
0;reptide Research mixtures (n = number of residues in the
sequence) with another position de
fined in each group, serial approaches
can be readily applied to the generation
and screening of libraries of nonpep
tide or nonsequenceable compounds
without modified methods for se
quence determination.

The parallel approach, exemplified
either by phage display screening (20,
for review see 22) or by the Selectide
technology (15), is based on simultane
ous screening of millions of unique
structures (prepared by simple modifi
cation (5,15) of the solid-phase peptide
synthesis principle (18)) separated in
space but contained in the same reac
tion vessel. After identifying and iso
lating the active particle. it is necessary
to determine the structure of the mol
ecule responsible forthegiven activity.
The application of nonpeptide struc
tures for library building is possible
using the Selectide technology, but is
limited by the ability to determine the
structure of the active molecule, which
is usually available in a limited amount
(the amount present in one particle of
the carrier).

The rationale lor the construction
and screening of nonpeptide libraries is
obvious. The goal of most drug-discov
ery programs is the development of a
specific ligand for a macromolecular
target. The ability to mimic peptide
protein interaction with nonpeptide
structures was demonstrated by several
authors (7,8,19,25-27). Therefore, it
would be desirable to construct and
screen libraries based on building
blocks capable of all major types of in
teractions (ionic, hydrogen bonding,
hydrophobic, charge-transfer, chelation,
aromatic, etc.), and assuming a wide
variety of tertiary structures, in addi
tion to those created by peptide bonds.

Coding for the structure of an active
molecule is not itself a novel concept.
The phage-display technique uses the
nucleic acids of the pbage to code for
the sequence of the interacting peptide.
Sequencing of nucleic acids attached

INTRODUCTION

The process of identifying new
structures that interact with phannaco
logically important macromolecular
targets has been significantly acceler
ated by the introduction of so-called
"library techniques" (4,6,9,15,20; for re
views see 10,22,24). These approaches
are designed to generate and readily
screen a multiplicity of structures that
interact with a given acceptor (recep
tor, enzyme, antibody). There are in
principle two approaches to screening
the libraries: serial and parallel. In the
serial approach [Geysen et al. (6) and
Houghten et al. (9)], a multiplicity of
semi-random libraries is generated and
tested. These libraries consistof groups
of peptide mixtures with one or two
defined positions. The most active of
these groups in a given bioassay is se
lected for an iterative process of syn
thesis and screening, during which all
of the positions of the active sequence
are successively defined. Since step
wise sequence-revealing is inherent to
this approach, as well as to the concept
of positional scanning libraries (23),
which consists of n groups of peptide
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dimethyl-3,4,5,6- tetrahydro-2( IHj-pyrirnidinone (dimethyl propyleneurea): Pmoc. fluorenylmeth
oxycarbonyl ; HOSt, N-hydroxybenzotriazole; HPLC, high pressure liquid chromatography;
PysrOP, bromo-tris-pyrrolidinophosphonium hexafluorophosphate; SCAL, safety-catch amide
linker; TFA, trifluoroacetic acid; Tfa, trifluoroacetyl.
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ABSTRACT

reptide-Encoding for Structure
~etermination of Nonsequence
;~~le Polymers Within Libraries
Iynthesized and Tested on
~olid-PhaseSupports

A method of indirectly determining the
W'/Icture of nonpeptidic or nonsequence
ll~le> compounds that have been synthe
fizfd 011 individual panicles of solid sup
pe/tis described. The technique permits
t!!rparallel synthesis of a compound that
i~~i'1ft susceptible to Edman degradation
(f'#'j Nvtennlnal-blocked peptide), or one
SWttailliflg components that caf/nol be
i~~ljtified by amino acid sequencing, 10

¥ftJ1et with a corresponding "coding" pep
fi1e.Each couplingstep ill the assembly of
HWiHollsequcl1ceable compound is fol
I~Po/d by the coupling of an amino acid to
B1ijJerem attachment site of the same car
r{)",particle, whereby the amino acid 111l

?WPigllousl.v codes for the previously cou
P'fqbuildillg block of the nonsequence
pp/e.compoIl11d. The rationale is to enable
H!j~ljeqllel1Ce determination of a biologically
q${iye compound that has been identified
{'~r911gh the screening of a library of 1l01l~
fJR!ffllceable compounds, by translating
MWiffquence of its "coding" peptide, deter
(!1~11 by Edman degradation, into the

ft1/re of the active compound. The
itque facilitates the construction and
iling of nonpeptidic libraries for the
vel)' of important pharmaceutical
ounds.
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directly to peptide molecules was sug
gested by Brenner and Lerner (2) for
determination of a structure of a pep
tide in a library. However, successful
co-synthesis of nucleic acids and pep
tides requires novel chemistry which
has not yet been described. [The use of
peptides to code for nonnatural amino
acid-containing peptides in peptide
libraries in solution was published (11)
while this manuscript was in prepara
tion.] Methods available for protein se
quencing require only femtomolar
quantities and are therefore well suited
for the technology employing screen
ing and sequencing of pure peptides
synthesized on the polymeric beads
(15). There are no other types of poly
meric molecules besides DNA and
peptides for which techniques of struc
ture determination have been well de
veloped. Biophysical techniques of
molecular structure determination are
significantly less sensitive (MS) andlor
less powerful (NMR, IR, x-ray), and
typically much slower and more labor
intensive.

