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_, TOTALLY SXN1JIETIC AFFINITY REAGENTS 

. ~~~ 
This application is a continuation-in-part of application Serial 

No. filed December 30, 1993 (as attorney docket no. 1101-

154) ~hich in turn is a continuation of Serial No. 081013,416 filed February 

1, 1993, now abandoned, the entire disclosures of which are incorporated 

herein by reference. 

1. EELD OF THE INVENTION 

The present invention relates generally to methods for 

generating and screening large protein, polypeptide and/or peptide libraries for 

proteins, polypeptides, and/or peptides designated TotaJly Synthetic Affipity 

Reagenrs (TSARS) having binding specificity and desired affinity for ligands · 

of choice. The invention further relates to novel TSARs identified according 

to the methods of the invention as well as compositions comprising· the 

binding domains or a ponion thereof having the same binding specificity . 

2. BACKGROUND OF TIIE INVENTION 

There have been two different approaches to the construction of 

random peptide libraries. According to one approach, peptides have been 

chemically synthesized in ntm in several formats. For example, Fodor, s .. 
et al.,.1991, Science lli: 767-773, describes use of complex instrumentation. 

photochemistry and computerized inventory control to synthesize a known 

a.nay of shon peptides on an indiyidual microscopic slide. Houghten, R .• et 

al., 1991, Nature 354: 84·86, describes mixtures of free hexapeptides in 

whiCh the first and second residues in ea.ch peptide were individually and 

specifically defined. Lam, K., et al., 1991, Nature 354: 82-84, describes a 

"one bead, one peptide" approach in which a solid phase split synthesis 

scheme produced a library of peptides in which each bead in the collection 

had immobilized thereon a single, random sequence of amino acid residues. 

For the most pan, the chemical synthetic systems have been directed to 
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TOTALLY SYNTHETIC AFFINITY REAGENTS 

This application is a continuation•in-pan of application Serial 

No. filed December 30, 1993 (as attorney docket no. 1101-

154) which in tum is a continuation of Serial No. 08/013,416 filed February 

l, 1993, now abandoned, the entire disclosures of which are incorporated 

herein by reference. 

1. FIELD OF THE JNVENTIQN 

The present invention relates generally to methods for 

generating and screening Jarge protein, polypeptide and/or peptide libraries for 

proteins, polypeptides, and/or peptides designated Totally Synthetic Affinity 

Reagents (TSARs) having binding specificity and desired affinity for ligands 

of choice. The invention further relates lo novel TSARs identified according 

to the methods of the invention as well as compositions comprising· the 

binding domains or a po.nion thereof having the same binding specificity. 

2. BACKGROUND OF mE INVENTJON 

There have been two different approaehes to the construction of 

random peptide libraries. According to one approach, peptides have been 

chemically synthesized in .YUm in several formats. For example, Fodor. S., 

et al., 1991, Science 251: 767-773, describes use of complex insuumentation, 

photochemistry and computerized inventory control to synthesize a known 

array of short peptides on an individual microscopic slide. Houghten, R., et 

al., 1991, Nature 354: 84-86, describes mixtures of free hexapeptides in 

which the first and second residues in each peptide were individually and. 

specifically defined. Lam, K. 1 et al., 1991, Nature J54: 82-84, describes a 

"one bead, one peptide" approach in which a so1id phase split synthesis 

scheme produce.d a library of peptides in wMch each bead in the collection 

had -immobilized thereon a single, random sequence of amino acid residues. 

For the most part, the chemical synthetic syscems have been directed to 
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protein (Crissman, J.W. and Smith, G.P., 1984, Virology 131: 445-455). 

Although the N-terminus of the pIII protein has shown to be necessary for 

viral infection, the extreme N-terminus of the mature protein does tolerate 

5 . alterations. In 1985, George Smith published experiments reporting the use of 

the pm protein of bacteriophage Ml3 as an experimental system for 

expressing a heterologous protein on lhe viral coat surface (Smith. G.P .• 

1985, Science 228: 1315-1317). lt was later recognjied, ~ndependently by 

two groups, that the M13 phage pill gene display system could be a useful 

IO one for mapping antibody epitopes. De la Cruz, V., et al., (1988, J. Biol. 

15 

Chem. 263: 4318-4322) cloned and expressed segments of the cDNA encoding 

the Plasmodjum faJcjparum surface coat protein inro the gene III, and 

recombinant phage were tested for immunoreactivity with a polyclonal 

antibO.dy. Parmley, S.F. and Smith, G.P •• (1988, Gene 13.: 305-318) cloned 

and expressed segments of the ~ coli 6-galactosidase gene in the gene Ill and 

identified recombinants carrying the epitope of an anti-8-galactosidase 

monoclonal antibody. The latter authors also described a process termed 

"biopanning", in which mixtures of recombinant phage were incubate.cl with . 

biotinylated monoclonal antibodies, and phage-antibody complexes could be 

20 specifically recovered with streptavidin-coated plastic plates. 

In 1989, Pannley; S.F. 81.ld Smith, G.P .• (1989. Adv. Exp. 

Med. Biol. 251 :215-218), suggested that shon, synthetic DNA segments 

cloned into the pill gene might represent a library of epitopes. These authors 

reas_oned that since linear epitopes were often -6 amino acids in length, it 

25 should be possible to use a random recombinant DNA library to express all 

possible hexapeptides to isolate epitopes that bind to antibodies. 

Scou and Smith (Scott, J.K. and Smith, G.P., 1990, 

Science 2!2: 386-390) describe construction and expression of an "epitope 

library" of hexapeptides on the surface of Ml3. The library was made by 

30 insening a 33 base pair .BgI I digested oligonucleotide sequence into an Sfi I 

digested phage f d-tet; i.e. • tVSE5 RF. The 33 base pair fragment contains a 

35 

P.05 



... 

FEB 21'96 15:31 FR PENNIE & EDMOND TO 011653370031 

'-:.;,, 

WO 94/18318 ~'-I/" ·~'94/00917 
-4-

random or "degenerate" coding sequence (NNK)6 where N represents G, A, T 

and C and K represents G and T. The authors stated that the library consisted 

of 2 x 1<>8 recombinants expressing 4 x 107 different heXapeptides; 

5 theoretically, this library expressed 693 of the 6.4 x 107 possible peptides 

(206). Cwirla et al. (Cwirla, S.E., et al., 1990, Proc. Natl. Acad .. Sci. USA 

87: 6378-6382) also described a somewhat similar library of hexapeptides 

expressed as gene pIII fusions of M13 fd phage. W091/19818 published 

December 26, 1991 by Dower and Cwirla describes a similar library of 

lO pentameric to octameric random amino acid sequences . 

15 

. Devlin et al.; 1990, Science, 249!404-406, describes a peptide 

library of about lS residues generated using an (NNS) coding scheme for 

oligonucleotide synthesis in which Sis G or C. 

Christian and colleagues have described a phage display library, 

expressing decapeptides (Christian, R.B., et al., 1992, J. Mol. Biol. 227: 711-

718). The starting DNA was generated by means of an oligonucleotide 

comprising the degenerate codons [NN(Gff)]10 with a self-complemenr.ary 3' 

terminus. This sequence, in forming a hairpin, creates a self-primin1 

replication site which couJd be used by T4 DNA polymerase to generate the . 

20 complementary strand. The double-stranded DNA was cleaved at the .filil 

sites at the 5' terminus and hairpin for cloning into the fiJSES vector 

described by Scou and Smith, iUgra. 

Other investigators have used other viral capsid proteins for 

expression of non-viral DNA on the surface of phage particles. The protein 

25 pVlll is a major viral cap.sid protein and interacts with die single stranded 

DNA of Ml3 viral panicles at its C-terminus. It is 50 amino acids long and 

exists in approximately 2, 700 copies per particle. The N-te~inus of the 

protein is exposed and will tolerate insertions, although large inserts have been 

reported to disrupt the assembly of fusion pVJII proteins into viral particles 

30 (Cesareni, G., 1992, FEBS Lett. 307: 66-70). To minimize the negative 

effect of pVIII-fusion proteins, a phagemid system has been utilized. 

35 
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Bacterial cells carrying the phagemid are infected with helper phage and 

secrete viral panicles that have a mixture of both wild-type and fusion p VIll. 

capsid molecules. Gene vm has also served a~ a site for expressing peptides 

5 on the surface of Ml3 viral particles. Four and six amino acid sequences 

corresponding to different segments of the Plasmodium faJciparum major 

surface antigen have been cloned and expressed in the comparable gene of the 

filamentous bacteriophage fd (Greenwood, J., et al., 1991, J. Mol. Biol. 220:· 

821-827). 

10 Lenstra, (1992, J. lmmunol. Meth. ill:l49-157) describes 

construction of a library by a laborious proeess encompassing annealing 

oligonucle.otides of about J 7 or 23 degenerate bases with an 8 nucleotide long 

palindromic sequence at their 3' ends to express random hexa- or oct.a- · 

peptides as fusion proteins with the ~-gal~ctosidase protein in a bacterial 

15 expression vector. The DNA was then convened into a double-stranded form 

. with Klenow DNA polymerase, blunt.-end ligated into a vector, and then 

released as HindIII fragments. These fragments were then cloned into an 

expression vector at the Cwterminus of a truncated P-galactosidase to generate 

107 recombinants. Colonies were then lysed, blotted on nitrocellulose filters . 

20 (10'/filter) and screened for immunoreactivity with several different 

monoclonal antibodies. A number of clones were isolated by repeated rounds 

of screening and were sequenced. 

Completely unlike the above· discussed methods for generating a 

library of peptides which have been suggested for use to identify peptides 

25 having binding affinity for a chosen ligand, the present scheme for synthesis 

and assembly of the oligonucJeotides yields nucleotide sequences encoding 

unpredjcted amino acid sequences whi~h are larger in sjze. i.e. , longer in 

length than any prior conventional libraries. 

Completely contrary to the conventional teaching in the an. that 

30 the length of .insened oligonucleotides should be kept small encoding 

preferab~y 'less than 15 and most preferably about 6-8 amino acids, the present 

35 . 
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inventors have found that not only can libraries encoding greater than about 22 

·amino acids be constructed. but that such libraries can be advantageously 

screened to identify TSARs or proteins, polypeptides and/or proteins havin1 

s binding specificity for a variety of ligands. 

Additionally. the longer length of the inserted synthesized 

oligonucleotides of the present libraries· may provide the opportunity for the 

development of secondary and/or tertiary structure in the potential binding 

proteins/peptides and in sequences flanking the actual binding portion of the 

10 binding domain of the peptide. Such complex structural features are not 

feasible when only shorter length oligonucleotides are used. 

As understood in the art, there is a need to reduce TAG (.stop) 

codon frequency in the oligonucleotides expressed by a peptide library. Those 

skilled in the art would expect to solve this problem by using hosts carrying 

15 suppressor tRNA genes. However, contrary to the conventional teaching. the 

present inventors have surprisingly discovered that suppression may not be 

100% efficient to avoid TAG stop codon expression in an oligonucleotide 

coding for a random peptide. This problem becomes ve~ serious when 

expressing oligonucleotides of longer length encoding random pepti~es. The 

20 present invention effeetively and efficiently minimizes the negative impact of 

such problem on the generation of a useful library. 

25 

Citation or identification of any reference in Section 2 of this 

application shall not be construed as an admission that such reference is 

available as prior art to the present invention. 

3. St.JM]\fARY OF TIIE IN_\TENIION 

The present invention provides methods and compositions. ~.e .. 

libraries, for identifying proteins/polypeptides and/or peptides called TSARs 

which bind to a ligand of choice. As used in the present inventiont a TSAR is 

30 intended to encompass a concatenated heterof unctional protein, polypepdde · 

and/or peptide that includes at least two distinct functional regions. One 

3S 
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region of the heterofunctional TSAR molecule is a binding domain with 

affinity for a ligand, that is characterized by 1) its stren1th of binding under 

specific conditions, 2) the srability of its binding under specific conditions, 

5 and 3) its selective specificity for the chosen ligand. A second region of the 

heterofunctional TSAR molecule js an effector domain that is biologically or 

chemically active to enhance expression and/or deteetion and/or purification of 

the TSAR. 

According to one embodiment of the invention, a TSAR can 

10 contain an optional additional linker domain or region betwt.en the binding 

domain and the effector domain. The linker region serves (1) as a structural 

spacer region between the binding and effector domains; (2) as an aid to 

uncouple or separate the binding and effector domains; or (3) as a structural 

aid for display of the binding domain and/or the TSAR by the exp~sion 

15 vector. 

... The presenl invention funher provides novel TSAR reagents as 

well as compositions comprising a binding domain of a TSAR or a. portion 

thereof, all having specificity for a ligand of choice and methods for using 

TSARs and compositions comp.rising a binding domain of a TSAR, or a 

20 ponion thereof which retains the binding specificity of the TSAR binding 

domain. 

According to the methods of the invention, a library of 

recombinant vectors is generated or constructed to express a plurality of 

heterofunctional fusion proteins, polypeptides and/or peptide TSARs. In a 

25 preferred embodiment, the TSARs. are expressed on the surface of the 

recombinant vectors of the library. 

The present invention encompasses a method for identifying a 

protein, polypeptide and/or peptide which .binds to a ligand of choice, 

comprising: screening a library of recombinant vectors which express a 

. 30 plurality of heterofunctional fusion proteins comprising (a) a binding domcdn 

encoded by an oligonucleotide comprising unpredictable nucleotides in which 

35 
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the unpredictable nucleotides are arrangCd in one or more contiguous 

sequences, wherein the total number of unpredictable nucleotides. is greater 

than or equal to about 60 and less than or equal to about 600, and (b) an 

s effector domain encoded by an oligonucleotide sequence which is a protein or . 

peptide that enhances expression or detection of the binding domain, by 

contacting the plurality of heterofunctional fusion proteins with the ligand of 

choice under conditions conducive to ligand binding and isolating the fusion 

proieins which bind to the ligand. Alternatively, the present invention 

10 encompasses a method for identifying a protein and/or peptide which bjnds to 

a ligand of choice, comprising: (a) 1enerating a library of vectors expressing a 

plurality of heterofunctional .fusion proteins comprising (i) a binding domain 

encoded by a double stranded oligonucleotide comprising unpredictable 

nucleotides in which the unpredictable nucleotides are arranged in one or more 

15 contiguous sequences, wherein the total number of unpredicr.able nucleotides is 

greater than or equal to about 60 and less than or equal to about 6001 and (ii) 

an eff~tor domain encoded by an oligo_nucleotide sellll~ce encoding a protein 

or peptide that enhances expression or detection of the binding domain; and 

(b) screening the library of vectors by contact~ng the plurality of 

20 heterofunccional fusion proteins with the ligand of choice under conditions · 

conducive to ligand binding and isolating the heterofunctional fusion protein 

which binds to the ligand. Additionally, the methods of the invention funher 

comprise determining the nucleotide sequence encoding the binding domain of 

the heterofunctional fusion protein identified to deduce the amino acid 

25 sequence of the binding domain. 

30 

35 

In order to prepare a library of recombinant vectors expressi!)g 

a plurality of protein, polypeptide and/or peptide TSARs according to one 

embodiment of the present invention. single stranded sets of nucleotides are 

synthesized and assembled in vitro according to the following scheme. 

The synthesized nucleotide sequences are designed 10 have both 

invariant nucleotide positions and variant or unpre.dicte.d nucleotide positions. 
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The invariant nucleotides are positioned at particular sites in the nucleotide 

sequences to aid in assembly and cloning of the synthesized oUgonucleotides. 

At the 5' termini of the sets of variant nucleotides, the invariant nucleotides 

5 encode for efficient restriction enzyme cleavage sites. The 3' termini 

10 

· invariant nucleotide positions are complementary pairs of 6, 9 or 12 

nucleotides to aid in annealing two synthesized single stranded sets of 

nucleotides together and canversion to double·sttanded DNA, designa=t 

herein synlhesized double stranded oligonucleotides. 

The scheme for synthesis and assembly of the unpredictable 

oligonucleotides used to construct the libraries of the present invention 

incorporates m + n variant, unpredicted nucleotide sequences of ~e formula 

(NNB)e+m into the ·coding strand where B is G, T or C and n and m are each 

an in~ger, such that 20 < n + m s. 200 or from 20 and 200 unpredicted 

15 codons are incorpc>rated into the synthesized double stranded oligonucleotides, 

.. encoding the plurality of proteins, polypeptides and/or peptides. 

20 

25 

30 

3S 
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One embodiment of the present invention provides methods for 

identifying a protein, polypeptide and/or pepude.which binds to a ligand of 

choice, comprising: screening a library of vectors expressing a plurality of 

$ heterofunctional fusion proteins containing 

(a) a binding domain encoded by a double stranded 

oligonucleotide assembled by annealing a first nucleotide sequence of the 

formula 

5' X (NNB). J Z 3' with a second nucleotide ·sequence of the formula 

JO 3' Z' 0 U ·(NNV)m Y s~ · 

lS 

where X and Y are restriction enzyme recognition sites, such that X ¢. Y; 

N is A, C, G or T; 

Bis G, Tor C; 

Vis G, A or C; 

n is an integer, such that 10 < n :S .100; 

m is an integer, such that 10 :s:; m ~ 100; 

Zand Z' are each a sequence of 6, 9 or 12 nucleotides, such that 

Z and Z' are complementary to each other; and 

J is A, C, G, Tor nothing; 

20 0 is A, C, 0, T or nothing; and 

25 

U is G, A. C or· nothing; provided, however, if any one of J, 0 or U is 

nothing then J, 0 and U are all nothing, 

and converting the annealed nucleor.ide sequences to a double stranded 

oligonucleotide, and 

(b) an effector domain encoded by an oligonucleotide 

sequence encoding a protein or peptide that enhances expression or detection 

of the binding domain, by cont.acting the plurality of heterofunctional fusion 

proteins wjth said ligand of choice under conditions conducive to ligand 

binding and isolatin& the heter0functional fusion protein which binds said 

30 ligand. 

35 
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The present invention further encompasses methods for · 

preparing libraries of vectors expressing a plurality of heterofunc:tional fusion 

proteins that are designed to form semirigid ·confonnational suuctures. This js 

5 accomplished by incorporating into the synlhesized nucleotide sequences 

additional invariant residues flanking contiguous sequences· of variant 

nucleotides. These additional invariant nucleotide se.quences are designed to 

encode amino acids that will confer structure in the binding domain of the 

expressed heterofunctionaJ fusion protein. Jn a preferred embodiment, the 

10 additional invariant nucleotides code for cysteine residues. When the library 

. is expressed in an oxidizing environment, at least one disulfide bond is 

formed, thereby allowing for the formation of at least one loop or even a 

cloverleaf conformation in each heterofunctional fusion protein. 

The present invention further encompasses methods for 

15 preparing a protein, polypeptide and/or a peptide which binds 10 a ligand of 

... choice, comprising synthesizing, either chemically or by recombinant 

techniq~es, the amino acid sequence identified by screening a library of 

vectors of the invention. 

20 3.1. OBJECTS AND ADVANTAGES OF llfE INVENTION 

The pre"sent invention provides a method for identifying a 

binding molecule, that is reproducible, quick, simple, efficient and relatively 

inexpensive. More particularly, the invention provides a method of generating 

and screening a large library of diverse protein, polypeptide and/or peptide 

25 molecules. Thus, the invention provides a rapid and easy way· of producing a 

large library that results in a plurality of longer proteins, polypeplides and/or 

peptides that can efficiently be screened to identify those with novel and 

improved binding specificities, affinities· and stabilities for a given ligand of 

choice. The diversity of binding characteristics that can be obtained with the 

30 methods and compositions of the present invention can be used in a wide 

35 
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variety of applications to mimic or replace naturally occumng binding 

molecules or ponions thereof. 

In contrast to methods lhat rely on isolation of specific eenes 

5 and known sequences, the present invention has the advantage that there is no 

need for purifying or isolating genes nor any need for detailed knowledge of 

the function of ponions of the binding sequence or the amino acids that are 

involved in ligand binding in order to produce a TSAR. The only requirement 

is· having the ligand needed to screen a TSAR library to find TSARs with 

10 affinity for that ligand. Since TSARS are screened in mm. the solvent 

requirements involved in TSAR/ligand interactions are not limited to aqueous 

solvents; thus, nonphysiologicat binding interactions and conditions different 

from those found in vivo can be exploited. 

15 

20 

The variant nucleotides, according to the present scheme, 

encode all twenty naturally occurring amino acids by use of 48 different 

codons. Although this affords somewhat less variability than found- in nature, 

in which 64 different codons are used, the present scheme for designing the 

variant nucleotides advantageously provides areater variability than in 

conventional schemes such as those which use nucleotides of other fonnulas. 

Use of the presently taught NNB scheme is panicularly 

advantageous by minimizing the number of recombinants wirh internal stop 

codons. This difference becomes magni~ed when longer peptides are 

expressed. This becomes especially important where the size of the insened 

oligonucleotides is 1arge, e.g., greater than about 20 codons. For example, 

25 using the presently taught method, in an oligo~ucleotide of 100 codons, the 

probability of nm having a stop codon, i.e .. , of having an open reading frame, 

would be (47/48)100 or about 12% whereas uSing the (NNS) or (NNK) 

method, such probability would be (31/32)100 or about only 4~. The NNN 

scheme could be used, but there would be an increase in the number of 

30 recombinants with stop codons, i.e., the frequency of not having a stop codon 

would be (61/64)100 or less than about l %. 

p. 15 
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The NNB scheme offers additional flexibility when the TSAR 

peptides are expressed in hosts that lack suppressor tRNA genes. That is. the 

NNB scheme is not restricted to host organisms that have been subject to 

5 intense molecular g_enetic manipulation and thus offers greater flexibility in 

host selection. 

One could avoid stop codons altogether by use of codon triplets, 

but then one would need to know codon preference ideally for each host. 

NNB offers greater flexibility in host range. In addition, oligonucleotides in 

10 codon triplet form are not commercially available and the chemistry to 

synthesize triplets is cumbersome. 

Additionally, the present scheme avoids the use of synthesized 

oligonucleotides rich in GC nucleotides such as is often found in libraries 

using an NNS formula for variant codons. Such oligonucleotides 3:fe difficult 

15 to assemble and sequence properly. 

Perhaps most significantly, the present scheme for synlhesis and 

assembly of lhe oligonucleotides provides sequences of oUgonucleotides 

encoding unpredicted amino acid sequences which are larger in size than any 

prior conventional libraries. As constructed according to the present 

20 invention, the present synthesized double stranded oligonucleotides comprise 

at least about 77-631 nucleotides in length encoding the restriction enzyme 

sites, the complementary site and a.bout 20-200 unprenicted amino acids in the 

TSAR binding domain. According to a prefen-ed embodiment, n and m are 

greater than or ~ual to 10 and less than or equal to 50. Thus, the 

25 synthesized double stranded oligonucleotides comprise at least 77-331 

nucleotides and encode about 20-100 unpredicted amino acids in the TSAR 

binding domain. In the specifically exemplified examples. the synthesized 

oligonucleotides encode 20, 24 and ·36 unpredicted amino acids and 27, 35 

and 42 amino acids. respectively, in the TSAR binding domain. 

30 Completely contrary to the conventional teaching in the a.rt that 

the length of inserted oligonucleoti~es should be kept small encodin& 

35 1iiii~Ur· 
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preferably less than 15 and most preferably about 6-8 amino acids, the present 

inventors have found that not only can libraries encoding greater than about 22 

amino acids be constructed, but that such libraries can be advantageously 

5 screened to identify TSARs or proteins, polypeptides and/or proteins having 

binding specificity for a variety of ligands. 

Additionally, the longer length of the inserte.d synthesfaed 

oligonucleotides of the present libraries may provide the opponunity for the 

development of secondMy and/or teniary structure in the potential binding 

10 proteins/peptides and in sequences flanking the actual binding portion of the 

binding domain of the peptide. Such complex structural developments are not 

. feasible when only shorter length oligonucleotides are used. 

15 

In addition, the present invention provides methods whereby a 

semi.·rigid structure or conformation is specifically desi1ned into the binding 

domain. 

TSARs are particularly useful in systems in which development 

of binding affinities for a new substance and developing different binding 

affinities for .known substances are desirable. 

TSARs or compositions comprising the binding domain of a 

20 TSAR (or a portion thereof having the same binding specificity) may be used 

in any in vivo or in vitro application that might make use of a peptide or 

polypeptide with binding affinity. Thus, TSARs or the TSAR compositions 

can be use.d in place of or to bind to a cell surface reeeptor, a viral receptor, 

an enzyme, a le.ctin, an integrin, an adhesin, a ea•• binding protein, a meta.I 
. . 

25 binding protein,· DNA or RNA binding proteins, immunoglobulins, vitamin 

cofactors, peptides that recognize any ~ioorganic or inorganic compound, etc. 

By vinue of the affinity for a target, TSARs or compositions 

comprising a TSAR binding domain or a ponion thereof used in vivo can 

deliver a chemically or biologically active moiety, such as a metal ion, a 

30 radioisotope, peptide, toxin or f~ment thereof, or enzyme or fragment 

thereof, to the specific rarget jn or on. the ceJL The TSARs can also have in 
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~ a utility similar to monoclonal antibodies or other specific binding 

molecules for the detection, quantitation, separation or purification of other 

molecules. In one embodiment, a number of TSARs or the binding domains 

5 thereof can be assembled as multimeric units to provide multiple binding 

domains that have the same specificity and can be fused to another molecule 

that has a biological or chemical activity. 

The TSARs that are produced in this invention can replace the 

function of macromolecules· such as monoclonal or polyclonal antibodies and 

10 thereby circumvent the need· for the complex methods for hybridoma 

formation or in vivo antibody production. Moreover. TSARs differ from 

or.her natural binding molecules in that TSARs have an easily characterized 

and designed activity that can allow their direct and rapid detection in a 

scr~ing process. 

_ 15 It has been discovered that TSARs are also particularly useful in 

... elucidacing the sequences i~ naturally occurring ligand proteins, g~ycoproteins 

or polypeptides or naturally occurring targets of those ligands that interact and 

are responsible for binding. Often, even if the sequence of the ligand 

molecule is known, the s~ific sequence responsible for "the interaction with a 

20 target is unknown. Particularly, if the molecule is large, mapping this binding 

site can be a laborious undertaking by ~tandard techniques. It has been (ound 

that when TSARs can be isolate.d that bind to a naturally occurring ligand, 

some of these TSARS will contain sequences that mimic specific sequences in 

rhe naturally occurring wget for that ligand. By comparing the TSAR 

25 sequence with that of the target, the specific sequence responsible for Jigand 

binding can advantageously be determined. 

4. BRIEF DF$CRTPTION OF THE FIGURES 

The p~nt in-vention may be understood more fully by 

30 reference to the following detailed description of the invention, examples of 

specific embodiments of the invention and the appended figures in which: 

35 
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Figure 1 (A·F) schematically illustrates construction of TSAR 

libraries according to the methods of the invention. figure lA schematically 

depicts the synthesis and assembly of synthetic oligonucleotides for the linear 

5 libraries and bimolecular libraries illustrated in Figure lB and C. N - A. C, 

G or T; B = G, T or C .and V == G, A, or C; and n and m are integers, such 

that 10 ~ n :s 100 and 10 s m :S 100. Figure 1 D-F schematically depicrs 

repre5entative libraries which are designed to be semirigid libraries. The 

synthesis and assembly of the oligonucleotides for the semirigid libraries are 

IO as in Figure IA with modifications to include spe.cified invariant positions. 

15 

See Section 5. I text for details. 

Figure 2 depicts maps of derivatives of m13mp8, vectors m655 

and m663, (see Fowlkes et al., 1992, BioTechniques, .U:422-427). 

Figure 3 (A-I>) represents circular restriction maps of phagemid 

vectors, derived from phagemid pBluescript II SK•, in which a truncated 

portion encoding amino acid residues 198-406 of the plli gene of M13 is 

linked to a leader sequence of the E.. gill Pel B gene and is expressed under 

control of a lac promoter. 0 and S represent the amino acids glycine and 

serine, respectively; c-myc represents the human c-myc oncogene epitope 

20 recognized by the 9E10 monoclonal antibody described in Evan et al., 1985. 

Mol. Cell. Biol. 5::3610-3616. Figure 3A illustrates the restriction map of 

phagemid pDAFl; Figure 3B illustrates the restriction map of phagemid 

pDAF2; Figure 3C illustrates the restriction map of phagemid pDAF3; 

Figure 3D schematically illustrates the construction of phagemids pDAFl, 

25 pDAF2 and pDAP3. 

30 

35 

Figure 4 depicts the steps in construction of the plasmid 

expression vector p340. See text Section 9 for details. 

Figure S(A·B) depicts the steps in construction of (Figure 5A) 

and structure of Figure SB expression vector plasmid p677-2. See text 

Section 5.1.2.1 for derails. 

··· liii1iii~ir 
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Figure 6 schematically presents a seheme for screening a TSAR 

library expressed in a plasmid ve.ctor. See text Section S.2 for details. 

Figure 7 schematically represents TSARs in which a linker 

5 domain joins the binding domain and the effector domain. The schematic 

illustration is not necessarily drawn to scale. See text Section S.3 for details. 

Figure 8 schematically illustrates construction of the TSAR-9 

library. N =A, C, G or T; B = G, Tor C and V = G, A or C. See text 

Section 6.1.1 for details. 

10 Figure 9 schematically illustrates construction ofthe TSAR..:.12 

library. N =A, C, G or T; B -· G, Tor C and V = G, A or C. See text 

Section 6.2 for details. Insenion into a representative, appropriate vector and 

expression -in an appropriate host is illustrated. 

Figure 10 presents the usage frequency of amino acids encoded 

15 by the variant regions of the synthetic oligonucleotides of 23 randomly chosen 

.. members of the TSAR-9 library. The values presented compare the number 

of times each amino acid was observed· with that predicted based on the 

formula used to synthesi:ze the oligonucleotides; the divergence from the 

predicted values is represented by the size of the bars above and below the 

20 baseline. See text Section 6.3. l for details. 

Figure 11 schemaricaJly, illustrates constraction of the TSAR·-13 

library. See text section 6.4 for details. 

Figure 12 demonstrates that TSARs1 expressed on phage 

vectors, designated 7Ell.9-5 and 7E11.12-3 {SEQ ID NOS: 26 and 29, 

25 respectively) inhibited the binding of the 7El 1-CS monoclonal antibody to its 

antigen in a dose dependent manner; 0 represents competition of binding by 

TSAR 7El 1.9-S (IC SO = 1.7 x 1010
); • represents competitive inhibition of 

binding by TSAR 7El 1.12-3 (IC SO = 3.55 x 1011
); V' represents competitive 

inhibition of bindin·g by the plll gene of vector M663, a control protein. See 

30 text Section 7.2 for details. 

··.-. .:< ~ 
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Figure 13 demonstrates that a peptide (amide form) (SEQ ID 

NO 31) comprising a ponion of che bjnding domain of a 7El l·C5 bindin& 

TSAR competitively inhibited binding of the 7El 1-CS antibody to ir.s antigen. 

5 Two (amide form) control peptides 1 and 2 (SEQ ID NOS: 32 and 33) were 

included for comparison. The ability to inhibit binding of Bl39, another 

monoclonal antibody which recognizes an antigen in the LNCaP cell extract 

different from that recognized by the 7E11-CS antibody was also evaluated. * 

represents inhibition of 7El t-C5 monoclonal antibody binding to the LNCaP 

10 cell extract by SEQ ID NO 31; 0, inhibition of Bl39 monoclonal antibody 

binding to the LNCaP cell extract by SEQ ID NO 31 ; ~ represents inhibition 

of 7El 1-C5 monoclonal antibody binding by control peptide 1 SEQ ID NO 

32; '*' represents inhibition of B139 monoclonal antibody binding by (:Ontrol 

peptide 1 SEQ ID NO 32; Q represents inhibition of 7El 1-CS monoclonal 

15 antiboc;ly by control peptide· 2 SEQ ID NO 33; and Q. ·represents inhibition of 

B139 monoclonal antibody by control peptide 2 SEQ ID NO 33. See text 

Section 7 .2 for details. 

Figure 14 demonstrates dose dependent binding of the 7El 1-CS 

monoclonal antibody to a peptide comprising a portion of a 7El 1-C5 binding 

20 TSAR, the peptide designated (amide) SEQ ID NO 31 when immobilized 

using 50 ,.cJ/well at concentrations ranging from 0.5 - 500 µg/ml. G 

represents SEQ ID NO 31 at 0.5 µg/ml; '"ll!r" represents SEQ ID NO 31 at 5.0 

µg/ml; 6:l represents SEQ ID NO 31 at 50 µg/ml; and* represents SEQ IP 

NO 31 at 500 µ.g/ml. See text Section 7.2 for details. 

25 Figure 15 demonstrates that the 7El I •CS monoclonal antibody 

specifically binds to a peptide comprising a ponion of a 7El l ·CS binding 

TSAR, the peptide designated (amide form) SEQ ID NO 31 whereas anorher, 

irrelevant monoclonal antibody Bl39 did not. *represents binding of 

7.El 1-CS antibody to immobilized SEQ ID NO 31; 8 represents b1nding of 

30 -Bl39 antibody to immobilized SEQ ID NO 31. 

35 
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Figure 16 (A-B) diagrammatically shows chromatographic 

characteristics of isolated Zn(Il)-IDA-selected phage fractionattA on Zn(ll)­

IDA, Cu(Il)-IDA, and Ni(Il)~IDA. Figure l6A shows four Zn(Il)-IDA-

! sele.cted phage (Table 2) chosen for further characterization. The clones were 

fractionated on Zn(II)-IDA, Cu(II)-IDA, and Ni(ll)-lDA. Three fractions 

were collected and titered for the presence of phage: the wash ( •), the 

elution tD), and the metal(Il)-IDA column matrix resuspended in TlONf 

(0). The percentage of recovered phage in each fraction is indicated .. 

10 Fi1ure l 6B shows elution of Zn(IJ)-IDA-selected clone Zn 1B8 from Zn(Il)­

IDA. Zn1B8 was fractionated over Zn(ll)IDA- and eluted with various 

reagents. Three fractions were CQllected and titered for the presence of 

phage: me wash fraction<•>. the elution fraction \0), and the metal(Il)-IDA 

column matrix resuspended in TIONT (0). Values are presented as percent 

IS recovered phage in fraction. See text Se.ction 7.3 for details. 

20 

Figure 17 demonstrates competitive binding of TSARs 

designated C46-9.l (SEQ ID NO 68) (e) and C46·9.2 (SEQ ID NO 69) (0) 

with carcinoembryoni~ antigen (CEA) for the C46 monoclo~al antibody. See 

text Section 7 .5 for details. 

Figure 18 illustrates binding of synthesized overlapping 

octame~c peptides (8-mers) based on the amino acid sequence of the bindin1 

domain of TSAR C46.9-2 SEQ ID NO 69 with the C46 antibody in an ELISA 

assay format. See text Seetion 7 .5 for details. 

Figure 19 demonstrates that the binding of a peptide, i.e., SEQ 

25 ID NO 176, based on the calmodulin binding TSAR (SEQ ID NO 135), to 

calmodulin is inhibited by increasing concentrations of EGTA, indicating that 

binding to calmodulin is calcium dependent. [0] represents SEQ ID NO 176 

binding to CaM in. the presence of calcium; [OJ represents the inhibition of 

SEQ ID NO 176 binding to CaM in the presence of increasing concentrations 

30 of EGTA~ See text, Section 7.9 for details. 

. . .,···· t 
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Figure 20 • Inhibition of streptavidin labeled SEQ ID NO 176 

peptide binding to immobilized calmodulin by CaM protein kinase (CaM K) 

and skeletal myosin light chain kinase (MLCK). See text, Section 7.9 for 

5 details. 

Figure 21 - Fluorescense of SEQ ID NO 176 peptide in the 

presence of calcium ions, bound(-) and unbound(-) to ca}modulin. Se.e 

text, Section 7. 9 for details. 

Figure 22 - Fluorescence of SEQ ID NO 176 peptide in 

10 increasing concentrations of calmodulin. See texl, Section 7 .9 for derails. 

15 

Figure 23 - The ability of the N·tenninal half SEQ ID NO 195 

( ..... ), C-terminal half SEQ ID NO 180 (-a-), W to A SEQ ID NO 178(.+-), the 

reverse sequence, SEQ ID NO 177 (~) to compete with SEQ JD NO 176 

peptide binding to calmodulin~ See text, Section 7.9 for details. 

5. DETAILED DF.SCRIPTION OF THE 'INVENTION 

The present invention provides methods and compositions for 

identifying proteins/polypeptides and/or peptides called TSARs which bind to 

. a ligand of choice. As use.cl in the present invention; a TSAR is intended to 

lO encompass a concatenated heterofunctional protein, polypeplide and!or peptide 

that includes at lea.st two distinct functional regions._, ·One region of ihe 

heterofunctionat TSAR. molecule is a binding domain with affinity for a 

ligand, that is characterized by 1) its strength of binding'under specific 

conditions, 2) the stability of its binding under specific conditions, and 3) its 

25 selective specificity for the chosen ligand. A second region of the 

heterofunctional TSAR molecule is an effector domain. that is biologically or 

chemically active to ~nhance expression and/or detection and/or purification of 

the TSAR. The effector domain is chosen from a number of biologically or 

chemically active pTote'ins including a structu~l protein or fragment that is 

30 accessibly ex.pressed as a surface protein of a vector, an enzyme or fragment 

ther~f, a toxin or fragment thereof, a therapeu~c protein or peptide, or a 

35 
This She~t ijas B~o Repla~ed 
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protein or peptide whose function is to provide a site for attachment of a . . 

substance such as a metal ion, etc., that is useful for enhancing expression 

and/or detection and/or purification of the expressed TSAR. 

According to one embodiment of the invention, a TSAR can 

contain an optional additional linker domain or region between the binding 

domain and the. effector domain. The linker region serves (1) as a structural 

spacer region between the binding and effector domains; (2) as an aid to 

uncouple or separate the binding and effector domains; or (3) as a structural 

IO . aid for display of the binding domain and/or the TSAR by the expression 

15 

vector. See Section 5 .3 (infra) for a more detailed description of the optional 

linker region of the TSARs (see also Figure 7). 

As used in the present invention, a ligand is intended to 

enco~pass a substance. including a mol~ule or ponion thereof, for which a 

proteinaceous receptor naturally exists or can be prepared according to the 

method of the invention. A TSAR which binds to a ligand ·can function as a 

receptor, i.e., a lock into which the ligand tits and binds; or a TSAR can 

function as a key which fits into and binds a ligand when lhe·ligand is a larger 

protein molecule. In this invention, a ligand is a substance that specifically 

20 interacts with or binds to a TSAR and includes, but is not limite.d to, an 

organic chemical group, an .jon, a metal. or non .. meral inorganic ion, a 

glycoprotein, a protein, a polypeptide, a peptide, a. nucleic acid, a 

carbohydrate or carbohydrate polymer, a lipid, a fatty acid, a viral particle. a 

membrane vesicle, a cell wall component, a synthetic organic compound, a 

25 bioorganic compound and an inorganic compound or any portion of any of the 

above. 

30 

35 

The present invention funher provides nove) TSAR reagents as 

well as compositions comprisin& a binding domain of a TSAR or a portion 

thereof which has specificity· for a ligand of choice and· methods for using 

TSARs and compositions comprising a binding· domain of a TSAR or a 

P.24 
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ponion thereof which retains the binding spe.cificity of the TSAR binding 

domain. 

Solely, for ease of explanation, me description of the invention 

5 may be divided into the following se.ctions: (A) methods to identify TSARs 

including (i) construction and (ii) screening of 1ibraries; (B) TSARs and 

compositions comprising a binding domain of a TSAR or portion thereof; and 

(C) applications of or uses for TSARs and TSAR compositions. The 

description of the methods for constructing TSAR libraries may be subdivided 

IO into: (a) synthesis and assembly of synthetic oligonucleotides; (b) insertion of 

the synthetic oligonucleotides into an appropriate expression vector; and (c) 

expression of the library of vectors. Methods for constructing linear. 

bimolecular and semirjgid libraries are described. 

15 

20 

25 

30 

35 

5.1. MEmODS TO IDENTIFY TSARs: 
CONSTRUCTION OF LmRARIES 

Jn its most general embodiment, the process of the present 

method for rapidly and efficiently identifying novel binding reagents termoo 

TSARs comprises two steps: (a) conmucting a library of vectors expressing 

insened synthetic oligonucleotide sequences encoding a plurality of proteins, 

polypeptides and/or peptides as fusion proteins, for example, attached to an 

accessible surface structural protein of a vector; and (b) screening the 

expressed library or plurality of recombinant vectors to isolate those members 

producing proteins, polypeptides and/or peptides that bind to a ligand of 

interest. The nucleic acid sequence of the inserted synthetic oligonucleotides 

of the isolated vector is determined and the amino acid sequence encoded is 

deduced to identify a TSAR bindin~ domain that binds the ligand of choice. 

The present invention encompasses a method for identifying a 

protein, polypeptide and/or peptide which binds to a ligand of choice, 

comprising: screening a library of recombinant vectors which express a 

plurality of heterofunctional fusion proteins comprising (a) a binding domain 

encoded by an oligonucleotide comprising unpredictable nucleotides in which 
------' ______ __,___,_ . 

P.25 
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the unpredictable nucleotides are arranged in one or more contiguous 

sequences, wherein the total number of unpredictable nucleotides is greater 

than or equal to about 60 and less than or equal to about 600, and (b) an . . 

5 effector domain encoded by an oligonucleotide sequence encoding a protein or 

peptide that enhances expression or detection of the binding domain, by 

contacting the plurality of heterofunctional fusion proteins with the ligand of 

choiee under conditions conducive to ligand binding and isolating the fusion 

proteins which bind to the ligand. Altemativelyy the present invention 

lO encompasses a method for identifying a protein and/or peptide which binds to 

a ligand of choice. comprising: (a) generating a library of vectors expressing a· 

p~urality of heterofunctional fusion proteins comprising (i) a binding domain 

encoded by a double stranded oligonucleotide comprising unpredictable 

nucleotides in which the unpredictable nucleotides are arranged in one or more 

15 contiguous sequences, wherein the total number of unpredictable nucleotides is 

greater than ~r equal to about 60 and less than or equal to about 600. and (ii) 

an effector domain encoded by an oligonucleotide sequence encoding a protein 

or peptide mat enhances expression or detection of the binding domain; and 

(b) screening the library of vectors by contacting the plurality of 

20 heterofunctional fusion proteins with the ligand of choice under conditions 

conducive co ligand binding and isolating the heterofunctional fusion protein 

which binds to the ligand. Additionally, the methods or the invention further 

comprise determining the nucleotide sequence encoding the binding domain of 

the heterofunctional fusion protein identified to deduce the amino acid 

25 . sequence of the binding domain. 

30 

35 

It is, of course. understood that once a library is constructed 

according to the present invention, the library can be screene.d any number of 

times with a number of different ligands of choice to identify TSARs binding 

the given ligand. Such screening methods are also encompassed within the 

present invention. 

P.26 
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S.1.1. Sl'NTRF$1S AND ASSEM'BLV OF OLIGONVo,EOTIDFS 

In order to prepare a library of vectors expressing a plurality of 

s protein, polypeptide and/or peptide TSARs according to. one embodiment of 

the present invention, single stranded sets of nucleotides are synthesized and 

assembled in vitro according to the following scheme. 

The synthesized nucleotide se.quences are designed to have 

variant or unpredicted and invariant nucleotide positions. Pairs of variant 

10 nucleotides in which one individual member is represented by 5'{NNB)" 3' 

and the other member js represente.d by 3'(NNV)a 5' where N is A, c. G or 

T; Bis G, Tor C; Vis G, A or C; n is an integer, such that 10 ~ n ·s 100, 

and mis an integer, such that 10 s m :s: 100, are synthesized' for assembly 

into synthetic oligonucleotides. As assembled, according to the present 

l5 invention, there are at lea.st n + m variant codons in each inserted synthesized 

double stranded oligonucleotide sequence (Figure lA) . 

As would be understood by those of skill in the an, the variant 

nucleotide positions have the potential to encode all 20 naturally occurring 

amino acids and, when assembled as taught by _the present method, encode 

20 only one stop codon, i.e., TAG. The sequence of amino acids encoded by the 

variant nucleotides of the present invention is unpredictable and substantially 

random in sequence. The rerms "unpredicred", "unpredictable" and 

"substantially random" are use.d interchangeably in the present application with 

respect to the amino acids encoded and are intended to mean that at any given 

25 position within the binding domain of the TSARS encoded by the variant 

nucleotides which of the 20 naturally occurring amino acids will occur cannot 

be predicted. 

The variant nucleotides, according to the present scheine, 

encode all twenty naturally occurring amino acids by use of 48 different 

30 codons. Although this affords somewhat less variability than found in nature. 

in which 64 different codons are used. the present scheme for designing the 

35 
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variant nucleotides advanrageously provides greater variability than in 

conventional schemes such as those which use nucleotides of the formula 

NNK, in which K is G or T Cg Dower, W091/19818, supra) or of the 

5 . formula NNS, in which Sis G or C.(S Devlin, W091/18980), in which 

only 32 codons are employed. 

Moreover, as discussed in Section S .1.3 Cin.fD), when the 

synthesized oligonucleotides are insened into an expression vector, the single 

stop codon TAG can be suppressed by expressing the library of vectors in a 

10 mutant host, such as&. coli supE, [see generally, Sambrook, Fritsh and 

Maniatis, Molecular Cloning: A Laboratory Manual, 2d. ed. Cold Spring 

Harbor Laboratory Press, pp. 2.55, 2.57-.59, 4.13-4.lS 1989 (herein 

Maniatis)]. 

As would be understood by those of skill in the art, use of 

15 variant codons of the formula NNK or NNS would, like the presently 

employed NNB formula, en~e only one type of stop codon, i.e., TAG. If 

the use of suppressors, such as·~. were 100% efficient to suppress the 

single stop codon, there would· be no difference or advantage in using_ the 

present NNB scheme over ~ose schemes used by conventional methods. 

20 On the other hand, if suppression were not 100% efficient or if 

there were no suppressions available for a panicular vector/host system, then 

the presently taught NNB would be more advantageous than either the NNK 

or NNS systems because since it utilizes 47 rather than 31 amino acid 

encoding codons, the chance of having a stop codon in an NNB sequence of a 

25 particular length of nucleotides is less. To mustrare, the probability of having 

a stop codon in a sequence of 36 codons using the presently taught NNB 

scheme is [1-(47148)16
] or about 53% whereas, using the NNK or NNS 

scheme, such probability would be [1-(31132)36] or 68%. The NNN scheme . 

could be used, but there would be an increase in the number of recombinanrs 

30 with stop codons: e.g., [l -(61164}1; = 0.82 or 82%. Thus, use of the 

presently taught NNB scheme is panicularly advanrageous in minimizing the 

35 
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number of recombinants with internal stop codons. This difference becomes 

magnified when longer TSAR peptides are expresse.d. This be.comes 

especially imP<>rtant where the size of the inserted oli1onucleotides is large, 

5 e.g., greater than about 20 codons. For example, using the pregmtly taught 

method, in an oligonucleotide of 100 codons, the probability of nm having a 

stop codon, i.e. of having an open reading frame, would be (47/48)100 or 

about 12 % whereas using the NNS or NNK method, such probability would 

be (31132)100 or about only 4 % • 

10 Indeed, as explained more ful1y in Section 6.3 Cinfm), analysis 

of a large number of inserted synthesized oligonucleotides according to the 

present invention expressed by an Ml3 vector derivative in a .sYRE E... .@Ii 

murant demonstrated that very few TAG stop codons were observed in the. 

binding domain sequences expressed by the TSAR vectors. Thus, it appears 

15 that use of !YJ2E in this system is not very efficient and hence use of the 

present NNB scheme is panicularly useful. 

The NNB scheme offers additional flexibility when the TSAR 

peptides are expressed in hosts that lack suppressor tRNA genes. That is, the 

NNB scheme would not be restricted only to host organisms that have been 

20 subject to intense molecular genetic manipulation and thus offers greater 

flexibility in host selection. 

One could avoid stop codons altogether by use of codon triplets, 

but then one would need to know codon preference ideally for each host. 

NNB offers 1reater flexibility in host range. 

25 The invariant nucleotides ire positioned at panicular sites in the 

nucleotide sequences to aid in assembly and cloning of.the synthesized 

oligonucleotides. At the 5' tennjni of the sets of variant nucleotides, the 

invariant nucleotides encode for efficient restriction enzyme cleavage sires. 

The invariant nucleotides at the 5' termini are chosen to encode pairs of sites 

30 for cleavage by restriction enzymes (I) which can function in. the same buffer · 

conditions; (2) are commercially available at high specific activity; (3) are not 

35 
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complement.ary to each other to prevent self-ligation of the synthesized double 

stranded oligonucleotides; and (4) which require either 6 or 8 nucleotides for a 

cleavage recognition site in order to lower the frequency of cleaving within 

th~ inserted double stranded synthesized oligonuc:Ieotide sequences. 

ACcording to particular embodiments of peptide libraries exemplified in 

Section 6 Cinfm), the selected restriction site pairs· are selected from Xho I and 

~ I, and Sil I and ~ I. Other examples of useful restriction enzyme sites 

include, but are not limited to: ~ l, llli I. Eil I, Ngt 1, Sfi I, Pme I, etc. 
10 Restriction sites at the 5' termini invariant positions function to promote 

proper orientation and efficient production of recombinant molecule formation · 

during ligation when the oligonucle.otides are insened into an appropriate 

expression vector. 

According to an alternate embodiment of the present invention, 

lS the vari~t nucleotides are synthesized using one or more methylated dNTP's 

.. and the 5' ·termini invariant nucleotides, encoding restriction sites for efficient 

cleavage, are synthesized using non-methylated dNTPs. This embodiment· 

provides for efficient cleavage of long length synthesiied oligonucleotides at 

the termini for insertion inro an appropriate vector, while avoiding cleavage in 

20 the variant nucleotide sequences. 

25 

30 

35 

The 3' termini invariant n.ucleotide positions are complemeniary 

pairs of 6, 9 or 12 nucleotides to aid in annealing two synthesized single 

stranded sets of nucleotides together and conversion to double-stranded DNA, 

designated herein synthesized double stranded oligonucleoudes. 

In particular embodiments of peptide libraries exemplified in 

Section 6 (infra), the 3' termini invariant nucleotides are selected from 
5'GCGGTG3' and 1'CGCCAC'", and 5'CCAGGT3' and 3 'GGTCCA5', which also 

encode either a panicular amino acid, glycine, or dipeptide prolinepglycine, 

which provides the flexibility of either a swivel or hinge type configuration to 

the expressed proteins, polypeptides and/or peptides. respectively. 

P.30 
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In yet another specific embodiment, the 3' termini invariant . 

nucleotides of the coding strand are 5' GGOTGCGGC 3' which encode 

glycine, cysteine, glycine. In an oxidizing environment the cysteine forms a 

5 disulfide bond with another cysteine engineered inro the binding domain to 

form a semirigid conformation in the expressed peptide. 

In another embodiment, the complementary 3' termini als.o 

encode an amino acid sequence that provides a short charge cluster (for 

example, KKKK, DDDD or KDKD), or a sharp turn (for example, NPXY, 

lO YXRF where X is any amino acid). In another alternative embodiment, ·the 

complementary 3' terminj also encode a short amino acid se.quence that 

provides a peptide known to have a desirable binding or or.her biological 

activity. Specific examples include· complemenlary pairs of sequences 

encodin& peptides including· but not limited to RGD. HA V, HPQ0 where e is 
1! a non·polar amino acid . 

