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Description
Cross-Reference to Related ApBlication
This is a continuation-in-p3*-2)f

Serial No. 07/7OL,658 fiLed May 16, 1991r\tha
continuation-in-part of application Serial No.

o7/6L7,o23, flledNovernber r, 
- 
ffiffiI"

plicptio
aEa

10
t\

are incorporated by reference.

Technical Fie1d
The present invention relates to the organic

synthesis of oligoneric sequences of compounds. More

particularly it relates to stepwise synthesis of
nultiple independent sequences, especially oligoneric
peptide chains.

Background and Related Art
Over the last several years, developments in

peptide synthesis technology have resulted in autornated

synthesis of peptides acconplished through the use cf
soli.d phase synthesis methods. The solid phase

synthesis chenis'r-ry that made this technoLogy possible
was first described in Merrifield et al. J. Aner. Chem.

$9g-, 95r2L49-2154 (1963). The rrMerrifield methodrr has

for the rnost part renained unchanged and is used in
nearJ.y all automated peptide synthesizets available
today.

In brief, the Merrifield rnethod Lnvolves
synthesis of a peptide chain on solid support resin
particles. These particles typically consist of
polystyrene cross-llnked wlth dlvinyl benzene to form
porous beads which are insoluble in both water and
various organic solvents used in the synthesis p:otocol.
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The resin particleE contain a fixed amount of amino- oE

hydroxylnethyL aronatic rnoiety which aerveE as the
linkage polnt f,or the firEt amino acld in the peptide.

Attachnent of the first anino acid entails
chernically reacting its carboxyl-ternrinal (C-terminal)
end with derivatized resin to for:m the carboxyl-terminal
end of the oligopeptide. The alpha-anino end of the
anino acid is typically blocked wlth a !-butoxy-carbonyl
group (t-Boc) or with a 9-fluorenylnethyloxycarbonyl
(F-Moc) group to prevent the amino group which could
othenrise react from partlcipating in the coupling
reaction. The side chain groups of the anLno acids, if
reagtive, are also blocked (or protected) by various
benzyl-derived protecting groups in the form of ethers,
thioethers, eEters, and carbanates.

The next step and subsequent repetitive cycles
involve deblocking the amino-terninal (N-terminal)
resin-bound anino acid (or terrnlnal residue of the
peptide chain) to renove the alpha-anino blocking group,
followed by chenical additlon (coupling) of the next
blocked amino acid. This process is repeated for however
many cycles are necessary to synthesize the entire
peptide chain of interest. After each of the coupling
and deblocking steps, the resin-bound peptide is
thoroughly washed to renove any residual reactants
before proceeding to the next. The solid support
particles facilitate renoval of reagents at any given
step as the resin and resin-bound peptide can be readily
filtered and washed while belng held in a colunn or
device with porous openings.

Synthesized peptldes are released from the
resin by acid catalysis (typlcalJ.y with hydrofluoric
acid or trifluoroacetic acid), whlch cleaves the peptide
fron the resin leaving an anide or carboxyl. group on its
C-terurinal ami.no acid. Acidolytic cLeavage also serves
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to remove the protecting groupE from the side chains of
the anino acids in the synthesized peptide. Finished
peptides can then be purified by any one of a variety of
chromatography nethods.

5 Though most, peptides are syntheEized with the
above described procedure uEing autourated instruments, a

recent advance in the solid phase nethod by R.A.
Houghten allows for synthesiE of nultiple independent
peptides sinultaneously through uranually perfotmed

10 neans. The ttSimultaneous Multiple Peptide Synthesisrl
(nS!!PStt) process is described in U.S. Patent No.

4,63L,2LL (1985); Houghten, @L,
' 92;5131-5135 (1985); Houghten et aI., Int. J. Peptide

Protein Res. , 4-167.3-678 (1986); Houghten et aI.,
15 Biotechnicrues, {, 6, 522-528 (1986), and Houghten' U.S.

Patent No. 41531 r2LL, whose disclosures are incorporated
by reference.

Illustratlvely, the SMPS process enploys
porouE containers such as plastic bags to hold the solid

20 support synthesis resin. A Merrifield-type solid-phase
procedure is carried out with the resin-containing bags

grouped together approprlately aL'any given step for
addition of the same, desired amLno acid residue. The

bags are then washed, separated and regrouped for
25 addition of subsequent sane or different amino acid

residues until peptides of the intended Length and

sequence have been synthesized on the separate resins
within each respective bag.

That nrethod allows nuJ.tiple, but separate,
30 peptides to be synthesized at one tine, since the

peptide-linked resins are maintained in their separate
bags throughout the process. The SMPS nethod has been

used to synthesize as many as 200 separate peptides by a
single technician in as little asi two weeks, a qate
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vastly exceeding the output of nost autonated pept,lde
synthesizers.

A robotic device for autonated nultiple
peptide synthesls has been recently commercialized. The

device performs the sequentlal steps of nultiple,
separate solld phase peptlde synthesis through iterative
mechanical-intensive neans. This instrunent can
synthesize up to 96 separate peptides at one tine, but
is linited at present by the quantity of its peptide
yield.

Several research groups have reported the
synthesis of synthetic conbinatorial libraries of
peptides. Those reports are discussed below.

Of interest is work by Geysen et aI., which
deals with nethods for syntheslzing peptides with
spebific sequences of amino aclds and then using those
pept,ides to identify reactionE with various receptors.
Geysen et aI. rs lrork presupposes that one has a prior
knowledge of the general nature of the sequences
required for the particular receptors, so that the
appropriate group of peptides can be synthesized. See

U.S. Patents Nos. 4,70.8r'i,t71 and 4r833,O92i P.C.T.
Publications Nos. WO 84103506 and WO 84/03564, Geysen et
dl. ' Proc. Natl.. Acad. Sci. U.S.A., $!:3e98-4oo2 (1984);
Geysen et al., Proc. Natl. Acad. Sci. U.S.A. , 82.2L78-L82
(1985) i celzsen et a1., in Synthetic Peptides as
Antigens, 130-149 (1985) i Geysen et aI., J. Inmunol.
Meth., LO2z259-274 (1987); and Schoofs et al.,
J. Inmunol., !!-9,:611-616 (1988) .

In published PCT application PcTlAU8s/ooL65
(WO 86/00991), Geysen describes a method for detetmining
so-called rrmimotopesrr. A minotope is def ined as a
catamer (a pollnrer of pieclsely defined sequence formed
by the condensation of a precise number of snall
moLecul.es), which in at least one of its conforr,i.tiotr"
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has a surface region with the equivalent molecule
topology to the epitope of which it iE a ninic. An

epitope is defined as the surface of an antigenic
molecule which is delineated by the area of interaction
with an antibody nolecule.

The ninotopes are synthesized on a series of
solid pollmer (e.9. polyethylene with a coating of
grafted acrylic acid) rods having a diaureter of about 4

nn and a length of about 50 nm. A spacer fomed by

reaction of the e-amino group of l-Boc-J.ysine nethyl
ester and then t-Boc-alanine was added to the resj.ns,
followed by removal of the !-Boc group to provide an

anino group to be used to begin the syntheses.
A urixture of blocked amino acids containing

different anounts of each of the blocked twenty anino
acids to be used was dissolved in dinethyl forurarnide and

then coupled to the rods. That first coupling was

repeated three tinres using conventional solid phase

synthesis techniques. twenty anino acid residues hrere

individually next added so that twenty s-mer sequences
vrere prepared, each having a single, known anino acid
residue at the anino-terrrinus and a mixture of arnino

acid residues at each'of the four other positions of the
chain. Each of those twenty rod-linked peptides was

then individually reacted with each of the twenty aurino

acid residues to for:n 400 (2O x 2Ol 6-mer peptides
having the two anino-terninal positions defined and the
four reuraining positions as mixtures. Ttro more
positions of nixtures of amino acids were then added,
and the terminal anine acetylated to fom N-acetyl
8-r€rs Linked to the rods those first two arnino acid
positions were undefined (nixtures), followed by two
aefined positions, followed by four undefined positions'
(nixtures), followed by the spacer and then the
supporting rods. r
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The 400 rod-linked N-acetyl 8-rner peptide
nixture preparations were then screened in an ELISA

assay using a nonocLonal antibody to a desired antigenic
protein. The 8-ners having the best binding to the

5 antibody were identifled. Tlso sets of further 8-mers
that contained the identified best-binding 2-mer
sequences within thoEe 8-ners were prepared.

A first set contained nixed anino acids at the
three C-terninal positions, followed toward the

10 N-termJ.nus, by a position containing each of the twenty
anino aclds rnade by twenty separate coupLingsr.the
identified 2-ner sequences, two further nixtures at the

, next two positions, and an N-terninal acetyl group. The

second group contained rnixed anino acids at the four
15 C-terminal positions, the identified 2-mer seqluences, a

position made by separate couplings of each of the
twenty anino acids, nixed amino acids as the tetminal
residues and an N-terminal acetyl group.

Each of those rod-Ilnked N-acetyl 8-mers was

20 again screened in an ELISA with the nonoclonal antibody.
The best binding sequences for each group were
ident:',fied, and thus 4-mer, best-binding sequences were
idenLified.

The above process of separately adding each of
25 the anino acids on either side of identified best-

binding sequences $ras repeated until an optinuur binding
sequence was identified.

The above nethod, while elegant, suffers fron
severaL disadvantages. First, owing to the srnalL size

30 of each rod used, relatively snalL arnounts of each
peptide is produced. Second, each assay is carried out
usilg the rod*linked peptides, rather than the free
peptides in solution. Third, even though specific
anountE of each blocked anino acid are used to prepare

35 the 4ixed anino acid residues at the desired positions,
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there is no way of aEcertaining that an equimolar amount

of each residue is truly present at those positions.
fn addition, Furka et al., (1988, 14th

fnternational Congress of Biochemistry, Volune 5,

Abstract FRs013) described the synthesis of nine
tetrapeptides each of which contained a single residue
at each of the amino- and carboxy-termini and mixtures
of three residues at each position therebetween. The

abstract futher asserts that those authorsr experinents
indicated that a nixture containing up to 180

pentapeptides could be easily synthesized in a single
run. No biological assays were reported.

Recent reports (Devlin et a1., &,ie!ge,
24924O4-4OS [1990] and Scott et aI., S@,,
249t386-39O [1990]) have described the use of
recornbinant DNA and bacterial expression to create
highly complex nixtures of peptides. For example, a
4S-nucleotide base pair stretch of DNA was syntheEized
in which the individual nucleotide bases were varied to
contain all four possible nucleotide bases (guanine,
adenine, cytosine and .thlmidine) at every position in
the synthesized DNA chain, except at each third position
(3, 6, g, etc.) which contained only guanine and

cytosine. The onission of adenine and thlnnidine at
every third position in the synthesized DNA removed the
possibility of chain terminator triplet codons ending in
A or T, such as TAA or TGA.

Tbe resulting DNA sequence would then code for
a mixture of 15-ner peptides with all conbinations of
the 20 naturally occurring anino acids at each position.

Those investigators fused the 45 synthetic
nucleotide sequence to a gene coding for the coat
protein of a simp}e bacterlophage and created a Jarge
Ilbrary of these bacteriophages. Each menber of the
Library contained a different 45-ner DNA fusion sequence
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and therefore each menber of the library resulted in a

different 15-ner peptide fused to the outer coat protein
of its correspondlng futly assernbLed bacteriophage
particle. Screening of the recombinant bacteriophage
particles in a biochenical asEay allowed the
investigators to find individual peptide-coat protein
fusionE (bacteriophages) that nere active in that assay

by enrichnent, seLection and clonal isolation of the
enrictred bacteriophages that contained active peptide
fusions. By determining the DNA sequence of the cloned
bacteriophages, the investlgators could deduce which
peptide sequences were active in their asEay.

That rnethod yielded severaL peptlde sequences

from a nixture of 107 or nore reconbinant
bacteriophages. Each of the 15-ner peptides found
contained the same four-anino-acld sequence somewhere

within its overall sequence, thereby allegedly
validating the assay accuracy and methodological
approach.

The reconbinant DNA nethod is extrenely
screening large nurnbers of peptides.powerful for

However, it is Liurited in that the peptides must be

fused to a larger protein aE a result of and integral to
the design of the nethod. The peptide-protein fusions
(and corresponding bacteriophage particles) are likely
to be unreactive in nany biochenical, biological and in
vivo assays where the peptides nust be present in
solution wlthout steric hindrance or confor"national
distortion. In addition, the nethod results in an over-
representation of some sequences of peptides due to the
inherent redundancy of the genetic code which has

sevbral codons per amino acid in some cases and only ond

codon per anino acid in others.
Still further, neither group reported *data as

35 being definitive for the deter:nination of optional
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peptide ligands for strepavidin (Devlin et a1.) ' or for
the two nonoclonal antibodies raised against
uryohemorythinin (Snith et a1.). Neither group provided
a single specific answer conparabl.e to the expected
sequence.

More recently, Fodor et aI., Sgielgg, 251.767-
773 (1991), descrl.bed the sotid phase synthesis of
mixtures of peptides or nucleotideE on glass microscope
slides treated with aninopropyltriethoxysilane to
provide anine functional groups. Predetennined amino

' acids were then coupled to predefined areas of the
slides by the use of photomasks. The photolabile
protecting group I'IVOC (nitroveratryIoxycarbonyJ.) was

used as the anino-terminal protecting group.
By using irradiation, a photolabile protecting

group and masking, an array of Lo24 different peptides
coupled to the sllde was prepared in ten steps"
Irnmunoreaction with a fluorescent-l-abeled monoclonal
antibody $ras assayed with eplfluorescence nicroscopy.

This elegant rnethod is also linited by the
small amount of peptide or oligonucleotide produced, by
use of the synthesized peptide or nucleotide affixed to
the slide, and also by the resolution of the photomasks.

This rnethod is also leEs useful where the epitope bound

by the antlbody is unknown because aLl of the possible
sequences are not prepared.

The prinary linitation of the above new

approaches for the circunvention of individual screening
of nillions of individual peptides by the use of a

cornbinatoriaL library is the inability of the peptides
generated in those systens to interact in a trnormaltr

manner with acceptor sLtes, analogous to natura\
interaction processeE (i.e., in solution at a

concentration relevant to the receptors, antibody
binding sites, enzlme bindlng pockets, or the like being
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studied without the exclusion of a large percentage of
the possible conbinatorial library). Secondarily, the
expression vector systens do not readily permit the
incorporation of the D-forns of the natural anino acids
or the wide variety of unnatural arnine acids which would

be of interest in the study or development of such

interactions.
The interest in obtainlng biological-ly active

peptides for pharuraceutical, diagnostic and other uses

would make desirable a procedure designed to find a

nixture of peptides or a single peptide within a mixture
with optirnal actlvity for a target application.
Screening nrixtures of peptides enables the researcher to
greatly sinrplify the search for useful therapeutic or
diagnostic peptide compounds. MixtureE containing
hundreds of thousands or more peptides should be readily
screened since many biochenical,, biological and sma}I

aninal assays are sensitive enough to detect activity of
conpounds that have been diluted down to the nanogram or
even picogran per milliliter ranqte, the concentration
range at which naturally occurring biological signals
such as peptides and proteins operate.

A1most aLl of the broad diversity of
biologically relevant ligand-receptor (or affector-
acceptor) interactions occur in the presence of a

complex milieu of other substances (i.e., proteins make

up approxinately 5-1o percent of plasma, e.g. aLbunin

l-3 percent, antibodies 2-5 percent-salts' Iipids/f'ats,
etc.1 . This is true for virtually all biologicall.y
active compounds slnce nost are conmonly present, and

active, at nanomolar and lower concentrations. These

conipounds are also, in most instances, produced distant"
fron their affection sites. That a small peptide (or
other molecuLe) can readily xfindtr an acceptor qystem,

bind to it, and affect a necessary biological function
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prior to being cleared from the circulation or degraded

suggested that a single specific peptide sequence can be

present in a very wide diversity, and concentration, of
other individual peptides and stiil. be recognized by its
particular acceptor system (antibody, cellular receptor'
etc.). If one could devlse a means to prepare and

screen a synthetic conbinatorial library of peptldes,
then the notmal exquisite selectivity of biological
aftectot/acceptor systems could be used to screen
through vast nurnbers of synthetic oligopeptide3.

The availability of a wide variety of clearly
identified peptides ln relatively linited rnixtures would
greatly facilitate the search for the optirnun peptide
for any particular therapeutic end use appllcation. At
the present tine, researchers are hanpered by the
inability to rapidly create, identify and screen large
numbers of peptides with specific receptors. Work such

as reported by Geysen has been valuable where the
general nature of the required amino acid residue
sequence couLd be previously determined, so that the
specific peptldes of interest could be individually
for:mulated. However, such techniques cannot insure that
the optinun peptides,are identified for testing.

It would therefore be of considerable interest
to have a nethod for the precise synthesis of nixtures
of peptides in which lndividual peptide sequences can be

specificalty defined, such that a comprehensive array of
peptides is available to researchers for the
identification of one or more of the optimum peptides
for reaction with receptors of interest, fron which one

can derLve optinun therapeutic naterlals for treatnent
of various organisrn dysfunctions. It would also be of
value for such a process to have the capability to
produce eErivalent sequences of other types of \

oligomeric conpotinds.
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Brief Surnrnary of the Invention
In one asPect, the invention herein

contemplates a process that provides for the synthesis
of conplex nixtures of step-growth oligomers, especially
peptides, wherein each position in the oligorneric
sequence chain contains an equinolar representation of
reacted bifunctional monomeric repeating unit conpound,

such as an amino acid residue, added at that step. In
peptide synthesis, the urethod circunvents the problen of
unequal reaction yiel,ds during addition of blocked amino

acids reacted as a rnixture in a coupling step in the
Merrifield solid phase synthesis procedure. Use of the
present rnethod also provides a relatively rnuch larger
amount of coupled oligomer than previously contemplated.

In its preferred enbodiment, the invention
conternplates the organic synthesis of conplex equinolar
nixtures of oligopeptide sequences on a solid support
rnaterial. The equinolar ollgopeptide sequences consist
essentiall.y of chains of amino acid residues linked
end-to-end by peptide bonds wherein the anino acid
residue incorporated at any one position in the chaLn

can be varied, such as to contain aLl or a conbination
of the twenty naturally occurring anino acids and/or
their derivatives. The invention enables synthesis of
these peptide mixtures with equal and precise
representation of any anino acid residues at any

position in the chain at which a mixture of anino acid
residues is j.ntended to be represented. The process can

use any type of peptide addition chenistry and

protocols, but preferably uses the Merrifield soLid
phase synthesis procedure in protocols sinrllar to that
of the Houghten SMPS Process.

In yet another aspect, the invention comprises

a rnethod for tire identification of one or more optirnurn

peptides for reaction with a designated acceptof, such
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that design of therapeutic naterials for treatnent of

organism dysfunctions involving such receptor can be

facilitated.
In its broadest fotm, a process of this

inventLon is defined aE a process for the synthesis of a

complex mixture pool of solid support-coupled mononeric

repeating unit cornpounds, wherein the nixture pool

containE a substantially equlurolar representation of the

reacted nonomeric repeating unit compound, such as amino

acid residues, coupled at that step. In accordance with
this method,

(a) a plurality of Eo1id supports is
provided, each solid support comprised of a particLe

linked to reactive functionaL groups. The functional
groups of the solid support react with a functional
group of each of the monomeric repeating unit compounds

to be reacted. In a preferred enbodinent, each of the

solid supports is within a poroug container, the soLid

support is of a size that is larger than the pores of
the container, and both.the container and sol-id support

are substantially insoluble in a liguid nediun used

during the stePwise sYnthesis. '
(b) A plurality of liquid media is provided'

each medium containing a different monomeric repeating

unit compound from a pJ.urality of rnononeric repeating

unit compounds frorn which the oligomers are to be

formed. Each of the nononeric repeating unit compounds

has a first reactive functional group that reacts with
the reactive functional group of the solid support and a

second reactive functiona.l group that is capable of
reacting during the reaction of the solid support

functional group and the first reactive functional
group, but is protected fron so reacting by a

selectively removable, covalently Linked protecting
group. ,.
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(c) Each of the solid supports is placed in a

different one of the liErid nedia and the reactive
functional group of each solid support is therein
reacted with a first reactive functional group of a

5 monomeric repeating unit compound in that respective
nedium to couple that rnonomeric repeating unit compound

to the solid support.
(d) Eash of the reactions iE nraintained for a

tfune period and under conditions sufficient for all of
10 the reactive functional groups of the solid support to

coupl_e to the monomeric repeating unit compound to form

a plurality of rnonorneric repeating uni.t-coupled solld
supports.

(e) Each monomeric repeating unit-coupled
L5 solid support is renoved fron its respective liquid

medium, and equimolar amounts of each of the monomeric

repeating unit-coupled solid eupports are adnixed to
fotm a reaction product pooL, wherein equal weights of
the formed pool contain the sane nurnber of moLes of each

20 mononeric repeating unit-coupled solid support.
The above nixture pool is useful in a stepwise

synthesis f,or preparing a complex niv:tu.'e of solid
support-coupled oligoners wherein one or more positions
of each oligoner of the rnixture contalnE an equinolar

25 representation of reacted monomeric repeating unit
compound coupled at each synthesis step. If desired,
the pool forned in step (e) can be used for further
steps (1)-(o) as discussed in regard to synthesi-s of an

oligopeptide hereinafter. However, in usual practice,
30 steps (f)-(k) are utilized, as discussed below.

(f) The reaction product pool is separated
into a nurnber of aliquots of egual weight. Each of the
aliquots is enclosed in another porous containeq, where

such preferred containers are used.
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(g) The protecting groups are selectively
removed fron the second reactive functional groups of
the pool to forn a reacted solid support pool having
free reactive functional groups. ThiE step is
preferably carried out after the pool, is formed into
aliquots and those aliquots are re-encLosed, but can be

carried out prLor to forming the aliquots' and re-
enclosure is not used where porous containers are not
used.

(h) Each of the aliquots having free reactive
functional groupE is placed into one of a nunber of
J.iquid rnedia, each urediurn containing a different
rnonomeric repeating unit conpound from a plurality of
monomeric repeating unit compounds from which the
oligonrers are to be forted to form a reaction mixture,
whereLn each of the rnononeric repeatlng unit compounds

has a first reactive functlonal. group that reacts in the
reaction mixture with the free reactive groups of the
aliquot and a second reactive functional group that is
capable of reacting during the reastion of the free
reactive functional groups of the aLiquot, but is
protected fron Eo reacting by .i selectively removable,
covalently linked protecting {ioup.

(i) Each of the reactions is naintained for a

time period and under conditions Eufficient for aII of
the free reactive functional groupE of the aliquots to
react with and couple to the respective nononeric
repeating unlt compounds to form a nurnber of solid
support-coupled repeating unit reaction products.

(j) Each of the solid support-coupled
repeating unit reactlon.products for:rred is removed, and'

equinolar anount,s of each of thoEe reaction products are
adnrixed to fonn a reaction product pooJ.. Egual yeights
of the reaction product pool contain the same number of
noles of each reaction product.
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(k) Thereafter, steps (f) through (j) are
serially.repeated zero or more tirnes until a plurality
of solid support-coupled reaction products havlng the
desired nunber of monomeric repeating units is
synthesized.

The resulting complex nLxture of oligomers
contains an equinolar nixture of the plurality of
monomeric repeatlng unit conpounds at every
predetenrined position in the chain. The eguirnolarity
is only lirnited by the accuracy in driving the reactions
to conpletion and weighing errors in separatlng the
substantially homogeneously urixed resins into equal
aliquots.

fn a preferred form, the process of-this
invention is defined as a ppocess for the synthesis of a

conplex nixture pool of solid support-coupled amino acid
residues wherein the rnixture contains an equinolar
representation of the anino acid residues coupled.
Here, the preferred enbodiment of using closed porous
containers is described with the understanding that thls
description is for il'lustrative purposes on1y.
According to this prc.:ess, 

.

(a) at leaist six porous containers, each

coptaining a solid support conprised of a particle
Iinked to reactive functional groups are provided. The

functional group of the solid support reacts with each

amino acid to be reacted. The solid support is of a

size that is larger than the pores of the container, and

both the container and solid support are substantially
insoluble in a liguid nedium used during the stepwise
synthesis.

(b) At least.six liquid nedia are provided,
each medium containing a different protected arnino acid
derivative from a plurality of protected anino qcid
derivatives fron which the oligopeptides are to be
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formed. Each of the protected anino acid derivatives
has a first reactive functional group that reacts with
the reactive functional group of the solid support, and
a Eecond reactive functional group that is capable of
reacting during the reaction of the solid support
functLonal group and the first reactive functional
group, but is protected from so reacting by a

selectively renovable, covalently linked protecting
group.

(c) Each of the containers is placed in a

different one of the fi+rid nedia and the reactive
functional groups of each soLid support in each
container is therein reacted with a first reactive
functional group of a protected anino acid derivative in
that respective nediun to couple that protected anino
acid derivative to the solid support.

(d) Each of the reactions is naintained for a

tinre period and under conditions sufficient for all of
the reactive functional groupE of the solid support to
couple to the protected anino acid derivative to form a
plurality of protected" anrino aeid residue-coupled solid
supports

(;i Each protected anino acid residue-coupled
solid support is removed from its respective container.
Equinolar anounts of the protected arnino acid resl.due-
coupled solid supports are admixed to form a reaction
product pool, wherein equal weights of the forrred pool
contain the sarne nunber of noles of each protected anino
acid residue-coupled solid support.

The above mixture pooL is useful in the
stepwise synthesis of a complex mixture of oligopeptides
in which one or more positions of each oligopeptide of
the nixture contains an eErinolar representation. of
anino acid residueE added at each synthesis step. Here,
again, the rorker using this proceEs wiII often continue
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with steps (f)-(k), below. However, in some instances,
it can be desired to first follow steps (I)-(o), and

then if desired, follow steps (f)-(k).
(f) The reaction product pool is eeparated

5 into at least six aLiquots of equal weight. Each of the
aliquots is encLosed in another porous container.

(g) The protecting groups are selectively
renroved from the second reactive functional groups of
the pool to forn a reacted product pool having free

l-O reactive functional groups. Again, step (g) can precede

. step (f).
(h) Each of the encLosed aliquots having free

reactive functional groups iE p).aced into one of at
least six Liquid nredia, each mediun containing a

15 different protected arnino acid derivative from a
plurality of protected anino acid derivatives from which

the oligopeptides are to be forned to forn a reaction
nixture, wherein each of said protected arnino acid
derivatives has a first reactLve functional group that

20 reacts with the free reactive groups of the enclosed

reacted product pool aliquots and a second reactive
fui.ctional group that is capable of reacting during the
rer.r:tlon of the free reactive functional groups of the
pool, but is protected fron so reacting by a selectively

25 removable, covalently linked protecting group.
(i) Each of the reactions is naintained for a

tine period and under conditions sufficient for all of
the free reactive functional groups of the enclosed
reactant product pool aliquots to couple to the

30 protected arnino acid derivative to form at least six
solid support-coupled protected anino acid residue
reaction products.

(j) Each of the at least six reaction
products fonned in step (i) is removed, and equimolar

35 amounts of each of those reaction products are adnixed
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to form a reaction product pool. Equal. weights of the
reaction product pool contain the sane number of noles
of each reaction product.

(k) Thereafter, steps (f) through (j) are
5 serially repeated zero or nore tirnes until a plurality

of soLid support-coupl.ed reaction product oligopeptides
having the desired nurnber of anino acid residue
repeating units is synthesized.

A complex nixture of solld support-coupled
L0 oligoners such as oligopeptides is useful in itself.

. For example, batches of 2-mer or longer coupled
oligoners can be sold for others to utllize in syntheses
and assays as described herein.

In another enbodirnent, one or more

15 specifically defined, predeternined rnonomeric repeating
unit compounds is added at one or more speclfic
positions in the oligoneric chaln. one or more

positions in the chaln on either side or both sides of
the predetetnrined nonomerJ.c repeating unit cornpound

20 contains the equinolar mixture of reacted rnononeric
repeating unit conpounds.

More specifically, using the before-described
pynthesis of an oligopeptide as exemplary,

(I) each of the protected aurino acid
25 derivative-coupled solid supports of step (k) is removed

from its respective container. Equinrolar amounts of
protected amLno acid derivative-coupled solid supports

- are admixed to form a further reactlon product pool,
wherein equal weights of the reaction product pool

30 contain the sane number of moles of each reaction
product.

(ut) An aliquot of the pool formed in step (1)

is enclosed in a further porouE container. The 
t

protecting groups are selectively removed fron the
35 second reactive functional groups to form a reacted
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solid support pool having free reactive functional
groups. Deprotection can agaJ.n precede enclosure of the
aliquot.

(n) The enclosed pool aliquot having free
second reactive functional groups is placed into a
single liguid nediun that contains a single protected
amino acid derivative to fom a reaction nixture in
which the free reactive functional groups and single
protected anino acid derivative react, the single
protected aurino acid derivative having a flrst reactive
functional group that reacts with the free reactive
groups of the pool aliquot, and a second reactive
functional group that is capable of reacting during the
reaction of the free reactive functional groups of the
pool aliguot, but is protected fron so reacting by a

selectively rernovable covalently llnked protecting
group.

(o) The reaction mixture is naintained for a

tinre period and under conditions sufficient for all of
the free reactive functional groups of the pool aliquot
to couple with the slngle protected amino acid
derivative and for"rn a solid support-coupled oligopeptide
nixture having a single, predetermined amino acid
residue in the same position in the oligopeptide chain.

After conpletion of step(o), one or more

further single protected monomeric repeating unit
conpounds such as a protected anino acid derivative can

be added (coupled). fn addition, each of the nonomeric
repeating unit compounds can be added and the resulting
reaction products pooled as discussed before to fotm a
complex nixture of solid support-coupled oligoner
reaction products that contains equinolar anounts of
each mononeric repeating unit compound on either side of
the single predetermined nononeric repeating unit
compound. It is to be understood that the presdnce of
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equinolar amounts of each monomeric repeating unit
conpound or a single, predeternined mononeric repeating
unit compound can be varied at any position in the
oligomer chain that iE desLred.

The urinimum nurnber of nononeric repeating unit
compounds fron which an oligoner is formed is three for
any of an oligonucleotide, oligosaccharide, or an

oligopeptide, albeit at least six, more preferably at
Ieast ten different anino acid residues used in
preparing oligopeptides. More preferably still, about
15 to about 20 different anino acids are used. For an

oLigopeptide, each of the twenty naturaLLy occurring
L-amino acids can be used as can the corresponding
D-amino acids and D- and L,-forns of non-natural amino

acids such as ornithine, norleucine, hydroxyproline and

beta-alanine. Use of nixtures of D- and L-fonns is also
conternplated.

In preferred practice, an oligomer such as an

oligopeptide is coupled to the solid support by a
selectively severable covalent bond, such as an ester or
arnide bond, an ultirnately prodr:ced oligoner is cleaved
(separated or severed) from the solid supportr and is
then recovered. The oligomers prepared by any of the
before-described syntheses are linear.

A set of se}f-solubilizing, unsupported linear
oligopeptides or nixture Eeti i.e., a conpLex nixture of
oligopeptides prepared by a bef,ore-discussed process and

severed or cleaved fron the Eolid support, is also
contenplated. Such a set consists essentially of a

mixture of equimolar anounts of lLnear ollgopeptide
chatns that contain the.sane nunber of amino acid
residues in each oligopeptide chain. Each nenber of a

set contains one or more single, predeterrnined amino

acid residues at one or nore predeternined positions of
the ollgopeptide chain and equinolar amounts of at least
three, preferably at Least six and more preferab\: about

35
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15 to about 20, different anino acid residues at one or
more other positions of the oJ.igopeptide chain.

A plurality or set of sets of urixed
unsupported linear oligopeptides as above is also
contenplated. Each set of the plurality is the same

(has the sane Eequence of equinolar anounts of a

plurality of residues at one or more predeternrined
positions in this chain) except that the one or nore
singl.e predetetmined amino acid residue at a

predeternined chain position within a set is different
as between the plurality of sets.

A cornposition conprising a set of the before-
defined self-solubilizing unEupported Iinear
oligopeptide mixtures at a concentration of about one

urilligram per liter (nglf) to about Loo g/L dissolved in
an 'aqueous nediun is also contenplated. That aqueous

medium can be distilled or deionized water, a buffer
solution, a growth ruedium for bacteria or other ce1ls,
or the like. In a particularl.y preferred enbodiment,
the aqueous mediun iE a cell growth urediun that contains
cells whose growth is.to be asoayed in the presence of
the set of rnixed self-solubilizing unstupported linear
oligopeptides.

Another aspect of thiE invention constitutes
an assay for binding of a set of nixed unsupported
Iinear oligopeptides with an appropriate acceptor. A

contemplated acceptor includes an antibody binding site
(paratope), solubilized or non-solubilized cellular
receptor molecules and whole living cells. An assay can

be carried out in vitro or in vivo, as is appropriate.
In this method, a before-descrlbed composition of an

aq[ueous mediun containing a set of unsupported linear
oligopeptides as ligands or donors is contasted yith
acceptor molecules whose binding is to be assayed to
fotm a binding reaction nixture. That rnixture is
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naintained for a tine perlod and under conditions for
the acceptor to bind to an oLigopeptide of the mi-xture,
and the relative binding amount is deternined.

In preferred practice, an above assay is
5 repeated using another set of a before-described

plurality of sets of the nixed self-solubilizing
unsupported linear oligopeptides. Comparison of the
relative binding results obtained provides a
detetmination of which specific, identical amino acid

Lo residue at a predetetmined position ln the chain is best
(or better) bound by the acceptor. '

Relative binding amounts can be ascertained

. where an antibody or cellular receptor is used by

usually used assay techniEres such as competition ELISA

L5 or by relative anounts of radioactive decay of a bound

oligopeptide where the nixed oligopeptides are
radiolabeled, by use of fluorescently or
chronophorically labeled oligopeptides or the like.
Where whole, living cells or viruses are used as the

20 acceptor, growth of the cells or inhibition of such
growth can be used as the assay technique.

Yet another aspect of this invention is an

antibiotic oligopeptide that includes the sequence

Arg-Arg-Trp-Trp-Cys (SEQ ID No:8). A preferred
25 oligopeptide contains an N-terninal Cr-Ca acyl group and

a C-terminal arnido group. A particularly preferred
oligopeptide contains six or seven residues and has the
formula Ac-Arg-Arg-Trp-Trp-Cys-Xaa (SEQ ID NO:9), where

Xaa. is any of the twenty natural anrino acid residues
30 other than aspartic acid, glutanic acid and glycine.

Most preferred is the oligopeptide of the formula
Ac-Arg-Arg-Trp-Trp-Cys-Arg-Mz (SEQ ID No:5) . Other
preferred oligopeptldes.incLude those having the 6-ner
sequences shown below:

35
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Phe-Arg-Trp-Trp-HlE-Xaa (SEQ ID NO:11) t

Arg-Arg-Trp-Trp-Met-Xaa (SEQ ID NO:12) ;

Arg-Arg-Trp-trp-Cys-Xaa (sEQ ID No!13) t and

Arg-Arg-Trp-Trp-Arg-Xaa (SEQ ID NO:14)

wherein Xaa Ls another amino acid resi.due.

Brief Descriptlon of the Drawings
In the drawings forming a portion of this

disclosurei
Figure 1 is a schematic flow chart in two

sheets illustrating a process of this invention in an

eurbodirnent in which peptide nrixtures are fotmed fron the
twenty naturally occurring arnino acids.

Figure 2 is a graph showing the relative
binding of a series of deletion analogs of an

oligopeptide having the sequence Gly-Ala-ser-Pro-tyr-
Pro-Asn-Leu-Ser-Asn-Gln-G1n-Thr (SEQ ID No:1) by

nonoclonal antibody (nAb) 125-10F3. The ordinate shows

the percentage of binding of an oligopeptide deletion
analog by the monoclonal antibody relative to binding of
the intact oligopeptide. The abscissa indicates the
residue in the sequence that was deleted for each aEsa!'

Figure 3 is a series of six graphs (figs. 3A"

3F) that illustrate the'compJ.ete substitution profile of
the antigenic deter:urinant of the pollpeptide SEQ ID NO:1

when each residue in the 6-mer epitope sequence nas

replaced by one of 20 of the natural amino acid
residues. The ordinate for each graph is the percentage
of binding by monoclonaL antibody 125-10F3 relative to
the 6-rner epitope sequence Pro-Tyr-Pro-Asn-Leu-Ser (SEQ

ID NO:2). The twenty bars of the abscissa for each

graph are for each of the twenty arnino acid residues,
Iisted alphabetically. Individual letters under each

graph indicate the residue of the natural epitope that
was substituted.
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graph indicate the residue of the natural epitope that
was substituted.

Figure 4, on three sheets, (Figs. 4A-4R) t
graphicalJ.y illustrates the results of a typical binding

5 study ln whlch synthetic conbinatorial library of
N-acetyl C-anide 6-ner oligopeptides (oligopeptide
nixture sets) were assayed for inhibitlon of bindlng of
nAb 125-10F3 to the polypeptide of sEQ ID NO:L. Here'
the amino-terminal residue lras predetemined, as shown,

10 the next position designated xOtr was varied separately
with 18 of the 20 natural amino acid residues, as shown

. on the botton of each graph, with the renaining
positions designated trXtr being equinolar mixttrres of
those same 18 anrino acid residues. Horizontal lines

15 near the tops of the graphs indicate nAb 125-10f3
binding to poLypeptide sEQ ID No:l. Vertical wavy lines
indicate no result was obtained. Arrows at positions
for Y in the mixture beginning Ac-PY (flc. 4-L) and the
P in the urixture beginning Ac-YP (Ffc. 4-R) indicate

20 that each residue provided best binding to the nAb, and

thus, best binding inhibitlon in the assay.
ilActr indicate N-acetyl group.

Detailed Description gf the fnvention
25 Introduction

rn the description below, the invention will
be described in the enbodiurent in which the oligomers
that are fonned are oligopeptides prepared frorn most or
aLl of the twenty naturally occurring amino acids. It

30 will be understood, however, that the invention can be
used with any number of anino acids, lncluding more or
Less than twenty.

For instance, one can lnclude one or both
isomers of ornithLne, norleucine, beta-alanine, \

35 hydroxyproline, and the D-stereoisoners of the naturally
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occurrinE twenty anino acids' consequently' as used in

the specitication and clainE herein' the tern rranino

acidn wlll, unlese otherwise stated' be intended to

include not only the natural'ly occurrlng L-amino acids

but also their D-stereoiEorners and the derivatives

thereof as weII as aII other anino acidE' The phrase

ramino acid derivativerr ' 
rrprot€cted amino acid

derivative" or the like is used herein for a protected

amino acid added as a reactant' whereas the phrase

'ranino acid residuerr I rrresiduerr or the like is used

herein for a reacted protected arnino acid that iE a

portion of an oligoPePtide chain'

Further' the terms nPePtidetr and

,,origopeptideil are considered to be synon)rnous (as is

comnronly recognized) and each tetm can be used

interchangeably as the context requires' The word

rpolyPeptiderr is used for chains containlng more than

ten anino acid residueE' AIl oligopeptide and

pollpeptide formulas or sequences shown herein are

written frorn left to right and in the direction from

amino-terrtinus to carboxy-ter:minus'

It wiII also be understood lhat a process

described herein can be used to form oligoners of a

variety of monomeric repeating unit compounds that can

bereactedinequinolarErantitiesinamanneranalogous
to the formation of oligopeptideE from amino asids' For

instance' one can for:m oligosaccharldes'

oligonucleotldes and the like' However' since there are

effective arternative procesges for forrnatlon of

o).igorneric chains where there are a snaLl nunber of

monomeric conpounds (such as the four nucleotideE in pNa

and RNA), and since the present process is uniguely

effective where the nurnber of rnonomeric compounds is

large (such as the amino acids whlch rnake up

ol'igopeptides) ' lt ls evident that this processt is most
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preferably applicable to the fomatlon of oligopeptides
fron anino acidE. An oligoner is defined herein to
contain fron two to about ten reacted nononeric
repeating unit conpounds such as nucleotides,

5 nonosaccharides or anino acld residues, as is usually
understood in the art.

The abbreviations used herein for derivatives
and resldues of the twenty natural amino acids are
reproduced in the following Table of Correspondence:

10

TABLE OF CORRESPONDENCE

Abbreviation
1- Letter 3-Letter

Tyr
Gly
Phe

Met
AIa
Ser
Ile
Leu

Thr
VaI
Pro
LyS

His
Gln
GIu
Trp
Arg
Asp

Asn

cys
Xaa
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Y

G

F

l{
A

s

I
L
T

v
P

K

H

a
E

w

R

D

N

c
x

Arnino Acid

tyrosine
glycine
phenylalanine
nethionLne
alanine
seri.ne
isoleucine
leucine
threonine
valine
proline
Lysine
histidine
glutarnine
glutarnic acid
tryptophan
arginine
aspartlc acid
asparagine
cysteiner
another residue
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In addition to the above, usually used

abbreviations, three other abbreviations are also
frequently used herein.

The word rrpredetetnrinedrr is used in two

5 contexts herein, and has a sinilar meaning in each

context.
A ilpredeterrninedrr anino acld residue is a

single residue whose identity is known or specifically
defined, a.g., alanine, glycine, tyrosine, etc., as

10 conpared to being a nixture of residues. A
' rtpredeternrined positionrt in an oligopeptide mixture

chain is a positlon, from and including the anri.no-

teminaL residue as position 1, occupied by a

predeternined amino acid residue or of a mixture of
15 residues, and which position is known and specifically

idehtified. one or nore residues and positions can be
predetermined in an oligopeptide nixture.

Thus, a predeternined anino acid, such as

arginine, at a predetermined position of an oligopeptide
20 nixture can be at any.of positions 1 through 10 from and

including the anino-terninus that is chosen in any given
. synthesis. An oligopeptide nrixture can aIEo have more

than one position occupied by the same or different
predetermined residue or residues, as well as nore than

25 one positlon occupied by a nixture of the coupled
residues.

The lettsi rrQtr is used to indicate a

predetermj.ned, but unspecified amino acid residue.
Subscripted letters trOtr r e.9., 01, 02, 03 ... On etc.

30 indicate a predeternrined anino acld residue that is the'
sane (specified) and at the sane position (L, 2,3 .'.
n) anong a set of oligopeptlde mixtures or solid
support-coupled oligopeptide mixtures. The use of a

formula containing both one or more subscripted Ors and

35 one or more unsubscripted ots lndicates that the.^
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unsubscripted o is predeter"rnined, but unspecified,
whereas the subscripted ors are specified and
predetenrrined. Subscripted nunbers need not start at
the anino-terminus for any given mixture.

The lettsi rr[tt is uEed to indicate that a

position in an oligopeptide formula occupied by that
letter is an equinolar nixture of each of a plurality of
anino acid residues coupled; i.e., preferably' ten or
more such residues. Subscripted letters rrXrr lndicate
that equinolar amount,s of different coupled anino acid
residueE may be present, whereaE uee of unsubscripted
Xrs indicates that eErinolar anounts of the Eame

residues are present at each indicated position.
The letter trBtr is used to indicate a

particulate solid support used in the syntheses
described herein.

Peptides are one of a nurnber of fundanental
classes of biologically relevant effector rnolecules.
Acceptor systens for peptides include: antibodies,
enzlmes, membrane-bound and internaL cellular receptors.
Biologically inportant peptides include bradykinin,
oxytocin, -'F-endorphins, insulin, and the like. Drug

discovery involving peptides invariably requires the
synthesis and testing of hundreds to thousands of
analogs of the original biologieally active sequences;
In order to understand a given peptiders structure
activity relationships (sAR), very }arge nunbers of
peptide analogs are needed in all of these areas.

