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This application is 2 continuation-in-part 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
. 1, 1993, now abandoned, the entire disclosures of which are incorporated

herein by reference.

1. L NTION
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 Totally Synthetic Affinity
Reagents (TSARSs) 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

10

15 .
- binding domains or a portion thereof having the same binding specificity. )

2. BACKGROUND OF THE INVENTION

There have been two different approaches to the construction of
random peptide libraries. According to one approach, peptides have been
chemically synthésized in vitro in several formats. For example, Fodor, S.,
et al..,. 1991, Science 251: 767-773, describes use of complex instrumentation,
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 frec hexapeptides in
which the first and second residues in each 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, -
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For the most part, the chemical synthetic systems have been directed to
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TOTALLY TIC AFFINITY REAGE

This application is a continuation-in-part of "appliéation 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
1, 1993, now abandoned, the entire disclosures of which are incorporated

herein by reference.

1. FIELD 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 désignated Totally Synthetic Affinity
Reagents (TSARs) having binding specificity and desired affinity for ligands
of choice. The invention further relates to novel TSARs identified according
1o the methods of the invention as well as compositions comprising the
binding domains or a portion thereof having the same binding specificity.

2, BACKGROUND OF THE INVENTION

There have been two different approaches to the construction of
random peptide libraries. According to onec approach, peptides have been
chemically symheéized x_a\_mm in several formats. For example, Fodor. S.,
et al., 1991, Science 251: 767-773, describes use of complex instrumentation,
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., 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 part, the chemical synthetic systems have been directed to -
This Sheet Has Been R

Hllllﬂ T

TO B11653378631



FEB 21°96 15:31 FR PENNIE & EDMOND A TO 811653370631 . P.B5

-
e <

- WO 94/18318 S PCT/US94/00977

10

15

20

30

35

protein (Crissman, J.W. and Smith, G.P., 1984, Virology 132: 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
alterations. In 1985, George Smith published experiments reporting the use of
the pIIl protein of bacteriophage M13 as an experimental system for
expressing a heterologous protein on the viral coat surface (Smith, G.P.,

1985, Science 228: 1315-1317). It was later recognized, independently by
two groups, that the M13 phage pIIl gene display system could be a useful
one for mapping antibody epitopes. De la Cruz, V., et al., (1988, J. Biol.
Chem. 263: 4318-4322) cloned and expressed segments of the cDNA encoding

- the Plasmodium falciparum surface coat protein into the gene IIi, and -

recombinant phage were tested for immunoreactivity with a polyclonal
antibody. Parmley, S.F. and Smith, G.P., (1988, Gene 73: 305-318) cloned -
and expressed segments of the E. coli 8-galactosidase gene in the gene III and
identified recombinants carrying the epitope of an anti-g-galactosidase
monoclonal antibody. The latter authors also described a process termed
"biopanning", in which mixtures of recombinant phage were incubated with _
biotinylated monoclonal antibodies, and phage-antibody complexes could be
specifically recovered with streptavidin-coated plastic plates.

In 1989, Parmley, S.F. and Smith, G.P., (1989, Adv. Exp.
Med. Biol. 251:215-218), suggested that short, synthetic DNA segments
cloned into the pIII gene might represent a library of epitopes. These authors
reasoned that since linear epitopes were often ~6 amino acids in length, it
should be possible to use a random recombinant DNA libxﬁ.ry to express all
possible hexapeptides to isolate epitopes that bind to antibodies.

" Scott and Smith (Scott, 1.K. and Smith, G.P., 1990,

Science 249: 386-390) describe construction and expression of an "epitope
library" of hexapeptides on the surface of M13. The library was made by
inserting a 33 base pair Bgl I digested oligonucleotide sequence into an Sfi I
digested phage fd-tet, z e., f{USES RF. The 33 base pair fragment contains 2
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random or "degenerate” coding sequence (NNK), where N represents G, AT
and C and K represents G and T. The authors stated that the library consisted
of 2 x 10° recombinants expressing 4 x 107 different hexapeptides;
theoretically, this library expressed 69% of the 6.4 x 10" possible peptides
(20%). 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. WO91/19818 published
December 26, 1991 by Dower and Cwirla describes a similar library of
pentameric to octameric random amino acid sequences.

Devlin et al., 1990, Science, 249:404-406, describes a peptide
library of about 15 residues generated using an (NNS) coding scheme for
oligonucleotide synthesis in which S is G or C. '

Christién and colleagues have describéd 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(G/T)),, with a self-corhplemenrary 3
terminus. This sequence, in forming a hairpin, creates a self-priming
replication site which could be used by T4 DNA polymerase to generate xﬁ¢ _
complementary strand. The double-stranded DNA was cleaved at the Sfil |
sites at the 5 terminus and hairpin for cloning'into the fUSES vector
described by Scot and Smith, supra.

Other investigators have used other viral capsid proteins for
expression of non-vira] DNA on the surface of phage particles. The protein
pVIII is a major viral cépsid protein and interacts with the single stranded
DNA of M13 viral particles at its C-terminus. It is 50 amino acids long and
exists in approximately 2,700 copies per particle. The N-terminus of the
protein is exposed and will tolerate insertions, although large inserts have been
reported to disrupt the assembly of fusion pVIH proteins into viral particles.
(Cesareni, G., 1992, FEBS Leit. 307: 66-70). To minimize the negative
effect of pVIII-fusion proteins, a phagemid system has been utilized.
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Bacterial cells carrying the phagémid are infected with helper phage and
secrete viral particles that have a mixture of both wild-type and fusion pVIIl
capsid molecules. Gene VIIT has also served as a site for expressing peptides
on the surface of M13 viral particles. Four and six amino acid sequences
corresponding to different segments of the Plasmodium falciparum 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).

Lenstra, (1992, 1. Immunol. Meth. 152:149-157) describes
construction of a library by a l#borious process encompassing annealing
oligonucleotides of about 17 or 23 degenerate bases with an 8 nucleotide long
palindromic sequence at their 3’ ends to express random hexa- or octa- -
peptides as fusion proteins with the f-galactosidase protein in a bacterial
expression vector. The DNA was then converted into a double-stranded form

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

released as HindIll fragments. These fragments were then cloned into an
expression vector at the C-terminus of a truncated S-galactosidase to generate
107 recombinants. Colonies were then Iysed, blotted on nitrocellulose filters
(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 suggeét_ed for use to identify peptides
having binding affinity for a chosen ligand, the present scheme for synthesis
and assembly of the oligonucleotides yields nucleotide sequences encoding

unpredicted amino acid sequences which are larger in size, i.e., longer in

‘length than any prior conventional libraries.

Completely contrary to the conventional teaching in the art that
the length of inserted oligpnncledtides should be kept small encoding
preferably less than 15 and most preferably about 6-8 amino acids, the present
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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 proteihs, polypeptides and/or proteins having
binding specificity for a variety of ligands.

Additionally, the longer length of the mserted synthesized
ohgonucleot:des 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
binding domain of the peptide. Such compiex 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 1ibrar)'.' Those
skilled in the art would expect 10 solve this problem by using hosts carrying
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 very serious when
expressing oligonucleotides of longer length encoding random peptides. The
present invention effectively and efficiently minimizes the negative impact of
such problem on the generation of a useful library. '

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. SUMMARY OF THE INVENTION
The present invention provides methods and compositions. i.e.,
libraries, for identifying proteins/polypeptides and/or peptides called TSARs
which bind to a ligand of choice. As used in the present invention, a TSAR is
intended to encompass a concatenated heterofunctional protein, polypeptide
and/or peptide that includes at least two distinct functional regions. One
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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 strength of binding under
specific conditions, 2) the stability of its binding under specific conditions,
and 3) its selective specificity for the chosen ligand. A second region of the
hetefofuncﬁona] TSAR molecule is an effector domain that is biologically or
chemically active to enhance expression and/or detection and/or purification of
the 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 a2 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 expression
vector. '

The present invention further provides novel TSAR reagents as
well as compositions comprising a binding domain of 2 TSAR or 2 portion
thereof, all having specificity for a ligand of choice and methods for using
TSARs and compositions comprising a binding domain of 2 TSAR, or a
portion 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
preferred embodiment, the TSARS are expressed on the surface of the
recombinant vectors of the library.

The present invention encom]ﬁasses a method for identifying a
protein, polypeptide and/or pcptide' which binds to a ligand of choice,
comprising: screening a library of recombinant vectors which express a
plurality of heterofunctional fusion proteins comprising (a) & binding domain
encoded by an oligonucleotide comprising unpredictable nucleotides in which

-
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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
effector domain encoded by an oligonucleotide sequence which is a prdzein 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 binﬁing and isolating the fusion

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

encompasses a method for identifying a protein and/or peptide which binds to
a ligand of choice, comprising: (a) generating 2 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
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 (ii)
an effector domain encoded by an oligonucleotide sequence encoding a protein
or peptide that enhances expression or detection of the binding domain; and
(b) screening the library of vectors by contacting the plurality of
heterofunctional fusion proteins with the ligand of choice under conditions
conducive 10 ligand binding and isolating the heterofunctional fusion protein
which binds to the ligand, Additionally, the methods of the invention further
comprise determining the nucleotide sequence encoding the binding domain of
the heterofunctional fusion protein identified to deduce the amino acid
sequence of the binding domain.

In order to prepare a library of recombinant vectors expressing
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 1o have both
invariant nucleotide positions and variant or uﬁpredicted 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 oligonucleotides. |

At the 5 termini of the sets of variant nucleotides, the invariant nucleotides
encode for efficient restriction enzyme cleavage sites. The 3 termini

 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 conversion to double-stranded DNA, designated
herein synthesized double stranded oligonuc_leotides.

The scheme for synthesis and assembly of the unpredictable
oligonucleotides used to construct the libraries of the present invention
incorporates m =+ n variant, unpredicted micleoﬁde sequences of the formula
(NNB),., into the coding strand where B is G, T or C and n and m are each
an integer, such that 20 < n +m <, 200 or from 20 and 200 unpredicted
codons are incorpo‘ratéd into the synthesized double stranded oligonucleotides,
encoding the plurality of proteins, polypeptides and/or peptides.
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One embodiment of the present invention provides methods for |
identifying a protein, polypeptide and/or peptide 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), ] Z 3' with a second nucleotide sequence of the formula
3’ Z' O UNNV), Y 5
where X and Y are restriction enzyme recognition sites, such that X = Y;
NisA,C,Gor T;
BisG,TorC;
VisG, AorC;
n is an integer, such that 10 < n < 100;
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
Jis A, C, G, T or nothing;
Ois A, C, G, T or nothing; and
U is G, A, C or nothing; provided, however, if any one of],0orUis
nothmg then J, O and U are all nothing,
and converting the annealed nucleotide sequences to a double stranded
oligonucleotide, and '

(b) an effector domain encoded by an oligonucleotide
sequence encoding 2 protein or peptide that enhances expression or detection
of the binding domain, 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.
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The present invention further encompasses methods for -
preparing libraries of vectors expressing a piurality of heterofunctional fusion
proteins that are designed to form semirigid conformational structures. This is
accomplished by incorporating into the synthesized nucleotide sequences
additional invariant residues flanking contiguous sequences of variant
nucleotides. These additional invariant nucleotide sequences are designed to
encode amino acids that will confer structure in the binding domain of the
expressed heterofunctional fusion protein. In a preferred embodiment, the
additional invariant nucleotides code for cyéteine residues. When the library

- is expressed in an oxidizing environment, at least one disuifide 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 inventidn further encompasses methods 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 sequence identified by screening a Jibrary of

vectors of the inventjon.

3.1. AND ADVA OF THE INVENTION
The present 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
molecules. Thus, the invention provides a rapid and easy way of producing a

‘large library that results in a plurality of longer proteins, polypeptides 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 '
methods and compositions of the present.invention can be used in a wide
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variety of appl_iéa!ions to mimic or replace naturally occurring binding
molecules or portions thereof.

In contrast to methods that rely on isolation of specific genes
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 portions 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

affinity for that ligand. Since TSARs are screened in vitro, the solvent
requirements involved in TSAR/ligand interactions are not limited to aqueous
solvents; thus, nonphysiological binding interactions and conditions different
from those found i vivo can be exploited. '

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 greater variability than in
conventional schemes such as those which use nucleotides of other formulas.

Use of the presently taught NNB scheme is particularly
advantageous by minimizing the number of recombinants with internal stop
codons. This difference becomes magnified when longer peptides are
expressed. This becomes especially important where the size of the inserted
oligonucleotides is large, e.g., greater than about 20 codons. For example,
using the presently taught method, in an oligonucleotide of 100 codons, the
probability of pot having a stop codon, i.e., of having an open reading frame,
would be (47/48)'® or about 12% whereas using the (NNS) or (NNK)
method, such probability would be (31/32)' or about only 4%. The NNN
scheme could be used, but there would be an increase in the number of
recombinants with stop codons, i.e., the frequency of not having a stop codon
would be (61/64)'® or less than about 1%.
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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
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 greater flexibility in host range. In addition, oligonucleotides in
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 are difficult
to assemble and sequence properly. |

Perhaps most significantly, the present scheme for synthesxs and
assembly of the oligonucleotides provides sequences of oligonucleotides
encoding unpredicted 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 77-631 nucleotides in length encoding the restriction enzyme
sites, the complementary site and about 20-200 unpredicted amino acids in the
TSAR binding domain. According to a preferred embodiment, n and m are
greater than or equal to 10 and less than or equal to 50. Thus, the
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.
Completely contrary to the conventiona! teaching in the art that
the length of inserted oligonucleotides should be kept small encoding
-
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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 advantagéously
screened to identify TSARs or proteins, polypeptides and/or proteins having
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
binding domain of the peptide. Such complex structural developments are not

- feasible when only shorter length oligonucleotides are used.

~ In addition, the present invention provides methods whereby a
semi-rigid structure or conformation is specifically designed 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
TSAR (or a portion thereof 'having the same binding specificity) may be used
in any in vivo or in vitrg application that might make use of a péptide or
polypeptide with binding affinity. Thus, TSARs or the TSAR compositions
can be used in place of or to bind to a cell surface receptor, a viral receptor,
an enzyme, a lectin, an integrin, an adhesin, a Ca** binding protein, a metal
binding protein, DNA or RNA binding pioteins, immunoglobulins, vitamin
cofactors, peptides that recognize any bioorganic or inorganic compound, etc.

By virtue of the affinity for a target, TSARs or compositions
comprising a TSAR binding domain or a portion thereof used in vivo can
deliver a chemically or biologiéally active moiety, such as a metal ion, a
radioisotope, peptide, toxin or fragment thereof, or enzyme or fragment
thereof, to thé specific target in or on-the cell. The TSARs can also have in
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vitro 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
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

 thereby circumvent the need for the complex methods for hybridoma

formation or in vivo antibody production. Moreover, TSARs differ from
other natural binding molecules in that TSARs have an easily characterized
and designed activity that can allow their direct and rapid detection in a
screening process. ,
It has been discovered that TSARs are also particularly useful in
elucidating the sequences in natrally occurring ligand proteins, glycoproteins
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 specific sequence responsjble for the interaction with a
target is unknown. Particularly, if the molecule is large, mapping this binding
site can be a laborious undertaking by standard techniques. It has been found
that when TSARs can be isolated that bind to a naturally occurring ligand,
some of these TSARs will contain sequences that mimic specific sequences in
the naturally occurring target for that ligand. By comparing the TSAR
sequence with that of the target, the specific sequence responsible for ligand
binding can advantageously be determined. |

4. BRIEF DESCRIPTION OF THE FIGURES

The present invention may be understood more fully by
reference to the following detailed déscription of the invention, examples of
specific embodiments of the invention and the appended figures in which:

-
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Figure 1 (A-F) schematically illustrates construction of TSAR
libraries according to the methods of the invention. Figure 1A schematically
depicts the synthesis and assembly of synthetic oligonucleotides for the linear
libraries and bimolecular libraries illustrated in Figure IBand C. N = A, C,
GorT:B =G, TorCand V = G, A, or C; and n and m are integers, such
that 10 < n < 100and 10 < m < 100. Figure 1 D-F schematically depicts
representative libraries which are designed to be semirigid libraries. The
synthesis and assembly of the oligonucleotides for the semirigid libraries are
as in Figure 1A with modifications to include specified invariant positions.
See Section 5.1 text for details.

Figure 2 depicts maps of derivati\;es of mi3mp8, vectors m655

- and m663, (see Fowlkes et al., 1992, BioTechniques, 13:422-427).

Figure 3 (A-D) 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 pIIl gene of M13 is
linked to a leader sequence of the E. coli Pel B gene and is expressed under
control of a lac promoter. G and S represent the amino acids glycine and
serine, respectively; c-myc represents the human ginjg oncogene epitope
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 pDAF1; Figure 3B illustrates the restriction map of phagemid
pDAF2; Figure 3C illustrates the restriction map of phagemid pDAF3;
Figure 3D schematically iliustrates the construction of phagemids pDAF1,
pDAF2 and pDAF3. |

Figure 4 depicts the steps in construction of the plasmid
expression vector p340. See text Section 9 for details.

Figure 5(A-B) depicts the steps in construction of (Figure 5A)
and structure of Figure 5B expression vector plasmid p677-2. See text
Section 5.1.2.1 for details.
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_ Figure 6 schematically presents a scheme for screening 2 TSAR

library expressed in a plasmid vector. See text Section 5.2 for details.

Figure 7 schematically represents TSARs in which a linker
domain joins the binding domain and the effector domain. The schematic
illustration is not necessarily drawn to scale. See text Section 5.3 for details.

Figure 8 schematically illustrates construction of the TSAR-9
library, N=A,C,GorT;B=G, TorCand V=G, A or C. See text
Section 6.1.1 for details.

Figure 9 schematically illustrates construction of the TSAR-12
libary. N=A,C,GorT;B=G,TorCandV = G, A or C. See text
Section 6.2 for details. Insertion into a representative, appropriate vector and

. expression -in an appropriate host is illustrated.

Figure 10 presents the usage frequency of amino acids encoded
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 synthesize the oligonucleotides; the divergence from the
predicted values is represented by the size of the bars above and below the
baseline. See text Section 6.3.1 for details.

Figure 11 schematically, illustrates construction of the TSAR-13
library. See text section 6.4 for details. ' .

Figure 12 demonstrates that TSARs, expressed on phage
vectors, designated 7E11.9-S and 7E11.12-3 (SEQ ID NOS: 26 and 29,
respectively) inhibited the binding of the 7E11-CS monoclonal antibody to its
antigen in a dose dependent manner. - O represents competition of binding by
TSAR 7E11.9-5 (IC 50 = 1.7 x 10'°); @ represents competitive inhibition of
binding by TSAR 7E11.12-3 (IC 50 = 3.55 x 10'!); V represents competitive
inhibition of binding by the plIIl gene of vector M663, a control protein. See
text Section 7.2 for details. '

-
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Figure 13 demonstrates that a peptide (amide form) (SEQ ID

' NO 31) comprising 2 portion of the binding domain of a 7E11-CS binding

TSAR competitively inhibited binding of the 7E11-C5 antibody to its antigen.
Two (amide form) control peptides 1 and 2 (SEQ ID NOS: 32 and 33) were
included for comparison. The ability to inhibit binding of B139, another
monocional 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 7E11-C5 monoclonal antibody binding to the LNCaP
cell extract by SEQ ID NO 31; [J, inhibition of B139 .monoclonal antibody
binding to the LNCaP cell extract by SEQ ID NO 31; 4 represents inhibition
of 7E11-C5 monoclonal antibody binding by control peptide 1 SEQ ID NO
32; = represents inhibition of B139 monoclonal antibody binding by control
peptide 1 SEQ ID NO 32; © represents inhibition of 7E11-C5 monoclonal
antibody by control peptide 2 SEQ ID NO 33; and & 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 7E11-C5
monoclonal antibody to a peptide comprising a portion of a 7E11-C5 binding
TSAR, the peptide designated (amide) SEQ ID NO 31 when immobilized
using 50 ul/well at concentrations ranging from' 0.5 - SO0 ug/ml. ©
represents SEQ ID NO 31 at 0.5 ug/ml; -» represents SEQ ID NO 31 at 5.0
ug/ml; B represents SEQ ID NO 31 at 50 gg/ml; and * represents SEQ ID
NO 31 at 500 pg/ml. See text Section 7.2 for details. :

Figure 15 demonstrates that the 7E11-C5 monoclonal antibody
specifically binds to a peptide comprising a portion of 2 7E11-C5 binding
TSAR, the peptide designated (amide form) SEQ ID NO 31 whereas another,
irrelevant monoclonal antibody B139 did not. * represents binding of
7E11-C5 antibody to immobilized SEQ ID NO 31; B represents binding of

.B139 antibody to immobilized SEQ ID NO 31.
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Figure 16 (A-B) diagrammatically shows chromatographic
characzenstxcs of isolated Zn(II)-IDA-selected phage fractionated on Zn(II)-
IDA, Cu(D-IDA, and Nill)-IDA. Figure 16A shows four Zn(II)-IDA-
selected phage (Table 2) chosen for further characterization. The clones were
fractionated on Zn(II)-IDA, Cu(Il)-IDA, and Ni(IT)-IDA. Three fractions
were collected and titered for the presence of phage: the wash (M), the
elution Q), and the metél(II)-IDA column matrix resuspended in TIONT
(0). The percentage of recovered phage in each fraction is indicated. .
Figure 16B shows elution of Zn(II)-IDA-selected clone Zn1B8 from Zn(l)-
IDA. Znl1BS8 was fractionated over Zn(IDIDA- and eluted with various
reagents. Three fractions were collected and titered for the presence of
phage: the wash fraction (M), the elution fraction (ﬁ), and the metal(Il)-1DA
column matrix resuspended in TIONT ([3). Values are presented as percent
recovered phage in fraction. Sec text Section 7.3 for details.

Figure 17 demonstrates competitive binding of TSARs

designated C46-9.1 (SEQ ID NO 68) (@) and C46-9.2 (SEQ ID NO 69) (O)

with carcinoembryonic antigen (CEA) for the C46 monoclonal antibody. See
text Section 7.5 for details.

. Figure 18 illustrates binding of synthesized overlapping
octameric peptides (8-mers) based on the amino acid sequence of the binding
domain of TSAR C46.9-2 SEQ ID NO 69 with the C46 antibody in an ELISA
assay format. See text Seétion 7.5 for details. '

Figure 19 demonstrates that the bmdmg of a pepnde, i.e., SEQ
ID NO 176, based on the calmodulin binding TSAR (SEQ ID NO 135), 10
calmodulin is inhibited by increasing concentrations of EGTA, indicating that
binding to calmodulin is calcium dependent. [[1] represents SEQ ID NO 176
binding to CaM in.the presence of r.;alcium: [O1] represents the inhibition of
SEQ ID NO 176 binding to CaM in the presence of increasing concentrations
of EGTA. See text, Section 7.9 for details. .
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Figure 20 - Inhibition of streptavidin labeled SEQ ID NO 176
peptide binding to immobilized calmodulin by CaM proiwin kinase (CaM K)
and skeletal myosin light chain kinase (MLCK). See text, Section 7.9 for
details. _

Figure 21 - Fluorescense of SEQ ID NO 176 peptide in the
presence of calcium ions, bound (—~~) and unbound (—) 10 calmodulin. See
text, Section 7.9 for details.

Figure 22 - Fluorescence of SEQ ID NO 176 peptide in

‘increasing concentrations of calmodulin. See text, Section 7.9 for derails.

Figure 23 - The ability of the N-terminal half SEQ ID NO 195
(=), C-termina! half SEQ ID NO 180 (-«), W t0 A SEQ 1D NO 178(4"), the
reverse sequence, SEQ ID NO 177 (=) to compete with SEQ ID NO 176
peptide binding to calmodulin. See text, Section 7.9 for details.

5. DETAILED DESCRIPTION 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 used in the present invention, a TSAR is intended to

encompass a concatenated heterofunctional protein, polypeptide and/or peptide
that includes at least two distinct functional regions. "One region of the
heterofunctional TSAR molecule is a binding domain with affinity for a
ligand, that is characterized by 1) its strength of binding 'under specific
cbnditions, 2) the stability of its binding under specific conditions, and 3) its
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 enhance expression and/or detection and/or purification of
the TSAR. The effector domain is chosen from a number of biologically or
chemically active proteins including a structural protein or fragment that is
accessibly expressed as a surface protein of a \}ector, an enzyme or fragment

thereof, a toxin or fragment thereof, a therapeutic protein or peptide, or a

-~
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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

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

vector. See Section 5.3 (infra) for a more detailed description of the opnona.l
linker region of the TSARs (see also Figure 7).

As used in the present invention, a ligand is intended to
encompass a substance, including a molecule or portion 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 fits and binds; or a TSAR can
function as a key which fits into and binds a ligand when thé-ligand is a larger
protein molecule. In this invention, a ligénd is a substance that specifically
interacts with or binds to-a TSAR and includes, but is not limited to, an
organic chemical group, an ion, a metal or non-metal inorganic ion, a
glycoprotein, a protein, a polypeptide, a peptide, a nucleic acid, a
carhohydrate or carbohydrate polymer, a lipid, a fatty acid, a viral particle, a
membrane vesicle, a cell wall component, a synthetic organic compound, a
bioorganic compound and an inorganic compound or any portion of any of the
above. '

The present invention fusther provides novel TSAR reagents as
well as compositions cornprisif:g 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 2 binding domain of a TSAR or a
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portion thereof which retains the binding specificity of the TSAR binding
domain.

Solely, for ease of explanatioh. the description of the invention
may be divided into the following sections: (A) methods to identify TSARs
including (i) construction and (ii) screening of libraries; (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
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 semirigid libraries are described.

. METHODS TO IDENTIFY TSARs:
CONSTRUCTION OF LIBRARIES

In its most general embodiment, the process of the present
method for rapidly and efficiently identifying novel binding reagents termed
TSARs comprises two steps: (a) constructing a library of vectors expressing
inserted synthetic oligonucleotide sequences encoding a plurality of proteins,
polypeptides and/or peptides as fusion proteins, for example, attached 10 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 to0 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 binding domain that binds the ligand of choice.

The present invention encompasses a method for identifying 2
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 unpredict_ablé nucleotides in which

_________’_’_—--.——-\
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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
effector domain encoded by an oligonucleotide sequence encoding a protein or
peptide that enhances expression or ;leiection 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
proteins which bind to the ligand. Altefnalively, the present invention
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

plurality of heterofunctional fusion proteins comprising (i) 2 binding domain

 encoded by a double stranded 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 (ii)
an effector domain encoded by an oligonucleotide sequence encoding a protein
or peptide that enhances expression or detection of the binding domain; and
(b) screening the library of vectors by contacting the plurality of
heterofunctional 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 or the invention further
comprise determining the nucleotide sequence encoding the binding domain of
the heterofunctional fusion protein identified to deduce the amino acid

_sequence of the binding domain.

It is, of course, understood that once a library is constructed
according to the present invention, the [ibrary can be screened 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.
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5.1.1. SYNTHESIS AND A Y OF OLI ES

In order to prepare a library of vectors expressing 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 to have
variant or unpredicted and invariant nucleotide positions. Pairs of variant
nucleotides in which one individual member is represented by 5'(NNB), 3
and the other member is represented by 3'(NNV), 5' where Nis A, C, G or
T;BisG, TorC; Vis G, A or C; nis an integer, such that 10 < n'= 100,
and m is an integer, such that 10 < m < 100, are synthesized for assembly
into synthetic oligonuéleoﬁdes. As assembled, according to the present
invention, there are at least n + m variant codons in each inserted synthesized
double stranded oligonucleotide sequence (Figure 1A).

| As would be understood by those of skill in the art, the variant
nucleotide positidns have the potential to encode all 20 naturally occurring
amino acids and, when assembled as taught by the present method, encode
only one stop codon, i.e., TAG. The sequence of amino acids encoded by the
variant nucleotides of the present invention is uﬁpredicmble and substantially
random in sequence. The terms “unpredicted”, "unpredictable” and
“substantially random" are used interchangeably in the present application with
respect to the amino acids encoded and are intended to mean that at any given
position within the binding domain of the TSARs encoded by the variant
nucleotides which of the 20 natwrally occurring amino acids will occur cannot

be predicted.

The variant nucleotides, according 10 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 codoné are used, the present scheme for designing the

-
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variant nucleotides advantageously provides greater variability than in
conventional schemes such as those which use nucleotides of the formula
NNK, in which K is G or T (see Dower, W0O91/19818, supra) or of the
formula NNS, in which S is G or C.(see Devlin, W091/18980), in which
only 32 codons are employed. '

Moreover, as discussed in Section 5.1.3 (infra), when the
synthesized oligonucleotides are inserted into an expression vector, the single
stop codon TAG can be suppressed by expressing the library of vectors in a
mutant host, such as E, 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, 4.13-4.15 1989 (herein
Maniatis)]. |
| As would be understood by those of skill in the art, use of
variant codons of the formula NNK or NNS would, like the presently
employed NNB formula, encode only one type of stop codon, i.e., TAG. If |

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

single stop codon, there would be no difference or advantage in using the
present NNB scheme over ;hose- schemes used by conventional methods.

On the other hand, if suppression were not 100% efficient or if
there were' no suppressions available for a particular 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 siop codon: in an NNB sequence of a
particular Jength of nucleotides is Jess. To illustrate, the probability of having
a stop codon in a sequence of 36 codons using the presently taught NNB
scheme is [1-(47/48)*] or about 53% whereas, using the NNK or NNS
scheme, such probability would be [1-(31/32)] or 68%. The NNN scheme
could be used, but there would be an increase in the number of recombinants
with stop codons: e.g., [1 -(61/64)*] = 0.82 or 82%. Thus, use of the
presently taught NNB scheme is particularly advantageous in minimizing the
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number of recombinants with intemal stop codons. This difference' becomes
magnified when longer TSAR peptides are expressed. This becomes
especially important where the size of the inserted oligonucleotides is large,
e.g., greater than about 20 codons. For example, using the presently tanght
method, in an oligonucleotide of 100 codons, the probability of not having a
stop codon, i.e. of having an open reading frame, would be (47/48)'® or
about 12% whereas using the NNS or NNK method, such probabxluy would
be (31/32)! or about only 4%.

Indeed, as explained more fully in Section 6.3 (infra), analysis'
of a large number of inserted synthesized oligonucleotides according to the
present invention expressed by an M13 vector derivative in a supE E. coli
mutant demonstrated that very few TAG stop codons were observed in the.
binding domain sequences expressed by the TSAR vectors. Thus, it appears
that use of glmE in this system is not very efficient and hence use of the
present NNB scheme is particularly 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
subject to intense molecular genetic manipulation and thus offers greater
flexibility in host selection.

One could avoid stop codons a.ltogethef 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.

The invariant nucleotides are positioned at particular sites in the
nucleotide sequences to aid in assembly and cloning of the synthesized
oligonuclieotides. At the 5’ termini of the sets of variant nucleotides, the
invariant nucleotides encode for efficient restriction enzyme cleavage sites.
The invariant nucleotides at the 5’ termini are chosen to encode pairs of sites
for cleavage by restriction enzymes (1) which can function in.the same buffer -

conditions; (2) are commercially available at high specific activity; (3) are not
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complementary to each other to prevent self-ligaﬁon of the synthesized double
stranded oligonucleotides; and (4) which require cither 6 or 8 nucleotides for a
cleavage recognition site in order to lower the frequency of cleaving within

the inserted double stranded synthesized oligonucleotide sequences.

According to particular embodiments of peptide libraries exemplified in
Section 6 (infra), the selected restriction site pdirs are selected from Xho 1 and
Xba I, and Sal I and S,m 1. Other examples of useful restriction enzyme sites
include, but are not limited to: Ncol, Nsil, Pal I, Not 1, Sfi I, Pme I, etc.
Restriction sites at the 5’ termini invariant positions function to promote
proper orientation and efficient production of recombinant molecule formation -

‘during ligation when the oligonucleotides are inserted into an appropriate

expression vector.
According to an alternate embodiment of the present invention,

the variant 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 synthesized oligonucleotides at
the termini for insertion into an appropriate vector, while avoiding cleavage in
the variant nucleotide sequences. '

The 3’ termini 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 conversion to double-stranded DNA,
designated herein synthesized double stranded oligonucleotides.

In particular embodiments of peptide libraries exemplified in
Section 6 (infra), the 3’ termini invariant nucleotides are selected from
YGCGGTG* and *CGCCAC*, and ¥CCAGGT® and ¥GGTCCA*, which also
encode either a particular amino acid, glycine, or dipeptide proline-glycine,
which provides the flexibility of either a swivel or hinge type configuration to
the expressed proteins, polypeptides and/or peétides, respectively.
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In yet another specific embodiment, the 3’ termini invariant
nucleotides of the coding strand are 5’ GGGTGCGGC 3’ which encode
glj'cine, cysteine, glyciné. In an oxidizing environment the éysteine forms a
disulfide bond with another cysteine engineered into the binding domain to
form a semirigid conformation in the expressed peptide.

In another embodiment, the complementary 3' termini also
encode an amino acid sequence that provides a short charge cluster (for
example, KKKK, DDDD or KDKD), or a sharp turn (for example, NPXY,
YXRF where X is any amino acid). In another alternative embodiment, the
cbmplementary 3’ termini also encode a short amino acid sequence that
provides a peptide known to have a desirable binding or other biological
activity. Specific examples include complementary pairs of sequences
encoding peptides including but not limited to RGD, HAV, HPQO where 0 is

& non-polar amino acid.
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Figure 1A generally illustrates an asserﬁbly.process according to
the method of the present invention. The oligonucleotide sequences are thus
assembled by a process comprising: synthesis of pairs of single stranded
nucleotides having a formula represented:

(a) 5’ -» 3/ Restriction site—(NNB),—Complememary site; and

(b) 3' = 5’ Complementary site-(NNV)_-Restriction site,
where n is an integer, such that 10 < n < 100 and m is an integer, such that
10 < m <100. More particularly, the single stranded nucleotides are
represented as: pairs of nucleotide sequences of a first formula
5’ X (NNB), ] Z 3 and 2 second nucleotide sequence of the formula

3'Z'OU(NNV), Y5

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

NisA,C,GorT;

Bis G, Tor C;

VisG, AorC;

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

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

Jis A, C, G, T or nothing;

Ois A, C, G, T or nothing; and

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

nothing then J, O 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 incoxporated, either in equimolar or non-equimolar ratios at the variant
positions, i.e., N, B, V. J, O or U. The nucleotide sequences of the desired

length are purified, for example, by HPLC.
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Pairs of the purified, single stranded nucleotides of the desired
length are reacted together in appropriate buffers through repetitive cycles of
annulmg and DNA synthesis using an appfopnate DNA polymexase, such as
Tag, Vent™ or Bst DNA polymerase, and appropriate tempcmture cycling.
Klenow fragment of E. coli 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 +nin length, are isolated, for
example, by phenol/chloroform 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 synthesized oligonucleotides. The double-stranded synthesized
oligonucleotides should be selected for those of the appropriate size by means-
of high resolution polyacrylamidg 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
oligonucleotides used fo construct the libraries of the preseni invention
incorporates m + n variant, unpredicted nucleotide sequences of the formula
(NNB)m; where Bis G, T or C and n and m are each an integer, such that
20 < n + m =< 200 or from 20 to 200 unpredicted codons are incorporated
into the synthesized double stranded oligonucleotides. Such a scheme
provides a number of important advantages not available with conventional
Iibraries. As assembled, the_ present synthesized oligonucleozidcs 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
advantageously provides greater variability than other conventiona) schemes.
For example, conventiona! schemes in which the variant nuc)eotides have the
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formula NNK, where K is G or T, or NNS, where S is C or G, vse only 32
different amino acid encoding codons. The use of a larger number of amino
acid encoding codons may make the present libraries less susceptible to codon
preferences of the host when the libraries are expressed. Although both the
présent scheme and conventional schemes retain dnly 1 stop 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.

