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FileNo. rqs-001.2 prv I 34L8/6090:7)
Anticipated Classification
of this application:
Oass-Subclass-
Prior application:
F.,:raminer-Jr"-grceq-
Art Unit___-I992_

Oate Jr:ne 3, 1994

Erpr6 Mttit tabel No'

T859847 47 45US

I hereby certitY that this P^apet
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Postal 

-Ssrvice as Express Mail in on
enveloge tddressed to: Hononblg
Conrmisibrrr of htents and Tra<lcaurtf

TIIE COMMISSIONER OF
PATENTS Al.{D TRADEIViARIGS
WASHINGTON, D.C. 2tr23l

Sin
This is a request ;sl filing a
( ) Continuation application,

E) Divisional application, 
.

under 37 CFR 1.60, of pending prior application Serial 11o. 074797'551

filed on LL/Lq/9L of Richard A. Houqhten et aI.
(Date) (Inventor)

fs1 SYNIHESIS oF EerJIlaoIAR MUL, rIPLE,oLIGo}IER MD${.rRES, ESBESI4IL- Y-9F. 
frXilr*",

1. (x) Encloced is a copy of fhe prior application, including the oath or declaration as originally
filed. (&e 8 and 8a for drawing requirements.) The attached Application papers are a
true copy of prior application Serial No. 07,/79?,551 as originally filed
on Nov' 19, 1991 . and no amendments referred to in the oath or declaration as

originally filed introduced new matter. This statement is made with the knowledge that
willful filse statements and the like so made are punishable by fine or imprisonment, or
both, under Section 1001 of Title 18 of the United States Code and that such willful false
statements may jeopardize the validity of the application or any patent issuing thereon.

2. (x) The filing fee is calculated below:

CI.AIMS.{S FILED IN TI{E PRIOR APPLICATION, LESS ANY CI-AIMS
CAI.ICELLED BY AIVIENDMENT BELOW

For No. Filed No. E:rtra Rate Fee

Basic Fee. . $ 710.00

Independent Claims. 2 -3 = -0- x J74.00 = $--
Total Claims.. 11 -20 -- -0- x $22.00 = $--

Total
Filing Fee $ 710.00

Statement of Status as

Small Entity Reducing
Filing Fee By Half To g 355.00

Wr*rlr1bn, D.C. .20231,. ql
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f'',*;,*;* # A verified statement (Declaration) clairning small entity statu was filed in
the prior application and small entity status lor this application is proper
and desired"

( x) A check in the amount of $ 355. L is enclosed"

( x) The Commissioner is hereby authorized to charge any additional fees which
may bi required for this,application under 37 C.F.R !$1.161.17, or credit
any o/erpaymenf to Depcit Account No.23{920. A duplicate coPy of this
rheet is encloeed"

6- (x) Cancel iD this application original claims 1 through 71, inclusirre
of the prior application before calculating the filing fee. (At least one
original independent claim mrst be retained for filing purposes.)

7. ( x) Amend the specification by inrcrting before the first line the sentence:

-This is a ( ) mntinuation ( x) divisiou of application Serial
No. o7n)7;55L . ffi"O 'Novenbdf 19, 1991

4.

5.

& ( ) Transfer the drawingp from the prior application to this application and
abandon said prior application as of the filing date accorded this application.
A duplicate copy of this sheet is enclosed for filing in the prior application
file. (May be used only if signed by penon authorized by $t.t$ and before
pa)'rnent of bqse issue tee.)

8a. ( ) Netn formal drawinp are encloqed.

9. ( ) Priority of application Serial No. ' filed
on-in

(Country)
claimed under 35 U.S.C 119.

The certified copy has been filed in prior application Serial
No. filed

10. ( x) The prior application is assigned of record to Iterex Pharrnaceutj-cals l,td. - .

11. ( x) The power of attorney in the prior application is to: 
ETtnership

Ed\rsard P. C'amson Reg. No. 29 381

DRESSLER, GOLDSMITH, SHORE,
SUTKER & MILNAIyIOW, LTD.

4700 Two Prudential Plaza
l-80 North Stetson Avenue
Chicago, l11inois 60501-

(a) ( x) The power appears in the original papers in the prior
application.

ADM$S.2'rrll092

 
 
Page 9 of 220



-\f
( ) Since the power does not appear in the original-papers' a copy

of the F wer in the prior application is enclosed

(x ) Address all future oommunications to:
WEISH &\<AT14LTD. ?

135 South LaSalle Street
Suite 1625
Chicago, Illinois 60603
(312) 781-9470
(May be completed only by applicanf or the attorney or agent

of record-)

Registration No.

(x ) Attorney or agent of remrd

( ) Filed Under $13a(a)

June 3, L994
(Date)

:"'

WEISH &KAn', LTD.
135 South IaSalle Street
Chicago, Illinois 60603
(3r2) 787-9470

ADM08&3srr\1092

6hlt e-*.
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Description
Cross-Reference to Related Application

NTql=acontinuation-in-nart*.9,€",.?R3J.*outionSerial No.^ o7/7oLr658 filed May L6, t99LA that $ras a
continuation-iri-part of application Serial Nq.

ar{ nDO o\oqn'rr €,U
07/6L7,O23, filed November 21, f-990i- whose disclosures
are incorporated by reference.

Technical Field
The present invention relates to the organic

synthesis.of oligorneric sequences of cornpounds. More
particularly it relates to stepwise synthesis of
rnultiple independent sequences, especially oligoneric
peptide chains

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

peptide synthesis technology have resulted in automated
synthesis of peptides accornplished through the use of
solid phase synthesis methods. The solid phase

synthesis chemistry that made this technology possible
was first described in Merrifield et al. J. Amer. Chem.

Soc., 85:2L49-2L54 (L963). The "Merrifield rnethod" has
for the most part remained unchanged and is used in
nearly all automated peptide synthesizers available
today.

fn brief, the Merrifield rnethod involves
synthesis of a peptide chain on solid support resin
particles. These particles typically consist of
polystyrene cross-Iinked with divinyl benzene to form
porous beads which are insoluble in both water and

various organic solvents used in the synthesis pr.otocol.

SYNTEESIE OF EOUII{OLAR I'TUIJTIPLE OLIGOI{ER

IdIX!URE8. ESPECIAI,IJY Otr OIJIGOPEPTIDE

%' ^{{s
L0
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The resin particles contain a fixed amount of arnino- or

hydroxylnethyl aromatic noiety which serves as the

linkage point for the first amino acid in the peptide'

Attachmentofthefirstaninoacidentails
chemically reacting its carboxyl-terninal (C-terrninal)

end with derivatized resin to form the carboxyl-terninal
end of the oligopeptide. The alpha-amino end of the

amino acid is typically blocked with a t-butoxy-carbonyl
group (t-Boc) or with a 9-fluorenylurethyloxycarbonyl
(F-Moc) group to prevent the amino group which could

otherwise react from participating in the coupling

reactj.on. The side chain groups of the amino acids, if
reacti,ve' are also blocked (or protected) by various

benzyl-derived protecting grouPs in the form of ethers'

thioethers, dsters, and carbamates'
The next step and subsequent repetitive cycles

involve deblocking the amino-terminal (N-terminal)

resin-bound amino acid (or terrninal residue of the

peptide chain) to remove the alpha-arnino blocking group,

followed by chernical addition (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 remove any residual reactants

before proceeding to the next. The solid support

particles facilitate removal of reagents at any given

st,ep as the resin and resin-bound peptide can be readily
filtered and washed while being hetd in a column or

device with Porous oPenings.
Synthesizedpeptidesarereleasedfromt,he

resin by acid catalysis (typically with hydroftuoric
acid or trifluoroacetic acid), which cleaves the peptide

from the resin leaving an arnide or carboxyl group on its
c-terminal amino acid. Acidolytic cleavage also serves

10

l_5
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to reraove the protecting groups from the side chains of
the amino acids in the synthesized peptide. Finished
peptides can then be purified by any one of a variety of
chromatography methods.

Thoughmostpeptidesaresynthesizedwiththe
above described procedure using automated instruments, a

recent advance in the solid phase nethod by R'A'

Houghten allows for synthesis of nultiple independent

peptides sinultaneously through uranually perforaed

means. The trsimultaneous Multiple Peptide Synthesisrl

(ttsltPsrt) process is described in U.S. Patent No'

4,63L,2IL (1986); Houghten, Proc. Natl' Acad' Sci"
82:5131-5L35 (1985); Houghten et al., Int' J' Peotide

ProteiJr Res. , 4-2673-678 (1985) ; Houghten et dI',
Biotechnioues, L, 6, 522-528 (1986) ' and Houghten, U'S'
patent No. 4,63I,zLL, whose diSCloSUreS are incorporated
by reference.

Illustratively, the SMPS process enploys

porous containers such as plastic bags to hold the solid
support synthesis resin. A Merrifield-t'ype solid-phase
procedure is carried out with the resin-containing bags

grouped together appropriately at any given step for
addition of the same, desired aurino acid residue. The

bags are then washed, separated and regrouped for
addition of subseErent same 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 rnethod allows nultiple, but separate,
peptides to be synthesized at one tine, since the
peptide-linked resins are maintained in their separate

bags throughout the process. The SMPS method has been

used to synthesize as many as 200 separate peptides by a
single technici.an Ln as little as two weeks, a rate

10
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vastly exceeding the output of most automated peptide

synthesizers.
A robotic device for autonated rnultiple

peptide synthesis has been recently conmercialized. The

device perfotms the seqrrential steps of nultiPle'
separate solid phase peptide synthesis through iterative
mechanicaL-intensive means. This instrunent can

synthesize up t,o 95 separate peptides at one tirne' but

is linited at present by the quantity of its peptide
yield.

Several research groups have reported the

synthesis of synthetic conbinatorial librari.es of
peptides. Thgse reports are discussed below'

of int'erest is work by Geysen et dl' , which

deals with urethods for synthesizing peptides with
specific seqruences of arnino acids and then using those

peptides to identify reactions with various receptors.
Geysen et aI. rs work 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. 4'7O8t87L and 4r833,o92i P'C'T'
Publications Nos. WO 84103505 and WO 84/03564; Geysen et
al.,Proc.NatI.Acad.Sci.U.S.A.,.9.!!3998-4002(].984);
Geysen et al., Proc. NAII. Acad. Sci. U'S'A' , 82-2L78'L82

(1985) i Geysen et al., in svnthelic Peptides as

Antiqens, 130-149 (1986); Geysen et aI', J' Immunol'

Etr!-, L9.2.:25s-'274 (1987); and Schoofs et a1',
J. fmnunol . , .Ll-9.: 611-516 ( 1988 ) .

InpublishedPCTapplicationPcT/Au8s/00]-65
(WO e6/OOggL, I Geysen describes a method for deter:nining

so-called rrmimotopestr. A rninotope is def ined as a
catarner (a pollnner of precisely defined sequence forned

by the condensation of a precise number of small
molecules), which in at least one of its confornations

15
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has a surface region with the equivalent rnolecule

topology to the epitope of whLch it is a mimic' An

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

The mirnotopes are synthesized on a series of

solid pollmer (e.g. pol-yethylene with a coating of
grafted acrylic acid) rods having a dianeter of about 4

rnm and a length of about 50 rnrn. A spacer formed by

reaction of the e-amino group of !-Boc-tysine rnethyl

ester and then !-Boc-alanine was added to the resins,

followed by renoval of the !-Boc group to provide an

amino group to be used to begin the syntheses'
Anixtureofblockedaminoacidscontaining

different amotrnts of each of the blocked twenty anino

acids to be used was dissolved' in dimethy'l for::rrarnide and

then coupled to the rods. That first coupling was

repeated three tirnes using conventional solid phase

synthesis techniques. Twenty arnino acid residues were

individually next added so that twenty S-mer seqfuences

were prepared, each having a single, known amino acid

residue at the anino-terminus and a mixture of anino

acid residues at each of the four other positions of the

chain. Each of those twenty rod-linked peptides was

then individual.ly reacted with each of the twenty amino

acid residues to forni 400 (20 x 20) 6-mer peptides

having the two amino-tetminal positions defined and the

four remaining positions as mixtures' Ttro more

positions of mixtures of anino acids were then added,

and the ter:minal amine acetylated to for"m N-acetyl
g-mers linked to the rods whose first two amino acid

positions were undefined (nixtures), followed by two

defined positions, foJ.Iowed by four undefined positions
(rnixtures), followed by the sPacer and then the
supporting rods.

15
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The 40o rod-linked N-acetyl 8-mer peptide

mixture preparations nere then screened in an ELISA

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

antibody nere identified. Two sets of further 8-ners

that contained the identified best-binding 2-mer-

sequences within those 8-mers were prepared'

Afirstsetcontainedrnixedaminoacidsatthe
three C-terminal positi'ons, followed toward the

N-te:minus, by a position containing each of the twenty

amino acids made by twenty seParate couplings' the

identifi,ed 2-rner seqluences, two further nixtures at the

next two positions, and an N-terninaL acetyl group' The

second group contained mixed arnino acids at the four

C=terninat po'si.tions, the identifiE{ l-ltr€"I' seqluences' a

position made by separate couplings of each of the

twenty amino acids, mj-xed amino acids as the terminal

residues and an N-ter"ninal acetyl group'

Eachofthoserod-}inkedN-acetylS.rnerswas
again screened in an ELISA with the monoclonal antibody'

The best binding sequences for each group were

identified, ancl thus 4-mer, best-binding sequences were

identified.
The above process of separately adding each of

the anino acids on either side of identified best-

binding sequences was repeated until an optinun binding

seqluence was identif,ied.
Theabovemethod,whileelegant,suffersfrom

several disadvantages. First, owing to the snalL size

of each rod used, relatively srnall amounts of each

peptide is produced. second, each assay is carried out

using the rod-linked peptides, rather than the free
peptides in solution. Third, even though specific
amounts of each blocked arnino acid are used to prepare

the rnixed amino acid residues at the desired positions,

10
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there is no way of ascertaining that an equimolar amount

of each residue is tnuly present at those positions.
In addition, Furka et al', (1988, 14th

International Congress of Biochernistry, Volune 5,

Abstract FR:013) described the synthesis of nine

tetrapeptides eaeh of which contained a single residue

at each of: the amino- and carboxy-tetmini and mixtures

of three residues at each position therebetween. The

abstract futher asserts that those authorsr experiments

indicated that a mixture containing up to 180

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

Recent reports (Devlin et aI', Science,

2492404-405 lis9Ol and Scott et aI., Science,

249-:386-390 t199Ol) have described the use of
recornbinant DNA and bact,erial expression to create
highly cornplex mixtures'of peptides. For example, a

4S-nucLeotide base pair stretch of DNA was synthesized

in which the individual nucleotide bases were varied t'o
contain all four possible nucleotide bases (guanine,

adenine, cytosine and thlgnidine) 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 thymidine at
every third position in the synthesized DNA removed the
possibility of chain teminator triplet codons ending in
A or T, such as TAA or TGA.

The resulting DNA sequence would then code for
a mixture of 15-mer peptides with all conbinations of
the 20 naturaLly occurring arnino acids at each position..

Those investigators fused the 45 synthetic
nucleotide sequence to a gene coding for the coat
protein of a sinple bacteriophage and created a large
library of these bacteriophages. Each member of the
library contained a different 45-mer DNA fusion seqluence35
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and therefore each member of the ii!t"t" resulted in a

different 15-mer peptide fused to the outer coat protein
of its corresponding full1r' assenbled bacteriophage
particle. screening of the recornbinant bacteriophage
particles in a biochenical assay allowed the
investigators to find individual peptide-coat protein
fusions (bacteriophages) that were active in that assay

by enrichrnent, selection and clonal isolation of the
enriched bacteriophages that contained active peptide

fusions. By determining the DNA sequence of the cloned

bacteriophages, the investigators could deduce which

peptide sequences were active in their assay'
Thatnethodyieldedseveralpeptideseqruences

from a mixtur6 of 107 or more recombinant,
bacteriophages. Each of the 15-D€r peptides found

contained the same four-arnino-acid sequence somewhere

within its overall sequence, thereby alleged1y
validating the assay accuracy and nrethodological
approach.

The reconrbinant DNA nethod is extremely
powerful for screening l.arge nuhbers of peptides'
However, it is linited in that the peptides must be

fused to a larger protein as a result of and integral to
the design of the method. The peptide-protein fusions
(and corresponding bacteriophage partictes) are likely
to be unreactive in many biochernical, biological and b
vivo assays where the peptides roust be present in
solution without steric hindrance or conformational
distortion. In addition, the rnethod results in an over-
representation of some sequences of peptides due to the

inherent redundancy of the genetic code which has

several codons per araino acid in some cases and only one

codon per amino acid in others.
' Still further, neither group reported data as

being definitive for the determination of optional
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peptide ligands for strepavidin (Devlin et aI'), or for
the two monoclonal antibodies raised against
myohemorythinin (snith et al.). Neither group provided

a single specific answer comparable to the expected

sequence.
More recently, Fodor et al', Egig,ngg, 25Lt767-

773 (1991), descriibed the solid phase synthesis of
mixtures of peptides or nucleotides on glass microscope

slides treated with aminopropyltriethoxysilane to
provide amine functional groups. Predeter"rrined amino

acids were then coupled to predefined areas of the

slides by the use of photomasks. The photolabile
protecting group lwoc (nitroveratryIoxycarbonyl) was

used as the agrino-teminal protecting group

Byusingirradiation,aphotolabileprotecting
group and masking, an array of LO24 different peptides

coupled to the slide was prepared in ten steps'
Immunoreaction with a fluorescent,-labeled monoclonal

antibody vras assayed with epifluorescence microscopy.

This elegant method is also lirnited by the

sma}I 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 method is also less useful where the epitope bound

by the antibody is unknown because alL of the possible

sequences are not PrePared-
The prinarlr' Iirnitation of the above new

approaches for the cLrcumvention of indivldual screening

of nillions of individual peptides by the use of a

cornbinatorial library is the inability of the peptides

generated in those systems to int'eract in a rrnoraalrl

manner with acceptor sites, analogous to natural
interaction processes (i.e., in solution at a

concentration relevant to the receptors, antibody

binding sites, enzyme binding pocketsr or the like being
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35

lr

 
 
Page 19 of 220



5

10

studied without the exclusion of a large percentage of

the possible cornbinatorial lihrary). Secondarily, the

expression vector syste-ns do not readily per:rnit the

incorporation of the D-forns of the natural amino acids

or the wide variety of unnatural amine acids which would

be of interest in the study or development of such

interactions.
The interest in obtaining biologically active

peptides for pharmaceutical, diagnostic and other uses

would make desirable a procedure designed to find a

nixture of peptides or a single peptide within a mixture

with optiural activity for a target application'
Screening mixtures of peptides enables the researcher to
great}y sirnplify the search for useful therapeutic or

diagnostic peptide compounds. Mixtures containing
hundreds of thousands or more peptides should be readily
screened since many biochernical, biological and small

animal assays are sensitive enough to detect activity of
compounds that have been diluted down to the nanogram or

even picograur per rnilliliter range, the concentration

range at which naturally occurring biological signals
such as peptides and proteins operate'

Alrnost all of the broad diversity of
biologicatly relevant ligand-receptor (or affector-
acceptor) interactions occur in the presence of a

complex nilieu of other SubStanCes (i.e., proteins make

up approximately 5-1O percent of plasma, e'g' albumin

l-3 percent, antibodies 2-5 percent-salts, lipids/fats,
etc. ) . This is true for virtualJ.y alL biologically
active compounds since most are commonly present, and

active, dt nanonolar and lower concentrations. These

cornpounds are also, in most instances, produced distant
fron their affection sites. That a srnall peptide (or

other molecule) can readily xfindtr an acceptor system,

bind to it, and affect a necessary bio}ogical 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 stil,l be recognized by its
particular acceptor systen (antibody, cellular receptor,
etc. ) . If one could devise a means to prepare and

screen a synthetic conbinatorial tibrary of peptides,
then the norhal exquisite selectivity of biological
affector/acceptor systems could be used to screen
through vast numbers of synthetic oligopeptides.

The availability of a wide variety of clearly
identified peptides in relatively lirnited nixtures would

greatly facititate the search for the optirnurn peptide
for any particular therapeutic end use application. At
the present tirne, researchers are hampered 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 resj-due

sequence could be previously detemined, so that the
specific peptides of interest could be individually
formulated. However, such techniques cannot insure that
the optimun peptides are identified for testing.

It would therefore be of considerable interest
to have a urethod for the precise synthesis of mixtures
of peptides in which individual peptide sequences can be

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

can derive optimun therapeutic materiaLs for treatnent
of various organisn dysfunctions. It would also be of
value for such a process to have the capability to
produce eguivalent sequences of other tlpes of
oligomeric conpoinds.
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Brief Sumlnary of the Invention
In one asPect, the invention herein

contemplates a process that provides for the synthesis

of conplex mixtures of step-growth oligoners, especially
peptides, wherein each position in the oligorneric
sequence chain contains an equinolar representation of
reacted. bifunctional monomeric repeating unit compound,

such as an amino acid residue, added at that step. In
peptide synthesis, the nethod circuulents the problen of
unequal reaction yields during addition of blocked arnino

acids reacted as a mixture in a coupling step in the

Merrifield solid phase synthesis procedure' Use of the

present method also provides a reLatively much larger
anount of coupled oligorner than previously contenplated'

Initspreferredenbodimentrtheinvention
contemplates the organic synthesis of cornplex equinolar

mixtures of oligopeptide sequences on a solid support

material. The eguimolar oligopeptide sequences consist
essentially of chains of arnino acid residues linked
end-to-end by peptide bonds wherein the amino acid

residue incorporated at any one position in the chain

can be varied, such as to contain all or a combination

of the twenty naturally occurring amino acids and/or

their derivatives. The inventl.on enables synthesis of
these peptide mixtures with equal and precise

representation of any arnino acid residues at, any

position in the chain at which a mixture of amino acid

residues is intended to be represented. The process can

use any type of peptide addition chemistry and

protocols, but preferably uses the Uerrifield solid
phase synthesis procedure in protocoJ.s sinilar to that
of the Houghten S!{PS Process.

In yet another aspect, the invention cornprises

a method for the ident,ification of one or more optinum

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

organism dysfunctions invoLving such receptor can be

facilitated.
In its broadest fotn, a process of this

invention is defined as a process for the synthesis of a

complex mixture pooJ. of solid support-coupled monorneric

repeating unit compounds, wherein the nixture pool

contains a substantially equinolar representation of the

reacted monomeric repeating unit cornpound, such as anino

acid residues, coupled at that step. In accordance with

this nethod,
(a) a plurality of solid 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 cornpounds

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

solid supports is within a porous container, the solid
supportisofasizethatislargerthantheporesof
the container, and both the container and solid support

are substantialtry insoluble in a riguid nedium used

during the stePwise sYnthesis.
(b)Apluralityofligrridmediaisprovided'

each medium containing d different nonomeric repeating

unit compound from a plurality of nononeric repeating

unit cornpounds frorn which the oligomers are to be

forned. Each of the nonorneric repeating unit compounds

has 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
qeacting 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 ligrrid rnedia and the reactive
functional group of each solid support is therein
reacted with a first reactive functional group of a

monomeric repeating unit compound in that respective
medium to couple that monomeric repeating unit coutpound

to the sotid suPport.
(d)Eachofthereactionsisroaintainedfora

tirne period and under conditions sufficient for all of
the reactive functional groups of the solid support to
couple to the rnonomeric repeating unit compound to form

a plurality of monomeric repeating unit-coupled solid
supports.

(e). Each monomeric repeating unit-coupled
solid support is removed from its respective ligttid
medium, and equinolar amounts of each of the monomeric

repeating unit-coupled solid supports are admixed to
form a reaction product pool, wherein egual weights of
the forrned pool contain the same nurnber of moles of each

monomeric repeating unit-couptred solid support'
The above mixture pooL is useful in a stepwise

synthesis for preparing a cornplex mixture of sslid
support-coupled oligomers wherein one or more positions
of each oligomer of the mixture contains an equiurolar

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

oLigopeptide hereinafter. However, in usual practice,
steps (f)-(k) are utilizedr dS discussed below.

(f) The reaction product pool is separated
into a nunber of aliquots of equal weight. Each of the
aliquots is enclosed in another porous container, where

such preferred containers are used.
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(9) 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 is fotmed into
aliquots and those al.iquots are re-enclosed, but can be

canri.ed out prior to for:ming the aliquots, and re-
enclosure is not used where porous containers are not
used.

(h) Each of the aliquots having free react'ive
functional groups is placed into one of a number of
Iiguid media, each medium containing a different
monomeric repeating unit cornpound fron a plurality of
monomeric repeating unit cornpounds frorn which the
oligoners are to be formed to form a reaction mixture,
wherein each qf the monomeric repeating unit conpounds

has a first reactive functional group that, reacts in the
reaction mixture with the free reactive groups of the
aliguot and a second reactive functional group that is
capable of reacting during the reaction of the free
react,ive functional groups of the aliquot, but is
protected from so reacting by a selectively removable,

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

tirne period and under'conditions sufficient for all of
the free reactive functional groups of the aliquots to
react with and couple to the respective monomeric

repeating unit compounds to fora a number of solid
support-coupled repeating unit reaction products.

(j) Each of the sotid support-coupled
repeatJ.ng unit reaction products formed is removed, and

equinolar amounts of each of those reaction products are

adnrixed to fotm a reaction product pool. Equal weights
of the reaction product pool contain the same nunber of
moles of each reaction product.
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(k) Thereafter, steps (f) through tjl a1;.

seria1llr repeated zero or more tines until a plurat-ttt

of soLid support-coupled reactLon products'having the

desired number of, monomeric repeating units is

synthesized.
The resulting conplex mixture of oligomers

contains an equirnolar mixture of the plurality of

monomeric repeat'ing unit compounds at every

predetermined posit'ion in the chain' The equinolarity

isonlylinitedbytheaccuracyindrivingthereactions
to completion and weighing errors in separating the

substantially homogeneously nixed resins into equal

aliquots.
In a preferred form' the process of this

invention is defined as a process for the synthesis of a

complex mixture pool of solid support-coupled amino acid

residueswhereinthenixturecontainsanequimolar
representation of the amino acid residues coupled'

Here, the preferred enbodiment of using closed porous

containersisdescribedwiththeunderstandingthatthis
description is for illustrative purposes only'

According to t'his Process'
(a) at 1east six porous containers' each

containing a solid support comprised of a particle

linked to react'ive f,unctional groups are provided' The

functionalgroupofthesolidsupportr:eactswitheach
amino acid to be reacted' The solid support is of a

sizethatislargerthantheporesofthecontainer'and
boththecontainerandsolidsupportaresubstantially
insolubre in a liquid ureditrn used during the stepwise

sYnthesis.
(b) At least six liguid rnedia are provided'

eachnediumcontainingadifferentprotectedaminoacid
derivative from a plurality of protected anino acid

derivatives from which the oligopeptides are to be

tAl//
t'
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formed. Each of the protected anino acid derivatives
has a first reactive funct,ional 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 from so react,ing by a
selectively removable, covalently linked protecting
group.

(c) Each of the containers is placed in a

different one of the liquid media and the reactive
functional groups of each solid support in each

container is therein reacted with a first reactive
functional group of a protected amino acid derivative in
that respective rnediurn to couple that protected anino

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

tine period and under conditions sufficient for all of
the reactive furrctional groups of the solid support to
couple to the protected amino acid derivative to forrn a
plurality of protected arnino acid residue-coupled solid
supports.

(e) Each protected anino acid residue-coupled
solid support is renoved frorn its respective container.
Equirnolar amounts of the protected amino acid residue-
coup}ed soLid supports are adrnixed to form a reaction
produet pool, wherein equal weights of the forned pool

contain the sarn6 nunber of moles 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 rnixture contains an equinolar representation of
amino acid residues added at each synthesis step. Here,

again, the worker using this process will often continue
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lrith steps (f)-(k), below. However, in some instances'

it can be desired to first folLow steps (1)-(o) ' and

then if desired, fo}low steps (f)-(k)'
(f) The reaetion product pool is separated

into at least six aliquots of equal weight' Each of the

aliquots is enclosed in another Porous container'
(g) The protecting groups are selectively

renoved 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
Ieast six liquid media, each nedium containing a

different protected anino acid derivative, frorn a

plurality of protected anino acid derivatives from which

the oligopeptides are to be fonned to fotm a reaction
rnixture, wherein each of said protected amino acid

derivatives has a first reactive functional group that
reacts with the free reactive groups of the enclosed

reacted product pool aliquots and a second 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 select'iveIy

renovable, covalently linked protecting group'

(i)Eactroft,hereactionsisnraintainedfora
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

protected amino acid derivative to fotm at least six
solid support-coupled protected anino acid residue

reaction Produets.
(j) Each of the at least six reaction

products formed in step (i) is removed, and equimolar

amounts of each of thoSe reaction products are adnixed

!t*rIq,Ttl
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to for4 a reaction product pool' Equal weights of the

reaction product pool contain the same nunber of moles

of each reaction Product.
(k) Thereafter, steps (f) through (j) are

serially repeated zeta or more tj,rnes until a pturality
of sotid support-coupled reaction product oligopeptides

having the desired nunber of anino acid residue

repeating units is sYnthesized.
A.conplex mixture of solid support-coupled

oligomers such as oligopeptj.des is useful in itself.
For examPle, batches of 2-mer or longer coupled

oligomers can be sold for others to utilize in syntheses

and assays as described herein.
In another enbodinent, one or more

specifically defined, predeterrtined monomeric repeating

unit compounds is added at one or more specific
positions in the oligomeric chain' one o'r more

positions in the chain on either side or both sides of

the predetermined rnonomeric repeating unit conpound

contains the equimolar mixture of reacted monomeric

repeating unit comPounds.

}Iorespecifica].ly,usingthebefore-described
synthesis of an oligopeptide as exemplary,

(I) each of the protected anino acid

derivatiV€-coupled solid supports of step (k) is removed

from its respective container. Equimolar amounts of
protected anino acid derivative-coupJ.ed solid supports

are admixed to form a further reaction product pool,

wherein equal weights of the reaction product pool

contain the same number of moles of each reaction
product.

(rn) An aliquot of the pool fonned in step (1)

is enclosed in a further porous container' The

protectinggroupsareselective}yremovedfromthe
second reactive functional groups to form a reacted
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solid support pool having free reactive functional
gtroups. Deprotection can again precede enclosure of the
aliquot.

(n) The enclosed pool af iquot having free
second reactive functional groups is placed into a

single liqlrid medium that contains a single protected
amino acid derivative to for:m a reaction mixture in
which the free reactive functional groups and single
protected amino acid derivative react, the single
protected anino acid derivative having a first 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 aliquot, but is protected fron so re1cting by a
selectively removable covalently linked protecting
group.

(o) The reaction nixture is rnaintained for a

tiure period and under conditions sufficient for all of
the free reactive functional groups of the pool aliquot
to couple with the single protected anino acid
derivative and form a solid support-coupled oligopeptide
rnixture having a single, predeterrrined amino acid
residue in the same position in the oligopeptide chain.

After cornpletion of step(o) ' one or more

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

be added (coupled). In addition, each of the monomeric

repeating unit compounds can be added and the resulting
reaction products pooled as discussed before to form a
complex mixture of solid support-coupled oligomer
reaction products that contains eqrrino}ar arnounts of
each monomeric repeating unit compound on either side of
the single predeternined monomeric repeating unit
conrpound. It is to be understood that the presence of
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equinolar amounts of each monomeric repeating unit
compound or a single, predetermined Donomeric repeating
unit compound can be,varied at any position in the
oligomer chain that is desired.

The minimum nunber of monomeric repeat,ing unit
compounds from which an oligomer is formed is three for
any of an oligonucleotide, olJ.gosaccharide, or an

oligopeptide, aLbeit at least six, more preferably at
least ten different amino acid residues used in
preparing oligopeptides. More preferably still, about

15 to about 20 different amino 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-forms of non-natura] amino

acids such as,ornithine, norleucine, hydroxyproline and

beta-alanine. Use of mixtures of D- and D-forrns is also

contemplated.
In preferred practice, dD oligomer such as an

oligopeptide is coupled to the solid support by a

selectively severable covalent bond, such as an ester or
amide bond, dD ultimately produced oligomer is cleaved
(separated or severed) fron the solid support, and is
then recovered. The oligomers prepared by any of the
before-described syntheses are linear.

A set of self-solubilizLng, unsupported linear
oligopeptides or nixture seti i.€. r a complex mixture of
oligopeptides prepared by a before-discussed process and

severed or cleaved from the solid support, is also
contemplated. such a set consists essentially of a

mixture of equirnolar amounts of linear oligopeptide
chains that contain the sane number of amino acid
residues in each oligopeptide chain. Each menber of a

set contains one or more single, predetemj-ned amino

acid residues at one or more predetertined positions of
the oligopeptide chain and equimolar amounts of.at least
three, preferably at least six and more preferably about

(L'>'
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15 to about 20, different amino acid residues at one or

more other positions of the oligopeptide chain'
A PluratitY or set of sets of mixed

unsupported linear oligopeptides as above is also

conternplated. Each set of the plurality is the same

(has the same sequence of equinolar amounts of a

plurality of residues at one or more predetemined

positions in this chain) except that the one or more

single predetermined anino acid residue at a

predetermined chain position within a set is different
as between the PluralitY of sets.

A composition conprising a set of the before-

defined self-sotubilizing unsupported linear
oligopeptide mixtures at a concentration of about one

nilligram per,titer (ng/L) to about LoO g/L dissolved in
an aqueous nedium is also conternplated' {hat aqueous

mediurn can be distilled or deionized water, a buffer
solution, a growth rnediun for bacteria or other cells,
or the like. In a particularly preferred ernbodiment,

the aqueous medium is a celL growth rnediurn that contains

cells whose growth is to be assayed in the presence of

the set of rnixed self-soLubilizing unsupported Iinear
oligopeptides.

