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MULTIMERIC PROTEINS AND METHODS OF 
MAKING AND USING SAME 

RELATED APPLICATIONS 

[0001] This application claims priority to application 
serial No. 60/306,746, ?led Jul. 19, 2001, and application 
serial No. 60/335,425, ?led Nov. 30, 2001. 

FIELD OF THE INVENTION 

[0002] The invention relates to engineered polypeptide 
sequences that mediate formation of oligomers (e. g., dimers, 
trimers, tetramers, heXamers, pentamers, and higher order 
olgomeric forms) betWeen molecules attached thereto. 

BACKGROUND 

[0003] Several Ways of making multimeric recombinant 
antibodies have been reported, Which include the mini 
antibody (Pack et al.,Biotechnology 11:1271 (1993); Pack et 
al., Biochemistry 31:1579 (1992); Pack et al. J. Mol. Biol. 
246:28 (1995); Rheinnecker et al., J. Immunol. 157:2989 
(1996); and Pluckthun and Pack, Immunotechnology 3:83 
(1997)), diabody-triabody-tetrabody (Hudson P J, Curr 
Opin. Biotech. 9:395 (1998); Hiades et al., FEBS Lett. 
409:437 (1997); Kortt et al., Protein Engineering 10:423 
(1997); and Gall et al., FEBS Lett. 453:164 (1999)), protein 
A-fusion protein (Ito and Kurosawa, J. Biol. Chem. 
268:20668 (1993)), streptavidin-fusion protein (Kipriyanov 
et al., Protein Engineering 9:203 (1996)), disul?de-linked 
fragments (Carter et al., Biotechnology 10:163 (1992)), 
fragments joined With chemically attached spacers (Cook 
and Wood, J. Immunol. Methods 171:227 (1994)), or post 
puri?cation assembly of scFv multimers by denaturation and 
renaturation (WhitloW et al., Protein Engineering 7:1017 
(1994) and US. Pat. No. 5,869,620). 

[0004] Multimeric antibodies made by fusion With protein 
A or streptavidin may not be suitable for human use since 
protein A and streptavidin are highly immunogenic in 
humans. Linking antibody fragments by a disul?de bond can 
lead to a dimeric recombinant antibody. It has been reported 
that single chain antibody scFv-based molecules can some 
times be made in multimeric forms by changing the length 
of linker betWeen the VH and VL domains in scFv. When the 
linker is longer than 3 but shorter than 12 amino acid 
residues, scFv can form dimers, called “diabodies;” When 
the linker is less than 2 residues, or When no linker residue 
is used, scFv can form either trimers or tetramers, called 
“triabodies” and “tetrabodies.” Since these multimeric scFv 
molecules are structurally constrained, little af?nity 
improvement resulted from higher valency. Triabodies have 
identical or loWer af?nities than the diabodies, and tetrabod 
ies have less than one fold higher af?nity than the diabodies 
(Kortt et al., Protein Engineering 10:423 (1997); and Gall et 
al., FEBS Lett. 453:164 (1999)). 

SUMMARY 

[0005] The invention includes polypeptide sequences 
capable of conferring multimer formation. In one embodi 
ment, a multimeriZation polypeptide is selected from the 
amino acid sequences set forth in SEQ ID NOs:1 to 7; SEQ 
ID NOs:9 to 37; and SEQ ID NOs:154 to 163. Multimer 
iZation polypeptides also include sequences having various 
amounts of sequence identity to the sequences disclosed 
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herein, so long as the polypeptide is capable of multimer 
iZation. In various embodiments, a polypeptide has 70% or 
greater, 75% or greater, 80% or greater, 85% or greater, 90% 
or greater, 95% or greater identity to a multimeriZation 
polypeptide, for eXample, as set forth in any of SEQ ID 
NOs:1 to 7; SEQ ID NOs:9 to 37; and SEQ ID NOs:154 to 
163. 

[0006] Subsequences, modi?ed forms, e.g., sequences 
having amino acid substitutions, additions or deletions of the 
multimeriZation polypeptides capable of multimeriZation are 
also included. In one embodiment, a modi?ed form has one 
or more amino acid substitutions, provided that all of 
positions a or d of a seven residue repeat sequence (a.b.c 
.d.e.f.g), are either leucine, isoleucine or valine, said sub 
stituted polypeptide capable of conferring multimeriZation. 
In another embodiment, a modi?ed form has one or more 
amino acid substitutions, provided that one or more posi 
tions a or d of a seven residue repeat sequence (a.b.c.d.e.f.g), 
are either leucine, isoleucine or valine, said substituted 
polypeptide capable of conferring multimeriZation. In one 
aspect, at least one of positions a or d of a seven residue 
repeat sequence (a.b.c.d.e.f.g), are an amino acid other than 
leucine, isoleucine or valine. In another aspect, the polypep 
tide has 1 to 5 amino acid substitutions. 

[0007] In still another embodiment, a modi?ed form has 
one or more amino acid substitutions in positions b, C, e, f 
or g, provided that said substituted polypeptide is capable of 
conferring multimeriZation. In one aspect, the polypeptide 
has 1 to 5 amino acid substitutions. 

[0008] MultimeriZation polypeptides are of various 
lengths. In various embodiments, the polypeptide has a 
sequence at least 11 amino acids in length, at least 15 amino 
acids in length, at least 18 amino acids in length, at least 22 
amino acids in length, at least 27 amino acids in length, at 
least 31 amino acids in length. In additional embodiments, 
the polypeptide has a sequence less than about 125 amino 
acids in length, less than about 100 amino acids in length, 
less than about 75 amino acids in length, less than about 50 
amino acids in length. 

[0009] MultimeriZation polypeptides including subse 
quences and modi?ed forms thereof may be fused to any 
molecule thereby conferring multimer formation. In one 
embodiment, the molecule comprises a polypeptide 
sequence, e.g., a heterologous polypeptide. In various 
aspects, the multimeriZation polypeptide is fused to the 
amino or carboXy terminus of the heterologous polypeptide, 
to form a chimeric polyeptide. Chimeric polypeptides have 
a sequence length typically from about 18-30, 30-50, 50-75, 
75-100, 100-150, 150-200, 200-250, 250-500 or 500-1000 
amino acids, but maybe less or greater. Particular heterolo 
gous polypeptides are selected, for example, from: a binding 
protein (e.g., an antigen binding polypeptide), enZyme, 
receptor, ligand, nucleic acid binding protein, groWth regu 
latory factor, differentiative factor, and chemotactic factor. 
In various aspects, the antigen binding polypeptide com 
prises at least one antibody variable domain, such as a 
human or humaniZed variable domain. In additional aspects, 
the antigen binding polypeptide includes a single chain 
antibody, Fab, Fab‘, (Fab‘)2, or Fv antibody subsequence. In 
additional aspects, the antigen binding polypeptide com 
prises a multispeci?c or multifunctional antibody. In one 
particualr aspect, the antigen binding polypeptide binds to 
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ICAM-1 or an epitope thereof, e.g., the antigen binding 
polypeptide inhibits human rhinovirus infection of a cell that 
expresses ICAM-1. 

[0010] Multimers form hetero- or homo-dimer, -trimer, 
-tetramer, -pentamer or higher order oligomer. Binding 
betWeen the monomeric substituents of the multimer may be 
measured by dissociation, or KD of the monomers. Various 
exemplary KD are 1x10“7 or less, 1x10“8 or less, or 1><10_9. 

[0011] In additional embodiments, linkers are included 
betWeen the multimeric polypeptides and the molecule to 
Which it is attached. In one embodiment, a linker comprises 
a polypeptide sequence, such as a human or humaniZed 
amino acid sequence. Linkers can be of any siZe. For 
example, a polypeptide linker can be an amino acid 
sequence from about 5 to 20 amino acids, from about 10 to 
30 amino acids, from about 25 to 50 amino acids, from about 
30 to 60 amino acids, from about 50 to 75 amino acids, or 
greater or less in length. In particular aspects, a linker 
includes an amino acid sequence set forth in any of SEQ ID 
NO:43 (D30), SEQ ID NO:44 (D35), SEQ ID NO:45 (ED), 
SEQ ID NO:46 (EDC) or SEQ ID NO:47 (D63), or a 
subsequence thereof. 

[0012] The invention also provides pharmaceutical formu 
lations that include the multimers. In one embodiment, a 
pharmaceutical formulation includes a multimer fused to a 
molecule. In one aspect, the molecule comprises a hetero 
logus polypeptide sequence. 

[0013] The invention further provides nucleic acids 
encoding the multimeric polypeptides alone, and in combi 
nation With heterologous polypeptides, as Well as linked 
sequences. Expression cassettes, vectors and cells (e.g., 
bacterial, fungal, animal, plant, and insect), including the 
nucleic acids are included. 

