence of SQP1 (SEQ ID

This is the replacement shee!
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NO 16) is as foll ows: SQP1: 5'-TG ACT TTA TGI AAG ATG ATG

T-3' The final linker-VL subunit (bp 184]21115§ asfH eplackll WasS

generat ed using the S oligo, SCP7b and the 3' oligo, CFV UHM

asthetargetforthe PCR The nucl eoti de seqguence of SCP7 17 |s

as follows: SCP7b: S - TAAATGC GCA GAC GCAAAG AAA GAI

GAC GAT GCCAAAAAGGATGACGCCAAGAAAGATCTTGACATTGTG
- ATG TCA CAG TCT CC The underlined nucl eotides correspond to

an Fsp | site. The ducl MPH@'&@&U&%@%a'@epsaw@smomrmtwmr mage siggle
foll ows:  chain antibody fragifeRasach fragieht TN 4Fifily AEGn BhtigdiWhé&rEin hAGagAetAG
O O Foxgieinked by 2 T EphSE ik Sy RSSO 0
(a) afirst polypeptide comprising a light chain variable domain;
(b) asecond polypeptide comprising a heavy chain variable domain; and
(a) a second peptide linker linking the first and second polypeptidesinto a
functional binding moiety. '
2. The multlvalent single chain antibody of Claim 1 wherein the first peptide
linker has the amino and sequence
Leu Ser Ala Asp Asp Ala Lys Lys Asp Ala Ala Lys Lys Asp Asp Ala Lys Lys Asp Asp Ala Lys Lys
Asp Leu. |
3. Themultivalent smgle chain antnbody of Claim 1 wherein the light chain
variable region has an amino acid sequence substantially the same as that of Figure 3 and the
heavy chain variable region has an amino acid sequence substantially the same as that of
Figure 5. ‘
4.  The multivalent si ngle chain antibody of Claim 1 wherein the first and
second peptide linkers have an amino acid sequence which is substantially the same.

. 5. A DNA sequence which codes for a mutivalent single chain antibody, the
multivalent single anﬁbody comprising two or more single chain antibody fragments, each
fragment having affinity for an antigen wherein the fragments are covalently linked by a first
peptide linker and each fragment comprising:

(a) afirst polypeptide comprising a light chain variable domain; )
(b) asecond polypeptide comprising a heavy chain variable domain; and
() asecond peptide linker linking the first and second polypeptidesinto a
b functional binding moiety.
6. The DNA sequence of Claim 5 wherein the sequence coding for the first
polypeptide is sul_:stantially the same as that of Figure 2 and the sequence coding for the
second polypeptide is substantially the same as that of Figure 3.

R
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- candi date cl ones were screened wi th Nhe

corresponds to an Afl Il site. Nucleotides 8-76 of SCP70 code for the

| i pker (nucl eotides 1544-1612 of Figure.7) while nucleotides 77-99 which
anneal to the V[err] correspond to 1613-1635 of Figure 7. The primer SCP8a
has a short tail at its 5 end, a Nhe | restriction site, a stop codon,

anAfl 11 restriction site and the |ast 21 bases of the Verr]. After Fsp |
and Nhe | digestion, this resulting 420 bp insert was purified and |igated
into the Nne | and Eco47 |1l sites of the24purified pSL301 HHT vector,

and Xho |, the correct size
- insert verified and sequenced with 49LFR2( ) and SQ31 to confirmthe new y-

| i nserted sequence in pSLﬁRﬁ,’fHALEﬁﬁIN&]?@me m‘iﬁﬁ‘iﬁE(SSEQ I D NO 19)

is as foll ows:

ABSTRACT |

The present invention discloses multivalent single chain antibodies which have
two or more biologically active antigen binding sites. The multivalent single chain
antibodies are formed by using a peptide linker to covalently link two or more single
chain antibodies, each single chain antibody having a variable light domain linked to a
variable heavy chain domain by a peptide linker.
Fig. 1
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18 . - 49LFR2' -): 5'-CTG CTG GTA CCA GGC CAA G 3' gqosoazp 25

The plasm d pSL301 -HHLT was di gested with-Xho-I and Nhe |, purified, and
the resulting 1179 bp V[err]-linker-V[err]-linker-V[err] segnment |igated
into pSCFV U HM which had been cut with the sane restriction enzynes and
the |l arger vector fragnent purified, .to formp49LHHL. The ligation reaction
(4 [err]l allqu0't) was used to transfcir%corrpetent E. coli AGL cells

L .

THi5 SHEET HAS BEEN
RE rL’uED

] E,ra“n :t’(m :

3 Az}"‘*“act rpaged ... to paged ..,

FIG.I
COOH

SCFv2 (LHLH)
SCFv2 (LHHL)
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(Stratagene) and plated onto | BCAMPO _agar" pl ates. A single clone which had
a plasmd with the correct restriction enzynme fmap was sel ected to contain

p49LHHL. The Sh &eE!hFda penP pronoter and a nucl eoti de sequence for

dt-HasBeert
the CC49 nul ti [ hai n antibody scRFv2: [+ i anmee T
Vlerr]-L- V[errmlmmmumm err] or CC49 scFv2 (LLrﬁni)f.’f'?f-Eia% SEBN {p49LHLH
Construction e constructgme of p4 LH FEPESmat i cal | y
represented in Figure 11. A linker- V[err] subunit was generatedw th the
5' oligo SCP7b and the 3 oligo SCP9. SCP9: 5' - TAAAGCTAG CAC CAA CCG
CTTAGITTCAGC. ACCAGCTT&G-GIC CCA G 3' - % The SCP7b oligo