Another aspect of this invention constitutes
an assay for binding of a set of nixed unsupported

Iinear oligopeptides with an appropriate acceptor' A

conternplated 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 vivor ds is appropriate'
In this method, a before-described conposition of an

aqueous medirrm containing a set of unsupported linear
oligopeptides as ligands or donors is contacted with
acceptor molecules whose binding is to be assayed to
for.m a binding reaction mixture. That mixture is35
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maintained for a time period and under conditions for
the acceptor to bind to an oligopeptide of the mixture,
and the relative binding amount is deter^mined.

In preferred practicer ED above assay is
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
determination of which specific, identical amino acid
residue at a predetermined position in the chain is best
(or better) bound by the acceptor.

Relative binding amounts can be ascertained
where an antibody or cel,l.ular receptor is used by

usually used assay techniques such as competition ELISA

or by relative amounts of radioactive dec?y of a bound

oligopeptide where the nixed oligopeptides are
radiolabeled, by use of fluorescently or
chromophorically labeled oligopeptides or the like.
Where whole, living cells or viruses are used as the
acceptor, grovth of the cells or inhibition of such
growth can be used as the assay technique.

Yet another aspect of this invention is an

antibiot,ic oligopeptide that includes the sequence

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

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

Xaa is any of the twenty natural amino acid residues
other than aspartic acid, glutarnic acid and glycine.
Most preferred is the oligopeptide of the fornula
Ac-Arg-Arg-Trp-Trp-cys-Arg-NH, (SEQ ID NO:5) . Other
preferred oligopeptides include those having.the 5-mer

sequences shown, below:
35
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Phe-Arg-Trp-Trp-His-Xaa (SEQ ID No: 11) ;

Arg-Ar9-Trp-Trp-Met-Xaa (sEQ rD NO zL2l ;

Arg-Ar9-Trp-Trp-Cfrs-Xaa (SEQ ID NO:13); and

Arg-Ar9-TrP-Trp-Arg-Xaa (SEQ ID NO: 14)

wherein Xaa is another amino acid resi'due'

Brief DescriPtion of the Drawings

In the drawings forning a portion of this
disclosure;

ss 10

QX

,^ Fiqure f- is a schematic flow chart in

=n"S*otjlrJ$?r".ins a process of rhis invenrion

ernbod^rment in wtrich peptide mixtures are forrned

twenty naturally occurring arnino acids'

two
in an

from the

15

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

oligopeptidehavingthesequenceGly-A1a-ser-Pro-Tyr-
Pro-Asn-Leu-Ser-Asn-Gln-Gln-Thr (SEQ ID NO:1) by

monoclonal 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 indicat'es the

residue in the sequence that was deleted for each assay'

Figure 3 is a series 'of six graphs (Figs' 3A-

3F) that illustrate the complete substitution profile of

theantigenicdeterninantofthepollpeptidesEQlDNO:1
when each residue in the 6-mer epitope seqfuence ltas

replaced by one of 20 of the natural amino acid

residues. The ordinate for each graph is the percentage

of binding by nionoclonal antibody 125-10F3 relative to
the 6-rner epit,ope sequence Pro-Tyr-Pro-Asn-Leu-ser (sEQ

IDNO:2).Thetwenty'barsoftheabscissaforeach
graph a:re for each of the twenty amino acid residues'

Listed alphabetica].Ly. Individual letters under each

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

Figure 4, on three slieets, (Figs' 4A-4R) 
'

graphically illustrates the results of a tlpical binding

study in which synthetic conbinatorial library of
N-acetyl C-arnide 6-mer oligopeptides (oligopeptide
mixture sets) were assayed fof'- inhibition of binding of

nAb 125-10F3 to the pollpeptide of SEQ ID NO:l' Here'

the amino-terminal residue was predetermined, as shown'

the next position designated rrotr htas varied separately

with 18 of, the 20 natural amino acid residues, 3s shown

on the bottorn of each graph, with t'he remaining

positions designated rrxtr being equirnolar nixtures of

those same t8 amino acid residues. Horizontal lines
nearthetops,ofthegraphsindicatemAbl25-10F3
binding to polypeptide sEQ ID NO:1. Vertical wavy lj-nes

indicate no result was obtained. Arrows at positions
for y in the mixture beginning Ac-PY (FIG. 4-L) and the
p in the nixture beginning Ab-YP (FIG. 4-R) indicate
that each residue provided best binding to the mAb, and

thus, best binding inhibition in the assay'
trAcrr indicates an N-acetyl group.

Introduction
In the description below, the invention will

be described in the enbodinent in which the oligomers

that are formed are oligopeptides prepared from most or

all of the twenty naturally occurring arnino acids. It
wiLl be understood, however, that the invention can be

used with any nurnber of amino acids, including more or

Iess than twentY.
For instancer one can incLude one or bot'h

isomers of ornithine, norleucine, beta-al'anine,
hydroxyproline, and the D-stereoisomers of the naturally
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occurring twenty amino acids. Consequently, as used in
the specificatlon and cLaims herein, the term ltamino

acidrt will, unless othemise stated, b€ intended to
include not onLy the naturally occurring L-arnino acids
but also their D-stereoisoners and the derivatives
thereof as well as all other amino acids. The phrase
ttamino acid derivativ€rr, rrprotected amino acid
derivativetr or the like is used herein for a protected
amino acid added as a reactant, whereas the phrase
rramino acid residuerr, ttresiduerr or the tike is used

herein for a reacted protected arnino acid that is a

portion of an oligopeptide chain.
Further, the tetms ttPePtiderr and

Itoligopeptidett are considered to be synonlmous (as is
cornmonJ-y recognized) and each term can be used

interchangeably as the context requires. . The word
ttpolypeptiderr is used for chains containing more than
ten amino acid residues. AII oligopeptide and

polypeptide formulas or sequences shown herein are
written from left to right and in the direction from

anino-terminus to carboxy-terminus.
It wilL also be understood that a process

described herein can be used to form oligoners of a

variety of monomeric repeating unit compounds that can

be reacted in equinolar quantities in a manner analogous
to the formation of oligopeptides from anino acids. For

instance, one can form oligosaccharidest
oligonucleotides and the like. However, since there are
effective alternative processes for formation of
oligomeric chains nhere there are a small nurnber of
monomeric compounds (such as the four nucLeotides in DNA

and RNA), and since the present process is uniErely
ef,fective where the nurnber of mononeric compounds is
large (such as the amino acids which make up

oligopeptides), it is evident that this process is most35
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preferably applicable to the for"mation of oligopeptides
from amino acids. An oligoner is defined herein to
cont,ain from two to about ten reacted nononeric
repeating unit conpounds such as nucleotides,
monosaccharides or amino acid residuesr ds is usually
understood in the art.

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

TABLE OF CORRESPONDENCE

Abbreviation

L5

1- Letter
Y

G

F

M

A

s

I
L

T

v
P

K

H

o
E

w

R

D

N

c
x

3-Letter
Tyr
cly
Phe

Met
AIa
Ser
Ile
Leu
Thr
VaI
Pro
Lys
His
GLn

Glu
Trp
Arg
Asp

Asn

cys
Xaa

Amino Acid

tyrosine
glycine
phenylalanine
nethionine
alanine
serine
isoleucine
leucine
threonine
valine
proline
lysine
histidine
gLuiarnine
glutarnic acid
trlptophan
arginine
aspartic acid
asparagine
cysteine
another residue
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In addition to the above, usually used

abbreviations, three other abbreviations are also

frequently used herein
The word rfpredeter:minedrt is used in two

contexts herein, and has a sinilar meaning in each

context.
A rrpredeterminedtt amino acid residue is a

single residue whose identity is l<nown or specifically
defined, e.9., alanine, glycine, tyrosine, etc" ?s

compared to being a mixture of residues' A

'rpredeterrnined position[ in an oligopeptide mixture

chain is a position, fron and including the amino-

ter:minal residue as position 1, occupied by a
predetemined amino acid residue or of a nixture of

residues, and, which position is known and specifically
identified. One or more residues and positions can be

predetermined in an oligopeptide mixture'
Thus, a predetermined amino acid' such as

arginine, dt a predet,ermined posit,ion of an oligopeptide

mixturecanbeatanyofpositionsl"throughlofromand
including the arnino-terminus that is chosen in any given

synthesis.Anoligopeptidenixturecanalsohavemore
than one position occupied by the same or different
predeternined residue or residues, as well as more than

one position occupied by a nixture of the coupled

residues.
The letter trOtr is used to indicate a

predetermined, but unspecified arnino acid residue.

Subscripted letters frOrrr e.9., 01, O?, 03 "' On etc'
indicate a predetermined amino acid residue that is the

same (specified) and at the same position (1, 2' 3 "'
n) among a set of oligopeptide rnixtures or solid
support-coupled oligopeptide mixtures' The use of a

formula cont,aining both one or more subscripted ors and

one or more unsubscripted ots indicates ttrat the
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unsubscripted o is predeter"mined, but unspecified'
whereas the subscripted ors are specified and

predeternined. subscripted numbers need not start at
the anino-terminus for anlt given nixture'

The letter trXr is used to indicate that a

position in an oligopeptide formula occupied by that
Ietter is an equimolar mixture of each of a plurality of

amino acid residues coupLed; i.e., preferably ten or

more such residues. Subscripted letters ||Xrr indicate
that equirnolar arnounts of different coupled amino acid

residues may be present, rdhereas"use of unsubscripted

X|s indicates that equirnolar anounts of the same

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

particulate solid support used in the syntheses

described herein.
peptides are one of a nuurber of fundamental

classes of biologically relevant effector molecules.

Acceptor systems for peptides include: antibodies'
enzymes, nembrane-bound and internal cellular receptors'
Biologically irnportant peptides include bradykinin,
oxytocin, p-endorphins, insulin, and the like' Drug

discovery involving peptides invariably requires the

synthesis and testing of hundreds to thousands of

analogs of the original biologically active sequences.

In order to understand a given peptidets structure
activity relationships (sAR), very J.arge nurnbers of
peptide analogs are needed in alt of these areas.

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

the before-described synthesis nethods sorely limited in
the task of screening for optinal peptide antigens,
peptide f.igands for bj.ologically reLevant acceptor
systems, enzyme inhibitors, antimicrobials, and the like
Ii.e., there are 54rOOOrOoO possible six residue
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peptides ipo6), L,28oroo0'ooo possible seven residue

peptides Qo7l, and the lilreJ. Although the synthetic
methods discussed before have greatly facilitated
studies with synthetic peptides, and are available
commercially either on a custom basis or for use in kit
form, they permit only a very snall fraction of possible

oligopeptides (conposed of either natural or unnatural
amino acids) to be PrePared.

The studies underlying the present invention
began with the prernise ttlaS'fsr a synthetic

'I

conbinatorial Iibrary (".pnpf-"f, rnixture set of oligomers)

approach to be generaliv'fti=grtir, the following criteria
would have to be met: 1) mixture sets of oligopeptides
would have to be generated in which aII of the
oligopeptides,pertinent to the study would be present in
equimolar, or approxinately equinolar concentrationsi
2) screening of trr-e defined repertoire (set) of
oligopeptides would be able to be carried out in
solution (i.e.1 not attached to a solid support or as

part of a larger protein); 3) niniroal manipulation of
the oligopeptide(s) nixture set(s) to be studi.ed would

be necessary during their synthesis, characterization
and use; 4) screening would be able to be carried out at
a high enough solution concentrat,ion of the necessary

synthetic peptide librariies so that it would be possible

to reduce the intended very large repertoire of
oligopeptides to a snall ntrnber of selected rrenhancedrl

sequences for further developnent; 5) J.arge nunbers of
peptides would have to be readity prepared in the
necessary quantities as needed (10-1OOs of roilligrans)
with purities as high as existing chenistries permitted

in order to further enhance the activity of initial
sequences selected; and finally, 6) the results
generated fron such a synthetic conbinatorial library
systgrn would have to be readily verifiable in well-

3(
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defined existing acceptor systems such as those found in
antibodies or cellular receptors.

The first two criteria ltere considered to be

the foundation of the present synthetic method and were

deemed important to ensure general applicability to
nornal assay systems without conplicat'ed and/or

expensive equipnent or systems for its inplementation.
Equinolarity is also needed if, as expected, the

activities found would form a hierarchy of activities
and, if for practical consideration, one wished to move

ahead with only the best, or a few of the best, enhanced

selluences initially deterurined.
Thus; the equiurolar anounts of each component

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

expected to ensure the necessary selectivity of the

inleractions of the desired oligopeptide in the mixture

to be used (i.e., the rrneedle in the haystacktt-finding
the correct hexapeptide in the 54rOOOrOO0 possible

conbi,nations of the 20 natural anino acids would be

analogous to finding a single steel needle in 63 ,999 '999
copper needles). As an insight into the extreme

selection criterion involved in such a system, it is
helpful if one considers that a single six-letter word

would have to be readily- found in the presence of
63,ggg tggg other six-Ietter words (63 

'999 '999 
siX-Ietter

words would fill approxirnately 5orooo pages of text of
the size found Ln a usual scientific journal)'

A coqotlary to criterion one is that
anaLytical or other means necessary must be available to
ensure that such an equlnolar, oti close to equirnolar,

mixture actually exists. This could be detemined with
amino aci.d analysis (the average of several analyses

with careful controJ.s) , sequenoe analysis, and'/or mass

spectral anal.Ysis

)
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A different approach was taken, however, which

a priori ensured substantial equinolarity- This
involved the separation and reconbination of
oligopeptide-coupled solid supports. This approach

entaiLs the coupling to cornpletion of each of the
desired protected amino acids (i.e., t-Boc alanine,
etc. ) with 20 equimolar portions of starting
oligopeptide solid support such as a resin. Assurance

that the reactions have all been driven to conpletion
(>99.5 percent for each step) is nade by standard assay

procedures.
The resulting reacted resins are then combined

and thoroughly mixed to form a pool, and foLlowing their
deprotection and neutralization, the resulting pooled

nixture is again divided into a number of.equal
portions. Each of these portions (that contain
equirnolar amounts of the different starting arnino acid
resj.due-coupled resins) is reacted with a single,
predetermined anino acid derivative or is again
separately coupled to cornpletion with each of the
desired protected arnino acid derivatives. Where the 20

natural amino acids are used at each of the two coupling
steps, this yields 20 different dipeptide-coupled resins
for each of the 20 single arnino acid resins (4OO

different dipeptide resins in total). This Process is
then repeated until the desired length of the nixture of
oligopeptide-coupled resinE has been obtained.

This nethod can be used with any nunber or
kind of amino acid without lirnitationr to generate the
exact oligopeptide-coupled resin mixture pool (synthetic
cornbinatorial Library) required. After cleavage of the
oligopeptide mixture from the solid support, amino acid
and sequence analyses can be used to confira the
expected results, but the accuracy of the methods used

to prdpare the resin mixtures as described herein exceed

,1 r:.ill
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those of the analysis systems. ThuE, the exactitude of
physically weighing the resins, nixing them, separating
them, and recornbining them, along with the assurance of
individual amino acid coupling conpletion by ninhydrin,
picric acid or other means, ensures the necessary
equinolarity.

In initial preparations, the acetyl group on

the N-terminal residue of each conPonent of the
conbinatorial resin library was radiolabeled with
tritium to ensure that conplete cleavage of the peptide
from its resin had occurred and that all solution
concentrations were eqqal. Following cleavage of a set
of exemplary mixtures from their resins, each was

extracted until eqgal solution concentrations \rtere

obtained as dgtertined by equal counts per ninute (cprn)

per milliliter (nl).
Using most or all of the twenty natural amino

acidsr dD initial concern was that the more hydrophobic
components of the nixtures would Prove highly insoluble.
This was not found to be the case due to the mutually
self-solvating properties of the different seqfuences in
each mixture set.

Thus, sets of 400 different sets of 5-mer

160,0OO equinolar mixtures can be prepared with about tl
percent accuracy at a concentration of 10 ng/n1 in an

aqueous medium. The final solutions of cleaved
oligopeptides could be used directty in competitive
ELISA or growth inhibition assays as described
hereinafter.

Criterion three was met in that no

manipulation other than extraction and/or lyophilization
was necessary prior to use. Criterion four was met for
nost studies by the ability to work at soLution
concentrations of each mixture nanging from about 1 to
about 100 rng/nI. This permitted the screening of each
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mixture set in assay systens at concentrations which

ensured that a sufficient concentration of every

individual oJ.igopeptide was present in each assay'

For exanple, if the average molecular weight

of a hypothetical N-acetyl C-anide hexapeptide (6-ner)

oligopeptide uixture set is approxinately 785, then a

solution of a mixture set of 160,ooo origopeptides at a

total. finaL concentration of 1000 nglliter (1'O ngrznl)

yields a concentration of each oligopeptide in each

mixture of about 6 1tg/LiEer (about 7.6 nmoles/Liter).
These concentrations, without any consideration of
potential positional redundancy, ensure that a

sufficient concentration of each peptide is present for
normal antigen/antibody interactions, receptorr/lipid
interactionsr, and enzyme/substrate interactions.

criterion five was met by conbining the above

methods with the sinultaneotls rnultiple 
_peptide 

synthesis

(SUPS) approach described before. Hundreds to thousands

of individual peptides can be readily prepared with this
nethod using any of the currently existing chemistries'
A conrbination of synthetic chemistries [ (t-Boc and f-
Moc) pennrits: 1) the removal of aII side chain

protecting groups without cleaving the peptides fron the

resin [Tamrs rrlowrt HF method; Tam et aI., J. An. Chem.

Se.(i*-, 105r 6442;6455 (1983) I and 2) complete, ot
virtually complete, removal of all of the nixtures fron
the resin by a-final hj.gh HF treatment [Houghten et al.,
Intl. J. Peotide Prolein Res., .1€:311-320 (1980) l ' Use

of the SMPS rnethod is not necessary herein, but
facilitates the sltntheses.

Exarnples of the fine napping of the
determinant regions of mAbrs raised against anti-peptide
antibodies described hereinafter are useful here to
illustrate the development of optinaL binding sequences
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for antibodies, thereby illustrating fulfillnent of
criterion six.

A prinary benefit of this invention j-s the

facilitation of the forrnation and identification of
specific biologically active oligopeptide sequences for
pharmaceutical, diagnostic and other uses, particularly
those oligopepti.de sequences that are of particular
efficacy for the therapeutic treatment of target
diseases. once a peptide mixture has been found with
the target biologically activity, this mixture set can

be resynthesized as a set of urixtures each with more

defined sequence positions, and hence less cornplexity

than the original set.
Repeating the assay on this new' set of peptide

nixtures leads to further sequence definition of the
biologically active peptides. synthesis and assay of a.

third set of urixtures with sequences designed from the

assay data obtained from the second set per:nits even

further sequence definition of the biologically
compound. This process can be repeated as necessary

until one or more specific peptide seqluences have been

found for the target biological assay. Consistent with
the above, sets of cornplex mixtures of peptides are

highly useful and valuabl-e tools in any regine intended

to search for new therapeutic peptide drugs or other

applications in which an enpirical search for a compound

would be emPloyed.

The Process
Broadlyr 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 compounds, where,in the nixture pool

contains an equinolar representation (aruount) of the

reacted monomeric repeating unit cornpounds, 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. When that is the case, it least coupling

reactions are carried out in such containers. However,

porous containers need not be used and coupling

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

For siurpLicity of expression and so that each

otherwise sinilar process need not be detailed, the more

generalized synthesis of solid support-coupled oligomer

nixtures will be described without use of the pref,erred

porous cont,ainers, whereas the synthesis of soLid

support-coupled oligopept,ide mixtures will be described

using the preferred porous containers' It is to be

understood, however, that, any tlpe of oligomer nixture
can be prepared using either procedure'

In accordance with this method,

' (.) a plurality of solid supports is
provided, each a solid support conprised of particles
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. Additionally, the solid support is
substantially insoluble in a liquid mediurn used during

the synthesis. 
_ 

The solld 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 mixture. some swel,Iing of the

solid support in s'olvents is preferred'
(b)Apluralityofrigrridrnediaisprovided'

each medium containing a different mononeric repeating

unit-compound frorn a plurality of monomeric repeating
unit compounds frorn which the oLigomers are to be
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formed. Each nixture is synthesized fron at least three

different monomeric repeating units. Preferably, for
oligopeptides at least 6, more preferably at least 10'

and stilL more preferably about 15 to about 20 different
monomers (arnino acid derivatives) are used' cysteine is
often onitted because of its reactivity, and coupling of

nethlonine, trlptophan and histidine can sometimes be

difficult. Those amino acid derivatives' and

particul.arJ,y cysteine and tryptophan, are therefore
often oroitted when mixtures are made' For

oligonucleotides, it is preferred to use the usual four,
plus inosine in some inst,ances ' Any nurnber of
oligosaccharides from three upwards can be used'

Eachofthemonomericrepeating'unitcompounds
has a first reactive functional group that reacts with

the reactive functional group of the solid support and a

seeond reactive functional group that is capable of

reacting during the reaction of the sol,id support

functional group and the first reactive functional
group, but is protected from so reacting by a
selectively removable, covalently linked protecting
group. The second functional group can t'hus be said to

be ternporarily 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-arnino group. 'Il1 this method of synthesis, the

oligopeptide is synthesized from carboxy-terminus to
amino-ter:urinus. The reverse synthetic process can also

be used, but is not preferred because stereochenical

inversion frequentlY results.
Usual selectively severable protecting groups

for s-econd functional groups of such preferred syntheses

are t-Boc and f-Moc. specific selectively severable

protecting groups for other amino acld side chain

functional groups are discussed hereinafter.
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oligonucleotides are tlpically synthesized

from the 3r- to 5r-position, in which case the

5t-hydroxyl group is the second reactive functional
group. Selectively severable 5r-protecting groups such

as methoxytrityl are weII known in the art as are

selectively severable protect,ing groups for the bases

thernselves.
oligosaccharides are typically synthesized

starting with the rrreducingrr end of the oligomer' even

though use of d notl:f€ducing sugar at the starting
position is contenplated also. Thus, a glycosidic bond

is typically for:ned with the functional groups of the

solid support. An acetyl group is typically used as the

selectively s6verable protecting group of,the second

reactive functional group, the latter being a 3-' 4- or

6-hydroxyl- group. Other functionalities, e'g',
hydroxyls, or a saccharide repeating unit can be

protected with trialkyl or alkylaryl silyl groups or

benzyl groupsr ds 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 solid supports is placed in a

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

monomeric repeating unit compound in that respective
nedium to couple that monorneric repeating unit compound

to the solid suPPort.
(d)Eachofthereactionsismaintai.nedfora

tiure period and under conditions sufficient for aL} of
the reactive functional groups of the solid support to

coupLe to the rnonomeric repeatinE unit compound to form

a pLurality of Donomeric repeating unit-coupled solid
supports. Reaction durations and conditions reqtrired

for each coupling differ for each nononeric repeating
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unit. optimal reaction tirnes and conditions are well
known, or can be readily determlned' Reaction rate is
not particularly relevant herein as conpared to
conpleteness of reactions, and the latter can be readily
assayed. Reaction cornpleteness is usually assisted by

use of a large excess sf each of the monomeric repeating

units.
(e) Each nononeric repeating unit-coupled

solid support is removed fron its respective liguid
medium, and eguimolar amounts, usually equal weights' of

each of the monomeric repeating unit-coupled solid
supports are admixed to form a reaction product pool,

wherein equatr,weights of the formed pool contain the

same nurnber of moles of each monomeric repeating unit-
coupled solid suPPort.

The pool fonned in step (e) is thus known to
contain eguiurolar amounts of the mononeric repeating

units utilized to that point. That knowledge of
equirnolarity is to an accuracy deternined to the high

accuracy lirnits of weighing, initial assaying of the

amount of linked functional group present, reaction
compLetion, and the homogeneity of physical adrnixing

utilized.
The above mixture pool is useful in a stepwise

synttresis for preparing a complex nixture of solid
support-coupled oli.gorners wherein one or more positions

of each oligone'r of the mixture contains an equimolar

representation of reacted monomeric 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 prenaralion of an

oligopeptide with or without enclosure in a porous

container. steps (f)-(k) are most frequently used after
steps(a)-(e)withorwithoutenc].osureinaporous
container.

{c
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(f) The reaction product pool is separated
into a number 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 frora the second reactive functional groups of
the pool to.form a reacted sotrid support pool having
free reactive functional groups. This step is
preferabllz carried out after the pool is for-med into
aliguots and those aliquots are re-enclosed when using
the porous containers, but can be carried out prior to
forrning the aliquots and without enclosure.

Thus, using the porous containers, the
blocking or protecting groups of the second reactive
functional group can be selectively removed after the
pool is forrned 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 groups is placed into one of a nurnber of
fiquid uredia, each mediun containing a different
monomeric repeating unit compound from a plurality of
tlonomeric repeating unit conpounds from which the
oligorners are to be formed to forn a reaction nixture,
whereLn each of the monomeric repeating unit conpounds

has a first reagtive functional group that reacts in the
reaction mixture with the free reactLve groups of the
aliquot and a second reactive functional group that is
capable of reacting during the reaction of the free
reactive functional groups of the aliquot, but is
protected from so reacting by a selectively removable,
covalently linked protecting glroup.
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(i)Eachofthereactionsisnaintainedfora
tine period and undef'conditions sufficient for all of
the free reactive functional groups of the aliquots to
react with and couple to the respective monomeric

repeating unit conpounds to form a nunber of solld
support-coupled repeating unit reaction products'

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

equirnolar amounts of each of those reaction products are

adnixed to form a reaction product pool. EEral weights

of the reaction product pool contain the sane nurnber of

moles of each reaetion Product.
(k). Thereafter, steps (f) through (j) are

serially repeated zero or more tirnes until a plurality
of solid support-coupled reaction products having the

desired number of monomeric repeating units is
synthesized.

The resulting complex mixture of oligomers

formed after zero' one or more times contains an

equimolar nixture of the plurality of monomeric

repeating unit cornpounds at every predetemined position
in the chain prepared using steps (a)-(k)' The

equirnoJ.arity is only linited by the aceuracy in driving
the react,ions to conrpletion, which t1pically is 99'5

percent or more, and weighing errors in step (a) and in
separating the substantially homogeneously mixed resins
into aliquots, which ean be done to even greater

accuracy with a nultigram samPle.

Inapreferredforur,anaboveProcessofthis
invention is defined as a process for the synthesis of a

compLex mixture pooL of sotrid support-coupled'anino acid

residues wherein the uixture contains an equinrolar

representation', (annount) of the anino acLd residues

coupled.Asnotedbeforersolidsupport-coupled
oligopeptide nixture syntheses are discussed using the35
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porous containers for sinpLicity 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 comprised of particles linked

to reactive flrnctional groups are providqd' The

functional group of the solid support reacts with each

amino acid to be reacted. ,The solid support par:ticles

are of a size that is l-arger than the pores of the

container so that the individuat solid support particles
are maintained within the porous containers. Both the

container and solid support are substantially insoluble

in and substantialty inert to a liquid medium used

during the synthesis, ds described before
(b)' At least six liquid nedia are provided'

each medium containing a different protected arnino acid

derivative from a pl-uraiity of protected anino acid

derivat,ives fron which the oligopeptides are to be

formed. Each of the protected amino acid derivatives
has 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 from so reaeting by a
selectively removab.le, covalently linked protecting
grouP.

(c) Each of the containers is placed in a

different one of the Liguid nedia and the reactive
functional groups of each solid support in each

container Ls therein reacted with a first reactive
functional group of a protected anino acid derivative in
that respective rnediun to couple that protected amino

acid derivative to the soLid support'
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(d)Eachofthereactionsismaintainedfora
time period and under conditions sufficient for all of
the reactive functionaL groups of the solid support to
c'ouple to the protected amino acid derivative to form at

least six protected amino acid resj.due-coupled solld
supports.

(e) Each protected amino acid residue:coupled
soLid support is removed from its respective container'
Equinol.ar amounts of the protected anino acid residue-

coupled solid supports are adnixed to form a reaction
product pool, wherein equal weights of the forured pool

contain the same number of moles of each protected amino

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

stepwise synthesis of a conplex nixture of solid
support-coupl6d oligopeptides in which each position of
each oLigopeptide of the coupled nixture contains an

equirnolar representation of amino 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 instance-s, it can be desired to first
follow steps (1)-(o), and then if desired, foLlow steps

(f)-(k).
(f) The reaction product pool is separated

into at Ieast six aliquots of equal weight. Each of the

aliquots is enclosed in another porous container.
(g) The protecting groups are selectively

rernoved from the second reactive functional groups of
the pool to form a reacted product poot having free
reactive functional groups. Again, step (g) can precede

step (f).
(h)Eachoftheenclosedaliquotshavingfree.

reactive functional groups is placed into one of at
least six liquid media, each nedium containing a

different protected anino acid derivative from a35
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plurality of protected amino acid derivatives from which

the oLigopeptides are to be formed to for:m a reaction

nixture, wherein each of said protected amino acid

derivatives has a first reactive functional group that

reacts with the free reactive groups of the enclosed

reacted product pool aliquots and a second reactive

functional group that is capable of reacting during the

reaction of the free reactive functional groups of the

pool, but is protected froru so reacting by a selectively
removable, covalently f-inked prot'ecting group'

(i)Eachofthereactionsisnaintainedfora
tirne period and under conditions sufficient for all of

the free reactive functional groups of the enclosed

reactant product pool aliqrrots to couple to the

protected amino acid derivat,i.ve to form a"t least six
solid support-coupled protected anino acid residue

reaction Products.
(j) -Each of the at least six reaction

products forrred in step (i) is rernoved, and equimolar

amounts of each of those reaction products are adnixed

to form a reaction product pool. Equal weights of the

reaction product pool contain the same number of moles

of each reaction Product.
(k) Thereafter, steps (f) through (j) are

serially repeated zero or more 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 nixture of solid support-coupled

oligomers such as oligopeptides is useful in itself.
For examPle, batches of dipeptide (2-ner) or longer

coupled oligopeptides can be sold for others to utilize
in syntheses and assays as described herein'

. In another enbodiment, one or more sPegific,
predetermined mononeric repeating unit compounds is
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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 predetermined nonomeric

repeating unit compound contains the equimolar nixture
of reacted monomeric repeating unit conpounds.

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

renembering that enclosure of the solid support is
preferred, but not reguired,

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

from its respective liquid medium, and container where

appropriate. Equimolar anounts of protected anino acid
derivative-coupled solid supports are adrnixed to for"m a

further reaction product pool, wherein egual weights of
the reaction product pool contain the same nurnber of
moles of each reaction product

(ro) An aliErot of the pool fotmed in step
(1), typically all or a majority of the pool, is
enclosed in a further porous container.

(n) The protecting groups are selectively
removed from the second reactive functional groups to
form a reacted solid support pool having free reactive
functional groups. Deprotection can again precede

enclosure (when used) of the aliquot, and step (m) is
omitted where a porous container is not used.

(o) The pool, aliquot (enclosed or not) having
free second reaetive functional groups is placed into a

single f.iguid mediun that contains a single,
predetemined protect,ed anino acid derivative to form a
reaction mixture in which the free reactive functional
groups and single protected amino acid derivative react,
the Eingle protected anino acid derivative having a

first reactive functional group that reacts with -the

free reactive groups of the pool aliquot, and a second
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reaetive fr.lnctional group that is capable of re4cting
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 mixture is maintained for a

tirne period and under conditions sufficient for all of

the free reactive functional groups of the pool aLiquot

to couple with the single protected amino acid
derivative and fonrr a solid support-coupled oLigopeptide

mixture having a single, predetermined amino acid

residue in the same position in the oligopeptide chain.

After completion of step (P), one or more

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

be added, if desired. In addition, each bf tfre

monomeric repeating unit'conpounds can be separately

added and the resul,ting reaction products pooled as

discussed before to form a complex mixtur:e of solid
support-coupLed oligoner reaction products that contains

equinolar amounts of each monomeric repeating unit
cornpound, on either side of the single predeterrnined

monomeric repeating unit compound. It is to be

understood that the presence of equiurolar amounts of
each monomeric repeating unit cornpound or a single,
predetermined monomeric repeating unit compound can be

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

Usinganoligopeptideasexemptary,aconplex
nixture is provided by foll,owing steps (a)-(e) that can

be represented by the formula X-8, wherein X represents

the equinolar mixture of reacted anino acid residues,

and B is the solid support. where steps (f)-(k) are

followed, and the nurnber of repeats of steps (f)-(j)
carried out in step (k) is zeto, dD oligopeptide
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represented by the fomula xx-B is formed. where steps

(f)-(j) are rePeated once, an oligopeptide represented

by the formula XXX-B is fotmed.
On the other hand, where steps (a)-(e) are

followed by steps (1)-(i), a solid support-linked
(-coupled) reaction product oligopeptide of the formula

ox-B is forimed, wherein x and B are as before, and o is
the single, predetetmined anino acid residue' In this
instance, the product for.med 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)-(i)ranoligopeptidenixtureissynthesized
that corresponds to the fornula XOX-B.

Itisatrsocont,enplatedhereinthatonecan
start with equirnolar amounts of one or more

predetennined amino acids coupled to the solid support.

In this instance, the reactive functional group of the

sotid support is a free second reactive functional group

of an arnino acid residue such as an c-arnino 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-linked solid support

reaction product can be represented by the fotmula
xxo-B. Steps (I)-(p) can then be carried out, of steps

(f)-(j) repeatedr or both in any order as desired'
It is also contenplated that a set of nixed

oligomers such as oligopeptides be produced by following
steps (a)-(e) and then (I)-(p). That procedure forrts 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

many _times as desired to form a coupled reaction'product
such as a mixture pool that includes nixed residues at
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positions L-4, a specified residue at position 5 and a

mixture of residues at Position 6.