[0014] The invention additionally provides methods of 
producing a multimeriZation polypeptide having one or 
more seven residue repeat sequence, (a.b.c.d.e.f.g), that 
confers formation of a multimer. In one embodiment, a 
method includes modifying a polypeptide comprising a 
seven residue repeat sequence, (a.b.c.d.e.f.g), Wherein one or 
more of positions a or d are replaced With either leucine or 
isoleucine, thereby producing a multimeriZation polypeptide 
that confers multimer formation. In another embodiment, a 
method includes modifying a seven residue repeat sequence, 
(a.b.c.d.e.f.g), Wherein positions a or d are replaced With 
valine and either of leucine or isoleucine, thereby producing 
a multimeriZation polypeptide that confers dimer formation. 

[0015] In various aspects, the modi?ed polypeptide forms 
a trimer, tetramer or pentamer, Whereas the unmodi?ed 
polypeptide forms a dimer; the modi?ed polypeptide forms 
a tetramer or pentamer, Whereas the unmodi?ed polypeptide 
forms a dimer or trimer; the unmodi?ed polypeptide forms 
a trimer or tetramer or pentamer. In another aspect, the 
modi?ed polypeptide has increased or decreased multimer 
stability in comparison to unmodi?ed polypeptide. 

[0016] The invention further provides methods of produc 
ing a chimeric polypeptide that forms a multimer. In one 
embodiment, a method includes producing a chimeric 
polypeptide comprising a multimeriZation polypeptide com 
prising a seven residue repeat sequence, (a.b.c.d.e.f.g), 
Wherein one or more of positions a and d are either leucine 
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or isoleucine, fused to a heterologous polypeptide thereby 
producing chimeric polypeptide that forms a trimer; a tet 
ramer; or a pentamer. 

[0017] The invention moreover provides methods of pro 
ducing a molecule that forms a multimer. In one embodi 
ment, a method includes producing a molecule including a 
multimeriZation polypeptide comprising a seven residue 
repeat sequence, (a.b.c.d.e.f.g), Wherein positions a or d are 
valine and either of leucine or isoleucine, fused to the 
molecule thereby producing a molecule that forms a multi 
mer; e.g., a trimer or tetramer or pentamer. 

[0018] Further provided are methods of identifying a 
multimeriZation polypeptide including a seven residue 
repeat sequence, (a.b.c.d.e.f.g). In one embodiment, a 
method includes: incubating a polypeptide comprising a 
seven residue repeat sequence, (a.b.c.d.e.f.g), Wherein one or 
more of positions a and d are either leucine, isoleucine or 
valine, under conditions alloWing formation of homo- or 
hetero-multimers; and assaying for the presence of homo- or 
hetero-multimers of the polypeptide, Wherein formation of a 
homo- or hetero-multimer identi?es a multimeriZation 
polypeptide comprising a seven residue repeat sequence, 
(a.b.c.d.e.f.g) 
[0019] Also provided are methods of inhibiting RSV 
infection of a cell (e.g., in a subject). In one embodiment, a 
method includes contacting RSV or a cell susceptible to 
RSV infection With an amount of a hetero- or homo-dimer, 
-trimer, -tetramer, -pentamer or higher order oligomer With 
a multimer effective to inhibit RSV infection of the cell. 
Additionally provided are methods of inhibiting RSV infec 
tion, inhibiting RSV progression or treating RSV infection 
of a subject. In another embodiment, a method includes 
administering to a subject having or at risk of having RSV 
infection an amount of a multimer antibody, such as a 

hetero- or homo-dimer, -trimer, -tetramer or higher order 
oligomer of an antibody, effective to inhibit, inhibit progres 
sion or treat RSV infection of the subject. In various aspects, 
the subject has or is at risk of having asthma; a neW born or 
betWeen the ages of 1 to 5, 5 to 10 or 10 to 18; the cell is 
an epithelial cell; the multimer comprises a chimeric 
polypeptide, for example, an antibody such as a humaniZed 
antibody. In additional aspects, the antibody is administered 
locally; via inhalation or intranasaly. 

[0020] Further provided are methods of treating the com 
mon cold. In one embodiment, a method includes adminis 
tering to a subject having or at risk of having a common cold 
an amount of an antibody, or a hetero- or homo-dimer, 
-trimer, -tetramer or higher order oligomer of the antibody, 
effective to treat the common cold in the subject. In various 
aspects, the treatment comprises inhibiting infection by 
HRV, progression of HRV infection or a symptom of HRV 
infection; the antibody is humaniZed; the antibody is admin 
istered locally; the antibody is administered via inhalation or 
intranasaly; the subject has or is at risk of having asthma; 
and the subject is a neW born or betWeen the ages of 1 to 5, 
5 to 10 or 10 to 18. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 shoWs an expression vector (“Fab vector”) 
for expressing exemplary chimeric polypeptide comprising 
a multimeriZation domain (ATFlot), a linker (ED) and an 
antibody sequence (VL, VH, CL and CH), as described in 
Examples 1-3. 
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[0022] FIGS. 2A-2B show characterization of puri?ed 
CFY196. A) Puri?ed CFY196 runs as a single peak on the 
HPLC siZe exclusion column; B) Coomassie Blue stained 
SDS-PAGE of puri?ed CFY196, Which is shoWn as tWo 
components, light chain (LC) and composite heavy chain 
(CHC) bands (lane 1). Molecular Weight markers are shoWn 
in lane 2. 

[0023] FIGS. 3A-3C shoW processed sedimentation veloc 
ity data from A) CFY 195 (peak is at 5.5 S); B) CFY192B; 
and C)CFY196 (peaks at 6.55). Note the narroWer peak for 
CFY196. 

[0024] FIG. 4 shoWs protection of HeLa cells from infec 
tion by HRV14 With monovalent Fab and multivalent Fab 
ATFO. domain chimeric proteins. Chimeric proteins are 
denoted as folloWs: CFY193B, Fab-ED-ATFotLL; CFY196, 
Fab-ED-ATFot(1)LI+S; CFY192B, Fab-ED-ATFot(2)LI; 
and CFY195, Fab-ED-ATFotII. 

[0025] FIG. 5 shoWs protection of HeLa cells from 
HRV15 infection With monovalent Fab19, bivalent mono 
clonal antibody RR/ 1, bivalent CFY202, trimeric CFY193B, 
and tetrameric CFY 196. 

[0026] FIGS. 6A-6B shoW a bispeci?c multimeric protein. 
A) Fab moities illustrated With different hatching have 
different speci?cities or functions. A linker sequence is 
illustrated as a hexagon. B) This polypeptide is produced 
from one tricistronic RNA molecule. The coding sequence 
for the ?rst polypeptide chain translated from this message 
is illustrated by the hatched box, representing the anti-CD-3 
light chain (LC-1). The second DNA fragment encodes the 
central chimeric polypeptide consisting of the anti-CD-3 
heavy chain (HC-1) linked to a hinge derived from IgD, 
folloWed by a dimeriZation domain, a second hinge, and the 
anti-CD19 light chain (LC-2). The third RNA (empty box) 
Would encode the anti-CD19 heavy chain (HC-2). The 
restriction sites are as indicated. 

[0027] FIGS. 7A-7B shoW improvement in tetrameriZa 
tion of ATFotIL by substituting amino acids at solvent 
exposed positions: A) CFY1971; B) CFY1972: and 
C)CFY197. 
[0028] FIG. 8 shoWs the results of a competition ELISA. 
The data is presented as a percent of inhibition of tracer 
antibody binding to ICAM-1. 

DETAILED DESCRIPTION 

[0029] The invention is based, at least in part, on the 
identi?cation of peptide sequences that confer multimeriZa 
tion, referred to herein as “multimeriZation polypeptides, 
”“multimeriZation domains” or “multimeriZation devices.” 
Invention multimeriZation polypeptides confer oligomer for 
mation. For example, a multimeriZation polypeptide, When 
fused to a second molecule, such as a heterologous polypep 
tide sequence, facilitates the formation of dimers, trimers, 
tetramers, pentamers or higher order oligomers or mixtures 
thereof among the polypeptides. Such invention multimer 
iZation polypeptides are useful in a variety of diagnostic or 
therapeutic applications. For example, fusing a multimer 
iZation polypeptide to a binding protein, such as an antigen 
binding polypeptide (e.g., antibody) can be used to increase 
the number of antigen binding sites via oligomer formation. 
Increasing the number of antigen binding sites can in turn 
increase antibody avidity for the antigen, Which is useful in 
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any therapeutic or diagnostic antibody application, particu 
larly Where it is desirable or advantageous to increase 
antibody avidity. Afully human or humaniZed multimeriZed 
antibody has decreased or absent immunogenicity in humans 
in comparison to non-humaniZed antibody. 