20 

~is Sheet Has Been Replaced 
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Figure 1 A generally illustrates an assembly. process according tQ 

the method of the present invention. The oligonucleotide sequences are lhus 
assembled by a process comprising: synthesis of pairs of single stranded 

5 nucleotides having a formula represented; 

(a) S' - 3' Restriction site-(NNB)11-Complementary site; and 

(b) 3' ... 5' Complemenrary site-(NNV)m-Restriction site, 

where n is an integer, such that 10 s n s 100 and mis an integer, such that 

10 s m s 100. More particularly. the single stranded nucleotides are 

10 represented as: pairs of nucleotide sequences of a first formula 

15 

20 

2S 

30 

35 

5' X (NNB)n] Z 3' and a second nucleotide sequence of the formula 

3' Z' 0 U (NNV)m Y 5' 

where X and Y are restriction enzyme recognition sites. such that X ;I!! Y; 

N is A, C, O or T; 

Bis G, Tor C; 

Vis G, A or C; 

n is an integer, such that 10 s n s 100; 

m is an integer, such that IO s m S I 00; 

Zand Z' are each a sequence of 6, 9 or 12 nucleotides,. such that 

Zand Z' are complementary to each other; and 

J is A, C, G, T or nothing: 

0 is A, C, G, T or nothing; and 

U is G, A, C or nothing: provided, however, if any one of J, 0 or U is 

nothing then J, 0 and U are all nothing. 

Any method for synthesis of the single stranded sets of 

nucleotides is suitable, including such as use of an automatic nucleotide 

synthesizer. The synthesizer can be programmed so that the nucleotides can 

be incorporated, either in equimolar or non-equimolar ratios at ·the variant 

positions, i.e., N, B, V, J, 0 or U. The nucleotide sequences of the desired 

length are purified, for example, by HPLC. 
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Pairs of the purified, single suanded nuclectides of the desired 

length are reacted together in appropriate buffers through repetitive cycles of 

annealing and DNA synthesis using an appropriate DNA polymerase, such as 

5 Taq. Vent91 or Bst DNA polymerase, and appropriate temperature cycling. 

Klenow fragment of Ji. ~ DNA polymerase could be used but, as would be 

understood by those of skill in the art, such polymerase would need to be 

replenished at each cycle and thus is less preferred. The double stranded 

DNA reaction products, now greater than m + n in length, are isolated, for 

10 example, by phenol/chlorofonn extraction and precipitation with ethanol. 
. . 

After resuspension in buffer, the double stranded synthetic 

oligonucleotides are cleaved with appropriate restriction enzymes ·to yield a 

plurality of synthesize.d oiigonucleotides. The double-stranded synthesized 

oligonucleotides should be selected for those of the appropriate size by means· 

15 of high resolution polyacrylamide gel electrophoresis. or NuSieve/MetaMorph 

.. (FMC Corp., Rockland, MA) agarose gel electrophoresis, or the like. Size 

selection of the oligonucleotides substantially eliminates abortive assembly 

products of inappropriate size and incomplete digestion products. 

The scheme for synthesis and assembly of the unpredictable 

20 oligonucleotides used to construct the libraries of lhe present invention 

incorporates m + n variant, unpredicted nucleotide sequences of the formula 

(NNB)8+~ where B is G, T or C and n and m are each an integer 1 such that 

20 s n + m $: 200. or from 20 to 200 unpredicted codons are incorporated 

into the synthesized double stranded oligonucleotides. Such a scheme 

25 provides a number of important advantages not available with conventional 

libraries. As assembled, the present synthesized oligonucleotides encode all 

twenty naturally occurring amino acids by use of 48 different amino acid . 

encoding codons. Although this uses somewhat less variability than that found 

in nature where 64 different codons are used. the present scheme 

30 advantageously provides greater variabilJty than other conventional schemes. 

For example, conventional schemes in which r.he variant nucJeotides have the 

35 
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formula NNK.1 where K ls G or T, or NNS, where S is C or G, use only 32 

different amino acid encoding codons. The use of a larger number of amino 

acid encoding codons may make the present Jibraries Jess susceptible to codon 

s preferences of the host when the libraries are expressed. Although both the 

present scheme and conventional schemes retain only 1 scop codon, use of 

NNB as presently taught advantageously provides synthesized oligonucleotides 

in which the probability of a stop codon is decreased compared to 

conventional NNS or NNK schemes. 

10 Additionally, the present scheme avoids the use of synthesi2ed 

15 

oliionucleotides rich in GC nucleotides such as is often found in libraries 

using an NNS formula for variant codons. As is well known to those of skill 

in the art, nucleotide sequences rich in GC residues are dif~cult to assemble 

properly and to sequence. 

The present ·scheme for assembling the oli,gonucleotldes using 

sers of nucleotides having variant and invariant region.$ comprising two 

different single stranded nucleotide se.quences depicted: 

(a} 5' - 3' Restriction site-(NNB)n-Complementary Site; and 

(b) 3' - 5' Complementary Site-(NNV>m-Restriction Site, 

20 advantageously provides for efficient annealing of the two sin)le stranded sets 

of nucleotides. This assembly method works so effectively that relatively little 

DNA must be initially synthesized and the synthesized nucleotides can 

efficiently be convene.d to double stranded oligonucleotides using an 

appropriate polymerase. such as l:IQ DNA polymerase, in repetitive cycles of 

25 annealing and extending. 

30 

35 

Perhaps most significantly, the presenr scheme for synthesis and 

assembly of the oligonucleotides provides sequences of oligonucleotides 

encoding unpre.dicted amino acid sequences which are larger in size than any 

prior conventional libraries~ As constructed according to the present 

invention, the present synthesized double stranded oligonucleotides comprise 

at least about 77·63 I nucleotides in length encoding the restriction en:iyme 

li1i1iiii11ur · 
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sites, the complementary site and about 20-200 unpredicted amino acids in the 

TSAR binding domain. According to a prefened embodiment, n and m are 

greater than or equal to 10 and less than or equal to 50. Thus. the 

5 synthesized double stranded oligonucleotides comprise at least 77-331 

nucleotides and encode about 20-100 unpredicted amino acids in the TSAR 

binding domain. In the specifically exemplified examples, the synthesized 

oligonucleotides encode 20, 24 and 36 unpredicted amino acids and 27, 35 

and 42 total amino acids, respectively, in the TSAR binding domain. 

10 The conventional teaching in the art is that the length of 

inserted oligonucleotides should be kept small encoding preferably less than 15 

and most preferably about 6·8 amino acids. Complerely contrary, the present 

inventors have found that not only can libraries encoding greater than about 20 

amino acids be constructed, but that such libraries can be advantageously 

is screened to identify TSARs or proteins, polypeptides and/or proteins having 

.. binding specificity for a variety of ligands. 

Among those interested in using computer modeling to identify 

binding molecules for drug development, the conventional wisdom has been 

that the peptides used as leads for developing non-peptide mimetics should be 

20 kept to a maximum of about 6·8 amino acids. Computer modeling of larger 

peptides has been deemed impractical or non-informative. Hence. the 

conventional wisdom has been that screening libraries of shon peptide 

sequences is more productive. In complete contrast, the present invention, 

which provides methods to effi~ently generate and screen libraries of much 

25 longer peptides to identify binding peptides, has quite successfully elucidared 

smaller motifs (i.e., 6-8 amino acids) that can be used later for drug 

development using such computer modeling techniques. Additionally, we 

believe that the longer peptides identified by the methods of the present 

invention afford a whole new vista of drug candidates. 
\ . 

30 As demonstrated in the examples in Section 7 (in.fD), the long· 

length of the present inserted oligonucleotides affords the ability to identify 

35 
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TSARs in which a short sequence of amino acids is common or shared by a 

number of proteins/peptides binding a given ligand, i.e., TSARs having 

shared binding motifs, as well as to identify TSARs which do not have any 

s shared sequences with· other peptides (non-motif) having binding specificity for 

the same ligand. Thus, the present library provides for the ability to identify 

TSARs having affinity for a ligand, witll either a simple or complex binding 

site. 

In a .particular application. i.e., the identification of a TSAR 

10 having binding specificity for an epitope of an antibody, the present libraries 

having large inserted oligonucleotide sequences provide the opponunity to 

identify or map epitopes which encompass not only a few contiguous amino 

acid residues, i.e. , simple epitopes, but also those which encompass 

discontinuous amino acids, i.e., complex epitopes. 

15 Additionally, the large size of the inserted synthesized 

oligonucleotides of the present libraries may provide the opponunity for the 

development of secondary and/or teniary structure in the potential binding 

proteins/peptides and in sequences flanking the actual bjnding portion of the 

bindin1 domain. Such complex siructural developments are not feasible when 

20 only small length oligonucleotides are used. 

Finally, as has been overlooked by the conventional wisdom, 

longer len&th peptide libraries provide a greatly enhanced complexity over 

shorter length peptide libraries which would not have be.en obvious to one of 

skill in the art. This greatly enhanced complexity is associated with the 

25 concept of sliding windows which must be counted inclusively, i.e., number 

of windows ~ [length of sequence) - [window size] + I. This concept can be 

illustrate.cl by comparison of rwo libraries, as follows. Assume that a binding 

site to a ligand requires S contiguous amino acid residues (J>entamer). In two 

libraries composed of equal numbers of recombinants, a first library 

30 expressing pentamers, and anolher library constructed accordin& to the present 

invention expressing tri-decamers (30-mers), the second library will be 26 

35 
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times "richer" in binding sites relative to the first library. In other words, one 

would have to construct 26 penramer libraries to achieve Che same number of 

possible pentamers as represented in a sincle 30-mer library according to the 

5 present invention. Of course, this difference increases as the length of the 

expressed peptides become longer. 

According to an alternative embodiment of the invention, 

illustrated in Figure ID-F, a library is constructed which expresses a plurality 

of TSAR proteins, polypeptides and/or peptides having some degree of 

10 conformational rigidity in their structure (semirigid peptide libraries). In a 

semirigid peptide library, the plurality of synthetic oligonucleotides express 

peptides that are able to adopt only one or a smalJ number of different 

conformations that ar~ constrained by the positioning of codons encoding 

certain structure confering amino acids in or flanking the synthesized variant 

. IS or unpredictoo oligonucleotides. Unlike the Ubraries constructed as described 

.. above and illustrated in Figure IB in which the plurality of proteins expressed 

potentially adopt thousands of short-lived different conformations, in a 

semirigid peptide library, the plurality of proteins expressed can adopr only a· 

single or a small number of conformations. 

20 Four different methods can be used to· engineer the libraries of 

the present invention so that the peptides are semirigid or have some _degree of 

confonnational rigidity. In the first method, the synthesized oligonucleotides 

are designed so that the expressed peptides have a pair of invariant cysteine 

residues positioned in, or flanking, the unpredicted or variant residues (See 

2S Figure 10). When the library is expressed in an oxidizing environment, the 

cysteine residues should be in the oxidized state, most likely cross-linked by 

disulfide bonds to form cystines. Thus, the peptides would form rigid or 

semirigid loops. The nucleotides encoding the cysteine residues should be 

placed from 6 to 27 amino acids apart flanking the variant nucleotide 

30 sequences. 

35 
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·The actual positions of the invariant residues can be modeled on 

the arrangement observed in a linear· peptide library formed according to the 

present invention. For example, random isolation and sequencing of a number 

5 of TSAR peptides from the TSAR-9 or TSAR-12 libraries illustrated in 

Section 6 Cinti:a) has yielded TSARs in which two or four cysce~nes are 

encoded by the inserted synthesized oligonucle.oddes. See, e.g., peptides such 

as TSAR-9-6, 9, 9', 12', 13' (SEQ ID NOs. 1-5) which can be encoded by 

oligonucleotides represented by the following general fonnulas: 

10 (1) X(NNB)6(TGC)CNNB)uZ(NNB)1,(TGC)(NNB);Y (TSARs-9-6 & 9); 

(2) X(NNB)1CfGC)(NNB)1o<TOC)2(NNB)o1Z(NNB),(TGC){NNB), Y frSAR-

9-9'); 

(3) X(NNB)16(fGC)(NNB)1Z(NNB)u;(TGC)(NNB)1 Y (TSAR-9-12'); 

(4) X(NNB)u<TGC)(NNB)ol(NNB)lfGC) (NNB)10Y (TSAR-9-13') 

15 c~ntaining appropriate TGC codons coding for cysteine residues. The 

.. positions of the cysteines are well tolerated as these phage are stable and 

infectious. 

In the second method, a double stranded oligonucleotide 

se(iuence providing a cloverleaf structure (see Figure 1E) can be represented, 

20 for example, by the formula: 

X(TGC}1(NNB)10CTGC)1CNNB)6Z(NNBll(TGC)1(NNB)1•<TGC)1 Y. When 

these peptides are expressed by the·appropria~e vectors, the cysteine residues 

may adopt three different disulfide bond amngements, thereby generating 

three different patterns of "cloverleafs". The plurality of proteins, 

~5 polypeptides and/or peptides expressed by this type of rigid library should 

form many different ligand binding pockets from which to select the best fit. 

It should be noted that when a semirigid library of the first or second type 

above is expressed in a viral vector in an oxidizing environment, there will 

likely be a selection against odd numbers of cysreines occurring within the 
. . 

30 unpredicted or random peptide regions expressed because one unpaired 

3S · 
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cysteine residue will likely cross-link the viral vectors and make them non­

infectious. 

In the third method, the synth~sized nucleotides are designed 

s and assembled so that the plurality of pmreins expressed have both invariant 

cysteine and histidine residues positioned within the variant nucleotide 

. sequences (a= Figure lF). The positions of the invariant residues can be 

modeled after the arrangement of cysteine and histidine residues seen in zinc­

f'lngers proteins (i.e., -CX2"4CX1iHX~H-. where Xis any amino acid), 

10 thereby creating a library of zincfinger-like proteins. As use.d herein the term 

"z.incfinger-like proteins" is intended to mean any of the plurality of proteins 

expressed which contain invariant cysteine and histidine residues which confer 

a zinctinger or similar structure on the expressed protein. 

In the fourth method, (see Figure IF), the plurality of proteins 

15 are designed to have invariant hjstidine residues positioned within the variant 

nucleotide sequences. The actual positions of che invariant residues can be 

modeled after the arrangement observed in zinc-binding TSARs identified 

according to the present invention, such as zinc-binding TSARs illustrated, for 

example, in Section 7.3 (e.g., Znl-B7, -B6, -A7, -A12; SEQ ID NOs. 36, 

20 37, 41, 51), as these TSARs when expressed in phage vectors yield phage 

which a.re srAble and infectious. To illustrate, the exemplary histidine 

containing TSARs can be represented by the following general formulas; 

(1) X(NNB)4(CAC)(NNB).(CAC)(NNB)1Z(NNB)6(CAC)(NNB),(CAC)? 

(NNB)Y (TSAR-Znl-B7); 

25 (2) X(NNB)6(CAC)(NNB}9(CAC)(NNB)Z(CAC)(NNB),(CAC)7(NNB)6 

(CAC)(NNB)(CAC)(NNB)2 Y ffSAR·Znl-86); 

(3) X(NNB)1(CAC)(NNB)11,CCAC)1(NNB)(CAC)(NNB)2Z(NNB)6(CAC) 

(NNB)s(CAC)2(NNB)4Y(TSAR Znl-A7); and 

(4) X(CAC)(NNB)2(CAC)(NNB),(CAC)(NNB)2(CAC)(NNB)Z(CAC) 

30 (NNB)6(CAC)(NNB)4(CAC)(NNB)(CAC)(NNB)3Y (TSAR Znl-Al2), 

where CAC represents the codon for histidine. 

35 
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To maintain the rigid cloverleaf conformation of this plurality of proteins, the 

TSAR proteins are expressed and harvested in the presence of 1-1000 µM zinc 

chloride. The expressed proteins could also be saturated with other divalent 

5 metal cations, such as Cu2.., ~d Ni2•. The members of this type of rigid 

library may have advantageous chemical reactivity, since metal ions are often 

within the catalytic sites of eniymes. 

10 

15 

In a specific embodiment, the synthesiied single stranded 

nucleotides are assembled by annealing a first nucleotide sequence of the 

formula: 

5-'X [!) (NNB)Jc JZ 3' with a se.cond nucleotide sequence of the formula 

3' Z'OU [(NNV1, '3)6 Y 5' 

where a, c, b, dare integers such that 20 s [a1 + [bl" :s; 200; and 

c and dare each ~ l; 

a is an invariant nucleotide sequence that confers some structure in the 

peptide it encodes and P is an invariant nucleotide sequence whose 

complimentary nucleodde sequence confers some structure in ··the 

20 encoded peptide; and 

X, Y, N, B. V. Z, Z', J, 0, U are as defined above. 

This scheme for synthesis of unpredictable oligonucleotides 

incorporates a total of the arithmetic sum of (a x_c) +(bx d), i.e., [al+[b]d 

variant, unpredicted nucleotide se.quences, i.e., [(NNB}Jc + [(NNV)J4, 

25 · flanked by invariant nucleotides, i.e .• a and {j, which encode structure­

conferring amino acid se.quences. 

By way of example, o and a could include a codon for one or 

more cysteine residues, for example Gly-Cys-Gly, in which instance a and b 

are each preferably C:?6 and S.27, to generate disulfide bonds between 

30 different cysteines. in the expressed loop forming peptide structures. 
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Appropda,te oligonucleotides could be assembled, by annealing for example, a 

first nucleotide se.quence of the formula: 

S' X a(NNB). o(NNB)1Z 3' with a second nucleotide sequence of the formula 

s 3'Z' (NNV)116 Y S'. 

More particularly, where a encodes the sequence Gly-Cys-Gly (and the 

complementary sequence of {j encodes the same sequence, and where both a 

and b are equal to seven, the synthesi7.ed single stranded nucleotides are 

assembled by annealing a first nucleotide sequence: 

10 5' X(GGG)(TGT)(GGO)(NNB).,(OOO)(TGT)(GGG)(NNBh(OOO)(TGT)(GGO) 3' 

with a second nucleotide sequence: 

15 

20 

3' (CCC)(ACA)(CCC)(NNV),(CCC)(ACA)(CCC}Y 5' 

where GGG represents the codon for glycine and TGT represents the codon 

for cysteine. This oligonucleotide scheme encodes peptides, whose amino 

acid sequence would be GCGX7GCGX,OCGX7GCG. 

Alternatively, a and fj could encode one or more histidine 

residues, for example Gly-His-Gly-His-Gly. In yet another alternative 

embodiment, a. and fj could encode a Leu residue in which instance a and b 

are each :s about 7. Such alternative embodiment would provide an alpha 

helical structure in the expressed peptides. 

Additionally. according to yet another alternative embodiment, 

an a group could be used for Z, and B for Z' to provide the complementary 

se.quences to aid in annealing the nucleotides. 

Other nucleoride sequences encoding amino acids that wilJ impose structural 

25 constraints on the expressed peptides are possible as would become apparent 

to one of skill in the art based on the above description and are encompassed 

within the scope of the present invention. 

30 

35 

An additional feature of these semirigid libraries is the potential 

ro control_ the binding properties of isolates by reversibly destroying or 

altering the rigidity of che peptide. For example. it should be possible to elute 

a TSAR bound to a particular ligand in a gentle manner with reducing agents 
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(i.e., DIT, ~-mercaptoethanol) or divalent cation chelators (i.e., EDTA, 

EGTA). Such reagents can be used, for example, to elute a TSAR library 

expressed on phage vectors from target ligands. EDTA or EGTA, at low 

5 concentrations, does not appear to disrupt phage integrity or infectivity. 

Once the phage have been re.covered and it is deemed necessary 

10 remove thiols from the solution1 the reduced cysteine residues can be 

alkylate.d with iodoacetamide. This treatment prevents renewed disulfide bond 

formation and only diminishes phage infr.ctivity 10-100 foJCi, which is 

10 tolerable since phage culru~s usually attain titers of 1012 plaque forming units 

per milliliter. Alternatively, the elution reagents can be removed by dialysis 

(i.e., dialysis bag, Centricon/Amicon microconcentrators). 

15 

20 

25 

30 

35 

5.1.2. INSERTION OF SYNTHETIC OUGONUCLEOTIDES 
INTO AN APPROPBIA TE VtcTOR 

The plurality of oligonucleotides of appropriate size prepared as 

described above is inserted into an appropriate vector which when inserted 

into a suitable host C)Cpresses lhe plurality of proteins, polypeptides and/or 

proteins as hetcrofunctional fusion proteins with an expressed component of 

the vector which are screened to identify TSARs having affinity for a ligand 

of choice. According to an optional ef(lbodiment, the plurality of proteins, 

polypeptides and/or peptides funher comprise a linking domain between the 

binding and effector domains. In a preferred mode of this embodiment, the 

. linker domain i.s expressed as a fusion protein with the effector domain of the 

vector into which the plurality of oligonucleotides are insened. 

5.1.1.1. LINEAR LJBRf-RIES · 

The skilled artisan will recognize that to achieve ttanscription 

and translation of the plurality of oligonucleotides, the synthetic 

oligonucleotides must be placed under the control of a promoter compatible 

with the chosen vector-host.system. A promoter is a region of DNA at which 

. '11\is Sheet Has Been Replaced 
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RNA polymerase attaches and initiates transcription. The promoter selected 

may be any one that has been synthesized or i5olated that is functional in the 

vector-host system. For example, ~ mli .. a commonly used host system, has 

5 numerous promoters such as the 11s· or lilt promoter or the promoters of its 

bacteriophages' or its plasmids •. Also synthetic or recombinantly produced 

promoters such ~ che PrAc promoter may be used to direct high level 

expression of the 1ene segments adjacent to it. 

Signals are also necessary in order to attain efficient translation 

10 of the insened oligonucleoticles. For example in E. SQli mRNA, a ribosome 

binding sire includes the translational start codon AUG or GUG in ·addition to 

other sequences complemenwy to the bases of the 3' end of 165 ribosomal 

RNA. Several of th~e latter Sequences such as the Shine/Dalgamo (SID) 

sequence have been identified in &.. coli and other suitable host celJ types. 

l5 Any S/D-ATG sequence which is compatible with the host cell system can be 

employed. These S/D-A TG sequences jnclude, but are not limited to, the 

S/0-ATG sequences of the cm gene or N gene of bacteriophage lambda, the 

tryptophan E, D, C, B or A genes, a synthetic SID sequence or other. SID- · 

ATG sequences known and used in the an. Thus, regulatory elements control 

lO the expression of the polypeptide or proteins to allow directed synthesis of the 

reagents in cells and to prevent constitutive synthesis of products which might 

be toxic to host cells and thereby interfere with cell growth. 

Any of a variety of vectors can be used according to the 

methods of the invention, including, but not limited to bacteriophage vectors 

25 such as 0Xl74, ~' M13 and irs derivatives, fl, fd, Pfl, etc., phagemid 

ve.crors, plasmid vectors, insect viruses, such as baculoviri.ts vectors, 

mammalian cell vectors, including such as parvovirus vectors, adenovirus 

vectors, vaccinia virus vectors, . retrovirus vectors, etc., yeast vectors such as 

Tyl, killer particles, etc. 

30 

35 

An appropnate vector contains or is engineered to contain a 

gene encoding an effector domain of a TSAR to aid expression and/or 
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detection of the TSAR. The effector domain gene conwns or is engineered to 

contain multiple cloning sites. At least two different restriction enzyme sites 

within such gene, comprising a polylinker, are prefmed. The vector DNA is 

s cleaved within the polylinker using two different restriction enzymes to 

generate termini complementary to the termini of the double stranded 

synthesized oligonucleotides assembled. as described above. Preferably the 

vector termini after cleavage have or are modified, using DNA polymerase, to 

have non-compatible sticky ends that do not self-ligate, thus favoring insertion 

lO of the double-stranded synthesized oligonucleotides and hence formation of 

recombinants expressing the TSAR fusion protejns, polypeptides and/or 

peptides. The double stranded synthesized oligonucleotides are ligated to the 

appropriately cleaved vector using DNA ligase. 

The present inventors have surprisingly discovered that it is 

IS particularly useful to include a "stuffer fragment .. within the polylinker region 

of the vector when the vector (e.g. phage or plasmid) is intended to express 

the TSAR as a heterofunctional fusion protein that is expressed on the surface 

of the vector. As used in the present application, a ''stuffer fragment" is 

intended to encompass a relatively shon, i.e. , about 24-45 nucl~tides, known 

20 DNA sequence flanked by at least 2 restriction enzyme sites, useful for 

cloning, said DNA sequences coding for a binding site recognized by a known 

ligand, such as an epitope of a known monoclonal antibody. The· restriction 

enzyme sites at the tennini of the stuffer fragment are useful for. insenion of 

the synthesized double stranded oligonucleotides, resulting in deletion of the· 

25 stuffer fragment. 

Because of the physical linkage between the expressed 

heterologous fusion protein and the phage or plasmid vector containing the 

stuffer fragment and because the stuffer fragment comprises a known DNA 

sequence encoding a protein that is immunologically active (i.e., an 

30 immunological marlcer), the presence or absence of the stuffer fragment can 

be easily detected either at the nucleotide level, by DNA sequencing, PCR or 
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hybridization, or at the amino acid level, e.g., using an immunological assay. 

Such determination allows rapid discrimination between recombinant (TSAR 

expressing) vectors generated by insenion of the synthesized double stranded 

5 oligonuclcotides and non-recombinant vectors. · 

In one advantageous aspect, the use of a stuffer fragment avoids 

a problem often encountered with the use of a conventional polylinker in the 

vector-i.e., the restriction sites of the polylinker are too close so that adjacent 

sites cannot be cleaved independently and used at the same time. 

10 According to a preferred embodiment of the invention, the 

15 

stuffer fragment comprises the DNA fragment encoding the epitope of the 

human~ protein recognized by the murine monoclonal antibody 9El0 

(Evan et al., 1985, Mol. CelJ. Biol. ~:3610-3616) with a short flanking 

sequence of amino acids at the 5' and 3' termini which serve as restriction 

enzyme sites so that the synthesized double stranded oligonucleotides can be 

insened using the restriction sites. Thus, the preferred stuffer fragment 

comprises the DNA encoding the epitope of the c-myc protein recognized by 

the 9E10 monoclonal antibody having the amino acid sequence 

EQKLISEEDLN (SEQ ID NO 6) plus a small number of flanking amino acids 

20 at the NH2 and COOR termini which provide appropriate restriction enzyme 

sites for removal of the stuffer fragment and insenion of the synthesized 

double stranded oligonucleotides. 

As has been unexpectedly discovered by the present inventors, 

use of a "stuffer" fragment. has provided TSAR libraries in which the number 

25 of non-recombjnanrs found is .surprisingly small. For example, in the TSAR·9 

and TSAR·12 libraries exemplified in Section 6, infra, in which the stuffer 

fragment comprises the epitope of the ~ protein' less than about s % of 
the TSAR expressini:; vectors were found to be non-recombinants. This is 

particularly advantageous as it provides a larger number ofcandidates from 

30 which a desired TSAR binding protein can be identified. 
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·Although not intending to be limited to any particular 

mechanism or theory to explain the advantageously low number of non­

recombjnants obtained when a stuffer f~gment is incorporaied into a veclor 

. 5 employed in the methods of the invention, applicants offer the following 

theoretical explanation. 

It is possible that insenion of a stuffer fragment may tolerably 

and comparably enfeeble the non-recombinant vectors so that there is a 

minimal difference in the growth of non-recombinant and recombinant vectors. 

10 Such minimization of growth differences mus prevents the non-re.combinanc 

vectors from overgrowing the recombinants. Further, it is postulated that 

such advantageous minimiz.ation may be panicularly useful to yield an 

efficient production of recombinant vectors especially when the double 

stranded synthesize.cf oligonucleotides are of large sfae as in the present TSAR 

lS libraries. 

In another aspect, the stuffer fragment provides an efficient 

means ro remove any non-recombinant vectors to enhance or enrich the 

population of TSAR expressing vectors, if necessary. Because the stuffer 

fragment would_ be expressed e.g., as an immunologically active surface 

20 protein on the surface of non-recombinanl vectors, it provides an accessible 

target for binding e.g., to an immobilize.d antibody. The non-recombinants 

thus could be easily removed from a library for example by serial passage 

over a column having the· antibody immobilized ~eieon to enrich the 

population of recombinant TSAR-expressing vectors in the library. 

25 In a preferred embodiment the vector is or is derived from a 

filamentous bacteriophage, including but not limited to Ml3, fl, fd, Pfl, etc . 

. vector encoding a phage structural protein, preferably a phage coat protein, 

such as pill, pVIII, etc. In a more preferred embodiment, the fila~entous 

phage is an M13-derived phage.vector such as m6S5. m663 (~illustrations 

30 in Figure 2) an_d m666 described in Fowlkes et al .• 1992; BioTechniques. 

t.h.is Sb.'.:¢t Has Been Replaced 

35 JlllWlllJl/1~111/llf t .. 
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J.3:422-427 (Fowlkes) which encodes the structural coat protein pill (SEQ ID 

N07). 

The phage vector is chosen to contain or is constructed to 

s contai~ a cloning site locate.cl in the S' region of a gene encoding a 

bacteriophage structural protein so that the plurality of synthesized double 

stranded oligonucleotides inserted are expresse.d as fusion proteins on the 

surface of the bacteriophage. This advantageously provides not only a 

plurality. of accessible expressed proteins/peptides but also provides a physical 

10 link between the proteins/peptides and the. inserted oligonucleotides to provide 

for easy screening and sequencing of the identified TSARs. Alternatively, the 

vector is chosen to contain or is constructed to contain a cloning site near the 

3' region of a gene encoding $tructural protein so that the plurality of 

expressed proteins constitute C-teiminal fusion proteins. 

15 According to a preferred embodiment, the structural 

bacteriophage protein is pm. The m663 vector described by Fowlkes, and 

illustrated in Figure 2, containing the pIII gene having a ~-epitope 

comprising the "stuffer fragment" introduced at the N-terminal end, flanked 

by Xho I and Xba I restriction sites was used io examples exemplified in 

· 20 Section 6 (infra). The library is constructed by cloning the plurality of 

synthesized oligonucleotides into a cloning sire near the N-terminus of the 

mature coat protein of the appropriate vector, preferably the pIII protein. so 

that the oligonucleotides are expressed as coat protein-fusion proteins. 

According. to an alternative embodiment, the plurality of 

25 oligonucleotides is inserted into a phagemid veccor. Phagemids are utilized in 

combination with a defective helper phage to supply missing viral proteins and 

replicative functions. Helper phage useful for propagation of M13 derived 

phagemids as viral particles.include bUl are not limited to Ml3 phage K07, 

R408, VCS, etc. Suitable phagemid vectors are described in the specific 

30 examples in Section 8 (infra). GeneralJy, according to a preferred mode of 

this embodiment(~, Figure 3) the appropriate phagemid vector was 

3S 
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constructed by engineering the Bluescript II SK+ veclOr (GenBank #52328) 

(Alling-Mees et al., 1989, Nucl. Acid Res. ll(22):p 9494); to contain (1) a 

truncated portion of the Ml3-plll gene, i.e., nucleotides encoding amino acid 

5 residues 198-406 of the mature pIIl, (2) the PelB signal leading with an 

upstream ribosome binding site and a shon polylinker of Pst I, Xho I, Hind 

Ill, and Xbi I restriction sites,_ in which the Xho I and Xba I sites are 

positioned so the synthesized double stianded oligonucleotides could be cloned 

and expressed in the same reading frame as the m663 phage vector; and (3) 

IO the linker sequence encoding gly-gly-gly-gly-ser between the polylinker and 

the pm gene. 

15 

20 

According to an alternative embodiment,. the synthesized 

oligonucleotides are insened into a plasmid vector. An illustrative suitable 

plasmid vector for expressing the TSAR libraries is a derivative of plasmid 

p340-l (ATCC No. 40516) illustrated in Figure 4. 

Jn order to obtain the appropriate p340·1 derivative suitable as 

an expression veclOr, the Nco I - Barn HI fragment is removed from p340-l 

plasmid and replaced by a double stranded se.quence having Xho I and Xba I 

restriction sites in the correct reading frame. In practice, p340- l is cleaved 

using restriction enzymes at the BKIII and Xbi I sites and annealed with two 

oligonucleoti~es: 

.(1) 5'-CATGGCTCGAGGCTGAG1'TCTAGA·3' (SEQ ID NO 8) and (2) 5'­

. GATCTCTAGAACTCAGCCTCGAGC-3' (SEQ ID NO 9) having Nco I and 

~ HI sticky ends. After ligation and transformation of~ coli, 

25 recombinants containing the desired plasmid designated p340-ID are selected 

based on the inserted SEQ JD NOs. 8 and 9 and verified by ~uencing. Like 

30 

35 

the parent p340· l, the desired p340-1D does not produce fun~tional {J- . 

ga)actosidase because this gene is out of frame. Thus, wheq the synthesized 

double stranded oligonucleotides are insened, using the X,bQ I and X!2A l 

restriction sites, in10 the p340-1D vector the coding frame is restored and the 

TSAR binding domain is expressed as a fusion protein with the fJ-
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galactosidase. When exposed to IPTG, the vectors expressing the TSAR 

library wouJd produce identifiable blue colonies. 

Another illustrative plasmid vector useful to express a TSAR 

5 library according to the present invention is a plasmid derivative of plasmid 

pTrc99A designated plasmid pLamB which is ·constructed to contain the LamB 

protein gene of E. mJ.i having a cloning site so that the plurality of 

oligonucleotides inserted are expressed as fusion proteins of the La.mB protein. 

The LamB protein is a trimeric, outer membrane protein of 

lO ~ ~ of about 47 .k Daltons expressed at many. thousand copies per cell .. 

The subunit .size is about 421 amino acids. The LamB gene has been 

sequenced (Clement and Hofnung, 1981, Cell IZ: 507-514). Computer 

modeling of this protein has suggested that it contains potentially 16 

transmembrane domains, with ceriain peptide loops exposed outside the cell 

lS and others facing the periplasm. In addition, a number of natural cDNA or 

.. gene fragments have been expressed on the surface of E. coli by insertion at 

amino acid residue 153 of LamB (Charbit et al., 1988, Gene 70: 181-189). 

Inserts encoding up to 60 amino acid residues in length have still allowed the· 

La.mB protein to remain functional. 

20 Insertion of the present synthesize.d oligonucleotides into a 

plasmid containing a cloning site in the LamB gene should be useful for a 

number of reasons. First, recombinant bacteria expressing this plasmid would 

be like the useful phage vectors for expressing the TSAR libraries, in that 

each cell would h_ave the unpredicted peptides expressoo in an accessible way 

25 on the outside of the cell, and that each cell would harbor the DNA enc~ing 

the unpredicted peptide. This physical linkage between the peptide and its 

coding element would make the libraries amenable to a variety of screening 

schemes. Second, as the unpredicted peptides would be expressed in the 

middle of the LamB protein. they would be conformationally constrainoo 

30 

35 

within a loop anchored at its base by insenion into the outer E. coli 

membrane. This contrasts with having the unpredicted peptides at the N-
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terminus of the Ml3 pill molecule where they are more likely free to adopt 

many confonnations. Third, as the transformation rates of~ ~ are higher 

(i.e., > 10 fold) with plasmids rhan with Ml3 phage DNA, it might be 

5 possible to generate larger TSAR libraries (i.e., more recombinants). 

Plasmid pTrc99a describe.cl in Amann et al., 1988, Gene 

~;301-315, (Pharmacia, Piscataway, N.J.) which is ampicillin resisrant, 

canies the gene (!GI°> for the ~ repressor, and the fnducible ·promoter 

known as P"' promoter and jts transcription is induced by adding IPTG to a 

10 bacterial culture. Downstream of the promoter is a ~hine-Dalgamo sequence, 

ATG initiating codon, restriction site polylinker, and a strong transcription 

terminator. 

Figure 5 (A·B) depicts the preparation of pLamB vector. To 

introduce the LamB gene into pTrc99a, the ~ coli LamB gene was amplified 

15 by PCR. Oligonucleotides were designed that amplified the gene in two 

.. segments, from aa l-1S3 and 152-421. and at the same time created Xho I and 

Xba I sites in between codons 153 and 154. The pTrc99a vector was cleaved 

with ~ I and Hind III· and both fragments were introduced by simple 

ligation, yielding the vector designated pl..amB. The pl.a.mB vector contains 

lO the Xho I and Xba I sites positioned so that the~· stuffer fragment or the 

synthesize.cl double stranded oligonucleotides could be cloned and expressed in 

the same reading frame as the m663 vecror. 

According to another alternate mode of this embodiment of the 

invention, the plurality of synthesized oligonucleotides can be expressed, in a 

25 modified pLamB plasmid, at the C-tenninus of a truncated LamB gene. This 

can be easily accomplished by introducing a slop codon at the Xba I site of 

the LamB gene, to create a modified vector. . Alternatively, the dou\>le 

stranded synthesized oligonucleotides assembled according to the present 

invention can be modified during synthesis to insen a stop codon between the 

30 last (NNV) and Y in rhe oligonucleotides. The LamB protein is truncated, 

and non-functional (i.e., no longer functioning in maltose uptake, or as a 

. 35. 
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phage receptor), but since the protein is not essential, the cells remain viable. 

The TSAR-peptides expressed at the C-tenninus are free to adopt a larger 

number of confonnation.s than possible when expressea within the LamB 

5 protein. 

5.1.2.2. BIMOLECULAR LIBRARIES 

According to another embodiment of the invention, a library is 

constructed which expresses a plurality of proteins. polypeptides and/or 

10 peptides having a bimolecular conformation (bimolecular peptide libraries) as 

illustrated in Figure 1 C. Such libraries have a number of advantageous 

aspects. First, in the process of forming the bimolecular association a pocket 

is formed; this pocket may serve to create "Jocks" for 11keys" i.e.' various 

sized molecules. Second, by pairing off a panicular variant, unpredicted 

1! peptide sequence with others in many combinations, a large number of pockets 

are generated from which to select the best fit. Third, combinational 

associations in a bimolecular library are a very effective means of increasing 

the "complexity" of the library. The complexity is increased by the square of 

the number of bimolecular .pairs. 

20 In onier to prepare a bimolecular. peptide library, 

oligonucleotides_ are synthesized and assembled according to the following 

scheme. The key feature of this scheme is the utilization of a pair of 

heterodimeri7.ation domains as a linker domain (~Seer.ion 5.3, in.fG. for a 

more detailed description of the linker domain) in an appropriate vector 

23 adjacent to the variant or unpredi~ted oligonucleotides encoding the expressed 

peptides. The heterodimerization domain is short, encoding less than about 31 

amino acids, and does not readily fonn homodimers. Examples of 

heterodimerization domains include but are not limited to suuctures such as tr 

helix or helical structures, found, e.g., in collagen, keratin, the yeast protein 

30 OCN4 helix-tum-helix motifs, Ieucine zipper motifs as well as .£;fgJ and cajun 

(see generally KosteJny et al., 1992, J. Immunol. _148:1547-1553; O'Shea et 
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al., 1992, Cell. 68:699-708). Proteins containing helix·turn-helix motifs are 

reviewed in Pabo and Sauer, 1984, Ann. Rev. Biochem. ~:293. 

In _1985, Berg, 1986 Science 232:485 noted that five classes of 

5 proteins involved in nucleic acid binding and gene regulation could fonn 

small, independently structure.d, metal-bindin~ domains that were terme.d zinc­

fingers. The five classes were 1) the small gag type nucleic acid binding 

proteins of retroviruses with one copy of the sequence 

Cys-X2-Cys-X,-His-X4-Cys {SEQ ID NO 10); 2) the adenovirus ElA gene 

10 products with Cys-X2-Cys-X1,-Cys-X2-Cys (SEQ ID NO 11); 3) tRNA 

synthetases with Cys-X2-Cys·°Xg-Cys-X2-Cys {SEQ ID NO 12); 4) the large T 

antigens of SV40 and polyoma viruses of Cys-X2-Cys-X11•1rHis-X,-His (SEQ 

ID N0_ 13); and 5) bacteriophage proteins with Cys-X:i-His-X$-Cys-'4-Cys, 

(SEQ ID NO 14) where Xis any amino acid. These sequences are. involved 

15 in metal binding domains. The "leucine zipper" is a periodic repetition of 

leucine residues at every seventh position over eight helical turns in the 

enhancer bindjng protein or EBP of rat liver nuclei (Landschultz et al .• 1988, 

Science 240:1759). Noting that the a helix within this region exhibits 

amphipathy wherein one side of the helix is composed of hydrophobic amino 

20 acids and the other helix side has charged side chains ·and uncharge.d polar 

side chains, the authors proposed that this structure had unusual helical 

stability and allowed inte:rdigitation or "zippering" of helical protein domains. 

including both inter- and intra- protein domain interactions. More recently, 

Chakrabamy et al., 1991, Nature lli:586-588 have indicate.ti that an a helical 

25 pattern is generated by an amino acid sequence Leu-X-Leu-X2-Leu-X3, etc. 

and not just every seventh position as indicated by l..andschultz et al. In 

addition, a sequence having increased er helicity can be achieved using an 

· amino acid sequence Glu-Ala-Ala·Ala-Arg-Ala-Ala-Glu-Ala-Ala-Ala-Arg 

(SEQ ID NO IS) (Merutka et al., 1991. Biochem. lQ:4245-4248). The 

30 scheme below is described in terms of the heterodimerfaation domains c-fos 

and c-jyn, ~imply for the sake of ease of explanation. This is not intended to 

35 
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limit the scope of the embodiment to these examples. The above 

heEerodbne.rization domains could be employed analogously in this 

embodiment of the invention. 

After synthesis and assembly of double stranded synthetic 

oligonucleotide sequences as described above in Se.ction S .1.1, the sequences 

are inserted into appropriate vectors. Two separate sublibraries are 

constructed: (l) one with the synthesized oligonucleotides positioned next to 

the nucleotide c-fQJ dimerimtion domain, i.e., amino acid residues 162·193 

10 comprising amino acids TDTLQAETDQLEDKKSALQTEIANLLKEKEKL 

(SEQ ID NO 16); and (2) a second sublibrary with the synthesizen 

oligonucleotides pos_itioned next to the nucleotide sequence encoding the c-iU!l 

dimerization domain i.e. , amino acid residues 286-317, comprising amino 

acids IARLEEKVKTLKAQNSELASTANMLREQV AQL (SEQ ID NO 17) of 

15 the vectors. Conditions are determined to minimize the degree of 

homodimerization within each sublibrary. Conditions ro minimize 

homodimerimtion include, for example, utilization of phagemid vectors, 

flanking the dimerization domains by a pair of cysteine residues, limited 

proteolysis, and/or altered pH conditions. The two sublibraries are then 

20 mixe.d together in a 1 to 1 proponion of viral panicles and the mixture 

exposed to. appropriate conditions to promote heterodimerizations. If each 

subli~rary has 1011 different members. then 1016 viral panicles of each 

sublibrary can be mixed together to generate l 016 different bimolecular 

combinations. For example. ten liters of an overnight culture containing 

25 bacteria infected from phage (or bearing phagemids) from a sublibrary should 

yield 1016 particles which can be resuspended in a volume of < 100 ml. This 

mixture of dimerlzed phage or phagemid panicles consti~utes the bimolecular 

peptide library. 

Other types of the bimolecular libraries are constructed as 

30 follows. In one embodiment, the synthesized oligonucleotides are expressed 

as both soluble and pIIi-fusion proteins within the same cell. When the 
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infected bacterial cell expresses both types of mole.cules, the 

heterodimeri7.ation domain allows both types of molecules to associace irt the 

periplasmic space and be transported to the surface of the Ml3 particle. This 

5 method is analogous to the assembly of heavy and light chain antibody 

molecules on the surface of phage (Hoogengoom et al., 1991; Nucl. Acids. 

Res. ,!2:4133-4137). In another embodiment, a single synthetic 

oligonucleotide pill fusion protein includes both of the dimeriiation domains 

so that they interact in an intramolecular fashion. Again, this method is 

IO analogous to single chain antibody expressiQn on the surface of phage (Barbas 

et al., 1992, Proc. Nat'l. Acad. Sci. USA, 12: 4457-4461). 

S.1.3. EXPR~SION OF V£CTOBS 

Once the appropriate expression vectors are prepared, they are 

15 inserted into an appropriate host, such as~ coli, Bacillus subtilis, insect 

.. cells, mammalian cells, yeast cells. etc., for example by electroporation, and 

the plurality of oligonucleotides is expressed by culturing the transfected host 

cells under appropriate culture conditions for colony or phage production. 

Preferably, the host cells are protease deficient. and may or may not. carry 

20 suppressor tRNA genes. 

A small aliquot of the electroporated cells are plated and the 

number of colonies or plaques are counted to determine the number of 

recombinants. The library of recombinant vectors in host cells is plated at 

high density for a single amplification of the recombinant vectors. 

25 For example, recombinant Ml3 vector m666, m6SS or m663, 

~Figure 2) engineered to contain the synthesized double stranded 

oligonucleotid,es according to the invention, are transfected into DH5aF' E .. 

coli cells by electroporation. TSARs are expressed on the outer surface of the 

viral capsid extruded from the host E. coli cells and are accessible for 

30 screening. The parent m666, m655 or m663 vectors contain the c~msc stuffer 

fragment. When the double stranded synthesize.ct oligonucleotides ·are insened 
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between the Xho I and xtm I sites, the stuffer fragment is removed. The 

cloning efficiency of the expresSed library is easily deiermined by filter 

blotting with the 9El 0 antibody that recognizes the &:J!!lS stuffer fragment_. 

Alternatively, when the double stranded synthesized 

oligonucleotides are cloned just at the XJlg I or Xhi l site, the c-myc epitope 

is retained. Then the~ epitope is expressed in lhe pIIl·fusion protein 

expressed by the vector. An advantage of the m663 vector is that it conr.ains 

an intact .LGZ ... gene, which can be easily seen as a blue dot when expressed 

10 in~ coli plated on Xgal and IPTG. 

TSARs can be expressed in a plasmid vector contained in 

bacterial host cells such as E. coli. The TSAR proteins accumulate inside the 

~ &QU cells and a cell_ lysate is prepared for screening. Use of plasmid p340· 

lD is described as an illustrative example (see Figure 4). A TSAR library in 

15 p340-1D as described above, expressed the co-functional fusion protein with 

~-galactosidase. In the parent vector (without synthetic oligonucleotide) the P­
galactosidase gene is out of frame and therefore nonfunctional. When plate.d 

on LB plates with ampicillin, IPTG and Xgal, the colonies that have TSAR 

oligonucleotides yield blue colonies. whereas colonies harboring non· 

20 recombinant p340-1D or p340·1D recombinants with oligonucleotides carrying 

unsuppressed stop codons will be white. The relative number of blue and 

white colonies reveals the percent recombinants, and is useful in estimating 

-the total numbers of recombinants in the library, and is also useful in 

screening Cg Section 5.2, infra). 

25 The plamB plasmid vector co1:itaining the synthesized double 

stranded oligonucleotides can be electroporated into &:. coli cells and 

transformants are selected on LB plates with ampicillin. After an overnight 

incubation at 37°C, the plates are covered with LB and cells are collected and 

pooled from aJI the plates. Glycerol is added, to 20%, to these cells and 

30 aliquots are stored at -7ocic and are used for screening for the TSAR proteins 

expressed in the ~ ~ outer membrane which is accessible for screening. 

35 
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Phagemid vectors containing the synthesized double stranded 

oligonucleotides, expressed on the outer surface of the extruded phage, are 

propagated either as infected bacteria or as bacteriophage with helper phage. 

s The expressed pDAF2-3 phagemids have the added advantage 

that they include the c-myc gene which can serve as an "epitope rag" for the 

fusion pm proteins. Approximately 0.1-10% of the phage carrying the 

phagemid genome incorporate the fusion pill molecule. The intactness of the 

chimeric pm proteins is evaluated based on the expression of the c-myc 

10 epitope. By following the expression of the~ epitope using the 9El0 

antibody, it is possible to monitor the successful incorporation of the fusion 

pill molecule into the M 13 viral particle . 

15 

. Also when.expressing pDAF2, the upstream c-myc peptide is 

detected immunologically using the 9El 0 antibody, then it can be assumed 

that the downstream synthesized oligonucleotide. expressed TSAR peptide is 

appropriately expressed . 

In addition, it may be of value to electroporate several different 

strains of E.. coli and establish different versions of the same library. Of 

course, the same &. coli strain would need to be used for the entire set of 

20 screening experiments. This strategy is based on the consideration lhat there 

is likely an in vivo biological selection. both positive and negative, on the 

viral assembly, -secretion, and infectivity rate of individual Ml3 recombinants 

due to the sequence nature of the peptide-pIII fusion proteins. Therefore, ~ · 

Q2Ji with different genotypes (i.e .• chaperone overexpressing, or secretion 

25 enhanced) will serve as bacterial hosts, because they wiJJ yield libraries that 

differ in subtle, unpredictable ways. 

S.2. METIJQDS TO IDENTID' TSARs; SCREENING LIBRARIES 

Once a library has been constructed according lo rhe methods of 

30 the invention, the library is screene.d ro identify TSARs having binding affinity 

for a ligand of choice. As stated above. in the present invention, a ligand is 

35 

P.56 



FEB 21'96 15:48 FR PENNIE~ EDMOND TO 011653370031 

.. 
WO 94/18318 PCT IVS:i4/01.1971 

intended to encompass a substance, including a molecule or portion there.of. 

for which a proteinace.ous receptor naturally exists or cin be prepared · 

according 10 the method of the invention. Thus in this invention, a ligand is a 

5 substance that specifically interacts with the ·binding domain of a TSAR and · 

includes, but is not limited to, a chemical group, an ion, a metal. a protein, 

glycoprotein or any portion thereof, a peptide or any portion of a peptide, a 

nucleic acid or any portion of a nucleic acid, a sugar, a carbohydrate or 

carbohydrate polymer, a lipid, a fatty acid, a viral particle or portion thereof, 

10 a membrane vesicle or portion· thereof, a cell wall component, a synthetic 

organic compound, a bioorganic compound and an inorganic compound. 

15 

Scree11ing the TSAR libraries of the invention can be 

accomplished by any of a variety of methods known to those of skill in the 

a.rt. 

If the TSARS are expresse.d as fusion proteins with a cell 

surface molecule, then screening is advantageously achieved by contacting the 

vectors with an immobilizen target Ugand and harvesting those vectors that 

bind to said ligand. Such useful screening methods. designat.e.d "panning" 

techniques are described in Fowlkes et al., 1992. BioTechniques .U(3):422-

l0 27. In panning methods useful to screen the present libraries. the target 

lS 

30 

35 

ligand can be immobilized on. plates, beads, such as magnetic beads, 

sepharose, etc., beads used in columns. In panicular embodiments, the 

immobilized target ligand can be "taggedn, e.g .• using such as biotin, 2· 

fluorochrome, e.g. for FACS sorting. 