Itwillbeapparenttoaworkerski].ledin
this art that several further per:mutations and

cornbinations of the before-described reactions can be

utilized. Consequently, Do further exanples will be

provided here.
the ninimum nurnber of monomeric repeating unit

cornpounds from which an oligomer is formed is three for
an oligonucleotide, oligosaccharide, or an oligopeptide'
as already noted. For an oligopeptide, each of the

twenty naturally occurring L-arnino acids can be used as

can the corresponding D-amino acids and D- and L-forms

of non-natural anino acids such as ornitlline,
norleucine, hydroxyproline and beta-alanine as well as

other Ca-Cc amino acids so that use of about 50

diffeient D- and L-protected amino acid derivatives is
conternpl,ated. oligopeptides and oligopeptide mixture
pools are conternplated that contain all D-anino acid

residues and rnixtures of both D- and L-fonos'
In preferred practicer dD oligomer is coupled

to the solid support by a selectively severable covalent

bond, such as an ester or an anide bond, dD ultinately
produced oligourer mixture set is cleaved (separated or

severed) from the sotid support and recovered'
As not,ed earlier, a conternplated oligomer

contains a chai-n having two to about ten reacted
monomeric repeating units such as amino acid residues or

oligosaccharides. More preferably, an oligomer contains

a chain of about five to about eight reacted monomeric

repeating units, such as amino acid residues' The

exernplary oLigopeptides discussed in detail hereinafter
contain six reacted anino acLd residues, and are.

referred to as 6-mers.
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A Cl-C8 acyl group is usually bonded to the

N-terminus of an oligopeptide used in acceptor binding

assays so that an assayed, cleaved oLigopeptide is free

at the N-terlninus of the positive charge a free anino

group would provide at near neutral pH values' e'g'
about pH 6-8. An acetyl group, d Cz acyl group' is
preferred and is often :referred to herein as trAcrr '
Other Cr-ca acyl groups include for:nyl, propionYl'

butyryl, hexanoyl, benzoyl and octanoyl' A c1;c8 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-hydroxysuccinimidyl benzoate'
A c1-c8 acyl group is usually ad'ded to a solid

support-coupled oligopeptide upon removal of the

selectively renovable blocking (protecting) group from

the seeond reactive functional group, when that second

reactive functional' group is an o-amino group' In
preferred practice, for oligopeptide syntheses' the

second reactive functional group is the N-terminal arnino

group and the selectively renovable protecting group is
a t-Boc or f-Moc groupr 3S noted before'

Where an oligopeptide mixture poot is coupled

to the solid support by an ester group forrred fron the

C-tetminal residue, and a C-ter^rninal 
-anide 

t" U::ired'
the oligopeptide set cElD rbe severed fron the solid
support by arni4plysis using anmonia' CLeavage of an

ester group-bonded oligopeptide fron the solid support

using HF results in a C-terurinal carboxyl group'

cleavage of an arnide-bonded oligopeptide from a

benzhydrylanine resin solid support with HF results in
the fornation of a C-tetminal anide group t-c(o)NH21 '
which also is neutral at near neutral PH valuel'

Apreferredenbodimentoftheinventionusing
porous containers to hold the solid support particles is
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summarized schematically and exemplified in Figrure 1 of

the drawings. A soLid support comprised of a particle
such as a resin linked to reactive functional groups 50

is distributed to a plurality of first Porous containers

shown in the row desi.gned 52 in equal portions of moles

of functional group or equal weight portions when a

single honogeneous functional group-linked solid support

is used. Preferred porous containers are mesh bags or

packets discussed hereinafter.
Forthisexample,itwillbepresumedthat

there are twenty porous containers in row 52, each

labeled 1a-2Oa respectiVely, although all twenty are not

shown for purposes of cLarity, and one need not use all
twenty natural amino acids in any study, or one can use

more than twentll when non-natural amino acids are

included. Each first container in tovr 52 is then

separately placed in a liErid medium containing a single

amino acid derivative with appropriate blocking by a
selectively removable protecting group and one free'
reactive functional group, e.9. a carboxyl grouP' Each

rnediun contains a different amino acid derivative, so

that each container is reacted with a different
protect,ed amino acid derivative, as indicated at row 54.

Each protected anino acid derivative is then reactively
coupled to its respective resin, with all reactions

being uraintained under conditions and for a tirne period

suffieient for the reaction to 9o to completion, so that
at the end of the reactions, each first container 1a-20a

holds a support resin optinaLly loaded and coutpletely

reacted with a related single amino acid derivative.
Thecouprlngcornpletioncanbedetetninedby

standard means such as Gisents picric acid procedure

[Gisen, Anal. Ghe4. Agta. , .S.s 248-249 (L972r l , tJebl I s

bronophenyL blue procedure [Krchn6k et aI., col]. Czech.

chem. commun., 5.3,:2542 (1988) I or by the quantitative
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ninhydrin: test [Savin et a1., Anal. Biochem. , LL'L1L47-

L57 (1981) I after reuoving a small amount of resin fron
each container. Given the relatively large anount of
resin (solid support) used in these reactions, €'$' 2

severial grams, removal of rnilligram anounts of reaction
product for assays does not affect equinolarity in the

reaction product.
The twenty reacted solid supports, each

containing a single reacted amino acid residue, are then

removed from the first porous containers La-20a and

cornbined in a single vessel 56 (shown in FIG. L-A and

FIG. 1-B for convenience), in wtrich they are thoroughly
mixed to folm a substantially honogeneous mixture in
which the particles of'solid support from each of the

porous containers 1a-20a are substantially equalLy

distributed throughout the vessel to fotm a reaction
product pool in which equal weights of the pool contain
the same number of moLes of each reacted solid support'

This mixture pool is then divided into twenty

(or another desired nuurber) equal weight second aliquots
and one aliquot is placed (enclosed) in each of twenty

second porous eont,ainers labelled 1b-20b shown in row

59, so that each second porous container 1b-2ob now

holds reacted solid support particles with all twenty

first amino acids equall1r represented. After suitable
anino acid unblocking (deprotection), each of these

Eecond porous containers 1b-20b is placed in a separate

liguid mediun, each rnedium again containing only one of
the twenty arnino acids, also appropriateLy blocked, and

containing a free reactive functional group. Further
coupling reactions are run to conpletion in each medium,

so that at the end of the second reaction sequence each

second container 1b-2Qb contains reacted solid support
particles onto which are attached (coupled) twenty 2-mer

chains of amino acidsi i.e., twenty first amino acids35
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each coupled to the single second amino acid of this
second reaction step. Thus, each porous container holds

twenty different 2-mer peptides in essentially equimoLar

quantLties, and the twenty bags in total contain 400

different 2-mer PePtides.
The procedure is repeated (reacted solid

support -remowal, thorough rnixing, unblocking, placement

in twenly new porous containers and reaction of each

oligopeptide-linked solld support in each porous

container in a different nediun with each nedium having

only a single amino acid) as shown by arrow 60 until the

desired number n of steps have been accourplished. At

the end of each step the number of n-mer chain

oligopeptides. in each container is 2On'1, and the total
number of, n-mer oligopeptides in all twenFy containers
is 2On. Serially repeating the steps of separating-
reenclosing, unblocking reaction with another blocked

amino acid derivative, reaction maintenance and pooling

steps provides a conplex nixture of otigopeptides having

the desired number of anino acid residues in length,
with each amino acid.utiLized being present in equal

molar amounts of each residue at each position in the

oligopeptide chain.
.]Thesen-meroligopeptidesarec].eavedfromthe

resin using various nethods such as conventional
hydrogen fluoride/anisole proeeduresi see, Q'$' 1

Houghten et aI., IntI. J. Peotide Protein Res., &.2311-

32O (1e80)
To consider a urethod 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 will be understood

howeverr ds discussed below, that this description is
for exampJ.e only, and that, the process can be suitably
carried out using other oligopeptide formation protocols

10

15

20

25

30

35

 
 
Page 62 of 220



5

53

and chemistry, and is not lirnited only to SMPS-type

protocoLs and chemistry.
Considering then the exemplary embodiment,

twenty separate porous synthesis containers are
prepared, each containing an equal nurnber of noles of
functionalized solid support resin. It is important at
this step, ES in each of the subsequent sUbdivision
steps, that each aliquot contains the sane 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 aliquot
contains an egual weight of solid support. Where

different lots.of functionalized solid support are used,

weights of those different supports used are different
anong the aliQuot, but each aliquot contains an

equimolar amount of functional group. Ttrus, weighings

should be done as accurately as reasonably possible.
The resin in each packet is separately reacted

with a different one of the twenty naturally occurring
amino acids. The coupJ.ing of the first blocked amino

acids to the respective resins is performed with the
carboxyl-t,erminal end of each first amino acid (a first
free reactive functional group) reacting and becoming

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 functl,onal groups) and reactive side
chains of the anino acid blocked.

The coupling reactions are tlpicaLly driven to
conpletion by adding an excess of the blocked amino

acids, and each separate reaction carried out under

optimal conditions. It is recognized that each coupling
reactLon requires different reaction conditions and tine
to provide full cornpletion. Therefore it is understood
that-.some reactions are courpleted before others.' The
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ear}ier-completed reaetions can be allowed to sit while
the other reactions continue to conpletion, olr if the
reaction products night become degraded, they can be

rernoved, from the reaction nedia and maintained under

stabilizing conditions.
After conpletion of the first amino acid

coupling, the resin is removed from each container,
pooled together with the resins fron all of the other
containers and rnixed thoroughly (substantially
homogeneously). The resin rnixture is then separated
into twenty aliquots of equal weight. As noted above'
at this stage, each weighed aliquot contains a mixture
of support resin with an equirnoLar rePresentation of one

of the twenty amino acids coupled to the resin. The

twenty weighed aliquot mixtures are then each placed
into separate porouE second containers. Again each

aliquot is reacted with an excess of a different one of
the trrenty naturally occurring blocked amino acids under
conditions that drive the coupling reaction to
courpletion. The blocked second reactive functional
group, here the c-amino group, can be unblocked before
or after poolingr ot before or after reenclosure in
second contai,ners. Preferably, the protecting group of
the second reactive functional group is rernoved after
the reenclosure step.

In one embodinent, 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 samples shown in the Figrure as representative for
descriptive purposes. Sample la is first reacted with
alanine, and Sanple 2a is first reacted with rnethionine,
and Sample 3a is reacted with threonine, yielding the
initial chains of:
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la) resin-alai
2al resin-roet; and

3a) resin-val.
These three are then mixed, divided' Q'$' 1

into three allquots 4b, 5b and 5b, and separat'ely

reacted respectively with, arginine, serine' and I'ysinet

yielding three nixtures of 2-uer peptide chains as

follows:
1b) resin-ala-arftt resin-met-arg and resin-

val-arg;
2b, resin-ala-lys, resin-uret-lys and resin-

val-lys; and

3b) resin-ala-sert resin-met-ser and resin-
vaI-ser.

The total nunber of different oligopeptides

wilt be seen to be xn, where X represents the nurnber of

different anino acids in the initial pturitity and n is
the number of auino acids in each chain. Thus, with the

twenty naturally ocourring anino acids as the starting
plurality, the process results in" 20n different peptide

seqluences. For exanple, a chain with a length of six

amino acid residues results in zo6 = 64'ooo'ooo

different, oligopeptide sequences'

Mixturesofpeptidescanbesynthesizedwith
mixtures of, at least three to alL, twenty arnino acids or

to include D-amino acids or L-, D- or synmetric anino

acids at all positions in the sequence or'
alternatively, with a fixed, single predetermined amino

acid at one or more positions and mixtures in the

remaining positions in the peptide chain. An examPle of

a nixture of peptides of this Latter sort is the 5-mer

peptide uixture pool havi.ng aLanine in position 1 (o1) I

lysine in position 2 (Oz) and nixtures of residues, X5,6'

atpositions3-6SothateachXnrepresentsanixtureof
arnino acid residues used, yielding a mixture set having
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160rooo different oligopeptides. The first two amino

acids can be synthesized on the resin using prior art
rnethods for single amino acid additions, when

synthesized N-ter:ninal to c-t,erminal, and the remaining

four positions are synthesized using the physical nixing
process descriibed herein.

Sirnilarly, one could have a mixture set in
which a glutamic acid residue occupies position 3 (o3) r

an arginine residue at position 5 (O5) r and mixed

residues at positions L, 2t 4 and 6 (Xp Xz, xo and X5) 
'

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

conbination of the prior art and the present invention
methodologies at different positions in the overall
chain synthesis. However, each position,in any oligomer

chain described herein that contains an equimolar

mixture of the coupled monorneric repeating unit is made

using the pooled physical mixing procedure described

herein.
onceonehascompletedthedesirednumberof

repetitions of the present process (e'g', six) one will
then be able to readily identify the specific final
container in which each particular peptide sequence will
be found. That identification is accomplished by

removing any remaining protecting groups, cleaving the

oligopept,ides, isolating the oligopeptide nixtures and

removing an aliquot having a desired rnixture set of
oligopeptide seqluences.

Sets of such mixtures can then readity be

reacted with a desired acceptor such as a cellular
receptor and then assayed for identj-fication of those

sequences that react most strongly with the receptor.
This assay process can be repeated as many times as

desired with different rnixture sets to insure that all
reasonable candidates for reaction are assayed.

1_5

20

25

30

35

" r-*J>/

 
 
Page 66 of 220



5

\- _.-._---

.,-.---\

-57

Fromtheidentificationoftheoptimumset
sequences for reaction and binding, one can develop

appropriate peptides and peptide derivatives to be used

for the therapeutic treatments of organisn dysfunctions
that involved that receptor as an accePtol' 

-ott".:"tanticipate that a number of pharnaceuticals for the

treatment of human, animal and plant diseases can be

identified and developed in this manner'

These assay procedures are discussed in
greater detail hereinafter.

Thevalueofthernethodofthepresentprocess
lies at least, in part in the fact that, since this
process provides all possible amino acid sequences in
the n-mers in eguirnolar quantities, and since those

sequences are automatically divided into srnall aliquots
of known comt'rosition, it becornes easy for researchers to
quickly and comprehensively react pot'ential peptide

candidates in individuat aliquots with the acceptor
(receptor) of interest and assay those candidates for
the optimum reaction materials. This represents a

marked advance over prior art processes that either
required that vast numbers of peptide candidates be

separately assayed (a difficult, costly, and time-
consuming undertaking) or that one speculate on which

type of amino acid residue sequence rnight be most likely
to workr so that sequences of that type could be

individually constructed (also tine-consuming, and not

necessarily likely to actually produce the optinun

materials) .

In principle a complex nixture pool of
peptides sequences could be synthesized by sirnply adding

a rnixture of the bl0cked derivatives of the twenty

naturally occurring arnino acids to the coupling steps in
the Merrifield peptide synthesis protocol as is
described in WO 88/O}gg].. This procedure adds a mixture
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of amino 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 in a reaction performed in this manner

are different under the same reaction conditions, even

using different initial amounts of blocked amino acid
derivatives, and therefore the ratio of amino acid
residues incorporated is non-unifornr and non-equi'nolar'

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

peptide mixture synthesis could theoretically be

adjust,ed 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 resul-t

in unequal iricorporation of amino acids into the peptide

chain. A mixture of peptides of this soit would have

over-representation of some seqluences and under-

representation of others, thereby complicating the
result of any assay/search process designed with the
premise that all seqluences in the mixture ltere equally
abundant.

Alternatively, a rnixt'ure of pept'ides could

theoret,ically be created by synthesis of each chain

separatel-y. This solution is irnpractical, however, in
that the nurnber of cornbinations of sequences for a given

chain length is twenty raised to the power of the number

of amino acids in the chain (i.e. 2On, where n is ghe

number of amino acid residues in the chain). A 4-mer

sequence of just four amino acid residues would give

rise to 160rOOO different peptides in a nixture if all
twenty naturally occurring arnino acids were present at
each position. sirniLarly, a six amino acid residue
random sequence peptide would have 64'OOO'OOO different
peptide cornbi4ations. Individual syntheses of such

numbers of peptide conbinations would require an35
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extraordinary amount of synthesis tirne, running into
months and perhaPs Years.

Equinolar representation of each individual
sequence in the above described rnixtures formed by the

5 process of this invention is the result of the unique

methodology of this process, that allows synthesis of
oligopeptides wherein a nixture of amino acids can be

reacted at any one position giving an equal yield of
addition of each amino acid residue in the resulting

l-o oligopeptide chain. carrying out coupling reactions
substantially sinuLtaneously for a plurality of samples

also permits the process to be cornpleted in a time
period of days or a few weeks, well within the
reasonable tirne frames of both experirnental and

15 comrnercial synthesis schedules.
The containers used for synthe3es do not

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

20 diisopropylethylamine, and organic solvents such as

acetone, benzene, toluener' xylene, ethyl acetate,
dirnethyl sulfoxide, rnethylene chloride, chloroform,
dimethyl acetamide, N-methyl pyrrolidone' dinethyl
formarnide and the like. Thus, the container is

25 substantially inert to reaction or dissolution with
common laboratory liquids. Suitable containers are

preferablypreparedfrompollrmerizedethylene,propylene
and mixtures thereof- Stainless steel and

polytetrafluonoethylene can also be utilized for the

30 container. A container can be in rigid shaped form such

as closable cylinders or in flexible form such as the

sealable bags used in the SMPS process'
Each container includes a sufficient number of

forarninae, pores or openings to pernit ready entrance

35 and -exit of solvent and solute molecules at the'reaction
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t,emperature, which is typically that of anbient air in a

laboratory. For instance, a container can be prepared

from a woven mesh, in which the forarninae are the

interstices betlreen the woven fiber. other suitably
inactive perforate or porous naterials can also be

ernployed, such as a perforated sheet or a non-woven

fabric sheet material', either having equal or unequal

foraminae. The container material can be substantialLy
comptretely foraninous (e.g., being formed substantialty
entirely fro:n mesh materials) or partially foraminous if
desired. Containers can be el.osed in any suitable
manner, such as by sealing with liquid-tight' lids' heat

sealing, and so forth. Subsequent reopening can be by

lid rernoval, cutting of the sealed container, etc'
Thd foraminae (pores) are of a size that' is

smaller than any of the enclosed reactive particles.
Exenplary polypropylene mesh is available having in
interstices of about 35 to about 100 nicrons. stated
differently, the mesh foraminae are of a size to retain
particles that are retained on a 140-4oo standard sieve

mesh. More preferably, the foraminae are such that
particles retained within the foraminae are those that'

are retained on a 2oo-4oo standard sieve mesh. The

foraminae of the contaj.ners are large enough to permit

draining of alL solvents used during a solid phase

synthesi,s within a time,period of about five minutes,

and nore preferably, within a time period of about three

minutes, the draining tiures being neasured at the

temperature of the origanic reaction'
Exemplaryforaminous(porous)containersare

further described in u.s. Patent No. 4,63L,2L1'. .

A container of a synt'hesis means of this
invention encloses a known quantity of solid phase

synthesis particles comprised of one or more

constituents that includes a covalently linked ieactive

l(t Ir*(
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functional group or a subunit covalently linked to the
particle by a selectively severable bond.

Several solid supports containing covalently
linked reactive functionalities have been described in
the chemical and biochernical literature, and any such

support can be utilized so long as the solid support is
insoluble in water, in the before-mentioned organic
solvents and is substantially chenically inert to t'he

reaction conditions utilized, as discussed before for
the containers. The solid suppont preferably swells in
the solvents utilized during the synthesis due to
physical, rather than chemical processes.

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

Perhaps the most' utilized particles for
oligopeptide'and oligo- and polynucleotide syntheses are
pollnnerized resins. The polymerized resins are
generally in the form of porous beads.

of the resins, the hydrophobic polymerized
styrene cross-linked with divinyl benzene (typically at
about 0.5 to about 2 weight, percent,) resins are the most

often utilized, especially for oligopeptide syntheses.
The resin beads so prepared are further reacted to
provide a known guantity of a benzyl moiety as a portion
of the polyrneri,zed resin. The benzyl rnoiety cont,ains a

reactive functional group through which the subunits of
the sequence to be synthesi.zed may be covalently linked
by a selectively' severable bond. Although the reactive
benzyl moieties are t1pically added after the resin bead

has been synthesized by reaction of a polymerized
styrene moiety, such resins are herein generally
described as polyrnerized styrene cross-Iinked with
divinyl benzene and including a known amount of
polymerized vinyl benzyl moiety.
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The reactive functionality of the benzyl
rnoiety is typically selected from the group consisting
of aminobenzyl and halobenzyl such as chlorobenzyl.
Polymerized,, Ctoss-linked styrene resins containing
chlorobenzyl moieties are sometimes referred to in the
art as chloromethyl styrene resins, while resins
containing aninobenzyl moieties are sometimes referred
to as amino-styrene or aminornethyl-styrene resins.

It' is noted that the subunit/part'icle link
formed between a particle containing aminobenzyl moiety

and a carboxylic acid i.s not readily cleavable under

usual conditions of, synthesis. As a consequence' such

particles are used with sever able linking groups

between the particle and first linked subunit, where a

free subunit reaction product is desired.to be

recovered.
Additional useful resin particles are those

materials referred to by East et al., J. Imnunol.,
L7z5L9-525 (fgeo) as macroreticular resins. Those

resins are said to be prepared frorn cross-Iinked
polystyrene and to include a reactive aminobenzyl
moiety. The described resin part,icles contain pores of
a large enough cross-sect,ion to pennit entry of
antibodies and immunoreaction of those antibodies with
the synthesized oligopeptide. The macroreticular resins
were reported to be obtained from Rohm & Haas under the
trademark designation XE-225A.

Resins containing a known amount of
chlorobenzyl moieties may be purchased from signna

Chernical Co., St. Louis, MO under the trademark names

Merrifieldrs peptide Resin (chloromethylated co-
polystyrene divinylbenzene). Such materials are
typically supptied containing about 0.1 to about 2

rnilliequivalents of chlorine per gram of particle.
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The aminobenzyl group can be prepared from

polynerized styrene cross-Iinked with divinyl benzene by

reaction with tt- (hydroxlmetlry'l) phthalimide under

Friedel-Crafts conditions followed by hydrazinolysis of
the phthaliuride group as is described by Kent et aI"
Israel .f . Chem. , L7-r243-247 (1978). Particles
containing reactive aminobenzyl uroieties are also

commereially available from Pierce cheurical company of
Rockf,ord IL and are reported to contain about o.3 to
about O.Z rnillimoles of aminobenzyl moiety per gram of
particles.

Intermediate linking groups between the

reactive benzyl noiety and the first of a seqrrence of
subunits may also be employed as is the case of the

4-(oxynethyl), phenylacetyl group bonded to an amino

benzyl rnoiety reported by Kent et al', above' Another

rinking group is the 4-(oxyrnet'hyr)phenoxy group bonded

to a benzyl rnoiety as reported by Meienhofer et dI"
Int. J. Peptide Protein Res., .L3.:35-42 (L979) '

The above-described polystyrene-based

particles are frequently used in the synthesis of
oligopeptides in which the carboxyl-tenrninal amino acid

residue (subunit) is bonded through a selectively
severabre covarent bond to the polynerized' reactive
vinyl benzyl moiety of the resin. Benzyl ester bonds

between the polystyrene-based particle and subunit are

stable in the presence of relatively rnild acids, but

sever when treated with strong acids such as

hydrofluoric acid or a rnixture of acetic and hydrobromic

acids. oligropeptide syntheses are t1pically carried out

using rnild acid-sensitive protecting groups on the alpha

amino groups such as N-tert-butoxycarbonyl (t-Boc) or

9-fluorenyhnethyloxycarbonyl (f-Moc), while using other,
strong acid-sensitive protecting groups on reactive side
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chains. The photosensitive nitroveratryloxycarbonyl
(NVOC) anino-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 from the solid support' Hydrogen

fluoride is not an easy material to work with and must

be handled with great care. In addition, since HF

severs both the oligopeptide from the particle and side

chain protecting groups from the oligopeptide, the

severed oligopeptide must be purified fron the side

chain protecting grouPs.
Adisulfide-containinglinkinggroupthatcan

be bonded to a benzylamine of a before-described resin
pariticle may be utilized to alleviate some of the
difficulties encountered in using HF to sever the

oligopeptide reaction product and to remove side chain

protecting groups. A precursor to that linking group is
represented bY the formula:

I-Boc-NHCH,CH'SSCH' ( CHz ) *CO2H

whereint,-Bocislert-butoxycarbonylrandxis
a numeral having the value of zeto or one, such that
when x is zero, the parenthesized cHz group is absent'

The carboxyl group of the linking grouP is
bonded to the amino group of a polymerized vinyl benzyl

rnoiety of a reactive resin-contalning particle using

standard peptiile arnide bond-foruring techniques such as

via the anhlzdride, with dicyclohexylcarbodiirnide or

another carbodiirnide. The t-Boc aroup is thereafter
removed using rnild acid as is well known, the resulting
ammonium salt is neutralized to provide a free prinary
amine and the resulting free prinary amine-containing
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particles are rinsed to remove any excess base-

containing reagent used in the neutralization step.

Thefirstarninoacidsubunitisthereafter
coupled through its carboxylic acid group t'o the free
prirnary amine to forim a particle-linked subunit. The

amino acid residue is linked to the resin through an

arnide bond between the carboxyl group of the amino acid

and the amino group of the disulfide-containing linking
group that is itsetf bonded by an amide bond to the

polymerized vinyl benzyl rnoietll of the resin' The

resulting linking group, written in the direction from

left to right and from the amino acid residue toward the

benzyl moiety, is represented by the formula:
-NHCHzCHzSSCHz ( CHz) XCONH

where x is as before-described'
Thelinkinggroupwithanyarninoacidthatmay

be designated ilztr coupled through its car:boxyl group and

with the particle bonded through it,s polymerized vinyl
benzyl moiety may be written as described above:

Z -NHcH2cHzSscHz ( cHz) *CONH-Part icle'
A particular benefit of using the above-

described linking group is that its arnide and disulfide
bonds are stable to contact with HF and other strong

acids used to selectively remove amino acid side chains'

consequently, such acids can be used to remove the side

chains of the oligopeptide reaction product while that
reaction product, is still linked to the resin particle'
That selective removal permits the removed side chain

protecting groUps t6 be rinsed away from the reaction
product-linked resin particle and thereby provides

easier purification of the oligopeptide reaction
product.

The oligopeptide-linked resin particle is
thereafter contacted with a disulfide bond-breaking

agent to selectively sever the oligopeptide reaction
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product frorn the resin particle. lPhe severed-

oligopeptide reaction product can thereafter be

recovered in relatively pure form using standard

procedures such as extraction of the severed reaction
product/particle mixture fotmed with an aq[ueous

composition containing 5 percent acetic acid' The

extracted cornposit,ion 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. Exemplary reagents

include sodiurn borohydride, 2-mercaptoethanol,
2-mercaptoethylamine, dithiothreitol and

dithioerythritol. Mercaptan-containing carboxylic acids

having two to three carbon atoms and their alkali metal

and ammonium salts are also useful. Those reagents

include thioglycolic acid, thiolactic acid and

3-mercaptopropionic acid. Exemplary salts include
sodium thioglycolate, potassiurn thiotactate, ammoniun

3-mercaptopropionate and (2-hydroxyethyl) ammonium

thioglycoLate
The disulfide-containing t-Boc-protected

Iinking grouP precursor may be prepared by standard

techniques. For example 2-arninoethyl disulfide may be

reacted with two moles of 2-(tert-
butoxycarbonyloxylrnino)-2-PhenYlacetonitrileorN-(tert-
butoxycarbonyloxy) -phthalirnide or a sirnilar reagent to
form bis-tt-t-B6c-2-aroinoethyt 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- nartilfes

has been reported by E. Atherton and co-workers. Those

particles are based upon copollmers of dinethyacrylamide

L0

L5

20

25

30

35

A

lrt' /\_-/ 
1

 
 
Page 76 of 220



5

67

cross-l inked with N, N t -bisacryloylethylenedianine ,

including a known anount of N-tert-but,oxycarbonyl-beta-
alanyl-Nt -acryloylhexamethylenediamine. Several spacer

nolecules are t1pically added via the betl;alanyl group'

followed ther:eafter by the arnino acid residue subunits '
See Atherton et al., J. Am Chem. Soc' , fl-25584-6585
(1e75).

The B-alanyl-containing monomer can be

replaced with an acryloyl sarcosine monomer during
polymerization to form resin beads. The polymerization
is followe,:t by reaction of the beads with
ethylenediamine to form resin particles that contain
prirnary amines as the covalently linked functionality.
See Atherton et aI., Biooraa; Chem., 9.:351-370 (L979')

and Atherton ,et aI. , J. d.S. Perkin I, 538-546 (1981) '
Thepolyacrylarnide-basedresin'particlesare

relatively more hydrophi.Lic than are the polystyrene

resin particles and are usually used with polar parotic
solvents. Exemplary solvents include dimethylformamide,

dimethylacetarnide, N-rnethylpyrotlidone and the like.
The base-sensitive o-amino protecting group

N-9-fluorenylmethyloxycarbonyl can be used in
conjunction with the polymerized dimethylacrylimide-
based resins. see Atherton et al., J.C.S. Perkin I,
538-546 (L98L) and Meienhofer et aI', IntI' J' Peptide

Prqtein Res., !-3.:35-42 (1979).
Asecondgroupofsolidsupportsisbasedon

silica-containing particles such as porous glass beads

and silica gel" For example, Parr and Grohmann, Angew.

chem. Internql. Ed., II, 3L4-315 (L972) reported on the

use of the reaction product of trichloro-t3-(4-
chloromethyl)phenyllpropylsilane and porous glass beads

(sold under the trademark PORASIL E by Waters

Associates, Frarningham, l{A) as solid support for
oligopeptide syntheses. Sirnilarly, a mono ester of
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1r4-dihydroxylurethylbenzene and a silica (sold under the

trademark BIOPAK by Waters Associates) was reported to
be a useful solid support for oligopeptides syntheses by

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

Each of the above solid supports is seen to utilize a

reactive benzyl noiety through which the subunit was

bonded to the Particle.
The third general tlpe of useful solid support

rnay be terrned |tconpositesrr in that they are constituted
by two major ingredients, a resin and another material

that is also substantially inert to the organic

synthesis reaction conditions employed'

one exemplary cornposite described by Scott et

aI, r J. Chrorn. sci, , !2577-59L (L971), utilized glass

particles coated with hydrophobic, polyrnerized'

cross-linked styrene containing reactive chloromethyl

groups. Another exemplary composite was,reported to

contain a core of fluorinated ethylene polymer ont'o 
.

which was grafted linear polystyrene. see Kent et aI.,
above, and van Rietschoten, in Peptides 1-974, Y. Wolman

ed. , l-13-116 ( 1975) .

Sirnilarsolidsupportsarealsoreportedfor
synthesis of oligo- and polynucleotides. For examPle'

Letsinger et dl., J. Am. Chem. Soc' , 87t3526 (1965)

reported on the use of a so-called rrpopcornrr cross-

linked styrene copollqrer; Duckworth et dl', Nucleic

Agids Res, , 9|L69L-L7O6 (198L) reported on the use of
succinylated aminercontaining polydinethylacryl-
anide-based resinsi Protapov et aI" Nucleic Acids Res"

Q:2O4L-2056 (L?7g) reported on the use of a composite

solid support based on a polytetrafluoroethylene core

containing grafted polystyrene; and Matteucci et al.,
J. Am. Chem. soc., Lo3:3185..3190 (L991) reported the use

of macroporous silica gel reacted with
( 3 -arninopropyl ) triethoxys i lane .
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General reviews of useful solid supports
(particles) that include a coval.ently linked reactive
functionality may be found in Atherton et €tl',
Perspectives in Peptide Chernistry, Karger' 101-117

(198L); ArRanath et aI., Chem. Rev. , E-|I83-2L7 (L977) i
and Fridkin, The Peoti4es, Volqne 2, Chaptet 3, Academic

Press, Inc., (L979r, PP. 333-353

Aporiouscontainercanalsobeprovidedthat
encloses a known amount of particl.es having a known

amount of monomeric repeating units linked thereto by

selectively severable covalent bonds. Each of such

repeating units, e.g., arnino acid resj'dues, that is
farthest from (distal to) the particle/repeating unit
link contains a functional group capable of reacting
during the organic synthesis but that is protected from

so reacting by a selectively removable, covalently
linked protecting grouP... ,

Il}ustratively,5l-o.nethoxytrityl-protected
nucleosides linked to particles by 3r-O-succinyl
Iinkages are eommercially available, wherein the

succinyl linking groups are also bonded to (a) 20-60

micron silica particles by (3-amino-propyl)diethoxy
siloxane groupst (b) supports of polymerized styrene

cross-linked with either 1-2 percent divinyl benzene

that include polymerized vinyl aurinobenzyL rnoieties
(also referred to as amino-polystyrene), and (c) L0

percent cross-linked polydinethyl acrylarnide-based

resins that include gl.ycylethylene-diarnino linkages
(also referred to as amino-polydimethyl-acrylanide) .

The nucleosides of such particles also typically include
appropriate protecting groups for the ring substituents
such as N-benzyl and N-isobutyl protecting groups, ds

are well known.
Particle-linked, selectively severable

monomeric repeating units that themselves contain
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protected reactive funct,ional groups are provided in
known amounts linked to the particles by the
manufacturer. For example, protected, nucleoside-
containing particles are available prepared from a resin
similar to the before described succinylated
amino-polystyrene resin and containing 0.1-0'2
nillinoles of nucleoside per gram of particle'

Sinilarly, resin particles of polymerized

styrene cross-linked with divinylbenzene and including a

known amount of polynerized vinylbenzyl moiety that
contain linked amino acid residues having protected
reactive functionalities such as

N-t-butoxycarbonyl-protected c-amj.no (t-Boc-protected)
groups are provided by several suppliers. Each

particulate rnaterial is supplied with a staternent as to
the amount of linked amino acid residue present in t'he

particres ' 
c i nrrant i oir A' :es use ofThis inventioh also contemPlat

individual containers enclosing particles that contain
identical sequences of twO or more reacted monomeric

repeating units (reaction products) that are linked to
functional groups of the particles by one selectively
severable covalent bond per sequence. Such particles
thus contain a reacted monorner that is linked to the
particle; i.e., that is proxinal to the particle, 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 react'ion
product seq[uences linked to the particles contain dista]'
monomers, both'types of particles (e.g., amino acid-
linked) are usuall.y referred to herein as monomer-Iinked

particles, and the monomeric repeating units and

reaction product sequences are usually referred to as

particle-Iinked monomers.
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Support:Coupled Oligopgnti.4e Mixtures
A solid support-coupled conplex mixture pool

of oligopeptides prepared by a before-described
synthesis procedure is also cont'enplated' Such a

mixture consists essentially of pool of solid support

particles coupled by a selectively severable covalent

Uona to linear oligopeptide molecules' Each of the

Iinear oligopeptide rnolecules contains a chain having

the sarne number of amino acid residues' The coupled

oligopeptide mixture has at least one, same,

predeterrnined position of each chain occupied by a
different one of a plurality of amino acid residues so

that the coupled oligopeptide mixture pool contains an

eguimolar amount of each of the plurality of arnino acid

residues at the at least one, same predetermined

position
Because an oligopeptide must contain at least

two anino acid residues, the at least one other position

of the oligopeptide chain can contain a pooled mixture

of residues or can be a single residue. Exernplary

coupled dipeptide mixtures can be exemplified by the

formulas: oX-B, Xo-B and XX-B, using the previous

definitions for X, O and B.