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. As is well known to those of skill
in the art, nucleotide sequences rich in GC residues are difficult 10 assemble
properly and to sequence. _

The present scheme for assembling the oligonucleotides using

. sets of nucleotides having variant and invariant regions comprising two

different single stranded nucleotide sequences depicted:

(a) 5’ - 3’ Restriction site-(NNB),~Complementary Site; and

(b) 3’ = 5’ Complementary Site-(NNV),-Restriction Site,

advantageously provides for efficient annealing of the two single 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 converted to double stranded oligonucleotides using an
appropriate polymerase, such as Tag DNA polymerase, in repetitive cycles of
annealing and extending.

Perhaps most significantly, the present scheme for synthesis and
assembly of the oligonucleotides provides sequences of oligonucleotides
encoding unpredicted amino acid sequences which are iargcr in size than any
prior conventional libraries. As constructed according to the present
invention, the present synthesized double stranded oligonucleotides comprise
at Jeast about 77-631 nucleotides in length encoding the restriction enzyme
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sites, the complementary site and about 20-200 unpredicted amino acids in the
TSAR binding domain. According to a preferred embodiment, n and m are
greater than or equal to 10 and less than or equal to 50. Thus, the
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 rotal amino acids, respectively, in the TSAR binding domain.

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. Completeiy contta:y, 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
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
kept to 2 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 short peptide

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

which provides methods to efficiently generate and screen libraries of much
longer peptides to identify binding peptides, has quite successfully elucidated
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.

As demonstrated in the examples in Section 7 (infra), the long
Iength of the present inserted oligonucleotides affords the ability to identify
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TSARs in which a short sequencé 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
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, with either a simple or complex binding
site. | '

In a particular application, i.e., the identification of a TSAR
having binding specificity for an epitope of an amibody. the present libraries
having large inserted oligonucleotide sequences provide the opportunity 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. |

Additionally, the large size 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
binding domain. Such complex structural developments are not feasible when
only small iength oligonucleotides are used.

Finally, as has been overlooked by the conventional wisdom,
longer length peptide libraries provide a greatly enhanced complexity over
shorter length peptide libraries which would not have been obvious to one of
skill in the art. This greatly enhanced complexity is associated with the
concept of sliding windows which must be counted inclusively, i.e., number .
of windows = [length of sequence] - [window size] + 1. This concept can be
illustrated by comparison of two libraries, as follows. Assume that a binding
site to a ligand requires 5 comigﬁous amino acid residues (pentamer). In two
libraries composed of equal numbers of recombinants, a first fibrary
expressing pentamers, and another library constructed according to the present
invention expressing tri-decamers (30-mers), the second library will bé 26
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times "richer” in binding sites relative to the first library. In other words, one
would have to construct 26 pentamer libraries to achieve the same number of
possible pentamers as represented in a single 30-mer library according to the
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 1D-F, a library is constructed which expresses a plurality
of TSAR proteins, polypeptides and/or peptides having some degree of
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 small number of different
conformations that are constrained by the positioning of codons encoding
certain structure confering amino acids in or flanking the synthesized variant
or unpredicted oligonucleotides. Unlike the libraries constructed as described
above and illustrated in Figure 1B in which the plurality of proteins exprSsed
potentially adopt thousands of short-lived different conformations, ina
semirigid peptide library, the plurality of proteins ‘expressed can adopx only a
singie or a small number of conformations.

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
conformational 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
Figure 1_D). 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
sequences.
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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
of TSAR peptides from the TSAR-9 or TSAR-12 libraries illustrated in =~
Section 6 (infra) has yielded TSARs in which two or four cysteines are
encoded'by the inserted synthesized oligonucleotides. 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 formulas:

(1)  X(NNB)(TGC)(NNB),,Z(NNB),(TGC)(NNB),Y (TSARs-9-6 & 9);

(2)  X(NNB)(TGC)(NNB),(T GC),(NNB).Z(NNB),(T GC)(NNB),Y (T, SAR-
9-9'y,
(3)  X(NNB)(T GC)(NNB):Z(NNB)";(T GC)(NNB),Y (TSAR-9-12);
(4)  X(NNB),,(TGC)(NNB),Z(NNB),(TGC) (NNB),,Y (TSAR-9-13')
containing appropriate TGC codons éoding 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
sequence providing a cloverleaf structure (see Figure 1E) can be represented,
for example, by the formula:
X(T GC):(NNB)lo(T GC),(NNB)Z(NNB),(TGC),(NNB),(TGC),Y. When
these peptides are expressed by the appropriate vectors, the cysteine residues
may adopt three different disulfide bond arrangements, thereby generating
three different patterns of "cloverleafs”. The plurality of | proteins,

| 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 cysteines occurring within the
unpredicted or random peptide regions expressed because one unpaired
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cysteine residue will likely cross-link the viral vectors and make them non-
infectious. |

In the third method, the synthesized nucleotides are designed
and assembled so that the plurality of proteins expressed have both invariant
cysteine and histidine residues positioned within the variant nucleotide

~ sequences (see Figure 1F). The positions of the invariant residues can be

modeled after the arrangement of cysteine and histidine residues seen in zinc-
fingers proteins (i.e., -CX, ,CX,HX; H-, where X is any. amino acid),
thereby creating a library of zincfinger-like proteins. As used herein the term
"2incfinger-like proteins” is intended to mean any of the plurality of proteins
expressed which contain invariant cysteine and histidine residues which confer
a zincfinger or similar structure on the expressed protein.
In the fourth method, (see Figure 1F), the plurality of proteins
are designed to have invariant histidine residues positioned within the variant
nucleotide sequences. The actual positions of the invariant residues can be
modeled after the arrangement observed in zinc-binding TSARs identified
accordihg 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,
37, 41, 51), as these TSARs when expressed in phage vectors yield phage
which are stable and infectious. To illustrate, éhe exemplary histidine |
containing TSARs can be represented by the following general formulas: |
(1)  X(NNB)(CAC)(NNB),(CAC)(NNB);Z(NNB);(CAC)NNB){(CAC),
(NNB)Y (TSAR-Zni-B7);

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

~ (CAC)(NNBYCAC)(NNB),Y (TSAR-Znl-B6);

(3)  X(NNB),(CAC)(NNB),;(CAC),(NNB)(CAC)(NNB),Z(NNB),(CAC)
(NNB)(CAC),(NNB),Y(TSAR Zn1-A7); and

@)  X(CAC)(NNB),(CAC)YNNB),(CAC)(NNB),(CAC)(NNB)Z(CAC)
(NNB)(CAC)(NNB),(CAC)(NNB)(CAC)(NNB),Y (TSAR Zn1-A12),

where CAC represents the codon for histidine.
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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 xM zinc

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

metal cations, such as Cu** and Ni**. ‘The members of this type of rigid
library may have advantageous chemical reactivity, since metal ions are often
within the catalytic sites of enzymes. |

In a specific embodiment, the synthes:zed single stranded
nucleotides are assembled by annealing a first nucleotide sequence of the
formula:

5'X [a (NNB)J. JZ 3’ with a second nucleotide sequence of the formula
3’ Z'OU[(NNV),8LY 5

where a, ¢, b, d are integers such that 20 < [a), + [b], = 200; and

c and d are each = |; '

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

peptide it encodes and § is an invariant nucleotide sequence whose

complimentary nucleotide scquence confers some structure in the

encoded peptide; and

X, Y,N,B,V,Z 2,7, 0, U are as defined above.

This scheme for synthesis of unpredictable oligonucleotides

incorporates a total of the arithmetic sum of (a x ¢} + (b x d), i.e., [al.+[b],
variant, unpredicted ﬁucleotide sequences, i.e., [(NNB),). + [(NNV),],, |

" flanked by invariant nucleotides, .e., a and 8, which encode structure-

* conferring amino acid sequences.

By way of example, o and 8 could include a codon for one or
more cysteine residues, for examplé Gly-Cys-Gly, in which instance a and b
are each preferably 26 and <27, to generate disulfide bonds between
different cysteines. in the expressed loop forming peptide structures.

-
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Approﬁ:iate oligonucleotides could be assembled, by annealing for example, a

first nucleotide sequence of the formula:

§’ X o(NNB), «(NNB),Z 3’ with a second nucleotide sequence of the formula
3'Z' (NNV), B Y 5'.

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

complementary sequence of 8 encodes the sam_e sequence, and where both a

and b are equal to seven, the synthesized sihgle stranded nucleotides are

assembled by annealing a first nucleotide sequence:

5 X(GGG)(TGT)(GGG)(NNB),(GGG)(TGT)(GGG)(NNB),(GGG)(TGT)(GGG) 3

with a second nucleotide sequence:

3’ (CCCYACA)CCCYNNV),(CCCHACAXCCO)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 GCGX,GCGX,GCGX,GCG.

Alternatively, a and 8 could encode one or more histidine
residues, for example Gly-His-Gly-His-Gly. In yet another alternative
embodiment, o and 8 could encode a Leu residue in which instance a and b
are each < about 7. Such alternative embodiment would provide an alpha
helical structure in the expressed peptides.

Additionally, according to yet another aliernative embodiment,
an o group could be used for Z, and 8 for Z’ to provide the complementary
sequences to aid in annealing the nucleotides. |
Other nucleotide sequences encoding amino acids that will impose structural
constraints on the expressed -peptides.hre 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.

An additional feature of these semirigid libraries is the potential
to control the binding properties of isolates by reversibly destroying or
altering the rigidity of the peptide. For example, it should be possible to elute
a TSAR bound to a particular ligand in a genﬂe manner with reducing agents
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(i.e., DTT, f-mercaptoethanol) or divalent cation chelators (i.e., EDTA,
EGTA). Such reagents can be used, for example, to elute 2 TSAR library
expressed on phage vectors from target ligands. EDTA or EGTA, at low
concentrations, does not appear to disrupt phage integrity or infectivity.

Once the phage have been recovered and it is deemed necessary
to remove thiols from the solution, the reduced cysteine residues can be
alkylated with iodoacetamide. This treatment prevents renewed disulfide bond
formation and only diminishes phage infectivity 10-100 fold, which is
tolerable since phage.cultures usually atain titers of 10* plaque forming units
per milliliter. Altemnatively, the elution reagents can be removed by dialysis

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

5.1.2. INSERTION OF SYNTHETIC OLIGONUCLEOTIDES
INTO AN APPROPRIATE VECTOR

The plurality of oligonucleotides of appropriate size prepared as
described above is inserted into an appropriate vector which when inserted
into a suitable host expresses the plurality of proteins, polypeptides and/or
proteins as hetcrofunctional fusion proteins with an expressed component of
the vector which are screened to idehlify TSARs having affinity for a ligand
of choice. According to an optional embodiment, the plurality of proteins,
polypeptides and/or peptides further comprise a linking domain between the
binding and effector domains. In 2 preferred mode of this embodiment, the

 linker domain is expressed as a fusion protein with the effector domain of the

vector into which the plurality of oligonucleotides are inserted.

5.1.2.1. LINEAR LIBRARIES
The skilled artisan will recognize that 1o achieve transcription
and translation of the plurality of oligonucleotides, the synthétic
oligonucleotides must be piaced under the control of a promoter compatible

- with the chosen vector-host. system. A promoter is a region of DNA at which
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RNA polymerase attaches and initiates transcription. The promoter selected
may be any one that has been synthesized or isolated that is functional in the
vector-host system. For example, E. goli, a commonly used host system, has
numerous prémo:ers such as the lac or trp promoter or the promoters of its
bacteriophages’ or its plasmids. Also 'synthetic or recombinantly produced
promoters such as the pr,c promoter may be used to direct high level
expression of the gene segments adjacent to it.

Signals are also necessary in order to attain efficient translation
of the inserted oligonucleotides. For example in E. ¢oli mRNA, a ribosome
binding site includes the transiational start codon AUG or GUG in addition to
other sequences complementary to the bases of the 3’ end of 165 ribosomal
RNA. Several of these latter sequences such as the Shine/Dalgarno (S/D)
sequence have been identified in E. '@i_ and other suitable host cell types.

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

employed. These S/D-ATG sequences include, but are not limited to, the
S/D-ATG sequences of the cro gene or N gene of bacteriophage lambda, the
tryptophan E, D, C, B or A genes, a synthetic 8/D sequence or other S/D-
ATG sequences known and used in the art. Thus, regulatory elements contro)
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 1o 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 véctors
such as 0X174, , M13 and its derivatives, fl, fd, Pfl, etc., phagemid
vegtors, plasmxd vectors, insect viruses, such as baculovirus 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.

An appropriate vector contains or is engineered to contain a
gene encoding an effector domain of a2 TSAR to aid expression and/or

-
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detection of the TSAR. The effector domain gene contains or is engineered to
contain multiple cloning sites. At least two different restriction enzyme sites
within such gene, comprising a polylinker, are preferred. The vector DNA is

§ 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 aftér cleavage have or are modified, using DNA polymerase, 10
have non-compatible sticky ends that do not self-ligate, thus favoring insertion

10  ©f the double-stranded synthesized oligonucleotides an.d hence formation pf
recorﬁbinants expressing the TSAR fusion proteins, 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

15 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 proteiﬁ that is expressed on the surface
of the vector. As used in the present application, a "stuffer fragment” is
intended to encompass a relatively short, i.e., about 24-45 nucleotides, 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 knowﬁ monoclonal antibody. The restriction
‘enzyme sites at the termini of the stuffer fragment are useful for insertion of
the synthesized double stranded oligonucleotides, resulting in deletion 6f 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 marker), 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 ami.no acid level, e.g., using an immunological assay.
Such determination allows rapid discrimination between recombinant (TSAR
expressing) vectors generated by insertion of the synthesized double stranded
oligonucleotides 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 ase too close so that adjacent
sites cannot be cleaved independently and used at the same time.

According 10 a preferred embodiment of the invention, the
stuffer fragment comprises the DNA fragment encoding the epitope of the

" human c-Inyc protein recognized by the murine monoclonal antibody 9E10

(Evan et al., 1985, Mol. Cell. Biol. 5:3610-3616) 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
inserted 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
at the NH, and COOH termini which provide appropriate restriction enzyme

 sites for removal of the stuffer fragment and insertion 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
of non-recombinants 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 thé c-myc protein, less than about 5% of
the TSAR expreséing vectors were found to be non-recombinants. This is
particularly advantageous as it provides a larger number of candidates from
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 10 explain the advantageously low number of non-
recombinants obtained when a swffer fragment is incorporated into a vector
employed in the methods of the invention, appiica.nts offer the following
theoretical explanation.

 Ltis possible that insertion of a stuffer fragment may tolerably
and comparably enfeeble the non-recombinant vectors so that there is a
minimal difference in the grthh of non-recombinant and recombinant vectors.
Such minimization of growth differences thus prevents the non-recombinant
vectors from overgrowing the recombinants. Further, it is postulated that
such advantageous minimization may be particularly useful to yield an
efficient production of recombinant vectors especially when the double
stranded synthesized oligonucleotides are of large size as in the present TSAR
libraries. _

In another aspect, the stuffer fragment provides an efficient
means o remove any non-recombinant vectors to enhance or enrich the
population of TSAR expressing vectors, if necessary. Because the stuffer
fragment would be expressed ¢.g., as an immunologically active surface
protein on the surface of noﬁ-recombinam vectors, it provides an accessible
target for binding e.g., to an immobilized antibody. The non-recombinants
thus could be easily removed from a library for example by serial passage
over a column having the antibody immobilized thereon to enrich the
population of recombinant TSAR-expressing vectors in the library.

In a preferred embodiment the vector is or is derived from a
filamentous bacteriophage, i_ncluding but not limited 10 M13, f1, fd, Pfl, etc.

_vector encoding a phage structural protein, preferably a phage coat protein,

such as pIll, pVIII, etc. In a more ﬁreferred embodiment, the filamentous
phage is an M13-derived phage .vector such as m655, m663 (see illustrations
in Figure 2) and m666 described in Fowlkes et al., 1992; BioTechniques,
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13:422-427 (Fowlkes) which encodes the structural coat protein pIII (SEQ ID

NO 7).

The phage vector is chosen to contain or is constructed to
cohtain a cloning site located in the 5 region‘of a gene encoding a
bacteriophage structural protein so that the plurality of synthesized double
stranded oligonucleotides inserted are expressed as fusion proteins on the
surface of the bacteriophage. This advantageously provides not only a
plurality of accessible expressed proteins/peptides but also prdvides a physical
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 structural protein so that the plurality of
expressed proteins constitute C-terminal fusion proteins.

_ Acéording to a preferred embodiment, the structural
bacteriophage protein is pIIl. The m663 vector described by Fowlkes, and
illustrated in Figure 2, containing the pIIl gene having a c-myc-epitope
comprising the “stuffer fragment” introduced at the N-terminal end, flanked
by Xho I and Xba I restriction sites was used in examples exemplified in
Section 6 (infra). The library is constructed by cloning the plurality of
synthesized oligonucleotides into a cloning site near the N-terminus ;)f the
mature coat protein of the appropriate vector, preferably the pIll protein. so
that the oligonucleotides are expressed as coat pmtein-fusioh proteins.

According to an alternative embodiment, the plurality of
oligonucleotides is inserted into a phagemid vector. Phagemids are utilized in
combination with a defective helper phage to sﬁpply missing viral proteins and
replicative functions. Helper phage useful for propagation of M13 derived
phagemids as viral particles include but are not limited to M13 phage K07,
R408, VCS, etc. Suitable phagemid vectors are described in the specific
examples in Section 8 (infra). Generally, according fo a preferred mode of
this embodiment (seg, Figure 3) the appropriate phagemid vector was
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constructed by engineering the Bluescript II SK+ vector (GenBank #52328)
(Alting-Mees et al., 1989, Nucl. Acid Res. 17(22):p 9494); 1o conuain (1) a
truncated portion of the M13-pIlI gene, i.e., nucleotides encoding amino acid
residues 198-406 of the mature plll, (2) the PelB signal leading with an
upstream ribosome binding site and a short polylinker of Pst I, Xho I, Hind
T11, and Xba I restriction sites, in which the Xho I and Xba I sites are
positioned so the synthesized double stranded oligonucleotides could be cloned
and expressed in the same reading frame as the m663 phage vector; and (3)
the linker sequence encoding gly-gly-gly-gly-ser between the polylinker and
the pIII gene. .

| According to an alternative embodiment, the synthesized
oligonucleotides are inserted into a plasmid vector. An illustrative suitable
plasmid vector for expressing the TSAR libraries is a derivative of plasmid
p340-1 (ATCC No. 40516) illustrated in Figure 4.

In order to obtain the appropriate p340-1 derivative suitable as
an expression vector, the Nco I - Bam HI fragment is removed from p340-1
plasmid and replaced by a double stranded sequence having Xho I and Xba I
restriction sites in the correct reading frame. In practice, p340-1 is cleaved
using restriction enzymes at the Bglll and Xba I sites and annealed with two

oligonucleotides:

(1) 5'-CATGGCTCGAGGCTGAGTTCTAGA-3" (SEQ ID NO 8) and (2) 5'-
- GATCTCTAGAACTCAGCCTCGAGC-3’ (SEQ ID NO 9) having Nco I and

Bam HI sticky ends. After ligation and transformation of E. coli,
recombinants containing the desired plasmid designated p340-1D are selected
based on the inserted SEQ ID NOs. 8 and 9 and verified by sequencing, Like
the parent p340-1, the desired p340-1D does not produce functional 8- -
galactosidase because this gene is out of frame. Thus, when the synthesized
double stranded oligonucleotides are inserted, using the Xho 1 and Xba 1
restriction sites, into the p340-1D vector the coding fram.e is restored and the

TSAR binding domain is expressed as a fusion protein with the §-
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galactosidase. When exposed to IPTG, the vectors expressing the TSAR
library would produce identifiable blue colonies. '

Another illustrative plasmid vector useful 1o express a TSAR
library according to the present invention is a plasmid derivative of plasmid
pTrc99A des1gnated plasmid pLamB which is ‘constructed to contain the LamB
protein gene of E. coli having a cloning site so that the plurality of
oligonucleotides inserted are expressed as fusion proteins of the LamB protein.

The LamB protein is a trimeric, outer membrane protein of
E. coli of about 47 k Daltons expressed at manj thousand copies per cell.
The subunit size is about 421 amino acids. The LamB gene has been
sequenced (Clement and Hofnung, 1981, Cell 27: 507-514). Computer
modeling of this protein has suggested that it contains potentially 16
transmembrane domains, with certain peptide loops exposed outside the cell
and others facing the periplasm. In addition, a number of natural cDNA or
gene fragments havé 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’
LamB protein to remain functional. | |

lnsemon of the present symhcsxzed oligonucleotides into a
plasmid conwnmg a cloning site in the LamB gene should be useful for a
number of reasons. _Firsi, recombinant bacteria expressing this plasmid would
be like the useful phage vectors for expressing the TSAR libraries, in that
each cell would have the unpredicted 'peptides expressed in an accessible way
on the outside of the cell, and that each cell would harbor the DNA encoding
the unpredicted peptide. This physical linkage between the peptide and its
coding element would make the libraries amenable to a variety of scresning
schemes. Second, as the unpredicted peptides would be expressed in the
middle of the LamB protein, they would be conformationally constrained
within a loop anchored at its base by insertion into the outer E. coli
membrane. This contrasts with having the unpredicted peptides at the N-
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terminus of the M13 pIll molecule where they are more likely free to adopt
many conformations. Third, as the transformation rates of E. coli are higher
(i.e., > 10 fold) with plasmids than with M13 phage DNA, it might be
possible to generate Jarger TSAR libraries (i.e., more recombinants).

Plasmid pTrc99a described in Amann et al., 1988, Gene
69:301-315, (Pharmacia, Piscataway, N.J.) which is ampicillin resistant,
carries the gene (lacI?) for the fac repressor, and the inducible promoter
known as P,. promoter and its transcription is induced by adding PTG a
bacterial culture. Downstream of the promoter.is a Shine-Dalgarno 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 E, coli LamB gene was amplified
by PCR. Oligonbcleoﬁdes Qere designed that amplified the gene in two
segments, from aa 1-153 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 Nco I and Hind III'and both fragments were introduced by simple
ligation, yielding the vector designated pLamB. The pLamB vector contains
the Xho I and Xba ] sites positioned so that the c-my¢ stuffer fragment or the
synthesized double stranded oligonucleotides could be cloned and expressed in
the same reading frame as the m663 vector. |

_ According to another alternate mode of this embodiment of the
invention, the plurality of synthesized oligonuclcotides. can be expressed, in a
modified pLamB plasmid, at the C-terminus of a truncated LamB gene. This
can be easily accomplished by introducing a stop codon at the Xba I site of
the LamB gene, to create a modified vector. Alternatively, the double
stranded synthesized oligonucleotides assembled according to the present
invention can be modified during synthesis to insert a stop codon between the
Jast (NNV) and Y in the oligonucleoti'des. The LamB i)rotein is truncated,
and non-functional ({.e.. no longer functioning in maltose uptake, or as a

-
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'phage receptor), but since the protein is not essential, the cells remain viable.

The TSAR-peptides expressed at the C-terminus are free to adopt a larger
number of conformations than possible when expressed within the LamB

protein.

5.1.2.2. BIMOLECULAR LIBRARIES

According to another embodiment of the invention, a library is
constructed which expresses a plixrality of proteins, polypeptides and/or
peptides having a bimolecular conformation (bimolecular peptide libraries) as
illustrated in Figure 1C. Such libraries have a number of advantageous
aspects. First, in the process of forfning the bimolecular association a pocket
is formed; this pocket may serve to create "locks™ for "keys® i.e., various
sized molecules. Second, by pairing off a particular variant, unpredicted
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. | |

In order to prepare a bimolecular. peptide library,
oligonucleotides are synthesized and assembled accordixfg to the following
scheme. The key feature of this scheme is the utilization of a pair of
heterodimerization domains as a linker domain (see Section 5.3, infra, for a
more detailed description of the linker domain) in an appropriate vector
adjacent to the variant or unpredicted oligonucleotides encoding the expressed
peptides. The heterodimerization domain is short, encoding less than about 31
amino acids, and does not readily form homodimers. Examples of .
heterodimerization domains include but are not limited to structures such as «
helix or helical structures, found, e.g., in collagen, keratin, the yeast protein
GCN4 helix-tumn-helix motifs, leucine zipper motifs as well as ¢-fos and ¢-jun
(see generally Kostelny et al., 19_92, 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. 53:293.

In 1985, Berg, 1986 Science 232:485 noted that five classes of
proteins involved in Aucleic acid binding and gene regulation could form
small, independently structured, metal-binding domains that were termed zinc-
fingers. The five classes were 1) the small gag type nucleic acid binding
proteins of retroviruses with one copy of the sequence
Cys-X,-Cys-X,-His-X,-Cys (SEQ ID NO 10); 2) the adenovirus E1A gene
products with Cys-X,-Cys-X,5-Cys-X;-Cys (SEQ ID NO 11); 3) tRNA
synthetases with Cys-X,-Cys-X;-Cys-X,-Cys (SEQ ID NO 12); 4) the large T
antigens of SV40 and polyoma viruses of Cys-X,-Cys-X;;;-His-X,-His (SEQ
ID NO 13); and 5) bacteriophage proteins with Cys-X; Hxs-x‘-Cys-Xz-Cys,
(SEQ ID NO 14) where X is any amino acid. These sequences are involved
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 binding protein or EBP of rat liver nuclei (Landschultz et al., 1988,
Science 240:1759). Noting that the « helix within this region exhibits
amphipathy wherein one side of the helix is composed of hydrophobic amino
acids and the other helix side has charged side chains-and uncharged polar
side chains, the authors proposed that this structure had unusual helical
stability and allowed interdigitation or "zippering” of helical protein domains,
including both inter- and intra- protein domain interactions. More recently,

. Chakrabarrty et al., 1991, Nature 351:586-588 have indicated that an o helical

pattern is generated by an amino acid sequence Leu-X-Leu-X,-Leu-X;, etc.
and not just every seventh position as indicated by Landschultz et al. In

addirion, a sequence having increased « helicity can be achieved using an

“amino acid sequence Glu-Ala-Ala-Ala-Arg—Ala—Ala—Glu—Ala-Ala-Ala-Arg

(SEQ 1D NO 15) (Merutka et al., 1991, Biochem. 30:4245-4248). The
scheme bglow is described in terms of the heterodimerization domains c-fos
and c-jun, simply for the sake of ease of explanation. This is not intended to
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limit the scope of the embodiment to these examples. The above
heterodimerization 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 Section 5.1.1, the sequences
are inserted into appropriéte vectors. Two separate sublibraries are
constructed: (1) one with the synthesized oligonucleotides positioned next to
the nucleotide c-fos dimerization domain, i.e., amino acid residues 162-193
comprising amino acids TDTLQAETDQLEDKKSALQTEIANLLKEKEKL
(SEQ ID NO 16); and (2) a second sublibrary with the synthesized
oligonucleotides positioned next to the nucleotide sequence encoding the c-jun
dimerization domain i.e., amino acid residues 286-317, comprising amino
acids IAN.EEKVKTLKAQ_NSELASTANMLREQVAQL (SEQ ID NO 17) of
the vectors. Conditions are determined to minimize the degree of
homodimerization within each sublibrary. Conditions to minimize
homodimerization include, for example, utilization of phagemid vectors,

flanking the dimerization domains by a -p'air of cysteine residues, limited

_proteolysis, and/or altered pH conditions. The two sublibraries are then

mixed together in a 1 to 1 proportion of viral particles and the mixture
exposed to appropriate conditions to promote heterodimerizations. If each
sublibrary has 10° different members, then 10' viral particles of each
sublibrary can be mixed together to generate 10" different bimolecular
combinations. For example, ten liters of an overnight culture containing
bacteria infected from phage (or bearing phagemids) from a sublibrary should
yield 10" particles which can be resuspended in a volume of <100 ml. This
mixture of dimerized phage or phagemid particles constitutes the bimolecular -
peptide library. | _
Other types of the bimolecular libraries are constructed as
follows. In one embodiment, the synthesized oligonucleotides aré expressed
as both soluble and plli-fusion proteins within the same cell. When the

-
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infected bacterial cell expresses both types of molecules, the
heterodimerization domain allows both types of molecules to associate ifi the
periplasmic space and be transported to the surface of the MI3 particle. This
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. 19:4133-4137). In another embodiment, a single synthetic
oligonucleotide pIlI fusion protein includes both of the dimerization domains
so that they interact in an intramolecular fashion. Again, this method is
analogous to single chain antibody expression on the surface of phage (Barbas
etal., 1992, Proc. Nat'l. Acad. Sci. USA, 89: 4457-4461).

§.1.3. PRESSION OF VECTORS

Once the appropriate expression vectors are prepared, they are

- inserted into an appropriate host, such as E. 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
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.

' For exampie, recombinant M13 vector m666, mé55 or mé663,
(see Figure 2) engineered to contain the synthesized double stranded
oligonucleotides according to the invention, are transfected into DHS«F' E.

- coli cells by electroporation. TSARs are expresséd on the outer surface of the

viral capsid extruded from the host E. coli cells and are accessible for
screening. The parent m666, m655 or m663 vectors contain the ¢c~mye stuffer -
fragment. When the double stranded synthesized oligonucleotides are inserted
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berween the Xho I and Xba I sites, the stuffer fragment is removed. The
cloning efficiency of the expressed library is easily determined by filter
blotting with the 9E10 antibody that recognizes the c-my¢ stuffer fragment.

Alternatively, when the double stranded synthesized
olxgonucleoudes are cloned just at the Xho I or Xba 1 site, the c-myc epitope
is retained. Then the c-myc epitope is expressed in the pIlI-fusion protein
expressed by the vector. An advantage of the m663 vector is that it contains
an intact LacZ* gene, which can be easily seen as a blue dot when expressed
in E, 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 t_he
E. coli cells and a cell lysate is prepared for screening. Use of plasmid p340-
1D is described as an illustrative example (see Figure 4). A TSAR library in
p340-1D as described above, expressed the co-functional fusion protein with
B-galactosidase. In the parent vector (without synthetic oligonucleotide) the 8-
galactosidase gene is out of frame and therefore nonfunctional. When plated
on LB plates with ampicillin, IPTG and Xgal, the colonies that have TSAR
oligonucleotides yield biue colonies, whereas colonies harboring non-
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 (see Section 5.2, infra).

The pLamB plasmid vector containing the synthesized double
stranded oligonucleotides can be electroporated into E. coli cells and
transformants are selected on LB plétes with ampicillin. After an overnight
incubé,ﬁon at 37°C, the plates are covered with LB and cells are collected and
pooled from all the plates. Glycerol is added, to 20%, to these cells and
aliquots are stored at -70°C and are used for screening for the TSAR proteins
expressed in the E. coli outer membrane which is accessible for screening.

/
heet Has Been Replaced

A I

A | TO 811853378831

P.

55



FEB 21°96 15:48 FR PENNIE & EDMOND A TO 811653378831

~

WO 94/18318 - _ . 10T, JS94/00977

10

20

25

30

3

U

-53-

Phagemid vectors containing the synthesized double stranded
oligonucleotides, expressed on fhe outer surface of the extruded phage, are
propagated either as infected bacteria or as bacteriophage with helper phage.

' The expressed pDAF2-3 phagemids have the added advantage
that they include the c-myc gene which can serve as an "epitope tag” for the
fusion pIII pmteins. Approximately 0.1-10% of the phage carrying the

phagemid genome incorporate the fusion pIIl molecule. The intactness of the

chimeric pIlI proteins is evaluated based on the expression of the c-myc
epitope. By following the expression of the c-myc epitope using the 9E10
antibody, it is possible to monitor the successful incorporation of the fusion
plII molecule into the M13 viral particle. .

Also when expressing pDAF2, the upstream c-myc peptide is
detected immunologically using the 9E10 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 E. coli strain would need to be used for the entire set of
screening experiments. This strategy is based on the consideration that there
is likely an jn vivo biological selection, both positive and negative, on the
viral assembly, secretion, and infectivity rate of individual M13 recombinants
due to the sequence nature of the peptide-plII fusion proteins. Therefore, E.
coli with different genotypes (i.e., chaperone overexpressing, or secretion
enhanced) will serve as bacterial hosts, because they will yield libraries that
differ in subtle, unpredictable ways. |

5.2. METHODS TO IDENTIFY TSARs; SCREENING LIBRARIES

Once a library has been constructed according to the methods of

the invention, the library is screened to identify TSARs having binding affinity -

for a ligand of choice. As stated above, in the present invention, a ligand is
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intended to encdmpass a substance, including a molecule or portion thereof,
for which a proteinaceous receptor naturally exists or can be prepared -
according to the miethod of the invention. Thus in this invention, a ligand is a
substance that specifically interacts with the binding domain of 2 TSAR and
includes, but is'nor limited 10, 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 supar, a carbohydrate or
carbohydrate polymer, a lipid, a fatty acid, a viral particle or portion thereof,
a membrane vesicle or portion thereof, a cell wall component, a synthetic
organic compound, a bioorganic compound and an inorganic compound.

Screening the TSAR libraries of the invention can be
accomplished by any of a variety of methods known to those of skill in the
art. _

If the TSARSs are expressed as fusion proteins with a cell
surface molecule, then screening is advantageously achieved by contacting the
vectors with an immobilized target ligand and harvesting those vectors that
bind to said Jigand. Such useful screening methods, designated "panning"
techniques are described in Fowlkes et al., 1992, BioTechniques _1;1(3):422-
27. In panning methods useful to screen the present libraries, the target
ligand can be immobilized on plates, beads, sucﬁ as magnetic beads,
sepharose, etc., beads used in columns. In particular embodiments, the
immobilized target Jigand can be “tagged”, 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 be achieved as follows using magnetic beads. Targét
ligands are conjugated to magnetic beads. according to the instructions of the
mahufacturers. 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 recovered 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
contents are then removed and washing is repeated 5-10 additional times. 50
mM glycine-HCI (pH 2.2), 100 ug/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 with a strong hagnet and
the liquid contents are then transferred to clean tbes. 1 M Tris-HCI (pH 7.5)
or 1 M NaH,PO, (pH 7) is added to the tubes to neutralize the pH of the
phage sample. The phage are then diluted, e.g., 10% to 10, and aliquots
plated with E. coli DH5oF' 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., lacZ+ pladues are
blue, lacZ- plaques are white). The titer of the input samples is also
determined for comparison (dilutions are generally 10° to 10").' See Section
7.1, infra, for additional defails. |

Alternatively, screening a library of phage expressing TSARs -
can be achieved as follows using microtiter plates. Target ligand is diluted,

"e.g., in 100 mM NaHCO,, 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 (1 mg/ml, in 100 mM NaHCO,, pH 8.5) is added
and the plate incubated at room temperature for 1 hr. The contents of the
microtiter plate are flicked out and the wells washed carefully with PBS-
0.05% Tween 20. The plates are washed free of unbound targets .r'epeatedly.'
A small aliquot of phage solution is introduced into each weil and the wells
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are incubated at room temperature for 1-2 hrs. T_hevcontems of microtiter
plates are flicked out and washed repeatedly. The plates are incubated with
wash solution in each well for 20 minutes at room temperature to allow bound
phage with rapid dissociation constants to be released. The wells are then
washed five more times to remove all unbound phage.