MATERIALS AND METHODS

Instrumentation

Fast atom bombardment (FAB) mass
spectroscopic measurements were car
ried out on a ZAB EQ spectrometer
(VG Analytical Ltd, Manchester, UK).
I H NMR spectra were obtained on a
General Electric QE 300 instrument
(Fullerton, CAl. Sequencing by Edman
degradation was perfonned on an ABI
4778 protein sequencer (Applied Bio
systems, Foster City, CAl and a Parton
PI 3010 instrument (Parton Instru
ments, Tarzana, CAl. Both analytical
and preparative HPLC were carried out
on a Millipore 625 LC system (Bed
ford, MA) with a Millipore 490E Pro
grammable Multiwavelength Detector
using Vydac Peptide and Protein CI8
analytical (4.6 x 250 mm, 5 um, I
mllmin) and preparative (10 x 250 mrn,
10 urn, 3 mllmin) columns (The Sepa
rations Group, Hesperia, CAl, respec
tively. Analyses of mixtures released
from one bead were performed on an
Ultrafast Microprotein Analyzer
(Michrom BioResources, Pleasanton,
CAl using a Reliasil CI8 column (5
urn, 300 A, I x 150 mm). All spectra
are reported in ppm relative to tetra
methylsilane (6) using either CDCb or

CD3S0CD3 as solvents. UVNIS ab
sorption spectra were recorded on a
Hewlett Packard HP 8452A Diode
Array spectrophotometer (Palo Alto,

. CAl using a I-cm quartz cuvette. Amino
acid analyses were carried out on a D
500 system (Durrum, Palo Alto, CAl .

General Procedures

Solid-phase synthesis was per
formed manually in polypropy lene
syringes as described by Krchrak and
Vagner (13). Syntheses were per
fanned on TentaGel (TG) resin (Rapp
Polymere, Tubingen, Germany) (130
or 80 urn, 0.23 mmollg) modified with
SCAL handle (21) (safety-catch amide
linker) or with an appropriate linker.
Fmoc-protecting groups were cleaved
with 50% piperidinelDMF for I x 10
min. Boc groups were cleaved for 20
min with 30% TFAIDCM containing
3% anisole. Ddz groups were cleaved
for 30 min with 2% TFAlDCM. After
Boc cleavage, a solution of DIEAI
DCM (10%) was used for neutraliza
tion. A mixture of BOPI HOBtlDIEA
(I: 1:2 eq) in DMF was used for the ac
tivation of both Na-Fmoc and Boc
aminoacids. Thecompleteness of each
condensation reaction (1.5-40 h) was
checked by the ninhydrin test or by the
chloranil test in the cases of coupling to
secondary amino groups. The coupling
protocol included washing with DMF
(6-8 times) [followed by washing with
DCM in the case of Boc-protected
amino acids] between coupling and de
protection, and between deprotection
and coupling. The SCAL linker was re
duced by 20% (EtO)zP(S)SH in DMPU
for 2 h. Final cleavage was done by
95% TFA-5% water mixture.

Materials

Commercial-grade solvents were
used without further purification. Pro
tected amino acids were obtained from
Bachem (Torrance, CAl, Advanced
ChemTech (Louisville, KY) or Propep
tide (Vert-Ie-Petit, France).

Models of a Peptide Library
Encoded by a Peptide Sequence

Boc-Lys(Fmoc)-OH was coupled as
the first amino acid to SCAL-TG, the
NE-Fmoc group was deprotected and
Fmoc-Lys(Fmoc)-OH was coupled to
the side chain of the first lysine. The

Na_ and NE-Fmoc groups of
werecleaved and the resin was
into three parts. Fmoc-Ala-OH,
Phe-OH and Fmoc-Val-OH, res
tively, were each coupled to one
tion of the resin. The correspond
Boc amino acids (Gly, Tyr and Le
Boc-Tyr-OH was used with the un
tected hydroxyl group) were coupl
the next step to the a-amino grou
lysine after Boc deprotection, while8
"Fmoc branch" remained protect
After completion of Boc amino a
condensations, all three portions of
resin were combined, and the "F
branch" was deprotected. The fall
ing randomization was performed
actly the same way as the first one a
the splitting of the resin into t
equal portions. After randornizatio
three positions (coupling of three
ferent amino acids in each positi
the resin was divided into smaller
and treated differently.

1. Cleavage of both N-terml
Fmoc- lind Bee-protecting groups

Two completely deprotected be
were separately submitted for sequ
analyses. Correct "complement
amino acids were found in all t
cycles in the expected ratio 2: I. Res"
(values in pmol): 1st bead: 1st cycle:
251, L 146; 2nd cycle: V 244, L I
3rd cycle: V 245, L 119. 2nd bead:
cycle: A 102, G 39; 2nd cycle: V J
L 59; 3rd cycle: F 125, Y 50.

