
DRUG DEVELOPMENT RESEARCH 33:14&156 (1994) 

Research Article 

Application of One-Bead One-Structure Approach to 
Identification of Nonpeptidic Ligands 

Magda Stankova, Olga Issakova, Nikolai F. Sepetov, Viktor Krchnak, Kit S. Lam, and 
Michal Lebl 

Department of Chemistry, Selectide Corpordtion (M S , 0 I , N F S , V K , M 1 ) and Arizona Cancer 
Center and Department of Medicine, College of Mpdrcine, Univerrrty of Arizona (K 5 1 ), 

Tucson AriLona 

ABSTRACT A synthetic chemical library comprised of alkylated and acylated amino acids was 
synthesized and screened to determine structures that bind to a model target, streptavidin. The 
library was prepared using ”split synthesis” and screened in a solid phase binding assay. The 
structure of positively reacting compounds was determined using mass spectroscopy. Positive 
compounds, together wi th various structural analogs were synthesized and their binding con- 
firmed. Structures containing both an imidazole moiety and a substituted aromatic residue dem- 
onstrated binding. :CI 1994 Wiiey-Liss, Inc. 
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INTRODUCTION 

Coinhatorial peptide libraries have proven to 
be a powerfd technique to identify lead compounds 
with desired hiiiding or biological properties. In order 
to expand the utility of this technique, efforts have 
been made to synthesize non-peptidic libraries. I x g e  
libraries can be prepared by biological methods (fila- 
inentous phage [Cwirla et al., 1990; Devliii et al., 
1990; Scott and Smith, 1990; Felici et al . ,  19911 aiid 
plasrriid [Ciill et al., 199.21 libraries) and by  synthetic 
methods which include (1) the iterative approach 
[Geysen et a]., 1986, 1987; Houghten et al., 1991; 
Owens et al., 1991; Blake and Litzi-Davis, 19921 and 
(2) the one-bead one-compound approach [Lam et al. ~ 

1991; Lain and I,ebl, 1992; Salmon et al., 19931. Only 
synthetic techniques are capablc of adapt‘ d t ion to a 
broader array of coiiipouiids. Initial eflorts in this area 
have been demonstrated in libraries containing struc- 
tures with reduced peptide bonds aiid non-peptide 
moieties [Bunin and Ellman, 1992; Siinoii et al., 1992; 
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Cho et al., 1993; Nikolaiev et al., 1993; Chen et al., 
1994; Lebl et al., 1994a,b]. 

The “one-bead one-struc!ture” approach ein- 
ploys split synthesis [Furka et al., 1991; Houghten et 
al., 1991; Lain et al.: 1‘3911, to ensure that oidy one 
cheiiiical entity is being synthesized on each head. 
The entire 1)ead-bound 1iI)rary can then be screened 
to determine hinding activity against a soluble accep- 
tor nioleciile for binding [Lam et al., 1991, 1993; Lain 
aiid Lebl, 19921. Alternatively, rising an orthogonal 
two-stage release process, compounds can be released 
from the I~eatls for use in a solution phase assay [KofiS 
et al., 1993; Lebl et al., 1993a,b; Salmon et al., 19931. 
Positively reacting 1)eads can be identified and the 
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structure of the ligaiid can be tleteriiiined. We cle- 
scrihe here the appliciltion of this a p p r o ~ h  to ~ I I -  

sti-uct a non-peptide library consisting of acylated and 
alkylated amino acids. 

MATERIALS AND METHODS 

Lil)r;Iry synthesis was peiforiiietl 011 TelltaGcl 
Resiii S OH (Kapp Polyniere, TuI)ingeii, Ckrmany). 
F1noc-ilmiIio acids, with standard side cliaiii protect- 
ing groups were obtained fi-oiii Advanced ChemTech 
(Louisville, KY), Bachem (Torrance, CA), or Propep- 
tide (Vert-lc-petit, Friince!. N-Hydroxyl,enzoti-i~~zole 
(HOBt), diisopropylethylairiiiic (DIEA), piperidine, 
and diisopropylcarbodiiiiii~le jDlC) were o1)taiiied 
frolii Advanced C1iemTec:h; iilde1iydes and carhoxylic 
acids were from Aldi-ich Chemical Co. (Milwaukee, 
WI). Comiiiercial-grade solvents \wre used without 
further purification. 2-Broiiio-3-chloro-iiidol~l plios- 
phate (RCIP) was obtained from Ameresco (Solon, 
Ohio). 