Screening a library of phage expressing TSARs, i.e .• phage and 

phagemid vectors can pe achieved as follows using magnetic beads. Target 

ligands are conjugated to magnetic beads. according to the instructions of the 

manufacturers. To block non-specific binding to the beads, and any unreacted 

groups, the beads are incubated with excess BSA. The beads are then washed 

with numerous cycles of suspension in PBS-0.05% Tween 20 and recovered 
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with a strong magnet along the sides of a plastic tube. The beads are then 

stored with refrigeration, until needed. 

In the screening experiments, an aliquot.of the library is mixed 

! with a sample of resuspended beads. The tube contents are tumbled at 4°C 

for 1-2 hrs. The magnetic beads are then re.covered with a strong magnet and 

the liquid is removed by aspiration~ The beads are then washed by adding 

PBS-0.05 % Tween 20, inverting the tube several times to resuspend the 

beads, and then drawing the beads to the tube wall with the magnet. The 

10 contenlS are then removed and washing is repeated 5-10 additional times. 50 

mM glycine-HCI (pH 2.2), 100 µg/ml BSA solution are added to the washed 

beads to denature proteins and release bound phage. After a short incubation 

time, the beads are pulled to the side of the tubes witti a strong magnet and 

the liquid contents are then transferred to clean tubes. 1. M Tris-HCl (pH 7.5) 

15 or 1 M NaH2P04 (pH 7) is added to the tubes to neutralize the pH of the 

... phage sample. The phage are then diluted. e.g., 10-1 to 10'6, and aliquots 

plated with E. co1i DH5aF' cells to determine the number of plaque forming 

units of the sample. In certain cases, the platings are done in the presence of 

XGal and IPTG for color discrimination of plaques (i.e., .likZ+ plaques are 

20 blue, W;Z- plaques are white): The titer of the input samples is also 

~etermined for comparison (dilutions are generally 10-6 to io·9). See Section 

7 .1, infra, for additional details. 

Altemalively, screening a library of phage expressing TSARs · 

can be achieved as follows using microtiter plates. Target ligand is diluted. 

2S .e.g., in 100 mM NaHC03, pH 8.5 and a small aliquot of ligand solution is 

adsorbed onto wells of microtiter plates (e.g. by incubation overnight at 4 °C). 

An aliquot of BSA solution (l mg/ml, in 100 mM NaHC03, pH 8.5) is addoo 

and the plate incubated ac room temperature for 1 hr~ The contents of the 

microtiter plate are flicked out and the wells washed carefully with PBS-

30 0.05% Tween 20. The plates are washed free of unbound targets .repeatedly. 

A small aliquot of phage solution is intro4uced into each well and the ""'.ells 
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are incubated at room temperature for· 1.2 hrs. The contents of microtiter 

plates are flicked out and washed repeatedly. The plates are incuba~ with 

wash solution in each well for 20 minures at room temperature to allow bound 

5 phage with rapid dissociation constants to be released. The welJs are then 

washed five more times to remove all unbound phage. 

To recover me phage bound to the wellst a pH change is used. 

An aliquot of SO mM glycine-HCl (pH 2.2), 100 l'g/ml BSA solution is added 

10 washed wells to denature proteins and release bound phage. After 5-10 

lO minutes~ the contents are then transferred into clean tubes. and a small aliquot 

of 1 M Tris-HCI {pH 7 .5) or IM NaH2PO,, (pH 7) is added to neutralize the 

pH of the phage sample. The phage are then diluted, e.g., 10'3 10 10"" and 

aliquots plated with &:. gill. DHSaF' cells to determine the number of the 

plaque forming units of the sample. Jn certain cases, [he p~atings are done in 

IS the presence of XGaJ and IPTG for color discrimination of plaques (l.e., 

lacZ+ plaques are blue, }J&Z- plaques are white). The tirer of the input 

samples is also determined for comparison (dilutions are generally 10-6 to 

Ht~. 

According to another alternative method, screening a library of 

20 TSARs can be achieved using a method comprising a first "enrichment" step 

and a second filter lift step as follows. 

TSARs from an expressed TSAR library (e.g .• in phage) 

capable of binding to a given ligand ("positives") are initially enriched by one 

or two cycles of panning or affinity chromatography. A microriter well is 

zs passively coated with the ligand of choice (e.g., about 10 fl.g in 100 µl). The 

well is then blocked with a solution of BSA co prevent non-specific adherence 

of TSARs to the plastic surface. About 1011 particles expressing TSARs are 

then added to the well and incubated for several hours. Unbound TSARs are 

removed by repeated washing of the plate. and specifically bound TSARs are 

30 elute.cl using an acidic glycine-HCl soluti.on or other elution buffer. The eluted 

TSAR pha~e solution is neutralized with alkali, and amplified, e.g., by 
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infection of E. gill and plating on large petri dishes containing broth in agar. 

Amplified cultures expressing the TSARs are then titered and the process 

repeated. Alternatively, the ligand can be covalently coupled to agarose or 

5 acrylamicle beads using commercially available activated bead reagents. The 

TSAR solution is then simply passed over a small column containing the 

coupled bead matrix which is then washed extensively and eluted with acid or 

other eluant. In either case, the goal is to enrich the positives to a frequency 

of about > 11105. 

IO Following enrichment. a filter lift assay is conducted. For 

example, when TSARs are expressed in phage, approximately 1·2 x IO~ phage 

are added to 500 µI of log phase £..·coli and plated on a large LB-agarose 

plate with 0. 1'fo agarose in broth. The agarose is allowed to solidify, and a 

nitrocellulose filter (e.g., 0.45 µ.) is placed on the agarose surface. A series 

15 of registration marks is made with a sterile needle to allow re-alignment of the 

filter and place following developme~t as described below. Phage plaques are 

allowed to develop by overnight incubation at 37 "C (the presence of the filter 

does not inhibil mis process). The filrer is then removed from lhe plate with 

phage from each individual plaque adhered in situ. The filter is then exposed 

20 to a solution of BSA or other blocking agent for 1-2 hours to prevent non­

specific binding of the ligand (or "probe"). 

The probe itself is labeled, for example. either by bjotinylation · 

(using commercial NHS-biotin) or direct enzyme labeling, e.g., with horse 

radish peroxidase or alkaline phosphatase. Probes labeled in this manner are 

25 indefinitely st.able and can be re-use.d'several times. The blocked filter is 

exposed to a solution of probe for several hours to allow the probe to· bind in 

mu to any phage on the filter displaying a peptide with significant affinity to 

the probe. The filter is then washed to remove unbound probe, and then 

developed by exposure to· enzyme substrate solution (in the case of directly 

30 labeled probe) or further exposed to a solution of enzyme-labeled avidin (in 

the case of biotinylated probe). Positive phage plaques are i.dentified by 
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localized deposition of colored enzymatic cleavage product on the filter which 

corresponds to plaques on the original plate. The developed ftller is simply 

realigned with the plate using the registration marks, and the "positive" 

5 plaques are cored from the· agarose to recover the phage. Be.cause of the high 

density of plaques on the original plate, it is. usually impossible to isolare a 

single plaque from the plate on the first pass. Accordingly, phage recovered 

from the initial core are re-plated at low density and the process is repeated to 

allow isolation of individual plaques and hence single clones of phage. 

10 Screening a library of pl":smid vectors expressing TSARs on the 

outer surface of bacterial cells can be achieved usin: magnetic beads as 

follows. Target ligands are conjugated to magnetic beads essentially as 

described above for screening phage vectors. 

A sample of bacterial cells containing recombinant plasmid 

15 vectors expressing a plurality of TSAR proteins expressed on the surface of 

the bacterial cells is mixed wilh a small aliquot of resuspended beads. The 

tube contents are tumbled at 4°C for 1-2 hrs. The magnetic beads are then 

recovered with a strong magnet and the liquid is removed by aspiration. The 

beads are then washed, e.g., by adding J ml of PBS-0.05 % Tween 20, 

.20 inverting the tube several times to resuspend the beads, and drawing the beads 

to the tube wall with the magnet and removing the liquid contencs. The beads 

are washed repeate.dly 5-10 additional times. The beads are then transferred 

to a culture flask that contains a sample of culture medium, e.g., 
LB+ampicillin.· The bound cells undergo cell division in me rich culture 

25 medium and the daughter ceJls will derach from the immobilized targets. 

When the cells are at Jog-phase, inducer is added again to the culture to 

generate more TSAR proteins. These cells are then harvested by 

centrifugation and rescreened. 

Successful screening. experiments are optimally conducted using 

30 3 rounds of serial screening. The recovered cells are then plated ·at a low 

density to yield isolated colonies for individual analysis. The individual 
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colonies are selected and used to inoculate LB culture me.dium containing 

ampicillin. After overnight culture at 37°C, the cultures are then spun down 

by centrifugation. Individual cell aliquots are then retested for binding to the 

5 target ligand attached lo the beads. Binding to other beads, having attached 

thereto, a non-relevant ligand can be used as a negative control. 

Alternatively, screening a library ~f plasmid vectors expressing 

TSARs on the surface of bacterial cells can be achieved as follows. Target 

ligand is adsorbed to microtiter plates as described above for screening phage 

10 vectors. Afte.r the wells are washed free of unbound target ligand, a sample 

of bacterial cells is added to a small volume of culture medium and placed in 

the microtiter wells. Afrer sufficient incubation, the plates are washed 

repeatedly free of unbound bacteria. A large volume, approximately 100 ml 

of LB+ ampiciJlin is added to each well and the plate is incubated at 37°C for 

15 2 hrs. The bound cells undergo cell division in the rich culture medium and 

the daughter cells detach from the immobilized targets. The contents of the 

wells are then transferred to a culture flask that contains -10 ml LB+ 

ampicillin. When lhe cells are at Jog·phase, inducer js added again to the 

culture to generate more TSAR proteins. These cells are then harvested by 

20 centrifugation and rescreened. 

Screening can be conduc1ed using rounds of serial screening as 

described above. with respect to screening using magnetic beads. 

According to another embodiment, the libraries expressing 

TSARs as a surface protein of either a vector or a host cell, e.g., phage or 

25 bacterial cell can be screene.d by passing a solution of the library over a 

column of a ligand. immobilized to a solid matrix, such as sepharose. silica, 

etc., and recovering those phage that bind to the column after extensive. 

washing and elution. 

According to yet another embodiment, weak binding library 

30 members can be isolated based on ·a rer.arded chromatographic propenies. 

According to one mode of this embodiment for screening, fractions are 
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collected as they come off the column, saving the trailing fractions (i.e., those 

members that are rewded in mobility, relative to the peak fraction are saved). 

These members are then concentrated and passed over the column a second 

s time, again saving the retarded fractions. Through successive rounds of 

chromatography, it is possible to isolate those that have some affinity, albeit 

weak, to the immobilized ligand. These library members are retarded in their 

mobility because of th~ millions of possible ligand interactions as the member 

passes down the column. In addition, this methodology selects those members 

lO that have modest affinity to the target, and which also have a rapid 

dissociation time. If desired, the oligonucleotides encoding the TSAR binding 

domain selected in this manner can be mutagenized, expressed and 

rechromatographed (or screened by another method) to discover improved 

binding activity. 

15 Alternatively. the libraries can be screened to recover members . 
that are retained on plastic plates (e.g., ELISA plates).or magnetic beads 

(covalent or non~specific linkage) that have an immobilized ligand. According 

to another embodiment, homobifunctional (e.g .• DSP, DST, BSOCOES, EGS, 

DMS) or heterobifunctional (e.g., SPDP) cross-lin)cjng agents can be used in 

20 combination with any of the above methods, to promote capture of weak 

binding members; these cross-linkers should be· reversible, ·with a trearment 

(i.e., exposure to thiols, base, ·periodate, hydroxylamine) gentle enough not to 

disrupt members structure or infectivity. t() allow recovery of the library 

member. The elution reagents can be removed by dialysis (i.e., dialysis bag, 
• 

25 . Centricon/ Amicon microconcentrators). 

30 
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One important aspect of sc~ning the libraries is that of 

elution. For clarity of explanation, the following is discussed in terms of_ 

TSAR expression by phage; however, it is readily understood that such 

discussion is applicable lo any system where the TSAR is expressed on a 

surface fusion molecule. It is conceivable that the conditions that disrupt the 

peptide-target interactions during recovery of the phage are specific for every 
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given peptide sequence from a plurality: of proteins expressed on phage. For 

example, certain interactions may be disrupted by acid pH 1 s but not by basic 

pH's, and vice versa. Thus, it is important to test a variety of elution 

s conditions (including but not limited to pH 2-3, pH 12-13, excess target in 

competition, detergents, mild protein denaturants, urea, varying temperature, 

light, presence or absence of metal ions, chelators, etc.) and compare the 

primary structures of the TSAR proteins expressed on lhe phage recovered for 

ea.ch set of conditions to determine the appropriate elution conditions for each 

IO ligand/TSAR combination. Some of these elution conditions may be 

incompatible with phage infection because they are bactericidal and will need 

to be removed by dialysis (i.e., dialysis bag, Centricon/Amicon 

microconcentrators). 

15 

The ability of different expressed proteins to be elut~ under 

different conditions may not only be due to the denaturation of the spec;tic 

peptide region involved in binding to the target but also may be due to 

conformational changes in the flanking regions. These flanking sequences 

may also be denatured in combination ~ith the actual bindina s~uence; these 

flanking regions may also change their secondary or tertiary structure in 

20 response to exposure to the elution conditions (i.e., pH 2-3, pH 12-13, excess 

· target in competition, detergents, mild protein denaturants, urea. heat; cold, 

light, metal ions, chelators, etc.) which in tum leads to the conformational 

deformation of the peptide responsible for binding to rhe target. 

According to· another alternative embodiment in which the 

25 TSARs contain a linker region between the binding domain and the effector 

domain, particular TSAR libraries can be prepared and screened by: (1) 

engineering a vector. preferably a phage vector, so that a DNA se.quence 

encodes a segment of collagen (or ~ollag~ase cleavabJe peptide) and is 

present adjacent to the gene encoding the effector domain, e.g., the plll coat 

30 protein gene, flanked by a DNA fragment encoding a pair of cysteine residues 

that cross-bridge reproducibly in a manner such that the collagen segment is 
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still cleavable by collagenase; (2) construct and assemble the double stranded 

synthetic oligonucleotides as described above and insen into the engineered 

vector; (3) express the plurality of vectors in a suitable host to form a library 

s of vectorsj (4) treat the entire library with collagenase once; (5) screen for 

binding to an immobilized ligand; (6) wash away excess phage; and (7) elute 

all bound phl.~e with excess D1T (i.e., 1 mM). Because DlT is such a small 

molecule (M.W. 154.3), it can easily be in a·high molar excess relative to the 

phage and should be very. effective in reaching the cross-bridged bond of the 

IO tethered phage. After reduc[ion of the disulfide bond, lhe particle will be 

uncoupled from the peptide-ligand cornp1ex and can then be used to infect 

bacteria to regenerate the panicle with its full-length pIII molecule for 

additional rounds of screening. This alternative embodiment advantageously 

allows the use of universally effective elution. conditions and thus allows 

15 identification of phage expressing TSARs that otherwise might not be 

... recovered using other known me[hods for elution. To illustrate. using this 

embodiment, exceptionally tight binding TSARs could be recovered. 

Figure 6 schematically depicts a method for screening a library 

to identify ligand-binding TSARs expressed in a plasmid veclor as a soluble 

20 protein which accumulates inside the host cell. Use of plasmid p340-1D is 

described as an illustrative example. A TSAR library constructed in p340-ID 

after introducing XPo I and X1m I sires, as described above in Section 5 .1.2 

(see also Section 9, jnfra) can be screened as follows. The Xho I + Xba I 

cleaved oligonucleotides are ligated with T4 DNA ligase to Xba I + Xho I 

25 cleaved p340-1D, and transfect~ into Er. coli that is W;Z-, supE+. To select 

for successful transfonnations, the preparation is plated onto 100 separate 

petri plates containing Luria Broth (LB) and ampicillin (100 µ.g/ml). After an 

overnight incubation at 37°C, the colonie~ are poole.d from each plate by 

adding S ml liquid LB medium and scraping with a glass bar. The cells are 

30 then washed by centrifugation and suspension with the final resuspension in 
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20% glycerol. The pool is divided into 100 individQal aliquots and frozen 

(·70°C). · 

A small aliquot of the ll'a11sfected cells is plated out on LB 

5 plates with ampicillin and JPTG and XGal at a low densify to yield individual 

colonies. Colonies that have TSAR oligonucleotides with an open reading 

frame yield blue colonies,· whereas colonies harboring non-recombinant p340-

1D or p340-1D recombinants with oligonucleoti4es carrying non-suppressed 

stop codons are white. The ·relative numbers of blue and white colonies 

10 reveal the percent recombinants: this number is useful in estimating the total 

number of recombinants in the library. For screening purposes, the I 00 

froien aliquots can be thawed and a smal1 volume (-100 µl) removed from 

each to start cultures {25 ml) in LB+ampicillin. When the cells are in log 

phase growth, IPTG is added to the cultures (final concentration of 200 µM) 

15 to induce expression of' a _plurality or proteins encoded by the TSAR peptide-/j 

galactosidase gene· fusions. After approximately 2 hour of induction, the cells 

are harvested by centrifugation and the TSAR peptide·t3 galactosidase fusion 

proteins purified as described in application Serial No. 07/480,420 at Section 

11 (parent application). The purified proteins are concentrated with an 

20 

25 

Am icon microco~centrator. The 100 samples of fusion P!Oteins are then 

. screened for binding to immobilized targets. These i:argets can either be pure 

or part of a complex mixture. Furthermore, che targets can be affixed to 

microtiter dish_ wells, spotted on nitrocellulo$e or nylon filters, or linked to 

matrix beads. 

Typically screening consists of incubating the plurality of TSAR 

peptide-:-.8 galactosidase fusion pro~ins with the immobilized target. For the 

s8ke of clarity, the targets are describ~ below as being affixed to a microtit~r 
dish well. A small amount (5-50 µJ) of each aliquot is added m microtiter 

dish wells that have the same target immobilized.in each well. After a 1-2 

30 hour incubation, the contents of the wells are flicked out, and ~he wells are 

washed with PBS-5% Tween 20 approximat~ly ten times. To deter~ine 
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. which wells have retained TsAR peptide-P galactosidase fusion proteins, 

ONPG reagents are added to the wells for color development. The optical 

density of the wells is determined with a plate reader. 

s Those wells that have a positive color reaction are then 

correlated with the aliquots tested. Cells corresponding to those aliquots are 

thawed again, diluted with fresh LB liquid ( - H1 fold) and distributed onto 20 

petri plates (LB+amp). The colonies that form on each plate are pooled from 

each plate by adding S ml liquid LB medium and scrapjng with a glass bar. 

10 The cells are then washed by centrifugation and resuspension with the final 

resuspension in 20% glycerol. The pool is then divided into 20 individual 

aliquots and frozen at -70°C. Each aliquot is next grown up as a liquid 

culture and when the cells are in log phase growth, IPTG is added to the 

cultures (final concentration of 200 µM) to induce expression of a plurality of 

l~ proteins encoded by the TSAR peptide-.B galactosidase fusion proteins purified 

as described in the parent application at Section 11. The purified proteins are 

then concentrated with an Amicon microconcentrator. 

· As can be seen, screening, identification of positive wells. 

subdivi4ing the appropriate frozen cell aliquots onto petri plates, and 

lO preparation of fusion proteins constitute a screening cycle. The cycle can be 

reiterated in a winnowing manner to finally identify single isolates that carry a 

TSAR peptide-a galactosidase fusion protein that has binding activity. This 

method.of recombinant DNA isolation is analogous to current methodologies 

for isolating re.combinanrs from libraries based on hybridization or 

25 immunological detection (see Maniatis) o~ identification of hybridomas (Z 

Figure 6). 

This methodology has several advanrages. First, the TSAR 

peptide is not expressed until the time of induction, and there may be less 

opportunity for biological selection on the library. Second. enzymes liker;. 

30 galactosidase provide powerful effeclor domains since they are cataJytic. 

Third, the merhod of screening Jends itself wen to current expenise available 
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in most molecular biology and immunology laboratories. Fourth, very large 

proteins have been fused to f;l-galactosidase without inactivating the enzyme. 

13-galactosidase appears to be very tolerant of insertions/fusion at its N-

5 terminus, a characteristic that is useful in expressing large TSARs. 

10 

15 

20 
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5.3. TSARs AND COMPOSmONS COMPR.ISING 
. A TSAR BINDING DOMAIN 

In the present invention, novel totally synthetic affinity re.agents 

called TSARs are identified which can be produced as soluble. easily purifie.d 

proteins/polypeptides and/or peptides that can be made and isolated in 

commercial quantities. These TSAR reagents are concatenate.d 

heterofunctional proteins, polypeptides and/or ·peptides that include at least 

rwo distinct functional regions. One region of the heterofunclional TSAR 

molecule is a binding domain with affinity for a ligand that is characterized by 

1) its strength of binding under specific conditions, 2) the stability of its 

binding under specific conditions, and 3) its selective spe.cificity for the 

chosen ligand. A second region of the het~rofunctional TSAR molecule is an 

effector domain that is biologically or chemically active to enhance expression 

and/or detection of the TSAR. The effector domain is chosen from a number 

of biologically or chemically active proteins including a structural protein that 

is accessibly expressed as a surface protein of a vector. an enzyme or 

fragment thereof, a toxin or fragment thereof, a therapeutic protein or peptide 

or a protein or a peptide whose function is to provide a site for attachment of 

a substance such as a metal ion, etc., that is useful for enhancing expression 

and/or detection of the expressed TSAR. 

According to one embodiment of the invention, a TSAR can 

contain an optional additional region, i.e., a linker domain between the 

binding domain and the effector domain. Figure 7 schematically represents a 

TSAR according to this embodiment of the invention. The presence or 

absence of the peptide Jinke~ domain is optional as is the type of linker that 

may be used. 
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The linker region serves (1) as a structural spacer re1ion 

between the binding ~d effect0r domains; (2). as an aid to uncouple or 

separate the binding and effector domains; or (3) as a structural aid for display . 

5 of the binding domain and/or the TSAR by the expression vector. The linker 

sequence can be stable and provide for separation of the TSAR regions or it 

can be susceptible to cleavage by ~hemical, biological.. physical or enzymatic 

means. If a cleavable linker is used, the sequence employed is one that allows 

the binding domain portion of the TSAR to be released from the effector 

lO domain of the TSAR protein. Thus when a linker is used that is susceptible to 

cleavage, the heterofunctional TSAR protein can be an intermediate in the 

production of a unifunctional binding protein, polypeptide or peptide having 

the same binding specificity as the TSAR. · · 

. In a particular embodiment, the cle.3.vable sequence is one that 

15 is enzymatically degradable. A collagenase susceptible sequence is but one 

example (see. for example, Section 9, i.nfm).· Other useful.se.quences that can 

be used as an enzymatically cleavable linker domain are those which are 

susceptible to enterokinase or Factor Xa cleavage. For example, enterolOnase 

cleaves after the lysine in the sequence Asp-Asp-Asp-Lys (SEQ ID NO 18). 

20 Factor Xa is specific to a site having the sequence lle-Glu-Gly-Arg, (SEQ ID 

NO 19) and cleaves after arginine. Another useful sequence is Leu-Val-Pro­

Arg-Gly-Ser-Pro (SEQ ID NO 20) which is cleave.cf by throm~in berween the 

Arg and Gly residues. Other enzyme cleavable sequences that can be used are 

those encoding sites recognized by mjcrobial proteases, peptidases, viral 

.25 proteases, .the complement cascade enzymes and enzymes of the blood 

coagulation/clot dissolution pathway. Other enzyme cleavable sequences wm 
also be recognized by those skilled in the an and are intende.d to be include.cl 

in this embodiment of the inventi9n. Alternatively, the sequence may be 

selected so as to contain a site cleavable by chemical means. such as cyanogen 

30 bromide, which attacks methionine residues in a peptide sequence. Another 

chemical means of cleavage includes the use of fonnic acid which cleaves at 
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proline residues in a peptide sequence. The invention is not to be limite.d to 

the specific examples of chem~caJ cleavage provided here but includes the use 

of any chemical cleavage method known to those with skill in the art. TSARs 

5 having a cleavable linker portion9 .thus, can serve as intermediates in the 

production of unifunctional proteins, polypeptides or peptides having a binding 

function and specificity for a ligand of choice. 

Alternatively~ the linker portion can be stable or impervious to 

chemical and/or enzymatic cleavage and serve as a· link between the.binding 

10 domain and the other peptide portion(s) of the TSAR. For example, the linker 

domain can be a deformable protein moiety which can serve as a shape­

controllable aid for recovery of the binding domain during elution. As 

another example, the linker domain can provide a (a) hinge or link region, 

such~ provided by one or more proline residues; (b) a swivel region, such as 

15 provided by one or more glycine residues; or (c) a heterodimeriution domain 

such as provided by a c-fos or c-jun sequence which aid . in displaying the 

TSAR binding domains in the form of bimolecular pockets (see Figure IC). 

The chemically or biologicaJly active effector domain of the 

TSAR impans detectable, diagnostic, enzymatic or therapeutic characteristics 

lO to the TSAR. The enzy~atic activity or therapeutic activity may be useful in 

identifying or detecting the ·TSAR duri~g tl)e screening process as well as 

being useful, e.g., for therapeutic effects where the TSAR is employed in an 

in vivo application. For example, a therapeutic group with a proteolytic 

activity attached to a binding domain with affinity for fibrin results in a TSAR 

25 that binds to fibrin components in blood clots and dissolves them. 

Alternatively, the effector domain can be a protein moiety that 

binds a metal, including but not limited to radioactive, magnetic, 

paramagnetic, etc. metals, and allows detection of the TSAR. Other examples 

of biologically or chemically active effector peptjdes that can be used jn 

30 TSARs include but are not limited to toxins or fragments thereof, peptides that 

have a det~table enzymatic activity, peptides that bind metals, peptides that 
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bind specific cellular or extracellular components, peptides that enhance 

expression of the TSAR molecule, peptides that inte~l with fluorescent 

molecules, and peptides that provide a convenient means for identifying the 

5 TSAR. 

ln a particular embodiment found in the example in Section 9 

!nfm. the full sequence of the enzyme ·~-galactosidase was used as the effector 

domain of the TSAR. This protein provides a visual means of detection upon 

addition of the proper subsuate, e.g. X-gal or ONPG. However, the effector 

10 domain of the TSAR need nol be the complete coding sequence of a protein. 

A fraction of a protein that is readily expressed by the host cell and that has 

the desired activity or function may be used. 

Accord~ng to the most general embodiment of the invention, 

there is no intended specified order for the two or more regions of the TSAR 

15 relative to each other except that the linker domain, if present, must be 

.. between the binding domain and the effector domain of the TSAR. The 

positions of the regions of the TSAR are otherwise interchangeable. 

According to a more preferred embodiment, the binding domain is located at 

the N-terminal ~d of the heterofunctional protein, polypeptide or peptide and 

20 the effector domain is located at the carboxyl terminal end. 

According to another embodiment of the invention, the TSAR 

can include multiple binding domains or multiple active effecmr portions or 

combinations of multiples of each. 

Once a TSAR binding a lig~d of choice has been identified by 

25 the method of the invention, the amino acid sequence of the binding domain of 

the TSAR can be deduced from the nucleotide se.quence of the insened 

oligonucleotide sequence in the vector identified as expressing the TSAR. · 

The protein/peptide comprising the binding domain of the TSAR can be 

produced either by recombinant DNA techniques or synthesized by standard 

30 

35 

chemical methods known in the an (e.g., see ~unlcapiller et al., 1984, Nature 

310:105-lll). Whether produced by recombinant or chemical synthetic 
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techniques, the proteins/peptides comprising the binding domain of the 

identified TSAR include those having an amino acid sequence identical to the 
TSAR binding domain as well as those in which functionally equivalent amino 

5 acid residues are substituted for residues within the sequence resulting in a 

silent change. For example, one or more amino acid residues within the 

sequence can be substituted by another amino acid of a similar polarity which 

acts as a functional equivalent, resulting in a silent alteration. Substitutes for 

an amino acid within the sequence may be selected from other members of the 

10 class to which the amino acid beJon1s- For example. the non-polar 

(hydrophobic) amino acids include glycine, alanine, leucine, isoleucine, 

15 

· valine, proline, phenylalanine, tryptophan and methionine. J'he polar neutral 

amino acids include serine, threonine. cysteine, tyrosine, asparagine and 

gluwnine. The positively charged (basic) amino acids include arginine, lysine 

and histidine. The negatively charged (acidic) amino acids include aspanic 

and glutamic acid • 

When a TSAR has been identified as a binder for a panicular 

target ligand of interest according to the method of the invention, it may be 

useful to determine what region(s) of the expresse.d TSAR peptide sequence is 

20 (are) responsible for binding to the carget ligand. Such analysis can be 

conducted at two different levels, i.e .. the nucleotide sequence and amino acid 

sequence levels. 

By molecular biological techniques it is possible to verify and 

further analyze a ligand binding TSAR at the level of the oligonucleotides. 

2S First, the inserted oligonucleotides can be cJeave.d using appropriate restriction 

enzymes and religated into the original expression vector and the expression 

product of such vector screened for ligand binding to verify that the TSAR 

oligonucleotides encode the binding peptide. Second. the oligonucleotides can 

be transferred into another vector, e.g., from phage to phagemid or to p340-

30 lD or to pLamB plasmid. The newly expressed fusion proteins should 

acquire the same binding activity if the domain is necessary and sufficient for 
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binding to the ligand. This last approach also assesses whether or not flanking 

amino acid residues encoded by the original vector (i.e., fusion partner) 

. influence TSAR peptide in any fashion. Third, the oligonucleotides can be 

5 synthesized, based on the nucleotide sequence determined for the TSAR. 

amplified by cloning or PCR amplification using internal and flanking primers 

cleaved into two pieces and cloned as two half-TSAR fragments. In this 

manner, the inserted oligonucleotides are subdivided into two equal halves. If 

the TSAR domain imponant for binding is small. men one recombinant clone 

IO would demonstrate binding and the other would 'not. If neither have binding, 

then either both are impanant or the essential portion of the domain spans -the 

middle (which can be tested by expressing just the cenual region). 

Alternatively, by synthesizing peptides corresponding to the 

predicted TSAR peptide, the binding domains can be analyzed. First, the 

15 entire peptide should be synthesize.cl and assessed for binding to the rarget 

.. ligand lo verify that the TSAR peptide is necessary and sufficient for binding. 

Second; shon peptide fragments, for example, overlapping 10-mers, can by 

synthesized. based on the amino acid sequence of the TSAR binding domain, 

and tested to identify those binding the ligand. See, for example. Section 7 .5, 

20 infra. 

In addition, in cenain instances, linear motifs may become 

apparent after comparing the. primary structures of different TSARs having 

binding affinity for a target ligand. The contribution of these motifs to 

binding can be verified ~ith synthesized peptides in competition experiments 

2S (i.e., determine the concentration of peptide capable of inhibiting 50% of the 

binding of the phage to its target; IC,0). ~' for example, Section 7.2, i.nfrj. 

Conversely. the motif or ariy region suspected to be important for binding:can 

be removed or mutated from the DNA encoding the TSAR insert and the 

altered displaced peptide can be retested for binding. 

·30 These protein/pepcide compositions comprising a binding 

domain of a TSAR or a portion thereof having the same binding specificity as 

I 
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said binding domain, designated herein as "TSAR compositions" are 

encompassed within the "invention and are useful for the applications described 

in Section 5.4 Cinf.J:a). 
s Furthermore, once the binding domain of a TSAR has been 

identified, new TSARs can be created by isolating and fusing the binding 

domain of one TSAR to a- different effector domain. The biologically or 

chemically active effector domain of the TSAR can thus be varied. 

Alternatively, the binding characteristics of an individual TSAR can be 

lO modified by varying the TSAR binding domain sequence to produce a related 

family ~f TSARs with differing properties for a specific lig~d. 

15 

Moreover, in a method of directed evolution, the identified 

TSAR prot(!ins/peptides can be improved by additional rounds of mutaienesis, 

selection, and amplification of the nucleotide sequences encoding the TSAR 

binding domains. · Mutagenesis can be accomplished by creating and cloning a 

new set of oligonucleotides that differ slightly from the parent se.quence, e.g., 

by 1·10%. Selection and amplification are achieved as described above. To 

verify that the isolated peptides have improved binding characteristics, mutants 

and the parent phage, differing in their lacZ expression, can be proces~ 

20 together during the screening experiments. Alteration of the original blue­

white color ratios during the course of the screening experimem will serve as 

a visual means to assess the successful selection of enhanced binders. This 

process can go through numerous cycles. 

30 

35 

5.4. APPLICATIONS AND USES OF TSARs AND TSAR 
COMPQSmONS 

TSARs· and TSAR compositions comprising a binding domain_ 

of a TSAR or a portion thereof having the same binding specificity as the 

TSAR ide~tified according .to the novel methods of the invention are useful for 

in vitro and in vivo applications which heretofore have been performed by 

binding regions of antibodies, DNA binding proteins. RNA binding proteins, 

metal binding proteins. nucleotide fold and GTP binding proteins, calcium 

· · · This Sheet Has Been Replaced 
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binding proteins, adhesive proteins such as integrins, adhesins, lectins, 

enzymes, or any other small peptide or portion of a macromolecule that has 

binding affinity for a ligand. 

! The TSAR products can be use.d in any industrial or 

pharmaceutical application that uses a peptide binding moiety specific for any 

given ligand. The TSARs can also be intermediates in the production of 

unifunctional binding peptides that are produced and selected by the method of 

the invention to have a binding affinity, specificiry and avidity for a given 

10 ligand. The TSARs and TSAR compositions can also be used to identify 

promising leads for developing new drug candidates for a variety of 

therapeutic and/or prophylactic applications. Thus, according to the present 

invention, TSARs and TSAR compositions are used in a wide variety of 

'applications, including but not Jimiced to, uses in the field of biomedicine: 

l5 biolo&ic control and pest regulation; agriculture; cosmetics; .environmental 

control and waste management; chemistry; catalysis; nutrition and food 

industries; ·military uses; climate control; pharmaceuticals; etc. The 

applications described below are intended as illustrative examples of the uses 

of TSARs and compositions comprisin,e the binding domain of a TSAR and 

20 are in no way intended as a limitation thereon. Other applications will be 

readily apparent to those of skill in the an and are intended to be encompassed 

by the present invention. 

The TSARs and TSAR compositions are useful in a wide 

variety of !n vivo applications in the fields of biomedicine, bioregulation, and 

25 control. In certain of these applications, the TSARs are employed as mimetic 

replacements for compositions such as enzymes, hormone receptors, 

immunoglobulins. metal binding proteins, calcium binding proteins, nucleic 

acid. binding proteins, nucleotide binding proteins, adhesive proteins such as 

integrins, adhesins, lectins, etc. ln others of these applications, the TSARs 

30 are employed as mimetic replacements Of proteinslpeptides. sugars or other 3. 
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molecules that bind to receptor molecules, such as for example, mimetics for 

molecules that bind to streptavadin, immunoglobulins, cellular receptors, etc. 

Other in vivo uses include administration of TSARs and TsAR 

s compositions as immunogens for vaccines, useful for active immunization 

procedures. TSARs can also be used to develop immunogens for vaccines by 

generating a first series of TSARs specific for a given cellular or viral 

macromolecular ligand and then developing a second series of TSARs that 

bind ro the first TS~s i.e. , the first TSAR is used as· a ligand to identify the 

· 10 second series of TSARs. The. se.cond series of TSARs will mimic the initial 

cellular or viral macromolecular ligand site hue will contain only relevant 

peptide binding sequences. eliminating irrelevant peptide. sequences. Either 

the entire TSAR developed in the se.cond series, or the binding domain, or a 

portion thereof, can be use.d as an immunogen for an active vaccination 

15 . program. 

In in vivo applications TSARs and TSAR compositions can be 

administered to animals and/or humans by a number of routes including 

injection (e.g., intravenous, inrraperitoneal, intramuscular, sub~utaneous, 

intraauricular, "intramammary, intraurethrally, etc.), topical application, or by 

20 absorption through epithelial or mucocutaneous linings. Delivery to plants, 

insects and protists for bioregulation and/or control can be achieved by direct 

application to the organism, dispersion in the habitat, addition to the 

surrounding environment or surrounding water. etc. 

In the chemical industry, TSARs can be employed for use in 

25 separations, purifications, preparative methods, and catalysis. 

In the field of diagnostics, TSARS can be used to detect ligands 

occurring in lymph, blood, urine, feces, saliva, sweat, tears, mucus. or any 

other physiological liquid or solid. In the area of histology and patholo1y, 

TSARs can be used to detect ligands in tissue sections, organ sections, 

30 smears, or in other specimens examined macroscopicalJy or microscopically. 

TSARs can also be used in other diagnostics as replacements for antibodies, as 

35 
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for example in hormone detection kitsf or in pathogen detection kits, etc., 

where a pathogen can be any pathogen including bacceria, viruses, 

mycoplasma, fungi, protozoans, etc. TSARs may also be used to define the 

s epitopes that monoclonal antibodies bind to by using monoclonal antibodies as 

ligands for TSAR binding, thereby providing a method to define the epitope of 

the original immunogen used to develop the monoclonal antibody. TSARs or 

the binding domain or a portion ihereof can thus serve as epitope mimetics 

and/or mimotopes. 

10 The following examples are presented for purposes of 

15 

illustration only and are not intended to limit the scope of the invention in any 

way. 

6. EXAMrLE: PREP.ARATION OF TSAR.LIBRARIES 

TSAR libw:les were prepared according to the present 

invention as set forth below. 

6.1. PREPARATION OF TIIE TSAR-9 LIBRARY 

20 6.1.1. SYNnIESIS AND ASSEMBLY OF OLIGQNUCLEOTIDES 

Figure 8 shows the formula of the oligonucle.otides and the 

assembly scheme use.d in construction of the TSAR-9 library. The 

oligonucleotides were synthesized with an applied Biosystems 380a synthesizer 

_(Foster City, CA), and the fuIJ.length oligonucleotides were purified by 

25 HPLC. 

Five micrograms of each of the pair of oligonucleotides were 

mixed together in buffer (67 mM·Tris-HCl, pH 8.8, IO mM fJ· 

mercaptoethanol, 16.6 mM ammonium sulfate, 6.7 mM EDTA and 50 µg/ml 

BSA), with 0.1 % Triton X-100, 2 mM dNTP's, and 20 units of Iig DNA 

30 polymerase. The assembly reaction mixtures were incubated at 72°C for 30 

seconds and then 30°C for 30 seconds: this cycle was repeated 60 times. It 

35 
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should be noted that the assembly reaction is not PCR, since a denaturation 

step was not used. Fill-in reactions were carried out in a thermal cycling 

device (Ericomp, LaJolla, CA) with the following protocol: 30 seconds at 

5 72°C, JO.seconds at 30°C, repeated for 60 cycles. The lower temperature 

allows for annealing of the six base complementary region between the two 

sets of the oligonucleotide pairs. The reaction products were 

phenol/chloroform extracted and ethanol precipitated. Greater than 90% of 

the nucleotides were found to have been convened to double sttanded 

10 · synthetic oligonucleotides. 

After resuspension in 300 µl of buffer containing 10 mM Tris­

HCI, pH 7.5, 1 mM EDTA (TE buffer). the ends of the oligonucleotide 

fragments were cleaved with Xba I and Xho I (New England Biol.abs, 

Beverly, MA) according to the supplier's recommendations. The fragments 

15 were purified by 4% agarose gel electrophoresis. The band of correct size 

was removed and electroeluted, concentrated by ethanol precipitation and 

resuspended in 100 µI TE buffer. Approximately S% of the assembled 

oligonucleotides can be expected to have internal Xho 1 or Xb,i l sites; 

however, only the fulJ.length molecules were used in the ligation step of the 

20 assembly scheme. The concentration of the synthetic oligonucleotide· 

fragments was estimated by comparing the intensity on an ethidium bromide 

stained gel run along with appropriate quantitated markers. All DNA 

manipulations not described in detail were performed according to Maniatis, 

25 

nmIA· 
To demonstrate that the assembled enzyme digested 

oligonucleotides could be ligate.cl, the synthesized PNA fragments were 

examined for their ability to self-ligate. The digested fragments were 

incubated ovemiaht at l8°C in ligation buffer with T4 DNA ligase. When the 

ligation products were examined by agarose gel electrophoresis, a concatamer 

30 of bands was visible upon ethidium bromide staining. As many as. five 

different unit length concatamer bands (i.e., dimer, trimer. tecramer, 
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pentamer, hexamer) were evident, suggesting that the synthesized DNA 

fragments were efficient substrates for ligation. 

6.1.2. CONSTRUCTION OF VECTORS 

The construction of the Ml3 derived phage vectors useful for 

expressing a TSAR library has been recently described (Fowlkes et al., 1992, 

BioTechniques, ll:422-427). To express the TSAR-9 library, an Ml3 

derived vector, m663, was constructed as described in Fowlkes. Figure 2 

10 illustrates the m663 vector containing the pIII gene having a c-myc-epitope, 

i.e., as a stuffer fragment, introduced at the mature N•terminal end, flanked 

by Xho I and XbA I restriction sites (see l}m, Figure 1 of Fowlkes). 

15 

6.1.3. EXPRf4SION OF THE TSAR-9 LIBRARY 

The synthesized oligonucleotides were then ligated to Xho I and · 

Xba I double-digested m663 Rf DNA, containing the pill gene (Fowlkes, 

filijlla) by incubation with. ligase overnight at 12 °C. More panicularly, 50 ng 

of vector DNA and 5 ng of the digested synthesized DNA were mixed 

together in 50 µ1 ligation buffer (50 mM Tris, pH 8.0, 10 mM MgC!i. 20 

20 mM DIT,·0.1 mM ATP) with T4 DNA ligase. After overnight ligation at 

12°C, the DNA was concentrated by ethanol precipitation and washed with. 

70% ethanol. The ligated DNA was then .introduced into E. coli CDH5aF'; 

GIBCO BRL, Gaithersburg, MD) by electroporation. 

A small aliquot of the electroporated cells. was plated and the 

25 number of plaques counted to determine that l O' recombinants were 

generated. The library of E. coli cells co~taining recombinanc vectors was 

plated at a high density (-400,000 per 150 mM petri plate) for a single 

amplification of the re.combinant phage. After 8 hr, the recombinant 

bacteriophage were recovered by washing each· plate for 18 hr with SMG 

30 buffer (100 mM NaCl, IO mM Tris-HCl. pH 7.S, 10 mM MgCl7, 0.05% 
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. gelatin) and after the addition of glycerol to 50% were frozen at -80°C. The 

TSAR-9 library thus formed had a working titer of -2 x 1011 pfu/ml. 

6.2. PREPARATION OF TSAR-12 LmRARY 

Figure 9 shows the formula for the synthetic oligonucleotides 

and the assembly scheme used in the construction of the TSAR-12 library. As 

shown in Figure 9, the TSAR-12 library was prepared substantially the same 

as the TSAR-9 library described in Section 6.1 above with the following 

10 exceptions: (1) each of the variant non-predicted oligonucleotide sequences, 

i.e., NNB, was 30 nucleotides in length, rather than 54 nucleotides; (2) the 

15 

restriction sites included at the 5' termini of the variant, non-predicted 

sequences were Sil l and Spe I, rather than Xho I and Xba I; and (3) the 

invariant sequence at the 3' termini to aid annealing of the two strands was 

GCGGTG rather than CCAGGT (5' to 3'). 

After synthesis including numerous rounds of annealing and 

chain extension in lhe presence of dNTP's and Tag DNA polymerase, and 

purification as described above in Section 6.1.1, the synthetic double stranded 

oligonucleotide fragments· were digested with £!! I and ~ I restriction 

20 enzymes and ligated with T4 DNA ligase to the nucleotide sequence encoding 

the Ml3 plll gene contained in the m663 vector to yield a library of TSAR-12 

expression vectors as described in Sections 6.1.2 and 6.l.3. The ligated DNA 

was then introduced into E. mil (DHSaF'; OIBCO BRL, Gaithersburg, MD) 

by electroporation. The library of E.. coli cells were plated at high den~ity 

25 (-400,000 per 150 mm petri plate) for amplification of the recombinanc 

phage. After about 8 hr. the recombinant bacteriophage were recovered by 

washing for 18 hr with SMG buffer and after the addition of glycerol to 5~% 

were frozen at -80°C . 

30 

35 

. The TSAR-12 library thus formed had a working titer of.-

2 x 1011 pfu/ml. 
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6.3. CHARACTERIZATION OF THE TSAR-9 AND -12 LIBRARIES 

The inserted synthetic oligonucleotides for each of the TSAR 

s libraries, described in Sections 6.1 and 6.2 above, had a potential coding 

complexity of 2036 (-10'7) and since -1014 molecules were used in each 

transformation experiment, each member of these TSAR libraries should be 

unique. After plate amplification the library solution or stock has· 10' copies 

of each member/ml. , 

10 It was observed that very few ( < 10%) of the insened 

oligonucleotide se.quences characterized so far in both of the libraries have 

exhibited deletions or insertions. This is likely a reflection of the accuracy in 

assembling the oligonucleotides under the conditions used and the fact that 

certain types of mutations (i.e., frame-shifts) would not be tolerated as pill is 

15 an essential protein for phage propagation. 

In order to determine whether any coding bias existed in the 

variant non-predicted peptides expressed by these libraries, perhaps due to 

biases imposed in vitro during synthesis of the oligonucleotides or in vivo 

during expression by the reproducing phage, insens were se.quenced as set 

20 fonh below . 

. 6.3.1. CHARACTERIZATION OF TSAR-9 LIBRARY 

Insened synthetic oligonucleotide fragments of 23 randomly 

chosen isolates were examined from the TSAR-9 library. Individual plaques 

25 were used to inoculate l ml of 2xYT broth containing~ coli (DH5aF') cells 

and the cultures were allowed to grow overnight at 37°C with aeration. DNA 

was isolated from the culture supematants according to Maniatis, supra. 

Twenty-three individual isolates were sequenced according to the method of 

· Sanger (1979, Proc. Nat'l. Acad. Sci. USA 74:5463-5467) using as a primer 

30 the oligonucleotide 5'-AGCGTAACGATCTCCCG (SEQ ID NO 21), which is 
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89 nucleotides downstream of the plJI gene cloning site of the m663 vector 

used to express the TSARs. 

Nucleotide sequences and their encoded amino acid sequences 

5 were analyzed with the MacVector c:Omputer program (IBI. New Haven. CT). 

The Microsoft EXCEL program was used to evaluate amino acid frequencies. 

Such analyses showed that the nucleotide codons c.oding for and hence most 

amino acids, occurred at the expected frequency in the TSAR-9 library of 

expressed proteins. The notable exceptions were glutamine and tryptophan, . 

JO which were over- and under-representt.d, respectively. 

15 

It is of interest to note the paucity of TAG stop codons in the 

inserts, i.e., only 2 of - 200 isolates characterized contained a TAG stop 

codon. About half [l-(47148)36] of the phage insens were expected to have at 

least one TAG codon in view of the assembly scheme used. However, most 

of the TAG-bearing phage appear to have been lost from the library, even 

though the bacterial host was !YJlE. This may be a consequence of 

suppression being less than 100% effeccive. 

The amino acids encoded by the insened double stranded 

synthesized oligonucleotide sequences. excluding the fixed PG-encoding 

.20 centers, were concatenated into a single sequence and the usage frequency 

determined for each amino acid using t~e Microsoft EXCEL program. The 
.. 

results are illustrated in Figure 10. As shown in Fig~re 10, these frequencies 

were compared to that expected from the assembly scheme of the 

oligonucJe.otides, and the divergence from expected values represented by the 

25 size of the bars above and below the baseline. Chi square analysis was used 

co detennine me significance of the deviations; •, 0 and D bars represent 

probabmty values of >93%, 75-93%. and <75%, respectively. As indicated 

in Figure l 0, the majority of amino acids were found to occur at the expected 

frequency, with the nor.able exceptions that· glur.amine and tryprophan were 

30 somewhat over- and under-represented. respectively. Thus. except' for the 
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· invariant Pro-Gly, any position could have any amino acid; hence, the 

sequences are unpre.dicted or random. 

6.3.2. CHARACTERIZATION OF ISAR·12 LIBRARY 

Approximately 10 randomly chosen insened o~igonucleotides 

from the TSAR· 12 library were examined by DNA sequencing as described 

above in Section 6.3.1. The isolates were chosen at random from the TSAR· 

12 library and prepared for sequencing as were the TSAR-9 isolates. Analysis 

10 showed that except for the invariant Gly any position could have any amino 

15 

20 

25 

30 

35 

acid: hence, the sequences are unpredicted or random. 

6.4. PREPARATION OF TIIE TSAR-13 AND TSAR-14 
S™1J{IGID LIBRARW 

The following example illustrates yet another embodiment of a 

TSAR library expressing peptides that can form semirigid structures. The 

coding scheme which encodes the variant residues in the oligonucleotides of 

this embodiment differs from that of the preferred embodiments described in . 

the detailed description. 

.S.4.1. SYNTIIESIS AND A~SEMBLY OF OLIGONUCLEOTIDES 

Fiaure 11 shows the formula of ihe oligonucleotides used in the 

TSAR-13 and TSAR-14 libraries and the assembly scheme used in 

construction of the TSAR-13 library. The same oligonucleotide design was 

use.cl for both TSAR-13 and. TSAR·l4 libraries. TSAR·13 was expressed in 

phagemid; TSAR-14 was expressed in phage. The oligonucleotides were 

designed to contain invariant nucleotides flanking contiguous sequences of 

unpredicted nucleotides. In this example, the single stranded nucleotide 

sequences when convened to double strande.d oligonucleorides encode: 

(a) 5' to 3' Restriction site- cysteine, glycine - (NNK)s - Gly-Cys-01y­

(NNK)8 ·Complementary site Gly-Cys-Gly; and (b) 3' to 5' Complementary 

site Gly-Cys-GJy - (NNM), - Giy-cys-Gly-Pro-Pro-GJy - Restriction site. 
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Thus the library is designed to have semirigid binding domains each 

containing four cysteine residues that will form disulfide bonds in an oxidizing 

environment and adopt cloverleaf configurations. The additional proline 

5 residues were included to form a kink between the TSAR binding domain and 

the pm or effector domain. In the design of the single stranded nucleotides, 

all 4 possible codons for glycine were utilized to help insure that the two 

single stranded nucleotides would 'anneal at the intended complementary 

glycine, cysteine, glycine encoding nucleotide sequence. 

lO The oligonucleotides were synthesized with an Applied 

15 

Biosystems 380a synthesizer (Foster City, CA) and the full length 

oligonucleotides were purified by gel electrophoresis. 