Part of the resin (about 100 mg)
treated with 20% diethyldithiopl
phate in DMPU (2 x I h shaking) to
duce the SCAL handle. The mixtur
peptides was cleaved from the redu
SCAL with TFA/HzO (95:5) forl
The cleavagemixture wasconcentra
in vaCllO and precipitated with Et
The precipitate was collected by
trifugation and dried. The mixture
peptides was dissolved in 0:
TFA/HzO and analyzed by HP
First, a faster gradient 0%-1000/&
acetonitrile and 0.1 % TFA in 100
was run for orientation. A slow gn
ent 0%-50% of acetonitrile and O.
TFA over 200 min revealed that the
pected 27 peaks were present. Sev
additional minor peaks were identi
the formation of which was attrib
to the use of side-chain unprot
tyrosine during the synthesis. Bee
of possible losses of some hydroph
sequences during the ether preeip
tion, the second cleavage of



each reaction vessel, 3 eq each) were
coupled using DlC in DMF (3 eq). The
three acids were bromoacetic, o-bro
movaleric and c-bromo-p-toluic acid.
The coupling of the last acid was re
peated because of its low reactivity, us
ing a 6-fold excess of both acid and
DIe. Boc protection of the a-amino
group of Lys was removed by TFA,
and the first coding sequence Boc-pro
tected amino acids (Gly, Ala, Leu)
were coupled by DIe. Coding amino
acids were chosen according to the
molecular weight of the nonpeptide
building blocks, so that the lightest
block (bromoacetic acid, in this case)
was coded by Gly; the heaviest one
(bromotoluie acid) was coded by Leu;
and medium-weight one (bromovalerie
acid) by Ala.

The three resin parts were pooled
together, washed thoroughly with DCM
and deprotected by TFAlDCM in
preparation for the coupling of the next
coding amino acids. After deprotec
tion, the resin was divided again into
three portions. Couplings of Boc-pro
tected amino acids (again Gly, Ala and
Leu) were performed as usual by
means of DIe. Two parts of the resin
were treated with 2-M solutions of
amines (benzylamine and l-amino-4
methylpiperazine) in DMF overnight.
The third part was treated with a 2-M
solution of fluorenylmethyloxycarbonyl
2-aminoethanethiol, and after comple
tion of the reaction the Fmoc group was
removed. Coding of amines was based
again on their molecular weights.

The resin was pooled together once
more, mixed and divided into three
parts for the final couplings. Carboxylic
acids (cyclohexylacetic acid, phenyloxy
acetic acid and 4-pyridylthioacetic
acid) were coupled to amines obtained
(primary and secondary) by DlC, and
the coupling reactions were repeated
twice using pre-formed symmetrical
anhydrides in 3-fold to 5-fold excess.
After obtaining a negative chloranil
test, the three batches of resin were
treated separately by TFA, neutralized,
and the last coding Boc-protected
amino acids were coupled using DlC
and HOBt Coding of the last carbox
ylic acids was based on the same
scheme as before. Finally, all the resin
was pooled together.

Two "unnatural" libraries have been
completed using this general approach.
The only difference between those two
is the location of the SCAL linker. In

Couplings of amino acids were per
formed by a manual method using
standard protocol at roomtemperature:
protected amino acid (3 eq) in DMF
was mixed with DlC (3 eq) (or DlC and
HOBt [3 eq each] and the resin), and
coupling was followed by analytical
tests. Symmetric anhydrides were used
where specified.

Fmoc-SCAL linker and Boc
Lys(Fmoc) were coupled first to the
resin (TentaGel S NH2, I g) using DlC
and HOBt. After cleavage of the Fmoc
group, Fmoc-Trp was coupled and
Fmoc deprotected. The peptide-resin
was divided into three equal portions,
and three different bromoacids (one in

Non-peptide Screening Libraries
Encoded by a Peptide Structure

the other branch was removed and
three beads were submitted for se
quencing. The sequence of the Fmoc
branch was determined, support used
for the sequencing was removed from
the sequencer, and the support bead as
sembly was treated with a 0.2 M solu
tion of NaOH (24 h, 20"C), dried and
submitted for an additional three cycles
of sequencing. The appropriate se
quences predicted from the sequencing
of the Fmoc branch were obtained. lst
bead (values in pmol): I. F (735), 2. V
(643),3. A (837); after TFA removal:
I. Y (207), 2. L (187), 3. G (76), se
quence FV A/YLG; 2nd bead: I. A
(215),2. A (230), 3. F (193); afterTFA
removal: I. G (88), 2. G (86),3. Y (80),
sequence AAF/GGY; 3rd bead: I. F
(63),2. F (67), 3. V (41); afterTFA re
moval: I. Y (IS), 2. Y (12), 3. L (4), se
quence FFV IYYL.

4. Cleavage of a peptide from Olle
bead

Several beads of the resin contain
ing fully deprotected sequences on the
reduced SCAL handle (see point I)
were placed separately into small glass
vials and treated overnight with 30 III
of neat TFA. Aliquots (3 Ill) were with
drawn and diluted with H20 to the total
volume of 20 III and analyzed by HPLC
on a microbore HPLC (Michrom appa
ratus) (gradient 5%-60% of acetoni
trile in 0.1 % TFA in water over 20
min). Calculation based on the average
extinction coefficient of peptides at
215 nm have shown that about 100
200 pmol of peptide was released from
one polymeric bead.
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d avoided this step. The cleav
ixture of TFA and water was di

by additional water, concentrated
evacuated centrifuge and Iyophil
HPLC evaluation of the mixture
nstrated an equimolar repre
tion of all expected peaks.