“To recover the phage bound to the wells, a pH change is used.
An aliquot of 50 mM glycine-HCI (pH 2.2), 100 ug/ml BSA solution is added
10 washed wells to denature proteins and release bound phage. After 5-10
minutes, the contents are then transferred into clean tubes, and a small aliquot
of 1 M Tris-HCI (pH 7.5) or 1M NaH,PO, (pH 7) is added 1o neutralize the
PH of the phage sample. The phage are then diluted, e.g., 10° 10 10 and
aliquots plated with E, coli DHSaF" cells to determine the number of the _
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.,
lacZ+ plaques are blue, lacZ- plaques are white). The titer of the input
samples' is also determined for comparison (dilutions are generally 10% to
10%). '

According to another alternative method, screening a library of
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 ("posiﬁves"). are initially enriched by one
or two cycles of panning or affinity chromatography. A microtiter well is
passively coated with the ligand of choice (e.£., about 10 ug in 100 xl). The
well is then blocked with a solution of BSA to prevent non-specific adherence

" of TSARs (o the plastic surface. About 10" 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
eluted using an acidic glycine-HCl solution or other elution buffer. The eluted
TSAR phage solution is neutralized with alkali, and impliﬁed. e.g., by |
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infection of E. _cgh and plating on large petri dishes containing broth in agar.
Amplified cultures éxpressing the TSARs are then titered and the process
repeated. Alternatively, the ligand can be covalently coupled to agarose or
acrylamide 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 > 1/10°.

Following enrichment, a filter lift assay is conducted. For
example, when TSARs are expressed in phage, approximately 1-2 x 10° phage
are added to S00 ul of log phase E. coli and plated on a large LB-agarose
plate with 0.7% agarose in broth. The agarose is allowed to solidify, and a
nitrocellulose filter (e. g.; 0.45 u) is placed on the agarose surface. A series
of regisuation marks is made with a sterile.needle to allow re-alignment of the
filter and plate following dechOpmem as described below, Phage plaques are
allowed to develop by ovemnight incubation at 37 °C (the presence of the filter
does not inhibit this process). The filter is then removed from the plate with
phage from each individual plaque adhered in gitu. The filter is then exposed
to a.solution of BSA or other blocking agent for 1-2 hours 1o prevent non-
specific binding of the ligand (or "probe").'

- The probe itself is labeled, for example, either by biotinylation”
(using commercial NHS-biotin) or direct enzyme labeling, e.g., with horse
radish peroxidase or alkaline phosphatase. Probes labeled in this manner are
indefinitely stable and can be re-used several times. The blocked filter is
exposed to a solution of probe for several hours to allow the probe' to bind jn
situ to any phage on the filter displaying a peptide with significant affinity 10
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
labeled probe) or further exposed to a solution of enzyme-labeled avidin (in
the case of biotinylated probe). Positive phage plaques are identified 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 filter is simply
realigned with the plate using the registration marks, and the “positive” |
plaques are cored from the agarose to recover the phage. Because of the high
density of plaques on the original plate, it is usually impossible to isolate 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 fo
allow isolation of individual plaques and hence single clones of phage.

Screcning a library of plasmid vectors expressing TSARs on the
outer surface of bacterial cells can be achieved using 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
vectors expressing a plurality of TSAR proteins expressed on the surface of
the bacterial cells is mixed with a small aliquot of resuspended beads. The
tube contents are tumbled at 4°C for 1-2 hrs. The magnetic beads ate then
recqvered with a strong magnet and the liquid is removed by aspiration. The
beads are then washed, e.g., by adding 1 ml of PBS-0.05% Tween 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 contents. The beads
are washed repeatedly 5-10 additional times. The beads are then transferred
to a culture flask that contains a sample of culture medium, e.2.,
LB-+ampicillin.. The bound cells undergo cell division in the rich culture
medium and the daughter cells will detach from the immobilized targets.
When the cells are at log-phase, inducer is added agai'n to.the culture to
generate more TSAR proteins. These cells are then harvested by
centrifugation and rescreened.

Successful screening. experiments are optimally conducted using
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 medium containing
ampicillin. After overnight culture at 37°C, the cultures are then spun down
by centrifugation. Individual cell'a.liquots are then retested for binding to the
target ligand attached to the beads. Binding to other beads, having attached
thereto, a non-relevant ligand can be used as a negative control.

Alternatively, screening a library of 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
vectors. After the wells are washed free of unbound target ligand, a sample
of bacterial cells is added to a smail volume of culture medium and placed in
the microtiter wells. After sufficient incubation, the plates are washed
repeatedly free of unbound bacteria. A large volume approximately 100 ml
of LB+ ampicillin is added to each well and the plate is incubated at 37°C for
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 10 a culture flask that contains ~ 10 ml LB+
ampicillin. When the cells are at log-phase, inducer is added again to the
culture to generate more TSAR proteins. These cells are then harvested by
centrifugation and rescreened. |

Screening can be conducted 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
bacterial cell can be screened 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
members can be isolated t;ase_d on-a retarded chromatographic properties.
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 retarded in mobility, relative 10 the peak fraction are saved).

These members are then concentrated and passed over the column a second
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 the millions of possible ligand interactions a.s the member
passes down the column. In addition, this methodology selects those members
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. |

Alternatively, the libraries can be screened to recover members
that are retained on plastic plates (e.g., ELISA plates) or magﬁetic 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-linking agents can be used in
combination with any of the above methods, to promote capture of weak
binding members; these cross-linkers should be reversible, with a treatment

(i.e., exposure to thiols, base, periodate, hydroxylamine) gentle enough not to

- disrupt members structure or infectivity, to allow recovery of the library

member. The elution reagents can be removed by dialysis (i.e., dialysis bag,
Centricon/ Amicon micrc;conoentrators). '

One important aspect of screening the libraries is that of
elution. For clari-ty of explanation, the following is discussed in terms of
TSAR expression by phage; however, it is readily understood that such

~ discussion is applicable to 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 seqﬁence from a plurality: of proteins expressed on phage. For
example, certain interactions may be disrupted by acid pH's but not by basic
pH’s, and vice versa. Thus, it is important to test a variety of ejution

" 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 the phage recovered for
each set of conditions to detérrhine the appropriate elution conditions for each |
ligand/TSAR combination. Some of these elution conditions may be
incompatibie with phage infection because they are bactericidal and will need
to be removed by dialysis (i.e., dialysis bag, Centricon/Amicon
microconcentrators). |

‘ The ability of different expressed proteins to be eluted under
different conditions may not only be due to the denaturation of the specific
peptide region involved in binding 10 the target but also may be due to
conformational changes in the flanking regions. These flanking sequences
may also be denatured in combination with the actual binding sequence; these
flanking regions may also change their secondary or tertiary structure in
response to exposure to the elution conditions (i.e., pH 2-3, pH 12-13, excess

" target in competition, detergents, mild protein denaturants, vrea, heat, cold,

light, metal ions, chelators, ete.) which in turn leads to the conformational
deformation of the peptide résponsible for binding to the target. |
According to another alternative embodiment in which the
TSARSs 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 sequence
encodes a segment of collagen (or c;'ollageqase cleavable peptide) and is
preéent adjacent to the gene encoding the effector domain, e.g., the plll coat
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 insert into the engineered
vector; (3) express the plurality of vectors in a suitable host to form 2 library
of vectors; (4) treat the entiré librafy with collagenase once; (5) screen for
binding 1o an immobilized ligand; (6) wash away excess phage; and (7) elute
all bound phage with excess DTT (i.e., 1 mM). Because DTT 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
tethered phage. After reduction of the disulfide bond, the particle will be
uncoupled from the peptide—ligan& complex and can then be used to infect
bacteria to regenerate the particle with its full-length pIIl molecule for
additional rounds of screeriing. This alternative embodiment advantageously
allows the use of universally effective elution conditions and thus aliows
identification of phage expressing TSARs that otherwise might not be
recovered using other known methods 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 vector as a soluble

protein which accumulates inside the host cell. Use of plasmid p340-1D is
described as an illustrative example. A TSAR library constructed in p340-1D
afier introducing Xho I and Xba I sites, as described above in Section 5.1.2
(see also Section 9, infra) can be screened as follows. The Xho 1 + Xba I
cleaved oligonucleotides are ligated with T4 DNA ligase to Xba 1 + Xho I
cleaved p340-1D, and transfected into E gg_l; that is JacZ-, supE+. To select
for successful transformations, the preparation is plated onto 100 separate
petri plates containing Luria Broth tLB) and ampicillin (100 zg/ml). After an
overnight incubation at 37°C, the colonies are pooled from each plate by
adding S ml liquid LB medium and scraping with a glass bar. The cells are
then washed by centrifugation and suspension with the final resuspension in

_—_ .
Sheet Has Been Replaced

T T i

P.

65



FEB 22°'96 .12:48 FR PENNIE & EDMOND y TO

T
y

WO 94/18318 ' " PCT/US94/00977

10

15

20

25

30

3

Un

- 63 -

20% glycerol. The podl is divided into 100 individ_uzﬂ aliquots and frozen
(-70°C). -
A small aliquot of the transfected cells is plated out on LB

plates with ampicillin and IPTG and XGal at a low density 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 oligonucleotides carrying non-suppressed
stop codons are white. The relative numbers of blue and white colonies
reveal the percent recombinants; this number is useful in estimating zﬁe total
number of recombinants in the library. For screening purposes, the 100 |
frozen aliqubt; can be thawed and a small volume (~ 100 xl) removed from
each 1o 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 uM)
to induce expression of a plurality or'prmeiﬁs encoded by the TSAR peptide-8
galactosidase gene. fusions. After approximately 2 hour of induction, the cells
are harvested by centrifugation and the TSAR peptide-ﬁ 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

Amicon microconcentrator. The 100 samples of fusion proteins are then

 screened for binding to immobilized targets. These targets can either be pure

or part of a complex mixture. Furthermore, the targets can be affixed to
microtiter dish wells, spotted on nitrocellulose or nylon ﬁltérs, or linked to
matrix beads. | |

Typically screening consists of incubating the plurality of TSAR
peptide-8 galactosidase fusion proteins with the immobilized target. For the

~ sake of clarity, the targets are described below as being affixed to a microtiter |

dish well. A small amount (5-50 yl) of each aliquot is added to microtiter
dish wells that have the same taiget immobilized in each well. After a 1-2
hour incubation, the contents of the wells are fiicked out, and the wells are
washed with PBS-5% Tween 20 approximately ten times. To determine |
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‘which wells have retained TSAR peptide-8 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.

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 (— 10° fold) and distributed onto 20
petri plates (LB-+amp). The colonies that form on each plate are pooled from
each plate by adding 5§ ml liquid LB medium and scraping with a glass bar. .
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 xM) to induce expression of a plurality of
proteins encoded by the TSAR peptide-8 palactosidase 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, screenirig, identification of positive wells,
subdividing the appropriate frozen cell aliquots onto petri plates, and
preparation of fusion proteins constitute a screening cycle. The cycle can be
reiterated in a2 winnowing manner to finally idelitify single isolates that carry a
TSAR peptide-8 galactosidase fusion protein that has binding activity. This |
method of recombinant DNA isolation is analogous to current methodologies
for isolating recombinants from libraries based on hybridization or
immunological detection (see Maniatis) or identification of hybridomas (see
Figure 6).

This methodology has several advantages. 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 like 8-
galactosidase provide powerful effector domains since they are ;:aralytic.

Third, the method of screening lends itself well to current expertise available
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in most moleculai biology and immunology laboratories. Fourth, very large -
proteins have been fused to S-galactosidase without inactivating the enzyme.
B-galactosidase appears to be very tolerant of insertions/fusion at its N-
terminus, a characteristic that is useful in expressing large TSARs.

§.3. TSARs AND COMPOSITIONS COMPRISING
A TSAR BINDING DOMAIN

In the present invention, novel totally synthetic affinity reagents
called TSARs are identified which can be produced as soluble, easily purified
proteins/polypeptides and/or peptides that can be made and isolated in

commercial quantities. These TSAR reagents are concatenated
heterofunctional proteins, polypeptides and/or peptides that include at least
two distinct functional regions. One region of the heterofunctional 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 specificity for the
chosen ligand. A second région of the hetgrofunctiohal 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, eic., 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 peprtide linker 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 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 dtsplay
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 chemical, biological, physical or enzymatic
means. If a cleavable linker is used, the sequence employed is one that allows
the binding domain pom‘on of the TSAR to be released from the effector
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, polypepnde or peptide having
the same binding specificity as the TSAR. - '

In a particular embodiment, the cleavable sequence is one that
is enzymatically degradable. A collagenase suscéptible sequence is but one
example (see, for example, Section 9, jnfra).. Other useful sequences that can
be used as an enzymatically cleavable linker domain are those which are
susceptible to enterokinase or Factor Xa cleavage. For example, enterokinase
cleaves after the lysine in the.sequence Asp-Asp-Asp-Lys (SEQ ID NO 18).
Factor Xa is specific 10 a site having the sequence lle-Glu-Gly-Arg, (SEQ ID
NO 19) and cleaves after arginine. Another useful sequence is Leu-Val-Pro-
Arp-Gly-Ser-Pro (SEQ ID NO 20) which is cleaved by thrombin between the
Arg and Gly residues. Other enzyme cleavable seqhences that can be used are
those encoding sites recognized by mi_crobial proteases, peptidases, viral
proteases, the complement cascade enzymes and enzymes of the blood
coagulation/clot dissolution pathway. Other enzyme cleavable sequences will
also be recognized by those skilled in the ari and are intended to be included
in this embodiment of the invention. Alternatively, the sequence may be
selected so as to contain a site cleavable by chemical means, such as cyanogen
bromide, which attacks methionine residues in a peptide sequence. Another

chemical means of cleavage includes the use of formic acid which cleaves at

LS
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proline residues in peptide sequence. The invention is not to be limited to
the specific examples of chemical cleavage provided here but includes the use
of any chemical cieavage method known to those with skill in the art. TSARs
having a cleavable linker portion, 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
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 élution. As
another example, the linker domain can provide a (2) hinge or link region,
such as provided by one or more proline residues; (b) a swivel region, such as
provided by one or more gl);cine residues; or (¢) a2 heterodimerization domain
such as prdvided by a c-fos or c-jun sequence which aid in displaying the
TSAR binding domains in the form of bimolecular pockets (see Figure 1C).

The chemically or biologically active effector domain of the
TSAR imparts detectable, diagnostic, enzymatic or therapeu.tic characteristics
1o the TSAR. The enzymatic activity or therapeutic activity may be useful in
jidentifying or detecting the TSAR during the 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 thérapeutic group.with a proteolytic
activity attached to a binding domain with affinity for fibrin reshlts in a TSAR
that binds to fibrin components in blood clots and dissolves them.

Alternatively, the effector domain can be a protein moxety that
binds a metal, including but not limited to radioactive, magneuc,
paramagnetic, etc. metals, and allows detection of the TSAR. Other examples
of biologically or chemically active effector peptides that can be used in
TSARs include but are not limited to toxins or fragments thereof, peptides that
have a derectable enzymatic aétivity, 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 interact with fluorescent
molecules, and peptides that provide a convenient means for identifying the
TSAR. ' .

In a particular embodiment found in the example in Section 9
infra, the full sequence of the enzyme 'B-galaétosidase was used as the effector
domain of the TSAR. This protein provides a visual means of detection upon
addition of the proper substrate, e.g. X-gal or ONPG. However, the effector
domain of the TSAR need not be the complete coding sequence of a protein.
A fraction of 2 protein that is readily expressed by the host cell and that has

the desired activity or function may be used.

According to the most general embodiment of the invention,
there is no intended specified order for the two or more regions of the TSAR
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 end of the heterofunctional protein, polypeptide or peptide and
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 effector portions or
combinations of multiples of each.

Once a TSAR binding a ligand of choice has been identified by
the method of the invention, the amino acid sequence of the binding domain of |
the TSAR can be deduced from the nucleotide sequence of the inserted
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
chemical methods known in the art (e.g. , see Hunkapiller et al., 1984, Nature
310:105-111). Whether produced by recombinant or chemical synthetic
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techriques, the proteins/peptides coxﬁprising 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
acid residues are substituted for residues within the sequence resulting in a
silent change. For example, one or more amino acid residués 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
class to which the amino acid belongs. For example, the non-polar

(hydrophobic) amino acids include glycine, alanine, leucine, isoleucine,

‘valine, proline, phenylalanine, tryptophan and methionine. The polar neutral

amino acids include serine, threonine, cysteine, tyrosine, asparagine and
gluamine. The positively charged (basic) amino acids i_nclude arginine, lysine
and histidine. The negatively charged (acidic) amino acids include aspartic
and glutamic acid. _ | .

When a TSAR has been identified as a binder for a particular
target ligand of interest according to the method of the invention, it may be
usefu] to determine what region(s) of the expressed TSAR peptide sequence is
(ax;e) responsible for binding to the target ligand. Such analysis can be
conducted at two different levels, i.e.. the nucleotide sequencc 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.
First, the inserted oligonucleotides can be cleaved 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-
1D or 1o pLamB plasmid. The newly expressed fusion proteins should

acquire the same binding é.ctivity 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

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 important for binding is small, then one recombinant clone
would demonstrate binding and the other would not. If neither have binding,
then either both are important or the essential portion of the domain spans the
middle (whlch ¢an be tested by expressing just the central regxon)

Alternatively, by synthesizing pepudes correspondmg to the
predicted TSAR peptide, the binding domains can be analyzed. First, the
entire peptide should be synthesized and assessed for binding to the target
ligand to verify that the TSAR peptide is necessary and sufficient for binding.
Second; short 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,

In addition, in certain 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 with synthesized peptides in competition experiments
(i.e., determine the concentration of peptide capable of inhibiting 50% of the
binding of the phage 1o its target; ICy;). See, for example, Section 7.2, infra.
Conversely, the motif or any 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 bihding. '

These protein/peptide compositions comprising a binding
domain of a TSAR or a portion theréof having the same binding specificity as
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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 (infra). |

Furthermore, once the binding domain of 2 TSAR has been
identified, new TSARs can be created by isolating and fusing the binding
domain of one TSAR 1o 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
modified by varying the TSAR binding domain sequence to préduce a related
family of TSARs with differing pi'operties for a specific ligand.

Moreover, in a method of directed evolutioh, the identified
TSAR proteins/peptides can be improved by additional rounds of rhutagenesis,
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 sequence, 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 JacZ expression, can be processed
together during the screening experiments. Alteration of the original blue-
white color ratios during the course of the screening experiment will serve as
a visual means to assess the successful selection of enhanced binders. This

process can go through numerous cycles.

5.4. APPLICATIONS AND USES OF TSA]B AND TSAR
CO ITIONS

TSARs and TSAR compositions comprising a binding domain
of a TSAR or a portion thereof having the same binding specificity as the
TSAR identified 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
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binding proteins, adhesive proteins such as integrins, adhesins, lectins,
enzymes, or any other small peptide or portion of a2 macromolecule that has
binding affinity for a ligand. '

The TSAR ;irodncts can be used in any industxial or
pharmaceutical application that uses a peptide binding moiety specific for any
given ligand. The TSARSs 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, specificity and avidity for a given
ligand. The TSARs and TSAR compositions can also be used to idemify
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 composiﬁons are used in a wide variety of
applications, including but not limited to, uses in the field of biomedicine;
biologic control and pest regulation; agriculture; cosmetics; environmental
control and waste maﬁagement; 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 comprising the binding domain of a TSAR and
are in no way intended as a limitation thereon. Other applications will be
readily appareni to those of skill in the art and are intended to be encompassed
by the present invention.

The TSARs and TSAR compositions are useful in a wide
variety of in vivo applications in the fields of biomedicine, bioregulation, and
control. In certain of these applications, the TSARs are employed as mimetic
replacements for compositions such as enzymes, 'hormon_e receptbrs,
immunoglobulins, metal binding proteins, calcium binding proteins, nucleic
acid.binding proteins, nucleotide binding proteins, adhesive proteins such as
integrins, adhesins, lectins, etc. In others of these applications, the TSARs
are employed as mimetic replacements of proteins/peptides, 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

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 to the first TSARs i.e., the first TSAR is used as a ligand to identify the

second series of TSARs. The second series of TSARs will mimic the initial

cellular or viral macromolecular ligand site but will contain only relevant

peptide binding sequences, eliminating irrelevant peptide sequences. Either
the entire TSAR developed in the second series, or the binding domain, or a
portion thereof, can be used as an immunogen for an active vaccination
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, intraperitoneal, intramuscular, subcutaneous,
intraauricular, intramammary, intraurethrally, etc.), topical application, or by
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 |
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 pathology, '-

~ TSARS can be used to detect ligands in tissue sections, organ sections,

smears, or in other specimens examined macroscopically or microscopically.

TSARs can also be used in other diagnostics as replacements for antibodies, as
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for example in hormone detection Kits, or in pathogen detection kits, etc.,
where a pathogen can be any pathogen including bacteria, viruses,
mycoplasma, fungi, protozoans, etc. TSARs may also be used to define the
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 thereof can thus serve as epitope mimetics

and/or mimotopes.
The following examples are presented for purposes of

illustration only and are not intended to limit the scope of the invention in any

way.

6. EXAMPLE: PREPARATION OF TSAR LIBRARIES

TSAR libraries were prepared according to the present

invention as set forth below.

6.1. PREPARATION OF THE TSAR-9 LIBRARY

6.1.1. SYNTHESIS AND ASSEMBLY OF OLIGONUCLEOTIDES

Figure 8 shows the formula of the oligonucleotides and the

assembly scheme used in construction of the TSAR-9 library. The

. oligonucleotides were synthesized with an applied Biosystems 380a synthesizer
(Foster City, CA), and the full-length oligonucleotides were purified by

HPLC.
Five micrograms of each of the pair of oligonucleotides were

mixed together in buffer (67 mM Tris-HCI, pH 8.8, 10 mM §-
mercaptoethanol, 16.6 mM ammonium sulfate, 6.7 mM EDTA and 50 pg/mi
BSA), with 0.1% Triton X-100, 2 mM dNTP's, and 20 units of Taq DNA
polymerase. The assembl); reaction mixtures were incubated at 72°C for 30

_ seconds and then 30°C for 30 seconds; this cycle was repeated 60 times. It

-
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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, Lalolla, CA) with the following protocol: 30 seconds at
72°C, 30.seconds at 30°C, repeated for 60 cycleé. 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 converted to double stranded
synthetic oligonucleotides.

After resuspension in 300 ul of buffer containing 10 mM Tris-
HCI, pH 7.5, | mM EDTA (TE buffer), the ends of the oligonucleotide
fragments were cleaved with Xba T and Xho I (New England BioLabs,
Beverly, MA) éccording to the supplier’s recommendations. The fragments
were purified by 4% agarose gel electrophoresis. The band of correct size
was removed and electroeluted, concentrated by ethanol precipitation and
resuspended in 100 zl TE buffer. Approximately 5% of the assembled
oligonucleotides can be éxpecfed to have internal Xho I or Xba I sites;
however, only the full-length molecules were used in the ligation step of the
assembly scheme. The concentration of the synthetic oligonucleotide
fragments was estimated by corﬁparing 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,

Supra.

To demonstrate that the assembled enzyme digested
oligonucleotides could be ligated, the synthesized DNA fragments were
examined for their ability to sclf-ligate. The digested fragments were
incubated overnight at 18°C in ligation buffer with T4 DNA ligase. When the
ligation products were examined by agarose gel electrophoresis, a concatamer
of bands was visible upon ethidium bromide staining. As many as five

different unit length concatamer bands (i.e., dimer, trimer, tetramer,
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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 M13 derived phagé vectors useful for
expressing a TSAR library has been recently described (Fowlkes et al., 1992,
BioTechniques, 13:422-427). To express the TSAR-9 library, an M13
derived vector, m663, was constructed as described in Fowlkes. Figure 2
illustrates the m663 vector containing the pIIl 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 also, Figure 1 of Fowlkes),

6.1.3. EXPRESSION OF THE TSAR-9 LIBRAR

The synthesized oligonucleotides were then ligated to Xho I'and :
Xba I double-digested m663 RF DNA comﬁinir_ng the pIIl gene (Fowlkes,
supra) by incubation with-iigase overnight at 12°C. More particularly, 50 ng
of vector DNA and 5 ng of the digested synthesized DNA were mixed
together in 50 i ligation buffer (50 mM Tris, pH 8.0, 10 mM MgCl,, 20
mM DTT, 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% ethano!l. The ligated DNA was then introduced into E. coli (DH5aF’;
GIBCO BRL, Gaithersburg, MD) by electroporation.

A small aliquot of the eléctroporated cells was plated and the |
number of plaques counted to determine that 10° recombinants were
generated. The library of E. coli cells containing recombinant vectors was

plated at a high density (~400,000 per 150 mM petri plate) for a single

amplification of the recombinant phage. After 8 hr, the recombinant
bacteriophage were recovered by washing each plate for 18 hr with SMG
buffer (100 mM NaCl, 10 mM Trns-HCI, pH 7.5, 10 mM MgCl,, 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 10" pfu/ml.

6.2. PREPARATION OF TSAR-12 LIBRARY

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
exceptions: (1) each of the variant non-predicted oligonucleotide sequences,
i.e., NNB, was 30 nucleotides in length, rather than 54 nucleotides; (2) the
restriction sites included at the S’ termini of the variant, non-predicied
sequences were Sal I 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 10 3').

After synthesis' including numerous rounds of annealing and
chain extension in the 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 Sal I and Spe I restriction
enzymes and ligated with T4 DNA ligase to the nucleotide sequence encoding
the M13 plII gene contained in the m663 vector to yield a library of TSAR-12
expression vectors as described in Sections 6.1.2 and 6.1.3. The ligated DNA
was then introduced into E. coli (DHS«F’; GIBCO BRL, Gaithersburg, MD)
by electroporation. The library of E. coli cells were plated at high density
(—400,000 per 150 mm petri plate) for amplification of the recombinant

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 50%

were frozen at -80°C.
~ The TSAR-12 library thus formed had a working titer of ~
2 x 10" pfu/mil.
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6.3. CHARACTERIZATION OF THE TSAR-9 AND -12 LIBRARIES

The inserted synthetic oligonucleotides for each of the TSAR

libraries, described in Sections 6.1 and 6.2 above, had a potential coding

complexity of 20° (~ 10)) and since ~ 10" 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° copiés
of each member/ml. -

It was observed that very few (< 10%) of the inserted
oligonucleotide sequences 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 plll is

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, inserts were sequenced as set

forth below.

.6.3.1. CHARACTERIZATION OF TSAR-9 LIBRARY

Inserted synthetic oligonucleotide fragments of 23 randomly
chosen isolates were examined from the TSAR-9 Iibm;y. Individual plaques
were used to inoculate 1 ml of 2xYT broth containing E. coli (DHSaF’) cells
and the cultures were allowed to grow overnight at 37°C with aeration. DNA
was isolated from the culture supernatants according to Maniatis, supra.
Twenty-three individual isolates were séquenced according to the method of

" Sanger (1979, Proc. Nat'l. Acad. Sci. USA 74:5463-5467) using as a primer

the oligonucleotide.5’-AGCGTAACGATCTCCCG (SEQ ID NO 21), which is
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89 nucleotides downstream of the plIll gene cloning sitc of the m663 vector
used to express the TSARs. |

Nucleotide sequences and their encoded amino acid sequences
were analyzed with the MacVector computcr program (IBI, New Haven, CT).
The Microsoft EXCEL program was used to evaluate amino acid frequencies.
Such analyses showed that the nucleotide codons coding 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,
which were over- and under-represented, respectively.

It is of interest to note the paucity of TAG stop codons in the
inserts, i.e., only 2 of ~ 200 isolates characterized contained 2 TAG stop
codon. About half [1-(47/48)] of the phage inserts were expected 10 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 supE. This may be a consequence of

suppression being less than 100% effective.

The amino acids encoded by the inserted double stranded
synthesized oligonucleotide sequences, excluding the fixed PG-er;coding
centers, were concatenated into a single sequence and the usage frequency
determined for each amino acid using the Microsoft EXCEL program. The
results are illustrated in Figure 10. As shown in Figure 10, these frequencies
were compared to that expécted from the assembly scheme of the
oligonucleotides, and the divergence from expected values represented by the
size of the bars above and below the baseline. Chi square analysis was used
to determine the significance of the deviations; M, O and D bars represent
probability values of >93%, 75-93%, and <75%, respectively. As indicated
in Figure 10, the majority of amino acids were found to occur at the expecied
frequency, with the notable exceptions that glutamine and tryptophan were
somewhat over- and under—represénted. respectively. Thus, except for the
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" invariant Pro-Gly, any position could have any amino acid; hence, the

sequences are unpredicted or random.

6.3.2, CHARACTERIZATION OF TSAR-12 LIBRARY

Approximately 10 randomly chosen inserted oligonucleotides
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
showed that except for the invariant Gly any position could havé any amino

acid; hence, the sequences are unpredicted or random.

6.4. PREPARATION OF THE TSAR-13 AND TSAR-14
SEMIRIGID LIBRARIES

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.

6.4.1. SYNTHESIS AND ASSEMBLY OF OLIGONUCLEOTIDES

Figure 11 shows the formula of the oligonucleotides used in the
TSAR-13 and TSAR-14 libraries and the as'sembljr scheme used in
construction of the TSAR-13 library. The same oligonucieotide design was
used for both TSAR—13 and TSAR-14 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 examplé, the single stranded nucleotide
sequences when converted to double stranded oligonucleotides encode:
(@) 5 1 3' Restriction site- cysteine, glycine - (NNK); - Gly-Cys-Gly-
(NNK), - Complementary site Gly-Cys-Gly; and (b) 3' 10 5" Complementary
site Gly-Cys-Gly - (NNM), - Gly-Cys-Gly-Pro-Pro-Gly - Restriction site.

-
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Thus the library is designed to have semirigid binding domains each
containing four cysteine residues that will form disulﬁdé bonds in an oxidizing
environment and adopt cloverleaf configurations. The additional proline |
residues wére included to form a kink between the TSAR binding domain and
the pIII 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

Smgle stranded nucleotides would anneal at the intended complementary

glycine, cysteine, glycine encoding nucleotide sequence.

' The oligonucieotides were synthesized with an Applied
Biosystems 380a synthesizer (Foster City, CA) and the full length
oligonucleotides were purified by gel electrophoresis.

To anneal the pairs of oligonucleotides, 200 pmol of each of the
pair of oligonuclectides were mixed together in sequenase buffer (40 mM Tris
pH 7.5, 20 mM MgCl,, 50 mM NaCl) with 0.] ug/ml BSA, 10 mM DTT in a
total volume of 200 ul. The mixture was incubated at 42°C for 5 minutes,
then at 37°C for 15 minutes: Fill-in reactions were carried out by adding all
four dNTPs 1o a concentration of 0.2 mM each and 20 pnits of Sequenase,
[(Version 2.0 (U.S. Biochemical, Cleveland, Ohio)] and incubating for 37°C
for 15 minutes. Residual polymerase activity was heat inactivated by a 2 hour
incubation é.t 65°C. After cooling, the ends of the oligonucleot{de fragments
were cleaved, by adding restriction buffer (10 mM.Tris pH 7.5, 50 mM
NaCl, 10 nM MgCl,), an additional 0.1 ug/m] BSA and an additional 2mM
DTT along with 300 units each of Xba I, Xho I. Three contro! reactions were
run simultaneously. In the first control alicqut, i.e., a 10 gl aliquot of the fill
in reaction, the first restriction enzyme (Xba I) was added to the same final
concentration (units/ul). To the second control aliquot, the other restriction
enzyme (Xho I) was added. No restriction enzyme was added to the third
control aliquot. All samples were incubated for 2 hours at the temperature
recommended by the restriction enzymé manufacturer.” The cleaved
oliponucleotides were extracted with an equal volume 1:1 phenol/chloroform,
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and ethanol precipitated. Fraginents were purified on a 15% non-denaturing
preparatory'polyacrylamide gel in 1X TBE. The band of the correct size (as
determined by comparison with control samples) was removed, isolated,

ethanol preéipitatéd and resuspended in TE buffer.

6.4.2 CONSTRUCTION_OF THE PHAGEMID VECTORS

The construction of the phagemid vector pDAF]1 is described in
Section 8.1 (infra). This vector was modified to include the full length pIli
gene by inserting the amino-terminus of the pIll 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,

6.4.3 EXPRESSION OF THE TSAR-13 PHAGEMID LIBRARY
The synthesized oligonucleotides were ligated to Xba I, Xho I

double-digested pFLP3 DNA, electroporated into XL! blue E. coli. An
aliquot was plated and the titer was determined to be 8 x 107 total colonies.
The entire library was plated on ampicillin plates. To express the TSAR-13
library, 7 x 10'° cells were added to 30 m! of 2xYT media and incubated for
30 min. at 37 °C, after which 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 pg/ml
of kanamycin were added and the cells were further incubated for 4 hrs. at
37°C. Phagemid particles were PEG precipitated, collected by centrifugation
and resuspended in 4 ml of media. The titer of each was 2 x 10** pfu/ml.
The total number of recombinants was 8 x. 10"

6.4.4 CONSTRUCTION OF PHAGE VECTORS
. To express the TSAR-14 library, a member of the TSAR-9
library, as described in Section 6.1.2. above, was modified by cutting out the
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polylinker using EcoR I and Hind III and inserting pUC18 polylinker
(previously modified by deleting the Xba 1 site) 1o produce blue plaques.

6.4.5 PRESSION OF TSAR-14 PHA
The synthesized oligonucleotides were then ligated to Xba I,
Xho I double digested m666 containing the pIll gene as described for the
TSAR-9 library. The ligated DNA was then introduced into E. coli cells by
electroporation. |

RACTERIZATION E TSAR-1

The inserted synthetic oligonucleotide for each the TSAR-13
Iibrary had a potential coding complexity of 20* (1.68 x 10°!) and since 10"
molecules were used in each transformation experiment, each member of the
library should be unique. Inseried synthetic olizonucleotides of 2 randomly
chosen isolates were examined from the TSAR-13 library. The sequences of
the two random isolates were deduced t be:
CGDGQEPPETGCGVSRKRVSXGCGRLLTXXXXGCGPPGSR (SEQ ID NO
142) and CGRGARFSWMGCGGWGISQATGCGPDFPFYDGCGPPGSR
(SEQ ID NO 143). X in the sequences represents an ambiguity due to a gel
artifact which could be resolved easily by sequencing the second strand. The
sequences determined from these isolates (SEQ ID NO 142 AND 143) contain
the invariant cysteine containing nucleotide sequences flanking contiguous
sequences of about 8 variant or unpredicted codons.