Both analytical and p-epir~~t ive HPLC wcrc car- 
ried out on a Waters 62.5 LC system with ;I \Vaters 
490E Prograininable Multiwavelciigth Detector. UVI 
VIS ahsorption spectra were rworckd on ii Hewlett 
Packarcl HP 8452,4 Diode-Array spcc t ro~~ l i~ i to i i i~ t~~r  
using a l-cin quartz ctivette. lon-spray mass spectra 
were obtained on a triple quadrupole PE-Scit:u APT 
111 + inass spectrometer with ill1 articrilateci ion spray 
sample inlet system. For R;f S/MS experiincnts argo~i 
was used a s  the collision gas. 

Synthesis of Library of Small Organic Molecules 

Fni(jc-Pro wils coupled to the resin (TentaCA:l S 
OH, 1 g)  using DIC (3 equivalents [eq]), HOBt (:3 cqj, 
arid N-itiethyliiiiidazole (6 eq) in DPVIF. Doc:-l.ys- 
(Fmoc)-Pro linker was asstrmbled iising DIC alId 
WORt. After cle;iv;~ge of the Fiiioc. group, tlie pep- 
tide-resin was divided into eightcell ecpal portions, 
and eighteen (excluding cysteine and proline) Fmoc- 
protected L-amino acids and glycine (one in each re- 
action vessel, .3 eq each) were c ~ i i p l t ~ l  using DIC a11d 
HOBt in DMF (3 eq). Fnioc protection of tlic 
a-amino group was removed b y  pipericline in D\;lF 
(SO%, 10 niin) arid after washing with DM F (5 x ) uud 
DMF containing 2% of acetic acid, the resin w a s  di- 
vided into twenty reaction v els. Free amino groups 
were exposed to a solution ldehydcs ill inetli:i,lol/ 
dicliloromethaiie/l% AcOH (2 to 30 eq accorditlg to 
the aldchyde reactivity). After 20 miri i~i-einciibatioli, 
cyanoborohydride (1 nimol/mL DMF, 2 to 30 eel) w a s  
added and the reaction proceeded for 40 rriiii. The 
resin was washed with DMF (5 X )  arld a tiirlhydrilr 
test was performed to check the completeness of the 

p r i l r i q  amino group transfoi-niation to secondary 
alnino gi.oiip. In the case of a positive test, the cou- 
pling wils  repeated. The resin was pooled, carefully 
waslied, nrid redistribiited to twenty reaction vessels 
and twenty carhoxylic acids were coupled eitlwr by  
the IIICIIIOBt method, or by  using syininetrical an- 
hydrides. Aftei- thoroiigh washing, the side chain pro- 
tecting groiips were removed with reagent K [ King ct 
a l . ,  lWO]. The resin wits waslied, divided into two 
parts, and one lialf was acetylated with a inixtrire of 
acetic anhydride aiid pyridine. The non-acetylatcd 
part of the lilmiry was stored i i i  acidic aqueous sohi- 
tion. 

Screening of the Library 

An aliquot (50,000 beads) of the acetylated li- 
I ) r q i  WRS gently niixetl with ;in increinentnl increase 
of doubly-distilled water to remove all DMF. The 
1)eads wcrc thoroughly washed with doubly-distilled 
water. C;cIatin (0 .1  % w/v) was then used to hlock a n y  
no i i - spwi fc  I)iiiding. The 1)eatls u7ere then mixed 
with tlie slreptavidiii-alkalilie pliospliatase coinplex 
( a s  dilute a s  possi1)le to minimize non-specific hind- 
itig) in  PBS with 0.1 % gelatin and 0.1 % Tween 20 
with gentle mixing for 1 h. The 1)eads were then thor- 
oughly waslied with PBS with 0.1% l'ween 20 fol- 
h \ved  by TBS (Tiis Buffered Saline: 8 g NaCl, 0.2 g 
KC1, and 3 g l'ris base in 1 liter water; pH 8.0). Tlie 
standard sii1)strate RCIP ~Fj-l~romo-~-cIilo~o-~-in- 
tlol~lpliosl'1i"te) in ;in alkaline phosphatasc buffer 
(5.85 g NiiCl, 12.1 g Tris base, 0.476 g MgC12; pH 8.S) 
was then added and the beads were transferred to a 
polystyrene: Petri dish (100 X 20 mm). The reaction 

carried out  for up to 2 ti. The positive beads 
I)ec:aine turquoise in color while the majority of the 
bcads reiriainecl colorle 