)ipeprotectioll of the Nvtenninal
c-grot'P and acetylation of the

ide branch"

e free N-tenninal amino groups
acetylated with a 0.3 M solution

tr-acetylimidazole in DMF for 20
h(ninhydrin test negative). N-termi

Boe groups on the other branch
(ey deprotected after acetylation.

e randomly chosen beads were se-
need and provided the following
ings (values in pmol): 1st cycle: Y
(bead I), G 161 (bead 2), Y 201
d3); 2nd cycle: L 165 (I), Y 166
Y 205 (3); 3rd cycle: Y 188 (I), L

t§(2), G 162 (3). The readings were
119tcontaminated by the amino acids
1!'1ent in the acetylated arm.
I/'( part of the acety Iated beads
bput 100 mg) was treated the same
Yias described above (precipitation

iiDthe mixture by ethyl ether andlor
~x~poration of cleavage mixture and
!yqphilization) to reduce the handle
ifpdcleave the acetylated peptides.
flt~C analysis under the sarne condi
B.q~s has shown that during ether pre
rigitation a significant proportion of
melibrary was lost due to its solubility
inether. Evaporated and lyophilized
1.BlI1ple provided the same number of
g"Bks of approximately the same pat
Ism as in the case of unprotected li
braI)', with retention times shifted to
highervalues.

3. Replacement of the Boc-protect
{ii.ftgroup by the Tfa group

The tril1uoroacetyl group was intro
red as a protecting group instead of

fBe:iBoc groupat the N-terminus in or
~Trto permit stepwise sequencing ex
p,riments. First, the N-terminal Boc
~I'\lup was cleaved from a resin sample

mg) while the "Fmoc branch" was
protected. The free amino groups

e protected with trifluoroacetyl by
Ii"Btment with 10 equivalents (0.14
,lW"0I, 21 Ill) of tril1uroacetic acid an
~~dride in dichloromethane (0.5 ml) in
l~,presence of DlEA (0.16 mmol, 28
gpo The reaction was complete after 20
1llin (ninhydrin test negative). After the

uoroacetylation, the Fmoc group on

iups oLI
lin was di
\Ia-OH,
Ll-OH, r~

ed to one
correspo

Iyr and
vith the
vere coupj
mino grOU
.tion, whil
led proted
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nd the"
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J smaller
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i5:5) for I h.
; concentraied
d with EtzO.
ected by cen
ie mixture.ol
d in 0.1
I by HPL
0%-100% of
A in 100 min
~ slow gradj;
rile and 0.1
ed that the eX
esent. Several
ere identified,
vas attributed

unprotected
esis. Beca~~;

hydrophobic
ier prccipitn
'age of the



Table 1. Structures Contained on Randomly Selected Beads from a Library of
Structures

Bead Building Block M.W.
No. Combination (mlz)

Vol. 6. No.3

A (55)

G (31)

L (83)

A (41)

G (30)

Amino Acid Detected (pmol)

(0.5 ml). Benzylamine (100 fll)
dissolved in 0.5 ml of DMSO and I
bromoresin was treated with this sci
tion overnight. The final carboxji
acid, 4-pyridylthioacetic acid (80
was dissolved in 0.85 ml of DMPU
preactivated with DIC (80 ul)
HOBt (80 mg), and coupled to the a
noresin for 10 h. The coupling was
peated using PyBrOP and DIEA for
tivation. Compound I was cleav
95% TFA. After cleavage,
evaporated in vacuo and the
was dissolved in 30% aqueous

trile, and lyophilized. Thlee,di~~~~~~£
tained after drying was re
neat acetonitrile and ""'0;";''''0"
ether. This operation was repeated
and an almost white precipitate
tained, The product showed two
on RP HPLC from which the
OTIe gave correct mass-spectrum.
after purification on semi-preparatije
RP HPLC - 18 mg.
C27H27Ns03S; MS expected
MS found - 502.2 (M+Ht. I H
data (DMSO-d6): 10.804 d (lH,
8.49 d (2H, pyridyl C2H and C6H);
d (l H, NH); 7.62 d (2H, pyridyl
and CsH); 6.9-7.7 rnm (Bzl and
aromatic protons); 4.59 m (lH,
C"H); 3.75-4.65 m (aliphatic p~oto
3.19 dd and 2.91 dd (2H, Trp C H).

The second component of the exc
sive library, compound 11, was syn
sized according to the same scheme
compound I, using rz-bromovalcric a
(40 fll), 4-methyl-I-aminopipel1l
(100 ul) and cyclohexylacetic acid
mg) as building blocks. Form"
C29H44N603; MS expected - 52
MS found - 525.3 (M+Ht, 5
(M+Nat and 573.2 (M+Kt.

