
to CFIV (18). Given tliat 111 lllaln~llals CPSF 
interacts with poly(A) polymerase, cleavage 
factors, and the pre-mRNA, it is possible tliat 
the CPSF-related subunits of PFI also partlc- 
ipate in speclflc interact~ons ~vitl i  CFI? as [yell 
as nitli the R N A  substrate. T l l ~ ~ s  in yeast, 
specificity and processiv~ty may be conferred 
upon poly(A) po ly~~~erase  by the colilhl~led 
a c t i ~ n  of CFI. and PFI. The  reason nhv  PFI is 
not reil~llred for the cleavage reaction, in spite 
of its homology ~v l th  CPSF, might be because 
the poly(A) polymera.;e itself does not partic- 
lpate in cleavage (5). However, the fact that 
neither the s i g l ~ ~ l  sequellces OII the R N A  
substrates nor the protein factors are inter- 
cllangeabl-e bet~veen yeast and metazoans may 
reflect sulltle hut  llllportallt ~lifferelices 111 pro- 
tein-protein and RNA-protein interact~o~is 
hetneen tlie polvadenylation systems of yeast 
slid ~lletaz~alis.  

Do bacteria Ilave CPSF or PFI? Three 
open readng frallles of unknon.11 f ~ ~ ~ l c t i o l l  in 
the &Il, jjnnnaschii (13) are signiiic:~ntly relateil 
to the 73-kD urotein and to TishllBrrj. I11 

vlen. of recent surprising f~liil~llgs in the field 
of bacterial pol~adenylatlon (26)) this raises 
the question Lvllether these proteins are 111- 

volved in pre-IIIRNA 3'-end form:~t~on. HOLY- 
ever, hl .  jjnnnnschii does not encode homologs 
of the 160-, 10C-, or 3J-kD sullu~iits of CPSF 
nor of Fw1. As far as seuuence data are avail- 

Keer  unpubshed data 
11. Tvjptc peptdes were obtained frorn the sarne pre- 

parative SDS-polyacvjlam~de gel as descrbed (7) 
12. A cDNA fragment startng at the H n d  I slte and 

contanng the autlientc stop codon was subconed 
n to  pQE1 I (Qagen) and expressed n Escherlchla 
coli (71. A rabbt was njected four tmes \with 100 l ~ g  
of proten (25). Monoclonal antbodes were obtaned 
from the fuson described earlier (7) 

13. C J Bult et a1 Sciei~ce 273 1058 (1 996). the iM 
janilasch~i gene n~rmbers are: MJ0047. MJ0162, 
and MJ1236. 

14 M. Johnston S Andrews R Waterson. GenBank 
accesson number U17245 (1 994) 

15 S M. Noble and C. Guthre Genetics 143 67 (1 996). 
16 G. Chanfreau S. lvi Noble, C Guthrie, personal 

colnmuncaton 
17 YSHl was cloned by PCR and the screenlng of a 

genolnc b r a y  (10). A truncated form of YSH1 start- 
n g  at the Internal B g  I s~te and contanng the au- 
thentc stop codon was subconed n to  pQEl0 (Qa- 
geni and expressed n E coli (7). A rabbt was nject- 
ed four trnes w~ th  100 k g  of SDS-poyacryam~de gel 
eluted fuson aroten 125). 

18. P J. Preker ' J ~lng'rie;, L M~nv~elle-Sebast~a, W. 
Keller Cell 81 379 (1 995) 

19 P J Preker and W Keer  n preparat~on. 
20. E.-C Park, D F~nley J. W Szostak Proc /\!at/ 

kcad. So. U S  A. 89 1249 (1 9921, A Varshavsky 
Cold Spring Harbor Symp Quant. Biol. 60, 461 
(1 996); plasrnids were mod~f~ed as follows an Xho 
-Balm HI cassette contanng the CVCl promoter, 
the ~ r b q u t ~ ?  codng sequence and e~ther a Met or 
Arg codon, \was cloned between the GAL1 up- 
stream-actvatng sequence and a Not I cloning site 
(paslnds pGUM1 and pGUR1, respectvey) These 
pasmds are centrolnerc and ADE2-marked (101 A 
Not I PCR (polymerase cha r  reacton) fragment car- 
v j~ng the compete open readng frame of YSHl was 