7. IDE | TION_OF LIGAND BINDING TSARS
In several series of experiments, the TSAR-9 and TSAR-12
libraries described in Section 6 above were screened, according to the present
invention, for expressed proteins/peptides having binding specificity for a
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

and TSAR-12 libraries, except as otherwise noted.

The ligand of choice was conjugated to magnetic beads,
obtained from one of two sources: Amine Terminated paniculate supports,
#8-4100B (Advanced Magnetics, Cambridge, MA) and Dynabeads M-450,
tosylactivated (Dynal, Great Neck, NY), a'écording to the instructions of the
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 Tecovered with a strong magnet. The beads were then
stored at 4°C until needed.

In the screening experiments, 1 ml of library was mixed with
100 ul-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 1 ml of PBS-0.05% Tween 20, inverting the tube several
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 ul of 50 mM glyciné—HCl (pH 2.2), 100 mg/ml
BSA solution were added to the washed beads to denature proteins and release
bound phage. Afiter 5-10 minutes, the beads were pulled to the side of the
tubes with a strong magnet and the liquid contents then transferred to clean
wbes. To the tubes, 100 ul 1 M Tris-HCI (pH 7.5) or 1 M NaH,PO, (pH 7)
was added to neutralize the pH of the phage sample. The phage were then
serially diluted from 10? 10 10 and aliquots plated with E. coli DHSoF’ cells
to determine the number of plaque forming units of the sample. In certain
cases, the platings were done in the presence of XGal and IPTG for color
discrimination of plaques (i.e., JacZ* plagnes are blue, JAQZ' plaques are

-
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white). The titer of the input samples was also determined for comparison
(dilutions were generally 10¢ to 10%). |

Successful screening experiments have generally involved 3
rounds of serial screening conducted in the following manner. First, the
library was screened and the recovered phage rescreened immediately.
Second, the phage that were recovered after the second round were plate
amplified, according to Maniatis. The phagé 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 phage were then plated at a low density to yield

_ isolated plaques for individual analysis.

The individual plaques were picked with a toothpick and used to .
inoculate cultures of E. coli F cells in 2xYT. After oveﬁuight culture at
37°C, the cultures were then spun down by centrifugation. The liquid
supernatant was then transferred to a clean tube and served as the phage stock.
Generally, it has a titer of 10" pfu/m! which is stable at 4°C. Individual
phage aliquots were then retested for their binding to the ligand coated beads
and their lack of binding to other control beads (i.e., BSA coated beads, or

beads conjugated with other ligand).

7.2. IDENTIFICATION OF TSARS BINDING 7E11-C5
In one series of experiments, the TSAR-9 and TSAR-12

libraries were screened for expressed proteins/peptides having binding
specificity for an anti-prostate carcinoma monoclonal antibody,‘i. e., the 7E11-
CS5 antibody. The 7E11-C5 monocional 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 7.1 in serial fashion twice by contacting the expressed phage
particles with Dynal magnetic beads (Great Neck, NY) having the 7E11-C5
monoclonal antibody covalently attached according to the directions supplied
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by the manufacturer of the beads. The phage binding the 7E11-C5
monoclonal antibody were recovered using a strong magnet, and were plate
amplified. The amplified phage were then rescreened with the magnetic beads
and plated out. Fourteen phage, comprising 9 different nucleotide sequences,
were isolated based on their hxgh afﬁnny to thie 7E11-C5 monoclonal
antibody.

The amino acid sequences of the binding domains of TSARs
encoded by the 7E11-C5 binding phage are presented in Table 1.
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Table 1

TSARS BINDING 7E11-C5 ANTIBODY

Designation
No. | SEQ
Isolated Amino Acid Sequence! Name ID NO

1 SSCAYARYVPLLLLLYANPG MYSRLH SPAVRPLTQSSA 7E11.9-1 22

1 SVQFPKSISSRSMDDVVKDPGPKPA MWKMLH SKNPFTLS 7E11.9-2 23

1 'FDHTYSGPVCVRNGGLVSPGVLS MYNRLH SDGGPSLAS . 7E11.9-3 24

3 TVAT MHDTLH SAPGSGNLPGSYDIKPIFKASGALHSTX? 7Eil.9-4 25

1 IDMPETAST MYNMLH RNEPGGRKLSPPANDMPPALLKR 7E11.9-5 26

1 RLGNVWRVEGGG MYQQLH HNFPX? 7E11.22-1 27
3 ' RDSAVENPSVGGEIP MYRYLH QR 7311.12-2 28

1 PVQKEYGFFMSGAS MIRLLR ETP 7E11.12-3 29

2 QKGGPGLLLYGGDS MWLTLH EPG __ _JE11.12-4 30

! The non-variahle amino acids at Ihe NH, and COOH terminal residues are not shown,

2 X represents any amino acid due to an ambiguity in the nucleotide sequence.
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Al nine 7E11-C5 binding TSARs identified bound to the 7E11-
C5 monoclonal antibody at least 1,000-10,000 times more strongly than to an
irrelevant mouse monoclonal antibody of the same isotype, i.e., the B72.3
monocional 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 7E11-CS binding
TSARs bound to any other monoclonal antibody tested including the C46
monoclonal antibody which recognizes CEA antigen (se¢, Rosenstraus et al.,
1990, Cancer Immunol. Immunother. 32:207-213).

As shown in Table 1, the nine 7E11-CS binding TSARs appear
to share a linear consensus motif of six amino acids, i.e.,
M(YIWIH/I)XXL(H/R) where X is apparently any amino acid. Recently, the
sequence of a protein expressed in prostate carcinoma cells, recognized by the
7E11-C5 MAD has been published (Israeli et al., 1993, Cancer Res. §3:227-

230). There are two places in the sequence of the protein, i.e., residues x-x’

and y-y’, where the sequence matches the linear consensus motif identified in
the 7E11-CS binding TSARs. Thus, the method of the present invention has
identiﬁéd a linear consensus motif that can be used to identify the epitope
recognized by 7E11-C5 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 7E11-C5 er inhibit the binding of 7E11-C5
to the antigen. | .

The relative affinity of the different 7E11-CS5 binding TSARs

for the 7E11-C5 antibody was compared. Microtiter plates were coated with

differing amounts of the antibody (i.e., 0, 4, 20, 100 and S00 ng) prior to
phage binding. Our prediction was that the TSAR with the highest affinity for
the antibody would still bind effectively 1o wells coated with lower amounts of

antibody. The TSARs that bound the best were 9-1, 9-3, 9-5, and 12-1. -

These TSARSs all have 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
had Y as the second amino acid. Three TSARs bound 5-10 fold less well than
the best binders as represented by 9-2, 9-4, and 12-4; their inserts had W or

_'\R"
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H at the second position of the motif. Finally, TSAR 12-3 bound 50-fold less
well than the best binders; this TSAR has.I and R in the second and sixth
positions, reﬁpectively. Thus, it secms that the 7E11-CS epitope can be
mimicked by a linear peptide sequence that has both variant and invaﬂﬁnl
residues. _

The antigen recognized by the 7E11-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 7E11.9-1 (SEQ ID NO 22), 7E11.9-5 (SEQ ID NO
26) and 7E11.12-2 (SEQ ID NO 28) to recognize the antigen binding site of
the 7E11-CS monoclonal antibody was evaluated in a competitive binding

'ELISA assay using an LNCaP cell lysate as "capture” antigen as follows:

Each well of a polyvinylchloride 96-well ELISA plate (Cooke,
Alexandria, VA) was coated with an LNCaP human prostate carcinoma cell
(ATCC # CRL 1740) lysate. Lysates were prepared by harvesting confluent
LNCaP cell cultures, resuspending cells in 4 volumes of 1 mM MgCl, for §
minutes, mixing with 2 ug of DNase (Boehringer Mannheim, Indianapolis,
IN) and homogenizing using 40 strokes in 2 Dounce homogenizer (Wheaton,
Miliville, NJ). LNCaP lysate (50 uI per well of a 1:50 dilution in 0.1 X PBS
[Dulbecco's pH 7.2, JRH, Denver, PA]) was air dried overnight at 37°C onto
wells of the ELISA plate. ELISA plates were blocked with 150 ul/well of 1%
BSA (Pentex Fraction V, Miles, Kankakee, IL) in PBS for 60 minutes at
TOOm temperature. .

The competitive assays were. performed by pre-incubating the
highly concentrated TSAR producing phage (6.3 x 107 to 6.3 x 10" pfu) with
the 7E11-C5 monoclonal antibody (30 ng/ml) (1:1) for 1 hr at room
temperature, prior to addition to the LNCaP antigen-coated ELISA plate for 1
hr at room temperature. The blank control consisted of blocking solution in
the absence of primary antibody. 7E11-C5 monoclonal antibody pre-incubated
with buffer without any phage (MAb) was the positive control. The

Thls Sheet Has Been Replaced

[0 lll I

P.

S



FEB 21’396 16:81 FR PENNIE & EDMOND A TO 811653378831

10

15

20

30

3

wn

WO 94/18318 PCT/US94/00977

-90 -

‘expression vector m663 phage was also employed as a noh-speciﬁé phage
control. '

Plates were washed 4 times with 0.05% Tween-20 in PBS.
Bound monoclonal antibody 7E11-CS was detected by: (1) incubating with 50
pl/well of anti-mouse IgG,-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 with 0.05% Tween-20 in PBS; and (3) adding 100 ul/well
ABTS substrate [200 ul ABTS, (Boehringer Mannheim), 10 ml citrate buffer
(pH 4), 10 pl H,0,]. Optical density of the reactions products was determined
by endpoint analysis on a Multiscan plate reader (Molecular Devices, Menlo
Park, CA). The competitive inhibition (%) was determined by comparing the
reactivity of the positive control 1o the test samples. The results obrained
using the 7Eli.9-5 and 7E11.12-3 phages are presented in Figure 12.

As shown in Figure 12, phage producing TSARs designated
7E11.9-5 and 7E11.12-1 inhibited the binding of 7E11-C5 monoclonal -
antibody to its antigen, in a dose dependent fashion. The phage producing the
TSAR designated 7E11.9-1 also inhibited 7E11-CS monoclonal antibody
binding (data not shown). The TSAR 7E11.12-3 phage has approximately a
S50-fold lower relative affinity for the 7E11-C5 monoclonal antibody than the
TSAR 7E11.9-5 phage, and this is reflected in a higher phage coricentiation
necessary to inhibit 50% of the antibody binding: 1C,, of 3.5 x 10" compared
to IC;, of 1.7 x 10", M663 phage, containing the c-myc epitope recognized
by MAb 9E10, did not inhibit binding: which demonsn;ates that inhibition
occurs only in the presence of the correct peptide on the phage surface

In addition, a peptide corresponding to a portion of one of the
7E11-CS binding TSARs, i.e., TSAR 7E11.9-1 (SEQ ID NO 22) having the
amino acid sequence LYANPGMYSRLHSPA (SEQ ID NO 31) was |
synthesized using an Applied Biosystems synthesiier (Foster City, CA) and
purified by HPLC. In another series of experiments, it was demonstrated that
the peptide having SEQ ID NO 31 retains substantially the same activity as the
original TSAR, expressed as a pll! fusion protein, from which it was derived. |

-
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For the experiments described below, the synthetic TSAR-based
peptide designated SEQ ID NO 31 was prepared as the purified (reverse phase

‘HPLC) amide form.

In one set of experiments. the ability of SEQ ID NO 3] (amide
form) to recognize the antigen binding site of the 7E11-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) concenrration ranged from 1.75 to 1130
nM. The concentration of the 7E11-CS monoclonal antibody was kept at 30
ng/m! (0.2 nM). The peptides were pre-incubaied with the 7E11-C5
monoclonal antibody for 1 ﬁr at room temperature prior to the addition to the
antigen coated ELISA plate. Two additional control peptidés (amide form)
having the following amino acid sequences: RGD-21: NH,-
PSYYRGDAGPSYYRGDAG-CONH, (SEQ ID NO 32) and CYT-379: NH,-
SYGRGDVRGDFKCTCCA-CONH, (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 obtained from Jeffrey Schiom,

* National Cancer Institute, NIH, Bethesda, MD, was also evaluated. The

B139 monoclonal antibody, which is a murine IgG, monoclonal antibody that
reacts with all human epithelial cells, recognizes a different antigen in the
LNCaP extract from that recognized by the 7E11-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 7E11-C5 monoclonal
antibody to LNCaP extract with an IC,, of about 160 nM, corresponding to a
molar ratio of about 400:1 of peptide to monovalent binding site on the
antibody. Both the two control peptides, Control Peptide ! and Control
Peptide 2, did not effectively compete with the 7E11-C5 antibody. Moreover,

-
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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 B139 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 to the 7E11-C5 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 polyvinylchloride plates. SEQ ID NO 31
(amide form) was diluted in 10% PBS at 0.5, 5§, 50 or 500 ug/ml. Control
peptide 2 in 10% PBS at the same range of concentrations served as the
control. A 50 u! volume of the test or control peptide solution was added to
each well and incubated overnight at 4°C. The 'peptide solution was removed
and 10% BSA-PBS was added s blocking solution. Either the 7E11-C5
monoclonal antibody or control B139 monoclonal antibody was added at
concentrations ranging from 1.7 to 10,000 ng/ml and the plates were
incubated for 1 hr at room temperaiure. Bound 7E11-C5 monocional antibody
was detected with anti-mouse IgG,-HRP as described above herein.

Results of the binding assay obtained when the concentration of
immobilized SEQ ID NO 31 (amide form) was varied from 0.5 pg/ml to 500
pg/m] are illustrated in Figure 14. Dose dependent binding of 7E11-CS was
observed at all peptide concentrations tested (Figure _1'4). As also shown in
Figure 14, optimal antibody binding to SEQ ID NO 31 (amide form) occurred
on plates coated with a 5 ug/ml solution of SEQ ID NO 31 (amide form).

Specificity of the immobilized SEQ ID NO 31 (amide form) for
the 7E11-C5 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 ul of peptide at 5 pg/ml overnight at 4°C with either the
7E11-C5 antibody or the non-relevant B139 antibody (control antibody).
Results presented in Figure 15, demonstrate that 7E11-C5 antibody
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speciﬁcally bound to the SEQ ID NO 31 (amide form) coated plates, whéms,
the B139 antibody failed to bind to the SEQ ID NO 31 (amide form)-coated

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 7E11-C$ binding TSARs and

peptides cbmprising 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 7E11-CS antibody. As explained above, such
TSAR compositions have been useful to ejucidate the epitope of the 7E11-C5
antigen and may also be useful to prepare mimetopes of such epitope useful,
for example, in preparing a vaccine against pt.Ostate cancer for patients
undergoing prostectomy or post-prostectomy since the relevant antigen is
highly restricted to prostatic carcinoma and normal prostate. In addition, the
TSAR compositions have been useful in formatting quality control assays in .
the commercial production of the 7E11-C5 antibody. |

CATION OF TSARS BINDING META
" In another series of éxperiments, the TSAR-9 library was
screened for expressed proteins/peptides having binding specificity for a metal
ion as the ligand of choice including such as zinc, copper, nickel, etc.

In a particular group of experiments, a form of immobilized
metal affinity chromatography (IMAC) was used in which iminodiacetic acid-
sepharose serves to coordinate and immobilize Zn*? in a tridentate fashion and
to present the remaining coordination sites for interaction with other ligands.

The TSAR-9 random peptide library was subjected to IMAC
chromatography as follows: 0.5 ml bed volume iminodia'cetic acid (IDA)
Sepharose (Sigma Chemical Co.) columns were washed with 1 mi of sterile
doubly distilled (dd) H,0, charged with S ml of 10 mM ZnCl, in dd H,0
followed by 3 ml sterile dd H,O and equilibrated with 10 m! 10 mM Tris-
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HCl, 150 mM NaCl, 0.1% Tween-20, pH 7.5 (TIONT) to prepare the Zn(Il)
IDA column. 10 pfu of the TSAR-9 random peptide library were passed
over the Zn(II) IDA column and washed with 10 ml TIONT. Bound phage
were eluted with 500 ] 200 mM glycine-HC), pH 2.2 and the pH was then
neutralized with 500 x1 1 M phosphate buffer, pH 7.5 + 1 m! TIONT.
Eluted phage were subjected to two further rounds of selection and the
resulting population 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 BINDING ZINC )
Designation
Amino Acid Sequence! SEQ
Name ID NO
TGLHTFAHGVSYGYTVPF GIGPGHHSSEGDHIPIHTDVS H.H ZnicCc? 34
GVVSSEWASKHYNHHFHTPGFLVRHFCTPIS QMDHUHKET 2nl1Cé kL
GAYGHRYMGHPILINVOQDPGFQILSTHWEFNNRASHHTP ZnlB?7 36
EKFDAAHGTDMYFSS QHYPGHNNIPHHPRAEFFHGHTL ZnlBé 37
TTHQHHVTFSTSAHNPFSPGHEHENYGVRT QLPATSHTHTIP. ZniB11 38
HETHWDYYHHNSFLPHDYSPGCGILSSHNVFRKERRTEY ENS Zn1AS 39
YNLIAPSFHGG NDRA QS VPGVHH H HPESKAYPQLSYGK ZnlAs 40
AREPNSFGFVQGAHDHNPPGTTSPSPHD.W PNLHHWGII ZnlA7 41
SSHQHFPYLNSRDPIRSHPGHPEH QYPYGAGISSNSPS ZnlAll 42
MGPSYTDNGDGNRMDH YVPGHEP IPPNELRRHTT IPESL Znl21l 43
GPPGDGAHADDHKHR WTHPGYHSGYMHSPLTLHTQHSQ Znlz3 44
SSHDSIYNFEFREVNHHSPGNGLGGVSHTHHSNMSR LD Znlz4 45
QPTISPPDFNH R.A S LNHLPGHNMSHSNSSGSLTLPAVH 2n1zs 46
DA ﬁ GTSLSDERMYHHNVSPGCGFRHFQGWTHD H DHAYPHM onlze 47
GYPRVTTRFSDSI G.Y HYAPGPRAEHSVHHGTHDS HPNT Znl1z9 48 .
YDHHSYNGDODMHYPGWPPLPGPHHFAPIDYV T_T HSHTOQPD ZniAl 49
IDHHHHTFTTRNAPSQPNPGPPYFPHVHHRDSSSMSIKR ZniAeg 50
HSYHDVATTXKPGSHCM H.N PGHPPPPNGC HMAKAHSHNRI ZnlAl2 51
ATEQHY gﬁT QYHKPYHPSVPGFHVEKSVTETTD HWESRNG Znl1Bs 52 .

' The non-variable amino acids al the NH, and COOH terninal residues are not shown.

l
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Table 2 presents the deduced amino acid sequences of the
binding domains of the Zn('H)-bindin_g TSARs. While the amino acid
sequences of the TSAR peptides reveal no significant linear consensus motif,

their amino acid compositions, when considered without regard for position,

exhibit suiking biases. When compared to the amino acid composition of the

~ input TSAR-9 library, the clones share a statistically significant abundance of

histidine (p<2x10"'") 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 artributed to the Zn(1I)-IDA
selection process, as the amino acid composition observed in the input TSAR-
9 library served as the baseline for these calculations.

The most dramatic biases associated with the Zn(II)—IDA
selected peptides are the 3.6-fold enrichment for histidine and 8.5-fold
suppression of cysteine residues. While peptides displayed on randomly
selected TSAR-9 clones contain an average of 1.73+ 1.44 (meanztstandard
deviation). histidine and 1'.23—_H.19 cysteine residues, those displayed on
Zn(IN)-IDA selected phage contain an average of 6.21+1.13 histidines and
0.1610.50 cysteines. The importance of histidy] residves in mesal
coordination, both in vivo [Berg, 1988, Proc. Nat'l Acad. Sci. USA 85:99-
102 (Berg 1988)] and in the context of IMAC [Yip, et al., 1989, Anal.
Biochem. 183:159-171 (Yip)], has been well documented. Although cysteine
residues participate in Zn’* coordination by proteins in vivo [Berg, 1990,
Ann. Rev. Biophy. Biochem. 19:405-421 (Berg 1990)], the observed paucity
of cysteines is consistent with the low contribution of cysteines to peptide
retention in IMAC, calculated by Yip. Amold (1991, Biotechnol. 8:151-156)

‘has suggested that cysteines may not contribute to retention in IMAC because

they tend, in the presence of metal ions, to oxidize and form disulfide bridges,
rendering them unavailable for interaction with immobilized metal. While the
absence of a selection for cysteine residues might by explained by such an

effect, the dramatic suppression of cysteines requ‘xfes further explanation. It is
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possible that disuifide bonds would tend to constrain peptides into
conformations incompatible with stable interaction with Zn(II)-IDA.

Superficially, some aspects 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 number 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 random 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) asa group, residues with
aliphatic side chains (glycine, alanine, valine, leucine, dnd isoleucine) as 2
group, and proline residues appear to be randomly distributed relative to
histidine. 'Fina.lly, 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, ZnlAl2, and Zn1B8 (SEQ ID NOs. 49, 50, 51, 52). TSARs were
selected in an attempt to represent a range of abundances and distributions of
histidine residues within the variant insert. Zn1A1 and Zn1A6 each possess
seven histidines wiihin their random peptide, while Zn1A12 and Zn1B8
contain eight and five histidines, respectively. ZnlA12 and Zn1BS8 both
contain well distributed histidines within their unpredicted peptide, while the
histidines in ZnAl and ZnAG6 are relatively and exceptionally clustered,
respectively. | '

To quantitate the relative binding of the Zn(II)-IDA selected
TSARs, each TSAR encoding phage was chromatographed over Zn(II)-IDA.
Three fractions were collected and titered' for phage: wash (unbound), elution
(bound, eluted), and column (bound, not eluted). When fractionated in this
manner, each TSAR binding domain consistently displayed at least a four log
enrichment over non-selected phage cloﬁes (data not showp). Furthermore,

-
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each clone exhibited a consistent degree of retention, which ra:iged from 15%
(for Zn1A1) 10 85% (for Zn1B8) of recovered phage. |

As Zn1B8 possesses the fewest histidines within its binding
domain, the absolute numbei of histidines does not appear to be the only
determinant of efficiency of binding to Za(Il)-IDA. Sequences which 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 86:1811-1815; Yip) have concluded that protein retention by IMAC is
primarily determined by the number of surface histidines, other functional
groups have been shown to contribute to binding (Yip).

Further, the experimenis demonstrate that the TSARs \ﬁth the
most clustered distribution of histidines (Zn1A12 and Zn1B8) exhibit the least
retention by Zn(II)-IDA. This observation is consistent with the fact that no
statistically significant positional bias of histidines relative to one another
within the random peptide u}as 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

proteins was evaluated by chromatography using IDA columns charged with
Zn*?, Cu*2or Ni*2. A painiéular Zn-binding phage (1x10" pfu) in 1 ml of
100 mM Tris-HCI, 150 mM NaCl, 0.1% Tween-20, pH 7.5 (T100NT) was
loaded onto a Zn(II)-, Cu(Il)- or Ni(ll)-IDA column and the columns were
washed as described above, except that T100NT was substituted for TIONT.
The columns were eluted with acid: Zn**(2 m! 100 mM ZnClz in TIOONT,

PH 7.5), or imidazole (2 ml 100 mM imidazole in TIOONT, pH 7.5). Three

fractions were collected and titered for the presence of phage: the wash

fraction (M), the elution fraction (C1) and the metal 1I-IDA column matrix
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resuspended in TIONT ([J). Results obtained are shown in Figure 16 A and
B. | S S
As shown in Figure 16A and B, the Zn-binding TSARs also
bind to Cu(II)-IDA and much less well to Ni(I[)-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., ZnCl, in TIOONT, (pH 7.5).
The TSAR-9 library was screened for Cu*? and Ni*? binding
TSARs as described above for Zn*? binding except that the IMAC was
charged with Cu*? or Ni*2, ' _
Tables 3 and 4 present the amino acid sequences of the binding
domains of copper (Cu*?) binding TSARs and nickel (Ni*?) binding TSARSs,
respectively.

m
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Table 3
TSARs BINDING Cu** | "
Designation
o SEQ
Amino Acid Sequence! Name ID NG
SbVKAHHM-ERPLN.NFDGPPPGDRVVGCQLFRVTSGQCRH CuB9F 53
FAYGSTNVVMVEHNSDHNPGHTVSCSATQGHICDDNTR CuBBf‘ 54
E-LVINLASI'VSAGSRNIGPGRLSGLHYGPPEQYFRHSP CuB11lF 55
YLATSRFPLTQ_SVRLTHSPGS'SSHPLTSYRWDAHSNHP CuAdSF 56'
DYSVLVTSLRI'_TGSLYCPPGPRYNFHDNHGRPCGSRSC CuAsF 57
YFAVMCDEGRNTRVCHH_SPGWLTHGRYSVSI.\T‘DDLSGS CuAlilF 58
C‘HITCKDCTGEHHiVYCTPiIDSSNTEPQASMHYFNPH CuA1OF 99

' The non-variable amino Acids at the NH, and COOH terminal residues are niot shown,
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Table d

TSARs BINDING Ni** '

Designation

ISEQ

Amino Acid Sequence’ Name IDNO
'YNGKDHQLPMLTPSHAT"GPGSCW'FNQTTVPTSDIEGHH NIB1F 60
HESDRHDAiSSVGRSLDVPGTHRDWASHYIHFITGHNF N1AGF 61
ESIRYYTSRQDS_YRSNLAPGTYNI.VDYNTSLHTLTHT,T NIA3F 62
NIALlF 63

SPICHHSGQFVYDHPNHSPGPHKSJI;FQHHCRNNELPLN

' The non-variable amino acids at the Nf, and COOH (erminal residues are not shown.
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Based on results obtained, the metal ion binding TSARs and
peptides comprising portions of such TSARs should be useful, for example,
for the development of methods for affinity chromatography puziﬁcaﬁon of a
variety of proteins or peptides. In one particular application, a2 metal ion
binding TSAR (or portion thereof) is attached, either chemically or by
recombinant means, to a protein being synthesized. The metal ion is
immobilized on a column which is efficiently used to purify the desired
protein from the reaction mixture or culture medivm or cell extract. In
another application, a metal ion binding TSAR (or portion thereof) is coupled
to an affinity column and used to remove toxic heavy metal ions such as
Zn(1I), Cu(I) 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 portion thereof
useful to provide a biosensor advantageously used to detect the presence of
metal ions such as Zn(II), Cu(lI) or Ni(Il) in aqueous or fluid samples such as
samples of lakes, streams; industrial effluents, and biological fluids such as
blood, serum, etc.

7.4. IDENTIFICATION OF TSARs BINDING A
POLYCLONAL DY

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 Fc antibody (GAM) using the
screening method described above in Section 7.1. ' .

The TSAR-9 library was screened with the polyclonal antibody
as follows. An affinity purified goat anti-mouse Fc polyclonal 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 inchbated with the TSAR-9 phage
for 1-2 hr with tumbling. Phage expressing a TSAR having binding affinity
for GAM were isolated by removing bound phage-GAM bead complexes using
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a strong magnet. The bound phage were recovered from the bead complexes
by acid elution, i.e., 50 u1 200 mM glycme HCl, pH 2.2, followed by 100 pl
IM Na,HPO,, pH 7.0.

The deduced amino acid sequences of the GAM 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 in Tabile 5 failed to bind
to magnetic beads coated with other goat anti-mouse polyclonal antibodies
tested (data not shown). Such results suggest that polyclonal 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 methods and the

libraries of the invention.

\._
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TableS
GAM BINDING TSARs
Designation

No. - SEQ .
Isolated Amino Acid Sequence' Name ID NO

17 DVDMGTIFNTIANNITSRPGVSWGGST RTITKP KGAVA . - GAM.9-1 ‘64

QTAGQPG RTLSKP PIPNTPGPREPSLLHSHPHLPNLTA GAM.9-3 65

V RTISKP VAREGWTRDTVPGPATSIVEKRFHLIGVNAQ GAM.9-2 66

1 KGASFYPQCGGECQIYRVPGDH LPLFS LH_!_%TGTPRHDS _ GAM.9~4 67

' The non-variable amino acids at the NH, and COOH terminal residues are not shown,
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llispection of the TSAR sequences presented in Table 5 suggests
a consensus among three of the GAM binding TSARs: RT(I/L)(S/T)KP.
Examination of GenBank revealed that this sequence is present within the Fc

~ regions of the mouse «-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. Interestingly, this region

differs among vertebrate species.
The remaining GAM binding TSAR presented in Table 5 differs

from the other three GAM binding TSARSs; yet it still binds to the goat anti-

mouse Ig beads effectively. It is unclear what aspect of its insert sequence
(i.e., primary, 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 comi)rising portions 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, the
TSAR GAM binder has been useful in illustrating a specific region of mouse
antibody that is immunogenic. This information is extremely useful in

'designing modified mouse antibodies for use in vivo in humans because such

modified antibodies lacking this immunogenic sequence, should decrease the
incidence of a human anti-mouse antibody (HAMA) response.

7.5. NTIFICATION OF TSARs BINDING C4 DY
In still another series of experiments, the TSAR-9 library was

| screened for expressed proteins/peptides having binding specificity for an anti-

carcinoembryonic antigen monoclonal antibody i.e., anti-CEA C46 antibody,

(see, Rosenstraus et ai., 1990, Cancer Immunol. Immunother. _.‘12:207413).
The TSAR-9 library was screened for C46 monoclonal antibody

binding proteins/peptides as described above in Section 7.2, except that
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monoclonal antibody C46 was used instead of the 7E11-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 ainti—prostate carcinoma antibody
7E11-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 erymemamSus (seg Section 7.6, infra). The amino acid
sequences of the binding domains of TSARs encoded by the C46 binding
i)hage are preseated in Table 6.

Table 6
TSARs BINDING C46
Designation
No. . : ’
Iso- , : : : SEQ
lated Amino Acid Sequence’. Name IDNO
1,2  NAVRVDSGYPPNENTFHLPGCIDVLSSGCRLFSAHSEY C€46.9-1 68

6,4 CNFRGQCVSAPQTSNSKSPGWDTTWHDFRREQFYNLTS C46.9-2 69
-  ——— — _ ——  — ___ — _ __— ___———— —— —__——

' The noﬁ-variable amino acids at the NH, and COOH terminal residues 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,
Genomics 3: 59-66, there was little to no identity noticed with SEQ ID NO
69. On the other hand, a shon region of SEQ 1D NO 68, i.e., IDVL located
at amino acid residues 22-25, was homologdus to a short region on the CEA
protein, i.e., LDVL at amino acid residues 586-590. Nevertheless, in view of
the fact that such a 4 amino acid-long motif should have been isolated more
frequently from the TSAR library, jt appears that the epitope recognized by
the C46 antibody may not be simple. |
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The ability of the C46 hinding TSARs to recognize the antigen
binding site of the C46 ahtibody was assessed using an ELISA assay as’
follows: _ '

‘ Microtiter dish wells were coated with 50 ! of the C46
monoclonal antibody (5 pg/ml in 100 mM NaHCO,, pH 8.5) for 2 hr at 4°C.
To the wells, 50 ul of BSA (1 mg/ml in 100 mM NaHCO,, pH 8.5) were
added and the wells incubated for 30 min. at room temperature. The wells
were washed (5x) with PBS-0.05% Tween 20. '

To each well was added either 25 pl of C46-binding phage
(C46.9-1 or C46.9-2) and increasing amounts of highly purified CEA (1, 25,
250, 2500 ng) (Scripps Clinic). After 2 hr incubation at room temperature,
the wells were washed (10x) with PBS-0.05% Tween 20. 25 ui of 200 mM
glycine-HCI (pH 2.2) were then added to the welis and they were mcubated at
ToOm temperature for 5 min. The liquid was then transferred to new
microtiter dish wells that contained 50 ul of IM 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 effecnvely with
both of the C46 binding TSARs for binding to the C46 antibody.

A series of overlapping octameric (8-mer) peptides within the
binding domain of the C46.9-2 binding TSARs, i.e., SEQ ID NO 69, were
synthesized to investigate reactivity with the C46 monoclonal antibody. The
amino acid sequences of the synthesized octameric peptides (8-mers) are

10

15

20

shown below in Table 6a. .
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Tahle 6a .
thesized 8-mel
_ Amino Acid Sequence --SEQ ID NO
CNFRGQCV 144
NFRGQCVS 145
5 FRGQCVSA 146
RGQCVSAP 147
GQCVSAPQ 148
QCVSAPQT 149
CVSAPQTS 150
0 VSAPQTSN 151
SAPQTSNS 152
APQTSNSK 153
PQTSNSKS 154
QTSNSKSP 155
TSNSKSPG 156
15 SNSKSPGW 157
NSKSPGWD 158
SKSPGWDT 159
KSPGWDTT 160
SPGWDTTW 161
20 PGWDTTWH This Sheet Has Been Repléced 162
A 111111 [ —
wpTTwHDF IR LRI N 164
DTTWHDFR o 165
TTWHDFRK ' 166
" TWHDFRKE 167
25 WHDFRKEQ 168
HDFRKEQF 169
DPRKEQFY 170
FRKEQFYN 1M
RKEQFYNL 172
30 KEQFYNLT 173 -
EQFYNLTS 174
R ——
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More particularly, the synthesized 8-mers, obtained as
“peptides on pins” (Chiron Mimotopes, Victoria, Australia) were evalvated for
binding to C46 antibody using an ELISA assay as suggested by the
manufacturer to identify potential epitopes or mimotopes. The specific
peptides "on 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 'I-‘igure 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. '

~ Although when initially compared to the sequence of known

CEA published by Bamett et al, (supra), there was little to no identity noticed
with SEQ ID NO 69, the amino acid sequence of the 8-mer having sigriiﬁcam
reactivity 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
CEA (see Bamett et al., supra). 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 epitope of CEA.