. The diversity of the conbinatorial
possibilities of even the 20 natural amino acids makes

the before-described synthesis nethods sorely limited iri
the task of screening for optinal peptide antigens,
peptide ligands for bioLogically relevant accep\or
systens, enzlme inhibitors, antinicrobials, and the like
ti.e., there are 54rOOOr000 possible six residue
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peptides (206) , L,28orooor000 possible seven residue
peptides Po7r, and the likel . Although the synthetic
nethods discussed before have greatly facilitated
studies with synthetic peptides, and are available
connerciall.y either on a custom basLs or for use in kit
forn, they permit only a very snall fraction of possible
oligopeptides (composed of either natural or unnatural
amino acids) to be prepared.

The studies underlying the present invention
began with the prenise that for a synthetic
conbinatorial library (cornplex nixture set of oligoners)
approach to be generally useful, the following criteria
would have to be net: 1) nixture sets of oligopeptides
would have to be generated in which all of the
oligopeptides pertinent to the study would be present in
equimolar, or approxirnately equinolar concentrations;
2l screening of the defined repertoire (set) of
ollgopeptides would be able to be carried out in
solution (i.e., not attached to a solid support or as

part of a larger protein); 3) nininal nanipulation of
the oligopeptide(s) nixture set(s) to be studied would
,,e necessary during their synthesis, characterization
and use; 4) screening would be able to be carried out at
a high enough solution concentration of the necessary
synthetic peptide libraries so that it would be possible
to reduce the intended very large repertoire of
oligopeptides to a snall nurnber of selected rrenhancedrl

sequences for further developnent; 5) large nunbers of
peptides would have to be readily prepared in the
necessary quantities as needed (10-100s of nilligrans)
with purities as high as existlng chenistries pernitted
in order to further enhance the activity of initial
sequences selected; and finally, 6) the results
generated fron such a synthetic conbinatorial li.brary
systern would have to be readily verifiable ln well-
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defined existing acceptor systens Euch as those found in
antibodies or cellular receptors.

The first two criteria were considered to be

the foundation of the present synthetic nethod and were

5 deemed iurportant to ensure general applicability to
normal assay systens without conplicated and/or
expensive equiprnent or systens for its inplenentation.
Equinolarity is also needed if, as expected, the
activities found would forur a hierarchy of activities

10 and, if for practical consideration, one wished to move

ahead with only the best, or a few of the best, enhanced
. sequences initially deter:urined.

Thus, the equinolar amounts of each conponent

naking up the repertoire (set) to be studied could be

t-5 expected to ensure the necessary selectivity of the
interactions of the desired oligopeptide in the nixture
to be used (i.e., the rrneedle in the haystacktr-finding
the correct hexapeptide in the 64r000r000 possible
conrbinations of the 20 natural anino acids would be

20 analogous to finding a single steel needle in 63 ,999,999
copper needles). As an insight into the extrene
selection criterion involved in such a systen, it is
helpful if one considers that a single six-letter word

would have to be readily found in the presence of
25 63,999,999 other six-letter words (63,9991999 six-letter

words would fill approximately 50r000 pages of text of
the size found in a usual scientific journal).

A corollary to criterion one is that
analyticaL or other means necessary muEt be available to

30 ensure that such an equinolar, or close to equinolar,
mixFure actuaLly exists. This couLd be deternrined with,
amino acid analysis (thd average of several analyses
with careful controls), seqluence analysis, and/or mass

spectral analysis.
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A different, approach was taken, however, which

a priori ensured substantiat equinolarity. This
involved the separation and reconbination of
ol.igopeptide-coupled solid supports. This approach
entails the coupllng to conpletion of each of the
desired protected anino acidE (i.e., t-Boc alanine,
etc.) with 20 equinolar portions of starting
oligopeptide solid support such as a resin. Assurance
that the reactions have all been driven to cornpletion
(>99.5 percent for each step) is made by standard assay
procedures.

The resulting reacted resins are then conbined
and thoroughly rnixed to form a pool, and foLLowing their
deprotection and neutralization, the reEulting pooled
mixture is again divided lnto a number of equal
portions. Each of these portions (that contain
equirnolar amounts of the different starting amino acid
residue-coupled resins) is reacted with a sing).e,
predeternined amino acid derivative or is again
separateJ-y coupLed to cornpletion with each of the
desired protected amino acid derivatives. lfhere the 20

naturaL amino acids are used a'c each of the two coupling
steps, this yields 20 different dipeptide-coupled resins
for each of the 20 single amlno acid resins (400

different dipeptide reEins in total). This process is
then repeated until the desired length of the nixture of
ol.igopeptide-coupled resins has been obtained.

ffiis nethod.can be used with any nunber or
kind of amino acid without linitation, to generate the
exact oligopeptide-coupled resin nixture pool (synthetic
courbinatorial library) required. After cJ.eavage of the
oligopeptide nixture from the solid support, amino acid
and sequence analyses can be used to confirn the
expected results, but the accuracy of the nethods used
to prepare the resin nixtures as described herein exceed
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those of the analysis systens. Thus, the exactitude of
physically weighing the resins, nixing them, separating
then, and reconbining them, along with the assurance of
individual anino acid coupJ.ing conpletion by ninhydrin'
picric acid or other neans, ensures the necessary
equinolarity.

In initial preparations, the acetyL group on

the N-ter:minal residue of each component of the
conrlcinatorial resin library was radiolabeled with
tritiun to ensure that cornplete cleavage of the peptide
fron its resin had occurred and that all solution
concentrations were equal. Following cleavage of a set
of exemplary nixtures frorn their resins, each was

extracted untll equal solution concentrations were
obtained as determined by equal counts per rninute (cpn)

per milliliter (rnl).
Using most or aII of the twenty natural amlno

acids, an initial concern was that the more hydrophobic
components of the nlxtures would prove highly insoLuble.
This was not found to be the case due to the nutually
self-solvating properties of the different sequences in
each nixture set.

Thus, sets of 400 different sets of 6-mer
1601000 equinolar nixtures can be prepared with about t1
percent accuracy at a concentration of 10 ng/nl in an

aqueous mediun. The final solutions of cleaved
ollgopeptides could be used directly in cornpetitive
ELISA or growth inhibition asEays aE described
hereinafter.

Criterion three was net in that no

rnani.pulation other than extraction and/or lyophilization
was necessary prior to use. Criterion four was met for
rnost studies by the ability to work at solution
concentrations of each nixture ranging fron auoul 1 to
about 100 ng/nl. This per:rritted the screening of each

Thus, sets of 400 different sets of 6-mer
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nixture set in assay systems at concentrations which
ensured that a sufficient concentration of every
individual oligopeptide waa present in each assay.

For example, if the average molecular weight
of a hypothetical N-acetyl C-anide hexapeptide (5-ner)
oligopeptide nixture set is approxinately 785, then a

solution of a nixture set of, 1601000 oligopeptideE at a

total final concentration of, 1000 ltglliter (1.0 nglml)
yields a concentration of each oligopeptide in each

mixture of about 6 ttg/Llt'er (about 7.6 nnoles/liter).
These concentrations, without any consideration of
potential positional redundancy, ensure that a

sufficient concentration of each peptide is present for
normal antigen/antibody interactLons, receptor/lipid
interactions, and enzlme/substrate interactions.

' criterion five was net by conbining the above

methods with the sinultaneous rnultiple peptide synthesis
(SMPS) approach described before. Hundreds to thousands
of individual peptides can be readily prepared with this
rnethod using any of the currently existing chenistries.
A cornbination of synthetic chenistries [ (t-Boc and f-
lrloc) perurits: 1) the renoval od al} side chain
protecting groups without cleaving the peptides from the
resin [Tanrs trIolrril HF rnethod; Tam et a1., J. An. Chem.

9.G-, LO526442-6455 (1983) I and 2) cornplete t ot
virtually conplete, renoval of aII of the nixtures fron
the resin by a final high HF treatment [Houghten et aI.,
fntl. J. Peptide Prgtein Res., .1€:311-320 (1980) l. Use

of the sMPs rnethod is not necessary herein, but
facilitateE the syntheses.

Exanples of the fine napping of the
deteminant regions of mAb I s raised against anti-peptid;
antibodies described hereinaf,ter are useful here to
illustrate the developrnent of optinal binding sequences
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for antibodies, thereby illustrating fulfillnent of
criterion slx.

A prinary benefit of this invention is the
facilitation of the fornation and identification of
specific biologicatly active oligopeptide sequences for
pharmaceutical, diagnostic and other uses, particularly
those oligopeptide sequences that are of particular
efficacy for the therapeutic treatnent of target
diseases. Once a peptide mixture has been found with
the target biologicaLly actlvity, this mixture set can

be resynthesized as a set of nixtures each with more

defined sequence positions, and hence less conplexity
than the original set.

Repeating the assay on this new set of peptide
mixtures leads to further sequence definition of the
biologically active peptides. Synthesis and assay of a

third set of mixtures with sequences deslgned from the
assay data obtained from the second set permits even

further sequence definition of the biologically
conpound. This process can be repeated as necessary
until one or more specific peptide sequences have been

found for the target biological assay. Consistent with
the above, sets of conplex mixtures of peptides are
highly useful and valuable tools in any regine intended
to search for new therapeutic peptide drugs or other
applications ln which an enpirical Eearch for a compound

would be enployed.

The ProcesE

Broadly, a process of this invention is
defined as a process for the synthesis of a complex
nixture pool of solid support-coupLed monomeric

repeating unit conpounds, wherein the nixture pool
contains an equinolar representation (amount) of the
reacted mononeric repeating unit compounds, such as
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amino acid residues, coupled at that step in the

syntheses.
As noted before, the various solid support

particles can be utilized enclosed in a porous

container. I{hen that, is the caae, at least coupling

reactiong are carried out in such containers. However,

porous containers need not be uEed and coupling

reactions can be carried out in beakers, flasks' test
tubes or the like as are well known'

For sirnplicity of expression and so that each

othenpise siurilar process need not be detailed' the more

generalizedsynthesisofsolidsupport-coupledoligoner
mixtureswillbedescribedwithoutuseofthepreferred
porous containers, whereas the synthesis of solid
support-coupled oligopeptide mixtures will be described

using the preferred porous containers' It is to be

understood, however, that any tlpe of oligomer mixture

can be prepared using either procedure'

In accordance with this method,

(a) a plurality of solid supports is
provided, each a solid support cornprised of particles

Iinked to reactive functional groups' The functional:

groups of the solid support react with a functional
group of each of the nononeric repeating unit conpounds

to be reacted. Additionally, the solid support is
substantially insol.uble in a liquid nediun used during

the synthesis. The solid support is also substantially
inert to (do not react with) the solvents and reagents

used during any reaction carried out during synthesis or

cleavage of an oligomer nixture' some swelling of the

solid support in solvents is preferred'
(b) A plurality of liErid rnedia is provided'

each rnedj.um containing a different nonomeric repeating

unit conpound from a plurality of nononeric repeating

unit compourtds from which the oligomers are to be
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formed. Each nixture is synthesized fron at leaEt three
different rnonomeric repeating units. Preferably, for
oligopeptldes at least 6, more preferably at least 10,
and still more preferably about 15 to about 20 different
monomers (anino acid derivatives) are used. Cysteine is
often ouritted because of its reactivity, and coupling of
nethionine, tryptophan and histidine can sometines be

difficult. Those anino acid derivatives, and
particularly cysteine and trlptophan, are therefore
often onitted when mixtures are nade. For
oligonucleotides, it is preferred to use the usual four,
plus inosine in some instanceg. Any number of
oligosaccharides fron three upwards can be used.

Each of the monorneric repeating unit cottpounds
has a first reactive functional group that reacts with
the reactive funetional group of the Eo1id support and a
second reactive functional group that is capable of
reacting during the reaction of the solid support
functional group and the first reactive functional
group, but is protected fron so reacting by a

selectively removable, covalently linked protecting
group. The second functlonal group can thu,. be said to
be temporarily blocked or protected.

For oligopeptide synthesis, it is preferred
that the first reactive functional group be the carboxyl
group and the second reactive functional group be the
c-anino group. In this rnethod of synthesis, the
oligopeptide is synthesized fron carboxy-terminus to
anino-terminus. The reverse synthetic process can also
be used, but is not preferred because stereochenical
inversion frequently results.

Usual selectively severable protecting groups,
for second funetional groups of such preferred syntheses
are t-Boc and f-Moc. Specific selectiveJ.y severable
protecting groups for other amino acid side chain
functional groups are discussed hereinafter.
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oligonucleotides are tlpically synthesized
from the 3r- to Sr-position, in which case the
Sr-hydroxyl group is the second reactive functional
group. Selectively severable 5r-protecting groups Euch

aE nethoxytrityl are weII known in the art aE are
selectively severable protecting groups for the bases

themselves.
oligosaccharides are typicalty synthesized

starting with the rrreducingrr end of the oligomer, even

though use of a non-reducing sugar at the starting
position is contemplated also. Thus, a glycosidic bond

is typicalty for"med with the functional groups of the
solid support. An acetyl group is typically used as the
selectively severable protecting group of the second

reactive functional group, the latter being a 3-, 4- ot
5-hydroxyJ. group. other functionalities, e.g!.,
hydroxyLs, or a saccharide repeating unit can be
protected with trialkyl or alkylaryl silyl groups or
benzyJ. groups, as is also weLl knowni one or the other
of those protecting groups can also be used as a
protecting group of a'saccharide repeating unit.

(c) Each of the solicl sripports is placed in a

different one of the liquid nedia and the reactive
functional group of each solid support is therein
reacted with a first reactive functional group of a

mononeric repeating unit cornpound in that respective
nediun to couple that rnononeric repeating unit compound

to the soLid support.
(d) Each of the reactlonE is rnaintained for a

tine period and under conditions sufficient for all of
the reactive functional.groups of the solid support to
couple to the nononeric repeating unit conpound to fornt
a plurality of nonomeric repeating unit-coupled solid
supports. Reaction duratlons and conditions required
for each coupling differ for each monomerLc repeating
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unit. optirnal reaction tinres and conditlons are well
known, or can be readily deternined. Reaction rate is
not particutarly relevant herein as compared to
conpleteness of reactions, and the latter can be readily
assayed. Reactlon completenesE is usually assisted by

use of a large excess of each of the monorneric repeating
units.

(e) Each mononeric repeating unit-coupled
sol.id support is renoved fron its respective liguid
nediun, and equinolar anounts, usually equal weights, of
each of the monorneric repeating unit-coupled solid
supports are adnixed to fort a reaction product pool,
wherein equal weights of the formed pool contain the
same number of rnoles of each nonorneric repeating unit-
coupled solid support.

The pool fonrred in step (e) is thus known to
contain equimolar amounts of the nononeric repeating
units utilized to that point. That knowledge of
equinolarity is to an accuracy deter:rrined to the high
accuracy linrits of weighlng, irritial assaying of the
amount of linked functional group present, reaction
conpletion, and the hoinoguneity of physical adurixing
utilized.

The above rnixture pool is useful in a stepwise
synthesis for preparing a conplex nixture of solid
support-coupled oligoners wherein one or nore positions
of each oligoner of the mixture contains an equinolar
representation of reacted rnonomeric repeating unit
compound coupled at each synthesis step. That pool can

be used with steps (f)-(k), below, or with steps (1)-(o)
hereinafter described in reLation to preparation of an

oligopeptide with or without enclosure in a porqus
container. Steps (f)-(k) are nost frequently used after
steps (a)-(e) with or without enclosure in a porous

35 container.
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(f) The reaction product pool is separated

into a nurnber of aliquots of equal weight. Each of the
aliquots is enclosed in another porous container, where

such containers are used.
(g) The protecting groups are selectively

removed from the second reactive functional groups of
the pool to form a reacted soLid support pool having
free reactive functional groups. This step is
preferably carried out after the pool iE for:ned into
aliErots and those aliquots are re-enclosed when using

the porous containers, but can be carried out prior to
forruring the aliquots and without enclosure.

Thus, using the porouE containers, the
blocking or protectlng groups of the second reactive
functional group can be selectlvely removed after the
pool is formed and before each reaction product is
enclosed in its container, or after the aliquots are

enclosed. When porous containers are not used, the
protecting groups are removed before or after aliquots
are prepared.

(h) Each of the aliquots having free reactive
functional grcup.; is placed into one of a number of
IiErid rnedia, each rnediurn containing a different
monorneric repeating unit compound fron a plurality of
nonomeric repeating unit compounds from which the
oligoners are to be f,orrned to fosn a reaction nixture,
wherein each of the monomeric repeating unit conpounds

has a first reactive functional group that reacts in the
reaction nrixture with the free reactive groups of the
aliquot and a second reactive functional group that is
capable of reacting duri.ng the reaction of the free
reactive functional groups of the aliquot, but is
protected fron so reacting by a selectively remevable,

covalently linked protecting group.
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(i) Each of the reactionE iE naintained for a

tine period and under conditions sufficient for all of
the free reactive functional groupE of the aliquois to
react with and couple to the respective nonomeric
repeating unit compounds to form a number of solid
support-coupled repeating unlt reaction products.

(j) Each of the solid support-coupled
repeating unit reaction products forned is removed, and

equinolar anounts of each of thoEe reaction products are
admixed to form a reaction product pool. Equal. weights
of the reaction product pool contain the same nurnber of
noles of each reactlon product.

(k) Thereafter, steps (f) through (j) are
serially repeated zero or more tines until a p}ural-ity
of solid support-coupled reaction products having the
desired number of rnonomeric repeating units is
synthesized.

The resulting conplex nixture of oligomers
formed after zeto, one or nore tines contains an

equinolar nixture of the plurality of monomeric

repeatlng unit compounds at every predetermined position
in the r.:hain prepared using steps (a)-(k). The

equinolarity is only linited by the accuracy in driving
the reactions to conpletion, which typicalLy is 99.5
percent or more, and weighing errors in step (a) and in
separating the substantially homogeneously nixed resins
into aliquots, which can be done to even greater
accuracy with a nultigram sanple.

. In a preferred form, an above process of this
invention is defined as a process for the synthesis of 4
conplex nixture pool of'solid support-coupled arnino acid
residues wherein the rnixture contains an equirnolar
representation (arnount) of the amino acid residubs
coupled. As noted before, solid support-coupled
oligopeptide nixture synthesea are discussed using the

lB;!,
I
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porous containers for sirnpliclty of expression so that
each type of synthesis need not be described. According
to this process,

(a) at least six porous containers, each

containing a solid support conprlsed of particles linked
to reactive functional groups are provided. The

functional group of the solid support reacts with each

arnino acid to be reacted. The solld support particles
are of a size that is J.arger than the pores of 'the
container so that the individual solid support particles
are maintained within the porous containers. Both the
container and solid support are substantially insoluble
in and substantially inert to a fiquid roediun used
during the synthesis, as described before.

(b) At least six liquid media are Provided,
each nediuut containing a different protected anino acid
derivative frorn a plurality of protected anino acid
derivatives fron which the oligopeptides are to be

formed. Each of the protected anino acid derivatives
haE a first reactive functional group that reacts with
the reactive functional group of the solid support, and

a second reactive functional group that is capable of
reacting during the reaction of the solid support
functional group and the first reactive functional
group, but is protected fron so reacting by a
selectively renovable, covalently tinked protecting
group.

(c) Each of the containers iE pl.aced in a

different one of the liquid nedia and the reactive
functional groups of each solld support in each

container lE therein reacted wlth a first reactive
functional group of a protected anino acid derivative in
that respectlve medium to couple that protected amino

acid derivative to the solid support.
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(d) Each of the reactions is nalntained for a

tinre period and under conditionE sufficient for alL of
the reactive functional groups of the solid support to
couple to the protected amino acid derivative to fotm at
Ieast six protected amino acid residue-coupled solid
supports.

(e) Each protected anino acid reEidue-coupled
solid support is removed frorn its respective container.
EErinoJ.ar anounts of the protected amino acid residue-
coupled solid supports are adurixed to fotm a reaction
product pool, wherein equal weights of the formed pool
contain the sarne nunber of moles of each protected amino

acid residue-coupled solid support.
The above nixture pool is useful in the

stepwise synthesis of a conplex nixture of solid
support-coupled oligopeptides in which each position of
each oligopeptide of the coupled nixture containE an

equinolar representation of anino acid residues added at
each synthesis step. Here, again, the worker using this
process will often continue with steps (f)-(k), below.
However, in some instances, it can be desired to first
foLlow steps (1)-(o), bnd then if desired, follow steps
(f)-(k).

(f) The reaction product pool is separated
into at least six aliquots of eEral weight. Each of the
aliquots is enclosed in another porous container.

(g) The protecting grouPs are selectively
removed from the second reactive functional groups of
the pool to form a reacted product pool having free
reactive functional. groups. Again, step (g) can precede
step (f).

(h) Each of the enclosed aliquots having free
reactive functional groups is placed into one of at
IeaEt six liquid rnedla, each rnediun containinft at

different protected anino acid derivative from a
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plurality of protected anino acid derivatives frorn which
the oligopeptides are to be formed to form a reaction
mixture, wherein each of said protected anino acid
derivatives has a first reactive functlonal group that
reacts with the f,ree reactive groups of the enclosed
reacted product pool aliquots and a Eecond reactive
functional group that is capable of reacting during the
reaction of the free reactive functional groups of the
pool, but is protected from so reacting by a selectively
removable, covalently J.inked protectlng group.

(i) Each of the reactions is naintained for a

time period and under conditions sufficient for all of
the free reactive functional groups of the enclosed
reactant product pool aliquots to couple to the
protected amino acid derivative to form at least six
solid support-coupled protected amino acid residue
reaction products.

(j) Each of the at least six reaction
products forned in step (i) is removed, and equimolar
anounts of each of those reaction products are admixed
to form a reaction product pool. EEral weights of the
reaction product pool contaln the sane number of noles
of each reaction product.

(k) Thereafter, steps (f) through (j) are
serially repeated zero or nore tines until a plurality
of solid support-coupled reaction product oligopeptides
having the desired nunber of anino acid residue
repeating units is synthesized.

A cornplex rnixture of solid support-coupled
oligonerE such as oligopeptides is useful in itself.
For example, batches of dipeptide (2-ner) or longer
coupl,ed oligopeptides cdn be sold for others to utilize
in syntheses and assays as described herein.

rn another enbodiment, one or more speblfic,
predetermined nononeric repeating unit compounds lE
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added at one or more specific positions in the
oligoneric chain. one or more positions in the chain on

either side or both sides of the predetetmined rnonomeric

repeating unlt compound contains the equimolar nixture
of reacted nonorneric repeating unit conpounds.

More specifically, using the before-described
synthesis of an oligopeptide as exemplary, and

renernberlng that enclosure of the solid support is
preferred, but not required,

(I) each of the protected arnino acid
derivative-coupled solid supports of step (k) is removed

from its respective liErid rnediun, and container where

appropriate. Equimolar anounts of protected anino acid
derivative-coupled solid supports are admixed to form a
further reaction product pool, wherein equal weights of
the reaction product pool contain the sane nunber of
noles of each reaction product.

(n) An aliguot of the pool formed in step
(I), typicalJ.y aIJ. or a najority of the pool, is
enclosed in a further porous container.

(n) The protecting groupE are selectively
renoved frorn the Eecond reactive functional groups to
form a reaqted solid support pool having free reactive
functional groups. Deprotection can again precede
enclosure (when used) of the aLiquot, and step (n) is
onitted where a porous container is not used.

(o) The pool aliquot (enclosed or not) having
free second reactive functional groups is pl.aced into a

single fiquid nediun that contains a single,
predeternined protected anino acid derivative to form a
reacti.on nixture in which the free reactive functional
groups and single protected arnino acid derivative react,
the singS,e protected anino acid derlvative havirrg a

first reactive functional group that reacts with the
free reactive groups of the pooL aliquot, and a second
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reactive functlonal group that is capable of reacting
during the reaction of the free reactive functional
groups of the pool aliquot, but is protected from so

reacting by a selectively renovable covalently linked
protecting group.

(p) The reaction nixture ls naintained for a

tine period and under conditions sufficient for all of
the free reactive functional groups of the pool aliquot
to couple wlth the single protected anLno acid.
derivative and form a solid support-coupled oligopeptide
mixture having a single, predetertrrined amino acid
residue in the same position ln the oligopeptide chain.

After cornpletion of step (p), one or more

further single protected monomeric repeating unit
conpoundE such as a protected anino acid derivative can

be baaea, if desired. rn addition, each of the
monomeric repeating unit compounds can be separately
added and the resulting reaction products pooled as

discussed before to form a complex nixture of solid
support-coupled oligorner reaction products that contains
equinolar anounts of each monomeric repeating unit
compound on either side of the single predeternined
nonomeric repeatlng unit compound. rt is to be

understood that the presence of eguinolar anounts of
each nonomeric repeating unit conpound or a single,
predetenrrined monomeric repeatlng unit compound can be

varied at any position in the oligoner chain that is
desired.

Using an oligopeptide as exenplary, a conplex
ml-xture is provided by following steps (a)-(e) that can

be represented by the fotmula X-8, wherein X represents
the equimolar mixture of reacted anino acid residues,
and B is the solid support. I{here steps (f)-(k). are
followed, and the nunber of repeats of steps (f)-(j)
carried out in step (k) is zero, an oligopeptide
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represented by the for:uru1a XX-B is formed. I{here steps
(f)-(j) are repeated once, an oligopeptide represented
by the fomula XXX-B is formed.

On the other hand, where steps (a)-(e) are
followed by steps (I)-(p), a solid support-Iinked
(-coupled) reaction product oligopeptide of the formula
oX-B is fomed, wherein X and B are as before, and o is
the single, predeterrined anino acid residue. In this
instance, the product formed in step (p) is itself a
pool because of the pooLing of step (e), and therefore
when steps (f)-(k) are followed, with zero repeats of
steps (f)-(j), an oligopeptide nixture is synthesized
that corresponds to the forrnuLa XOX-B.

It is also contenrplated herein that one can
start with eguirnolar amounts of one or more
predetermined anino acids coupled to the soLid support.
In this instance, the reactive functional group of the
solid support is a free second reactive functionaL group
of an amino acid residue such as an o-anino group. When

that is the case, foLlowing steps (a)-(e) and steps
(f)-(j) once each [zero repeats of steps (f)-(j) in step
(k) I the resulting oligopeptide-Iinked solid support
reaction product can be represented by the formula
XXO-B. Steps (f)-(p) can then be carried out, or steps
(f)-(j) repeated, or both in any order as deEired.

It is also contenplated that a set of mixed
oligoners such as oligopeptides be produced by following
steps (a)-(e) and then (I)-(p). That procedure fonns a

solid support-coupled product of the formula OX-B. The

reaction product of step (p) is itself a pool because of
the nixing carried out in step (e), as noted before, so
that steps (f)-(j) can be carried out on that product as
nany tines as desired to forn a coupled reaction product
such as a rnixture pool that includes mixed residges at
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positions 1-4, a specified residue at position 5 and a
nixture of residues at positlon 6.

It will be apparent to a worker skilled in
this art that several further petnutations and

conbinations of the before-described reactions can be

utilized. Consequently, no further examples will be
provided here.

The ninimum nunber of mononeric repeating unit
cornpounds from which an oligorner ls formed is three for
an oligonucleotide, oligosaecharide, or an oliiopeptide,
as aLready noted. For an oligopeptide, each of the
twenty naturally occurring lr-anino aeids can be used as

can the correaponding D-anino acids and D- and L-forns
of non-natural anino acids such as ornithine,
norleucine, hydroxyproline and beta-alanine as well as

other Ct-Cc anino acids so that use of about 50

different D- and L-protected arnino acid derivatives is
contenplated. Oligopeptides and oligopeptide mixture
pools are conternplated that contain all D-anino acid
residues and nixtures of both D- and lr-forms.

In preferred practice, an ol.igomer is coupled
to the solid support by a selectively severable crrvalent
bond, such as an ester or an anide bond, an ultlnately
produced ollgonrer nixture set is cleaved (separated or
severed) from the solid support and recovered.

As noted earlier, a contemplated oligomer
contains a chain havlng two to about ten reacted
monomeric repeating units such as anino acid residues or
ol.igosaccharides. More preferably, an oJ.igoner contains
a chain of about five to about eight reacted nonomeric
repeating units, such as anino acid residues. The

exernplary oligopeptides'discuEsed in detail hereinafter
contain six reacted amino acid residues, and are
referred to as 5-D€rs.
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A Ct-C8 acyJ. group is usually bonded to the
N-ter:minus of an oligopeptide used in acceptor binding
assays so that an assayed, cleaved otigopeptide ls free
at the N-terminus of the positive charge a free amino
group would provide at near neutral pH values, e.9.
about pH 6-8. An acetyl group, a C, acyl group, is
preferred and is often referred to herein as rrlsrr.

other Cr-Cs acyl groups include formyJ., propionyl,
butyryJ., hexanoyl, benzoyl and octanoyl. A Ct-cE acyl
group is added by reaction of a corresponding anhydride
such as acetic anhydride, acid halide such as octanoyl
chloride or by reaction of a suitable activated ester
such as N-hydroxysuccininidyl benzoate.

A Cl-Cs acyJ. grouP is usually added to a solid
support-coupled oligopeptide upon rernoval of the
selectively removab}e blocking (protecting) group from
the second reactive functional group, when that second

reactive functional group is an c-arnino group. In
preferred practice, for oligopeptlde syntheses, the
second reactive functional group is the N-terrninal anino
group and the selectively removable protecting group is
a t-Boc or f-Moc group., as noted before.

$lhere an oligopeptide nixture pool is coupled
to the solid support by an ester group forned fron the
C-terminal reEidue, and a C-tenninal anide is desired,
the o)-igopeptide set can be severed fron the solld
support by arninoJ.ysis using arnnonia. Cleavage of an

ester group-bonded oligopeptide fron the solid support
using HF results in a C-terrrinal carboxyl group.
CLeavage of an arnide-bonded oligopeptide from a
benzhydrylarnine resin solid support with HF results in
the forrnation of a C-terninal anide group I-C(O)NH2] r

which also is neutral at near neutral pH values.
A preferred ernbodinent of the invention using

porous containers to hold the solid support par$icles is
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summarized schenatically and exenplified in Figure I of
the drawings. A goLid support cornprised of a particle
such as a resin linked to reactive functional groups 50

is distributed to a plurality of flrst porous containers
Ehown in the row designed 52 in egual portions of rnoles

of functional group or equal weight portions when a

singte homogeneouE functional group-linked solid support
is used. Preferred porous contalners are nesh bags or
packets discussed hereinafter.

For this exanple, it will be presumed that
there are twenty porous containers in row 52, each

labeled 1a-2oa respectively, although aII twenty are not
shown for purposes of clarity, and one need not use all
twenty natural amino aclde in any study, or one can use

more than twenty when non-natural anino acids are
included. Each first container in rour 52 is then
separately placed in a ligrrid rnediun containing a single
amino acid derivative with appropriate blocking by a
selectively renovable protecting group and one free,
reactive functional group, e.g. a carboxyl group. Each

nediun contains a different amj.no acid derivative, so

that each container is reacted vitn a different
protected anino acid derivatlve, as indicated at row 54.

Each protected anlno acid derivative is then reactively
coupled to its respective resin, with all reactions
being naintained under conditions and for a tine period
sufficient for the reaction to go to conpletion, so that
at the end of the reactions, each flrst container 1a-20a
holds a support resin optinally loaded and completeLy
reacted with a related single arnino acid derivative.

The coupling cornpletion can be deternined by
standard neans such as GiEents picrlc acid procedure

[Gisen, Anal. Chem. Acta. , .S.:248-249 (L972) 1 , Ipbl t s

bromophenyl blue procedure [Krchn6k et al., CoIl. Czech.
Chem. Commun. , 53.2542 (1988) I or by the quantitative

Fe.,,,"
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ninhydrin test [Savin et al., Anal. Biochem. , LE-2L47-
L57 (1981) I after renoving a EmaII anount of resin from
each container. Given the relatively large amount of
resin (solid support) uEed in these reactions, e.9.,
several granE, renoval of rnilligran anounts of reaction
product for assays does not affect equinolarity in the
reaction product.

The tnenty reacted solid supports, each
containing a single reacted anino acid residue, are then
removed from the first porous containers 1a-2oa and

cornbined in a single vessel 55 (shown in FIG. 1-A and

FIc. 1-B for convenLence), in which they are thoroughly
mixed to form a substantially honogeneous nixture in
which the particles of solid support from each of the
porous containers 1a-20a are substantial.ly eErally
distributed throughout the vessel to fonn a reaction
product pool in which egual weights of, the pool contain
the sane nunber of noles of each reacted solid support.

This nixture pool is then divided into twenty
(or another desired nunrber) equal weight second aliquots
and one aliguot is placed (enclosed) in each of twenty
second porous conta.ine:r s labelLed 1b-20b shown in row
58, so that each second porous container 1b-20b now

holds reacted solid support particles with all twenty
first amino acids equally represented. After suitable
anino acid unblocking (deprotection), each of these
second porous containers 1b-20b is placed in a separate
ligttid mediun, each nediun again containing onJ.y one of
the twenty anino acidE, also appropriately blocked, and
containing a free reactive functional group. Further
coupling reactions are run to cornpletion in each nediumr.
so that at the end of the second reaction sequence each
second container 1b-20b contains reacted solid s:pport
particles onto which are attached (coupJ.ed) twenty 2-ner
chains of anino acids; 1.e., twenty first anino acids
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each coupled to the single second anino acid of this
second reaction step. Thus, each porous container holds
twenty different 2-rner peptldes in essentialJ.y equinolar
quantities, and the twenty bags in total contain 400

different 2-rner peptides.
The procedure is repeated (reacted solid

support removal, thorough nixing, unbLocklng, placenent
in twenty new porouE containers and reaction of each

oligopeptide-linked solid support in each porous
container in a different nediun with each medium having
only a single amino acid) as shown by arrow 60 until the
desired nunber n of steps have been accornplished. At
the end of each step the nurnber of n-ner chain
oJ.igopeptides in each container is 2on'1, and the total
number of n-ner oligopeptldes in all twenty containers
is Zon. Seriatly repeating the steps of separating-
reenclosing, unblocking reaction with another blocked
amino acid derivative, reaction naintenance and pooling
steps provides a conplex nixture of oligopeptides having
the desired nunber of anino acid resldues in length,
with each anino acid utilized being present in equal
nolar anounts-of each residue at each position in the
oligopeptide chain.

These n-mer oligopeptides are cleaved from the
resin using various nethods such as conventional
hydrogen fluoride/anisoJ.e procedures; see, €.g. 7

Houghten et aI.,
32O (1e80).

Intl. J. PeptLde Protein Res., lli:311-

To consider a rnethod aspect of the invention
in detail, the rnethod is described with respect to
protocols and chenistry sinilar to that of the s!{Ps

process referred to before. It wlII be understood
however, as discussed below, that this descriptlon is
for exampJ.e onJ.y, and that the process can be suitably
carried out using other oligopeptide fonration protocols
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and chemistry, and is not linited only to SMPS-tyPe

protocols and chenistry.
Considering then the exenplary ernbodinentt

twenty separate porous synthesis containers are
prepared, each containing an equal nunber of noles of
functionaLized solid support resin. It is important at
this step, as in each of the subsequent subdivision
steps, that each aliquot contains the same nunber of
moLes of resin functional group or coupled peptide
derivative, as is appropriate. Thus, where a single lot
of functionalized solid support is used, each aliguot
contains an equal weight of solid support. I{here
different lots of functionalized solid support are used,

weights of those dlfferent supports used are different
among the aliErot, but each aliquot contains an

equirnolar anount of functional group. Thus, weiEhings
shouLd be done aE accurately as reasonably possible.

The resln in each packet is separately reacted
with a dlfferent one of the twenty naturally occurring
amino acids. The coupling of the first blocked amino

acids to the respective resins is perforrned wtth the
carbi,xyl-ter:nrinal end of each first anino acid (a first
free reactive functional group) reacting and becorning

covalently linked to the support resin and the alpha-
amino group (the second reactive functional group
capable of reacting during the reaction of the other
free reactive functional groups) and reactive side
chains of the amino acid blocked.

. The coupling reaetlons are typically driven to
cornpletion by adding an excess of the blocked arnino
acids, and each separate reaction carried out under
optinal conditions. It iE recognized that each coupling
reaction requires different reaction conditions bnd tirne
to provide fuII conpletion. Therefore it is understood
that some reactions are conpleted before others. The
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earlier-conpleted reactions can be allowed to sit while
the other reactions continue to conpletion, orr if the
reaction producte night becone degraded, they can be

removed fron the reaction nedia and rnaintained under

stabiLizing conditions.
Aft,er conpletion of the first anino acid

coupling, the resin is renoved fron each container,
pooled together with the resins from all of the other
containers and nixed thoroughly (substantially
honogeneously). The resin mixture is then separated
into twenty aliguots of egual. weight. As noted above,

at this stage, each weighed atiquot contains a mixture
of support resin with an equirnolar representation of one

of the twenty anino acids coupled to the resin. The

twenty weighed aliguot nixtures are then each placed
into separate porous second containers. Again each

aliquot is reacted with an excess of a different one of
the twenty naturally occurring blocked arnino acids under
conditlons that drive the coupling reaction to
completion. The blocked second reactive functional
group, here the c-amino group, can be unblocked before
or after poollng, or before or after reenclosure in
second containerE. Preferably, the protecting group of
the second reactive functional group is rernoved after
the reenclosure step.

In one enbodinent, the above steps are then
repeated for however many cycles are necessary to
synthesize the desired Length of peptide.

The result can be illustrated by taking three
of the sanples shown in the Figure as representative for
descriptive purposes. Sarnple la is first reacted with
alanine, and Sarnple 2a is first reacted with nethionine,
and Sanple 3a is reacted with threonine, yieldirfg the
initial chains of:
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la) resin-aLa;
2al resin-meti and

3a) resin-val.
These three are then mixed, divided, Q.9.1

into three aliquots 4b, 5b and 6b, and separately
reacted respectively with, arginine, serine, and lysine,
yielding three mixtures of 2-ner peptide chains as

follows:
lb) resin-ala-ar{t' resin-net-arg and resin-

val-arg;
2bl resin-ala-J,ys, resin-net-lys and resin-

val-Iys; and

3b) resin-ala-ser, resin-net-ser and resin-
val-Eer.

The total nurnber of different oligopeptides
wilL be seen to be Xn, where X represents the nurnber of
different anino acidE in the initial plurality and n is
the nunber of amino acids in each chain. ThuE, with the
twenty naturally occurring amino acids as the starting
plurality, the process reaults in 2on different peptide
seqluences. For exarnple, a chain with a length of six
anino acid residues results in zo6 = 64ro0orooo
different oligopeptide sequences.

Mixtures of peptides can be synthesized with
mixtures of at least three to all twenty amino acids or
to include D-arnino acids or L-, D- or symnetric anino
acids at all positions in the sequence or,
alternatively, with a flxed, single predetemined amino

acid at one or more positions and nixtures in the
remaining positions in the peptide chaln. An example of
a rnixture of peptides of thiE latter sort ls the 6-mer
peptide nixture pooJ. having alanine in position 1 (o1),

lysine in position 2 (oz) and rnixtures of residues, X3-6,

at positions 3-6 so that each xn representE a nixture of
amino acid residues used, yielding a mixture set having

 
 
Page 58 of 249



-56-

160rOOo different oligopeptides. The first two amino

acidE can be syntheslzed on the reEin using prior art
nethods for single amino acid additions, when

synthesized N-terminal to C-terminal, and the remaining
5 four positions are synthesized using the physical nixing

procesa described herein.
Sinilarly, one coul.d have a nixture set in

which a glutanric acid residue occupies position 3 (o3),

an arginine residue at position 5 (o5) r and nixed
L0 residues at positions 1, 2, 4 and 5 (X' Xz, Xo and X5),

also containing 160r000 different peptides. The latter
' peptide mixture set can be synthesized with a

cornbination of the prior art and the present invention
nrethodologies at different positions in the overall

15 chain synthesis. However, each position in any oligoner
chain described herein that contains an equinolar
mixture of the coupled monomeric repeating unlt is made

using the pooled physical rnixing procedure described
herein.

20 Once one has courpLeted the desired nunber of
repetitions of the present process (e.9., six) one will
then be able to readlly identify the specific final
container in which each partlcular peptide seErence wiII
be found. That identification is acconplished by

25 renoving any remaining protecting groups, cleaving the
oligopeptides, isolating the ol.igopeptide mixtures and

renoving an aliquot having a desired nixture set of
oligopeptide sequences.

Sets of such nixtureg can then readily be

30 reacted with a deeired acceptor such as a celluLar
receptor and then assayed for ldentification of those
seguences that react most strongly with the receptor.
This assay procesa can be repeated as many tines as

desired with different nixture Eets to insure that all
35 reasonable candidateE for reaction are assayecl

I
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From the identification of the optimum set
sequences for reaction and binding, one can develop
appropriate peptides and peptide derivatives to be uEed

for the therapeutic treatnents of organisrn dysfunctions
that involved that receptor as an acceptor. one can
anticipate that a number of pharmaceuticals for the
treatment of human, aninal and plant diseases can be

identified and developed in this manner.
These aEsay procedures are discussed-in

greater detail hereinafter.
The value of the nethod of the present process

lies at Least ln part in the fact that, since this
process provides all possible anino acid sequences in
the n-mers in equimolar quantities, and since those
seguences are automatical,Iy divided into srnall aliquots
of known composition, it becones easy for researchers to
guickly and conprehensively react potentiaL peptide
candidates in individual al.iquots with the acceptor
(receptor) of interest and assay those candidates for
the optinum reaction naterials. This represents a

narked advance over prior art processes that either
required that vast nurnbers of peptide candidates be
separately assayed (a difficult, costly, and tiure-
consurning undertaking) or that one speculate on which
type of amino acid reEidue sequence night be nost llkely
to work, so that sequences of that type could be
individually constructed (also tine-consuning, and not
necessarily like1y to actually produce the optimun
naterials).

In principle a complex nixture pool of
peptides sequences could be synthesized by sirnply adding
a nixture of the blocked derivatives of the twenty
naturally occurring anino acldE to the coupJ.ing steps in
the Merrifield peptide synthesis protocol as j.s
described in wO 88100991. This procedure adds a nixture
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of anino acid derivatives at any given position in the
synthesis of a peptide chain. However, unlike a nethod
of the present invention, the yields of each amino acid
residue coupled ln a reactl.on performed in this manner

are different under the sane reaction conditions, even

using different initial anounts of blocked amino acid
derivatives, and therefore the ratio of amino asid
residues incorporated is non-uniforrr and non-eqrimolar.

The concentrations of blocked anino acid
derivatives added at a coupling step involved in a

peptide nixture synthesis could theoretically be

adjusted to cornpensate for the differences in yields, as

reported by Geysen in WO 86/00991' However, this
process would be difficult in practice and would result
in unequaL incorporation of amino acids into the peptide
chain. A rnixture of peptides of this sort would have

over-representation of Eome sequences and under-
representation of others, thereby cornplicating the
result of any assay/search process designed with the
prenise that all sequences in the nixture were equally
abundant.

Alternativel'y, a mixture of peptides could
theoretically be created by synthesis of each chain
separately. This solution is inpractical, however, in
that the nunber of conbinations of seErencea for a given
chain length is twenty raised to the power of the nunber
of amino aclds in the chain (i.e. 2on, where n iE the
nunber of anlno acid residues in the chain). A  -il€E
sequence of just four amino acid reEidues would glve
rise to 1601000 different peptides in a mixture if all
twenty naturally occurring anino acids were present at
each position. Sinilarly, a six anino acid residue
random sequence peptide would have 64r000r000 different
peptide conbinations. fndividual syntheses of such
numbers of peptide conrlrinationE would require an
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extraordinary anount of synthesis tine, running into
months and perhaps years.