Introduced y~eldng pGUM-YSH1 and pGUR-YSHl , 
respectvey. Both pasmds can rescue a stran ds -  
rupted for the chromosomal copy of YSH1 on gaac- 
tose med~um However on 543 ~ I L I C O S ~  medum, 
only the pGUM-YSH1 -conta~n~ng straln [LMI 12 
(iMATa ysi? 1 :. TRP1 ura3- 1 irp 11. ade2- 1. leu2- 
3,112 ;?is3-7 1 15; and pGUM-YSH11; IS v~able 
(LM111 IS sogenc w~ th  LM112, except that t con- 
tans pGUR-YSH1) 

21. Extracts were prepared as descrbed [A Ansari and 
B Schwer, EiMBO J 14 4001 (1 995)l. The reactions 
\were processed as descr~bed (5) except that in 
cleavage assays, cordycepne triphosphate (0.5 mM 
f n a  concentraton) replaced CTP, and lnagnesium 
acetate (1 8 mM) \was used Instead of EDTA. 

22. J Lngner, J Kelermann W Keer ,  idature 354, 496 
991 i. 
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Harbor, NY 1989) 

25. E Harlow and D Lane Aniiboo?es. A Laborator)/ 
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able, this bias also holds true for eubacterla 
(10,  16). It thus rell-iains an  open cl~~estioll as 
to \vhich degree pre-mRNA ?'-en L l formation ' 

Dependence of Yeast Pre-mRNA 3'-End 
is conserved het~veen the iiifierelit ilomains Processing on CFTI : A Sequence Homolog of 
llte. In any case, the ll~gli degree of sequence 
conservation Tuggests that YslilIBrr5 a n ~ l  its 
related protei~is Ilave importa~it and esse~itial 
f i~~ictions.  
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the ~ammalian AAUAAA Binding ~acto; 
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3'-End formation of pre-mRNA in yeast and mammals follows a similar but distinct 
pathway. In Saccharomyces cerevisiae, the cleavage reaction can be reconstituted by 
two activities called cleavage factor I and I I  (CFI and CFII). A CFll component, designated 
CFTl (cleavage factor two) was identified by its sequence similarity to the AAUAAA- 
binding subunit of the mammalian cleavage and polyadenylation specificity factor 
(CPSF), even though the AAUAAA signal sequence appears to play no role in yeast 
pre-mRNA 3' processing. Depletion of a yeast whole-cell extract with antibodies to CFTl 
protein abolished cleavage and polyadenylation of pre-mRNAs. Addition of CFll restored 
cleavage activity, but not polyadenylation. Polyadenylation required the further addition 
of poly(A) polymerase and polyadenylation factor I, suggesting a close but not necessarily 
direct association of these two factors with the CFTl prote~n. 

M o s t  eukaryotic pre-mRNAs are 
at  tlieir 3' ends by endom~cleolytic cleavage 
:lnJ s~lbsecjr~ent addi t io~l  of a polv(A) tail a t  
the upstream fraglllellt ( I ) .  Sol-ile st~ldies 
have provided evidence for a possible evo- 
1~1tio1~1ry 11lnk betu.een yeast and mammali- 

lnst~tut f~rr  B~ochem~e Genzentrum der Ludw~g-Maxi- 
m111ans-Un~versitat Mirnclien Feodor-Lynen-Str 25. 
0-81377 Munclien. Gerlnanv 
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an  trans-acting factors involved in 3 '-end 
forlllation (2-4). Tlle poly(A) polymerase 
(PAP)  has so far revealed the highe.;t se- 
cjrlence similar~ty among the factors identi- 
fied for cleavage and polyadenyl:~tio~ii in 
yeast and lllamlllals (5). T h e  tmo known 
subun~ t s  of CFI ( 6 ) ,  the Rna14 and R l i a l j  
proteins (3, have been proposed to  he the 
yeast counterparts of the  77-kD and 64-kD 
sutiun~ts of tlie 11-ial-ilm:111an cleavage stlmu- 
latory factor (CstF) ( 2 ,  3 ) .  Nevertheless, 
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the functional significance of CFI is more 
related to the mammalian CPSF (8) in that 
both factors (CFI and CPSF) are required 
for cleavage and polyadenylation, whereas 
CstF is only essential for the cleavage step. 
Furthermore, a weak similarity between the 
yeast protein Fipl (9), which binds to both 
Rnal4 protein and PAP, and the human 
160-kD subunit of CPSF, which directly 
interacts with the AAUAAA signal, has 
been reported (3). The, yeast S. cereoisiae, 
however, lacks the hexanucleotide 
AAUAAA, which is highly conserved in 
mammals, and seems to use different signals 
to direct mRNA 3'-end formation (I). 