Positively reacting 1)eatis were separated and 
treated with 8 M guanidiiie 11ydl-ochlo~ide, pH 2.0 for 
20 n i i n .  &stained by  an  intensive wash with DrVIF, 
and the al)ove-descril)ed experiment was repeated 
with the competing ligaiid (hotin) added to the incu- 
t)iltion incditiiii. Colorless beads were selectecl, 
stripped Iiy guanidine Iiydi-ochloi-ide, aiid reincu- 
Ixited with the acceptor-~Ikaline phosphatase colllplex 
in the a1)sence of competitor. Three 1)eads were 
stained (confirined positive) and isolated for sequrllc- 
ing. 

Structure Determination of Positively Reacting Beads 

The positive beads were physically rclnoved 
with the micropipctte and treated with 8 M guaiiidirie 
hydrochloi-itle, pH 2.0, for 20 irtin to 1 11. The beads 
were then washed with tlonbly-distilled water. Cleav- 
age of compoiinds from a single head was achieved 11y 
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a 20-min treatment with 30 p1 of  0.5% N ~ O H  s o ~ r l -  
tion, with subsequent quenching of hydrolysis 11,: 5 r ~ . l  
of glacial acetic acid. One half of the rcsultalit solution 
was injected into the inass spectrometer through a 
desalting colurrin to determine the moleclllar weights 
of the individual compoiients of the niixture. In the 
second run, selected coinpounds were fraglnerited b y  
MSIMS using the remaining solution. 

Resynthesis of the Putative Structures 

Fmoc-His(Trt) was coupled to the Boc-Lys-Pro 
linker which w a s  attached onto resin (TentaCel S OII, 
2 g). The Fiiioc group was removed by pillel-idine in 
D!vIF (20'31, 10 min), and after wwdring with U\,fF the 
free amino groups were exposed to the solution of 
2,4,6-trimetliyoxyl~erizal~~ehy~le (30 eq) in a solvent 
system consisting of inetliaiiol/iiiethyle~~~ chloride/ 
acetic acid (77:20:3). After 20-iriiii preiiicubatioi1, cy- 
anoljorohydride (1 niinolil nil DMF, 30 eq) w a s  
added and the reaction proceeded for 120 i i i i i i .  After 
washing with DJ4F, a ninhydrin test was perfomled 
and the resin was divided into two portions ( 3 : 2 ) .  Thc 
side chain protccting groups in the siriallei- portion 
were removed using reagent K for 45 inin. The resin 
was then washed and acetylated with a mixture ol  
acetic anhydride arid triethyhiine i i i  DMF for 50 
inin (compound I; Fig. 1). Finoc-Gly was couplcd by 
the DIC/HOBt method to the second portion. Cou- 
plirrg was monitored with broniopheno~ blue [ Krcli- 
kik ct al., 19881. Side chain protecting groups were 
removed with reagent K,  aiid after the resin w a s  
washed, it was divided in half'. The Fiiioc group was 
removed from the first half by  piperidiiie in  DMF 
(2096, 10 inin) and the resin was acetylated icoiii- 
pound 11; Fig. 1). The second half was acetylated and 
then the Finoc group was removed (compound 111; 
Fig. 1). 

Compounds were cleaved f i -oi i i  beads b y  an 
0.5% NaOH solution. -4fter 1 11, the solutions were 
neutralized b y  acetic acid and salts n7ere removed b y  
filtration through "Sep-pak" filters. Prepared coin- 
pounds were tlieri lyophilized. Thc structures without 
the Lys-Pro linker (compounds IWVI; Fig. 1) were 
prepared using the same procedure, 1)eginning with 
the coupling of His directly to thc resin by an ester 
bond, as w~el l  as the structures not containing an al- 
dehyde moiety (compounds VII-IX; Fig. l). ,411 syn- 
thesized structures wcre tested (boiiiid to the resin) 
for their binding to sti-eptavidiri. Those that showed 
1linding (cornpounds I-IV; Fig. I )  were cleaved fro111 
the beads, purified by preparative HPLC. and char- 
acterized. 