Equinolar representation of each individual
sequence in the above described nixtures for:med by the
process of this invention is the result of the unique
nethodology of thiE process, that allows synthesis of
oligopeptides wherein a nixture of anino acids can be

reacted at any one position giving an equal. yield of
addition of each arnino acid residue ln the resulting
oligopeptide chain. Carrying out coupling reactions
substantially sinultaneously for a plurality of samples
also per:rrits the process to be conpleted in a tine
period of days or a few weeks, well within the
reasonable tiure frarnes of both experimental and

conmercial synthesis schedules.
The containers used for syntheses do not

appreciably react cheurically with and are substantially
insoluble in water, acids such as trifluoroacetic acid
and anhydrous hydrogen fluorlde, bases such as

diisopropylethylamLne, and organic solvents such as

acetone, benzene, toluene, xylene, ethyl acetate,
dimethyJ. sulfoxide, rnethylene chloride, chloroform,
dirnethyl acetanide, N-rnethyl pyrrolidone, dimethyl
for:nanide and the like. Thus, the container is
substantially inert to reaction or dissolution with
conmon Laboratory liquids. Suitable containers are
preferably prepared frorn pollmerized ethylene, propylene
and mixtures thereof. Stainless steel and
polytetrafluoroethylene can also be utilized for the
container. A container can be in rigid shaped for:n such
as closable cylinderE
sealabl.e bags used in

in flexible fotm such as the
SMPS process.

Each container lncludes a sufficlent rqunber of
foraninae, pores or openings to perait ready entrance
and exlt of solvent and solute molecules at the reaction
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teurperature, which is typically that of anbient air in a

laboratory. For instance, a container can be prepared

fron a woven mesh, in which the foraminae are the
interEtices between the woven fiber. other suitably
inactive perforate or poroua naterlals can also be

enployed, such aE a perforated sheet or a non-woven

fabric sheet naterial, either having equal or unequal

foraminae. The container material can be substantialLy
conpletely foranrinous (e.9., being fotmed substantially
entirely fron nesh naterials) or partially foraminous if
desired. ContainerE can be closed in any suitabl'e
manner, such as by sealing with liErid-tight lids, heat
sealing, and so forth. Subsequent reopening can be by

Iid removal, cutting of the sealed container, etc.
The foraninae (pores) are of a size that is

smaller than any of the enclosed reactive particles.
Exenrplary polypropyJ.ene mesh is available having in
interstices of about 35 to about 100 microns. Stated
differently, the nesh foraninae are of a size to retain
particles that are retained on a 140-4OO standard Eieve

mesh. More preferably, the foraminae are such that
particles retained within the foraninae are those that
are retained on a 200-400 standard sieve nesh. The

foraninae of the containers are large enough to permlt
draining of all solvents used during a solid phase

synthesis within a tirne period of about five rninutes,
and more preferably, within a tine period of about three
ninutes, the drainlng tines being measured at the
tenperature of the organic reaction.

' ExempLary foraninous (porous) containers are
further described in U.S. Patent No. 4'63L,2LL.

A container of a synthesis means of t\is
invention encloses a known quantity of solid phase

synthesis particles conprised of one or nore
constituents that includes a covalently Linked reactive
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functional group or a subunit coval.ently linked to the
particle by a EeLectlvely severable bond.

Several solld supports containing covalently
Iinked reactive functionalities have been described in
the chernicaL and biocheurical literature, and any such
support can be utilized so long as the solid support is
insoluble in water, ln the before-nentioned organic
solvents and is Eubstantially chenically inert to the
reaction conditions utilized, as discussed before for
the containers. The solid support preferably swells in
the solvents utilized during the synthesis due to
physical, rather than chemical processeE.

The solid supports typically faII into one of
three general types, each of which is discussed below.

Perhaps the nost utilized particles for
oligopeptide and oligo- and polynucleotide syntheses are
polymerized resins. The pollmerized resins are
generally in the forrn of porous beads.

Of the resins, the hydrophobic polyrnerized
styrene croEs-Iinked with divinyl benzene (typically at
about 0.5 to about 2 weight percent) resins are the rnost
often utilized, especially for ollgopeptide syntheses.
The resln beads so prepared are further reacted to
provide a known quantity of a benzyl nroiety as a portion
of the polymerized resin. The benzyl noiety contains a

reactive functional group through which the subunits of
the sequence to be synthesized nay be covalently linked
by a selectively severable bond. Although the reactive
benzyl moieties are typically added after the resin bead
has been synthesized by reaction of a pollnnerized
styrene noiety, such resinE are herein generally
described ae poLlnrerized styrene cross-linked with
divinyl benzene and including a known anount of .
polyrnerized vinyl benzyl moiety.
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The reactive functionality of the benzyl
noiety is typically selected from the group consisting
of aninobenzyl and halobenzyl such as chlorobenzyl.
Pollmerized, cross-linked styrene resinE containing
chlorobenzyl rnoieties are Eometlmes referred to in the
art as chloronethyl styrene resins, while resinE
containing aninobenzyl noieties are sometines referred
to as anino-styrene or aminonethyl-styrene resins.

It iE noted that the subunit/particle link
formed between a particle containing aninobenzyl noiety
and a carboxylic acid is not readily cleavable under
usual conditions of synthesis. AE a consequence, such
partlcles are used wlth sever able linking groups
between the particle and firEt linked subunit, where a
free subunit reaction product is desired to be

recovered.
Additional useful reEin particJ-es are those

naterials referred to by East et aI. , ilrl&SUngl,
L7zSL9-525 (1980) as macroreticular resinE. Those

resins are said to be prepared from cross-Iinked
polystyrene and to include a reactive arninobenzyl
rnoiety. The descrlbed resin particles contain pores c,f

a large enough cross-section to permit entry of
antibodies and innunoreaction of those antibodies with
the synthesized oligopeptide. The macroreticular reslns
were reported to be obtained fron Rohn & Haas under the
tradenark designation XE-225A.

Resins containing a known anount of
chlorobenzyl noieties may be purchased from Sigma

Chenical Co., St. Iouis, MO under the trademark nanes
Merrifieldrs peptide ReEin (chlorornethylated co-
polystyrene divinylbenzene). Such rnaterials are
typically supplied containing about 0.1 to about 2

utiLliequivalents of chlorine per gram of particle.
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The aminobenzyl group can be prepared frorn
pollnnerized styrene cross-Iinked with divinyl benzene by

reaction with N- (hydroxyurethyl) phthalirnide under
Friedel-Crafts conditionE folLowed by hydrazinolysis of
the phthallnide, group as is deEcribed by Kent et al.,
Israel J. Chem. , E-.243-247 (1978). Particles
containing reactive aninobenzyl noieties are also
conmercially available fron Pierce Chenical Conpany of
Rockford IL and are reported to contaln about 0.3 to
about 0.7 nillinroles of aminobenzyl noiety per gran of
particles.

Internediate linking groups between the
reactive benzyl noiety and the first of a sequence of
subunits may also be enployed as is the case of the
4-(o4znethyl) phenylacetyJ. group bonded to an anino
benzyl rnoiety reported by Kent et aJ.., above. Another
Linking group is the 4-(oxlmethyl)phenoxy group bonded

to a benzyl nroiety as reported by Meienhofer et al.,
Int. J. Peptide Protein Res. , .1!l! 35-42 (1979) .

The above-described polystyrene-based
particles are freguently used in the synthesis of
oligopeptides in which the carboxyl-terminal"amino acid
residue (subunit) is bonded through a selectively
severable covalent bond to the pollmerized, reactive
vinyl benzyl noiety of the resin. Benzy1 ester bonds
between the poJ.ystyrene-based particle and subunit are
stable in the presence of relatively nild acids, but
sever when treated with strong acids Euch as

hydrofluoric acid or a nixture of acetic and hydrobronic
acids. oligopeptide syntheses are typically carried out
usihg nild acid-sensitive protecting groups on the alphai

amino groups such as N-tert-butoxycarbonyL (t-Boc) or
9-fluorenyhnethyloxycarbonyl (f-Moc), while uslng other,
strong acid-sensltive protecting groups on reactive side

25
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chains. The photosensitive nitroveratryloxycarbonyl
(Nl/oc) arnino-protecting grouP can also be used.

one of the difficulties in working with large
quantities of synthetically prepared oligopeptides
relates to the usual practice of using anhydrous
hydrogen fluoride (HF) to sever the synthesized
oligopeptide reaction product and its side chain
protecting groups fron the solid support. Hydrogen

fluoride is not an easy naterial to work with and nust
be handled with great care. In addition, since HF

severs both the oligopeptide frorn the particLe and side
chain protecting groups fron the oligopeptide, the
severed oligopeptide nust be purified frorn the side
chain protecting groups.

A disutfide-containing linking group that can

be bonded to a benzylamine of a before-described resin
particle rnay be utilized to alleviate some of the
difficulties encountered in using HF to sever the
oligopeptide reaction product and to renove side chain
protecting groups. A precursor to that linking group is
represented by the for"nula:

t-Boc-NHCHzCHzSSCHz ( Ci.z ) 
'CO2Hwherein t-Boc is tert-butoxycarbonyl, and x is

a numeral having the vaLue of zero or oner such that
when x is zerot the parenthesized cH2 group is absent.

The car,boxyl group of the linking group is
bonded to the anino group of a polymerized vinyl benzyl
moiety of a reactive resin-containing particle using
standard peptide arnide bond-fotning techniques such as

via the anhydride, with dicyclohexylcarbodiinide or
another carbodiinide. The t-Boc group is therea€ter
removed using nild acid as is well known, the resulting
ammonium salt is neutralized to provide a free prinary
amine and the resulting free prinary arnine-containing
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particles are rinsed to remove any excess base-
containing reagent used in the neutralization step.

The first anino acid subunit is thereafter
coupled through its carboxylic acid group to the free

5 prinary anine to forn a particle-linked subunit. The
anino acid reEidue is linked to the reEin through an
anide bond between the carboxyl group of the amino acld
and the anino group of the disulfide-containing linking
group that is ltself bonded by an anide bond to the

L0 pollnnerized vinyl benzyl noiety of the resin. The

. resulting llnking group, written in the direction from
left to right and from the anino acid residue toward the
benzyl noiety, is represented by the formula:

-NHCHzCHzSSCH2 (CHz) XCONH

15 where x is as before-described.
The linking group with any amino acid that rnay

be designated trZtr coupled through its carboxyl group and
with the particle bonded through its polyrnerized vlnyl
benzyl noiety nay be written ag described above:

20 Z-NHCH.CHaSSCH. (CHa) TCONH-particle.
A particular beneflt of using the above-

described tinking group ls that its arnide and disulfide
bonds are stable to contact with HF and other strong
acids used to selectively remove anino acid side chains.

25 Consequently, such acidE can be used to remove the side
chains of the oligopeptide reaction product while that
reaction product is still linked to the resin partlcle.

_ 
That selective removal. penrits the renoved side chain
protecting groups to be rinsed away from the reaction

30 product-Iinked resin particle and thereby provides
easier purification of the ollgopeptide reaction
product.

The oligopeptide-Iinked resin particLe' ls
thereafter contacted with a disulfide bond-breaking

35 agent to seLectively sever the oligopeptide reaction
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product frorn the resin particle. The severed
oligopeptide reaction product can thereafter be

recovered in relatively pure form using standard
procedures such aE extraction of the severed reaction
product/particle nixture formed with an aqueouE

conposition containing 5 percent acetic acid. The

extracted conposition can thereafter be lyophilized to
provide the reaction product. The reaction product can

also be further purified as is known prior to its
ultimate recovery.

Several reagents are well known to be useful
for breaking the disulfide bond. Exernplary reagents
include sodium borohydride, 2-nercaptoethanol'
2-mercaptoethylanine, dithiothreitol and

dithioerythritol. Mercaptan-containing carboxylic acidE
having two to three carbon atons and their alkali netal
and ammoniun salts are also useful. Those reagents
include thioglycolic acid, thiolactic acid and

3-mercaptopropionic acid. Exenplary salts include
sodium thioglycolate, potassiun thiolactater arnnonium

3-nercaptopropionate and (2-hydroxyethyl) ammoniurn

thioglycolate.
The disulfide-containing t-Boc-protected

Iinking group precursor may be prepared by standard
techniques. For exarnple 2-anlnoethyl disulfide may be

reacted with two moles of 2-(tert-
butoxycarbonyloxyhnino) -2-phenylacetonitrile or N- (tert-
butoxycarbonyloxy)-phthalinide or a sinilar reagent to
form bis-N-t-Boc-2-aninoethyl disulfide, That disulfide
can then be reacted with thioglycolic acid or
3-mercaptopropionic acid to form the precursor shown

above.
A relatively newer group of resin particles

has been reported by E. Atherton and co-workers. Those
particles are based upon copollmers of dirnethyacrylanide

30
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crosE-l inked with N, N ' -bisacryIoylethylenedianrine,
including a known arnount of N-tert-butoxycarbonyl-beta-
alanyl-Nr-acryroyrhexanethyrenedianine. several spacer
molecures are typicarly added via the beta-alanyl group,
followed thereafter by the anino acid resj.due subunits.
See Atherton et aI., J. An Chen. Soc. , Z!-i6Sg4-6S85
(1e75).

The p-alanyl-containing nonotner can be
replaced with an acryIoyJ. sarcosine monomer during
porlanerization to form resin beads. The porlnnerization
is followed by reaction of the beads with
ethyJ.enediamine to fonrr resln particles that contain
prinrary amines as the covalently rinked functionarity.
See Atherton et aI., Bioorga. Chen., g:351-370 (1979)
and Atherton et aL, J'C.S. perkin I, 538-546 (1981).

The polyacrylamide-based resin particles are
relativel.y nore hydrophiric than are the poJ.ystyrene
resin particles and are usually used with polar parotic
sorvents. Exemplary sorvents include dirnethyrfornamide,
dimethylacetamide, N-nethyrpyrolridone and the rike.

The base-sensitive a-anino protecting group
N-9-f1uol'enyLmethyloxycarbonyl can be used in
conJunction with the polyurerized dirnethylacryJ.imide-
based resins. See Atherton et al., J.C.S. perkin I,
538-545 (1981) and Meienhofer et al., IntI. J. peplide
Protein Res., .Uli35-42 (1979).

A second group of solid supports is based on
silica-containing particles such aE porous gJ.ass beads
and sirica gel. For exampre, parr and Grohmann, Angew.
Chen. fnternal. Ed., I1, 314-315 (L972) reported on the
use of the reaction product of trichloro-t3-(4-
ctrroromethyr)phenyrlpropyrsirane and porous grass beads
(sold under the tradenark PORASIL E by l{aters \
Associates, Franinghan, l.{A) as solid support for
oligopeptide syntheses. Sirnilarly, a mono ester of
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1r4-dihydroxylnethytbenzene and a silica (sold under the
trademark BIOPAK by Waters AEsociates) nas reported to
be a useful solid support for ollgopeptides syntheses by

Bayer and Jung, Tetrahedron Lett., 4503-4505 (1970)

Each of the above solid supports is seen to utilize a

reactive benzyl nolety through which the subunit was

bonded to the particle.
The third general type of useful solid support

may be terned trconpoeltesrt in that they are constituted
by two rnajor lngredients, a resin and another naterial
that is also substantially inert to the organic
synthesis reaction conditions enployed.

One exenplary conposlte described by Scott et
a1.., J. chrorn. sci., !'.577-59L (1971), utilized glass
particles coated with hydrophobic, polymerized,
cross-Linked styrene containing reactive chloronethyl.
groups. Another exenplary cornposite was reported to
contain a core of fluorinated ethylene polymer onto
which was grafted linear polystyrene. See Kent et aI.,
above, and van Rietschoten, in Peptides 1974, Y. Wolman

ed., LL3-116 (197s).
Sinilar solid supports are also reported for

synthesis of oligo- and polynucleotides. For example,
Letsinger et al., J. An. Chern. Soc., 87-:.3526 (1965)

reported on the use of a so-called rrpopcornrr cross-
Iinked styrene copollmer; Duclcworth et aI., Nucleic
Acids Res., $:1591-1706 (1981) reported on the use of
succinylated amine-containing polydinethyLacryl-
arnide-based resinsi Protapov et al.. @,
g.2p4L-2056 (1979) reported on the use of a conposite
solid support based on i polytetrafl.uoroethylene core
containing grafted polystyrene; and Matteucci et aI.,
J. Arn. Chem. Soc., .1103.s3185-3190 (1991) reported the use
of macroporous silica gel reacted with
( 3-aninopropyl ) triethoxysilane.
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General reviews of usef,ul solid supports
(particles) that include a covalently Linked reactive
functionality nay be found in Atherton et al. '
Perspectives in Peptide Chemistrv, Karger, 101-117

(1981); Amanath et al., Chem., Rev. , E-2t83'2L7 (L9771i

and Fridkln, The Peptides. Volune 2, Chapter 3, Academic

Press, Inc., (L979r, pp. 333-353.
A porous container can also be provided that

encloEes a known anount of particles having a known

amount of rnononeric repeating units linked thereto by

selectively severable covalent bonds. Each of such

repeating uni.ts, €.g. t amino acid residues, that is
farthest from (distal to) the particle/repeating unit
Iink contains a functional group capable of reacting
during the organic synthesis but that is protected from
so reacting by a selectlvely removable, covalently
linked protecting group.

Illustratively, 5 | -O-methoxytrityl-protected
nucleosides linked to particles by 3r-o-succinyl
Iinkages are conmercially avaiLable, wherein the
succinyl linking groups are also bonded to (a) 20'60
micron silica particles by (3-arnino-propyl)diethoxy
siLoxane groups; (b) supports r.rf polynerized styrene
cross-Iinked with either 1-2 percent divinyl benzene

that include poJ.lmerized vinyl aninobenzyl noieties
(also referred to as anino-polystyrene) ' and (c) 10

percent cross-linked polydinethyJ. acrylarnide-based
resins that include glycylethylene-diarnino linkages
(a1so referred to as anino-polydiurethyl-acrylamide) .

The nucleosldes of such particles also typically include
appropriate protecting groups for the ring substltuents
such as N-benzyl and N-isobutyl protecting qroups, as

are wel} known.

L5
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protected reactive functional groups are provided in
known amounts linked to the particles by the
manufacturer. For exanpLe, protected, nucleoside-
containing particles are available prepared from a resin
sinrilar to the before described succinylated
amino-polystyrene resin and containing 0.1-0.2
rnilLlnoles of nucleoside per gram of particle.

SinriLarly, resin particles of polynerized
styrene cross-Iinked with dtvlnytbenzene and including a

known arnount of pollmerized vinylbenzyl moiety that
contain linked anino acid residues having protected
reactive functionalities such as

N-!-butoxycarbonyl-protected o-amino (t-Boc-protected)
groups are provided by several suppliers. Each

particulate material is supplied with a statement as to
the amount of llnked anino acid residue present in the
particles.

This invention also contenplates use of
individual containers enclosing particles that sontain
identical sequences of two or nore reacted mononeric
repeating units (reaction prodr:cts) that are llnked to
functional groups of the particles by one selectively
severable covalent bond per sequence. Such particles
thus contain a reacted nonomer that is llnked to the
particlei i.€., that is proxinal to the partj.cle, and a

monomer that is farthest fron the particlei i.e., that
is distal to the particle. Since both single monomers

Iinked to the particles and monomer-containing reaction
product sequences linked to the particles contain distal
monomers, both tlpes of particleE (e.9., amino acid-
Iinked) are usually referred to herein as monomer-Ilnked
particles, and the nononeric repeating units and

reaction product sequences are usuaLly referred $o as
particle-Iinked monomers.
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Support-Coupled oliclopeptide Mixtures
A solid support-coupled conplex nixture pool

of oligopeptides prepared by a before-described
synthesis procedure is also eontenplated. Such a

5 nixture consists essentially of pool of solid support
particles coupl.ed by a selectlvely severable covalent
bond to llnear oligopeptide nolecules. Each of the
Iinear oligopeptide nolecules contains a chain having
the sarne nunber of amino acid residues. The coupled

L0 oligopeptide nixture has at least one, same'

. predeternrined posltlon of each chain occupied by a

different one of a plurality of amino acid residues so

that the coupled oligopeptide mixture pool contains an

equinrolar amount of each of the pl-urality of arnino acid
15 residues at the at least one, sane predetermined

position.
Because an oLigopeptide rnust contain at least

two amino acid residues, the at least one other position
of the oligopeptide chain can contain a pooled nixture

20 of residues or can be a single residue. Exemplary
coupled dipeptide rnixtures can be exemplified by the
formulas: OX-B, Xo-B and XX-B, using the previous
definitions for X, o and B.

In preferred practice, the equimolar arnounts

25 of at least six different anino acid residues are
present at one, two, three, four or five of the same,

predetermined positions of each 6-ner chain. Those

same, predetermined positions of each chain that are
occupied by occupied by eguinolar amounts of each

30 residue utilized are more preferably at terminal
positions of the otigopeptide chains and include the
ter:ninal residue. l{ore preferably still, the teminal
position seLected ls the carboxy-tetminaL positibn, and

since an o}igopeptide is preferably stepwise synthesized
35 from the carboxy-terninus to the amino-terminus,
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exenplary still more preferred coupled conplex equinolar
mixtures of oligopeptides can be five, four, three or
two resldues in length and contain eErimolar residue
mixtures at all five, four, three or two positions,

5 respectively, fron the anino-terminus of the 5-ner. An

exenplary coupled dipeptide can also include a

predetetmined residue at position 1 and a nixture at
position 2, and have the formula otX-B.

Coupled conplex nixture pooJ.s of oligopeptides
10 such as those exernplified innediately above are

particularly useful for sale to others to carry out a

stepwise synthesis and assay as described herein.
. It is still more preferred that a before-

described coupled nixture further include one or more

L5 sane, single, predeterrnined (specifically defined) amino

acid residues at one or more same, predetermi-ned
(specifically defined) positions in each oligopeptide
chain. ThoEe one or more same, predeternrined amino acid
resLdues are preferably at an amino-terminal position of

20 the chain, including the anino-ternlnal residue.
Thus, keeping the above preference for the

positions having eguinolar anounts of each of a

plurality of anLno acid residues in nind, exenplary most
preferred coupled rnixtures of 6-mer oligopeptides

25 include those having positions 1-5 predeterrrined, and

position 5 as an equinolar nixture; positions 1-4
predetermined, and positions 5 and 5 as eguinolar
rnixtures; positions 1-3 predeternined, and positions 4-6
as nixturesi positions I and 2 predetermined, and

30 positions 3-6 as equinolar mixtures; and position 1

predetermined, and positions 2-5 as eguirnolar nixtures,
with the predetermined residues being the sarne and at
the sane relative position in each mixture. These five
conplex oligopeptide mixture pools illustrate the

35 reactlon products obtained from the above onLy \
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X-containing coupled nixture pools when predetermined,
single residueE are coupled at the sane positions to
each pool.

Each of, the before-described coupled nixture
5 pools of oligopeptides preferably includes the

selectively rernovable protecting group of the second

reactive functional group of the last coupled residue.
The presence of that protecting group and any other
protecting groups on anino acid residue side chains

10 helps permit sale of the coupled mixtures with little
fear of degradation prior to ultirnate use

. Oligopeetide Sets
A before-described conplex mixture pool of

15 solid support-coupled oligopeptldes once cleaved or
sevbred from the solid support is referred to herein as

an oligopeptide set, an oligopeptide nixture set, by a
sinilar phrase, or nore sinply as a trEettr, as weII as

being sometimes referred to herein aE a synthetic
20 combinatorial library. Being severed from the solid

support, an oligopeptide set is unsupported, and because
of its rnethod of synthesis, such a set is linear.

An oligopeptide rnixture set consists
essentially of a mixture of equinolar anounts of

25 oligopeptide chains that contain the same nunber of
anino acid residues in each chain; i.€.1 have the sane

chain length, preferably 5-10 residues, and more

preferably 5-8 residues. The nembers of a set have one

or more single, predetermined (specifically defined)
30 amino acid residues at the same one or more

predeterrrined (specifically defined) positions of the
oligopeptide chain and equirnolar amounts of at least six
different anino acid redidueE, at one or more
predeternined (specifically defined) other positions of

35 the chain. When nore than one predetermined amiho acid
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residue is present at more than one predetetrrined
position of the chain, those residueE can be the sane of
different.

l{hen designed for carryi.ng out binding assays

as illustrated hereinafter, a preferred oligopeptlde
nixture Eet contalns the one or more predetermined
residues at one or more predeter:mined positions that
include a chain termlnus, trtost preferably the
N-termLnus. A Eet preferably includes the equimolar
amount of at least six different anino acid resldues at
one or more predetermined chain positions, and nore
preferabLy those chain positionE are adJacent to one

another. In particularly preferred practice, those
adjacent positions are at a terminus of the oligopeptide
chain, and most preferably, that tetminus is the
C-terninus. Preferably, the sane nixture of residues is
present at each predetetmined position.

More preferabJ.y, the N-terrrinal two residues
are single predetermined residues within the set. Still
more preferably, the N-terminal three residues are
predeterrrined, and nost preferably, the N-terrninal four
residues are predetermined. Thus, Ln most preferrqfl
practice for this use, one or more predetentined chain
positions at the N-ter:urinus are occupied by
predetermined residues and one or more chain positionS
at the C-terninus are occupied by an equirnolar mixture
of residues.

A nost preferred oligopeptide nixture set for
such an assay contal.ns equinolar anounts of at least six
different anino acid residueE at the carboxy-terminal 1,

2, ?,4 or 5 positions of the oligopeptide chain (i.e.r,
positions 2, 3, 4,5 and 6 fron the anino-terminus of a

5-urer), as specificaLty defined position(s). At least
one other position and preferabLy nore than one bther
position of the chain of such a most preferred

t-5
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oligopeptide nixture set iE occupied by a single,
predeternined anino acid resldue whose identlty is the
same at an analogous position within the chain for each

set, and those single, predeternined anino acid residues
are most preferably at an amino-tetminal position of the
chain, including the amino-terminuE of the chain. It is
to be understood that although the identity of each
single, predetermined residue at a given position in the
chain is the Eane withln each set, each such chain
position can be occupled by the sane or a different
residue as between sets.

Exernplary oligopeptide equinoJ.ar mixture-
containing sets include a dipeptide having one position
predetermined and the other a mixture; a tripeptide
having two positions occupied by predetennined residues
and the other a mixture, or vice versa; a tetrapeptide
having one predetermined position, €.![. position J., and

three nixture positions; a 5-mer whose first position is
defined (predeterrnined) and whose remaining positions
are occupied by nixtures; a 5-ner whose first and fourth
positions are defined and whose second, third and fourth
positions are occupied by nixtures; a 6-mer whose first
two positions are predeternined and whose last four are
occupied by nixtures; a 7-mer whose first position and

positions 4-7 are nixtures and whose second and third
positions are predeternined; a 7-mer whose first, third
and fourth positions are predetermined and whose

remaining positions are nixturesi an 8-mer whose third
and fourth positions are predetetmined and whose

renaining positions are occupled by rnixtures of
resi.duesi an 8-mer whose first four positions are
predeternined and whose last four positions are each

mixturesi a 9-ner whose fourth and fifth positions are
predetermined, and whose renaining positions are
mixturesi a 10-mer whose positions 3-7 are

15

20

25

30

35

 
 
Page 78 of 249



-76-

predetermined, and whose renaining positions are
occupied by nixtures; a 10-mer whose first position is
predetermined, with the remaining positions occupied by
mixturesi a 10-ner whose positions 7-9 are

5 predetermined, with the renaining positions occupied by
mixtures and the like vhere eaah mLxture is an equinolar
nixture of a plurality of coupled arnino acid residues
that includes at least three, preferably at least 10'
and nore preferably about 15 to about 20, different

10 amino acid residues as discussed prevlously.
AE noted earlier, it is preferred to use

oligopeptide chain sequences of about 5 to about 8

residues in length, with 5-mer sequences being
particularly preferred herein, especially where an

15 antibody-binding epitope is sought to be prepared
because six resldues is the usual length of a linear
epitope.

Oligopeptide nixture sets that contain two
chaln positions of predetermined amino acid residues and

20 four or nore positions of equinolar nixtures along the
ehain are among those preferreci. For 6-ners, those sets
have the configurations of predeternined, single arnino

acid and equimolar mixtures shown below:
Predetermined Positions Mixture Positions

25 L,2 3-6
2 ,3 L,4-6
3,4 Lr2 15,6
4,5 1-3 r 6
51 6 1-4

2 ,4-630

Lr4 2,3,5,6
11 5 2-4 16

L,6 2-5 \
2,4 Lr3,5 16

35 2 15 Lr3 14 16

L
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2r6
3r5
3r6
4t6

1-3
2-4
3-5
4-6

L r2,4
L,2 r5
Lr2t6
Lr3,4
Lr4 ts
LrS,6
1r3r5
LrjtG
2t3rs
2r3r6
3rSt6

1, 3-5
Lr2r4r6
Lr2 t4 r5

1-3r5

l_0

l_5

20

Each of those positional configurationE defines 400

mixture sets when the twenty natural arnino acids are
used. It is preferred that the predetermined residues,
O, be adjacent to each other in the chain.

oligopeptide nixture sets containlng three
predeternrined positions along the chain and three or
more equinolar nixture positions are also preferred.
Six-mer sets for those preferred sets have the
configurations of predetermined, single anino acid and

mixtures shown below:
Predetermined Positions Mixture Positions

25

4-6
Lt5 r6
L,2,6

t-3
3t5r6
2 r3,6

3-5
2 r5,6
213r6

2-3
2,4 r6
2 t4,5
Lt4 r6
Lt4 r5
Lr2 t4

30

35

Each of the above positional configurations defines 8000

oligopeptide nixture sets when the twenty natura.l amino
acid residues occupy a predetermined position in the

 
 
Page 80 of 249



5

-78-

chain. It ls preferred that the three predetermined
positions be adJacent in the chain.

Hexapeptide oligopeptide nixture EetE of the
following type are particularly preferred for antibody
or other receptor binding studies because of their
relatlve ease in syntheEiE. Those nixture sets have

amino-terminal positions that are occupied by
predetermined residues and carboxy-ternrinal positions
occupied by equinolar mixtures of residues, and include
sets having one, two, three, four and five predetetnrined
positions.

Thus, using the twenty natural anino acids as

exemplary, a 6-mer mixture set having only the first
position occupied by a predeterurined residue would have

twenty member sets each of which contained 3.2 nillion
menber otigopeptldes. A set having the flrst two
positions occupied by predetermined residues would
include 400 rnember sets each of which included 160,000

member oligopeptides.
The exemplary 400 nixture sets 5-mer

oligopeptides are particularly usefuL in binding assays

as a starting >roup for deternining the sequence of a

donor that binds to an acceptor of choice, as is
illustrated hereinafter.

After carrying out binding studies using the
above 400 setE, one can detertine one or more setE that
exhibit optirnal (best) binding. A further group of
twenty sets iE then synthesized that includes the
optirnal binding first two residues, twenty single
residues at position 3, and equinolar nixtures at
positions 4-6. A further binding study is carried out
and optinral binding determined for that set. This
procedure Ls then continued until the sequence of an

optinal binding donor oligopeptide is determined.
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Also preferred because of their relative ease

of synthesis and the solubility provided by the
C-ter:ninal nixtures are oligopeptide nixture Eets 5-10

residues in length whose C-terminal four posltions are
occupied by arnino acid residue mixtures, and whose

arnino-ternrinal. positions are occupied by predeternined
residues. Each above Eet can be prepared from a single
preparation of solid support-coupled 4-mer oligopeptide
nixtures to which one or more predeternined acid
residues is coupJ.ed following each acceptor binding
assay.

For example, starting with a batch of support-
coupled 4-rner whose positions are all equirnolar
mixtures, a set of twenty urixtures can be prepared by
separately coupling each of the twenty natural anino
acids to a separate portion of the batch. After
cleavage, a binding assay is run as with a monoclonal
antibody.to deterrrine best binding. Another set of
twenty is then prepared using the sane batch with the
best binding residue at position 2 in the sequence and

each of the twenty residues at position 1. The binding
assay is run again and best birrdlng is deter:nined. This
process is continued until a predetetmined oJ.igopepti.de
sequence of desired length is completed.

For other types of assays, again using 5-mers
as exemplary, it is preferred to use nixture sets having
a single predeterrrined residue at the same position in
the chain, with the other positions in the oligopeptide
chain being occupied by equinolar amounts of each of the
amino acid derivatives utilized. Exenplary 5-ner sets
are therefore six in number and each set has position 1,
2, 3, 4, 5 or 6 defined, with the other positions being'
occupied by equinolar nixtures. Using one of the twenty
natural amino acids for each predetermined posiQion
provides twenty nixture sets at each position. Inasrnuch
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a6 there are six such setE, a total of 120 sets are
contenplated.

optinal acceptor binding studies can be

carried out for each of the setE that varies at each

position of the oligopeptide chain. l{here the above

6-ners are used, with each of the twenty natural arnino

acids at each predeternrined posltion rrOrr in the chain,
120 assays are required. The residue, rrorr, of the
twenty present that exhibits optiural (best) blnding at
each position of the chain in those aEsays defines the
residue at that position of an optirnal otigopeptide
donor. The sequence of an optinal binding donor is then

determined fron the optinal binding results obtained for
each sequence position al.ong the ollgopeptide mixture
set ehain.

It is preferred that one or both ter:nini of an

oligopeptide nixture pool Eet have anide bondE. To that
end, it is preferred that the eecond reactive functlonal
group of the last added protected amino acid derivative
be renoved whiLe the c.omplex nixture pool is coupled to
the solid support and that the resuJ.ting free reactive
functional group be reacted to fotm anide bonds on all
of the coupled oligopeptides. A before-described Cr-Cs

acyl group Euch as an acetyl. group is preferably used to
fotm the anide bond at the N-terminus. An anlde bond'

can also be formed when a carboxyl group is the second

reactive functional group, or the first reactive
functional group, as discussed previously. Each

oligopeptide nixture set iE preferably prepared and used

an as a N-acetyl C-arnide derivative mixture set, and can

be represented aE Ac-sequence-NHz.

It can also be uEeful for an oligopeptide
mixture set to include a label. A radioactive tbUet
such as 3H can be uEed as part of an N-ternrinat acyl
group such as an acetyl group.
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Other contenplated labels include chronophores
such as the 2r4-dinitrophenyl or 4-nitrophenyl groups

and fluorescent nolecules such aE a dansyl group that
can be coupled to an N-terminal anino group using dansyl
chloride ( 5-dinethylanino-1-naphthalenesulfonyl
chloride) after cJ.eavage of the terninal. blocklng group.

A 2r4-dinitrophenyl or 4-nitrophenyl group can

be coupled to a deprotected terminal anine of a solid
support-bound oligopeptide nlxture by neans of an

appropriate haLogen derivative such as a chloro or
fluoro group. The resulting nitrophenyl aniline
derlvatives have a yellow to yellow/orange color that
can be readily obsenred

It is also contenplated that a photoreactive
Label be coupLed to an oligopeptide nixture set,
particularly at the N-terminus. Exenplary photoreactive
Iabels include the 4-azidobenzoyl and 4-azidosalicyl
groups that are present as N-terninal anides prepared by
reaction of the N-hydroxysuccininide ester of either
group with the free, N-ter:ninal anino group. Each of
the esters is available frou Sigrna Chenical Co., st.
Louis, MO.

It should be apparent fron the foregoing
discussion that a plurality or set of oligopeptide
nixture sets is also contenplated. Each set of the
plurality has the sane sequence of one or more
predetermined anino acid residues at one or !!ore
predetertined positions of, the oJ.igopeptide chain and

the same sequence of equinolar amounts of at least six
different anino acld residues at one or lRore

predetermined positions in the oligopeptide chaLn. The

sets of oligopeptide sets differ in that at least one
predeternined residue present at a predetemined
position within each set is different between the sets.
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Exemplary sets of sets are the previously
discussed 4OO sets (twenty sets of 20 each) whose first
two positions are occupied by one of the twenty
naturally occurring anrino acid residues, and the

5 remaining positions 3-6 are occupied by nixtures. Each

menber of those 400 sets has two predetetmined amino

acids 1o,, and 02) at one or more predetenrrined positl-ons
(the anlno-terninaL first two positions) and equimolar
anounts of the at least six different residueE.at one or

LO more predetermined positions (the four carboxy-terminal

. 
positions).

Another exenplary 6-ner set of oligopeptide
nixture sets begins OtozO, where each of the subscripted
ttot-ztti i.e., "oltt and rrorrr, is predetermined and

15 conEtant (the sane within the set), o is a predeternined
residue that can be each of the twenty natural amino

acid residues, and the renaining positions are occupied
by nixtures. Sinilar sets of sets have the first 3

positions occupied by specific predetermined residues,
20 the fourth position occupied by one of the amino acids

used in the study, and positions 5 and 6 occupied by
mixtures. Another set of sets haE the first four
positions defined, the fifth occupied by an arnino acid
residue used, and the sixth position a nixture.

25 Thus, the above set of sets is conprised of
nernber sets each of which consists essentially of a

nixture of equimolar anounts of linear oligopeptide
chains containing the sane nunber of residues in each

oligopeptide chain; i.e., here each set has a sequence

30 length of six anino acid residues. The menbers of each

set have one to four amino-terrrinal positions occupied
by the same, single, predetermined amino acid residue
(the Ot, Oz, Or etc. positions) and four to one \
respective carboxy-terminal positions occupied by

35 equirnolar arnounts of at least slx different amino acid

 
 
Page 85 of 249



10

-83-

residues utilized (the equirnolar nixture positions, X).
The single position rernaining in the nixture set; the
position between those enumerated above, is occupied by

one each of the anino acld residues utilized at that
position.

The nurnber of sets within the set of sets is
deter"mined by the nuurber of different anino acid
residues utilized at the above, single renaining
position. Thus, where the twenty naturally occurring
amLno acid residues are used, each set would contain 20

mernbers of mixtureE. The nunber of individual
oligopeptides in each nixture of a set is determined by

nultiplying the nunberE of residues used at each

equirnolar nixture position.
The previously discussed 120 oligopeptide

mixture sets of 6-rner sets each containing one

predetermined position and five mixture positions are
also contemplated, and illustrate six sets of twenty
oligopeptide rnixture sets. Here, again, each set
contains a sequence length of six anino acid residues.
one position in each set is occupied by one of a

pturality of the predetermined anino acid residues
utilized for that position. The renaining five
positions of each set are occupied by equai rnolar
anounts of at least six different amino acid residues.
Again, the nunber of menbers of each set is deterrnined
by the nunber of predetetmined residues utilized, and
the nunber of oligopeptides in each nember set is
detemined by nulli.plVing the nurnbers of residues
utilized at each equinolar nixture position.

The previously discussed nixtures having
eguinolar anounts of at least six different anino acid
residues occupying the four carboxy-terninal positions
also constitute a set of sets. Here, the sets contain a

sequence length of flve to ten amino acid residues. The
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anino-terrninal residue in each set is occupied by each

one of the predeternined anrino acid residues utilized at
that position (o). The anino acid residue sequence

between the enumerated arnino-terminal reEidue and four
carboxy-terminal positions, is the same in each set fron
a carboxy-ter:ninal direction to an anino-tetrrinal
direction (oc, O5, O, etc.). A set containing a sequence

length of five anino acid residues has no amino acid
residue sequence between the enunerated positions, so

that intervening sequence is sometines referred to as
rrwhen presentrr to account for the S-ner set.

Still further sets of oligopeptide nixture
sets wlll be apparent to the skilled worker fron the
previous discussion and need not be gone into further
here.

ConpoEitionE and Assays

A conposition that conprises a self-
solubilizing unsupported oJ.igopeptide mixture set
dlssolved in an aqueous nedium at a concentration of
about I nilligram per liter to about 100 grarns/Iiter is
also conternplated. The nixture set consists essentially
of a urixture of equirnolar anounts of linear oligopeptide
chains containing the sane nunber of anino acid residues
in each chain. Each nenber of the set contains one or
more single, predeternined amino acid residues at one or
more predeternrined positions of the oligopeptide chain
and eguinolar amounts of at least six different arnino

acid residues at one or nore other positions of the
chain.

The aqrreous rnediurn used can be extrenely
varied and includes tap.water, distilled or deionized
water, as well as a buffer solution as is used for
antibody binding studies or a cel.l growth rnediurq as is
useful for bacteria, plant or aninal cells, all of which
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are rdell known to skilled workers. In a particularLy
preferred ernbodinent, the aqueous nedium is a cell
growth rnediun that also contains ceLls whose growth in
the presence of a dissolved oligopeptide set is to be

assayed.
The concentratLon of an ollgopeptide nixture

set in the aqueous rnedium lE selected so that the
mlxtures of the oligopeptide set are present at
concentrations of about L.O pg/ml to about 100.n9,/nl, or
when each oligopeptide nixture iE made up of 1601000

individual oligopeptldes; i.e., an N-acetyl C-arnide

6-mer beginning Arg-Trp then each peptide within each

rnixture is present in a concentration of about 1.0
pg/nL/L6O,OOO = 6.25 pglml, to about 100 mg/mL/L60r000 =

625 ng/mL. Presuming an average nolecular weight of an

N-acetyl C-anide 6-mer to be 785 grm,/rnole, then at 1.0

ttg/tro,J-, the indivldual hexamers are present at a

concentration of 7.95 pmolar and at 100 ng/nl the
individual hexamers are present aE 796 nmolar. More

preferably, concentrations of about LOo pg/nl to about
5oo pq/ml are used. It is to be understood that the
wide breadth of concentrations specified above is
intended to take into account the conternplated range of
ol.igopeptide mixture sets that can have one to nine
positions predeternined. Specific, useful
concentrations are illustrated herelnafter.

Another aspect of the present invention is the
use of a before-described aqueous composition of a set
of rnixed oligopeptides in a blnding assay with an

appropriate acceptor, An oligopeptide nixture set of
such a conposition and its individual nenbers can be

Iooked at as donor (ligand) in donor-acceptor binding
complex formation. Exenplary acceptor molecuLes are
antibody cornbining site-containing molecules such as

whoLe antibodies, F(ab), F(ab')2 and Fv antibody
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portions, solubilized or non-aolubilized cel.I surface
receptor molecules, internal celLul,ar receptors and

viral protein receptors, all but the antibody conbining
site-containing molecules being collectivel.y referred to
as rrcellular receptorsrr.

In accordance with this aspect of the
invention, a before-described aqueous nedium containing
an oligopeptlde mixture set is contacted with acceptor
noleculeE whose binding is to be assayed to for"m a

binding reaction nixture. That mixture is naintained
for at tirne period and under conditions for the acceptor
to bind to an oligopeptide of the nixture, and the

. relative binding anount is determined.
Any well known binding assay fornat can be

used. For exanple, a solid phase asEay using a Eo1id
phase-bound antibody binding site and a radiolabeled
oligopeptide nixture set lE conternplated. Also
contenplated is a cornpetitive binding assay in whlch a
protein or pollpeptide is bound to a solid phase as an

antigen and a nonoclonal antibody binding to that
antigen ls adnixed with an oligopeptlde nixture set.
Inhibition of binding of the nonoclonal antibody. by the
oligopeptide mixture set provides a measure of the
binding between the oligopeptides and monoclonal
antibody

For a before-discuEsed chronophore- or
fluorescent-labeled oligopeptide nixture set, contact
between the acceptor and oligopeptide rnixture set can be

carried out with the acceptor linked to a solid support
such as sepharose or agarose. The non-binding and
poorer binding nixture sets can be separated fron the
sotid support-bound acceptor nolecu}es by washing at
increasingly higher salt concentrations untll a

predetermined concentration is reached that is used to
de!'ine a better or best binding ollgopeptide mixture.
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The choronophoric or fluorescent label can be used to
follow the elution. Using the 2,4-dinitrophenyl
chronophore as exenplary, the presence of a yellow to
yelloflorange color on the solid support for a given
nixture set after washing lndicates an optinral binding
mixture set.