[0030] MultimeriZation polypeptides attached to mol 
ecules alloW multimers to form betWeen any molecule. In 
other Words, the oligomer may comprise, for example, tWo 
or more molecules of the same protein (e.g., a homo-dimer, 
-trimer, -tetramer or higher oligomer) or a mixture of tWo or 
more different (i.e., non-identical) proteins (eg a hetero 
dimer, -trimer,-tetramer or higher oligomer). For example, 
oligomeric antibodies may comprise the same antibody or 
tWo or more different antibodies, each of Which have tWo or 
more functions or activities (e.g., bind to tWo or more 

epitopes). Such hetero-oligomers, also referred to as multi 
functional oligomers (e.g., bifunctional, trifunctional, tet 
rafunctional, etc., as appropriate) due to the multiple func 
tions of the proteins that comprise the oligomer, are useful 
in a variety of diagnostic and therapeutic applications. For 
example, a multifunctional oligomer comprising tWo or 
more different antibodies is useful in applications in Which 
it is desired to utiliZe a multifunctional antibody. In particu 
lar, a mutlifunctional antibody may include an antibody that 
binds to a cell surface receptor and an antibody that mediates 
the complement cascade so that cells bearing the receptor 
are targeted for killing. The speci?c functionality of the 
oligomer can be determined by the skilled artisan depending 
upon the application. 

[0031] Thus, in accordance With the invention, there are 
provided multimeriZation polypeptides that confer multimer 
formation. In one embodiment, a multimeriZation polypep 
tide is selected from any of the amino acid sequences set 
forth in SEQ ID NOs:1 to 7; SEQ ID NOs:9 to 37; and SEQ 
ID NOs:154 to 163. In other embodiments, a multimeriZa 
tion polypeptide has 30%, 35%, 40%, 45%, 50%, 55%, 60%, 
65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 
99% or greater identity to the amino acid sequences set forth 
in SEQ ID NOs:1 to 7; SEQ ID NOs:9 to 37; and SEQ ID 
NOs:154 to 163, provided that the multimeriZation polypep 
tide is capable of conferring multimeriZation. In additional 
embodiments, a multimeriZation polypeptide confers forma 
tion of hetero- or homo-dimers, trimers, tetramers, pentam 
ers, hexamers, higher order oligomers and mixtures thereof. 
In yet additional embodiments, a multimeriZation polypep 
tide is a sequence that is made fully human or humaniZed 
based on the sequence of a human peptide that can form 
homo- or hetero-dimers, trimers, tetramers, or higher order 
oligomers. 

[0032] MultimeriZation polypeptides and nucleic acids 
encoding multimeriZation polypeptides When not fused to 
heterologous polypeptides are distinct from knoWn Wild type 
leucine Zipper sequences. Thus, the multimeriZation 
polypeptides of the invention do not include Wild type 
leucine Zipper domain sequences knoWn in the art, such as 
those present in naturally occurring GCN4, ATFa, ATF-7 
(100% identical to the coiled-coil domain in ATFot), ATF-2, 
cyclic AMP response element binding protein Pa (CREB 
Pa), JUN-D and C-JUN. The multimeriZation polypeptides 
of the invention are also distinct from the multimeriZation 
device described in WO 96/37621, Wild type sequences 
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derived from human p53, PF4, TSP-4, COMP, thrombo 
spondin, dTAFH42, dTAFH31, dTAFH62, dTAFH80, histone 
3 and histone 4. 

[0033] Invention multimeriZation polypeptides may be of 
any length provided that they are capable of conferring 
mutimeriZation. In speci?c embodiments, a multimeriZation 
polypeptide has a sequence at least 11 amino acids in length, 
at least 15 amino acids in length, at least 18 amino acids in 
length; at least 22 amino acids in length; at least 25 amino 
acids in length; at least 29 amino acids in length; and at least 
31 amino acids in length. In additional speci?c embodi 
ments, a multimeriZation polypeptide has a sequence less 
than about 100 amino acids in length; less than about 75 
amino acids in length; and less than about 50 amino acids in 
length. 

[0034] The invention also provides chimeric polypeptides 
that include a multimeriZation polypeptide fused to a heter 
ologous polypeptide. Such chimeric polypeptides form oli 
gomers (multimers) via the multimeriZation polypeptide. In 
one embodiment, a chimeric polypeptide includes a multi 
meriZation polypeptide selected from any of the amino acid 
sequences set forth in SEQ ID NOs:1 to 7; SEQ ID NOs:9 
to 37; and SEQ ID NOs:154 to 163. In other embodiments, 
a chimeric polypeptide includes a multimeriZation polypep 
tide having 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 
greater identity to an amino acid sequence set forth in SEQ 
ID NOs:1 to 7; SEQ ID NOs:9 to 37; and SEQ ID NOs:154 
to 163, provided that the chimeric polypeptide forms mul 
timers. In additional embodiments, a chimeric polypeptide 
forms hetero- or homo-dimers, trimers, tetramers, pentam 
ers, heXamers, higher order oligomers and miXtures thereof. 

[0035] As used herein, the term “multimer” and gram 
matical variations thereof refers to formation of an oligo 
meric complex betWeen tWo or more distinct molecules. 
When used in reference to a polypeptide, e.g., “polypeptide 
multimer,” this means that the polypeptide forms a higher 
order oligomer With itself (homo-multimer) or With other 
molecules (hetero-multimer). A polypeptide that confers 
multimeriZation means an amino acid sequence that can 

confer the formation of a dimer, trimer, tetramer, pentamer, 
heXamers or any higher order oligomer With itself (homo 
oligomer) or With one or more different proteins (hetero 
oligomer) under appropriate conditions. For eXample, a 
chimeric polypeptide comprising a multimeriZation 
polypeptide fused to a heterologous polypeptide is able to 
form dimers, trimers, tetramers, pentamers, heXamers, or 
higher order oligomers With itself or With different proteins 
having domains capable of interacting With the multimer 
iZation polypeptide portion. Multimers therefore addition 
ally include monovalent or oligomeric (e.g., dimer, trimer, 
tetramer, etc.) chimeric polypeptides either joined directly or 
indirectly through covalent or non-covalent binding. 

[0036] The multimeriZation polypeptide may be directly 
linked to the heterologous polypeptide via a covalent bond, 
such as a chemical cross linking agent. Alternatively, mul 
timeriZation polypeptide can be connected to the heterolo 
gous polypeptide via a linker sequence (e.g., a peptide 
sequence such as the antibody hinge sequence). Although 
optional, inclusion of a linker ensures that the multimeriZa 
tion polypeptide does not block function of the heterologous 
polypeptide and that the heterologous polypeptide does not 
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block multimeriZation function. A linker thus alloWs each 
antigen-binding domain in the multimer enough ?exibility 
to bind antigen. 

[0037] One speci?c eXample of a linker is an immunoglo 
bulin hinge sequence (e.g., IgG or IgD). As With the mul 
timeriZation domains, linker amino acid sequences may be 
fully human, humaniZed or non-human amino acid 
sequences, unmodi?ed or modi?ed as set forth herein. A 
fully human or humaniZed linker sequence may be particu 
larly useful for therapeutic purposes. 

[0038] Invention compositions comprising a chimeric 
polypeptide that include a multimeriZation polypeptide 
fused to a heterologous polypeptide are distinct from the 
knoWn native (i.e., naturally occurring) and recombinant 
proteins that contain a multimeriZation polypeptide 
sequence. For eXample, scFv fused to yeast based protein 
GCN4-LI domain, Which forms tetravalent scFv (Pack et al., 
J. Mol. Biol. 246:28 (1995)) and scFv fused to Wild type 
leucine Zipper domains from jun and fos (US. Pat. No. 
5,910,573) are distinct from chimeric polypeptide that 
includes a multimeriZation polypeptide fused to a heterolo 
gous polypeptide. Invention chimeric polypeptides may 
include multimeriZation sequences as knoWn in the art, 
provided that the chimeric polypeptides form multimers and 
are distinct from knoWn proteins that contain the multimer 
iZation sequences knoWn in the art. 

[0039] As used herein, the term “heterologous,” When 
used in reference to a polypeptide, means that the polypep 
tide is not normally contiguous With the other polypeptide in 
its natural environment. Thus, an invention chimeric 
polypeptide including a multimeriZation polypeptide fused 
to a heterologous polypeptide means that the multimeriZa 
tion polypeptide does not eXist fused With the heterologous 
polypeptide in normal cells. In other Words, a chimeric 
polypeptide including a multimeriZation polypeptide fused 
to a heterologous polypeptide is a molecule that does not 
normally eXist in nature, i.e., such a molecule is produced by 
the hand of man, e.g., arti?cially produced through recom 
binant DNA technology. 