The third component of the
sive library, compound Ill, was syn
sized according to a scheme simi!
compound 1, using a-bromo-p-t

L (50)

L (34)

A(101)

G (45)

G (39)

1st cycle 2nd cycle 3rd ey

501.6

471.6

534.7

474.6

444.6

149

169

258

147

167

1

2

3

4

5

ing block combination 269); Peak 15:
RT 32.77 min, sequencing: I. Leu (784),
2. Ala (447), 3. Ala (360); FAB MS 
776.2 (building block combination 249
wlo block 9); Peak 16: RT 33.16 min,
sequencing: 1. Leu (1286), 2. Ala (918),
3. Ala (688); FAB MS - 776.2 (building
block combination 249 wlo block 9);
Peak 17: RT 33.51 min, sequencing:
1. Leu (298), 2. Leu (280), 3. Ala (202);
FAB MS - 826.2 (building block com
bination 259 wlo block 9); Peak 19:
RT 34.80 min, sequencing: 1. Leu (641),
2. Gly (412), 3. Ala (460); FAB MS 
883.1 (building block combination 269);
Peak 20: RT 36.66 min, sequencing:
I. Leu (150), 2. Leu (119), 3. Leu (80);
FAB MS - 902.2 (building block com
bination 359 wlo block 9); Peak 26:
RT 41.77 min, sequencing: 1. Gly (39),
2. Gly (38), 3. Gly (23); FAB MS - 744.1
(building block combination 167);
Peak 31: RT 48.86 min, sequencing:
1. Ala (180), 2. Gly (98), 3. Ala (106);
FAB MS - 824.0 (building block com
bination 268); Peak 32: RT 49.46 min,
sequencing: I. Leu (234), 2. Leu (320),
3. Ala (277); FAB MS - 826.1 (building
block combination 259 wlo block 9);
Peak 33: RT 50.70 min, sequencing:
I. Gly (152), 2. Gly (120), 3. Ala (94);
FAB MS - 800.1 (building block com
bination 267).

Synthesis of Representative
Compounds from the Nonpeptide
Library

A component of the exclusive
library A, compound I, was synthesized
on 0.23 g of Knorr resin (Bachern,
Bubendorf, Switzerland) (0.5 meq/g).
Fmoc-Trp was coupled first according
to the general protocol, using DIC and
HOBt. After deprotection of the amino
group, a-bromoacetic acid (50 mg)
was coupled using DlC (50 /ll) in DMF

the first library, the SCAL linker is
attached to the NE of Lys attached
directly to the resin, and therefore Trp
amide was the last amino acid in all the
compounds of this library. The coding
peptides remained on the resin beads
after cleavage. The synthesis of the
second library started with attaching
the SCAL linker to the resin, and the
last amino acid in all the compounds
was Lys. All the compounds released
from this library included also their
coding sequence peptides.

Beads from the first library (exclu
sive, A) were treated with the reducing
agent and individual beads were picked
up for separate cleavage and sequence
analyses. Five beads were studied.
After cleavage of the non peptide part,
the beads were successfully sequenced
(see Table I) and the structure of the
nonpeptide compound could be de
duced. Solutions containing the
cleaved compounds were analyzed on a
micro-HPLC system.

A sample (800 mg) of the second
library (inclusive, B) was treated with
95% TFA after reduction of the SCAL
linker, freeze-dried, dissolved in water,
and separated on a semi-preparative
HPLC column yielding 44 peaks using
a gradient of 0%-60% acetonitrile in
0.1% TFA in water over 200 min. (The
higher-than-predicted number of peaks
observed in the HPLC trace can be ex
plained by synthetic problems experi
enced in the solid-phase nonpeptide
couplings. This conclusion is supported
by the analysis of products obtained in
the synthesis of individual components
of this model Iibrary.) The fractions
representing the different peaks were
lyophilized, and several peaks were
analyzed by FAB MS and sequencing
to show the correspondence between
the structure predicted from the amino
acid coding sequence and the molecu
lar weight of the construct. Examples
of the results: Peak 4: RT 25.31 min,
sequencing: I. Leu (364 pmol), 2. Gly
(139), 3. Gly (422); FAB MS - 827.0
(building block combination 169);
Peak 8: RT 28.69 min, sequencing:
I. Gly (261), 2. Leu (176), 3. Ala (225);
FAB MS - 770.2 (building block com
bination 257 wlo block 7); Peak 13:
RT 31.47 min, sequencing: I. Leu
(792), 2. Leu (551), 3. Gly (128); FAB
MS - 921.0 (building block combina
tion 159); Peak 14: RT 32.27 min,
sequencing: I. Leu (7930),2. Gly (1810),
3. Ala (1763); FAB MS - 883.0 (build-



Structure of model libraries carrying the coding sequence.

Alternative ways of attachment of coding sequence to the solid-phase particle.