In pref,erred practice, the equimolar amounts

of at least six different amino acid residues are

present at one, two, three, four or five of the same'

predeterurined positions of each 5-mer chain' Those

same, predetermined positions of each chain that are

occupied by oclupied by equiurolar amounts of each

residue utilized are more preferably at terminal
positions of the oligopeptide chains and include the

terminal residue. More preferably still, the tenninal
position selected is the carboxy-terninal position, and

sinceanoligopeptideispreferablystepwisesynthesized
from the carboxy-terminus to the arnino-terminus;
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exemplary still more preferred coupled conplex equinolar

mixtures of oligopeptides can be five, four, three or

two residues in length and contain equinolar residue

mixtures at all five, four, three or two positions'
respectively, from the amino-terminus 9f the 6-mer' An

exernplary coupled dipeptide can also include a
predetetmined residue at position 1 and a mixture at
position 2, and have the formula OtX-l'

Coupled complex mixture pools of oligopeptides

such as those exemplified imnediatety above are

particularly useful for sale to others to carry out a

st,epwise synthesis and assay as described herein'
It is still more pref,erred that a before-

described cotipled rnixture further include one or more

same, single, predeter.mined (specificalli defined) amino

acid residues at one or more same' predetermined

(specifically defined) positions in each oligopeptide
chain. Those one or more same, predetermined amino acid

residues are preferably at an amino-terminal position of
the chaj.n, including the arnino-t,erminal residue.

Thus, keeping the above preference for the

positions having eguinolar anounts of each of a

plurality of amino acid residues in mind, exernplary most

preferred coupled mixtures of 5-mer oligopeptides
include those having positions 1-5 predetermined, and

position 6 as an equimolar mixturei positions L-4

predetermined, and positions 5 and 5 as eqtrimolar

mixtures; positions 1-3 predetermined, and positions 4-6

as mixturesi positions 1 and 2 predetennined, and

positJ-ons 3-6 as equirnolar mixturesi and position 1

predetermined, and positions 2-5 as equimolar mixtures,

with the predeter.mined residues being the same and at
the same relative position in each nixture. These five
complex oligopeptide mixture pools illustrate the

reaction products obtained frorn the above only
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X-containing coupled mixture pools when predetermined,
single residues are coupled at the same positions to
each pool.

Eachofthebefore-describedcoupledmixture
pools of oligopeptides preferably includes the
selectively removable protecting group of the second

react,ive functional group of the last coupled residue.
The presence of that protecting group and any other
protecting groups on arnino aqid residue side chains
helps permit sale of the coupled mixtures with litt'Ie
fear of degradation prior to ultimate use.

Olioopeptide Sets
A before-described complex mixture pool of

solid support-coupled oligopeptides once cleaved or
severed from the solid support is referrgd to herein as

an oligopeptide set, an oligopeptide mixture set, by a
sirnilar phraser oI' more sirnply as a rrsetrr, ds well as

being sometimes referred to herein as a synthetic
conbinatorial tibrary. Being severed from the solid
support, dr oLigopeptide set is unsupported, and because

of its nethod of synthesis, such a set is linear.
An oligopeptide mixture set consists

essentially of a mixture of equirnolar amounts of
oligopeptide chains that contain the same number of
amino acid residues in each chain; i.e., have the same

chain length, preferably 5-10 residues, and more

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

or more singler predeterrnined (specifically defined)
anino acid residues at the same one or more

predetermined (specifical}y defined) positions of the
oligopeptide chain and equinolar amounts of at least six
different amino acid residues, dt one or more

predetermined (specif,ica].Iy def,ined) other positions of
the chain" When more than one predetermined amino acid
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residue is present at more t'han one predetennined

position of the chain, those residues can be the sarne of

different.
When designed for carrying out binding assays

as illustrated hereinafter, a preferred oligopeptide
mixture set contains the one or more predetermined

residues at one or more predetermined positions that
include a chain terminus, most preferably the

N-terminus. A set preferably includes the equimolar

amount of at least six different amino acid residues at

one or more predetermined chain positions' and more

preferably those chain positions are adjacent to one

another. In particularly preferred practice' those

adjacent positionsi are at a terminus of the oligopeptide

chain, and most preferably, that terminus is the

C-terminus. Preferably, the same mixture of residues is
present at each predetermined position'

MorepreferablyrtheN-terminaltworesidues
are single predetermined residues within the set. stilI
morepreferably,theN-terminalthreeresiduesare
predetermined, and most preferably, the N-terminal four

residues are predetermined. Thus, in most preferred

practice for this use, one otr more predetermined chain

positions at the N-terrrinus are occupied by

predetermined residues and one or more chain positions

at the c-terminus are occupied by an equirnolar mixture

of residues.
A most preferred oligopeptide mixture set for

such an assay contains equirnolar amounts of at least si*
different amino acid residues at the carboxy-terrninal L'

2,3,4or5positionsoftheoligopeptidechain(i.e.,
position s 2, ! | 4, 5 and 6 fron the arnino-ter:minus of a

5-rner), dS specifically defined position(s) ' At least

oneotherpositionandpreferab}ymorethanoneother
position of the chain of such a most preferred
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oligopept,ide mixture set is occupied by a single,
predeter.mined amino acid residue whose identity is the

same at an analogous position within the chain for each

set, and those singLe, predeternined anino acid residues

are rnost preferably at an amino-terminal position of the

chain, 'ineluding the amino-terminus of the chain. It is
to be understood that although the identity of each

single, predeterained residue at a given position in the

chain is the same within. each set, each such chain

position can be occupied by the same or a different
residue as between sets.

Exernp1ary oligopeptide equinolar mixture-
containing sets include a dipeptide having one position
predetermined and the other a mixturei a tripeptide
having two positions occupied by predetermined residues

and the other a mixture, or vice versa; ei tetrapeptide
having one predetermined position, e.9' position L, and

three mixture positions; a S-mer whose first position is
defined (predetermined) and whose rernaining positions
are occupied by rnixturesi a s-mer whose first and fourth
positions are defined and whose second, third and fourth
positions are occupied by rnixturesi a 5-mer whose first
two positions are predeternined and whose last four are

occupied by rnixturesi a 7-mer whose first position and

positions 4-7 are mixtures and whose second and third
positions are predeterninedi a 7-mer whose first, third
and fourth positions are predetermined and whose

rernaining positions are mixturesi an 8-mer whose third
and fourth posltions are predetermined and whose

remaining positions are occupied by rnixtures of
residuesi an 8-mer whose first four positions are

predetermined and whose last four n::1tt""s are each

mixturesi a 9-mer whose fourLh and fifth positions are

predeterrnined, and whose rernaining positions are

mixturesi a LO-mer whose positions 3-7 are
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predet,ermined, and whose remaining positions are

occupied by mixturesi a 10-mer whose first position is
predeterrnined, witlr the rernaining positions occupied by

rnixturesi a 10-mer whose positions 7-9 are

predeter:mined, with the remaining positions occupied by

mixtures and the like wlrere each mixture is an equirnolar

mixture of a plurality of coupled amino acid residues

that includes at least three, preferably at least 10'

and more preferably about L5 to about 2O, different
amino acid residues as discussed previously'

As noted earlier, it is preferred to use

oligopeptide chain sequences of about 5 to about 8

residues in length, with 6-mer seqfuences being

particularly preferred herein, especially where an

antibody-binding epitope is sought to be prepared

because six residues is the usual length'of a linear
epitope.

oligopeptide mixture sets that contain two

chain positions of predet,ennined amino acid residues and

four or more positions of equimolar mixtures along the

chain are among those preferred. For 6-rners, thOSe sets

have the configurations of predetennined, single arnino

acid and equimolar mixtures shown below:

PredeterninedPositionsMixturePositions

L5

20

T'?fre$u L12

2r3
3r4
4r5
5r6
1r3
Lr4
1r5
Lr6
2r4
2r5

3-6
L,4-6

Lr2,5t6
1-3r5

L-4
2 ,4-6

2,3,5 t6
2-4 ,6

2-5
Lr3,5 r6
Lr3t4r6

30

35
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2r6
3r5
3r6
4,6

1r3-5
Lr2,4,6
L12,4 r5

1-3r5

l-5

T'7 #C,/tl
1

.,--_--*.****€

4-6
L,5,6
Lt2r6

L-3
3,5,6
2,3,6

3-5
2t5r6
2,3,6

2-3
2t4,6
2,4,5
"1t4r6
L,4 r5
L,2 ,4

L0

Each of those positional configurations defines 400

mixture sets when the twenty natural amino acids are

used. It is preferred that the predetermined residues,

o, be adjacent to each other in the chain'
oligopeptide mixture sets containing three

predetennined Positions along the chain and three or

more equimolar mixture positions are also preferred'
Six-mer sets f,or those pref,erred sets have the

configurations of predeternrined, single amino acid and

mixtures showh below:
PredeterminedPositionsMixturePositions

1--3

2-4
3-5
4-6

Lr2 r4
L,2 t5
Lr2 t6
L,3,4
lr4 ts
L,5,6
1r3r5
L,3,6
2t3rs
213r6
3t5r6
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Each of the above positional configurations defines 8000

oligopeptide mixture sets when the twenty natural amino

acid residues occupy a predetermined position in the35
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chain. It is preferred that the three predetermined
positions be adjacent in the chain.

Hexapeptideoligopeptidemixturesetsofthe
following type are particularly preferred for antibody

or other receptor bindlng studies because of their
retative ease in synthesis. Those mixture sets have

amino-terrninal positions that are occupied by

predeterrnined residues and carboxy-terminal positions
occupied by equirnolar rnixtures of residues, and include
sets having one' two, three, four and five predetermined

positions.
Thusrusingthetwentynaturalaminoacidsas

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

twenty member sets each of which contained 3.2 rnillion
member oligopeptides. A set having the first two

positions occupi.ed by predetermined resi-dues would

include 400 rnernber sets each of which included l-60 
' 
000

member oligopeptides.
The exemplary 400 rnixture set's 6-mer

oligopeptides are particularly useful in binding assays

as a starting group for determining the seguence of a

donor that binds to an acceptor of choice, as is
illustrat6d hereinafter.

Aftercarryingoutbindingstudiesusingthe
above 400 sets, one can deterrnine one or more sets that
exhibit optinal (best) binding. A further group of
twenty sets is then synthesized that includes the

optirnal binding first two residues, twenty single
residues at position 3, and equinolar mixtures at
positions 4-6. A further binding study is carried out

and optinal binding deterrnined for that set. This
procedure is then continued until ttre sequence of an

optirnal binding donor oligopeptide is determined.
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AIso preferred because of their relative ease

of synthesis and the solubility provided by the

c-terminal nixtures are oligopeptide mixture sets 5-l-o

residues in length whose C-terrninal four positions are

occupied by amino acid residue mixtures, and whose

amino-ternrinal positions are occupied by predetennined

residues. Each above set can be prepared from a single
preparation of solid support-coupled 4-mer oligopeptide
nixtures to which one or more predetermined acid

residues is coupled following each acceptor binding
assay.

For example, s'tarting with a batch of support-

coupled 4-mer whose positions are afl equimolar

mixtures, a set of twenty rnixtures can be prepared by

separately coupling each of the twenty natural amino

acids to a separate portion of the batch' After
cleavage, a binding assay is run as with a monoclonal

antibody to determine best binding. Another set of
twenty is then prepared using the same 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 binding is deterrnined. This

process is conti,nued until a precletennined oligopeptide
seqluence of desired length is completed'

For other types of assays, again using 6-mers

as exemplary, it is prieferred to use nixture sets having

a single predetermined residue at th1 same position in
the chain, with the other positions in the oligopeptide
chain being oc|upied by equirnolar amounts of each of the

amino acid derivatives utilized. Exemplary 6-mer sets

are therefore six in number and each set has position L'

2, 3, 4,5 or 6 defined, with the other positions being

occupied by equirnolar mixtures. using one of the twenty

natural amino acids for each predeterurined position
prov-ides twenty mixture sets at each position. 'Inasnuch

ef$Y
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as there are six such sets, a total of L2o sets are

contemplated.
optinal acceptor binding studies can be

carried out for each of the sets that varies at each

position of the oligopeptide chain' Where the above

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

acids at each predetermined position rfort in the chain,

L2o assays are required- The residue, ilotrr of the

twenty present that exhibits optirnal (best) binding at

each position of the chain in those assays defines the

resid.ue at that position of an optimal oligopeptide
donor. The sequence of, an optirnal binding donor is then

determined from the optimal binding results obtained for
each sequence position along the otigope$tiae mixture

set chain.
Itispreferredthatoneorbothternriniofan

olilopeptide rnixture pool set have amide bonds. To that
end, it is preferred that the second reactive functional
group of the last added protected anino acid derivative
be removed while the conplex mixture pool is coupled to

the solid support and that the resulting free reactive

functional group be reacted to form amide bonds on aIl
of the coupled oligopept,ides. A before-described cr-ca

acylgroupsuchasanacetylgroupispreferabllrusedto
form the amide bond at the N-terrninus. An amide bond

can also be forned when a carboxyl group is the second

reactive functional group, or the first react'ive

functional group, 8s discussed previously' Each

oligopeptide mixture set is preferably prepared and used

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

be represented as Ac-sequence-NHt'
It can also be useful for an oligopeptide

mixttrre set to include a labeI. A radioactive }abeL

such as 3H can be used as part of an N-terninal acyl

group such as an acetY1 grouP.35

 
 
Page 90 of 220



.J--i

5

-81 -

other contenplated labels include chromophores

such as the 2,4-dinitrophenyl or A-nitrophenyl groups

and, fluorescent molecules such as a dansyl group that
can be coupled to an N-terminal amino grou! us_ine dansyl

chloride ( 5-dinethylamino-1-naphthalenesulfonyl
chloride) after cleavage of the terminal blocking group'

A 2,4-dinitrophenyl or 4-nitrophenyl grouP can

be coupled to a deprotected ter:minal anine of a solid
support-bound oligopeptide nixture by means of an

appropriate halogen derivative such as a chloro or

fluoro group. The resulting nitrophenyl aniline
derivatives have a yellow to yellowy'orange color that
can be readilY observed.

It is also contemplated that a'photoreactive
label be coupled to an oligopeptide mixture set,
particularly at the N-terminus. Exernplary photoreactive

labels include the 4-azidobenzoyl and 4-azidosalicyl
groups that are present as N-terminal anides prepared by

reaction of the N-hydroxysuccinirnide ester of either
group with the free, N-ter:ninal amino group' Each of
the esters is available from siginra chenical co., st.
Louis, Mo.

It should be apparent from t'he foregoing

discussion that a plurality or set of oligopeptide
mixture sets is also contenplated. Each set of the

plurality has the same sequence of one or more

predetermined amino acid residues at one or nore

predeterrnined positions of the oligopeptide chain and

the same sequence of equinolar amounts of at least six
different amino acid r:esidues at one or more

predeter:nined positions in the oligopeptide chain. The

sets of ol,igopeptide sets differ in that at least one

predetermined residue priesent at a predeternined
position within each set is different between the sets'
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Exemplary sets of sets are the previously

discussed 400 sets (twenty sets of 20 each) whose first
two positions are occupied by one of the twenty

naturally occurring amino acid residues, and the

reraaining positions 3-6 are occupied bY nriltu:es' , """n
member of those 400 sets has two predetermined amino

acids (or and, 02) at one or more predetermined. positions

(theamino.terminalfirsttwopositions)andequimolar
amounts of the at least six different residues at one or

more prede,E,ermined positions (the four carboxy-terrninal

positions) .

Another exemplary 6-rner set of oligopeptide

mixture sets begins olo2o' where each of the subscripted
,rO1-zrri i.€., , ,tOirr and ttOztt, is predetermined and

constant (the same within the set) , o is 'a predeterrnined

residue that can be each of the twenty natural amino

acid residues, and the remaining positions are occupied

by mixtures. Similar sets of sets have the first 3

positions occupied by specific predetermined residues,

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 has the first four
positions defined, the fifth occupied' by an amino acid

residue used, and the sixth position a mixture'
Thusrtheabovesetofsetsiscornprisedof

member sets each of which consists essentially of a

rnixture of equirnolar amounts of linear oligopeptide
chains containing the same number of residues in each

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

length of six amino acid, residues. The nembers of each

set have one to four amino-terrninal positions occupied

by the same, single, predeternined amino acid residue

(the ot, o?, o, etc. positions) and four to one

respective carboxy-terminal positions occupied by

equimolar amounts of at least six different amino acid
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residues utilized (the equimolar mixture positions, x) '

The single position remaining in the nixture set; the

position betlreen those enumerated above, is oceupied by

oneeachoftheaminoacidresiduesutilizedatthat
position

The nurnber of sets within t'he set of sets is

detetminedbythenumberofdifferentaminoacid
residues utilized at the above, single remaining

position.Thusrwherethet'wentynaturallyoccurring
amino acid residues are used, each set would contain 20

members of mixtures. The number of individual
oligopeptides in each mixture of a set is determined by

rnult,iplying the numbers of residues used at each

equirnolar mixture Position'
The previously discussed 120 oligopeptide

mixture sets of 6-mer sets each containing one

predetermined position and five mixture positions are

also contemplated, and illustrate six sets of twenty

oligopeptide mixture sets' Here, again' each set

containsasequencelengthofsixaminoacidresidues.
one position in each set is occupied by one of a

plurality of the predeternined anino acid residues

ut,ilized for that position' The renaining five
positions of each set are occupied by equal molar

amounts of at least six different amino acid residues'

Againr the number of rnenbers of each set is determined

by the number of predeter:mined residues utilized, and

the number of oligopeptides in each mernber set is
determined by rnultiplying the numbers of residues

utilized at each equirnolar nixture position'
The previously discussed nixtures having

eqrrinolar anounts of at least six different amino acid

residuesoccupyingt,hefourcarboxy-terminalpositions
also constitute a set of sets. Here, the sets contain a

Sequencelengthoffivetotenaminoacidresidues.The
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amino-terminal residue'in each set is occupied by each

one of, the predetermined arnino acid residues utilized at
that position (o). The anino acid residue sequence

between the enumerated amino-terninal residue and four
carboxy-terrninal positions, is the same in each set from

a carboxy-terminal direction to an amino-ter:urinal

direction (oo, 05, o, etc. ) . A set containing a seqluence

length of'five amino acid residues has no amino acid
residue seqluence between the enumerated positions, so

that intenrening sequence is sornetimes referired to as

rrwhen present,rr to account for the 5-mer set'
Still further sets of oligopeptide mixture

sets will be apparent to the skilled worker from the
previous discussion and need not be gone into further
here

Compositions and Assavs
A composition that comprises a self-

solubili zlng unsupported oligopeptide mixture set
dissolved in an aqlueous medium at a concentration of
about t nilligram per liter to about, 1-00 grams/liter is
also conternplated. The mixture set consists essentially
of a mixture of equi.rnolar anount's of linear oligopeptide
chains containing the same number of amino acid residues

in each chain. Each member of the set contains one or

more single, pr:edetermined amino acid residues at one or

more predetermined positions of the oligopeptide chain

and equimolar amounts of at least six different anino

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

The aqlueous nediunr used can be extremely

varied and includes tap water, distilled or deionized

$rater, as well as a buffer solution as is used for
antibody binding studies or a cell growth medium as is
useful for bacteria, plant or animal cells, all of which35
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are well known to skilled workers' tl " particularly
preferred ernbodiment, the aqqeous nediun is a cell
growth mediun that also contains cells whose growth in
the presence of a dissolved oligopeptide set is to be

assayed 
I of an oligopeptide mixtureThe concentratio

set in the aqueous mediurn is selected so that the

mixtures of the oligopeptide set are present at
concentrations of about 1.0 pg/nL to about 100 ng/ml, or

when each oligopeptide mixture is made up of L60'000

individual oligopeptidesi i.€., an N-acetyl C-amide

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

mixture is present in a concentration of about L.0

p,g/IL/L6OTOOO = 6.25 pg/mL, to about 10O rnglnl/L60'000 =

625 ng/mL. presuming an average molecular weight of an

N-acetyl C-arnide 6-mer to be 785 gm/rno1e; then at 1'0

pg/ml., the individual hexamers are present at a

concentration of 7.96 pmolar and at L0o ng/rnl the

individual hexamers are present aE 796 nmolar. More

preferably, concentrations of about Loo pg/m1 to about

5O0 pglnl are used. It is to be understood that the

wid.e breadth of concentrations specified above is
intended to take into account the conternplated range of

oligopeptide mixture set,s that can have one to nine

positions predeterrninea- Specific, useful
concentrations are illustrated hereinafter'

Anotheraspectofthepresentinventionisthe
use of a before-described aqueous conposition of a set

of mixed oligopept,ides in a bi'nding assay with an

appropriate acceptor. An oligopeptide mixture set of
such a composition and its individual rnembers can be

tooked at as donor (ligand) in donor:-acceptor binding

complex formation. Exenplary acceptor molecules are

antibody conbining site-containing molecules such as

whole antibodies, F(ab), F(abt)2 and Fv antibody
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portions, solubilized or non-solubilized cell surface

receptor molecules, internal cellular receptors and

viral protein receptors, all but the antibody cornbining

site-containing molecules bei.ng collectively referred to

as rrcellular receptorsrl
In accordance with this aspect of the

invention, a before-deseribed aqueous mediun containi-ng

an oligopeptide nixture set is contacted with acceptor

molecules whose binding is to be assayed to form a

binding reaction mixture. That mixture is maintained

for at tine period and under conditions for the acceptor

to bind to an oligopeptide of the mixture, and the

relative binding amount is determined'
Any'welt known binding assay format can be

used. For exanple, a solid phase assay using a solid
phase-bound antibody binding site and a radiolabeled

oligopept,ide mixture set is conternplated' AIso

contemplated is a competitive binding assay in which a

protein or polypeptide is bound to a solid phase as an

antigen and a monoclonal antibody binding to that
antigen is admixed with an oligopeptide mixture set'
Inhibition of binding of the monoclonal antibody by the

otigopeptide mixture set provides a measure of the

binding between the oligopeptides and monoclonal

antibody.
For a before-discussed chromoPhore- or

fluorescent,-labeled oligopeptide nixture set, contact

between the acceptor and oligopeptide nixture set can be

carried out with the acceptor linked to a solid support

such as sepharose or agarose. The non-binding and

poorer binding mixture sets can be separated from the

solid support-bound acceptor molecules by washing at

increasingly higher salt concentrations until a

pred_etermined concentration is reached that is used to

define a better or best binding oligopeptide mixture.

25

15

20

30

35

-, 
t-)

a> 1'

 
 
Page 96 of 220



5

-87

The choromophoric or fluorescent label can be used to

follow the elution. Using the 2, -dinitrophenyl
chromophore as exemplary, the presence of a yellow to

yello{orange color on the solid support for a given

mixture set after washing indicates an optinal binding

mixture set.
An exemplary assay using a photoreactive label

can be carried out with an enzyne having a known

substrate' Here, the enzyme as accePtor and

photoreactivelabeled-oligopeptideareadmixedandthe
admixture maintained so that binding can occur' The

admixture is then irradiated using sufficient quanta of

liqht at an appropriate wavelength, as are well known'

to cause the ilecornposition of the photoreactive group

such as an azide group and t'he insertion br tne

resulting oligopeptide radical into the enzyne

polypeptide baclclcone. That insertion links the

resurting oligopeptide to the enz)rme and blocks reaction

with the enzymets substrate' Thus, dD assay of enzymic

activity after irradiation provides a determination of

whicholigopeptidemixtureset'boundoptinally'wit'ha
dirninishedactivityindicatingenhancedbinding.

. Cellular receptor molecules are also

particularly contenplated as useful in this assay

system. The cellular receptor whose binding is
contemplatedforassayneednotbeisolated,butcanbe
part of an intact, living cell such as bacterial'
mammalianorptrantce].ls,ofviruses.Whensuchintact,
livingcellsareutilLzed',relativebindingamountscan
bedeterminedbythegrowthorinhibitionofgrowthof
the admixedn assayed cells' The aqueous medium here is

agrowthmedium,knowntopromotegrowthoftheassayed
cel1s.

- Example 3 hereinafter illustrates use'of two

different intact bacterial cells as acceptors in
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exemplary assays. Example 5 describes assays against a
fungus, with assays against another bacterial type being

illustrated in Exanple 6, and a virus in Bxarnple 7. rn

those assays, inhibition of growth of the bacteria or

viral plaques was used as a measure of binding of an

acceptor to several oLigopeptide mixture sets' :o 
most

of the illustrated data illustrate inhibition of growth,

with non-inhibition data generally not shown for
brevity.

Theconcentrationoffreeacceptormolecules
or those present in intact, living cells used for such

binding assays is an assay-effective amount, such as is
norlnally used for such assays, and is wetl 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-aesciiued assay can be carried out in

ViSEo, as is specificaltry illustrated hereinafter, as

wetl as being carried out in vivo. For in vivo assays'

Iiving plants such as tobacco, alfalfa, corn (rnaize),

zinnias and the like are conternplated hosts, whereas

small laboratory mammals such as rats, mice, guinea pigs

and riabbits are contemplated hosts for animal assays'

An oligopeptide mixture set-containing
composition can be adrninist,ered and an oligopeptide
mixture contacted with the acceptors internally or

externally in plants through watering, misting of
foliage, ot injection. For the animals, a composition

can be adrninistered internally, oralty or by injection
such as intraperitoneaLly, subcutaneously or

intrarnuscularly or topicatly as by application to skin

for the contact between donor and acceptor to take

place.

l
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Binding here can be'assessed by retative
growth rate (positive or negative) or by the affect of
the conposition on one or nore tissues, ds through

microscopic examination, by body temperature where

pathogen-infected anirnals are used, and the like as are

well known.
In preferred practice, dr above binding assay

is repeat,ed using an aqueous conposition containing
another member of a set of oligopeptide mixture set's.

cornparison of the relative binding results obt,ained

indicates which sequence(s) of the member sets of sets

provide the best (or better) bindingr. Those binding

study results can then be utilized to prepare a further
set of oligopeptide mixture sets that include the best

(or better) binding seqluences. That further set can be

sirnilarly assayed to identify further best (or bett'er)

binding sequences until one or more sequences that
provide a desired binding result, is identified.

Baseduponresultsoftheabove-described
assays, several oliqopeptides of interest were

identified that exhibited antiuricrobial act'ivity' Those

oligopeptid.es of particular interest that exhibited
antirnicrobial activity include those having the 6-mer

sequences:
Phe-Arg-Trp-Leu-Leu-Xaa (SEQ ID NO:L0)

Phe-Arg-Trp-Trp-His-Xaa (SEQ ID NO: 11) ;

Arg-Arg-Trp-Trp-Met-Xaa (SEQ ID NOzL2l i
Arg-Arg-Trp-Trp-Cys-Xaa (SEQ ID NO:13) t and

Arg-Arg-TrP-Trp-Ar9-Xaa (SEQ ID NO: 14)

whereinXaaisanotheraminoacidresidue.
In preferred practicer dD above oligopeptide

is utilized as an N-acetyl C-anide derivative'
particularly preferred Xaa residues for an oligopeptide
of sEQ ID NO:IO, when used against E. coli are arginine,
lysine, histidine and valine, whereas for use against
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S. aureus, Xaa is preferably phenylalanine, arginine,
tryptophan, cysteine and leucine. Particularly
preferred Xaa residues for SEQ ID NO:11 include
arginine, lysine, trlptophan, phenylanine, histidine and

Ieucine. for.use against E. coli, and leucine,
phenylalanine, arginine, isoleucine, trlptophan and

Iysine for use against S. aureus. Particularly
preferred Xaa residues for SEQ ID NO:12 include all of
the twenty naturally occurring arnino acid residues
except aspartic acid, glutarnine and glutanic acid for
use against E. coli. Particularly preferred Xaa

resj-dues for pEQ ID No:13 include arginine, tryptophan,
valine, tyrosine, lysine, serine, histidine, threonine
and alanine for use against S. aureus, arginine for use

against C. albicans, and alanine, glycine, cysteine,
rnethionine, phenylalanine and lysine against Herpes

Simplex Virus Type 1 (HSV-].). Pariticularly preferred
Xaa residues for SEQ ID No:14 include tyrosine,
cysteine, leucine, isoleucine and alanine for use

against s. aureus and arginine and histidine for use

against C. albicanq.
Heptapeptides (7-rners) including an above

peptide have been found to exhibit enhanced activity.
Thus, for exarnple, peptides of sEQ ID NO:14 where xaa is
phenylalanine, and having an additional residue present

at the amino-te"rminus or carboxy-terminus have been

found to exhibit added activitY.
Thusr dll added amino-terninal tyrosine,

isoleucine, tryptophan, phenylalanine, leucine, cysteine
and arginine have been found useful against S. aureuq,

and an added amino-terminal lysine has provided enhanced

activity against Q. al.bicans. An added carboxy-terminal
tryp€ophan, phenylalanine, leucine, cyst,eine,
isoleucine, tyrosi,ne, valine or arginine residue has

been found to enhance,activity against S. aureus'
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whereas an added arginine or lysine provided enhanced

activity against 9. albicans' For a peptide of sEQ ID

NO:14, where xaa is valine, an added c-terminal arginine

provided enhanced activity against' C' albicqns'
The following examples are i'ntended to

illustrate, but not lirnit, the invention'

Exanple 1: Exemplary Synthesis of a.Set of Mixed
oiG6;ptiai" -rti.tittg Equinolar Arnounts of
inE'tie.irty ttlaturat amino acia nesiaues

Aliquots of five srams (4'65 ln"t:ttl 
:-:--.

p-rnethylbenzhydrylaminehydrochlorideresin(MBHA)were
placed into twenty porous polypropylene bags' These

bagswerepleicedintoacommoncontainerandwashedwith
l.oliterofCH,CI.threetimes(threerniiruteseach
time), tlren again washed three times (three minutes each

time)withl.oliterof5percentDIEA/CH2C12(DIEA=di-
isopropylethylarnine). The bags were then rinsed with

CHzcI2 and placed into separate reaction vessels each.

containing50ml(0.561,t)oftherespectivet-Boc-amlno
acid/CHrClr. N-N-Diisopropylcarbodiinide (25 nl i L'L2

M) was added to each container, as a coupling agent'

Asparagine and glutarnine were coupled as their
hydroxybenzotriazole esters in 50/50 (v/vl DI'1F/CHaCI2'

After one hour of vigorous shaking, Gisenrs picric acid

test, [Gisen, AneI. qhe.$?''Acqa, 59:248-249 (L972)) was

performed to determine the completeness of the coupling

reaction. on confirming conpleteness of reaction, all

oftheresinpacketswerethenwashedwithl.5litersof
DMF and washed two more tirnes with 1.5 liters of cH.cI.'.

After rinsing, the resins ltere removed from

theirseparatepacketsandadnixedtogethertoforma
poolinaconmonbag.Theresultingresinmixturewas
then-driedandweighed,dividedagaininto20equal
portions (aliquots), and placed into 20 further
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non reactionpollpropylene bags (enclosed). In a com

vessel the following steps were carried out:

1) deprotection was carried out on the enclosed aliquots

for thirty urinutes with 1.5 I'iters of 55 percent

TFA/CH2CI2' and 2) neutralization was carried out with

three washes of 1.5 liters each of 5 percent

DrEA/CH2C12.

Each bag was placed in a separate solution of

activated, t-Boc-amino acid derivative and the coupling

reaction carried out to cornpletion as before. All
coupling reactions were monitored using the above

quantitative picric acid assay' Next', the bags were

opened and the resulting t-Boc-protected dipept'ide

resins vrere nixed together to form a pool, aliquots were

made frorn the pool, the aliquots were enclosed'

deprotected and further reactions were carried out.

This process can be repeated any number of

times yielding at each step an equirnolar rePresentation

of the desired number of amino acid residues in the

peptide chain. The principal process steps are

conveniently referred to as a divide-couple-recombine
(DCR) sYnthesis.

The side chain protect'ing groups used with

a-amino-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 also utilized for both tlpes of

syntheses.
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Side Chain Protegting Group

N-t-Boc N-f-Moc
Protected Protected

Toluenesulfonylrt Benzenesulfonyl
p-MethoxYbenzYl t-ButYI
O-BenzyI t-ButYl ester
N-in-dinitroPhenYl't TritYI
N-(o-chlorobenzYl- t-Boc

ox1lcarbonYJ.)

O-Benzyl t-ButYl
o-BenzYI t-ButYI
O-(n-bronobenzenYl- t-ButYl

oxy-carbonyl)
O-Benzyl

10

Anino Acid
Derivative

Arginine
Cysteine
Glutarnic acid
Histidine
Lysine

Serine
Threonine
Tyrosine

Aspartic acidL5 t-Buty1 ester

* Arginine and histidine are coupled in_the presence
of-N-hydroxylbenztriazole IHruby et ali, Angew'
chern. lnt. Fd. EngI., -t9.:335-339 (L971) l

For otr igopeptide mixture sets not having an

N-ter-ninal Cr-Ca acyl (e.g. acetyl) group, the fotlowing
procedure was used for side chain deprotection of N-t-
Boc-protected oligopeptide chains. The fully protected

solid support,-coupled, oligopeptide mixtures were treated
with 55 percent trifluoroacetic acid in methylene

chloride prior to the HF treatment to remove the final
t-Boc-protecting group. Then the protected solid
support-coupled oligopeptide rnixtures, in polypropylene

mesh packets [Houghten, Proc. Natl. Acad. Sci" USA,

82:5131-5135 (1985)I were rinsed with alternati.ng washes

of CHrCl. and isopropanol, and dried under reduced

pressure for twentY-four hours-
The low HF step [Tan et aI., J. Am' Chem'

Soc., L9.5:6442-6455 (1983) I was carried out in a two

liter polypropylene reaqtion vessel, using a solution of
60 percent dirnethylsulfide, 25 percent HF, ten percent
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p-cresol and f ive lpercent ethylenedithiol. HF was

condensed at -78oc. Af,ter condensation, the
HF-scavenger solution was carefully transf,erred to the
reaction vessel that, contained the resin-containing
packets. The lolr HF solution was nade to give 5 mls per

0.L mmol of oligopeptide. After the reagents were

added, the reaction vessel was placed in an ice water

bath and shaken for two hours. The low HF solution was

removed and the packets containing the deprotected
peptide resins lrere gui.ckl1r washed with chilled cH2c12.