(nucl eoti des 8-76) C_Qcﬁs f orthe Rker in FiguEe 6 (c@rgespgnding to

nucl eoti des 1124-1198y< anneal ed to\t he pSC$/ UHM t:& rthe PCRD
(nucl eoti des 77-99) Eopds ceoti dfs 11933 “The VL kg
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* SCPY hasa Nhe | Site (first underlined nucl eotides) and an Eco47 |1l site
(second underlined nucl eotides) which are restriction sites needed for

maki ng t he pSL30Mh4Sheet HascBeert Replaesdept t he next V dopai-A—Nucl-eotides 18-23
of SCP9 correspon I s 1532-.1537 of Hilgily SHEE] A& REEN or t he
first 2 am no aci ' I r)y, while nucl eqtidesRRE-MEDcorregpond to
nucl eoti des 1508- 1 o I gure 6whi chwas al so tte—anmeatmg-Tegion for SCP9
in the PCR The plasm d pSL301 HT wag0d2djested with Eco47 |11l and Nhe | and
the | arger vectog fragnent was purified for ligationth the

| i nker - CC49V[ eor2 DNA insert fragnent from_ithe. PCR:whi&h had been treated
with Fsp | andgNiegl and purified. The Ii%i@ m tu@a (3 Jerr]lL) was2 used

!

to transform E-a_%'ogi AGlL conpetentcells gnd<gn nyshavi @ t he corr @gt Xho
| -Nhe | size f ntwas sequenced usi ngk: %CQPE TSEQZ Thes
nucl eoti de se ® (BEQ ID NO 21) is _._f,g.sg ‘Y;
ATC ACC AAG 268 &R deadS B2
t hatt here haEb %;Ego
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g W3O
2 chEF
8,-3> E 3 E
g O O = om
T < © 9O
- - £ x 29.20
o O Q210
m = o

e
™
)
wn

£

=

=
=
()

-
o

o2

o
'
(]

e
c
)
£
o
O
Yo

[
Soem
o

L=
[
)
>
®

e

B
O

w

Digest pSCFV-UHM with Xbho|and Nhe

Isolate HHL fragment.

PCR target was pSCFV-UHM

Isolate vector fragment, .
2. Ligate with Fsp 1and Nhe | treated

CC49 Vy . PCR product.

2.

Q
g
<
©

c

O
i~
3

Q
W
=
=

3
o

(24

L)
2
(]

- =
m —
T M X 8
— o w
g N2%
o (o}

&

This is ihe raplacement sheet

2 2 OEC O%
' Date:. |



and nucl eoti de
ned fromthe

ding to

e

H

|

h
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i
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actual ly
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A five base d

seen in Figure 6 h
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REPLACED SHE "T‘b o, g

19  SCPBIE] BeseTARGOGRESRATGA @,YAA GEACGOOGCAAAAAA W5450 00>
GGA{:GACCWAM%GATQMQQAAA@A@Q
AGGTTCAGLT @AQ_;% {q page i The underlined sequence in SCPGC
coﬂrrespomds tg an 47 by's ‘f $CP6C wa’s used as the 5 oligo, with SCP10

as the 3 Jdbgﬁbt %A t%%x%lgquzes oz ant 550 o Y50 TRl ey

nucl eot i ‘de =5
- CTT TTT ATGrqnmmm aatetial OTquickly clear from the body. Generally, smaller

antibody fragments have greater capillary permeability and are more rapidly cleared
from the body than whole antibodies.

N Since it is the variable regions of light and heavy chains that interact with an
antigen, single chain antibody fragments (scFvs) have been created with one Vy_ and one
Vg, containing all six CDR’s, joined by -a peptide linker (U.S. Patent 4,946,778) to
create a Vp-L-Vy polypeptide, wherein the L stands for the peptide linker. A scPv
wherein the V; and Vi domains are orientated Vii-L-Vy is disclosed in U.S. Patent
5,132,405. n

AsthescFvshaveonebnximgsmaaeomparedtothemmmmoftwofor
complete antibodies, the scFvs have reduced avxdxty as compared to the antibody
containing two or more binding sites.

- It would therefore be advantageous to obtain constructions of scFvs having more ”
than one binding site to enhance the avidity of the polypeptide, and retain or increase
their antigen recognition properties. In addition, it would fe beneficial to obtain

. multivalent scFvs which are bispecific to allow for recognition of different epitopes on
the target tissue, to allow for antibody-based recruitment of other immune effector
functions, or allow antibody capture of a therapeutic or diagnostic moiety. _

It has been found that single chain antibody fragments, each having one Vi and
one Vi, domain covalently linked by a first peptide linker, can be covalently linked by a
second peptide linker to form a multivalent single chain antibody which maintains the
binding affinity of a whole antibody. In one embodiment, the present invention is a
mulﬁvalemﬁngkchahmubodyhavingafﬁnityformanﬁgmwhmmﬂ:emﬂﬁvﬂem
single chain antibody comprises two or more light chain variable domains and two or
moreheavychamvambledomams ‘wherein, eachvanabledomamxslmkedtoatleast
one other variable domain. ]

Accordmgmaﬁmembodmzm,thereuprovxdedamulnvalentsmglcchm
antibody which comprises two or more single chain antibody fragments covalently linked -
together by a first peptide linker, each single chain antibody fragment having affinity for
TAG-72 and each single chain antibody fragment having: | |

(2) a first polypeptide containing a light chain variable domain;
B " (b) a second polypeptide containing a heavy chain variable domain; and

B () asecondpepndehnk:rhnhngtheﬁrstandsecondpolypepndesma

ﬁmcuomlbmdmgmoxety

sequence:
Le“‘sef'Ala-ASP-ASP-Ala-Lys-Lys-Asp-Ala.Ah.
This is the replacement sheet
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The underlined sequence in SCP10 corresponds to the Nhe | site found at
nuct eoti des 1958-1963 in Figure 6.. The PCR insert was digested this tine
only with Nne | and purified. The vector (pSL301 HLT) was digested at the
Eco47 111 site (that had been forned) and Nhe- |l and purified. The insert
and vector were ligated and an aliquot (3 [err]L) used to transform

conpetent E. coli Afgs-aep-gp-AlAML W@Agﬁ-ﬁl\?m ﬁywﬂ. plates and

candi dat e cl ones, scrgened wi th Xho Thy e ones havi ng t he

correct size DNAGRRRIDENW:; 3;speand Wh%@ BI Pox N seausnceqwhishng

the oligo 49wd@m(aﬁm@m=n6@igxe Chiéin niatibodg! lﬂi&nﬁW%m@%@aﬁ@odﬁ“ of
49VLCDR3( +) is as-fall