To identify in S. cerevisiae components of 
the 3'-end processing machinery, which are 
conserved between yeast and mammals, we 
made a computer search of the non-redundant 
NCBI protein database with sequences of all 
reported mammalian proteins participating in 
3'-end formation of pre-mRNA. The open 
reading frame D9740.6 [which consists of 
1357 amino acids (aa), (about 153 kD) and 
has been assigned accession number S611871 
on chromosome IV of S. cerevisiae revealed 
24% identity and 51% sequence similarity 
throughout the complete amino acid se- 
quence with the mammalian AAUAAA- 
binding subunit of CPSF that coordinates pre- 

Fig. 1. Inactivation of 3'-end processing A 
CYCl 

B 
activity of a whole cell extract from S. cer- ADHl -- 
evisiae by immunodepletion with antibod- 
ies to CFTl p. CYCl (A) and ADHl (B) de- &< 6\QC.i%Q4\Q +6 ,oC, c\Q'i.iv4c" 

,&*+PEe+ d+,6~4Q94 &+*<.G #',@,9 ,.' 
rived pre-mRNAs (precursor, lanes 2) were M Q E ~ " E Q ~  M Q  e~ " ; . Q  'E 

assayed for cleavage and polyadenylation 
under standard reaction conditions (ex- 30g , dm 

tract. lanes 31. The extract was immunode- 546 309 b --- 
pleted with' antibody to CFTlp (anti- $AT 
.CFTl p, lanes 5), to the unrelated protein ;:! -- 
PTFl (27) (anti-PTFlp, lanes 7) or with the ,so , 
corresponding preimmune sera (pre- , 18) 100 - - 
CFTl p, lanes 4 and pre-PTFl p, lanes 6). 
The upstream (5') cleavage product and 1 2  3 4 5 6 7  1 2 3 4 5 1  

the polyadenylated 5' cleavage product 
[p(A)] are indicated. M (lane I), molecular size marker in nucleotides (pBR322 DNA digested with Hpa 11). 
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-- 
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Fig. 2. Reconstitution of cleavage act~vity In a 
yeast whole cell extract ~mmunodepleted with 3% - 
antibodies to CFT1 prote~n by complementation zii 
w~th part~ally purified CFll fractions. (A) Identifi- ::! 5' 

cation of the CFT1. Rnal4, and Rnal5 proteins ,,, 
in an ammonium sulfate-fractionated extract 147 

(input, lane 1)  and in Mono Q fractions 14 to 24 1  2 3 4 5 6 7 .S B 1C l:': 1 3 1 4 1 5  16 : i  
by ~mmunoblot analysis with the corresponding 
antibodies. The sizes of marker proteins are indicated on the left. (B) Identification of CFll activity- 
containing Mono Q fract~ons by combining 1 pI of fractions 16 to 26 (lanes4 to 14) w~th 1 pI of CFI activity 
(fraction 16) and CYCl -derived pre-mRNA (precursor, lane 2) under standard reaction conditions (75). 
The same RNA was also assayed for cleavage and polyadenylation in a yeast whole cell extract (lane 3). 
(C) Cleavage activity of an extract immunodepleted with antibodies against the CFTl protein (lane 5) 
after addition of Mono Q fractions (lanes 6 to 17). Reconstitution of 3'-end processing actlvity of 
irnmunodepleted extract was done by adding 1 pI of Mono Q fractions to 2 pI of irnmunodepleted 
extract under standard reaction conditions. As control, the CYC1-derived pre-mRNA (lane 2) was also 
incubated in an extract that had not been immunodepleted (lane 3) or treated w~th the preimmune sera 
(lane 4). The upstream (5') cleavage product and the polyadenylated product [p(A)] are ind~cated. M (lane 
I ) ,  molecular slze marker in nucleotides (pBR322 DNA digested with Hpa 11). 