In a similar, assay overlapping 8-mer peptides within the
binding domain of the C46.9-1, SEQ ID NO 68, were synthesized as peptides
on pins and evaluated for reactivity with the C46 monocional 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-
mer peptide. The binding of the C46.9-1 peptide to C46 is likely to be |
through a discontinuous epitope or réquire a specific conformation. This
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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 denatunng

- 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 dithiothreitol (DTT) at varying concentrations (220 mM;
100 mM; 80 mM; 60 mM: 40 mM; 20 mM and 0 mM) was assessed (using 1
ug CEA, 1 ug CA46 for each lane). Ata concentration of about 80 mM or
greater, binding of C46 to the reduced, DTT-treated CEA was not detectable.
In another experiment, CEA was alkylated with iodoacetamide and then
reduced with a varying concentration of DTT (0, 20, 40, 80 and 160 mM).
Binding of the alkylated-reduced CEA to C46 antibody was assayed using a
goat anti-mouse-alkaline phosphatase secondary antibody in an ELISA assay
format. At a concentration of 40 mM DTT or greater, binding of the
alkylated and reduced CEA was markedly reduced.” Such resuits are
consistent with the existence of a discontinuous epitope on CEA which may
well be mimicked by the amino acid sequence of the C46 binding TSAR
designated C46.9-1 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 epitope useful, for example,

" in preparing a vaccine against colorectal, 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.
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In yet another series of experiments, the TSAR-9 and TSAR-12
libr;ries were screened for expressed proteins/peptides having binding
specificity for one of two monoclonal antibodies which recognize the SmB
protein of the Sm antigen associated with a mouse model of the autoimmune
disease systemic Jupus erythematosus, i.e., the 18F7 and 22G-12 antibodies
(obtained as gifts from Debra Bloom and Steve Clark, University of North
Carolina, Chapel Hill, NC) using an ELISA assay in a microtiter plate format
as follows. |

50 ul of the Sm antibody diluted to 1 pg/ml in 100 mM
NaHCO,, pH 8.5 was placed into wells of microtiter plates (Corning). The
plates were incubated overnight at 4°C. 100 gl of BSA solution (1 mg/ml, in
100 mM NaHCO,, 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 ul of phage solution was introduced into each well and the plates
were incubated at room temperature for 1-2 hirs. The contents of microtiter
plates were removed and the wells filled carefully with PBS-0.05% Tween 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 dissociation constants to be

released. The wells were then washed five more times to remove any

remaining unbound phhge’.

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 wells to denature proteins and release
bound phage. Afier 5-10 minutes, the contents were then transferred into
clean tubes, and 100 p1'1 M Tris-HCI (pH 7.5) or § M NaB,PO, (pH 7) was
added to neutralize the PH of the phage sample. The phage were then diluted
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107 to 10* and aliquots plated with E. coli DHSaF" cells to determine the
number of plaque forming units of the sample. In certain cases, the platings
were conducted in the presence of XGal and IPTG for color discrimination of
plaques (i.e., lacZ™* plaques are blue, lacZ" plaques are white). The titer of
the input samples was also determined for comparison (dilutions were o
generally 10 10 10%), _ ' '

Successful screening experiments have generally involved 3
rounds of serial scfeening. Serial screening was conducted in the following
manner. First, the library was screened and the recovered 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 inéubaﬁng the plates
at 4°C overnight. ‘Third, a small aliquot was then taken from the plate and
rescreened. The recovered phage were then plated at a low density to yield
isolated plaques for individual analysis.

The individual plaques were.picked with a toothpick and used to
inoculate bultures of E. coli F cells in 2xYT. After ovemight culture at
37°C, the cultures were then spun down by centrifugation. The liquid
supernatant was transferred to a clean tube and saved as the phage stock.
Generally, it has a titer of 10" pfu/ml that is stable at 4°C. Individual phage
aliquots were then retested for theii binding t6 the antibody conjugated ELISA
plates and their lack 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 18F7 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 Tabie 8.
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Table 7
RS BINDING ANTI-Sm IBODY (1
Designation
No. SEQ
isolated Amine Acid Sequence' Name ID NO
2 G DGVP LFNNSTHKITMLNPGHDTRMKTDFVNKKSVYSP Sm.9~1 77
1 TFKPDLKSNFAGSSASPNPGAWNGLRPRPY DGVP SAVD Sm.9-8 78
2 HPACMGFSHPYGPTNCLSPGEV NKNVP SLPITPDRESP Sm.9~2 70
6 SQVPTIDAFSVGMGKDDHPGMISEPSF NLRVP HIDKFA Sm.9-3 71
2 PGEQSNL NTRVK EGNWSSS? Sm.9-4 72
! AYGTVCCSGMFTYSNSPRPGVNE NRRVP VGDKGNNPDL ; Sm.9-9 . 73
1 ~ TSPACASGSTHGALTDCWPGFSY NTRVP YISQVETNAX Sm.9-10 74
1 YGFSNTMMAHRGTHVYFSPPGFTLVVPISY NSRVP RADA sSm.9-11 75
2 VRDADHTVFDATYCSSSAPGSPSHSNQML LNPHIL RPC | Sm.9-7 83
1 | TMRTDWGFD LNPYIL SPPGLSRTDFGPTEFRONDAKK Sm.9-17 87
1  SNEHFRDRVSISKIHISSPGYAN LNPHLA HKMKGQAH | Sm.9-16 79
1 - AFGREICIDFMHPCSRTRPGHDFSEKPNGSKDPQISFS Sm.9-5 81
A SDGMHCPHAFCNEHYHAPPGPHMLSDLFPGREKPPYTP " Sm.9-6 82
1 ¢ GPVDVHVALSVSHNSSKHPGTAPFTEMHSPLFDNPHHT Sm.9-12 84
1 ADSHMGXWQYYRWWMRVGPGRWGSTPVLFRPEFDREWF - Sm.9-13 8S
___:1;”' RYNEPVYLYQPSVDQKGIPGPYLTLVHY NNRVP LTASI Sm.9-18 76
= YLPWSKSFSPSQYTSMINPGHNSFSSQDTLY FERVAPH Sm.9-15 80,
== OPLLRDEINNKPGGDFY LPGFLWPWNYNFHSVHTQRPS Sm.9-14 86
— GRTWHNISTFHPAHNSEGPGYIAFLNPFSETYVSSGSS Sm.9-19 88
Egggg PAEGGDEAGRGGATCRQKLRIAC | Sm.12-1 89
S GNDRHIGENRCGVWWREPECGAT Sm.12-2 90
EEEE%- GKLGSWRHAXXVCPTIP sm.12-3 91
& DSCSIAWFXACGEIPVP Sm.12-4 92
DVPDVMGARCGGAXRGWPELLRP Sm.12-5 93
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The non-variable amino acids at the NH, and COOH ierminal residues are not shown.

This TSAR is not full length. This truncation is likely due (o recombination in vivo or to the occurrence of an intemal Xba U site in the cloned oligonucleotide

fragment.

X refers Lo unidentified amino acid residues due to ambiguities in the nucleotide sequence# determined.

Table 8
TSARS BINDING ANTI-Sm ANTIBODY (22G12)
Designation
: SEQ.
Amine Acid Sequence' Name ID NO
VRLLDILSPEQLSLDDVSPGLP EVNRYP SKLPPPNRLG 22G12.9-4 94
. TEALGDSGKKGGGVPSGP ELFRYP _ 22G12.12+4 95
VDPSTPNTLTDYYYMLSGPGATSFDG ERNRYP IVSTOQH 22G12.9-1 96
DQAS YFLDRWGG DGWSFTPTPPM 22G12.12-1 99
MQGT YWEDRWGG VTLXPQXRETP _ ) 22G12.12-5 102
YYPVYGSHRRLADYYSNGPGPECVRHQCTDEHRKAIDK_ 22G12.9-2 97
EYKARSSFVVMTGAEGNSPGCDVDRHCPYHHSYWTESI 22G12.9-2 98
SLFFRPVWETSGECFQLFQPPPG 22G12.12-2 100
NGGRGCPVERCGDSVTGRAYDAI
v

————

The non-variable amino acids at the NH, and COOH terminal residues are not shown.

22G12.12~-3 101
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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
similarify to the major Sm antigens (i.e., proieins' B and D) except for the
sequence RVP in the SB protein. Neverthéless, there are motifs, i.e., DGVP,
NXRVP, LNP(H/Y)(I/L)(L/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 suspect that the antibody may be recognizing a
disconﬁnuOus epitope or that the different motifs can adopt the same or a
similar conformation. The amino acid sequences of the Anti-Sm 22G12
binding TSARs presented in Table 8 reveal a motif E(V/L/R)(N/F/N)RYP and
also non-motif sequences.

7.7. IDENTIFICATION OF TSARs BINDING STREPTAVIDIN

In another series of experiments, the TSAR-9 and TSAR-12
libraries were screened for expressed proteins/peptides having binding
specificity for streptavidin (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

glycine-HCI (pH 2.2) and neutralized to pH 7.0, as described above in Section
7.1. After two additional rounds of purification, individual plaques were
isolated. Most of the recovered phage bound > 10° times better to SA than
non-binding phage (screened for phage that bind fo SA).

Individual 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 preésented in Table 9. The corresponding sequences wé.re not determined
for the SA binding phage isolated from the TSAR-12 library. Table 9 shows
that the binding phage fall into two classes. First, the majority of SA-binding
peptides share the consensus motif HP(Q/M)O (where "O" signifies a

-
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nonpolar amino acid). The consensus sequence is similar to that determined
with a ra:idom 15-amino acid phage library (Devlin, et al., 1990, Science
249:404-406) and synthetic peptides on beads (Lam, et al., 1991, Nature 354:
82-84). The HP(Q/M)O motif can be found at various positions throughout

the length of the phage insenﬁ. In addition, the motif was often (i.e., 69%) -

$

flanked on the COOH side by the amino acids P or D. Second, there is a
minor class of SA-binding peptides that lacks any consensus sequence and has
1o apparent similarity with each other. Such class has not been reported by
others describing smaller libraries screened for SA binding affinity.
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The non-variable amino acids at the NH, and COOH terminal residues are not shown.
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Table 9
TSARs B ING S
Designation

- No. : SEQ
Isolated Amino Acid Sequence’ .Name ID NO
1 HGMASQYFTCFHDSEPSSPGMFGWDPTTPTLP HPQV DE SA,9-3 103

1 IAHRVVAYNSLDSNPIWLPGEESSSVFGDY HPMF RAPV SA.9-4 104

b HVPVFTRYNYARPNDTDWPGGFVDSLSA HPQG PIAGGR SA.9-6 105

2 MTLGYDRASPAPNTSFSNPGLDFNPFTY RPQG PHQILQ SA.9-11 106

2 AGRAARDDDCRGHACMIIPGVSLFNSD HPMG AHPSIRR SA.9-8' 107
10 DFSSFLTGTNAMAPFWPFPGSTYLLG HPMA PRDLQTSN SA.9-10 108

3 SASWKFNSSFGYPTGGIEPGPNC HPQA CPDVLAKSLSP SA.9-13 109

2 VSEMSSFSGCNTDH HPQG PGGRHDIMRSISESRGYGSL SA.9-12 110

3 EMLTLPLTSIPIPW HPQG PGYLYHKPPRGTDFRMLSSK SA.9-5 111
2,1 PYRFYHPYSHPR HPQG DVPGSSAEVFHTFPNTQGRNSR SA-9-7_ 112

1 ADYGTIGESPC HPQV DICPGALHHEFNEFFVGMSPEPS SA.9-9 113
20,? . ARMAGLTE HPQG DIIDHHPGWVHDSKISPRNQDTYHSS SA.9-2 114
1 AHLFG HPQV GFDSIGSAFPGDIHCKQYKADSGLQSAAA SA.9-15 115

] PDYDIMSSTCRFYGCSKMPGGVAVNGLFAVQGHSKYSS SA.9~-1 116

1 T"DFTRSSLPAGDTSFTSPGSYSVHTRSCGISCVPAEV SA.9-14 117

-Lil-
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Examination of the amino acid sequences of the SA binding
TSARS xllusu-ated in Table 9 shows that the proteins can be divided into two
separate classes: (1) a group of thirteen 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 sharé such consensus
motif ("non-motif" proteins). The motif is found at 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 converted to LacZ™ (blue) and mixed (1:1) with other LacZ

(white) phage. The motif SA-binding TSARs appeared to bind equally well
while the non-motif SA-bmdmg TSARs bound about five fold better than

motif SA-binding TSARSs.

Specificity of the binding of the identified proteins for
streptavidin 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, pictured in Table 9,
were evaluated, ie., SA-1,-2, -4 and -14 (SEQ ID NOs. 116, 114, 104 and
117). Binding of each of the representative TSARSs to streptavidin was
completely inhibited by biotin and all the biotin analogs tested. ICs, values of
about 0.2, 3, 1050 and 5000 M, respectively, were cbserved.

In addition, binding of the SA-binding TSARs to avidin was
evaluated using the four representative SA-binders. None of the SA-binding °
TSARs were able to bind to native or non-glycosylated avidin (Accurate
Chemicals, Westbury, NY), even though SA and avidin are strucrurally
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 obrained, the-st'reptavidin-binding TSARs
and peptides comprising portions of such TSARs, such as SEQ ID NOS 103-
117, for example, should be particularly useful in any application where
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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 protein of

interest, either by inserting 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-streptavidin binding could use an SA binding TSAR or portion thereof

in place of biotin.

7.8. NTIFICATION OF TSARs B _

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 screened for expressed proteins/peptides having binding specificity for
polystyrene. Two types of uncoated polystyrene magnetic beads, i.e.,
Advanced Magnetics and Dynal, were used in a "panning” technique as
described above. Protein-bead complexes were removed with a strong magnet
and the bound phage were recovered as above. |

' In yet another series of experiments, the TSAR-12 library was
screened for proteins having specificity for polystyrene using uncoated
polystyrene microplates. _Polystyrené-bead—binding phagé 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
recovered only once. While there is no apparent linear motif, the hepﬁdes are
rich in tryptophan, tyrosine and glycine, poor in é.;ginine, valine and lysine

and completely lack cysteine residues.
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TSARs BINDING POLYSTYRENE i <

Designation °

| SEQ © g

Amino Acid Sequence' Name IDNO &
SSRLAYDHYFPSWR_SY\IFPGSNS.SYY'NN.SWPTITHETN SB.9~5 118
PYWMFYGFDWRGGFP.PSHQIMDQ SB.12-5 119
DSWPLRIYSCLSNYYHYFPGSLVYNMMYPSHGEAPKGD SB.9-9 120
WGWARGLGGGKGDARHP‘SAPEAH ' sB.12-2 121
WMQSWYYHWGEGGETFPIRRDSG GG SB.12-6 122
HHGAMNRYYTWLWDNSRFPGR‘SYLLSAPATQPEASIS 8B.9~10 123
LGFSGWYW QCLYGLGSHDPGFIHE Q SPAEVAMEDTE SB.9~7 124

RPYLYDPNEWHRYYSYLLPGHSYNVQSWPD'GL‘G 5B.9%-6 125 L

PWWWVSWVDAGGGSLALPTQPSD 8B.12-1 126_;_,-?;'--
IYYPFFVWGNYANGGLLSPGHVYSSNFIPLYMWQREVS?P SB.9-4 127-.
GWQ'SGWEWWIGGGNWTSNTTH SB.12-4 128
EI.H,GNLYNWSPLLGYSYFPGISPKHISGEVLLGRLPQV SB.9-1 129
Y¥T G'W ETWYSPFDPF T.H-Y GGPGSRFDF H D KSEDPIDRSY SB.9-2 130
QDLDHWSYWSMYSTYPTSPGLVPYSWGYGSPNSHTDKL SB.9-3 131
WWDPDIWFGWGGCGAHPPNLIOQPIS - SB.12-3 132
QOTLIDFHDLHYWGAYYGWPGIYDEASGSQAVRHNMTHT SB.9-8 133

TYDYTY.DWSGLF“SPFTHPGAHHTTHSPWIAGHKPHAET SB.9-11 134 é

v The Ron-variable amino acids ot the NI!,'amI COOI{ terminal residues are nol shown. E

2 Q residue encoded by a suppressed TAG codon. §
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~ As demonstraled in Table 10, 2 number of TSARs having
binding afﬁmty for polystyrene were identified. The polyStyrcne binding
TSARs bind to the plastic either in the form of beads or plates; thesc TSARs
do not bind to polyvinyl chloride or polypropylene.
| Based on the results obtained, the polystyrene-binding TSARs

- and peptides comprising portions of such TSARs, such as SEQ ID NOS 118-

134, for example, should be useful for the improvement of ELISA assays.

' For example, in one particular application, a protein and/or a peptide can be

engineecred to comprise a polystyrene-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 polystyrene-
specific TSAR or portion thereof can be engineered into a protein of interest
either by inserting an oligonucleotide encdding such TSAR into the gene
encoding the protein, or by synthesizing and chemically attaching the TSAR to
the protein. In one embodiment, a polystyrene-specific TSAR or portion
thereof can be attached to the Fc region of an antibody, allowing for all such

- antibodies to bind to a polystyrene surface with their Fc¢ regions down and

their antigen binding sites equally exposed and fully available for binding in
an ELISA assay format.

7.9. IDENTIFICATION OF TSARS BINDING CALMODULIN

In yet another series of experiments, the TSAR-12 library was
scresned for expressed proteins/peptides having binding specificity for
calmodulin (CaM).

. In particular, the 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 pg/mi
calmodulin in 100 mM NaHCO,, (pH 8.5). Fo block non-specific binding of
phage, 200 gl of 2 mg/ml BSA in 100 mM NaH,CO,, (pH 8.5) was added to
each well and the plates were inéubated at room temperature for ] hr. After
the wells were washed five times with PBS-0.05% Tween 20 10 remove free
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calmodulin protein, 50 u1 of phage (10" 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 ul of 200 mM glycine-HCI, pH 2.2 and then the pH was
neutralized with the addition of 50 u! of 100 mM NaPO; (pH 7.5). The
recovered phage were rescreened immediately and the phage that bound to the
ELISA plate the second 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 inixed with m663 blue phage and screened simultaneously 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 DH5aF’ cells in 2xYT

.overnight at 37°C. The phage in these cultures were then tested individually

for their binding to CaM; seven of the eight phage were demonstrated to bind
CaM. Moreover, the CaM binding phage do not bind BSA or polystyrene.

~ The oligonucleotides of the seven TSAR-encoding phages were
sequenced and revealed to carry identical DNA inserts encoding the binding
domain of the TSARs.

The deduced amino acid sequence (SEQ ID NO 135) of the

binding domain of the CaM binding TSAR, designated CaM-12.1, is shown
in Table 11 below. |

-_—
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TABLE 11 |
C IN BINDIN !
P R W I E D S L R 6 6 A A

§ R A @ T R L A S &

! The non-varisble amino acids at the NH, and COOH terminal residues are not shown.

The TSAR-12 library was rescrecned, 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 10 the bead complexes prior to washing. As free biotin
15 binds very well to SA, it competed away the binding of all 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 50 pl of 50 mM glycine-HCI, pH 2.2 and then
the pH was neutralized with the addition of 100 ul of 100 mM NaPO, (pH
20 7.5). The recovered phage were rescreened immediately; the phage solution
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 fourth time with CaM coated wells. The phage
that were then grown were recovered as individual isolates. Forty-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 discbvefed to have inserted
synthesized oligonucleotides with an identical 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 isolated
repeatedly 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
calcium-binding proteins was tested. It failed to bind ELISA plate wells

- coated with parvalbumin or vitamin D calcium-binding protein (both from

Sigma, St..Louis, MO). It also did not bind to the calmodulin-binding
protein, calcineurin (Sigma, St. Louis, MO). Second, the ability of natural
calmodulin binding peptides and proteins to compete for binding of the CaM-
12.1 phage with CaM was tested. Preliminary experiments suggested that a
peptide corresponding to the bihding domain of CaM-dependent protein kinase
(#208734; Calbiochem, San Diego, CA) and bee venom melittin (#444605;
Calbiochem, San Diego, CA) could compete with CaM-binding TSAR CaM-
12.1 to CaM. Third, the ability of a synthetic non-peptide CaM-antagonist,
W7, (#681629; Calbiochem, San Diego, CA), was tested 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 because it is a high-affinity Ca?*-binding
i:mtein; 2) C'#M-12.1 binds CaM at a site partially overlapping or influenced,
by the binding sites of CaM-dependent protein kinase peptide, melittin and
wr. -

The CaM binding phage were also tested for their ability to
bind CaM in the presence and absence of free calcium ions. In preliminary
experiments where either 10 mM CaCl, or I mM EGTA was added to the
wells to provide conditions in which calcium ions were cither preseht 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 EGTA used was probably insufficient to bind
all the calcium ions in the assay. Additional experiments were carried out
using higher -concemratiqns of EGTA, specifically 1, 5 or 10 mM EGTA was

-
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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 NQO 176) was shown to bind CaM in a calcium dependent manner.
Furthermore, when calcium ions were added back 1o wells where phage
binding was inhibited by 10 mM EGTA, binding of the phage to CaM was
restofed.

" To prove that the displayed peptide sequence
VPRWIEDSLRGGAATAQTRLASA (SEQ ID NO 135) was responsible for
binding of phage CaM.12-1 to CaM, a sequence :
STVPRWIEDSLRGGAARAQTRLASAK (SEQ ID NO 176) was prepared as
a peptide with a biotinylated C-terminus. The presence of the biotin permitted
detection of the peptide with streptavidin-linked alkaline phosphatase. It was
observed by ELISA that the peptide bound immobilized CaM efficiently.

The peptide-CaM complex is a stable one, with 50%
dissociation requiring —20 min. This was determined by the following
experiment. First, the biotinylated peptide, SEQ ID NO 176 was mixed with
streptavidin-linked alkaline phosphatase in 100 1 of PBS-Tween 20, in a
molar ratio of one peptide per streptavidin molecule. After 15 minutes, the
sample was diluted to 10 ml with PBS-Tween 20, containing 1 nM biotin,. 1
mM CaCl, and 10 ug/ml BSA. The sample was distributed between wells and -
incubated at room temperature for 3 hr. The wells were washed five times
and then 100 1 of buffer (PBS-Tween 20, 25 pg/ml CaM) was added to the
wells. At various timepoints, the liquid was removed and repiaced with p-
nitrophenylphosphate (US Biochemicals, Cleveland, OH). The wells were
scanned by an ELISA platereader (Molecular Devices), at 405 am wavelength.

To examine where the SEQ 1D NO 176__ peptide bound the CaM

molecule, we attempted 10 block binding with other peptides that have been

previously shown to bind to the central, Jinker region of CaM (See Persechini
and Kretsinger, 1988, J. Cardiovasc. Pharmacol 12:S1-12; Ikura et al., 1992,
Cell Calcium 13:391-400; Chapman et al., 1992, Biochemistry 31:12819-25;
Meador et al., 1992, Science 257: 25 1-255). It is this region of CaM that
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binds various proteins to regulate their activity in a Ca?*-dependent manner.
Peptides corresponding to the CaM-binding domain of CaM-dependent protein
kinase T (Payne et al., 1988, J. Biol. Chem. 263:7190-7195) and myosin light

~ chain kinase (Tkura et al., supra; Means et al., 1991, Adv. Exp. Med. Biol.,

304: 11-24; Persechini and Kretsinger, gupra) were found to compete with the
binding of peptide SEQ ID NO 176 to CaM (Figure 20). These results
demonstrate that the SEQ ID NO 176 péptide binds CaM at the same, or
neighbbring, site as the CaM-binding domain of CaM-dependent protein
kinase IT and myosin light chain kinase. | |

The peptide was also observed 10 bind CaM in a Ca?*-
dependent manner with a Kp, of 1 uM by steady state fluorescence methods.
(see Figure 21). A blue shift in the spectral maximum showed that the
tryptophan 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 responsible for binding of the CaM specific TSARs 10
CaM were only a five or six residue peptide, then one would have expected to .
isolate about 10-20 CaM binding TSARs from the TSAR-12 library.
However, since only one particular CaM binding TSAR was repeatedly
isolated, it appears that the.si'te of interaction between the CaM specific TSAR
and CaM is complex, i.e., the site requires more than simply 5 or 6 residues.
To illustrate regions of the SEQ ID NO 176 that are involved in binding to
CaM, the ability of 4 modified peptides to compete with SEQ 1D NO 176.
binding for calmodulin were examined. The modified peptides were (a) the
N-terminal 13 residues STVPRWIEDSLRG SEQ ID NO 179; (b) the C-
terminal 13 residues GAARAQTRLASWK SEQ ID NO 180; (c) the SEQ ID
NO 176 peptide where, at position 4, W was changed to A -
STVPRAIEDSLRGGAARAQTRLASWK SEQ ID NO. 178; and (d) a peptide
having the reverse sequence KASALRTQARAAGGRLSDEIWRPVTS SEQ !D-
NO. 177. 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 togefher could h_ot compete with
SEQ ID NO 176. Therefore, specific residues or sequences in both the N-
terminal and C-terminal half of the peptide are important for binding 1o
~ calmodulin. Therefore, this binder could not be identified in a library where
the binding domain is much smaller than about 20 amino acids. |
Based on the results obtained, the calmodulin-binding TSAR
comprising SEQ ID NO 135 or 176, or compositions comprising this TSAR
are useful as cglmbdulin antagonists, which have-applications in the treatment
of a broad spectrum of conditions including such as cell proliferation
associated with development of malignancy, hypertension, congestive heart
failure, arthythmia and gastro-intestinal disorders. See, generally, Mannhold,
R., and Timmerman, H., 1992, Pharm. Weekbl-Sci. 14(4):161-66.

10

8. EXAMPLE: PHAGEMID VECTORS USEFUL FOR

EXPRESSIO F TSAR L R
15 Several phagemid vectors are described below which are useful

for expression of TSAR libraries according to the present invention.

8.1. CONSTRUCTION OF VECTOR pDAF1

The vector pDAF] is constructed as follows:

To create the phagemid vector pDAF1, a segment of the M13
gene III was transferred into the Bluescﬁpt It SK+ vector (GenBank #52328).

This vector replicates autonomously in bacteria, has an ampicillin drug

20

resistance marker, and the f1 drigin of replication which allows the vector
under certain conditions to be replicated and packaged into M13 particles.
These M13 viral particles would carry both wild-type pIIT molecules encoded
by helper phage and recombinant plII molecules encoded by the phagemid.
These phagemids express only one 1o two copies of the recombinant pill
molecule and have been termed monovalent display sysiems (See, Garrard et
al., 1991, Biotechnol. 9:1373-1377). Rather than express the entire gene II1,
this vector has a truncated form of gene Iﬁ {See generally, Lowman et al.,
1991 (Biochemistry 30:10832-10838) which demonstrated that human growth

30

This Sheet Has Been Replaced

(01—

3

L7




FEB 21°96 16:13 FR PENNIE & EDMOND A TO B11653378031

e
L

;WO 94/18318 . , PCT/US94/00977

k4
e
~

10

18

20

25

30

3

Un

- 128 -

hormone was more accessible to monoclonal antibodies'when it was displayed
at the NH,~terminus of a truncated form of plII protein than at the NH,-
terminus of the full-length form]. In the phagemid vector constructed here,
the TSAR oligonucleotides are expressed at the mature terminus of a truncated
pIll 'molecﬁle, 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 plII protein, a short polylinker within the plil gene and the linker
gly-gly-gly-ser between the polylinker and the pIll molecule. This plasmid
expresses pIIl from the promoter and utilizes the PelB leader sequence for
direction of pIII's compartmémaliution to the bacterial membrane for proper
M13 viral assembly.

A pair of oligonucleotides were designed
CGTTACGAATTCTTAAGACTCCTTATTACGCA (SEQ ID NO 136) and
CGTTAGGATCCCCATTCGTTTCTGAATATCAA (SEQ ID NO 137) 10
amplify 2 portion (2a 198-406) of the plIl gene from M13mp8 DNA via PCR.
Since these oligonucleotides carried Bam HI and Eco RI sites near the §°
termini, the PCR product was then digested with Bam HI and Eco RI, ligated |
with pBluescript II SK+ DNA digested with the same enzymes, and
introduced into E. goli by transformation. After the recombinant was
identiﬂéd, an additional double-stranded DNA segment was cloned into it,
encoding the PelB signal leader with an upstream ribosome binding site. ' This
segment was prepared by PCR from E, coli DNA using the oligonucleotides
GCGACGCGACGAGCTCGACTGCAAATTCTATITCAA (SEQ ID NO 138)
and _
CTAATGTCTAGAAAGCTTCTCGAGCCCTGCAGCTGCACCTGGGCCAT
CGACTGG (SEQ ID NO 139). The termini of the PCR product introduced a
short polylinker of Pst I, Xho 1, Hind 111, and Xba 1 sites into the vector.

The Xho I and Xba ] sites Were positioned so that assembled TSAR
oligonucleotides could be cloned and expressed in the same reading frame as
in the phage Qecmrs 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 III. This linker matches a
repeated sequence motif of the pIll 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 been named pDAF1. Figure 3A
schematically illustrates the pDAF1 phagemid vector.

8.2. CONSTRUCTION OF VECTORS pD AND pDA

The vectors pDAF2 and pDAF?3 are prepared from pDAF1 but
differ from the parent vector in that each contains the ¢-my¢ endoding
sequence at the NH, and COOH terminal sides, respectively. of the polylinker
of Pst 1, Xho 1, Hind 11T and Xba ] restriction sites. Figure 3B and C
schematically illustrate the phagemid vectors pDAF2 and pDAF3. The
PDAF2 and pDAF3 vectors are constructed as shown schematically in
Figure 3D. '

9. EXAMPLE: PLASMID VECTOR USEFUL FOR
E ESS SAR LIBRARIE

9.1, THE INITIAL VECTOR plG200

Plasmid pJG200 was the starting material that was modified to
produce a general TSAR expression vector. The initial plasmid, pJG200.
contained target cistrons that were fused in the correct reading frame to a
marker peptide with a detectable activity via a piece of DNA that codes for a
protease sensitive linker peptide [Germino ahd Bastia, 1984, Proc. Natl.
Acad. Sci. USA 8]1:4692; Germino et al., 1983, Proc. Natl. Acad. Sci. USA
80:6848). The promoter in the original vector pJG200 was the Py promoter
of phage lambda. Adjacent 1o the promoter is the gene for the C,857
thermolabile repressor, followed by the ribosome-binding site and the. AUG
initiator triplet of the cro gene of phage lambda. Germino and Bastia inserted
a fragment containing the triple helical region of the chicken pro-2 collagen
gene into the Bam HI restriction site next to the ATG initiator, to produce a
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vector in which the collagen sequence was fused to the lacZ B-galactosidase

| gene sequence in the correct translational phase. A single Bam HI restriction

site was regenerated and uséd 1o insert the plasmid R6K replication initiator
protein coding sequence.

The plasmid pJG200 expressed the R6K replicator initiator
protein as a hybrid fusion product foflowing a temperature shift which
inactivated the C,857 repressor and allowed transcription initiation from the Py
promoter. Both the parent vector construct with the ATG initiator adjacent to
and in frame with the collagen/g-galactosidase fusion (noninsert vector), and
p3G200 containing the R6K replicator initiator protein joined in frame to the
ATG initiator codon (5') and the collagen/B-galactosidase fusion (3') (insert
vector), produced B-galactosidase activity in bacterial eells transformed with
the plasmids. 'As a result, bacterial strains containing plasmids with inserts

are not distinguishable from strains containing the parent vector with no

© insert.

9.2. REMOVAL OF THE P,,C,857 REPRESSOR
A T SOFC —

The first alteration to pJG200 according to this invention was
the removal and replacement of the Eco RI-Bam HI fragment that contained
the P, promoter, C,857 repressor and amino terminus of the cro pfotein which
provided the ATG start site for the fusion proteins. An oligonucleotide linker -
was inserted to produce the p258 plasmid, which maintained the Eco RI site
and also encoded the additional DNA séquenccs recognized by Nco I, Bgl Il
and Bam HI restriction endonucleases. This modification prdvide.d anew -
ATG start codon that was out of frame with the collagen/B-galactosidase:
fusion. As a result, there is no g-galactosidase activity in cells"transfonned_
with the p258 plasmid. In addition this modification removed the cro protein
amino terminus so that any resultant recombinant fusion products inserted
adjacent to the ATG start codon will not have cro encoded amino acids at

their amino terminus. In contrast, recombinant proteins expressed from the
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| originé] pJG200 vector al! have cro encoded amino acids at their amino

terminus.

9.3. ADDITION OF THE Py, PROMOTER, SHINE
DALGARNO SEQUENCE AND ATG CODON

In the second step of construction of a TSAR expression vector,

a restriction fragment, the Eco RI-Nco 1 fragment of pKK233-2 (Pharmacia
Biochemicals, Milwaukee, WI), was inserted into the Eco RI-Neo I restriction
sites of plasmid p258 to produce plasmid p277. As a result, the p277 plasmid
contained the P;,¢ (also known as Prc) promoter of pKK233-2, the lacZ
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 Jac

repressor protein to inhibit transcription from the uninduced Py,c promoter.

- Appropriate strains that can be used include JM101 or XL1-Blue. Because

cells can be induced by the simple addition of small amounts of the chemical
IPTG, the p277 plasmid provides a significant commercial advantage over
promoters that require temperature shifts for induc.tion. For example,
induction by the Py 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 aré
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 [See Grossman et al., 1984, Cell 38:383; Baker et al.,
1984, Proc. Natl. Acad. Sci. §1:6779]. '
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ROVEMENT OF RIBOSOME BINDING SITE
The p277 expression vector was further modified by insertion of

| twenty-nine base pairs, namely

5'CATGTATCGATTAAATAAGGAGGAATAAC3' (SEQ ID NO 141) into
the Nco I site of p277 to produce. plasmid p340-1. This 29 bp sequence is
related to, but different from, one portion of the Schoner "minicistron”
sequence [Schoner et al., 1986, Proc. Nat'l. Acad. Sci. 83:8506]. The
inclusion of these 29 base pairs provides an optimum Shine/Dalgamo site for
ribosomal/mRNA interaction. The p340-1 expression vector significantly
differs ffom 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 a2 means to provide a
visual indicator of fragment insertion upon isolation. The steps in the
construction of vector p340-1 are diagrammed in Figure 4. '

. DEPOSIT OF MICROORGANISMS

The following plasmid was deposited with the American Type
Culture Collection (ATCC), Rockville, MD on November 29, 1988, and has
been assigned the indicated accession number:

Plasmid Accession Number
p340 ATCC 40516

The invention described and claimed herein is not to'be limited
in scope by the speciﬁc embodiments herein disclosed since these
embodiments are intended as illustration of several aspects of the invention.
Any equivalent embodiments are intended to be within the scope of this
invention. Indeed, various modifications of the invention in addition to those
shown and described herein will become apparent to those skilled in the art
from the foregoing description. Such modifications are also intended 1o fall
within the scope of the appended claims.

‘This Sheet Has Been Replac

LD llll

TO 811853378631

P.

34



FEB 21'96 1B:15 FR PENNIE & EDMOND TO 611653379831

-~

WO 94/18318 133 PCT/US94/00977

1t 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

s of which are incoxpomed herein, in their entirety, by reference.
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Optional Shaet in eonnection with the microorganism referred to on page 132, linus 15-30 of the description’

A. IDENTIFICATION OF DEPOSIT’

Further doposita ars ido_ntmud an an addition3! shaet °

Name of depositary institugion *
American Type Culture Collection

Address of depositary instiwtion (including postal cods and country} *

12301 Paurkiawn Drive
Reckville, MD 20852
us

Date of deposit * November 29 1988 Accession Number * 40516

B. ADDITIONAL (INDICATIONS ' ficavs bians 1f nee applicable). This Information is conived on & separmie aliaches sheet

C. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE * o ov sacnem e ut il st Suna

D. SEPARATE FURNISHING OF INDICATIONS * ieave blask if sx applicablel

The mdications imted delow will bie submitted Te tha intarnational Buresy (ater * (Specity The gensral natura of the INAITIVGAS a.g.,
“Accassion Number of Deposit™)

E. IB/ This sheet was received with the Intemational application when filed (to be checked by the receiving Office)
YVETIE E. SIMMS
. =#“' =T gqn v. w” Q?HE
AuHfiorizéd Utticer) :

¢

£ The dase of receipt (from the applicant) by the Intemnational Burcau *
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(Authorized Officer)
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

()

(1)
(1ii)

(iv)

(v)

“{vi)

(viil)

(ix)

(2) INFORMATION FOR SEQ ID NO:1:

(i)

APPLICANT: Koy, B. K.
Fowlkes, D. M.