OVL
5' - CAG CAG THOMIPFAIRg ANp; 0l single chain antibod; %ﬂaqrenmceﬁ»ée&mmme@a brat
sequence wasfirsbpeptide dinkerd e‘aﬂe singlecinge aitibody having aiffisitys ftSBAGIT2 &id6gachn

Figure 6 mrwm&%@ﬂv&a correct pSL301 HLHL cl one.
» (a) aﬁrstpolypcpndecontammgahghtchamvanabledomam.
(b) a second polypeptide containing a heavy chain variable domain; and
©) asecondpepudehnkerlmhngtheﬁmandsecondpolypepudesm:oa.
functional binding moiety
whetemtheﬁrstpepndelmkzrcontainsals-ZSaminoacidsegmemoftheaminoacid
sequence:

Leu-Ser-Ala-Asp-Asp-Ala-Lys-Lys-Asp-Ala-Ala-Lys-
Lys-Asp-Asp-Ala-Lys-Lys-Asp-Asp-Ala-Lys-Lys-Asp-Leu.

According to a third embodiment, there is provided a DNA sequence which codes
for a multivalent single chain antibody, the multivalent single chain antibody comprising
two or more single chain antibodies covalently linked together by a first peptide linker,
each single chain antibody having affinity for TAG-72 and each single chain antibody
having: ' .

(a) a first polypeptide containing a light chain variable domain, which
domain is encoded by a mucleotide sequence whose expression product is substantially
homologous to that having the amino acid sequence of Figure 3, and whose expressxon
product retains the characteristic of functional binding to TAG-72;

. (0 asecond polypeptide containing 2 heavy chain variable domain, which
domain is encoded by a mucleotide sequence whose expression product is substantially
bomologous to that having the amino acid sequence of Figure 5, and whose expression

product retains the characteristic of functional binding to TAG-72; and

© asecondpepﬂdelmkerlmhngtheﬁrstandsecondpolypepndes into 2
functiopal binding moiety
wherein

(¢)) thcﬁrstpepndehnkercomms a 15-2§ ammoacxdsegmentofthe
amino acid sequence:

o  Leu-Ser-Ala-Asp-Asp-Ala-Lys-Lys-Asp-Ala-Ala-Lys-

Lys-Asp-Asp-Ala-Lys-Lys-Asp-Asp-Ala-Lys-Lys-Asp-Leu; and

(2) the multivalent single chain antibody has an affinity which is at least -
60% of that of a native ann-TAG-‘?Z antibody, as measured by a competitive binding
assay.
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To generate the final plasmd, p49LHLH for expression in E. coli, pSL301
HLHT (5 [err]g) was digested with Nhe | and Xho I, and the snaller insert
fragnent containing the V[err]-L-V[err]-L-V[err] sequence purified. It was
ligated with the larger purified vector fragnent froma digest of pSCFV UHM
(5 [err]g) with Xho | and Nnhe I. An alicuot of the ligation mx (4 [err]lL)
was used to transformconpetent E. coli AG 1l cells. The transformation m x

was pl at ed on LBThSAm@l M%&lemmbeﬁesedm fori the caistructiohwf anddatibadyH was

sel ected on 10)
and bi ol ogi c%h act | Vi t to r ah@iﬁ&x 5ﬁf&)m§@ é *Tlﬁ‘gaa%égﬁdﬂg# %9
scFv2 LHLH a gﬂ‘ Vﬁﬂh h"alen“ ingle chainmagtibodias also
purification anawtfuemexaaﬂsmod of | ppuliivalest single it £kiBody WheéFeinSthe bfiding?) -

of both paoL MR ok fe N SR il SRy %L{?L”ré wes divided into 4 X 250
‘'nL portions and centrifuged at 5, 000 rpmfor 10 mnutes in a Sorvall GS-3
rotor. The pelleted cells merBﬁOfaﬁMpﬁotdofmeDrawings _ )
Figure 1 illustrates covilently linked single chain antibodies having the
configuration Vy-L-Vy-L-Vy-L-Vy (LHLH) and V;-L-Vg-L-Vg-L-Vy (LHHEL) and 2
noncovalently linked Pv single chain antibody (Fv2). -
Figure 2 illustrates the nucleotide sequence of CC49 V; .
Figure 3 illustrates the amino acid sequence of CC49 Vi ..
Figure 4 illustrates the nucleotide sequence of CC49 V.
 Figure S illustrates the amino acid sequence of CC49 Vg, -
Fxg\ueGﬁmsmthemmleoudcseq\mnceandmmamdsequemeoftheca9

single chain aptibody LHLH in p4ASLHLH. - .
Fgme7xﬂustramthemdeondcsequenccandammac1dsequmeoftheCC49
single antibody LHHL in p4SLHHL.

Figure 8 illustrates construction of plasmids pSL301 TandySBOl HT.
Figure 9 illustrates construction of plasmid p4SLHHL.
Figure 10 illustrates construction of plasmid p49LHLH.
Figure 11 illustrates the results of a competition assay using CC49 IgG, CC4A9
scFv2, and CC49 scFv using biotinylated CC49 IgG as competitor.
. The entire teaching of all references cited herein are hereby incorporated by
' Nucleic acids, amino acids, peptides, protective groups, active groups and such,
when abbreviated, are abbreviated according to the IUPAC IUB (Commission on
Biological Nomenclature) or the practice in the fields concerned. |
The term “single chain antibody fragment™ (scFv) or “antibody fragment” as used
herein means a polypeptide containing a Vy, domain linked to 2 V; domain by a peptide
linker (L), represented by V;-L-Vg. The order of the Vy and Vy; domains can be
 reversed to obtain polypeptides represented as Vi-L-Vy. “Domain” is a segment of
protein that assumes a discrete function, such as antigen binding or antigen recognition.
_ A “multivalent single chain antibody” means two or more single chain antibody
- fragments covalently linked by a peptide linker. The antibody fragments can be joined to
formbmlentsmglechamannbodxeshavmgﬂuorderofﬂxevx_andvgdommsas
follows: :
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resuspended in 100 nL each of 10 mM Tris-HC pH 7.3 containing 30 mM Nad .