mRNA 3'-end formation. So far, all the de- 
scribed genes (5,7,9) that are needed for the 
basic 3'-end processing reaction in yeast are 
essential for viability (PAPI, RNAJ4, 
RNAJS, and FlPJ). To establish the role of 
this putative 3'-end processing factor, termed 
CFT1, we disrupted the corresponding gene 
by replacing more than 97% of the coding 
region- by a kanamycin gene insertion ( 10). In 
no case, did more than two of the four sepa- 
rated spores from dissected tetrads form colo- 
nies, indicating that CFTJ was indispensable 
for cell growth. Polyclonal antibodies to 
ClT1 protein (I J ) recognized a single, ap- 
proximately 150-kD protein in immuno- 
blots of an ammonium sulfate-fractionated 
whole cell extract from S. cerevisiae, which 
contained all of the mRNA 3'-end process- 
ing activities (12, 13). Treatment of a yeast 
whole-cell extract with purified antibodies 
to C lT1  protein (14) abolished cleavage 
and polyadenylation of CYCl- and ADHJ- 
derived pre-mRNA precursors (1 5) in vitro 
(Fig. 1, A and B, lanes 5). The preimmune 
serum and an unrelated antibody had no 
effect on 3'-end processing, demonstrating 
the specificity of the depletion (Fig. 1, A 
and B, lanes 4, 6, and 7). 

Reconstitution of cleavage and polyade- 
nylation of a pre-mRNA in vitro was 
achieved by the combination of four activ- 
ities, which could be separated on a Mono 
Q column (PAP, CFI, CFII, and polyade- 
nylation factor I) (6). Cleavage and poly- 
adenylation could be uncoupled in vitro, 
with only CFI and CFII being essential for 
the cleavage reaction (6). As depletion of 
the yeast extract with antibodies to CFTl 
protein had a drastic effect on cleavage, we 
assumed that the CFTl protein was a com- 
ponent of either cleavage factor, and sepa- 
rated these activities as described (6, 16). 

Fig. 3. Inhibition of specific polyadenylation of a 
precleaved CYC1 -derived RNA in an extract im- 
munodepleted with antibodies to the CFT1 pro- 
tein. The precleaved RNA (lane 2) was assayed for 
specific polyadenylation under standard reaction 
conditions (lane 3). The extract was immunode- 
pleted with antibodies to the CFTl protein (lane 5). 
against the unrelated PTF1 protein (lane 7), or 
treated with the corresponding preimmune sera 
(lanes 4 and 6). The polyadenylated RNA [p(A)] is 
indicated. 
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Immunoblots with antibodies to CFTl pro- body was used (Fig. 3, lanes 6 and 7). REFERENCES AND NOTES 
tein (1 7) detected the elution of a polypep- 
tide of approximately 150 kD (Fig. 2A), 
correlating with the activity of CFII (Fig. 
2B), thus providing evidence for CFTl be- 
ing a component of CFII. The final proof 
emerged from the complementation of the 
cleavage activity in the immunodepleted 
yeast whole cell extract with Mono Q frac- 
tions containing CFII activity (Fig. 2C, 
lanes 10 to 13) and coinciding with the 
elution of the CFTl protein (Fig. 2A, lanes 
8 to 11). The addition of CFII did not 
restore polyadenylation (Fig. 2C, lanes 10 
to 13), a result that was unexpected, be- 
cause CFII activity is essential only for the 
cleavage step but not for the specific poly- 
adenylation of a pre-mRNA (6, 18). We 
then tested precleaved CYCl RNA (1 9) in 
a polyadenylation assay with immunode- 
pleted extract and found that the polyade- 
nylation reaction was inhibited in an ex- 
tract that had been treated with antibodies 
to CFTl protein (Fig. 3, lane 5), whereas no 
inhibition occured in the control reaction 
with the corresponding preimmune sera 
(Fig. 3, lane 4) or when-an unrelated anti- 

Fig. 4. Reconstitution of polyadenylation in a 
yeast whole cell extract irnrnunodepleted with an- 
tibodies to the CFTl protein by complementation 
with partially purified PAP (lanes 7 to 15) and PFI 
(lanes 8 to 10) fractions (28). Precleaved CYC1- 
derived RNA (lane 2) was assayed for specific 
polyadenylation under standard reaction condi- 
tions in an extract immunodepleted with antibod- 
ies to CFTl protein (lanes 5 to 15), pretreated with 
the corresponding preimmune sera (lane 4), or in 
an untreated extract (lane 3). M (lane I), molecular 
size marker in nucleotides (pBR322 DNA digested 
with Hpa 11). 

hadlon number 
,$- - - 
* 31 32 33 3 35 36 37 38 39 40 43 4243 

Fig. 5. Identification of the CFTl and Fipl proteins 
in an ammonium sulfatefractionated extract (in- 
put, lane 1) and in Mono Q fractions 31 to 43 
(lanes 2 to 14) by immunoblot analysis with the 
corresponding antibodies. A different Mono Q col- 
umn profile (6) from the one shown in Figs. 3 and 
4 was used. The sizes of marker proteins are in- 
dicated on the left. 