TITLE OF INVENTION: Totally Synthetic Affinity Reagents
NUMBER OF SEQUENCES: 180

CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: Pennie & Edmonds

{B) STREET: 1155 Avenue of the Americas
{C) CITY: New York - :

(D) STATE: New York

(E) COUNTRY: U.S.A.

(F) 2ZIP: 10036-2711

COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC=DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version £1.25

CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: To be assigned
(B) FILING DATE: Concurrently herewith
(C) CLASSIFICATION:

ATTORNEY /AGENT INFORMATION:
{A) NAME: Misrock, 5. Leslie
(B) REGISTRATION NUMBER: 18,872
(C) REFERENCE/DOCKET NUMBER: 1101-155-228

TELECOMMURICATION INFORMATION:
{A) TELEPHONE: 212 790-9%090
(B) TELEFAX: 212 869-8864/9741
(C) TELEX: 66141 PENNIE

(A) LENGTH: 38 amino acids
(B) TYPE: amino acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

SEQUENCE .CHARACTERISTICS: o .”Il"l

Ul

(1i) MOLECULE TYPE: peptide

(xi)
Gly
1

SEQUENCE DESCRIPTION: SEQ ID NO:1:
Pro Val Lys Lys Ile Cygc Ala Arg Asp Asn Ser Ala Arg Gly Asp
5 ‘ 10 . 15

Asn Asp Pro Gly Leu His Asn Gly Ser Ser Val His Val Ser Gly Thr
: 30

20 25

Leu Ser Cys Asn Gln Tyr
35

(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:

This Sheet Has Been Replaced :
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(A) LENGTH: 38 aminc acids
{B) TYPE: amino acid

(C) STRANDEDNESS: mingle
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

TO 811653376431

PCT/US94/00977

‘Ser Thr Val Val Asp Ala Cys Thr Arg Tyr Ala Asn Hie Axg Iit‘ls.a Leu

1 5 10

Ser Pro Gly Leu Aen Arg Arg Glu Val Asn Met Ala Asp ggy His Val
20 25

Tyr Cye Asn His Val Xaa
as

(2) INFORMATION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acide
(B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(1) NOLECULE TYPE: paptide

{(x1) SEQUENCE DESCRIPTION: SEQ ID NO:3:

" This:Sheet Has Been Replaced: .

- [HRTW

Him Cys Ile Gly Val tle Ser Ser Asn Glu Hig Asn Cys Cys Aep Ser
15

1 5 10

Trp Pro Pro Gly Sezr Gly Asn Phe Ser His Asp Ser Cys gln Gly Ala
20 ' . 25 0

Ala Pro Asp Glu Pro Ser
as

(2) INFORMATION FOR SEQ ID NO:4&¢

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
(B) TYPE: amino acid ’
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

. (ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:.

lltan asp'Aan Arg Trp Phe Asn Leu Tyr Gly Asp Ser Asn Ile‘ Pro Gly
5 10 is5

Cys lle Pro Gly Phe Pro Thr Bim Ile lLeu Arg Glu.Gly Val Thr Phe
20 _ 25 30

Ala Asp His Val Cys Ser
35

(2) INFORMATION FGR SEQ ID NO:5:

P
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(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 38 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS: single-
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
'Mp Phe Arg Leu Glu Leu Val Arg Ser igz Arg Cye- ser Gln ?;p Phe
Ile Ser Pro Gly Leu Ser Ala Phe Arg Ala Ser Cys Gln gge Pro Leu
20 25
Agp Thr Gln Ile Ser Pro
_ 3s

(2) INFORMATION FOR SEQ ID NO:6:

(1) SEQUENCE CHARACTERISTICS: ' T
{A) LENGTH: 11 amino acids T
(B) TYPE: amino acid - - This-Sheet Has g

L )

Glu Gln Lye Leu Ile Ser Glu Glu Asp Leu Asn
1 -5 10

{2) INFORMATION FOR SEQ ID NO:7:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1323 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: pingle
(D) TOPOLOGY: unknown

{1i) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION' SEQ ID NO:7:

GTGAAARAAT TATTATTCGC AATTCCTITA GTITGTTCCIT TCTATTCICA CTGCTCGAGA 60
GAGCAGAAARC TGATCTCTGA AGAAGACCTG AACTCTAGAC CTTCGAGAAC TGTTGAAAGT ~ 120
TGTTTAGCAA AACCCCATAC AGAAAATICA TTTACTAACG TCTGCAAAGA QGACAAAACT 180
ﬁAGATCGIT ACGCTAACTA TGAGGSTTGT CTGTGGAATG CTACAGGCGT TCTAGTTITGCT 240
ACTGGTGACG AAACTCAGTG TTACGGTACA TGGGTTCCTA TTGGGCTTGC TATCCCTGAA 300
ARTGAGGGTG GTGGCTCT&A GGGTGGCGGT TCTGAGGGTG GCGCTTCTGA GGGTGGCGGT 360
ACTARACCTC CTGAGTACGG TGATACACCT ATTCCGGGCT ATACTTATAT CAACCCICTC 420

GACGGCACTT ATCCGCCTGG TACTGAGCAA ARCCCCGCTA ATCCTAATCC TTCICTTGAG 480
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GAGTCTCAGC

GCATTAACTGC
CAGTACACTC
GACTGCGCTT
TCGTCIGACC
GGCGGCTCTG
GGCGGTTCCG
AATAAGGOOG
AAACTTGATT

~ PCCGGCCTTC

GCTCARGTCG
TCCCTCCCTE
TTITCTATIG
GTTGCCACCT
TAA

CTCTTAATAC
TTTATACGGG
CTGTATCATC
TCCATTCTCE
TGCCTCAACC
AGGGTGGTCG
CTGGTGGCTC
CTATGACCGA
CTGTCGCTAL
CTAATGGTAR
GTGACGGTGA
AATCGGTIGA
ATTGTGACAR
TTATCTATGT

17 FR PENNIE & EDMOND

TTTCATCTTT
CACTGTTACT
AMAAGCCATG
CTTTAATGAA
TCCTGTCART
CTCTGAGGGT
TGOTTCCGRT
ARATGCCGAT
TGATTACGGT
TGGTGCTACT
TAATTCACCT
ATGTCGCCCT
AATAARCTTA
ATTTTCTACG

{2) INFORMATION FOR SEQ ID NO:8:
{i) SEQUENCE CHARACTERISTICS:

-137-
CAGAATAATA
CAAGGCACTG
TATGACGCTT
GATCCATTCG
GCTGGCGGCH
GGCGGTITCTC
GATTTIGATT
GAAAACGCGC
GCTGCTATCG
GGTGATITTG
TTAATGAATA
7796TCTTTA
TTCCCTOOTG
TTTGCTARCA

(A) LENGTH: 24 base pairs

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

{ii) MOLECULE TYPE: DNA (gencmic)

i

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:

CATGGCTCGA GGCTGAGT‘!C TAGA
(2) INFORMATION FOR SEQ ID NO:9:
(i) SEQUENCE OHARACIERISTIC&
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
* GATCTCTAGA ACTCAGCCTC GAGC
{2) INFORMATION FOR SEQ ID NO:10:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 14 aminc acids
(B) TYPE: amino acid

TO 811653372831

PCT/US94/005 77
GGTTCCGAAA TAGGCAGGCG 540
ACCCCGTTAA AACTTATTAC 600
ACTGGAACGG TAAATTCAGA 660
TTTGTGAATA TCAAGGCCAA 720
GCTCTGETG6 TGGTTCTGGT 780
AGGGTGGCGS CTCTGAGGGA 840
ATGAAAAGAT GGCAAACGCT 900
TACAGTCTGA CGCTAAAGGC 960
ATGGITTCAT TGGTGACGTT 1020
CTGGCTCTAA TTCCCAAATG 1080
ATTTCCGTCA ATATTTACCT 1140
GCGCTGGTAR ACCATATGAA 1200
TCTTIGCCTT TCTTTTATAT 1260
TACTGCGTAA TAAGGAGTCT 1220
' 1323
///
as Been Replaced
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(C) STRANDEDNESS: single
{B) TOPOLOGY: unknown

- (1i) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

Cys Xaa Xas Cys Xaa Xaa Xaa Xaa Hia 285 Xaa Xaa Xaa Cys
5 1

(2) INFORMATION FOR SEQ ID NO:11:

(2) INFORMATION FOR SEQ ID NO:12:

{1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 amino acids
(B) TYPE: amino acid
{(C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: protein

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1l:

0ys 8aa Xaa Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xas
H 10 15

Xaa Cys Xaa Xaa Cys
20

{1) SEQUENCE CHARACTERISTICS: Thls Sheet Has Been Rep
{(A) LENGTH: 17 amine acide
(B) TYPE: amino acid ," '
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(1i) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPITION: SEQ ID NO:12:

Cys Xaa Xaa Cys xaa Xaa Xaa Xaa Xaa x;a Xaa Xaa Xaa Cy= Xaa Xaa
1 10 15

Cys

(2) INFORMATION FOR SEQ ID NO:13:

{i) SEQUENCE CHARACTERISTICS:
" (A) LENGTH: 21 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13: -
Cys Xaa Xaa Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

TO 8116533786831
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1 5 10 _ ' 15
Xaa His Xaa Xaa His '
20
(2) INFORMATION FOR SEQ ID NO:l4:
(i) SEQUENCE CEARACTERISTICS:
{(A) LENGTH: 13 amino acids
{B) TYPE: amino acid
{C) STRANDEDNESS: eingle
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:

Cye Xaa Xaa His Xaa Xaa Xaa Xaa Xaa Cys Xaa Xsa Cys
5 10

(2) INFORMATION FOR SEQ ID NO:15:

(1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 12 amino acids
(B} TYPE: amino acid
{C) STRANDEDNESS: single :
(D) TOPOLOGY: unknown This Sheet Has Been Repleced: .i'

(1i) MOLECULE TYPE: peptide | H“II ||||" ”II l“

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:

Glu Ala Ala Ala Arg Ala Ala Glu Ala Ala Ala Arg
1 5 10

(2) INFORMATION FOR SEQ ID NO:16:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 aminoc acids
(B) TYPE: aminc acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ 1D NO:16:

‘.rhr Agp Thr Leu Gln Ala Glu Thr Asp Cln Leu Glu Asp Lye Lye Ser
"~ 10 15

Ala Leu Gln Thr Glu Ile Ala Asn Leu Leu Lys Glu Lys Glu Lys Leu
25 ao )

(2) INFORMATION FOR SEQ ID NO:17:

" (i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 32 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single -
{D) TOPOLOGY: unknown

P
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(ii) MOLECULE TYPE: peptide

(x1) SEQUENCE DESCRIPTION: SEQ ID RO:17:

TO 8116533709831

PCT/USS.

Ile Ala Arg Leu Glu Glu I.y. Val Lys Thr Leu Lys Ala Gln Asn Ser

1 5 10

1s

Glu Leu Ala Ser Thr Ala Asn Met Leu Arg Glu Gln Val ;éa Gln Leu
: 25

20

(2) INFORMATION FOR SEQ ID NO:18:

(2)

(2)

2)

(1 ) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 4 amino acida
‘{(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown -

(il) NOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1B:

Asp Asp Asp lys
1

INFORMATION FOR SEQ ID KO:19:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 4 amino acids
{B)} TYPE: amino acid
{C) STRANDEDNESS: eingle
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19:

Tle Glu €Gly Arg
1

INFORMATION FOR SEQ ID NO:20:
(i) SEQUENCE cummnzs:rxcs-
(A) LENGTH: 7 amino acide
(B} TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

{i{) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:
Leu Val Pro Arg Gly Ser Pro

1 5

INFORMATION FOR SEQ ID NO:21:
(i) SEQUENCE CHARACTERISTICS:

Thls Shzet Has Been Ré lacerr_i
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{(A) LENGTH: 17 base pairs
{B) TYPE: nucleic acid

" (C) STRANDEDNESS: smingle
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SﬁQ ID NO:21:

AGCGTAACGA TCTCCCG _ o _ 17

INFORMATION FOR SEQ ID NO:22:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acide
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(4£i) MOLECULE TYPE: peptide

{x1) SEQUENCE DESCRIPTION: SEQ ID NO:22:
Sar Ser Cys Ala ryr Ala Arg Tyr Val Pro Leu Leu Leu Leu Leu Tyr
1 10 15

Ala Aen Pro Gly Met Tyr Ser Arg Leu His Ser Pro Ala Val Arg Pro
20 . 25 30

Leu Thr Gln Ser Ser Ala
35

(2) INFORMATION FOR SEQ ID NO:23:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 38 amino acids - ThlS Sheet Has Been Rep lacc
(BR) TYPE: amino acid

{C) STRANDEDNESS: single ; ”

{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: -

Ser Val Gln Phe Lys Ser Ile Sex sgr Arg Ser Met Asp Asp Val val
1l 10 15

Lys Asp Pro Gly Pro Lys Pro Ala Met Trp Lys Met Leu His Ser lys
20 25 ’ 30

Asn Pro Phe Thr Leu Ser
38

(2) INFORMATIOR FOR SEQ ID NO:24:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

P.
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(ii) MOLECULE TYPE: peptide

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:

Phe Asp His Thr Tyr Ser Gly Pro Val Cgs val Lys Aen Gly g;.y Leu
1 § : 1 .

Val Ser Pro Gly Val Leu Ser Met Tyr Aen Arg Leu His Ser Asp Gly
: 20 . 25 30
Gly Pro Ser leu Ala Ser
as

{2) INFORMATION FOR SEQ ID NO:25:
(1) SEQUENCE CHBARACTERISTICS:
(A) LENGTH: 38 amino acids
(B) TYPE: amino acid
. {C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:

Thr Vval Ala Thr Met Hie Aep Thr Leu Hga.Ser Ala Pro Gly i:r Cly
1 : s . 1

Asn Leu Pre Gly Ser Tyr Aep Ile Lys Pro lle Phe Lys géa Ser Gly
20 25 '

Ala Leu Hig Ser Thr Xaa

35
{2) INFORMATION FOR SEQ ID NO:26: This Sheet Has Been Replaced:
(i) SEQUENCE CHARACTERISTICS: S . N
(A) LENGTH: 38 amino acids ' _

(B) TYPE: amino acid
(C) STRANDEDNESS: mingle
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:

Ile Asp Met Pro Glu Thr Ala Ser Thr Met Tyr Ash Met Leu His Arg
1 5 10 18

Asn Glu Pro Gly Cly Arg Lys Leu Ser Pro Pro Ala Asn Asp Met Pro
‘ 20 25 30

Pro Alas Leu Leu Lys Arg
35

(2) INFORMATION FOR SEQ ID NO:27: -

(i) SEQUENCE CHARACTERISTICS:
-(A) LENGTH: 23 amino acids
(B) TYPE: amino acid

TO 811653378831
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(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27:
Arg Leu Gly Asn Val Trp Arg Val Glu Géy Gly Gly Met Tyr gln Gln
b | 5 1 5

Leu His His ggn Phe Pro Xaa

(2) INFORMATION ?OR SEQ ID l¢0=2B=

(&) SEQUENCE CHARACTERISTICS:
(A) LENCTH: 23 amino acids
(B) TYPE: amino acid ‘
(C) STRANDEDNESS: single
(D} TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:

Arg Asp Ser Ala Val Glu Asn Pro Ser Val Gly Gly Glu Ile Pgo Met
1 5 10 1

Tyr Arg Tyr Leu His Gln Arg
20

-~

(2) INFORMATION FOR SEQ 1D NO:29: This Sheet Has Been R

o e comermemss I Illl

(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION' SEQ ID NO:29:

Pro Val Gln Lye Glu Tyr Gly Phe Phe Met Sex Gly Ala Ser Met Ile
5 30 1s

Arg Leu Leu Arg Glu Thr Pro
20

(2) INFORMATION FOR SEQ 1D NO:30:

(1) SEQUENCE CHARACTERISTICS-
(A) LENGTH: 23 amino acids
{(B) TYPE: amino acid
{C) STRANDEDNESS: dingle
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

TO 811653370831
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:

Cln Lys Gly Gly Pro Gly Leu Leu Leu Tyr Gly Gly Asp Ser Met Irp
1 -] 10 15

Ile Thr Leu His Glu Pro Gly
20

(2) INFORMATION FOR SEQ ID NO=31:

(2)

(2)

(i) SEQUENCE CHBRACTERISTICS‘
{A) LENGTH: 15 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:31:

Leu Tyr Ala Asn Pro Gly Met Tyr Ser Arg Leu His Ser Pro Ala
5 10 . is

INFORMATION FOR SEQ ID NO:32:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 aminc acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:32:

Pro Ser Tyr Tyx hxg Gly Asp Ala Gly Preo Ser Tyr Tyr Arg Gly Aep

1 10
Ala Gly
INFORMATION FOR SEQ ID NO:33;
: 2 Thls Sheet Has Been Repl
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 17 amino acids
{B) TYPE: amino acid

(C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33:

Ser Tyr Gly Arg Gly Asp Val Arg Gly Asp Phe Lys Cys Thr Cys Cys
1 $ 10 15

Ala

(2) INFORMATION FOR SEQ ID NO:34:

TO 811653378831
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{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acide
(B) TYPE: amino acid .
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPEx peptide

{xi) SBQVBNCE DRSCRIPTION: SEQ ID NO:34:
rhr Gly Leu His Thr Phe Ala His Gly gul Saer Tyr Gly Tyr i?e cly
L]

Ile Gly Pro Gly His His Ser Ser Glu Gly hep His Ile ggo lle His
20 28

Thr Asp Val Ser His His
35

tz) INFORMATION FOR SEQ ID NO:35:

(i) SEQUENCE CHARACTERISTICS: This Sheet Has Been R
(A) LENGTH: 38 amineo acide
(B) TYPE: amino acid
{C) STRANDEDNESS: single

(D) TOPOLOGY: unknown
(if) MOLECULE TYPE: peptide

{x1l) SEQUENCE DESCRIPTION: SEQ ID NO:35:

gly Val Val Ser Ser Glu Trp Ala Ser Lys Bis Tyr Asn His Hig Phe
5 10 15

His Thr Pro Gly Phe leu Val Arg Rie Phe Cys Thr Pro Jle Ser Gln
20 25 30

Mat Asp Hie lyas Glu Thr
38

{2) INFORMATION FOR SEQ ID NO:36:
(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 38 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: mingle
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:36:

Gly Ala Tyr Gly H;a Arg Tyz Het Gly Hie Pro Ile lLeu Xle Asn Val
10 1B

Gln Asp Pro Gly Phe Gln Ile Leu Ser Thr Hie Trp Glu Phe Aen Asn
20 25 30

Arg Ala ger His His Pro
5

F.
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(2) INFORMATION FOR SEQ ID NO:37:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS: single
{P) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37: _
Glu Lys Phe Asp Aln Ala His ely The Anp Met Tyr Phe Ser g;z Gln
1 10

His Tyr Pro cly His Asn Asn Ile Pro His His Pro Arg géa Glu Phe
.20 25 .

Phe Ris Gly His Thr Leu
: 35 .

{2) INFORMATION FOR SEQ ID NO:38:

(1) SEQUENCE CHARACTERISTICS: - This Shect Has Been Rej blaced:
(A) LENGTH: 38 amino acids
{(B) TYPE: amino acid

(C) STRANDEDNESS: =mingle
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:38:

Thr Thr His Gln His Bis Val Thr Phe Ser Thr Ser Ala His Asn Pro
1 5 10 15

Phe Ser Pro Gly His aAsn Tyr Gly Val Arg Thr Gln Leu ggo Ala Thr
20 25

Ser His Thr His Ile Pro
35

(2) INFORMATION FOR SEQ ID NO:39:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 38 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39:

His Glu Thr Trp Asp Tyr Tyr HEis Bis Asn Ser Phe Leu Pro st Asp
1 5 310 is

Tyr Ser Preo Gly Ile Leu Ser Ser His Asn Val Phe Arg ggs Glu Aryg
20 25

Arg Glu Tyr Glu Asn Ser

P.

43



FEB 21°96 16:28 FR PENNIE & EDMOND TO ©11653378B3!

WO 94/18318 _ . PCT/US94/00977
) -147~
as
(2) INFORMATION FOR SEQ ID NO:40:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 38 amino acids

(B) TYPE: amino acid

{C) STRANDEDNESS: single

(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:40:

Tyr Asn Leu ‘Ile Ala Pro Ser Phe His Gly Gly Asn Asp Arg Ala Gln
b1 -] 10 15

Ser Val Pro Gly Val His His Ris His Pro Glu Ser Lya Ala Tyr Pro
20 25 30

Gin Leu Ser Tyr Gly Lys
35

(2) INFORMATION FOR SEQ ID NO:41:

’ﬂns Sheet Has Been R
(i) SEQUENCE CHARACTERISTICS: ’ ’"‘I" ‘I
{(A) LENGTH: 38 amino acide
{(B) TYPE: amino acid : "I m l"'

(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:41:

Ala Hia Glu Prc Asn 8er Phe Gly Phe Val Gln Gly Ala His Aep His
1 5 10 15

Apn Pro Pro Gly Thr Thr Ser Pro Ser Pro His Asp Trp Pro Asn Leu
20 25 : 30

His His Trp Gly lle Ile
35

{Z) INFORMATION FOR SEQ ID NO:42:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 3B amino acids
{B) TYPE: amino acid '
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION= SEQ ID NO:42:

Ser Ser His Gln His Phe Pro Tyr Leu Asn Ser Arxg Asp Pro Ile A.:g
1 1 10 - is

Ser His Pro Gly Hie Pro Glu Hig Gln !‘yz Pro Tyr Gly gla Gly Ile
T 20 25 0 .
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Ser Ser Asn Ser Pro Ser
as -

(2) INFORMATION FOR SEQ ID NO:d3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: l.i.ngle
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(x4i) SEQUENCE DESCRIPTION: SEQ ID NO:43:
Met Gly Pro Ser Tyr Thr Asp Aen Gly Asp
1 5 10

Tyr vVal Pro Gly His Pro Ile Pro Pro Asnh
20 25

Thr Ile Pro Glu Ser Leu
35

(2) INFORMATION FOR SEQ ID NO:44:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acide
{B) TYPE: aminc acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

{(i1) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4d4:

Gly Pro Pro'Gly Asp Gly Ala Hie Ala Asp

1 5 10

Thr Hie Pro Gly Tyr His Ser Gly Tyr Met
. 20 25

His Thr Gln His Ser Gln
35

(2) INFORMATION FOR SEQ ID NO:45:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
(8) TYPE: amino acid’
(C) STRANDEDNESS: mingle
{D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: pepf.:l.de

TO 811653376831

PCT/US94/00977

Gly Asn Arg Ris ?ep Ris
: S

Glu Leu His Arg His Thr
30 -

ThlS Sheet Has Been: R olac

BT llll

Asp His Lys His Arg Trp
: 15

His Ser Pr¢ Leu Thr Leu
30

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:45:

Ser Ser His Asp Ser Ile Tyr Asn Phe Géu
i 5 1

KEis Ser Pro Gly Aen Gly Leu Gly Gly Vval

Phe Arg Glu Val Asn His
is

Ser His Thr His His Ser

P.

51



FEB 21°96 16:21 FR PENNIE & EDMOND

WO 94/18318 PCT/USY4/00977

-149-
20 25 30

Asn Met Sar Arg Leu Asp
3s

(2) INFORMATION FOR SEQ ID NO:46:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
(B) TYPE: amino acid-
(C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:46:

Gln Pro Thr Ile Ser Pro Pro Aep Phe Asn His Arg Ala Ser Leu Asn
by 5 10 15

Hig Leu on Gly His Asn Met Ser His Ser Aen Ser Ser gly Ser Leu
20 25 0

Thr Leu Pro Ala Val His

s
(2) INFORMATION FOR SEQ ID NO:47:
(i) SEQUENCE CHARACTERISTICS:  This Sheet Has Bee" Repla
(A) LERGTH: 38 amino acids '
(B) TYPE: amino acid l

{C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:47:

Asp Ala Asn Gly Thr Ser Leu Ser Asp Glu Arg Met' Tyr His His Asn
1 5 10 s

Val Ser Pro Gly Phe Arg Hie Phe Glan Gly Trp Th:,uis App His Asp
20 25 R 30

Bis Ala Tyr Pro His Met
35

(2) INFORMATION FOR SEQ ID NO:48:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acidas
(B) TYPE: amino aecid
(C) STRANDEDNESS: mingle
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:48:

Gly Tyr Pro Arg Val Thr Thr Arg Phe Ser Rep Ser Ile Gly Ty: Hie
- 10

TO 811653378831
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Tyr Ala Pro Gly Pro Arg Ala Glu His Sar Val His Eis géy_?h: His
20

25

Asp Ser His Pro Aen Thr
as

{2) INFORMATION FOR SEQ ID NO:49:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
{P) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:49: .

Tyr Asp His His Ser Tyr Asn Gly Asp ggt His Tyr Pro Gly Trp Pro
1 ] 15 .

Pro leu Pro Gly Pro Hie His Phe Ala Pro Ile Asp Val Thr Thr His
20

28

Ser His Thr Gln Pro Asp
35

{2) INFORMATION FOR SEQ ID NO:50:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 aminoc acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TXPE: peptide

{(xl) SEQUENCE DESCRIPTION: SEQ ID NO:50:

30

Ile Asp His His Hxa Eis Thr Phe Thr Thr Arg Asn Ala Pro Ser CGln

10

15

Pro Asn Pro Gly Pro Pro Tyr Phe Pro His Val Hie Bis Arg hep Ser
20 30

25
Ser Ser Met Ser Lys Arg -
as
(2) INFORMATION FOR SEQ ID NO:51:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
{(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

{(xl) SEQUENCE DESCRIPTION: SEQ ID NO:51:

This Sheet Has Been Replac

HII LI III

P.
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all Ser Ty: His Aop Val Ala Thr Thr Ly- Pro Gly Ser Hie Cy- Met
His Asn Pro Gly His Pro Pro Pro Pro Aén Cys His net gga Lys Ala
20 25

Hie Sar His Asn Arg lle
35

(2) INPORMATION FOR SEQ 1ID NO:52:
{1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acide
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown -

(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:52:

Ala Thr Glu Gln His Tyr Trp Thr Gln Tyr His Lye Pro Tyz g:s Pro
1 5 10

Ser Val Pro Gly Phe His Val Lys Ser Val Thr Glu Thr ggz Asp Hie
. 20 25 .

Trp Glu Ser Arg Asn Gly
35 -

“® _  (2) INFORMATION FOR SEQ ID NO:53:

(i) SEQUENCE CHARACTERISTICS: * " This Sheet Has Been Re laged
(A) LENGTH: 38 amino acids
(B) TYPE: aminoc acid j l
(C) STRANDEDNESS: single _

{D) TOPOLOGY: unknown
{ii) MOLECULE TYPE: peptide

(xi) SEQUENEE DESCRIPTION: SEQ ID NO:53:

Ser val Lys Ala His His Met Glu Arg Pro Leu Asn Asn Phe Asp Gly
1 5 0 15

Pzo Pro Pro Gly Asp Arg Val Val Gly Cye His Leu Phe Arg Val Thr
20 25 _ 30
Ser Gly gln Cys aig His
5

(2) INPORMATION FOR SEQ ID NO:54:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 38 amino acids
{B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii} MOLECULE TYPE: peptide
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:54:

. Phe Ala Tyr Gly Ser Thr Asn Val Val Met Val Glu His Aan Ser Aep
1 5 10 15

Hie Asn Pro Gly His Thr Val Ser Cys Ser Ala Thr Gln Gly His Ile
20 25 30
Cys Asp Asp Asn Thr Arg
3s :

(2) INFORMATION FOR SEQ ID NO:55:

(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
_ (B) TYPE: amino acid.
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:SS:

Glu Leu Val Ile Asn' Leu Ala Ser Ile Val Ser Ala Gly Ser Arg Asn
1 ¥ 10 1s

Ile Gly Pro Gly Arg Leu Ser Gly Leu His Tyr Gly Pro ggo Glu Gln
20 28 )

Tyr Phe Arg Hie Ser Pro'
35 -

{2) INFORMATION FOR SEQ ID NO:56:
(i} SEQUENCE CHARACTERISTICS: - Thls Sheet Has BeenR ced
(A) LENGTH: 38 amino acide
(B) TYPE: amino acid
(C) STRANDEDNESS: single
{P) TOPOLOGY: unknown )
(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:S56:

Tyz Leu Ala Thr Ser Arg Phe Pro Leu Thr Gln Ser Val Ala Leu Thr
5 10 1s

His Ser Pro Gly Ser Ser Ser His Pro Leu Thr Ser Tyr Arg Trp Aep
20 25 30
Ala His Ser asn Hie Pro
' 3s
{2) INFORMATION FOR SEQ ID NO:57:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 38 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: gingle
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

P.
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{xi) SEQUENCE DESCRIPTION: SEQ ID NO:57:

Asp Tyr Ser Val Leu Val Thr Ser Leu Arg Ile Thr Gly Ser Lgu Wr
-1 5 10 1

Cys Pro Pro Gly Pro Axrg Tyr Asn Phe Hie Asp Asn His Gly Arg Pro
20 25 30 '
Cys Gly Sexr Arg Ser Cye
35

(2) INFORMATION PFOR SEQ ID NO:58:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acide
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:58:
'ryr Phe Ala Val Met Cys Asp Glu Gly Arg Asn Thr Arg Val Cys His
5 10 15

‘His Ser Pro Gly 'r:p Leu Thr Hie Gly Arg Tyr Ser Val Ser Ala 'rhz
20 25 30

aap ASp Leu Ser Gly Ser
as

{2) INFORMATION FOR SEQ ID NO:59:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 38 amino acide
(B) TYPE: amino ‘acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:59:

Cys His Ile Thr Cys Lys Asp Cys Thr Gly Glu His His Ser Val Tyr

1 5 ) 10 15

Cys Thr Pro Gly Ile Asp Ser Ser Asn Thr Glu Pro Gln Ala Ser Met
20 25 30

8is« Tyr Phe Asn Pro His
35

(2) INFORMATION FOR SEQ 1D NO:60:

(i) SEQUENCE CHARACTERISTICS: - This Sheet Has Been Ry
(A) LENGTH: J8 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single

(D} TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide

P.
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{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:&0:

Tyr Asn Gly Lye Asp His Gln Leu Pro ?et Leu Thr Pro Sar géa Ala
1 ' 5 1+] : :

Thr Gly Pro Gly Ser Cys Trp Phe Aun Gln Thr Thr Val Pro Thr Ser
20 25 30
Agp lle Glu Gly Bis Hia
3%

(2) INFORMATION FOR SEQ ID NO:61l:
(i) SEQUENCE CHARACTBRISTICS:
(A} LENGTH: 30 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

{xil) SEQUENCE DESCRIPTION: SEQ ID NO:61:

His Glu Ser Asp Arg His Asp Ala lle Ser Ser Val Gly Arg Ser Leu
1 5 10 : 15

Asp Val Pro Gly Thr His Arg Asp Trp Ala Ser His Tyr Ile His Phe
20 25 30

Ile Thr Gly Hip Asn Phe
35

(2) INFORMATION FOR SEQ ID NO:62:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 3B amino acids
{8) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:62:

Glu Ser Ile Arg Tyr Tyr Thr Ser Arg Gin Asp Ser Tyr Arg Ser Asn
1 : 5 . 10 15

Leu Ala Pro Gly Thr Tyr Asn Ile val Asp Tyr Asn Thr Ser Leu Hies
20 ' 25 ) 30 )

Thr Leu Thr His Thr Thr
35

'(2) INFORMATION FOR SEQ ID NO:63:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 38 amino acide - This SheetHas Been Replaced_
(B) TYPE: amino acidq o W o
(€) STRANDEDNESS: single ' ' :
(D) TOPOLOGY: unknown . : -

TO ©11653378B3!
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(1i) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCﬁIPTION' SEQ ID NO:63:

TO B116533708831

PCT/US94/00977

Ser Pro Ile Cym His His Ser Gly Gln Pga Val Tyr Aep His ;;o Asn
1 5 b1

His Ser Pro Gly Pro Mat Lys Ser Leu Phe Gln His His gya Arg Asn
20 28 o

ASn Glu Lgu Pro Leu Asn
3

(2) INFORMATION FOR SEQ ID NO:64:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
{B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(1L) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:64:

asp Val Aep Met Gly Thr Ile Phe Asn Thr Ile Ala ABn Asn Ile Thr

is

Ser Arg Pro Gly valléer.rrp Gly Gly Ser Thr Arg Thr §1e'1hr Lye
20 25 0

Pro Lys Gly Ala Val Ala
35

(2) INFORMATION FOR SEQ ID NO:65:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 aminoc acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:65:

1

Gln Thr Ala Gly Gln Pro Gly Arg Thr Lgu Ser Lys Pro Pro Ile Pro
5 1

15

Asn rhr Pro Gly Pro Arg Glu Pro .Ser Leu Leu His Ser Met Pro His
20

25

Leu Pro Asn Leu Thr Ala
35

{2) INFORMATION FOR SEQ ID NO:66:

(L) SEQUENCE CHARACTERISTICS:
{(A) LENGTR: 38 anino acide
(B) TYPE: amino acid
(C) STRANDEDNESS: single

This Sheet Has Been Replaced

(A
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(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:66:

1

TO @11653370883!