To anneal the p~rs of oligonucleotides, 200 pmol of each of the 

pair of oligonucle.otides were mixed together in sequenase buffer ( 40 mM Tris · 

pH 7.5, 20 mM MgC12, 50 mM NaCl) with 0.1 ug/ml BSA. 10 mM DTI in a 

total volume of 200 ul. The mixture was incubated at 4?'C for 5 minutes, 

then at 37°C for 15 minutes; Fill-in reactions were carried out by adding all 

foul' dNTPs to a concentration of 0.2 mM each and 20 units of Sequenase, 

[(Version 2.0 (U.S. Biochemical, Cleveland, Ohio)] and incubating for 37°C 

20 for i's minutes. Residual polymerase activity was heat inactivated by a 2 hour 

incubation at 65°C. After cooling, the ends of the oligonucle.otide fragments 

were cleaved, by adding restriction buffer ( 10 mM. Tris pH 7 .5, 50 mM 

NaCl, 10 nM MgC12), an additional 0.1 uglml BSA and an additional 2mM 

DlT along with 300 units each of Xbi l, Xho I. Three control reactions were 

2.5 run simultaneously. In the first control aliquot, i.e., a IO µI aliquot of the fill 

.in reaction, the first restriction enzyme (Xba I) was adde.d to the same final 

concentration (units/µI). To the second conrrol aliquot, the other restriction 

enzyme (XhQ I) was added. No restriction enzyme was added to the third 

control aliquot. All samples were incubated for 2 hours at the temperature 

30 recommended by the restriction enzyme manufacturer.· The cleaved 

oligonucleotides were extracted with an equal volume l: 1 phenol/chloroform, 
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and ethanol precipitated. Fragments were purified on a 15 % non-denaturini 

preparatory polyacrylamide gel in lX TBE. The band of the correct size (as 

determined by comparison with control samples) was removed, isolate.d, 

s ethanol precipitated and resuspended in TE buffer. 

6.4.2 k,ONSTRUCTION OF THE PHAGEMID VECTO~ 

The construction of the phagemid vector pDAFl is described in 

Section 8.1 Cinf!:i). This vector was modified to include the full length plll 

10 gene by inserting the amino-terminus of the pIII gene from m666. Both 

pDAF3 and m666 were cut with AlwN 1,.and Xba I, and a 0.7 kb fragment 

was transferred from m666 to pFLP3 to generate the vector pFLP3. 

,.4.3 EXPRESSION OF mE TSAR-13 PHAGEMID LIBRARY 

15 The synthesized oligonucleotides were Jigated .to Xba I, Xho I 

... double-digested pFLP3 DNA, electroporated into.XL! blue~ coli. An 

aliquot was plated and the ·titer was determined to be 8 x 1 O' total colonies. 

The entire library was plated on ampicillin plates.· To express the TSAR-13 

library, 7 x 1010 cells were added to 30 mt of 2xYT media and incubated for 

20 30 min. at 37 ac, after whicJ'l 4 x 10" pfu of M13K07 helper phage were 

added. Aliquots were induced by adding 0.004% IPTG, 2% glucose or 

nothing and incubated for 1 hr. Then 150 ml of 2xYT media plus 70 µg/ml 

of kanamycin were added and the cells were further incubated for 4 hrs. at 

37ac. Phagemid particles were ·PEG precipitated, collected by centrifugation 

25 and resuspended in 4 ml of media. The titer of ~ch was 2 x 1012 pfu/ml. 

The total number of recombinants was 8 X. 107• 

6.4.4 CONSTRUCTION OF PHAQE VECTORS 

To express the TSAR-14 library, a member of the TSAR-9 

JO library, as described in Section 6.1.2. above. was modified by cutting out the 
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polylinker using~ I and Hind Ill and inserting pUC18 polylinker 

(previously modified by deleting the Xba I site) to produce blue plaques. 

5 6.4.S EXPRESSION OF mE TSAR-14 PHAGE LIBRARY 

10 

15 

The synthesized oligonucleotides were then ligated to Xba I, 

Xlm I double digested m666 containing the pIII gene as described for the 

TSAR-9 library. The ligated DNA was then introduced into E. mil cells by 

electropontion. 

6.S CHARACTERIZATION OF DIE TSAR ... t3 LIBRARY 

The insened synthetic oligonucleotide for each the TSAR-13 

library had a potential coding complexity of 202• (1.68 x 1011) and since 1012 

molecules were used in each transformation experiment, each member of the 

library should be unique. Insened synthetic oligonuc1eolides of 2 randomly 

chosen isolates were examined from the TSAR-13 library. The sequences of 

the two random isolates were deduced lO be: 

CGDGQEPPETGCGVSRKRVSXGCGRLLTXXXXOCGPPGSR (SEQ ID NO 

142) and CGRGARFSWMGCOGWGISQATGCGPDFPFYDGCGPPGSR 

20 (SEQ ID NO 143). ~in the sequen~s represents an ambiguity due to a gel 

artifact which could be resolved easily by sequencing the second strand. The 

se.quences determined from .these isolates (SEQ ID NO 142 AND 143) contain 

25 

me invariant cysteine containing nucleotide sequences flanking contiguous 

sequences of about 8 variant or unpredicted codons. 

7. IDENTIFICATION OF LIGAND BINDING JSARS 

In several series of experiments, the TSAR-9 and TSAR-12 

libraries described in Section 6 above wete screened, according to the present 

invention, for expressed proteins/peptides having binding specificity for a 

30 variety of different ligands of choice. 
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7.1. METHODS FOR SCREENING 

The following methods were employed to screen the TSAR-9 

5 and. TSAR· 12 lib~es, except as otheiwise .noted. 

The ligand of choice was conjugated to magnetic beads, 

obtained from one of rwo sources: Amine Terminated particulate supports, 

#8-4100B (Advanced Magnetics, Cambridge, MA) and Dynabeads M-450, 

tosylactivated (Dynal, Great Neck, NY), according to the instructions of the 

10 manufacturer. To block any unreacted groups and non-specific binding to the 

beads, the beads were incubated with excess bovine serum albumin (BSA). 

The beads were then washed with numerous cycles of suspension in PBS· 

0.05% Tween 20, and recovered with a strong magnet. The beads were then 

stored at 4°C untH needed. 

15 In the screening experiments, l ml of Jibrary was mixed with 

100 µ.I ·of resuspended beads (1-5 mg/ml). The tube contents were tumbled at 

4°C for 1-2 hrs. The magnetic beads were then recovered with a strong 

magnet and the liquid was removed by aspiration. The beads were then 

washed by adding l ml of PBS-0.05 3 Tween· 20, inverting the tube several 

20 times to resuspend the beads, drawing the beads to the tube wall with the 

magnet and removing the liquid contents. The beads were washed repeatedly 

5-10 additional times. Fifty µ.I of 50 mM glycinC.-HCI (pH 2.2), 100 mg/ml 

BSA solution were added to the washe4 beads to denature proteins and release 

bound phage. · After 5· JO minutes, the beads were pulJed to the side of the 

25 tubes with a strong magnet and the liquid contents then transferred to clean 

tubes. To the tubes, 100 "1 1 M Tris·HCl (pH 7~5) or l M NaH2P04 (pH 7) 

was added to neutralize the pH of the phage sample. The phage were then 

serially diluted from 10-l to l<J-6 and aliquots plated with E. coli DHSaF' ce11s 

to determine the number of plaque forming units of the sample. In certain 

30 

3$ 

cases, the platings were done in the presence of XGal and lPTG for color 

discrimin~on of plaques (i.e., .Ji.kZ+ plaques are blue. ~z- plaques are 
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white). The titer of the input samples was also determined for comparison 

(dilutions were generally 10-6 to Ht9). 

Successful screening experiments have generally involved 3 

5 rounds of serial screening conducted in the following manner. First, the 

library was screened and the re.covered phage rescreened immediately. 

Second, the phage that were recovered after the second round were plate 

amplified, according to Maniatis. The phage were eluted into SMG, by 

overlaying the plates with - 5 ml of SMG and incubating the plates at 4 °C . 

lO overnight. Third, a small aliquot was then taken from the plate and 

rescreened. The recovered phage were then plated at a Jow density lo yield 

. isolated plaques for individual analysis. 

IS 

The individual plaques were picked with a toothpick and used to . 

inoculate cultures of~ £Ql!.F cells in 2xYT. After overnight culture at 

37°C, the cultures were then spun down by centrifugation. The liquid 

supemarant was then transferre.d to a clean tube and served as the phage stock. 

GeneraJly, it has a rirer of 1012 pfu/ml ~hich is stable at 4 °C. Individual 

phage aliquots were then retested for rheir binding to the ligand coated beads 

and their lack of binding to other control beads (i.e., BSA coated beads, or 

20 beads conjugated with other ligand). 

7 .2. IDENTIFICATION OF TSARS BINDING 7Ell-C5 

Jn one series of experiments, the TSAR-9 and TSAR•12 

libraries were screen~ for.expressed proteins/peptides having binding 

25 spe.cificity for an anti-prostate carcinoma monoclonal antibody, i.e., the 7El 1-

CS antibody. The 7El I-CS monoclonal antibody is described in U.S. Patent 

No. 5, 162,504 issued November 10, 1992. 

The TSAR-9 or TSAR-12 library was screened as described 

above in Section 7. I in serial fashion twice by contacting the expresse.d phage 

30 panicles with Dynal magnetic beads (Great Neck, NY) having the 7El I-CS 

monoclonaJ antibody covalently attached according to the directions supplied 

35 li1ii11~r 
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by the manufacturer of the beads. The phage binding the 7El 1-CS 

monoclonal antibody were recovered using a strong magnet, and were plate 

amplified. The amplified phage were then rescreened wilh the magnetic beads 

5 and plated out. Fourteen phage, comprising 9 different nucleotide sequences, 

were isolated based on Jheir high affinity to llie 7El 1-C5 monoclonal 

antibody .. 

10 

15 

20 

25 

30 

35 

The amino acid sequences of the binding domains of TSARS 

encoded by the 7El 1-CS binding phage are presented in Table 1. 

P.88 
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]'sble I 

TSARS BINDING 7EI t-C5 ANTIBODY 

No. 
Isolated Amino Acid Sequence' 

1 SSCAYARYVPLLLLLYANPG MYSRLH SPAVRPLTQSSA 
1 SVQFKSISSRSMDDVVKDPGPKPA HWKMLH SRNPFTLS 
1 

J 

1 

1 

J· 

1 

2 

·FDHTYSGPVCVKNGGLVSPGVLS MYNRLH SDGGPSLAS 
TVAT MHDTLH SAPGSGNLPGSYDIKPIFKASGALHSTX2 

IDMPETAST MYNMLH RNEPGGRKLSPPANOMPPALLKR 
RLGNVWRVEGGG MYQQLH HNFPX2 

RDSAVENPSVGGEIP MYRYLH QR 
PVQKEYGFFMSGAS MIRLLR ETP 
QKGGPGLLLYGGDS MWITLH ·EPG 

1 The nun-variahte amino acids at lhe NH1 and COOH terminal re5idue~ are not !ihown. 

2 X reJlresents any amino acid due to an ambiguity in the nucleolide sequence. 
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SEQ 
Name JDNO 

7Ell.9-1 22 

7Ell.9-2 23 

7El1. 9-3 24 

7E11. 9-4 25 

7Ell.9-5 26 
I 

7£11.12-1 27 
CD 
-.J 
I 

7311.12-2 28 

7Ell.12-3 29 

7Ell.12-4 30 
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All nine 7E.11-CS binding TSARs identified bound to the 7El 1-

C5 monoclonal antibody al least 1,000-10,000 times more strongly thin to an 

irrelevan_t mouse monoclonal antibody of the same isotyj>e, i.e., the B72.3 

monoclonal antibody described in U.S. Patent Nos. 4,522,918 and 4,612,282 

or to bovine serum albumin (BSA). In fact, none of the 7El 1-CS binding 

TSARs bound to any other monoclonal antibody tested including the C46 

monoclonal antibody whi~h recogniies CEA antigen {Sc, Rosenstraus et al., 

1990, cancer lmmunol. Immunother • .32:207-213). 

As shown in Table 1,. the nine 7El 1-CS binding TSARS appear 

to share a linear consensus motif of six amino acids, i.e., 

M(Y/W/H/l)XXL(H/R) where Xis apparently any amino acid. Recently, the 

sequence of a protein expressed in prostate· carcinoma cells, recognized by the 

7Ell-C5 MAb has been published (Israeli et al .• 1993, Cancer Res. ~~227-

230). There are two places in the sequence of the prolein, i.e .• residues x-x' 

15 and y-y', where the sequence matches the linear consensus motif identified in 

the 7EI l ·CS binding TSARs. Thus, the method of the present invention has 

20 

identified a linear consensus motif that can be used to identify the epitope 

recognized by 7El 1-CS in the naturally occurring protein. Confirmation of 

the epitope will involve synthesis of the exact sequences from the protein and . 

showing that either or both bind to 7El 1-C5 or inhibit the binding of 7E 11-CS 

to the antigen. 

The relative affinity of the different 7El l ·C5 binding TSARs 

for the 7El l-C5 antibody was compared. Microtiter plates were coated with 

djffering amounts of the antibody (i.e. t 0, 4, 20. l 00 and 500 ng) prior to 

25 phage binding. Our prediction was that the TSAR with the highest affinity for 

~e antibody would still bind effectively to· wells coated with lower amounts of 

antibody. The TSARs that bound the best were 9-1, 9-3, 9-S, and 12-l.. 

These TSARS all ha"e Y as the second amino acid in the motif. The next 

class of TSARs bound -2·fold less well; as represented by 12-2, which also 

30 _had Y as the second amino acid. Three TS A Rs bound 5-10 fold less well than 

the best binders as represented by 9-2. 9-4, and 12-4~ their inseru had W or 

35 
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H at the second position of the motif. Finally, TSAR 12-3 bound SO-fold less 

well than the best binders; this TSAR has. I and R in the second and sixth 

positions,. respectively. Thus, it seems that the 7El l-C5 epitope can be 

mimicked by a linear peptide sequence that has both variant and invariant 

residues. 

The antigen recognized by the 7El 1-CS monoclonal antibody is 

highly expressed in the LNCaP human prostate carcinoma cell line (ATCC 

# CRL 1740). The ability of three of the TSARs peptides illustrated in Table 

1, i.e., TSARs designated 7Ell.9-1 (SEQ ID NO 22), 7Ell.9·S (SEQ ID NO 

26) and 7El 1.12-2 (SEQ ID NO 28) to recognize the antigen binding site of 

the· 7El l-C5 monoclonal antibody was evaluated in a competitive binding 

ELISA assay using an LNCaP cell lysat~ as "caprure" antigen as follows: 

Each well of"a polyvinylchloride 96-well ELISA plate (Cooke, 

Alexandria, VA) was coated with an LNCaP human prosrate carcinoma ce1l 

(ATCC # CRL 1740) lysate. Lysates were prepared by harvesting confluent 

LNCaP cell cultures, resuspending cells in 4 volumes of 1 mM MgC12 for S 

minutes, mixing with 2 µg of DNase (Boehringer Mannheim, Indianapolis, 

IN) and homogenizing using 40 strokes in a Dounce homogenizer (Wheaton, 

Millville, NJ). LNCaP lysate (50 µ.I per well of a 1 :SO dilution in O~ 1 X PBS 

20 [Dulbecco's pH 7.2, JRH, Denver, PA]) was air dried overnight at 37°C onto 

wells of the ELISA plate. ELISA plates were blockoo wilh 150 1tJ/well of 1 % 

25 

30 

35 

BSA (Pentex Fraction V, Miles, Kankakee. IL) in PBS for 60 minuces at 

room temperature. 

The competitive assays were performed by pre-incubating the 

highly concentrated TSAR producing phage (6.3 x 107 to 6.3 x 1011 pfu) with 

the 7El l ·C5 monoclonal antibody (30 nglml) (I: l) for 1 hr at room 

temperature, prior to addition to the LNCaP antigen-coated ELISA plar.e for I 

hr at room temperature. The blank· control consisted of blocking solution in 

the absence of primary antibody. 7E11-CS monoclonal antibody pre-incubated 

with buffer without any phage (MAb) was the positive control. The 

. This Sheetlias Been Replaced 

. . I lllllllJlllll 11111111111 · 
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expression vector m663 phage was also employed as a non-specific phaie 

contml. 

Plates were washed 4 times with 0.05% Tween-20 in PBS. 

Bound monoclonal antibody 7.Ell-CS was dete.cted by: (1) incubating with 50 

p.llwell of anti-mouse IgG1-HRP (Fisher Biotech, Orangeburg, NY) diluted to 

0.4 ng/ml in 1 % BSA-PBS, for 60 minutes at room temperature; (2) washing 

plates 6 times wiih 0.05% Tween-20 in PBS; and (3) adding 100 µI/well 

ABTS substrate (200 p.l ABTS, (Boehringer Mannheim), 10 ml citrate buffer 

(pH 4), 10 p.l H20i). Optical density of the reactions produ~ts was determined 

by endpoint analysis on a Multiscan plate reader (Molecular Deviees, Menlo 

Park, CA). The competitive inhibition(%) was determined by comparing the 

reactivity of the positive control .to the test samples. The results obtained 

using.the 7Ell.9-5 and 7Ell.12-3 phages are presented in Figure 12. 

As shown in Figure 12, phage producing TSARs designated 

7El 1.9-5 and 7Ell.12-l inhibited the bindjng of 7Ell-C5 monoclonal · 

antibody to its antigen, in a dose dependent fashion. The phage producing the 

TSAR designated 7El 1.9-1 also inhibited 7El 1-.cs monoclonal antibody 

binding (data not shown). The TSAR 7El 1.12-3 phage has approxim~teJy a 

SO·fold lower relative affinity for the 7El l-C5 monocJonaJ antibody than the 

TSAR 7El 1.9-5 phage, and this is reflected in a higher phage concentration 

necessary to inhibit 50% of the antibody binding: JC50 of 3.S x 1011 compared 

to JC50 of l. 7 x JOl0
• M663 phage, containing the ~ epitope recognized 

by MAb 9E10, did not inhibit binding: which demonstrates that inhibition 

occurs only in the presence of the correct peptide on the phage surface. 

2S In addition, a peptide corresponding to a ponion of one of the 

7El 1-CS binding TSARs, i.e., TSAR 7El 1.9-1 (SEQ ID NO 22) having the 

amino acid sequence LYANPGMYSRLHSPA (SEQ ID NO 31) was 

synthesized using an Applied Biosystems synthesizer (Foster City, CA) and 

purified by HPLC. In another series of experiments, it was demonstrated that 

30 the peptide having SEQ ID NO 31 retains substantially the same activity as the 

original TSAR, expressed as a plll fusion protein, from which it was derived. 

35 
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For tl)e experiments describe.d below, the synthetic TSAR-based 

peptide designated SEQ ID NO 31 was prepared as the purified (reverse phase 

.ffPLC) amide form. 

In one set of experiments, the ability of SEQ ID NO 31 (amide 

form) to recognize the antigen binding site of me 7El 1-CS monoclonal 

antibody was evaluated in a competitive binding ELISA using a LNCaP 

extract as immobilized antigen essentially as described above herein. The 

TSAR-based peptide (SEQ ID NO 31) concentration ranged from l. 75 to 1130 

nM. The concentration of the 7El l·C.S monoclonal antibody was kept ar 30 

ng/ml (0.2 nM). The peptides were pre-incubated with the 7El l·C5 

monoclonal antibody for l hr at room temperature prior to the addition to the 

anti1en coated ELISA_ plate. Two additional coz:itrol peptides (amide form) 

having the following amino acid sequences: RGD-21: NH2-

PsYrRGDAGPSYYRGDAG-CONH2 (SEQ ID NO 32) and CYT-379: NH2-

SYGRGDVRGDFKCTCC~-CONH1 (SEQ ID NO 33) were also evaluated. 

Herein these control peptides are referred to as Control Peptide 1 and Control 

Peptide 2. The ability of SEQ ID NO 31 (amide form) and the two control 

peptides, Control Peptide 1 and Control Peptide 2. to competitively inhibit 

another monoclonal antibody, i.e., B139 obtain~ from Jeffrey .Schlom, 

National Cancer Institute, NIH, Bethesda, MD, was also evaluated. The 

Bl39 monoclonal antibody, which is a ~urine ~gG 1 monoclonal antibody that 

reacts with all human epithelial cells, recognizes a different antigen in the 

LNCaP extract from that recognized by the 7El l-C5 antibody. The control 

B139 monoclonal antibody was used at a concentration of 9 ng/ml. The 

results obtained are illustrated in Figure 13. 

As shown in Figure 13, SEQ ID NO 31 (amide form) 

effectively competitively inhibited the binding of the 7El 1-CS monoclonal 

antibody to LNCaP extract with an IC50 of about 160 nM, corresponding to a 

molar ratio of about 400: 1 of peptide to monovalent binding si~ on the 

antibody. Both the two conlrol peptides, Control Peptide J and Control 

Peptide 2, did not effectively compete with the 7El l-C5 antibody. Moreover, 

1i1iii1iilf 
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neither SEQ ID NO 31 (amide form) nor either of Control Peptide 1 and 

Control Peptide 2 competitively inhibited the binding of the isotype-matched 

control Bl39 monoclonal antibody. Based on the results presented, it is clear 

that SEQ ID NO 31 (amide form) specifically recognizes the antigen binding 

site, and in fact, mimics the epitope, of the 7E11-C5 monoclonal antibody. 

In still another set of experimehts, the ability of SEQ ID NO 31 

(amide form) to specifically bind t9 the 7El l·CS monoclonal antibody, when 

its conformation was constrained by immobilization was evaluated as follows: 

Peptides, diluted in 10% PBS (Dulbecco's, pH 7.2, Hazelton), 

were immobilized by adsorption on poJyvinylchloride plates. SEQ ID NO 31 

(amide form) was diluted in 10% PBS at 0.5, 5, SO or 500 µ.g/ml. Control 

peptide 2 in 10% PBS at the same range of concentrations served as the 

conuol. A 50 µ.J vo~ume of the ·test or ~ontrol peptide solution was added to 

each well and incubated overnight at 4°C. The peptide solution was removed 

and 10~ BSA-PBS was added as blocking solution. Either the 7Ell-CS 

monoclonal antibody or control Bl39 monoclonal antibody was added ac 

concentrations ranging from 1. 7 to 10,000 ng/ml and the plates were 

incubated for 1 hr at room temperature. Bound 7El 1-CS monoclonal antibody 

was detected with anti-mouse lgG1-HRP as described above herein. 

Results of the biriding assay obtained when the concentration of 

immobilized SEQ ID NO 31 (amide form) was varied from 0.S p.g/ml to 500 

µg/mJ are illustrated in Figure 14. Dose dependent binding of 7E11-C5 was 

obsetVe.d at all peptide concentrations tested (Figu~ 14). As also shown in 

Figure 14, optimal antibody binding to SEQ ID NO 31 (amide form) occurred 

lS on plates coated with a 5 µg/ml solution of SEQ JD NO 31 (amide form). 

30 

35 

Specificity of the immobilized SEQ ID NO 31 (amide fonn) for 

the 7E1 I-CS monoclonal antibody was also evaluated by contacting the wells 

of ELISA plates having SEQ ID NO 31 (amide form) immobilized thereon. by 

incubation with 50 µ.l of peptide at S µg/ml overnight at 4 °C with either the 

7El l-C5 antibody or the non-relevant Bl39 antibody (oontrol antibody). 

Results presentetl in Figure 15. demonstrate that 7El 1-CS antibody 

P.94 
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specifically bound to the.SEQ ID NO 31 (amide form) coated plates, whereas, 

the Bl39 antibody failed to bind to the SEQ ID NO 31 (amide form)-~oated 

plates. 

Additionally. when immobilized on ELISA plates the irrelevant 

Control 1 and Control 2 peptides did not bind to either of the tested antibodies 

(data not shown). 

Based on the results obtained, the 7El 1-CS binding TSARs and 

peptides comprising portions of such TSARs such as SEQ ID NO 31, for 

example, should be useful for the development of immunoreactivity assays and 

affinity chromatography of the 7El J-CS antibody. As explained above. such 

TSAR compositions have been useful to elucidate the epitope of the 7El 1-:CS 

antigen and may also be useful to prepare mimetopes of such epitope useful, 

for example, in preparing a vaccine against prostate cancer for patients 

undergoing prostectomy or post-prostectomy since the relevant antigen is 

highly restricte.d to prostatic-carcino111a and normal prostate. In addition, the 

TSAR compositions have been useful in formatting quality control assays in . 

the commercial production of the 7E l l-C5 antibody. 

7.3. IDENIWICATION OF TSARS BINDING METAL 

In another series of experiments, the TSAR-9 library was 

screened for expressed proteins/peptides having binding specificity for a meral 

ion as the Jjgand of choice including such as zinc, copper. nickel, etc. 

In a particular group of experiments, a form of immobi1ized 

metal affinity chromatography (IMAC) was used in which iminodiacetic acid­

sepharose serves to coordinate and immobilize Zn+2 in a nidentate fashion and 

to present the remaining coordi~ation sites for interaction with other ligands. 

The TSAR-9 random peptide library was subjected to IMAC 

chromatography as follows: 0.5 ml bed volume iminodiacetic acid {lDA) 

Sepha.rose (Sigma Chemical Co.) columns were washe.d with l ml of sterile 

30 doubly distilled (dd) H20, charged with 5 ml of 10 mM ZnC12 in dd H70 

followed by 3 ml sterile dd H20 and equilibrated with 10 ml 10 mM Tris-

35 
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HCl, 150 mM NaCl, 0.1% Tween-20, pH 7.5 (TlONT} to prepare the Zn(II} 

IDA column. 1012 pfu of the TSAR-9 random peptide library were passed 

over the Zn(ll) IDA column and washed with 10 ml TlONT. Bound phage 

were eluted with 500 µl 200 mM 1lycine-HCl, pH 2.2 and the pH was then 

neutralized with 500 µl I M phosphate buffer, pH 7.5 + l ml TJONT. 

Eluted phage were subjected to two further rounds of selection and the 

resulting populatior_i was amplified by overnight growth on a lawn of E. coli 

DHSaF'. 

Isolated phage expressing a Zn-binding TSAR were selected 

without bias, amplified overnight and the DNA-encoding the TSARs were 

sequenced. 

The amino acid sequences of the binding domains of TSARs 

encoded by the zinc binding phage are presented in Table 2. 
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Table 2 

TSARS~_BIMHNGZINC 

Amino Acid Sequence' 

T G L H T F A H G V S ~ G Y F G I G P G ff ff S S E G D H I P I H T D V S ff H 
G V V S S E W A S K ff Y N.H H F H T P G F L V R H F C T P I S Q M D H K E T 
G A Y G H R Y M G H P I L I N V Q D P G F 0 I L S T H W E F N N R A S H H P 
E K .F D A A H G T D M Y F S S Q H Y P G H N N I P H H P R A E F F H G H T L 
TT HQ ff H VT F ST SA H NP F SP G H NY G V RT Q LP ATS HT HIP· 
K E T W D Y Y H ff N S F L PH D Y S P G I L S S H N V F·R K E R R E Y E N S 
Y N L I A P S F ff G G N D R A Q S V P G V H H H H P E S K A Y P Q L S Y G K 
A ff E P N S F G F V Q GA HD H N P PG TT S PS P ff 0-W P N L H H W G r· I 
S S H Q H F P Y L N S R D P I R S H P G H P E ff Q Y P. Y G A G l S S N S P S 
MGPSYTDNGDGNRHDHYVPGHPIPPNELHRHTTIPESL 
GP P.G D GA HAD 0 HK ff R WT HP G Y HS G Y HHS PL TL HT Q HS Q 
S S H 0 S I Y N F E F R E V N H H S P G N G L G G V S H T H H S N M S R L D 
Q P T I S P P D F N H R A S L N ff L P G H N H S ff S N S S G S L T L P A V H > 
D A N G T S L S D ~ R M Y H H N V S P G F R H F Q G W T H D ff D H A Y P H M 
GYP RV TT RF SD SIG Y HY AP GP RAE HS V H H-G T ff D SH P.N T 
Y D H H S Y N G 0 M H Y P G W P P L P G P H H F A P I D V T T H S H T Q P D 
ID H H-H HT FT TRNA PS Q P-N PG PP Y F P ff V H HR D SSS MS KR 
HSY HD VAT T KP GS H CM H NP G HP P.P PNC H.M AK AH SH N R.I 
A T E Q H Y W T Q ·y H K P Y H P $ V P G F H V K S V T E T T D H W E S R N G 

1 Th~ non-vitriabl~ ainim, addi; al ti~ Nll2 and COOH rern1inal rciidtt~s are 1mt 11huwn. 

Designalion 

SEQ 
Name IDNO 

Zn1C7 l4 

Znlc6· 35· 

Zn187 36 

Zn1B6 37 

Zn1811 38 

ZillA9 39 

ZnlAS 40 
Zn1A7 41 

ZnlAll 42 

zn1i1 43 

ZnlZ3 44 

Zn1Z4 45 

ZnlZ·S 46 
ZnlZ6 47 

Zn1Z9 48 

Zn1A1 49 

Zn1A6 50 

Zn1A12 51 

ZnlBB 52 
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Table 2 presents the deduced amino acid sequences of the 

binding domains of the Zn(II)-binding TSARs. While the amino acid 

sequences of the TSAR peptides reveal no significant Ji near consensus motif, 

their amino acid compositions, when considered without regard for position, 

exhibit striking biases. When compared to the amino acid composition of the 

input TSAR-9 ·library, the clones share a statistically significant abundance of 

histidine (p<2xl0"17
) and·proline (p<0.05) residues, as well as a dearth of 

alanine (p<0.008), valine (p<0.009), leucine (p<0.0003),.and cysteine 

(p<0.00008) residues. These biases must be attributed to the Zn(ll)-IDA 

selection process. as the amino acid composition obsCNed in the input TSAR· 

9 library served as the baseline for these calculations. 

The most dramatic biases associated with the Zn(Il)-IDA 

selected peptides are the 3.6-fold enrichment for histidine and 8.5-fold 

suppression of cysteine residues. While peptides displayed on randomly 

15 selected TSAR-9 clones c_ontain an average of I. 73± 1.44 (mean±standard 

deviation).histidine and 1.23± 1.19 cysteine residues, those displayed on 

Zn(II)-IDA selected phage conrain an average of 6.21±1.1.3 histidines and 

0.16±0.SO cysteines. The importance of histidyl r~idues in metal 

coordination, both in vivo [Berg, 1988, Proc. Nat'l Acad. Sci. USA .SS.:99· 

20 

25 

102 (Berg 1988)] and in the context of IMAC [Yip, et.al., 1989, Anal. 

Biochem. lB.3:159-171 (Yip)], has been well documented. Although cysteine 

residues panicipate in Znl• coordination by proteins in vivo (Berg, 1990, 

Ann. Rev. Biophy. Biochem. ji:405-421 (Ber& 1990)], the observed paucity 

of cysteines is consistent with the low contribution of cysteines to peptide 

retention in IMAC, calculated by Yip. Arnold (1991, Biotechnot 2:151·156) 

. has suggested that cysteines may not contribute to retention in !MAC because 

they tend, in the presence of metal ions, 10 oxidjze and form disulfide bridges, 

rendering them unavailable for interaction wjth immobilized metal. While the 

absence of a selection for cysteine residues might by explained by such ari 

30 effect, the dramatic suppression of cysceines requires funher explanation. It is 

This Shee~ Has B~~n Replaced 

35 I ~11111 ~1111 IH[llll 
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possible that disulfide bonds would tend to constrain peptides into 

conformations incompatible with stable interaction with Zn(ll)-IDA. 

Superficially, some aspeclS of the distribution of amino acids 

within the peptides expressed on·Zn(Il)-IDA selected phage appear non­

random. To investigate this possibility, we performed a ~umber of statistical 

tests, in which the observed number of amino acids of a specific class found 

at positions n+ 1, n+2, n+3, or n+4 (relative to histidine residues) were 

compared to the number expected assuming a nµidom distribution. We 

detected no statistically significant biases in the distribution of histidine 

residues relative one another. Similarly, amino acids with aromatic side 

chains (phenylalanine. tyrosine, and tryptophan) as a group, residues with 

aliphatic side chains (glycine, alanine. valine, leucine, and isoleucine) as a 

group, and proline residues appear to be randomly distributed relative to 

histi~ine. Finally, no significant biases in the positional distribution of 

histidines within the random peptide are evident. 

Based upon. their differing characteristics, four of the TSARs 

listed in Table 2 were chosen for chromatographic characterization: ZnlAl, 

ZnlA6, Zn1Al2, and ZnlBS (SEQ ID NOs. 49, 50, 51, 52). TSARs were 

selected in an attempt to represent a range of abun~ces and distributions of 

histidine residues within the variant insen. ZnlAl and ZnlA6 each possess 

seven histidines within their random p~ptide, while Zn1Al2 and ZnlB8 

contain eight and five histidines, re~pectively. Zn1AI2 and ZnlB8 both 

contain well distributed histidines within their unpredicted peptide, while the 

histidines in ZnA 1 and ZnA6 are relatively and exceptionally clustered, 

25 respectively. 

To quantiiate the relative binding of the Zn(II)-IDA selected 

TSARs, each TSAR encoding phage was chromato,raphed over Zn(Il)-IDA. 

Three fractions were collected and titered for phage: wash (unbound), elution 

(bound, eluted), and column (bound, not eluted). When fractionated in this 

30 manner, each .TSA~ binding domain consistently displayed at leasr a four log 

enricbmenl over non-selected phage c::Jones (data not shown). Furthermore, 

35 
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each clone exhibited a consistent degree of retention, which ranged from .15 3 

(for ZnlAl) to 8.5" (for Zn1B8) of rec<>vered phage. 

As ZnlB8 possesses the fewest histidines within its binding 

domain, the absolute number of histidines does not appear to be the only 

determinant of efficiency of binding to Zn(Il)-IDA. Sequences wMch separate 

histidyl residues must also contribute to retention, either directly (by 

coordinating metal) or indirectly (by affecting histidine-metal interactions). 

Although a number of studies (Hemdan, et al., 1989, Proc.· Nat'l Acad. Sci. 

USA .8§.:1811-1815; Yip) have concluded that protein retention by IMAC is 

primarily determined by the number of surface histidines, other fun~ional 

groups have been shown to contribute to binding {Yip). 

Funher, the experiments demonstrate that the TSARs with the 

most clustered distribution of histidines (Zn1Al2 and ZnlB8) exhibit the least 

rerention by Zn(Il)·IDA. This observation is consistent wjth the face that no 

sratistically significant positional bias of histidines relative to one another 

within the random peptide was detected. It seems reasonable that 

. polyhistidine runs of length n would contribute less to binding than n 
histidines randomly dispersed within the unpredicted peptide. as the 

coordination geometry of adjacent histidyl residues would probably be less 

favored than separated histidyl residues. 

The binding specificity of a number of the identified Zn-binding 

proreins was evaluated by chromarography using IDA columns charged with 

zn+z, cu•2 or Ni+2
• A particular Zn-binding phage (lxl011 pfu} in 1 ml of 

100 mM Tris-HCl, 150 mM NaCl, 0. J % Twe.en-20, pH 7 .5 (f lOONf) was 

loaded onto a Zn(Ilh Cu(II)- or Ni(ll)-IDA column and the columns were 

washed as describe.d above, except that TlOONT was substituted for TIONT. 

The columns were eluted with acid; zn•2(2 ml 100 mM ZnC12 in TlOONT~ 

pH 7.5), or imidazole (2 ml 100 mM imidazole in Tl~NT. pH 7.5). Three 

fractions were collected and ti,tere.d for .the presence of phage: the wash 

fraction C•). the elution fraction \0) and the metal JI-IDA column matrix 

P.00 
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resuspended in TlONT (0). Results obwne.d are shown in Figure 16 A and 

B. 
As shown ill Figure 16A and B. the Zn-binding TSARs also 

bind to Cu(ll)-IDA and much less well to Ni(Il)-IDA. Further, as shown in 

Figure 16B, the Zn-binding TSARs were not retained by the uncharged IDA­

sepharose and were eluted with Zn(II) i.e., ZnC12 in TIOONT, (pH 7.5). 

The TSAR-9 library was screened for cu•2 and Ni ... 2 binding 

TSARs as described above for Zn • 2 binding except that the IMAC was 

charge.cl with cu•2 or Ni+2• 

Tables 3 and 4 present the amino acid sequences of the binding 

domains of copper (Cu+2) binding TSARs ~d nickel (Ni•2) binding TSARs, 

respectively. 

P.0l 
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Table 3 

TSA__RsJlINDING C-11-+1 

Amino Acl'9 Sequent':e1 

. . S V K A ff H M E R P L N N F D G P P P G D R V V G C H L F R V T S G Q C R ff 
F A Y G S T N V V M V E H N S D H N P G H T V S C S A T Q G H I C D D N T R 
E L V I N L A S I V S A G S R N I G P G R L S G L H Y G P P E Q Y F R H S P 
Y L A T S R F P L T Q S V A L T ff S P G S S S H P L T S Y R W D A H S N H P 
0 Y S V L V T S L R I T G S L Y C P P G P R Y N F H D N H G R P C G S R S C 

r·. 

Designation 

SEQ 
Name IDNO 

CU89F SJ 

CuBSF 54 

CuBllF 55 

CuA9F 56 

CUA8F 57 
Y F A V M C D E G R N T R V C ff H S P G W L T H G R Y S V S A T D D L S G S CUAllF 58 

~ 
0 

'° ~ ... 
~ -CID 

• . I C H I T C K D C T G E H H S V Y C T P G l D S S N T E P Q A S M H Y F N P H CuAlOF 59 o 
' Th~ n<>n-variah!e amino acids at lhe NH? and COOH terminal re11idues are not shown, 
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• 
Ilble 4 

TSARs JllNDING .Ni+_2 

Arnlno Acid Sequence• 

Y N G R D HQ L P M L T P S H A T"G P G S C W_ F N Q T T V P T S D I E G H H 

H E S D R H 0 A I S S V G R S L D V P G T H R D W A S H Y I H F I T G H N P 

E S I R Y Y T S R Q 0 S Y R S N L A P G T Y N I V D Y N T S L H T L T ff T T 

S P I C H H S G Q F V Y D H P N ff S P G P M R S L F Q H H C R N N E L P L N 

' The non-variahle amino acidR at lhe NH2 and COOH terminal re!lidues are 11ot s;hown. 
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l:r' 
g ..... 
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2. 

Designation 

SEQ 
Name IDNO 

NIBlF 60 

NIA6F 61 

NIAJF 62 

NIAlF 63 
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Based on results obtained, the metal ion bindin& TSARs and 

peptides comprising portions of such TSARs should be useful, for example, 

for the development of methods for affinity chromatography purification of a 

variety of proteins or peptides. In one particular application, a metal ion 

b~ndin1 TSAR (or portion thereof) i_s attached, either chemically or by 

recombinant means, to a protein being synthesized. The metal ion is 

imm.obilized on a column which is efficiently u~ to purify the desired· 

pmtein from the reaction mixture or culture medium or cell extract. In 

another application, am~ ion binding TSAR (or portion thereof) is coupled 

to an affinity column and used to remove toxic heavy metal ions such as 

Zn(ll), Cu(ll) or Ni(II} from solutions such as toxic waste effluents or 

biological fluids such as patient blood samples. In another type of application, 

a chromophore, for example, tryptophan could be attached, either chemiCally 

or by recombinant means, to a metal ion binding TSAR or ponion thereof 

useful to provide a biosensor advantageously use.d to detect the presence of 

metal ions such as Zn(ll), Cu(ll) or Ni(ll) in aqueous or fluid samples such as 

samples of lakes, streams, industrial effluents, and· biological fluids such as 

blood, serum, etc. 

7.4. IDENTIFJCATION OF TSARs BINDING A 
POLYCLONAL ANTIBODY 

In another series of experiments, the TSAR-9 library was 

screened for expressed proteins/peptides having binding specificity for a 

polyclonal antibody, I.e., a goat anti.:.mouse Fe antibody (GAM) using lhe 

screening method described above in Section 7 .1. · 

25 The TSAR-:-9 library was screened with the polyclonal antibody 

as follows. An affinity purified goat anti·mouse Fe polyclonaJ antibody 

{GAM) was obtained commercially from Sigma Chemical Co., (St. Louis, 

MO) was incubated with magnetic beads (Advanced Magnetics, Cambridge, 

MA). GAM--coated magnetic beads were incubated with the TSAR-9 phage 

30 for 1-2 hr with tumbling. Phage expressing a TSAR having binding affinity 

for GAM were isolated by removi~g bound phage-GAM bead complexes using 

35 Ji1i1iii1l1liUf 
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a strong magnet. The bound phage were recovered from. the bead complexes 

by acid elutiont i.e., SO µJ 200 mM glycine HCl, pH 2.2, followed by 100 µl 

lM NazHP04, pH 7 .O. 

The deduced amjno acid sequences of the OAM binding TSARs 

were determined by DNA sequencing._ The amino acid sequences of the 

binding domain of TSARs encoded by the GAM binding phage are presented 

in Table 5. All the GAM binding TSARs presented .~n Table S failed to bind 

to magnetic beads coated with other goat anti-mouse polyclonal antibodies 

tested (data not shown). Such results suggest that poJyclonal antibodies vary 

in specificity from one preparation to another. Thus, when the TSAR is 

intended to be useful for binding a polyclonal antibody, such as serum from 

autoimmune patients, screening should be done on an individual patient basis 

which can be efficiently. accomplished using the rapid me_chods and the 

·libraries of the invention. 

P.05 
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Table 5 

GAM BINDING TSARs 

No. 
Isolated Amino Acid Sequence' 

. 17 DVDMGTIFNTIANNITSRPGVSWGGST RTITKP KGAVA 

7 QTAGQPG RTLSKP PIPNTPGPREPSLLHSMPHLPNLTA 

4 V RTISKP VAREGWTRDTVPGPATSIVEKRFHLIGVNAQ 

1 KGASFYPQCGGECQIYRVPGDHLPLFSLHRTGTPRHDS 

1 The ntln·va1'iahle amino acids al the ~HJ and COOH te.rminal resitluei; are nut shown. 

• 

~~ 
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2. 

Designation 

SEQ. 
Name IDNO 

GAM.9-1 ·64 

GAM.9-3 65 

GAM.9-2 66 

GAM.9-4 67 
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Inspection of the TSAR sequences presented in Table 5 suggests 

a consensus among three of the GAM binding TSARs: RT(l/L)(S/T)KP. 

Examination of Gensank reve.aled that this sequence is present within the Fe 

regions of the mouse "Y·2a and ")'·3 heavy polypeptide chains {RTISKP; aa 

216-221). Thus, it appears that one of the major targets of the affinity­

purified goat polyclonal antibody, as mapped by this system, is a discrete 

region in the mouse immunoglobulin heavy chain. lnterestin1Jy, this region 

differs among vertebrate species. 

The remaining GAM binding TSAR presented in Table S differs 

from the other three <lAM binding TSARs; yet it still binds to the goat anti­

mouse lg beads effectively. It is unclear what aspe.ct of its insert sequence 

(i.e., primary 1 secondary) is responsible for its binding. Of note, the primary 

sequence of this TSAR does not match any mouse immunoglobulin sequence . 

examined. 

Based on the results obtained, the GAM·binding TSARs and 

peptides comprising ponions of such TSARs, such as SEQ ID NOS 64-67. for 

example, should be useful for commercial preparation of specific anti-mouse 

antibodies in which cross•reactivity to other species is avoided. Also, me 
TSAR GAM binder has been useful in illustrating a specific region of mouse 

antibody chat is immunogenic. This Information js extremely useful in 

designing modified mouse antibodies for use in vivo in humans because such 

modified antibodies lacking this jmmunogenic sequence. should decrease the 

incidenc:e of a human anti-mouse antibody CHAMA) response. 

7 .S. IDENTITICADON OF TSARs BTh.1Jl'INQ C46 A.NTJBQDY 

It?. still another series of experiments, the TSAR-9 library was 

screened for expressed proteins/peptides having binding S)>C':ificity for an anci­

carcinoembryonic antigen monoclonal antibody i.e., anti-CEA C46 antibody. 

~. Rosensuaus et al., 1990, Cancer lmmunol. Immunother. 32:207-213). 

The TSAR-9 library was screened for C46 monoclonal antibody 

bjnding pr~teins/peptides as described above in Section 7.2. except that 

P.07 
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monoclonal antibody C46 was used instead of the 7EI 1-CS monoclonal 

antibody. 

Two recombinant phage encoding TSARs having specific 

binding.affinity for the C46 monoclonal antibody have been· consistently. 

isolated. These phage did not bind to the anti·prostate carcinoma antibody 

7El J-CS or to an 18F7 antibody, a monoclonal antibody that recognizes the 

Sm antigen associated with a mouse model of the autoimmune disease 

systemic lupus erythematosus (see Se.c:tion 7.61 infra}. The amino acid 

~uences of the binding domains of TSARS encoded by the C46 binding 

phage are presented in Table 6. 

No. 
lso-
lated 

1,2 

6,4 

Table 6 

TSARs BINDING C46 

Amino Acid Sequence1
. 

NAVR.VDSGYPPNPNTFHLPGClDVLSSCCRt.FSAHS!Y 

CNFRGQCVSAPQTSNSKSPGWDTTWHDnu<EOFYNLTS 

Designation 

SEQ 
Name WNO 

C:46.9-l 68 

C46.9-2 69 

20 1 The non-variable amino acids at the NH~ and COOH terminal rtsidues are not shown. 

The amino acid sequences of the .two C46 binding TSARs 

identified have little to no apparent similarity to each other. Initially, when 

compared to the sequence of human CEA published by Barnett et al., 1988, 

25 Genomics J: 59-66, there was little to no identity noticed with SEQ ID NO 

69. On the other hand, a shon region of SEQ ID NO 68. i.e., lDVL located 

at amino acid residues 22-25. was homologous to a short region on the CEA 

protein, i.e .• "LDVL at amino acid residues 586-590. Nevenheless, in view of 

the fact that such a 4 amino acid-Jong motif should have been isolated more 

30 frequently from the TSAR Jibrary, it appears that the epilope recognized by 

the C46 ai)tibody may not be simple. 

35 
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The ability of rhe C46 binding TSARs to recognize Ure antigen 

binding site of the C46 antibody was assessed using an ELISA assay as 

follows: 

Microtiter dish wells were coated with SO µl of the C46 

monoclonal antibody (5 µg/mJ in 100 mM NaHC~, pH 8.5) for 2 hr a_t 4 °C. 

To the wells, SO ,..1 of BSA (1 ~g/ml in 100 mM NaHC~, pH 8.5) were 

added and the wells incubated for 30 min. at room temperature. The wells 

were washed (Sx) with PBS-0.05% Tween 20. 

To each well was added either 25 p.l of C46-binding phage 

(C46.9-1 or C46. 9-2) and incre.asing amounts of highly purified CEA (1, 25. 

250, 2500 ng) (Scripps Clinic). After 2 hr incubation at room temperature, 

the wells were washed (lOx) with PBS-0.053 Tween 20. 25 µl of 200 mM 
glycine-HCl (pH 2.2) were then added to the wells and they were incubated at 

room temperature for S min. The liquid was. then transferred to n~w 

microtiter dish wells that containe.d 50 µl of lM NaHPO,. The contents of the 

well were then serially diluted and aliquots were plated to count plaques. The 

results are presented in Figure 17. 

As demonstrated in Figure 17, CEA competes effectively with 

both of the C46 binding TSARs for binding to the C46 antibody. 

20 A series of overlapping ocrameric (8-mer) peptides within the 

25 

30 

JS 

binding domain of the C46.9-2 bjnding TSARs, i.e., SEQ ID NO 69, were 

synth~sized to investigate reactivity with the C46 monoclonal antibody. The 

amino acid sequences of the synthesized octameric peptides (8-mers) are 

shown below in Table 6a. 

1111im~1r· 

I ; 
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Table 6a. 
S!nthttiled 1-mers 

Amino Acid Sequence SEQ ID NO 

CNFRGQCV 144 

NFRGQCVS 145 

s FRGQCVSA 146 

RGQCVSAP 147 

GQCVSAPQ -148 

QCVSAPQT 149 

CVSAPQTS 150 

10 
VSAPQTSN 151 

.SAPQTSNS 152 
APQTS N·S K 153 

PQTSNSKS 154 

QTSNSKSP 155 
TSNSKSPG 156 

15 SNSKSPGW 157 .. NSKSPGWD 158 

SKSPGWDT 159 
KSPGWDTT 160 
SPGWDTTW 161 

20 
PGWDTTWH 

1iiifflr~f· 
162 

GWDTTWHD. 163 
WDTTWHDF 164 
DTTWHDFR 165 
TTWHDFRK 166 

. TWHDFRKE 167 
25 WHDFRKEQ 168 

HDFRKEQF 169 

OPRKEQFY 170 
FRKEQFYN 171 

RKEQFYNL 172 

30 KEQFYNLT 173 

EQFYNLTS 174 

33 

I 1 
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More particularly, lhe synthesized 8-mers, obtained as 

"peptides on pins" (Chiron Mimotopes, Victoria, Australia) ~ere evaluated for 

binding to C46 antibody using an ELISA assay as suggested by the 

manufacturer to identify potential epitopes or mimotopes. The specific 

peptides non pins" were incubated, according to the manufacturer's 

instructions, with the C46 monoclonal antibody. The wells were washed and 

incubated with goat anti-mouse antibody linked. to alkaline phosphatase. Color 

reaction was developed with p-nitrophenyl-phosphate (U.S. Biochemicals, 

Cleveland, OH). The wells were scanned.with an ELISA plate reader at 405 

nm wavelength. Results of the ELISA assay are presented in Figure 18. . 
As illustrated in Figure 18, one particular 8-mer, i.e., SEQ ID 

NO 157, derived from C46.9-2, showed significant reactivity with the C46 

antibody. None of the other 8-mers showed significant reactivity with the 

C46 antibody. 

lS Although when initially compared to the sequence of known 

• CEA published by Barnett et al. Cfilmm), the_r'e was little to no identity noticed 

wjth SEQ ID NO 69, the amino acid sequence of the 8-mer having significant 

re.activity to the C46 antibody, i.e., SEQ ID NO 157, is somewhat similar to 

the sequence SNPSPQYSW (SEQ ID NO 175) which is present in human 

20 CEA (see Barnett et al., 1Ulll],). A number of dipeptides scattered throughout 

the amino acid sequence of CEA are represented in the 8-mer designated SEQ 

ID NO 157. Based on such similarity and the results presented in Figure 18, 

it appears that the 8-mer identified using ·the present method may be a linear 

representation of a discontinuous epit0pe of CEA. 

2S In a similar, assay overlapping 8-mer peptides within the 

binding domain of the C46.9· l, SEQ ID NO 68, were synthesized as peptides 

on pins and evaluate.d for reactivity with the C46 monoclonal antibody. None 

of the 8-mers showed significant reactivity _with the C46 antibody indicating 

that the residues important for binding can not be represented in a simple 8"'. 

30 mer peptide. The binding of the C46.9· l peptide to C46 is likely to be 

through a discontinuous epitope or require a· specific conformation. This 

35 
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demonstrates that the present methOds are advantageously useful to identify 

discontinuous epitopes or mimotopes of antibody binding sites. 

Discontinuous epitopes may be affected adversely by denaturing 

and/or reducing conditions and thus may not bind·as well to the target antigen 

under such conditions. The reactivity of the C46 monoclonal antibody. to 

CEA denatured with dithiothreitoJ (DTI) at varying concentrations (220 mM; 

100 mM; 80 mM; 60 mM~ 40 mM; 20 mM and 0 mM) was assessed (using 1 

µg CEA, l µg ·C46 for each lane). At a concentration of about 80 mM or 

greater, binding of C46 to the reduced, D1T-treated CEA was not detectable. 

In another experiment, CEA was alkylated with iodoacetamide and then 

reduced with a varying concentration of DTI (0, 20, 40, 80 and 160 mM). 