An exenplary assay using a photoreactive label
can be carried out with .tt .tttlne having a known

substrate. Here, the enzlme aa acceptor and

photoreactive labeled-oligopeptide are adnixed.and the
adrnixture naintained so that binding can occur. The

adnixture is then irradiated using sufficient guanta of
light at an appropriate wavelength, as are weII known,

to cause the decourposition of the photoreactive group

such as an azide group and the insertion of the
resulting oligopeptide radical into the enzlane

polypeptide backbone. That insertion links the
resul,ting oligopeptide to the enzlme and bLocks reaction
with the enzlzners substrate. Thus, an assay of enzymic
activity after irradiation provides a determination of
which otigopeptide mixture set bound optimatly, with a

dininished activity indicating enhancec'binding.
Cellular receptor molecules are also

particularly contemplated as uEeful in this assay

system. The cellular receptor whose binding is
contemplated for assay need not be isolated, but can be

part of an intact, living cell such aE bacterial,
nanmalian or plant ceIls, or viruses. When such intact,
Iiving cells are utilized, relative blnding amountE can

be deternined by the growth or inhibition of growth of
the adnrixed, assayed ceIIE. The aqueous rnedium here is
a growth nediurn, known to promote growth of the assayed'
celIs.

Exanple 3 hereinafter iLlustrates use.of two
different intact bacterial celLs as acceptors in
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exemplary assays. Example 5 deEcribes assays against a

fungus, with assayE against another bacterial type being
illustrated ln Exanple 5, and a viruE in ExanpLe 7. rn
those assaye, inhibition of growth of the bacteria or
viral plaques was used as a neaeure of binding of an

acceptor to eeveral oligopeptide mixture sets, go most
of the il.lustrated data illustrate inhibition of growth'
with non-inhibition data generally not shown for
brevity.

The concentratlon of free acceptor molecules
or those present in intact, living cells used for such
binding assays is an assay-effective arnount such as is
nornally used for such assays, and is well known in the
art. It is to be understood that different
concentrations of free acceptor molecules or those
present in intact, living cells can vary with each

acceptor studied.
A before-descrlbed assay can be carried out ia

vitro as is specifical.ly illustrated hereinafter, as

well as being carried out in vivo. For in vivo assays,
living plants such as tobacco, alfalfa, corn (naize),
zinnias and the like are coittenplated hosts, whereas
srnall laboratory nannals such as rats, nice, guinea pigs
and rabbits are contenpLated hosts for aninal assays.

An oligopeptide mixture set-containing
conposition can be adrninistered and an oligopeptide
mixture contacted with the acceptors internally or
externally in plants through watering, misting of
foliage, or injection. For the animals, a conposition
can be adninistered internally, orally or by inJection
sush as intraperitoneally, subcutaneously or
intramuscularly or topically as by application to skin
for the contact belween donor and acceptor to take
place.

15

20

?5

30

 
 
Page 91 of 249



-89-

Binding here can be assessed by relative
growth rate (positive or negative) or by the affect of
the composition on one or more tissues, as through
nicroscoplc exarnination, by body tenperature where

5 pathogen-infected aninals are used, and the like as are
well known.

In preferred practice, an above binding assay

is repeated using an aqueous conposition containing
another menber of a set of oligopeptide mixture sets.

Lo Conparison of the relative binding results obtained
indicates whlch sequence(s) of the mernber sets of sets
provide the best (or better) binding. Those binding
study results can then be utilized to prepare a further

' set of oligopeptide nixture sets that include the best
15 (or better) binding sequences. That further set can be

sirnilarly aasayed to identify further best (or better)
binding sequences until one or nore sequences that
provide a desired binding resuJ.t is identified.

Based upon results of the above-described
20 assays, several oligopeptides of interest were

identified tlrat exhiblted antiuricrobial activity. Those

oligopeptides of pari i.cular interest that exhibited
antinicrobial activity include those having the 6-mer
sequences:

25 Phe-Arg-Trp-Leu-Leu-Xaa (SEQ ID NO:LO)

Phe-Arg-Trp-Trp-His-Xaa (sEQ ID NO:11) i
Arg-Arg-Trp-Trp-Met-Xaa (SEQ ID NO: 12) ;
Arg-Arg-Trp-Trp-Cys-Xaa (SEQ ID No:13) t and

Arg-Arg-Trp-Trp-Arg-Xaa (SEQ ID NO:14)

30 wherein Xaa is another anino acid residue.
In preferred practice, an above oligopeptide

is utilized as an N-acetyl C-anide derivative.
ParticularLy preferred Xaa residues for an ollgopeptide'
of SEQ ID NO:L0, when used against E. coli are arginine,

35 lysine, histldine and valJ.ne, whereas for use aqainst
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s. aureus, Xaa is preferably phenylaLanine, arginine'
tryptophan, cysteine and leucine' Particularly
preferred Xaa residues for SEQ ID No:lI include

arginlnerlysinertrryptophanrphenylaninerhistidineand
5 leucine for use against E. coli, and leuci'ne,

phenylalanine, arginine, isoleucine, tryptophan and

Iysineforuseagainsts.aureus.Particularly
preferred xaa residues for sEQ ID NO:12 include aLl of

the twenty naturally occurrlng amino acid residues

10 except aspartic acJ.d, glutanine and glutarnic acid for
use against E. coli. Particularly preferred Xaa

residues for SEQ ID NO:13 include arginine, tryptophan,

. valine, tyrosine, lysine, serine, hlstidine, threonine

and alanine for use against 5-c-..48gg, arginine for use

15 against c. albicans, and alanine, glycine, cysteine'
methionine, phenylalanine and lysine against Herpes

siurplex virus Type 1 (HSV-l). Particularly preferred

XaaresiduesforSEQIDNo:l4includetyrosine'
cysteine, leucine, isoleucine and alanine for use

20 against S. agreus and arglnine and histidine for use

against C. albicans.
Heptapeptides (7-ners) including an above

peptide have been fourid to exhibit enhanced activity.
Thus, for example, peptides of sEQ ID NO:14 where xaa is

25 phenylalanine, and having an additional residue present

at the anino-terminus or carboxy-terminus have been

found to exhibit added activitY.
Thus, an added anino-terninal tyrosine,

isoleucine, tryptophan, phenylalanine, leucine, cysteine

30 and arginine have been found uEefur agalnst E-:'-3llE9!L9''

and an added anino-terminal lysine has provided enhanced

activity against c. al.bicans. An added carboxy-terminal
tryptophan, phenylalanine, Ieucine, cysteine,
isoleucine, tyrosine, valine or arginine residue has

35 been found to enhance activity against S.-egregg,
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whereas an added arginine or lysine provi.ded enhanced
activity against C. albicans. For a peptide of SEQ ID
NO:14, where Xaa is valine, an added C-terminal arginine
provided enhanced activity against C. albicans.

The following exarnples are intended to
illustrate, but not lirnit, the invention.

Exanple Exenplary SynthesiE of a Set of Mixed
Oligopeptldes having Equirnolar Amounts of
the Twenty NaturaL Anrino Acid Residues

Aliquots of five grams (4.65 mnols) of
p-nethylbenzhydrylarnine hydrochloride resin (Ii{BHA) vrere
placed into twenty porous polypiopylene bags. These
bags htere placed into a comnon container and washed with
L.0 liter of CHzCLz three tines (three ninutes each
tinte), then again washed three tines (three rninutes each
time) with 1.0 liter of 5 percent DIEA/CH2CI. (DIEA=di-
isopropylethylarnine). The bags were then rinsed with
CHzCla and placed into separate reaction vessels each
containing 50 mI (0.55 l'{) of the respective t-Boc-anino
acid/CHrCLr. N-N-Diisopropylcarbodiinide (25 nI i L.L2
M) was added to each container, as a coupling agent.

Asparagine and glutanine were coupled as their
hydroxybenzotriazole esters in SOTSO (v/vl DMF/CH.CI,.

After one hour of vigorous shaklng, Gisents picric acid
test [Gisen, AnaI. Chern. Acta, E9!248-249 (L9721] was

perfonned to determine the conpleteness of the coupling
reaction. On confirming completeness of reaction, all
of the resin packets were then washed with 1.5 liters of
DMF and washed two nore tines with 1.5 liters of CH2C1'.

After rinsing, the resins were removed from
their separate packets and adnixed together to form a
pool in a conmon bag. The resulting resin mixture was

then dried and weighedr'divided again into 20 equal
portions (aliquots), and placed into 20 further
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polypropylene bags (enclosed). In a common reaction
vessel the following steps were carried out:
1) deprotection was carried out on the enclosed allguots
for thirty ninutes with 1.5 liters of 55 percent
TFA/CH2CI.t and 2) neutralization was carrled out with
three washes of 1.5 liters each of 5 percent
DIEA/CHzCIz.

Each bag was placed Ln a separate Eolutlon of
actlvated t-Boc-anino acid derivative and the coupling
reaction carried out to conpJ.etion as before. AII
coupling reactions were nonltored using the above
quantitative picric acid assay. Next, the bags nere
opened and the resulting t-Boc-protected dipeptide
resLns were nixed together to form a pool, aliquots were

rnade fron the pool, the aliquots stere encJ.osed,

deprotected and further reactions were carried out.
This process can be repeated any nwnber of

tines yieldlng at each step an eguiurolar representation
of the desired number of anino acid residues in the
peptide chain. The principal. process steps are
conveniently referred to as a d.ivide-couple-reconbine
(DCR) synthesis.

The side chain protecting groups uEed wlth
a-anino-terminal t-Boc and f-Moc protecting groups are
usually different. The side chain protecting groups
utilized for one type of synthesis or the other are as

shown in the table below. other usually used side chain
protecting groups are alEo utllized for both tlpes of
syntheses.
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Slde Chaln Protecting Group

Arnino Acid N-t-Boc N-f-Moc
Derivative Protected Protected

5 Arginine TolueneEulfonyl* Benzenesulfonyl
Cysteine p-Methoxybenzyl t-Butyl
Glutanic acid o-Benzyl t-Butyl ester
Histidine N-in-dinitrophenyl't Trityl
Lysine N- (g-chlorobenzyJ.- t-Boc

10 oxYcarbonYl)
Serine O-BenzYl t-ButYJ.
Threonine o-Benzy1 t-ButYI

. ryrosr.ne 
"- g;i::l;Hli;"rt- t-Butyl

L5 Aspartic acid O-BenzyI t-Butyl ester

* Arginine and histidine are coupled in the presence
of N-hydroxylbenztriazole [Hruby et aI., Angeel.
Chem. Int. Ed. EnqI.,.l9!336-339 (1971)l

20

For oligopeptide nixture sets not having an

N-terurinal. Cr-C, acyl (e.9. acetyl) group, the folLowing
procedure nas used for side chain deprotection of N-t-

25 Boc-protected oligopeptide chains. The fully protected
solid support-coupl.ed oligopeptide nixtures Itere treated
with 55 percent trifluoroacetlc acid in nethylene
chloride prior to the HF treatnent to remove the final
t-Boc-protecting group. Then the protected soLid

30 support-coupled oligopeptide nixtures, in polypropylene
mesh packets [Houghten, Proc. NatI. Acaq. Sci. ' USA,

9225131-5135 (1985) I were rinsed with alternating washes

of CH,CI, and isopropanol, and dried under reduced
pressure for twenty-four hours.

35 The low HF step [Tan et al., J. An. Chern.

999,., L9526442-6455 (1983) I was carried out in a two
Iiter polypropylene reaction vessel, using a sofution of
60 percent dinethylsulfide, 25 Percent HF, ten percent
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E-cresol and f,ive percent ethylenedithiol. HF was

condensed at -78oC. After condensation, the
HF-scavenger solutlon was carefuJ.ly transferred to the
reactl.on vesEel that contained the resin-containing
packets. The low HF solution waE nade to give 5 nls per
0.1 nmol of oligopeptide. After the reagents were

added, the reaction vesEel was placed in an lce water
bath and shaken for two hours. The low HF soLution was

removed and the packets contalning the deprotected
peptide resins were quickly washed with chilled cHzcla.

The CH.CI, wash was repeated nine tines (one minute
each) followed by ten alternating washes of isopropanol
and CHrCIr. Finally, the resin was washed five tines
with DMF, then twice more with CH.CI'. Deprotected
peptide resin packets stere dried under reduced pressure.
After this process vas completed, the unprotected
peptides vrere ready to be cleaved by anhydrous HF as

discussed elsewhere.
The N-terminal f-Moc protecting groups of

enclosed, protected solid support-coupled oligopeptide
nixtures were rernoved by treatnent with twenty percent
piperidine in DMF for 'ten minu';es. Then the resulting
N-deprotected, side chain-protected peptide reslns in
potypropylene packets !'rere washed with DMF twice (five
minutes each) followed by two rinses with CHzClz (one

minute each) and dried in a vacuum for twenty-four
hours. t{hile porous containers are not utilized, each

solid support-coupled reaction product rnust still be

naintained separateJ.y durinE reactions.
The side chain deprotectlon was carried out in

a two liter polypropylene reaction vessel, usingr a
sofution of 85 percent TFA, 5 percent phenol, 4 percent'
thioanisole, 4 percent deionized HrO and 2 percent
ethanedithiol. The resins ltere shaken for 3.5 ltours at
room tenperature. The reaction solution was removed,
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and the packets containing the conpletely deprotected
solid support-coupled oligopeptide nixtures were quickly
washed with chilled ether. The ether wash was repeated
nine tines (one ninute each) followed by ten alternating
washes of lsopropanol and CH.Cl,. Finally, the solid
support-coupled oligopeptide nixtures were washed five
tines with DMF, then twice more with cHzcl2.

Deprotected solid support-coupled oligopeptide mixtures
and their enclosing packets were dried under reduced
pressure. After this proceEs was completed, the
unprotected peptides were ready to be cleaved by

anhydrous HF, as discussed above.
Where an N-acyl group such as an acetyl group

is to be present on an oligopeptide rnixture set, the
final t-Boc or f-Moc protecting group is rernoved as

above, an excess of acetic anhydride is added and the
reaction is rnaintained until there are no more free
amino groups present as discusEed elsewhere herein. The

above rinsing and drying steps are then carried out,
followed by deprotection and cleavage of the
oligopeptide nixture set fron the soli.d support.

AE noted earlier, use of a benzhydrylaruine
reEin as a solid support and anhydrous HFlanisoLe for
cleavage of the ollgopeptide nixture set provides a

C-terminaL anido group for the oligopeptide mixture set
produced. Use of a benzhydrylalcohol resin solld
support and that cl.eavage procedure provideE a

C-ter:ninal carboxylic acid. Use of a before-discussed
disulfide-containing linking group between the solid
support and oligopeptide chains and cleavage with a

disulfide bond breaking agent as discussed provides a

C-terminaL mercaptan J.inking group anide-bonded to the
oligopeptide chains.
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Identification of an
l,tonoclonal Antl-bodv

Epitope Bound bY a

A synthetic conbinatorial peptide I'ibrary was

prepared as descrlbed in Exanple 1 and screened to
deter:urine the ability of individual nenber sets to
inhiblt antipeptide-nonoclonal antibody binding to the
polypeptide by conpetitive ELISA. The oligopeptide
Iibrary uEed consiEted of 400 individual sets of
ol.igopeptlde nixture sets, six residues in length,
containing an N-ter:nina1 acetyJ. group (Ac) and.a
C-termrinal arnide groups, and in which the two N-terrninal
amino acid residue positlons were specificalJ.y defined
as individual predetenrined amino acid residues, with
each of the renaining four positions comprised of a

nixture of 19 anino acid residues, cysteine excluded.
Using 20 anino acid derivatives, the specificalty
defined positions o, and o, result in coO different
otigopeptide nixture sets, each consisting of
approxinately 13Or50o (194) equirnolar 6-mers.

The 400 ollgopeptide sets (synthetic
cornbinatorial library) were prepared as discussed in
Exanple 1 using the DCR synthesis to Prepare a single
solid support-coupled oligopeptide reaction product
mixture pool four anino acid residues in length fron the
L9 arnino acid derivatives coupled. That pool was

divided into twenty aliquots and each was reacted with a
separate anino acid residue, following usual SMPS

procedures to forn twenty reaction products having a

single resldue at the N-terminus and equinolar nixtures
of nineteen residues at the other four positions. Each

of those twenty solid support-coupled oligopeptide
aliquots was then divided into twenty aliquots and each

was reacted separately with one of the twenty previously
used anino acid derivatives. After reaction, the
N-terminal t-Boc groups were renoved and the N-tetminal
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reEldues were acetylated to fotm the 400 N-acetyl 5-mer

solid support-coupled oligopeptide nixtures. Those

nixtures were cleaved from the resin with anhydrous

HFlanisole to form the 400 N-acetyl C-anide oligopeptide
nixture sets utilized in this study.

A group of 400 nixture setE such as those
diEcussed above tlplcalLy takes about four to sLx weeks

to prepare by a slngle individual working a uEual flve-
day workweek.

Monoclonal antibody (nAb) 125-10F3 was used in
these studies, which blnds specifically to a l3-residue
polypeptlde Gly-ALa-Ser-Pro-Tyr-Pro-Asn-Leu-Ser-Asn-Gln-
Gln-Thr (sEQ ID NO:l) [Appel et al., iL-JSUUES-]-'
L442976-983 (1990) J. The antigenic determinant
recognized by the nrAb is Pro-Tyr-Pro-Asn-Leu-Ser (SEQ fD

No:2), determined previously using individual omlEsion
analogs of the polypeptide as is seen in Figure 2.

Figure 3 illustrates the cornplete substitution
profile of the antlgenic detetminant in which each

residue was individuatly replaced wlth the twenty other
natural amino acids. The central four residues,
Tyr-Pro-AEn-Leu (SEQ fD NO:3), are the nost specific
residues of the polypeptide-nAb interaction. By this it
is neant that very few substitution oligopeptide analogs
are recognized by the nAb being studied. The outer
residues of the antigenic detenninant, nanely proline
and serine, are relatively redundant positionsi i.e.,
nany substitution analogs for these positions are
recognized by the mAb.

The peptide library was screened utilizing a

competitive ELISA systen that neasured the inhibition in
solution of the binding. of the rnAb to poJ.ypeptide SEQ ID
No:1 adsorbed to an assay pJ.ate by each individual
eLement of the synthetic conbinatorial Iibrary. r The

oligopeptide nixture setE that significantly inhibited
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the rnAb fron binding to the pollpeptide were those whose

anino-terminal residues were N-acetyl Pro-Tyr and

Tyr-Pro (Ac-Pro-Tyr and Ac-Tyr-Pro). Screening data for
an exemplary eighteen of the 400 sets are shown in
Figure 4, with arrows at the two best binding Eeqluences.

The above first oligopeptide set corresponds
to the known f,irst two positions of the antigenic
detetminant. The above second oligopeptlde mixture set
can be rationalized to inhibit because the first
position of the antigenic determinant in the
poLypeptide, nanely proline, is a redundant position, as

discussed before. Thus, the Eequence Tyr-Pro
corresponds to the second and third positions of the
antigenic deterrrinant.

The concentratlon of the inhibiting
oligopeptide sets at whlch 50 percent of the rnAb was

inhibited in its binding to the polypeptide (IC-50) was

deter:nined. In this nannei, one can detetmine the
reLative effectiveness of the nost effective peptide
mixture frorn the group of inhibiting peptide mixtures.

The oligopeptide set havinE Ac-Pro-Tyr with an

IC-50 of 20 pM was clearly the nost effective
oligopeptide nixture for inhibiting the mAb blnding to
the polypeptide, whereas the set having an initial
AC-Tyr-Pro had an IC-50 of 200 ;rM. Those two best
binding oligopeptlde sets were used to deflne the third
position.

The ollgopeptide sets were synthesized in a

similar manner as described before, but the third
position from the N-ter:minus, trotrr waE defined with each

of the 20 natural anino acids resulting in a total of 40

oligopeptide sets (two sets of twenty sets each) being
studied. These oligopeptide sets were assayed by the
above competitive ELISA.
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Three oligopeptide Eets had quite effectively
Iow inhibiting concentrations. Thus, for the set
beginning Ac-Pro-Tyr, additlon of a proline at position
3 dropped the IC-50 value to L.6 1tY!, whereas addition of
a glycine about halved the prlor value. other residues
at position 3 had IC-50 valueE about equal to or lrorse
than those of the starting peptide. For the set
starting Ac-Tyr-Pro, addition of asparagine or tyrosine
showed the best results, with IC-50 values of about 4.25
and 6.85 pM, respectiveLy.

Interestingly, peptide sets whose seeluences

started wlth Ac-Pro-Tyr and Ac-Tyr-Pro had lower
inhibiting concentrations than nost of the peptides in
which their third positions were defined. This
substantiates the thought that the nost effective 5-rner
peptide (Pro-Tyr-Pro-Asn-Leu-Serl SEQ ID NO:2 can be
rrfound'r by the nAb using the peptide library as a

starting point. Those three peptide sets were used to
define the' fourth position.

Peptide sets were synthesized in which the
N-terminal four positions were defined by each of the 20

natural anino acids, resulting in 60:oligopeptide setsi
i.e., three sets of twenty sets. Oligopeptide sets nere
assayed by conrpetitlve ELISA as before to yield two
peptide rnixtures havlng inhibiting concentrations of
interest. The first starting with Ac-Pro-Tyr-Pro and

having an asparagine at position 4, and rnixtures at
positions 5 and 6 had an IC-50 value of 0.2 ltll. The

second, starting with Ac-Tyr-Pro-Asn, having a leucine
at position 4 and nixtures at positions 5 and 5 had an

IC-50 value of 0.6 pM.

Another oligopeptide nixture set based on the
starting seqfuence Ac-Pro-Tyr with the third and Jourth
positions defined as above, the fifth positlon being
individually varied and the sixth a mixture was prepared
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and screened aE before. The resutts indicated that only
one nixture had a lower Ic-50 value than did the mixture
with four deflned positions. A final set of twenty
6-mer oligopeptide mixtures was prepared and screened in
the above assay using the sequence infornation obtained
frorn the assay. The results of that Ecreening showed

that the peptide Ac-Pro-Tyr-Pro-Asn-Leu-Ser-NHr (sEQ ID

NO:15) , having the sequence of the antigenic detetminant
discusEed before, had an IC-50 value of 0.01 pM.

. Variance of the C-tetminaL position was

obser:rred as expected fron obsenred redundancy dt the
position occupied by the C-ter:urinal serine residue.

Further controL studies were also carried out
with the oligopeptide mixture sets of this exanple. In
one cont,rol study, the oligopeptide nrixture set
beginning Ac-Pro-Tyr used herein, where positions 3-5
were occupied by eguinolar nixture of nineteen residues,
aII except cysteine, waE assayed in the before-diEcussed
binding inhibition assay as was a second oligopeptide
nixture set of the initial sequence whose positions 3-6
contained equinolar nixtures ltere mixtures of eighteen
arnino acid residues. Th€r 6,.i.ghteen residues utilized for
those eguirnolar nixtureE excluded cysteine as before,
and also lacked the residue known to be present in
polypeptide SEQ ID NO:l at the sane Eequence position.
Thus, in the mixtures, position 3 lacked cysteine and
proline, position 4 lacked cystelne and asparagine,
position 5 lacked cysteine and leucine, and position 6

Lacked cysteine and serine.
The results of these studies were that the

fC-50 vaLue for the set starting Ac-Pro-Tyr with
positions 3-6 occupied by a nixture of nineteen residueg
was 20 pM, whereas the IC-50 value for nixture
containing eighteen residues was greater than 1400 pttt.

This study lllustrates that the presence of two iesidues
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ln the proper sequence in a 6-ner nixture, coupled with
the absence of a binding-required residue at the other
positions in the nixture ls insufficient to cause
sufficient binding of the 6-ner to the monoclonal
antibody to inhibit binding of the nlrb to the
polypeptide antigen at a reaaonable concentration.
These results also illustrate that the presence of all
of the residues of the epitope, as were present in
mixture containing nineteen reEidues, perrritted ready
binding of the oligopeptide nixture to the rnAb acceptor
and inhlbition of blnding to the antigenic polypeptide.

The studies with the C-anide-tenrinated
oliEopeptide set starting with Ac-Tyr-Pro were also
cornpleted. Binding lnhibition studies with the varlous
intemediate sets as was done before were also carried
through to the identification of an optinral binding (and

inhibiting) 6-ner. The results showed that the optimal
seqluence was Ac-Tyr-Pro-Asn-Leu-Ser-AEn-NH2 (SEQ ID
NO:4) whose fC-50 value in thiE study was 0.L5 ttM. That
value can be conpared to that of Ac-Pro-Tyr-Pro-Asn-Leu-
Ser-NH. (sEQ. ID NO:15) that was found to be 0.04 pM in
this study. A similar Ic-50 value was obtained for the
mixture set having the sequence of the Latter peptide at
positions 1-5, and a rnixture at position 5.

The above results show that an oligopeptide
mixture that contained the previously deter,nined five
most inportant residues for antibody binding inhibited
binding of the antibody better than did a 5-mer that
contained six residues present ln the antigenlc
polypeptide (Ac-Tyr-Pro-Asn-I€u-Ser-Asn-NHrr SEQ ID
NO:4), of vhich a four resLdue sequence was contained in
the ollgopeptide nixture. The IC-50 value difference
was about a factor of four between the nixture and the
single peptide of SEQ fD No:4. These results are seen
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to provide further validation to the techniques
described herein.

Although there was about a factor of four
difference in binding inhibttion for the above-discussed

5 oligopeptides, the above data also illustrate that
further residues in addition to those most inportant in
the epitope can also be present adJacent to a sequence

that is iurportant to binding. Thus, so long as residues
that inhtbit bindlng Euch as a plurality of cysteines or

10 several Large hydrophobic residues that cause

insolubility such as tyrosines and tryphophans are

. absent, added residues not needed for binding can also
be present in an oligopeptide or oligopeptlde nixture
set.

L5 The data herein also illustrate variability
between assays in determining Ic-50 values for a given
oligopeptide rnixture set. For that reason, the starting
sets are tlpically included with new Eets in each new

assay so that each assay is consistent within itself.
20 An iterative screening/synthesis procedure

such as is described in this example takes about four to
eight weers for a single individuaL working a usual
five-day workweek. The length of tirne required is
dependent upon the nunber of nixture sets noved ahead

25 for further syntheses, as would be expected.

ExaurpJ.e 3: Antlnlcrobial Assays for CelLu1ar
Regeptors aE AccePtors

30 A. Antinicrobial assavs
Escherichia coli (ATCC 25922) was used as

Gram-negative (-) and Staphylococcus aureus (ATCC 292L3')

as Gran-positive (+) bacteria. Bacteria were grown

overnight (about l-8 hourE) at 37oc in Mueller-Hinton
35 (ttH) broth. This culture was reinoculated and i"ncubated

at 3?oc to reach the exponential phase of bacteria
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growtht i.€.1 a final bacterial suspension containing
about 105 to 5x105 colony-foming units (cFu)/nl. The

concentration of, cells was egtablished by plating 100pI

of different dilutions of the culture solutlon (e.9.,
10'2, to'l and 1o'4) onto solid agar pLates. Following an

overnight (about 18 hours) lncubation at 37oc, the CFU

thus formed were counted on each agar p1ate.
95-We11 tissue culture plates were utilized,

with eight we1ls per plate containing only medLun as

control blanks, whereas eight other weLls contained
medium plus cells aE a positive growth control. These

controlE were used to detect possible nediun
contanination and to provide a neasure of uninhibited
growth of the nicroorganisnE.

For initial screening studies, oligopeptide
set's were added to the bacterial suspension to reach a
f inal concentration of I rnglnl. For MIC (niniurun
inhibitory concentrationi i.e., concentration necessary
to inhiblt about loo percent growth of the bacteria) or
IC-50 (concentration necessary to inhibit 50 percent
growth of bacteria), otigopeptide sets were added to the
-lacterial suspension at concentrations derived fron two-
fold dilutions ranging fron 1000 pg/n\ to L.95 pg/nL.

The plates nere lncubated overnight (about 18

hours) at 37oc, and the optical density (oD) determined
at 620 nm after different tines of incubation.

B. Antiraicrobial Activity of Oligopeptide Mixtures
1. First Screenlng

400 Different oligopeptide nixture sets were
synthesized as N-acetyJ.ated and C-anide tertninals, and

assayed against the two bacteria E. coli and S. aureus.
Each ollgopeptide nixture set had a length of si\
residue peptides (a conrbination of the 20 natural anino
acids), in which only the first two N-ter:minaL residues35

p&;!

)
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were predeternined (defined), and the C-ter:urlnal four
positions itere occupied by equinolar nixtures of
residues. The peptide nixture sets were used as

obtained after synthesls (i.e., ln soJ.ution in water, dt
5 a concentration of about 2 mg/mL, as estinated by

radioactivity through the acetyl group).
Several criteria were obsernred in the

selection of sequences with predetetmined N-ter:mini that
nere used to define the third position:

Lo 1) ollgopeptide eets that inhibit about 100

percent growth of the bacteria after
. 18-24 hours of incubation, baEed either

or both on IC:50 or MIC valuesi
2l oligopeptide sets that are specific or

L5 not to one of the bacteria assayed;
3) oligopeptide sets that show chenical

differences in the defined position
(i.e., repetition of a particular residue
was avoided);

20 4) if according to the above criterla, only
a few conrbinations were found useful to
define'the next position, the
oligopeptide nixture sets that inhibited
100 percent growth or more than 50

25 percent after t hourE of incubation weie
also reacted.

It should be understood that other criteria
than those discussed above can aIEo be used, such as
predicted water or fat solubility of the ultimate

30 oligopeptide.
The studies here were carried out in a manner

substantially identical.to those discussed in nxarnple z,
except for the screening asBays, which were carried out
as discussed in this example. Thus, 400 N-acetyl

35 C-anide nixture sets whose first two positions were
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defined and whose C-terminal four positions were

nixtures were assayed against the nicrobes. one or more

of the best sets were then carried fonrard to define the
third position for each against each microbe. The

fourth, fifth and sixth positlons were then also defined
for each nicrobe.

Initial inhibitory screening results were

detennined for the 400 oligopeptide sets. The data for
inhibition of S. aureus were sorted by results.after 21

hours, whereas the data for inhibition of E. coli htere

sorted by results after t hours.
, Thus, according to the above criteria, it was

decided to move ahead with nine oligopeptide nrlxture
sets by preparing twenty sete of each in which the
N-terminal three positions were defined (predeternined)
and the C-ter:urinal three positions were nixtureE. Those

initial nine setE began with the residues.:
Ac-Arg-Arg and Ac-IIe-Lys, whlch hrere active
against the three bacteria tested;
Ac-IIe-His, Ac-Phe-Arg, Ac-His-His and Ac-His-
Lys which were more active against E. coli and

S. aureusi and

Ac-Phe-His, Ac-VaI-Pro and Ac-Vat-Arg which
were nore specific to E. co1i.

2. Second Screenino
A total of 180 sets of oligopeptide nixture

sets (20 x 9) were synthesized in which the three
N-terminal residues were specifically defined
(predeterrnined). These oligopeptide sets htere screened
in a manner siniLar to the initial assay. However, a

large nunber of mixtures were found to be active against
the three bacteria, especially for those starting
Ac-Arg-Arg and Ac-Phe-Arg. To choose the sets to move

ahead for defining the fourth position among these two
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serieE, diff,erences in antinicrobial activities were

determined by calculating the Ie-50 vaLues of these
oligopeptides.

It is noted that repreEentation of the Ic-50
data as a series of bar graphs of L/IC-50 pernits a

sonewhat easier evaluation of the data than does use of
a tabular format, particularly where IC-50 values are
sinilar.

Thus, the four oligopeptide sets beginning as

follows !'tere moved ahead for definition of the fourth
position:

Ac-Arg-Arg-Trp and Ac-Phe-Arg-Trp which were

active against the three bacteria tested;
Ac-His-His-Asp which was active against
E. coli and S. aureus; and

Ac-IIe-Lys-Trp which was more specific to
E. coli.

For the setE beginning Ac-Phe-Arg-Trp,
tryptophan and Leucine were the best residues at
position four, and thoEe setE were moved fonrard for
definition of the flfth position. Tryptophan was also
found to be the best fourth position residue for the set
that began Ac-Arg-Ar9-Trp, so that the set was moved

fonrard. Proline was found the best fourth position
residue for the set that began Ac-His-His-Asp, so that
set was moved ahead.

Thus, 80 ol.igopeptide sets (four of twenty
each) in which the four N-teminal residues were kept
constant within a set and the fifth position was varied'
specifically were thereafter synthesized as described
herein.

The fifth and sixth positions of the sets were
then similarly identified to prepare conpl-eted peptides
for E. coli and $--BSE!lSi. .,
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Several peptides were thereby ldentified that
inhibited the growth of each of the studied nicrobes.
The better of those peptidesi i.e., those with IC-50

values below about 30 pg/mL or whose Ic-50 or MIC values
were less than that of a prior set of 6-ner, are listed
beLow along with representative data for each ln Tables

L-6, beLow, in which the 5-ner peptideE are denoninated
by the N-terminal two residues or as a derivative
thereof. The sets are grouped as 6-ners whose firEt
five positions are the same.10

15

20

25

30

35

40

45

P$ldc*
FRWLLR
FRWLLK
FRWLLH
FRITLLV

FRWWIIR
FRWI{HK
FRWWHW
FRT{WHF
FRT{WHH
FRWI{HL

l,tlC
(ug rt

5-10
5-10

20-40
40-80

L6-32
L6-32
62-L25
3L-62
34-62
62-L25

SEO ID NO:

15
L7
18
L9

20
2L
22
23
24
25

TABLE 1

Phe-Arg-Containing Six-Dler Peptides
That Inhibit Growth of E. coli

rc-50
(uq tll

4
5

L7
24

13
15
27
30
31
31

rt N-acetyl c-anide peptides were used.

TABLE 2

Arg-Arg-Containing Six-Mer Peptides
That Inhlbit Growth of E. coli

Peptide*

RRI{I{![R
RRWWIIIG
RRI{WUr

rc-50
( ug/nr'l

9
9

L2

l{rc
(B<r rl

10-16
10-16
16-32

SEO TD NO:

"26
27
28
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14
15
15
15
15
L7
18
18
18
18
24
25
26

10

RRWWMC

RRWM{K
RRT{TI!{TJ
RRWWI.IY

RRWWIII\/
RRWr{!{r{
RRWWIIIS
RRWT{IIT
RRWWMI,T

RRWI{I{A
RRT{WI{F
RRT{I{UH
RRWWI{N
RRT{T{MP

-108-

3L-62
L6-32
L6-32
L6-32
L6-32
L6-32
20-32
20-32
20-32
20-32
20-32
3L-62
3L-62
3L-62

TABLE 3

Phe-Arg-Containing Six-Mer Peptides
That Inhibit Growth of S. aureus

29
30
31
32
33
34
35
36
37
38
39
40
4L
42

15

20

25

30

* N-acetyl C-anide peptides were used.

35

40

45

&Blide*
FRWLLF
T.RWLLR
FRWLLI{
FRWLLC
FRWLLL

FRWWHL
FRWI{HF
FRWWHR
FRWWHI
FRWWHW
FRWWHK

rc-50
(uclnll

11
13
L4
15
18

9.3
16
18
2L
23
30

urc
(ug'nI)

9-18
24-48
L2-24
L3-26
15-31

L6-32
3L-62
L6-32
3L-62
3L-62
3t-62

SEO ID NO:

43
16
44
45
46

25
23
20
47
22
2t

* N-acetyl C-anide peptides were used.
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TABIE 4

Arg-Arg-Containing Six-Mer Peptides
That Inhibit Growth of S. aureus

10

15

20

25

30

35

40

Peptlde*

RRI{I{CR
RRI{Wct{
RRm{CV
RRWT{CY
RR!{WCK
RRT{WCS
RRT{WCH
RRWWCT
RRM{CA

RRWT{RF
RRWWRC
RRI{WRL
RRI{VIRI
RRWI{RA

IC-50
(uglnl)

3.4
4.L
4,9
5.4
5.5
5.9
6,2
7.9
8.4

5.5
8.2

L2
L2
14

urc
(ug/mr.l

3.2-6.5
4.5-9.0
3.8-7 .7
4.7-9.5
4.8-9.6

7-L4
5.5-11
4.9-10

9-18

6-9
10-19
L3-26
L2-23
18-36

SEO ID NO:

48
49
50
51
52
53
54
55
56

57
58
59
50
61

* N-acetyl C-amide peptideE were used.

Using the peptide Ac-ar9-Arg-Trp-Trp-Arg-Phe-
NHz (sEQ ID No:62) as exenplary, two sets of heptameric
peptides htere prepared in which a residue was added {'.o

the anino-terminus or the carboxy-tetminus. Each of
those sets contained twenty menbers.

The above 6-mer peptide had

8.7 ltg/ml and a MIC of 8-16 pg/nL in
wiIL be seen from the exemplary data
below, the IC-50 and MIC vaLues could
about one-half using a 7-mer.

an IC-50 vaLue of
these studies. As

in Table 5 and 5,
be lessened by
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TABI,E 5

N-Terminal Residue-Added seven-t'ler Peptides
That- Tnhiblt the Growth of S. aureus

10

15

20

25

30

35

40

Peptide*

YRRWT{RF
IRRTII{RF
WRRW}IRF
FRRI{T{RF
I;RRM{RF
CRRI{WRT
RRRWI{RF

rc-50
(uq /nI)

4.5
4.7
5.4
5.9
6.1
6.3
I

uIc
(uglnl)

4-8
4-8
4-8
8-15
8-16
8-16
8-16

SEO ID NO:

SEO ID NO:

70
7L
72
73
74
75
76
77

63
64
55
66
67
68
69

* N-acetyl C-anide peptideE were used.

TABLE 6

C-Terminal Residue-Added Seven-Mer Peptides
That rnhibit Growth of S.aureus

PspliCe*

RRWT{RFW
RRWT{RFF
RRWWRFL
RRWWRFC
RRWWRFI
RRWWRFY
RRWWRFV
RRT{WRFR

rc-50
( ug/nLl

2.5
4.7
5.9
6,2
6.9
7.6
7.9
7.9

MIC
(ug'nI)

4-8
4-8
8-16
8-16
8-16
8-16
8-16
8-15

* N-acetyl C-anide peptides were used.

The data showed decreasing fC-50 and MIC

45 values against S. aureus from the starting ollgopeptide
nixture Eet that started Ac-Arg-Arg through the most

active 6-ner of this group of oligopeptides, Ac-Arg-Arg-
Trp-Trp-Cys-Arg-NH, (SEQ ID NO:5). More specifically'
IC-50 values lrere 51.7.1 for two identified positions
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2L4.5 for three identified positions, L7.5 for four
predetermined positions, 13.4 for five predetenrined
positions, and 2,7 pg/mL for the peptide of SEQ ID No:5.

MIC values in the same order were >500, 500, 3L.25,
15.63 and 3.906 pg/mL.

Table 7, below, shows MIC values fron a
separate study for Eeven comnerciaLly available
antibiotics and the oligopeptide of SEQ ID NO:5. As can

be seen, the MfC value for the oligopeptide is about
eight tirnes greater than the moEt active antibacterials
of the group and about one-fourth the value for the
least active cbrnpound, penicillin c. rn addition, the
moLecular weights of all of the antibiotics are withln a

factor of four of each other, with the oligopeptide
again being between the heaviest and lightest conpounds

shown.

TABLE 7

Activity of Antibiotics Aoainst S. aureus

15

20

25

30

35

40

Antibiotic
Erythr*onycin
MW=733

Tetracycline
MI{=455

Gentanicin C
Ml{=909

Neoruycin
MI{-909

Ac-RRI{I{CR-ffi2
MW=1003
(sEQ ID No:5)

Anpicillin
MW=349

!{IC
( uq/mL)

0.5

0.5

0.5

1

3,9
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Bacitracin
Ml{=l394

Penicillin
MW=334

'uIY = molecular weight in atornic mass units.

Finally, to evaluate the toxlcity of these
oLigopeptide Eets against another relevant tlpe of
cells, a henolytic assay of the most active oligopeptide
sets with three defined positions was carried out using
human red blood cells. AssayE were carried out in
96-well- culture tissue plates. four wells per plate
contained 125 ,.rl of a non-peptide positive control of
the surfactant Triton X-100 t(pofy)oxyethanol (9) octyl
phenyl ether; 1 percent in deionized waterl, and four
wells per plate contained 115 pI of a control blank of
phosphate-buffered saline (PBs). The henolytic peptide
nelittin was used as comparative control. The controls
senred to detect possible contanination and to calculate
the percent henolysis of each peptide.

Hunan red bLoo,: cellr (RBCts) were washed with
PBS and centrifuged to svpdEat€ them from the serun.
The cells are then resuspended in PBS to a final
suspension of 0.5 percent RBC. This suspension (125 pl)
was added to the peptide nixture and control solutions.
The plates were incubated at 37oc for one hour and

centrifuged at 2800 rpn for five minutes. The release
of henoglobin resulting from the cell lysis was

deterrnined by neasuring the oD at 414 nn of 100 pl of
the supernatant.

At the highest concentratlon of oligopeptide
nixture setE used for the antinicroblal assay (i.e., a

two-fold dilution of the about 2 mg/mL stock sol"ution),
only a few showed a slight henolysis effect. More

16

32

10

15

20

25

30

35
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specifically, the ol.igopeptide mixture set having three
eguinolar nixture positions that began Ac-Phe-Ar9-Phe
exhiblted about 15 percent lysis and the related
oligopeptide nixture set that began Ac-Phe-Arg-Trp
exhibited about 7 percent lysis at 1.5 ngrlnJ.. All of
the other oligopeptide nixture sets assayed exhibited 4

percent lysls or less at 1.5 ng/nl.
once all of the positions of a 6- or 7-mer

were defined, some of the individual peptides exhibited
greater hemolysis. Exernp1ary data for HD-50 values of
some of those rnicrobiologically inhibitory peptides is
provided below in Table 8.

TABLE 8

Hernolysis by some Microbiologically
Inhibitorlr Peotides

HD-sO (ugltnl)

L0

15

20

25

30

35

40

Ps@*
FRWIJLF
FRWLLR
FRWLLK

RRWT{CW
RRWWCY
RRI{T{CH
RRWWCK

RRTfWRFW
RRWWRFF

IRRWWRF
WRRM{RF
YRRWWRF

34
T7L
355

11
50

L28
249

59
106

L42
158
2L9

SEO ID NO:

43
16
L7

49
51
54
52

70
7L

64
65
63

* N-acetyl C-anide peptides were uEed.

l{ork has also'begun using mixture sets
containing all D-amino acid residues. Screening of the
400 sets of N-acetyl C-anlde nixtures whose first two
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positions hrere defined showed that twLeve sets lnhibited
E. coli growth by nore than 80 percent after incubation
fot 22 hours at 37oc. The two sets havlng the lowest
IC-50 values began Ac-D-His-D-Cys and Ac-D-Arg-D-Trp.