Screening Protocol of the Library

The peptide library was screened
according to the published procedure
(14). The peptide beads were first
mixed with incrementally increasing
double-distilled water to remove the
OMF. After extensive washing with
PBS (137 mM NaCI, 2.7 mM KCI, 4.3
mM Na2HP04, 1.4 mM KH2P04, pH
7.2), the beads were coated with 0.05%
gelatin (wtlvol) to block any nonspe
cific binding. The beads were then
incubated with a 1:100000 dilution of
streptavidin-alkaline phosphatase at 2
mg/ml (Pierce, Rockford, IL) in 2x
PBSlTweenigelatin (2x PBS, 0.1%
Tween-20 (vol/vol) and 0.05% gelatin
(wtlvol). The beads were then thor
oughly washed with TBS (137 mM
NaCI, 2.7 mM KCI, 25 mM Tris base,
pH 7.4) and the standard substrate 5
bromo-4-chloro-3-indolyl phosphate
was added. The beads, together with
the substrate, were then transferred to
petri dishes for color development.
After 30 min to I h, the colored beads
were collected with the aid of a micro
pipet, washed with 6 M guanidine
hydrochloride, pH 1.0, and subjected to
sequencing as described (14,15).

H-~Ala-Gly-~Ala-Gly-TG; 2. Fmoc
cleavage; 3. Coupling of Fmoc
Lys(Fmoc); 4. Boc cleavage; 5. The
resin was divided into 9 parts and the
following Ddz-protected amino acids
were coupled; A,O,I,K,M,N,S,T,V; 6.
Fmoc cleavage; 7. Coupling of nine
Fmoc-protected amino acids; Y,G,F,L,
H,P,Q,R,E (Y was coupled to that part
of resin that had already attached A,
etc.); 8. Resin combined and Ddz
cleaved; 9. Repeat steps 5-7; 10. Fmoc
cleavage; 11. Coupling of nine Fmoc
protected amino acids; Y,G,F,L,H,P,
Q,R,E; 12. Repeat steps 10-11; 13.
Fmoc cleavage; 14. Side-chain protect
ing groups and Odz removed by mix
ture K (12).

One bead was submitted to four cy
cles of Edman degradation: 1sf cycle:
Arg (64), lle (67); 2nd cycle; Gly (45),
Thr (14); 3rd cycle: Phe (42); 4th cycle:
Arg (35). lie was coupled Ddz-pro
tected and found in the first cycle. It
coded for Phe, which was detected in
the third cycle. In the second cycle Thr
was detected as the amino acid that had
been coupled Ddz protected. Arg, coded
by Thr, was accordingly found in the
fourth cycle of sequencing.

Model Library Synthesis:

Library: XXXX-Lys(XXXX)-Lys(ZZ)
~AJa-Gly-~Ala-Gly-TG

The library was synthesized accord
ing to the following protocol.

I. Coupling of Fmoc-Lys(Boc) to

H-(Ala-Phe-Val)I
H-(Ala-Phe-Val) -LYSl

TFA-(GIy-Tyr-Leu) - LYS-SCAL-@

Ac-(Ala-Phe-Val)I
AC-(Ala-Phe-Val)- Ll

H-(Gly-Tyr-Leu)- LYS-SCAL-@

[NONSEQ1-[NONSEQ1-[NONSEQ~

Carrier

A-B-C

[NONSEQHNONSEQ1-[NONSEQ)-B

earner
A-B-C

Fmoc-(Ala-Phe-Val)I
Fmoc-(Ala-Phe-Val) -LYSl

Boc-(Gly-Tyr-Leu)-Lys --SCAL~

(fgomg), fluorenylmethyloxycar
¥g'~minoethanethiol (280 mg)
i1\ection after coupling with
din/OMF) and phenoxyacetic

rug) as building blocks. For
C29H30N404S, MS expected 
Ms found - 553.0 (M+Na)+.

(100 Ill)
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----y0H \00 sr'-<Q)_-<:H
Sr Sr

0 0
2 3

SH
lfNH2

rN....NH, (/NJ /NH
Fmoc

4 5 6

0 0
()!(OH ©rO~OH ~S~OH

7 8 9

Table 2. Combinations ofUuilding Blocks Used in the Construction ora Model Nonpeptide

M.W.
Combination No Coding" With Coding b

167 444.6 743.9 GGG

168 454.5 767.9 AGG
169 471.6 827.0 LGG
147 474.6 787.9 GAG
148 484.5 811.9 AAG
149 501.6 871.1 LAG
157 482.6 838.0 GLG
158 492.6 862.0 ALG
159 509.6 921.2 LLG

267 486.7 800.0 GGA
268 496.6 824.0 AGA
269 513.7 883.1 LGA
247 516.7 844.1 GAA
248 526.6 868.0 AAA
249 543.7 927.2 LAA
257 524.7 894.1 GLA
258 534.7 918.1 ALA
259 551.7 977.3 LLA

367 520.7 876.1 GGL
368 530.6 900.1 AGL
369 547.7 959.2 LGL
347 550.7 920.1 GAL
348 560.6 944.1 AAL
349 577.7 1003.3 LAL
357 558.7 970.2 GLL
358 568.7 994.2 ALL
359 585.7 1053.3 LLL

"From library in Figure 48
bFrom library in Figure 4A

RESULTS AND DISCUSSION

The remaining library of colorless
beads were then recycled with 6 M
guanidine hydrochloride, pH 1.0, thor
oughly washed with PBS, and incu
bated overnight with 60 pM biotiny
lated anti-ji-endorphin (clone 3-E 7;
Boehringer Mannheim, Mannheim,
Germany) in 2x PBS/Tween/gelatin.
After thorough washing, streptavidin
alkaline phosphatase was added. One
hour later, the beads were washed, the
substrate was added and color develop
ment proceeded as described above.
The colored beads were then physically
isolated and subjected to sequencing.
In these two experiments, only the
darkest beads were sequenced. The
results are given in Figure 6.