[0040] The term “fusion,” When used in reference to tWo 
or more molecules (e.g., polypeptides) means that the mol 
ecules are covalently attached or linked. Any method of 
attachment of the molecules is contemplated. Thus, the 
chemical nature of the linkage betWeen the multimer and the 
molecule to Which it is attached is not limited. A particular 
eXample for the linkage of tWo protein sequences is an amide 
bond or equivalent. 

[0041] The term “chimera,” and grammatical variations 
thereof, When used in reference to a protein, means that the 
protein is comprised of one or more amino acid residues 
from tWo or more different proteins (i.e., non-identical 
proteins). A particular eXample of a chimera containing 
amino acid residues from tWo or more different proteins is 
a polypeptide comprising a multimeriZation polypeptide and 
a heterologous polypeptide. A particular eXample of a chi 
mera containing amino acid residues from three or more 
different proteins is a polypeptide comprising a multimer 
iZation polypeptide, a linker (e.g. hinge) and a heterologous 
polypeptide. 

[0042] Although not Wishing to be bound by theory, amino 
acid sequences that confer multimeriZation mediate protein 
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protein binding via Van der Waals’ forces, hydrophobic 
interactions, hydrogen bonding or charge-charge bonds. 
Molecules may also form an oligomer if they are covalently 
linked to each other. For example, tWo distinct proteins, 
chemically synthesiZed, in vitro translated or isolated or 
puri?ed from a cell or a sample, may be chemically cross 
linked together via a non-amide bond to form an oligomer. 
Thus, tWo molecules that exist as separate entities and that 
do not form oligomers through non-covalent interaction but 
are joined together via covalent bonds are also considered to 
be a multimer. Accordingly, an oligomer or a multimer of the 
invention (e.g., hetero- or homo-dimer, trimer, tetramer, 
pentamer, hexamers, etc.) may be formed through covalent 
bonding, non-covalent bonding or mixtures thereof. 

[0043] The coiled-coil domain is composed of interacting, 
amphipathic 0t helices characteriZed by a seven-residue 
repeat sequence (a heptad repeat), a.b.c.d.e.f.g, With hydro 
phobic residues predominant at positions a and d (positions 
one and four), and polar residues generally elseWhere (Har 
bury et al., Science 262:1401 (1993)). The leucine Zipper 
domains are coiled-coil domains that typically have leucine 
at the d position of the heptad repeats. Naturally occurring 
coiled-coils are typically made up of multiple heptad 
repeats, for example, three or more sequences, (a.b.c 
.d.e.f.g)l-(a.b.c.d.e.f.g)2-(a.b.c.d.e.f.g)3, etc. The designa 
tion “(a.b.c.d.e.f.g)n” merely refers to tWo or more additional 
half (3-4 amino acids) or full length (7 amino acids) heptad 
repeat sequences, Where each half or full (a.b.c.d.e.f.g.) 
repeat need not have the identical amino acid sequence (see, 
e.g., Tables 3A and 3B). 

[0044] Generally the nature of the hydrophobic residues at 
the a and d positions of the repeat sequence determines its 
particular multimeric status. Furthermore, With a given pair 
of a and d residues, the multimeriZation status may vary and 
can be affected by the sequence at b, c, e, f and g positions. 
These rules even apply to the coiled-coil sequences having 
only 29% to 50% identity With the coiled-coil domain in 
yeast protein GCN4. 

[0045] When leucine or isoleucine are at positions a and d 
as disclosed herein, dimer, trimer or tetramer or pentamer 
form. Speci?cally, tetramers are likely to form from coiled 
coil sequences that have leucine at position a and isoleucine 
at position d, as shoWn by ATFot-LI, ATF1-LI, ATF2-LI, 
CJUN-LI, JUND-LI and CREB-LI domains. Coiled-coil 
sequences With isoleucine at position a and leucine at 
position d may form dimers, such as CREB-IL, CJUN-IL 
and ATF2-IL, tetramers such as AT Fot-IL, or dimers such as 
ATF1-IL. With leucine at both positions a and d either 
trimers or tetramers form. For example, ATFot-LL, ATF1 
LL, CJUN-LL form trimer, and ATF2-LL and CREB-LL 
both form tetramers. Coiled-coils With isoleucine at both 
positions a and d have a tendency to form trimers; for 
example, ATFot-II and ATF1-II form trimer. These mutliple 
forms exist because amino acids outside the hydrophobic 
core, positions b, c, e, f, and g, can modulate the multim 
eriZation state of the coiled coil by creating a netWork of 
inter- and intra-helical hydrogen bonds and salt bridges. This 
netWork of hydrophilic bonds changes the relative orienta 
tion of the helices as it tends toWard optimal geometry, 
resulting in the observed effect on multimeriZation state. 
Accordingly, it is possible in a context dependent manner to 
change one or a feW residues at individual b, c, e, f and g 
positions to modulate the multimeriZation state. 
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[0046] When valine is paired With either isoleucine or 
leucine at a and d position, the resulting multimeriZation 
polypeptides tend to be unstable, but can confer mixtures of 
dimer and tetramer formation. For example, the coiled-coil 
domain of JUN-D, amino acids 249-280, Which has 48% 
identity to ATFO. domain (Table 3B) Was modi?ed in accor 
dance With the invention. J UND-LI forms trimer and J UND 
LL forms a dimer (Table 8). Similarly, the coiled-coil 
domain of C-J UN, amino acids 277-308, has 39% identity to 
ATFO. domain. C-JUN-LI forms tetramer, C-JUN-LL forms 
trimer and C-JUN-IL forms dimer (Table 8). 

[0047] Generally, multimeriZation domains With tWo or 
more (a.b.c.d.e.f.g.) heptad repeat sequences Will tolerate 
amino acids other than leucine, isoleucine or valine at the a 
and d positions. For example, in a four heptad repeat 
sequence, one or more of the a and d positions may be amino 
acids other than leucine, isoleucine or valine. For example, 
a single hydrophilic residue may be inserted at an a or d 
position in a sequence including at least three heptad repeats 
to modulate the multimeriZation state. Thus, the invention 
includes multimeriZation polypeptides in Which the a and d 
positions in a given heptad repeat sequence may be amino 
acids other than leucine, isoleucine or valine. Furthermore, 
the strength of the binding betWeen the monomers that 
comprise the multimer, also referred to herein as stability or 
tightness, may be altered by modifying (a.b.c.d.e.f.g.) heptad 
repeat sequences. For example, replacing an entire interact 
ing layer of a and d residues With residues that can interact 
through hydrogen bonds, for example, a and d can be 
replaced by glutamine: CFY196Q: L S S I E K K Q E E Q 
TS QLI QIS NELTLIRNELAQ S(SEQ ID NO:37). 
Thus, the invention includes multimeriZation polypeptides 
in Which the a, b, c, d, e, f and g positions may be modi?ed 
to alter the multimeriZation state as Well as increase or 
decrease the strength of binding betWeen the multimers. 

[0048] Each of the multimeric domains derived from 
coiled-coil sequences may exist as mixtures of monomer, 
dimer, trimer, tetramer or higher oligomer. The major mul 
timeric form, Which constitutes over 50% of the mass, is the 
designated multimer form. For example, if a multimer is 
designated a tetramer, at least 50% of the mass is in the 
tetrameric form. 

[0049] Speci?c examples of multimeriZation polypeptides 
of the invention include, for example, SEQ ID NOs:1 to 7; 
SEQ ID NOs:9 to 37; and SEQ ID NOs:154 to 163. 
Additional multimeriZation polypeptides may be identi?ed 
by assaying putative coiled-coil sequences, composed of one 
or more heptad repeats (a.b.c.d.e.f.g) for oligomer formation 
using routine detection assays as set forth herein or knoWn 
in the art (see, e.g., Example 6). A sequence including a 
heptad repeat, (a.b.c.d.e.f.g), Wherein one or more positions 
a and d are either leucine, isoleucine or valine can be 
incubated under conditions alloWing formation of a hetero 
or homo-oligomer. 

[0050] For example, the leucine Zipper domain of cAMP 
response element binding protein-Pa (CREB-Pa, amino 
acids 393-424) is 74% identical to ATFO. leucine Zipper 
domain sequence (Table 3C). Variants of CREB-Pa lecine 
Zipper domain, CREB-LL and CREB-LI, formed tetramers 
and CREB-IL formed dimer (Table 8). ATF-I leucine Zipper 
domain (amino acids 238-269) is 29% identical to ATFO. 
leucine Zipper domain sequence. Variants of ATE-1 leucine 
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Zipper domain, ATFl-LI form tetramers;ATF1-IL, ATFl-LL 
and AT Fl-II all form trimers (Table 8). 