5 The set beginning Ac-D-His-D-Cys was selected for moving

forward as it was more specivic for Gran negative
bacteria.

Sirnilar work is undenvay using N-acetyl
C-amide all D nixture sets against S. aureus. Here, the

10 four sets having four nixture positions exhibiting the
' lowest IC-50 values began Ac-D-Leu-D-Arg, Ac-D-Arg-D-

Arg, Ac-D-Trp-D-Arg and Ac-D-Arg-D-Tyr.

Example 4: Identification of an Epitope Bound by a
Monoclonal Antibodv

This study was carrled out ln a manner sinilar
to that discussed in Example 2. The initially screened
oligopeptide nixture Eet was sinilar to that used ln

20 Exarnple L except that cysteine and tryptophan were

omitted from the equinolar mixtures of the undefined
C-terminal four positions (X'E) so that each of the
preparr::d 400 6-urer otigopeptide sets contained a mixture
of about 1o5,oOO (184) oligopeptides.

Monoclonal antibody (nAb) 222-35CA was used

which binds speciflcally to the l4-residue control
pollpeptide Leu-His-Asn-Asn-Glu-AIa-GIy-Arg-Thr-Thr-Va1-
Phe-Ser-Cys (SEQ ID NO:6) [Appel et a1., iLlBSgEg]*,
144:975-983 (1990) l. The antigenic detetminant

30 recognized by the rnAb is Gly-Arg-Thr-Thr-Va1-Phe-Ser
(SEQ ID NO:7), determined previously using individual
onission anaLogs of the polypeptide, as was discussed in
Exanple 2. The sets of 400 oligopeptide mixture sets
vtere assayed by corapetitive ELfsA to measure the

35 inhibition by each Eet of oligopeptide mlxtures in

25
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solution of the bindlng of the nAb to the polypeptide
adsorbed on to an assay plate.

The oligopeptide sets having two N-terminal
positions deflned and four C-terminal positions as

equinolar mlxtures that significantly inhibited the nAb

fron bindlng to the polypeptide were found to begin
Ac-GIy-Arg, Ac-Arg-Gly, Ac-Gln-GIu, Ac-Glu-IIe and Ac-
Gln-Val.

The most effective oligopeptide nixture set
that began Ac-Gly-Arg could be expected to work since
the sequence GIy-Arg is the same as the first two
positions of the antigenic determinant. The assay

result from the effective lnhibition by the second
peptide that began Ac-Arg-Gly, can be rationalized if
one considers that the first position in the
polypeptide, namely glycine, is belng substituted by the
acetyl group in the nixed oligopeptides, and that the
arginine corresponds to the arginine in the second
position of the antigenic determinant. The other
oligopeptide mixture sets are also of interest since
they have no correlation with the original seguence.

Further sets of ollgopeptide nixtures were

then synthesized based on the above results, in which
the third position nas defined for sets beginning
Ac-GIy-Arg, Ac-Arg-GIy and Ac-GIn-GIu.

For the set beginnlng Ac-GIy-Arg, in which the
third position was individually substituted with each of
the 20 amino acids, ten Eets that signiflcantly
inhibited mAb binding were found. It was expected that
many amino acid residues substituted at the third
position would effectively inhibit because the threonine
at the ninth positlon in the control polypeptide can be

replaced by nrost other qnino acids and still retain
antibody recognition; i.e., that position is redundant.

10

15

20

25

30
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Indeed, tyrosine, tryptophan, phenylalanine
and hiEtidine at, position 3 exhlbited superior binding
inhibition results as conpared to threonine at that
position. AII five nixture sets were therefore carried
fomard for definition of the fourth and fifth
positions.

For sets beginning Ac-Arg-Gly, when the third
position is deflned, the peptide sets that best
inhlbited binding of the rnAb to the plate-bound
polypeptide began Ac-Arg-GJ.y-Ile, Ac-Arg-G1y-Thr and

Ac-Arg-GIy-Tyr, with the best starting Ac-Arg-G1y-Thr.
It is thought that the threonine of that sequence

corresponds to the threonine at the tenth position of
the control polypeptide-rnab lnteraction, unlike the
threonine at the ninth position.

For sets beginning Ac-GIn-GIu, when the third
position is defined, the ollgopeptide nixture sets that
inhibited tnAb binding began Ac-cIn-GIu-Cys, Ac-GIn-GIu-
Phe, Ac-Gln-GIu-Thr and Ac-GLn-Glu-Tyr, with the set
beginning Ac-GIn-Glu-Phe extribtting the beEt lnhibition
of binding. Agaln, these oligopeptlde mixture sets are
of interest because they bear no apparent relation to
the imnunizlng peptide.

Continuing the deflnition for the five sets
beginning Ac-GIy-Arg, threonine was found best at
position 4 and valLne best at position 5, as are present
in the native sequence. For theEe N-acylated C-anide
mixtureE having five defined positions and one mixed
position, the order of inhibitory binding activity for
sets with the above third positlon residues was:

tyros ine>tryptophan>phenylalanine>hi stidine>threottirre .

The sixth position residue(s) for each set is (are)
currently being defined.

For the set beginning Ac-Arg-GIy-Thr, valine
at position 4 was most effective, and phenylalanirre tras
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35
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thereafter found best for position 5.
position is currently being defined.

For the set beginning Ae-Gln-Glu-Phe,
histidine at position 4 and serine at positlon 5

provided effective inhibitoris. The sixth poaition for
this set is also being deternined.

Exanple 5: Antifungal Activity Against Candida
Albicans -

Antifungal studies were carried out 94*l4e
albicans ATCC 10231 as the target nicrobe. The yeast
culture was spread onto YM agar p!.ates and incubated at
3ooc for 48 hours. Three colonies of this culture
(about 1 rnm in dianeter each) were then inoculated in 5

rnl of 1 X PBS solution.- The suspension was vortexed and

diluted lO-fo1d in YM broth, for an approxinrate final'
concentration of 105 to 5x105 cFU (colony forming
units),/n1.

Actual concentrations of yeast cultures were

determined by plating 100 p1 of different solutions of
the culture solutlon (10'3, to'4 and to'51 onto solid yM

agar plates. After 48 hours of incubation at 3ooc, cFU

for"med were counted fron each plate.
The assays were carried out in 95-well tissue'

culture plates. Eight welLs containing only nediurn of
YM broth sernred as negative controls, whereas eight
wells containing nediurn and yeast culture setlred as

positive controls. These controls were used to detect
possible rnediunr contanination and to provide a measure

of uninhibited growth of the yeast. Two antifungal
drugs Amphotericin 8 and Nystatin were included in each,

assay for courparative purpos€si
For screening studies, oligopeptide mixtures

were added to the yeast suspension in duplicat.J to
reach a final concentration of 1.5 ng/nl. For MIC

The sixth

L0

L5

20

25

30

35

 
 
Page 120 of 249



10

-118-

(rninirnuru lnhibitory concentration, the concentration
necessary to inhibit 100 growth of the yeast) or IC-50
(concentration necessary to inhtbit 50 growth of the
yeast) peptides were added to the yeast suspension at
concentrations derived frorn two-fold dilutions ranging
from 1500 pg/nL to 3.L3 pg/mJ-. The plates lrere
incubated over a period of 48 hours at 3OoC, and the
optical density (oD) aE 24 and 48 hours was deternined
at 620 nrn.

The two different sets of 400 peptide
mixtures, one conposed of L-anino acids and the other of
D-anino acids, were assayed against C. albicans at a

concentration of about 1.5 mg/nJ., as estimated by the
radioactivity contained in the N-acetyl group. These
peptides contained fomylated tryptophan and nethionine
sulfoxide rather than the deprotected residues.

For the L-anino acid library, 20 mixtures of
the first 400 utixtures of N-acetyl C-arnide, 6-mer
oligopeptide nixtures with four C-terminal positions
occupied by eguinolar rnixtures inhibited more than 80

percent growth of the yeast after 48 hours. The lowest
IC-50 values were found for nlxtures that began Ac-Thr-
Arg, Ac-Gln-Tyr and Ac-Arg-Met. Those three sets were

moved fornard for definition of the renaining positions
of the 5-mer.

Following the procedures discussed in the
previous exanples, but using the assay above, several 5-
and 7-mer peptides actlve against S. aureuq were
identified that exhibited UIC values in the 30-70 pg/nL
range andr/or an IC-50 value of about 35 pg/mL or Less

when assayed against C..albicans. Those peptides are
Listed below in Table 9.
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TABTE 9

Six- and Seven-Mer L-Anino Acid Peptides
That rnhlbit Growth of C. albicans

IC-50 IIIIC
PeErtlderr (uglnl) (uglnl) sEo ID No:

RRM{CR
10

RRT{WRR
RRWWRIT

. RRWI{CVR
15 RRWWRFR

RRWWRFK
KRR}IWRF

Controls
20

31.45 70-140

27.6 30-42
30.1 40-80

48

78
79

80
77
81
82

50
45

50-62
50-62

46 50-62
40 45-62

Amphotericin B 0.5 2-4
Nystatln 1.0 2-4

25 * N-acetyl c-anide peptides were used.

Work using a series of sets using N-acetyl
30 C-arnide aII D-anrino acid residues has begun using the

previously discusEed generatr nethod and assay discussed
above. Here, the first screening utilized 400 sets of
mixtures whose first two positions were defined and

whose C-terninal four positions ttere occupied by
35 equinolar nLxtures. Twenty-seven sets that inhibited

100 percent growth after incubation for 48 hours were
determined. Of those sets, the four sets exhibiting the
lowest IC-50 values were carried forruard to define the
third position. Those four sets began: Ac-D-Leu-D-Arg,

40 Ac-D-Arg-D-Arg, Ac-D-Trp-D-Arg, and Ac-D-Tyr-D-Arg.
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Antinicrobial Actlvity Against
Streptococcus Sanguis

Streptococcus sanquis ATCC 10555 [Gran-
positive (+) bacteria present in tooth crevicesJ was

grolrn overnight at 37oc in Brain Heart Infusion (BHI)

broth. This culture was reinoculated and incubated at
37oc to reach the exponential phase of bacterial growth;
i.e.; a final bacterial suspenEion containing 105 to
5x105 colony-formlng units (cru)rznf. The concentration
of ceLls was established by plating 1OO pI of different
diLutions of the culture solution (e.g. , Lo'2, L0'3 and

1o'4) onto solid agar pLates. Following an overnight
(about 18 hour) incubation at 37oc, the CFU thus formed
were counted on each agar plate.

In 96-we11 tissue culture plates, as control
blanks, eight wells per plate contained only nedium,
while as a positive growth control, eight other wells
contained medium plus cells. These controls were used
to detect possibl.e urediun contamination and to provide a

measure of uninhlbited growth of the rnicroorganisns.
For screening studiesr. peptide mixtures were added to
the bacterlal suspension to reach a final concentration
of about 1.5 ng/nl. The plates were incubated overnight
(about 18 hours) at 374C, and the optical density (OD)

determined at 520 nn after 20 to 24 hours incubation.
The same 400 nixture sets L-anino acids used

in Exanple 5 hrere screened against S.sanquis. Fourteen
sequences inhibited more than 80 percent of the growth
of the bacteria after 24 hourE of incubation at 37oc.

The nrixtures beginning Ac-Phe-Arg, Ac-Lys-Phe, Ac-Lys-
Trp, Ac-Leu-Lys and Ac-Arg-Trp inhibited 100 percent of,
the growth of the bacteiia. Definition of the renaining
6-mer positions is under:nay.

Lo
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Antlviral Activity Against Herpes Sinplex
Virus Tvpe 1 (HSV-II

D- and L-aroino acid libraries of peptide
mixtures each containing 400 individual six-residue
peptide mixture sets, with the first two positions
defined and the last four as equlnolar mixtures were

used to begin studies on inhibiting growth of an

exenplary viruE. Both libraries were assayed against
Herpes Sinplex Virus Type 1 (HsV-l)

The Ecreenings utiLized a plaque assay in
which 24-welL pLates containing Vero (rnonkey kidney)
cell monolayers were overlaid wlth 4oo pg/ml of each
peptide or nixture in M-199V (mediurn and newborn calf
serurn). The plates hrere incubated for two hours at
37oc. Each well then received 0.1 nI of HSV-I

suspension at a nultiplicity of infection (MoI) of 50,

and the plate was again incubated for two hours [a
control weII of Vero cells with no peptide and an MoI of
50 showed approxinately 50 plagues, which represent 50

virus particles or plague forming units (PFUrs) l.
Each well was thereafter asplrated and

irnrnediately overlaid with 400 pg of peptide or mj.:':ture

in DMEM-O (Dulbecors nodified Eaglers medium and pooled

hurnan ganna globulin) and inqubated for 48 hours. CelI
monolayers were obsenred for toxicity aE 24 hours and 46

hours as conpared to cell controls. At 48 hours, the
plate wells were aspirated, rinsed, fixed and stained.
Plaque forrration, if present, was tallied and recorded.

The PFUrs per well of Eix controls were
averaged and represent 100 percent plaqtre fotmation at
approxinately 50 PFU I s .per well. The averagle PFU I s per
screened peptide or nixture (duplicate wells)
quantitatively represented percent viral inhtbition of
plaque fornation or infection. For exarnple, a count of
10 PFUrs of a screened peptide compared to the control
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of 50 PFUfs would represent 20 percent plaque fornation
and 80 percent plaque inhibition.

Of 400 starting nixture sets, two N-acetyl
C-anide L-peptlde rnixtures resulted in 100 percent
inhibition with no cell toxicity. Three other L-peptlde
nixtures resulted in 100 percent inhibition with cell
toxicity. Nineteen rnixtureE ranged from 79-99 percent
inhibition with no celL toxicity and three with cell
toxicity. The renaining peptide mixtureE resulted in
little or no viral inhibitlon. overalL, the L-arnino

acid library was significantly less active as compared

to the D-arnino acid library, diEcussed hereinafter.
The five peptide nixture sets that resulted in

lOo percent lnhibition and an additional nine mixtures
chosen by high percent inhibitlon, relative celI
toxicity, and other criterla (i.e., sna1l vs. Iarge
plaque fotmation) were titrated at 50, 100, 2OO, 300

pg/nL in dual wells as per protocol. The six ltost
active nixture sets with two identified portions found
by titration began, fron high activity to low: Ac-Trp-
Trp, Ac-Cys-Cys, Ac-Trp-Cys, Ac-Trp-Leu, Ac-Trp-Lys, and

Ac-Arg-Trp. Mixture sets beginning Ac-l'r:p-Trp and Ac-
cys-cys showed 65 percent and 40 percent inhibition,
respectively. The peptide nixture beginning Ac-Arg-Trp
exhibited 100 percent inhibition at 3OO pg/nl and 81

percent inhibition at 2OO pg/mL. Further studies are
undenray to identify each position of the 6-mer
sequences.

. Two twenty lJ-peptide nixtures havlng five
N-terminal defined positions and twenty predetermined
reE.idues at posltion 6 that exhibited both selective
antibacterial and antifungal properties (discussed
previousty herein) have also been screened in this
assay. Exemplary resultE of those assays .t. "ltorn 

in
Table 10, below, for those individual 5-rner sequences

\'
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that exhibited loo percent inhibition at one or five
pg/m]-.

TABI,E 10

Herpes Sinplex Virus Plaque Inhibition by
fndividual Six-Mer L-PePtides

10

L5

20

25

30

35

Peptide for
100 Percent
Iah$ien*
At 1 uqlnl

RRI{WCA
RRWWCG
RRWWRR
RRWWRW
RRWWCC
RRWWCI,t

At 5 ug'n1

RRWT{CF
RRWWCK

Toxic
Concentration

25 pg/n\
Lo pg/nL
25 pg/mL
zs pg/m\
Lo ,Lg/mL
Lo pg/mL

Lo pg/nL
L0 pg/m\

SEO ID NO:

56
83
78
84
85
85

87
52

40

* N-acetyl C-amide peptides were used.

i

Twenty-six N-acetyl rj-arnide aII D-peptide
nixtures having positions 1 and 2 defined and positions
3-6 occupied by nixtures resulted in 100 percent
inhibition with no cell toxicity. Fourteen nixtures
resulted in 100 percent lnhibition with celL toxicity.
The remaining peptides ranged from 0-99 percent
inhibition with and without cel.l. toxicity. ALl 40

peptides with 100 percent inhibition vtere titrated at
50, 100, 200 and 4OO pg/ml in dual wells as per
protocol

The peptide nixtures beginning Ac-D-Leu-D-Ar9,
Ac-D-Lys-D-Trp, Ac-D-Lys-D-Cys and Ac-D-Cys-D-Arg all
resulted in too percent viral inhibition at 10011 200 and
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4Oo pg/m].. At 50 pg/nl, these mixtures resulted in 67

percent, 45 percent, 60 percent and 56 percent
inhibition, respectively. These four nixtures all
showed ceLl toxicity at 400 pg/ml_. Mixtures beginning
Ac-D-Leu-D-Arg and Ac-D-Cys-D-Arg showed noderate
toxicity at 200 pg/nL. At all. renaining concentrations,
no toxicity was evldent. These four most active peptide
rnixtures are being carried fornard for definition of the
remaining positions.

Exanple 8: Inhibition of bindlng by Monoclonal
Antlbody 19810

Monoclonal antibody rnAb 19810 had previously
been raised against a synthetic polypeptide representing
residues 78-110 of the henagglutinln protein of
influenza virus. [Houghten et al., Vacgines 1986' pages

2L-25 (1987)t Appel et al., J. rnmunol., !!Li976-983
(1990).1 Detailed rnapping of the peptide-mAb
interaction, as welL as the relative positional.
importance of each residue of, the antigenic detetminant
had also been deternined ae was done in Exanple 2.

The antigen.i:c deternrrnant recognized by nAb

L9810 has the sequenc,- Asp-VaI-Pro-Asp-Tyr-A1a (sEQ ID

NO:88). Oligopeptide nixture sets were assayed to
determine their ability to intribit the interaction of
nAb 19810 with the l3-residue peptide Ac-Tyr-Pro-Tyr-
Asp-VaI-Pro-Asp-Tyr-AIa-Ser-Leu-Arg-Ser-NH, (SEQ ID
NO:89) adsorbed to a nicrotiter plate in conpetitive
ELISA assays.

oligopeptlde sets were screened in the general
manner discussed previously, except that rather than
using 400 mixture sets whose first two positions hrere

defined and whose last four vere equinolar mixtures for
the first screen, 324 such N-acetyl C-arnide sets were

used based on nixtures of elghteen anino acids.
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Tryptophan and cysteine were not included with these
mixture.

Each of those 324 nlxture sets contained about
Lo4rg76 hexapeptides (184). The whole library of 324

5 sets contained about 34,OL2,224 6-mer peptides.
The rnixture set beginning Ac-Asp-VaI showed

the greatest activity (lowest IC-50 value) and waE used

to go fonrard in defining the remaining sets.
A twenty-nernber nixture set was used to

10 determine the thlrd position. Tryptophan was again
onitted fron the nlxture positions, but was included in

. the twenty different sets, each set containing a mixture
of 6,859 different peptides (191).

The sane process was repeated until each of
15 the six positions of the N-acetyl C-anide 6-mer was

determined. That 6-mer had the sequence Ac-Asp-Va1-Pro-
Asp-Tyr-AIa-NH, (sEQ ID NO:90), the sequence of the
6-mer antigenic determinant.

IC-50 Values decreased as follows, as the
20 positions were defined: positions I and 2=25Q ttUli

position 3=41 FAU position 5=0.38 pMi and position
5=0. 03 t M.

A sirnilar study with the same nAb started with
400 N-acetyl C-amide nixture sets whose first two

25 positions vrere deflned by the twenty naturaLly occurring
amino acid residues and whose nixture positions were
occupied by rnixtures of nineteen amino acids, tryptophan
excluded. Each of those 400 sets therefore contained
1301321 individual hexaners (194). The library created

30 by those 400 rnixture sets therefore contained 52,L28,4OO
6-mer peptides (400 X 1301321). This library therefore,
contained almost 20 nillion more peptides than did the
first discussed library.

This 400 rneurber library of urixture ""d" t""35 screened as discussed above. The same mixtures
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determined using the snaller l,ibrary were found to cause

significant inhibition, as did three other mixtures that
bore no resenblance to the epitope. Those three
sequences began Ac-AIa-Thr, Ac-Tyr-Thr and Ac-His-Asp.
Further work is underrray to determine the renaining best

binding positions of those three nixture eets.

Exarnple 9: Inhibition of Binding Monoclonal Antibody
mAb #2

Binding inhibition by mlxture sets oq a
nonoclonal antibody raised against the rnajor surface
antigen of hepatitis B virus (HBsAg) using a monoclonal

antibody denominated rnAb #2. (A gift from Dr. David

Milich, The Scripps Research fnstitute, La JoIIa, CA. )

That monoclonal binds to the 6-mer antigenic deterrrinant
Ser-Thr-Thr-Ser-Thr-GJ.y (SEQ ID NO:91) .

Four hundred N-acetyJ. C-arnide rnixture sets
whose first two defined positions ltere selected from

each of the twenty natural anino acid residues and whose

four reamining nrixture positions contained equinolar
mixtures of nineteen anino acid residues (tryptophan
excluded) were again used here. A conpetitive ELISA

assay was again used as the Ecreen with the protein
antigen HBsAg being adsorbed to the rnicrotiter pJ-ates.

The two beEt binding sets began Ac-Leu-Thr and

Ac-Gln-Thr, Eequences different from the native
antigenic detetminant. The third position beEt blnding
residue for both sets was threonine, whereas the fourth
position best binding residue for both sets was serine.

Thus, a sequence containing three of four
residues in both sets were identical to the sequence of
the native epitope. Work is undermay to define the
fifth and sixth positions for each mixture set.

r.5

20

25

30
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It will be evident that there are a large
nunber of enbodiments of the invention which, while not
specifically deEcribed above, are clearly within the
scope and spirit of the invention. Consequently the
description above is to be considered nerely exemplary,
and the invention is to be defined and linited solely by

the appended clains.
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SEQUENCE I,ISTING

(1) GENERATJ TNTORMATTON:

(i) APPLICANT: Houghten, Richard A.
Cuerrro, ,fulio H.
Pinilla, Clenencia
Appel Jr., Jon R.
Blondelle, Sllvi

(ii) TITLE OF IIIVENTION: Synthesis Of Equiruolor Multiple oligoner
Mixtures, Especially of Oligopeptide Mixtures

(iii) Nt'l'tBER oF SEQUENCES: 91

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Dressler, Goldsnith, Shore,

Milnanow, Ltd.
(B) STREET: 180 North Stetson Avenue, Suite
(c) CITY: Chicago
(D) STATE: IlLinois
(E) COUNIRY: United States of Anerica
(r) ZTPI 50501

Sutker

47 00

(v) CoUPUTER READABLE FORIII:
(A) MEDItll TYPE: FIoPPY disk
(B) COIIPUTER: IBM PC conpatible
(c) oPERATTNG SYSTEI!! PC-DOS/MS-DOS
(D) soFTwARE: Patentln ReleaEe #1.0, Version #L.25

(vi) CURRENT APPLICATION DATA:
(A) APPLTCATTON NttilBER:
(B) FIIJING DATE:
(c) cr,AssrFrcATroN!

(vili) ATToRNEY/AGENT INFORMATIoN:
(A) NNIIE: Gamson, Edward P.
(B) REGISTRATION NTUBER: 29t38L
(c) REFERENCE/DOCKET NUMBER: PRL.0003

(ix) TELECOMMUNICATION INFORUATION:
(A) TELEPHoNE: (312) 515-5400
(B) TELEFAX: (312) 6L6-5460

(2',) TNFORMATTON FOR SEQ rD NO:i:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 arnino acids
(B) TYPE: anino acid
(c) STRjANDEDNESS: single
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(D) TOPOI,OGYS linear
(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIHTION: SEQ ID NO:l:

GIy AIa Ser Pro Tyr Pro AEn Leu Ser Asn GIn Gln Thr
1510

(2) INFORMATION FoR sEQ fD NO:2:

(i) SEQUENCE CLARACTERTSTTCS:
(A) IENGTHS 6 anino acids
(B) TYPE: anino acid

' (c) STRN{DEDNESS: single
(D) TOPOI,OGY: Iinear

(ii) MoLECULE TYPE: peptide

(xi) SEQUENCE DESCRII4IIoN: sEQ ID No:2:

Pro Tyr Pro Asn Leu Ser

INFORMATION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTTCS:
(A) LENGTH: 4 anino acidE
(B) TYPE: anino acid
(c) STRANDEDNESS: single
(D) TOPOIOGY: Iinear

(ii) !{oLECULE TYPE: peptide

(21

(xi) SEQUENCE

Tyr Pro Asn
1

DESCRIPTION: SEQ

Leu

ID NO:3:

(2) INFORI{ATION FOR SEQ ID NO:4:

(i) SEQUENCE CEARACTERTSTTCS:
(A) LENGTII: 6 amino acidE
(B) TYPE: arnino acid
(c) STRANDEDNESS: single
(D) TOPOIPGY: linear
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(ii) I,IOLECULE TYPE: peptide

(ix) FEATURE:
(A) NAI.{E/KEY: Modified-site
(B) rocATroN: 1
(D) OTHER INFORUATfON! /Iabel= Xaa

/note= trXaa is N-acetyl tyrosine. rr

(ix) FEATURE:
(A) NAl,lElKEY: Modified-site
(B) r,ocATroN: 6
(D) OTHER INFORIIATION: ,/Iabel= Xaa

,/note= rrXaa is asparagine anide. tl

(xi) SEQUENCE DESCRIPTION: SEQ ID No!4:

Xaa Pro Asn Leu Ser Xaa

(2) INFoRI{ATION FoR sEQ ID No:5:

(i) SEQUENCE CEARACTERISTICS:
(A) L,ENGTH: 6 anino acids
(B) TYPE: anino acid
(c) STRAI{DEDNESS: slngle
(D) TOPOLOGY: linear

(ii) MoLEcttLE TYPEs peptide

(ix) FEATURE:
(A) NN{E/KEY: Modified-site
(B) r,ocATION: 1
(D) OTHER INFORIIATION: ,/Iabel= Xaa

/noEe= rrXaa is N-acetyl arginine. tl

(1x) FEATURE:
(A) NAl,tElKEY: Modified-site
(B) IoCATION: 6
(D) oTHER INFORMATIONS /label= Xaa

/note= rrXaa is arglnine anide.rl

(xi) SEQUENCE DESCRTI{IION: sEQ ID NO:S:

|lflffi;*,.i
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Xaa Arg Trp Trp Cys Xaa
15

(21 INFORI{ATION FoR SEQ ID NO:5:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 14 anino acids
(B) TYPE: anino acid
(C) STRAI.IDEDNESS: single
(D) ToPoI,ocY: linear

(ii) uoLEcuLE TYPE: peptide

(xi) SEQUENCE DESCRIITTION: SEQ ID NO:6:

'Leu His Asn Asn Glu AIa GLy Arg Thr Thr Val Phe Ser Cys
1510

(z',) TNFORMATTON FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERTSTTCS:
(A) TENGTH: 7 anino acids
(B) TYPE: anino acid
(c) STRANDEDNESS: single
(D) TOPOIPGY: Iinear

(.ii) It[oLEcULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: sEQ ID No:7:

Gly Arg Thr Thr VaI Phe Ser

(21 INFORMATION FoR sEQ ID No:8:

(i) SEQUENCE CIIAR;ACTERISTICS:
(A) LENGTH: 5 arnino acids
(B) TYPE: anino acid
(D) TOPOIOGY: linear

(ii) ttoLEcuLE TYPE: peptidg

(xi) SEQUENCE DESCRTPTTON: SEQ rD NO:8:

Arg Arg Trp Trp Cys
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(21 INFoRMATIoN FoR SEQ ID No:9:

(i) SEQUENCE CIIARACTERISTTCS:
(A) LENGTH: 6 anino acids
(B) TYPE: anino acid
(D) TOPOIPGY: linear

(ii) l{oLEcttLE TYPE: PePtide

(ix) FEATURE:
(A) NN,IEIKEY: Modified-slte
(B) IOCATION: 1

. (Dr or*lloil:"ffi:'?I'*{133E}; 
I13r,,r,,".,,

(ix) FEATURE!
(A) NN,|EIKEY: Modified-site
(B) LoCATION! 5
(D) OTHER INFORI'IATION! /Iabel= Xaa

,/note= nXaa is any of the twenty natural amino-acids other than -spartic acid, glutarnic acid or
glycine, which are nodified by N-acetylation.rl

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

Xaa Arg TrP TrP CYs Xaa
15

(2) INFoRMATToN FoR sEQ ID No:10:

(i) SEQUENCE CIIARACTERTSTTCS:
(A) LENGTH: 6 anlno acids
(B) TYPEs amino acid
(D) TOPOIPGY: Iinear

(ii) MoLECULE TYPE: PePtide

(ix) FEATURE:
(A) NN,IEIKEY: Modified-site
(B) r,ocATION: 6
(D) OTHER INFORDTATION: /label= Xaa

,/note= rrXaa is another anino acid residue.rl

(xi) SEQUENCE DESCRIHIION: sEQ ID No:10:

Phe Arg Trp Leu
L

Leu Xaa
5
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(21 rNroRMArroN FoR sEQ rD NO:11:

(i) SEQUENCE CTIARACTERISTICS:
(A) LENGTH: 6 amlno acids
(B) TYPEs anino acid
(D) TOPOIPGY: linear

(ii) l.loIJEcttLE TYPE: peptide

(ix) FEATURE:
(A) NAI'|E/KEY: Uodifled-site
(B) I,oCATION: 6
(D) OTHER INFORMATION: /label= Xaa

/note= rrXaa is another amino acid residue. rr

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

Phe Arg Trp Trp Hls Xaa

(2) INFORITIATIoN FoR sEQ ID NO:12:

(i) SEQUENCE CHARjACTERTSTTCS:
(A) LENGTH: 6 amino acids
(B) TYPE: anino acid
(D) TOPOIOGY: Iinear

(ii) l{oLEcULE TYPE: peptide

(ix) FEATURE:
(A) NN,|EIKEY: l'lodified-site
(B) rocATroN: 5
(D) OTHER INFORI-IATION: /Iabel= Xaa

/not;e= rrXaa is another amino acid residue.rl

(xi) SEQUENCE DESCRII{TION: SEQ ID NO:12:

Arg Arg Trp Trp Met Xaa

(2'l INFORMATION FOR SEQ ID NO:13:

(i) SEQUENCE CIIARJACTERISTICS:
(A) LENGTH: 5 anino acids
(B) TYPE: anino acid
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(D) TOPOIPGY: linear
(ii) lloLEcItL,E TYPE: peptide

(ix) FEATURE:
(A) NAI.IEIKEY: Modified-site
(B) r,ocATroN: 6
(D) OTHER TNFoRMATION: /label= Xaa

/note= rrXaa ls another amino acid residue.rl

(xi) SEQUENCE DESCRfPIION: SEQ ID NO:13:

Arg Arg Trp Trp Cys Xaa

(2'l INFORIT{ATION FOR SEQ ID NO:14:

(i) SEQUENCE CHARACTERTSTICS:
(A) LENGTH: 5 anino acids
(B) TYPE: amino acid
(D) TOPOIOGY: linear

(ii) Ir{OLECULE TYPE: peptide

(ix) FEATURE:
(A) NAl.lElKEY: Modified-site
(B) r,ocATroN: 6
(D) OTHER INFORIIATION: /Iabel= Xaa

/nobe- rrXaa is another amino acid residue.rl

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

Arg Arg Trp Trp Arg Xaa

(21 TNFORMATTON FOR SEQ rD NO:15:

(i) SEQUENCE CHAR,ACTERISTICS:
(A) L,ENGTH: 6 amino acids
(B) TYPE: anino acid'
(D) TOPOIPGY: linear

(ii) MOLBCULE TYPE: peptide
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(ix) FEATURE:
(A) NAl,tElKEY: Modified-slte
(B) IOCATToN: I
(D) OTHER INFORMATION! /label= Xaa

,/note= rrXaa is N-acetyl proline.rl

(ix) FEATURES
(A) NAI'{8/KEY: Modified-site
(B) LocATIoNs 6
(D) OTHER INFORITTATION: /IabeJ.= Xaa

/note= frXaa is serine amide. rl

(Xi) SEQUENCE DESCRIE{TION: SEQ ID NO:15:

Xaa Tyr Pro Asn Leu Xaa

(2',) INFORMATTON FOR S8Q ID NO:16:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 anino acids
(B) TYPE: arnino acid
(D) TOPOIOGY: linear

(ii) MoLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTIoN: sEQ rD No:16:

Phe Arg Trp Leu Leu Arg

(2) INFoR!{ATION FoR SEQ ID NO:17:

(i) SEQUENCE CLARACTERTSTTCS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
(D) TOPOIOGY: linear

(ii) I{oLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPIToN: SEQ ID NO:17:

Phe Arg Trp Leu Leu Lys
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(21 TNFOIi!,rATrON FOR SEQ rD NO:18:

(i) SEQUENCE CTIARACTERISTICS:
(A) LENGTH: 6 anino acids
(B) TYPE: amino acid
(D) TOPOI€GY: linear

(ii) MoLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:

Phe Arg Trp Leu Leu ttis
15

(21 INFoRMATIoN FoR sEQ ID No:19:

(i) SEQUENCE CHARACTERTSTICS:
(A) LENGTH: 6 anino acids
(B) TYPE: arnino acid

.(D) 
TOPOIOGY: linear

(ii) UOLEcIttE TYPE: peptide

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

Phe Arg Trp Leu Leu Val
15

INFORMATTON FOR SEQ ID NO:20:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6 anino acids
(B) TYPE: anino acid
(D) TOPOIOGY: linear

(ii) Ir{oLEcttLE TYPE: peptide

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:

Phe Arg Trp Trp His Arg
15

(2) INFORMATION FoR SEQ ID No:21:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 5 anino acids

(2)
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(B) TYPE: amino acid
(D) TOPOIOGY: linear

(ii) MOLECULE TYPE: peptide

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

Phe Arg Trp Trp His Lys

(2) INFORMATION FoR sEQ ID No:22:

(i) SEQUENCE CI1ARACTERISTICS:
(A) LENGTH: 6 anino aclds. (B) TYPE: arnino acid
(D) TOPOIPGY: linear

(ii) MoLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION! SEQ rD NO:22:

Phe Arg Trp Trp His Trp

(2) INFORMATION FOR SEQ ID NO:23:

(i) SEQUENCE CHARACTERISTTCS:
(A) LENGTH: 6 anrino acids
(B) TYPE: amino acid ,..

ioi ToPoIpcY: rinear

(ii) I{OLECULE TYPE: peptide

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

Phe Arg Trp Trp His Phe

(2) INFORMATION FoR SEQ ID NO:24:

(i) SEQUENCE CHARjACTERTSTTCS:
(A) LENGTH: 5 anino acids
(B) TYPE: anino acid
(D) TOPOI,oGY: linear

(ii) MoLECULE TYPE: peptide
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:

Phe Arg Trp Trp His His

(21 INFORMATIoN FoR sEQ ID No:25:

(i) SEQUENCE CHARACTERISTTCS:
(A) LENcTfl! 6 anino acids
(B) TYPE: anlno acid
(D) TOPOIOGY: Iinear

(ii) IT|OLECUIJE TYPE: peptide

{"il SEQUENCE DESCRIHITON: sEQ ID No:25:

Phe Arg Trp Trp His Leu

(2) INFORMATION FoR sEQ ID NO:26:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 anino acids
(B) TYPE: amino acid
(D) TOPOI,OGY: Ilnear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: gr:-1 ID NO:26!

Arg Arg Trp Trp uet Arg

(2') INFORMATION FOR sEQ ID NO:27:

(i) SEQUENCE CI{ARjACTERTSTTCS:
(A) LENGTH: 6 anino acids
(B) TYPE: amino acid
(D) TOPOIOGY: Iinear

(ii) IrIOIJECI LE TYPE: peptlde

(xi) SEQUENCE DESCRIHTION: SEQ TD NO:27:

Arg Arg Trp Trp Met GIy
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(21 INFOR!{ATION FoR sEQ ID No:28:

(i) SEQUENCE CTTARACTERISTICSs
(A) LENGTH: 5 amino acids
(B) TYPE: amino acid
(D) TOPOI,oGY: linear

(ii) MOLECULE TYPE: peptide

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

Arg Arg Trp Trp Met Ile
15

(2) INFORMATION FOR SEQ ID NO:29:

(i) SEQUENCE CIIARjACTERISTICSI
(A) LENGTH: 5 anino acids
(B) TYPE: anino acid
(D) TOPOIOGY: Iinear

(ii) t{oLEcuLE TyPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID No:29:

Arg Arg Trp Trp Met Cys
15

..

(21 INFORMATION FOR SE(-:ID NO:30:

(i) SEQUENCE CTIARACTERISTTCS:
(A) LENGTH: 6 anino acids
(B) TYPE: amino acid
(D) TOPOI,OGY: linear

(ii) MoLECUIE TYPE: peptide

(xi) SEQUENCE DESCRIPT-ON: SEQ ID NO:30:

Arg Arg Trp Trp Met Lys
15

(21 INFoRMATION FoR sEQ ID No:31:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 5 anino acids
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(B) TYPBr anino acid
(D) TOPOIOGY: linear

(ii) !.tol,Ecul',g TYPE: peptide

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:31:

Arg Arg Trp Trp llet Leu

(21 INFoRMATIoN rOR sEQ ID No332s

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 5 anino acidE
(B) TYPEr anino acid

. (D) TOPOIOGY: linear
(ii) MoLEcttLE TYPE: peptide

(xi) SEQUENCE DESCRIPIION: sEQ ID NO:32:

Arg Arg Trp Trp Met, Tyr

(2'l TNFORMATION FoR SEQ ID NO:33:

(i) SEQUENCE CLARACTERTSTICS;
(A) LENGTH: 5 anino. acids
(B) i'YPE! anino acid
(D) foPoIPGY: Iinear

(ii) MoLEcItLE TYPE: peptide

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

Arg Arg Trp Trp Uet Val.