The principle of the technique for
coding described in this paper is illus
trated in Figure I. The structure of the
"screening" ann may be constructed
from the unnatural (or nonsequence
able) amino acids, or the screening arm
may be constructed by connecting vari
ous building blocks using different
chemistries. In any case, given a com
position of the screening arm that does
not undergo Edman degradation, the
sequence information from the coding
sequence is sufficient to determine the
structure of the screening arm. The
building blocks in the screening arm
must be unequivocally associated with
the amino acids and positions in the
coding ann. To covera widerrange of
building blocks in the screening arm,
more than one amino acid per building
block can be used for coding. Thus, us
ing doublets of 20 natural amino acids,
400 unnatural building blocks can be
encoded, Selective cleavage of both
arms may be performed by the use of
specific linkers, and in this way the
separate determination of any effect of
the coding arm on the biological test
system is possible.

There are several approaches to as
sembling the coding sequence. In the
first one (Figure IA), both screening
and coding structures are built on the
branched attachment to the solid sup
port, realized, for example, by diamino
carboxylic acid (lysine). Both "se
quences" are present in the defined
molar ratio and a defined spatial ar
rangement accessible to the acceptor
molecule being screened. A second Figure 3. Building blocks used in the construction ofnonpeptlde library.
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GGG
AGG
LGG
GAG
AAG
LAG
GLG
ALG
LLG

GGA
AGA
LGA
GAA
AAA
LAA
GLA
ALA
LLA

GGL
AGL
LGL
GAL
AAL
LAL
GLL
ALL
LLL

(Figure IB) uses a statistical
of both structures on the

bead. In this case, any possi
can be achieved, and the pos-
of producing a cooperative
both sequences can be mini
the applications where the re