The synthetic product from the prepai-atioii of 
co~nporlrid I1 was analyzed by inass spectroscopy and 

afiorded a nearly identical spectrum to the mixture 
obtained froin the single positively reacting beads 
(Fig. 221). Individual components of the mixture 
wcre separated by IIPIX and analysecl by MS and 
NMK. Ketciitiori times (inin): 8.2 (VIII), 14.4 (X), 15.0 
(II), 15.,5 (1) (hkrosorb h,IV C-18, 5 pin, 25 x 0.4 cm, 
5 to 65% CH,CN in 0.1% TFA in 30 inin); 14.2 (X), 
16.9 (11), 19.9 (I) (Vydac C-18, 10 pin, 25 x 1 cin, 15 
to 25% CH3CN in 0.1% TFA in SO inin). IIPLC char- 
acteristics of conrpoiinds I a id  VIII were identical to 
those of authentic samples. Compound X: NMR:  Ac: 
1.834, 1.855; Lys: IVH 8.033; C,II, 4.396; C,H, 
1.469, 1.332; C,H, 0.950; C,H, 1.157, 1.034; CcI12 
2.230, 3.268; Pro: C,H 4.233; C,H, 2.148, 1.816; 
Cy€12 1.899; C,H, 3.440, 3.673; His: C,H 4.506; 
C,H, 2.762, 3.734; CH(2) 7.551; CII(4) 8.982; Gly: 
N H  8.165; CH2 2.762, 3.7:34; trimetlioxybenzylidt.nt.: 
CII 6.301; CH(Ar)3,5 6.331, 6.291; OMe 3.702, 
3.805, 3.852. MS fragmentation: Fig. 3.  

RESULTS AND DISCUSSION 

Synthetic coirrbinatorial techniques otfer broad 
opportunities for the construction of p"l'titlomim(:tic 
and other iioii-peptitle libraries. These libraries may 
iiiclude unnatural amino acids, cyclic structures, scaf- 
folds, reduced peptide lwnds,  or other non-peptide 
coupling chemistrics, as well a s  conipletely 11oii-pcp- 
tide moieties [Runin  and Ellman, 1992; Siinoii et A. 
1992; Cho et al., 1993; DcWitt et al., 1993; Kerr et 
a]. , 1993; Nikolaittv et a]. , 1993; Zuckeriiiarin, 1993; 
Chen et d., 1994; Lebl et al., 1994a,b]. To denron- 
strate the f1exil)ility of this approach, w7c have synthe- 
sized a sinall inodcl library bascd on Na-alkylated and 
acylated iiin ino acids. 

As hiildiiig blocks in this synthesis, we have 
used 17 L-aiiiino acids a i d  glycine for the first ran- 
domization. The free amino groiip w a s  reacted with 
twenty different aldehydes to form the Schiff base, 
and cyarioboroliydridc reduction provided alkylated 
amino acids. The newly hriiied secondary amino 
group w7as theii acylatcd b y  twenty carboxylic acids. 
The synthetic scheme is illustrated in Figurc 4 and 
building blocks used in the library synthesis ilre listed 
in Table 1. Analysis of the random lieads from the 
library have shown that soiiie structures were gener- 
atcd only iir low yield and that each bead contains 
~norc than one compound. It is unrealistic to expect 
that the reactions applied in the construction of 11011- 
peptidic libraries would yield a single product. Since 
the goal of coiiibinatorial libraries is to generate di- 
versity to idcntifF7 leads, multiple (identifiable) struc- 
tures on a single bead iriay be advantageous provitled 
that one can identify the structures of all compo~mds 
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in the boxes show the binding to streptavidin. 

Scheme for the synthesis of some permutations of identified compound. Compounds 
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Figure 2. Mass spectra of compound mixture cleaved from three library beads (b-d) reacting 
positively with streptavidin compared with the mass spectrum of mixture cleaved from the beads 
synthesized using identified building blocks (histidine, trirnethoxybenzaldehyde, and acetylgly- 
cine, a). 
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X 
Figure 3. Structure of compound X 

present. We have optimized reaction conditions and 
building block selection (Flegelova et al., subiiiitted 
for publication), but have tested the prepared library 
to demonstrate that even unoptitnized cheiiiistries 
can provide reasonable lead structures. Iiicoiiiplctc 
reactions in the randomization steps simplified the 
analysis of the library structures by inass specti-os- 
copy. We have written a program which can generate 
the building lilock composition of a particular inolec- 
iilar weight, taking into consitleration iricomplctc rc- 
actions. The composition of all compounds (resulting 
from incomplete or alternative reactioiis) generated 
on one bead must correspond to each other siiicc the 
bead is exposed to only one reagent in each step. 
Inforination froin fragmentation patterns of iridividtial 
componnds inay confirm the structural conclusions. 