(2) INFORUATION FoR sEQ ID No:34:

(i) SEQUENCE CTTARACTERTSTTCS:
(A) LENGTH: 5 amino acids
(B) TYPE: anino acid
(D) TOPOIPGY: linear

(ii) MOLECULE TYPE: peptide
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(xi) SEQUENCE DESCRIE{IION: SEQ ID No:34:

Arg Arg Trp Trp Met Trp

(2',) TNFORMATTON FOR SEQ ID NO:35:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 anino acids
(B) TYPE: anino acid
(D) TOPOIPGY: linear

(ii) l,toLECuLE TYPE! peptide

(xi) SEQUENCE DESCRIE{TION: SEQ ID NO:35:

Arg Arg Trp Trp Met Ser

(2) INFORMATION roR SEQ ID NO:36:

(i) SEQUENCE CLARACTERTSTTCS:
(A) tENcTH! 6 anino acids
(B) TYPE: amino acid
(D) TOPOIOGY: Iinear

(ii) l,tOLEcItL,E TYPE: peptlde

(xi) SEQUENCE DESCRII{IION: SEQ ID NO:36:

Arg Arg Trp Trp llet Thr

(z',) INFORMATION FOR SEQ ID NO:37:

(i) SEQUENCE CTTARACTERISTTCS:
(A) LENGTH: 6 anino acids
(B) TYPE: anino acid
(D) TOPOIOGY: linear

(ii) MoLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37:

Arg Arg Trp Trp Met Met

 
 
Page 144 of 249



- L42

(21 INFORMATION FoR SEQ ID No:38:

(i) SEQUENCE CTTARACTERTSTTCS:
(A) LENGTH: 6 anlno acids
(B) TYPEr anino acld
(D) TOPOIOGY: Linear

(ii) I,IOLECULE TYPE: peptide

(xi) SEQUENCB DESCRIPTION: SEQ ID No:38:

Arg Arg Trp Trp Met Ala
15

(2) INFORMATION FOR SEQ ID NO:39:

(i) SEQUENCE CIIARjACTERTSTTCS:
(A) LENGTH: 6 anino acids
(B) TYPE: anino acid
(D) ToPoLoGY: Iinear

(ii) l{ol,Ect LE TYPE: peptide

(xi) SEQUENCE DESCRIPTION! SEQ ID No:39:

Arg Arg Trp Trp Met Phe
15

(2) INFoRMATIoN FOR SEQ ID No:40:

(i) SEQUENCE CTTARACTERTSTTCS:
(A) LENGTH: 6 anino acids
(B) TYPE: anino acid
(D) TOPOIPGY: linear

(ii) lloLEcULE TYPE: peptide

(xi) SEQUENCE DESCRIPTTON! sEQ ID No:40:

Arg Arg Trp Trp Met His
15

(2) TNFORMATION FoR sEQ ID No:41:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 anino acids
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(B) TYPE: anino acid
(D) ToPoIocY: Ilnear

(ii) l{oLEcULE TYPE: peptide

(xi) SEQUENCE DESCRIT{TION: SEQ ID NO:41:

Arg Arg Trp Trp Met Asn
15

(21 TNFORI{ATTON FOR SEQ rD NO:42:

(i) SEQUENCE CIIARACTERISTICS:
' (A) LENGTH: 6 amino acids

(B) TYPE: anino acid
(D) TOPOIOGY: Iinear

(ii) !{oLEcuLE TYPE: peptide

(xi) SEQUENCE DESCRIPTION! SEQ ID NO:42:

Arg Arg Trp Trp Uet Pro
L5

(2) INFORMATION FOR SEQ ID NO:43:

(i) SEQUENCE CHARACTERTSTICS:
(A) LENGTH: 5 arnino acids
(B) TYPE: amino acid
(D) TOPOIOGY: linear

(ii) MoLECULE TYPE: peptide

(Xi) SEQUENCE DESCRIHTION: SEQ ID NO:43:

Phe Arg Trp Leu Leu Phe
15

(2'l INFORI{ATTON FOR SEQ ID NO:44:

(i) SEQUENCE CTIARACTERTSTICS:
(A) LENGTH: 6 arnino aclds
(B) TYPE: amino acid
(D) ToPoIOcY: linear

(ii) UOLECULE TYPE: peptide
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(xi) SEQUENCE DESCRIHIIONT SEQ ID NO:44:

Phe Arg Trp Leu Leu Trp

(2) INFORMATION FoR sEQ ID No:45:

(i) SEQUENCE CEARACTERTSTTCS:
(A) LENGTH: 6 aurino acids
(B) TYPE: amino acid
(D) TOPOIOGY: linear

(ii) l{oLEcuIJE TYPE: peptide

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

Phe Arg Trp Leu Leu Cys

(2) INFORI,IATION FoR SEQ ID NO:46:

(i) SEQUENCE CHAR;ACTERTSTTCS:
(A) L,ENGTH: 6 amino acids
(B) TYPE: anino acid
(D) TOPOIOGY: Iinear

(ii) l{oLEcIrLE TYPE: peptide

(xi) SEQUENCE DESCRIPTIoN: SEQ ID No:46:

Phe Arg Trp Leu Leu Leu

(21 INFoRMATIoN FoR SEQ rP NO:47:

(i) SEQUENCE CTIARAeIERTSTTCS:
(A) LENGTH: 6 arnino acids
(B) TYPE: anino acid
(D) TOPOIPGY: Iinear

(ii) MoLECULE TYPE: peptide

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

Phe Arg Trp Trp His Ile
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(2',) INFORIi{ATION FOR SEQ ID NO:48:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 arnino acidE
(B) TYPE: amino acid
(D) ToPoIPcY: linear

(il) l,toLEcULE TYPE: peptide

(xi) SEQUENCE DESCRIE{rION: SEQ rD NO:48:

Arg Arg Trp Trp C1zs Arg

(21 INFORMATION FoR sEQ ID NO:49:

(i) SEQUENCE CITAR,ACTERISTICS:
(A) LENGTH: 5 anl.no acids
(B) TYPE: amino acid
(D) TOPOIOGY: Linear

(ii) MoLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: sEQ ID No:49:

Arg Arg Trp Trp Cys Trp

(21 INToRMATIoN FoR sEQ ID No:50:

(i) SEQUENCE CHARACTERTSTICS!
(A) LENGTH: 5 anino acids
(B) TYPE: arnino acld
(D) TOPOIPGY: linear

(ii) It{oLEcULE TYPE: peptide

(xi) SEQUENCE DESCRIHTION: sEQ ID No:50:

Arg Arg Trp Trp Cys VaI

(2') INFORMATION FoR sEQ ID No:51:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 5 arnino acids
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(B) TYPE: amino acid
(D) roPol,ocY: linear

(ii) l{oLEcttLE TYPE: peptide

(xi) SEQUENCE DESCRIPTIoN! sEQ ID No:51:

Arg Arg Trp Trp Cys Tyr
r_5

(2',) TNFORMATTON FOR SEQ rD NO:52:

(i) SEQUENCE CTTAR,ACTERISTICS:

( ii)
(xi)

Arg
t

(A) LENGTH: 6 anino acids
(B) TYPE: amLno acid
(D) TOPOIPGY: linear

MOLECULE TYPE: peptide

SEQUENCE DESCRIPTTON: SEQ ID NO:52:

Arg Trp Trp Cys L,yB
5

(21 INFORI,TATION FOR SEQ ID NO:53:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 anino acids
(B) TYPEs anino acid
(D) TOPOI0GY: llnear

(ii) I,IOITECULE TYPE: peptide

(xi) SEQUENCE DESCRTHTION: SEQ rD NO:53:

Arg Arg Trp Trp Cys Ser
15

(z'.) INFORMATION FOR SEQ ID NO:54:

(i) SEQUENCE CHARACTERTSTICS:
(A) LENGTH: 6 arnino acids
(B) TYPE: amino acld
(D) TOPOIOGY: linear

(ii) l{oLEcULE TYPE: peptide
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:54I

Arg Arg Trp Trp Cys His

(21 INFORI{ATION FoR sEQ ID No:55:

(i) SEQUENCE CLARACTERTSTTCS:
(A) LENGTH: 6 amino acids
(B) TYPE: anino acid
(D) TOPOIOGY: Iinear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTIONS sEQ ID No:55:

Arg Arg Trp Trp Cys Thr

(2) INFORMATION FoR SEQ ID No:55:

(i) SEQUENCE CTTARACTERTSTTCS:
(A) LENGTH: 6 anino acids
(B) TYPE: anino acid
(D) TOPOI0GY: linear

(ii) MoLECULE TYPE: peptide

(xi) SEQUENCE DESCRIHIION: SEQ ID NO:56:

Arg Arg Trp Trp Cys AIa

(2',1 INFORI,{ATION FOR SEQ ID NO:57:

(i) SEQUENCE CHARACTERTSTTC$:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acld
(D) TOPOLOGY: linear

(ii) uor,Ecul,E TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID No:57:

Arg Arg Trp Trp Arg Phe
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(21 TNFORUATION FoR SEQ ID NO:58:

(1) SEQUENCE CLARACTERTSTTCS:
(A) LENGTH: 6 anino aclds
(B) TYPE: anino acid
(D) TOPOIOGY: linear

(ii) l.toLECttLE TYPE: peptide

(xi) SEQUENCE DESCRTE{TION: SEQ ID NO:58:

Arg Arg Trp Trp Arg Cys

(2) INFORMATION FoR SEQ ID No:59:

(i) SEQUENCE CLARACTERTSTTCS:
(A) LENGTH: 5 amino acids
(B) TYPE: amino acid
(D) TOPOIOGY: Iinear

(ii) !{oLEcItLE TYPEI DNA (genonic)

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

Arg Arg Trp Trp Arg Leu

(21 INFORI,{ATION FOR SEQ ID No:60:

(i) SEQUENCE OTARACTERTSTTCS:
(A) LENGTH: 6 anino acids
(B) TYPE: arnino acid
(D) ToPoIOcY: linear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIE{IfON: SEQ ID No:60:

Arg Arg Trp Trp Arg Ile

(2') INFoRMATION FOR SEQ ID NO:51:

(i) SEQUENCE CTTARACTERTSTTCS:
(A) LENGTH: 5 anino acids
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(B) TYPEI anino acld
(D) TOPOIOGY: Iinear

(ii) l[oLEcUtE TYPE: peptide

(xi) SEQUBNCE DESCRII{IION: sEQ ID No:61:

Arg Arg Trp Trp Arg Ala

(21 INFORI{ATION FOR SEQ ID NO:62:

. (i) SEQUENCE CHARACTERISTICST
(A) I.ENGTH: 6 arnino acids
(B) TYPE: arnino acid
(D) TOPOI,OGY: Iinear

(ii) MoLEcttLE TYPE: peptide

(ix) FEATURE:
(A) NN{E/KEY: Modified-site
(B) I0CATION: 1
(D) OTHER fNFORIIATION: /label= Xaa

,/note= rrXaa is N-acetyl arginine. rl

(ix) FEATURE:
(A) NAIr{E/KEYt t{odif.ied-site
(B) LOCATTON: 5
(D) OTHER INFORI{ATION: ,/1abe1= Xaa

,/note= rrXaa is phenvlil.anine anide.rl

(xi) sEeuENcE DESCRIPIIoN: sEe rD ib,.r,
Xaa Arg Trp Trp Arg Xaa

(21 INFORMATION FoR SEQ ID NO:63:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 7 anino acids
(B) TYPE: anino acid'
(D) TOPOI,OGY: linear

(ii) MOLECULE TYPE: peptide

(Xi) SEQUENCE DESCRIHTION: SEQ ID NO:63:
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Tyr Arg Arg Trp Trp Arg Phe
15

(21 TNFORT{ATION FOR SEQ ID NO:64:

(i) SEQUENCE CHARACTERISTICS:
(A) L,ENGTH: 7 anino acids
(B) TYPE: anino acid
(D) TOPOIPGY: linear

(ii) MoLECULE TYPE: peptide

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

Ile Arg Arg Trp Trp Arg Phe

(2' INFORT,TATION FOR SEQ ID NO:65:

(i) SEQUENCE CHARACTERTSTTCS!
(A) LENGTH: 7 anlno acids
(B) TYPE: anino acid
(D) ToPOI,ocY: linear

(ii) MOLECULE tYPE: peptide

(xi) SEQUENCE DESCRIPTIoN! sEQ ID No:65:

Trp Arg Arg Trp rrp arg .r::'.e

(2') INFOR!{ATION FOR SEQ ID NO:55:

(i) SEQUENCE CHARACTERISTICSS
(A) LENGTH: 7 amino aclds
(B) TYPE: amino acid
(D)' TOPOI,oGY! linear

(ii) UOLECULE TYPE: peptide

(xi) SEQUENCE DESCRII{IION: SEQ ID No:66:

Phe Arg Arg Trp Trp Arg Phe
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(2) INFoRMATIoN FOR sEQ ID No:67:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 7 anlno acide
(B) TYPE: anlno acid
(D) TOPOIPGY: Iinear

(ii) UoLEcutE TYPE: peptide

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

Leu Arg Arg Trp Trp Arg Phe

(2) INFoR!{ATIoN FoR sEQ ID NO:68:

(i) SEQUENCE CHARACTERISTTCS:
(A) LENGTH: 7 anino acids
(B) TYPEI amino acid
(D) TOPOL0GYT linear

(ii) !{oLECULE TYPE: peptide

(xi) SEQUENCE DESCRII{IION: sEQ ID No:683

Cys Arg Arg Trp Trp Arg Phe

(21 INFORMATION FoR s.{a ID No:6e:

(i) SEQUENCE CIIARACTERTSTTCS:
(A) LENGTH: 7 arnino acids
(ei TYPEs amino acid
(D) TOPOIOGiY: linear

(ii) l{oIJEcULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:69:

Arg Arg Arg Trp Trp Arg Phe

(2') INFORMATION FOR SEQ ID NO:70:

(i) SEQUENCE CHARACTERISTTCS!
(A) LENGTH: 7 anino acidE
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(B) TYPE: amino acid
(D) TOPOIOGY: linear

(1i) I{OITECULE TYPE: peptide

(xi) SEQUENCE DESCRIT{TION: SEQ ID NO:70:

Arg Arg Trp Trp Arg Phe Trp
15

INFORMATION FOR SEQ ID NO:71:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 7 amino acids

. (B) TYPE: amino acid
(D) TOPOI,OGY: Iinear

(ii) Ir{oLEcuLE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID No:71:

Arg Arg Trp Trp Arg Phe Phe
15

(21 INFoRMATIoN FoR SEQ ID NO:72:

(i) SEQUENCE CHARACTERISTICS:
(a) LENGTH: 7 anino acids
(F) TYPE: amino acld
(D) TOPOIOGY: Iinear

(ii) tr{oLEcuLE TYPE! peptide

(xi) SEQUENCE DESCRIPTION: SEQ TD NO:72:

Arg Arg Trp Trp Arg Phe Leu
15

(2) INFORMATION FoR SEQ ID NO:73:

(i) SEQUENCE CHARACTERTSTICS:
(A) LENGTH: 7 anino acids
(B) TYPE: amino acid
(D) ToPOIPGY: linear

(ii) uoLEcttLE TYPE: peptide
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(xi) SEQUENCE DESCRIPTIoN: sUQ ID NO:73:

Arg Arg Trp Trp Arg Phe Cys
15

(21 INFORT.TATION FOR SEQ ID NO:74:

(i) SEQUENCE CTTARACTERTSTTCS:
(A) LENGTH: 7 anino acids
(B) TYPE: anino acid
(D) ToPoIOcY: linear

(ii) IitoLEcuIJ TYPE: peptide

(xi) SEQUENCE DESCRTPTION3 SEQ ID NO:74:

Arg Arg Trp Trp Arg Phe Ile
15

(21 TNFORUATION FoR sEQ ID No:75:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 7 amino acids
(B) TVPE: amlno acid
(D) ToPOIOGY: Iinear

(ii) l{oLEcULE TYPE: peptiCe

(xi) SEQUENCE DESCRII{TION: SEQ ID NO:75:

Arg Arg Trp Trp Arg Phe Tyr
1,5

(2) INFORI,IATION FOR SEQ ID NO:76:

(i) SEQUENCE CTTARACTERTSTTCS:
(A) LENGTH: 7 anino acids
(B) TYPE: anino acid
(D) TOPOIPGY: linear

(ii) MoLEcItLE TYPE: peptide

(xi) SEQUENCE DESCRTPTTON: SEQ rD NO:76:

Arg Arg Trp Trp Arg Phe VaI
L5
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(21 INFORMATTON FoR sEQ ID No:77:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 7 anino aclds
(B) TYPE: amino acid' (D) TOPOLOGY: linear

(fi) ltoLEcuLE TYPE: peptide

(xi) SEQUENCE DESCRII{TION: SEQ ID NO:77:

Arg Arg Trp Trp Arg Phe Arg
15

(2) INFORMATION FOR sEQ ID NO:78:

(1) SEQUENCE CEAR;ACTERTSTTCS:
(A) LENGTH: 6 anino acids
(B) TYPE: amino acid
.(D) 

ToPoIoGY: Iinear
(if) MoLECULE TYPE: peptide

(xi) SEQUENCE DESCRIE{IION: sEQ ID NO:78:

Arg Arg Trp Trp Arg Arg
15

(21 rNFOR!{ATION FoR sEQ ID No:79:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
(D) ToPoIocY: linear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: sEQ ID No:79:

Arg Arg Trp Trp Arg His
15

(2) INFoRIT{ATIoN FOR SEQ ID NO:80:

(i) SEQUENCE CHARACTERISTICS:
(A) TENGTH: 7 amino acids
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(B) TYPE: anino acid
(D) TOPotoGY: Iinear

(ii) MOLECIILE TYPE: PePtide

(xi) SEQUENCE DESCRIT{IION: SEQ ID NO:80:

Arg Arg Trp [rP CYs VaI Arg
15

INFORMATION FOR SEQ ID NO:81S

(i) SEQUENCE C}IARACTERISTICS:
(A) LENGTH: 7 anino acids
(B) TYPE: amino acid
(D) TOPOIPGY: linear

(ii) MoLECULE TYPE: PePtide

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:81:

Arg Arg Trp Trp Arg Phe LYs
15

(2) INFORMATION FOR SEQ ID NO:82:

(i) SEQUENCE CHARACTERISTTCS:
(A) LENGTH: 7 anino acids
(B) TYPE: anino acid
(D) TOPOISGY: Iinear

(ii) MOLECULE TYPE: PePtide

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:82:

Lys Arg Arg TrP TrP Arg Phe
15

(21 INFORI,IATION FOR SEQ ID NO:83:

(i) SEQUENCE CIIARACTERISTICS:
(A) I.,ENGTH: 6 arnino acids
(B) TYPE: amino acld
(D) TOPOIPGY: Iinear

(ii) Ir{OLECIILB TYPE: peptlde
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(xi) SEQUENCE DESCRIPIION: SEQ ID No:83:

Arg Arg Trp Trp.Cys GIy
15

(2) TNFORT{ATION FOR SEQ ID NOs84:

(i) SEQUENCE CTTARACTERTSTTCS:
(A) LENGTH: 6 arnino acids
(B) TYPE: amino acid
(D) TOPOIPGY: linear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPIION: sEQ ID No:84:

Arg Arg Trp Trp Arg Trp
15

(2) INFORITIATION FoR SEQ ID NO:85:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 5 anino acids
(B) TYPE: anlno acld
(D) TOPOIOGY: Linear

(ii) lloLEcULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ TD NO:85:

Arg Arg Trp Trp Cys CyE
15

(21 INFOR!{ATION FoR SEQ ID No:86:

(i) SEQUENCE CIIARACTERISTTCS:
(A) LENGTH: 6 amino acids
(B) TYPE: anino acid
(D) TOPOIPGY: Iinear

(ii) MoLEcUtE TYPE: peptide

(xi) SEQUENCE DESCRIPTION! sEQ ID No:86:

Arg Arg Trp Trp Cys Met
15
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(2) INFoRI,IATION FoR SEQ ID NO:87:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 5 anlno acids
(B) TYPE: anino acid
(D) TOPOIOGY: linear

(ii) I,IOLECULE TYPE: peptide

(xi) SEQUENCE DESCRII4TION: SEQ ID NO:87:

Arg Arg Trp Trp Cys Phe
15

(21 INFORMATION FoR SEQ lO NO:88:

(i) SEQUENCE CITARACTERTSTTCS:
(A) LENGTH: 6 anino acids
(B) TYPE: anino acid
(D) TOPOIOGY: Iinear

(ii) lloLBcULE TYPE: peptide

(xi) SEQUENCE DESCRIPIION: sEQ ID No:88:

Asp Val Pro Asp Tyr Ala
l_5

(2) INFoRI{ATIoN FoR sEQ ID No:89:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 13 amino acids

, (B) TYPE: amino acid
(D) TOPOIOGY: linear

(ii) uotEcULE TYPE: peptide

(ix) FEAfURE:
(A) NN.IEIKEY: Modified-site
(B) I0CATToN: 1
(D) OTHER INFORTIATION: /label= Xaa

/note= rrXaa is N-acetyl tyrosine. rl

(ix) FEATURE:
(A) NN{E/IGY: Modified-site
(B) I0CATION: 13
(D) OTHER INFORilATIONS /Iabel= Taa

/note= rrXaa is serine amide.rf
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(xi) SEQUENCE DESCRIPTToN: sEQ rD No:89:

Xaa Pro Tyr Asp VaI Pro Asp fltr AIa Ser Leu Arg Xaa
1510

(21 INFORMATION rOR SEQ ID No:90:

(i) SEQUENCE $ilRACTERTSTTCS:
(A) LENGTH: 6 anino acids
(B) TYPE: amino acid
(D) TOPoIocY: Iinear

(ii) !{OLECULE TYPE: peptide

ti*) FEATuRE:
(A) NAI,|EIKEY: Modified-site
(B) I0CATION: 1
(D) OTHER INFORMATION: /label= Xaa

/note= rrXaa ls N-acetyl aspartic acid. rl

(ix) FEATUREi
(A) NN'IE/KEY: Modified-site
(B) LOCATION: 6
(D) OTHER INFORMATfONS /label= Xaa

/note= frXaa is alanine anide. !l

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:90:

Xaa VaI Pro Asp Tyr Xaa

(z',) INFORI{ATTON FOR SEQ ID NO:91:

(i) SEQUENCE CLARACTERTSTTCS:
(A) LENGTH: 6 anino acids
(B) TYPE: anino acid
(D) TOPOIOGY: linear

(ii) l{oLEcUtE TYPE: peptide

(xt) SIQUENCE DESCRTI{rON: SEQ rD NO:el:

Ser Thr Thr Ser Thr GIy
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CI,ATMS:

1. A process for the synthesie of a

mixture pool of sol.id support-coupJ.ed mononeric
repeating unit compounds wherein the nixture poo

contains an eguinolar representation of each

monorneric repeating unit compound coupled tha conprises
the steps of:

(a) providing a plurality solid
supports, each solid support comprised o particles

functionalIinked to reactive functional groups,
groups of the solid support reacting
group of each of the rnonorneric ng unit compounds

to be reacted, the solid support ng substantially
insoluble in a liguid medium during the synthesis;

(b) providing a Iurality of liquid
media, each mediunr containing fferent monomeric

repeating unit conpound fron urality of monomeric

repeating unit conpounds
be formed, each of said
compounds having a first

the oligoners are to
ting unit

tional group that
reacts with the reactL functional group of the solid
support and a second ive functional group tJrat is
capable of reacting +tr ing the reaction of the soLid

th a functional

15

20

25

and said first reactive
is protected from so reacting by a

selectively renov Ie, covalently linked protecting

support functional
functional group,

groupt

in a different
reacting the
support with
mononet ic
nediun to
to the sol

30

c) placing each of said soLid supports
one of said liErid uredia and therein

ive functional. group of each solid
first reactive functional group of a

ting unit compound in that respective
Ie that nononeric repeating unit compound

support;
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(d) naintaining each of the reacti
for a tine period and under condltions sufficient
all of the reactlve functional groups of the sol
support to couple to the mononeric repeating un

5 compound to forn a p1urallty of monomeric
unit-coupled solid supports; and

LiErid nediurn, and adrnixing equinolar
the monomeric repeating unit-coupled s

ing

(e) thereafter removing monomer].c

repeating unit-coupled solid support fron ts respective

10

15

20

25

30

of each of
id supports to

forr a reaction product pool, wherein equal weights of
the forned pool contain the Eame r of noles of each

support.rnonomeric repeating unit-coupl id

2. The process ing to clain 1 wherein
coupled
severable

each nonorneric repeating uni that is
to a solid support is coupl
covalent bond.

a selectively

3. The proce according to clairn 2 wherein
said
from
and

the reactive
free reactive
nonomeric repea ng unit conpound.

5. process according to
monomer repeating unlt conpounds

said ni pool constitutes solid

mononerlc repeat unit conrpounds are selected
of nucleoLidis, amino acidsthe group consist

nonosaccharides.

4. The rocess according to clain 1 wherein
I group of each soLid support is a

tional group of a previously reacted

said
and"

oI

clain 4 wherein
are anino acids,
support-coupled
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6. A process for the stepwise synthesis o

conplex nixture of solid support-coupled oligoners
wherein each position of each oligoner of the urixt
contains an equinolar representation of reacted
monomeric repeating unit compound coupled at
synthesis step that comprises the steps of:

(a) providing a plurality o solid
supports, each solld support comprised of icles
Iinked to reactive functional groups, functional

a functional

acing each of said solid supports
said liErid nedia and therein

for a tine

15

group of each of the nononeric repeati unit compounds

to be reacted, the solid support substantially
insoluble in a liErid mediun used ng the synthesis;

ity of liguid(b) providing a

rnedia, each rnedium containing a fferent nonomeric
repeating unit conpound from a

repeating unit conpounds from
ity of mononerLc

ch the oligomers are to
be formed, each of sald ic repeating unit
compounds having a first r ive functional group that

20 reacts with the reactive onal group of the solid
support and a second react functional group that is
capable of reacting dur th. reaction of the solid
support functional group and said first reactive

protected frorn so reacting by afurictional group, but
selectively renovable covalently linked protecting
groupt

(c)
in a different one

reagting the rea
support with a f

ve functional group of each solid
reactive functional group of a

mononeric repea unit conpound in that respective
nedium to coupl that nononeric repeating unit crtompound

to the solid rt;
(d) naintaining each of the reactions

iod and under conditions sufficienL^for

25

30

35
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all of the reactive functional groups of the Eolid
support to couple to the nonomeric repeating uni
compound to forror a plurality of mononeric repea ng

unlt-coupled sol.id supportsi
(e) thereafter removing each

repeating unit-coupled solid support fron i respective
of each ofliquid nediurn, and adnixing equinolar

the nononeric repeating unit-coupled sol. supports to
weights offoru a reaction product pooJ., wherein

the forrned pool contain the sane of moles of each
' monomeric repeating unit-coupled sol support;

ction product pool
ght;

(f) separating the
into a nunber of aliquots of equal

(g) selectively ing said protecting
groups fron said second reacti ional groups of
the pool to fonn a reacted so support pool having
free reactive functional

(h) placing f the aliquots having
free reactive functional one of a nunber of
Ligtrid media, each nediun different
mononeric repeating unit fron a plurality of
monomeriic repeating -.rni conrpounds from which the

15

20

oligoners are to be
wherein each of said

to form a reaction mixture,
rLc repeating unit compounds

30

25 has a first reacti functional group that reacts in
said reaction e with the free reactive groups of
the aliquot and second reactlve functional group that
is capable of ng during the reaction of the free
reactive functi I groups of the aliquot, but is

reacting by a seLectively removable,
protecting groupt

protected frorn
covalently I

(i) naintaining each of the reactions
for a tine
all of the

riod and under conditions sufficient for

aliquots
ree reactive functional groups of the
react with and couple to the respectlye35
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mononeric repeating unit eonpounds to form a nurnbe of
solid support-coupled repeatlng unit reaction si

(j) renoving each of the solid
coupled
adrnixing
products
weights

, 
.(r)

bond that couples

repeating unlt reaction products f
equinolar anounts of each of those
to form a reactlon product pool,

of the reaction product pool cont the

and
ion
equal

same

to

nurnber of moles of each reaction p and
(k) thereafter, serial repeating steps

(f) through (j) zero or more tineE lI a plurality of
solid support-coupled reaction ts having the

units isdesired number of nononeric repea
synthesized.

7. The process ing to clairn 5 wherein
each monoureric repeatlng of the
synthesized oligomer that led to a EoLid support
is coupled by a selecti able covalent bond.

8. The ing to clain 7

including the further steps of:

15

20

support to form a ixture of severed, free oligoners and

25 severed solid i and

) recovering the severed, free cornplex
nixture of oli

9. The process accordlng to clain 7 wherein
free oligornerE are sel.ected from the group
oligosaccharides, oligonucleotides and

said severed,
consisting o

oligopept

30

lectively severing the covaLent
synthesized oligomer to the solid

process according to clain e )nerein
out prior to step (f).35

10

step (e) is
The

carried
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11. The procesE according to clain 5 where

the reactlve functional group of each soLid support
free reactive functional group of a previously
monomeric repeating unit compound.

L2. A process for the synthesis of courplex

nixture pool of Eolld support-coupled anino a

residueE wherein the nlxture contains an

representation of each anino acid residue
molar

conprising the steps of:
(a) providing at least ix solid

supports, each solid support compr of particleE
Iinked to reactive functional groups the functional
groups of the solid support react with each anino

15 acid to be reacted, the solid belng insoluble in
ise synthesis;a tiguid nedium uEed during the

(b) providing six liquid nedia,
each nedLurn containing a dif
derivative fron a plurality

20 derivatives fron which the Iigopeptides are to be

formed, each of said p anlno acid derivatives
hr'*.ring a first reactive
with the reactive funct

ional group that reacts

ed

ted amino acid
arnino acid

I group of the solid suPPort,
ional group that is caPable

25

and a second reactive

in a different

of reacting during 'reaction of the solid suPPort
functional group and id first reactive functional

fron so reacting by agroup, but is
selectively removab , covalently linked protecting
groupi

(c) placing each of said solid supports
of sald liquid nedia and therein

30

reactlng the ive functionaL groups of each solid
support in each container with a first reactive
functional of a protected anino acid derivative in

F
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nediun to couple that protectedthat respective
acid derivative to the Eolid support;

(d) naintaining each the
tine period and under conditions suffici
the reactive functional groups of the sol
couple to the protected anino acid deri
plurality of protected anino acid res
supportsi and

(e) rernoving each p ected anino acid

ions for a

for aII of
support to

tive to fotm a

-coupled solid

its respective figuid
nts of the protected

residue-coupled solid support f
medium, and adnixing equinolar

formed pool contain the
protected anino acid res

10

15

amino acid residue-coupled sol supports to fotm a
reaction product pool, wherei equal weights of the

nunber of noles of each

Ied solid support.

13. The s according to claim 12 wherein
the anino acids of sa

are selected fron the
anino acid derivatives

consiEting of naturally
20 occurring L-anino !l€, norleucine,

hydroxyproline, D-s reoisonerE of naturally occurring
amino acids, and s thetically prepared non-naturally
occurrlng amrno ids.

14. process according to clain 13 wherein
of the synthesized
support by a

each protected anino acid derivative
coupled to said solid

Le covalent bond.

15. The process according to clain 12 wherein
is a carboxyl

25

30

mixture pool
selectively

said first
group.

ive functional group
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16. The process according
the reactive functional group of the
Eecond functional group of an anino

to clain 12

solid support
acid.

L7. A process for the stepwise sYn

complex nixture of oligopeptides wherein each

of each oligopeptide, of the nixture contains
equinolar representation of amino acid res added at
each synthesis step conprising the steps y'f:

(a) providing at least s x porous
containers, each containing a solid rt conprised of
particles linked to reactive groups, the

reacting withfunctional groups of the soli,d
each amino acid to be reacted,
of a size that is larger than
container, and both the contai
being substantially insoluble

Iid support being

solid support

sis of
ition

1.0

15

20

of the

mediun used

said first reactive functionaL
fron so reacting by a

e, covalently linked protecting

placing each of said containers in a

during the stepwise synthesis;
(b) providi

each medium containing a di
at least six liquid rnedia'

erent protected amino acid
derivative from a plurali of protected amino acid
derivatives from which oligopeptides are to be

formed, each of said ected anino acid derivatives
having a first reactive functional group that reacts

25 with the reactive ional group of the solid support,
and a second reactive functional group that is capable

reactlon of the solid supportof reacting during

30

functional group
group, but is pro
selectively
groupi

(c
different one

the reactive
of said liErid nedia and therein reacting

groups of each solid suplort in
35 each container ith a first reactive functional group of

F,!.:
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residue-coupled
. container, and

protected anino
form a reaction

15 the forned pool
protected anino

solid support fron i respective
ts of theadnrixing equirnolar

acid residue-coup solid supports to
product pool, in equal weights of
contain the same r of noles of each

acid res id support;
(f) separating reaction product pool

weight, and

acid deriva

to form a
led solid

in another porous

vely reuroving the protecting
ive functional groups of the

pool having free reactive

each of the enclosed

L67

a protected anino acid derivatlve in
nediun to couple that protected anino
the solid support;

that respecti

(d) nalntaining each the react for a

tine perlod and under conditions sufficient f all of
the reactive functional groups of the solid rt to
couple to the protected amino acid derlvati
plurality of protected anino acid residuel
supports;

(e) removlng each p ed amino acid

20

25

30

35

into at leaEt six aliquots of
encloslng each of the aI
containeri

(g)
groups from the second
pool to fonn a reacted
functional groupsi

aliquots having
of at least six

(h)
free

different
plurality of
the oligopeptides
mixlure, wherein
derivatives has
reacts with the
reacted prod
functional g

ive functional groups into
1 media, each mediun containing

amino acid derivative fron a

anino acid derivatlves frorn which
re to be forrrred to form a reaction

of said protected amino acid
first'reactive functionaL group that

ree reactive groups of the enclosed
pool aliquots and a second reactlve
that is capable of reacting during the

one

a
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reaction
pool, but

of the free reactive functional groups of
is protected fron so reacting by a se1 ively

renovable, covalently linked protecting groupi
(i) naintaining each of the lons

for a tlme period and under conditions suff ient for
all of the free reactive functional" groups bf the
enclosed reactant product pool aliquots couple to the

least six
residue

protected anino acid derivative to fom/at
solid support-coupled protected anino y'cid
reaction products;

(j) removing
step

forrn a reaction product
15 the reaction product pool in the same nunber of

andmoles of each reaction
(k) ,t serially repeating steps

(f) through (j) zero or tirnes until a pJ.urality of
solid support-coupled ion product oligopeptides

20 having the desired of anino acid residue
repeating units is s LzCd.

reactlon products formed in
equinolar arnounts of each of

18. The

the anino acids of
are selected from
occurring L-anino
hydroxyproline,
anino acids, and

occurring anino

each o the at least six
), and adnixing
reaction products to
in equal weights of

according to clairn 17 wherein
protected anl,no acid derivatives

group consisting of naturally
ids, ornithine, norleucine,

isoners of naturally occurring
ically prepared non-naturally

25

30

35

19.
each protected
oligopeptide
coupled to tha
covalent bond.

ids.

process according to
no acid derivative of

t is coupled to a solid
support by a selectively

clain L8 wherein
the synthesized
support is
severable
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20.
including the

The process according to clairn L

further steps of:
(1) selectLvely severing the

bond that couples the synthesized ol
5 solid support to forn a nixture of

mixture oligopeptides and severed solid
(n) recovering the , free

oligopeptides.

2L. The process accordi
the anrino acids of said
are naturaJ.Iy occurring am

22. The

said plurality of
includes derivatives of
amino acids.

23. The

the reactive functionali
Eecond functional group
of severed, recovered
(n) contain the same a

24. The

said first reactive
group.

25. The

to clairn 20 wherein
ino acid derivatives

ing to clain 21 wherein
acld derivatives

urally occurring

des
alent
to the
cornplex

i and
', ftee

wherein
isa
nixture

in step
at one terminus.

claim 17 wherein
a carboxyl

10

t5

20

25

30

lno

ing to
f the solid

an amino acid
oligopeptides
acid residue

according to
onal group is

clain 20

support
and the
formed

Etep (g) is carr

26. The

the reactive funct
Eecond functional

according
out prior to step

to clain 17 wherein
/f\

according
group of the
of an amlno

to clain 17 wherein
solid support is a

acid.
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27.
including the

The process according to clain 1

further steps of:
(I) renoving each of the am].no

acid derivative-coupled solid supports of ep (k) from
5 its respective container, and adrnixing lar anounts

of protected amino acid derivative-coupl solid
pool,supports to for"m a further reaction

wherein equal weights of the reaction pooJ.

L0

contain the sarne number of noles of
product;

(n) enclosing an

forned in step (I) in a further

groups from the second reaati
form a reacted solid suppo
functional groups;

having free second reacti
slngle liquid rnediun that
anino acid derivative to

(p)

couple
and fo

reaction

iErot of the pool
container;

15

(n) selectively ing the protecting
functional groups to
I having free reactive

(o) plac enplosed pool aliquot

20

functfonal groups into a

a single protected
reaction mixture in

the
the
a

naintaining said reaction nixture
nd under conditionE sufficl.ent for

a solid support-coupled oligogeptide

which the free reactive ional groups and single
protected anino acid
protected anino acid

ivlfive react, said single
ivative having a first reactive

functional. group that with the free reactive
25 groups of the pool aI quot, and a second reactive

is capable of reacting duringfunctional group tha
reaction of the f reactive functional groups of

protected fron so reacting by
covalently linked protecting

pool aliquot, but i
selectively renovabfe
group; and

for a tirne
alL of the
aliquot to
derivative

period
free ive functional groups of the pool

with the single protected amino acid

30

35
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a single, predeter"mined anino
same position ln the oligoPePti chain.

-coupled

and encLosing each of the iquots
pl.uraLlty
in

another poroua containeri
(r) thereafter, ser y repeating steps

support-coupled(n) and (o) untlt a pluralitY of sol
reaction products having the desi nurnber of single,

the same positionpredetermined amino acid resi
in the otigopeptide chain is f

29. The process to clairn 27 wherein

the anino acid of said plural protected amino acid
derivatives is selected frorn group consisting of
naturally occurring L,-anino
norleucine, hydroxyproLine,

ids, ornithine,
D-stereoLsoners of naturallY

occurring anino acids, and synthetically prePared non-

naturally occurring anino ids.

30. The s according to clain 27 wherein

25 each protected amino ac d derivative of the sYnthesized
oligopeptide that is led to a solld support is

severable covalent bond.coupled by a selecti

31.
including the

according to clain 30

steps of:
Iectively severing the covalent
synthesized oligopePtldes to the
a nixture of severed, free cornPlex

28.
including the

oligopeptide
of aliquots,

(r)
bond that couples
solid support to f
mixture of oI

The process according to clai
further steps of:
(q) separatlng the solld

nixture formed in steP (P) i toa

10

15

20

The

30

ides and severed solid supportsi and
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recovering the severed,

32. The process according to clai
the arnino acids of said plurality of pro
acid derlvatives are naturally occurring

5

10

20

25

30

33. The process
said plurality of protected
includes derivatives of aII
amino acids.

34. The process
said first reactive funct

31 wherein
anino
acids.

clafun 32 wherein
derivatives

ly occurring

clain 27 wherein
a carboxyl

according
amino ac

twenty

to
is

1R group.

35. A

conplex nixture
steps of:

process for stepwise synthesis of a /

set of ol ides comprising the

(a) provid at least six porous
containers, each containi a solid support comprised of
particles linked to
functional groups of

ve functional groups, the
the sotid support reacting with

each amino acid to be , the solid support being
of a slze that is I
container, and both
being substantially
during the stepwise

than the pores of the
container and solid support
uble in a liquid nediun used

thesl,s;
(b) lding at least six liquid nedia,

each mediun contain a different protected amino acid,
derivative from a ality of protected amino acid

the oligopeptides are to bederivatives fron whi
forned, each of said anino acid derivatives
having a first reacti

35 with the reactive
functional group that reacts

ional group of the solid supPort,.'

 
 
Page 175 of 249



-L73-

and a second reactive functional group that is ca

of reacting during the reaction of the solid
functLonal group and Eaid first reactive functi
group, but is protected fron so reacting by a

5 selectivel.y renovable, covalently linked
groupi

(c) placing each of said
different one of said fiErid nedia and

the reactive functional groups of each
each container with a first reactive
a protected anino acid derivative in

10

ng

lners ln a

in reacting
id support in
ional group of
respective
derivative to

t
acid

15

mediun to coupJ.e that protected
the solid support;

(d) naintaining the reactions for a

fficient for aII of
solid support to

rivative to fotm a

ue-coupled solid

protected anino acid
its respective

amounts of the

time period
the reactive
couple to the
plurality of
supports;

residue-coupLed
container, and
protected anino
form a reaction
the formed pool
protected anino

and under condit
functional groups
protected anino

protected anino

(e) removing20 each
fron

25

solid
adnixing nolar
acid resi
product
contain

Ied solid supports
l, wherein equal weights
same nurnber of moles of

solid support;
ting
of

iquots

ectively removing the protecting
reactive functional groups of the
product pool having free seactive

to
of
each

the reaction product pooJ.

equal weight, and

in another porous
30

acid
(f)

into at leaEt six all
enclosing each of the
container;

groups fron the
pool to forn a

functional groups;
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(h) placing each of the encLosed
aliguots havlng free reactive functional groups
of at least six liquid nedia, each nedium conta ning
different protected arnino acid derivative
plurality of protected anino acid derivative from which
the oligopeptides are to be forned to fonn reaction
nixture, wherein each of said protected no acid

group that
enclosed

reactive

derivatives has a first reactive functionAl

the reaction product
moles of each reacti

(k)
(f) throush (j)
solid support-coup1
having the deslred
repeaElng unrE,s rs

acid derivative
its respective

one

a

cting during the
J. groups of the

I contain the same nunber of
product;

, serially repeating steps
or more tines until a plurality of
reaction product oligopeptides

of anino acid residue
synthesized;
renoving each of the protected amino

Led solid supports of step (-k) from
iner, and afiiixing equinolar arnounts

reacts with the free reactive groups of
reacted product pool aliquots and a
functional group that is capable of
reaction of the free reactive funct

15

pool, but ls protected fron so ing by a selectively
ing group;removable, covalently linked

(i) rnaintain of the reactions
for a tiure period and under tions sufficient for
all of the free reactive groups of the
enclosed reactant product poo quots to couple to the
protected anino acid derivat a plurality of

id residue20 solid support-coupled pro am].no

reaction products;
fi rernov/ng each of the at least six

reaction products f in step (i), and adrnixing
of those reaction products toequiuroJ.ar amounts of

form a reaction p pool, wherein equal weights of25

30

35
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of protected anino acid derivatlve-coupled
supports to fonn a further reaction produc

id

5

pool,
wherein equal weights of the reaction pool
contain the Eame nunber of noles of
product;

reaction

(n) enclosing an

forured in step (I) in a further
(n) selectively

aIi of the pool
po containeri

ing the protecting
groups from the second reactive tional groups to
forrn a reacted solid support I having free reactive
functional groups;

(o) plac enclosed pool aliguot
tional groups into ahaving free second reacti

single liquid nediun that a single protected
amino acid derivative
which the free reacti
protected anino acid

reaction nixture in
groups and single

protected amino acid
lvative react, said single
ivative having a first reactive

functional group reacts with the free reactive
groups of the pool Ilquot, and a second reactive

L0

t5

20

functional group
reaction of the
pool aliquot,

mixture hav
residue in

is capable of reacting during
reactive functional groups of

the
the
a

25

seLectively
groupt and

is protected from so reacting bY

able covalently linked protecting

(p) naintaining said reaction mixture
for a tine iod and under condltions sufficient for
all of the f reactive functional groups of the pool

e with the single protected amino acidaliquot to
derivative a form a soLid support-coupled oligopeptide30

a single, predetetmined amLno acid
sane position in the oligopeptide chain.
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36. The procesE according to clain 35

the for"med ollgomer chains are selectively cle
fron the particle of the solid support.

37. The process according to
steps (n) through (p) are repeated one

provide a pool of solid support-coupl reaction
products that contain a Eeqluence of
predeterurined amino acid residues.

to eight

38. The process to cl"ain 37

seven

wherein
tiures to

36

L0

15

includtng the further steps of
protecting groups from said
form free functional groups,
functional groups to form
oligopeptide of the pool.

39. The

including the further
of the pool from the
form a cleaved courpl

cleaved conplex nixt

including the fu
further aliquots
(I) in at least
separately ca
the at least si

ectively reuroving the
functional groups to

reacting the free
bonds on each

ing to clain 38

cLeavLng the oJ.igopeptidi:s
f the solid support to

set, and recovering the
ollgopeptide chains.

20

25

nixture
set of

40. The ess according to clain 36

er steps of enclosing at least six
the reaction product pool of step

ix further porous containers, and

ng out steps (n) through (p) on each of
separate, enclosed containers to

30 thereby form at least six sets of solid support-coupled
reaction , each set having identical end

portions at tetrrinus.

 
 
Page 179 of 249



-L77-

4L. The process according to cl.a

steps (n) through (p) are repeated one to bven tines to
provide a set of solid support-coupled action products
whose identical end portions at one contain a

wherein

sequence of up to eight
residues.

in,
e,

residues at the one or

arnounts of at
one or more the

anino acid

t5

42. The ing to clain 41

including the further gf selectively renoving the
10 protecting groups f second functional groups to

form free funct groups, and reacting the free
functional to form anide bonds on each

oligopeptide the set.

. The process according to clain 42

includ the further steps of cleaving the
ol tides fron the particles of the solid support to
form cleaved conplex nixture set of oligopeptide

, and recovering the cleaved conplex mixture Eet
oligopeptide chains.

44. A set of
nixed oligopeptides that

self-solub zLng, unsupported
cons essentially of a

nixture of equinolar 'of linear oligopeptide
ns containing the nunber of anino acid residues

the nembers of said set
predetermined anino acid
nore predeternined positions

in each oligopeptide
having one or nore

of the ol chain, and the set having equiutolar
six different anino acid residues at

same other positions of the
oligopept chain.

20
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45. The set of nixed oligopepLides according
to clain 44 vherein said one or more single,
predetetmined amlno acld reEidues are at a predetemined
chain position that Lncludes one ter:minus.

5

46. The set of nixed oligopeptides according
to clain 44 wherein said equirnolar anountE of a

plurality of arnino acid reEidues are at one or more

oligopeptide chain positlons that incl.ude one terminus.
10

. 47. The set of nixed oligopeptides according
to cLain 44 wherein Eaid one or more positions at the N-

terminal end of each chain are occupied by said one or
more single, predeternined anino acid residues, and one

15 or nore of the same posltions at the C-terninaL chain
end'are occupied by said equinolar amounts of at least
six different anino acid residues.

48. The set of nixed otigopeptides according
20 to clairn 47 wherein said oligopeptide chains contain

five to about eight adino acid residues.

49. The set of mixed oligopeptides according
to clain 48 wherein the menbers of the oligopeptide

25 mixture set have a terminal amide group.

50. The set of nixed oligopeptides according
to clain 49 wherein said teminal anide group is an

N-C'-CE acyl group.

51. The set of nixed oligopeptides according
to clain 49 wherein the nerubers of the oligopeptide
mixture set have an N-teminal acetyl group and ?
C-terminal amide group.

30

35
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52. A plurality of sets of seLf-solubili
unsupported nixed ollgopeptides in which each

consists essentially of a nixture of equino amounts

different

t5 least
p

E

of linear oligopeptide chains conta sane ntrnber
chain, theof, amino acid residues in each oI

members of each set having one o predetetmined
lno acid residues at one or re single', predeternined

chain, and each set having
eaEt six different anino acid

residues at one or of the same other Positions of
the oligopeptide in, said EetE having the sane

sequence of nolar anountE of a plurality of
acid residues at one or nore positions

in the gopeptlde chain, but differing in that at
single, predetermined anino acid residue

at a predetetmined chain position within each

20

25

30

35

ls different between the sets.

53. The pluralitY of sets of self-
solubilizing, unsupported rnixed oligopeptides according
to clairn 52 wherein one or nore positions at the
N-terminal end of each set chain are occupied by said
one or more predetermined anino acid residues, and one

or more of the sane, predeternined positions at the
C-terninal ends of the set of chains are occupied by

said equiurolar amounts of at least six different anino
acid residues.

. 54. The pturality of sets of nixed
oligopeptides according to clain 44 wherein each set has

a sequence length of six anino acid residues and whose

one to four anino-terminaL posltions are occupied by the
sane, single predetetmined anino acid residue arld whose

four to one respective carboxy-ter:minal positions are
occupied by said equinolar amounts of at least six
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different anino acid residues, and having a single
position between the enunerated amino- and carboxy-
terrninal positionE that is occupied by one each of the
anino acid residues utilized at that position.

55. The pluralitY of sef4 of nixed
oligopeptides according to clain frOvberein said setE

contain a sequence length of five to ten anino acid
reEldues whose carboxy-terminal four residue positions
are each occupied by said equinolar amounts of at least
six different anino acid residues, whose anino-terminal
position is occupied by each one of the predeternined
anino acid residues utllized at that position, and

wherein the anino acid residue sequence between those
enumerated positions, when present, is the sane in each

set frorn a carboxy-terminal direction to an anino-
terninaL direction.