The cHrcl. wash was repeated nine tirnes (one minute

each) followed by ten alternating washes of isopropanol
and CH.C12. Finally, the resin was washed five times

with DMF, thdn twice more with cH2c12. Deprotected
peptide resin packets were dried under r6duced pressure'

After this process was completed, the unprotected
peptides were ready to he cleaved by anhydrous HF as

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

enclosed, protected solid support-couPl€d oligopeptide
mixtures ltere removed by treatment with twenty percent

piperidine in DMF for ten minutes. Then the resulting
N-deprotected, side chain-protected peptide resins in
polypropylene packets were washed with DMF twice (five
minutes each) followed by two rinses with CH,CI2 (one

minute each) and dri,ed in a vacuum for twenty-four
hours. While porous containers are not utilized, each

solid support-coupled reaction product must still be

maintained separately during reactions.
Thesidechaindeprotectionwascarriedout

a two liter polypropylene reaction vessel, using a

sOlution of 85 percent TFA, 5 percent phenol, 4 percent

thioanisole, 4 percent deionized Hro and 2 percent

etha-nedithiol. The resins were shaken for 3.5 houri: at
room temperature. The reaction solution was removed,
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and the packets containing the completely deprotected
solid support-coupled oligopeptide mixtures were quickly

washed with chitled ether. The ether wash was repeated

nine tiures (one minute each) followed by ten alternatinq
washes of isopropanol and CHrClr. Finally, the solid
support-coupled oligopeptide mixtures were washed five
times with DMF, then twice more with CH'CI.'

Deprotect,ed solid support-coupled oligopeptide mixtures

and their enclosing packets were dried under reduced

pressure. After this process was completed, the

unprotected peptides ltere 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 mixture set, the

final t-Boc or f-Moc protecting group is removed as

abover dD excess of acetic anhydride is added and the

reaction is rnaintained until there are no more free
amino groups present as discussed elsewhere herein. The

above rinsing and drying steps are then carried out,
followed by deprotection and cleavage of the
oligopeptide mixture set from the solid support'

As noted earlier, use of a benzhydrylamine

resin as a solid support and anhydrous HF/anisole for
cleavage of the oligopeptide mixture set provides a

C-terrninal arnido group for the oligopeptide mixture set
produced. use of a benzhydrylalcohol resin solid
support and that cLeavage procedr.lre provides a
C-terrninal carboxylic acid. Use of a bef,ore-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-terrninal mercaptan linking group arnide-bonded to the
oligopeptide chains.
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Identification of an Epit'ope Bound by a
MonoclonAl Antibody

Asyntheticconbinatorialpeptidelibrarywas
prepared as described in Exanple 1 and screened to

deter:mine the abitity of individual nenber sets to

inhibit antipeptide-monoclonal antibody binding to the

pollpeptide by competitive ELISA' The oligopeptide
libraryusedconsistedof400individualsetsof
oligopeptide rnixture sets, six residues in length'

containing an N-ter:ninal acetyl group (Ac) and a

c-terminal amide groups, and in which the two N-terminat

amino acid residue positions were specifically defined

as lndividual predetermined amino acid residues, with

each of the rernaining four positions comprised of a

mixture of 19 arnino acid residues, cyst'eii:."":1"ded'
Using 20 arnino acid derivatives, the spegifically
defined positions Or and O, result in 400 different
oLigopeptide mixture sets, each consisting of

approximatelll L3O,600 (194) equinolar 5-mers'

The 400 oligopeptide sets (synthetic
combinatorial library) were prepared as discussed in
Example L using the DCR synthesis to prepare a single

solid support-coupled oligopeptide reaction product

mixture pool four amino acid residues.in length fron the

L9 amino acid derivatives coupled' That pool was

divided into twenty aliguots and each was reacted wit'h a

separate anino acid residue, follow-ing usual SI{PS

procedures to for:n twenty reaction products having a

single residue., at the N-tetminus and equimol'ar mixtures

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 amino acid derivatives. After reaction, the

N-terminal t-Boc groups ntere removed and the N-terrninal
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residues stere acetylated to forn the 400 N-acetyl 6-mer

solid support-coupled. oligopeptide mixtures. Those

mixtures were cLeaved fron the resin with anhydrous

HFr/anisole to for^m the 400 N-acetyl C-auride oligopeptide
mixture sets utilized in this study.
' A group of 400 rnixture sets such as those
discussed above typically takes about four to six weeks

to prepare b1r a single individual working a usual five-
day worlcweek.

Monoclonal antibody (nAb) L25-10F3 was used in
these studies, which binds specifically to a 13-residue
polypeptide Gly-AIa-Ser-Pro-Tyr-Pro-Asn-Leu-Ser-Asn-Gln-
GIn-Thr (SEQ ID NO:l) lappel et al.' J. rmmunol.,

44tg76-983 (r.990) l. The antigenic deterninant
recognized by the nrAb is Pro-Tyr-Pro-Asn-Leu-Ser (SEQ ID

NO:2), determined previously using individual omission
analogs of the polypeptide as is seen in Figure 2'

Figure 3 illustrates the cornplete substitution
profile of the antigenic deterninant in which each

residue was individually replaced with the twenty other
natural amino acids. The central four residues,
Tyr-Pro-Asn-Leu (SEQ fD NO:3), are the most specific
residues of the polypeptide-nAb interaction. By this it
is meant that very few substitution oligopeptide analogs

are recognized by the mAb being studied. The outer
residues of the antigenic determinant, namely proline
and serine, are relatively redundant positionsi i.e.,
many substitution analogs for these positions are
recognized by the nAb.

The peptide library was screened utilizing a

cornpetitive ELISA system that measured the inhibition id
solut,ion of the binding of the nAb to polypept,ide sEQ ID

No:l adsorbed to an assay plate by each individual
element of the synthetic conbinatorial library. The

oligopeptide mixture sets that significantly inhibited
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the rnAb from binding to the polypeptide were those whose

amino-terminal resi-dues were N-acetyl Pro-Tyr'and

Tyr-Pro (Ac-Pro-Tyri 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 sequences'

The above first oligopeptide set corresponds

to the known first two positions of the antigenic
deter^minant. The above second oligopeptide mixture set

can be rationalized to inhibit because the first
position of the antigenic determinant in the

polypeptide, nanely proline, is a redundant position' ds

discussed before. Thus, the sequence Tyr-Pro

corresponds to the second and third positions of the

antigenic deterninant.
Thei concentration of the inhibiting

oligopeptide sets at which 50 percent of'the mAb was

inhibited in its bindingi to the polypeptide (Ic-50) was

determined. In this manner, one can determine the

relative effectiveness of the rnost effective pept'ide

rnixture from the group of inhibiting peptide mixtures.
TheoligopeptidesethavingAc-Pro-Tyrwit'han

Ic-soof20pMwasclearlythemosteffective
oligopeptide mixture for inhibiting the mAb binding to

the polypeptide, whereas the set having an initial
Ac-Tyr-ProhadanIC-50of200pM.Thosetwobest
binding oligopeptide sets were used to define the third
position.

The oligopeptide sets were synthesized in a

sirnilar manner as described before, but the third
position from the N-terminus, rto||, Itas defined with each

of the 20 natural anino acids resulting in a total of 40

oligopeptide sets (two set,s of twenty sets each) being

studied. These oligopeptide sets were assayed by the

above comPetitive ELISA.
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Three oligopept,ide sets had qrrite effective}y
low inhibiting concentrations. Thus, for the set

beginning Ac-Pro-Tyr, addition of a proli'ne at position

3 dropped the Ic-50 value to 1:6 l,Mr whereas addition of

a glycine about halved the prior value' other residues

at position 3 had IC-50 values about equal to o1 worse

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 Pllll, resPectivelY.
Interestingly, peptide sets whose seqluences

started with Ac-Pro-Tyr and Ac-Tyr-Pro had lower

inhibitinlt concentrations than most of the peptides in
which their third positions were defined. This

substantiates the thought that the most effective 6-mer

peptide(Pro-Tyr-Pro-Asn-Leu-Ser)SEQID"NO:2canbe
rrfound[ by the mAb using the peptide library as a
st,arting point. Those three peptide sets were used to
define the fourth Position.

Peptide sets srere synthesized in which the

N-terrninal four positions were deffned by each of the 20

natural amino acids, resulting in 60 oligopeptide setsi

i.e., three sets of twenty sets' oligopeptide sets were

assayed by competitive ELISA as before to yield two

peptide rnixtures having inhibiting concentrations of
interest. The first starting with Ac-Pro-Tyr-Pro and

havinE an asparagine at position 4, and mixtures at
O '2 1tl4' Thepositions 5 and 5 had an IC-50 value of

second, starting with Ac-Tyr-Pro-Asn, having a leucine

at position 4 and mixtures at positions 5 and 6 had an

IC-50 value of 0.6 PM.

Anotheroligopeptidemixturesetbasedonthe.
starting sequence Ac-Pro-Tyr with the third and fourth
posit,ions defined as above, the fifth posit,ion being

individually varied and the sixth a mixture was,prepared

L5

20

25

30

(*o

35

 
 
Page 109 of 220



5

L0

L5

20

25

30

- 100

and screened as before. The results indicated that only

one nixture had a lower Ic-50 value than did the mixture

with four defined positions. A final set of twenty

5-mer oligopeptide nixtures was prepared and screened in
the above assay using the sequence infor"mation obtained

from the assay. The results of that screening showed

that the peptide Ac-Pro-Tyr-Pro-Asn-Leu-Ser-NHz (SEQ ID

NO:15), having the sequence of the antigenic deterrninant

discussed before, had an IC-50 value of 0'01 pM'

Variance of the C-terninal position was

observed as expected from observed redundancy at the

position occupied by the C-terrninal serine residue.
Furthercontrolstudieswerealsocarriedout

with the oligopeptide mixture sets of this example. In

one control study, the oligopeptide mixture set

beginning Ac-Fro-Tyr used herein, where positions 3-6

were oceupied by equimolar mixture of nineteen residues,

all except cysteine, was assayed in the before-discussed

binding inhibition assay as lras a second oligopeptide
mixture set, of the initial sequence whose positions 3-5

contained equirnolar mixtures were mixtures of eighteen

amino acid residues. The eighteen residues ut,ilized for
those equirnolar mixtures excluded cysteine as before,

and also lacked the residue known to be present in
pollpeptide sEQ ID NO: l- at the same sequence position.
Thus, in the rnixtures, position 3 lacked cysteine and

proline, position 4 lacked cysteine and asparagine'

position 5 lacked cysteine and leucine, and position 6

lacked cysteine and serine.
Theresultsofthesestudieswerethatthe

IC-50 value for the set starting Ac-Pro-Tyr with
positions 3-6 occupied by a mixture of nineteen residues

was 20 1tyl, whereas the IC-50 value for rnixture

containing eighteen residues was greater than L400 pM.

This study illustrates that the presence of two residues35
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in the proper sequence in a 6-mer. mixture, coupled with
the absence of a binding-required residue at the other
positions in the nixture is insufficient to cause

sufficient binding of the 6-ner to the monoclonal
antibody to inhibit binding of the mAb to the
polypeptide antigen at a reasonable concentration'
These results also illustrate that the presence of all
of the residues of the epitoper ds were present in
mixture containing nineteen resj.dues, pernitted ready

binding of the oligopeptide mixture to the mAb acceptor
and inhibition of binding to the antigenic polypeptide.

The studies with the C-anide-terrninated
oligopeptide set starting with Ac-Tyr-Pro were also
completed. Binding inhibition studies with the various
intermediate sets as etas d.one before were also carried
through to the identification of an optiinal binding (and

inhibiting) 5*mer. The results showed that the optinal
sequence was Ac-Tyr-Pro-Asn-Leu-Ser-Asn-NH, (SEQ ID

NO:4) whose Ic'50 value in this study was 0.1-5 plM. That

value can be compared to that of Ac-Pro-Tyr-Pro-Asn-Leu-
Ser-NH, (sEQ. ID No:15) that was found t,o be 0.04 pM in
this study. A sinilar IC-50 value was obtained for the

mixture set having the seqluence of the latter peptide at
positions 1-5, and a mixture at position 6.

The above results show that an oligopeptide
mixture that contained the previously determined five
most irnportant, residues for antibody binding inhibited
binding of the antibody better than did a 6-ner that
contained six iesidues present in the antigenic
polypeptide (Ac-Tyr-Pro-Asn-Leu-Ser-Asn-NHr; SEQ ID

NO:4), of which a four residue sequence was contained in
the oligopeptide mixture. The IC-50 value difference
was about a factor of four between the mixture and the
single peptide of SEQ ID 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 inhibition for the above-discussed

oligopeptides, the above data also illustrate that
further residues in addition to those most important in
the epitope can also be present adjacent to a sequence

that is important to binding. Thus, so long as residues

that inhibit binding such as a plurality of cysteines or

several large hydrophobic residues that cause

insolubility such as tyrosines and tryphophans are

absent, ad,ted residues not needed for binding can also

be present in an oligopeptide or oligopeptide mixture

set.
Thedatahereinalsoillustratevariability

between assays in determining Ic-50 values for a given

oligopept,ide mixture set. For that reason' the starting
sets are typically included with new sets in each new

assay so that each assay is consistent wit'hin itself .

An iterative screening/synthesis procedure

such as is described in this exanple takes about four to
eight weeks for a single individual working a usual

five-day workweek. The length of tine reguired is
dependent upon the nunber of mixture sets moved ahead

for further syntheses, 8s would be expected'

Example 3: Antinicrobial Assays for Cellular
Receptors as AccePtors

A. Antinicrobial assays
Escheriqhia coli (ATcc 25922) was used as

Gram-negative (-) and stqphvlococcus aureus (ATCC 292L31

as Gram-positive (+) bacteria. Bacteria were grown

overnight (about 18 hours) at 37oC in Mueller-Hinton
(MIt) broth. This cuLture was reinoculated and incubated'

at 3ZoC to reach the exponential phase of bacteria
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growth; i.e., a final bacterial suspension containing
about 105 to 5x105 colony-forming units (CFtt) /nL. The

concentration of cells was established by plating 10opt

of dif,ferent dilutions of the culture solution (e.9.,
10-2, 10'5 and 1o'4) onto soLid agar plates- Following an

overnight (about 18 hours) incubation at 37oc, the CFU

thus formed were counted on each agar plate. 
.

96-We11 tissue culture plates were utilized,
with eight wells per plate containing only mediurn as

control blanks, whereas eight other wells contained
medium plus cells as a positive growth control. These

controls were used .to detect possible rnediurn

cont,aminati.on and to provide a measure of uninhibited
growth of the rnicroorganisms.

For initial screening studies, oligopeptide
sets were added to the bacterial suspension to reach a
f inal concentration of 1 rngrlnl' For Mrc ' (rninimum

inhibitory concentrationi i.e., concentration necessary

to inhibit about 100 percent growth of the bacteria) or
IC-50 (concentration necessary to inhibit 50 percent
growth of bacteria), oligopeptide sets were added to the

bacterial suspension at concentrations derived from two-
fold dilutions ranging from 1000 pg/n\ to L.gS pg/mL.

The plates were incubated overnight (about 18

hours) at 37oc, and the optical density (oD) determined
at 620 nm after different times of incubation.

B. Antirnicrobial Activitv of Oliqopeptide--lli;lgres.
L. First Screening

400 Different oligopeptide mixture sets stere

synthesized as N-acetylated and C-amide terrninals, and

assayed against the two bacteria E. coli and S. aureus.

Each oligopept,ide mixture set had a }ength of six
residue peptides (a cornbination of the 20 natural amino

acids) , in which onl,y the first two N-ter':ninal residues
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were predeterlllined (defined) , and the C-terrninal four
positions were occupi.ed by equimolar nixtures of
residues. The peptide mixture sets were used as

obtained after synthesis (i.e., in solution in water, at
a concentration of about 2 mg/ml-, 8s estimated by

radioactivity through the acetyl group).
Several criteria were obsenred in the

selection of seqluences with predetermined N-termini that
were used to define the third position:

1) oligopeptide set's that inhibit about 100

percent growth of the bacteria after
L8-24 hours of incubation, based either
or both on IC-50 or MIC valuesi

2) oligopeptide sets that are specific or
not to one of the bacteria assaYed;

3) , oligopeptide sets that show chemical
differences in the defined position
(i.e., repetition of a particular residue
was avoided);

4) if according to the above criteria, only
a few cornbinations were found useful to
define the next Position, the
oliEopeptide mixture sets that inhibited
100 percent growth or more than 50

percent after t hours of incubation !'tere

also reacted.
It should be understood that other crit'eria

than those discussed above can also be used, such as

predicted water or fat solubility of the ultinate
oligopeptide.

The studies here were carried out in a manner

substantially ident,ical to those discussed in Example 2,

except for the screening ass'ays, which were carried out
as discussed in this example. Thus' 40o N-acetyl
C-arnide mixture sets whose first two positions were
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defined and whose c-ter.rninal four positions were

mixtures were assayed against the microbes. One or more

carried fortrard to define theof the best sets werie then carriecl forwa
third position for each against each microbe. The

fourth, ftfth and sixth positions ttere then also defined
for each microbe.

rnitial inhibitory screening results were

determined for the 400 oligopeptide sets. The data for
inhibition of S. aurgus !'tere sorted by results after 2L

hours, whereas the data for inhibition of E. coli were

sorted by results after t hours.
Thus,accordingtotheabovecriteriaritwas

decided to move ahead with nine oligopeptide mixture
sets by preparing twenty sets of each in which the

N-terrninal three positions were defined (predeternined)
and the C-terminal three positions were mixtures. Those

initial nine sets began with the residueg.:
Ac-Arg-Arg and Ac-Ile-Lys, which were active
against the three bacteria tested;
Ac-Ile-His, Ac-Phe-Arg, Ac-His-His and Ac-His-
Lys which were more active against E' coli and

S. aureus; and

Ac-Phe-His, Ae-Val-Pro and Ac-Val-Arg which

were more sPecific to E. coli.

2. Second Screening
A total of L80 sets of oligopeptide mixture

sets (20 x 9) were synthesized in which the three
N-terninal residues were specificalty defined
(predetermined). These oligopeptide sets were screened

in a manner sirnilar to the initial assay. However, a

Iarge number of nrixtures 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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series, differences in antinicrobial activities were

detemined by calculating the Ic-50 values of these

oligopeptides.
It is noted that representation of the IC-so

data as a series of bar graphs of' I/IC-50 pemits a

somewhat easier evaluation of the data than does use of
a tabular format, particularly where IC-50 values are

similar.
Thus, the four oligopeptide sets beginning as

follows were moved ahead for definition of the fourth
position:

Ac_Arg-Arg-TrpandAc-Phe-Arg.Trpwhichwere
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 sets beginning Ac-Phe-Ar9-Trp,
tryptophan and leucine were the best residues at
position four, and those sets were moved for:ward for
definition of the fifth position. TryPtophan was also
found to be the best fourth position residue for the set
that began Ac-Arg-Arg-Trp, so that the set was moved

forward. Proline was found the best fourth position
residue for the set that began Ac-His-His-Aspr so that
set was moved ahead.

Thus, 8O otigopeptide sets (four of twenty
each) in which the four N-terminal residues were kept

constant within a set and the fifth posit,ion was varied
specifically were thereafter synthesized as described
herein.

The fifth and sixth positions of the sets ttere

then. similarly identified to prepare completed peptides '

for E. coli and S. aureus.
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Several peptides were thereby identified that
inhibit,ed the growth of each of the studied rnicrobes.
The better of those peptidesi i.€., 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-mer, are listed
below along with representative data for each in Tables
L-6, below, in which the 6-mer pept,ides are denominated

by the N-ter:ninal two residues of as a derivative
thereof. The sets are grouped as 6-mers whose first
five positions are the sane.

TABLE 1

Phe-Arg-Containing Six-Mer Peptides
That Inhibit Growth of E. coli

-ff{",W

*--*'$5

1o

L5

20

25

30

PePtide't

FRWLTR
FRWLLK
FRWLLH
FRWLLV

FRWWHR
FRWWHK
FRWWHW
FRWWHF
FRWWHH
T.RWWHL

IC-50
(uqznll

4
5

L7
24

l_3
L5
27
30
31
31

MIC
(uglml)

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
l_8
t9

20
2L
22
23
24
25

* N-ac€tYI C-amide peptides ltere used.

t lnql( TABLE 2

Arg-Arg-Containing Six-Mer Peptides
That Inhibit Growth of E. coli40

9
9

L2

45

Peptide*

RRWWIi{R
RRWWMG
RRWWMI

rc-50
(uglnrl

Mrc
(uglnl)

10-1_6
10-16
L6-32

SEO ID NO:.

26
27
28

lrt
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40

45

RRWm{C
RRWWMK
RRWWI.{L
RRWW}TY
RRWWlnt
RRWWI.{W
RRWWI{S
RRWM{T
RRWWIO'!
RR!{!i:ir!A
RRWWMF
RRW!{!.trr
RRW!{,MN
RRWM{P

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

MIC
(uqlnl)

9-L8
24-48
L2-24
L3-26
L6-3 1

L6-32
3L-62
L6-32
3L-62
3L-62
3]--62

L2
L4
15
15
L5
L5
L7
18
18
18
18
24
25
26

29
30
31
32
33
34
35
36
37
38
39
40
41
42

't N-acetyl C-amide peptides were used'

'20
T {*?or

TABLE 3

Phe-Arg-Containing Six-Mer Peptides
ihat rnhibit erowth of s. aureus

Peptide:t

FRWLLF
FRWLLR
FRWLLI{
FRWLLC
FRWLLL

FRWWHL
FRWWHF
FRWWHR
FRWWHI
FRWWH!{
FRWWHK

rc-50
(uglnll

LL
L3
L4
1-5
18

9.3
16
18
2L
23
30

SEO ID NO:

43
L6
44
45
46

25
23
20
47
22
2L

't N-acetyl C-auride peptides were used'

/ur
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TABTE 4

Arg-Arg-Containing Six-Mer Peptides
That Inhibit Growth of S. aureus

MIC
(uglmr)

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
18-3 6

5

10

Peptide*

RRWWCR
RRWWCW
RRWWCV
RRWWCY
RRWWCK
nnwwcs
RRWWCH
RRWWCT
RRWWCA

RRWWRF
RRWWRC
RRWWRL
RRWWRI
RRWWRA

rc-50
(uctlpll

3.4
, 4.1

4.9
5.4
5.5
5.9
6.2
7.9
8.4

' 5.5
8.2

L2
L2
L4

SEO ID NO:

48
49
50
51
52
53
54
55
55

57
58
59
50
51_

15

20

25

30

35

40

it N-acetyl c-arnide peptides were used '

Using the peptide Ac-Arg-Ar9-Trp-Trp-Ar9-Phe-
NHz (SEQ ID NO:62) as exemplary, two sets of heptameric

peptides were prepared in which a residue was added to
the amino-terminus or the carboxy-terninus. Each of
those sets contained twenty members.

Theabove6-merpeptidehadanlc-50valueof
8.7 1tg/imL and a MIC of 8-16 pg/mL in these studies. As

will be seen from the exemplary data in Table 5 and 6,

below, the IC-50 and MIc values could be lessened by

about one-half using a 7-mer.

d
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TABLE 5

N-Terminal Residue-Added Seven-Mer Peptides
That Inhib.it the Growth of S ' aureus

't-F-+q*"m

'rlil 1(

10

L5

25

30

35

PePtidert

YRRWT{RF
IRRWWRF
WRRWWRF
FRRWWRT
LRRWWRF
CRRWWRF
RRRWWRF

rc-50
(uglmll

4.5
4.7
5.4
5.9
6.1
6.3
I

urc
( ug 'rnl l

4-8
4-8
4-8
8-16
8-16
8-16
8-L6

MIC
l#g'mr)

4-8
4-8
8-16
8-16
8-15
8-16
8-16
8-16

SEO ID NO:

63
64
65
66
67
68
69

'r N-acetyl C-arnide peptides were used'

. TABLE 6

C-Terminal Residue-Added Seven-Mer Peptides
That Inhibit Growth of S'agreus

PePtide't

RRWWRFW
RRWWRFF
RRWWRFL
RRWWRFC
RRWWRFI
RRWWRFY
RRM{RFV
RRWWRFR

rc-50
(&q/nt)

2.5
4.7
5.9
6.2
6.9
7.6
7.9
7.9

SEO ID NO:

70
7L
72
73
74
75
76
77

40
:t N-acetyl C-amide peptides were used'

The datd showed decreasing IC-50 and MIC

4s values against S. aureus fron the starting oligopeptide
rnixture set that started Ac-Arg-Arg through the most

active 6-mer of this group of oligopeptides' Ac-Arg-Arg-

Trp-Trp-Cys-Arg-lrH. (sEQ ID No:5) ' "tt_" 1ecifically'
IC-50 values were 517.1 f,or two identified positions

/tt
( L(
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2L4-5 for three identifi.ed positions, lz.s for four
priedeter:nined positions, L3.4 for five predetermined
positions, and 2.7 pg/mL for the peptide of sEe rD No:S.
MfC values in the same order lrere >500, 5OO, 3L.25,

5 15.63 and 3.906 pg/mL.
' Table 7, below, shows MfC values from a

separate study for seven connerciarly available
antibiotics and the oligopeptide of sEe rD No:5. As can
be seen, the Mrc value for the origopeptide is about

l-0 eight tines greater than the most active antibacterials
of the group and about one-fourth the value for the
least active compound, penicillin G. rn addition, the
molecular weights of all of the antibiotics are within a
factor of four of each other, with the origopeptide

L5 again being between the heaviest and lightest compounds
shotvn.

**-4

{-rit
s s'! *-
L.-- t- TABLE 7

20 Activitv of Antibiotics Acrainst S. aureus

25

Antibiotic
Erythrgmycin
MW=733-

Tetracycline
MW=465

Gentanicin C
MW=909

Neomycin
MW=909

Ac-RRWVICR-NH2
MW=l003
(sEQ rD NO:5)

Anpicillin
MW=3,49

MIC
( uq/ml)

0.5

0.5

0.5

1

3.9

30

35

40
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16

32
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Bacitracin e
MW=l394

PenicilLin G

MI{=334

*Mw = molecular tteight in atomic mass units '

Finally, to evaluate the toxicity of these

oligopeptide sets against another relevant type of
cells, a hemolytic assay of the rnost active oligopeptide
sets with three defined positions was carried out using

human red blood cells- Assays $tere carried out in
95-well culture tissue plates. Four wells per plate
contained L25 1rL of a non-peptide positive control of
the surfactant, Triton X-100 t (poIy)oxyethanol (9) octyl
phenyl ether; 1 percent in deionized waterl, and four
wells per plate contained 115 pI of a cont'rol blank of
phosphate-buffered saline (PBS). The he4olytic peptide

rnelittin was used as comparat,ive control. The cont'rols

served to detect possible cont,amination and to calculate
the percent hemolysis of each peptide.

Human red bl.ood cells (RBCts) r"ere washed with

PBS and centrifuged to separate them from the serum.

The cells are then resuspended in PBS to a final
suspension of 0.5 percent RBC. This suspension (L25 1.t'L)

was added to the peptide nixture and control solutions.
The pLates were incubated at 37oc for one hour and

centrifuged at 28OO rpn for five minutes. The release

of hemoglobin resulting fron the celI lysis was

determined by measuring the oD at 414 nm of 100 pI of
the supernatant.

Atthehighestconcentrationofoligopeptide
mixture sets used for the antimicrobial assay (i.e., a

two-fold dilution of the about 2 mg/m\ st'ock solution) ,

only a few showed a slight hernolysis effect' More
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specifically, the oligopeptide nixture set having three
equimolar nixture positions that began Ac-phe-Arg-phe
exhibited about 15 percent lysis and the related
oligopeptide mixture set that began Ac-phe-Arg-Trp
exhibited about 7 percent lysis at 1.5 rng/nl. All of
the other oligopept,ide mixture set,s assayed exhibited 4

percent lysis or less at L. 5 rng/rnl .
Once all of the positions of a 6- or 7-mer

were defined, some of the individual peptides exhibited
greater henolysis. Exenplary data for HD-50 values of
some of those rnicrobiologically inhibitory peptides is
provided below in Table 8.

T ll{"i,:x'I l, I l_5
TABLE 8

Henolysis by Some Microbiologically
' Inhibitory Peptides

20
Peptide't

FRWLLF
FRWLI,R
FRWLLK

RRWWCW
RRWWCy
RRWWCH
RRWWCK

RRWWRFW
RRWWRFF

IRRWWRF
WRRWWRF
YRRWWRF

HD-50 (sqlnl)

34
L7L
356

L1
50

t28
249

59
106

L42
158
2L9

SEO ID NO:

43
l_6
L7

49
51
54
52

70
7L

64
65
53

25

30

35

+**-?0 * N-acetyl C-anide peptides were used.

Work has also begun using mixture sets
containing all D-amino acid residues. Screening of the
400 sets of N-acetyl C-amide mixtures whose'first two

1(Y
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positions were defined showed that twleve set,s inhibited
F. cpli growth by nore than 80 percent after incubation
for 22 hours at 37oC. The two sets having the lowest
IC-SO values began Ac-D-His-D-Cys and Ac-D-Arg-D-Trp.
The set beginning Ac-D-His-D-Cys was selected for moving
forward as it was more specivic for Gra4 negative
bacteria.

Sirnilar work is undenvay using N-acetyl
C-arnide all D rnixture sets against S. aureus. Here, the
four sets having four mixture positions exhibiting the
Iowest 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 4z Ident,ification of an Epitope Bound by a
MonoclonaL Antibody

This study was carried out in a manner sirnilar
to that dj.scussed in Example 2. The initially screened
oligopeptide mixture set was sirnilar to that used in
Example 1 except that cysteine and. tryptophan were
ornitted from the equimolar mixtures of the undefined
C-terminal four positions (X's) so that each of the
prepared 400 6-mer oligopeptide sets contained a mixture
of about Los,OO0 (184) oligopeptides.

Monoclonal antibody (trtAb) 222-35C8 was used
which binds specifically to the l4-residue control
polypeptide Leu-His-Asn-Asn-Glu-Ala-Gty-Arg-Thr-Thr-Va1-
Phe-Ser-Cys (SEQ fD NO:6) [Appel et al., J. fmmunol.,
L44zg76-983 (1990) l. The antigenic determinant
recognized by the rnAb is Gly-Arg-Thr-Thr-Va1-Phe-Ser
(SEQ ID NO:7), determined previously using individual
omission analogs of the pollpeptide, as was discussed in
Exarnple 2. The sets of 400 oligopeptide mixture sets
were assayed by cornpetitive ELfSA to rneasure the
inhibition by each set of oligopeptide mixtures in

t0
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solution of the binding of the rnAb to the polypeptide

adsorbed on to an assay Plate
Theoligopept,idesetshavingtwoN-terrninal

positions defined and four c-terminal positions as

equimolar nixtures that significantly inhibited t'he nAb

from binding to the polypeptide were found to begin

Ac-Gly-ArgrAc-Arg-GIyrAc-Gln-GIurAc-GIu-IleandAc-
Gln-Val

The most effective oligopeptide mixture set

that began Ac-Gty-Arg could be expected to work since

the sequence GIy-Arg is the same as the first two

positions of the antigenic det,erninant' The assay

result from the effective inhibition by the second

peptide that began Ac-Arg-GIY, can be rationalized if
one considers that the first position in the
polypeptide, namely glycine, is being substituted by the

acetylgroup,inthenixedoligopeptidesrandthatthe
arginine corresponds to the arginine in the second

position of the antigenic detenninant' The other

oligopeptide mixturie sets are also of interest since

they have no correlation with the original sequence.

Furthersetsofoligopept,idemixtureswere
then synthesized based on the above results, in which

the third position was defined for sets beginning

Ac-Gly-Arg, Ac-Arg-GIy and Ac-GIn-GIu'
ForthesetbeginningAc-Gly-Arg,inwhichthe

third position was individually substituted with each of
the 20 amino acids, ten sets that significantly
inhibited nAb 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 position in the control polypeptide can be

replaced by most other amino acids and still retain
antibody recognition; i.e., that posit,ion is redundant."
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Indeed, tyrosine, tryptophan, phenylalanine
and histidine at position 3 exhibited superior binding
inhibition results as compared to threonine at that
position. AII five mixture set,s ltere therefore carried
forward for definition of, the fourth and fifth
positions.

For sets beginning Ac-Arg-GIy, when the third
position is defined, the peptide sets that best
inhibited ,binding of the mAb t,o the plate-bound
polypeptide began Ac-Arg-GIy-IIe, Ac-Ar9-GIy-Thr and

Ac-Arg-GIy-Tyr, with the best starting Ac-Arg-G1y-Thr.
It is thought that the threonine of that seqfuence

corresponds to the threonine at the tenth position of
the control polypeptide-mAb interaction, unlike the
threonine at the ninth position.

ForsetsbeginningAc-GIn-Glurwhenthethird
position is defined, the otrigopeptide rni>iture sets that
inhibited mAb binding began Ac-GIn-GIu-Cys, Ac-GIn-Glu-
Phe, Ac-G1n-Glu-Thr and Ac-G1n-GIu-Tyr, with the set
beginning Ac-GIn-Glu-Phe exhibiting the best inhibition
of binding. Again, these oligopeptide mixture sets are

of interest because they bear no apparent relation to
the irnmunizing peptide.