The cells were again pelleted and washed with a totaTh
Tris-HCH pH 7.3 and pooled into one tubgg To this, mwméﬁlﬁm
Tri's-HCl. pH 7.3 cont ai n| ng 40 percent W Vv sucrose and EDTA
PH 7.5 was adhe@aimd ﬂieﬂnm ot AP asfollowem t enperature, w th occasional
borore. In the ﬂ:m & vJ i‘éi%reﬁmé‘lan@oéilv? “ﬁé&mﬁ%ﬁe”kq%' S sedi n 20
nL ice col d @hdin ahfibolrhgmerts cavalentty gethet by alfiist peptidé
occasi onal sla% mgeﬁ ﬁﬁl EM %&eﬁ?drﬁ_ﬁe"ﬂr&gnmﬂlwpmﬁ% ant
fragment having: - -
(@) a first polypeptide containing a light chain variable domain;
() a second polypeptide conaining a heavy chain varisble domain; and
(© asecondpepﬁdelinkerlinkingmeﬁmandsecondpolypepﬁdesinma
functional binding moiety
wheremtheﬁrstpepudehnketcommmals-ﬁamnoacxdsegmcntofmeammoamd;_
sequence: -
Leu-Ser-Ala-Asp-Asp-Ala-Lys-Lys-Asp-Ala-Ala-Lys-
Lys-Asp-Asp-Ala-Lys-Lys-Asp-Asp-Ala-Lys-Lys-Asp-Leu.

~-2. Themlﬂnvalentsmglechmm'bodyofClamlwheremmeﬁrstpepude -

* linker has the amino acid sequence: . "'

Leu-Ser-Ala-Asp-Asp-Ala-Lys-Lys-Asp-Ala-Ala-Lys: '
Lys-Asp-Asp-Ala-Lys-Lys-Asp-Asp-Ala-Lys-Lys-Ap-Leu.

3. The multivalent single chain antibody of Claim 1 or Claim 2 wherein the

- light chain variable domain has the amino acid sequence of Figure 3 and the heavy chain

. variable domain has the amino acid sequence of Figure 5.

' 4. The mmitivalent single chain antibody of any one of Claims 1 to 3 wherein
both the first and second peptide linkers have an amino acid sequence which is
substantially the same, having from about 10 to about 30 amine acid residues.

‘5. A DNA sequence which codes for a multivalent single chain antibody, the
multivalent single chain antibody comprising two or more single chain antibody
&agmmwvalmﬂyhnbdmgethabyaﬁrstpepndehnku uchsmglechamanﬁbody
having affinity for TAG-72 and each singie chain antibody having:

(a) aﬁrstpolypepudeoontamngahght chamvana_ble domain;
®) asecondpolypeptideconﬁi:ﬁngahgavjchainvatiabledomin;and
. () a second peptide tinker linking the first and second polypeptides into a
functional binding moiety
whercin the first peptide linker contains & 15-25 amino acid segment of the amino acid
- - sequence: .

Leu-Ser- Ala—Asp-Asp-AIa-Lys-Lys-Asp-Ala-Ala-Lys-
Lys—Asp-Asp-Alz—Lys-Lys-Asp—Asp-Ala—Lys-Lys-Asp—Lem

6. TheDNA sequenceofClamS wheremthemumvalentslnglechamambody |
bas an affinity which is at least 60% of that of a native anti-TAG-72 antibody, as
measured by 2 compenuve binding assay. :

This is the replacement -sn'eet
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filtration through a 0.2 [err]m.Nal ge (Rochester, dJs and
concentrated in Am con (Danvers, MA) Centri prep 30

devi ces to a volume of less than 1.0 nl. ted
periplasm ¢ shockates fromeither the p49£4HLH or p49LHHL cl ones were

I njected onto a Pharnaci a (Piscataway, Superdex75 HR 10/ 30 HPLC col um
that had been equ:| i TheaDNA equenrasf C}mm twherein theeseqoenge Soding rfom theefirst he

Dechien S | RS R e bR ' el BRI
polypeptide contains mucleotide sequence of Figure 4.

8. leDNAsequenceofChnn?wheremsudmnmvalemangle
amibodycompmesmtwoofsmdamglechmnmbody&aMcovalchyhnked
by one said first peptide linker. T

9. TheDNAseq\mmofC!mm7whzremsmdDNAsequenceuaconnguous
sequence.

10. TheDNAsequenseofClam7wheremsadeNAseqnmecomamsatm.
WO &x0ns.

11. The DNA sequence of Claim 6 wherein the sequence coding for the first
polypeptide contains a micleotide sequence whose expression product has the amino acid
sequence of Figure 3 and sequence coding for the second polypeptide comtains a -
micleotide sequence whose expression product has the amino acid sequence of Figure 5. "

12. TheDNAsequenceofChmllwhztemmdﬁrstgndsecondpegndelmkm
are about 10 to about 50 amino acids in length.

13. TheDNAseqmmofClmlewhcmnsaxdpeytndehnkmmaboutum
about 30 amino acids in length.

14, TheDNAsequenceofcmmlawhetemsmdpepndehnkersmaboutzs
amino acids in length.