56. The pluralitY of se;$ of nixed
oligopeptides according to ctaLm{wherein each set
contains a Eeqluence length of elx aiino acid resldues,
has one position occupied by one of a plurality of
predetermined amino acid residues utilized at that
position, and has the renaj.ning five positions occupied
by said equimolar anounts of at leaEt six different
amino acid residueg.

57. The plurality of sej^s of mlxed
oligopeptides according to clain fUtn"t contain two

chain positions of single, predetetrrined anino acid
residues and four or more chain positions that are
equinolar nixtures of said at least six anino acid
residues.

15

20

25

30
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58' The PluratitY of sets of nixed

oligopeptides according to claim 57 wherein said

predetermlned two positions are adJacent to each other

in the chain, and said chain contains six residues'

59 ' Ttre plurality of se"tg of rnixed

oligopeptides according to claln .i{:nt: contain three

chain posltions of single' predeteriined anino acid

residues and three or more positlons that are equimolar

nixtures of anino acid residues'

50. A comPosition that comPrises

solubilizinq unsuPported oligopeptide nLxfseE
.- ai z aanclcdEration of

disEolved in an aqlueous medium at a
bo gt"t= Per liter

t 1 niLligran Per liter to
set consists

wherein the oligoPePtide

'an"irr, each menber of the set
acid residues Ln eVon cnalnt

containi nn on"- fiote sinele predet:'-ii::. :::":.t:::

::ffi;J; ;; ; o''*t"" 96t",o''orar 
amounts or linear

olisopeptlde chains "o2'6'nine 
the ="::-Y::-":.:tt"'

;:X":'J-";F ;'-'o" n'lu:::i::::, ::::"'ns 
or the

oliqopep!/ae chains and the set containing :i::::::.
residues at.

62' The

further including
molecules.

25

oL'gaPe'P)trr's v*s-"- 
-,-- ,t€€arant arnlno acid residues at

anoungC of at ieast six different amino acj

;"-Z tot. or the same other positions of the chain'

51. The compoEition according to clain 50

wherein said aqlueous nedium is sel-ected from the group

consisting of itp "tttt' 
diEtilled or deionized water' a

buffer solution and a cell growth nedium'

30 clairn 50

of accePtor
cornpositlon hccording to

an assay- ective arnount

W
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63. The conposition according to clain 52

wherein said acceptor nolecules are antibody cornbining

site-contalning nolecules or cellular receptors.

64. The conposition according to clain 53

wherein said cellular receptora are present in intact,
living cells, and said aqueous nediun is a cellular
growth medium.

65. The conposition according to cldin 64

wherein said intact, Iiving cells are bacterlal cells.

56. A solid-support coupLed complex rt Le of
oligopeptides that comprises solid s rticles

conta an equinolar amount of each of said at }ealt
ino acid residues, at said at least one, sane

rmined position.

67. The solid support-coupled oligopeptide
mixture according to clain 66 wherein said equinolar
amounts of at least six different amino acid residues
are present at one, two, three, four or five same,

predetermined positions of each chain.

58. The solid support-coupled oligopeptide
mixture according to clain 67 wherein said same,

predeternined positlons of each chain are ter:nirfal
positions.

30

35
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69. The solid support-coupled oligopeptide
mixture according to clain 58 wherein Eald ter:minal
positions are the carboxy-terminal positions.

70. The solld support-coupled oligopeptide
urixture according to cLain 5? further including one or
more same, predeterurined amino acid residues at one or
more predetetmined positions in each oligopeptide chain.

7L. The soLid support-coupled oI
nixture according to clain 70 wherein sa more

72. A binding assay nethod that ises the
steps of;

(a) contacting an medium

containing a dissolved self-soiubil ing unsupported
oligopeptide mixture set wi whose binding

A (\ r'same, 
predetermined amino acid r 

-LaGs 
at one or more

\\ . Mnt.deternrined positions in gt{oligopeptide chain are

\7V 1^ amino-terninaL positiogisdnd said equimolar arnounts of

#)n\,lt"t teast sLx aftg& amino acid residues at the same,

qV" predetenniyfositions of each oligopeptide chain are

J "a t>F#boxy-terminal positions.

20

25

30 oligopeptide cha/ns, and the set containing equimoJ.ar

amounts of at et six different amino acid residues at
one or more the same.other positions of the chain,

on of the oligopeptide mixture set being
about 1 n ligran per liter to about 100 grans per
Iiter;

is to be assayed, the oli
consisting essentially of
oligopeptide chains
acid residues in each

containing one or
residues at one or,

the

ide rnixture set
lar amounts of linear

the same number of anino
menber of the set

single predetermined anino acid
predeter:nined positions of the

35
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(b) naintaining said contact
period and under condltlons for the acceptor
an oligopeptide of the nixture set; and

(c) deter:mining the relative
5 binding.

73. The binding assay

for a

to
ine
to

t0

wherein said acceptor is an antibody
containing molecule.

to clain 72

ining site-

ing to clain 73

receptor.

according to clain 74

part of an intact,

74. The binding
wherein said acceptor is a

The binding75.
wherein said
living cell.

76.
wherein said

same, single p
four to one re
occupied by sa

different ani

amino acid

assa
ce

L5 celluIar

20

The b assay according to clain 75

living ce is a bacterial cell.

77. The fiTfiaing assay according to clairn 72

whereln said oli ide nixture set is a set selected
fron the group sting of sets each of which has a

sequence length o six anino acid residues and whose

one to four ani nal positions are occupied bY the25

ternrined anino acid residue and whose

tive carboxy-teminal posltions are
equinolar anounts of at least six

acid residues, and having a single
30 position be n the enumerated amino- and carboxy-

terminal pos tions that is occupied by one each of the
sidues utilized at that position. *
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78. An oligopeptide that includes sequence

selected fron the group consisting of Phe- Leu-
Leu-Xaa (SEQ ID No:10) i Phe- E-Xaa (SEQ ID

(sEQ I zl,?l i Arg-Arg-

10

NO: 11) ; Arg-Arg-Trp-Trp-Met-Xaa
Trp-Trp-Cys-Xaa (sEQ ID No:13) t

Xaa (SEQ ID No:14), wherein Xaa

residue.

79. The oI
further including an N

C-terminal anido group.

80. The oI

and Arg-Trp-Trp-Arg-
ls r anino acid

according to clain 78

Cr-Ca acyl group and a

according to clain 79

twenty natural amino acids
glutanic acid and glycine.15

wherein Xaa is any
other than asparti

the
acid,

oligopeptlde according to clain 78

sequence having a SEQ ID NO selected
consisting of 5, L6-25, 26-42t 43-47,

70-77, 78-82, 83-87, and 62.

The oL.igcrpeptide according to clain 81

a N-teruritral acetyl group and a C-tetminal

20

81.
that includes
from the
48-6L, 63-6p,

82.
that i
auride

Iudes
roup.
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tBSrRAe[
A process for the synthesis of a complex

mixture pool of, solid support-coupled mononeric
repeating unit cornpounds such as amino acid derLvatives
is disclosed in which the nixture pool contains an

equinolar representation of reacted mononeric repeating
unit compounds coupled. AIso diEclosed is a process for
the stepwise synthesis of a conplex mixture of coup}ed
or free, unsupported oligomerE such as oligopeptides. A

set of self-solubilizing, unsupported rnixed

oligopeptides having one or nore predetetmined amino

acid residues at one or nore of the same, predetermined
posltions in the oligopeptide chain in whlch the set
contains equirnolar anounts of a plurality of different
anino acid residues, preferably at Least six different
resldues, at one or more of the same predetermined
positions of the oligopeptide chain is also disclosed,
as are nethods of nakLng and using the sane.

15
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PATENT APPLICAnON u.i :LATiATION AND POWER OF ATTORNEY

I HEREBY DECL{RE TMT:

My reslderrce, post oftice address, and citlzenship are as staled next lo my name In PART A on page 2 hereof.

I believe I am the origlnal, first, and sole Inventor (il only one namg is listed) or an origlnal, first, and ioint inventor (il
plural names are llsled) ot lhe subiec{ maner whlch ls claimed and for whlch a patent ls sought on the invention
enlitled swTHBsrs oF EQUTMoLIR MULTIPLE OT.IGO!4ER r,trXTURES, ESPECTA+LY OF

OLIGOPEPIIDE MIXTURES
$e specrtcatton of rvnFn:

is atlached hereto
was flled on 6 Application Serlal No.
and was a fit appticable).

3,[l ?ttL
Rbhad J. Boros neg. Hoig!,elQ" Tativatdis Oepuriris Reg. NoifiES
Max Dressler Reg. No. UJip Karl R Fir* Reg. No.3t,l61
Stephen D. Geimer Reg. No.2gSQ John W. Ha6st Reg. No.z&O1&
Henry S. Kaplan Reg. No.!g,g{q Manin L. Katr Reg.No. ?5.Q!1
John P. Milnamorv Reg. No.20.635 Thomas E Northrup Reg. No.39,AgS
Jack Shore Reg. No.l7Flfl JoelE. Siegel Reg. No. Zs,Uo
PaulM. Vargo Reg. N0.29,!-1Q tols P. Besanko Reg. No. tTB-

whosemailingaddressforthlsapplicationfr; 6attttEB GotDSMnH, sHoRE suTKER & MtlNAtvtow, LTD.{PLTvn prtdentialphza \

"6 
| ftoNorth Stetson Avenue

'dd;[1fi,',ti,,T'.3L,

See Page 2 anached, signed, and made a parl hereot.

E
tr

/,,

I hereby stats that I have reviewed and understand the oontents ot thg abovo-ldentitied specilicatlon, Including the
daims, as amended by any amendment refened to herein.

I ackrowledge the duty lo disclose Informalion which is materialto lhe examinat'on of this application in accordance
withTitle 37, dode of FederalRegulations, Sec. 1.56(a)

I hereby claim foreign priorlty benelils urder Title 35, Uniled States Code, Sec. 119 of any foreign application(s) lor
palent or invento/s certificate listed In PART B on page 2 hereof and have also kJentified in PART B on page 2 hereof
any foreign application for patent or Inveilofs certificate having a filing date before that of the application on which
priorily is chimed.

I hereby claim the benefit under Title 35, United States Code, Sec. 120 ot any United Slates application(s) listed in
PART C on page 2 hereol and, insofar as the subled maner of each ot the clalms of this application is not disclosed in
the prior United Slates application In the manner provided by lhe first paragraph of Title 35, United States Code, Sec.
112, I acknowledge lhe duly lo disclose rnaterial information as defined in Title 37, Code of Federal Regulations, Sec.
1.56(a) which oocuned between the filing date ol lhe prior application and the national or PCT Intemationaltiling date
of this application.

I hereby declare lhat allstatemenls made herein of my krnwledge are true and that all stalements made on information
and beliel are believed lo be true; ard lurlher that these statements were made with the knowledge that wlllful false
statements and the like so made are punishable by fine or impdsonmenl, or both, under Seaion 1001 of Title 18 of
lhe United States Code and lhat such willful false statements may leopardize the validity of the application or any
palent issued lhereon.

I hereby appoint the followlng as my attorneys or agents with full power of substitution to prcsecute this application
and transaci all hrsiness In the United States Patent and Trademark otfice connecled therewith:

ed.3
Emest Cheslow Reg. Noli7,0tg
Edward P. Gamson Reg. No 29Fnt
Allen J. Hoover Reg. No.24.103
Gerson E. Meyers Reg. No.2l{60
PaulM. Odell Feg. No..28"332
MarshallW. Sutker neg. NoJg.9€
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PATENT APPLICATTON DECLARATION AND POWER OF ATTORNEY

PART A: Inventor Information And Signature 4 $ r #rt>
Full name of SOLE or FIRST Inventor pichard A.-Houqhten

CltizenshP u' s 'A' Residence 558 Ford Avenue
Solana Beach,

Post Otfice Address (lf different)

Invento/s signature: Date:

/'{ r/z. t$
Full name of SECOND loint inventor, lf any nan

citizenshp colourbia Resldence 2744 Irivernees Ct. _,
r-r-*er}J,a' 

".
Post Office Address (lf dlfferent)

Second Invento/s signature: Dale:

4d3,b6
Full name of THIRD ioint inventor, if any qhnensj+-ainjllra
CitizenShlp colombia ReSidenCe 1656 Freda Lane , . ,

Cardiff , California 92OO7 f A
Post Otfice Address (lf different)

Third Invento/s signalure:

Full name of FOURTH joinl Inventor, lf any

Date:

4(: 7 (' 'lt
_T^tl--,q__ tnnel . Jf .

Citizenship u. s.A. Residence 1656 
, TItd" ??!t , , 

= = = =Cardiff._California 92OO7 i-A

Post Office Address (lf difierent)

Fourth Invenlor's signature: Date:

Full name of FIFTH joint invenlor, lf any
4Qs d6

"{i 
jl:d-e-Bfon,C+lJ.e

CitizenshlP France ReSidenCe 8529-D vilJ"a La Jolla Drive
-tra--J.o]-la, California 92037 (A

Post Otfice Address (lf differenl)

Fifth Invento/s signalure:

PART B:

Serial No.

PART C:

Serial No.
o7 /7Ot ,658
07 /6L7 ,O23

Dale:

Prior Foreign Application(s)

Country Day/Monthffear Filed

Claim For Benefit Of Filing Date of Earlier U.S. Application(s)

Prlority Clalmed
EYes ENo
E Ves E tto

Fillng Dale
May 16, 1991
November 21, 1990

Slatus:
E Patented
El Patented

Abandoned
Abandoned

tr
tr

Eg Pending
Pendlng

See Page 1 to which lhis is attached and fom whlch this Page 2l+ntinues.
(tr{
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IPIE OI,IGOI,TER MIXTT'RES, ESPECIALLT OF OLIGOPEPTTDE_
I.lIXTURES

, vBsED-:Il3glr q?gnynoN, (xrrMrNc sr{Au" ErnTy srAns
07CTn 1.9(f)Ed lr1c) - SIIAIJ" BUSINESS CPNCERN

IhacDydool& thrtlo
El rfc omcc of thc lndl h$hc$ oorrclol irlcnritiod bolow:

frl m ofiicirt of rhc ruull huincrr com cnpovcnd ro rt o bchrlf of thc conccnr idcorifiod bclow:

NATUEOFONCERN lterex Pharnaceuticals
ADDRESSoFOTrcERN

San Dieso, California 92121

I hcrcby &clsc rhrl thc dove-idcntili€d Edl hrlaccr corcco qudificr u r rnrll hdn€rr cone?En u dcfinod h t! CFn l2l.ta
ltd Efoduccd h 37 CFR 1.9(d), fq Prrpgrcr of pryiag roducd fccr o thc Unitcd Srdrl Pucnt grd Tredqnrrk Offrcc h rhrr ore
ntrmber of ccnployccr of thc aonccra hcludins tholc of ic efilirtc+ docr not srceod 500 pcrronr. For pl1orcr of thir rtrrcmcnt,
(t) thc ilmbcr of enployccr of thc budncrr sonocn ir thc rvcrrgc ovcr thc prcviour fircrl ycrr of Orc onccnr of thc penmr
ctttploycd m r ftll-timg prrt-tim* d tanrpqrry b$ir &EinS crc.h of thc pry ecdo& of thc lircrl ycrr, rnd (2) osrccrnr uc rfitilcr
of crch othcc whcn cihcr. diroctly c indiroctln oc cqrocra c@trob or hrr thc powcr to conuol thc othcr, q I third prty or puicr
oonuob c bu thc poecs tn mrol botb.

I hcrcby &clsc thu righu t[tdcr ootrtrrcl or lrw hrvc bcco oaveycd o md rcrnrin wi& 0rc rmall businerr ooneern idcntificd rbovc
r*hrqodothirvcndfi"Gndtld S\NTEESIS OF EOUIMOTAR It{ttLTfPLE OLIGOMER !{IXT[RS, ESPECIATLY

6Er nr.tt:nDnDlrtTDn MTXTIIREIF rr . byiwatf(S)
Richard A. FouqhtEn et al . , . d€ctibcdh

E rtrc rpccificrrion filod hcccwtrlu

I qdiqtimscrirlm. 6lcd

I pralrn il3td

U Orc righu hcld by drc rbovo-idccrriliod rmdl hrincsr cgnccsrr rrc not orclurivc. crch individurl. conccnr or cgurizrtion hrving
righg o 0re invcntion ir ustcd bclow' grd no dghts o thc invcntbn uc hcld by ury pctron. o0rcr than thc invcnbr. who would
not gualify rs ur hdcpend.nt invcotot undcr 37 CTR 1.9(c) if Oru pcoon mr& 0re invcnrioq or by liy oonccrr vhich soutd nor
qudify rs r rndl hshcst coneern undcr 3? CFR 1.9(d). or r nonpolit orgurizrtion undcr 3? CFR 1.9(e).

' NCIIE. Sepntc vcrificd rtrtltncob uc rrguircd frqn crch nurod pcnoa conccrn or orglnizrti(m
having tiShs o 0rc hvcntim rvccring o thcir rt$ut u rmdl cntiticr. (37 CFR 1.2?)

MME
ADDNESS

MME
ADDRESS

0T 787551

I uonouer, I sururusoassooNcn[ I ror*nornoRcl]@ArroN

flnonouL flsml,rusocsso$rcnN ! normonronclNElnoN

I rclorowlodge Orc duty o lilc. in this rpplicrtion c prlcol notilicrtion of ury churgc h rtatus resulring in losr of cnridcnrcnt o
rmrll ctttity rutru pric o pryhg. or rt thc timc of peyhg. thc crrlicrt of thc iruc fcc c ury mahtcnurcc fcc duc rftcr the drtc on
whic.h ruas rs r nndl entity ir no lorgcr rpoptirrt. (37 CTn, lrSO))

I hcrcby dcclrrc 0rrt dl rtatcrncntr nrde hcraia of my o*a browlcdgc lrc tlrc rnd Orrt {l rtrtcmentr mrdc on infonnuion rnd boticf
rre bolievcd to bc uue; rnd finthcr Oru thcrc tttlcmctttt wcrc mrde wi0r thc browlodge frat witlful frlsc rutcnraru 1rd thc li1e ro
mrdc rrc punislublc by fmc or imprisonmcnt or botlr. undcr reriorr l00l of Tirlc lt of thc Unitcd Surcr Codc, sd tlrrr nch willil
frlrc rtetcmcatr nry jcopudizc the vdidity of rho eppucrriosr rrry prrlot irruiry thcrcoq or rrry pdcNrt to which thir veriticd
rtrEmatt ir dirccrcd.

NAIUEOFPERSONSIGNING Richard A. Houghten '

TITTE OF PERSON SIHN,NTAN OIVI{B
ADDRESS OF IERSO{ SIO{IM;

SIGD{AN'RE DATE
Richard A. Boughten, President

ffq

 
 
Page 192 of 249



0t ?9?551

[il

,n

@

F.r
Yr^

@
@

@
@
@

@
@

F-{

E1
g,

-oF(
IL

I
FT

()
-,L

lqD
Bsil*].

 
 
Page 193 of 249



0t ?9?551

ro

e

ft
-r!
6R

t
a

a

a
a
a
a
o

F

s€

5f
F)Dl's

{:

3f;

E*

ttt

 
 
Page 194 of 249



07 79755tr

N
E]
tv
-
-to
-lfrE

F

o

g

z

o

J

z

o-

o.

ch

o

'o
1.)

% CONTROL

p&

 
 
Page 195 of 249



0r 79?551

tT{
I

ca

of<t\

U
I

ca

o
Fr<
rL

J
rI]

I
ea

(,
f-{

TL

ca

l! cotY. Iqea
1.
()()
f& fL

o
I

ca

()
TL

o-I
ea

()
Frl

fJ.,

o(>c)eooe(\rc)@\o vGr
ooc)oooo(\t c) @ \o .srGl
Fa F{

tq7

 
 
Page 196 of 249



0t ?9?551

FIGURE 4

FIG.4-A
Ac-AOICC(X-NH2

A DE F GH I K LM NPO RS T V Y

FrG.4-C

Ac-EOlCCfi-NH,

FIG.4-B

ADEFGHIKLMNPORSTVY

FIG.4-D

Ac- FOICOC(- NH,

A DE F GH I K LM NPO RS T V Y

FIG.4-E

Ac-GO}COO(-NH,

A DE F GH I K LM NPQ RS T V Y

FIG.4-F

Y ADEFGHIKLMNPQRSTVYADEFGHIKLMNPQRSTV

lqf

Ac-DOlCCfi-NH,
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ADEFGHIKLMNPQRSTVY

FrG.4- I

07 ?975 r -

FIG.4-H

Ac-KOXXXX-NH,

ADEFGHIKLMNPQRSTVY

FIG.4-J

ADEFOHIKLMNPORSTVY

FIG.4-K

ADEFGHIKLMNPORSTVY

FIG.4-L

ADEFGHIKLMNPORSTVY
IGy',YD

ADEFGHIKLMNPORSTVY

FIG.4-G

Ac-IO}XXX-NH,
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FIG.4-M

Ac-QOlCCfi-NH,

ADEFGHIKLMNPORSTVY

FrG.4-O

07 79?s51

FIG.4-N

ADEFGHIKLMNPORSTVY

FIG.4-P

FtG.4-O

A DE F GH IK LM NPQ

ADEFGHIKLMNPORSTVY

FIG.4-R

\
l,\

RS TVY A DE FGH I K LU ruPO RS TVY
tn
tlv

Ac-SOXX)O(- NHz

ADEFGHIKLMNPORSTVY
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trlnL ut ur:lrla
Ad Ottjtutly ltli

FIGURE 4

A DE F GH I K LM NPO RS T V Y

FrG.4-C

[1 ?9?55i

ADEFGHIKLMNPORSTVY

FIG.4-D

ADEFGHIKLMNPORSTVY

FIG.4-E

ADEFGHIKLMNPORSTVY

FIG.4-F

ADEFGHIKLMNPQRSTVY

FIG.4-A FIG.4-B

ADEFGHIKLMNPQRSTVY
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0T 7871- .

FIG.4-HFIG.4-G

Ac-lOlXXX-NHt

A DE F GH

FlG.4-l

I K LM NPQ RSTVY A DE FGH I K LM NPO RSTVY

FIG.4-J

A DE F GH I K LM NPO RS T V Y

FIG.4-K

A DE F GH I K LM NPO RS T V Y

FIG.4-L

A DE F GH I K LM NPO RS T V YA DE F GH I K LM NPO RS T V Y
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FIG.4-M

Ac-QOICCfi-NH,

0/ ?9?551

FIG.4-N

Ac-ROICOC(-NHt

ADEFGHIKLMNPORSTVY

FrG.4-O

ADEFGHIKLMNPQRSTVY

FIG.4- P

ADEFOHIKLMNPORSTVY

FIG.4-Q

ADEFGHIKLMNPORSTVY

FIG.4-R

A DE F GH I K LM NPO RS T V Y

Ac-TOXXXX-NH2

Ac-VOlCOfi-NH,

ADEFGHIKLMNPORSTVY

Ac-YOlCOfi-NH,
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PATENT
TRANSMITTAL OF UTILIW PATENT APPUCATILJ.I FOR FILING

Ceiliflcatlon underST CFR 1.10 (if appiicable) 0l ?9?551'
41795331US November 19, L991

Mail" mailirp label number Daleof deposit

I hereby cedlfy that thio Transmittal letter. encbsed applicatbn, and any other documenls referred to as enclosed
herein are being deposlted in an envelopc ryith lhe United States Postal Service 'Express Mail Post o|fice to
Addresseg'service under 37 CFR 1.10 on the date indbated above and addressed to the Commissioner of Patents and
Trademarks, Washlngton, D.C. 20231.

Jeanne Anthony
(Typed or printed name ol person malling application)

CO\ffvllSSlO{ER OF PATEMS AtlD TMDEilTARKS
Washlngton, D.C. 20291

of person mailing

Transmittedherewithforfi|ing|stheuti|itypatentappl|cat|onof|nventor(s):-
vie Blondellen. app_elR. Appel, Jr. and Silvie Blondelle

and entitled: syN.r'Hnsrs oF E9IIIMoLAR Ir{ULTIPLE OLIGO.IIER MIXTURES, ESPECIALLY OF

OT'TGOPRP'FTnE: I'4IXTURES

1. Enclosed are:

A duplicate copy of this lransmlttal letter.
One stamped, self-addresssd postcard for the PTO Mail Room date stamp.
One utility patent applicatlon containing pages 1 - _1S_, and

SMAI.LEN]Try

Rate ': Fee

l-r:.-r $ 315

x$ 10. s 620

xS 30' g, 240

+ S100. 0

TOTAL $I,175

Date: 
-.--Nqycmber 19, I99I

Correspondqnce Addresq:

Atlornay's Slgna.rure

Name aid Reg. No. i;!Uq!d P. camson. Reg. No. 29,38L

ARES-SLER, GOJ)SMTI}I, SHORE SIJN(ER& MIK{A[,I)I'V, LrD.'iwo P:udcntial Plaza
1'r'; l.larlh .ciglson 4r'. n:.rc
Suite 4700
Chicago, lllinois 60601
Telephone: (312) 616-5400

EI
EI
EI

tr
tr
tr
E
EI

E a declaratlon or oath for the ulility-p-atent applicatlon Including a power of attorney/?id
tr drawings: El I copy of sheets of formalOrawings, QEi

E 1 copy of -seset_ sheets of Informaldrawlngs, QB
tr 1 set of Bristol board sheets of orlglnal, formal drawings.

unexecuted

OTHER TI{AN A SMATL EI{TTTY

Rate Fee

ii:ii:j:i:.':i:iii:i:.:
i:..1:riI.1l.'.1.'.1.'. $ 630

x$ 20. $

x$ 60. $

+ $200. s

TOTAL $

A cerlified cOpy of a applicatlon, No.
An associate power of attorney.
An lnlormation Disclosure Statement.
:-o[e- Verified Statement(s] relating.to small entity status. (unexecuted)
Oher: srate'nent Under 35 U.S.C. 1.821(f) and conputer-readabl: disc coSYalting tle*

Sequence Llstlng
2. The filing fee has been calculated as shown below:

OR

OR

OR

OR

OR

E Please.charge my Deposit Account No. 04-1644 in the amount of g
El .rt check In the amount of $ ,1.175.00 lo over lhe.ftting fee ls enclosed. -tr Tho Commissioner ls authorlzed lo charge piymerrt of the followlig amounts JssoclatEO with'thls

communicalion or credlt any overpayment to Deposlt Account No. oc.te+e:
E Additional tiling fees under 37 CFR 1.16 or'deflciencies In remittances theretor.
E Arlditional processing fees under 37 CFR 1.17 or deflciencies tn iemittancis therefor.
EI Any defjfJeng, in any patenl lssue lee under 37 CFR 1.18 for whlch partial payment ls made.

3. Thcenclosadutilitypatentapplicationisrelate<i!6r u.s-,seriat No. 02,/201,658, fited May t6, r99r and

T
I

l

fl Uuttipte Dapendent Ctaim Prcscnted
I lf the clif'rerence in Col. I is less

cnter'0'in Gol.2.
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FIGURE 4

FIG.4-A

A DE F GH I K LM NPO RS T V Y

FrG.4-C

ADEFGHIKLMNPORSTVY

FIG.4-E

Ac-GOICOO(-NHz

FIG.4-B

A DE F GH I K LM NPO RS T V Y

FIG.4-D

Ac-FO}COC(-NH,

ADEFGHIKLMNPORSTVY

FIG.4-F

A DE F GH I K Lt\t-NpO RS T v y

Ac-AOICC(X-NH2 Ac-DOlCCfi-NH,

Ac-HOICOC(-NH,

A DE F GH I K LM NPQ RS T V Y
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FIG.4-G

ADEFGHIKLMNPORSTVY

Ff G.4- I

07 7875 - -

FIG.4-H

ADEFGHIKLMNPQRSTVY

FIG.4-J

A DE F GH I K LM NPO RS T V Y

FIG.4-K :

ADEFGHIKLMNPORSTVY

FlG.4=L

A DE F eH tK LM."NPO RS T V Y

\*
I '--

Ac-lOlCOC(-NH, Ac-KOIXXX-NH,

Ac-LOICC(X-NHz Ac- MOICOC(- NH,

Ac-NO)OOC(-NHz

A DE F GH I K LM NPO RS T V Y

Ac-PO[0C(-NHz
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FrG.4-O

ADEFGHIKLMNPORSTVY

FIG.4-Q

0t 79?551

ADEFGHIKLMNPORSTVY

FIG.4- P

Ac-TOXXXX-NH2

ADEFGHIKLMNPORSTVY

FIG.4- R
Ac-YO)OCfi-NH,

ADEFGHIKLMNPORSTVY

FIG.4.M FIG.4-N

ADEFGHIKLMNPORSTVY
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[ ,*nt""" Mail Mailing Lab6l No. GB54I795331US

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

icant:

Serial No.:

Filed:

For:

R. A. Houghten et al.
Not yet assigned

November 19, L99L

SYNTHESIS OF EQUI}IOI,AR II{ULTIPLE
OI,IGO}IER MIXIrURES, ESPECIALLY OF
OI,IGOPEPTI DE I4IXTURES

Examiner: Not yet assigned

srATErr{ENT UNDER 35 U.S.C. r-.821(f)

Hon. Conmissioner of Patents
and Trademarks

Washington, D.C. 2O23L

Sir:
I hereby state that the enclosed cornputer readable form

of the Sequence Listing and the Sequence Listing appearing in the

specification at pages L28 through 158 are identical.
I hereby declare that aLL statements made herein of my

own knowledge are true and that all statements rnade on

infornation and belief are believed to be true; and further that

these statements were made with the knowledge that willful false

statenents and the like so rnade are punishable by fine or

imprisonment, or both, under Section l-001 of TitLe L8 of the

United States Code and that such will-ful false statements may

jeopardize the validity of the application or any patent issued

thereon.

Respectfully submitted,

4L
01 ?s7551,.

PATENT APPLICATTON

Group Art unit:r:?;"5.

'rfl - , (,&**
Edward P. Gamson, Reg. No. 29,38L

DRESSLER, GOLDSIT{ITH, SHORE,
SUTKER & MILNAIT{OW, LTD.

4700 Two Prudential P1aza
180 North Stetson Avenue
Chicago, Illinois 605o1
3t2/6t6-5400
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Ag"t -1

1
2
3
4
5

6

7

8
9

10
11

t2
13
14
15
16
L7
18
19
20
2L
22
23
24
25
26
27
28
29
30
31
32
33
34
35
35
37
38
39
40
41
42
43
44
4s
46
47
48
49
50
51
52
53

Rau Sequence Listing
Patent Application US/077 .t7 ,55L

SEQUENCE IJISTING

GENERAI INFOR}TATION:

(i) APPLICANTT lloughten, Richard A.
Cuervo, Julio H.
PLnllla, ClemencLa
Appel ilr., iton R.
Blondelle, Silvle

(ti) IITLE OF INIruNIION: Synthesls Of Eguimolor Multiple
Eepecially Of oligopeptide Mixtures

(ili) NT,MBER OF SEQUENCES: 91

(tv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEEs DresEler, Gol.dsmlth, Shore, Sutker &

Milnanow, Ltd.
(B) STREET: 180 North stetEon Avenue, Sulte 4700
(C) CITYr Chicago
(D) STATE: rlllnois
(E) COUNTRY: Unlted StateE of America

' (F) ZIP: 60501

(v) COUPUTER READABLE FORM:
(A) l'{EDIUl.{ TYPE: Floppy diek
(B) CoMPUTERc IBM PC conpatible
(c) OPERATING sySTEl.t: PC-DoS/Ms-Dos
(D) SOFTWARES Patentln ReIeaEe #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B} FILING DATE:
(c) CLASSTFICATION:

(vlit) ATTORNEY/AGENT rNFoRltATIoN:
(A) NAME: Gamson, Edward P.
(B) REGISTRATION NUMBERc 29,38L
(c) REFERENCE/DOCKET NIIMBER: PRt.0003

(Ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHoNE: (312)516-5400
(B) TELEFAX: (312)616-5460

(2) INFORMATION FOR sEQ ID No:1:

(1) SEQUENCE CHAR]ACTERISTICS:
(A) LENGTH: 13 anrino aclds
(B) TIPE: amino acid
(c) STRANDEDNESS: single
(D) TOPoLOGY: linear

tqtr

L2lL3/er
09: 18:15

ti/,
(1)

Oligomer Mlxtures,
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Raw sequence Listins 
t3ft31?+

Patent Application US/07 i r97 ,55t

54
55 (1i) MOLECULE TYPE: peptide
56
57
58
59 (xl) SEQUENCE DESCRIPTION: SEQ ID NO:l:
60
61 cly Ala Ser Pro Tyr Pro AEn Leu Ser AEn GIn GIn Thr
621510
53
64 (2) INI'ORI.{ATION FoR SEQ ID NOr2:
65
66 (I) SE9UENCE CHARACTERISTICS:
67 (A) LENGTH: 6 amino acids
68 (B) TYPEs amino acid
69 (c) STRANDBDNESS: elngle
70 (D) TOPOLOGY; linear
7l
72 (ii) MOLECULE TYPE: peptide
73
74
75
76 (xi) SEQUENCE DESCRIPTIONT SEQ ID No:2:
77
78 Pro Tyr Pro Asn Leu Ser
79 1 5
80
81 (2) INPoRMATIoN FoR sEQ ID No:3:
82
83 (i) SEQUENCE CLARACTERTSTTCS:
84 (A) LENGTH: 4 aml.no aclde
85 (B) TYPE: amlno acLd
86 (C) STRANDEDNESS: etngle
87 (D) TOPOLoGYT llnear
88
89 (tl) MoLECULE TYPE: peptlde
90
91
92
93 (xl) SEQUENCE DESCRTPTION: sEQ iD No:3r
94
95 Tyr Pro AEn Leu
96 1
97
98 (2) INFORMATION FoR sEQ ID No:4:
99

1OO (i} SEQUENCE CHARACTERISTICS:
101 (A) LENGTH: 6 amino acLde
IO2 (B) TYPE: amlno acid
103 (c) STRANDEDNESS: aingle
104 (D) TOPOLOGY: lLnear
105 (ii) UOLECULE TYPE: peptlde
106

\qq
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frer 3

107
108 (ix) FEATURE:
109 (A) NN{E/KEYr ModLfLed-site
110 (B) LOCATION: 1
111 (D) OTHER INFORITATION: /label= Xaa
lL2 /note= "Xaa lE N-acetyl tyroEine. "
113
114 (1x) 8EATURE:
115 (A) NN.IEIKEY: Modlfled-Eite
116 (B) LOCATIoN: 6
117 (D) OTHER INFoRMATIONT /label= Xaa
118 /note= "Xaa ie asparagine amide."
119
L20
L2L
122 (xi) SEQUBNCE DESCRIPTION: SEQ lD NO:4:
t23
124 xaa Pro AEn Leu Ser Xaa
t2515
t26
127
t28
129 (2) INTORMATION FoR sEQ ID No:5:
130
131 (i) SEQUENCE CHARACTERISTICS;
J-32 (A) LENGTH: 6 amlno acide
133 (B) IYPE: amino acid
134 (C) STRANDEDMSS: single
135 (D) TOPOLOGY: linear
135
137 (ii) MOLECULE TYPE: pepttde
138
139
140 (ix) FEATURE:
141 (A) NAUE/KEIs Modifled-elte
142 (B) LocAlIoN: 1
143 (D) OTHER INFORUATION: /label= Xaa
I44 /note= "Xaa iE tl-aietyl arginine."
145
146 (ix) FEATURE:
L47 (A) NAUE/KEY: Modlfled-Eite
148 (B) LOCATION: 6
149 (D) OTHER INI'ORMATION: /label= Xaa
150 ,/note= "Xaa iE arginlne amide. "
151
152
1s3
154 (xi) SEQUENCE DESCRIPTION: sEQ ID No:5:
155
156 Xaa Arg Trp Trp CyE Xaa
1571s
158
159

A[0

Rau Sequence Listing
Patent ASplication US/07 / t97 ,55L

L2/L3/et
09: 18: L9
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Fez 4 Rav Sequence Listing
Patent Application US/07 / re7,55L

160
161 (2) INFORUATION FoR sEQ ID No:6;
L62
153 (I) SEQUENCE CHARACTERISTICS:
164 (A) LENGTHT 14 amLno acldg
155 (B) TYPE: arnino acl.d
166 (C) STRANDEDNESST eingle
167 (D) ToPoIJoGY: linear
168
169 (it) MoLECULE TYPE: peptlde
170
171 (xl) SEQUENCE DESCRIPTION: SEQ ID No:5:
t72
t73 Leu His Asn Asn Glu AIa Gly Arg Thr Thr VaI Phe Ser Cye
t741s10
175
L76
L77
178 (2) INFoRMATIoN FoR sEQ ID No:7t
L79
180 (i) SEQUENCE CIIARACTERISTICS:
181 (A) LENGTH: 7 amino acLde
182 (B) TYPE: amino acld

' 183 (C) STRANDEDNESST eingle
184 (D) ToPoLocYs linear
185
186 (ii) MOLECULE TYPE: peptlde
187
188 (xi) SEQUENCE DESCRIPTIoN: sEQ ID No:?:
189
190 Gly Arg Thr Thr Val Phe Ser
19115
t92
193
L94
195 (2) INToRMATION FoR sEQ ID NOrS:
196
t97 (i) SE9UENCE CIIARACTERTSTTCS:
198 (A) LENGTHT 5 amino acidE
199 (B) IYPE: amino acld
200 (D) TOPOLOGY; linear
20t
2O2 (ii) !{OLECULE TYPE: peptide
203
2O4 (xi) SEQUENCE DESCRIPTIoN: sEQ ID NO:8:
205
206 Arg Arg Trp Trp CyE
207151
2OB (2) INFORMATIoN FoR sEQ ID No:9:
209
2IO (i) SEQUENCE CHARACTERISTICS:
211 (A) LENGTH: 6 amino acids
212 (B) TYPE: amino acl-d

,0(

t2|L3/eL
09:18:21-
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Page: 5 Rau Sequence Listing
Paterrt Application US/07 / r97 ,551

213 (D) ToPOLocY: linear
214
2LS (ii) lroLEcULE TYPEs peptide
2L6
2L7
2I8 (ix) FEATURE:
2I9 (A) NAI.|EIKEY: Modlfied-slte
22O (B) LocATIoN: 1
22L (D) OTHER INFORMATION: /Iabe1= Xaa
222 /note= "Xaa lE N-acetyl argtnine. "
223
224 (ix) FEATURE:
22s (A) NAI.{E/KEY: }lodified-glte
226 (B) LocAlIoN: 6
227 (D) oTHER INFORI'iATION: /label= Xaa
228 /note- 'Xaa ta any of the twenty natural amino
229 acids other than aepartlc acLd, glutamic acld or
23O glyclne, whlch are modifled by N-acetylation. "
23t
232 (xi) SEQUENCE DESCRIPTION: sEQ ID Nor9:
233
234 Xaa Atg Trp Trp CyE Xaa
235 1. 5
236
237
238
239 (2) INFoRMATION FoR sEQ ID No:10:
240
24I (i) SEQUENCE CAARACTERISTICSS
242 (A) LBNGTH: 5 amlno acide
243 (B) TYPEs aml-no acid
244 (D) TOPOLOGY: linear
24s
246 (ii) UoLECULE TYPE: peptlde
247
248 (lx) FEATURET
249 (A) NAUE/KEY: Modifled-elte
250 (B) LOCATION: 6
25I (D) OTHER INTORMATION: /label= Xaa
252 /note= "Xaa ie another amLno acld reeidue."
253
254
255
256 (xi) SEQUENCE DESCRIPTIoN: sEQ ID No:10:
257
258 Phe Arg Trp Leu Leu Xaa
2s915
260 (2) INTORMATIoN FoR sEQ ID No;11:
26L
262 (i) SEQUENCE CIIARiACTERISTTCS:
263 (A) LENGTH: 6 amlno acids
264 (B) TYPE: amlno acid
265 (D) TOPOLOGY: linear

a_0?.

L2/L3/et
O9:LBz24
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Page: 6 Rau Sequence Listing
Patent Application US/07 / r97 ,55L

266
267 (1i) MOLECULE TYPE: peptide
258
269
27O (ix) FEATURE:
271 (A) NN,|E/KEY: Modlfted-ette
272 (B) LOCATION: 6
273 (D) OTHER INFORMATION: /label- Xaa
274 /note= "Xaa 1g another anLno acLd real-due."
275
276
277 (xi) SEQUENCE DESCRTPTION: SEQ ID NO:11:
278
279 Phe Arg Trp Trp HiE Xaa
28015
281
282
283
284 (2) INFoRI.{ATION FoR sEQ ID No:12r
285
286 (i) SEQUENCE CHARACTERISTICST
287 (A) LENGIHS 6 amtno aclds
288 (B) TYPE: amlno acid
289 (D) TOPOLOGY: linear
290
291 (ii) MoLECULE TYPE: peptide
292
293
294 (ix) FEATURE:
295 (A) NN,IEIKEY: Modifled-sLte
295 (B) LocATIoN: 6
297 (D) oTHER INFoRMATION; /label= Xaa
298 /note= "Xaa iE another amlno acid reEidue. "
299
300 (xi) SEQUENCE DESCRIPTIoN: sEQ ID NO:12;
301
3O2 Arg Arg Trp Trp Met Xaa
3031s
304
30s
306
307 (2) INTORUATION rOR sEQ ID Nor13:
308
309 (i) sEguENcE $IARACTERTSTICS:
310 (A) LENGTII: 5 amLno acl-dg
311 (B) TYPE: amlno acld
3L2 (D) TOPOLOGY: Iinear
313
314 (ii) MOLECULE TYPE: peptlde
31s
316
317 (ix) FEATURET
318 (A)' NN{E/KEY: Modified-glte

L2 /L3 /el.
O9 z LB 226

kbs
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Page: Rav Sequence Listing
Patent Application US/O'I / t97 ,55J-

(B) LocATIoN: 5
(D) OTHER INFORMATION: /label= Xaa

/note= "Xaa le another amlno acld reEidue."

(xl) SEQUBNCE DESCRIPTION: sEQ ID No:13:

Trp Trp

INFORMATION FOR SEQ ID NO:14r

( i) SEQUENCE CIIARACTERISIICST
(A) LENGTH: 6 amino acide
(B) TYPE: amlno acid
(D) TOPOLOGYT llnear

(ii) lloLEcULE TYPE: peptlde

(1x) FEATURE:
' (A) NAI'IE/KEY: Modlfled-site

(B) LOCATION: 6
(D) OTHER fNFORI.IATION: /label= Xaa

/note- "Xaa Lg another amlno acid reeidue."