Binding of the alkylated-reduced CEA to C46 antibody was assaye.d using a 

goat anti-mouse-alkal~ne phosphatase secondary antibody in an ELISA assay 

format. At a concentration of 40 m;M DIT or greater, binding of the 

alkylated and re.duced CEA was markedly reduced. Such results are 

consistent with the existence of a discontinuous epitope on CEA which may 

well be mimicked by the amino aci~ sequence of the C46 binding TSAR 

designated C46.9-l having having SEQ ID NO 68. 

Based on the results obtained, the C46 binding TSARs and 

peptides comprising portions of such TSARs such as SEQ ID NOs 68-69. for 

example, should be useful for the development of immunoreactivity assays and 

for affinity purification of the C46 antibody. As explained above, such TSAR 

compositions have been useful to elucidate the epitope of the C46 antigen and 

may also be useful to prepare mimetopes of such epilope useful, for example, 

in preparing a vaccine against colorecr.al, ovarian or breast cancers. In 

addition, the TSAR compositions may be useful in formatting quality control 

assays for the commercial production of anti-CEA antibodies, specifically 

C46. 

p. 12 
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7.6 •. IDENTIFICATION OF ISARs BINDING ANTl·Sm. ANTIBODY 

In yet another series of experiments, the TSAR-9 and TSAR~ 12 

libraries were screened for expressed· proteins/peptides having binding 

specificity for one of two monoclonal antibodies which rec0gnize the SmB 

protein of the Sm antigen associa.te.d with a mouse model of the autoimmune 

disease systemic lupus erythematosus, i.e., the 18F7 and 22G-12 antibodies 

(obtained as gifts from Debra Bloom and Sreve Clark, University of North 

Carolina, Chapel Hill, NC) using·an ELISA assay in a microtiter plate format 

as follows. 

50 µ.J of the Sm antibody diluted to l µg/ml in 100 mM 

NaHC03, pH 8.5 was placed inro wells of microtiter plates (Coming). The 

plates were incubated overnight at 4 °C. 100 µl of BSA solution (1 mg/ml, in 

100 mM NaHC01, pH 8.5) was added and the plates were incubated at room 

temperature for 1 hr. The microtiter plates were·emptied and the wells 

washed carefully with PBS-0.05% Tween 20, using a squeeze bottle . 

Plates were washed five times to remove unbound antibodies. 

Then 25 µl of phage solution was introduced into each well and the plates 

were incubated at room temperature for 1-2 hrs. The contents of microtiter 

20 plates were removed and the wells filled carefully with PBS·O.OS% Twe.en 20, 

using a squeeze bottle. The plates were washed five times to remove .unbound 

phage. The plates were. incubated with wash solution for 20 minutes at room 

temperature to allow bound phage with rapid dissoci~tion constants to be 

released. The wells were then washed five more times to remove any 

25 remaining unbound phage. 

The phage bound to the wells were recovered by elution with a. 

pH change. Fifty microliters of 50 mM glycine HCl (pH 2.2), 10 mg/ml 

BSA solution were added to washed weUs to denature proteins and release . 
bound phage. After 5- l 0 minutes, the contents were then transferred into 

30 clean tubes, and JOO µl· J M Tris-HCI (pH 7.5) or l M NaHzPO, (pH 7) was 

added to neutralize the pH of the phage sample. The phage were then diluted 

35 
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10-3 to 10'4 and aliquots plated with~~ DHSaF' cells to determine the 

number of plaque fonning units of the sample. In certain cases, the platings 

were conducted in the p.resence of XGal and IPTG for color discrimination of 

plaques (i.e., ~z+ plaques are blue, J§Z· plaques are white). The titer of 

the input samples was also determined for comparison (dilutions were 

generally 10" to l<t9). 

Successful sereening experiments have generally involved 3 

rounds of serial screening. Serial screening was conducted in the following 

manner. First, the library was screened and the re.covered phage rescreened 

immediately. Second, the phage that were recovered after the second round 

were plate amplified according to Maniatis. The phage were eluted into 

SMG, by overlaying the plates with - 5 ml of SMG and incubating the plates 

at 4 °C overnight. Third, a small aliquot ·was then taken from the plate and 

rescreened. The recovered pha~e were then plated at a low density to yield 

isolated plaques for individual analysis. 

The individua1 plaques were picked with a toothpick and use.ti to 

inoculate cultures of E. '2li F' cells in 2x YT. After overnight culture at 

37°C, the cultures were then spun down by centrifugation. :fhe liquid 

supernatant was transferred to a clean tube and saved as the phage stock. 

Generally, it has a titer of 1012 pfu/ml that is stable at 4 °C. Individual phage 

aliquots were then retested for their binding to the anlibody conjugate.cl ELISA 

plates and their Jack of binding to other plate wells (i.e., BSA coated 

microtiter wells, or wells coated with a different control antibody). 

The amino acid sequences of the binding domain of a number 

of the TSARs encoded by. the Anti-Sm l 8F7 antibody binding phage are 

presented in Table 7. The amino acid sequences of the binding domain of a 

number of TSARs encoded by the anti·Sm 22G-12 antibody binding phage are 

presented Table 8. 

p. 14 



' Table 7 "Tl 
m 

TSARS B_IND_ING ANTl-Sm_A_NTIBODY uarn "'" (. ~, to ... 
N 

Designation ~ -w 

'° 
f.D 

No. SEQ ... en -isolated · Amino Acid Sequence' Name IDNO 
... 
r:: -.... en 
OD .. 

2 G DGVP LFNNSTHKITMLNPGHDTRMKTDFVNKKSVYSP sm.9-1 77 (SJ 

OJ 

1 TFKPDLkSNFAGSSASPNPGAWNGLRPRPV DGVP SAVO Sm.9-8 78 "Tl 
Al 

_2 HPACMGFSHPYGPTNCLSPGEV NKNVP SLPITPD~ESP Sm.9-2 70 '1J 

6 SQVPTIDAFSVGMGKDDHPGMISEPSF NLRVP HIDKFA sm.9-3 71 m 
z 

PGEQSNL NTRVK EGNWSSS2 
z 

2 Sm. 9-4 72 -m 
1 AYGTVCCSGMFTYSNSPRPGVNE NRRVP VGDRGNNPDL Sm.9-9 . 73 ~ 

1 TSPACASGSTHGALTDCNPGFSY NTRVP YISQVETNAX Sm.9-10 74 m 
t:i 

1 YGFSNTMMAHGTHVYFSPPGFTLVVPISY NSRVP RADA Sm.9-11 75 3 
0 

2 VRDADHTVFDATYCSSSAPGSPSHSNQML LNPHIL RPC Sm.9-7 83 I z 
..a t:i 

1 TMRTDWGFD LNPYIL SPPGLSRTDFGPTEFRQNDAKK S:m.9-17 87 
..a 
w 
I 

1 SNEHFRDRVSlSKIHISSPGYAN LNPHLA HKMKGQAH Sm.9-16 79 

1 AFGREICIDFMHPCSRTRPGHDFSEKPNGSKDPQISFS Sm. 9-5 Bl ... 
4 SDGMHCPHAFCNEHYHAPPGPHMLSDLFPGREKPPYTP Sm .. 9-6 82 

.1 : .GPVDVHVALSVSHNSSKHPGTAPFTEMHSPLFDNPHKT Sm.9-12 84 

1 ADSHMGXWQYYRWWMRVGPGRWGSTPVLFRPEFDREWF Sm. 9•13 85 
··--·--·--.. 

_g RYNEPVYLYQPSVDQKGIPGPYLTLVHY NNRVP LTASl Sm.9-18 76 

"'· YLPWSKSFSPSQYTSMINPGHHSFSSQDTLYFERVAPH Sm.9-15 80. -c:/l -l g' DPLLRDEINNKPGGDFYLPGFLWPWNYNFHSVHTQRPS Sm.9-14 86 0 
0 

i: GRTWHNISTFHPAHNSEGPGYIAFLNPFSETYVSSGSS sm.9-19 88 ~ IS> 
1: --tp PAEGGDEAGRGGATCRQKLRIAC Sm.12-1 89 ~ 

en . 0 
n Ul 

.........__;::s 
GNDRHIGENRCGVWWREPECGAT Sm.12-2 90 CJ 

~- cs CJ 
.g 

~ 
--! 

GKLGSWRHAXXVCPTIP Sm.12-3 91 ISi g- IS> 
8. DSCSIAWFXACGEIPVP Sm.12-4 92 CJ 

DVPDVMGARCGGAXRGWPELLRP sa.12-s 93 

. 
"U 

-Ul 
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' The non-\/ariable amino acid5 al lhe NU1 ancl COOH terminal re.~idues are not shown. 

This TSAR. is not full length. nis truncation is likely due lo recomhination m vivo or to the occunence of 111 inlema1 XI!! I site in the ctoned oligonucleotide 
fragment. 

X rerefll lo unidentified amino acid residues due IC> amhiguilies in lhe n11eleotide sequence.~ dele11nined. 

Table 8 

TSARS_BINDING__ANTl-Sm_ANTIBODY_l22G12l 

Amino Acid Sequence' 

VRLLDILSPEQLSLDDVSPGLP EVNRYP SKLPPPNRLG 
TEALGDSGKKGGGVPSGP ELFRYP 

VDPSTPNTLTDYYYMLSGPGATSFDG ERNRYP IVSTQH 
DQAS YFLDRWGG DGWSFTPTPPM 
MqGT YWEDRWGG VTLXPQXRETP 
YYPVYGSMRRLADYYSNGPGPECVRHQCTDEHRKAIDK . 
EYkARSSFVVMTGAEGNSPGCDVDRHCPYHHSYWTESI 
SLFFRPVWETSGECFQLFQPPPG 
NGGRGCPVERCGDSVTGRAYDAI 

The ncm-variable amino acid111 at the NH1 aud COOH terminal re.otidues are nol 11hown. 

Designation 

Name 

22G12.9-4 

22012.12-4 

22G12.9-1 

22G12.12-l 

22G12.12-5 

22G12.9-2 

22Gl2.9-3 

22G12.12-2 

22G12.12•3 

~ ----. cn· 
iiiiiiiii ::/.! 
-~ iiiiiiiii n ---n - .... - ..... ---!» 
_,,, 
-.to 
~g -= 
iiiiiiii :;ti 
===.a --~~ 

8. 

SEQ. 
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The amino acid sequences of the Anti-Sm 18F7 binding TSARs 

presented in Tables 7 and 8, respectively, reveal no major shared sequences or 

similarity to the major Sm antigens (i.e., proteins B and D) except for the 

se.quence RVP in the SB-protein. Nevenheless, there are motifs, i.e., DGVP, 

NXRVP, LNP(H/Y)(l/L)(LJ A), that seem to be present in several of the 

phage encoding the TSARs. Non-motif sequences were also isolated. These 

preliminary data lead us to su~t that the antibody may be re.cognizing a 

discontinuous epitope or that the different motifs can adopt the same or a 

similar confonnation. The ~mino acid sequences of the Anti-Sm 22012 

binding TSARs presented in Table 8 reveal a motif E(V/L/R)(N/F/N)RYP and 

also non-motif se.quences. 

7.7. IDENTIFICATION OF TSAR.s BINDING STREPfAVIDllS 

In another series.of experiments, che TSAR-9 and TSAR-12 

15 libraries were screened for expressed proteins/peptides having binding 

specificity for strepravidin (SA). Phage were isolated from the library that 

bound to SA-coated magnetic beads (Advanced Magnetics, Cambridge, MA). 

After a 60 minutes incubation with_ tumbling, the phage-bead complexes were 

recovered with a strong magnet. Bound phage were recovered with 200 mM 

20 glycine-HCI (pH 2.~) and neutralized to pH 7.0, as described above in Section 

7.1. After two additional rounds of purification, individual plaques were 

jsolated. Most of the recovered phage bound > 1<>5 times better to SA than 

non-binding phage (screened for phage that bind to SA). 

25 

lndi\lidual SA binding TSARs were recovered from 1 to 20 

times from the TSAR-9 library in two separate screening experiments each 

with two clones isolated. The amino acid sequences of the binding domains of 

TSARs encoded by the SA binding phage isolated from the TSAR-9 library 

are presented in Table 9. The corresponding se.quences were not determined 

for the SA binding phage isolated from the TSAR·l2 library. Table 9 shows 

· 30 that the binding phage fall into two classes. First, the majority of SA-binding 

peptides share the consensus motif HP(Q/M)9 (where "0" signifies a 

35 
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nonpola,r amino acid). The. consensus sequence is similar to that detennined 

with a rando~ 15-amino acid phage library (Devlin, et al., 1990, Science 

249:404-406) and synthetic peptides~ beads (Lam, et al., 1991, Nature 354: 

82-84). The HP(Q/M)9 motif can be found at various positions throughout 

the length of the phage insens. In addition, lhe motif was often (i.e., 693) 

flanked on the COOH side by the amino acids P or D. Se.cond, there is a 

minor class of SA-binding peptides that lacks any consensus sequence and has 

no apparent similarity with each other. Such class has not been reponed by 

others describing smaller libraries screened for SA· binding affinity. 

p. 18 
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2 

10 

3 

2 

3 
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1 
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1 
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1 
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Table 9 

TSARs BINDING SA 

Amino Acid Sequence' 

HGMASQYFTCFHDSEPSSPGMFGWDPTTPTLP HPQV DE 

IAHRVVAYNSLDSNPIWLPGEESSSVFGDY HPMF RAPV 

HYPVFTRYNVAKPNDTDWPGGFVDSLSA HPQG PIAGGR 

MTLGYDRASPAPNTSFSNPGLDFNPFTY HPQG PHQILQ 

AGRAARDDDCRGHACMIIPGVSLFNSD HPMG AHPSI.Ri.{ 

DFSSFLTGTNAMAPFWPFPGSTYLLG HPMA PRDLQTSN 

SASWKFNSSFGYPTGGIEPGPNC HPQA CPDVLAKSLSP 

VSEMSSFSGCNTDH HPQG PGGRHDIMRSISESRGVGSL 

EMLTLPLTSIPIPW HPQG PGYLYHKPPRGTDFRMLSSK 

PYRF.YHPYSHPR HPQG DVPGSSAEVFHTFPNTQGRNSR 

ADYGT!GESPC HPQV DICPGALHHEFNEFFVGMSPEPS 

ARMAGLTE HPQG DIIDHHPGWVHDSRISPRNQDTYHSS 

AHLFG HPQV GFDSIGSAFPGDIHCKQYKADSGLQSAAA 

PDYDLMSSTCRFYGCSRMPGGVAVNGLFAVQGHSKYSS 

TWDFTRSSLPAGDTSFTSPGSYSVMTRSCGISCVPAEV 

The non-variable amiat, acids at the NH2 and COOH ter111inal re!'lidues are not shown. 

~ 
~t;;· 

iiiiiiii en 

·=~ ··==.g·: 

--~ ··-.,,, 
·-ttt 
~g -= 
iiiiiiii ~ 
=='llJ ----~ -o a 

Designation 

SEQ 
.Name IDNO 

SA.9-3 103 

SA.9-4 104 

SA.9-6 105 

SA.9-11 106 

SA.9-8 107 

SA.9-10 108 

SA.·9-13 1Q9 

SA.9-12 110 

SA.9-5 111 

SA.9-7 112 

SA.9-9 113 

SA.9-2 114 

SA.9-15 115 

SA.9-1 116 

SA,;9-14 117 

"Tl 
m ... ' ~-, to 
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Examination of the amino acid sequences. of the SA binding 

TSARS illusrraten in Table 9 shows that the proteins can be divided into two 

separate classes: ( 1) a group of thi'rteen proteins which share a consensus 

motif, i.e., HP(Q/M)(-), where - is·a non-polar amino acid residue, ("motif" 

proteins); and (2) a small group of proteins which do not share such consensus 

motif ("non-motir' proteins). The motif is found ar various positions 

throughout the length of the random oligonucleotide coding ·sequences. The 

non-motif proteins. have no apparent similarity, with respect to amino acid 

sequence, either with each other or with the motif proteins. 

to compare the relative binding of the phage to SA, several of 

the phage were convened to ~z+ (bJue) and mixed (1:1) with other~?· 

(white) phage_ The motif SA-binding TSARs appeared ro bind e.qually wel! 

while the non-motif SA-binding TSARs bound about five fold better than 

motif SA-binding TSARS. 

Spedficity of the binding of the identified proteins for 

srreptavidin was investigated by evaluating inhibition of binding by biotin and 

by a number of biotin analogs, including diaminobiotin, immunobiotin, lipoic 

acid and imidazalidone. Four representative TSARs, picturea in Table 9, 

were evaluated, i.e.t SA-l,a2, -4 and -14 (SEQ ID NOs. 116, 114, 104 and 

20 117). Binding of each of the representative TS~Rs lo streptavidin was . 

completely inhibited by biotin and all the biotin analogs tested. IC50 values of 

about 0.2, 3, 1050 and 5000 1tM, respectively, were observed. 

In addition, binding of the SA-binding TSARs to avidin was 

evaluated .using the four representative SA-binders. None of the SA-binding 

25 TSARs were able to bind to native or no~-glycosylated avidin {Accurate 

Chemicals, Westbury, NY), even though SA and avidin are structurally 

similar proteins each having an affinity for biotin. Thus it appears that the 

binding domains are highly specific for the ligand of choice. 

Based on the results obtained, the streptavidin-binding TSARs 

30 and peptides comprising portions of such TSARs. such as SEQ ID NOS. 103-

117, for example, should be particularly useful in any application where 

35 
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biotin-streptavidin binding is currently utilized. For example, the SA binding 

·TSAR sequence or portion thereof could be engineered into a prot~in of 

interest, either by insening an oligonucleotide encoding such TSAR into the 

gene encoding the protein, or by synthesizing and· chemically attaching the 

TSAR to the protein. Such protein of interest could be efficiently affinity 

purified using a streptavidin column. ·Additionally, any assay format utilizing 

biotin-sucptavidin binding could use an SA binding TSAR or ponion thereof 

in place of biotin. 

7 .. 8. IDENTmCA TION OF TSARs BINDING POLYSTYRENE 

In another experiment, it was observed that a number of the 

expressed proteins of the TSAR-12 library appeared to bind to magnetic beads 

alone. Accordingly, in another series of experiments, the TSAR-12 library 

was scre.ened for expressed proteins/peptides having binding speci~city for 

polystyrene. Two types of uncoated polystyrene magnetic beads, i.e., 

~dvanced Magnetics and Dynal, were use.din a "panning11 technique as 

described above. Protein-bead complexes were removed with a strong magnet 

and the bound phage were recovered as above. 

Jn yet another series of experiments, the TSAR-12 library was 

screene.d for proteins having specificity for polystyrene using uncoate.d 

polystyrene microplates. Polystyrene-bead-binding phage were disassociated 

from the plates with acid denaturation. 

The amino acid sequences of the binding domains of the 

polystyrene-binding TSARs are shown in Table 10. Most isolates were 

25 recovere.d only once. While there is no apparent linear motif, the peptides are 

rich in tryptophan, tyrosine and glycine, poor in arginine, valine and lysine 

and completely lack cysteine residues. 

30 

35 
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• '.fable 10 

T__SARs_BIM)_lNG_ftlLYSTYRENE 

Amino Acid Sequence' 

S S R LAY D HY F P S WR S y,1 F PG S N S S Y Y N NS WP T I TM ET N 

P Y W M F Y G F D W R G G F P P S H Q I M D Q 

D S W P L R I Y S G L S N Y Y H Y F P G S L V Y N M M Y P S H G E A P K G D 

W G W A R G L G G G K G D A R H P S A P E A H 

W M Q S W Y Y H W G G G E T F P I R R D S G G 

H H G A M N R Y Y T W L W D N S R F P G R S Y L L S A P A T Q P E A S I S Q 

L G F S G W Y W Q G L Y G L G S H D P G F I H E Q S P A E V A M E D T E Q S 

RP Y LY 0 P NEW HR Y Y SY LL PG HSY NV Q SW P o·G L·G 

P W W W V S W V D A G G G S L A L P T Q P S 0 

I Y Y P F F V W G N Y A N G G L L S P G H V Y S S N F I P L Y M Q R E V S P 

G W Q2 S G W E W W I G G G N W T S N T T H 

E I a G N L Y N W S P L L G Y S Y F P G I S P K H I S G E V L L G R L P Q V 

Y T G W E T W Y S F D P F T H Y G G P G S R F D F V H D K S E D P I D R S Y 

Q D L DH W SY W SM Y STY PT SP G L VP Y SW G Y·G SP NS HT DK L 

W W D P D I W F G W G G A H P P N L I Q P I S 

Q T L I D .F H D L H Y W G A Y Y G W P G I Y D E A S G S Q A V R H N M T H T 

T Y 0 Y T Y D W S G L F W S P F T H P G A H M T T H S P W A G H K P H A E T 

The riun·variahle 11min11 acid~ 11t the NII~ inti COOll tern1inal rei.idl,es ar" nul Khcnvn. ~~--
iiiiiimiii . -rn Q rei;.idue encoded hy a i;upp1essed TAO c<Klnn. iiiiiiiiiiiiii; if -.a 
-------f'r! 

t;j< -((. 
=txi . (p 

s -w 
-"O --!!!!!!!!! ~ 

8.. 

;t., r 

=;; 
• 0 Desi1natton ~ 

Name 

SB.9-5 

SB.12-5 

SB.9-9 

sa.12-2 

SB.12-6 

SB.9-10 

SB.9-7 

SB.9-6 

SB.12-1 

SB.9-4 

SB.12-4 

SB.9-1 

SB.9-2 

SB.9-3 

SB.12-l 

SB.9-8 

SB.9-11 

.. . -SEQ j5 
IDNO ~ 

118 

119 

120 

121 

122 

123 

124 

125 !.. 
l'IJ 

12 6 . C!»·. ·::· , . 
127:''. 

128 

129. 

130 
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134 a 
i a 
::j 

I~ 11 

"Tl 
m 
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As demonstrated in Table 10, .a number or TSARs having 

binding affinity for polystyrene were identified. The polystyrene binding 

TSARS bind to the plastic either in the form of beads or plates; these TSARs 

do not bind to polyvinyl chloride or polypropylene. 

Based on the results obtained, the polystyrene·binding TSARs 

and peptides comprising portions of such TS.ARs, such as SEQ ID NOS 118-

134, for eXample, should be ~seful for the improvement of EUSA assays. 

· For example, in one panicular application, a protein and/or a peptide can be 

engineered to comprise a poly.styrene-specific site that directs binding of the 

protein or peptide in a specific orientation to polystyrene surfaces. This 

results in better protein display and increased sensitivity. A polystyren~­

specific TSAR or ponion thereof can be engi~eered into a pro~n of interest 

either by inserting an oligonucleotide encoding such TSAR into the gene 

~ncoding the protein, or by synthesizing and chemically attaching the TSAR to 

the protein. In one embodiment, a polystyrene-specific TSAR or ponion 

thereof can be attached to the Fe region of an antibody, allowing·for all such 

antibodies to bind to a polystyrene surface with their Fe regions down and 

their antigen binding sites equally exposed and fully available for binding in 

an ELISA assay format. 

7.9. IDtNTIFJCATION OF TSARS BINDING CALMODULllS 

In yet another series of experiments, the TSAR-12 library was 

scre.ene.d for express~ proteins/peptides having binding specificity for 

calmodulin (CaM) . 

. ln particular, rhe TSAR-12 library was screened three times in 

serial fashion for binding to CaM as follows: 

ELISA plates were coated overnight at 4°C with 1 "g/ml 

calmodulin in 100 mM NaHC03, (pH 8.S). To block non·specific binding of 

phage, 200 µl of 2 mg/ml BSA in 100 mM NaH2C01, (pH 8.5) was added to 

30 each well and the plates were jncubated at room temperature for l hr. After 

the wells were washed five times with PBS-0.05% Tween 20 to remove free 

35 
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calmodulin protein, 50 µ1 of phage (1011 pfu/ml) was added for 2 hr 

incubation at room temperature .. Prior to recovering the. bound phage, the 

wells were washed ten times with PBS-0.05 % Tween 20. The bound phage 

were eluted with 25 µ.1of200 mM glycine-HCl, pH 2.2 and then the pH was 

neutralized with the addition of SO µI of 100 mM NaPO, (pH 7.5). The 

recovered phage were rescreened immediately and the phage that bound to the 

ELISA plate the se.cond time were plate amplified. The phage on the 

amplified plate were collected after 3 hr incubation with PBS and then 

rescreened a third time. 

Three rounds of serial screening yielded phage isolates that 

encoded TSARs which bind CaM. Aliquots at each of the screening steps 

were mixed with m663 blue phage and screened simultane.ously for binding to 

CaM coated ELISA plates. With each round of screening the yield of library 

recombinants (white) increased significantly. After the third round, eight 

isolates were grown in 2 ml cultures of E. coli DHSaF' cells in 2xYT 

. overnight at 37gC. The phage in these cultures were then tested individually 

for their binding to CaM; seven of the eight phage were demonstrared to bind 

CaM. Moreover, the CaM binding phage do not bind BSA or polystyrene. 
I 

The oligonucleotides of the seven TSAR·encoding phages were 

20 sequence.d and revea1ed to carry identical DNA inserts encoding the binding 

domain of the TSARs. 

25 

30 

3S 

The deduced amino acid sequence (SEQ ID NO 135) of the 

binding domain of the CaM binding TSAR, designated CaM·12. l, is shown 

in Table 11 below. 

P.24 



FEB 21'96 16:11 FR PENNIE & EDMOND & TO 0116533,70031 

WO 94/18318 PCT/US!l4/00977 

V P R W 

.,; 123 -

TABLE 11 

CALMODIJLIN BINDING TSA"Rs1 

I E D S L R G G A A 

$ R A Q T R L A S A 

The non-variable amino acids at the NH:: and COOH terminal residues are not shown. 

The TSAR-12 library was rescreened, using a slightly different 

10 approach to determine whether other members with affinity for· CaM could be 

identified. To do this, an aliquot of the library was mixed with biotinylated 

CaM and bound phage were recovered with (streptavidin) SA-magnetic beads. 

To prevent the isolation of SA-binding phage from the TSAR library, excess 

free biotin was added to the bead complexes prior co washing. As free biotin 

15 binds very well to SA, it competed away the binding of aU SA-binding phage 

in the libraries. The beads were washed ten times with PBS-0. 05 % Tween 

20, using a strong magnet to recover the beads from the wash solution. The 

bound phage were eluted with SO µl of 50 mM glycine-HCI, pH 2.2 and then 

the pH was neutralized with r.he addition of 100 µl of 100 mM·NaPO, (pH 

20 7.5). The recovered phage were rescreened immediately; the phage solutiQn 

was mixed with biotinylated CaM and phage-CaM complexes were recovered 

with SA-magnetic beads. 

The phage that bound the· second time were plate amplified. 

The phage from the amplified plate were then screened for binding to ELISA 

25 plates coated with CaM. These phage were found to bind to CaM but not 

BSA coated wells. Phage recovered from the CaM coated wells were then 

plate amplified and screened a founh time with CaM coated wells. The phage 

that were then grown were recovered as individual isolates. Fony-eight 

isolates were tested for binding to CaM coated wells and 47 appeared to bind. 

30 Nine of these phage were. sequenced and all were discovered to have insened 

synthesized oligonucleotides with an identicaJ nucleotide sequence. This 
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sequence matched that of TSAR CaM-12.1 (SEQ ID NO 135) shown above in 

Table 11. Thus, the phage expressing the TSAR CaM-12;1 was isolate.el 

repe.atedly from two separate, different screening experiments. 

The binding properties of the CaM-12.1 TSAR were further 

examined in several ways. first, the ability of caM-12.1 phage to bind other s 

. 10 

calcium-binding proteins was tested. It failed to bind ELISA plate wells 

· coated with parvalbumin or vitamin D calcium-binding protejn (both from 

Sigma, St .. Louis, MO). It also did not bind to the calmodulin-binding 

protein, calcineurin (Sigma, St. Louisi MO). Second, the ability of natural 

calmodulin binding peptides and proteins to compete for binding of the CaM-

12. l phage with CaM was tested. Preliminary experiments suggested that a 

peptide corresponding to me· binding domain of CaM-dependent protein kinase 

(#208734; Calbiochem, San Diego, CA) and bee venom melittin (#444605; 

Calbfochem, San Diego, CA) could compete with Ca~-binding TSAR CaM· 

12.1 to CaM. Third, the ability of a syntlfer.ic non-peptide CaM-anr.agonist, 

W7, (#6fU629; Calbiochem, San Diego, CA), was reseed for its ability to 

compete for binding of caM-12.1 to CaM. W7 appears to compete with 

CaM-12.1 for binding to caM (results not shown). In summary: (1) CaM.° 

12.1 binds CaM. specifically. and not be.cause it is a high-affinity Ca2"' -binding 

20 protein; (2) CaM-12.1 binds CaM at a site parti~ly overlapping or influenced, 

by the binding sites of CaM-dependent protein kinase peptide, melittin and 

W7. 

The CaM binding phage were also teSted for their ability 10 

bind CaM in the presence and absence of free calcium ions. In preliminary 

25 . experiments where either 10 mM CaCl2 or I mM EGTA was added to the 

30 

35 

. . 

wells to provid". conditions in which calcium ions were either present or 

absent, all seven CaM binding TSARS bound equally well. in both treatments, 

suggesting that they bind calmodulin in a calcium-independent manner. 

However, the concentration of EGT A used was probably insufficient to bind 

all the calcium ions in the assay. Additional experimentS were carried o.ut 

using higher concentrations of EOTA, specifically l, 5 or 10 mM EGTA was 

1l1i1iU1f iif 
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added. As shown in Figure 19, the peptide synthesized based on the 

sequence of the CaM binding phage STVPRWIEDSLRGGAARAQTRLASAK 

(SEQ ID NO 176) was shown to bind CaM in a calcium dependent manner. 

Furthermore, when calcium ions were added b~k co wells where phage 

binding was inhibited by 10 mM EGTA, binding of the phage to CaM was 

restored. 

· To prove that the displayed peptide ~uence 

VPRWIEDSLRGGAATAQTRLASA (SEQ ID NO 135) was responsible for 

binding of phage CaM.12-1 to CaM, a sequence 

STVPRWIEDSLRGGAARAQTRLASAK (SEQ ID NO 176) was prepired as 

a pepdde with a biotinylated C-terminus. The presence of the biotin permitte.d 

detection of the peptide with srreptavidin·linked alkaline phosphatase. It was 

observed .by ELISA that the peptide bound immobilized CaM efficiently. 

The peptide-CaM complex is a stable one, with SO~ 

dissociation requiring - 20 min. This was determined by the foUowing 
. . 

experiment. First, the biotinyJated peptide, SEQ ID NO 176 was mixed with 

streptavidin-linked alkaline phosphatase in l 00 µ1 of PBS-Tween 20, in a 

molar ratio of one peptide per streptavidin molecule. After 15 minutes. the 

sample was diluted to JO ml with PBS·Tween 20,. containing 1. nM biotin,. l 

20 mM caCl2 and 10 µg/ml BSA. The sample was distributed betwe.en wells and . 

incubated at room temperature for 3 hr. The wells were washed five times 

and then 100 µl of buffer (PBS-Tween 20, 25 µg/ml CaM) was added to the 

wells. At various timepoints, the liquid was removed and replaced with p­

nitrophenylphosphate (US Biochemicals, Cleveland, OH). The wells were 

25 scanned by an EUSA platereader (Mole.cular Devices), at 405 nm wavelength. 

To examine where the SEQ ID NO 176,peptide bound the CaM 

mole.cule, we attemp(ed to block binding with other peptides that have been 

previously shown to bin<:' to the central. linker region of CaM (Se.e Persechini 

and Kretsinger, 1988, J. Cardiovasc. Pharmacol Jl:Sl-12: Ikura et al., 1992, 

30 Cell Calcium U:391·400; Chapman et al., 1992, Biochemistry ll.:12819-25; 

Meador et al., 1992, Science 257: 251-255). le is this region of CaM that 

35 
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binds various proteins to regulate their activity in a ea1• -dependent manner. 

Peptides corresponding to· the CaM-binding domain of CaM-dependent protein 

J?nase n (Payne et al., 1988," J. Biol. Chem. 263:7190-7195) and myosin light 

chain kinase (lkura et al., .si,mm; Means et al., 1991, Adv. Exp. Med. Biol., 

304:.11-24; Persechini and Kretsinger, supra) were found to compete with the 

binding of peptide SEQ ID NO 176 to CaM (Figure 20). These results 

demonstrate that rhe SEQ JD NO 176 peptide binds CaM at the same, or 

neighboring, site a5 the CaM-binding domain of CaM-dependent protein 

kinase II and myosin Jight chain kinase. 

The peptide was also observed to bind CaM in a ca2
• -

dependent manner with a Kl'l of 1 1tM by steady state fluorescence methods. 

(see Figure 21). A blue shift in the spectral maximum showed that the 

tryptophari residue of the peptide entered a more hydrophobic environment in 

the complex with CaM (see Figure 22). Time-resolved measurements indicate 

that the peptide undergoes a significant structural change in binding to CaM. 

If the site resp0nsible for binding of the CaM specific TSARs to 

CaM were only a five or six residue peptide, then one would have expe.cted to . 

isolate about 10-20 CaM binding ISARs from the TSAR-12 library. 

However, since only one panicular caM binding TSAR was repeatedly 

isolated, it appears that the site of interaction between the Ca.M specific TSAR 

and caM is complex, i.e., the site requires more than simply 5 or 6 residues. 

To illusttate regions of the SEQ ID NO 176 that are involved in binding to 

CaM, the ability of 4 modified peptides to compete with SEQ ID NO 176 

binding for·calmodulin were examined .. The modified peptides were (a) the 

25 N-terminal 13 residues S1VPRWIEDSLRG SEQ JD NO 179; (b) the C­

terminal 13 residues GAARAQTRLASWK SEQ ID NO 180; (c) the SEQ ID 

30 

35 

NO 176 peptide where, at position 4, W was changed_ to A -

STVPRA.IEDSLRGOAARAQTRLASWK SEQ ID NO. 178; and (d) a peptide 

having the reverse sequence KASALRTQARAAGGRLSDEIWRPVTS SEQ ID 

NO. In. As shown in Figure 23, none of the four peptides were able to 

compete with the SEQ ID NO 176 for binding to calmodulin. In addition, the 
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N-terminal and C-terminal peptides mixed together could not compete with 

SEQ ID NO 176. Therefore, specific residues or sequences in both the N· 

tenninal and C-t~inal half of the peptide are important for binding to 

calmodulin. Therefore, this binder ,ould not be identified in a library where 

the binding domain is much smaller than about 20 amino acids. 

Base.d on the results obtained, the calmodulin-binding TSAR 

comprising SEQ ID NO 13S or 176, or compositions comprising this TSAR 

are useful as ~modulin antagonists, which have·applications in the treatment 

of a broad spectrum of conditions including such as cell proliferation 

associated with development of malignancy, hypenension, congestive heart. 

failure, arrhythmia and gastro-intestinal disorders. .s=, generally, Mannhold, 

R., and Timmerman. H., 1992. Pharm. Weekbl-Sci. li(4): 161-66. 

8. EXAMPLE: PHAGEMID VECTORS USEFUL FOR 
EXPRESSION OF TSAR LIBRARJF.S 

Several phagemid vectors are described below which are useful 

for expression of TSAR Jibra.ries according to the present invention. 

8.1. CONSTRUCTION OF VECIQR pDAFl 

The vector pDAFl is constructed as follows:. 

To create lhe phagemid vector pDAFl. a segment of the M13 

gene III was uansferred into the Bluescript n SK+ vector (GenBank #52328). 

This vector replicates autonomously in bacteria, has an ampicillin drug 

resistance marker, and the fl origin of replication which allows the vector 

under certain conditions to be replicated· and packaged into M l3 panicles. 

These M13 viral panicles would carry both wild-type pll~ molecules encoded 

by helper phage and recombinant plll mo)ecules encoded by the phagemid. 

These phagemids express only one 10 two copies of the recombinant pIII 

molecule and have been termed monovalenc display systems <See, Garrard et 

al., 1991, Biotechnol. 2: 1373-1377). Rather than express the entire gene III, 

this ve.ctor has a truncated form of a:ene III (See generally. Lowman et al., 

1991 (Biochemistry 30:10832-10838) which demonstrated that human growth 
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hormone was more accessible to monoclonal antibodies when it was displayed 

at the NH2-terminus of a truncated fonn of pill protein than at the NH,­

terminus of the full-length fonn]. In the phagemid vector constructed here, 

the TSAR oligonucleotides are expressed at the mature terminus of a truncated 

pIII molecule, which corresponds to amino acids 198 to 406 of the mature pIIl 

molecules. 

The preferred vector is pDAF, which.encodes amino acids 198· 

406 of the plll protein, a short polylinker within the plll gene and the linker 

gly-gly-gly-ser between the polylinker and the pIII molecule. This plasmid 

expresses pIII from the promoter and utilizes the PelB leader sequenee for 

direction of pIJJ' s companmenralization to the bacterial membrane for proper 

MIJ viral assembly. 

A pair of oligonucleotides were design~ 

CGlTACGAAT'fCTIAAGACTCCTTATTACGCA (SEQ ID NO 136) and 

CGTIAGGATCCCCA'ITCGTI'TCTGAATATCAA (SEQ ID NO 137) to. 

amplify a portion (aa 198-406) of the plll gene from Ml3mp8 DNA via PCR. 

Since these oligonucleotides earned Barn HI and :Eco RI sites near the S' 

termini, the PCR product was then digested with Bam HI and f&.Q RI, ligated · 

with pBluescript TI SK+ DNA digested with the same enzymes. and 

intrOduced into E. mli by transformation. Afrer the re.combinant was 

identified, an additional double-stranded DNA segment was clos;ied into it, 

encoding the ~B signal leader with an upstream ribosome binding site.· This 

segment was prepared by PCR from E. ~Ii DNA using the oligonucleotides 

GCGACGCOACGAGCTCGACTGCAAATICTATITCAA (SEQ ID NO 138) 

and 

CTAATGTCTAGAAAGC1TCTCGAGCCCTGCAGCTGCACCTGGGCCAT 

CGACTGG (SEQ ID NO 139). The termini of the PCR product introduced a 

short polylinker of fl! I, Xbg_ 1,· Hind III, and XPA l sites into the vector. 

The Xho I and X12a I sires were positioned so that assembled TSAR 

30 oligonucleotides could be cloned and expressed in the same reading frame as 

in the phage vectors described above. The third and final segment of DNA 
... 
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introduced into the vector' encoded the linker sequence gly·gly-gly-gly-ser 

(SEQ ID NO 141) between the polylinker and gene m. This linker matches a 

repeated sequence motif of the pm molecule· and was included in the chimeric 

gene to create a swivel point. separating the expressed peptide and the pIII 

protein molecule. This vector has b=n named pDAFl. Figure 3A 

schematically illustrates the pDAFl phagemid vector. 

8.2. CONSTRUCTION OF VECTORS nDAF2 AND pDAf3 

The vector~ pDAF2 and pDAF3 are prepared from pDAFl but 

differ from the parent ve.ctor in that each contains the c-myc encoding 

se.quence at the NH2 and COOH terminaJ sides, respectively. of the polylinker 

of E!t, I, Xl:!s2 I, Hind III and Xbi I restriction sites. Figure 38 and C 

schematically illustrate the phqemid vectors pDAF2 and pDAFJ. The 

pDAF2 and pDAF3 vectors are constructed as shown schematically in 

Figure 3D. 

9. EXAMPLE: PLAS:MID VECTOR USEFUL FOR 
EXPRESSION OF TSAR LIBRARIES 

9.1~ THE INITIAL VECTOR p.JG200 

Plasmid pJG200 was the starting material that was modified to 

produce a general TSAR expressjon vector. The initial pJasmid, pJG200. 

contained target cistrons that were fused in the correcc reading frame to a 

marker peptide wjth a detectable activjty via a piece of DNA that codes for a 

protease sensitive linker peptide [Germino and Bastia, 1984. Proc. Natl. 

25 Acad. Sci. USA 11:4692; Germino et al., 1983, Proc. Natl. Acad. Sci. USA 

80:6848]. The promoter in the original vector pJG200 was the PR promoter 

of phage lambda. Adjacent to the promoter is the gene for the C18S7 

thermolabile repressor, followed by the ribosome-binding site and the AUG 

initiator triplet of the cro gene of phage lambda. Germino and Basda inserted 

30 a fragment containing the triple helical region of the chicken pro-2 collagen 

gene into the Bil!! HI restriction site next co the A TG initiator, to produce a 

35 
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vector in which the collagen sequence was fused to the I.&Z '3-galactosidase 

gene sequence in the correct translational phase. A single Barn HI restriction 

site was regenerated and used to insert the plasmid R6K replication initiator 

protein coding sequence. 

The plasmid pJG200 expressed the R6K replicator initiator 

protein as a hybrid fusion product following a temperature shift which 

inactivated the C1857 repressor and allowed transcription initiation from the Pa 

promoter. Both the parent vector construct wirh the ATG initiator adjacent to 

and in frame with the collagen/'3-galactosidase fusion (noninsen vector), and 

pJG200 containing the R6K replicator initiator protein joined in frame to the 

ATG initiator codon (5') and the collagen/,8-galactosidase fusion (3') (insen 

vector), produced ~-galactosi~a.se activity in bacterial cells transformed with 

the -plasmids. ·As a result, baeterial strains containing plasmids with insens 

are not distinguishable from strains containing the parent vector with no 

insert. 

9.2. REMOVAL OF mE Pa~C1857 REPRESSOR 
AND AMINO TERMINUS OF CRO 

The first alteration to pJG200 accordina to this invention was 

the removal and replacement of the Eco RI-Jam HI fragment thar contained 

the Pa promoter, C18S7 repressor and amino terminus of the cro protein which 

provided the ATG sran site for the fusion proteins. An oligonucleotide linker 

was insened to produce the p2S8 plasmid, which maintained the f&.2 R1 site 

and also encoded the additional lJNA sequences recognized by~ It Bgl II 

and B!m HI restriction endonucle.ases. This modification provided a new · 

ATG start codon that was out of frame with the coJlagen/P·galactosjda.se 

fusion. As a result, there is no 6-galactosidase activity in cells· transfonned 

with the p258 plas~id. In addition this modification removed the cro protein 

amino terminus so that any resultant recombinant fusion products insened 

adjacent to the ATG Stan codon will not have cro encoded amino acids at 

their amino terminus. In contrast, recombinant proteins expressed from the 
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original pJG200 vector aJI have cro encoded amino acids at their amino 

terminus. 

9.3. ADDITION OF THE PTAC PROMOTER, SHINE 
DALGABNO SEQUENCE ANQ ATG CODON 

In the second step of construction of a TSAR expression vector, 

a restriction fragment, the fa Rl-l:im I fragment of pKK233-2 (Pharmacia 

Biochemicals, Milwaukee, WI), was insened into the ~ RI-Nco I restriction 

sites of plasmid p258 to produce plasmid p277. As a result, the p277 plasmid 

contained the PT,..c (also known as Pnd promoter of pKK233-2, the .IAkZ 

ribosome binding site and an ATG initiation codon. 

In the p277 plasmid, the insertion of a target protein sequence 

allows its transcription from an IPTG inducible promoter in an appropriate 

· strain background. The appropriate strain background provides sufficient !is 

repressor protein to inhibit transcription from the uninduced PT"c promoter. 

Appropriate strains that can be used include JMlOl or XLl·Blue. Because 

cells can be induced by the simple addition of small amounts of the chemical 

IPTO, the p277 plasmid provides a significant commercial advantage over 

promoters that require temperature shifts for induction. For example, 

induction by the P1 promoter requires a temperature shift to inactivate the 

C,857 repressor inhibiting pJG200's P. promoter. Induction of commercial 

quantities of cell cultures containing temperature inducible promoters require 

the inconvenient step of heating large volumes of cells and medium to produce 

the temperature shift necessary for induction. 

One additional benefit of the promoter change is that cells are 
not subjected to high temperatures or temperature shifts. High temperatures 

and temperature shifts result in a heat shock response and the induction of 

heat shock response proteases capable of degrading recombinant proteins as 

well as host proteins~ Grossman et al., 1984, Cell ~:383; Baker et al., 

1984, Proc. Natl. Acad. Sci . .8.1:6779]. 

j' 
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9.4. JMPROYEMENT OF mE RIBOSOME BINDING SITE 

The p277 expression vector was further modifi~ by insertion of 

twenty-nine base pairs, namely 

S'CATGTATCGATl'AAATAAGGA0GAATAAC3' (SEQ ID NO 141) into 

the Nc0 I site of p277 to produce plasmid p340-1. This 29 bp s~uence is 

related .to, but different from~ one portion of the Schoner "minicistron" 

sequence [Schaner et al., 1986, Proc. Nat'l. Aca.d. Sci. !J.:8506]. The 

inclusion of these 29 base pairs provides an optimum Shine/Dalgamo .site for 

ribosomal/mRNA interaction. The p340-l expression vector significantly 

differs from pJG200 because it contains a highly inducible promoter suitable 

for the high yields needed for commercial preparations, an improved synthetic 

ribosome binding site region to improve translation, and a means to provide a 

visual indicator of fragment insertion upon isolation. The s~ps in the 

construction of vector p340-l are diagrammed in Figure 4. 

10. DEPOSIT OF MICROORGANISMS 

The following plasmid was deposited with the American Type 

Culture Collection (ATCC), Rockville, MD on November 29, 1988. and has 

20 been assigned the indicated accession number: 

Plasmjd 

p340 

Accession Number 

ATCC 40516 

The invention described and claimed herein is not to be limited 

25 in scope by the specific embodiments herein disclosed since these 

embodiments are intended. as illustration of several aspecrs of the invention. 

Any equivalent embodiments are intende.d to be within the scope of thi.s 

invention. Indeed, various modifications of the invention in addition to those 

shown and described herein wm become apparent to those skilled in the art 

30 

35 

from the foregoing description. Such modifications are also intended to fall 

within the scope of the appended claims. 
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It is also to be understood that all base pair and amino acid 

residue numbers and sizes given for nucleotides and . peptides are approximate 

and are used for purposes of description. 

A number of references are cited herein, the entire disclosures 

of which are incorporated herein, in their entirety, by reference. 
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Fowlkes, J). H. 

(ii) TITLE 01i' I.NVBNTIOlh Totally Syn~hetic Affin1,t:y Reagent:• 

(iii) ltU>5BER OF SEQUEJl'cES: 180 

(iv) CORUSPONDPCE ADDRESS: 
(A) ADD.RESSEBz Pennie ~ Edmonds 
(B) STREETz 1155 Avenue of the Amer1caa 
(C) CITY: New York 
(D) STATE: Rew Yark 
(E) cotm1'Rr: U.S.A. 
(F) ZIP: 10036-2111 

( V) COMPUTl:ll U:ADABI.E FORM; 
(A) MEDIUM TrPB: Ploppy diak 
(B) COMPU'l'ER: t•M PC compatible 
(C) OPEJtATIMG SYSTBM: PC•DOS/KS-DOS 
(D) SOFTWARE: Patentin Relea.ae #1.0, Vereion #1.25 

. (Vi) CURRENT APPLICA'l'IOlf DATA: 
(A) APPLICATION NUMBER: TO be •••igned 
(B) FILIRG DATE: concurrently herewith 
(C) CI.ASSIFI~TION; 

(vlii) ATTORNEY/AGENT INtORMATIOK: 
~ (A) NAME1 Miarcck, s. Lealia 

(B) REGISTRATION llUMBBRr 18,872 
(C) REJ'EdNC'l!:/DOCDT NUMBER: 1101-!SS-228 

(ix) TELECOMMUNICATION INFOJUIA'l'ION: 
(A) TELEPHONE: 212 790-9090 
(B) TEr.BrAX: 212 869-8864/9741 
(C) TELEX: 66141 PENNIE 

(2) INFORMATION FOR SEQ ID RO:l: 

(i) SEQUENCE.CHARACTERISTICS: 
(A) LENGTH; 38 amino acid• 
(8) TrPE: amino acid 
(C) STRANDEDNESS: aingle 
(D) TOPOLOGY: unknown 

( i.i) MOLECULE 'l'YPE: peptide 

(Xi) SEQUENCE ~ESCRIP'l'tON: SEQ ?D NO:l: 

Gly Pro Val Lys Ly• I1a cys Ala Arg Asp Asn Ser Ala Arg Gly A•p 
l s 10 15 

Aan Aep Pro Gly Leu Hi• Aan Gly Ser Se~ vai Hi• Val Ser Gly Thr 
20 25 30 

Leu Ser Cya Asn Gln Tyr 
35 

(2) INFORMA~ION FOR SEQ XD N0:2: 

(i) S~QU£NCJ: CHARACTERISTICS: 

P.37 



FEB 21'96 16:16 FR PENNIE & EDMOND TO 011653370031 

WO 94118318 

-us-
(A) LERGra: 38 amino acids 
(I) 'n'PS: amino acid 
(C) STl&AHJ)EDllESS: Bingle 
(D) mPOLOCY: unknown 

(ii) HO:t.BCVLB TYPB: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID B0:2: 

PCT/VS94/00971 

Ser Thr val Val Asp Ala cya Thr Ar9 Tyr Ala Aan Hie Arg Ala Leu 
l S 10 lS 

Ser Pro Gly Leu Aan Arg Arg Glu val Aan Met Ala Aap Gly Hia Val 
20 25 30 

Tyr Cya Aan His Val Xaa . 
JS 

(2) ZNPORMATION FOR SEQ ID X0:3: 

(i) SEQUENCI CHARACDRISTICS: 
(A) LENGTH: l8 amino acida 
(B) TYPBs amino acid 
(C) STRANDEDNESS: aingle 
(D) TOFOLOG!': unknown 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUEWCE DESCllIPTIOH1 SEQ ID N0:3: 

His Cy• Ile Gly Val tle Ser ser Aan Glu Hie Aan cya Cya Aap Ser 
1 5 ~ ~ 

Trp Pro Pro Gly ser Cly A•n Phe Ser His Asp Sar eye Gln Cly Ala 
20 . . 25 . 30 

Ala Pro Asp Glu Pro Ser 
35 

(2) lNFORHA~ION POJ\ SEQ ID H0:4t 

(i) SEQVENCB CBAM.CTIRISTICS: 
(A) LENGTH: 38 amino acid• 
(B) TYPE: a1111no acid 
(C) STRANDEDHl!!SS: single 
( .D) 'l'OPOLOGl': unlcJlown 

(ii) MOLECULE 'I'!'PE: peptide 

(Xi) SEQWlfCB DESCRIPTION: SEQ ID JI0;4t· 

Aan A•P A•n Arg Trp Pbe AB~ Leu Tyr Gly Asp Ser Aan lle Pro Gly 
1 s 10 15 

eye Ile Pro Gly Phe ~ro Thr Bia Ile Leu Arg Clu Gly Val Thr Phe 
20 25 30 

Ala A•p His Val Cya Ser 
35 

(2) IN~ORHATION FOR SEQ ID NO:S: 
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(i) SEQUENCE CHARACTERISTICS; 
(A) LENGTH: 38 amino acid• 
(I) TYPE: amino a~id 
(C) STRANDEJ:>HESS: ain;le· 
( D) "tOPOLOGY: unknown 

(ii) MOLECULE TYPI: peptide 

(xi) DQUBHCE DBSCRIHIOlh SEQ ID 110:5: 

Aep Phe Arg Leu Clu. Le1.1 Val kg Ser Sar Arg eye sez:o Gln Aep Ph• 
l s 10 15 

Ile Ser Pro Gly Lau Ser Ala Pha Arg Ala Set c:fs Gln Phe Pro Leu 
20 25 30 

Asp Thr Gln Ile Ser Pro 
lS 

(2) INPO:RKATION 70R SEQ ID N0;6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) . .LENGTH: 11 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: eingle 
(D) TOPOLOGY: unknown 

(ii) MOL'SCULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION; SEQ ID N0:6: 

Glu Gln Lye Leu Ile Ser Clu Glu Asp Leu Aan 
l s 10 

(2) INFORMATION POR SEO ID N0:7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1323 base pairs 
(B) TYPE: nucleic acid 
(C) STJlANJ>EDNESS: single 
(D) TOPOLOGY: unknown 

• (11) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID H0;7; 

GTGAAAAAAT TA1'1'ATTCGC AA'l'TCCTT'l'A GT'l'C1'1'CC1'1' TCTA'l''l'crcA CTCC'l'CCACA 60 

GAGCAGAAAC TGATCTCTGA AGAAGACCTG AACTC'l'AGAC cn'CGAGAAC TGTTGAAACl' 120 

"l'G'1Tl'AGCAA AACCCCATAC AGAAAA1'1'CA '1'1'1'AC1'AACC TCTGCAAAGA COACAAAACT 180 

T'l'AGATCG'l'T ACGC'l'AACTA TGAGGGT'l'OT CTGTCCAATG CTACACCCGT TCTAG'l'TTGT 240 

ACTGGTGACG AAAC:TCAGTG TTACGCTACA TGGG'l"tCCTA TTGGGCTTGC TATCCCTGAA 300 

A11.TGAGGGi'.G GTGGCTCTGA GGcTGGCGGT TCTGAGGGTG GCGGTTCTGA GCGTCGCGGT 360 

ACTAAACCTC CTGAGTACGG TGATACA~CT ATTCCGCCCT ATACTTATAT CAACCCTCTC 420 

GACGGCACTT ATCCGCC'l'GG TACTGAGCAA AACCCCGCTA A'l'CCTAATCC ttCTCHCAG 480 
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GACTC'l'CACC_ CTCTTAA'l'AC 'l'TTCATGTTT CAGAA'l'AATA GGTTCCGAAA TAGGCAG9CQ 540 

GCA'l'TAAC'l'G TTTATACGGG CACTGTTACT CAAGGCAC'l'G ACCCCGT'l'AA MCTTA'.rTAC 600 

CAGTACAC'l'C CTGTA'l'CA'l'C AAAACCCATG TA'l'GACGCTT AC2.'GGAACGG TAAATTCAGA · 660 

GACTOCGCTT TCCATTC'?CC CTTTAA'l'GAA GATCCATrCG TT'°TGAA'l'A TCAACGCCM 720 

TCCTCTGACC TGCC'l'CAACC 'l'CC'l'CTCAAT GC'fGCCGGCG GCTCTGG'l'GG "l'GG'l'TC'l.'GGT 780 

GGCGGC'l'C'l'G AaGGTGC'fCG C'l'C'l'GAGGG'l' GGCGGT'l'CTC AGGGTGGCGG C'l'C'l'GAGGGA 840 

GGCGG'l"'l'CCG Ct'GG~ !'CCftCCGG'l' GAttftGAT'l' ATGAAAAGAT GGCAAACCC'1' 900 

AATMCOCOG CTAmACCGA MATCCCGAT OMAAmcGC ':t'ACAGTCTGA CGCTAMGOC: 960 . . 