[0051] Additional multimeriZation domains can be pro 
duced by ?rst identifying a Wild type coiled-coil domain. For 
example, ?ve leucine Zipper domains Were identi?ed by 
searching the public database (Table 3B). These domains 
shoW 32% to 77% identity to the ATFO. leucine Zipper 
domain, and less than 50% identity to GCN4 leucine Zipper 
domain (Table 3C). The Wild type residues at positions a and 
d Were replaced With leucine or isoleucine (Table 3D). 
Additional coiled-coil domains that may be modifed in 
accordance With the invention, include, for example, three 
and four helix bundles such as lung surfactant D protein, 
tetranectin, and mannose binding protein; and ROP, cyto 
chrome B562, and tetrabrachion stalk, respectively. 

[0052] Other multimeriZation domains can therefore be 
identi?ed by comparison to sequence databases, and mutat 
ing the sequence as set forth herein. For example, one or 
more coiled-coil forming sequences may be selected from 
the protein database (e.g., GEN-BANK, SWISS-PROT) and 
isoleucine, leucine or valine may be introduced into one or 
more a or d positions of the heptad repeats to alter the 
multimeriZation status of the sequence. The multimeriZation 
state may be determined using the assays described herein 
(Example 6). Optionally, the heptad repeat may be substi 
tuted With one or more point mutations, additions, or dele 
tions at positions b, c, e, f and g Where the additional 
mutations are selected to modulate or stabiliZe the multim 
eric state that is formed, that is, to alter the type of multimer 
formed, e.g., trimer vs. tetramer, or to modulate the binding 
strength betWeen the monomers that form the multimer. 
Thus, one or more positions b, c, e, f and g may be modi?ed 
alone or in combination With modi?cations at one or more 

a or d positions. 

[0053] Speci?c examples of such mutations include those 
that make additional interhelical hydrogen bonds or salt 
bridges, for example, betWeen e and g positions of a four 
helix bundle. The mutations can also be selected by consid 
ering the effect of change on the netWork of hydrophilic 
bonds on the surface of the domain. Inspection of the 
hydrophilic bonding netWork is generally predictive but 
multimer status can be con?rmed using the multimeriZation 
assays described herein (Example 6). 

[0054] If the multimeriZation state has been increased by 
the modi?cation, for example, the modi?ed sequence forms 
a trimer or tetramer or higher order oligomer instead of a 
dimer, it may be desired to substitute one or more hydro 
phobic residues at positions b, c, e, f and g to hydrophilic 
residues to facilitate proper hydrophobic interface formation 
(Example 12) to increases tightness or stability of the 
multimer. Because helix formation is at least in part depen 
dent on the residues immediately preceeding and folloWing 
the helix, one or more residues may be added at the helix’s 
N or C terminus, or at the N or C terminus of the series of 
heptad repeat sequences to improve stability or tightness of 
the multimer. The phrase to increase or improve “tightness” 
or “stability” means that the multimer formed is less likely 
to dissociate into its constituent monomers. A general 
approximation of multimer tighteness or stability can be 
assessed by the narroWness or broadness of the peak formed 
in sedimentation velocity studies. Tighteness or stability can 
also be assayed, for example, by denaturing the multimer 
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formed While simultaneously monitoring circular dichroism. 
A speci?c example of such a modi?cation is the addition of 
a terminal serine (Example 11). 

[0055] Thus, the invention provides methods of producing 
a multimeriZation polypeptide comprising one or more 
seven residue coiled-coil, or leucine Zipper repeat sequence, 
(a.b.c.d.e.f.g). In one embodiment a method includes pro 
ducing a polypeptide comprising a coiled-coil sequence, 
(a.b.c.d.e.f.g), Wherein positions a and d are replaced With 
either leucine or isoleucine, thereby producing a multimer 
iZation polypeptide that confers dimer, trimer, tetramer or 
pentamer formation. In another embodiment, a method 
includes producing a coiled-coil sequence, (a.b.c.d.e.f.g), 
Wherein positions a or d are replaced With valine and either 
of leucine or isoleucine or valine, thereby producing a 
multimeriZation polypeptide that confers dimer and tetramer 
formation. In yet another embodiment, a method includes 
synthesiZing a coiled-coil sequence, (a.b.c.d.e.f.g), Wherein 
positions a and d are either leucine or isoleucine or valine to 
produce a multimeriZation polypeptide that confers dimer, 
trimer or tetramer formation. In still another embodiment, a 
method includes synthesiZing a coiled-coil sequence, (a.b.c 
.d.e.f.g), Wherein positions a or d are valine and either of 
leucine or isoleucine to produce a multimeriZation polypep 
tide that confers dimer and tetramer formation. In additional 
embodiments, Where there are multiple (a.b.c.d.e.f.g), 
repeats, positions a or d are replaced such that they are 
predominantly (e.g., greater than 50%) either leucine, iso 
leucine or valine. In further embodiments, one or more 
positions b, c, e, f and g are replaced, e.g., one or more 
hydrophobic residues are substituted With hydrophilic resi 
dues. In yet further embodiments, one or more amino acids 
are added to the N- or C-terminus of the multimeriZation 
domain or ?anking a heptad repeat Within the domain. 

[0056] The invention also provides methods of identifying 
multimeriZation polypeptides comprising a coiled-coil 
sequence, (a.b.c.d.e.f.g), Wherein positions a or d are either 
leucine, isoleucine or valine. In one embodiment, a method 
includes, incubating a polypeptide comprising a coiled-coil 
sequence, (a.b.c.d.e.f.g), Wherein positions a or d are either 
leucine, isoleucine or valine, under conditions alloWing 
formation of homo- or hetero-multimers, and assaying for 
the presence of homo- or hetero-multimers of the polypep 
tide. Formation of a homo- or hetero-multimer identi?es the 
polypeptide as a multimeriZation polypeptide In various 
aspects, Where there are multiple (a.b.c.d.e.f.g), repeats, 
positions a or d are predominantly either leucine, isoleucine 
or valine. In another aspect, the polypeptide comprises a 
heterologous polypeptide fused to a polypeptide comprising 
the coiled-coil sequence, (a.b.c.d.e.f.g). In another aspect, 
the polypeptide contains a linker betWeen the heterologous 
polypeptide and the polypeptide comprising the coiled-coil 
sequence, (a.b.c.d.e.f.g). In yet another aspect, the homo- or 
hetero-multimer that is detected is a dimer, trimer, tetramer, 
pentamer, hexamer, or higher order oligomer. 

[0057] The terms "protein,”“polypeptide” and “peptide” 
are used interchangeably herein to refer to tWo or more 

contiguous amino acids, also referred to as “residues,” 
covalently linked through an amide bond or equivalent. 
Proteins are of unlimited length and may be comprised of L 
or D-amino acids as Well as mixtures thereof. Amino acids 
may be linked by non-natural and non-amide chemical 
bonds including, for example, those formed With glutaral 
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dehyde, N-hydoxysuccinirnide esters, bifunctional rnaleirn 
ides, or N,N‘-dicyclohexylcarbodiirnide (DCC). Non-arnide 
bonds include, for example, ketornethylene, arninornethyl 
ene, ole?n, ether, thioether and the like (see, e.g., Spatola 
(1983) in Chemistry and Biochemistry of Amino Acids, 
Peptides and Proteins, Vol. 7, pp 267-357, “Peptide and 
Backbone Modi?cations,” Marcel Decker, 

[0058] Polypeptides may have one or more cyclic struc 
tures such as an end-to-end arnide bond betWeen the amino 
and carboxy-terrninus of the molecule or intra- or inter 
rnolecular disul?de bond. Polypeptides may be rnodi?ed in 
vitro or in vivo, e.g., post-translationally rnodi?ed to 
include, for example, sugar residues, phosphate groups, 
ubiquitin, fatty acids or lipids. Polypeptides further include 
amino acid structural and functional analogues, for example, 
peptidornirnetics having synthetic or non-natural amino 
acids or amino acid analogues. 

[0059] The term “antibody” refers to a protein that binds 
to other molecules (antigens) via heavy and light chain 
variable domains, VH and VL, respectively. Antibodies 
include IgG, IgD, IgA, IgM and IgE. The antibodies may be 
intact irnrnunoglobulin rnolecules, tWo full length heavy 
chains linked by disul?de bonds to tWo full length light 
chains, as Well as subsequences (i.e. fragments) of immu 
noglobulin molecules, with our Without constant region, that 
bind to an epitope of an antigen, or subsequences thereof 
(i.e. fragments) of irnrnunoglobulin molecules, with or With 
out constant region, that bind to an epitope of an antigen. 
Antibodies may comprise full length heavy and light chain 
variable domains, VH and VL, individually or in any corn 
bination. 