Continuing the definition for the five sets

beginning Ac-Gly-Arg, threonine was found best at
positi.on 4 and valine best at position 5r ds are present

in the native sequence. For these N-acylated C-amide

mixtures having five defined positions and one mixed

posit,ion, the order of inhibitory binding activity for
sets with the above third position residues was:

tyros ine>tryptophan>phenyl a I an ine>h i st idine>threon ine .

The sixth position residue(s) for each set is (are)

currently being def,ined.
For the set beginning Ac-Ar9-GIy-Thr, valine

at position 4 was most effective, and phenylalanine Itas
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thereafter found best for position 5. The sixth
position is currently being defined.

For the set beglnning Ac-Gln-G1u-Phe,

histidine at position 4 and serine at position 5

provided effective inhibitors. The sixth position f,or

this set is also being detetmined-

Example 5: Antifungal Activity against candida
Albicans

Antifungal studies were carried out candida

albicans ATCC LO231 as the target microbe. The yeast

culture was spread onto YM agar plates and incubated at
3OoC for 48 hours. Three colonies of this culture
(about L mm in diarneter each) were then inoculated in 5

mI of L X PBS solution. The suspension was vortexed and

diluted lo-fold in YM broth, for an approxinate final
concentration of 105 to sxto5 cru (colony forming

units) /ml-.
Actual concentrations of yeast cultures were

det,errnined by plating L00 pl of different solutions of
the culture solution (m'3, 10'4 and 1O'5) onto solid yM

agar plates. After 48 hours of incubation at, 3OoC' CFU

forrned were counted from each plate.
The assays were carried out in 96-well tissue

culture plates. Eight wells containing only medium of
yM broth serrred as negative controls, whereas eight
weLls containing rnediuln and yeast culture serrred as

positive controls. These controls were used to detect
possible mediun contamination and to provide a measure

of uninhibited growth of the yeast. Two antifungal
drugs Arnphotericin I and Nystatin were included in each'

assay for comparative PurPoses.
Forscreeningstudiesroligopeptidemixtures

were added to the yeast suspension in duplicates to
reach a final concentration of 1.5 rng/nl. For MIC
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(rnininun inhibitory concentration, the concentration
necessary to inhibit 100 growth of the yeast) or IC-50

(concentration necessary to inhibit 50 growth of the
yeast) peptides were added to the yeast suspension at
concentrations derived from two-fold dilutions ranging

from 15OO pg/n\ to 3.13 Pq/mL. The plates were

incubated over a peri,od of 48 hours at 30oC, and the

optical density (oD) aE 24 and 48 hours was determined

at 620 nm.
' The two different sets of 400 peptide

mixtures, one composed of L-amino acids and the other of

D-amino acids, were assayed against C' albicans at a

concentration of about 1.5 rng/rnl, as estimated by the

radioactivity contained in the N-acetyt group' These

peptides contained formylated tryptophan and nethionine
sulfoxide rather than the deprotected re3idues.

FortheL-aminoacidlibrary,20mixturesof
the first 400 mixtures of N-acetyl C-arnide, 6-ner

oligopeptide mixtures with four c-terminal positions
occupied by equirnolar mixtures inhibited more than 80

percent growth of the yeast after 48 hours. The lowest

IC-50 values were found for mixtures that began Ac-Thr-

Arg, Ac-Gln-Tyr and Ac-Arg-Met. Those three sets were

moved forward for definition of the remaining positions
of the 6-mer.

Folfowing the procedures discussed in the

previous examples, but using the assay above, several 6-

and 7-mer peptides active against s. aureus were

identified that exhibited l.tIC values in the 30-70 llg/mL

range and/or an IC-50 value of about 35 pg/mL or less

when assayed against c. albicens. Those peptides are

listed below in Table 9.
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TABLE 9

Six- and Seven-Mer l,-Anino Acid Peptides
That Tnhitrit Growt'h of C. albicans

5

L0

15

25

.-.**4e*

IC-50
(ucry'nl)

31.46

27 .6
30.1

50
45
46
rt0

!{rc
(uslnl)

70-L40

30-42
40-80

5O-62
50-62
50-62
45-62

SEO ID NO:

48

78
79

80
77
8l
82

20

Peptide*

RRWWCR

RRWI{IRR
RRWWRTI

RRWWCVR
RRWWRFR
RRWWRFK
KRRWWRT

Cgntfols

Amphotericin B
Nystatin

0.5
1.0

2-4
2-4

30

35

40

:t N-acetyl C-arni.de peptides were used.

Work using a series of sets using N-acetyl
C-ani,de all D-anino acid residues has begun using the
previously discussed general nethod and assay discussed
above. Here, the first screening utilized 400 sets of
mixtures whose first two positions lrere defined and

whose C-terminal four positions were occupied by
eqrrimolar mixtures. Twenty-seven sets that, inhibited
Lo0 percent growth after incubation for 48 hours were
determined. Of those sets, the four sets exhibiting the
Iowest IC-50 values were carried for:ward to define the
third position. Those four sets began: Ac-D-Leu-D-Arg,
Ac-D-Arg-D-Arg, Ac-D-Trp-D-Arg, and Ac-D-Tyr-D-Ar9.

17'
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Example 6:

L20 -

Ant,inicrobial ActivitY Against
Streotococcus Sanguis

Streptococcus qanguis ATCC 10556 [Gran-
positive (+) bacteria present in tooth crevicesl was

grown overnight at 37oC in Brain Heart Infusion (BHI)

broth. This culture was reinoculated and incubated at
3ZoC to reach the exponential phase of bacterial growth;

i.e., a final bacterial suspension containing to5 to
5x105 col.ony-forming units (C3'U) /mL. The concentration
of cells was established by plating 100 pl of different
dilutions of the culture solution (e.g., Lo-2, Lo-3 and

1O-4) onto solid agar plates. Following an overnight
(about J.8 hour) incubation at 37oc, the cFU thus formed

were counted on each agar Plate.
In'96-welltissuecultureplat'esrdscontrol

blanks, eight wells per plate contained only medium,

while as a positive growth control, eight other wells
contained medium plus cells. These controls htere used'

to detect possible medium contamination and to provide a

measure of uninhibited growth of the microorganisms.
For screening studies, peptide mixtures were added to
the bacterial suspension to reach a final concentration
of about L.5 rng/rnl. The plates were incubated overnight
(about 18 hours) at 37oC, and the optical density (OD)

determined at 620 nn after 20 to 24 hours incubation.
The same 400 nixture sets L-amino acids used

in ExampJ-e 5 were screened against S.sanguis. Fourteen

sequences inhibited more than 80 percent of the growth

of the bacteria after 24 hours of incubation at 370c.

The rnixtures 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 bacteria. Definition of the renaining
5-mer positions is under:wa1r.
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Example 7:

;L2L-

Antivirat Activity egainst Herpes Sirnplex
vi rrrs 'ltvbe 1 f I{SV-l}

D- and L-amino acid libraries of peptide
nixtures each containing 400 individual six-residue
peptide mixture sets, with the first two positions
defined and the last four as equirnolar nixtures were

used to begin studies on inhibiting growth of an

exemplary virus. Both libraries were assayed against
Herpes Sirnplex Virus Type 1 (HSV-l).

The screenings utilized a plaque assay in
which 24-well plates containing Vero (rnonkey kidney)
cell monolayers weie overlaid with 4OO 1tg/mL of each

peptide or mixture in M-199v (nediun and newborn calf
serum). The plates were incubat,ed for two hours at
37oc. Each vlell then received 0.1 rnl of HSV-L

suspension at a rnultiplicity of infection (MoI) of 50'

and the plate was again incubated for two hours [a
control well of Vero cells with no peptide and an MOI of
50 showed approxirnately 50 plaques, which represent 50

virus part,icles or plague forrning units (Pruts) l.
Each well was thereafter aspirated and

inrnediately overlaid with 4OO 1tg of peptide or mixture
in DMEM-O (Dulbeco's rnodified Eagle's medium and pooled

human ganma globulin) and incubated for 48 hours. CelI
monolayers were obsernred for toxicity at 24 hours and 46

hours as compared to cell controls. At 48 hours, the
plate wells were aspirated, rinsed, fixed and stained.
Plaque formation, if present, was tallied and recorded.

The PFUrs per well of six controls were

averaged and represent 1OO percent plague formation at
approximately 50 PEUts per well. The average PFttrs per
screened peptide or nixture (duplicate wells)
quantitatively represented percent viral inhibition of
plaque formation or infection. For exarnple, a count of
Lo PFUrs of a screened peptide compared to the qontrol

10
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of 50 PFUrs would represent 20 percent, plaque formation

and 80 percent plaque inhibition.
Of 4OO starting nixture sets, two N-acetyl

c-amide L-peptide mixtures resulted in 100 percent

inhibition with no cell toxicity. Three other L-peptide
urixtures resultedrin 100 percent inhibition with cell
toxicity. Nineteen rnixtures ranged from 79-99 percent

inhibition with no ceII toxicity and three with cell
toxicity. The rernaining peptide mixtures resulted in
little or no viral inhibition. overall, the L-amino

acid library was significantly less active as compared

to the D-amino acid library, discussed hereinafter.
The five peptide mixture sets that resulted in

100 percent inhibition and an additional nine mixtures

chosen by high percent inhibition, relative cel1

toxicityr, an4 other criteria (i.e., small vs' large
plaque forrnation) were titrated at 50, 100, 2OO' 300

pg/mL in dual wells as irer protocol. The six most

active mixture sets with two identified portions found

by titration began, from high activity to low: Ac-Trp-

Trp, Ac-Cys-Cys, Ac-Trp-Cysr. Ac-Trp-Leu, Ac-Trp-Lys, and

Ac-Arg-Trp. Mixture sets beginning Ac-Trp-Trp and Ac-

Cys-Cys showed 65 percent and 40 percent inhibition,
respectively. The peptide mixture beginning Ac-Arg-Trp

exhibit,ed L00 percent inhibition at zoo pg/mI and 8L

percent inhibition at 2oo ttg/m]-. Further studies are

underway to identify each position of the 5-mer

sequences.
Two twenty L-peptide mixtures having five

N-terminal defj-ned positions and twenty predeter^mined

riesidues at position 6 that exhibited both selective
antibacterial and antifungal properties (discussed
previously herein) have also been screened in this
assay. Exemplary results of those assays are shown in
Table 10, below, for those individual 6-mer seqluences
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that exhibited 1-00 percent inhibition at one or five
pg/mj..

firi+'

--3-0

TABLE 10

Herpes Si.mplex virus Plaque Inhibition by
rndiiidual six-uer r,-Pep!'ides

10

L5

20

25

35

Peptide for
100 Percent
Inhibition*

At L uclnl

RRWWCA
RRWWCG
RRWWRR
RRWWRW
RRWWCC
RRWWCM

At 5 ug./nl

RRWWCF
RRWWCK

25 pg/nL
Lo pg/mL
25 pg/n\
25 pg/mL
LO 1.tg/nL
LO ttg/mL

Toxic
Concentration SEo ID No:

56
83
78
84
85
86

Lo pg/mL
Lo pg/ml

87
52

40

rt N-acetYl C-amide peptides were used'

Twenty-six N-acetyl C-arnide all o-peptide

mixtures having positions 1 and 2 defined and positions

3-6 occupied by mixtures resulted in 100 percent

inhibition with no celL toxicity. Fourteen mixtures

resulted in 100 percent inhibition with ceII toxicity'
The remaining peptides ranged from 0-99 percent

inhibition with and without cell toxicity. AlI 40

peptides with 100 percent inhibition were titrated at
50, LOO, 200 and 400 Pg/nL in dual wells as per

protocol.
The peptide rnixtures beginning Ac-D-Leu-D-Arg'

Ac-D-Lys-D-TrprAc-D-Lys-D-CysandAc-D-Cys-D-Argall
resulted in 100 percent viral inhibition at 1001 2oo and

lTLI
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4OO pg/mL. At 50 pg/Tfl]-, these mixtures resul.ted in 67

percent, 46 percent, 60 percent and 56 percent

ittttiUition, respectively. These four mixtures all
showed cell toxicity at 4oo pg/II.:-. Dtixtures beginning

Ac-D-Leu-D-Arg and Ac-D-Cys-D-Arg showed moderate

toxicityat2oopgr/nl'AtalLremainingconcentrations'
no toxicity was evident. These four most active peptide

mixtures are being carried forward for definit'ion of the

remaining positions.

Example 8: fnhibiti.on of binding by. Monoclonal
Antibody 19810

MonoglonalantibodymAblgBl.0hadpreviously
been raised against a synthetic polypeptide representing
residues 78-110 of the henagglutinin protein of
influenza virus. [Houghten et aI., Vaccines L986, pages

2l-25 (1987); Appel et aI., J. Imlnunol-' , 144-2976-983

(l-990).1 Detailed rnapping of the peptide-rnAb

interaction, as weII as the relative positional
importance of each residue of the antigenic determinant

had also been determined as was done in Example 2.

The antigenic detenninant recognized by nAb

19810 has the sequence Asp-Val-Pro-Asp-Tyr-A1a (SEQ ID

NO:88). oligopeptide mixture sets were assayed to
deternine their ability to inhibit. the interaction of
mAb L98L0 with the l3-residue peptide Ac-Tyr-Pro-Tyr-
Asp-VaI-Pro-Asp-Tyr-AIa-Ser-Leu-Arg-Ser-NHr (SEQ ID

NO:89) adsorbed to a microtiter plate in competitive
ELISA assays.

oligopeptide sets were screened in the general

manner discussed previously, except, that rather than

using 400 nixture sets whose first two positions were

defined and whose last four were equirnolar mixtures for
the first screen, 324 such N-acetyl c-amide sets were

used based on mixtures of eighteen amino acids'
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Tryptophan and cysteine were not included with these

mixture.
Each of those 324 rnixture sets contained about

104,976 hexapeptides (184). The whole library of 324

sets contained about 34,OLz,224 5-mer peptides'
ThernixturesetbeginningAc-Asp-Valshowed

the greatest activity (Iowest Ic-50 value) and was used

to go forward in defining the remaining sets'
' A twenty-member mixture set was used to

determine the third position. Tryptophan was again

ornitted from the rnixture positions, but was included in
the twenty different sets, each set containing a mixture

of 6,859 different peptides (193).

ThdsameProcesswasrepeateduntileachof
the six positions of the N-acetyl c-arnid6 6-mer was

determined. That 6-ner had the sequence Ac-Asp-VaI-Pro-

Asp-Tyr-AIa-NH, (sEQ ID NO:90), the seguence of the

5-mer antigenic determinant
IC-50 Values decreased as follows, as the

positions were defined: positions 1 and 2=25O ltuli

position 3=41 pM; position 5=0.38 pMt and position
6=0.03 pM.

A sirnilar study with the same mAb started with

400 N-acetyl c-arnide mixture sets whose first two

positions were defined by the twenty naturally occurring

amino acid residues and whose mixture positions were

occupied by mixtures of nineteen amino acids, tryptophan

excluded. Each of those 400 sets therefore contained

1,30,321 individual hexamers (194). The library created

by those 400 rnixture sets therefore contained 52,L28r409

6-mer peptides (4OO X 130,32Lr. This library therefore
contained almost 2O rnillion more peptides than did the

first discussed Iibrary.
.This400memberlibraryofrnixturesetswas

screened as discussed above. The same rnixtures
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determined using the smaller library were found to cause

significantinhibition,asdidlhreeothermixturesthat
bore no resemblance to the epitope. Those three

sequencesbeganAc-Ala-ThrrAc-Tyr-ThrandAc-His-Asp'
Further work is undertray to deternine the remaining best

binding positions of those three mixture sets'

Example 9:

Binding inhibition by mixture sets of a

monoclonal antibody raised against the major surface

antigen of hepatitis B virus (HBsAg) using a monoclonal

antibody denominat'ed mAb #2' (A gift from Dr' David

MilichrTheScrippsResearchlnstitute'I+aJoIIa'CA')
That monoclonal binds to the 6-mer antigenic determinant

Ser-Thr-Thr-Ser-Thr-Gly (sEQ ID No:9L) '
Four hundred N-acetyl C-arnide mixture sets

whose first two defined positions were selected from

each of the twenty natural amino acid residues and whose

fourreaminingnixturepositignscontainedeguimolar
rnixtures of nineteen amino acid residues (tryptophan

excluded) were again used here' A competitive ELISA

assay rrtas again used as the screen with the protein

antigenHBsAgbeingadsorbedtothenicrotiterplates.
The two best binding sets began Ac-Leu-Thr and

Ac-Gtrn-Thr, seqluences different from the native

antigenic dete5ru-inant' The third position best binding

residueforbothsetswaEthreonine,whereasthefourth
positionbestbindingresidueforbothsetswasserine.

Thus, a seqluence containing three of four

residuesinbothsetswereidentica}tothesequenceof
the native epitope. Work is underway to define the

fifth and sixth positions for each mixture set'

l-5
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It will be evident that there are a large

number of ernbodiments of the invention which, while not

specifically described above, are clearly within the

scope and spirit of the invention' Consequently the

description above is to be considered perely exemplary'

and the invention is to be defined and lirnited solely by

the appended claims.

[ry8
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SEQUENCE LISTING

(1) GENERjAL INFORMATTON:

(i) APPLTGANT: Houghten, Richard A.
Cuervo, Julio H.
Pinilla, Clemencia
Appel Jr., Jon R.

' Blondelle, silvi

(ii) TITLE OF IM/ENTION: Synthesis Of Equinolor Multiple Oligomer
Mixtures, Especially Of Oligopeptide Mixtures

(iii) NWBER or SEQUENCES: 91

(iv) CORRESPoNDENCE ADDRESS:
(A) ADDRESSEE: Dress1er, Goldsmith, Shore, Sutker &

Milnamow, Ltd.
(B) STREET: L8O North Stet'son Avenue, Suite 4700
(c) CITY: Chicago
(D) STATE: IIlinois
(E) COUNTRY: United States of America
(F) ZIPI 60601

(v) COMPUTER READABLE FORItt:
(A) MEDIIIM TYPEs FIoPPY disk
(B) COMPUTER: IBM PC comPatible
(c) OPERATING SYSTEM: PC-DOS/MS-DOS
(oi soFTwARE: Patentrn Release #r.0, version #L.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(c) cr,AssrFrcATroN:

(viii) ATTORNEY/AGENT INFoRMATIoN:
(A) N$llE: Gamson, Edward P.
(B) REGISTRATION NUMBER: 29,38L
(c) REFERENCE/DOCKET NUI'IBER: PRL. 0003

( ix) TELECOMI.TUNICATION INFORI'{ATION :
(A) TELEPHoNE: (312) 616;5400
(B) TELEFAX: (3L2) 5L6-5460

(2) INFORMATION FoR sEQ ID No:l:

(i) SEQUENCE CHARACTERISTICS: 
-(A) LENGTH:, 13 amino acids

(ts) TYPE: amino acid
(C) STRANDEDNESS: single

lr.irr

{rt
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(D) ToPoLoGY: linear

(ii) MOLECITLE TYPE: PePtide

(Xi) SEQUENCE DESCRIPTION: SEQ ID

Gly Ala Ser Pro TYr Pro Asn Leu
15

(21 INFORMATION FoR SEQ ID NO:2:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 amino -acidsiei rvnn: amino acid
ici sTRANDEDNESS: single
ioi ToPoTPGY: linear

(ii) I,IOLECULE TYPE: PePtide

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

Pro TYr Pro Asn Leu Ser

NO: L:

Ser As-n
10

Gln GIn Thr

(2) INFORMATION FoR sEQ ID No:3:

(i) SEQUENCE CHARACTERTSTTCS:

tal LENGTH: 4 amino acids
(el IYPE: amino acid
ici sTRANDEDNESq: singre
ioi ToPorocY: rinear

(ii) MOLECULE TYPE: PePtide

(xi) SEQUENCE DESCRIPTIONI sEQ ID No:3:

TYr Pro Asn Leu
L

(2) INFORMATION FoR sEQ ID No:4:

(i) SEQUENCE CHARACTERTSTICS:
fal LENGTH: 6 amino acids
(si TYPE: amino acid
ic) sTRANDEDNESS: singre
(ol roPorPGY: linear

{3c
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(ii) l{oLEcuLE TYPE: PePtide

(ix) FEATLRE:
(A) NAIIE/KEY: Modified-site
(B) I0CATIoN: 1

ipi orHER TNFoRMATToN: /label= xaa
,/noie= ttXaa is N-acetyl tyrosine'rl

(ix) FEATURE!
(A) NN'!E/KEY: Modified-site
(B) L,OCATION: 6

ioi orHER TNFoRMATToN: /rabel= xaa
7tot"= trXaa is asparagine amide'rl

130:'

(xi) SEQUENCE DESCRIPTION: SEQ ID No:4:

Xaa Pro Asn Leu Ser Xaa
1- '5

(xi) SEQUENCE DESCRIPIION: SEQ ID No:5:

(2) INFORMATTON FoR sEQ ID No:5:

(i) SEQUENCE CHARACTERISTTCS:
tAt LENGTH: 6 amino acids
ig) TYPE: amino acid
(ci sTRANDEDNESS: singre
(D) TOPOIOGY: linear

(ii) MoLECULE TYPE: PePtide

(ix) FEATURE:
(A) NAI'IE/KEY: Modified-site
(B) r,ocATroN: 1

ioi orHER' rNroRMATroN: ,/label=
,/note= ilXaa is N-acetYl

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 6

ioi orHER TNFoRMATToN: ,/1abe1=
/note= rtXaa is arginine

Xaa
arginine. rl

Xaa
amide. rl

le{
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Trp Trp Cys Xaa
5

INFORI,TATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARjACTERTSTICS:
(A) LENGTH: L4 amino acids
(B) TYPE: amino acid
(c) STRANDEDNESS: single
(D) TOPOITGY: linear

(ii) MoLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTIoN: sEQ ID No:6:

Leu His Asn Asn Glu Ala Gly Arg Thr Thr
L5L0

(2) TNFORMATTON FOR SEQ ID NO:7

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 7 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOIPGY: Iinear

(ii) MOLECULE TYPE: PePtide

(xi) SEQUENCE DESCRIFTION: SEQ ID No:7:

Gly Arg Thr Thr Val Phe Ser
L5

(2) TNFORMATION FOR SEQ ID NO:81

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 5 amino acids
(B) TYPE: amino acid
(D) TOPOIPGY: linear

(ii) MoLEct LE TYPE: PePtide

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:

Arg Arg TrP TrP CYs
t5

Xaa Arg
L

(2)

VaI Phe Ser CYs

/ 3z-
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(2',t TNFORMATION FOR SEQ rD NO:9:

(i) SFQUENCE CHARACTERTSTrCS:
(A) LENGTH: 6 arnino acids
(B) TYPE: amino acid
(D) TOPOISGY: linear

(ii) MoLEcItLE TYPE: PePtide

( ix) FEATURE:
(A) NA}IE/KEY: Modified-site
(B) IOCATION: L
ipl orHER TNFoRMATToN: /label= Xaa

/note= rrXaa is N-acetyl arginine.rl

(ix) FEATURE:
(A) NAl,tElKEY: Modified-site
(B) IpCATIoN: 5
(D) OTHER INFORI'IATION: /label= Xaa

/no|ca= ItXaa is a'ny of the twenty natural amino
icids other than lspartic acid, grlutarnic acid or
glycine, which are rnodified by N-acetylation' rr

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

Xaa Arg TrP TrP CYs Xaa
15

(2) INFoRMATION FoR sEQ ID No:10:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 amino acids
(B) TYPE: anino acid
(ol ToPorpGY: linear

(ii) MOLECULE TYPE: PePtid.e

(ix) FEATURE:
(A) NAIIE/KEY: Modified-site
(B) I,oCATTON: 6
(D) OTHER INTORMATIoN: /label= Xaa

/note= rrXaa is another anino acid residue. tl

(xi) SEQUENCE DESCRIPTION: SEQ ID No:L0:

Phe Arg TrP Leu Leu Xaa
l_5

/))
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(21 INFORMATTON FoR sEQ ID NO:11:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 anino acids
(B) TYPE: amino acid
(D) TOPOIOGY: linear

(ii) MOLECULE TYPE: PePtide

(ix) FEATURE:
(A) NAI'IEIKEY: Modified:site
(B) r,ocATroN: 6
(D) OTHER INFOR!'IATION: /label= Xaa

/note= rrXaa is another anino acid residue'rl

(xi) SEQUENCE DESCRIPTTON: SEQ rD NO:LL:

Phe Arg Trp TrP His Xaa
15

(2) INFORI'IATION rOR SEQ ID NO:12:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: PePtide

(ix) FEATURE:
(A) NAl.tElKEY: Modified-sit'e
(B) I0CATION: 6
(D) OTHER TNFORMATION: /label= Xaa

/noEe= rrXaa is another amino acid residue. fl

(xi) SEQUENCE DESCRIPTION: SEQ ID No:L2:

Arg Arg TrP TrP Met Xaa
15

(z',) INFORMATTON FOR SEQ ID NO:13:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid

/7r
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(D) TOPOIOGY: linear

(ii) MoLEcuLE TYPE: PePtide

(ix) FEATURE:
(A) NN,IETIKEY: Modified-site
(B) IOCATIoN: 6
(D) OTHER INFOR!{ATIQN: /label= Xaa

l"o[l= itx"u is airother amino acid residue'rl

(xi) SEQUENCE DESCRIPTIoN: sEQ ID No:13:

Arg Arg TrP TrP CYs Xaa
15

(2) INFORMATION FoR sEQ ID No:L4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid !

(D) TOPOIPGY: linear

(ii) MOLECULE TYPE: PePtide

(ix) FEATURE:
(A) NAI'{E/KEY: Modified-site
(B) LOCATION: 6
(D) OTHER INFORMATION: /label= Xaa

/note= rrXaa is ahother amino acid residue'rl

(xi) SEQUENCE DESCRIPTION: sEQ ID No:L4:

Arg Arg TrP TrP Arg Xaa
15

(21 INFORI.TATION FOR SEQ ID NO:15:

(i) SEQUENCE CHARACTERTSTICS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MoLEcltLE TYPE: PePtide

/ 3f'
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(ix) FEATURE:
(A) NAIIE/KEY: Modified-site
(B) T0CATION: 1
(D) OTHER INFORI,IATION: /label= Xaa

,/note= ttXaa is N-acetyl proline. rr

(ix) FEATURE:
(A) NAI'{E/KEY: Modified-site
(B) I{OCATION: 6
(D) OTHER INFORMATIoN: /label= Xaa

,/note= rrXaa is serine amide. fl

(xi) SEQUENCE DESCRIPTIoN: SEQ ID No:L5:

Xaa Tyr Pro Asn Leu Xaa
15

(2) INFORMATION FoR SEQ ID NO:15:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
(D) TOPOIOGY: linear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:r-6:

Phe Arg Trp Leu Leu Arg
15

(2) INTORI'{ATION FoR SEQ ro No: 17 :

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 5 anino acids
(B) TYPE: amino acid
(D) TOPOI,OGY: linear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRTPTION: SEQ ID No:17:

Phe Arg Trp Leu Leu Lys
15

rJl
p(/
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(2) INFORI{ATION FOR sEQ ID No: L8 I

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 amino acids

' (B) TYPE: amino acid
(D) TOPOIPGY: linear

(ii) MoLECITLE TYPE: PePtide

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:1.8:

Phe Arg TrP Leu Leu His
15

(2) TNFORMATTON FOR SEQ rD NO:L9:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: PePtide

(xi) SEQUENCE DESCRIPTIoN: sEQ ID No:19:

Phe Arg TrP Leu Leu VaI
15

(2) TNFORMATION FOR SEQ ID NO:20:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 arnino acids
(el IYPE: amino acid
(D) TOPOIPGY: linear

(ii) MoLEcItLE 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 CHARACTERTSTTGS:
(A) LENGTH: 6 amino acids

//I ''Jlt9,/
(,"/
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(B) TYPE: amino acid
(D) TOPOI0GY: I'inear

(ii) lloLEcIIr,E TYPEr PePtide

(xi) SEQUENCE.DESCRTPTTON: SEQ rD NO:21:

Phe Arg Trp TrP His LYs
15

(2) TNFORMATION FOR SEQ rD NO:22:

(i) SEQUENCE CHARACTERTSTTGS:
(A) LENGTH: 6 amino -acids(B) TYPE: amino acid
(D) ,TOPOLoGY: linear

(ii) MOr,Ecur,E TYPE: peptide

(xi) SEQUENCE DESCRIPTIoN: sEQ ID No:22:

Phe Arg TrP TrP His TrP
15

(2) INFORMATION FoR sEQ ID No:23:

(i) SEQUENCE CHARACTERTSTTCS:
tal LBNGTH: 6 amino acids
(sl IYPE: amino acid
(D) TOPOLOGY: linear

(ii) MoLECULE TYPE: PePtide

(xi) SEQUENCE DESCRIPTIoN: SEQ ID No:23:

Phe Arg TrP TrP His Phe
15

(21 INFORI,IATION FOR SEQ ID NO:24:

(i) SEQUENCE CHARACTERTSTTCs:
(A) LENGTH: 6 amino acids
(el IYPE: amino acid
(D) TOPOIOGY: linear

(ii) MOLECULE TYPE: PePtide

1'78

 
 
Page 147 of 220



(2)

L38

(xi) SEQUENCE DESCRIPTION: snQ ID No:24:

Phe Arg Trp Trp His His
l-5

INFORMATION FOR SEQ ID NO:25:

(i) SEQUENCE CHARACTERTSTTCS:
tal LENGTH: 6 amino acids
(B) TYPE: amino acid
(D) TOPOITOGY: Iinear

(ii) MoLEcuLE TYPE: PePtide

(xi) SEQUEIYCE DESCRIPTION: SEQ ID NO:25:

Phe Arg Trp Trp His Leu
L5

]NFORMATION FOR SEQ ID NO:26:

(i) SEQUENCE CHARACTERTSTICS:
(A) LENGTH: 6 amino acids
(B) TYPE: arnino acid
(D) TOPOLOGY: linear

(ii) MoLECULE TYPE: PePtide

(xi) SEQUENCE DESCRIPTION: sEQ ID No:26:

Arg Arg TrP TrP Met Arg
15

(2) INFORMATTON FOR SEQ rD NO:27:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 amino acids
(B) TYPE?: amino acid
(D) TOPOISGY: linear

(ii) MOLEC'I,LE TYPE: peptide

(xi) SEQUENCE DESCRIPTTON: SEQ rD NO:27:

Arg Arg TrP TrP Met GIY
L5

I 2r?
(' i

(2)
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(z'.) TNFORMATTON FOR SnQ ID NO:28:

(i) SEQUENCE CHARACTERTSTTCS:
(A) L,ENGTH: 6 anino acids
(B) TYPE: amino acid
(D) TOP0I,oGY: linear

(ii) MoLECULE TYPE: PePtide

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

Arg Arg TrP TrP Met IIe
j.5

(z',) TNFORMATION FOR SEQ rD NO:29:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
(oi ToPoTPGY: linear

(ii) l4oLEcuLE TYPE: PePtide

(xi) SEQUENCE DESCRTPTTON: SEQ rD NO:29:

Arg Arg TiP TrP Met CYs
t-5

(2) INFORMATION FOR sEQ ID No:30:

(i) SEQUENCE CHARACTERTSTTGS:
(A) LENGTH: 6 arnino acids
(B) TYPE: anino acid
(D) TOPOITGY: Iinear

(ii) UoLEcttLE TYPE: PePtide

(xi) SEQUENCE DESCRIFTION: SEQ ID No:30:

Arg Arg TrP TrP Met LYs
j.5

(2) INFORMATION FoR SEQ ID No:31:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH:' 6 amino acids

lL'( 
c
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(B) TYPE: amj.no acid
(D) TOPOIOGY: tinear

(ii) UoLEct LE TypE: peptide

(xi) sEeuENcE DEscRrprroN: sEe rD No:3L:

Arg Arg Trp Trp Met Leu
15

(2) INFORMATTON FOR SEQ rp NO:32:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
(D) TopOl,ocy; tinear

(ii) MoLECULE TypE: peptide

(xi) SEQUENCE DESCRTPTToN: sEQ ID NO:321

Arg Arg Trp Trp Met Tyr
L5

(2) TNFORMATTON FOR SEQ rO NO:33:

(i) SEQUENCE CHARACTERISTTCS:
(A) LENGTH: 6 amino acids
(B) TypE: amino acid
(D) TOpol,ocy: tinear

(ii) MoLEcttLE TypE: peptide

(xi) SEQT'ENcE DEscRIPTIoN: sEQ rD No:33:

Arg Arg Trp Trp Met Val
15

(z',, TNFORMATTON FOR SEQ tp NO:34:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: G amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii)' MOLECULE TypE: peptide

/Lt{
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sEQ ID NO:34:(xi) SEQUENCE

Arg Arg Trp
1

DESCRIPUON:

Trp Met Trp
5

(2) INFORMATION FoR SEQ ID No:35:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 5 arnino acids
(B) TYPE: amino acid
(D) TOPOIOGY: linear

(ii) MoLEcuLE TYPE: peptide

(xi) SEQUENCE DESCRIPTIoN: sEQ ID No:35:

Arg Arg Trp Trp Met Ser
15

(21 INFORMATION FOR sEQ ID No:35:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: Linear

(ii) MoLECULE TYPE: PePtide

(xi) SEQUENCE DESCRIPTION: SEQ ID No:35:

Arg Arg Trp TrP Met Thr
15

(2') INFORMATION FOR SEQ ID NO:37:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 ami.no acids
(B) TYPE: amino acid
(D) TOPOI€GY: linear

(ii) MOLECULE TYPE: PePtide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37:

Arg Arg TrP TrP Met Met
L5

l1''
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INFORMATION FOR SEQ ID NO:38:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6 amLno acids
(B) TYPE: amino acid
(D) TOPOI,OGY: linear

(ii) uoLECttLE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID No:38:

Arg Arg Trp Trp Met Ala
15

(21 TNFORMATTON FOR SEQ ID NO:39:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 anino acids
(B) TYPE: amino acid
(D) TOPoI,OGY: linear