AAACTNAft C'l'GTCGCTAC !l'CATTACGGT GC'lGCTATCG A'l'GGTTTCA'l' ftOTGAOCITT 1020 

'l'CCGGCCTTG CTAAi'GCTAA TGGTGCTAC'l' GGTCATTTTG CTGGC'f'CTAA 'l"l'CCCMATG 1080 

GC'l'CAACTCG CTGACGCTGA TAATTCACC'l' 'l"l'AATCMTA ATT'l'CCGTCA ATA'lT.rACCT 1140 

'l'CCC1'CCC'l'C AA'l'CCGT'fGA ATGTCGCCCT 1'1"l'GTC'l'T'l'A OCCC!l'GGTAA ACCA'l'ATGAA 1200 

'l"l"l'TCTATTG ATTG'rGACAA AATAAACT1'A TTCCG'l'GG"l'G 'lCTTTGCGTT 'l'C'l'TTTATAT 1260 

GTTGCCACCT 'l'TATC'l'ATCT A'l'TTTC'l'ACG TTTGCTAACA TACTGCG'l'AA 'l'AAGGAGTCT 1320 

TAA 1323 

(2) INPORHA'l'ION FOR SEQ ID N0:8: 

(i) SEQUENCE CHARACTERlSTlCS: 
(A) LENGTH1 24 base pair• 
(B} TYPE: nucleic acid 
(C) STRANDEDNESS; Bingle 
{D} TOPOLOGY: unknown 

(ii) HOUCULB 'l'YPE: DNA (gencmic) 

(xi) SEQUENCE DBSCRIPTlOH: SBQ ID NO:&: 

CATGGCTCGA GGC'?GAGTTC '1'ACA . 
(2) lHFOJUIATION FOR SEQ ID N0:9; 

(i) SEQUtNCE CHARACTERISTICS: 
(A) LENGTHi 24 b••• paire 
(8) '1'YPE1 nucleic acid 
(C) STRANDEDNESS: •ingle 
(D) 'l'OPOLOCY: unknown 

(ii) MOI.ECUU 'J'YPEi J)HA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:9: 

. GATCTCTAGA AC1'CAGCCTC GAGC 

(2) INFORMATION POR SEQ ID BO:lO: 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 amino acid• 
(B) TrPE: amino acid 

B Replaced 

1b\1iii11 ii\\\\\\ 

24 

24 
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(C) STRUDEDHESS: ai.ngle 
(D) TOPOLOGY: unknown 

(ii) MOIJl:CULE TYPE: protein 

-ua-

(Xi) SBQUEHCE DESCRIPTlOlt: S"' :ID BO:lD: 

cya Xaa Xaa Cya xaa Xaa xaa Xaa Bia Xaa Xaa Xaa Xaa cya 
1 5 10 

(2) ?MFORHA~IOlf 1'0Jl SEQ ID NO:lli 

(1) SBQUERCE CKARACTEIUSTlCS: 
· (A) LBllGTH: 21 amino acide 
(B) TrPE: amino acid 
(C) S'l'RABDBDRBSS: ain9le 
(D) TOPOLOGr: unknown 

(ii) MOLECULE TYPE; protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 

PCT/US94f00977 

Cys Xaa xaa eye Xaa xaa xaa Xaa xaa Xaa Xaa Xaa Xaa xaa Xaa Xaa 
1 s 10 15 

xaa cya Xaa Xaa eye 
20 

(2) INFORMATION FOR SEQ ID NO:l2: 

(i) SEQUENCE CHAltACTERISTICS: 
(A) LENGTH: 1? amino acide 
(B) TYP2: amino acid 
(C) STRANDEDNESS: single 
(I>) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: protein 

(xi) SEQU2NCB J>ESCRIP'HOlh SEQ ID Jl'O:l2: 

Cy• xaa xaa Cya xaa xaa xaa Xaa xaa xaa Xaa xaa Xaa eye X•• xaa 
1 S 10 lS 

Cys 

(2) IMl'ORHATI~N FOR SEQ ID HO:l3: 

(i) sSQUENCE CHARAeDRIS1'ICSr 
(A) LENGTH: 21 amino acida 
(8) TYPE: amino acid 
(C) STRARDEDlfESS: single 
(D) TOPOLOGY: unknown 

(ii) MOLECUl.E TYPE: p~otein 

(xi) SEQUENCE: DESCRIPTION: SEQ ID BO:l3: 

c:ya xaa xaa eye Xaa xaa :x.aa xaa ltaa xaa xaa Xaa xaa Xaa xaa Xaa 

P.41 



... 

FEB 21'96 16:17 FR PENNIE & EDMOND 

WO 94/18318 

1 5 

xaa Hi• lt&a xaa Hie 
20 

(2) INl'OIUIATION FOR SBQ JD H0:14: 

-139-

(i) SEQUENCE CBUACTER.ISTlCS: 
(A) LENG'rll: 13 .. ino acid• 
(B) TYPB1 amino &Gid 
(C) STRANl>BDRBSS1 •in9le 
(D) TOPOLOGY: unknown 

(i.i) HOLl:CULB ft'PB: pro~ein 

10 

(Xi) SEQUENCE DESCRIPTION: SEQ ID R0:14: 

TO 011653370031 

PCT/tJS94/00!. 

15 

eye xaa Xaa Hie Xaa xaa xaa Xaa Xaa eye xaa Xaa Cy• 
l 5 10 

(2) INPORKATION FOR SEQ ID HO:l5: 

(i) SEQUENCE CHARACTEllISTICS: 
(A) LENGTH: 12 amino acid• 
(B) TrPB: amino acid 
(.C) STMHDEDNESS: single 
(D) TOPOLOG'I': unknown 

(ii) KOtEctrl.E TYPEs peptide 

(xi) SEQUEHCI n3SCRIPTION: SEO ID NO:lS: 

Thi~ Sheet.Has Been R_eplaced i: 

I IHI 11111111111111111 

Glu Ala Ala Ala Arq Ala Ala Glu Ala Ala Ala Arg 
l s 10 

(2) INFORMA?ION FOR SEQ ID HO:l6: 

(i) SEQUENCE CHMACTElllSTICS: 
(A) LENGTHS 32 amino acid• 
(I) TYPE: amino aeid 
(C) S:nuuiD~DNESS: single 
CD) TOPOI.00¥: unknown 

(ii) JIOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ .tD NO: 16.: 

Thr Asp Thr Leu Gln Ala Glu Thr Aap Cln t.eu Clu Asp Lye Lye Ser 
l 5 10 15 

Ala Leu Cln Thr Glu Ile Ala A•n Leu Leu Lye Glu Lya Glu Lye Leu 
20 25 30 

(2) INFORMATION FOR SEQ ID HO:l7: 

(i) SEQUENCE CHARACTEKISTlCS: 
CA) t.ENGTH: 32 amino •cida 
{8) TrPE: amino acid 
(C) STRANDEDNESS: single . 
(D) TOPOLOCY: unknown 

P.42 
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(ii) MOLECULE ftPE: pept.ide 

(Xi) SEQUEHCE DESClltPTION: SEQ ID B0:17: 

Ile Ala Arg Leu.clu Clu Lye Val Ly• Thr Lau Lya Ala Gln Aan Ser 
1 5 10 15 

Clu Lau Ala ser Thr Ala Aan Mat· Leu ·Arfa Glu Gln Val Ala Gln Lau 
20 25 . 30 

(2) IHFORKATZOR l'OR SEQ ID HO:l81 

(i) SEQUEllC!: CHARAC1'BRIS1'?CS: 
(A) LZRG'rH: 4 amino ac:icl• 

· (B) TYPE: amino acid 
(C) STRANDEDNESS; 8ift9le 
(D) TOPOLOCY: unknown 

(ii} MOLECULE TYPE: pep~iCSe 

(Xi) SEQUENCE DESCRlPTION: SEQ ID NO:lB: 

A•p A•p Asp Lye 
l 

(2) iHFORMATION FOR SEQ ID H0;19: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 4 amino acida 
(9) TYPE: amino •~id 
(C) S~DEDNBSSs. aingle 
(D) TOPOLOGY: unknown 

(ii} Mot.ECULE TYPE: pept.i.de 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l9: 

Ile Giu Gly Arg 
l 

(2) INFORMATION FOR SEQ ID N0:20: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 lllllino acide 
(B) TYPE: amino acid 
(C) STJUU!ll)EDHESS: ·~ngle 
(J>) TOPOLOC!s wmnown 

(ii) KOt.ECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTIOtt: SEQ ID N0:20: 

Leu Val Pro Arq Gly Ser Pro 
1 s 

(2) INFORMATION FOR SEQ ID N0:21= 

(i) SEQUENCE CHARACTERISTICS: 

P.43 
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(A) LZNG'1'H: 17 b&•e pair• 
(I) TrPBs nuclei~ acid 
(C) STRNU)EDHESS: Bingle 
(D) !'OPOLOC'l': unkllown 

-141-

(ii) HOLBCULI TYPE: DHA (genomic) 

(Xi) SBQUBIK:B DESCRIPTION: SEQ ID NOi2l: 

AGCGTAACCA TCTCCCG 

(2) IRFOIUIATlOR FOR SEQ ID R0~22: 

(i) SEQO'SNCE CBARACTIJlISTICS: 
(A) J.ZNG'1'B: 38 amino acid• 
(8) TYPE: amino acid 
(C) STRANDEDNESS: aingle 
(D) TOPCI.OG!: unknown 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESClUP'l'IOJt: SEQ Il> N0;22: 

Sar Ser cys Ala Tyr Ala Arg Tyr Val Pro Lau Leu Leu Leu :Leu Tyr 
l S 10 lS 

Ala Aan Pre Gly Met Tyr Ser Arq Lau Bi• Ser Pro Ala Val Arg Pro 
20 25 .30 

Leu Thr Gln Ser Ser Ala 
35 

{~) INFO.RHA'l'ION FOR SJ:Q ?J) 110:23: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: JS amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: aingle 
(1') 'l'OPOLOGY: unknown 

. (ii) MOLECULE TYPE: pept; ide 

(xi) SEQUENCE DESCRIPTION: SEO ID N0:2l: 

Ser Val Gln Phe Lya Ser Ile Ser Ser Arg Ser Met. Asp Aap Val val 
1 5 10 15 

Lye A•P Pro Cly Pro Lye Pro Ala Mee Trp Lys Ket Leu His Ser Lys 
20 25 . JO 

A•n Pro Phe Thr I.eu Ser 
JS 

(2) INFORMATION l'OR SEQ ID R0:24: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: JS ~ino a.c:i.ds 
(I) trPE: a111ino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: unknown 

11 
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(iiJ MOLBCULl!: Ul'E: peptide 

(xi) SSQUBNCB l>SSC:RIP'l'IOlh SBQ I.D N0:24: 

Pbe A•p Hia Thr Tyr Sar Gly Pro Val Cy• Val Ly• Aan Cly Cly Lau 
1 s . 10 15 

Val Ser ~ro Gly Val Lau Ser Ket 'l'yr A•n Arg Leu Hi• Ser Aap Gly 
20 25 30 

Gly P.ro Ser .Leu Ala S•r 
35 

(2) ?NPO:RHATZON POR SEQ ID XOt25: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 38 amino acid• 
(BJ TYPE: amino acid 
(C) STRAHD3DHESS: single 
( D) TOPOLOGY: unknown 

(ii) HOLECUI.E TrP!: peptide 

(xi) SEQUENCE DESCRIPTION.; SEQ ID N0:25: 

Thr Val Ala Thr Met Kia Aep Thr Leu Ria Ser Ala Pro Gly Ser Gly 
1 s 10 15 

Aan Leu Pro Cly Ser Tyr Aep Ile Lya Pro Ile Phe Ly& Ala ser Gly 
20 25 30 . 

Ala Leu His Ser Thr Xaa 
. 35 

(2) INFORMATION FOR SEQ ID N0:26z 

(i) SEQUENCE CHARAC'1'ERISTICS: 
(A) LENGTH: 38 amino acids 
(B) TYPE: amino acid 
(C) STRAHDIDNESS: aingle 
(D) TOPOLOGY; unknown 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOt26: 

lle A•p Met Pro Glu Thr Ala Ser Thr Hat Tyr Asn Mee Leu Ki• Arg 
l s 10 15 

Aan Glu P~o Gly Cly Arg Lye Leu Ser Pro Pro Ala Aen Asp Met Pro 
20 25 30 

Pro Ala Lau Leu Lya Arg 
35 

(2) INFORMATION FOR SEQ ID N0:27: 

(i) SBQWNCB CHARAC'l'.ERISTJ:CS: 
(AJ ~ENGTH: 23 amino acida 
(B) T~PE: amino acid 

• 
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(D) '.rOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 

-143-

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:27: 

TO 011653370031 

PCT/US94/00977 

Arg Leu Gly Aan Val T.rp Arg Val Glu Gly Gly Gly Ket Tyr Gln Gln 
1 5 10 15 

Leu Bia Bi• Aan Pbe Pro Xaa 
20 

(2) INPORHA~IO~ POR SEQ ZD •0:28: 

(i) SEQUZHCE ~RISTICS: 
(A) LZNCTH: 23 amino acids 
(B) T~PE: amino acid 
(C). STRANDEDNESS; •Lngle 
c D) ':t'OPOLOGY: unknown 

(ii) MOLECULE n'P.E: peptide 

(Xi) SEQUEKCE DESCRIPTION: SEQ ID N0;28: 

Arg Asp Ser Ala val Glu Aan Pro Ser Val Gly Gly Clu Ile Pro Kat 
l 5 10 15 . 

'l'yr Ar9 Tyr Leu Him Gln Arg 
20 

(2) INFORHA'?ION FOR SEQ ID N0:.29: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 amino a~ida 
(8) TYPE1 amino acid 
(C) STIUUIDEDNESS: •ingle 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ lD N0:29: 

Pro Val Gln Lya Glu T}'r Gly Pha Phe Ket Ser Gly Ala Ser Ke~ Ile 
l s ~ ll 

Argo Leu Leu Arg Glu Thr Pro 
20 

(2} INFORMATION FOR SEQ ID.NO:JO: 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENG"l'H: 23 amino ac1de 
(B) TYPE; amino acid 
(C) STRANDEDNESS: ain;le 
(D) TOPOLOGY: unknown 

(ii) MOLECUI.E TYPE: peptide 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID H0:30: 

Cln Ly• Gly Gly Pro Gly Leu· Leu Leu Tyr Gly Gly Aap Ser !let ~rp 
l 5 10 15 

Ile 'l'hr Leu Hie Glu Pro Gly 
20 

(2) XHFOltMATIO~ FOR SEO ID NO:lls 

( i) SEQUENCE CHARACTERISTICS: 
(A) IJCNGTH: 15 amino a~ida 
(8) 'lYPB: amino acid 
(Ct STRAHDEDHESS: •incJle 
(D) TOPQI.OGY: unknown 

(ii) llOLSCULE TrPB: peptide 

(xi) SEQUENCE DESCRIPTION: SEO ID llO:Jl: 

Lau rryr Ala Asn Pro Gly Ke~ 'l'yr Ser Arg Leu His Ser Pro Ala 
l S 10 lS 

(2) INFORMATION FOR SEQ ID N0:32: 

(i) SEQUENCE CHARACTERISTICS~ 
(A) LBHGT.H: 18 amino acid• 
(8) TYPE: amino acid 
(C) STRANDEDNESS: aingle 
(D) TOPOLOG'.r1 unknown 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID H0:32: 

Pro Ser Tyr 'l'yr Arg Gly A•p Ala Gly Pro Ser Tyr ~yr Arg Gly Aep 
l s 10 15 

Ala Gly 

(2) lJfFORMAT.ION .FoR SEQ l'.J> 110:33; 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 17 amino acid• 
(B) TYPE: a111ino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGYs unkn~ 

(ii) MOLECULE TYPE: peptide 

(xi) S£QUBNCE DESCRIPTION: SEQ XD H0:33: 

ser 'l'Yr Gly Arg Gly Aap Val Arq Gly Asp Phe Lys cya Thr eye cya 
l 5 10 15 

Ala 

(2) INFORMATION FOR SEQ ID N0;34: 
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(i) SEQUBIJCI CHAMC1'D.ISTICS: 
(A) LENGTH: 38 amino acid• 
(I) 'l'YPlh amino ac:id 
(C) S'l'RAN1>BDRESS1 •1ngle 
(l>) TOPOU>GY; \ankncnm 

C i.i) MOLECULE TYPDI peptide 

(.zi) SBQUBNCB l>BSCllIM!'ION: SEQ ID N01341 

PCT /US94100977 

Thr Gly Leu Bia !hr Pbe Ala Bi• Gly'Val Ser Tyr Gly 'l'yr Phe Cly 
l s . 10 15 

ll• Gly Pro Cly Bi• Hi• Ser Sar Clu Gly Aap Hi• Ile Pro lle Hi• 
20 2S 30 

Thr Asp Val Ser Hie Bia 
35 

(2) INFORMATION FOR SEQ ?D HO:lS: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 38 a111ino aeida 
(B) TYPE: amino acid 
(C) STRABDEDNESSr Bingle 
(!>) TOPOLDGY: unknown 

(11} MOLECULE TYPE: peptide 

(xi) SBQUENCZ DESCRIPTION: SEQ ID NOt35: 

Gly Val Val Ser Ser Glu Trp Ala Ser Lye Bis Tyr Asn Hie Bi• Phe 
1 5 10 15 

H1• Thr Pro Gly Pbe i.eu Val Arq Hie Phe Cya Thr Pre Ile Ser Gln 
20 25 JO 

Met Aap Hie Lya Glu Thr 
35 

(2) INFORMATION FOR SEQ ID N0:36: 

(i) SEQUENCE CHARAC'l'ERISTICS; 
(A) LEHCTH: 38 amino acida 
(8) TrP£1 amino acid 
(C) S'l'RANJ)EDNESS: aingle 
( D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUl:NCE DESCRIPTION: SEO ID N0:36: 

Gly Ala Tyr Gly Hie Arg Tyr Met Gly Hi• Pro Ile Leu Xle A•n Val 
l . s 10 15 

Gln Asp Pro Gly Pbe Gln Ile Leu Ser Thr Hie Trp Glu Phe Aan Aun 
20 25 30 

Arg Ala Ser His His Pro 
35 
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(2) INFORMATION roa SEQ ID R0:37: 

(i) SEQUERCE CHARACTERISTICS: 
(A) LERGTH: 38 amino aoid• 
(B) '.rY~E: amina acid 
(C) STRAHDEDNBSSs aingle 
(D) TOPOLOGY; "nknown 

(ii) KOLBCULE n'PE: peptide 

(Xi) SBQUJ:HCB DZSCRIPTIOll: SBQ ID R0:37z 

PCTIVS94/00977 

Glu Lya Pbe A•p Ala Ala Bia Gly Thr Aap Ket Tyl' Pbe Ser Ser Cln 
l 5 . 10 15 

Bia Tyr Pro Cly Hi• Aan Aan Ile Pro Bis Bi• Pro Arg Ala Clu Phe 
20 25 30 

Phe Hi• Gly Hia Thr Leu 
35 

(2) INFORMATION FOR SEQ ID H0;38; 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENCTH: 38 amino acid• 
(B) TYPB: amino acid 
(C) STRANDEDNESS: single 
( J)) TOPQl.OGJ' ; unlcnown 

(ii) HOLBCOLB TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEO ID N0:38: 

Thr Thr His Gln Hie His Val Thr Phe Ser Thr Se~ Ala Hi• A•n Pro 
l s 10 15 

Phe Ser Pro Gly Hie Aen Tyr Gly Val Arg ~hr Gln Leu Pro Ala Thr 
20 2S 30 

Ser His Thr His Ile Pro 
35 . 

(2) INFORMATION FOR SEQ ID K0:39: 

(i) SEQtJEJfCE CHARACTERISTICS: 
(A) :t.ENCTH: JS amino acide 
(B) 'l'YPE: amino •~id 
(C) STRAHDEnHESS: single 
(D) TOPOLOGY: unknown 

(ii) KOLECtJLE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID 50:39: 

His Clu Thr Trp Asp Tyr Tyr Ria Hia Asn Ser Phe Leu· Pro Bia Aap 
l 5 10 15 

'l'y.r Ser Pro Cly :ne Leu Ser Ser Hi.a Aan Val .. Phe Arg Ly.11 Clu Ar9 
20 25 30 

Arg Glu Tyr Glu Aan Ser 
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35 

(2) l:llFOJUIATlON !'Olt SEQ J:D H0:40: 

(i) SBQUEBCB CBUACftR:ISTICS: 
(A) I.EBGTll: 38 amino acid• 
( B) TJ'P2: amino ac:.'!id 
(C) STIUUfDEDNESS: •ingle 
(DJ fOPOLQGr1 unknown 

(ii) MOLBCUI.2 '!YPE: peptide 

(Xi) SBQUBRCE l>ESCllIP'HOR: SEQ ID 110:40: 

PCT/US94/00977 

'l'yr A•n I.au Ile Al• Pro .ser Phe Si• Gly Oly Aan Aa;p Arg Al• Gln 
.1 5 10 15 

ser Val Pro Gly Val His His Hi• Hie Pro Glu Ser ~ya Ala Tyr Pro 
20 25 30 

Gln Leu ser Tyr Gly Lya 
.35 

(2) INFOJUCATION FOR.SEQ ID 110:41: 

(i) SEQUENCE CHAKACTBJlIS':ICS: 
(A) LENC'l'H: 38 amino acida 
(B) TYPE= amino •=id 
(C) STRAJU>EDNJl:SS: •inqle 
( D) TOPOLOG!; unknown 

(ii) MOLECULE: TrPE: peptide 

(xi) SEQtlERCE DESCRIPTION= SEQ I? N0:41: 

~la Hia Glu Pro Asn ser Phe Cly Phe Val Gln Cly Ala Hia Aap His 
l s 10 15 

Aan Pro Pro Gly Thr Thr Ser Pro Ser Pro Hie Aap Trp Pro A•n Leu 
20 25 30 

Sta H~a Trp Gly lle ~le 
35 

(2) INFORKATXON ·POR SSQ XD N0:42: 

(i) SEQUENCE CHARACTERIS~ICS: 
(A) LElfGTlh JB amino ae1ds 
(I) TYPE: amino acid · 
(C) STRANDEDNESS: sinqle 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: pept:ide 

{Xi) SEQUENCE DESCRIPTION: SEQ lD H0:42: 

Ser Ser His Gln His Phe Pro Tyr Leu A•n Ser Ar9 Asp Pro Ile Arg 
1 5 10 15 

Ser Bis Pro Gly Hia Pro Glu Bis Cln Tyr Pro Tyr Gly Ala Gly Ile 
20 25 30 

P.50 
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ser &er Alln ser Pro Ser 
35 

(2) ~NFORNATlOH l'O.R SEQ ID HCz43i 
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(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 3$ llmino acids 
(8) ~rPE; amino aoid 
(C) STRAHDEDMESSs •ingle 
(D) TOPOLOGY 1 ~own 

(ii) MOLBCULE TYPI: pept1de 

(Xi) SZQUENCE DESCRIPTION: SIQ ID :R0:43: 

PCT /US94100977 

Met Gly Pro Ser Tyr Thr Asp Aan Gly Aap Gly Asn Arg Hie Asp Bia 
1 5 10 15 

'l'yr Val Pro Gly Bis Pro Ile Pro Pro Aen Glu Leu His Arg Bia Thr 
20 25 30 

Thr Ile Pro Glµ Ser Leu 
35 

(2) INFORMATlON FOR SEQ ID N0:44: 

(i) SEQUENCE CHARACTEAISTICS: 
(A) LENGTH: 38 amino acids 
(8) TYPE: amino acid 
(C) STRAHDEDNESS: •inqle 
(D) TOPOLOGl!: unknown 

(ii) HOL~CULE TrPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID H0:44: 

·' ~.This Sheet. Has Becn.Repia~eq. . ·· 

. . .11111111111111.JJJf Jll lllJ' 

Gly Pro Pro Cly Asp Gly Ala Hie Ala Asp Asp·Hia Lye Hie Arg Trp 
l s 10 15 

Thr Bia Pro Gly 'l'yr His Ser Gly Tyr Ket His Ser Pro Lau Thr Leu 
20 2S 30 

Hie Thr Gln Bia Sar Cln 
35 

(2.,·INFORMATlON FOR SEQ ID N0:45: 

(i) SEQUENCE CHARACTERISTICS: 
(~) LENG1H: 38 amino acida 
(8) TYPE: amino acid. 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: unknown 

\i-i) KOI.ECUI.E TYPE: peptide 

(Xi) SEQUENCE DESCRIPrION: SEQ ID N0:45: 

Ser Ser Hie Asp Ser Ile Tyr A•n Phe Glu Phe.~rg Glu Val ~·n Kia 
l s 10 15 

Hia Ser Pro Gly A•n Gly Leu Gly Gly Val Ser His Thr His His Ser 
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20 

Aan Ket Ser ~g Leu A•p 
35 

(2) Itll'ORHATIOH !'Oil SEQ ID H0:46: 

-149-

25 

(i) SEQUBHCE CHAaACTEJlISTICS: 
(AJ LElfG'l'H: 38 amino ac:id• 
(B) 'l'YPE; amino acid· 
(C) STaAllDEDRBSS: Bingle 
( D) TOPOLOC!': unknown 

(ii) HOI.BCULE TrPE1 peptide 

(Xi) SBQUENCE DESCRIPTION; SEQ ID N0:46: 

PCT /US'4100977 . 

30 

Gln Pro Thr Ile Ser Pro Pro Asp Phe Aan His Arg Ala Ser Leu Aan 
l 5 10 15 

Hie Leu Pro Gly Hie Aan Met Ser Bi• Ser Aan Sar Ser Cly Sar Leu 
. 20 25 30 

Thr Leu Pro Ala val His 
JS 

(2) INFORMATION l'OR SEQ ID N0:47z 

(i) SEQUENCE CHARACTERISTICS: 
(A) I.ERGTH: 38 amino acids 
(8) TYPE: amino acid 
(C) STRANDEDNESS: eingle 
(D) TOPOLOGY: unknown 

(ii) MOLECULE '1'YPE: peptide 

(Xi) SBQUEHCJ: DESClllPTION: SEQ ID KOs41: 

A•p Ala Aan Gly Thr Ser Leu Ser Aap Glu Arg Met 'l'yr Hi• Hie Aan 
1 5 10 15 

Val Ser Pro Gly Phe Arg His Phe Gln Gly Trp Thr .. His Aap Hi.8 A•p 
20 25 30 

Hi• Ala Tyr Pro Hia Met 
35 

(2) IRFORKATION l'OR SEQ ID N0:48: 

(i) SEQUENCE CHARAC'l'ERISTICS: 
(A) LENG~H= 38 amino acida 
(8) TYPE: amino acid 
(C)· STRANDEDNESS: single 
(D) TOPOLOGY: unknown 

(ii) HOLECVLE TrPE: peptide 

(~i) SEQUENC! DESCRIPTION: SEQ ID N0:48: 

Gly Tyr Pro JU'g Val Thr Thr Arg Phe ser Asp Ser Ile Gly Tyr Hi• 
l s 10 15 
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Tyr Ala Pro Gly Pro Ar9 Ala Clu Bi• Ser Val Bia Hi• Gly ~hr Ria 
20 25 30 . 

A8p Ser Ria Pro Aan Thr 
35 

(2) lHFOllHATION FOR SEQ ID 110:49: 

(1) SEQUENCE CHARACTDIS'fICS: 
(A) LBNCTH: 38 ami.l\o acids 
(B) TYPE: amino •~id 
(C) STJWmBDBSS• aingle 
(D) TOPOI.CGY: unknown 

(ii) MOLECULE "l'YPE& peptide 

(xi) SEQUENCE DESCRIPTION: SBQ ID R0:49: 

'1'yr Asp His His Ser Tyr Aen Gly Asp Ket His Tyr Pro Oly Trp ~ro 
1 s 10 ·15 

Pre Leu Pro Cly Pre His His Phe Ala Pro Ile Aap Val Thr Thr Ria 
20 2S 30 

ser Ria Thr Gln Pro Aep 
35 

(2) INFORMATION FOR SEQ ID NO:SO: 

(i) SZQVJ:NCJ: CHAJtACTEKlSTlCS: 
(A) LENGTH: 39 amino acida 
(8) TYPE: 1111\ino acid 
(C) S'l'RABDEDHE$Sc •ingle 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:SO: 

Ile Aap Hi• Bia His Hie Thr Phe Thr Thr Arg Aan Ala Pro.Ser Gln 
l 5 10 lS · 

Pro Aan Pro Gly Pro Pro Tyr Phe Pro Hie Val Hie Hie Arg Asp Ser 
20 25 30 

Ser Ser Met Ser Lya Arg 
35 

(2) INFORMATION FOR SEQ ID NO:Sl: 

(i) SIQUENCB CHARACTERISTICS: 
(A) LENGTH: 38 11111ino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOI.OGJ'; unknown 

(ii) .MOLECULE TYPE: pepti4s 

(Xi) SEQUENCE ~ESCRIPTION: SEQ ID HO:Sl: 

.. 
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Hi• Ser Tyr Hi• ~ap Val Ala Thr Thr LY• Pro Gly Ser Ria Cy• Met 
1 s ~ " 
Bi• Aen Pro Gly Hie Pro Pro Pro Pre Aan Cys Hie Met Ala Ly• Ala 

20 25 30 

Sis Ser Bia Aen Arg Ile 
35 

(2) INPORMATION FOR SEQ ID N0:52: 

(i) SBQUEHCB CHARACTERlSTlCS: 
(A) LENG'ftl; 38 maino &Cid• 
(B) 1'YPZe Ul1no aeid 
(C) STRAIU>EDNESS; •in9le 
( D) TOJIOLOGY s unknown 

(ii) MOLECULE 'l'YPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID R0;52: 

Ala Tiu' Glu Cln His Tyr Trp rhr Cln Tyr Bis Lys Pro Tyr Hie Pro 
l 5 10 15 

Sar Val Pro Gly Pbe His Val Lyi ser Val ~hr Glu Thr Thr Aep Bia 
20 25 30 

Trp Glu Ser Arg Aan Gly 
35 

(2) INFORMATION FOR SEQ ID B~:S3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) I.ERGTH: 38 amino aeids 
(B) TYPE: amino agid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: unknown 

(ii) MOLECULE T!PE; peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ YD B0:53: 

Ser Val Lye Ala His Bia Ket Glu Arg Pro Leu Aan Aen Phe Asp Cly 
l 5 lD 15 

Pro Pro Pro Gly Asp Arg Val Val Gly Cye His Leu Pbe Arg Val Thr 
20 25 . 30 

Sar Cly Gln Cye Arg Bia 
ls 

(2) INl'ORKATION FOR SEQ ID NO:S4: 

(i) SEQUENCE C~CTERIST?CS: 
(A) ~ENGt'H; JB amino acid• 
(B) TYPE: aftl.ino ac~d 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: pepeid@ 
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(Xi) SEQUENCE DZSCRIPTIONi SEQ ID N0:54: 

. Phe Ala Tyr Gly Ser Thr A•n Val Val Met Val Glu Ria Aan Sar A•P 
l 5 . 10 . 15 

Bia Aan Pro Cly Hi• Thr Val Ser Cy• Ser Ala Tbr Cln Cly Hi• Ile 
20 25 lO 

Cy• A•P Aap Aan Thr Arg 
35 

(2) IHFORHATIO• FOR SEQ ID lfQ:SSr 

(i) SEQVBllCE CHAMCTIRISTICS: 
CA) LBllQTH: 38 amino &Cida 
CB) TrPI: amino &Qid. 
(C) STRARDEDllESS: e1ngle 
(D) TOPOLOGY I unknown 

{ii) MOLECULE TYPE: peptide 

(Xi). SEQUENCE DESCJlIPTION: SEQ lD N0:~5: 

Glu Leu Val tle Aen·Leu Ala Ser Ile Val Ser Ala Gly Ser Arg Aan 
l . 5 10 15 

Ile Gly Pro G1y Arg Lau Ser Gly Leu His Tyr Gly Pro Pro Glu Gln 
20 25 30 . 

t'yr Phe Arg His Ser Pre 
lS 

(2) INFORMATION FOR SEQ ID N0:56: 

(i) SEQUENCE CHARAC1'£RISTICS: 
(A) LENGTH: 38 amino acids 
(B) TYPE: amino a~id 
(C) STRAHDEDNESSr aingle 
(D) ':l'OPoLOCr: unknown 

(ii) MOLECULE 'l'YPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:56c 

Tyr Leu Ala Thr Ser Ar9 Phe Pro Leu Thr Gln Ser val Ala Leu Thr 
l . s 10 15 

Hi• Ser Pro Gly Ser Ser Ser His Pro Leu Thr Ser '1'yr Arg Trp A•P 
20 25 30 

Ala Hia Ser Aan Bia Pro 
35 

(2) :tKJ'OlUIA'?lON FOR. SEQ :ID 'NOz57: 

(i) SEQUENCE CHARACTERlSTICSt 
(A) LBNGTH: 38 amino acids 
(8) T!PB: amino acid 
(C) STRANDEDNESS: Bingle 
(D) '?OPOt.OGY: unknown 

(ii) MOLECULE 1'!PE: peptide 
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(Xi) SEQUENCE DESCJllP':lOH: SEQ lD R0;57: 

Aep 'l'yr Sar val Leu Val 1'hr Sar Leu A.rg Ile Thr Gly Sar r.eu Tyr 
1 5 lD 1S 

Cya Pro Pro Cly Pro Arg Tyr Alln Ph• Hie Aep A•n His Gly Arg Pro 
20 25 30 

Cy• Gly Ser Ar; Sar eye 
35 

(2) IRPORKATION FOR SEQ ID N01Si: 

(i) SEQUEHCE CHAD.C'l'DISTICS1 
(A) i.BRGTH; 38 eatno &Q£da 
(B) TIPB: amino •~id 
(C) S'l'RANDEDNESSi ain9le 
( D ) 'l'OPOI.OGY: unknollft 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DES~IPTION: S!Q ID HO:S8: 

Tyr Phe Ala Val Ket eye Aep Glu Cly Arg A•n Thr Arg Val Cya Hie 
l 5 10 15 

·eia ser Pro Gly Trp Leu Thr Bia Gly Arg 'l'yr Sar val Ser Al• Thr 
20 25 30 

Aep Aap Leu Ser Gly Ser 
ls 

(2) INFORMATION FOR SEQ ID R0:59: 

(i) SEQUENCE CHARACTERISTICS: 
(A) t.BNGTH: 38 amino acids 
(B) TYPE: alllino ·acid 
(C) ST.RANDEDNESS: single 
(D) TOPOLOGY: unknown 

(ii) HOLECULE TrPE: peptide 

(Xi) SEQUENCE DESC:llIP'l'ION: ·SEQ 'ID N0;59: 

cya 818 Ila rbr Cye Lya Asp Cys Thr Gly Glu Hie Hie Ser Val Tyr 
l 5 10 15 

Cye Thr Pro Gly Ile Asp Ser Ser Aan The Glu Pro.Gln Ala Ser Me't 
20 25 30 

Hia•Tyr P.he Aan Pro Bia 
35 

(2) IHFOJUIA1'%0N FOil SEO lD N0:60r 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 38 amino acids 
CB) TrPE: amino •~id 
(C) STRANDEDNESS: einqle 
CD) TOPOLOGY: unknown 

(ii) KOL£CULE TYPE-: peptide 

11iiiiiEf 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:60: 

Tyr A•n Gly Lya Aap Bi• aln Leu Pro Met I.au '1'hr Pro Sar Hi• Ala 
1 s 10 . 15 

~hr Cly Pro Gly Ser Cya T.rp Phe A•n Cln Thr Thr Val Pro ~hr Sar zo 25 30 

Aep Ila Glu Gly Bi• Bi• 
35 

(2) IRFOIUCATIOR !'OJl SEQ XD N0:61: 

(i) SEQUBJICB CHARAC1'BRISTICS1 
(A) LBNOTH: 38 -.ino &el.de 
(B) TYPE: amino aeid 
(C) S'.t'RANl>EDNESS: eingle 
(D) 'l'OPOLOGt: unknown 

(ii) MOLECULE TrPE: peptide 

(Xi) SEQUENCE DESCRIPTION: ·sEQ ID N0:61: 

Hi• Glu ·ser Asp Ar9 Hie Asp Ala Ile Ser Ser Val Gly Arg Ser Leu 
l 5 10 lS 

Aap Val Pro Gly Thr Bia JU-g Asp Trp Ala Ser His Tyr Ile Kia Phe 
20 25 30 

Ile Thr Gly Hie Aen Ph• 
35 

(2) INPORHATION FOR SEO ID H0:62: 

(i) SEQUENCE CHARAC'l'ERlSTICS: 
(A) LENGTH: 38 amino acide 
(8) T!'PE: amino acid 
(C) STRANDEDNESS: •inqla 
(D) TOPOLOGY: unknown 

(ii) MOLECULE '!'!'PE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:62z 

Clu Ser Ila Arq "l'yr Tyr Thr Ser Arg can Asp Ser Tyr Arg Ser Aan 
l !i 10 15 

Leu Ala Pro Gly Thr Tyr Asn Ile Val Asp Tyr Aen Thr ser Leu Hie 
. 20 25 . 30 . 

Thr Leu Thr His Thr Thr 
35 

(2) IHFORMATIOH FOll SEQ ID R0:63: 

(i) SEQUENCE CHARAC'l'ERIS~ICS: 
(A) LENGTH: 39 ami.no acids 
<B> TYPE: amino acid 
(C) STl\AHDEDHBSS: Bingle 
(D) TOPOLOGY; unknown 
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(ii) HOLBCD'LE n'PE: peptide 

(Xi) SEQUl:RCI: DESCRIPTION: SEQ ID R0:63: 

Ser PrD Ile Cy• Bi• Hi• Ser Gly Gln·Pha Val Tyr Asp Bi• Pro A•n 
l 5 10 . 15 

Hie ser Pro Gly Pro Met Ly• Sar Leu Pbe Gln Hi• Hi• Cy• Arg Asn 
20 2S 30 

Mn Glu Leu Pro Leu Alln 
3S 

(2) tRFORKATION FOR SEQ ID R0:64: 

(i) SEQUJ:RC! CHARACTERISTICS: 
(A) LENGTH: 38 amino acids 
(B) '-'YPE: amino acid 
(C) STRANDEDNESS: aingle 
( D) t'OPOLOG)!: unknown 

(11) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:64: 

Asp Val Asp Met Gly Thr Ile Phe Asn Thr Ile Ala Aan Aan Ile Thr 
1 s 10 15 

Ser· Arg Pro Gly Val.ser'rrp Gly Gly Sar Thr Arg Thr IleThr Lye 
20 25 30 . 

Pro Lye Gly Ala Val Ala 
35 

(2) INFORMATION FOR SEQ ID N0:65: 

(i) SEQUENCE C.HARAC'l'IRIS1'ICS: 
(A) LENGTH: 38 amino acids 
(B) TrPE: amino acid 
(C) S1'JtANDEDHESS: eingle 
( D) 'l'OPOLOCY i .unknown 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION; SEQ tD N0;65: 

Gln Thr Ala Gly Gln Pro Gly Arg Thr Leu Ser Lye Pro Pro Ile Pro 
l s 10 15 

A•n Thr Pre Gly Pro Ar9 Clu Pro.Sa~ Leu Leu Hie Ser Ket Pro His 
20 25 30 

Leu Pro Aen Leu Thr Ala 
35 

(2) INFORMATION FOR SEQ ID B0:66: 

·(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH; 38 amino acide 
(B) Tll'PE: amino acid 
(C) STRANDEDNESS: single 
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(ii) MOt.BCULE TYPI; peptide 
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(xi) SEQUSNCE DESCIUPTIOlh SEQ ID 110:6&~ 

PCT /US94/00977 

Val Az-9 Thr Ile Ser Ly• Pro Val.Ala Arg Clu Cly Trp ~hr Arg A•P 
1 s . . 10 · l!i 

7tll" Val Pro Gly •~o Ala Thr Ser Ile val Clu Ly• Arq Phe Hi• Leu 
20 25 30 

xle ~ly Val Aan Ala Gln 
3S 

(2) INFORMATION FOR SEQ ID N0:61: 

(1) SEQUENCE CHARACTERISTICS: 
(A) LBHCTH: 38 amino acid& 
(8) T!PE: amino acid 
(C) STRANDEDNESS~ ainqls 
(ti) TOPOi.OGY: unknown 

(ii) MOLECULE 'l'l'PE: peptide 

(xi} SEQUENCE DBSCRYPTION: SEQ ID N0:67: 

Lye Gly Ala Ser Phe Tyr Pro Gln Cya Gly Gly Clu Cya Gln Xle Tyr 
l s 10 15 

Arg Val Pro Gly Aap His Leu Pro Leu Phe Ser Leu Hi• Arg Thr Cly 
20 25 30 

Thr Pro Arg Bia Asp Sar 
35 

(2) INFORMATION FOR S:Bf2 ltl N0:6B: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LSNGTHi 38 amine acids 
(B) TYPE: amino acid 
(C) STRANDEDNESSi aingle 
(D) TOPOt.OGY: unknown 

(ii) MOLECULE T!PE: peptide 

(Xi) SEQUENCE DESCRIPTXON: SEQ ID N0:68: 

A•n Ala Val Arq Val Asp Ser _Gly Tyr Pro Pro Asn Pro A•n Thr Phe 
l s 10 15 

Hie Leu Pro Gly Cye Ile A•p Val Leu Ser Ser Gly Cye Arg Leu Pha 
20 25 30 

Ser Ala Hi• Ser Clu Tyr 
35 

(2) INFORMATION FOR SEQ re H0;69: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 38 amino acids 
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(B) TrPE: amino acid 
(C) STRAHDEDHISS: aingle 
(D) TOPOLOGY: unknoWJ\ 

( i.i) KOl.BCUU 'IYPE: peptide 

1 

(•i) SEQUBHCE DESCRIPTION: SEQ ID N0:69i 

TO 011653370031 

PCT/US94/00977 

C,a Aan Phe Arq Cly Cln Cya Val Ser Ala Pro Oln Thr ser A•n Ser 
l 5 10 15 

Ly• Ser Pro Gly Trp Aap Thr Thr ~rp Bi• Aap Pbe Ar9 Ly• Glv Gln 
20 . 25 30 

Phe 'fyr Aan Leu Tbr Ser 
35 

(2) INFORMATION FOR SEQ ID N0:70: 

(i) SEQUENCE CHARACTERZS%1CS: 
(A) %.ENGTH: 38 amino acida 
(B) TYPE: amino •~id 
(C) STRANDEDRESS: aingle 
(D) TO~Y: unknown 

(ii) HOt.ECU'LE TYPE: peptide 

(xi) SE0t1£NCE DBSCRIPl'IONc SEQ ID N0:70: 

H1a Pro Ala Cya Me~ Gly Pha Ser Hia Pre Tyr Cly Pro Thr Agn Cys 
1 S 10 lS 

Leu Ser Pro Gly Glu Val A•n Lye Aan Val Pre Ser Leu Pro Ile Thr 
20 25 30 

Pro Aap Arg Glu Ser.Pro 
35 . 

(2) INFORMATION FOR SEQ ID N0;7l: 

(i) 5£0UENCE CHARACTERISTICS: 
(A) LENGTH: 38 amino acids 
(BJ T~PEa amino a~id 
(C) S1'RANJ>EPNESS: ain~le 
( D) TOPOLOGY; unkn~ 

( ii) MOLECULE TrPlh pepti,de 

(xi) SEQUENCE DESCRIPTION: SEO lO N0:71: 

Ser Gln Val Pro Tbr Ile Asp Ala Phe Ser Val Gly Met Gly Lys Aap 
l s 10 15 

Aap Hi• Pro Gly Hat Ile Ser Glu Pro Ser Phe Aan ~eu Arg Val Pro 
20 . 25 . JO 

Bis Ile Asp Lye Phe Ala 
35. 

(2) INFORMATION l'OR SEQ ID H0:72: 
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(i) SllQU3RCJ: CllAaACTJl:RISTICS: 
(A) LENGTH: 19 amino acid• 
(B) TrPB: amino acid 
(C) STRAHD.EDRBSSs eingle 
(D) mPOl.OGYi unJcnown 

(ii) · KOU:CULE TYPE: paptide 

(Xi) SSQUBHCE DESCRIPTIOB: SEQ ID HOs72:· 

PCT /US514/00977 

Pro Gly Glu Gln Sar .A.an Leu Alln T~ Ar9 Val Lye Clu Cly A•n Trp 
1 5 10 15 

Ser Ser Ser 

(2) 7NFOJUU\TION FOR SEQ ID NO:?l: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 38 amino acid• 
(8) TrPE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOI..OC!: unknown 

(ii) MOLECULE TYPE: peptide 

{xi) SEQUENCE DESCRIPTION: SEQ lD N0:13: 

Ala Ty~ Gly Thr Val cya. Cye Ser Gly Met Phe Thr Tyr Ser Aan Ser 
l 5 10 lS 

Pro Arg Pro Cly Val Aan Glu Aen Ar9 Arg Val Pro Val Gly Asp LY• 
20 25 . 30 

Gly Aen Aan Pro Aap :t.eu 
lS 

(2) INFORMATION POR SEQ ID N0:74: 

(i) SEQUENCE CHARACTERISTICSz 
(A) LENGTH: 38. amino aeide 
CB) TrPE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOt.OGf; unknown 

(ii) KOt.ECVLE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ XD 80:74: 

Thr Ser Pro Ala eye Ala Ser Gly Ser Thr Hi• Gly Ala Lau Thr Aap 
l 5 10 15 . 

eye Trp Pro Gly Phe Ser Tyr Aan Tbr A:r9 Val Pro Tyr Ile Ser Gln 
20 25 30 

Val Glu Thr Aan Ala Xaa 
35 

(2) INFORMATION FOR SEQ ID H0:7S: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LBlfG'?B1 38 aal.no acid• 
(8) TYPE• amino acid 
(C) S'raABDBDNESSz •ingle 
( D) TOPOl.OGY: unknown 

(ii) KOLBCUl.E ttn; peptide 

(Xi) SBQUlllCI DESCRIPTION: SEQ !D H0:75: 

PCT /lJS94/00917 

Tyr Gly Phe Ser Aan Thr Kat Met Ala Bia Gly ~hr Bia VAl 'l'yr Pbe 
1. 5 10 15 

Ser Pro Pro Gly Ph• T.br Leu Val Val Pro Ile &er Tyr A•n Ser Arg 
20 25 30 

Val Pro Arg Ala A•p Ala 
JS 

(2) IN!'ORMATtON FOR SEQ ID N0:76: 

(i) S£QOEHCI CHARACTERISTICS: 
(A) LENGTH: 38 amino acids 
(B) ttPE: amino acid· 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: pep~ide 

(xi) SEQUENCE ~ESCR.IP~ION: SEQ ID NOs76: 

Arg 1'yr Aen Olu Pro Val Tyr Leu '.l'yr Gln Pro Ser Val Aap Gln Lys 
1 5 10 15 

Gly Ile Pro Gly Pro Tyr Leu Thr Leu Val Hie Tyr Aln Aan Arg Val 
20 25 30 

Pro Leu Thr Ala Ser Ile 
JS 

(2) INFORMATION FOR SZQ ID N0:77: 

(i) SEQVENCB CHARAC1'DIS1'ICS: 
(A) LBHGTHI 38 amino acids 
(B) ~rPE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGr: unknown 

(ii) MOI.ECULE 'l'rPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ lD "0:77: 

Cly Aap Gly Val Pro Leu Phe Asn Aan Ser Thr His Lya Ile Thr Met 
l 5 · 10 lS 

I.eu Asn Pro Gly Hie Asp Thr Arg Met Lys Thr Aap Pbe Val Aen Lye 
20 25 30 . 