(xt) SEQUENCE DESCRIPTIoN: sEQ ID No:14:

Trp Trp

L2lL3/er
09: l-8:32

319
320
32r
322
323
324
32s
326
327
328
329
330
331 (21
332
333
334
33s
336
337
338
339
340
341
342
343
344
34s
346
347
348
349
350
351
352
3s3
3s4
355
3s6
357
3s8
359
350
361
362
353
354
365
365
367
368
369
370
371

CyE Xaa
5

Arg Arg
1

Arg Xaa
5

Arg Arg
4

(2) INTORMATION FoR SEQ ID No:15:

(i) SEQUENCE CIIARACTERISTICSc
(A) LENGTH: 6 amlno acide
(B) TYPEr amino acld
(D) TOPOLOGY: llnear

(ti) t'loLEcULE TYPE: peptide

(ix) FEATURE:
(A) NA}IEIKEY: Modifled-glte
(8) LocATIoN: 1
(D) oTl"ilyffi:'?:'"t*:i;

(ix) FEATURE3
(A) NAME/KEY: Modlfled-sLte

Xaa
proltne. "

aova
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Page: I

372 (B) LocATIoN: 6
373 (D) OTEER INFORUATION: /label= Xaa
374 /note- "Xaa 1g gerine amide."
375
376
377 (xi) SEQUENCE DESCRIPTION: SEQ ID No:15:
378
379 Xaa Tyr Pro Asn Leu Xaa
3801s
381
382
383
384 (2) INFORMATION FoR sEQ ID No:16:
38s
386 (i) SEQUENCE CIiARACTERTSTICSc
38? (A) LENGTH: 5 amino acids
388 (B) TYPE: amlno acid
389 (D) ToPoLocYs linear
390
391 (ii) UOLECULE TYPEr peptlde
392
393 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:' 394
395 Phe Arg Trp Leu Leu Arg
3961s
397
398
399
400 (2) INFORI,IATION FOR SEQ ID No:17:
401
4O2 (1) SEQUENCE CBARACTERISTICS:
403 (A) LENGTH: 5 amino aclde
4O4 (B) TYPE: amlno acld
405 (D) TOPOLOGY: linear
406
4O7 (ti) MoLECULE TYPE: peptlde
408
409 (xi) SEQUBNCE DESCRIPIION: SEQ ID NO:17:
410
ALl Phe Arg Trp Leu Leu Lye
41215
413
414
415
416 (2) INFoRMAUoN FoR sEQ ID No:18:
4t7
418 (i) SEQUENCE CTiARACTERISTICS:
4L9 (A) LENGTH: 6 amLno acidE
42O (B) TYPE: amlno acid
42I (D) TOPOLOGY: ltnear
422
423 (Ii) UOLECULE TYPE: peptlde
424

kahf

Raw Sequence Listing
Patent ASplication US/07 / r97 ,55L

t2 /t3 /eL
09: L8:40
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Page: 9 Raw Sequence Listing
Patent Alrplication US/07 /'t97 ,SSL

L2/L3/eL
09: L8:47

425 (xi) SEQUENCE DESCRIpTION: SEe tO NO:18:
426
427 Phe Arg Trp Leu Leu Hie
42815
429
430
431
432 (2) INFORI,IATION FoR SEQ ID NO:19:
433
434 (1) SEQUENCE CHAR,ACTERISTICS:
435 (A) LENGTH: 6 amlno acide
436 (B) TYPEs amlno acid
437 (D) TOPOtOcy: ltnear
438
439 (it) I.IoLECULB TypEr peptide
440
441 (xi) SEQUENCE DESCRIpTTON: SEe ID NO:19:
442
443 Phe Arg Trp Leu Leu VaI
44415
445
446
447
448 (2) INFORMAUON FoR sEg ID No:20:
449
450 (i) SEQUENCE CnARAC1ERTSTTCS:
451 (A) LENGTH: 5 amlno acids
452 (B) TYPE: amino acid
453 (D) TOPOLOGYc linear
454
455 (ii) MOLECULE TYPEr peptide
456
457 (xi) SEQUENCE DESCRIpTION: SEQ ID NOc20:
458
459 Phe Arg Trp Trp nls Arg
4501s
461
462
463
464 (2) INTORMATION FoR SEQ ID No:21:
465
466 (i) SNQUENPE CHAR:ACTERISIICS:
467 (A) IJENGTHT 6 amino acids
468 (B) TYPE: amlno acid
469 (D) TOPOLOGy: llnear
470
471 (ii) l.toLEcuLE TypE; pepttde
472
473 (xi) SEQUENCE DESCRIPTION: sEe ID NO:21:
474
475 Phe Arg Trp Trp HJ,e Lye
47615
477

Lo6
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Page: 10

478
479
480 (2) INFORI,IATION FOR SEQ ID NO:22:
481
482 (i) SEQUENCE CHARACTERTSTICS:
483 (A) LENGTH: 5 amino acide
484 (B) TYPE: amlno acLd
485 (D) TOPOLOGYT llnear
486
487 (ii) UoLEcUtE TYPE: peptide
488
489 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:
490
491 Phe Arg Trp Trp His Trp
4921s
493
494
49s
496 (2) INTORMATION FoR sEQ ID No:23s
497
498 (i) SEQUENCE cltARiAcTERIsTIcs3
499 (A) LENGTH: 6 anino aelde
500 (B) TYPE: amino acid
501 (D) TOPOLOGY: linear
502
503 (ii) UOLECULE TYPE: peptide
504
505 (xi) SEQUENCE DESCRIPTIoN: sEQ ID Noc23:
s05
507 Phe Arg Trp Trp Hls Phe
s0815
509
510
511
512 (2) INFORI.{ATION FoR SEQ ID NO:24:.
513
514 (r) SEQUENCE C!{AR;ACTERTSTTCST
515 (A) LENGTH: 6 amino acids
515 (B) TYPE: amino acid
517 (D) IOPOLOGY! linear
s18
519 (ii) lroLEcULE TYPE: peptlde
52O (xi) SEgUENCE DESCRIpTION: SEQ rD NO:24:
52].
522 Phe Arg Trp Trp HIE Hle
52315
s24
525
526
527 (2) INTORMATION FoR sEQ ID NO:25:
528
529 (i) SEQUENCE CHAR]ACTERISTTCS:
530 (A) LENGTH: 6 amino asids

r0tu

RaY Sequence Listing
Patent Application US/07/ r97,55L

L2/L3/et
09: L8:54
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Page: 11

531 (B) TYPE: amlno acid
532 (D) TOPOLOGY: linear
533
s34 (it) UoLECULE TYPE: peptide
535
536 (xl) SEQUENCE DESCRIPTION: sEQ ID NQ:25:
537
538 Phe Arg Trp Trp Hie Leu
53915
s40
541
s42
543 (2) INFORUATION FoR sEQ ID No:25:
s44
545 (i) SEQUENCE CHARACTERISTICS:
546 (A) LENGTHT 6 amlno acide
547 (B) TYPE: amlno acLd
548 (D) TOPOLOGY: linear
s49
5s0 (ii) l.{oLEcULE TYPE: peptide
551
552 (xi) SEQUENCE DESCRIPTIoN: sEQ ID No:25:
5s3
554 AFg Arg Trp Trp ttet Arg
55s15
s56
557
s58
559 (2) INFORUATION FoR sEQ ID No:27:
560
s61 (i) sE9rrENCE CLARACTERTSTTCS:
562 (A) LENCTH: 6 amLno acide
563 (B) TYPE: amLno acid
564 (D) TOPOLOGYT linear
555
s66 (ii) MOLECULE TYPE: peptide
567
568 (xi) SEQUENCE DESCRIPTIoN: sEQ ID No:27:
559
5?0 Arg Arg Trp Trp Met cly
57115
572 (2) INToRDIATION roR sEQ ID No:28:
573
574 (i) SEQUENCE CHARACTERTSTTCS:
575 (A) LENGIHT 6 amtno acldg
576 (B) TYPE: amino acid
577 (D) TOPOLOGY: llnear
578
579 (ii) MOLECULE TYPE: peptide
580
581 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:
s82

, 583 Arg Arg Trp Trp Uet Ile

Raw Sequence Listing'
Patent AlryIication US/07 | r97 ,55L

L2/L3/et
09:. L9 i 02

A,b4
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s8415
585
s86
587
588 (2) INFORMATION FOR sEQ rD No:29:
589
590 (t) SE9UENCE CLARACTERISTTCS:
591 (A) LENGTHT 6 amLno acide
592 (B) IYPE: amLno acld
593 (D) TOPOIOGY: llnear
s94
595 (ti) MoLECULE TYPE: peptlde
s96
597 (xi) SEQUENCE DESCRIPTTON: sEQ ID No:29:
s98
599 Arg Arg Trp Trp Met CyE
6001s
501
602
603
604 (2) INFORITATION l'oR SEQ ID Nor30:
605
505 (i) SEQUENCE CIARACTERTSTTCS:

' 50? (A) LENCTII: 6 amino acl-ds
608 (B) TYPE: amino acid
609 (D) TOPOLOGY: Iinear
510
511 (ii) MoLECULE TYPE: peptide
6t2
613 (xi) SEQUENCE DESCRIPTION: sEQ ID NO:30:
6L4
615 Arg Arg Trp Trp I'tet Lyg
6161s
617
618
619
620 (2) INFORMATION FoR SEQ ID No:31:
62t
622 (i) SEQUENCE CTIARACTERTSTTCS:
523 (A) LENGTH: 6 amino acide
624 (B) TYPE: amino acid
625 (D) TOPOLOGYT llnear
626
627 (ii) I.{OLECULE TYPEr peptide
628
629 (xi) SEQUENCE DESCRIPTION: SEQ ID No:31:
630
531 Arg Arg Trp Trp Met Leu
63215
633
634
63s
535 (2) INFORITATION FoR sEQ ID No:32:

kfrr

L2/L3/et
09: 19:09
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(i} SEQUENCE CIIARACTERISTTCS:
(A) LENGTH: 6 amlno acidg
(B) TYPE: amino acld
(D) TOPOLOGY: llnear

(il) MOLECULE TYPE: peptlde

(xi) SEQIIENCE DESCRIPTIoNS sEQ ID NO:32:

Arg TrP Trp ltet Tyr
5

(2) INsoRl,tATIoN FoR sEQ ID No:33:

(r) SEQUENCE CHARACTERISTICS :
(A) LENGTH: 6 amino acids
(B) TYPEI amino acid
(D) TOPOLOGY: linear

MoLECULE IYPE: peptide

SEQUENCE DESCRIPTION: SEQ ID NO:33:

Arg Trp Trp Uet VaI
5

{2) INF'oRUATION FoR SEQ ID NO:34:

( i) SEQUENCE CTIARACTERISTICS:
(A) LENGTII: 6 amino acide
(B) TYPE: amLno acid
(D) TOPOLOGY: Ilnear

(ii) I.IOLECULE IYPBg peptide
(xl) SEQUENCE DESCRIPTION: sEQ ID No:34:

Arg Trp Trp ltet Trp
5

(2) INFORI.IATION FOR sEQ ID No:35:

(f ) SEQUENCE CIIAR,ACTERISTICST
(A) LENGTH: 5 amlno aclde
(B) TYPE: amlno acid
(D) TOPOLOGY: Ilnear

,.Dq

L2lL3/eL
09: L9: L6

637
638
639
540
64I
642
643
644
54s
646
547
548
649
650
6s1
652
6s3
654
655
556
55?
6s8
659
650
661
662
663
664
56s
666
657
658
669
670
67t
672
673
674
575
676
677
678
679
680
681
682
683
684
58s
586
687
688
689

Arg
1

(ii)

(xi)

Arg
1

Arg
1
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690 (ti) MoLECULE TYPE: peptide
691
692 (xl) SEQUENCE DESCRIPTION: sEQ ID No:35:
693
694 Arg Arg Trp Trp Met Ser
69s15
696
697
698
699 (2) INFoRMATIoN rOR SEQ ID No:36:
700
701 (i) SEQUENCE CLARACTERTSTTCS:
7O2 (A) LENGTH: 6 amlno acide
703 (B) TYPE: amtno aeld
704 (D) TOPoLoGY: linear
?05
706 (ii) MoLECULE TYPE: peptlde
707
708 (xi) SEQUENCE DESCRIPTION: sEQ ID No:36:
709
710 Arg Arg Trp Trp Met Thr
71.1 1 5

7t2
713
714
715 (2) INFORI.iATION FoR sEQ ID No:37:
7t6
717 (l) SEQUENCE CHARACTERISTICS:
718 (A) LENGIH; 6 amino actds
719 (B) TYPEr amino acid
72O (D) TOPOLOCY: Iinear
72t
722 (ti) MOLECULE TIPE: peptide
723
724 (xl) SEQUENCE DESCRIPTION: sEQ ID No:37:
725
726 Arg Arg Trp Trp Met Met
7271s
728 (2) INFORI{ATION FoR sEg ID No:38:
729
?30 (i) SEQUENCE CLARACTERTSTTCS:
?31 (A) LENGTH: 5 amino acide
732 (B) TYPE: amino acid
733 (D) TOPOLOGY: llnear
734
735 (ii) !.roLEcULE TYPB: peptlde
736
737 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:38:
?38
739 Arg Arg Trp Trp Met AIa
740 1 5
747
742

AJD

Raw Sequence Listincr
Patent Application US/07 | r97 ,55L

L2 /t3 /et
09 : L9 224
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L2/L3/eL
09:L9:31

743
744 (2) INFORUATION FOR SEQ ID No:39:
745
746 (i) SEQUENCE CI{ARACTERISTTCS:
747 (A) LENGTH: 6 amino acids
748 (B) TYPE: amino actd
749 (D) ToPoLocY: Iinear
750
7s1 (ii) MoLECULE TYPE: peptlde
7s2
753 (xl) SEQUENCE DESCRIPTION: sEQ ID No:39:
754
755 Arg Arg Trp Trp Met Phe
75615
757
758
759
760 (2) INTORMAIION FoR sEQ ID No:40:
76I
762 (i) SEQUENCE CIARACTERTSTTCS:
763 (A) LENGTH: 6 amino acide' 764 (B) TYPE: amlno acid'765 (D) TOPOLOGY; linear
766
767 (i1) MOLECULE TYPEI peptide
758
769 (xl) SEQUENCE DESCRIPTIoN: sEQ ID NO:40:
770
771 Arg Arg Trp Trp Met HiB
77215
773
774
775
776 (2) INFOR}IATION FoR sEQ ID No:41:
777
778 (i) SEQUENCE CHA&ACTERTSTTCS:
779 (A) LENCIH: 6 amlno acLde
780 (B) TYPEs amino acld
781 (D) TOPOLOGY: llnear
782
783 (ii) I.{OLECULE TYPE8 peptide
784
?85 (xi) SEQUENCE DESCRIPTION: sEQ ID No:41:
786
747 Arg Arg Trp Trp Met AEn
78815
789
790
79t
792 (2) INFoRlrATroN FoR sEQ ID No:42:
793
794 (1) SEQUENCE CEARACTERISTTCS:
795 (A) LENGTIi: 6 amino acids

Itt

i

i
t
I
I
1
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796 (B) TYPEr amino acid
797 (D) ToPoLocYr linear
798
799 (i1) l.{OtEcULE TYPEI peptide
800
801 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:42:
802
803 Arg Arg Trp Trp Met Pro
80415
80s
805
807
808 (2) INFoRttATIoN FoR sEQ ID No:43:
809
810 (t) SEQUENCE CLARACTERTSTICS:
811 (A) LENGTHT 6 amino aclde
812 (B) TYPE: amlno acld
813 (D) ToPOLoCY: lLnear
814
815 (ii) MotEcULE TYPE: peptlde
815
817 (x1) SEQUENCE DESCRIPTION: SEQ lD NO:43:
818
819 Phe Arg Trp Leu Leu Phe
82015
82t
822
823
824 (2) INFORMATION FOR sEQ ID NO:44:
825
826 (1) SEQUENCE CHARACTERISTICS:
827 (A) LENGTH: 6 amino aclde
828 (B) TYPE: amino acid
829 (D) TOPOLOGY: ll-near
830
831 (11) UOLECULE TYPE: peptide
832 (xi) SEQUENCE DESCRIPIION: sEQ ID No:44:
833
834 Phe Arg Trp Leu Leu Trp
83s15
836
837
838
839 (2) INFORMATION FoR sEQ ID No:45:
840
841 (i) SEQUENCE CTTARACIERIS?ICS:
842 (A) LENGTH: 6 amino acLds
843 (B) TYPE: amlno acLd
844 (D) TOPOLOGYT linear
84s
846 (ii) l,toLEcULE TYPE: peptide
847
848 (xi) SEQUENCE DESCRIPTION: SEQ ID NOr45:

Raw Sequence Listino
Patent Application US/07 /797,55L

L2/L3/e\
09: 19:38

ilr
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849
850 Phe Arg Trp Leu Leu Cys
85115
852
853
8s4
855 (2) INTORXATION FOR SEQ ID NO:46:
8s6
857 (f) SEQUENCE cIIARAcTERIstIcss
858 (A) LENGTH: 6 anrlno acids
859 (B) TYPE: amlno acld
860 (D) ToPOLoCiYT ltnear
851
862 (t1) UoLECULE IYPE8 peptlde
863
864 (xt) SEQUENCE DESCRIPTIoN: sEQ ID No:46:
865
866 Phe Arg Trp teu Leu Leu
8671s
868
869
870
871 (2) INFORITATION FOR SEQ ID No:47r
872
8?3 (i) SEQUENCE CEARACTERISTICS:
874 (A) LENGTH: 5 amino acldE
875 (B) TYPE: amlno acl-d
876 (D) TOPOLOGY: llnear
877
878 (i1) MoLECULE TYPE: peptlde
879
880 (xi) SEQUENCE DESCRIPTIONT sEQ ID No:47:
881
882 Phe Arg Trp Trp Hls lle
8831s
884 (2) INFORUATION FOR SEQ ID NO:48:
88s
886 (i) SEQUENCE CHARACTERISTICS:
887 (A) LENGTH: 5 amino acids
888 (B) TYPE: amtno acid
889 (D) ToPoLOcY: linear
890
891 (it) uoLEcIlLE TYPE: peptide
892
893 (xl) SEQUENCE DESCRIPTION: SEQ ID No:48:
894
895 Arg Arg Trp Trp CyE Arg
8961s
897
898
899
900 (2) INFORMATION FoR SEQ ID No:49:
901

Rav Sequence Listing
Patent Application US/ 07 /797, 55L

L2/t3/eL
09: 19:46
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Patent Application US/07 /797,551-

L2 /L3 /et
09: L9:53

9O2 (i) SEQUENCE CHARACTERTSIrCS:
903 (A) LENGTH: 5 amino aclde
904 (B) TYPE: amlno acid
905 (D) TOPOLOGY: lLnear
906
90? (ii) l.loLEcuLE TYPE: peptlde
908
909 (xi) SEQUENCE DESCRIPTTON: sEQ ID No:49:
910
911 Arg Arg Trp Trp Cys Trp
9t21s
913
914
91s
915 (2) INFORUATIoN FoR sEQ ID No;50;
9L7
918 (i) SEQUENCE CHARACTERTSTTCS:
919 (A) LENGTH: 6 amlno acide
92O (B) TYPE: amlno acLd
921 (D) TOPOLOGY: lLnear
922
923 (ii) l,toLEcULE TYPE: peptlde
924

' 925 (xi) SEQITENCE DESCRIPTTON: SEQ ID NO:50:
.926
927 Arg Arg Trp Trp CyE Val
9281s
929
930
931
932 (2) INFORT'{ATTON FOR SEQ ID NO:51:
933
934 (i) SEQUENCE CHARACTERTSTTCS:
935 (A) LENGTH: 6 amino acide
935 (B) TYPE: amtno acid
937 (D) IOPOLOGY: linear
938
939 (it) uol,BcutE TYPE: peptlde
940
941 (xl) SEQUENCE DESCRIPTIoN: sEQ ID No:51:
942
943 Arg Arg frp Trp Cya Tyr
94415
945
946
947
948 (2) INFORITATION roR sEQ ID No:52:
949
950 (1) SEQUENCE CHARACTERISTICS:
951 (A) LENGTH: 6 amino acide
952 (B) TYPE: amlno acld
953 (D) TOPOLOGY: linear
954

At4
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(ii) l.{oLECtlLE TYFEr peBtlde

(xt) SEQIIENCE DESCRIPTION: SEQ ID NO:52r

(2) INTORMATION FoR SEQ ID NO:53:

(I) SEQUENCE CHARACTERISTICS:
(A) LENGTHT 6 amLno acl-ds
(B) TYPEs amlno acid'
(D) TOPOLOGYT llnear

(ii) UOLECuLE TYPEr peptide

(xi) SEQUENCE DESCRIPTIoN: sEQ ID No:53:

(2) INI'ORMATION FoR SEQ ID No:54:

(1) SEQUENCE CHARACTERISTICST
(A) LENGTH: 6 amlno actdE
(B) TYPE: amino acid
(D) TOPOLOGYT linear

(ii) ITOLECULE TYPE: peptide
(xi) SEQUENCE DESCRIPTIoN: sEQ ID No:54:

Arg Arg Trp Trp Cys Hia
15

(2) INFORITATION FOR SEQ ID NOr55:

(T) SEQUENCE CIIARACTERISTICS:
(A) LENGTH: 6 amino acidE
(B) TYPE: amLno acid
(D) TOPoLOGY: lLnear

(it) UOLECUtE TYPE8 peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NOr55:

Arg Arg Trp Trp
1

k(

L2lL3/et
09:20:00

955
956
957
9s8
959
960
951
962
963
964
96s
966
967
968
969
9?0
97t
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999

1000
1001
1002
1003
1004
100s
1005
1007

Arg Arg lrp lrp Cys Lyg
15

Arg Arg Trp Trp cyB ser
15

Cya Thr
5

5
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1008
1009
1010
1011 (2) INFoRI{ATIoN FoR sEo ID NO:56:
1012
1013 (1) SEQUENCE CTTARACTERISTTCS:
1014 (A) tENcTH: 5 amino aclde
1015 (B) TYPEI amino acLd
1016 (D) TOPOLOGY: linear
1017
1018 (it) MOLECULE TYPE: peptlde
1019
1020 (xi) SEQUENCE DESCRIPTION: sEQ XD NO:56:
1021
L022 Arg Arg Trp Trp Cye Ala
1023 1 5
LO24
1025
1025
tO27 (2) INFORT.{ATION FoR SEQ ID No:57:
1028
1029 (l) SEQUENCE cllARAcTERIsTIcs3
1030 (A) LENGTHT 6 amLno acids

. 1031 (B) TYPE: amLno acid
1032 (D) TOPOLoGYT linear
1033
1034 (1i) MOLECULE TYPE: peptide
103s
1036 (xt) SEQUENCE DESCRIPTION: SEQ ID NOr57:
1037
1038 Arg Arg Trp Trp Arg Phe
1039 1 5
1040 (2) INFORMATIoN roR sEQ ID NO:58:
1041
J-042 (i) SEQUENCE CLARACTERTSTTCS:
1043 (A) LENGTH: 6 amino acidg
1044 (B) TYPE: amlno aeld
1045 (D) TOPOLOGY: linear
1046
1047 (ii) MOLECULE TYPE: peptide
1048
1049 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:58:
1050
1051 Arg Arg Trp Trp Arg cyE
1052 1 5
1053
10s4
1055
1056 (2) INFORITATION FoR sEQ ID Nor59:
1057
10s8 (1) SEQUENCE C|ARACTERTSTTCS:
1059 (A) LENGTH: 6 aml.no acl.ds
1060 (B) TYPE: amlno acid

Nb
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1061 (D.) TOPOLOGY: linear
1052
1063 (ii) UOLECULE TYPE: DNA (genomtc)
1054
1065 (xt) SEQUENCE DESCRIPSION: sEQ ID No:59:
1066
1057 Arg Arg Trp Trp Arg Leu
1068 1 5
1059
1070
1071
LO72 (2) INFORITATION FoR SEQ ID No:60r
1073
lo74 (i) SEQUENCE CTTARACTERTSTICS:
1075 (A) LENGTH: 6 amlno acide
1076 (B) TYPE: aml.no acld
lO77 (D) ToPOLocY: llnear
10?8
1079 (ii) lloLEcULE TYPE: peptide
1080
1081 (xi) SEQUENCE DESCRIPTIoN: SEQ ID No:60:
1082
1083 Arg Arg Trp Trp Arg IIe

.1084 1 5
108s
1086
1087
1088 (2) INroRlrATIoN FoR sEQ ID No:51:
1089
1090 (i) SEQUENCE CEARACTERTSTTCS:
1091 (A) LENGTH: 5 amino acidg
LO92 (8) TYPE: amino acld
1093 (D) TOPOLOGY: linear
1094
1095 (ti) UoLECULE TIPE: peptide
1096
1097 (xi) SEQUENCE DESCRIPTION: sEQ ID No:61:
1098
1099 Arg Arg trp Trp Arg Ala
1100 1 5
1101
1102
1103
1104 (2) INToRUATION I'oR sEQ ID No:62:
110s
1106 (I) SEQUENCE CEARACTERISTTCS:
1107 (A) LENGTH: 5 arnlno acids
1108 (B) TYPE: anl.no acid
1109 (D) TOPOLOGY: Iinear
1110
1111 (i1) MoLECULE TYPE8 peptlde
111 2
1113 (lx) IEATUM:

Raw Sequence Listing
Patent Application US/ 07 /797, 55L

L2lL3/eL
09:20: L5
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1114 (A) NAME/KEY: Modified-slte
1115 (B) LOCATIoN: I
1115 (D) OTHER INFORI,IATION: /label= Xaa
1117 /note= "Xaa Ls N-acetyl arginine. "
1118
1119 (ix) FEATURET
1120 (A) NAME/KEY: Modlfied-slte
1121 (B) LOCATION: 5
ll22 (D) OTHER TNFORMATION: /label- Xaa
1123 /note= "Xaa Le phenylalanine amide."
LL24
1125 (xi) SEQUENCE DESCRIPTION: sEQ ID NO:62:
tt26
ll27 Xaa Arg Trp Trp Arg Xaa
1128 1 5
LL29
1130
1131
1132 (2) INFORMATION FoR sEQ ID Nor53:
1133
1134 (l) SEQUENCE CHARACTERTSTTCS:
1135 (A) LENGTH: 7 amino aclde
1136 (B) TYPE: amlno acid
1137 (D) TOPOLOGY: lLnear
1138
1139 (lI) uoLEcuLE TYPE: peptide
1140
1141 (xl) SEQUENCE DESCRIPTION: sEQ ID No:63:
LL42
1143 Tyr Arg ArE Trp Trp Arg Phe
tL44 1 5
114s
1146
tL47
1148 (2) INFORUATION FoR sEQ ID No:64:
1149
1150 (i) SEQUENCE CHARjACTERTSTTCS:
1151 (A) LENGTH: 7 amlno acidg
lI52 (B) TYPEI amlno acid
1153 (D) TOPOLOGYT linear
1154
1155 (ii) MOLECULE TYPE! peptide
11s6
1157 (xi) SEQUENCE DESCRIPTION: SBQ ID No:64:
1158
1159 IIe Arg Arg Trp Trp Arg Phe
1160 1 5
1161
Lt62
1153
1154 (2) INFORMATIoN FoR sEQ ID No:65:
1165
1165 (1} SEQUENCE CHAR:ACTERISTICS:

Raw Sequence Listing'
Patent Application US/ 07 /'197, 55L

L2/L3/eL
O9220223
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1157 (A) LENCTH: 7 amlno acids
1158 (B) TIPE: amlno acld
1169 (D) TOPOLoGY: llnear
1170
1171 (ii) MoLECULE TYPE: peptlde
LT72
1173 (xl) SEQUENCE DESCRIPTION: SEQ ID NO:55r
!174
1175 Trp Arg Arg Trp Trp Arg Phe
LL76 1 5
LL77
1178
1179
11.80 (2) INFOR}|ATION FoR sEQ ID No:56:
1181
1182 (t) SEQUENCE CHARACTERISTICS:
1183 (A) LENGIH: 7 amlno aclds
1184 (B) TYPE! antno acid
1185 (D) ToPoLocY: linear
1185
1187 (1i) }IOLECULE TYPE: pepttde
1188
1189 (xi) SEQUENCE DESCRIPTION: SEQ ID No:66:
1190
1191 Phe Arg Arg Trp Trp Arg Phe
tt92 1 5
1193
1194
119s (2) INFoRUATION FoR SEQ ID No:67:
1195
1197 (i) SEQUENCE CEARACTERISTICS:
1198 (A) LENGTH: 7 amino acids
1199 (B) TYPE! amlno acid
1200 (D) ToPoLocY: linear
1201
l2O2 (ii) MoLECULE TYPEs peptlde
1203
L2O4 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:57:
120s
1206 Leu Arg ArE Trp Trp Arg Phe
t207 1 5
1208
1209
12 10
L2I]. (2) INFoRl,tAlIoN roR sEQ ID No:58:
t2t2
1213 (i) SEQUENCE CHARACTERISTTCS:
l2L4 (A) LENCTH: 7 amlno acide
1215 (B) IYPE: amLno acid
L2I5 (D) TOPoLoGY: Ilnear
t2L7
J.2l8 (1i) MOLECULE TYPE: peptlde
t2t9

erq

Rar Sequence Listing
Patent Application US/07 /797 ,55L

L2 /L3 /eL
09:20:30
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L22O (xl) SEQUENCE DE9CRIPTION: SEQ ID NO:58:
t22t
L222 CyE Arg Arg Trp Trp Arg Phe
L223 1 s
L224
L22s
L226
L227 (2) INFoRMATION FoR SEQ ID NO:59:
L228
L229 (i) SEQUENCE CHARACTERISTICST
1230 (A) LENGIH: ? amlno acLds
J-23J- (B) TYPE: amLno acl-d
L232 (D) TOPOLOGY: linear
1233
1234 (ii) lroLEcULE TYPE: peptlde
1235
L236 (xl) SEQUENCE DESCRIPTToN: sEQ ID No:59:
L237
1238 Arg Arg Arg Trp Trp Arg Phe
L239 1 5
L240
L24t
L242
L243 (2) INFoRITATION FoR SEQ ID No:70:
1244
1245 (t) SEQUENCE CLARACTERTSTTCS:
L246 (A) LENCTH: 7 amLno acLds
L247 (B) TYPE: amino acid
1248 (D) TOPOLOGYT lLnear
7249
1250 (ii) MOLECULE TYPEr peptide
1251
1252 (xi) SEQUENCE DESCRIPTIoN: sEQ ID No:70:
1253
l2S4 Arg Arg Trp lrp Arg Phe Trp
125s 1 s
1256
L257
1258
1259 (2) INToRUATION FoR sEQ ID No:?1:
L260
L26l (i) SEQUENCE CHARIACTERISTICS:
L262 (A) LENcTll: 7 amlno acidg
L263 (B) IYPE: amlno acid
L264 (D) TOPoLOGY: llnear
t255
1266 (ii) MOLECULE TYFEI peptide
L267
1268 (xi) SEQUENCE DESCRIPTIoN: sEQ ID No:71:
L269
L27O Arg Arg Trp Trp Arg Phe Phe
L27t 1 5
L272

kxo

RaY Sequence Listing
Patent Application US/07 /797 ,551
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L273
t274
L275 (2) INFORUATION FoR sEQ ID Nor72r
L275
L277 (1) SEQUENCE CIIARACTERISTICS:
!278 (A) LENGTH: 7 amino aclde
L279 (B) TYPE: amino acld
1280 (D) TOPOLOGY: linear
1281
1282 (ii) tloLEcULE TYPE: peptide
1283
L284 (xt) SEQUENCE DEscRrPTIoNs sEQ ID NO:72:
128s
L286 Arg Arg Trp Trp Arg Phe Leu
t287 1 5
1288
L289
1290
L29J- (2) INFORI.{ATION FOR sEQ ID No:73:
L292
1293 (i) SEQUENCE CLARACTERISIICS:
L294 (A) LENGTH: 7 amLno acide

. 1295 (B) IYPE: amlno acld
!296 (D) TOPOLoGYS ltnear
t297
1298 (ii) MOLECULE TYPE: peptlde
1299 (x1) SEQUENCE DESCRIPTION: sEQ ID No:?3:
1300
1301 Arg Arg Trp Trp Arg Phe Cye
1302 1 5

1303
1304
1305
1306 (2) INFORMATION FOR sEQ ID No:74:
1307
1308 (i) SEQUENCE CHARACTERTSTTCS:
1309 (A) LENGTH: 7 amlno acide
1310 (B) TYPE: amLno acid
1311 (D) ToPOLoGYT llnear
1312
1313 (ii) MoLECULE TYPEr peptide
1314
1315 (xt) SEQUENCE DESCRIPTIoN: sEQ ID No:?4:
1316
1317 Arg Arg Trp Trp Arg Phe IIe
1318 1 5
1319
1320
1321
L322 (2) INSORMATION FoR sEQ ID NO:?5:
1323
L324 (1) SEQUENCE CTIARACTERTSTTCS:
1325 (A) LENGTH: 7 amino acLde

l,et

Raw Sequence Listing
Patent Application US/07 /797 ,55L
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(B) TypE: amlno acid
(D) TOPOLOGyT linear

(ii) MOLECULE TypDs peptide

(xi) SEQUENCE DESCRIpTXON: SEe ID No;Z5r

Phe ?yr

(2) INFORMATIoN FoR s8e ID NO:76:

(i) SEQUENCE CIIARACTERISTICS:
(A) LENGTHT 7 amLno acLde(B) TypE: amLno acid
(D) TOPOLOGy: llnear

(ii) MOLECULE TypE: peptide

(xi) SEeUENCE DESCRTpTION: sEe rO No:26:

Arg Arg Trp Trp Arg phe Val1.s
(2) INTORMATION FOR SEe rO No:Z?:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENCTH: ? amino acide(B) TlpEr amlno acid
(D) TopOLocy: Il.near

(it) l,{oLEcULE TypEr peptide

(xi) SBeUENCE DESCRTpTION: sEe rD No:77:

Arg Ar9 Trp Trp Arg phe Argr5

(2) INFORMATION FoR SEg ro No:28:

(i) sEguENcE CHARACTERTSTTCS:
(A) LENCTIT: 6 amino acide(B) TypE: amino acid
(D) TOPOLOCyT linear

(1i) UOr.ecULE TypE: peptlde

(xi) SEQUENCE DESCRIpTfON: SEe ID NO:28:

Arg Ar9 Trp Trp Arg Arg

Listing
vs/ 07 /797 ,55L

L2/L3/et
09 :20 t 52

t326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
L342
1343
L344
1345
1346
1347
1348
1349' 13s0
13s1
1352
1353
13s4
1355
1356
13s7
13s8
13s9
1360
13 51
7362
1363
1354
1365
1356
1357
1368
1369
1370
1371
t372
1373
L374
137s
1375
L377
1378

Ar9 Arg Trp Trp Arg

lde
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Pagez 27

L379 1 5
1380
1381
1382
1383 (2) INTORMATION FoR SEQ ID NO:79r
1384
1385 (t) SEQUENCE CTTARACTERTSTICS:
1385 (A) TENGTH: 5 amLno acLde
1387 (B) TYPE: anlno acld
1388 (D) ToPOLoGY: ltnear
1389
1390 (ti) MoLECULE TYPEI peptlde
1391
L392 (xi) SEQUENCE DESCRIPTIoN: sEQ rD No:79:
1393
1394 Arg Arg frp lrp Arg Hie
1395 1 5
1396
1397
1398
1399 (2) INFORMATION FoR sEQ ID No:80:
1400
14Ol (1) SEQUENCE CLARACTERTSTTCS:
L4O2 (A) LENGTH: 7 arnlno acidg
1403 (B) TYPS: amino acid
l4O4 (D) TOPOLOGYT linear
1405
1406 (ii) MoLECULE TYPE: peptide
L407
1408 (xt) SEQUENCE DESCRIPTION: SEQ ID NO:80r
1409
1410 Ar9 Alg Trp Trp Cys Val Arg
1411 1 5
t412
1413
L4L4
1415 (2) INFORMATION FoR sEQ ID No:81:
1415
141? (i) SEQUENCE C|ARACTERTSTTCS:
1418 (A) LENGTH: 7 amino acide
1419 (B) TYPE: amtno acid
I42O (D) TOPOLOGY: llnear
L42L
1422 (ti) l.{oLEcULE TYPEr peptide
L423
1424 (xi) SEQUENCE DESCRIPIION: SEQ ID NO:81:
r425
1426 Arg Arg Trp Trp Arg Phe Lye
L427 1 s
L428
L429
1430
1431 (2) INSORMAIION l'oR sEQ ID NO:82:

Ag"3

Raw Seguence Listing'
Patent Application US/07 1797 ,55t

L2/L3/eL
09:21:00

?

i

l

I
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Page. 28 Rav Sequence Listing
Patent ApplicatLon US/07 1797, 55L

L432
1433 (1) SEQUENCE CHARACTERISTICS:
1434 (A) LENGTH: 7 amtno aclds
1435 (B) TYPE: amlno acLd
1436 (D) ToPOLocYr llnear
L437
1438 (ii) UOLECULE IYPE: peptide
1439
1440 (x1) SEQUENCE DESCRIPTION: SEQ ID NO:82:
1441
L442 LyE Arg Arg Trp Trp Arg Phe
L443 1 5
t444
t44s
L446
L447 (2) INFORI,iATION FoR sEQ ID No:83:
1448
7449 (i) SEQUENCE CBARACTERISTICS:
1450 (A) LENcTg: 6 amlno acide
1451 (B) TYPEs amino acid
7452 (D) TOPOLOGY: ll-near
1453
L454 (ii) UOLSCULE TYPE: peptlde
1455 (xi) SEQUENCE DESCRIPTION: sEQ ID No:83:
14s6
1457 Arg Arg Trp Trp Cya Gly
1458 1 5
1459
1460
1451
L462 (2) INFORI,IATIoN FoR sEQ ID NO:84:
1453
1464 (i) SEQUENCE CHARACTERISTICS:
1465 (A) LENGTH: 6 amino acids
1466 (B) TYPE: amLno acld
1467 (D) ToPoLoCY: lLnear
1468
1469 (ii) DTOIJECULE TYPE: peptide
1470
L47l (xl) SEQUENCE DESCRIpTION: SEQ iD NO:84:
L472
1473 Arg llrg frp Trp Arg Trp
1474 1 5
1475
L476
t477
t478 (2) INFORMATION FoR SEQ ID No:85:
t479
1480 (i) SEQUENCE CHARACTERISTICSs
1481 (A) LENGTH: 6 amLno acl.de
1482 (B) TYPE: amino acid
1483 (D) ToPoLOcY: linear
1484

4er/

L2/L3/eL
09 z2Lz 07
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Page: 29 Raw Sequence Listing
Patent Application US/ 07 /7g7 ,55L

(ti) l.totEcULE TYPE: peptlde

(xl) SEQUENCE DESCRIPTION: SEQ ID NO:85:

Arg Arg Trp Trp Cye Cys
15

(2} INFORMATION FOR SEQ ID NO:85:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 amino acl.de
(B) TYPE: amino acid
(D) TOPOLOOY: linear

(ii) l.toLEcULE TYPEr peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID No:85:

L2 / L3 /eL
09 z2L:L4

148s
1486
t487
1488
1489
1490
1491
L492
1493
L494
149s
1495
L497
1498
1499
1500
1s01
1s02
1503
1504
1505
1s06
1s07
1508
1509
1510
1511
1512
1s13
1514
1515
1516
1517
1s18
1519
1s20
1521
1522
1523
t524
152 s
1s26
t527
1528
1s29
1530
1s31
1532
1s33
1534
153s
1s36
1537

(2't

Arg Arg Trp Trp CyE
15

INFORMATION FOR SEQ

Uet

ID NOr87:

(i) SEQUENCE clrARAcTERIsTrcs!
(A) LENGTH: 6 amino acide
(B) TYPEr amlno acid
(D) ToPOLoGY: linear

(1i) MoLECULE TYPEs peptide

(xl) SEQUENCE DESCRIPTTON: SEQ ID No:87:

(2) INFORMATION FoR sEQ ID No:88:

( i) SEQUENCE Cr{ARACTERISTTCS:
(A) LENGTH: 6 amino aclds
(B) TYPE: amlno acid
(D) TOPOLOGYc llnear

(it) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTIoN: SEQ ID No:88r

Arg Arg Trp Trp Cys Phe
15

Asp VaI Fro Aep
1

Tyr
5

AIa

nfr"6
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1538
1s3e (21
1540
1541
L542
1543
1s44
1545
1s46
L547
1548
1549
1550
1551
1ss2
1ss3
1s54
1555
1555
1557
1558
1559
1560
1s51
L562
1s63
1564
1555
1s66 (21
1s67
1s68
1569
1570
157 I
Ls12
1s73
L574
1575
1576
1577
1578
1579
1580
1581
1582
1583
1584
1585
1585
1587
1588
1589
1590

RaY Sequence Listing
Patent Alplication US/07 /797 t55L

INFONMATION FOR SE9 ID NO:89:

(i) 8EQUENCE CEARACTERISTXCS:
(A) LENGTII: 13 amino aeide
(B) TYPE: amino acid
(D) TOPOLOGY: llnear

(ii) MoLECULE TYPE: peptide

( ix ) FEATIIRE:
(A) NAUE/KEY: Modlfled-eite
(B) r,ocATroN: 1
(D) OTHER TNFORMAIION: /Iabel= Xaa

/note= "Xaa ig N-acetyl tyroelne. "

(ix) FEATURE:
(A) NAME/KEY: Modlfled-eite
(B) LocATIoN: 13
(D) OTHER INFoRI.IATION: /Iabel= Xaa

/note= "Xaa ig gerine amide."
(xi) SEQUENCE DESCRIPTToN: sEQ ID No:89r

Xaa Pro Tyr AEp VaI Pro ABp Tyr AIa Ser Leu Arg Xaa
1510

INFORMATION FOR SEQ ID NO:90:

(t) SEQUENCE CIIARACTERISTICS:
(A) LENGTHT 6 amino acide
(B) TYPE: amino acld
(D) TOPOLOGY: linear

(ii) MoLECULE TYPE: peptide

(ix) FEATURE:
(A) NAME/KEY: Modifled-gl-te
(B) LOCATION: I
(D) OTITER INFORI.TATION: /label= Xaa

/note= "Xaa lg N-acetyl aepartic acid. "

(ix) FEATURE:
(A) NAI'|E/KEY: Modlf ied-eite
(B) LocATIoN: 5
(D) OTHER INFORMATION: /Iabel= Xaa

/note= "Xaa is alanlne amide. "

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:90:

VaI Pro AEp Tyr Xaa
5

ke{o

L2/L3/er
O9 t2Lz22

Xaa
I
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1591
Ls92
1593
1s94 (2) INroRllATIoN FoR sEQ ID No:91r
1595
1595 (1) SEQIENCE CHARACTERTSTTCS:
L597 (A) LENGTH: 6 amlno acldg
1598 (B) TYPEs amino acid
1599 (D) TOPOLOCY: llnear
1600
1601 (il) UoLECULE TYPE! peptlde
L602
1603 (xi) SEQUENCE DESCRTPTION: sEQ ID No:91:
1604
1605 Ser Thr Thr Ser Thr Gly
1606 1 5

Rav Se-quence Listing
Patent Applicati-on US/07 /'r97 ,55L

L2lL3/eL
09 z2Lz29

A47

I

I

I
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PAGE: 1

LINE ERROR

' '?UENCE VERIFICATION REPORT DATEz L2|L3/9L
. -"0ENT APPLICATION US/ 07 179', ,51 TIME: 09:2L:30

ORIGTNAL TEXT

aRf
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PAGE: 1 , ?UENCE !{ISSING ITEM REPORT
-fENT APPLTCATTON US/07 /7s., ,51

MANDATORY IDENTTFTER THAT WAS NOT FOUND

PRIOR APPLICATION DATA
APPLICATION NI'IITBER
FTLING DATE

AN

DATEz L2/L3l9L
TIME:09:21:30

I
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PAGE.: 1 . ?UENCE CORRECTION REPORT DATEz L2/L3I9L, fENT APPLICATION US/07 179', ,5L TIME: 09:21:30

LINE ORIGINAL TEXT CORRECTED TEXT

#&0
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