15. TheDNAseqnenceofClaxm14whmmsaxdpepndehnke:soommmezs -
amino acid sequence

Leu-Ser-Ala-Asp-Asp-Ala-Lys-Lys-Asp-Ala-Ala-Lys-
Lys-Asp-Asp-Ala-Lys-Lys-Asp-Asp-Ala-Lys-Lys-Asp-Leu.

16. The DNA sequence of Claim 6 wherein said multivalent single chain
anﬁbddycompﬁsesonlymoofuidsinghchainmﬁbodyﬁagmemwvahnﬂylinbd
by one said first peptide linker.

17. TheDNAsequemeofChmGwheremmdDNAseqnemelsaconugmus
sequenne. :
18, TheDNAsequeneeofClmmﬁwhemnsudDNAsequcmecomprmn
leuttwoexons .
19, TthNAsequemeofClamGwhztemsaxdﬁntandsecondpepudelmkets
- areahcntmmabomSOmnnoacxdsmlcngﬂL '
- 2. TthNAsequenceofClmm19whetemsmdpepndehnketsareabout12to
about 30 amino acids in length.
21 TheDNAsequenceofCIalewhetemsmdpepudelmkztsareabomzs
ammoacxdsmlength

20 containing the E. coli periplasmc fraction vva 'ﬁirllfled further by

Tris is the repimoament sheet
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. . * T -
fractions were pool ed, concentrated as before and o::@iﬂ

heet Has Been Replaced -
ht usi~ng
a system 500 Mcrodialyzer Unit (Pierce Chemcal) a ]ﬂ&ﬂmﬁmtﬂ s-HCl pH
ane. The

7.6:with 3-4 changes of buffer and using an 8, 000
sanpl e was injected on a Pharnmacia Mno dsHR 5/5 ani on exchange HPLC

Came Sol ut Pon pi @ 018 B dRddtbei 'S e, B dpofod il (et s

1.5 nl/min. Taminpacideeguencsf i nterest in each case as determ ned by

conpetition ELISA eigg AEQI nd 4 m nutes.

Anal ysis of the fractlons ﬁaRﬁ- omyggll? du I|c S—PAGE gel s, one
stai ned wi th Coomass*¥S:ASpASPHs-Lin-Lis-AsppAtp- Aspedieus r ansf erred f or
Western anal ysi s J3usiTDNA ﬁaxE&wféAa%snﬁwg chiti! B26H0dy #

reveal ed a single band he aI C Iat ed .nol ecul arwel or,t.he sckFy2
(LHLH or LHHL)“%HQE%&“@F GHPIISIg WO BT \FO ‘A‘&R? Shain, amibodifs o ach
case concent r givaléntlyl I'ha’éh&leeeciﬂhﬂiﬁﬁbod}dhmﬁgact ed
on -a Phar nmaci W&%A&ﬁ&g&hl . The two

@) aﬁrstpolypepndecomxmngahghtehamvmabledomm,wh:ch
domain is encoded by a nucleotide sequence whose expression product is substantially
homologous to that having the amino acid sequence of Figuré 3, and whose expression

~ product retains the characteristic of functional binding to TAG-72;

() a second polypeptide containing a heavy chain variable domain, which
domain is encoded by a nucleotide sequence whose expression product is substantially. .
homologous to that having the amino acid sequence of Figure 5, and whose expression
product retains the characteristic of functional binding to TAG-12; and

© asecondpepud:hnkerhnhngtheﬁmandmondpolypephdumOa
functional binding moiety
wherein

(1) thcﬁrstpepndehnkercomaxmals-ﬁammoacldsegmemofthe
- Leu-Ser-Ala-Asp-Asp-Ala—Lys-Lys-Asp-Ala—Ah-Lys—

Lys-Asp-Asp-Ala-Lys-Lys-Asp-Asp-Ala-Lys-Lys-Asp-Leu; and

(2) the multivalent single cheain antibody has an affinity which is at least
60% -of that of 2 native anti-TAG-72 antibody, as measured by a competitive binding

© assay. ) -
' 24. The DNA sequence of Claim 23 wherein the sequence coding for the first
polypeptide comprises a mucleotide sequence whose expression product has the amino
acid sequence of Figure 3 and the sequence coding for the second polypeptide comprises
a ucleotide sequence whose expression product has the amino acid sequence of Figure
25. TheDNAseqtmofClaimZAwhereinthe_sequemécoﬁngfor_thzﬁm
- polypeptide comprises the mucleotide sequence of Figure 2 and the sequence coding for
- the second polypeptide comprises the mucleotide sequence of Figure 4. '
26. The DNA sequence of Claim 23 wherein said first and second peptide linkers
are about 10 to about 50 amino acids in length.
27. TthNAsequenceofClamZSwheremsmdhnkmareaboutZSamno .
acids 1nlengﬂ1

nnlng e T
* L w5 . |
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fractions of interest fromthis purification step, as .determned by
SDS- PAGE and ELI SA, fractions 5 and 6, eluted just before the start of the
gradient, so they had not actually bound to the colum. Fractions 5and

6wer e. consequently pooled for future purification. A Mono Q
columm was again run on the active Mono 5 fractions but the buffer used was
20 MM Tris-HO.,, pH 8.0 and the flow rate was decreased to 0.8 ni/mi nute.
The products enmerged wi thout binding, butthe inpurity left over fromthe
Mono 5 was slightly nore held up, so that separation did occur between Sand
6 mnutes. After this run, the products re honogeneous and were saved for
further characterlzai10n*wlsoelectr|c F3§ﬁ5|ng The

(hoch Sotri o POLB S il aniltkd o R ESod) T B Q8 e kMo T
conp05|t|onhﬂﬁn&NVand pl value was cal cul ated. =
(a) a first polypeptide contaunng a light chain variable domain wlnch has
the amino acid sequence of Figure 3;
®) asumnd;nbpqnﬂccnmmmum:lhawychnn‘mnﬂﬂedmnunvmmh
has the amino acid sequence of Figure 5; and
©) asaxmdpqﬁﬁblnﬂzrhnkmgtheﬁnnamisuwndpohmqmuksumoa
functional binding moiety, the second peptide hnkerhavmg a1 amino acid sequenoe of
Leu-Ser-Ala-Asp-Asp-Ala-Lys-Lys-Asp-Ala-Ala-Lys-
Lys-Asp-Asp-Ala-Lys-Lys-Asp-Asp-Ala-Lys-Lys-Asp-Leu. -