PCT/US94/00977

vVal Arg 'rh: Ile Ser Lys Pro Val.ala gzq Glu Gly Trp Thr arg ASp
5

Thr Val Pro Gly Pro Ala Thr Ser Ile Val Glu Lys Axg gha Ris Leu
20

25
Ile Gly Val Amn Ala Gln
3s

{2) INFORMATION FOR SEQ ID NO:67:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: aingle
(D) TOPOLOGY: unknown

(1i) MOLECULE TYPE: peptide"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:67:

Lya'cly Ala Ser Phe Tyr Pro Gln Cys Gly Gly Glu Cye Gln Ile Tyzx
5 | 15

Arg Val Pro Gly Aep His Leu Pro Leu Phe Ser Leu His A:g Thr Gly
20 30

25

Thr Pro Arg Hie Asp Ser
a5

(2) INFORMATION FOR SEQ ID NO:68:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 aminc acids
(B) TYPE: aminc acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(x5i) SEQUENCE DESCRIPTION: SEQ XD NO:68:

Asn Ala Val Arg Val Asp Ser Gly Tyr Pro
1l 5 10

His Leu Pre Gly Cys Ile Asp Val leu Ser
20 25

Ser Ala His Ser Glu Tyr
as

(2) INFORMATION FOR SEQ ID NO:69:

{i) SEQUENCE CHARACTERYISTICS:
(A) LENGTH: 38 amino acids

Pro asn Preo Asn Thr Phe
15

Ser Gly Cys Arg Leu Phe
30

This Sheet Has Been Replaced

llIIlII MER
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(B) TYPE: amino acid
{C) STRANDEDNESS: aingle
(D) TOPOLOGY: unknown

(11) MOLECULE TYPE: paptide

{(x1) SEQUENCE DESCRIPTION: SEQ ID NO:69:

cys aAsn Phe Arg Gly Gln Cys Val Ser Ala Pro Gln Thr Sar 2;n Ser

Lyse Ser Pro Gly Trp Asp rhz Thr Trp ais Asp Phe Arg ggs Glu Gln
20 ' 25

Phe Tyr Asn leu Thxr Ser

35
(2) INFORMATION FOR SEQ ID NO:70:
(i) SEQUENCE CHARACTERISTICS | This Sheet Has Been Rep
(A) LENGTH: 38 amino acide
(B) TYPE: amino agid
(C) STRANDEDNESS: single

{D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTITION: SEQ ID NO:70:

His Pro Ala Cys Met Gly Phe Ser Hi{ms Pro Tyr Gly Pro Thx Aan Cys
1 5 10

Leu 5ez Pro Gly Glu Val Asn Lys Asn Val Pro Ser Leu Pro Ile Thr
20 25 _ [ .

Pro ASp Arg Glu Sexr Pro
a5

{2) INFORMATION FOR SEQ ID NO:71:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acidse
(B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknewn

{ii) MOLECULE TYPE: peptide

{x&) SEQUENCE DESCRIPTION: SEQ ID NO:71:

Ser Gln Val Pro Thr Ile Asp Ala Phe Ser Val Gly Met Gly Lys Asp
i 5 10 15

- Aep His Pro Gly Met Ile Ser Glu Pro Ser Phe Aen Leu A:g Val Pro
20 25

Hie Ile Aap Lys Phe Ala
. 35

{2) INFORMATION FOR SEQ ID NO:72:

P.
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NCE CHARACTERISTICS:

(A) LENGTH: 19 amino acids
(B) TYPE: amino acid

{(C) STRANDEDNESS: aingle
{D) TOPOLOGY: unknown

(ii) ‘MOLECULE TYPE: paptide

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:72:

TO 811653378831

PCT/US94/00977

Pro Gly Glu Gln S8er Asn Leu Asn Thr ﬁg Val Lys Glu Gly ?;n TZp
1 L]

Ser Ser Ser

(2) INFORMATION FOR SEQ ID NO:73:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 aminc acids
(8) TYPE: ami{ino acid
(C) STRM!DEDNESS' single

(D) TO

LOGY unknown

(ii) MOLECULE TYPFE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:73:

i‘ This:Sheet Has Been Replac

e

Ala Tyr Gly Thr Val Cys Cys Ser Gly Met Phe Thr Tyr Ser Asn Ser
b 5 10 ‘ 1s

Pro Arg Pro GCly Val Asn Glu Asn Arg Arg Val Pro Val Gly Asp Lye
20 25 : : 30

Gly Asn Asn Pro Asp Leu
35

{2) INFORMATION FOR SEQ ID NO:74:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
{B) TYPE: anino acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:74:

1

Thr Ser Preo Ala Cys Ala Ser Gly Ser Thr His Gly Ala Leu Thr Asp
s 1o 15 .

Cye Trp Pro Gly Phe Ser Tyr Asn Thr Arg Val Pro Tyr Ile Ser Gln
20 25 . 30

Val Glu Thr Asn Ala Xaa
as

(2) INFORMATION FOR SEQ ID MO:7S:

(i) SEQUENCE CHARACTERISTICS:

P.
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(A) LENGTH: 38 amino acids
(B) TYPE: amino acid

{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:75:

TO B116533786831

PCT/US94/00977

".l‘,vr Gly Phe Sar Asn Thr Met Met Ala Hia Gly Thr Him Vval 'hrz' Phe
5

10

Ser Pro Pro Gly Phe Thy Leu Val Val Pro :l:le Ser Tyr ;;n Ser Arg
25

20
Val Pre Arg Ala Asp Ala
3s

INFORMATTON FOR SEQ ID NO:76:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
{B) TYPE: amino acid.
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(Li) MOLECULE TYPE: peptide

 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:76:

(2)

Thl< Sheet Has Been Rep l

W lIIIH i

Arg Tyr Aen Glu Pro Val Tyr Leu Tyr Gla Pro Ser val Rep Gln Lys
15

20 25

Gly lIle Pro Gly Pro Tyr Leu Thr Leu Val His 'P_{r Aan gsn Arg Val
o

Pro Leu 'glg: Ala Ser Ile

INFORMATION FOR SEQ ID NO:77:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
{B) TYPE: aminc acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown .

(ii) MOLECULE TYPE: peptide

(%) SEQUENRCE DESCRIPTION: SEQ ID NO:77:

Gly Asp Gly Val Pro Leu Phe Asn Asn Ser Thr His lys Ile Thr Met
5

- 10

15

Leu Asn Pro géy His Asp Thr Arg Met Lys Thr 'n_:p Phe _gal Asn Lys
25 0

‘Lye Ser ga.l. Tyr Ser Pro
5

(2) INFORMATION FOR SEQ ID NO:78:

P.
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{i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 38 amino acide

(B) TYPE: amino acid

{C) STRANDEDNESS: single

(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:78:

Thr Phe Lys Pro Asp Leu iya Ser Asn Phe Ala Gly Ser Ser ?ga Ser
10

Pro Aan Pro Gly Ala Trp Asn Gly geu Arg Pro Arg Pro gal Awp Gly
20

‘Val Pro Ser Ala Val Asp

3s
(2) INPORMATION FOR SEQ ID NO:79: | _________ﬁ__;__f_-—-————
(1) SEQUENCE CMARACTERISTICS: Leet Has Been Replaced

et Tl

(D) TOPOLOGY:
(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:79:

Ser Asn Glu His Phe Arg Aep Arg Val Ser Ile Ser Lys Ile;nis Ile
1 10 -

Ser Ser Pro Gly Tyr Ala Aen Trp Leu Asn Pro Hie Lau géa Hie Lys
20 25 N

Met Lys Gly Gln Ala Asn
35

{2) INFORMATION FOR SEQ ID NO:80:
(L) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:80:

Tyr Leu Pro Trp get Ly® Set Phe Ser Pro Ser Gln Tyz Thr Ser Met
bl 10 15

Ile Asn Pro Gly His Asn Ser Phe Ser Ser Gln Asp Thr Leu Tyr Phe
20 25 30

Glu Arg Val Ala Pro Hie
as
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(2) INFORMATION FOR SEQ ID NO:z81:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
(B) TYPE: amino acid
(¢) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLBCULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8l:

Ala Phe Gly Arg Glu Ile Cys Ile Aep Phc Met Rie Pro Cys ggr Arg
1

Thr Arg Pro Gly Hia Asp Phe Ser Glu Lys Pro Asn Gly Ser Lys Aap
20 25 30

Pro Gln Ile Ser Phe Ser
s

{2) INFORMATION FOR SEQ ID NO:82:
(i) SEQUENCE CHARACTERISTICS: - This Sheet H
(A) LENGTH: 38 amino acids St nas Been Rep
{(B) TYPE: amino acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: unknown
(ii) MOLECULE 7TYPE: peptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO 82.

Ser Asp cly Met His Cys Pro His Ala Phe Cye Asn Glu His Tyr His
1 5 10

Ala Pro Pro Gly Pro His Met Leu Ser Asp Leu Phe on Gly Arg Glu
20 25 30

Lys Pro Pro Tyr Thr Pro
as

{2) INFORMATION FOR SEQ ID NO:83:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
{B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

* (xi) SEQUENCE DESCRIPTION: SEQ ID NO:83: .
Val Arg Asp Ala Asp His Thr Val Phe Aep Ala Thr Tyr Cys Ser Ser
1 5 10 15

Ser Ala Pro Gly Ser Pro Ser His Ser Asn Gln Met Leu Leu Asn Pro
20 25 30

His Ile Leu Arg Pro Cys
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(2) INPORMATION FOR SEQ ID NO:B4:

{1} SEQUENCE CHARACTERISTICS:
(R) LENGTH: 38 aminc acids
(B) TYPE: aminoc acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:84:

TO @116533786831

PCT/US94/00977

Gly Pro Val Asp Val His Val Ala Leu .::r Vval Ser Bis Asn igr Ser
1 5

Lys His Pro Gly Thz Ala Pro Phe Thr Glu Met Hie Ser Pro lLeu Phe

20 28
Asp Asn 1;:0 fis His Thr
5

(2) INFORMATION FOR SEQ ID NO:85:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 38 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: sgingle
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:85:

30

This Sheet Has Been Replaced

Ala Asp Ser His Met Gly Xaa Trp Gln Tyr Tyr Arg Trp Trp 2_et Arg
1 s 10 ' 5

val Gly Pre Gly Arg Trp Gly Ser. Thr Pro Val Leu Phe Arg Pro Glu.
20 - e

25
Phe Asp Arg Glu Tzrp Phe
35

{(2) INFORMATION FOR SEQ ID NO:86:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:86:

30

Aep Pro leu Leu Arg Asp Glu Ile Aen Asn Lys Pro Gly Gly Asp I;'he
' 15

1 5 10

Tyr Leu Pro Gly Phe Leu Trp Pro Tzp Asn Tyr Asn Phe His Ser Val.
25

20

30

P.
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Bis Thr g;.n Arg Pro Ser

(2) INFORMATION FOR SEQ ID NO:87:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
(B) TYPE: amino acid’
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:87:

Thr Met Arg Thr Asp Trp Gly Phe Arg Asp Leu Agn Pre Tyr lle Leu
l 5 10 15

Ser Pro Pro Gly Leu Ser Arg Thr Aep Phe Gly Pro Thr Glu Phe Arg
- 20 25 ao
Gln Asn Asp Ala Lys Lys
. 35

(2) INFORMATION FOR SEQ ID NO:88:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(1i) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:88;

Gly Arg Thr 'l‘:p Hie Asn Ile Ser Thr Pge Hie Pro Ala His Aen Ser
1 5 o1 15

Glu Gly Pro Gly Tyr lle Ala Phe Leu Asn Pzo Phe Ser Glu Thr Tyr
25 30

Val Ser Ser Gly Ser Ser
35

(2) INFORMATION FOR SEQ ID NO:8%9: ' This Sheat Has Been Repl

B T 1T

{(B) TYPE: amino acid
{C) STRANDEDNESS: single
~ (D) TOPOLOGY: unknown .

(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:85: _
Pro Ala Glu Gly Gly Asp Glu Ala Gly Arg Gly Gly Ala Thr Cys Arg
1 L 10 is

Gln Lys Leu Arg Ile Ala Cys

P.
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20
(2) INFORMATION FOR SEQ ID NO:90:
{{) SEQUENCE CHARACTERISTICS:’
(A) LENGTH: 23 amino scids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:90:
Gly Asn Asp Arg His lle Gly Glu Asn ggq Cys Gly Val Trp ggp Arg
1 s :

Glu Pro Glu Cys Gly Ala Thr
20

(2) INFORMATION FOR SEQ 1D NO:91:
(i) SEQUENCE CHARACTERISTICS:
(A) LENRGTH: 17 amino acide
(B) TYPE: amino acid.
{€C) STRANDEDNESS: gingle
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:91l:

Gly Lys Leu Gly Ser Trp Azxg His Ala Xaa Xaa Val Cys Pro Thr Ile
1 5 10 _ 15

Pro

{2) INFORMATION FOR SEQ ID NO:92:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:92:

Asp Ser Cys Ser Ile Ala Trp Phe Xaa Ala Cys Gly Glu Ile Pro Val
1 B 10 15

Pro

{2) INFORMATION FOR SEQ ID NO:93:

(i) SEQUENCE CHARACTERISTICS: " -This Sheet Has Been Replaced
(A) LENGTH: 23 aminoc acids . : _
(8) Tyre: amino acie - ||||u||!m |||
: 1

P.
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(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(i4) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:93:
Asp Val Pro Asp Val Met Gly Ala Arg Cga Gly Gly Ala xia':gg Gly
1 5 1 _ )

Trp Pré¢ Glu Leu Leu Arg Pro
20

(2) INFORMATION FOR SEQ ID NO:5¢:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:94:

‘val Arg Leu Leu Asp Ile Leu Ser Pro Glu Gln Leu Ser Lau Asp Asp -
b 5 10 _ 15

Val Ser Pro Gly Leu Pro Glu Val Asn Arg Tyr Pro Ser gga Len Pro
20 _ 25 .

Pro Pro Asn Arg Leu Gly
35

{2) INFORMATION FOR SEQ ID NO:95:
(i) SEQUENCE CHARACTERISTICS-
(R) LENGTH: 23 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:95:

Glu Kla Leu Gly Aep Ser Gly Lys Lys Gly Gly Gly Val Pro Ser Gly
1 5 10 N 15

Pro Glu Leu Phe Arg Tyr Pro

. 20

{2) INFORMATION FOR SEQ ID NO:96:

(i) SEQUENCE CHARACTERISTICS:

() LENGTH: 38 amino acids - This SheetHas BeenR ced
(B) TYPE: amino acid

{C) STRANDEDNESS: single ' ,"l

(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

F.
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{xi) SEQUENCE DESCRIPTION: SEQ ID NO:96:

Val Asp Pro Ser Thr Pro Asn Thr Leu 'ﬂ;’: Agp Tyr Tyr Tyr l;gt Leu
1 s
Ser Gly Pro Gly Ala Thr Ser Phe Asp Gly Glu Arg Asn Arg Tyr Pro
20 25 30
Ile Val Sex Thr Gln Hias
3s
{2) INFORMATION FOR SEQ ID NO:97:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acidas
{B) TYPE: aminc acid
(C) STRANDEDNRSS: aingle
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: peptide

"(xi) SEQUENCE DESCRIPTION: SEQ ID NO:97:
Tyr Tyr Pro Val Tyr Gly Ser Met Arg Arg Leu Ala Asp Tyr Tyr Ser
1 5 10 15

Asn Gly Pro Gly Pro Glu Cys Val Arg Hies Gln Cys Thr Asp Glu His
20 25 30
Arg Lys Ala Ile Asp'Lyi
35

{2) INFORMATION FOR SEQ ID NO:98:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS: singla
{D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:98:

Glu Tyr Lys Ala Arg Ser Ser Phe Val Val Met Thr Gly Ala Glu Gly
1 S 10

Asn Ser Pro Gly Cye Asp Val J\ap Arg Hie Cye Pro Tyr Ris Hie Ser
20 25 30 )

Tyr Trp Thr Glu Ser lle
as

(2) INFORMATION FOR SEQ ID NO:99:
(i) SEQUENCE CHARACTERISTICS: ! This Sheot Has Been Rep

A T llll

(D) TOPOLOGY: unknown

P.
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(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ 1D NO:99:

Asp Gln Ala Ser Tyr Phe Leu Asp Arg ‘.I'gp Cly Gly Asp Gly 11:? Ser
b} S 1

Phe Thr Pro Thr Pro Pro Met
20

IRPORMATION FOR SEQ ID NO:100:

(A) LENGTH: 23 amino acids
(B} TYPB: amino acid

{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(i) SEQUENCE CHARACTERISTICS: ”Il“l

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIP?ION' SEQ ID NO:100:
Ser Leu Phe Phe A:g ‘Pro Val Trp Glu Thr Ser Gly Glu Cys Phs Gln '
Leu Phe Gln Pro Pro Pro Gly
20
INFORMATION FOR SEQ ID NO:101:
(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 23 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(1i) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:101:

Aon Gly Gly Azg Gly Cys Pro val Glu Arg Cys Gly Asp Ser Val Thr
1 10 1s

Gly Arg Ala Tyr Asp Ala Ile
20

'(2) INFORMATION FOR SEQ ID NO:102:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 amino ac:.ds
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown ’

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:102:

16:25 FR PENNIE & EDMOND A : TO 811853378831

This Sheet Has Been Replaced

P.

78



FEB 21°'96 16:26 FR PENNIE ‘& EDMOND TO B1165337883!1 P.

WO 94718318 " PCTUS94/00977

-168-
Met Gly Gly Thr Tyr Trp Glu Asp Arg Trp Gly Gly val Thr Iz‘sm Xas
1 5

Pro Gln Xaa Arg Glu Thr Pro
] 20

(2) INFORMATION FOR SEQ ID NO:103: ,
{1) SEQUENCE CHARACTERISTICS: ' :
{A) LENGTH: 38 amino acids is Sheet Has Been Replaced.

5} bR e |IIIIIIHIlIlH\ll\lHIIl

(ii) MOLECULE TYPE: protain

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:103: _
His Gly Met Ala Ser Gln Tyr Phe Thr fya Phe His Asp Ser géd Pro
1 5 o _ '

Ser Ser Pro Gly Met Phe Gly Trp Asp Pro Thr Thr Pro Tg: leu Pro
20 25 3

His Pro Gln Val Asp Glu
35

(2) INFORMATION FOR SEQ ID NO:104:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

{(ii) MOLECULE TYPE: protein

‘(xi) SEQUENCE DESCRIPTION: SEQ ID NO:104:

~

Ile Ala His arg Val val Ala ?yr Asrni Ser Leu Aap Ser Asn Pro Ile
5 10 15

Trp Leu Pro Gly Glu Glu Ser Ser Ser Val Phe Gly Asp Iyr Bis Pro
20 ) 25 30

Met Phe Arg Ala Pro Val
as

{(2) INFORMATION FOR SEQ ID NO:105:
(i) SBQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
(B) TYPE: amino acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

- (1i) MOLECULE TYPE: protein

(xi)} SEQUENCE DESCRIPTION: SEQ ID NO:105:
His Val Pro Val Phe Thr Arg Tyr Asn Tyr Ala Lye Pro AEn ABp Thr
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1 5 10 15
Asp Trp Pro Gly Gly Phe Val Asp Ser Leu Ser Ala His Pro 6ln Gly
20 25 30
Pro lle g:a Gly Gly Arg

"(2) INFORMATION FOR SEQ ID NO:106:

(i) SEQUENCE CHARACTERISTICE! — .
(A) LENGTH: 38 amino acide . This-Sheet Has Been Repl
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(11) MOLECULE TYPE: protein

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:106:

Met Thr Leu Gly Tyr Asp Arg Ala Ser Pro Ala Pro Asn Thr Ser Phe
1 10 15

Ser Asn Pro Gly Lgu Aep Phe Asn Pro Phe Thr Tyr Bxs on Gln Gly
20 25 30

Pro His Gln Ile Leu Gln
35

(2) INFORMATION FOR SEQ ID NO:107:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: mingle
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NOC:107:

gla Gly Arg Ala Ala Arqg Asp Asp Asp Cys Axg Gly Hig Ala Cys Met
5 1s
Ile Ile Pro Gly Val Ser lLeu Phe Asn Ser Asp His Pro Met Gly Ala
20 _ 25 30
.

His Pro Ser Ile Arg Arg
as

{2) INFORMATION FOR SEQ ID NO:108:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
-(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPQLOGY: unknown

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:108:

10

P.
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Asp Phe Ser Ser Phe Lau Thr Gly Thr Aan Ala Met Ala Pro, gge Trp
1 5 10

Pro Phe Pro Gly Ser Thr Tyr Leu Leu Gly His Pro Met gga Pro Axrg
20 25 :

Asp Leu Gln Thr Ser Asn
as

(2) INFORMATION FOR SEQ ID NO:109:

(1) SEQUENCE CHARACTERISTICS: . ‘This Sheet Has Been Replaced

(R) LENGTH: 38 amino acids
(B) TYPE: amino acid )
(C) STRANDEDNESS: single ”ml, II"" , II m '",

(D) TOPOLOGY: unknown
(1i) MOLECULE TYPE: protein

(%L) SEQUENCE DESCRIPTION: SEQ ID NO:109:

Ser Ala Ser Trp Lys Phe Asn Ser Ser Phe Gly Tyz Prc Thr ?;y Gly
1 5 10 .

Ile Glu Pro Gly Pro Asn Cys His Pro Gln Ala Cys Pro ‘Agp Val Leu
20 25 T 30

Ala Lys Ser Leu Ser Pro
35

(2) INFORMATION FOR SEQ ID NO:110:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: eingle
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: protein

" (xi) SEQUENCE DESCRIPTION: SEQ ID NO:110:

Val Ser Glu Meét Ser Ser Phe Sar Gly Cys Asn Thr Asp Eie His Pro
1 5 1s

Gln Gly Pro Gly Gly Arg His Asp Ile Met Arg Ser Ile Ser Glu Ser
20 25 30

Arg Gly gyr Gly Ser Leu
s

(2) INFORMATION FOR SEQ ID NO:1ll:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 38 aminc acide
(B) TYPE: amino acid -
(C) STRANDEDNESS: mingle
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: protein

P.
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(xi) SEQUENCE DESCRIPTION: SEQ 1D NO:111:

Glu Met Leu Thr Leu Pro Lau Thr Ser Ile Pro Ile Pro Trp His Pro

1 5 10 15

Gln Gly Pro Gly Tyr Leu 'ryr His Lys Pro Pro Arg Gly ggr Asp Phe
20 25 :

Arg Met ggu Ser Ser Lys

(2) INFORMATION FOR SEQ ID NO:112:

(i) SEQUENCE CHARACTERISTICS: I _
(A) LENGTH: 38 amino acids - This Sheet Has Been Revlaced

(C) STRANDEDNESS: single . iR o
(D) TOPOLOGY: unknown . (R 1]k '

(ii) MOLECULE TYPE: protein

(xL{) SEQUENCE DESCRIPTION: SEQ ID NO:112:
Pro Tyr Arg Phe Tyr His Pro Tyr Ser His Pro Arg Bis Pro Gla Gly
1 -] 10 is

Asp Val Pro géy Ser Ser Ala Glu Val Phe His Thr Phe Pro Asn Thr
- 25 a0

Gln Gly Arg Asn Ser Arg
35

(2) ISFORHBTION FOR SEQ ID NO:l13:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
(B) TYPE: aminc acid
(C) STRANDEDNESS: gsingle
(D) TOPOLOGY: unknown

(1i) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:113:

;\la Asp Tyr Gly Thr Ile Gly Glu Ser Pro Cys His Prc Gln Val Asp
d s 0 . ' 18

Ile Cys Pro Gly Ala Leu His His Glu Phe Asn Glu Phe Phe Val Gly
20 25 : 30
Met Ser Pro Glu Pro Sexr '
35
(2) INFORMATION FOR SEQ ID NO:114:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acids
~ (B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: protein

A TO B116533708831

P.
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(xi) SEQUENCE DESCRIPTION: SEQ ID N03114:.

Ala Arg Met Ala Gly Leu Thr Glu His igo Gln Cly Aap Tie i;e Asp
1 , s

Hie Hies Pro Gly Trp Val His Asp Ser Lys Ile Ser Pro ggg Asn Gln
20 ‘ a5 ' .

Aap.rhr Tyr Rig Ser Ser
35

(2) INFORMATION FOR SEQ ID NO:115: -
{1) SBQUENCE CHARACTERISTICS: . iz Sheet Has Been Replaced
- (A) LENGTH: 38 amino ‘scide ||\
(B) TYPE: amino acid
5 St nII\I\HlIIH\\I\I\\

(D) TOPOLOGY: unknown

- {(1i) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:115:

Ala His Leu Phe Gly His Pro Gln Val Gly Phe Aap Ser Ile Gly Ser
1 15

Ala Phe Pro Gly Asp Ile His Cys Lyse Gln Tyr-Lyafala asp Ser Gly
20 25 - 30
- Leu Gln Ser Ala Ala Ala
35
{2) INFORMATYON FOR SEQ ID NO:116:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 amino acide
{B) TYPE: amine acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

({i) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:116:
fto Asp Tyr Asp Leu Met Ser Ser Thr Cys Arg Phe Tyr Gly Cys Ser
5 _ 10 .18

Lys Met Pro Gly Gly Val Ala Val Asn Gly Leu Phe Ala Val Gln Gly
20 25 30

Hie Ser Lys Tyr Ser Ser
as

(2) INFORMATION FOR SEQ ID NO:117:

(i) SEQUENCE CHARACTERISTICS:
(A) LENCTH: 38 amino acidse
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: protein
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:117: .
Thr Trp Asp Phe Thr Arg Ser Ser Leu Pro Als Gly Asp Thr Ser Phe
1 L] 10 18
Thr Ser Pro Gly Ser Tyr Ser Val Met Thr Arg Ser Cys Gly Ile Ser
20 ' 25 30
Cye Val Pro Ala Glu Val
35

{2) INFORMATION FOR SEQ ID NO:118:

(i) SEQUENCE CHARACTERISTICS: e
5 epEy s 38 smine acids This Sheet Has Been Rep

BEEEEEEL wmu il mf

(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:118:

Ser Ser Arg Leu Ala Tyr Asp His Tyr Phe Pro Ser Trﬁ Arg Ser Tyr
1 5 10 ' is

Ile Phe Pro Gly Ser Asn Ser Ser Tyr Tyr Aen Aga Ser Trp Pro Thr
20 30

Ile Thr Met Glu Thr Asn
as

{2) INFORMATION FOR SEQ ID NO3:119:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 amino acide
(B) TYPE: amino acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

(1i) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:119:

Pro Tyr Trp Met Phe Tyr Gly Pha Agp T:p Arg Gly Gly Phe Pro Pro
1 1s

Ser Hie Gln Ile Met Aop Gln
20

{2) INFORMATION FOR SEQ ID NO:120:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acide
{B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide -

P.
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:120: ,
Aep Ser Trp Pro Leu Arg Ile Tyr Ser Gly Leu Ser Asn Tyr Tyr Bis
1 5 10 is
Tyr Phe Pro Gly Ser Leu Val Tyr Aen Met Met Tyr Pro Ser His Gly
20 _ 25 30
Glu Ala gx‘o Lys Gly Asp |
5

{2) INPORMATION POR SEQ ID NO:121:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 amino acids
(B) TXPE: amino acid
(C) STRANDEDNESS: wsingle
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:121:

Trp Gly Trp Ala Arg Gly Leu Gly Gly Gly lys Gly Asp Ala Arg Hie
5 10 15

Pro Ser Ala Pro Glu Ala His

20
- (2) INFORMATION FOR SEQ ID NO:122:
(i) SEQUENCE CHARACTERISTICS: is Sheet Has Been Replaced
(A) LENGTH: 23 amino acids
(B) TYPE: amino acid H|||
{C) STRANDEDNESS: single

{D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:122:

}‘rp Met Gln Ser Trp Tyr Tyr His Trp Gly Gly Gly Glu Thr Phe Pro
5 10 - 18

Ile Arg Arg Jztgp Ser Gly Gly

(2) INFORMATION FOR SEQ ID NO:123:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amineo acidse
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: paeptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:123:

His His Gly Ala Met Asn Arg Tyr Tyr Thr Trp Leu Trp hap Asn Ser
1 5 0 ' 5 .
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L3

Arg Phe Pro Gly Arg Ser Tyr Leu gnu Sor Ala Pro Ala Tgr Gln Pro
5 . 3 .

. Glu Ala Ser lle Ser Gln
.35

{2) IKFORMATION FOR SEQ ID NO:124:
{i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 38 amino acids
(B) TYPEB: amino acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

(ii) MOLEBCULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:124:
Leu Gly Phe Ser Gly Trp Tyr Trp Gln Gly Leu Tyr Gly Leu Gly Ser
s . 10
His Asp Pro Gly Phe Ile His Glu Glun Ser Pro Ala Glu Val Ala Met
20 25 a0

Glu Asp Thr Glu Gln Ser
. 35

{2) INFORMATION FOR SEQ ID NO:125: . .
(i) SEQUENCE CHARACTERISTICS: T“
(A) LENGTH: 33 amino acids . A2is Sheet Has Been R

5} Tl s I'HIIIHHIIHIIIIIHH'

(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:125:

Arg Pro Tyr Leu Tyr Aep Pro Asn Glu Trp His Arg Tyr Tyr Ser Tyr

1 ‘ L3 . 10 : s

Leu Leu Pro Gly His Ser Tyr Asn Val Gln Ser Trp Pro Asp Gly Leu
20 28 30

Gly

{2) INFORMATION FOR SEQ ID NO:126:
(i) SEQUENCE CRARACTERISTICS:
{A) LENGTH: 23 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

(1i) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:126: -

Pro Trp Trp Trp Val Ser Trp Val Aep Ala Gly Gly Gly Ser Leu Ala

P.
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1 ' 5 ' 10 ' 15
Leu Pro Thr ¢ln Pro Ser Asp
0
(2) INFORMATION FOR SEQ 1D NO:127:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 38 amino acids

(B) TYPE: amino acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: paptide

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:127:

Xle Tyr Tyr Pro Phe Phe Val Trp Gly Asn Tyr Ala Asn Gly Gly Leu

1 5 ' 10 15

Leu Ser Pro Gly Him Val Tyr Ser Ser Asn Phe Ile Pro Leu Tyr Met
20 25 30

Gln Arg Glu Val Ser Pro
as

(2) INFORMATION FOR SEQ. ID NO:128: S _

. - This.Sheet Has Been Replaced
(i) SEQUENCE CHARACTERISTICS: ‘1SRl :

- . {(A) LENGTH: 21 amino acids ' )

{B) TYPE: amino acid o
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(1i) MOLECULE TYPE: peptide

{x{) SEQUENCE DESCRIPTION: SEQ ID NO:128:
Gly Trp €Cla Ser Gly Trp Glu Trp Trp Ile Gly Gly Gly Asn Trp Thr
1 5 10 ' 15
Ser Asn Thr Thr His
20
(2) INFORMATION FOR SEQ ID NO:129:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 38 amino acids

(B} TYPE: amino acid

{C) STRANDEDNESS: single

(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NQ:129:

Glu Tle His Gly Asn Leu Tyr Aan Trp Ser Pro lLeu leu Gly Tyr Ser
1 5 10 15

Tyr Phe Pro Gly Ile Ser Pro Lys His Ile Ser Gly Glu gal Leu Leu
20 25 0

P.
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Gly Arg xa-eu Pro Gln val
5 .

{2) INPORMATION FPOR SEQ ID NO:130:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amine scids
(B} TYPE: amino acid
(C) STRANDEDNBSS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

.(x:l.) SEQUENCE DESCRIPTION: SEQ ID NO:130:

Tyz Thr Gly Trp Glu Thr Trp Tyr Ser Phe Asp Pro Phe Thr His Tyr
15

Gly Gly Pro Gly Ser Arg Phe Asp Phe Val His Asp Lys ger Glu Asp
20 _ 25 : . 0

Pro lle Asp Arg Ser Tyr
35

A TO 9116533700231

WO 94/18318 ' PCT/US94/00977

(2) INFORMATION FOR SEQ ID NC:121:

Th:s Sheet Has Been Replaced

1]

(A) LENGTH: 38 amino acids
(B) TYPE: amino acid

- (C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(i) SEQUENCE CHARACTERISTICS: ,"|“

(ii) MOLECULE TYPE: peptide

(xx) SEQUENCE DESCRIPTION' SEQ ID NO:131:

Gln Asp Leu Asp Ris Trp Ser Tyr Trp ig: Met. Tyr Ser Thrxr Tyr Pro
1 L] - 15

. Thr Ser Pro Gly Leu val Pro Tyr Ser Trp Gly Tyr Gly Ser. Pro Aen
20 25 3o

Ser Hie Thr Asp Lys leu
5 38

{2) INFORMATION FOR SEQ ID NO:132:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 amino acids
{(B) TYPE: amino acid
(C) STRANDEDNESS: @ingle
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:132:

Trp Trp Asp Pro Amp Ile Trp Phé Gly Trp Gly Gly Ala His Pro Pro
1 5 10 - 15

Asn Leu Ile Gln Pro Tle Ser

II lll I

P.
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(2) INFORMATION FOR SEQ ID NO:133:
(i) SEQUENCE CHARACTERISTICS: heet Has Been Replaced

{(A) LENGTH: 38 amino acids

{(B) TYPE: amino acid ' |II

O P hofoiise: ioate T

(D) TOPOLOGY: unknown -
(ii) MOLECULE TYPE: paptide

(x1i) SEQUBNCE DESCRIPTION: SEQ ID NO:133:
gln Thr Leu Ile gep Phe His Asp lLeu ug.o Tyr Trp Gly Ala gt Tyr
. 1 .

Gly Trp Pro Gly Ile Tyr Asp Glu Ala Ser Gly Ser Glm Ala Val Arg
20 25 30

Hie Asn Met Thr Hie Thr
35

(2) INFORMATION FOR SEQ ID NO:134:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 amino acide
(B) TYPE: amino acid
(C) STRANDEDNESS: single
- ) {D) TOPOLOGY: unknown

(i) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:134:
l'hr Tyr Asp Tyr ‘.l.'hr Tyr Asp Trp Ser Gly Leu Phe Trp Ser Pro Phe
10 : ' 15

Thr His Pro Gly Ala His Met Thr Thr His Ser .?ro Trp Ala Gly Ris
20 . 25 30

Lys Pro His Ala Glu Thr
35

(2) INFORMATION FOR SEQ ID NO:135:

{i) SEQUERCE CHRARACTERISTICS:
{A) LENGTH: 23 amino acide
(B) TYPE: amino acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

(i{) MOLECULE TYPE: peptide

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:135:

Val Pro Arg Trp lle Glu Asp Ser Leu Arg Gly Gly Ala Ala Arg Ala
k3 5 10 - is
Gln Thr Arg Leu Ala Ser Ala

20
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{2) INFORMATION FOR SEQ ID NO:136:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SBQ ID NO:136:
CGTTACGAAT TCTTAAGACT CCTTATTACS CA
(2) IKFORMATION POR SEQ ID NO:137:

TO 811653378831

PCTUS94/00977

(i) SEQUENCE CHARACTERISTICS:
{R) LENGTH: 32 base pair ;
(B) TYPE: nucleic acid I
(C) STRANDEDNESS: single -
(D) TOPOLOGY: unknown

i

(if) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:137:
CGTTAGGATC CCCATTCGTT TCTGAATATC AA
(2) INFORMATION FOR SEQ ID NO:138:

(i) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 36 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:138:
" GCGACCCCAC GAGCTCGACT GCAAATTCTA TTTCAA

{2) INFORMATION FOR SEQ ID NO:I;S:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 54 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPALOGY: unknown

(ii) MOLECULE TYFE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO=139:_

CTAATGTCTA GAAAGCTTCT CGAGCCCTGC AGCTGCACCT GGGCCATCGA CIGG
(2) INFORMATION FOR SEQ ID NO:140:

(i) SEQUENCE CHARACTERISTICS:

- This Sheet Has Been Replaced ;

32

32

36

54

P.