The library contained 7,600 compounds (i.e., a 
complete library may be represented by  7.6 ing of 
resin). Samples of the Iihrai-y were screened agairist 
streptavidin, anti-p-endorphin monoclonal antibody, 
arid thrombin. Of the three targets screened, note- 
worthy ligands were identified only in the streptavi- 
din assay. Specificity of binding was demonstrated in 
a binding assay by competition with biotin. 

The structures of compounds from the positively 
reacting beads were determined by m a s s  spcctros- 
copy. Compounds were cleaved from the beads by  
alkaline hydrolysis arid analyzed by  M S  and MS/MS. 
Figure 2 presents the M S spectra of compounds 
cleaved froin each positive I)ead. '411 three of the se- 
lected beads showcd ncarly identical inass spcctra. 
We concluded that all positive heads contained the 
same mixture of compounds. The smallest irioleciilar 
weight (considering incomplete coupling of' one build- 

iIlg Ijlock) of the compound which coiild have been 
synthesized in the library is 384, a i d  therefore \.5'e 
have taken only pcaks with higher inass into consid- 
trratioll (see Fig. 2). Mass 407 does not correspond to 
any combination of building blocks. Figure 5 shows 
the daughter spectrum of peak 522 (upper panel), in 
which fragment 407 can be clearly identified. There- 
fore we can suggest that appearance of peak 407 in the 

of peak 522. The difference of 115 U can he explained 
1)y clcavage of the C-terminal proline. There are only 
two com1)inations containing an incomplete set of 
bidding blocks which fit molecular ion 522: R1, His; 
RS(aldehyde), not coupled; R3, Ac-Gly or succinamic 
acid. Daiighter spcctra of inolecular ion S22 (Fig. 6) 
showed intensive cleavage of the Lys-Pro ainide bond 
(peak 407), as well as cleavage of the peptide bond 
1)etweeii an unknown amino acid and the Lys-Pro 
linker (peak 237); neither of these peaks is informative 
for structure clucidation, since the linker structure 
was known. Rut  the presence of peak 110 (iinmonium 
ion of IIis) suggests thc presence of His in the mole- 
cule. Peak 700 does not correspond to any combina- 
tion of I d d i n g  I)locks identified in peak 522 with the 
aldehyde liuiltling block (assuming a normal path of 
alkylatioii and acylation). Calculation of the possible 
coinbinations of builtling blocks wliich fit M H  + 702 
deinoiistrated that there are only two combinations 
which include previously defined coinpoiients: R1 
(amino acid), His; RZ(aldehyde), triinethoxy~eiizy1; 
R3, Ac-Gly or succinamic acid. The presence of a 
small peak 644 (explained by incoinplete acylation of 
s tericallj, hindered secondary aniirio group by tertbii- 
tyloxycai-f~onylglyciiie followed by acetylation: R1, 
His; R2, trimet1ioxy~)enzyl; R3, acetyl) allows us to 
distinguish between two possible carboxylic acids (R3, 

Determination of I d d i n g  blocks used in the 
synthesis of the particular positively reacting bead in 
the library format ~ I O W  us to repeat tlie synthesis of 
the same putative structure 011 a scale affording 
enough iiiaterial for structural analysis. We have re- 
peated the synthetic scheme used in 1iI)rary synthesis 
and analyzed the products. As can he seen from Fig- 
ure 2, tlie inass spectrinn of the mixture matched very 
closely the spcctra obtained froin the individual 1'0s- 
itive l)eatls, supporting the conclusiori a11out the 
building blocks present in the positive compounds. 
We have analyzed the mixture by reversed phase 
HPLC and were able to isolate four major compo- 
nents of the mixture. The first peak was idcntified by 
M S  (molecular weight [m.w.] 521) aiialysis as co~n- 
pound VTTT, the result of incomplete alkylatinti of thc 
histidine amino group, or acidolytic cleavage of the 

original spectrum is the result of irilct fragment' ~1 t '  lOTl 

Ac-Gly). 
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1. Amino acid coupling 
2. Depmtection R2-CHO 

N h - 0  t - 

Figure 4. Scheme of the reactions used in library synthesis. 