(11

I S
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Experinentally, pis were determi ned usi ng FMC Bi oproducts (Rockl and, NE)

| sogel | EF plates, pHrange 3-10. A Biorad (R chnond, CA) el ectrophoresis
unit was used to run the IEF, follow ng the directions of both

manuf acturers. The el ectrophoresis conditions were as follows: 500 V
(linmting) at 20 mA and at 10 Wof constant power. Focusing was conplete in
90 minutes. Biorad | EF standards incl udesy phycocyani n, beta lactoglobulin
B, bovi ne carbonic anhydrase, hunman carbonic anhydrase equi ne

myogl obul i n, human henpgl Multivalent Single ChaintAntibedies, and cyt ochrome C
with pl value of 4.65, 5.10, 6.00, 6,50, 7.00, 7.50, 7.8, 8.00, 8.20

ST e Abstract

ThepnsmnluwmmondmdoﬂmmeUWmmtmnﬂ:CMnnzmﬂmdusvmmhhmthD-
or more biologically active antigen binding sites. The multivalent singie chain antibodies
are formed by using a peptide linker o covalently link two or more single chain
antibodies, each single chain antibody having a variable light domain linked to a variable
heavy chain domain by a peptide linker.

Fig. 1

Vg

This is the replacement sheet
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21 and 9. 6,

forboth scFv2 speC|es
products was observed on the gel at pl values for: both=aizg o
Purified CC49 antibodi es such as the 1gG scFv2 (J_HLH At LHHL,}W\@re 3¢

respectively. CGels were stained and des

honogeneous ban

A S|ngle

quantitated by nmeasuring the absorbence sggectrophbtonetrically at 280 nm

Mbl ar absorb
formula cite

t&““ﬁ%‘é‘é‘!?ﬁ“@@? é@@%ﬁém@e@”(}%&;{n ned JF Of-- each 481 mg thqn{ﬂ
1. A multivalent single chain antibody wkuch compnses two or more single
chain antibody fragments covalently linked together by a first peptide linker, each single
chain antibody fragment having affinity for TAG-72 and each single chain antibody
fragment having:

' (a) a first polypeptide containing a light chain variable domain;

(b) a second polypeptide containing a heavy chain variable domain; and

(c) a second peptide linker linking the first and second polypeptides into a
functional binding moiety
wherein the first peptide linker contains a 15-25 amino acid segment of the amino acid
sequence:

Leu-Ser-Ala-Asp-Asp-Ala-Lys-Lys-Asp-Ala-Ala-Lys-

Lys-Asp-Asp-Ala-Lys-Lys-Asp-Asp-Ala-Lys-Lys-Asp-Leu.

2. The multivalent single chain antibody of Claim 1 wherein the first pepude
linker has the amino acid sequence:

Leu-Ser-Ala-Asp-Asp-Ala-Lys-Lys-Asp-Ala-Ala-Lys-
Lys-Asp-Asp-Ala-Lys-Lys-Asp-Asp-Ala-Lys-Lys-Asp-Leu.

3.  The multivalent single chain antibody of Claim 1 or Claim 2 wherein the
light chain variable domain has the amino acid sequence of Figure 3 and the heavy cham
variable domain has the amino acid sequence of Figure 5.

4. The multivalent single chain antibody of any one of Claims 1 to 3 wherein
both the first and second peptide linkers have an amino acid sequence which is
- substantially the same, having from about 15 to about 30 amino acid residues.

5. A DNA sequence which codes for a multivalent siogle chain antibody, the
multivalent single chain antibody comprising two or more single chain antibody
fragments covalently linked together by a first peptide linker, each single chain antibody
having affinity for TAG-72 and each single chain antibody having:

(a) a first polypeptide containing a light chain variable domain;

(b) a second polypeptide containing a heavy chain variable domain; and

() 2 second peptide linker linking the first and second polypeptides into a
functional binding moiety
wherein the first peptide linker contains a 15-25 amino acid segment of the amino acid
sequence:

Leu-Ser-Ala-Asp-Asp-Ala-Lys-Lys-Asp-Ala-Ala-Lys-

Lys-Asp-Asp-Ala-Lys-Lys-Asp-Asp-Ala-Lys-Lys-Asp-Leu.

6. ‘The DNA sequence of Claim § wherein the multivalent single chain antibody
has an affinity which is at least 60% of that of a native anti-TAG-72 antibody, as
measured by a competitive binding assay.

eplacement sheet

is the
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Based on the am no acid conposition, the Elerr] (280 nanoneters) val ues for
CC49-19gG CC49 scFv2 LHLH, CC49 scFv2 LHHL and CC49 scFv were 1.49, 1.65,
1.65 and 1.71, respectively. Exanple 4 Rel ative activities of
the CC49 scFv2 species LHLH and LHHL, were conpared with the 1gG and a
nmonomer scFv formwith a FLAG peptlde at the COOH term nus.

Per cent corrpet I tion was determ ned from tzge ELI SA data bythe foll ow ng
equat i on: [err] The 'zero conpetition' value

was determ ned By niThenigNALseapensa of felaine 6t wisSeinythe isequencen tastingn forathe firgC49
(3 X 10-14 npliesehridlbdrfaind e hiiediiae SEqten Bt Figirt 2/and tleWBqi¥ate coding for the

second polypeptide contains the nucleotide sequence of Figure 4.