~ye Ser V&l Tyr Ser Pro 
.35 

(2} INPORKATIOR FOR SEQ ID N0:78; 
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(i) SBQUBJICB CHARACTBll'ISTICS: 
(A) I.BBGTH: 38 amino ac.lde 
(B) ft'PJ:a amino ac.i.d 
(C) ·STMHDBDRSS: •ingle 
(I>) TOPOLOG!: unknown 

(ii) HOL2CULB ffPBi peptide 

' 

(Xi) SBQUINCE l>BSCAIM'ION: .SEQ II> N0:78: 

TO 011653370031 

PCT /US94/00917 

Thr Ph• Lys Pro Aap Leu Lya Ser A•n Phe Ala ~ly se~ Ser Ala Ser 
l s 10 15 

Pro Aan Pro Gly Ala ~rp Aan Cly i.eu Ar9 P~o Arg Pro Val A•p Gly 
20 25 30 

·Val Pro ser Ala Val Asp 
35 

(2) I~FORMATION FOR SEQ ID R0:79: 

(i) SEQUENCE CHARACTERISTICS: 
(A) I.ENQ'l'H: .38 uaino acids 
(B) 'l'!'PE: amino acid 
(C)· STRANDEDNESS: airiqle 
(D) TOPOLOGY: unknown 

• 
(ii) KOLECULB TYPE; peptide 

(xi) SEQUENCE DBS~IPTION: SEQ ID N0:79: 

Ser Aan Glu Hie Phe Arg Aap Arg Val Ser Ile Ser Lya Ile:HiB Ile 
l 5 10 .. ·15 

Ser Ser Pro Gly Tyr Ala Aen Ti-p Leu Aen Pro Hie Lau Ala Hie ~ya 
20 25 lO 

Met Lye Gly Gln Ala ABn 
35 

(2) IHFOJUIATlON POR SZQ ID H0:8D: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 38 amino acida 
(B) TrPE: amino acid 
(C) STRANrlEDNESS: aingle 
(D) TOPOLOCY: unknown 

(ii) MOLECULE TYPE: pepti.da 

(Xi) SEQUENCE DESCRIPTION: SEQ ID R0:80: 

Tyr Leu Pro Trp Ser Lys Sar Phe Ser Pro ser Gln Tyr Thr Ser He~ 
1 s 10 15 

.Ile Aan Pro Cly His Asn Ser Pbe Ser Ser Gln Asp Thr Leu Tyr Phe 
20 25 30 

Glu Arg Val Ala Pro Bis 
35 
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(2) INl'ORHA'l'IOlf FOa SBQ ID H0:81: 

(i) SBQUBNCB CBARACTERIS~ICS: 
(A) LBMG'l'H: 38 amino a~ida 
(8) TrPB: amino acid 
(C) STRAllDBDRl:SS: eingl• 
CD J 'fOPOt.OGY: uftJmown 

(ii) HOLBCUI.B 'ft'PE: peptide 

(xi) SBQUBN'CE DESctlIPTION: SEQ ID 110;81: 

TO 011653370031 

PC1'/USg4/00977 

Ala Phe Gly Ar9 Glu Ila Cya Ile Aep Phe Met Hie Pro Cye Ser Arg 
1 5 10 15 . 

Thr Arq Pro Gly Hia Aap Phe Ser Glu Lye Pro Asn Gly Ser Lye Aap 
. 20 25 30 

Pro Gln lle Ser Phe Ser 
35 

(2) lRFORKATION FOR SEQ ID K0:82: 

(i) SEQUENCE CHARACTERISTICS: 
(A} LENGTH: 38 amino acids 
CB) TYPEi amino acid 
(C) STRANDEDNESS: single 
(D) 'l'OPOLOGY: unknown 

( U.) MOLECULE TYP&: papt:.i.da 

(xi) SEQUENCE DESCRlP'l'lON: SEQ ID H0:82; 

Ser Aap CU.y Met. Hia eye Pi:o Ria Ala Ph• eye Aan Glu Bia "!'Yr Hi.a 
l s 10 15 

Ala Pro Pro Gly Pro His Met Leu Ser Asp Leu Phe Pro Gly Arg Glu 
20 25 . 30 

Lya Pro Pro 'l'yr Thr Pro 
35 

(2) INFORMATION FOR SEQ ID N0:83: 

(i.) SEQUENCE CHARACTERISTICS: 
(A) LEHCTH: 38 amino aQida 
(8) TYPE: amino acid 
(C) STRANOEDNBSS: aingle 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCR?PTION: SEQ ID N0:83: 

Val Arg Asp Ala Aap His Thr Val Phe Aep Ala Thr '.ryr eya· Ser Ser 
1 s 10 15 

Ser Ala Pro Cly Ser Pro Ser Hie Ser Aan Gln Met Leu Leu Aan Pre 
20 25 .. 30 

Bia Ile Leu Arg Pro Cys 
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35 

(2) INPORMATION f'OR SEQ ID N0:84: 

(i) SEQVERCB CHARACTZaISTICS: 
(A) LBNGTHI 38 amino acid• 
(8) TYPB: amino acid 
(C} ST.RANDED.NJ:SS; ain9le 
(D) TOPOl.OGY 1 unknown 

(11) HOLBCULE TYPB1 peptide 

Cxi) SBQUBHCE DBSCRIP~IOS: SaQ xn NOs84: 

PCTIVS94100911 

Gly Pro Val Aap Val Bia Val Ala Leu Ber Val Ser Bia A•n Ser ser 
l 5 10 15 

Lya Hie ~ro Gly Thr Ala Pro Pbe Thr Glu Ma~ Hie Sar P~o Leu Phe 
20 2S 30 

Aap Aan Pro Ria.Hi• Thr 
3S 

(2) INFORMATION FOR SEQ ID NO:BS: 

(i) SEQU!:NCE c:RARAC'?ERISTICS: 
(A) LENGTH: 3~ amiftO aoids 
{B) TrPE: amino acid 
(C) -sTRARDSDNESS: single 
(0) TOPOLOGY: unknown 

(ii) MOLECUI.E TYPE: peptide 

(Xi) SEQUENCB DESCRIPTION: SEQ ID N0:85: 

Ala A•p Ser His Met Gly xaa Trp Gln Tyr Tyr Arg Trp Trp K~e Arg 
l s 10 15 ,· 

Val Gly Pro Gly Ar; Trp Gly ser_Thr Pro Val Leu phe Arg Pro Glu 
20 25 30 .. 

Phe Aap Arg Glu Trp Phe 
35 

(2) IRFORMATlOR FOR SEQ ID N0:86: 

. ( i) SEQtJERCZ CHARACTBJUSTICS; 
(A) LENGTH: 38 amino acids 
(B) T~PE; amino acid 
(C) STRANl>EDNESS: ain9le 
( D) TOPOLOGY: \lllknown 

(ii) MOLECULE TYPE: pep~ide 

(Xi) SEQUENCE DESCRI'P'rION: SEQ ID lf0:86: 

Aap Pro Leu Leu Arq A•p Glu Ile Aen Aan Lya Pro Gly Gly Aap Phe 
l s 10 15 

Tyr Leu Pro Gly Phe Leu Trp Pro Trp A•n ~r Asn Phe His Ser Val· 
20 25 30 
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35 

(2) IBFORHATIOlf FOR SEQ ID N0:87: 

•163-

(i) SEQUEMCJ: CRARACTBllISTICS: 
(A) LENGTH: 38 amino acid• 
(8) TYl'Es amino acid·. 
(C) S'rRAKDEDIQ:SS1 Bingle 
(D) !'OPOLOG!': unknown 

(ii) XOLBCULI: 1'YPE: paptide 

(Xi) SIQUBNCE DESCRIPTION: SZQ %D K0:87: 

PCT /US94/~0977 

Thr Met Arq Thr Asp Trp Gly Phe Arg Aap Leu Asn Pro Tyr Ile Leu 
l 5 10 15 

Ser Pro Pro Cly Leu Se~ Arg Thr Aap Pbe Gly Pro Thr Glu Phe Arg 
20 25 30 

Gln A•n A•p Ala Lye Lye 
35 

(2) IHFORMATION FOR ~EQ I» N0:88: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 38 amino acid& 
(B) T~PE: amino acid 
(C) STRANDEDNESS1 single 
(D} 1'0POLOGY: unknown 

(ii) MOLECULE t'YPE: peptide 

(xi) SEQUENCE DESCRIPTION: sgg XD N0:88! 

Gly Ar; Thr Trp. His Aan Ile Ser Thr Ph• Hie P~o Ala His Aen Ser 
l . s . 10 15 

Clu Gly Pro Gly Tyr Ile Ala Phe Lau Aan Pre Phe Ser Clu Thr '!'yr 
20 25 :!O 

Val Sar Ser Gly Ser Ser 
35 

(2) XNFORMATION FOR SBQ ID B0:89: 

(i) SEQUENCE CHARAC'l'ERISTICS: 
(A) LENGTH: 23 amino acid• 
(8) T~PE: amine acid 
(CJ srRANOEDNCSS: •in~l• 
(I>) TOPOLOGY: unknown 

(ii) HOLECUI.I TYPE: peptide 

(xi) SEOUENCE DESCRIPTION: SEQ XD N0:89: 

.. 

Pro Ala Clu Gly Gly Asp Glu Ala Gly Ar9 Gly_Gly Ala ~hr Cye·Ar9 
l s 10 15 

Cln Lys Leu Arg Ile Ala Cys 
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(2) IHFOllMATION FOR SEQ ID N0;90: 

(i) SEQUENCE CHARACTD.IS'HC:S: . 
(A) LENGTH: 23 amino acid• 
(B) ftPB: amino acid 
(C) STRAJIJ)EDHESS: sift9le 
( D) TO.POLOGY: unknown 

(ii) MOLECULE TYPJ1 peptide 

(Xi) SBQt1£NCE DESCKIPTIOH: SEQ ID lfOi90: 

TO 011653370031 

PCT/US94/00977 

Gly A•n Aap Ar9 Hi• ll• Gly Glu Aen Mg Cy• Cly· Val Trp Tq» Arg 
1 5 10 15 

Glu Pro Glu Cy• Gly Ala Thr 
20 

(2) INFORMATION FOR SEQ ID N0:91: 

(i} SSOUENCE CHARACTERISTICS: 
(A) LENGTH: 17 amino acids 
(B) TYPE: amino acid. 
(C) STJU\HtllDHESSJ ein9le 
(D) TOPOLOGYz unJcnown 

(ii) MOLECULB 'l'l'PE: pep't ide 

(Xi) SEQUENCE DESCRIPTIONs SIQ ID N0;91: 

Gly Lya ~eu Gly Ser Trp Axg ~is Ala Xaa Xaa Val Cya Pro Thr Ile 
l 5 10 15 

Pro 

{2) lNPORKATION FOR SEQ ID N0:92: 

(i) SEQUENCE CHARACT!!RlSTICS: 
(A) LENGTH: 17 amino acids 
(B) TrPE• amino acid 
(C) STRAM?JEDHESS: aingle 
( :c) 1"0POLCGr: unknown 

(ii) MOI.ECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0;921 

A•p ser Cya Ser Ile Ala 'l'rp Phe Xaa Ala · Cys Cly Gl.u Xle Pro Val 
1 5 . 10 15 

Pro 

{2) INFORMATION FOR SEQ ID N0:93: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 emino acids 
(B) TYPE: amino aci~ 
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(C) S'l'ltAllDEDRBSS: aingle 
CD) TOPOLOGY: unknown 

(ii) MOI.ECUI.E ft Pl:. peptide 

. •165-

(xi) SBQUENCE DESCRIP'l'ION: SBQ ZD H0:9l: 

TO 011653370031 

PCT /US94/00977 

Aap Val Pro Aap Val Ket Gly Ala Al'9 cya Gly Gly Ala Xaa'Arg Gly 
1 s 10 15 

~rp Pro Glu Leu Le~ Arg Pro 
20 

(2) ZNPOJUCATION .POR SEQ ?» •019i1 
.. 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 38 amino acids 
(8) TYPE: amino acid 
(C) ST!\ANDEDNESS: Bingle 
(D) 'fOPOLOGr: unknown 

· (ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DBSCRIPTION: SEQ ID R0:94: 

Val Arg Lau Leu Asp Ile Leu Ser Pro Glu Gln Leu Ser Leu Aap Asp · 
1 s 10 15 

Va1 Ser Pro Gly Leu Pro Glu Val A•n Arg Tyr Pro Sar Lya Leu Pre 
20 25 30 

Pro Pro Aan Arg Lau Gly 
35 

(2) INFORMATION FOR SEQ ID N0:9S: 

( i) SEQUENCE CHARACTERISTICS.: 
(A) L!:NGTH: 23 amino acida 
(8) TYPE: ~ino acid 
(C) STRANOEDNESS: •ingle 
( D) TOPOLOGY: unknown 

(ii) MOLECULE TrPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID K0;95: 

Clu Ala Lau Gly Asp Ser Gly Lye Lye Gly Gly Gly Val Pro Ser Gly 
1 s. 10 .' 15 

Pro Glu Leu Pbe Arg Tyr Pro 
20 

(2) INFORMATION FOR SEQ ID N0:96: 

( i) SEQUENCE CBARAC'rERISTICS: 
(A) LBNGTHi 38 amlno acids 
(B) TrPE: amino acid 
(C) STRANDEDNESS: aingle 
(I>) 'l'OPOLOCY: unknown 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUBBCE DESc.RIPTlOH: SEQ lD N0:96: 

Val Asp Pro Ser ~hr Pro A•n Thr Leu 'l'hr Aap Tyr Tyr Tyr Met Leu 
1 s 10 15 

Ser Gly Pro Cly Ala Thr Ser Phe Aap Gly Glu Arg Aen Arg Ty~ Pro 
20 25 30 

Ile Val Ser Thr Gln Bia 
35 

(2) IBl'ORKATIOR FOR SBQ ID K0:91: 

(i) SBQU8NCB CSAIU\CTERtSTICS: 
(A) LENGTH: 38 maino acicla 
(B) T!PE: amino acid 
(C) SrRANDEDNSSS• aingle 
(D) TOPOLOCY: unknown 

(ii) MOLECULE TYPE: peptide 

{xi) SEOUENCB DESCRIPTlOJlt SEQ ID N0!91: 

'l:yr Tyr Pro Val Tyr Cly Ser Met Arg Arg Leu Ala Asp Tyr Tyr Ser 
l 5 10 15 

Aen Gly P~o Cly Pro Glu Cy• Val Arg Hie Cln Cya Thr Aep Glu His 
20 25 30 

Arg Lys Ala Ile Aap Lye 
35· 

(2) INl'ORMATION FOR SEQ ID R0:98: 

(i) SBQUENCB CHARACTERISTICS: 
(A) LENGTH: 38 amino acid& 
(B) ~YPE: amino ac!d 
(C) STRARDEDNESS: single 
{D) TOPOLOGY: unknown 

(ii) MO~ECULE TYPE: pept~de 

(Xi) SEQUENCE DESCRIPTION: SEQ ID R0:9B: 

Glu !yr Lye Ala Arg Ser ser Phe Val Val Met Thr Gly Ala Glu Gly 
1 s ~o · 1s 

Asn Ser Pro Gly Cya A•p Val A•P At'g Hie Cya Pro 'l'yr Hie His Ser 
20 25 30 

Tyr Trp Thr Glu Sar Ile 
35 

(2) INFORHAT?OH FOR SSQ ID N0:99: 

(i) SEQUENC!l CHARACTERISTICS: 
(A) LENGTH: 23 asnino •=id• 
{B) TYPE: amino acid 
(C) STRANDEDNESS: ein9le 
(D) TOPOLOGY: unknown 
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(ii) MOLECUI.£ TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID 80:99: 

A•P Cln Ala Ser Tyr Phe Leu Aap Arg Trp Cly Cly Aap Gly Trp Sar 
l . 5 10 15 

Phe Thr Pro Thr Pro Pro llet 
20 

(2) IRPORMATZON FOR SEQ ID HOtlOO: 

(i) SBQ'OBNCE CHUACTDISTlCS: 
(A) U:NGTH: 23 amino acida 
(B) TYPB: amino acid 
(C) STRARDEDHBSS: aingle 
(I>) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 

(xi) SBQ"UEHCE DESCRIPTION: SEQ ID NO:lOO: 

Ser.Leu Phe Phe Arg Pro Val Trp Glu Thr Ser Gly Glu cya Phe Gln 
l. 5 10 15 

Leu Phe Gln Pro Pro Pro Cly 
20 

(2) INFORMATION FOR SEQ ID NO:lOl: 

(i) SEQUENCE CHARACTERISTICS: 
(A) I.ENCTH: 23 amino acids 
(8) T!"PE: amino aoid 
(C) STRANDEDNESS: &irMJle 
(D) TOPOLOGY: unknown 

(ii) HOI."ECUI.E TYPE: pept.ide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:10l: 

Aen Cly Gly Arg Gly Cye Pro Val Glu Arg Cya Gly Asp Ser Val Thr 
1 5 10 15 

Cly Ar9 Ala 'l'yr A•p Ala Ile 
~o 

(2) INFORMATION 1'0R S£Q ID NO:l02: 

(i) SEQUENCE C!IARACTERISTZCS: 
(A) LENGTH: 23 amino acid• 
(B) TYPE: amino acid 
(C) STRANDEDNESS: ain;le 
( D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l02: 
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Ket Gly Gly Thr Tyr T~ Clu A•p Arg Trp Gly Gly val Thr Leu xaa 
1 5 1'0 . 15 

Pro Glft xaa Ar9 Glu Thi' Pro 
20 

(2) tNl'ORHATION FOJl SgQ ID X0:10l: 

(1) SBQUBJrCE CHARACTD.IS'1"1CS: 
(A) LENC1'8: 38 uaino acid• 
(B) TYPE; amino aQid 
(C) ST~EDHBSS: single 
(D) TOPOLOGY: unknawn 

(i.i) KOLICULB TYPB:. protein 

(xl) SEQUENCE DESCRIPTION: SEQ ID RO;l03: 

His Gly Met Ala Ser Gln Tyr Phe Thr eye Phe Hie A&P Ser Clu Pro 
l 5 10 . 15 

Ser Ser Pro Gly Met Phe Gly Trp Asp Pro 'rhr Thr Pro Thl: ·z.eu Pro 
20 25 30 

Hia Pro Gln Val Asp Glu 
35 

(2) INPORMATION FOR SEQ ID RO:l04: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 38 amino acids 
(B) TYPE: amino acid 
(C) STRAJIDEDNESS: single 
(D) 1'0POLOGYi unknown 

(ii) MOLBC'IJLB TYPE; pJ:>otein 

·(xi) SEQUENCE DESCRIPTION: SEQ ID 110:104: 

·Ile Ala Bia Arg val Val Ala Tyr Asn Ser Leu Asp ser A•n Pro Ile 
l s 10 . 15 

Trp Leu Pro Gly Glu Glu Ser Ser Ser Val Phe Gly.Aap ~yr Hi• Pro 
20 25 30 

Met Phe Arq Ala Pro Val 
35 

(2) INFORMATION FOR SEO ID N0:10S; 

Ci) SEQUENCE CHARAC'l'ERIS'l'ICS: 
(A) LENCTH: 38 amino acids 
(B) TYPEi amino acid 
(C) STRARJlEDNESS: aingle 
(D) TOPOLOGl'; unknown 

. (ii) MOLECULE TYPE: protein 

(Xi) SBQUENCE DESCRIPTION: SEQ ID NO:lOS: 

Hie Val Pro Val Phe Thr Arg Tyr Aan Tyr Al• Lye Pro A•n Asp Thr 

P.71 



FEB 21'96 16:26 FR PENNIE~ EDMOND ' TO 011653370031 

.. 

WO 94111318 PCT /US94/00977 

•169-

l 5 10 15 

Allp Trp Pro Gly Cly Phe Val Aap Ser Leu Ser Ala Bis Pro Gln ~ly 
20 25 30 . 

Pro Ile Ala Gly Gly Arg 
35 .. 

"(2) llll'ORHATIOH J'OR SEQ ID NO:l06: 

(i) SBQVBNCB CHARACTBB.ISTlCS1 
(A) lJl:NGTH: 38 amino acid• 
(8) TYPB: amino acid 
(C) STRAlmEDHBSSz aingle 
(D) 1'0POLOGY: unknown 

( 1.i) KOLBCULI: TrPJh prot.•in 

(xi) SEQUJ:NCE DESCR~PTION: SEQ ID N0:106: 

Mat Thr Leu Cly 'ryr Aap Arg Ala Ser Pro Ala Pro Aen Thr Ser Phe 
l s 10 15 

Ser .A•n Pro Gly Leu .Aap Phe Aan Pro Phe Thr Tyr Hie Pro Gln Gly 
. 20 25 .. 30 

Pro Hia Gln Ile Leu Cln 
35 

(2) INFORMATION FOR SEQ ID NO=l07: 

(i) SEQUENCE CHARACTIRISTICS: 
(A) LENGTH; 38 amino acids 
(8) TYPE1 amino acid 
(C) S'l'RANDEDNESS; ain9le 
(D) TOPOI.oGr: unknown 

(ii) MOLECULE TYPE: protein 

(xi) SBQtlENCE DESCRIP'l'XON1 SEQ ID NO:l07: 

Ala Gly Arg Ala Ala Arq Aep Aep Aap Cy• Ar9 Gly Hie Ala Cya Ket 
1 s 10 ·. 15 

Ile Ile Pro Cly Val Sar Leu Phe Asn Ser Asp His Pro Ket Gly Ala 
20 25 30 . 

Bia Pro Ser Ile Ar9 Arg 
35 

• 

(2) INFORMATION FOR SEQ XD NO;l08: 

(i) SEQUENCE CHARACTERISTICS; 
(A) LENGTH: 38 amino acids 

· (8) TYPE: amino acid 
(C) STJtAJIDEDNESSi aing1e 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ?D N0:108: 
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ABP Phe Ser Sar Phe Leu Thr Gly Thr Aan Ala Met Ala Pro.Phe Trp 
1 5 10 15 

Pro Pbe Pro Gly Sar Thr Tyr Leu Leu Gly His Pro .Met Ala Pro Arq 
20 25 30 

Aap Leu Gln Thr Ser A.an 
35 

(2) IllFORKATION roR SEQ ID N0:109: 

(i) SBQUZNCI: CHARACTBlllSTICS: 
(A) LENGTH: 38 amino acid• 
(B) TrPE: amino acid 
(C) STRAHDBDNESSs lin9le 
(D) TOPOLOGY: unknown 

(ii) MOLECULE ftPE: proteisi 

(Xi) SEQUENCE DESCRIPTION: SEQ ID RO:l09: 

Ser Ala Ser Trp Ly• Phe Aan Ser Ser Phe Gly Tyr Pre Thr Cly Cly 
l 5 10 15 

Ile Gl.u Pro Gly Pre Aan Cya Bia Pro Gln Ala Cy11.Prc. Asp Val Leu 
20 25 . 3.0 

Ala Lye Ser Lau Ser Pro 
35 

(2) IBFORMATION POJt SEQ ID NO:llO: 

(i) SBQUBNCS CHARACTERISTICS: 
(A) LENGTH: 38 ·amino acids 
(B) TYPE: amino acid 
(C) ST.RANDEDNESS: ain9le 
(ti) TOPOLOGY1 unknown 

(ii) MOLECULE TtPE: protein 

. (Xi) SEQUENCE DESC!t.IPTION: SEQ ID NO:llO: 
-

Val Ser Clu Met Ser Ser Phe Sar Gly Cys Asn Thr A•p Bia His Pro 
l s 10 15 

Gln Gly Pro Gly Gly Arg Bis Asp Ile Met Arg Ser Ila Ser Glu Ser 
20 2S JO 

Arq Gly Tyr Gly Ser Leu 
35 

(2) INFORMATION FOR SEQ ID HO:lll1 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTR: 38 amino acide 
CB) TYPE: amino acid . 
(C) STRANDEDNESS: single 
( D) TOPOLOGY: unknown 

(ii) MOLECULE TrPE: protein 
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(xi) SEQUEHCE DESCRIPTION: HQ lD BO:lll: 

Glu M•t Leu Thr Lau Pro Lau Thr Ser tle Pro Ile Pro Trp Hi• Pr~ 
1 5 10 15 

Gln Gly Pro Gly Tyr X..u Tyr Ria Lya Pro Pro Arg Gly Thr Aap Phe 
20 25 30 

Ar9 Mee Leu Sar Ser LY• 
35 

(2) IRFO.RMATIO!l FOR SEQ ID RO:ll2: 

(i) SBQUBRCE CHARACTBRISTICS: 
(A) LBBCTH: 38 amino acida 
(B) TYPE: amino acid 
(C) ST1'ARDEDNESS: •in9le 
(D) TOPOLOGY: unknown 

~ii) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTIOHi SEQ ID NO:ll2: 

Pro Tyr Arg Phe Tyr Hia Pre 'l'yr Ser His Pro Arg Hie Pro Cln Gly 
l s 10 15 

A•p Va·l Pro Gly Ser Ser Ala Glu Val Phe Ria Thr Phe Pro Aan Thr 
20 25 30 

Gln Gly Arg A•n Ser Arg 
35 

(2) INFORMATION FOR SEQ lD NO:ll~: 

(i) SEQuENCE CHARACT!RISrICS: 
(A) LENGTH: 38 amino acids 
(8) TYPE: amino aaid 
(C) STRANDEDNESS: ain9le 
(D) TOPOI.OC!': unknown 

(ii) MOLECULE TYPE: protein 

(xi) SEOUBNCE DIS~IPTION: SEQ ID N0:1131 

Ala A•p Tyr Gly Thr Ile Gly Glu sei Pro Cys Hie Pro Gln Val Asp 
1 s 10 . . 15 

Ile cys Pro Gly Ala Leu Hia His Glu Phe A•n Clu Phe Phe val Gly 
20 25 30 

Ket Sar Pro Glu Pre Ser 
3S ' 

(2) IRFORMATION FOR S~Q iD NO:ll4: 

(i) SEQUENCE CHARACTJ:RZSTYCS: 
(A) LENGTHS 38 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: single 
( D) TOPOLOGY: unknown 

{ii) MO~BctlLE TYPE; protein 
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(Xi).S.EQUBNCE DBSCRIP'1'%0Ns SBO ID HOi114: 

Al• Ar9 Ket Ala Gly Leu Thr Glu Hi• Pro Gln Cly A•p Ile Ile A•p 
l 5 10 15 

Hia Hie Pro Gly Trp Val Hie Aap ser Ly• Ile Ser Pro Ar9 A•n Gln 
20 25 · lD. 

A•P Thr Tyr Hi• Ser Ser 
35 

(2) IHFORHATIOH FOR SEQ ID HO:llS: 

(1) SBQUIHCB CRARACDIUSTICS: 
(A) LEBGTlh 38 amino ·acLcS• 
(8) ftP.Bz amino acid 
(C) S'l"RANDEDNISS: aingle 
(D) roPOLOCY: unknown 

(ii) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEO ID NO:ll5: 

Ala Bi• Leu Ph@ Cly His Pro Gln Val Cly Phe Aap Ser lle Gly Ser 
l s 10 15 

Ala Phe Pro Cly Aap Ile Kia Cy• Lya Gln Tyr Lya·Ala Asp Sar Cly 
20 25 30 

Leu G'l.n Ser Ala Ala ~la 
JS 

(2) INFORMATION FOR SEQ ID HO:ll6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LEHG'rH: 38 amino acids 
(BJ TrPB: amino •~id 
(C) STRANnEDNESS: aingle 
(DJ 'l'OPOLOC!': unknown 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTIOlf: SEQ ID H0:116: 

Pre Aap 'l'yr Aap Leu Ket Ser Ser Thr cya Arg Pbe Tyr Gly Cy~ Ser 
1 5 . 10 . 15 

Lya Met Pro Cly Cly Val Ala Val A•n Gly Leu Phe Ala Val Gln Gly 
20 25 . 30 

Hie Ser Lye Tyr Ser Ser 
35 

(2) lRFORKATION POR SEQ XD NO:ll7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 38 amino acid& 
(8) TrPEz amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: procein 

\ 
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(xi) SEQVBllCE DESCllIPTlON: SBQ ID 80;117: 

Thr Trp A•p Ph• Thr"Ar9 Ser Ser Leu Pro Ala Cly Aap Thr Ser Phe 
1 5 10 lS 

'l'hr Ser Pro Gly ·Ser Tyr Ser Val Met T.br Ar9 Sar Cy• Gly Ile Ser. 
20 2S 30 

Cy• Val Pro Ala Glu Val 
35 

(2) IHPORMATIOH FOJl SEQ ID 1«>:118: 

(i) SEQUBNCE CRARACftA!S2"ICS: 
(A) LEHGTHs 38 ..t.no acid• 
(B) TYPE: amino •~id 
(C) STBA!Q)EDNESS; single 
( D) TOPOLOGr: unknown 

(ii) MOLECULE TYPE: peptide 

{Xi) SEQUENCE D£SCRIPTION; SEQ ID RO:llB: 

ThiS ~heet Has Been Replaced . 

· 111111/Hlll~ ml 111 lllt. 

Ser Ser Arg Leu Ala Tyr Aap Kia Tyr Phe Pro Ser Trp Arg Ser Tyr 
l s 10 15 

Ile Phe Pro Gly Ser Aan se~ Ser Tyr 'lyr Asn Asn ser.rrp Pro Thr 
20 25 30 

Ila Thr Met Glu Thr Aan 
lS 

(2) INFORMATION FOR SEQ ID NOs119: 

(1) SEQUENCE CHARACTERISTICS; 
(A) LENCTH: 23 amino acida 
(B) T?PE: amino acid 
(C) S'l'RAHDEDN'ESS: single 
(ti) TOPOLOGY: unknown 

(ii) HOLSCut.E TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:ll9; 

Pro 'lyr Trp Ket Phe Tyr Gly Ph• Asp Trp Arq Gly Gly Phe Pro Pro 
l s . 10 15 

Ser Hi• Gln Ile Met Asp Cln 
20. 

(2) INFORMATION FOR SEQ ID RO;l20: 

(i) SEQUENCE CHARACTERISTICS: 
(A) Ll:NGTH: 38 iillllino acids 
(B} TJ'P.E: amino acid 
(C) STRANDEDNESS: Bingle 
(J)) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQtfBRCB DBSCRIP'l'ION: SEQ ID 80:120: 

Aap Ser Trp Pro Leu Arg Ile Tyr Ser Gly I.au Ser Aen Ty~ 'l'yr Bi• 
1 5 10 15 

Tyr Pbe Pro Gly Ser 1.eu Val 'l'yr A•n ~ Met Tyr Pro Ser Kia Cly 
20 25 30 

Glu Ala Pro Lya Cly Aep 
35 

(2) IHPOIUIATIOH POJl SEQ .lD •o:l21: 

(1) SIQVBRCB CBARACTBR?STICS: 
(A) LZHC'l'B1 23 llllino aoid• 
(8) TYPE• amino aeid 
(C) S'l'RANDIDllKSS1 •i.D;'le 
{D) TOPOLOGY: unknawn 

.. 
(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID BO:l2l: 

Trp Gly Trp Ala Arg Gly Leu Gly Gly Gly Lye Gly A•p Ala Arg His 
l 5 10 lS 

Pro Ser Ala ·pro Glu Ala Bia 
20 

(2) INFORMATION FOR SEQ ID 50:122: 

(i) SEQUENCE CHA,RACTERISTICS: 
(A) L!:NG~H: 23 amino acids 
(B) TYPE: ami.no acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: unknown 

C ii) MOLECULE TYPE: peptida 

(xi) SEQUENCE DESCRIPTION: SEQ ID MO:l22: 

Trp Ket Gln Ser Trp Tyr Tyr Hi• Trp Gly Gly Gly Glu Thr Phe Pro 
l !i 10 15 

Ila Arg Arg Aap Sar Gly Gly 
20 

(2) INFORMATION FOR SEQ ID NO:l23: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 38 amlno acid& 
(B) TYPE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOG?: unknown 

(ii) MOLECULE 1'rP1h peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0;123: 

Bia His Gly Ala Met Asn Arg Tyr Tyr Thr Trp Leu T~p Aap A•n Ser 
l 5 10 . 15 
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Arg Phe Pro Gly Ar9 se~ Tyr Leu Leu Ser Ala Pro Ala T~r Gln Pro 
20 . 25· 30 

. Glu Ala Ser Ile Ser Gln 
.35 

(2) IRFOlUIATlOlf l"Oll SBQ ID 50:124: 

(i) SZQUZHCB CHARACDRISTICSJ 
(A) t.£1tGTR: 38 amino aci.d• 
(B) ft'PB: amino •~id 
(C) ST.RARDBDN'BSSt aingle 
(D, TOPOLOCY; 11nlmown 

(ii) HOl.BCULE 'l'YPB: peptide 

(:ici) SEQUJ:NCE DESCRIPTION: SEQ ID NO:l24: 

~eu Cly Phe Ser Cly Trp Tyr Trp Gln Gly Leu Tyr Gly Leu Gly Sar 
1 s . 10 15 

Kia Aap Pro Cly Phe Ile Bia Glu Gln ser Pro Ala Clu Val Ala Ket 
20 . 25 30 

Glu Asp Thr Glu Gln ·ser 
35 

(2) INFORMATION FOR SEQ ID NOi125: 

Ci) SEQUl:NCE CHARACTERlSTlCSs 
(A) LENGTH: 33 amino acids 
(B) T!PE: amino acid · 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: unknown 

(ii) HOt.ICUI.E TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID ~0:125: 

This Sheet Has Been Replaced 

111111/flllfil mHI 1111 

Arg Pro Ty: Leu Tyr Asp Pro Aan Glu Trp His Arg Tyr Tyr Ser Tyr 
l. 5 10 lS 

I.eu Leu Pro Gly Hie Se~ Tyr Aan Val Cln Ser Trp Pro Aap Gly Leu 
20 25 30 

Gly 

(2) INFORMATION FOR SEQ ID HO:l26: 

(i) SEQUBNCE CHARACTERISTICS: 
(A) LBNCTH= 23 amino •~ids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: •in;le 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l26: 

Pro Trp Trp Trp val Ser Trp Val Asp Ala Gly Gly Gly Ser Leu Ala 
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1 5 

Lau Pro Thr Cln Pro Ser A•p 
20 

(2) IKl'ORMAT!OH FOR SEQ ID N0:12?1 

-176-

(1) SBQUBllCB CBARACftRlSTICSz 
(A) LBRC:TH: 38 amino acid• 
( B) '!l'YPJh amino acid 
(C) STRNIDBDJO:SSs aingle 
(D) TOPOLOG:r: unknown 

(ii) HOLBCULE ftPE: peptide 

10 

(Xi) SEQUZNCE DBSCRIPTIOH: SBQ ID 110:127: 

PCT/US94/00!m 

15 

Xle Tyr Tyr Pro Phe Phe Val Trp Cly Aan 'l'yr Ala Aan Gly Gly Leu 
l 5 . 10 15 

Leu Ser Pro Gly His Val 'J:yr Ser Ser Aan Phe Ile Pro Leu Tyr Met 
20 25 30 

Gln Arg Clu Val Ser Pre 
35 

(2) XHFORMATION FOR SEO ID RO:l28t 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21 amino acid• 
(B) TYPE: amino acid 
(C) STRANDEDNESS: •ingle 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TrPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID HO:l28: 

Cly Trp Cln Ser Gly Trp Glu Trp Trp Ile Gly Gly Gly A•n Trp Tbr 
l 5 10 . 15 

Ser Asn Thr ~hr His 
20 

(2) INFORMATION FOR SEQ ID NO:l29: 

(i) SEQUENCE CHARACTERISTICS: 
(A) IJ!:HGTH: 38 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: •inqle 
(D) TOPOLOGI': unknown 

(ii) MOLECULE TrPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID 50:129: 

Glu Ile Bis Gly Aen Leu Tyr Aan Trp Sar Pro Leu Leu Cly Tyr Ser 
l 5 10 lS 

~r Pbe Pro Gly Ile Ser Pro LY• His Ile Ser Cly Glu Val Leu Leu 
20 25 30 
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Gly Arq Leu Pro Gln val 
35 

(2) IHPORHA1'10N POR SEQ l:D H0&130: 

-177• 

( i) SBQUBlfCB C'HARACTBRISTICS: 
(A} l.ElfGTH: 38 amino acids 
(B) TJ'PB: amino acid · 
(C) STRAIU>EDNBSS: •ingle 
(I>) TOPOI.DCY 1 unknown 

(ii) HOLBCUX.2 TYPE: peptide 

(Xi) S.BQUBlfCE DBSCRIPTION: SZQ ID lf0:130: 

PCT/US94/00!J77 

"l'yr Thr Gly Trp Glu Thr Trp '!'yr Ser Phe Aap Pro Pbe Thr Hi• 'l'yr 
l· 5 10 15 

Gly Gly Pro Gly Ser Arg Phe A•p Phe Val Hi• Aap LY• sar Olu Aap 
20 25 30 

Pro Ile Aap Arg Ser Tyr 
35 

(2) INPO'RMATlON PQR SBQ ID NO:l31: 

(i) SEQUENCE CHARACTEkISTlCS: 
(A) LENGTH: 38 amino acids 
(8) TYPE: amino acid 
(C) STRAMDEnNESS: single 
(D) TOPOLOGY; unknown 

(ii) HOLECVLE 'f'YP.E: peptide 

{xi) SEQUENCE DESCRIPTION: SEQ ID H0Jl31: 

Gln Aap Leu Aap Hi• Trp Ser Tyr ~rp Ser Met Tyr Ser Thr Tyr Pro 
l 5 10 15 

Thr Ser Pro Cly Leu Val Pro 'l'yr Sar Trp Gly Tyr Gly Ser Pro Aan 
20 25 30 

Ser His Thr Aap Lye Lau 
-., lS 

(2) INFORMATION FOR SEQ ID NO:l32: 

(i) SEQUENCE ~CTERISTICS: 
(A) LBNC'Z'Hr 23 amine acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: single 
(DJ TOPOLOG?: unknown 

(ii) MOLECULE T~E: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO;ll2: 

Trp Trp A•P Pro Asp Ile Trp Phe Gly Trp Gly Cly Ala Bie Pro Pro 
l s 10 .. 15 

.Aan Leu Ile Gln Pro Ile Ser 
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20 

( 2 ) Illl'ORKA'l".ION FO~ SEQ ID 110: 1331 

(i) SEQUENCE CHARACTDIS!l':tCS: 
(A) I.BNGl!l'H: 38 amino acida 
(8) TYPJ:z amino acid 
(C) S'l'RAJIDBDR2SS1 •ingle 
(D) TOPOLOGY z unknown · 

(ii) HOLtCULE TYPE: paptide 

(Xi) SBQUSllCB DZSCRlPTlOlf: SEQ ID 1101133: 

PCT /US94/00977 

Gln Thr Leu Ile Aap Pbe Hi• A•p ~ Bi• Tyr Trp Cly Ala '1'yr 1'yr 
l 5 10 15 

Gly Trp Pro Gly Ile Tyr Aap.Glu Ala Ser Gly Ser Gln Ala Val Ar9 
20 25 30 

Ria Aan Met Thr Ria Thr 
35 

(2) INFORMATION FOR SEQ ID N0:134: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LERG1'H: 38 amino acids 
(B) T?PE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: unknown 

(11) MOLECULE ttPE: peptide 

(Xi} SBQUJ!!HCE DESCRIPTION: SEQ ID N0:1)4: 

Thr Tyr Aap Tyr Thr Tyr Aap ~rp Ser Gly Leu Phe Trp Ser Pro Phe 
1 s 10 15 

Thr Hia Pro Gly Ala Ria Met Thr Thr Ria Ser Pre Trp Ala Gly Hia 
20 25 30 . 

Lya Pro Bis Ala Glu Thr 
35 

(2) INFORMATION FOR SEQ ID NO:l35: 

(i) SEQUENCE CHARACTERIS'l'ICS: 
(A) LENGTH: 23 amino acid• 
(B) TYPE: amino acid 
(C) STRANDEDNESS: •ingle 
(D) TOPOLOGY-: unlcnown 

( U.) MOLECULE T!iP.E: ·peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID RO:l35: 

Val Pro Arg Trp Ile Glu Aap Ser Leu Arg Gly Gly Ala ~la Ar9 Ala 
1 s 10 15 

Gln Thr Arq Leu Ala Ser Ala 
20 . 
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(2) INJ'ORMATlON POR SEQ ID HO;l36; 

Ci) SEQUBNC!: CHARACft:RlSTlCS: 
(A) LEHGTRa 32 baae pair• 
(8) '1'1'PI!!: nucleic acid 
(C) STRANDEDNBSS: single 
(D) TOPOLOGY: unknown 

-17~-

(ii) HOLl!:CULE ftPE: DNA (genomic) 

(•i) SBQUBRCE DESCRIPTION: SBQ ID HChll6: 

COTTACGAA'f "rC'l'l'MGAC'f CCTTATTACG CA 

(2) IBPOIUIATION POR SEQ ID M0:137: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 32 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: aingl• 
(D) TOPOLOCY: unknown 

(ii) MOLECULE T!P£: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:137: 

CGTTAGCATC CCCATTCGTT TCTGAATATC AA 

(2) INFORMATION FOR SEQ ID H0:138: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 36 ba•e pairs 
(8) TYPE: nucleic acid 
(C) S1"RANJ>EDNBSS: •ingle 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (ganmnic) 

(xi) SEQUENCE DESCRlP1'ION: SEQ ID N0:138: 

GCGAC:CCGAC CAGC'l'CGAC'l' GCAAATTCTA tt1'CAA 

(2) INFORMATION FOR SEQ ID H0:139: 

(i) SEQUENCE CHARACTERISTICS~ 
(A) L!:KGTH1 54 base paira 
(B) TYPE: nucleic acid 
(C) STRARDEDHESS: single 
(D) TOPOLOGY: unknown 

(ii) HOU:CULE TrPE: DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID 50:139: 

CTAA~'l'CTA GAAACCttCT CGAGCCC'l'GC AGC1'GCACCT GGGCCATCGA C'l'GG 

(2) INFORMATION POR SBO ID ~0:140: 

(i) SEQUENCE CHARAC'l'ERISTICS: 

TO 011653370031 P.82 

PCTJUS94/00977 
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(A) LBNG1'H: 5 amino acids 
(B) TrPE: amino acid 
(C) STRAHDEDRESS: aingle 
(D) TOPOLOGYz unknown 

(ii) MOU:CULE n'Pi:: peptide 

-180-

(Xi) SEQUENCE DESCR.l'.PTION1 SBQ ID 110:140: 

Gly Gly Cly Cly Sar 
l 5 

(2) Ill10RHA1'lON FOR SBQ ID R'0:141: 

(i) SEQUENCE CHARACTERISTICS; 
(A) LENGTH: 29 base pairs 
(B) TYPE: nucleic &cid 
(C) STRANI>EDNBSS: •ingle 
(D) TOPOLOGY: unkncwn 

(ii) MOLECULE TrPE: DNA (9enamic) 

(xi} SEQUENCE DESCRIPTION: SEQ tD RO:l41: 

CATCTATCGA TTAAATAAGG AGCAA'l'AAC 

(2) INFORMATION POR SEQ ID NO:l42; 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 40 amino aeida 
(8) TYPE: amino &Cid 
(C) STRANDEDNESS: ain9le 
(D) TOPOLOCY:. unknown 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:142: 

Cy• Gly Asp Gly Gln Glu Pro Pro Glu Thr Gly Cy• Gly Val Sar Arg 
l 5 10 15 

Lya Ar9 Val Ser Xaa Gly Cys Gly Arg t.eu Lau Thr Xaa Xaa Xaa lta& 
20 25 30 

Gly Cye Gly Pro Pro Gly Ser Arg 
35 40 

(2) ZHJ'OIUIAT?ON FOR SEQ lD NO:l43: • 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENO~H: 39 amino acid• 
(B) T~PE: amino acid 
(C} ST1UUfDEDNESS: sing1e 
(D) TOPOLOCY: unknown 

(ii) MOLECULE TYPE: peptide 

29 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l43: 

Cy• Gly Arg Gly Ala Arg Pbe Ser Trp Mat Gly Cys Gly Gly Trp Gly 
.1 5 10 15 

Ile Ser Cln Ala ~hr Gly Cya Cly Pro ~•p Pha Pro Phe Tyr Aap Gly 
20 25 30 

Cy• Gly Pro Pro Cly Ser Arg 
35 

(2) IRFOIVfATIOR FOR SEQ ID RO:l44: 

(i) SBQVEll'CB CRARACTBRISTICSi 
(A) 1.ERGTB: B amino acid• 
(B) TYPB: amino acid 
(C) STRAHDEDllBSS: •in;le 
( D) TOPOLOGY: unknown 

(ii) MOLECULB: TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:144: 

cya Asn Phe Arg Gly Gln Cy• Val 
l s 

(2) INFORMATION FOR SEQ ID NO:l4S: 

(i) SEQUENCE CHARACTERISTICS; 
(A) LENGTH: 8 amino acids 
(B) TYPE: amino acid 
(C) STRANJ)EDNESS: aingla 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide. 

(xi) SEQUENCE DESCRIP~ION: SEQ ID NO:l45: 

Aan Phe Arg Gly Gln cya Val Ser 
l 5 

(2) XNFORKATION FOR SEQ ID NO:l46: 

(i) SEQUBNCE CHARACTJ:RISTICS: 
(A) LENGTH: 8 amino acida 
(B) TYPE: amino acid 
(C) ST.RAHD!DNESS: aingla 
(D) 'l'OPOLOGr: unknown 

(ii) MOLECULE 'l'!'PE: peptide 

(xi) SEQUENCE DESCRIPTION: SEO ID H0:146: 

Phe Arg Gly Cln Cya Val Ser Ala 
l s 

(2) XNFORMA~ION FOR SEQ ID N0:147; 

(i) SEQUENCE CHARAC'l'ERIS~ICS: 
(A) LENGTH: 8 amino acida 
(B) TYPE: amino acid 
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(C) STRANDEDNESS: 91ngle 
(D) TOPOLOGY: unknown 

(ii) MOLECULE '?lrPE: pept.ida 

-182-

& 

·(Xi) SEQUENCE DESCRIPTION: SEQ ID RO:l47: 

A&>g Gly Gln cya Val Ser Ala Pro 
l s 

(2) IKl'OIUIA'flON POR SZQ ID llOil48i 

(i) SBQUBNCZ CHARACftJUST:tCS: 
(A) I.EHG'1'Hr 8 amino acid• 
(B) TYPBa mnino ac=id 
(C) STltAHDEDHESS: Bingle 
(D) 'l'Ol'Ol.OGY': unknown 

(ii) MOl.BCULE TYPE: pepti.de 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l48: 

Gly Gln Cy• Val Ser Ala Pro Oln 
l 5 

(2) INPOJUtATION FOR SEQ ID HO:l49= 

(1) SEQUENCE CHARACTERISTICS: 
(A) J.EllG'l'H: ·8 amino acid• 
(Bf TYPE: amine •~id 
(C) STRAND2DN2SS: single 
(D) TOPOt.CGY: unknown 

(ii) MOLECULE T!PE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l49: 

Gln Cy• Val Ser Ala Pro Gln Thr 
l. s 

(2) INFORMATION FOR SEQ ID NO:lSO: 

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

· ( B) TYPE: amino a.cid 
(C) STRAHDEDNBSS: ainqle 
(D) TOPOLOGY: unJcnown 

(ii) MOLECULE TYPE: peptide 

(xi) SBQUENCB DESCRIPTION: SEQ ID NO:l501 

Cye Val Ser Ala Pro Gln Thr Ser 
l s 

(2) INFORMATION FOR SEQ ID N0-:151: 

.( i) SEQUENCE CHARACTERISTICS: 
(A} LENG~H: a amino acids 

TO 011653370031 P.85 
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(8) TYPE: amino acid 
(C) ST.RAHI>EDNESS: aingle 
(D) TOl'OLOGY: unknown 

(ii) MOLECULE TrPE: peptide 

-183-

(xi) SBQUBNCE DESCRIPTION: SEQ ID HO:lSl: 

Val Ser Ala Pro Gln Tbr Ser Aan 
1 . s 

(2) ZRPOIUIATIOJI l'OR SEQ ID MO:l52: 

(1) SBQUBNCE CHARACTERISTICS: 
(A) LENOTB; 8 amino acida 
(B) T~PJ:: amino acid 
(C) STRANJ.)EDNESS: •ingle 
(D) TOPOLOGt: unknown 

(ii) HOLECUU: TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l52: 

Ser Ala Pro Cln Thr Ser Aan Ser 
1 5 

_ (2) IBFORHATION FOR SEQ ID N0:153: 

(i) SEQUEBCE CHARACTERISTICS: 
(A) LENGTH= 8 amino acid• 
(B) TYPE: amino acid 
(C) STRANDEDNESS: aingla 
( D) TOPOLOGY: u.nJcnown 

(ii) MOLECULE TYPE: peptide. 

