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ABSTRACT

A 15 625-membered peptide dendrimer combinatorial library was acylated with an o-C-fucosyl residue at its four N-termini and screened for
binding to fucose-specific lectins. Dendrimer FD2 (Fuc-  a-CH,CO-Lys-Pro-Leu) 4(Lys-Phe-Lys-lle) ,Lys-His-lle-NH , was identified as a potent ligand
against Ulex europaeus lectin UEA-l (IC 50 = 11 M) and Pseudomonas aeruginosa lectin PA-IIL (IC 5o = 0.14 uM).

One goal of organic chemistry is to create synthetic discovery of synthetic enzyme models and for drug delivery.
compounds useful for biomedical applications. While a very Herein, we report the synthesis of neoglycopeptide dendrimer
broad diversity of small molecules is availablefforts combinatorial libraries and their use for the discovery of
toward synthetic macromolecules have mostly focused onlectin ligands. The method is exemplified by the discovery
resynthesis of naturally occurring linear or cyclic oligomers, of a potent ligand for the fucose-specific lectins UEA-I from
in particular, peptides and analogues thefédbre synthetic the plantUlex europaeusand PA-IIL, a microbial lectin
diversity is available from branched or dendritic macromol- involved in biofilm formation in the opportunistic pathogen
ecules® however, most of these macromolecules are poly- Pseudomonas aeruginosasponsible for lethal infections
meric? and their synthesis has not been realized in a versatilein cystic fibrosis patient8.
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Our approach toward peptide dendrimers is based on solid-| | | | GGG

phase _pepti_de _synthgsis alternatingamino apids with Scheme 1. C-Fucoside Synthesis
brar_u;hmg diamino ac!ds at every second,_thlrd,.or fourth by allyl-TMS, ¢) NalOy,
position to form dendrimers of up to 37 amino acids (ca. 4 TMSOT, RuCls,
kDa) in iny 11 coupli'n'g sf[eps, qbtained in pure for.m by EEEE(;%O%?HSCN' CH3CN(/:HC2]g
preparative HPLC purification.Solid-supported combina- ., oO_,0R o) / (67 %)
torial libraries of such peptide dendrimers can be prepared _ (I\/

by split-and-mix synthesi¥. To test the potential of our RO™ 7Y "OR RO ir OR

peptide dendrimer libraries to deliver protein ligands, we OR

selected the fucose-specific lectins UEA-I framex euro- ;%\Gﬁﬁg, « 9 (:g;‘:‘gs/MeOHv

paeu$ and PA-IIL fromPseudomonas aerugindsas targets. ] Fé= . 3R = A

These lectins bind to fucose with micromolar affinities, such [ 2R=Ac E SR=H

that gaining 1 or 2 orders of magnitude in binding might
provide nanomolar ligands. Lectin ligands are known on the
basis of the multivalent display of glycosides (mostly
mannose and galacto$& dendrimers? oligosaccharide, fucoside3 (Scheme 1} Amino acids were distributed in

and glycopeptide$! However, no synthetic multivalent gy yariable positions to allow positive, negative, hydropho-
ligands have been previously described for fucose-specific hic, small, and polar or aromatic residues throughout the

lectins>+° sequence (Scheme 2). Each amino acid was used twice at
A 15 625-membered library of second-generation den-

drimers was prepared on tentagel beads (0.5 g, 0.30 mmol_

9, bea_d diameter of 9Gm) an_d fur_]Ctlon_aI!zed at the Scheme 2. Neoglycopeptide Dendrimer Combinatorial Library
N-terminus by theC-fucosyl-acetic acid building block, (5° = 15 625 Sequences)

obtained in three steps fromfucose via the knowc-allyl

Fuc-a-CH,CQ
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2357—2364. (d) Kitov, P. I.; Sadowska, J. M.; Mulvey, G.; Armstrong, G. . id IVsi d ibed ol h

D.; Ling, H.; Pannu, N. S.; Read, R. J.; Bundle, D.NRature 2000,403, amino acid analysis as described previodshfter attach-

669—652. (e) Gal%ius, H.-Jh; Siebert, H.-C.; André, (Sf) Jimbénez-BarberO, ment of theC-fucosided, side chain protecting groups were

J.; Rudiger, H.ChemBioChem2004, 5, 740—764. Ambrosi, M,; ; ; . .

Cameron, N. R.; Davis, B. Grg. Biomol. Chem2005,3, 1593—1608. removed (CmOZH/(IPrkSIH/HZO 95'2'5'2'5)’ followed by

(9) Kiessling, L. L.; Gestwicki, J. E.; Strong, L. Bngew. Chem., Int. Ed.

2006,45, 2348—2368. (14) Glycopeptide libraries (no fucose): (a) Halkes, K. M.; St. Hilaire,
(12) (a) Roy, R.Trends Glycosci. Glycotechnd003, 15, 291—310. P. M.; Crocker, P. R.; Meldal, MJ. Comb. Chem2003,5, 18-27. (b)
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extensive deacetylation (MeOH/N#O 8:1:1, 25°C, 24 [N
h). The quality of the library was checked by amino acid 1 e 2. ICs Values with UEA-I Lectin as Measured by
analysis of randomly selected beads, providing the expectedg | o

statistical distribution of amino acids at the variable positions.