the screened peptide into solu
[as described by us recently

localization of screening and
compound on the bead is of no

since, due to the use of differ
the coding sequence is

released into the solution.
scheme was followed to

Agr"brlstlute the chemical synthesis of

;~~~~~~:g,:and coding sequences. A
Pi sequence was built from

These amino acids were
by G, Y and L, respectively, in

sequence. The screening
were built in duplicate on
groups of lysine attached to

lysine side chain using Fmoc
Ehillli"try(see Figure 2). The resin was

three parts and N°-Fmoc pro-
amino acids were coupled to the

scn,ening branches, and the correspond
(coding) amino acids were

to the remai ning branch. All
was combined and redivided

into three parts. Deprotection of

f
~~~~z~::;t firoup and coupling of theN -Fmoc amino acid were

in the presence of Boc pro
on the other branch, stable un

conditions. In the next step,

the N°-Boc group was cleaved and the
"complementary" N°-Boc amino acids
were coupled to the coding branch. The
procedure of mixing, splitting and
separate coupling of Fmoc and Boc
amino acids was repeated once more,
The synthesis was performed on a han
dle stable under conditions of both Boc
and Fmoe strategies, which can, how
ever, be cleaved under relatively mild
acidolytic conditions after reduction of
its sulfoxide moieties (21).

Sequencing of peptide-beads pre
pared in this manner demonstrated a
molar ratio of 2: 1 of screening to cod
ing sequence andthe appropriate corre
spondence of particular amino acids
(Figure 2A). Using one aliquot of
beads, the "screening" sequence was
acetylated and a clean sequence read
ing was obtained from the "coding" se
quence (Figure 2B). Using a different
aliquot of beads, the "coding" se
quence was blocked by a trifluoro
acetyl group, sequencing of the
"screening" branch was performed, the
trifluoroacetyl group was cleaved from
the sequenced beads and the sequence
of the "coding" peptide was deter
mined, confirming the results from the
sequencing of the "screening" peptide
(Figure 2C).

To verify that the synthetic strategy
generates the predicted equimolar ratio
of defined number of structures, the
"mini-library" represented in an aliquot
was cleaved from the support. Re-

versed-phase HPLC confirmed the
presence of 27 different peptides. The
peaks identified in the trace were col
lected and submitted for sequence
analysis, which confirmed the purity of
each peptide and its composition. Pep
tides were also cleaved from the single
beads, and the feasibility of analysis of
peptides released from only one bead
was confinued.

The second example demonstrates
the construction of nonpeptide struc
tures in parallel with the coding se
quence. The building blocks chosen for
this library are shown in Figure 3 and
the structures of the two alternative li
braries are shown in Figure 4. The dif
ference between these libraries is the
placement of the linker allowing for the
selective cleavage of the product. In the
first case (Figure 4A), the cleavage of
the linker (SCAL - safety-catch amide
linker [21]) results in the release of the
nonpeptide screening structure X3-X2
XI-Trp (Trp is attached for spectro
scopic monitoring purposes) attached
to its coding peptidic structure via a
lysine moiety. Cleavage of the linker in
the second case (Figure 4B) results in
the release of the nonpeptide screening
structure X3-X2-XI-Trp without any at
tached coding peptide. Besides use in
proving reliable coding, this chemistry
permits one to determine if interaction
with the acceptor is via the screening or
coding sequence. Construction of the
non peptide screening molecule

B

4. Alternative structures or non peptide libraries.

...... __ R,-H

Rl"CHJ

R1 ",CK0i2CH(CH~2

X,- N-C",-Q
X2- N~-C~

\...J

R2 "0'13 x,- --e'YQ R3 "H

R2 "OioCH2"CI1.Oi3k x,- /'o-<Q) R3 - 0i3

R2-H x,- A-<Q) RJ -OioCH2-C11.0i312



X=YGFLHPQRE

Z=AD IKMNSTV

II

III

Sequencing results:

1st cycle 2nd cycle Deduced sequence Target

Y,D G, I YGGF anti-l3-endorphin
Y,N G, I YGPF anti-l3-endorphin
Y,D G,K YGGL (3x) anti-l3-endorphin

H,S P,I HPQF(5x) streptavidin

Figure6.Structure of'llhrary withcodingsequenceandresultsofdecodingofpositively identilled bea

Figure 5. Structure of representative molecules from the nonpeptfde library.

involved (i) attachment of a a-bromo
substituted carboxylic acid or bro
momethylbenzoic acid to the available
amino group on the solid carrier, (ii) al
hey lation of an amino (28) or thiol
group of an amine or N-protected ami
nomercaptan, and (iii) acylation of a
generated amino group by a derivative
of carboxylic acid. We have selected
the building blocks for this experiment
in a manner that permits the assign
ment of the structure of the constructed
screening molecules based solely on
the molecular weight of the construct
(see Table I). Introduction of every
unnatural building block to the screen
ing structure was followed (or pre
ceded) by the coupling of a coding
amino acid to the other arm of the
molecule. We have used only glycine,
alanine and leucine for coding (these
amino acids, therefore, encoded a dif
ferent structural element in every step
of the randomization). Assignment of
these amino acids to a particular struc
tural element is given in Figure 4. Al
ky lation of amines or thiol used in this
experiment by 2-bromopentanoic acid
attached to the polymeric matrix led to
the generation of compounds with a
chiral center, and therefore the number
of structural combinations is not 27 but
36. However, only 27 different bead
types are generated (with screening
sequences of differing molecular
weights), 9 of which contain a mixture
of diastereoisomeric compounds. To
simplify the analysis of the mixtures
and to demonstrate the feasibility of
this type of synthesis on a polymeric
carrier, three of the possible structures
were resynthesized as individual com
pounds (Figure 5), using the same
chemistry as in the synthesis of the
model library.

The generated mixtures were
cleaved from the carrier, after the re
duction of the SCAL linker, and ana
lyzed by reversed-phase HPLC. The
number of peaks obtained corresponds
approximately to the predicted number
of 36. Individual peaks from the first
type of library (Figure 4A) were col
lected, part of the solution was sub
jected to Edman degradation and part
was analyzed by mass spectroscopy.
Results obtained confirm the correla
tion of sequence determination with
molecular weight determination by
mass spectroscopy, confirming the via
bility of the principle of coding by pep
tide sequence.
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SUMMARY

of randomization with sequence tag
ging consisted of (i) distribution of the
resin into a number of reaction vessels
corresponding to the number of amino
acids randomized in this step; (ii) cou
pling of Fmoc-protected amino acids
(Y, 0, F, L, H, P, Q, R, E); (iii) wash
ing, cleavage of Ddz group and neu
tralization; (iv) coupling of the corre
sponding Ddz-protected amino acids
(A, D, I, K, M, N, S, T, V); (v) mixing
the solid support and deprotection of
the Fmoc group.

This library was used in the screen
ing against two model targets; anti-~

endorphin monoclonal antibody and
streptavidin. Positive beads were iden
tified by the standard staining tech
nique (14,15). The beads (5 for each
target) identified in this screen were
subjected to two cycles of Edman deg
radation, the results of which are given
in Figure 6. As can be seen, strepta
vidin-positive beads gave, in all cases,
Hand S (coding for Q) in the first cy
cle, and P and I (coding for F) in the
second cycle. Thus, the sequence of the
screening arm HPQF could be decoded
without difficulties. Beads identified in
the anti-If-endorphin screening gave
more diverse results. Besides Y and D
(coding for 0), also N (coding for P)
was found in the first cycle; and 0 and
I (coding for F), and K (coding for L),
were found in the second cycle. There
fore, sequences YOOL (3x), YOOF
and YOPF could be constructed from
these data. The sequences found are in
agreement with the data obtained
earlier (14-16).

These experimental proofs have
confirmed our thesis that the structure
of non-Edman degradable compounds
can be determined by a peptide-coding
technique. This technique should en
able the synthesis and screening for
biological activity of a great diversity
of nonpeptidic compounds. As a result,
the technique broadens the potential
application of combinatorial library
approaches, such as the Selectide
Process, in the search for new drug
candidates.
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second library (Figure 4B).
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and the nonpeptide structure
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