(ii) UOLECULE TYPE: PePtide

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

Arg Arg Trp TrP Met Phe
15

(2) INFORMATION FoR stsQ rD No:40:

(i) SEQUENCE CHARACTERISTTCS:
(A) LENGTH': 6 amino acids
(B) TYPE: amino acid
(D) TOPOI0GY: Linear

(ii) UoLECULE TYPE: PePtide

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

Arg Arg TrP TrP Met His
L5

(21 INFORI-{AEION FoR SBQ ID No:41:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 amino acids

lYt
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(B) TYPE: amino acid
(D) TOPOIOGY: linear

(ii) MotEcItLE TYPE: pePtide

(xi) SEQUENCE DESCRIPTIoN: sEQ ID No:41:

Arg Arg Trp Trp Met Asn
15

(2') INFORMATION F'OR SEQ ID NO:42:

(i) SEQUENCE CHARACTERTSTTcs:
(A) LENGTH: 6 amino aeids
(B) TYPE: amino acid
(D) TOPOLOGYI linear

(ii) MoLECULE TYPE: PePtide

(xi) SEQUENCE DESCRTPTToN: sEQ rD NO:42:

Arg Arg TrP TrP Met Pro
15

(21 INFORI.IATION FoR sEQ ID No:43:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 anino acids
(B) TYPE: amino acid
(D) TOPOIPGY: linear

(ii) MOLECULE TYPE: PePtide

(xi) SEQUENCE DESCRIPTION: SEQ ID No:43:

Phe Arg TrP Leu Leu Phe
15

(2, INFORMATION FoR sEQ ID No:44:

(i) SEQUENCE CHARACTERTSTTcs:
(A) LENGTH: 6 amino acids
(B) TYPE: ami,no acid
(D) TOPOIJOGY: linear

(ii) l{oLEcUtE TYPE: PePtide

1 '{t/
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Phe Arg TrP
1

L44

DESCRIPTION: SEQ ID NO:44:

LeU LeU Tfp
5

(2) INFORI.IATION FoR SEQ ID NO:45:

(i) SEQUENCE CIIARACTERTSTrCS:
tal I-,ENGTH: 6 arnino acids
igi TYPE: aurino acid
(Pt roPor'ocY: linear

(ii) MoLECULE TYPE: PePtide

(xi) SEQUENCE DESCRIPTIoN: sEQ ID No:45:

Phe Arg TrP Leu Leu CYs
j.5

(2) INFORMATION FoR sEQ ID No:46:

(i) SEQUENCE CHARACTERISTICS:\-' - 
tal LENGTH: 6 amino-acids
iei wPe: amino acid
(ot roPoroeY: rinear

(ii) MoLEciITLE TYPE: PePtide

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

Phe Arg TrP Leu Leu Leu
15

(21 INFORI4ATION FOR SEQ ID No:47:

(i) SEQUENCE CHARACTERTSTTCs:

tAl LENGTH: 6 anino acids
isi TYPE: anino acid
(oi ToPoTPGY: linear

(ii) MoLEcUl,E TYPE: PePtide

(xi) SEQUENCE DESCRIPTION: sEQ ID No:47:

Phe Arg TrP TrP His Ile
15
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(2) INFoRIT{ATIoN FoR SEQ ID NO:48:

(i) SEQUENCE CIIARACTERTSTTCS:
(A) LENGTH: 6 anino acids
(B) TVPE: amino acid
(D) TOPOIOGY: linear

(ii) ttol,Ecttl,E TYPE: peptide

(xi) SEQUENCE DESCRIITION: sEQ rD No:48:

Arg Arg Trp Trp Cys Arg
L5

(2) INFORMATION FoR sEQ ID No:4e:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 anino acids
(B) TYPE: amino acid
(D) TOPOI,OGY: Iinear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTIoN: SEQ ID No:49:

Arg Arg Trp Trp Cys Trp
15

(2) INTORMATION FoR sEQ rD No:50:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
(D) TOPOIOGY: linear

(ii) MoLEcIttE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:50:

Arg Arg Trp Trp Cys Val
L5

(21 INFORMATTON FoR SEQ lo No:51:

(i) SEQUENCE CIIARjACTERTSTTCS:
(A) r'ENGTH: 6 amino acids

lvt,
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(B) TYPE3 amino.acid
(D) TOPOIPGY: Iinear

(-ii) MOLECULE TYPE: PePtide

(xi) SEQUENCE DESCRIPTION: sEQ ID No:5L:

Arg Arg TrP TrP CYs TYr
t_5

(21 INFORMATION FOR sEQ ID No:52:

(i) SEQUENCE CHARACTERISTTCS:
(A) LENGTH: 6 arnino acids
igi TYPE: anino acid
(D) TOPOLOGY: Iinear

(ii) MoLECULE TYPE: PePtide

(Xi) SEQUENCE,DESCRIPTION: SEQ ID NO:52:

Arg Arg TrP TrP CYs LYs
15

(2) INFORMATION FoR sEQ ID No:53:

(i) SEQUENCE CHARACTERTSTTCs:

tat LENGTH: 6 amino acids
isi TYPE: arnino acid
(ol roPoLoGY: linear

(ii) MoLECULE TYPE: PePtide

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

Arg Arg TrP TrP CYs Ser
L5

(2) INFORMATION FoR sEQ ID No:54:

(i) SEQUENCE CHARACTERTSTTCS:I ' tat LENGTH: 5 arnino acids
igi TYPE: amino acid
ioi ToPoTTGY: rinear

(ii)- MoLEcItIJ TYPE: PePtide

r{ ?
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(xi) SEQUENCE DESCRIPTION: SnQ ID NO:54:

Arg Arg Trp Trp CYs His
15

(21 rNFOR!,IATION FOR SEQ ID No:55:

(i) SEQUENCE CIIARjACTERTSTTcS:
(A) IJNGTH: 6 amino acids
(B) TYPE: amino acid
(D) TOPOIOGY: linear

(ii) MoLECULE TYPE: PePtide

(xi) SEQUENCE DEscRrPTroN: sEQ rD No:55:

Arg Arg Trp Trp Cys Thr
t5

(2) TNFORMATTON FOR SEQ ID NO:55:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTII: 6 amino acids
(B) TYPE: amino acid
(D) TOPOIPGY: linear

(ii) MOLECULE TYPE: PePtide

(xi) SEQUENCE DESCRTPTION: SEQ rD NO:56:

Arg Arg Trp TrP CYs Ala .

15

(2') INFORMATION FOR sEQ ID NO:57:

(i) SEQUENCE- CHARACTERTSTTCS :
' (A) LENGTH: 6 amino acids

(B) TYPE: amino acid
(D) TOPOIOGY: linear

(ii) l{oLEcULE TYPE: PePtide

(xi) SEQUENCE DESCRIPTIoN: sEQ ID No:57:

Arg Arg TrP TrP Arg Phe
15

lvf
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(2') INFORMATION FOR SEQ ID NO:58:

(i) SEQUENCE CHARACTERTSTTCs:\ ' (a) 
-f,nUeTIf: 6 anino acids

iei TYPEr anino.acid
ioi toPoToGY: rinear

(ii) MoLECUIJ TYPE: PePtide

(xi) SEQUENCE DESCRIETIoN: sEQ ID No:58:

Arg Arg TrP TrP Arg CYs

15

(2t INFoRMATION FoR sEQ ID No:59:

(i) SEQUENCE CHARACTERTSTTC| :-\-' 
(e) 

-f'nNeUf: 6 amino acids
isi 'ryPn: arnino . 

acid
tni ToPoTPGY: rinear

(ii) MoLEcuLE TYPE: DNA (genornic)

(xi) SEQUENCE DESCRTPTToN: sEQ rD NO:59:

Arg Arg TrP TrP Arg Leu
15

(2) INFORMAfION FoR sBQ ID No:60:

(i) sEQuENcE CHARACTERISTICST\-' 
(e) 

-f,nUcfif: 6 amino acids
tsi TYPE: amino.acid
ioi toPolocY: linear

(ii) MOLECIJLE TYPE: PePtide

(xi) SEQUEI{CE DESCRIIIIIoN: sEQ ID No:60:

Arg Arg TrP TrP Arg lle
15

(2) TNFORI',IATTON FOR SEQ rD NO:61:

- (i) SEQUENCE CHARACTERTsTTCS:

tel-inllerH: 6 amino acids

r /,1

IL/Y( t0
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(2',) TNFORMATTON FOR SEQ ID NO:62:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 amino acids
igi TYPE: amino acid
ioi ToPoLoGY: Iinear

(ii) uor,Ecur'l TYPE: PePtide

( ix) FEATURE: - . ^! _ r -r r-^ '\ - (A) 
- 
fler'rn/rnY t Modif ied-site

(B) r,ocATrON: 1

ipi ornnn TNFoRMATToN: /laber= Xaa----7"o1"= 'x;; il u-acetyr arsinine'rl

(ix) FEATURE:
(A) rveunTxnv: Modified-site
(B) r,ocATrON: 6
iPi orHnn TNFoRMATToN: /rabel= Xaa----7toi,"= "x;;-i; phenylalanine amide' rl

(xi) SEQUENCE DESCRIFTION: sEQ ID No:62:

Xaa Arg TrP TrP Arg Xaa
15

- L49

(B) TYPE: amino.acid
ioi ToPorncY: linear

(ii) uotEcULE TYPE: PePtide

(xi) SEQUENCE DESCRIPTIoN: sEQ ID No:61:

Arg Arg TrP TrP Ang AIa
X5

(21 INFORMATION FOR sEQ ID No:63:

(i) SEQUENCE CHARACTERTSTTGS:
(e) 

-f,nNcttt: 
7. amino acids

isi TYPE: amino acid
ioi roPorPGY: linear

(ii) MoLECULE TYPE: PePtide

(xi) SEQUENCE DEscRIPtIoN: sEQ ID No:63:

(
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Tyr Arg Arg TrP TrP Arg Phe
15

(2') TNFORI,IATION FOR SEQ rD NO:64:

(i) SEQUENCE CHAR.ACTERTSTICS:
(A) LENGTH: 7 arnino acids
(B) TYPE: arnino acid
(D) TOPOI€GY: linear

(ii) Mor,EcItLE TYPE: PePtide

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

Ile Arg Arg TrP TrP Arg Phe

(21 INFORMATION'FoR SEQ ID No:65:

(i) SEQUENCE CHARACTERISTTCS:
(A) LENGTH: 7 amino acids
(B) TYPE: amj.no acid
(D) TOPOITGY: linear

(ii) MoLECULE TYPE: PePtide

(xi) SEQUENCE DESCRTPTTON: SEQ rD NO:55:

TrP Arg Arg TrP TrP Arg Phe
15

(2) INFORMATION FoR sEQ ID No:66:

(i) SEQUENCE CHARACTERTSTTCS:
tal LENGTH: 7 arning acids
(gl IYPE: amino.acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTIoN: sEQ ID No:66:

Phe Arg Arg TrP TrP Arg Phe

lrt
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(2',) INFORMATION FOR SEQ rD NO:67:

(i) SEQUENCE CHARACTERTSTTCs:
(A) LENGTH: 7 amino acids
(B) TYPE: anino acid
(D) TOPOIOGY: linear

(ii) MoLECUr,r: TYPE: PePtide

(xi) SEQUENCE DESCRIPTTON: SEQ ID No:67:

Leu Arg Arg TrP TrP Arg Phe
15

(2') INFORMATION FOR SEQ ID NO:68:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 7 amino acids
(el IYPE: arnino acid
(D) TqPotoGY: linear

(ii) uoLEcUr.E TYPE: PePtide

(xi) SEQUENCE DESCRIPTIoN: sEQ ID No:68:

Cys Arg Arg TrP TrP Arg Phe
15

(2) INFORMATION FoR sEQ ID No:69:

(i) SEQUENCE CHARACTERTSTTCS:
tAl LENGTH: 7 amino acids
(et rYPE: anino acid
(D) TOPOIFGY: linear

(ii) MOLECULE TYPE: PePtide

(xi) SEQUENCE DESCRIPTIONT sEQ ID No:69:

Arg Arg I'rg irP TrP Arg Phe
L5

(2',) TNFORUATTON roR sEQ rD NO:70:

(i) SEQUENCE CHARACTERTSTTCS:
tel TENGTH: 7 amino acids

/ {7-,
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(B) TYPE: amino acid
(D) TOPOIPGY: linear

(ii) l4oLEcttLE TYPE: PePtide

(xi) sEQuENcE DESCRIPTION: sEQ ID No:70:

Arg Arg TrP TrP Arg Phe TrP
15

(2) TNFORMAtTON FOR SEQ rD NO:71:

(i) SEQUENCE CHARACTERISTICS:
fal LENGTH: 7 amino acids
(gl IYPE: amino acid
(Dt ToPoTPGY: f inear

(ii) MOLECULE TYPE: PePtide

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:71:

Arg Arg TrP TrP Arg Phe Phe
t5

(2) INFORMATION FoR SEQ ID No:72:

(i) SEQUENCE CHARACTERISTICST
(A) LENGTH: 7 amino acids
(si TYPE: amino acid
(D) TOPOIOGY: linear

(ii) MoLECULE TYPE: PePtide

(xi) SEQUENCE DESCRIPTION: sEQ ID NO:72:

Arg Arg TrP TrP Arg Phe Leu
15

(2, INFORMATION FoR sEQ ID No:73:

(i) SEQUENCE CHARACTERTSTTCS:

tal TENGTH: 7. amino -acids
igi TYPE: arnino acid
(ot roPorocY: linear

(ii) Mor,EcItLE TYPE: peptide

- ,/t- 
")

/ \.)\ '-/
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Arg Arg TrP
1

1,53

DESCRIPTION: SEQ ID NO:73:

TrP Arg Phe CYs
5

N FOR SEQ ID NO:74:(2) TNFORMATTC

( i) SEQUENCE -CHARACTERTSTTCS 
:

tal 
'iiNeti: 7 amino -acids

(B) tYPet,lTit?,acid
iPi toPorocY: rinear

(ii) MOLECULE TYPE: PePtide

(xi) SEQUENCE DESCRIPTION: SEQ ID No:74:

Arg Arg TrP TrP Arg Phe Ile
L5

(2) INFORMATIoN FoR SEQ ID No:75:

(i) SEQUENCE CHARACTERTSTTCS:

tai-iillctn' 7. amino acids
(Bi riPn: amlno acid
(Di toPor'ocv: rinear

(ii) I{OLECULE TVPE: PePtide

(xi) SEQUENCE DESCRIPTIoN: sEQ ID No:75:

Arg Arg TrP TrP Arg Phe TYr

t5

(2) INFoRMATIoN FoR sEQ ID No:76:

(i) SEQUENCE CHARACTERTsTTGs:
(Xi-iinncrHt z amino acids
(;i tiPnt 11ino acid
(Di ioPorPcY: linear

(ii) MoLECULE TYPE: PePtide

(xi) SEQUENCE DESCRIPTION: sEQ ID No:76:

Arg Arg TrP TrP Arg Phe VaI
L-5

1{1
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(2't INFORMATION FOR SEQ ID NO:77:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 7 amino acids
(gl IYPE: amino acid
(D) TOPOIPGY: linear

(ii) I{oLEcuLE TYPE: peptide

(xi) SEQUENCE DESCRTPTTON: SEQ rD NO:77:

Arg Arg Trp Trp Arg Phe Arg
L5

(2) INFORMATION FOR SEQ ID No:78:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 5 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MoLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: sEQ ID No:78:

Arg Arg Trp Trp Arg Arg
L5

(2) INFORMATION FOR sEQ ID No:79:

(i) SEQUENCE CHARACTERTSTICS:
(A) I'FNGTH: 6 anino acids
(B) TYPE: anino acid
(D) ToPoLoGY: Iinear

(ii) l,tOLECUr.F: TYPE: PePtide

(xi) SEQUENCE DESCRIPTION: SEQ ID No:79:

Arg Arg Trp Trp Arg His
1'5

(2) INFORI,IATION FoR sEQ ID No:80:

(i) SEQUENCE CIIARACTERTSTTCS:
(A) LENGTH: 7 amino acids

1{5-
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(B) TYPE: amino acid
ioi ToPorscY: linear

(ii) MOLECIJLE TYPE: PePtide

(xi) SEQUENCE DESCRIPTIoN: sEQ ID No:80:

Arg Arg TrP TrP Clrs Val Arg
15

(21 TNFoRMATION FOR SEQ ID NO:81:

(i) SEQUENCE CHARAerERrsrrcs:
(A) LENGTH: 7 amino acids
(g) TYPE: amino.acid
(D) TOPOLOGY: Iinear

(ii) ltoLEcuLE TYPE: PePtide

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:81:

Arg Arg TrP TrP Arg Phe LYs
1s

(21 TNFORMATTON FOR SEQ ID NO:82:

(i) SEQUENCE CHARACTERTSTTCS:

tal LENGTH: 7 amino acids
igi TYPE: amino acid
ipi ToPorPcY: linear

(ii) MoLECULE TYPE: PePtide

(xi) SEQUENCE DESCRIPTIoN: sEQ ID No:82:

Lys Arg Arg TrP TrP Arg Phe
15

(2'.) INFORI,IATToN FOR SEQ rD NO:83:

(i) SEQUENCE CHARACTERTSTrCS:= tel I,ENGTH: 6 amino acids
(si TYPE: anino-acid
(D) TOPOIOGY: Iinear

(ii) MoLEcnLE TYPE: PePtide

tsk
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SEQ rP No:83:(xi) SEeUENCE DEscRrpTIoN:

Arg Arg Trp Trp Cys Gly
I5

(2) TNFORI|ATION FOR SEQ ro No:84:
(i) SEQUENCE CHARACTERTsTTcs:

(A) LENGTH: 6 amino ."ia.(B) TypE: amino acid(D) TOpoIoGy: tinear
(ii) MoLECULE TypE: peptide
(xi) SEQUENCE DEscRrpTIoN: sEe tO No:84:
Arg Arg Trp Trp Arg Trp
I5

(2) INFORMATToN,FOR SEQ rp NO:85:

(i) SEQUENCE CHARACTERTsTTCs:
(A) LENGTH: 6 amino acids(B) TypE: anino acid(D) TopOLOGy: linear

(ii) MoLECULE TypE: peptide
(Xi) SEQUENCE DESCRIPTION: SEQ rO NO!85:

Arg Arg Trp Trp Cys CysL5

(2) TNFORI,TATION FoR SEQ ro No:86:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 aurino acids(B) TypE: amino acid(D) Topolocy: linear

(ii) MOLECULE TypE: peptide
(xi) SEQUENCE DESCRTPTION: SEQ ro No:85:
Arg Arg Trp Trp Cys Met1S

ltr
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(21 INFOR!,IATION FOR SEQ ID NO:87:

(i) SEQuENCE CHARACTERTSTTCS:
(A) LENGTH: 5 amino acids
(si TYPE: amino.acid
(ol roPorocY: linear

(ii) MOilEcULE TYPE: PePtide

(xi) SEQUENCE DESCRTPTION: SEQ rD NO:87:

Arg Arg TrP TrP CYs Phe
L5

(2') TNFORMATTON FOR SEQ rD NO:88:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 amino acids
(si TYPE: amino acid
(D) TOPOISGY: linear

(ii) MotEcULE TYPE: PePtide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:88:

AsP Val Pro AsP TYr AIa
15

(2',) TNFORMATION FOR SEQ rD NO:89:

(i) SEQUENCE CHARACTERTSTTCS:

tat LENGTH: 13 amino acids
igi TYPE: arnino.acid
ioi roPorPGY: linear

(ii) MOLECUT,n TYPE: PePtide

(ix) FEATURE: ,(A) NAIIE/KEY: Modified-site
(B) IOCATIoN: I
ioi orHER TNFoRI'{ATroN: /label= Xaa----7tot.= rrXaa ls N-acetyl tyrosine'rl

(ix) FEATURE:
(A) NAI'iE/KEY: Modified-site
(B) LOCATION: 13

iPi orHER TNFoRMATToN: /label= Xaa----/ioi"= ItXaa is serine arnide'rl

15v
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(xi) SEQUENCA DESCRTPTION: SEQ ID NO:89:

Xaa Pro Tyr Asp VaI Pro Asp Tyr AIa Ser Leu Arg Xaa
l-510

(2) INFORMATION FoR sEQ ID No:90:

(i) SEQUENCE CHARACTERTSTTCS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
(D) TOPOIPCY: linear

(ii) MoLECULE TYPE: PePtide

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LoCATtroN: 1
(D) OTHER INFORMATION: /label= Xaa

fnote= rrXaa is N-acetyl aspartic acid. rl

(ix) FEATURE:
(A) NN,IEIKEY: Modified-site
(B) T0CATION: 6
(D) OTHER INFOR!'IAIION: /label= Xaa

fnote= trXaa is alanine amide.rl

(xi) SEQUENCE DESCRIPTIoN: SEQ ID No:90:

Xaa Val Pro AsP TYr xaa
L5

(2) INFORMATION FoR sEQ ID No:91:

(i) SEQUENCE CHARACTERTSTTcS:
(A) LENGTH: 6 amino acids
(B) TYPE: anino acid
(D) TOPOIPGY: Iinear

(ii) l,toLEcULE TYPE: PePtide

(xi) SEQUENCE DESCRTPTTON: SEQ rD NO:91:

Ser Thr Thr Ser Thr GIY
L5

-*-***'

lfr
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1. A process for the sYnthes
rnixture pool of solid support-coupled
repeating unit compounds wherein the xture pool

5 contains an equinolar representati of each reacted
monomeric repeating unit compound led that comPrises

the steps of:
(a) providing a/pluralitY of solid

supports, each solid support
Iinked to reactive functiona

rised of Particles
groups, the functional

groups of the solid support eacting with a functional
group of each of the ic repeat,ing unit comPounds

to be reacted, the solid pport being substantiallY
insoluble in a liquid ium used during"the sYnthesis;

media, each medium con
iding a pluralitY of liquid
ining a different monomeric

from a pluralitY of rnonomeric

from which the oligomers are to
be formed, each of monomeric repeating unit'
compounds having
reacts with the

irst reactive functional grouP that

support and a

CI,AIMS I

repeat,ing unit
repeati,ng unit

group t

in a dif

mono

med

a conplex
ic

i.0

15

20

capable of ing during the reaction of the solid
support funct nal group and said first reactive

25 functional , but is protected frorn so reacting by a
selectively able, covalently linked protect'ing

active functional group of the solid
nd reactive functional group that is

(c) placing each of said solid supports
erent one of said fiErid nedia and therein
the reactive functional group of each solid

with a first reactive functional group of a

ic repeating unit compound in that respective
to couple that nononeric repeating unit compound

solid support;

30

159

to,/the
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(d) naintaining each of the
for a tirne period and under conditions suffi
all of the reactive functional groups of
support to couple to the ruonomeric repeat

ctions
ent for

solid
unit

arnounts of each of

r of rnoles of each

5 cornpound to fotm a plurality of monomeric repeating
unit-coupled solid supports; and

(e) thereafter remov

repeating unit-coupled solid support
ltguid mediun, and adrnixing eErinola

each monorneric
its respective

the monomeric repeating unit-coupl
form a reaction product pool, wher

solid supports t,o

n equal weights of
10

the formed pool contain the same

monomeric repeating unit-coupled

2. The proces
each monomeric repeating
to a sofid support is
covalent bond.

a selectively

of nucleotides, amino acids

ss according to claim 1 wherein
ional group of each solid support is a

ional group of a previously reacted
ing unit compound.

lid support.

15 ing to claim
that is

1 wherein
coupled .

severable

20

25

30

3. The proc according to claim 2 wherein
it cornpounds are selectedsaid

from
and

mononeric repeat
the group consis

monosaccharides.

4.
the reactive
free reactive
monomerrc

said
and
oli

monome

said

The process according to
ic repeating unit conPounds

ture pool constitutes solid

claim 4 wherein'
are amino acids,
support-coupled
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6. A process for the stePwise
mixture of solid suPPort-couPled
each position of each oligoner

complex
wherein
contains

compounds having
reacts with the

support funct onal

ina
react
suppo

med

to

nthesis of
liEomers
the urixture

5 monomeric: repeating unit compound

synthesis step that comPrises the
(a) providing a P

rnedia, each medium

repeating unit conr

an equimolar representation

irst
tive

a pluralitY of monomeric

which the oligomers are to

tional grouP of the solid

f reacted
1ed at each

10

eps of:
uralitY of solid

supports, each solid suPPort
linked to reactive functional

rised of Particles
, the functional

groups of the solid suPPort
group of each of the monomer

ing with a functional

t,o be reacted, the solid s

repeating unit comPounds

rt being substantiallY
insoluble in a liguid ned used during the sYnthesis;

,(b)p ing a plurality of liqtrid
ing a different monomerict-5

20

30

repeating unit
be formed, each of id ric repeating unit

ctive functional grouP that

functional , but is protected from so reacting by a

25 seIectiveIY, removable, covalently linked protecting

(c) placing each of said solid supports

support and a reactive functional grouP that is
capable of ing during the reaction of the solid

group and said first reactive

group t

aif/ferent one of said liquid rnedia and therein
the reactive functional group of each solid

with a first reactive functional group of a

ric repeating unit compound in that respective
to couple that monomeric repeating unit compound

solid support;
(d) uraintaining each of the reactions

period and under conditions sufficient for35 r a tine
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aII of the reactive functional groups of the
support to couple to the nonomeric repeating nit
compound to fom a plurality of nonomeric peating

rid

1_0

unit-coupled solid supPortsi
5 (e) thereafter removing monomer].c

from a pluralit'Y of
pounds from which the

repeating unit-coupled solid support f, its respective
liquid medium, and adnixing equimola anounts of each of
the mononeric repeating unit-coupl solid supports to
fort a reaction product PooI, in equal weights of
the forned pool contain the same of moles of each

monomeric repeating un-it-couPl solid supPort;
(f) separat the reaction Pnoduct PooI

into a nur[ber of aliquots of equal weight;
(g) se ly renoving said Protecting

ive functional grouPs ofgroups from said
the pool to form a id support PooI having

free reactive t

each of the aliguots having

free reactive ps into one of a number of
liquid rnediar €&

monomeric repeat
ium c taining a different

15

20

unit
unitmonomeric repea

oligorners are fonned'to form a reaction mixture,
wherein each f Uaid monomeric repeating unit, compounds

25 has a first reactive functional group that reacts in
said on mixture with the free reactive groups of

and a second reactive functional group that
as e of reacting during the reaction of the free

functional groups of the aliquot, but is
from so reacting by a selectively removable,

linked protecting grouPt
(i) rnaintaining each of the reactions

30

the aIi

react
Pro
cov

ed

35

ently

fbr a tirne
Il of the

period and under conditions sufficient for
free reactive functional groups of the
react with and couple to the respectivealiquots to
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monomeric repeating unit compounds to form a number

solid support-coupled repeating unit reaction
(j) removing each of the solid su

coupled repeating unit reaction products formed, 'and

5 admixing equimolar amounts of each of those re 10n

products to form a reaction product pool,
weights of the reaction product pool conta
number of moles of each reaction product;

in equal
the same

(k) thereafter, seriallY peating steps
L0 (f) through (j) zero or more tines until a plurality of

sotid support-coupled reaction prod having the
its isdesired number of mononeric repeating

synthesized.

L5 7. ' The proeess a n9 to clain 5 wherein

support
bond.

each mononeric repeating uni of the
synthesized oligoner that i to a solid
is coupled by a selectivel le covalent

20 8.
including the

The process to clain 7

ring the covalent
further of:
(1) sel 1y

bond that, couples the ized oligorner to the solid
support to form a ni ureVof severed, free oligomers and

25 severed solid

mixture of oli

tst and

recovering the severed, free complex(n

9. -The process according to clairn 7 wherein
free oligourers are selected from the group

oligosaccharides, oligonucleotides and
30 said seve ,

consisti of
oligope des.

10. The process according to claim 6 wherein
35 (g) is carried out prior to step (f).
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11,. The process according to claim 6

representation of each anino acid res

and a second
of reacting

IN

tsa

5

the reactive functional group of each solid su

free reactive functional group of a previously acted

monomeric repeating unit compound.

!2. A Process for the sYnthes bf a complex

mixture pool of solid support-coupled arn o acid
residues wherein the mixture contains equimolar

coupled

each medium containi
derivative from a Pl

10 conprising the stePs of:
(a) Providing at ly'ast six solid

supports, eaeh solid suPPort ised of Particles
linked to reactive functi bups, the functional
groups of the solid
acid to be re.acted,
a liquid medium used

cting with each amino

support bei.ng insoluble in
stepwise .sYnthesis;

(b) p at least six liquid media,

diffPrent Protected amino acid
Iity protected amino acid

20 derivatives fron wh the oligoPePtides are to be

formed, each of sa f,rotected amino acid derivatives
having a first
with the reacti

ctive functional group that reacts
functional group of the solid support,

t_5

active functional group that is capable

ing the reaction of the solid support25

30

functional and said first reactive functional
group, buy' is protected from so reacting by a
selectivfy removable, covalently- linked protecting
group t

(c) placing each of said solid supports

different one of said liquid media and therein
ing the reactive functional groups of each solid
rt in each container with a first reactive
ional group of a protected amino acid derivative in

1n

164
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that respective medium to couple that protected
acid derivative to the solid support;

(d) naintaining each the react
tirne period and under conditions sufficient f
the reactive functional groups of the solid rt to
couple to the protected amino acid derivat
plurality of protected amino acid res
supports; and

(e) removing each P

residue-coupled sotid support from

medium, and adrnixing equimolar a

arnino acid residue-coupled solid
reaction product pool,
forrned pool contain the s

protected amino acid resi

L3. The p

ns for a

all of

to form a
pled solid

ed amino acid
s respective Iiquid

of the protected
rts to form a

qual weights of the
of moles of each

solid suPPort.

said,
the p cons

ornithi
isorners of naturallY occurring
ica1ly prepared non-naturallY

ing to claim L2 wherein
amino acid derivatives

sting of naturallY
e, norleucine,

to claim L3 wherein
of the synthesized
support bY a

l_0

L5

20

25

30

the amino acids of
are selected from
occurring L-arnino
hydroxyproline, D-

amino acids, and nt
occurring arnino ids.

each prote
mixture
selectiv

The process according
amino acid derivative

1 is coupled to said solid
y severable covalent bond.

ac

L5. The

first reactive
process according
functional grouP

to clain 12 wherein
is a carboxYl
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16. The Process according
the reactive functional gnoup of the
second functional giroup of an amino

to clain 12

solid suPPo

acid.

ln
ts a

5 L'l . A process for the stePwise is of
complex nixture of oligopeptides whereiir position
of each oligopeptide of the mixture con

equimolar representation of anino acid
each synthesis step comprising the s of:

(a) providing at lea six porous

containers, each containing a solid support comPrised of
particles linked to reactive func onal groups, the

functional groups of the solid
each amino acid t,o be reacted,

rt reaeting with

10

of a size that is l-arger
container, and both the

and a second
of reacting

an
idues added at

solid supPort being
pores of the
and solid suPPort

a liErid medium used

media,
acid

15 he

ner
inbeing substantially in

during the st,epwise
(b) p t least six liquid

20 each medium containing €fent protected amino

derivat,ive from a Pl lity offprotected anino acid
derivatives frorn wh the oI ptides are t,o be

formed, each of
having a first
with the reacti

tected amino acid derivatives
cti{le functional group that reacts

'e functional group of the solid support,
ive functional group that is capable

25

ring the reaction of the solid support

30

functional and said first reactive functional
is protected from so reacting bY a

y removable, covalently linked protecting
groupt

(c) pfacing each of said containers in a

diff rent one of said liquid rnedia and therein reacting
reactive functional groups of each solid support in

group,
selecti

35 !n cont.iner with a first reactive functional group of
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a protected arnino acid derivative in
medium to couple that protected anino
the solid support;

(d) naintaining each the rea ions for a

5 tirne period and under conditions sufficien for all of
support tothe reactive functional groups of the sol

couple to the protected amino acid deri tive to form a

plurality of protected amino acid resi pled solid
supports;

(e) removing each ed amino acid
resi.due-coupled solid suPPort f
container, and adnixing equirnol

its respective

protected anino acid residue-
form a reaction product Pool",

amounts of the
ed solid suPPorts

the formed pool contain th
rein egual weights
number of moles of
led solid suPPort;protected arnino acid res

(f) sepa the reaction Product
egual weight, and

in another Porous
into at least six ali
enclosing each of the y'l

20 container;
(g) selectively removing the Protecting

functional grouPs of the
pool having free reactive

si

that respec Lve

acid der ative to

L0

15

to
of
each

pool

groups from
pool to form
funetional g

the s ond reactive
a product

25 (h) ptacing each of the enclosed

aliquots ha ng free reactive functional groups into one

of at leas six liquid rnedia, each mediun containing a

different protected anino acid derivative from a

plurali of protected amino acid derivatives from which

the oI ides are to be formed to form a reaction
mixtu , wherein each of said protected amino acid
der atives has a first reactive functional group that

ts with the free reactive groups of the enclosed

cted product pool aliquots and a second reactive
nctional group that is capable of reacting during the

30

35
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reaction of the free reactive functional I
poo1, but is protected from so reacting by

enclosed reactant product pool ali
protected amino acid derivative to

of the
selectivelY

s to couP1e to the
or:m at least six

rernovable, covalently linked protecting I p;

(i) maintaining each of reactions

for a tine period and under conditions fficient for
all of the free reactive functional g of th€

L0

solid support-couPled Protected
reaction products;

ino acid residue

(j) removing of the at least six
reaction products forrned in p (i), and adrnixing

equimolar amounts of eac those reaction Products to
form a reaction Product , wherein egual weights of
the reaction prod tain the same nurnber of

moles of each:react
(k) reaft , seriallY rePeating stePs

imes until a PluralitY of(f) through (j) ze r more

solid support-couPl react n product oligoPePtides
amino acid residuehaving the desi

repeating units ynthesiz

thJ process according to claim l-7 wherein

L5

20 rof

18.
the arnino

are selec
a ds of said protected amino acid derivatives

from the group consisting of naturally

ch protected amino acid derivative of
claim 18 wherein
the synthesized

ligopeptide that is coupled to a solid support is
severablecoupled to that support by a selectively

covalent bond.