8. The DNA sequence of Claim 7 wherein said multivalent single chain
antibody comprises only two of said single chain antibody fragments covalently linked
by one said first peptide linker, '

9. The DNA sequence of Claim 7 wherein said DNA sequence is a contiguous
sequence. - '

10. The DNA sequence of Claim 7 wherein said DNA sequence contains at least
two exons. _

11. The DNA sequence of Claim 6 wherein the sequence coding for the first
polypeptide contains 2 nucleotide sequence whose expression product has the amino acid
sequence of Figure 3 apd sequence coding for the second polypeptide contains a
nucleotide sequence whose expression product has the amino acid sequence of Figure 5.

12. The DNA sequence of Claim 11 wherein said first and second peptide linkers
are about 15 to about 50 amino acids in Jength.

13. The DNA sequence of Claim 12 wherein said peptide linkers are about 15 10
about 30 amino acids in length.

14. The DNA sequence of Claim 13 wherein said peptide linkers are about 25
amino acids in length. |

15. The DNA sequence of Claim 14 wherein said peptide linkers contain the 25
amino acid sequence

Leu-Ser-Ala—Asp—Asp-Ala-Lys-Lys-Asp—Ala-Ala-Lys- -
Lys-Asp-Asp-Ala-Lys-Lys-Asp-Asp-Ala-Lys-Lys-Asp-Leu.

16. The DNA sequence of Claim 6 wherein said multivalent single chain
antibody comprises only two of said single chain antibody fragments covalently linked
by one said first peptide linker.

17. Thbe DNA sequence of Claim 6 wherein said DNA sequence is a.contiguous
sequence. _

18 The DNA sequence of Claim 6 wherein said DNA sequence comprises at
least two exons,

19. The DNA sequence of Claim 6 wherein said first and second peptxde linkers
are about 15 to about 50 amino acids in length.

20. The DNA sequence of Claim 19 wherein said peptide linkers are about 15 to
about 30 amino acids in length.

21. The DNA sequence of Claim 21 wherein said peptide linkers are about 25
amino acids in length. '

This is the replacement sheet
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based on a 5 err]g/nL sanple of CC49 1gG nixed with the biotinylated CC49
| gG- The data are presented in Figure 11. Absorbence values for the sanpl es
- were nmeasured at 405 nm- 450 nm The average of triplicate readi ngs was
used. Initially sanples (2S [err]L) were fagplled to the TAG 72 coated
~microliter plates at 1.0 X 10-10 nol es of*bi nding sites/nL Biotinylated
CC49 (4 [err] g/ [ r [ThedPNA: sequence of Qaim 21, whereiresid pentide linkexstcontaimthe 25
sanpl es by ahias uence Serial dilutions (1:2) were perfornmed. Both forms
of the scFv2 areragigpsggm rrately eqw val ent to t he L‘aG (see Figure 11). In a
separate experi nent Leg-Seefda-As &d¥80 a Fab fragnment,

both of which are - € e equivalent in
their binding affl m)’@ HSP Rﬁ%ﬁe%?)&?s s | nd| csé gmtphat bat h for ns
of the coval ent 133 i gode, f ?fyafqy-ﬂgl’q-l%éﬂn%f:h@’éﬁ%

sites. This mGitiviients siele oB4if Fmtibody wmgnsmgaﬁ»oolasemmds lehchdig aﬂﬁa&ﬁeﬂ gG

hat the scrPyaBiE okek KEEe by cfirst pestite w@?@ﬁtsxﬁ%&ﬁh Rabdy Fic
affinity for TAG-72 and each single chain antibody having:

(a) a first polypeptide containing a light chain variable domain, which
domain is encoded by a nucleotide sequence whose expression product is substantially
homologous to that having the amino acid sequence of Figure 3, and whose expression
product retains the characteristic of functional binding to TAG-72;

(b) a second polypeptide containing a heavy chain variable domain, which
domain is encoded by 2 nucleotide sequence whose expression product is substantially
homologous to that having the amino acid sequence of Figure 5, and whose expression
product retains the characteristic of functional binding to TAG-72; and

(c) a second peptide linker linking the first and second polypeptides into a
functional binding moiety
wherein _

(1) the first peptide linker contains a 15-25 amino acid segment of the
amino acid sequence:

Leu-Ser-Ala-Asp-Asp-Ala-Lys-Lys-Asp-Ala-Ala-Lys-

Lys-Asp-Asp-Ala-Lys-Lys-Asp-Asp-Ala-Lys-Lys-Asp-Leu; and

(2) the mmitivalent single chain antibody has an affinity which is at least
60% of that of a native anti-TAG-72 antibody, as measured by a competitive binding
assay.

24, The DNA sequence of Claim 23 wherein the sequence coding for the first
polypeptide comprises a mucleotide sequence whose expression product has the amino
acid sequence of Figure 3 and the sequence coding for the second polypeptide comprises
a nucleotide sequence whose expression product has the amino acid sequence of Figure
5.

25. The DNA sequence of Claim 24 wherein the sequence coding for the first
polypeptide comprises the nucleotide sequence of Figure 2 and the sequence coding for
the second polypeptide comprises the nucleotide sequence of Figure 4.

26. The DNA sequence of Claim 23 wherein said first and second peptide linkers
are about 15 to about 50 amino acids in length, _ '

27. The DNA sequence of Claim 26 wherein said linkers are about 25 amino

acids in length.
[ DRI T e e romioemerd sheet
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canet’dat es for imunotherapeutic applications, but with the benefit of

ificr eased capillary permeability and nore rapld bi odi stribution
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. (b) a
and

(a) a first

vari abl e domai n;

e donmi n;

R

linking the first and second pol ypeptides into

A mul tival ent single chain antibody which conprises two or nore singlei
each single chain antibody fragment having affinity for TAG 72 and

éhai n antibody fragnents covalently linked together by a first peptide

i nker,

3

each single chain antibody fragnment having:

pol ypeptide containing a |light chain va
second pol ypepti de containing a heavy ¢

(c) .a second peptide linker
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The
The

2.
3.

nul tivalent single chain antibody of Caim1l wherein the first peptide

| i nker

bi ndi ng noi ety wherein the first peptide |inker contains a 15- 25
3/20

has the am no acid sequence:
chai'n variabl e domai n has the ami no acid sequence of Figure 3 and the heavy

chain variabl e domain has the am no acid sequence of Figure 5.