[0060] Polypeptide sequences can be made using recorn 
binant DNA technology of polypeptide-encoding nucleic 
acids via cell expression or in vitro translation, or chemical 
synthesis of polypeptide chains using methods knoWn in the 
art. Antibodies and subsequences can be expressed from 
recornbinantly produced antibody-encoding nucleic acid, 
such as a polynucleotide isolated from hybridorna cells or 
selected from a library of naturally occurring or synthetic 
antibody genes (see, e.g., HarloW and Lane, Antibodies: A 
Laboratory Manual, Cold Spring Harbor Laboratory, 1989; 
HarloW and Lane, UsingAntibodies:A Laboratory Manual, 
Cold Spring Harbor Laboratory, 1999; Fitzgerald et al., 
JA.C.S. 117111075 (1995); Grarn et al., Proc. Natl. Acad. 
Sci. USA 89:3576 (1992)). Polypeptide sequences can also 
be produced by a chemical synthesiZer (see, e.g., Applied 
Biosysterns, Foster City, Calif.). 

[0061] The term “rnultifunctional” means that the compo 
sition referred to has tWo or more activities or functions 

(e.g., bifunctional, trifunctional, tetrafunctional, etc.). For 
example, a multifunctional polypeptide has tWo or more of 
antigen binding, enzyme activity, ligand or receptor binding, 
toxin, etc.). Similarly, a multifunctional oligorner comprises 
a mixture of tWo or more polypeptides each having at least 
one function or activity, such as antigen binding and enzyme 
activity, ligand or receptor binding, toxin, etc. 

[0062] An antibody that binds to a particular antigen, and 
Which also has an attached polypeptide with enzyme activity 
(e.g., luciferase, acetyltransferase, galactosidase, peroxi 
dase, etc.) is one particular example of a bifunctional 
antibody. Candidate functions for rnultifunctional olgiorners 
other than antigen binding and in addition to enzyme activity 
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include, for example, detectable domains such as immuno 
globulin, T7 and polyhistidine amino acid sequences, toxins 
(e.g., ricin, cholera, pertussis), cell surface proteins such as 
receptors, ligands (substrates, agonists and antagonists), 
adhesion proteins (e.g., streptavidin, avidin, lectins), groWth 
factors, differentiative factors, chernotactic factors and 
proenZyrnes. 

[0063] Multifunctional rnultirners further include rnulti 
speci?c (e.g., bispeci?c, trispeci?c, tetraspeci?c, etc.) corn 
positions. The term “rnultispeci?c” means an antigen bind 
ing polypeptide (e.g., an antibody) that binds to different 
antigenic epitopes. The different epitopes may be present on 
the same antigen or on different antigens. For example, a 
rnultispeci?c antibody oligorner comprises a mixture of tWo 
or more antibodies each having different epitope binding 
speci?city. Multispeci?c oligorners may be comprised of 
individual antigen binding polypeptides each of Which have 
distinct variable domains. For example, one of the antigen 
binding polypeptides of the oligorner may have tWo variable 
domains each of Which recogniZe a different epitope. 

[0064] Multifunctional polypeptides can be produced 
through chernical crosslinking of the selected molecules 
(which have been produced by synthetic means or by 
expression of nucleic acid that encodes the polypeptides) or 
through recombinant DNA technology combined with in 
vitro, or cellular expression of the polypeptide, and subse 
quent oligorneriZation. Multispeci?c antibodies can be sirni 
larly produced through recornbinant technology and expres 
sion, fusion of hybridornas that produce antibodies With 
different epitopic speci?cities, or expression of multiple 
nucleic acid encoding antibody variable chains With differ 
ent epitopic speci?cities in a single cell. 

[0065] A speci?c example of a bispeci?c antibody is 
illustrated in FIGS. 6A and 6B. The CREB-IL rnultirner 
iZation polypeptide is positioned at the center of a molecule 
linking Fab from two different antibodies producing a tet 
ravalent binding antibody. Use of rnultirneric polypeptides 
conferring trirner or tetrarner forrnation Would produce 
hexavalent and octavalent rnolecules, respectively. The Fab 
rnoities in the bispeci?c protein can have different speci?ci 
ties. A ?exible linker (e.g., hinge) sequence can be used to 
join the Fab portion of each protein. The exernplary bispe 
ci?c antibody polypeptide may be produced from one tri 
cistronic RNA molecule (FIG. 6B). 

[0066] As used herein, the term “subsequence” or “frag 
rnent” means a portion of the full length rnolecule. For 
example, a subsequence of a rnultirneriZation polypeptide is 
one or more amino acids less in length than full length 
polypeptide (eg one or more internal or terminal amino 
acid deletions from either arnino or carboxy-terrnini). Sub 
sequences therefore can be any length up to the full length 
rnolecule. 

[0067] Speci?c examples of antibody subsequences 
include, for example, chirneric polypeptides in Which a 
heterologous dornain comprises an Fab, Fab‘, (Fab‘)2, Fv, or 
single chain antibody (SCA) fragrnent (e.g., scFv). Subse 
quences include portions, Which retain at least part of the 
function or activity of full length sequence. For example, an 
antibody subsequence Will retain the ability to selectively 
bind to an antigen even though the binding affinity of the 
antibody subsequence may be greater or less than the 
binding affinity of the full length antibody. 
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[0068] For antibody subsequences, pepsin or papain diges 
tion of Whole antibodies can be used to generate antibody 
fragments. In particular, an Fab fragment consists of a 
monovalent antigen-binding fragment of an antibody mol 
ecule, and can be produced by digestion of a Whole antibody 
molecule With the enZyme papain, to yield a fragment 
consisting of an intact light chain and a portion of a heavy 
chain. An (Fab‘)2 fragment of an antibody can be obtained by 
treating a Whole antibody molecule With the enZyme pepsin, 
Without subsequent reduction. An Fab‘ fragment of an anti 
body molecule can be obtained from (Fab‘)2 by reduction 
With a thiol reducing agent, Which yields a molecule con 
sisting of an intact light chain and a portion of a heavy chain. 
TWo Fab‘ fragments are obtained per antibody molecule 
treated in this manner. 

[0069] An Fv fragment is a fragment containing the vari 
able region of a light chain VL and the variable region of a 
heavy chain VH expressed as tWo chains. The association 
may be non-covalent or may be covalent, such as a chemical 
cross-linking agent or an intermolecular disul?de bond 
(Inbar et al., Proc. Natl. Acad. Sci. USA 69:2659 (1972); 
Sandhu, Crit. Rev. Biotech. 12:437 (1992)). 

[0070] A single chain antibody (“SCA”) is a genetically 
engineered or enZymatically digested antibody containing 
the variable region of a light chain VL and the variable 
region of a heavy chain, linked by a ?exible linker, such as 
a polypeptide sequence, in either VL-linker-VH orientation 
or in VH-linker-VL orientation. Alternatively, a single chain 
Fv fragment can be produced by linking tWo variable 
domains via a disul?de linkage betWeen tWo cysteine resi 
dues. Methods for producing scFv antibodies are described, 
for example, by WhitloW et al, In: Methods." A Companion 
to Methods in Enzymology 2:97 (1991); US. Pat. No. 
4,946,778; and Pack et al., Bio/Technology 11:1271 (1993). 
Other methods of producing antibody subsequences, such as 
separation of heavy chains to form monovalent light-heavy 
chain fragments, further cleavage of fragments, or other 
enZymatic, chemical, or genetic techniques may also be 
used, provided that the subsequences bind to the antigen to 
Which the intact antibody binds. 

[0071] As used herein, the term “bind” or “binding” 
means that the compositions referred to have af?nity for 
each other. “Speci?c binding” is Where the binding is 
selective betWeen tWo molecules. A particular example of 
speci?c binding is that Which occurs betWeen an antibody 
and an antigen. Typically, speci?c binding can be distin 
guished from non-speci?c When the dissociation constant 
(KD) is less than about 1><10_5 M or less than about 1x10-6 
M or 1x10“7 M. Speci?c binding can be detected, for 
example, by ELISA, immunoprecipitation, coprecipitation, 
With or Without chemical crosslinking, tWo-hybrid assays 
and the like. Appropriate controls can be used to distinguish 
betWeen “speci?c” and “non-speci?c” binding. 