These results further indicated that one or 
more of the components that are indispens- 
able for the specific polyadenylation of pre- 
cleaved RNA, coimmunoprecipitate with the 
CFTl protein. Our previous experiments al- 
ready excluded that CFTl protein interacts 
with components of CFI, because reconstitu- 
tion of the cleavage reaction with the immu- 
nodepleted extract was attained by adding 
only CFII-containing fractions (Fig. 2C, lanes 
10 to 13). Coprecipitation of the polyadenyl- 
ation factor I (PFI, contained in fractions 20 
to 22) only can again be ruled out, because 
reconstitution of the polyadenylation reaction 
in the immunodepleted extract could not be 
achieved by the addition of Mono Q fractions 
containing both CFII and PFI (Fig. 2B, lanes 
11 to 13). Therefore, we next analyzed poly- 
adenylation of a cleaved CYCl RNA with the 
depleted extract in the presence of either PAP 
alone or PAP- and PFI-containing Mono Q 
fractions (Fig. 4). Polyadenylation could only 
be restored by adding PAP and PFI together 
(Fig. 4, lanes 8 to 10) but not with PAP alone 
(Fig. 4, lane 6). These results offer further 
evidence for an association of the CFTl pro- 
tein with PAP and a component of PFI, and 
also support the notion that the Fipl protein, 
which is a component of the PFI activity, 
directly interacts with PAP (9). A further 
immunoblot analysis confirmed that the 
CFTl protein and the Fipl protein did not 
coelute on different Mono Q column with a 
better resolution for CFII and PFI (Fig. 5). 
This situation resembles the mammalian 3'- 
end processing machinery, where a specific 
interaction between PAP and CPSF was re- 
ported (3, 20). The existence of a yeast pro- 
tein with its sequence similarity to the 160- 
kD AAUAAA-binding subunit of the 
mammalian CPSF was unanticipated, be- 
cause S. cerevisiae lacks highly conserved 
sequences that dictate the 3'-end process- 
ing reaction ( 1 ). The seeming disparity may 
be due to the broader binding specificity of 
CPSF that also binds to less defined up- 
stream sequences found in nonviral and 
viral poly(A) sites (21, 22). In the example 
HIV-1, the 160-kD subunit of CPSF en- 
hances poly(A) addition by interacting di- 
rectly with an element upstream of the core 
poly(A) site (22). Furthermore, CPSF con- 
tacts the upstream sequences of rare pro- 
cessing sites that have suboptimal variants 
of the AAUAAA hexamer, and the signif- 
icance of such mammalian upstream se- 
quences has been discussed (22, 23). Even 
though the hexanucleotide AAUAAA 
does not play any role in yeast pre-mRNA 
3'-end formation, we could show that the 
CFTl protein is a key component of the S. 
cerevisiae 3'-end processing machinery, thus 
underlining the postulated evolutionary 
link between yeast and mammals. 
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Parallel Synthesis and Screening of a Solid 
Phase Carbohydrate Library 

Rui Liang, Lin Yan, Jennifer Loebach, Min Gel 
Yasuhiro Uozumi, Klara Sekanina, Nina Horan, 

Jeff Gildersleeve, Chris Thompson, Andri Smith, 
Kaustav Biswas, W. Clark Still, Daniel Kahne* 

A solid phase carbohydrate library was synthesized and screened against Bauhin~a 
purpurea lectin. The library, which contains approximately 1300 di- and trisacchar~des, 
was synthesized with chemical encoding on TentaGel resin so that each bead contained 
a single carbohydrate. .Two ligands that bind more tightly to the lectin than Gal-@-I ,3- 
GalNAc (the known ligand) have been identifled. The strategy outlined can be used to 
identify carbohydrate-based ligands for any receptor; however, because the derivatized 
beads mim~c the polyvalent presentation of cell surface carbohydrates, the screen may 
prove especially valuable for discovering new compounds that bind to proteins partic- 
ipating in cell adhesion. 