Lys- Asp- Asp- Al a- Lys- Lys- Asp- Asp- Al a- Lys- Lys- Asp- Leu.
“mul tivalent single chain antibody of Claiml1l or Claim2 wherein the |ight

Leu- Ser - Al a- Asp- Asp- Al a- Lys-Lys- Asp- Al a- Al a- Lys-
Lys- Asp- Asp- Al a- Lys- Lys- Asp- Asp- Al a- Lys=-Lys- Asp- Leu.
Leu- Ser - Al a- Asp- Asp- Al a- Lys-Lys- Asp- Al a- Al a- Lys- .

amno acid segnent of the am no acid sequence:
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11. The DNA sequence of Claim6 wherein the sequence coding:-
has the am no acid sequence of Figure 5.
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20. The DNA sequence

of Caim19 wherein said peptide |inkers are about 15 to about 30 am no

acids in | ength.

21. The DNA sequence of C aim 21 wherein said peptide"
9/20

| i nkers are about 25 amino acids in |ength.

e

are about 15 to about 50 amno acids in |ength,.
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25 ' 22. The DNA sequence - of d ai m 21 wherein said peptlde | i nkers

contain the 25 am no acid sequence
Leu- Ser - Al a- Asp- Asp- Al a- Lys- Lys- Asp- Al a- Al a- Lys-
Lys- Asp- Asp- Al a- Lys- Lys- Asp- Asp- Al a- Lys=- Lys- Asp- Leu.

23. A DNA

sequence which codes for a nultivalent single chain antibody, the
mul ti-val ent single chain antibody conprijgigg two or nore single chain
anti-bodi es-covalently linked together by a first peptide linker, each

singl e chain antibody having afflrﬁﬁy for G—ﬁ? a

each

ngl e chain

ant i body havi ng: (a) a @ rst poleggpepi« deecont aisi Ng a | i ght
chain variabl e domain, which domai®™is encé¥ed ™y at™hucl edNi de sequence
whose expression product is substantlally honol ogous to that having the

am no aci d ‘'sequence of Figure 3, and whose expression

FIG.6G

PENPTSEQ2~ G TAT TTC AGT GAA CCA CTA GTT
CAT ATC ATT GTC CGG CAA TGG TGT GGG CTT TTT TTG TTT TCT ATC TTT
AAA GAT CAT GTG AAG AAA AAC GGG AAA ATC GGT CTG CGG GAA AGG ACC

GAA TCC GTC AAA ACA TCA TCT TAC ATA AAG TCA CTT GGT GAT CAA GCT
SQP1- TGT AGT AGA ATG TAT TTC AGT

BamH I

GGG TTT TTG TCG AAA TCA TAG GCG AAT GGG TTG GAT TGT GAC AAA ATT
CGG ATC C-3'
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which =

bi nding to TAG 72;

(b) a second pol ypeptide containing a heavy chain variabl e domain,
(c) a dé£6nd peptide linker linking the

retains the characteristic of functional
first and second pol ypeptides into a functional

retains the characteristic of functional
and

s

pr oduct
and whose expression product

substantially honol ogous to that having the ami no acid sequence of Figure
bi nding to TAG 72;

dormain is encoded by a nucl eotide sequence whose expressi on product

3,

This is the replacement sheet

bi ndi ng noi ety wherein

0Sh  OVY ODL ODV OHIL IOV IID DYV VD 99D 11D VOL HID 190 VI 071 901
o 8L s4) J98 9T JaYl TeA SAT nTH ATH TBA 48S TBA Odd NIT J9S JOS
- | 0¢ - ol

28E VOO IOI OVD VOL OHIV HID LIV OVD 009 DIV 00D VOI VVD 995 199 51D
5 OJdd 49§ UTH J9S I0W TeA 911 dSy BIV 391 BIV Oud UTDH BIY BV no7
2 T B N

WEE _  VIL VIL SI1 VDO 10D 00D VOD DOV 100 OIL VID OVI VVV DIV OIL ILV
S £ neT neT ne ATH BIV BIV BIV UL Odd NOT NeT 4] s47 38K

o - . . S . 22~

E 3 91 210 001 009 ILIL DYV IVl -2¥dNId

ggzo2 DOV DV DOV DDJ VYV OLL VIV VVD IVV OLV 9OV 119 9I0 1vd 110 019
6252 VOV VYO IO VIV 999 VID IOV OVY 1VD OOV VOL ISI IvD 190 1ll OLL
5 5o VYD SL9 VLV 59D VIS 1OV OVY ~L¥dNEd |

mﬂwm VAL VVD OVL DOV 190 IV VVV DID 990 IOV HIL IO VDL LIV OVV 191
SIS 1iv OVI OVD VWV OLL IOV IVV IVI VIV OV IOL VWV IiL VOS 1I9 90V
. 29 | |

m@ o m VVV. YVD 001 LD IlJ VOL VOL DDV DIV VYVD HID D30 JI1 Il 1vd LlD
gr & ODL 000 11D VOL V0D IIV VOL V9D IVD IVL 10D VOV HIL IOL VOL 9-.S
g =23 : I yoog I ®TD |

mmm w TA-7-HA-T-HA=T=TA 670D J0 FONINDAS QIDV ONIWV ANV YN
5oL . B

BELs JADIE

PR

C©C - O

LA

dE3%

4 4 AUB B89

Date:



O
gﬂce

25. The

t he sequ

d

re 2 ap:

5

as neasured by a conpetitive
t he nucleoti de Sequence of

24. The DNA sequence of Claim 23 wherein the sequence
e of Fi

$

nprise

seque

i

ucl eot i
epti de

7
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t he

60% of that of a native anti-TAG 72 anti body,

bi ndi ng assay.
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