[0072] Full length antibodies, subsequences (e.g., single 
chain forms) or modi?ed forms, fully human, humaniZed or 
non-human may be present as heteromeric or homomeric 
dimers, trimers, tetramers, pentamers, hexamers or any 
higher order oligomer that retains at least a part of the 
antigen binding activity of the monomer. Antibody multim 
ers include oligomeric (e.g., dimer, trimer, tetramer, etc.) 
combinations of different antibodies that are multispeci?c 
(e.g., bispeci?c, trispeci?c, tetraspeci?c, etc.) or multifunc 
tional (e.g., bifunctional, trifunctional, tetrafunctional, etc.). 
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[0073] The invention further provides linker polypeptide 
sequences. The invention linker sequences can be fused to a 
heterologous polypeptide to form a chimeric polypeptide. In 
one embodiment, a linker comprises a portion of a hinge 
region from an immunoglobulin. In one aspect, a linker is 
derived from or modeled after a human or humaniZed 
immunoglobulin. In particular aspects, a linker sequence 
comprises a portion of an immunoglobulin hinge region 
selected from an amino acid sequence set forth in any of 
(SEQ ID NO:43 (D30), SEQ ID NO:44 (D35), SEQ ID 
NO:45 (ED), SEQ ID NO:46 (EDC) or SEQ ID NO:47 
(D63)). In additional particular aspects, a linker sequence 
comprises an amino acid sequence from about 2 to 20 amino 
acids, from about 5 to 10 amino acids, from about 10 to 30 
amino acids, from about 25 to 50 amino acids, from about 
30 to 60 amino acids, from about 50 to 75 amino acids. In 
further particular aspects, a linker sequence comprises an 
amino acid sequence from about 2 to 20 amino acids, from 
about 5 to 10 amino acids, from about 10 to 30 amino acids, 
from about 25 to 50 amino acids, from about 30 to 60 amino 
acids, from about 50 to 75 amino acids, from about 75 to 100 
amino acids and Which includes an amino acid sequence set 
forth in any of (SEQ ID NO:43 (D30), SEQ ID NO:44 
(D35), SEQ ID NO:45 (ED), SEQ ID NO:46 (EDC) or SEQ 
ID NO:47 (D63)). 

[0074] As used herein, “linker” or “spacer” refers to a 
molecule or group of molecules that connects tWo or more 
molecules to each other. A ?exible linker betWeen tWo 
molecules joined to each other alloWs enough free rotation 
of one or more of the molecules so that the molecules do not 
block each others’ function. For example, a linker such as an 
amino acid sequence located betWeen a multimeriZation 
polypeptide and a heterologous polypeptide of a chimeric 
polypeptide, e.g., a humaniZed antibody, alloWs the antibody 
to bind to antigen Without signi?cant steric interference from 
other multimers Within the oligomer. 

[0075] Thus, the invention also provides chimeric 
polypeptides including a multimeriZation polypeptide fused 
to a heterologous polypeptide that further include a linker 
polypeptide betWeen the multimeriZation polypeptide and 
heterologous polypeptide. Also provided are chimeric 
polypeptides comprising linker sequences fused to a heter 
ologous sequence. 

[0076] Polypeptides of the invention, including multimer 
iZation polypeptides, chimeric polypeptides oligomers, and 
linkers, include modi?ed forms such as sequences having 
one or more amino acid substitutions, additions or deletions 
(i.e., subsequences), provided the modi?cation does not 
destroy function. The term “modi?cation” therefore denotes 
an alteration of the molecule that does not destroy an activity 
or function of the modi?ed molecule. A modi?ed multim 
eriZation polypeptide Will therefore retain, for example, at 
least in part, the ability to form oligomers, even if the 
oligomers formed are less stable due to decreased affinity, 
e.g., form dimers instead of trimers, form trimers instead of 
tetramers, etc. A modi?ed heterologous polypeptide Will 
retain at least a part of one or more functions or activities 

associated With the polypeptide (e.g., protein binding activ 
ity, enZyme activity, ligand activity, nucleic acid binding 
activity, groWth regulatory activity, cell differentiative activ 
ity, or chemotactic activity). For example, a chimeric 
polypeptide that includes a modi?ed antibody sequence, 
such as an antibody subsequence or antibody having one or 
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more amino acid additions or insertions Will retain, at least 
in part, antigen binding capability. 

[0077] Modi?cations therefore include amino acid addi 
tions, insertions, deletions and substitutions, for example. 
An example of an addition is Where one or more amino acids 
are added to the N- or C-terminal end multimeriZation 
polypeptide. An example of an insertion is Where an amino 
acid is inserted into the sequence. An example of a deletion 
is Where one or more amino acids are deleted from the N- or 

C-terminal end, or internally Within the sequence. 

[0078] Modi?cations may improve an activity or function 
of the modi?ed molecule or provide a distinct functionality. 
For example, af?nity of a multimeriZation polypeptide may 
be increased by addition of all or a portion of a heptad repeat 
sequence (e.g., a half turn). Addition of a heptad repeat 
sequence, or a portion of a heptad repeat sequence may also 
change the oligomer from forming dimer to trimer or 
tetramer formation. 

[0079] Exemplary multimeriZation polypeptides are set 
forth, for example, in SEQ ID NOs:1 to 7; SEQ ID NOs:9 
to 37; and SEQ ID NOs:154 to 163, each contain 4 and 
one-half heptad repeat sequences (see Table 3A). These and 
other heptad containing sequences may therefore be modi 
?ed. For example, full length (7 amino acids) or half (3 to 
4 amino acids of the motif) heptad repeat sequences may be 
added. 

[0080] Alternatively, it may be desirable to shorten the 
multimeriZation polypeptide, in Which case one or more 
amino acid residues may be deleted from a multimeriZation 
polypeptide Without destroying multimeriZation function. 
Thus, multimeriZation polypeptides of the invention, includ 
ing exemplary multimeriZation polypeptides set forth in 
SEQ ID NOs:1 to 7; SEQ ID NOs:9 to 37; and SEQ ID 
NOs:154 to 163, may be modi?ed to delete half (3 to 4 
amino acids) or full (7 amino acids) length heptad repeat, for 
example. 

[0081] Exemplary amino acid substitutions include con 
servative amino acid substitutions. The term “conservative 
substitution” means the replacement of one amino acid by a 
biologically or chemically similar residue. Biologically 
similar means that the substitution is compatible With bio 
logical activity, e.g., for a multimeriZation polypeptide, 
oligomer formation. Particular examples of conservative 
substitutions include the substitution of one hydrophobic 
residue, such as isoleucine, valine, leucine or methionine for 
another, or the substitution of one polar residue for another, 
such as the substitution of arginine for lysine, glutamic for 
aspartic acids, or glutamine for asparagine, serine for threo 
nine, and the like. 

[0082] In one embodiment, a multimeriZation polypeptide 
has 1-3,3-5 or 5-10 amino acid substitutions, provided that 
positions a (one) or d (four) of a coiled-coil heptad repeat 
sequence, (a.b.c.d.e.f.g), are either leucine, isoleucine or 
valine, and that the substituted polypeptide be capable of 
multimeriZation. In one aspect, Where there are multiple 
heptad repeat sequences, positions a and d are predomi 
nantly either leucine, isoleucine or valine. In another aspect, 
a multimeriZation polypeptide has 1-3,3-5 or 5-10 amino 
acid substitutions at positions b, C, e, f or g, e.g., to modulate 
the type of multimer that forms or to modulate the stability 
or tightness of the multimer formed. In yet another aspect, 
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one or more of the amino acid substitutions are conservative 
amino acid substitutions. In still another aspect, the substi 
tution is With a human amino acid. 

[0083] Modi?cations also include derivatiZed sequences, 
for example, amino acids in Which free amino groups form 
amine hydrochlorides, p-toluene sulfonyl groups, carboben 
Zoxy groups; the free carboxy groups from salts, methyl and 
ethyl esters; free hydroxl groups that form O-acyl or O-alkyl 
derivatives, as Well as naturally occurring amino acid deriva 
tives, for example, 4-hydroxyproline, for proline, 5-hy 
droxylysine for lysine, homoserine for serine, omithine for 
lysine, etc. Also included are modi?cations that confer 
covalent bonding, for example, a disul?de linkage betWeen 
tWo cysteine residues thereby producing a cyclic polypep 
tide. Modi?cations can be produced using any of a variety 
of methods Well knoWn in the art (e.g., PCR based sited 
directed, deletion and insertion mutagenesis, chemical 
modi?cation and mutagenesis, chemical cross-linking, etc.). 

[0084] Modi?cations also include addition of functional 
entities such as tags (e.g., polyhistidine, T7, immunoglobu 
lin, etc.), gold particles, covalently or non-covalently 
attached to the multimeriZation polypeptide, chimeric 
polypeptide or oligomers. Thus, the invention provides 
modi?ed polypeptides having one or more activities (e.g., 
retain at least part of multimer activity, antigen binding 
activity, etc.) of unmodi?ed polypeptide. Modi?cations 
include radioactive and non-radioactive detectable labels 
attached to or incorporated into the molecule. 