TABLE 1. Building Blocks Used in the Construction of the Model Non-Peptidic Library 

Aldehydes Carboxylic acids Amino acids 

Alanine 
Argintne 
Asparagine 
Aspartic arid 
Clutamic a c i d  
Glu tamt ne 
Glycine 
Histidine 
lsoleucine 
Leucine 
Lystne 
Methionine 
P hen y la1 an i ne 
Serine 
Threonine 
Tyrosine 
Tryptophan 
Valine 

Butyraldehyde 
lsobutyraldehyde 
2-Methyl-2-butrnal 
3 Methylbutanal 
3-Methylthiopropionaldrhyde 
3,3,5-Tr i methyl hexa nal 
~-Dimethylarntnoacrolein 
5-Norbornrne-1-c arboxaldehyde 
Cyclohexanecdrboxaldchyde 
2,4,6-Trimethoxybenraldehvde 
Benzaldehvde 
4 Nitrobenzaldehyde 
4-Dtrnethylaminobenzaldehyde 
4 Methoxybenzaldehyde 
4 Hydroxybenzaldehyde 
Hvdroctnnamaldehyde 
4 Uimethvlaminocinnamaldehyde 
2-lmida7olecarboxaldehyde 
L-Pyritlinecdrboxaldehyde 
2-Thiophenecarboxaldehyde 

Acetic 
Butyric 
Sur-cinic 
Hexanoic 
Pivalic 
Phenylacetic 
4-Phenylbutyric 
Diphenylacetic 
1 -Naphthylacetic 
2-Phenylpropionir 
Sucrinaniic 
C I u tar i c 
2-Furoic 
Cyclohexylacettc 
2-Brornopentanoic 
Alanine 
tilycine 
C; iian id i riodcetic 
Cuanidinobutyric 
4-Bromophenylacetic 

triinethoxybenzyl group during the final deprotec- 
tion. The structure of the second peak (1n.w. 699) w a s  
elucidated by NMR spectroscopy and confirmed h y  
MS fragmentation. It was found to contain an imida- 
zolidirione ring (X; Fig. 3) .  Speculation almiit the for- 
mation of this product map iriclude formation of irni- 
tlazolidirione structure during the step of reductive 
ainination followed by :ic:ylation of the amino group. 
The third peak (1n.w. 701) was found to be the correct 
striicture 11. The fourth peak (m.w. 643) w7as found to 
be structure I, in which the glycine moiety was not 
attached to the secondary amino group. Fragmenta- 
tion of authentic rnaterials (see below) was found to lie 
identical to that of the compounds that were found in 
the library (lower panels in Figs. 5 and 6 show frag- 
mentation of compounds ~ 1 1 1  and X). 

To determine the importance of the individual 

building blocks and the linker used for the releasahle 
attachment of this library to the solid support for liind- 
ing to streptavidin, some possible permutations of the 
suggested structure were synthesized, both on the 
cleavablc linker and directly, without any linker (see 
Fig. 1). Binding of streptavidin was observed for the 
structurcs niarked by the box in Figure 1.  As can be 
seen, the presence of ;i trimethoxybenzyl group and 
the iinitlazole ring of liistidine is critical for binding, 
but the linker or acetylglycine does not have to be 
present in the streptavitlin ligaiid. The binding struc- 
tures were syntliesized in larger quantity, and their 
1)indiiig to streptavidin was confirmed in solution. We 
havc found that the observed biiiding is of greater 
affinity than that observed with previously identified 
peptides [Lam et al., 1991, 1994; Lain and Lebl, 19921. 
Precise evaluation of liinding constants is in progress. 
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Figure 5. 
the spectrum of resynthesized compound Vl l l  (bottom). 

MSiMS of peak containing compound of molecular weight 522 (top) in comparison with 
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the spectrum of compound X (bottom). 
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CONCLUSIONS 

We have demonstrated that a small non-peptidic 
library can be used to identify ligands of significant 
aEinity for a relatively large protein inolecule. In ad- 
dition, we have illustrated that inass spectroscopy of- 
fers a viable alternative to coding methods [ Rrenner 
and Lerner, 1992; Kerr et a]., 1993; Needels et al., 
1993; Nielsen et al., 1993; Nikolaicv et al., 1993; 0111- 
mcyer et al., 1993; Lebl et al.,  1994a,b] for the iden- 
tification of structures of non-Edman degradable coin- 
pounds. 
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