C e l l  surface carbohydrates play central 
roles in many normal and patholog~cal bi- 
ological recognition processes ( 1  ). For ex- 
ample, cell surface carbohydrates have heen 
inlplicated in chronic ~nt lammation,  in vi- 
ral and bacterial ~nfect ion,  and in tumori- 
genesis and lnetastasis (2 ) .  Considerable ef- 
fort has lieen directed toward ( i )  ~rnder-  
standing l io~v  carhohyiirates function as rec- 
ognition signals, anii ( i i)  iieveloping 
strategies to block undesirable interactions 
betn.ee11 cell surface carbohydrates anii 
t l i e~ r  protein targets. Ligands whose binding 
to the  protein targets is better than that  of 
the  natural cell surface carbohyiirates coulii 
provide a n  effective means of p reven t~ng  or 
treating various ii~seases. But, progress in 
~lnderstaniiing how structure and function 
are relateii in liiologically active carhohy- 
drates has been slow because oh ta in~ng  syn- 
thetic carhohvdrate derivatives for hio- 
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clie~nical st~lciles is extremely difficult. I11 
contrast, excellent chemical And hiolog~cal 
methods to ohtain large quantities of p e p  
tides and mlcleic acids have been ava~lahle 
for decades. As a conseauence, much more 
is known ahout these other biopolymers. 

Screenine combinatorla1 libraries of com- 
p(1uni1sis a very Fast \Yay to identify promlslng 
leaiis and elucidate structure-activity relation- 
ships (3). The  flrst comliinatorial l~braries 
n.ere built aro~lnd t>e~>ticies and nucleic acids 

L .  

because the chemistry to make them already 
er~steii  (4) .  Tlie successful use of peptide and 
n~lcleic ac~cl lhraries has stimulated efforts to 
iievelop comhinatorial approaches to make 
other classes of lnoleci~les (5). O n e  ohv~ous ~, 

area n.1lere a co~nhinatorial approach co~lld 
have tremendous imnact 1s in carbohydrate 
chemistry and lliochemistry. 

For the tllne be~nc .  the most satisFactory 
c h e ~ n ~ c a l  approaches to the construction of 
c o m ~ o u n d  liliraries in\rolve svnthesis of the 
molecules on  a sold s~lpport (6).  Despite the 
efforts maiie, over Inore than 70 years, there 
has been little progress in the solid phase 
svnthesls of carbohydrates. Carbolivdrates 
piesent special difficulties for sollii phase syn- 
thesis because the bonds het\veen monomers 
must be formed stereospecifically and in high 

yield. Most glycosylation methods are ex- 
tremely sensitive to structural variations in the 
glycosyl iionor-acceptor pairs (7). Reaction 
c o n d ~ t i ~ n s  that ~rovi i ie  excellent yields with 
one donor-acceptor pair may give \~irtually no 
product for another donor-acceptor pa r .  F L ~ -  
thermore, the stereochemica! outcome 1s of- 
ten difficult to predict. The  unrellahility of 
most glycosylation methods has precluded tlhe 
cons t r~~c t io~ i  of a solici phase carbohydrate 
library, n.h~cli realires the ability to ~nake  a , , 
wide range of ii;fferent glycosihic linkages 
b ~ t h  stereoselectl\~ely anii in high yield. 

L3 , 

Several years ago we iiisco\rereii a glyco- 
svlation metlioci that makes use of anomerlc 
sulhxides as glycosyl donors. Anorueric sulf- 
oxides can he activated allnost Instants- 

t ieo~~sly  at  lon. temperature regariiless of the 
protecting groups on  tlhe sugar hyiiroxyl 
groups. Tlie low temperat~lre of reaction 
leads to excellent stereochemical control fils 
a n.iiie range of glycosyl donor-acceptor pairs 
n.hlle preventing side reactions so that ~t IS 
possible to get nearly c1uantitatlr.e yields on  
the solid phase (8, 9) .  W e  now report the 
synthes~s of a solid phase carbohycirate li- 
brary using the s~~lfc>xiiie glycosylation reac- 
tion. T h e  lihrarv n.as screened against a car- 
bohydrate binii;tig p ro ten ,  an~';n.o ligands 
that b ~ n d  more tightly tlian the natural li- 
gand xere  ~dentified. T h e  strategy described 
call he ~lseci to identify carbohydrate-hased 
ligands for ally receptor; hon.ever, the (111- 

beail screen may prove especially useful for 
~iiscovering carbohydrate ligands that bind 
to their receptors in a polyvalent fashion. 

W e  iiesiened the carbohydrate library to 
contain a diverse array of glycosidic 1111k- 
ages. The library cc>ns~sts of approximately 

HO OH 

~ o q ~ &  

H-N, S ~ O C H ~ C ( O ) N H R '  

R  
0 

2 R = S  

0 
-0 NOp 

3 R=$J, 

A series: R' = TentaGel 
B series: R' = CH2CH20CH3 

Fig. 1. Relevant structures contained in the library 
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