[0085] The term “identical” or “identity” means that tWo 
or more referenced entities are the same. Thus, Where tWo 

polypeptide sequences are identical, they have the same 
amino acid sequence. “Areas of identity” means that a 
portion of tWo or more referenced entities are the same. 

Thus, Where tWo polypeptide sequences are identical over 
one or more parts of their sequence, they share identity in 
these areas. The term “substantial identity” means that the 
identity is structurally or functionally signi?cant. That is, the 
identity is such that the molecules are structurally identical 
or perform the same function (e. g., biological function) even 
though the molecules differ. Due to variation in the amount 
of sequence conservation betWeen structurally and function 
ally related proteins, the amount of sequence identity for 
molecules having substantial identity Will depend upon the 
type of region/domain and its function. For nucleic acid 
sequences, 50% sequence homology and above may consti 
tute substantial identity. Substantial homology for proteins 
can be signi?cantly less, for example, as little as 30% 
sequence identity, but typically is more, e.g., 50%, 60%, 
75%, 85% or more. 

[0086] The extent of identity betWeen tWo sequences can 
be ascertained using various computer programs and math 
ematical algorithms knoWn in the art. Such algorithms that 
calculate percent sequence identity (homology) generally 
account for sequence gaps and mismatches over the com 
parison region. For example, a BLAST (e.g., BLAST 2.0) 
search algorithm (see, e.g., Altschul et al., J. M01. Biol. 
215:403 (1990), publicly available through NCBI at http:/ 
WWW.ncbi.nlm.nih.gov) has exemplary search parameters as 
folloWs: Mismatch -2; gap open 5; gap extension 2. For 
polypeptide sequence comparisons, a BLASTP algorithm is 
typically used in combination With a scoring matrix, such as 
PAM100, PAM 250, BLOSUM 62 and the like. 
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[0087] As used herein, the term “isolated,” When used as 
a modi?er of invention compositions (e.g., multimeriZation 
polypeptides, chimeras, linkers, antibodies, subsequences, 
modi?ed forms, nucleic acids encoding same, cells, vectors, 
etc.), means that the compositions are made by the hand of 
man and are separated from their naturally occurring in vivo 
environment. Generally, compositions so separated are sub 
stantially free of one or more materials With Which they 
normally associate With in nature, for example, one or more 
protein, nucleic acid, lipid, carbohydrate, cell membrane. An 
“isolated” polypeptide can also be “substantially pure” When 
free of most or all of the materials With Which it normally is 
associated in nature. Thus, an isolated polypeptide that also 
is substantially pure does not include polypeptides or poly 
nucleotides present among millions of other sequences, such 
as antibodies of an antibody library or nucleic acids in a 
genomic or cDNA library, for example. Purity can be at least 
about 60% or more by mass. The purity can also be about 
70% or 80% or more, and can be greater, for example, 90% 
or more. Purity can be determined by any appropriate 
method, including, for example, UV spectroscopy, mass 
spectroscopy, chromatography (e.g., HPLC, gas phase), gel 
electrophoresis (e.g., silver or coomassie staining) and 
sequence analysis (nucleic acid and peptide). 

[0088] The invention also provides nucleic acids encoding 
invention polypeptides, including multimeriZation polypep 
tides, chimeras, linkers, subsequences, modi?ed forms and 
multimers thereof. In various embodiments, a nucleic acid 
encodes a polypeptide set forth in SEQ ID NOs:1 to 7; SEQ 
ID NOs:9 to 37; or SEQ ID NOs:154 to 163. In additional 
embodiments, a nucleic acid encodes a chimeric polypeptide 
comprising a sequence set forth in any of (SEQ ID NOs:1 to 
36 and SEQ ID NOs:154 to 163), fused to a heterologous 
domain. In another embodiment, a nucleic acid sequence 
encodes (SEQ ID NO:43 (D30), SEQ ID NO:44 (D35), SEQ 
ID NO:45 (ED), SEQ ID NO:46 (EDC) or SEQ ID NO:47 
(D63)). 
[0089] As used herein, a “nucleic acid” refers to at least 
tWo or more ribo- or deoxyribonucleic acid base pairs that 
are linked through a phosphodiester bond or equivalent. 
Nucleic acids include polynucleotides and polynculeosides. 
Nucleic acids include single, double or triple, circular or 
linear molecules. A nucleic acid molecule may belong 
exclusively or in a mixture to any group of nucleotide 
containing molecules, as exempli?ed by, but not limited to, 
the folloWing groups of nucleic acid molecules: RNA, DNA, 
cDNA, genomic nucleic acids, non-genomic nucleic acids, 
naturally occurring and non naturally occurring nucleic 
acids and synthetic nucleic acids. This includes, by Way of 
example, nucleic acids associated With any organelle, such 
as the mitochondria, ribosomal RNA, and nucleic acid 
molecules comprised chimerically of one or more compo 
nents that are not naturally occurring along With naturally 
occurring components. 

[0090] Additionally, a “nucleic acid molecule” may con 
tain in part one or more non-nucleotide-based components 
as exempli?ed by, but not limited to, amino acids and sugars. 
Thus, by Way of example, but not limitation, a riboZyme that 
is in part nucleotide-based and in part protein-based is 
considered a “nucleic acid molecule.” 

[0091] Nucleic acids can be of any length. Nucleic acid 
lengths typically range from about 20 to 10 Kb, 10 to 5 Kb, 
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1 to 5 Kb or less, 1000 to about 500 base pairs or less in 
length. Nucleic acids can also be shorter, for example, 100 
to about 500 base pairs, or from about 12 to 25, 25 to 50, 50 
to 100, 100 to 250, or about 250 to 500 base pairs in length. 

[0092] As a result of the degeneracy of the genetic code, 
nucleic acids include sequences and subsequences degener 
ate With respect to nucleic acids that encode (SEQ ID NO: 
1 to 7, SEQ ID NOs:9 to 37, SEQ ID NOs:154 to 163, SEQ 
ID NO:43 (D30), SEQ ID NO:44 (D35), SEQ ID NO:45 
(ED), SEQ ID NO:46 (EDC) or SEQ ID NO:47 (D63)). 
Nucleic acids also include sequences set forth in Tables 1, 2 
and 4, sequences complementary thereto and subsequences 
thereof. Such nucleic acids are useful for hybridiZation to 
detect the presence or an amount of chimeric polypeptide in 
a sample (in vitro, cell, culture medium, tissue or organ, 
serum, in a subject, etc.). 

[0093] Nucleic acids of the invention can be produced 
using various standard cloning and chemical synthesis tech 
niques. Such techniques include, but are not limited to: 1) 
nucleic acid ampli?cation, e.g., polymerase chain reaction 
(PCR), With genomic DNA or cDNA targets, using primers 
(e.g., a degenerate primer mixture) capable of annealing to 
antibody sequence; 2) chemical synthesis of nucleic acid 
sequences Which can then be cloned into a plasmid, propa 
gated ampli?ed and puri?ed and; 3) computer searches of 
databases for related sequences. Purity of nucleic acids can 
be determined through sequencing, gel electrophoresis and 
the like. 

[0094] The invention further provides expression cassettes 
comprising a nucleic acid encoding a chimeric polypeptide 
operably linked to an expression control element. As used 
herein, the term “operably linked” refers to a physical or a 
functional relationship betWeen the elements referred to that 
permit them to operate in their intended fashion. Thus, an 
expression control element “operably linked” to a nucleic 
acid means that the control element modulates transcription 
and as appropriate, translation of the transcript. 

[0095] There need not be physical linkage to nucleic acid 
in order to control expression. Thus, physical linkage is not 
required for the elements to be operably linked. For 
example, a minimal element can be linked to a nucleic acid 
encoding a chimeric polypeptide. A second element that 
controls expression of an operably linked nucleic acid 
encoding a protein that functions “in trans” to bind to the 
minimal element can in?uence expression of the chimeric 
polypeptide. Because the second element regulates expres 
sion of chimeric polypeptide, the second element is operably 
linked to the nucleic acid encoding the chimeric polypep 
tide. 

[0096] The term “expression control element” refers to 
nucleic acid that in?uences expression of an operably linked 
nucleic acid. Promoters and enhancers are particular non 
limiting examples of expression control elements. A “pro 
motor sequence” is a DNA regulatory region capable of 
initiating transcription of a doWnstream (3‘ direction) coding 
sequence. The promoter sequence includes a minimum 
number of bases necessary to initiate transcription. Enhanc 
ers also regulate gene expression but can function a distance 
from the transcription start site of the gene to Which it is 
operably linked. Enhancers also function at either 5‘ or 3‘ 
ends of the gene, as Well as Within the gene (e.g., in introns 
or coding sequences). 
















