(Xi) SEQUENCE DESCRIPTION: S!Q ?D N0:153: 

Ala Pro Gln Thr &er Aan Ser Lya· 
l 5 

(2) INFORHA~IOH FOR SEQ ID H0:154: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 8 amine acide 
(B) TYPE: amino acid 
(C) STRANDEDRBSS: Binqle 
(D) TOPOLOGY: unknown 

(ii) MOLECUt.I: TYPE: pept:ida 

(xi) SEQUElfCE DESCRIP'l'ION: SEQ ID NO:l54:' 

Pre Gln Thr Ser Aan Ser Lya Ser 
l s 

(2) INFORMATION FOR SEQ ID N0:1SS: 

(i) siQUENC! CHARACTERISTICS: 

TO 011653370031 P.86 
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(A) LENGTH: 8 amino acid• 
(B) TYPE: amino acid 
{C) STl\AHDEDHISSi •in;le 
(D) 'l'OPOLOGY: unknown 

{ii) MOLBCULI TYPE: peptide 

' 
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(Xi) SBQUBNCE DESCRIPTION: saQ ID R01lSS: 

Gln ~hr Ser A•n sar Lye Ser Pro 
1 5 

(2) l'.RFORKA1"lON POil SEQ ID NOi156: 

( .i) SEQVBHCZ CHARACDAISTICS: 
(A) LENGTH: B amino acids 
(I) TYPE• amino acid 
(C) STRANDEDNESS: •in;le 
(D) TOPOLOGlf': unknown 

(ii) MOLECULE ttPE: peptide 

(xi).SEQU'ENCE »ESCRIPTION: SEQ tD NO:l56: 

Thr Sar Aan Sar Lya Ser Pro Gly 
l 5 

,. (2) INFORMATION FOR SEQ ID NO:l57: 

{i) SEQUENCE CHARACTERISTICS: 
(A) I.E!ICTH: 8 amino acid& 
(B) TYPE: amino acid 
(C) ST.RANDEDNESS: single 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOil57: 

Ser Asn Ser Lys Ser Pro Gly Trp 
l s 

(2) lNFORHATION FOR SEQ ID B0:158: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: B amino acida 
(B) TYPE: amino aeid 
(C) STRANDEDNESS: •ingle 
( D) TOPOLOGY: unknown 

(ii) MOLECULE T!PJ:: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID HO:l58: 

Aan Ser Lya Se~ Pro Cly Trp Aep 
1 . 5 

(2) INFORMATION FOR SEQ ID MO:l59: 

TO 011653370031 P.87 
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(i) SSQVSllCB CHARACTD:tSTICS: 
(A) LENGTH: 8 amino acid• 
(8) TYPE; amino acid 
(C) STRARDEDHESS: aingle 
( D) TOPOLOGY: \lnknown 

(11) MOt.BCULE TYPE: peptide 

(Xi) SEQUENCE DBSCR1P1'lON: SEQ ID •0:159: 

Ser Ly• Ser P~o Gly 'rp Aap ~br 
1 s 

(2) IHPORN&TIOll POA SEQ ID R0:160: 

(i) SEQUENCE CRARACTZRISTICSa 
(A) LEHGTH: 8 amino acids 
(B) TYPE: amino aeid 
(C) STRAHDEDNESS: Bingle 
( D) TOPOLOGY; unJcnown 

(ii) MOLECULE TrPE: peptide 

(xi) SEQUENcE DESCRIPTION: SEQ ID NO:l60: 

Lye Ser Pro Gly_Trp Aap Thr Thr 
1 5 

(2) lNFOJtMATION FOR SBQ ID RO:l61: 

(i) SEQUENCE CKARAC1'ERISTlCS: 
(A) LENGTH: 8 11111ino acids 
CB) TYPE: amino acid 
(C) STRANDEDNESS: ·Bingle 
(D) TOPOLOGY: unknQWn 

( ii) MOLECULE TYPE: pept.ide 

(x~) SEQUENCE DESCRIPTION: SEQ lD HO:l61: 

Ser Pro Gly Trp Asp Tbr Tbr Trp 
1 s 

(2) INFORMATION FOR SEQ ID H0:162: 

(i) SEQUENCE CHARACTERISTICS: 
(A) l.BMGTH: 8 amino acids 
(B) 'l'YeE: amine acid 
(C) STRANDEDNESS: single 
{D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE nESCRIPTION= SEQ ID N0:162: 

Pro Cly Trp Asp Thr Thr Trp Bis 
l 5 

(2) INFORMATION FOR SEQ ID NOil63: 

TO 011653370031 P.88 
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(i) SBQVBNc:B CllARACTERlSTICSs 
(A) LBNG'1'H: 8 amino acid• 
(8) TYPB: amino acid 
(C) STRAHDEDRESS: •ingle 
( D) TOl>OLOCY: unlcnown 

(ii) HOIJ!:CVLE TYPE: peptide 

-186-

(Xi) SEQ1JDTCI DBSCJlIPTlOH: S2Q ID RO:l63: 

Oly Trp Aap Thr Thr 'rrp Ilia Aap· 
l s 

(2) INFORMATION l'OR SEQ ID R0~164: 

(i) SEQUENCE CHARAC'fERISTICS: 
CA) LENGTH: 8 amino acids 
(B) TrPE: amino acid 
(C) STRANDEDNESS: •in9le 
fD) TOPOLOGY: unknown 

(ii) MOLECULE: 1'Y'PE: peptide 

(xi) SEQUENCE DESC8.IPTION: SEQ ID NO:l64: 

Trp Asp Thr Thr Trp Hie Aap Phe 
l s 

(2) INFORMATION FOR SEQ ID N0:16S: 

("i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 8 amino acids 
(B) ftPE: amino acid 
(C) STltANDEDHESS: ain9le 
(D) TOPOLOGY: unknDWn 

(ii) MOLECULE ftPE: pept.ioe 

(Xi) SEQUJ:NeE DESCJt?rl'lON: SBQ ID N0:16S: 

Asp Thr Thr Trp Bia Aap Phe Arg 
l s 

(2) XNFORMATlON FOR SEQ ID N0:166: 

{i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 8 amino acids 
(B) Tri>a: amino acid. 
(C} STRAHDEDRESS: •ingle 
(D) TOPOLOGY: unknown 

(ii) MOLECULE 'l'l'PE: peptide 

(xi) SEQUENC2 DESCRIPTION: SEQ ~D NO:l66: 

Thr Thr Trp Hia Aap Phe Arg Lye 
l 5 

(2) INFORMATION FOR SEQ ID N0:167: 

TO 011653370031 P.89 
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(i) SEQUENCE CllARAC'l'ER.ISTICS: 
(A) LEHC'l'H: 8 amino aoide 
(B) TYPE: amino acid 
(C) STRARl>EDll'ESSs •in9la 
(I)) 'l'OPOLOCY 1 unknown 

(ii) HOI.l:CVLB ftPI: peptide 

-187-

(xi) SBQUBlfCB DESCR:IPTIOll: SBQ ID H0:167: 

Tbr Trp Bia Aap Pb• JUl'9 Ly• Clu 
1 s 

(2) llO'ORHAT?ON POR SEQ ID B0:168: 

(i) SEQUENCE CHAJtAC1'ZRISTICS: 
(A) LEBCTHz 8 amino acids 
(B) TYPEc amino acid 
(C) STRANJ>EDNZSS: single 
(D) TOPOLOGY: unknown 

(ii) MOLECULE 'l'XP)il: pttptide 

(Xi) SEQUENCE DESCRIPTION: SEQ :ID "NO~l68: 

Trp His Aap Phe Arg Lye Glu Gln 
1 5 

(2) INFORMATIOH FOR SEQ ID NO;l69: 

(i) SEQUENCE CHARAC'l'EKISTICS: 
(A) LENGTH• 8 amino aeida 
(B) TfPE; amino a=id 
(C) STRANDEDNESS: Bingle 
(D) TOPOLOCX: unknown 

{ii) MOLECULE TrPE: peptide 

(xi) SEQUENCE DESCRIPT:ION: S£Q ID RO;l69: 

Hie A8p Ph• Arg 1.ye Glu Gln Pile 
l 5 

(2) lHFORMATION FOR SEQ ID NO:l70: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LEHC'l'H: 8 amino acids 
(B) TrPEs amino acid 
(C) STRANDEDNESS: •ingle 

. (D) TOPOLOGY: unknown. 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l70: 

Asp Pro Arg Ly• Glu Cln Pha Tyr 
l s 

(2) IRFORMATION FOR SBQ ID"NO~l71: 

TO 011653370031 P.90 
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( i) SEQUENCE CBARACTBRISTICS: 
(A) U:NCTR: 8 amino acid• 
( B) ·TYPE: amino acid 
(C) S'l'RARDEDHESSi aingla 
(D) TOPOLOGY: unlcnown 

(11) MOLECULE "l'YPEa peptide 
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(Xi) SEQUENCE DESCRIPTION: SJ:Q ID N~:l71: 

Phe Arg Ly• Glu Gln Pb• Tyr A•n 
l 5 

(2) Ilifl'ORHATIOH l'OR SBQ IC NO:l72: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 8 amino acid• 
(B) TYPE: amino acid 
(C) STRANDEDNESS: aingle 
( D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID.RO:l72i 

Arg Lya Glu Gln Phe Tyr Aen Leu 
l 5 

(2) IHJ'ORMATION FOR SBQ ID N0:173: 

(i) SEQUENCE CHAKAC'l'ERIS'l'ICS: 
(A) LENGTH: 8 amino acida 
(B) 'l'YPE: amino acid 
(C) STRANDEDNESS: aingle 
(D) 'l'OPOLOGY1 unlcnown 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUEHCE DESCRIPTION: SEQ ID NO:l73: 

Lye Glu Gln Phe Tyr Asn Leu Thr 
1 5 

(2) INFORMATION POR SEQ ID NO:l74: 

(i) SEQUENCE CHAKACTERIS'l'ICS: 
(A) LENGTH: 8 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNSSS: ainqle 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID 50:174: 

Glu Cln Phe Tyr Aen Lau Thr Ser 
l 5 

(2) INFORMATION l'OR SEQ ID NO:l75: 

TO 011653370031 P.91 
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(1) Sl:QUBRCE CllAJU\CTEIUSTICSs 
(A) I.Elfe'!'Hr 9 &ml.no •aid• 
(B) TYPE: amino &eid 
(C) STIWIDEDRBSSz aingle 
(D) 'l'OPOLOCY: unbown 

(11) KOL2CULE TYPES peptide 
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(xi) SBQVBHCB DBSCRIP'l'ION: SBQ ID NO:l75: 

Ser Aan Pro Ser Pro Gln Tyr Ser Trp 
1 s 

(2) iHFOaHA'HON !'OR SBQ ID 110:176; 

TO 011653370031 

PCT IVS94100.911 

(1) SBQD3BCE CBARAC1'.ERISTICS: 
(A) LENCTH: 26 amino acid• 
(I) ~!PE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGr; unknown . 1iiiffiiili 

(ii) MOl.'ECULE TYPE: peptide 

(xi) SEQUENCE DES~RIPTION:' SEQ ID NO:l76: 

Sar Thr Val >ro Arg Trp Ile Glu Aap Ser Leu Arg Cly Gly Ala Ala 
l s 10 lS 

Arg Ala Gln Thr Arg Leu Ala sar Ala Lye 
20 25 

(2) INFORMATION FOR SEQ ID NO:l77: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENCTH: 26 llftlino acide 
(I) TYPZ; amino acid 
(C) STRAHDEDHESSt •ingle 
(D) TOPOLOGY: un)cnQWn 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l7?: 

Lya Ala ser Ala Lau Arg Thr Gln Ala Arg Ala Ala Gly Gly Aro .Leu 
l s 10 15 

Ser Asp Glu lle Trp Arg Pro val Thr ser 
20 25 

(2) JNFOJUIA~IOH FOR SEQ %~ NO:l78: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino &Ci.d 
(C) STJlANDEDNESS:.aingle 
(DJ TOPOLOG!: unknown 

( ii) MOLECULE 1'~PE: pep~ide. 

P.82 
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(xi) S£QUERC2 Dl:SCRIPTIOH: ~BQ ID 110:178: 

Ser 'l'hr Val Pro Arg Ala Ile Glu Aap Ser Leu Arg Gly.Gly Ala Ala 
l . s ~ ll 

Ar9 Ala Gln 'l'hr Arg Leu Ala Ser Trp Lye 
20 25 . 

(2) INPORHA'l'IOll FOR SEQ ID 110:1'79: 

(1) SEQUEHCE CBARAC'J.'Blt.ISTICS: 
(A) LEllGTH1 13 amino acid• 
(B) TYPBs amine acid 
(C) ST.RAKDEDKESSi •ingle 
(D) 'lOPOLOGY s unknown 

(ii) KOLEeuLE TYPE: pe~ide 

(xi) SEQUENCE DESCRIPTION: SEQ ID HO;l79: 

Ser 'l'hr Val Pro Arg 'l'rp Ile Glu Aap Ser Leu Arg Gly 
1 s 10 

(2) lNfORKATION FOR SEQ ID N0:180: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 13 amino acid• 
(8) TYPE: amino acid 
(C) ST.RAHDEDNESS: sin9le 
CD) 'l'OPOLOGY: unknown 

(ii) HOLICUU: 'l'YPE: pepeide 

(xi) SEQUBNCE DESCRIPTION: SEQ ID H0:180: 

Gly Ala Ala Arg Ala Gln Thr Arg Leu Ala Ser Trp Ly• 
l 5 10 . 

. ii1i1i1iiflf 

P.93 



FEB 21'96 16:31 FR PENNIE & EDMOND ' TO 011653370031 

WO 94/18311 PCT IUS!»4/00917 

s 

10 

15 

.20 

25 

30 

35 

- 191 -

WHAT IS CLAIMED IS: . I 111111111111111111. 11111111111 · • 
* , C L. M S * 

1. A method for identifying· a protein, polypeptide and/or 

peptide which binds to a ligand of choice, comprising: screening a library of 

recombinant vectors which express a plurality of heterofunctional fusion 

proteins comprising 

(a) a binding domain encoded by an oligonucleotide 

comprising unpre.dicrable nucleotides in which the 

unpredictable nucleotides are arranged in one or more 

contigtlous se.quences, wherein the total number of 

unpredictable nucleotides is greater than or ~ual to 

about 60 and less than or equal to about 600, and 

(b) an effector domain encoded by an oligonucleotide 

sequence encoding a protein or peptide that enhances 

. expression or detection of the binding domain, 

by conracting the plurality of heterofunctionaJ fusion proteins with said· ligand 

of choice under conditions conducive to ligand binding and isol.ating the fusion 

proteins which bind said ligand. 

2 . A method for identifying.a protein. polypeptide and/or 

peplide which binds to a li1and of choice, comprising: screening a library of 

recombinant vectors which express a plurality of heterofunctional fusion 

proteins comprising 

(a) a binding domain encodoo by an oligonuclcotide 

comprising unpredictable nucleotides in which the 

unpredictable nucleotides are arranged in one or more 

contiguous se.quences. wherein the total number of 

unpredictable nucleotides is greater than or equal to 

about 60 and less than or equal to about 600; and 

wherein the coding strand of the unpredictable 

nucleotides comprises the .formula (NNB)n. + m where 
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N is A, C, G or T; 

Bis G, Tor C; and 

n and m are integers, such that 

20 :s n + m ~ 200;.and 

· 11111111111111 11111 1111111 1111. 
* C L M S * 

(b) an ef~ector domain encoded by an oligonucleotide 

sequence encoding a protein or peptide that enhances 

expression or detection of 1he binding ·domain, 

by contacting the plurality of heterofunctional fusiori proteins with said ligand 

of choice under conditions conducive to ligand binding and isolating the fusion 

proteins which bind said ligand. 

3. The methOd according to claim 1, wherein the binding 

domain is encoded by a double stranded oligonucleotide assembled by 

annealing a first nucleotide sequence of the formula 

5' X {NNB)8 J Z 3' with a second nucleotide sequence of the formula 

3' Z' OU (NNV)m Y S', at complementary positions.Zand Z', 
where X and Y are restriction enzyme recognition sites, such that X ;II! Y: 

N is A, C, G or T; 

Bis u, Tor C; 

Vis G, A or C; 

n is an integer, such that 10 s n :s l 00; 

mis an integer. such that 10 ~ m ~ 100; 

Z and Z' are ea.ch a sequence of 6, 9 or 12 nucleotides, such that Z 

and Z' are complementary lo each other; and 

25 J is A, C, G, T or nothing; 

30 

35 

0 is A, C, G, T or nothing; and 

U is G, A, C or nothing; provided, however, if any one of J, 0 or U is 

nothing then J, 0 and U are all nothing; 

and convening the annealed oligonucleotides to a double stranded 

oligonucleotide. 
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4. The method according to claim l, further comprising 

determining the nucleotide sequence encoding the binding domain of the 

heterofunctional fusion protein identified to deduce the amino acid sequence of 

said binding domain. 

S. The method according to claim 1, in which the plurality of 

heterofunctional fusion proteins are expresse.d on the surface of recombinant 

vectors. 

6. The method according ro claim S, in which the 

recombinant vectors are phage, phagemid or plasmid vectors. 

7. The method according to claim l, in which the plurality 

of heterofunctional fusion proteins are expressed and accumulate inside host 

cells containing the recombinant vectors. 

8. 

are bacterial cells. 

9. 

The method according to claim 7. in which the host cells 

The method according to claim l, in which the . 

heterofunctional fusion proteins fUrther comprise a linker domain between the 

bindini and effector domains. 

10~ The method according ro·ctaim 9, in which the linker 

25 domain is susceptible to cleavage by chemical o.r enzymatic means. 

11. The meth® according to claim 1. in which the ligand is 

selected from the group consisting of a non·ionic chemical group. an ion, a 

metal, a protein or ponion thereof, a peptide or portion thereof. a nucleic acid 

30 or ponion thereof, a carbohydrate, a lipid, a viral particle or portion thereof, 
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a membrane vesicle or portion thereof, a cell wall component, a synthetic 

organic compound, a bioorganic compound and an inorganic compound. 

12. The method according to claim l, in which the ligand is 

a ligand which binds to a naturally occuning receptor sele.cte.d from the group 

consisting of the variable region of an antibody f an enzyme/substrate binding 

s.ite, an enzyme/co-factor binding site, a regulatory DNA binding protein, an 

RNA binding protein~ a binding site of a metal binding protein, a nucleotide 

fold or GTP binding protein, a calcium binding protein, a membrane protein, 

a viral. protein and an integrin. 

13. The method according to claim l, in which the ligand·is 

a monoclonal antibody having prostate cancer specificity characteristics of the 

7El 1-CS monoclonal antibody produced by a the hybridoma cell line assigne.d 

ATCC No. 10494. 

14. The method according to claim 1, in which the ligand is 

a metal ion. 

15. The method according to claim 14, in which the metal 

ion is selected from the group consisting of zinc, copper and nickel. 

16. The method according to claim l, in which the ligand is 

a polyclonal antibody having binding specificity characteristics of a goat anti­

mouse Fe antibody. 

17. The method according to claim l, in which the. ligand is 

a monoclonal antibody having carcinoembryonic antigen binding specificity 

characteristic of the C46 monoclonal antibody. 
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18. The method according to claim· 1, in which the ligand is 

streptavidin. 

19. The method according to claim 1, in which the ligand is 

! · polystyrene. 

10 

15 

20 

30 

3S 

20. The method according to claim l , in which the ligand is 

calmodulin.· 

21. The method according to claim l, in which the ligand is 

dynein. 

22. The method according to cJaim 1., in which the ligand is 

glur.athione S-transferase. 

23. The method according to claim l, in which the ligand is 

vinculin. 

24. The method according to claim l, in which the plurality 

of heterofunctional fusion proteins can form semirigid conformational 

structures. 

25. The method according to claim 24, funher comprising 

detennining the nucleotide sequence encoding the binding domain of rhe 

identified heterofunctional fusion protein which can form a semirigid 

confonnational structure to deduce the amino acid sequence of said binding 

domain. 

26; . The merhod according to claim 24, in which each 

heterofunctional . fusion protein camprises at least two invariant cysteine 

residues, in which each invariant cysteine residue is encoded by nucleotides 

: This SheetHas Been.Replaced 

I lllllllllllil 1111 :1111111 
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positioned flanking a contiguous sequence of unpredictable nucleotides, and in 

which the invariant cysteine residues are separated from each other in the 

protein by about 6 to about 27 amino acid residues. 

27. The method according to claim 26, in which the library 

is expressed in an oxidizing environment resulting in the fonnation of at least 

one disulfide bond to form at least one cystine, thereby allowing for the 

formation of at le.a.st one loop confonnation in each heterofunctional fusion 

protein • 

28. The method according to claim 24. in which each 

heterofunctional fusion protein comprises at least four invariant· cysteine 

residues, in which each invariant cysteine residue is encoded by nucleotides 

positioned flanking a contiguous sequence of unpredictable nucleotides. and in 

which the invariant cysteine residues are separated from each other in the 

protein by about 6 to about 27 amino acid residues . 

29. The method according to claim 28, in which the library 

is expressed in an oxidizing environment resulting in the formation of at I~t 

two disulfide bonds, thereby allowing for the formation of at least one 

cloverleaf conformation in each heterofunctional ·fusion protein. 

30. The method according to claim 24, in which each 

heterofunctional fusion protein comprises both invariant cysteine and invariant 

25 histidine residues encOded by nucleotides positioned flanking one or more 

contiguous se.quences of unpredictable nucl~tides, and in whic~ the positions 

of the invariant cysteine and invariant histidine residues in the fusion prot~n 

allow for the formation of zinc finger-like proteins. 

30 31. The method according to claim 24) .in which each 

heterofunctional fusion protein comprises an invariant histidine residue 

35 
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encoded by nucleotides positioned flanking one or more contiguous sequences 

of unpredictable nucleotides. 

32. The method according to claim 30 or claim 31, in which 

the library is expresse.d in the presence of a concentration of a divalent cation 

sufficient to cross-link some or all of the histidine residues within each 

heterofunctional fusion protein. 

33. The method accordina= to claim 32, in which the divalent 

cation is selected from the group consisting of Zn2+, Cu2+ and NP+. 

34. A method for identifying a protein and/or peptide which 

binds to a ligand of choice, comprising: 

(a) generating a library of recombinant vectors which 

express a plurality of heterofunctional fusion proteins 

comprising 

i) a binding domain encoded by an oligonucleQtide 

comprising unpredictable nucleotides in which the 

unpredictable nucleotides are aJTanged in one or 

more contiguous sequences, wherein the toral 

~umber of unpredictable nucleotides is greater 

than or equal to about 60 and less than or equal 

to about 600, and 

(ii) an effector domain encoded by an oligonucleotide 

25 sequence encoding a protein or peptide that 

30 

35 

enhances expression or· detection of the binding 

dommn: and 

(b) scret!hing the library of re.combinant vectors by 

contacting the pluraliry of heterofunctional fusion 

proteins with said Jigand of choice under conditions 
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conducive to ligand binding and isolating the 

heterofunctional fusion protein which binds said ligand. 

35. A method for identifying a protein and/or peptide which 

binds to a ligand of choice, comprising: 

(a) generating a library of recombinant vectors which 

express a plurality of heterofunctionaJ fusion proteins 

comprising 

(b) 

i) a binding domain encoded by-an oligonucleotide 

comprising unpredictable nucleotides in which the 

unpredictable nucleotides are arranged in one or 

more contiguous sequences, wherein the total 

number of unpredictable nucleotides is greater 

than or equal to about 60 and Jess than or equal 

to. about 600; and wherein the coding strand of 

the unpredictable nucleotides comprises the 

fonnula (NNB)ll ... m where 

(ii) 

N is A, C, G or T: 

B is G, T or C; and 

n and m are integers such that 

20 s n + m :s; 200; 

an effector domain encoded by an oligonucleotide 

sequence encoding a protein or peptide that 

enhances expression or detection of the binding 

domain; and 

screening me library of recombinant vect9rs by 

contacting the plurality of heterofunctional fusion 

proteins with said li1and of choice under conditions 

conducive to ligand binding and isolating the 

heterofunctional fusion protein which binds said ligand. 
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36. The method accordine to claim 34, funher comprising 

determining the nucleotide sequence encoding the binding domain of the 

heterofunctional fusion protein identified to deduce the amino acid sequence of 

said binding domain. 

37. A method for preparing a protein, polypeptide and/or a· 

peptide which binds to a li&and of choice, comprising synthesizing, either 

chemically or by recombinant te.chniques, the amino acid sequence identified 

according to claim 4 or 36. 

38. A protein which binds a ligand of choice prepared 

according to the ·method of claim 37. 

39. A protein which binds specifically to a monoclonal 

antibody having prosr.ate cancer specificity characteristics of the 7El l-C5 

monocloi1al antibody produced by a hybridoma cell line assigned A TCC No. 

10494, in which the protein has an amino acid sequence selected from the 

group consisting of SEQ ID NOS. 22-31. 

40. The protein according 10 claim 39, having a sequence 
eomprising M(W /Y /H/I)XXL(H/R). 

41. A protein which binds specifically to a metal ion. in 
which the protein· has an amino acid sequence seJected from the group 

consisting of SEQ ID NOS. 34-63. 

42. A protein whic~ binds specifically to a polyclonal 

antibody having binding specificity characteristics of a goat anti-mouse Fe 

antibody, in which the protein has an amino acid sequence selected from the 

30 iroup consisting of SEQ ID NOS. 64-67. 
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43. The protein according to claim 42, having a sequence 

comprising RT(l/L)(S/T)KP. 

44. A protein which binds specifically to a monoclonal 

antibody having carcinoembryonic binding specificity characteristics of the 

C46 monoclonal antibody, in which the protein has an amino acid sequence 

selected from the group consisting of SEQ ID NOS. 68-69. 

45. A protein which binds specifically to. polystyrene, in 

which the protein has an amino acid sequence selected from the group 10. 

lS 

20 

consisting of SEQ ID NOS. 118-134. 

46. A protein which binds specifically to calmodulin, in 

which the protein has the amino acid sequence of SEQ ID NO. 135. 

47. A protein, polypepride or a peptide which binds to a 

ligand of choice and can form a semirigid conformational srrucrure obtained 

by synthesizing, either chemically or by recombinant techniques, the protein. 

polypeptide or peptide having the amino acid se.quence .identified according to 

the method of claim 25. 

48. A library of recombinant vectors which express a 

plurality of heterofunctional fusion proteins comprising 

(a) a binding domain encoded· by an oligonucJeotide 

25 comprising unpredictable nucleotides in which the 

unpredictable nucleotides are arranged in one or more 

contiguous sequences, wherein the tow number of 

unpredic~ble nucleotides is greater than or equal to 

about 60 and less rhan or e.qual to about 600, and 

JO 

35 
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(b) an effector domain encoded by an oligonucleotide 

sequence encoding a protein or ~ptide that enhances 

expression or detection of the binding domain, 

said library being capable of screening to identify a heterofunctional fusion 

protein having specificity for a ligand of choice. 

49. A library of recombinant vectors which express a 

plurality of heterofunctional fusion proteins comprising 

(a) 

(b) 

a binding domain encoded by an oligonucleotide 

comprising unpredictable nucleotides in which the 

unpredictable nucleotides are ananged in one or more 

contiguous sequences, wherein the COW number of 

unpredictable nucleotides is greater than or equal to 

about 60 and less than or equal to about 600, and 

wherein the coding strand of the unpredictable 

nucleotides comprises the formula (NNB}n + m where 

N is A, C, G or T; 

B is G, T or C; and 

n and m are integers, 

such that 20 < n + m 200; and, 

an effector domain encoded by an otigonucleotide 

sequence encoding a protein or peptide that enhances 

expression or detection of the binding domain, 

said library being capable of screening to identify a heterofunctionaJ fusion 

25 protein having specificity for a ligand of choice. 

30 

35 

SO. The library according to claim 49. wherein the binding 

domain is encoded by a double stranded oligonucleotide assembled by 

annealing a first nucleotide se.quence of the formula 

5' X (NNB)n J Z 3', with a second nucleotide sequence of the formula 

3' Z' 0 U (NNV)m Y S' 
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at corresponding positions Zand Z', 

where X and Y are restriction enzyme recognition sites, such that X ;a Y; 

N is A, C, G or T; 

Bis G, Tor C; 

Vis G, A or C; 

n is an integer, such that 1.0 :s n < 100; 

mis an integer, such that 10 :s; m ~ .100; 

Zand Z' are each a sequence of 6, 9 or 12 nucleotides, such that Zand Z' 

are complementary to each other; and 

J is A, C.; G, T or nothing; 

0 is A, c, G, T or nothing; and 

U is G, A, C or nothing; provided, however, if any one of J, 0 or U is 

nothing then J, 0 and U are all nothing; 

and ~nvening the annealed oligonucleotides to a double stranded 

oligonucle.otide. 

51. The library according to claim 48, in which the 

recombinant vectors comprise phage. phagemid or pla~mid vectors. 

52. The li~rary according to claim 48, in which the plurality 

of heterofunctional fusion proteins are ~xpresse.d on the surface of the 

recombinant vectors. 

53. The library a~ording to claim 48. in which the plurality 

of heterofunctional fusion proteins are expressed and accumulate in.side host 

cells containing the recombinant vectors. 

54. The library according to claim 48, in· which the 

heterofunctionaJ fusion proteins further comprise a linker domain between lhe 

binding and effector domains. 
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55. _The library according to clafm 48, in which the linker 

domain is susceptible to cleavage by chemical or enzymatic means. 

56. The library according to claim 48, in which the 

heterofunctional fusion proteins can form semirigid conformational structures. 

57. The library according to claim 48, in which each 

heterofunctional fusion protein. comprises at least one disulfide bond· fonning 

at least one cystine, thereby allowing for the formation of at least one loop 

conformation in each heterofunctional fusion protein. 

58. The library according to claim 48, in which each 

heterOf\.lnCtional fusion protein comprises at least two disulfide bonds forming 

at lease two cystines, thereby allowing for the formation of at least one 

cloverleaf-like conformation in each heterofunctional fusion protein. 

59. The library according to claim 48, in which each 

heterofunctional fusion protein comprises a plurality of both cysteine and 

histidine residues encoded by nucleotides positioned in or on the flanks of one 

or more contiguous sequences of unpredictable nucleotides, and in which the 

positions of the cysteine and histidine residues in the protein are similar to the 

positions of cysteine and histidine residues in zinc·finger-like proteins. 

60. A method for making a library of recombinant vectors 

expressing a plurality of heterofunctional fusion proteins, comprising insening 

into ·a plurality of vectors: 

(a) one or more of a plurality of different first nucleotide 

sequences each encoding a putative binding domain 

which has specificlty to a ligand of choice, wherein the 

binding domain is encode.cl by an oligonucleotide 

comprising unpredictable nucleotides in which the 
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(b) 

unpredictable nucleotides are' arranged in one or more 

contiguous sequences, wherein the total number of 

unpredictable nucleotides is greater than or equal to 

about 60 &l'ld less than or equal to about 600, and 

a second nucleotide SCA:Juence encoding a biologically or 

chemically active effector domain, 

in which each first nucleotide sequence/second nucleotide sequence 

combination is located downstream from a 5, A TG start codon to produce a 

library of vectors coding for in.;.frame fusion proteins. 

61. The method according to claim 60, in which the coding 

strand of the unpredictable nucleotides comprises the formula (NNB)a + m 

where 

N is A, C, G or T; 

B is G, T or C; and 

n and mare integers, such that 20 ~ n + m < 200. 

62. The method according to claim 60, wherei_n the binding 

domain is encoded by a double stranded oligonucleotide asseml;)Jed by 

annealing a first nucleotide ·sequence of the formula 

5' X (NNB)11 J Z 3 ', with a second nucleotide sequence of the formula 

3' Z' 0 U (NNV)m Y 5' 

at corresponding positions Z and Z', where X and Y are restriction enzyme 

recognition sites, such that X ;ie Y; 

N is A. C. G or T; 

Bis G. Tor C: 

Vis G. A or C; 

n is an integer. such that ·10 s n s I 00; 

m is an integer, such that 10 :S m < 100; 

Z and Z' are each a sequence of 6, 9 or 12 

nucleotides, such that Zand Z' are complementary to each other; and 
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J is A, C, G, T or nothing; 

0 is A, C, G, T or nothing; and 

U is G, -A, C or nothing; provided, however, if 

any one of J, 0 or U is nothing then J, O and. U are all nothing; 

and converting the annealed oligonucleotides to a double stranded · 

oligonucleotide. 

63. The method according to claim 60, in which the plurality 

of heterofunctional fusion proteins are expressed on the surface of the 

recombinant vectors. 

64. The method according to claim 60, in which the plurality 

of heterofunctional fusion proteins are expressed and accumulate inside host 

cells containing the recombinant vectors. 

65. The method according to claim 60, in which the 

heterofunctional fusion proteins can form semirigid conformational structures. 

66. The method according 10 claim 4, further comprising the 

step of identifying which parts of the deduced amino acid sequence are 

~levant for binding of the identified protein, pol}rpeptide and/or peptide to a 

naturally occurring ligand of choice. 

67. A method of identifying the binding specificity of a 

25 patient's autoimmune response, _which comprises contacting a sample of a 

biological fluid from a patient, said sample suspected of containin1 auto­

antibodies indicative of an autoimmune response with the library according . to 

claim 48 under conditions conducive to binding and isolating t~e fusion 

proteins from said library which bind to said patient Simple. 

30 
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68. The method according to claim 67, further comprising . 

determing the nucleotide sequence encoding the binding dof!lain of.the fusion. 
protein identified. 

... ·. 7i1iiilif iiiJir 
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AMENDED CLAIMS 

[received by the International Bureau on 5 July 1994 (05.07.94); 
original claims 1-68 replaced by amended claims 1-65; (16 pages)) 

I. A method for identifying a protein, polypeptide and/or 

peptide which binds to a ligand of choice. comprising: screening a library of 

recombinant vectors which express a plurality of heterofunctional fusion 

proteins comprising. 

(a) a binding domain encoded by an oligonucleotide 

comprising unpredictable nucleotides in which the 

unpredictable nucleotides are arranged in one or more 

contiguous sequences, wherein the total number of 

unpredictable nucleotides is greater than or equal to 

about 60 and less than or equal to about 600, and 

(b) an effector domain encoded by an oligonucleotide 

sequence encoding a protein or peptide tha.t enhances 

expression or de1ec1ion of the binding domain, 

by contacting the plurality of heterofunclional fusion proreins with said ligand 

of choice under conditions conducive 10 ligand binding and isolating the fusion 

proteins which bind said ligand. 

2. A method for identifying a protein, polypeptide and/or 

peptide which binds to a Hg.and of choice. comprising.: screening a library of 

recombinant vectors which express a plurality of heterofunctional fusion 

proteins comprising_ 

(a) a binding. domain encoded by an oljgonucieotide 

comprising unpredictable nucleotides in which the 

unprediciable nucleotides are arranged in one or more 

contiguous sequences, wherein the total number of 

unpredictable nucleotides is greater than or equal to 

about 60 and less chan or equal to about 600: and 

wherein the coding strand of the unpredictable· 

n.ucleotides comprises the formula (NNB)n + 111 where 

AMENDED.SHEET (ARllCLE 19} 
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(b) 

N is A, C, G or T; 

B is G, T or C; and 

n and m are integers, such that 

20 s n + m s 200; and 

an effector domain encoded by an oligonucleotide 

sequence encoding a protein or peptide that enhances 

expression or detection of the binding domain,' 

by con1acting the plurality of heterofunctional fusion proteins with said ligand 

of choice under conditions conducive to ligand binding and isolating the fusion 

10 proteins which bind said ligand. 

15 

20 
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30 

35 

3. The method according to claim 1. wherein the binding 

domain is encoded by a double stranded oligonucleotide assembled by 

annealing a first nucleotide sequence of the formula 

S' X (NNB)n J Z 3' with a second nucleotide sequence of the formula 

3' Z' 0 U (NNV)~, Y 5', at complementary positions Zand Z', 

where X and Y are restriction enzyme recognition sites, such that X ¢ Y; 

N is A, C. G or T; 

Bis G, Tor C: 

Vis G, A or C; 

n is an integer. such that J 0 ~ n s l 00; 

m is an integer, such that 10 :S m ::=: l 00: 

Zand Z' are each a sequence of 6, 9 or 12 nucleotides, such that Z 

and Z' are complementary to each other; and 

J is A, C, G, Tor nothing~ 

0 is A, C. G. T or nothing: and 

U is G, A, C or nothing; provided, however, if any one of J. 0 or U is 

nothing then J, 0 and U aTC all nothing: 

and converting the annealed oligonucleotides to a double stranded 

oligonucleotide. 
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4. ·The method according to claim l, funher comprising 

determining the nucleotide sequence encoding the binding domain of the 

heterofunctional fusion protein identified to deduce· the amino acid sequence of . 
said binding domain. 

5. The method according to cl~im 1, in Which the plurality of 

heterofunctional fusion proteins are expressed on the surface of recombinant 

vectors. . 

6. The method according co claim 5, in which the 

recombinant vectors are phage. phagemid or plasmid vectors. 

7. The method according to claim 1, in which the plurality 

of heterofunctional fUsion proteins are expressed and accum_ulate inside host 

cells contajning the recombinant. vectors. 

GI 

8. The method according to claim 7. in which the host cells 

are bacterial cells. 

9. The meLhod according to claim I , in which the 

heterofunctional fusion proteins further comprise a linker domain between the 

binding and effector domains. 

10. The method according to claim 9, in which the linker 

domain is susceptible to cJeavage by chemical or enzymatic means. 

11. The method according to claim l, in which the ligand is 

selected from the group consisting of a non-ionic chemical group, an ion, a 

metal, a protein or portion thereof, a peptide or ponion thereof, a nucleic acid 

or poniqn thereof. a carbohydrate. a lipid, a viral particle or ponion .thereof, 

AMENDED SHEET (ARTfCLE 19) 
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a membrane vesicle or portion thereof, a cen wall component. a synthetic 

organic compound, a bioorganic compound and an inorganic compound. 

· 12. The method according to claim I, in which lhe ligand is 

a ligand which binds to a naturally _occurring receptor selected from the group 

consisting of the variab1e region of an antibody, an enzyme/substrate binding 

site, an enzyme/co-factor binding site, a regulatory DNA binding protein, an 

RNA binding protein, a binding site of a metal binding protein, a nucleotide 

fold or GTP binding protein, a calcium binding protein, a membrane protein, 

a viral protein and an incegrin. 

· 13. The method according to claim J. in which the ligand is 

a monoclonal antibody having prostate cancer specificity characieristics of the 

7El l-C5 monoclonal antibody produced by a the hybridoma cell line assigned 

ATCC No. 10494. 

14. The method according to claim l, in which the ligand is 

a metal ion. 

15. The method according to claim 14, in which the metal 

ion is selected from the group consisting of zinc, copper and nickel. 

J 6. The method according to claim l. in which the ligand is 

a polycJonal antibody having bindin~ specificicy ch~racteristics of a goat anti-

25 mouse Fe antibody. 

30 

35 

J 7. . The method according to claim 1. in which the ligand is . 

a monoclonal antibody having carcinoembryonic antigen binding specificity 

characteristic of the C46 monoclonal antibody. 
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18. The method according to claim l, in which the ligand is 

streptavidin. 

19. The method according to claim l, in which the ligand is 

polystyrene. 

20. The method according to claim 1, in which the ligand is 

calmodulin. 

21. The method according to claim l, in which the plurality 

of heterofunctional fusion proteins can form semirigid conformational 

structures. 

22. The method according to claim 21, funher comprising 

15 determining the nucleotide sequence encoding the binding domain of the 

identified heterofunctional fusion protein which can form a semirigid 

conformational structure to deduce the amino acid sequence of said binding 

domain. 

20 23. The method accordil'.'g to claim 21. in which ea.ch 

heterofunctional fusion protein comprises at least two invariant cysteine 

residues, in which each invariant cysteine residue is encoded by nucleotides 

positioned flanking a contiguous sequence of unpredictable nuc1eotides. and in 

which the invariant cysteine residues are separated from each other in the 

25 protein by about 6 to about 27 amino acid .residues. 

30 

35 

24. The method according to claim 23, in which the library 

is expressed in an oxidizing environment resulting in the formation of at least 

one d~sulfide bond to form at least one cystine. thereby allowing for the 
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formation of at least one loop conformation in each heterofunctional fusion 

protein . 

25. The method according to claim 21, in which each 

S heterofunctional fusion protein comprises at Jeast four invariant cysteine 

residues, in which each invariant cysteine residue is encoded by nucleotides 

positioned flanking a contiguous se.quence of unpredictable nucleotides, and in 

which the invariant cysteine residues are separated from each other in the 

protein by about 6 to about 27 amino acid residues. 

10 

15 

26. The method according to claim 25, in which the lib~ry 

is expressed in an oxidizing environment resulting in the formation of at least 

two disulfide bonds, thereby allowing for the formation of at lea.st one 

cloverleaf conformation in each hererofunctional fusion protein. 

27. The method according to claim 21, in which each 

heterofunctional fusion. protein comprises both invariant cysteine and invariant 

histidine residues encoded by nucleotides positioned flanking one or more 

contiguous sequences of unpredicrable nucleotides, and in which the positions 

20 of the invariant cysteine and invariant histidine residues in the fusion protein . . 

allow for the formation of zinc finger·like proteins. 

28. The method according to claim 21, in which each 

heterofunctional fusion protein comprises an invariant histidine residue 

2.5 encoded by nucleotides positioned flanking one or more contiguous sequences 

of unpredictable nucleDtides. 

·29. The method according to claim 27 or claim 28. in which 

the library is expressed in the presence of a concentration of a divalent cation 
30 

35 
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sufficient to cross-link some or all of the histidine residues within each 

heterofunctional fusion protein. 

30. The method according to claim 29, in which the divalent 

S cation is selected from the group consisting of Zn2
"', Cu2

• and Ni2+. 

10 
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31. A method for identifying a protein and/or peptide which 

binds to a ligand of choice, comprising: 

(a) generating a library of recombinant vectors which 

express a plurality of heterofunctional fusion proteins 

comprising 

i) ·a binding domain encoded by an oligonucleotide 

{ii) 

comprising unpredictable nucleotides in which the 

unpredictable nucleotides are arranged in one or 

more contiguous sequences, wherein the total 

number of unpredictable nucleotides is greater 

than or equal to about 60 and less than or equal 

to about 600, and 

an effector domain encoded by an oligonucleotide 

sequence encoding a protein or peptide that 

enhances expression or deteetion of the binding 

domain~ and 

(b) screening the library of recombinant vectors by 

contacting the plurality of heterofunctional fusion 

proteins with said ligand of choice under conditions 

conducive tO ligand binding and isolating the 

heterofunctional fusion protein which binds said ligand. 

32. A method for identifyi~g a protein and/or peptide which 

binds to a ligand of choke, comprising: 

AM ENDE{) SHEET fARTll~I ,. ..... 
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(a) generating a library of recombinant vectors which 

express a plurality of heterofunctional fusion proteins 

comprising 

i) a bindin1 domain encoded by an oligonucleotide 

comprising unpredictable nucleotides in which the 

unpredictable nucleotides are arranged in one or 

more contiguous ·sequences, wherein the total 

number of unpredicr.able nucleotides is greater 

than or equal to about 60 and less than -or equaJ 

to about 600; and wherein the coding strand of 

_ the unpredictable nucleotides comprises the 

formula. (NNB)11 + m where 

N is A, C, 0 or T; 

B is G, T or C; and 

n and mare integers such that 

20~n+m ~ 200; 

(ii) an effector domain encoded by an oligonucleotide 

sequence encoding a protein or peptide that 

enhances expression or detection of the _binding 

domain; 8:fid 

(b) screening the library of recombinant vectors by 

contacting the plurality of hererofunctional fusion 

proteins with said ligand of choice under condiiions 

conducive to ligand binding and isolating the 

heterofunctional fusion protein which binds said ligand. 

33. The method according to claim 31, funher comprising 

determining the nucleotide sequence encoding the binding domain of the 

heterofunctionaJ fusion protein identified to deduce the. amino acid sequence of 

said binding domain. 
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34. · A method for preparing a protein, polypeptide and/or a 

peptide which binds to a ligand of choice, comprising synthesizing, either 

chemically or by recombinant techniques. the amino acid sequ~ce identified 

according to claim 4 or 33. 

35. A protein which binds a ligand of choice prepared 

according to the method of claim 34. 

36. A protein which binds specifically to a monoclonal 

10 antibody having prostate cancer· specificity characteristics of the 7Ell·C5 

monoclonal antibody produced by a hybridoma cel1 line assjgned A TCC No. 

10494, in which the l?rotein has an amino acid sequence selected from the 

group consisting of SEQ ID NOS. 22·31. 

15 37. The protein according to claim 36, having a sequence 

comprising M(W/Y /H/l)XXL(H/R). 

38. A ~rotein which binds specifically to a metal ion, in 

which the protein has an amino acid sequence selected from the group . 
20 consisting of SEQ ID NOS. 34-63. 

39. A protein which binds specifically to a polyclonal 

antibody having binding specificity characteristics of a goat anti-mouse Fe 

antibody, in which the protein has an amino acid sequence selected from the 

25 group consistjng of SEQ ID NOS. 64-67. 

40. The protein according to claim 39, having a sequence 

comprising RT(l/L)(SmKP. 
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41. A protein which binds specifically to a monoclonal 

antibody having carcinoembryonic binding specificity characteristics of the 

C46 monoclonal antibody, in which the protein has an amino acid sequence 

selected from the .group consisting of SEQ ID NOS. 68-69. 

42. A protein which binds specifically to polystyrene, in 

which the protein has an amino acid sequence selected from the group 

consisting of SEQ JD NOS. 118-134. 

10 43. A protein which binds specifically to calmodulin. jn 

which the pro~ein has the amino acid sequence of SEQ IJ? NO. 135. 

44. A protein, polypeptide or a peptide which binds to a 

ligand of choice and can form a semirigid conformational structure obtained 

15 by synthesizing, either chemically or by recombinant techniques, the protein, 

polypeptide or peptide having the amino acid sequence identified according to 

the method of claim 22. 

45. A library of recombinan~ vectors which express a 

20 plurality of hetemfunctional fusion proteins comprising 

. 2S 

30 

35 

(a) a binding domain encoded by an oligonucleotide 

comprising unpredictable nucleotides .in which the 

unpredictable·nucleotides are arranged in one or more 

contiguous sequences, wherein the total number of 

(b) 

unpredictable nucleotides is greater than or equal to 

about 60 and less than or·equaJ to about 600, and 

an effector domain encoded by an oligonucleotide 

se').uence encoding_ a protein or peptide that enhances 

ex~ression. or detection of the binding domain, 
~~~~~~-'-~~-
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said library being capable of screening to identify a heterofunctional fusion 

protein having specificity for a ligand of choice. 

46. A library of recombinant vectors which express a 

S plurality of heterofunctionaJ fusion proteins comprising 

10 

15 

(a) a binding domain encoded by an oligonucleotide 

comprising unpredictable nucleotides in which the 

unpre.dictable nucleotides are arranged in one or more 

contiguous sequences, wherein the total number of 

unpredictable nucleotides is greater than or equal to 

about 60 and less than or ~ual to about 600, and 

wherein rhe coding strand of the unpredictable 

nucleotides comprises the formula (NNB).11 + m where 

N is A, C, G or T; 

B is G, T or C; and 

n and mare integers, 

such that 20 s ·n + m 200; and~ 

(b) an effector domain encoded by an oligonucleotide 

sequence encoding a protein or peptide that enhances 

20 expression or detection of the binding domain, 

said.library being capable of screening to identify a heterofunctional fusion 

protein having specificity for a ligand of ch~ice. 

47. The library according to claim 46, wherein the binding 

25 domain is encoded by a double stranded oligonucleotide assembled by 

annealing a first nucleotide Se'(uence of the formula 

30 

35 

5' X (NNB) ... 1 Z 3', with a second nucleotide Se'(uerice of the formula 

3' · Z' 0 U (NNV)m Y S' 

at correspon~ing positions Z and Z', 

where X and Y are restriction enzyme recognition sites, su.ch that X ¢ y: 
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N is A, C, G or·T; 

Bis G, Tor C; 

Vis G, A or C; 

- 21.8 -

n is an integer, such that 10 s n ~ 100; 

5 m is an integer, such that 10 ~ m < 100; 

Z and Z' are each a sequence of 6, 9 or 12 nucleotides, such that Z and Z' 

are complementary to each other; and 

J is A, C, G, T or nothing; 

0 is A, c, G, T or nothing; and 

10 U is G, A, C or nothing; provided, however, if any one of J, 0 or U is 

15 

nothing then J. 0 and U are. all nothing; 

and converting the annealed oligonucleotides to a double stranded 

oligonucleotide. 

48. The library according to claim 45, in which the 

recombinant vectors comprise phage, phagemid or plasmid vectors. 

49. The library according to claim 45, in which the plurality 

of heterofunctional fusion proteins are expressed on the surface of the 

20 recombinant vectors. 

25 

30 

35 

SO. The library according to claim 45, in which the plurality 

of heterofunctional fusion proteins are expressed and accumulate inside host 

cells wntaining the recombinant vectors. 

· 51. The Hbrary according to claim 45, in which the 

heterofunctional fusion proteins funher comprise a linker domain between the 
. . 

binding and effector domains. 
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52. The library according to claim 45, in which the linker 

domain is susceptible to cleavage by chemical or enzymatic means. 

53. The library according to claim 45, i~ which the 
S ·heterofunctional fusion proteins can form semirigid confonnationaJ structures. 

54. The library according to claim 45, in which each 

heterofunctional fusion protein comprises at least one disulfide bond forming 

at least one cystine, thereby allowing for the formation of at least one loop 

10 conformation in each heterofuncrional fusion protein. 

· 55. The library according to claim 45, in which each 

heterofunctional fusion protein comprises at least two disulfide bonds fonning 

at least two cystines, thereby allowing for the formation of ac least one 

15 cloverleaf-like conformation in each he1erofunctional fusion protein. 

· 56. The library according to claim 45, in which ea.ch 

heterofunctional fusion prolein comprises a plurality of both cy.steine and 

histidine residues encoded by nucleotides positionerl in or on the flanks of one 

20 or more contiguous sequences of unpredictable nucleotides, and in which the 

positions of the cysteine and histidine residues in the protein are similar to the 
positions of cysteine and histidine residues in zinc-finger-like proteins. 

57. A method for making a library of recombinant vectors 

25 expressing a plurality of heterofunctional fusion proteins, comprising inserting 

into a plurality of vectors: 

30 

3.5 

(a) one or more of a plurality of different first nucleotide 

sequences each ~ncoding a puEative binding domain 

which has specificity to a ligand of choice, wherein the 

binding domain is encoded by an oligonucleotide 
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(b) 

comprising unpredictable nucleotides in which the 

unpredictable nucleotides are arranged in one or more 

contiguous SeQuence.s, wherein the total number of 

unpredictable nucleotides is greater than or ettual to 

about 60 and less than or e.qual to about 600, and 

a second nucleotide sequence encoding a biologically or 

chemically active effector domain, 

in which each first nucleotide sequence/second nucleotide se.quence 

combination is located downstream from a 5' A TG sta.n codon to produce a 

10 library of vectors coding for in-frame fusion proteins. 

15 

58. The method according to claim 57. in which the coding 

strand of the unptedictable nucleotides comprises the formula (NNB)n • 01 

where 

N is A, C. G or T; 

B is G, T or C; and 

n and m are integers, such that 20 s n + m ~· 200. 

59. The method according to claim 57, wherein the binding 

20 domain is encode.d by a double stranded oligonucleotide assembled by 

annealing a first nucleotide sequence of the formula 

5' X (NNB)11 J Z 3', with a ~nd nucleotide sequence of the.formula 

3' Z' 0 U (NNV). Y 5' 

at corresponding positions Z and Z'. where X and Y are restriction enzyme 
25 recognitiOn sites, such that X ¢ Y; 

30 

35 

N is A, C, G or T; 

Bis G, Tor C: 

Vis G, A or C; 

n is an integer. such that JO < n s 100; 

mis an integer, such that 10 s: m ~ 100: 

This.Sheet Has :J3een Replaced . 
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Zand Z' are each a sequence of 6, 9 or 12 

nucleotides, such that Zand Z' are complemenwy to each other; and 

J is A, C, G, T or nothing; 

o is A, C, G, Tor nothing; and 

S U is G, A, C or ~othing; provided, however, if 

10 

any one of J, 0 or U is nothing then J, 0 and U are all nothing; 
and converting the annealed oligonucleotides ro a double stranded 

oligonucleotide •. 

60. The method according to claim 57, in which the plui:aJity 

of heterofunctional fusion proteins are expressed on the surface of the 

recombinant vectors .. 

61. The method according to claim 57, in which the plurality 

IS of heterofunctional fusion proteins are expressed and accumulate inside host 

cells conraining the recombinant vectors. 

20 

25 

30 

35 

62. The method according to claim 57. in which the 

heterofunctional fusion proteins can form semirigid conformational structures. 

63. The method according to claim 4, funher comprising the 
step of identifying which parts of the deduced amino acid sequence are 

relevant for binding of the identified protein, polypeptide and/or peptide to a 

naturally occurring ligand of choice. 

64. A method of identifying the binding specificity of a 

patient's autoimmune response, which comprises contacting a sample of a 

biological fluid from a patient. said sample suspected of containing auto­
antibodies indicative of an autoimmune response with the library according to 
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claim 45 under conditions conducive to binding and isolating the fusion 

proteins from said library which bind to said patient sample. 

65. The method according to claim 64, further comprising· 

S determining the nucleotide sequence encoding the binding domain of the· 

fusion protein identified. 
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