25

30

occurrl L-amino acids, ornithine, norleucine,
line, D-steresisomers of naturally occurring

am]-no '"iat, and synthetically prepared non-naturally
occu ing arnino acids.

19. The Process according to
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20. The Process according to claim
including the further stePs of:

(I) selectivelY severing the
bond that couples the synthesized oligopepti
sotid support to forn a mixture of severed free comPlex

mixture oligopeptides and severed solid rts; and

(m) recovering the seve , free
oligopeptides.

alent
to the

clain 20 wherein
acid derivatives

t0 2L. The process accordi
amino acids of said Protected
naturally occurring a

22. The

L5 said plurality of p

includes derivatives o

amino acids.

23. The s acc
of
an

ing to claim 21 wherein
o acid derivatives

nty naturallY occurring

to
inothe

are

20

25

30

the reactive functi
second functional
of severed, recov

grouP.

lity
pof
free
mino

ing t,o
solid

mino acid

clain 20 wherein
support is a

and the mixture
formed in steP

at one terrninus.

claim l-7 wherein
a carboxyl

ol tides
(n) contain the acl residue

The process according to
said first ve functional grouP is

step
25. The process according to clain 17 wherein

is carried out prior to steP (f).

26. The process according to claim 17 wherein
solid support is a

acid
reactive functional grouP of the

functid'nal group of an anino
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27. The Process according to cla
including the further stePs of:

(1.) renoving each of the
acid derivative-coupled solid supports

rotected arnino

step (k) from
equimoLar anounts
led solid

L0

5 its respective container, and adnixi
of protected arnino acid derivative
supports to fotm a further reacti product PooI,
wherein eqqal weights of the on product PooI

contain the sarne nurnber of moles f each reaction
product;

(n) enclosing n aliquot of the PooI

formed in step (I) in a fu r porous container;
(n) sele.qti ly removing the Protecting

groups from the ive functional grouPs t,o
pool having.free reactive

the enclosed PooI aliquot
functional grouPs into a

L5 form a reacted soli
funct,ional grouPs;

(o)

having free second

functional
groups ol

all of the
aliquot to
derivative

e pool aliquot, and a second reactive

single liquid medi that cbntains a single Protected
20 amino acid deriva e to fdrm a reaction mixture in

which the free r ive fudct,ional grouPs and single
protected arniny' a d deriv*tive react, said single
protected arnifo a d derivative having a first reactive

that, reacts with the free reactive
25

functio group that is capable of reacting during the
of the free reactive functional groups of t'he

iquot, but is protected friom so reacting by a
ively removable covalently linked protecting

and

r a tirne
(p) maintaining said reaction mixture

period and under conditions sufficient for
free reactive f,unctional groups of the pool

couple with the single protected amino acid
and form a solid support-coupted oligopeptide
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mixture having a single, predetermined am id
residue in the same position in the oli ptide chain.

28.
including the

The process according clain 27

further stePs of:
(q) separating the lid suPPort-couPled

oligopeptide mixture formed in s (p) into a PluralitY
of aliquots, and encl.osin{ each the aliguots in
another porous containeri

(r) ther , fserlallY rePeating stePs

)tho ac

10

L5

(n) and (o) until a PIur
reaction products having
predetermined amino aci
in the oligopePtide cha

29. The P
the amino acid of sai ural
derivatives is selec
naturally occurring

solid suPPort-couPled
ired number of single,

ues in the same Position
ormed.

rding to elaim 27 wherein
y of protected amino acid

from the grouP consisting of
ino acids, ornithine,

20 norleucine, hYd line, D-stereoisorners of naturally
occurring amino a , and syntheticallY PrePared non-

naturally occurr amino acids.

e process according to claim 27 wherein

25 each prot,ect amino acid derivative of the synthesized

oligopepti that is coupled to a solid support is
seleetively severable covalent bond'

30.

coupled by /a

30 includ
31. -The process according to clain 30

the further stePs of:
(r) selectively' severing the covalent

bond t couples the synthesized oligopeptides to the

soI support to form a mixture of severed, free complex

ure of oligopeptides and severed sotid supports; and
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(s) recovering the severed,

oligopeptides.

32. The process according to atm

5 the anino acids of said plurality of p

15 group.

35. A

complex mixture
r the stePwise sYnthesis ofa

tides cornPrising the

steps of:

L0

acid derivatives are naturally occurr

33. The process acco to clain 32 wherein

said plurality of Protected amino cid derivatives
includes derivatives of all t
amino acids.

naturallY occurring

34. The process cording to claim 27 wherei-n

is a carboxYlsaid first reactive aI group

tected
amino

31 wherein
amino
acids.

sf
oIi

providifig at least six Porous
a solid supPort comPrised of

reactivb functional grouPs, the
of the solid suPPort reacting with

id io be reacted, the solid support' being

t is larger than the Pores of the

20

25

30

(

contai.ners, each
particles li
functional g

each amino

of a size
container, and both the container and solid support

tantially insoluble in a liquid medium used

stepwise synthesis;during/the
(b) providing at least six liquid media,

"u"d 
nediurn containing a different protected amino acid

aey'ivative from a plurality of protected amino acid
ivatives from which the oligopeptides are to be

ormed, each of said protected amino acid derivatives
having a firsL reactive functional group that reacts
with the reactive functional group of the solid support'
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and a second reactive functional group that is
of reacting during the reaction of the solid s

functional group and said first reactive functi
group, but is protected from so reacting by a

5 selectively renovable, covalently linked

'llouPt ,", placing each of said

ting

10

different one of sai.d liErid nedia and

the reactive functional groups of each

the reactive functional
couple to the protected
plurality of Prot,ected
supports i

for
of
to

(e) ren
-'}| 

protected amino acid

residue-coupled solid
container, and adrnixi

rtf its resPective
imolaf amounts of the

protected amino aci idue ed solid suPPorts

form a reaction P pool, in egual weights

the formed pool
protected amino

ta the sane'number of moles of
id idue-couPled solid suPPort;

(f) separating the reaction product pool

into at leas six aliquots of equal weight, and

enclosing e ch'of the a}iquots in another porous

30 cont,ainer i
(g) selectivelY removing the Protecting.

functional grouPs of the
pool having free reactive

ional groupsi

cdntainers in a

ein reacting

each container with a first reactive
a protected arnino acid derivative in

lid support in
tional grouP of

t respective
medium to couPle that Protected am

the solid. support;
acid derivative to

(d) naintain h the reactions
time period and under condi sufficient for all

f the solid suPPort
L5

20

25

derivat,ive to form a

residue-couPled solid

to
of
each

groups
pool

rom the second reactive
form a reacted Product
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(h) placing each of the
aliguots having free reactive functional

/

enclo6ed/
grpups into one

a

L0

of at least six liquid rnedia, each nediun ntaining
different protected anino acid derivati
plurality of protected amino acid deri tives from which

the oligopeptides are to be forned to form a reaction
nixture, wherein each of said Prot amino acid
derivatives has a first reactive ional grouP that
reacts with the free reactive
reacted product, pool aliguots

s of the enclosed
a second reactive

functional group that is caPab of reacting during the

reaction of the free reactive functional grouPs of the

pool, but is protected.r fr o reacting bY a selectivelY
removable, covalentlY 1i rotecting groupt

(i) each of the reactions
itions sufficient forfor a time period and

all of the free react
enclosed reactant P

protect,ed amino acid
solid support-couP ro amino acid residue

reaction products
ing {ach of the at least slx

reaction p in siep (i), and adnixing
equimolar a

form a reac
nts oh/eacn of those reaction products to

pool, wherein equal weights of
the react product pool contain the same nurnber of
moles of 'each reaction product;

(k) thereafter, serially repeating steps

(f) t ough (j) zeto or more tirnes until a plurality of
soI support-coupled reaction product oligopeptides
ha ng the desired number of anrino acid residue

'peating units is synthesized;
(f) removing each of the protected amino

acid derivative-coupled solid supports of step (k) from

its respective container, and adruixing equinolar amounts

15

ct poo

rivati

onal grouPs of the
aliquots to couP1e to the
to form a PturalitY of

20

)

f

25

30

35
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L0

wherein equal weights of the reaction p t pool
contain the sarne nunber of moles of each/reaction
product;

(ut) enclosinlt an

formed in step (f) in a further p
aliqu of the pool

containei;
(n) selectively ing the protecting

groups fron the second reactive fu tional groups to
ving free reactiveform a reacted solid support pool

functional groups;
(o) placing

having free second reactive
enclosed pool aliquot
ional groups into a

L5

single liquid inediurn that
amino acid derivative to f
which the free reactive
protected amino acid
protected amino acid
functional group tha

1S

abl

ains a singLe protected
a reaction mixture in
nal groups and single
react, said single
having a first reactive

th the free reactive
a second reactive20 groups of the pool

functional group tflat /{s capabfe of reacting during
reaction of the ctive functional grouPs of
pool aliquot,
selectively r

tected\fron so reacting bY

covalently linked protecting
25 groupi and

(p) maintaining said reaction mixture
for a tirn period and under conditions sufficient for

e free reactive functional groups of the pool
to couple with the single protected amino acid

tive and forn a solid support-coupled oligopeptide
re having a single, predetetmined amino acid

idue in the same position in the oligopeptide chain.

the
the
a

30
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36. The process according to c 35 wherein

the fonned oligomer chains are selective cleavable
fron the particle of the solid support

5 3'1 . The process accordi to
steps (m) through (P) are repea
provide a pool of solid suPPort

one

products that contain a seq[ue

predetermined amino acid resi

led
up

38.
including the fu er
protect.ing groups
form free function
functional groups

oligopeptide :of

clairn 36

to seven
reaction

to eiqrht

wherein
tines to

of

L0

L5

process ccording to clain 37

of selectivelY removing the
second functional grouPs to
and reacting the free

ide bonds on each

pool.

process {ccording to clain 38

r step 6f cleaving the oligopeptides

orm a

20

39.
including the

cleaved c

of the pool the particles of the solid support to
form a cle ed cornplex nixture set, and recovering the

lex mixture set of oligopeptide chains'

40. The process according to claim 36

25 incl ing the further steps of enclosing at least six
fu
(1

r aliquots of the reaction product pool of step

in at least six further porous containers, and

rately carrying out steps (n) through (p) on each of
he at least six separate, enclosed containers to

thereby form at least six sets of solid support-coupled
reaction products, each set having identical end

portions at one terminus.

30
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41. The process according to
steps (rn) through (p) are repeated one

provide a set of solid support-coupled
whose identical end portions at one te

cla 4O wherein
to tirnes to

ction products
nus contain a

10

sequence of up to eight predetetmined ino acid

residues.

42. The Process accord g to clain 41

including the further stePs of lectivelY renoving the

protecting groups from said s functional grouPs to
form free functional
functional grouPs to
oligopeptide of the s

reacting the free
ide bonds on each

43. The p rding t,o claim 42

of cleaving the
15

including the
oligopeptides
form a cleaved
chains, and r
of oligopept

mixed
mixtu

1n

fur
fr icles of the solid suPPort to

ure set of oligoPePtide
cleaved comPlex mixture set

e chains.

A set of self-solubilizing' unsupported

par
rnix
the

20

gopeptides that consists essentially of a

of equirnolar arnounts of linear oligopeptide

25 chai containing the same number of amino acid residues

ch oligopeptide chain, the mernbers of said set

ing one or more single, predetermined amino acid

sidues at the same one or more predetennined positions

of the oligopeirtlde chain, and the set having equirnolar

amounts of at least six different amino acid residues at

one or more of the same other positions of the

oligopeptide chain.
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45. The set of nixed oligopeptides accordi
to claim 44 wherein said one or more single,
predeternrined amino acid residues are at a predete

chain position that includes one ter:minus'
ined

5

L0

set of mixed oligoPePtides
said equinolar amounts of

acid residues are at one

positions that include

to claim 44 wherein said one or more

terminal end of each chain are occup

more single, predetermined amino a+d
or more of the same positions

46. The

to claim 44 wherein
plurality of amino
oligopeptide chain

end are occupied by said
six different amino acid

47. The set of, rnixed oligoP ides according
sitions at the N-

48. The

to clairn 47 wherein
five to about eight

r more
terminus.

ba ly said one or
residues, and one

C-terminal chain
r amounts of at least

igopeptides according
ide chains contain
idues.

L5

20

set
said
am

49.
to clain 48

25 mixture set

50.
to clairn 49

N-Ct-C8 acYl

ot'/mixea drigopeptides according
f the oligoPePtide

The

wherein

30

have a rminaL amide grouP.

set of mixed oligopeptides according
in said terminal amide grouP is an

. The set of rnixed oligopeptides according

to clain hg th"rein the nembers of the oligopeptide
mixtu set have an N-terninal acetyl group and a

nal anide group.
35

L78
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52. A PluralitY of sets of self-sol lizing,
unsupported nixed oligopeptides in which each

eonsists essentially of a mixture of eguinol
of linear oligopeptide chains containing

5 of amino acid residues in each oligopept
mernbers of each set having one or more p

positions of the oligopeptide chain,
equimolar amounts of at least six di

different amino acid residues
in the oligopePtide.chain, bu

et
amounts

same number

chain, the
rmined

each set having
erent amino acid

differing in that at
arnino acid residue
positiori within each

sets.

of sets of self-
xed oligoPePtides according

arnino acid residues at one or more sing e, predetermined

1_0 residues at one or more of the same btner positions of
the otigopeptide chain, said sets ving the same

sequence of equimolar amounts of pluratity of
one or more Positions

15 Ieast one sirigle, P

present at a Predeterni
set is different be

53.

solubilizing,20

to claim 52 wherein or fnore positions at the

N-terrninal end of set in are occuPied bY said

one or more p ned drnino acid residues, and one

or more of the predeter"mined Positions at the

25 C-terninal of the set, of chains are occupied by

said equinol amounts of at least six different amino

acid resi

4. 'The Plurality of sets of mixed

30 oli
as
one
sa

ides according to clain 44 wherein each set has

!tr". length of six amino acid residues and whose

four amino-terminal positions are occupied by the

, single predetermined amino acid residue and whose

to one respective'carboxy-ter:minaI positions are

L79

35 ied by said equinolar amounts of at least Six
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different amino acid residues, and having a

position between the enumerated amino- and c

terminal positions that is occupied by one

amino acid residues utilized at that posit
5

t0

55. The PluralitY of sets of
oligopeptides according to claim 44 vt

contain a sequence length of five to

wherein the arnino acid
enumerated Positions,

ixed
in said sets
anino acid

esent, is the same in each

irection to an amino-

residues whose car!'oxy-tertinal four residue Positions
are each occupied by said equinolaS amounts of at least

six different amino acid residues whose amino-terrninal

position is occuPied bY each one 'oe tne predetermined

amino acid residues utilized a that Posit'ion, and

sequence between those

L5

20

terminal direction.

56. The P Iityf of sets of rnixed

oligopeptides acco to dtairn 44 wherein each set

contains a seque

has one position
fr df six anino acid residues,

ied by one of a Plura1itY of
predetermj-ned
position, and

ino acid residues utilized at that
as the remaining five positions occupied

25 bY said equ lar amounts of at least six different
idues.

5"7. The PluralitY of sets of mixed

tides according to clain 44 that contain two

positions of single, predetermined amino acid

dues and four or more chain positions that are

olar mixtures of said at least six amino acid

set frorn a carboxY-term

amino acid

30

sidues.

 
 
Page 190 of 220



L81 -

The pluralitY of sets of mixed

according to clain 57 wherei-n id
58.

oligopeptides
predeternined
in the chain,

two positions are adJacent
and said chain contains si

each other
residues.

t0

L5

20

25

30

chain positions of single, Predete anino acid
residues and three or more Positi
mixtures of, amino acid residues.

that are equimolar

60. A composition t comprises a self-
solubili zing unsupPorted oli tide mixture set

59. The Plurality of sets
oligopeptides according to clain 44

nixed
t contain three

at a concentration of
about 100 ,grarns Per liter

re set consists

dissolved in ,an aqueous

about 1 rnilligram Per I
wherein the oligoPePt
essentially of a nixt imolar amounts of Iinear
oligopeptide chains
acid residues in ea

taini$rq the same number of amino

inrf each member of the set

containing one or singlte predetermined amino acid

residues at one predetenuined Positions of the
the set containing eguinolar
different, amino acid residues at
other positions of the chain'

ns

The composition according to clain
wherein id aqueous medium is selected from the

oligopept,ide c

amounts of at east
and

six
sameone or more the

consls hg of tap water, distilled or deionized water, a
buffe solution and a cell growth medium.

60

group

cornposit,ion according to claim 60

an assay-effect'ive amount of acceptor
62. The

her rncluolng
lecules.
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53. The corrPosition according to irn 62

wherein said acceptor molecules are antibody 'cornbining

site-containing molecules or cellular ors.

5 64. The comPosition
wherein said cellular receptors
Iiving cetr.Is, and said aqueous

growth medium.

accord to clain 63

in intact,
ceLlularisa

ame, predetermined
by a different one of at
that the nixture

each of sai.d at least
at least one, same

are
rnedi

sent

10 65. The comPosition "a rding to claim 64

wherein said intact, living cel s are bacterial cells.

66. A solid-suPPo coupled comPlex mixture of
oligopeptideS that comPri solid supPort Particles
coupled by selective
Iinear oligopeptide
oligopeptide molecul

Ie covalent bonds to
, each of said linear
ing a chain having the

same number of ani idues, and the oligoPePtide

1"5

20

25

30

st one,
n'occup
resid so

ofcontains an equ r amount

six amino ac residues, dt said
predeterrni position.

mixture having a

position of each

least six anino

mixture
amounts of at
are p tat
p rrrined

The solid support-coupled oligopeptide
to clairn 66 wherein said equinolar

least six different amino acid residues
one, two, three, four or five same,

positionE of each chain.

68. The solid support-coupled oligopeptide
according to claim 57 wherein said same'

ed.eternined positions of each chain are terminal
positions.
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183

69. The solid suPPort-couPled o gopeptide

mixture according to clain 68 wherein tetminal
positions are the carboxy-terminal

70. The solid suPPort- ed oligopePtide
mixture according to clain 67 fu r including one or

residues at one or
oligopeptide chain.

more same, predetermined ami cid
more predetermined positi n each

7L. The solid it-coupled oligoPePtide
mixture according to
same, predetermined

0 wherein said one or more

no acid residues at one or more

predetennined posi 6t" in each oligoPePtide chain are

amino-terrninal p tions and said equirnolar amounts of
at least six d ierent amino acid residues at the same'

predetenni iositions of each oligopeptide chain are

at the ca -t,erminat positions.

A binding assay net'hod t comprises the

stePs of: 
(a) contacting an

containing a dissolved self-solub

L0

L5

72.

20

25

6ous medium

izing unsupPorted

oligopeptide mixture set with a hcceptor whose binding
is to be assayed, the oli ide mixture set
consisting essentiallY o imolar amounts of linear
oligopeptide chains con the same number of anino

ch nenber of the setacid residues in each

containing one or mo predetermined amino acid
residues at one or predetermined Positions of the

oligopeptide ch , and the set containing equinolar
amounts of at east six different amino acid residues at
one or more f the same other positions of the chain,

ration of the oligopeptide mixture set being

30

the con
about, 1

35 liter
itligrarn per liter to about 3-00 grams per
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(b) maintaining said
period and under conditions for the a

an oligopeptide of the mixture seti a

5 binding.

wherein said acceptor is an ant
containing molecule.

for a tirne
to bind to

ay according to clairn 73

llular recePtor.

assay according to claim 74

part of an intact'eptor is

assay according to clain 75

(c) deter:mining the tive amount of

73. The binding assaY ing to claim 72

cornbining site-

10

L5

74. The binding
wherein said acceptor is a

75. The b
wherein said cellula
living cell.

76.
wherein said

77.
wherein said

sa e, s

four to

20

25

30

from the consisting of sets each of which has a

sequence le
one to four

th of six amino acid residues and whose

amino-terminal positions are occupied b1r the
e pr:edetermined amino acid residue and whose

respective carboxy-teminal positions are

occupi by said equinro}ar amounts of at least six

The

livi I is a bacterial cell.

binding assay according to clain 72

of.gopeptide mixture set is a set selected

t arnino acid residues, and having a single
on betwe6n the enumerated amino- and carboxy-
I positions that is occupied b1z one each of the

aci.d residues utilized at that position.

diff
posi
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I
I

76.
from

An oligoPePtiden
uptl lQ qlhuto agd rusldvaS cfi^In1t^q
:-i.neJ,u'desaseqluence t )l

selected the group considting of Phe-Arg-Trp-Leu-

Leu-Xaa (SEQ ID' NO:10); Phe-Arg-Trp-Trp-His-Xaa (SEQ ID

No:11) ; Arg-Arg-Trp-Trp-Met-Xaa (SEQaIj uot L2] 
' 

Arg-Arqr-

Trp-Trp-Cys-Xaa (SEQ ID NO:13) ; ana ii#Arg-Trp-Trp-Arg-
Xaa (sEQ ID No:14), wherein Xaa is another arnino acid

residue.

?'t
** The oligopeptide according to clain /

further including an. N-terminal C1-C8 acyl group and a

C-terminal arnido grouP.

-2 rhe origopeptide according to "t^i^ft
wherein Xaa is any of the twenty natural amino acids

other than aspaitic acid, glutarnic acid and glycine'
rt I

I(+
j* The oligopeptide according to elaLty

that includes a sequence having a SEQ ID NO selected

from the group consisting of 5' L6-25, 26-42' 43-4'l'

48-61, 63'69, 70-77, 78-82, 83-87, and 52'
,/f1.q

-"7. The oli-gopeptide according to cLaLn;*{ '

that includes a N-terminal acetyl group and a c-terminal

anide group.

1t't

185
I

YVVI

b

b

t0

L5

20
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+PgERScr
A process for the synthesis of a complex

mixture pool of solid support-coupled monomeric

repeating unit compounds such as amino acid derivatives
is disclosed in which the rnixture pool contains an

equimolar representation of reacted monomeric repeating
unit compounds coupled. Also disclosed is a process for
the stepwise synthesis of a complex mixture of coupled
or free, unsupported oligoners such as oligopeptides. A

set of self-solubilizing, unsupported mixed
oligopeptides having one or more predeternined amino

acid residues at one or more of the same, predetermined
positions in the oLigopeptide chain in which the set,

contains equinolar amounts of a plurality of different
amino acid residues, preferably at least six different
residues, dt one or more of the same predetermined
positions of the oligopeptide chain is also disclosed,
as are methods of making and using the same.

10

L5

I

I,
I
{

Af*$s'
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Page 1 of 2

OLIGOPEPTIDE MIXTI'RES

is attached hereto
was filed On November 19, 1991 as Application SerialNo. 07 /797 ,ssr
and was amended on (if applicable).

whose mailing address for this application is: DRESSLER, C€LDSMrH, SHORE, SUTKER & MTLNAI,|OW LTD.
Two PrudentialPlaza
180 North Stetson Avenue
Suite 4700
Chicago, lllinois 60601.
Telephone: (312) 61 6-5400

I hereby state that I have reviewed and undercitand the contents of the above-ideniified specification, inctuding the
claims, as amended by any amendment refened to herein.

I acknowtedge lhe dyty to disclose information which is materialto the examination of this application in accordance
with Title 37, Code of Federat Regulations, Sec. 1.56(a).

I hereby ctaim foreigigjglll.ggngr.its-u1lgfrdle. 35, United Slates Code, Sec. 119 or any foreign apptication(s) ror
patent or inventofs .-t11,."t.listed in P4RT B on'p-age 2 hereof and have atso kJentified in'pARfB oh'page 2 hereof
a.ly lgrgiglt application for patent or inviintor's ceiiifiaate having 3 1i|1ng date before that of tn. 

"ppri.ailoi 
on which

pnprity is chimed.

I hereby claim the b.ry1| qnge.r Title 35, United States Code, Sec. 120 of any United States application(s) tisted in
IART C on page 2 hereof and,.insofar as the subjbd matterof'each of the crlirirs ot inis apptiea6oh is not disctosed in
the prior united states appticatio.n in the mannerirovlded by the first paragrapn oiritre g5, Uniird siaiJstooe, sec.'ll3r.lScknowtedge the duty to disclo-se materiali'nformation as defineb inttr6 Ci, coo. or'irJii.r ri.g-u]"jionr, s...
1'56(a) which occurred between the filing date'of the prioi application anO tnJnational or pCf internati6nal filing date
of this application.

I hereby declare that all stalements made herein of my knowledge are true and that all statements made on information
and belief are believed to be true; and further.tfra! thg.se stateirents were mads*itn tnr knowledge that wiltful false
statements and the like so made are pu1lghgbtg by-fine or imprisonment, or both, under Section 1001 of Tiile 1B of
the United States Code and that such willfulfabeltatements may jeopardize the validity of the appti.irion or anypatent issued thereon.

I hereby appoint the following as my attomeys or agentC with full power of subsritution to prosecute this apptication
and lransact allbusiness in the united states Pateniano Trademark office connected therewith:

Richard J' Botos !eg' No. 32,016 Tarlgrais Cepuritis Reg. No. 20,818 Ernest chestow Reg. No. 12,019
Ma:< Dressler Reg. No' 14,129 94L.nlr R"i. No.34,161 Edward p. Gamson n"i. r.ro.29,981
,s.teehe1 

D. Geimer Reg. No. 28,846 {r,l {. Harbst nei. tto. 28,018 Alten J. Hoover nei. tto. 24,103
lgnty-s: Kaplan Reg. No. 2s,346 Martin L Katz . nei. lto. es,ot r c;;;; E. Meyers nei. tto. 21,160John P. Milnamow Reg. No.20,635 fro.ry1F Northrup nei.lto. 99,26g paulM. oden' n"g. N".;;',;;;Jack shore Reg. No.17,551 JoelE. liggel nei.lto. zs,44o Marshail w. surker Rd. N;. 19,962
Paul M. Vargo Reg. No. 29,116 lois p. Beianko Re6. ruo. 27,gss

l

PATENT APPLICATIO.N DEOLARATION AND POWER OF ATTORNEY

I HEREBY DECLARE THAT:

My residence, post otfice address, and citizensrrip are as ptated nerit to my name in pART A on page 2 hereof.

lP:f:t^l1T I: ?19'f', l.l1' .ry.tole Inventor (l 94v ono name is tisted) or an orisinat, firsr, and joint inventor (irpural names are listed) of the subject matter whlch ls claimed and for which a patent ls sought on tne inventionentitled swrnnsrs or neurMor,AR MtrLTrprrn otrcoMER MrxruRns, EspEcrALLy oF

tr
EI

See Page 2 attached, signed, and made a part hereot.
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Page 2 ot 2
)

PATENT APPLICATION DECLARATION AND POWER OF ATTORNEY

PART A: Inventor tnformation And ,^'_.v.T.i.ar\( )
Futl name of soLE or FIRST inventor 

o'9n3Tt9*or?u'u 

o. 
"oorn..nCitizenship u- s -A. n*iO
h, California 92075

Futt name of SECoNQ ioint inventor, tf any %ffi-o.'r,"r, .-o**.'o .

CitizenshP colonbia R.riO.nl.

Post Offioe Address (lf

Invento/s signature:

Post Office Address (tf different)

Second Inventor's signature:

-oO
Full name of THIRD joint inventor, tf any Clemencia Finilla
CitizenshiP colombia Residence f6-56 Freda ffifl

,./ l-Q - q,
Daia'\ | / (t-

Cardiff, California 92007
Post Office Address (lf differen

'\' / [- oo
Full name of FOURTH joint inventor, if anv t5n n. Appel, Jr.
Citizenship u.s.A. gssi6snc€

Third fnventor's signature: f

Post Office Address (tf different)

Fourth Inventor's signature: Y.

Full name of FIFTH joint
Citizenship France

Cardi-ff , CalifornLa 92OO7

Dale: \.' /- 13-/Z_

inventor, if any fH#i. 
"rolu.rt"gr96.n

La Jolla, California 92037
Post Office Address (tf different)

Fifth Inventor's signature:

PART B:

Serial No.

Prior Foreign Application(s)

Country Day/Monthl/ear Filed Priority Claimed
fl Yes fl tto
El ves D tto

f] enanoonec
D RUanConeO

PART C: Ctaim

Serial No.
07 /1OL,658
07/617,O23

For Benefit Of Filing

Filing Date
tlay 16, l_99I
November 21,

Date Of Earlier U.S. Apptication(s)

Status:(; E Patented
reeo E patented

EI
a

Pending
Pending

See Paoe 1 lo which rhis is aflached and from which this paoe 2 clnrinues.
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{-7

A DE F GH IK LM NPQ RS TV Y A DE F GH I K LM NPO RS T V Y

F|G.4-C F|G.4-D

FIGURE 4

FIG.4-BFIG.4-A
Ac-AOnCfi-NHz

A DE F GFI

FIG.4-E

IKLMNPQRSTvYADEFGHIKLMNPoRSTvY

FIG.4-F

A DE F GH I K LM NPO RS.T V Y

Ac-DOlCCfi-NHz

Ac-EOlCCfi-NHt Ac- FOICOC(- NHz

Ac-HOICOC(- NHz

A DE F GH I K LM NPQ RS T V Y
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FIG.4-G

Ac-lOlCCfi-NHn

A DE F GH IK LM NPQ

FtG.4-l

:--)-.:.

)

A DE F GH I K LM NPQ RS T V Y A DE F GH I K LM NPQ RS T V Y

FIG.4-K FIG.4-L

A DE F GH I K LM NPQ RS'T V Y

0B 
/253851

6-7

FIG.4-H

RS TV Y A DE F GH IK LM NPO RS T V Y

FIG.4-J

Ac-NOlCOfr'NHz

A DE F GH IK LM NPQ RS TVY
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FIG.4.M FIG.4-N

Ac-ROrcCC(-NH,

A DE F GH IK LM

FrG.4- O

NPQ RS T V Y A DE F GH IK LM NPO RS T V Y

FIG.4- P

A DE F GH I K LM NPQ RS T V Y

FIG.4-Q

A DE F GH IK LM NPO RS T V Y

FIG.4- R

A DE F GH I K LM NPQ RS T V Y

Ac-TOXXXX-NH2

A DE F GH I K LM NPO RS T V Y
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UNITED. STATES DEPARTMENT OF COMMERCE
Patent ahd, Trademark Office
Addness: COMMISSIONER OF PATENTS AND TFADEMABKS

Washington, D.C, 20231

s&.f3s3, *s4 fis.f $3,fs.* t-tsufrHTght IffiS-*n1, ?tlIV

fi*$+

DATE MAILED: S7"/fi?.f94
NOTICE TO.tr-IT,E.MISStr{G PARTS oF APPLICATION

FILING DATE GRANTED

An Application Number and Filing Date have been assigned to this application,. Ilowever, the items indicated
below are missing. The required items and,fees identified below must be timcly.subqitted ALONG wfIH
TIPJ:{EII|EI{T OF A STIRCHARGE for items I and 3-6 only of $-llO-d-for large entities or
$ (9)t-- for small sltities'who have filed a verified statement claiming such status. The surcharge is set forth in
37 CFR 1.16(e).

If all ired items on this form are filed within the set below, the total amount owed by applicant as a I large
entity, small entity (verified statement frled), is

d5t\
{ffir

$RESSLSR" G*LSSHrrt-t, SH*RE, 
sSBt/$?fi?

suTt{[R & t4lt_t{ff$$&t
4?TIS TSE FftUSENTIAL FLAZft
r.** br*RTH STETSSN *VfrNUE
*ttlsAq*, IL sssol

1. n The statutory Sagis filing fee,is: l missing E insufficient. Applicant as a n hrge entity n small
entity, must submit $--to complete the basic frling fee.

2. n Additional clqim fees of $ as a E large entity, n small entity, including any
required nultiple dependent claim fee, are required. Applicant must submit the additional claim
fees or cancel the additional claims for which fees are due.

3. tr The oathordeclaration:
n is missing.
E does not cover items omitted attime of execution.

An oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number and Filing Date is required.

4. n The oath or declaration does not identify the application to which it applies. An oath or declaration
in compliance with 37 CFR 1.63, identifyingthe application by the above Application Number and
Filing Date, is required.

5, l-l The signature(s) to the oath or declaration is/are: ! missing; E by a person other than the inventor
or a person qualifred under 3? CFR t.42,1.,43, or L,47. A properly signed oath or declaration in
compliance with 3? CFR 1.63, identifring the application by the above Application Number and
Filing Date, is required.

6. n The signature ofthe following joint inventor(s) is missing from the oath or declaration:

.A.rr oath or declaration listing the names of all inventors and signed by
the omitted inventor(s), idenfifring this application by the above Application Number and Filing
Date, is required-

?. tr The application was filed in a language other than English. Applicant must file a verified English
translation of the application and a fee of $-- ,_-under 37 CFR 1.17(k), unless this fee has
already been paid.

8. n A $ .' pmcessing feeis required since your check was returned without payment.
(37 CFR 1.21(m)).

9: n Your filing receipt was mailed in error because your check was returned without payment.

10. I The application does not comply]with.the.Sequence Rules. See attached Notice to Comply with/ 'Sequence Rules 37 Cf:R L821-1.q25./ 'Sequence Rules 37 CIn,1.821-1.8

Lrrothe'|/lnfl^ 5 d
Direct the
Special

and any quest'ions about this notice to, Attention: Applieation Processing Division,
and Correslrcndence Branch (703) 308-1202.

A eopy,of this motiee MUST be returned wi,th the response.
FC'RM Pno.1688 (nEV. 1r-9:t)

Applicant is given oI{E MoNTE IT,oM TnE DATt.oF TEIS LETTER, oR Two MoNTHS FRoM THE
FILING DATE of this applicatio4 WEICHEVER IS LATE& within which to file all reqriired items and pay any fees
required above to avoid abandonmenL Extensions of time may be obtained by filing a petition accompanied by the
extensiofl fee under the provisions of 37 CFR 1. I 36(a).

OFHCECOPY
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