82



—

FEB 21°'96 16:23 FR PENNIE & EDMOND A TO B11653378031 P.

WO 94/18318 ' PCT/US94/00977
. - -180~- '
(A) LENGTH: 5 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: eingle
(D) TOFOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:140:
Gly Gly Cly Gly Ser
1 5

(2) INPORMATION FOR SEQ ID NO:141:
{1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:141:
CATGTATCGA TTAAATAAGG AGGAATAAC ' 29

(2) INFORMATION FOR SEQ ID NO:142:

(i) SEQUENCE CHARRCTERISTICS:

(A) LENGTH: 40 amino acids - ‘This Sheet Has Been Replaced -
{B) TYPE: amino acid ;
(C) STRANDEDNESS: single '

(D) TOPOLOGY: unknown

(ii) MOLECULE TYSE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:142:
Cys Gly Asp Gly Gln Glu Pro Pro Glu Thr Gly Cys Gly Val Ser Arg
1 5 10 1§
Lye Arg Val Ser Xaa Gly Cys Gly Arg leu leu Thr Xaa Xas Xaa Xaa
. 20 25 _ 30
Gly Cye Gly Pro Pro Gly Ser Arg
as 40

(2% INFORMATION FOR SEQ ID NO:143:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 39 amino acids
{(B) TYPE: amino acid
(C) STRANDEDNESS: single .
(D) TOPOLOGY: unknown

(i) MOLECULE TYPE: peptide
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:143:
Cys Gly Arg Gly Ala Arg Phe Ser Trp Met Gly Cys Gly Gly Trp Giy
1 5 10 is

Ile Ser Gln Ala Thr Gly Cys Gly Pzc Asp Phe Pro Phe Tyr Asp Gly
20 25 30 :
Cys Gly Pro Pro Gly Ser Arg
-~ 35

(2) INFORMATION FOR SEQ ID NO:144:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 8 amino acids
(B) TYPR: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:144:
Cys Asn Phe Arg Gly Gln Cyse Val
1 5

(2) INFORMATION FOR SEQ ID NO:145:

(i) SEQUENCE CHARACTERISTICS:
- (A) LENGTH: 8 amino acids
) (B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: paptide .

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:145:

Asn Phe Arg Gly Gln Cys Val Ser /
1 . 5 .

Has Been Replaced :

o i i

(A) LENGTH: 8 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:146:
Phe Arg Gly Gln Cys Val Ser Ala
1 5

(2) INFORMATION ¥OR SEQ ID NO:147:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: B8 amino acids
(B) TYPE: amino acid
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{(C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

-{xi) SEQUENCE DESCRIPTION: SEQ ID NO:147:
Arg Gly Gln cyn Val Ser Ala Pro
1 5

(2) INFORMATION FOR SEQ ID NO:148:
{i) SEQUENRCE CHARACTERISTICS:
(A) LENGTH: 8 amino acids
" (B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOFOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:148:

Gly Gln Cys Val Ser Ala Pro Gln
1 5

(2) INFORMATION FOR SEQ ID NO:149:

- (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: gnaminodacida
{B) TYPE: amino aci
(C) STRANDEDNESS: single + This Sheet Has Been Replaced

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:149:
Gln Cys Val Ser hla Pro Gln Thr |

{2) INFORMATION FOR SEQ ID NO:150:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 8 amino acids
‘(B) TYPE: amino acid
{C) STRANDEDNESS: @ingle
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:150:
Cys Val Ser Ala Pro Gln Thr Ser
1 s

(2) INFORMATION FOR SEQ ID NO:151:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 8 aminc aclde
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(2) INFORMATION FOR SEQ ID NO:153:
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(B) TYPE: amino acid
{C) STRANDEDNESS: pingle
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:151:
Val Ser Ala Pro Gln Thr Ser Asn
1 S oo

(2) INFORMATION FOR SEQ ID NO:152:

(1) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 8 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(1i1) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:152:

Ser Ala Pro éln Thr Ser Asn Ser
1 s ’

PCT/US94/00977

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 8 amino acids . ““ll

(B) TYPE: amino acid
(C) STRANDEDNESS: mingle
(D) TOPOLOGY: unknown

AW

(ii) MOLECULE TYPE: peptide. '

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:153:

Ala Pro Gln Thr Ser Asn Ser Lys
1 ]

(2) INFORMATION FOR SEQ ID NO:154:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 8 amino acids
(B) TYPE: aminoc acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:154:

Pro Gln Thr Ser Asn Sei' Lye Ser
1 5

{(2) INFORMATION FOR SEQ XD NO:155:

(i) SEQUENCE CHARACTERISTICS:

This Sheet Has Been Replaced

P.
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(R) LENGTH: 8 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGCY: unknown

(ii) MOLECULE TYPE: pepﬁi.de

{xi) SEQUBNCE DESCRIPTION: SEQ ID NO:1S5:

Gln Thr Ser Asn Ser Lys Ser Pro
1 : )

(2) INPORMATION FOR SEQ ID NO:156:

- {2)

(i) SEQUENCE CHARACTERISTICS:
: (A) LENGTH: 8 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: single

(D) TOPOLOGY: unknown

(ii) MOLECULE TYFE: peptide

(xi) . SEQUENCE DESCRIPTION: SEQ ID NO:156:

Thr Ser Agn Ser Lys Ser Pro Gly
b - B

INFORMATION FOR SEQ ID NO:1S57:

{i) SEQUENCE CHARACTERISTICS: . This Sheet .
{(A) LENGTH: 8 amino acids | Has Been Replaced
(B) TYPE: amino acid _ ; ' o
(C) STRANDEDNESS: single _ i ' '
(D) TOPOLOGY: unknown ' .

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:157:

Ser Agn Ser Lys Ser Pro Gly Trp
1 5

(2) INFORMATION FOR SEQ ID NO:158:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: B amino acids
{(B) TYPE: amino acid
{€C) STRANDEDNESS: mingle
(D) TOPOLOGY: unknown

{ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1%58:

?m Ser Lys Ser Pro Gly Trp Aep
' 5

(2) INFORMATION FOR SEQ ID NO:159:

P.
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(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 8 amino acids -
{B) TYPE: amino acigd
(C) STRANDEDNESS: @ingle
(D) TOPOLOGY: unknown

{11) MOLECULE TYPE: peptide

{x1i) SEQUENCE DESCRIPTION: SEQ ID NO:159:

ier Lys Ser Pro gly Trp Asp Thr

{2) INFORMATION POR SEQ ID NO:160:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 8 amino acids
{(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(il) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:160:

Lys Ser Pro Gly Trp Asp Thr Thr
1 5

(2) INFORMATION FOR SEQ ID NO:161:

(1) s?gyﬂgggsg:ﬂcﬂgi :T:gf ; . - This Sheet Has Been Replaced -
(B) TYPE: amino acid
(C) STRANDEDNESS: -single

(D)} TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:161:
Ser Pro Gly Trp Asp Thr éhr Trp
b 5 .

(2) INFORMATION FOR SEQ ID NO:162:
{1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 8 amino acids
(R) TYPE: aminc acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ -ID NO:1l62:
Pro Gly Trp Rsp Thr Thr Trp His
1 5

(2) INFORMATION FOR SEQ ID NO:163:
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(i) SEQUENCE CHARACTITERISTICS:

: (A) LENGTH: 8 aminc acids
(B) TYPE: amino acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:163:
g).y Trp Asp Thr ghr Trp His Asp

INFORMATION FOR SEQ ID NO:164:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 8 aminc acids
(B) TYPE: aminc acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:164:
Trp Asp Thr Thr Trp Hie Asp Phe
1 .5

INFORMATIOR FOR SEQ ID NO:165:

'i) SEQUENCE CHARACTERISTICS:
(1) ( g) LENGTH: 5 amino scide This Sheet Has Been Rep
{C) STRANDEDNESS' single

(D) TOPOLOGY: unkndwn
(ii) MOLECULE TYPE: peptide

_ (xi) SEQUENCE DESCRIPTION: SEQ ID NO:165:

Asp Thr Thr Trp His Asp Phe Arg
1 5

{2) INFORMATION FOR SEQ ID NO:166:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: & amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:166:

Thr Thr Trp His Asp Phe Arg Lye
1 5

{2) INFORMATION FOR SEQ ID NO:167:

P.
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(i) SEQUENCE CHBARACTERISTICS:
{(A) LENGTH: & amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:167:
Thr Trp nlu-anp'gha-nrg Lys Glu
1

(2) INFORMATION FOR SEQ ID NO:168:

(i) SEQUBENCE CHARACTERISTICS:
(A) LENGTH: € amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

{(ii) MOLECULE TYPE: peptide

(xl) SEQUENCE DESCRIPTION: SEQ ID NO:168:

Trp His Asp Phe Arg Llye élu Gln
h | 5.

—_—

(i) SEQUENCE CHARACTERISTICS:  This Sheet Has Been

. [ lll i

(D) TOPCLOGY: unknewn
{ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:169:
Bio Aop Phe Arg Lye Glu Gin Phe
h] 5

{(2) INFORMATION FOR SEQ ID NO:170:
. {1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 8 amino acids
(B) TYPE: amino acid

(C) STRANDEDNESS: @ingle
(D) TOPOLOGY: unknown .

{ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:170:
Asp Pro Arg Lys Glu Gln Phe Tyr
1 5

(2} INFORMATION FOR SEQ ID NO:171:

A TO 9116533700831

PCT/US94/00977
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(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: € amino acide
(B) TYPE: amino acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: unknown

(i) MOLECULE TYPE: peptide

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:171:
Phe Arg Lys Glu Gln Phe Tyr Asn
1 5

INFORMATION FOR SEQ ID NO:172:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 8 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:172:
Arg Lys Glu Gln Phe Tyr Asn Leu
1

5
INFORMATION FOR SEQ ID NO:173: This Sheet Has BeenR lac
(i) SEQUENCE CHARACTERISTICS: ”I
(A) LENGTH: 8 amino acids

(B) TYPE: amino acid
(C) STRANDEDNESS: s@ingle
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:173:
lye Glu Gln Phe Tyr Asn Leu Thr
1 5

INFORMATION FOR SEQ ID NO:174:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 8 amino acide
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(1i) MOLECULE TYPE: peptide

(xi).SEQUENCE DESCRIPTION: SEQ ID NO:174:

Glu Gln Phe Tyr Asn Leu Thr Ser .

INFORMATION FOR SEQ ID NO:175:

P.
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(1) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 9 amino xcids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
{DP) TOPOLOGY: unknown

(i1) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:175:
Ser Asn Pro Sex :ro Gln Tyr Ser Trp

1
(2) INFORMATION FOR SEQ ID NO:176: ) \
(i) SEQUENCE CHARACTERISTICS:
- (A) LENGTH: 26 amino acide Sheet Has Been Replaced
(B) TYPE: amino acid '
(C) STRANDEDNESS: single

(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:176:

Ser Thr Val Pro Arg ‘I‘:p Ile Glu Asp Ser Leu Arg Gly Gly Ala Ala
1 5 . 10

Arg Ala Gln ggr Arg Leu Ala Sar Ala Lys
25

(2) INFORMATION FOR SEQ ID NO:177:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(1) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:177:

Lyas Ala Ser Ala geu Arg Thr Gln Ala Arg Ala Ala Gly Gly Arg Leu
b { 10 18

Ser Asp Glu gle Trp Arg Pro Val Thr Ser
0 25

(2) INFORMATION FOR SEQ ID NO:178:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 amino acids
{B) TYPE: amino aeid
{C) STRANDEDNESS: single
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

P.
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:178:

Ser Thr Val Pro Arg Ala Ile Glu Asp ggr Leu Arg Gly Gly Ala Ala
1 ) 5 1§

Arg Ala Gln Thr Arg Leu Ala fer sz Lys
20

(2) INFORMATION FOR SEQ ID NO:179:

(1) SEQUENCE CHARACTBRISTICS:
(A) LENGTH: 13 amino acids
{(B) TYPE: amino acid
(C) STRANDEDKNESS: aingle
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:179:

Ser Thr Val Pro lslrg Trp Ile Glu Asp Ser Leu Arg Gly
1 _ 10

(2) INFORMATION FOR SEQ ID NO:180:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 amino acide
(B) TYPE: amino acild
(C) STRANDEDNESS: single

- (D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:180:

Gly Ala Ala Arxg Ala Gln Thr Arg Leu Ala Ser Trp Lys
1 10 - .

'I'hxs Sheet Has Been
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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 ' |

(2  abinding domain encoded by an oligonucleotide

comprising unpredictable nucleotides in which the
unpredictable nucleotides are arranged in one or more
contigtious 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 that enhances
- _expression or detection of the binding domain, '
by contacting the plurality of heterofunctional fusion proteins with said'iigand
of choice under conditions conducive to 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 ligand of choice, comprising: screening a library of

recombinant vectors which express a plurality of heterofunctional fusion

proteins comprising

(d  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
wheréin the coding strand of the unpredictable
nucleotides comprises the .formul;a (NNB), ., » Where

This Sheet Has Been Rep 1abed
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| NisA,C,Gor T;

Bis G, Tor C; and

n and m are integers, such that

20 < n+ m < 200; 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 contacting the plurality of heterofunctional fusion 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), J Z 3’ with a second nucleotide sequence of the formula

3' Z' OU (NNV), Y 5, a1 complementary positions Z and Z’,

where X and Y are restriction enzyme recognition sites, such that X = Y: -

NisA,C,GorT;

BisG, TorC;

VisG,AorC; .

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

m is an integer, such that 10 < m < 100;

Z and Z' are each 2 sequence of 6, 9 or 12 nucleotides, such that Z
and Z’ are complementary to each other; and |

Jis A, C, G, T or nothing;

Ois A, C, G, T or nothing; and

U is G, A, C or nothing; provided, however, if any one of J, O or U is
nothing then J, 0 and U are all nothing;
and converting the annealed oligonucleotides to a double stranded
oligonucleotide.

" This Sheet Has. Been Repla
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4. The method according to claim 1, 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.

5. The method according to claim i, in which the plurality of
beterofunctional fusion proteins are expressed on the surface of recombinant

vectors.

6. The method according to 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 accumulate inside host

cells cbmaining the recombinant vectors.

8. The method accordiqg to claim 7, in which the host cells

are bacterial cells.

9. The method according to claim 1, in which the -
heterofunctiona) 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 cleavage by chemical or enzymatic means.

I1.  The method according to claim 1, in which the ligand is

~ sclected from the group consisting of a non-ionic chemical group, an ion, a

metal, a protein or portion thereof, a peptidé or portion thereof. a nucleic acid
or portion thereof, a carbohydrate, a lipid, a viral particle or portion thereof,

" This Sheet Has Been Replaced
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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 1, in which the ligand is

a ligand which binds to a naturally occurring receptor selected from the group

consisting of the variable 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 integrin.

13.  The method according to claim 1, in which the ligand is
a monoclonal antibody _having pfostate cancer specificity chara_cteristiés of the
7E11-C5 monoclonal antibody produced by a the hybridoma cell line assigned
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 1, in which the ligand is
a polyclonal antibody having binding specificity characteristics of a goat anti-
mouse Fc antibody.

17.  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.

Sheet Has Been Replaced -
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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.

20. The method according to claim 1, in which the ligand is
calmodulin.’

21.  The method according to claim 1, in which the ligand is
dynein.

22.  The method according to claim 1, in which the ligand is
glutathione S-transferase.

23.  The method according to claim 1, in which the ligand is

vinculin.

24.  The method according to claim 1, in which the plurality
of heterofunctional fusion proteins can form semirigid conformational

structures.

25.  The method according 10 claim 24, further comprising
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 ac:d sequence of said binding
domain.

26. . The method according to claim 24, in which each
heterofunctional fusion protein comprises at least two invariant cysteine

residues, in which each invariant cysieine residue is encoded by nucleotides

* This Sheet Has Been: Repla
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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 formation of at least
one disulfide bond to form at Jeast one cystine, thereby allowing for the
formation of at least one Joop conformation in each heterofunctional fusion

protein .

28. The method according to claim 24, in which each
heterofunctionial fusion protein comprises at least four invariant cysteine
residues, in which each invariant cysteine residue is encoded by nucleotides
posiﬁoned flanking a contiguous sequence of unpredictable nucleotides, and in
which the invariant cysteine residues are separated from each 6ther_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 least -
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 -

30

35

histidine residues encoded by nucleotides positioned flanking one or more
contiguous sequences of unpredictable nucleotides, and in which the positions

of the invariant cysteine and invariant histidine residues in the fusion protein

“allow for the formation of zinc finger-like proteins.

31. The method according to claim 24, in which each
heterofunctional fusion protein comprises an invariant histidine residue

. This Sheet.Has Been Rep. laced.
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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 expressed 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 according to claim 32, in which the divalent
cation is sclected from the group consisting of Zn**, Cu?* and Ni**.

34. A method for identifying a protein and/or peptide which

binds to 2 ligand of choice, comprising: '
(@) genemﬁng a library of recombinant vectors which
express a plurality of heterofunctional fusion proteins
comprising |
)} 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 ibom 600, and

(ii) an effector domain encoded by an oligonucleotide

' sequence encoding a protein or peptide that
enhances expression or detection of the binding
domain; and

(b)  scredhing the library of recombinant vectors by
contacting the plurality of hétérofunctional fusion
proteins with said ligand of choice under conditions

. This Sheet Has Been Replaced
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conducive to ligand binding and isolating the
heterofunctional fusion protein which binds said ligand.

35. A method for ldentlfymg a protein and/or pepude which

5 binds to a hgand 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
10 compnsmg unpredictable nucleotides in which the
unpredictable nucleotides are arranged in one or
more contiguous sequences, wherein the total
number of unptedictable nucleotides is greater
than or equal to about 60 and less than or equal
15 10.about 600; and_wherein the coding strand of
the unpredictable nucleotides comprises the
formula (NNB), .. . where
NisA,C,GorT,;
Bis G, TorC; and _
n and m are integers such that
20=<n+m s 200 _
(i) an effector domain encoded by an oligonucleotide

20

sequence encoding a protein or peptide that
enhances expression or detection of the bindihg
25 domain; and |
() screening the library of recombinant vectors by
cohmcting the plurality of heterofunctional fusion
proteins with said ligand of choice under conditions
conducive to ligand binding and isolating the

30 heterofunctional fusion protein which binds said ligand.
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36.  The method according to claim 34, 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.

37. A method for preparing a protein, polypeptide and/or a
peptide which binds to a ligand of choice, comprising synthesmng, either
chemically or by recombmant techniques, the amino acid sequence 1denl:|ﬁed

according to claim 4 or 36.

38. A protein which binds a ligand of choice prepared
accordmg to the method of claim 37.

_ 39. A protein which binds specifically to a monoclonal
antibody having prostate cancer specificity characteristics of the 7E11-C5
monoclonal antibody produced by a hybridoma cell line assigned ATCC 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, havmg a sequence
comprising M(W/Y/H/I)XXLH/R).

41. A protein which binds specifically to 2 metal ion, in
which the protein has an amino acid sequence selected from the group
consisting of SEQ ID NOS. 34-63. '

42. A protein which binds specifically to a poiycional
antibody having binding specificity characteristics of a goat anti-mouse Fc
antibody, in which the protein has an amino acid sequence selected from the
group consisting of SEQ ID NOS. 64-67.

—_— =
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43,  The protein according to claim 42, having a sequence
compnsmg RT/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
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, polypeptide or a peptide which binds to a
ligand of choice and can form a semirigid conformational structure obtained
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 25.

48. 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
cpntiguous 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
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(d)  an effector domain encoded by an oligonucleotide
sequence encoding a protein or peptide that enhances
| expression or detection of the binding domain,
said library being capable of screening to identify a heterofunctional fusion
5 protein having specificity for a ligand of choice.
49. A library of recombinant -vectors which express a
plurality of heterofunctional fusion proteins éompriéing
(a) a binding domain encoded by an oligonucleotide
10 comprising unpi'edictable 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 Iess than or equal to about 600, and
wherein the coding strand of the unpredictable
nucleotides comprises the formula (NNB), , ., where
- . _ NisA,C, Gor T;
| Bis G, T or C; and
n and m are integers,
such that 20 < n + m 200; and,
(®)  an effector domain encoded by an oligonucleotide

15

20

sequence encoding a protein or peptide that enhances
expression or detection of the binding domain,
said library being capable of screening to identify a heterofunctional fusion

gg Pprotein having specificity for a ligand of choice.

50.  The library according to claim 49, wherein the binding
domain is 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

30 _ _
| 3. Z'OU (NNV), Y5’
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at corresponding positions Z and Z',
where X and Y are restriction enzyme recognition sites, such that X Y;

NisA,C,GorT; -

BisG, Tor C;

VisG, AorC;

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

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

lis A, C; G, T or nothing;

OisA,C, G, Tor nothing; and

U is G, A, C or nothing; provided, however, if any one of J, O or U is
nothing then J, O and U are all nothing;
and converting the annealed oligonucleotides to a double stranded
oligonucleotide. |

51.  The library according to claim 48, in which the

recombinant vectors comprise phage, phagemid or plasmid vectors.

52.  The library according to claim 48, in which the plurality
of heterofunctional fusion proteins are expressed on the surface of the

recombinant vectors.
53.  The library according to claim 48, in which the plurahty
of heterofunctional fusion proteins are expressed and accumulate ms:de host

cells containing the recombinant vectors.

54.  The library according to claim 48, in which the

heterofunctional fusion proteins further comprise a linker domain between the

binding and effector domains.
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55. The library according to claim 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 scmirigid conformational structures.

57.  The library according to claim 48, 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 lbop
10 conformation in each heterofunctional fusion protein. '

58.  The library according to claim 48, in which each
heterofunctional fusion protein comprises at least two disulfide bonds forming
at least two cystines, thereby allowing for the formation of at least one

15 cloverleaf-like conformation in each heterofunctional fusion protein.

“ _ 59. The hbrary according to claim 48, in which each
heterofuncnonal fusion protein comprises a plurality of both cysteine and
histidine residues encoded by nucleotides positioned 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.

60. A method for making a library of recombinant vectors
28 expressing a plurality of heterofunctional fusion proteins, comprising inserting
into a plurality of vectors:

(a oneor more of a plurality of different first nucleoude
" sequences each encoding a putative binding domain
which has specificity to a ligand of choice, wherein the
30 binding domain is encoded by an oligonucleotide
comprising unpredictable nucleotides in which the

-
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unpredictable nucleoﬁdes 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 10 about 600, and

(b)  a second nucleotide sequence encoding a biologically or

chemically active effector domain, o
in which each first nucleotide sequence/second nucleotide sequence
combination is located downstream from a 5° ATG start codon to produce a

library of vectors coding for in-frame fusion proteins.

61. The m.ethod according to claim 60, in which the coding
strand of the unpredictable nucleotides comprises the formula (NNB), .,
where .

NisA,C,GorT;

Bis G, Tor C; and _

n and m are integers, such that 20 < n +m< 200.

_ - 62.  The method according to claim 60, wherein the binding
domain is 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 nucleoude sequence of the formula

3 270U (NNV), Y 5’

at corresponding positions Z and Z’, where X and Y are restriction enzyme
recognition sites, such that X # Y; '

NisA,C.GorT;

BisG, TorC;

VisG,Aor C

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

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
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Jis A, C, G, T or nothing;
Ois A, C, G, T or nothing; and
_ UisG, A, C or nothing; provided, however, if
any one of J, O or U is nothing then J, O and U are all nothing;
and converting the annealed oligonucleotides to a double stranded -
oligonucieotide. ' '

63.  The method according to claim 60, in which the plurality
of heterofunctional fusion proteins are expresséd 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 to claim 4, further 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.

67. A method of identifying the binding specificity of a
patient'é autbimmune response, which comprises contacting a sample of a
biological fluid from a patient, said sample suspected of coméining auto-
antibodies indicmi.ve of an autoimmune response with the library according .to

claim 48 under conditions conducive to binding and isolating the fusion

- proteins from said library which bind to said patient sample.
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68.  The method according to claim 67, further comprising

- determing the nucleotide sequence encoding the binding domain of the fusion
protein identified. '
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1. A method for identifying a protein, polypeptide and/or
peptide which binds to a ligand of choice. comprising: screening a library of

5 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

10 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 that enhances

15 _ expression or detection of the binding domain,

by contacting the plurality of hglerofunaional fusion proteins with said ligand

of choice under conditions conducive to ligand binding and isolating the fusion

proteins which bind said ligand.

20 2. A method for identifying a protein, polypeptide and/or
peptide which binds 1o a ligand of choice. comprising: screening 2 library of
recombinant vectors which express a plurality of heterofunctional fusion
proteins comprising o

' (a) a binding domain encoded by an oligonucleotide

25 comprising unpredictable hucleotides' 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 10
about 60 and less than or equal to about 600: and

30' wherein the coding strand of the unpredictable '_
nucleotides comprises the formula (NNB), , ,, where
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NisA,C,GorT;

BisG, TorC;and

n and m are integers, such that

20 < n + m < 200; 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 contacting the plurality of heterofunctional fusion proteins with said ligand
of choice under conditions conducive to ligand binding and isolating the fusion

proteins which bind said ligand.'

3. The method acéording 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 (NNBY), J Z 3’ with a second nucleotide sequence of the formula
3 ZZOU(NNV), Y5, at complementary positions Z and Z’

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

NisA, C.Gor T,

BisG, TorC;

VisG, AorC;

nis an i:iteger. such that 10 < n = 100;

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 1o each other; and

Jis A, C, G, T or nothing;

Qis A, C, G. T or nothing: and

U is G, A, C or nothing; provided, however, if any one of J. O or U is
nothing then J, O and U are all nothing;
and converting the annealed oligonucleotides 1o a double stranded

oligonucleotide.
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4 “The method according to claim 1, further comprising
demrmining the nucleotide sequénce 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 expressed on the surface of recombinant

VECtors.

6. The method according to claim 5, in which the

recombinant vectors are phage, phagemid or plasmid vectors.

7. The method according to ¢laim 1, in which the plurality
of heterofunctional fusion proteins are expressed and accumulate inside host

cells containing the recombinant. vectors.

Q@
8. The method according to claim 7, in which the host cells

are bacterial cells.

9, The method according to claim 1, in which the
heterofunctional fusion proteihs 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 1o cleavage by chemical or enzymatic means.

11.  The method 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 portion thereof, a peptide or portion thereof, a nucleic acid
or portion 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 1, in which the ligand is
a ligand which binds to a naturally occurring receptor selected from the group
consisting of the variable 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 nu_cleotide
fold or GTP binding protein, a calcium binding protein, 2 membrane prdtein,

a viral protein and an integrin.

13 The method according to claim §. in which the ligand is

"2 monoclonal antibody having prostate cancer specificity characieristics of the

7E11-CS monoclonal antibody produced by a the hybridoma cell line assigned
ATCC No. 10494, .

14.  The method according to claim 1, in which the ligand is

a metal ion.

15.  The method according 1o claim 14, in which the metal

ion is selected from the group consisting of zinc, copper and nickel.

16.  The method aécoiding to claim |, in which the Ifgand is

a polyclonal antibody having binding specificity characteristics of a goat anti-

mouse Fc antibody.

17.  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 1, in which the ligand is

streptavidin.
_ 19.  The method according to claim 1, in which the ligand is
5  polystyrene.
_ 20. The method according to claim 1, in which the ligand is
calmodulin. - ' '
10 21. The method according to claim I, in which the plurality

of heterofunctional fusion proteins can form semirigid conformational

stnuctures.

22.  The method according to claim 2i, further 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 according to claim 21, in which each
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 nucleotides, and in
which the invariant cysteine residues are .sej_:arated from each other in the

25  protein by about 6 to about 27 amino acid residues.

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 disulfide bond to form at least one cystine, thereby allowing for the
30 | |
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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
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.

26.  The method according to claim 25, in which the fibrary
is expressed in an oxidizing environment resulting in the formation of at least
two disulfide bonds, thereby allowing for the formation of at least one

cloverleaf conformation in each heterofunctional fusion protein.

27.  The method according to claim 21, in which each
heterofunctional fusion'pro'tein comprises both invariant cysxeine and invariant
histidine residues encoded by nucleotides positioned flanking one or more
contiguous secjuences of unpredictable nucleotides, and in which the positions
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
encoded by nucleotides positioned flanking one or more contiguous sequences

of unpredictable nucleotides.

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
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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 Zn?*, Cu** and Ni**.

- 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
10 express a plurality of heterofunctional fusion proteins
comprising -

i) ‘a binding‘ domain encoded by an oligonucleotide
comprising unpredictable nucleotides in which the
unpredictable nucleotides are arranged in one or

- 15 | 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

_ (i)  an effector domain encoded by an oligonucleotide

20 - sequence encoding a protein or péptide that
enhances expression or detection of the binding
domain; and _ '

(b)  screening the librarj of recombinant vectors by
contacting the plurality of heterofunctional fusion

25 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 identifying a protein and/or peptide which
30 binds to a ligand of choice, comprising: “
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(@  generating a library of recombinant vectors which

express a plurality of heterofunctional fusion proteins

comprising
i) a binding domain encoded by an oligonucleotide
5 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
10 to about 600; and wherein the coding strand of
_the unpredictable nucleotides comprises the
formula (NNB), ., ,, where
‘NisA,C,GorT,;
Bis G, T or C; and
1§ n and m are integers such that
20<n+m < 200
(1) an effector domain encoded by an oligonucieotide
sequence encoding a protein or peptide that
enhances expression or detection of the binding
20 . domain; and
(b)  screening the library of recombinant vectors by
contacting the plurality of heterofunctional fusion
proteins with said Jigand of choice under conditions
conducive to ligand biﬁding and isolating the

25 heterofunctional fusion protein which binds said ligand.

33.  The method according to claim 31, funher comprising
determmmg the nucleondc sequence encodmv the binding domain of the
heterofunctional fusion protein identified to deduce the amino acid sequence of

30  said binding domain.
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34. - A method for preparing a protein, polypeptide and/ora
peptide which binds to a ligand of choice, comprising synthesizing, either
chemically or by recombinant techniques, the amino acid sequence 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
antibody having prostate cancer specificity characteristics of the 7E11-C5
monoclonal antibody produced by a hybridoma cell line assigned ATCC No.
10494, in which the protein has an amino acid sequence selected from the
group consisting of SEQ ID NOS. 22-31.

37.  The protein according to claim 36, having a sequence
comprising M(W/Y/H/DXXL(H/R).

3. A protein which binds specifically 'to a metal jon, in
which the protein has an amino acid sequence selected from the group
consisting of SEQ ID NOS. 34-63.

39. A protein which binds specifically 1o a polyclonal
antibody having binding specificity cﬁaracleristics of a goat anti-mouse Fc
antibody, in which the protein has an amino acid sequence selected from the
group consisting of SEQ ID NOS. 64-67.

40. | The protein according fo claim 39, having a sequeﬁce
comprising RT({/L)(S/T)KP.
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41. A protein which binds specifically to a2 monoclonal
antibbdy 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 ID NOS. 118-134.

43. A protein which binds specifically to calmodulin, in
which the protein has the amino acid sequence of SEQ ID NO. 135.

44. A protein, polypeptide or a peptide which binds td a
ligand of choice and can form a semirigid conformational structure obtained
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. '

.. 4. A library of recombinant vectors which express a
plurality of heterofunctional fusion proteins comprising

(@ . abinding 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 that enhances
expression or detection of the binding domain,
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said libra.ry 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
5 plurality of heterofunctional fusion proteins comprising
(@  abinding domain encoded by an oligonucleotide
comprising unpredictahle 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
wherein the coding strand of the unpredictable
nucleotides comprises the formula (NNB), . ,, Where
- NisA,C,GorT;
- 185 | Bis G, T or C; and
n and m are integers,
such that 20 = n + m 200; and,
(b)  an effector domain encoded by an oligonucleotide
sequence encoding a prbteit_\ 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 choice. -

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 sequence of the formula
5' X (NNB), J Z 3’, with a second nucleotide sequence of the formula
3 Z’OU(NNV), Y5
at corresponding positions Z and Z',
30  where X and Y are restriction enzyme recognition sites, such that X #= Y
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NisA,C,GorT,

BisG, TorC,

VisG,AorC; '

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

m is an integer, such that 10 < m < 100;

Z and Z’ are each a sequence of 6, 9 or 12 nucleotxdes such that Z and Z'
are complementary to each other, and

Jis A, C, G, T or nothing;

Ois A, C, G, T or nothing; and

Uis G, A, 'C or nothing; provided, however, if anyoneof J, Qor U is
nothing then J, O 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

recombinant vectors.

50.  The library according to claim 45, in which the plurality
of heterofunctional fusion proteins are expressed and accumulate inside host

cells containing the recombinant vectors.

- 51.  The library according 10 claim 45, in which the
heterofunctional fusion proteins further comprise a linker domain between the

binding and effector domains.
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32. The hbrary 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, in which the

heterofunctional fusion proteins can form semirigid conformational 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

conformation in each heterofunctional fusion protein.

| -55.  The library according to claim 45, in which each
heterofunctional fusion protein comprises at least two disulfide bonds forming
at least two Cystines, thereby.allowing for the formation of at least one
cloverleaf-like conformation in each heterofunctional fusion protein. .

' 56.  The library according to claim 45, in which each
heterofunctiona! fusion protein compriseé 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. '

57. A method for making a library of recombinant vectors
expressmg a plurality of heterofunctional fusion protems compnsmg msemng
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 specificity to a ligand of choice, wherein the

binding domain is encoded by an oligonucleotide
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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)  a second nucleotide sequence encoding a biologically or
chemically active effectbr domain, |
in which each first nucleotide sequence/second nucleotide sequence
combination is located downstream from a 5° ATG start codon to produce a

library of vectors coding for in-frame fusion proteins.

58. | The method according to claim 57, in which the coding
strand of the unpredictable nucleotides comprises the formula (NNB), ., ,
where |

N is A, C, G_or T;

BisG, Tor C; and

n and m are integers, such that 20 < n + m < 200.

59.  The method according to claim 57, wherein the binding
domain is 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
3 ZOU(NNV), Y5 .
at corresponding positions Z and Z', where X and Y are restriction enzyme
recognition sites, such that X # Y; |
NisA,C,Gor T,
BisG, TorC:
VisG, AorC;
n is an integer, such that 10 < n < 100;

m is an integer, such that 10 < m < 100:

S
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~ Zand Z' are each a sequence of 6, 9 or 12

nucleotides, such that Z and Z’ are complementary to each other; and

Tis A, C, G, T or nothing;

Ois A, C, G, T or nothing; and

_ | U is G, A, C or nothing; provided, however, if

any one of J, O or U is nothing then J, O and U are all nothing;
and converting the annealed oligonucleotides to a double stranded
oligonucleotide..

60.  The method according to claim 57, in which the plurality
of heterofunctional fusion proteins are expressed on the surface of the -

recombinant vectors..

'61.  The method according to claim 57, in which the plurality
of heterofunctional fusion proteins are expressed and accumulate inside host

cells containing the recombinant vectors.

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, further 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 résponse, whiéh 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 1o
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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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