a b ¢

The library was assayed for binding to biotinylated UEA-I oo 1Cs0 (uM) oP z r-p/n
lectin and stained with an alkaline-phosphatase-conjugated 1 1265 £ 5 1 1 1
antibiotin antibody and 5-bromo-4-chloro-3-indolyl phosphate/ 261 +13 5 1 5
. . . FD1 67+ 4 19 4 5

nitro blue tetrazolium (BCIP/NBT) as a chromogenic sub-

) FD2 1140.35 115 4 29
strate as descr_|b_ed for_a related on-bead assay f(_)r wheat- pps 7919 18 4 4
germ hemaglutinid?cWhile the N-acetylated control library FD4 315+9 40 4 10
gave less than 1% of stained beads in the assay, over 90% 2Go 290 =+ 40 4 1 4
of the beads in the fucosylated library were darkly stained. 2G1 56 = 6 23 2 11
Addition of 3 M fucose during the lectin binding step reduced ~ 2G3¢ 9+0.14 141 8 18
staining to less than 2% of the beads. Darkly stained beads 2G3* 30+3 42 8 5

were manually picked, and their sequence was determined 2 r.p. = relative potency to fucose ICso (fucose)/IGo (ligand).? n =
min i nalvsis. A stron nsen for itively number of fucosyl units per dendriméiRelative potency per fucose residue.

by a 0 a(.; da alysis S.O 9 CO. .Se sus for positively d Structure o2G3: (Fuco-CH,CO-Lys-Proy(Lysdeu-Phe) (LysLys-lle),

charged lysines at the terminal position§ and X* was Lys-His-lle NH; (branching lysines in italicsf. Structure of2G3'": (Fuc-

observed (Table 1). Four hits were resynthesized on Rink- a-CH,CO-Lys-Proj(Dap-Leu-Phe) (Dap-Lys-lle} Dap-His-lle NH; (Dap

= branching (S)-2,3-diaminopropionic acid).
Table 1. Hit Sequences from the Dendrimer Combinatorial 2G1.(F|gure 1).’ a_s W?" as two higher valency analqgues
Librarya obtained by distributing the=D2 sequence on a third-

generation dendrimer backbone using either lysit&3j or

hit X? S xt X? X X! (S)-2,3-diaminopropionic acid (2G3') as the branching unit
FD1 Lys His Val His Gly Ala (Table 2). A gradual increase in relative potency to fucose
FD2 Lys Pro Leu Phe Lys lle was observed in the seri@&0 (r.p. = 4) — 2G1 (r.p. =
FD3  Lys  His Lew  Glu  Lys  Ie 11) — FD2 (r.p. = 29). While this increase might reflect

FD4 Lys Arg Asp Ser Arg Ala
FD5 Lys Thr Ile Ser Arg Leu
FDé6 Lys Thr Leu His Lys Ala

multivalency, it must be weighed against the fact that the
other tetravalent dendrimesD1, FD3, and FD4 show

FD7 Lys Ala Tle His Lys Thr almost no affinity increase per fucose unit compared to
FD8 Lys Thr Val Ser Arg Tle monovalent a-fucosides. Similarly, the higher valency
analogueG3 and2G3' were again less potent th&bD?2

aBeads were soakedrf8 h at 25°C with 5ug/mL of biotinylated UEA-| . .S .
lectin in PBST buffer (pH 7.2) with 3 M-fucose and stained. on a per fucose basis. The affinity BD2 toward UEA-I is

thus clearly dependent on its particular structure and amino
acid sequence. ThED2 structure is probably particularly

amide resin and purified by preparative HPLC.

Lectin binding was characterized using an enzyme-linked _
lectin assay (ELLA) as describé®.This assay measures
competition between the ligand and a biotinylated polymeric
fucose reagent for binding to the lectin. The ELLA test
identified hitFD2 as the most potent ligand with ang¢G=
11uM and a relative potency of 115 in reference ttucose
(Table 2, Figure 1). This corresponds to a 6-fold affinity
enhancement on a per fucose basis relativexiG-allyl
fucoside 5. The other three dendrimers showed relative
potencies in the range 2010, which is similar on a per
residue basis to the-C-allyl fucosideb.

The structure—activity relationship iBRD2 was investi-
gated by testing the terminal ar2G0 and the outer branch

(16) Synthesis of fucosylated dendrimers: (a) Fernandez-Megia, E.;
Correa, J.; Rodriguez-Meizoso, I.; Riguera,NRacromoleculef006, 39,
2113-2120. (b) Kleinert, M.; Réckendorf, N.; Lindhorst, T. Eur. J. Org.
Chem.2004, 3931—3940.

(17) Uchiyama, T.; Woltering, T. J.; Wong, W.; Lin, C.-C.; Kajimoto,
T.; Takebayashi, M.; Weitz-Schmidt, G.; Asakura, T.; Noda, M.; Wong,

C.-H. Bioorg. Med. Chem1996,7, 1149—1165. . . .
(18) Perrget’ S.- Sabin. C.- Dumon. C.: Pokorn4, M.: Gautier, C.: Galanina, Figure 1. Structures of glycopeptide dendrimdt®2 and lower-

0.; llia, S.; Bovin, N.; Nicaise, M.; Desmadril, M.; Gilboa-Garber, N.; ~generation analogue2G1 and 2G0 (both with CONH at the
Wimmerova, M.; Mitchell, E. P.; Imberty, ABiochem. J2005 389, 325 C-terminus; see Supporting Information for details).
332.
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s gives an IGo of 11 4M in the competition ELLA used here,

binds to PA-IIL with Kp = 2.9 uM as reported for an
isothermal calorimetry measureméhis for UEA-I, nega-
tively charged residues are found near the fucose binding
site in PA-IIL°

In summary, neoglycopeptide dendrimers represent a new
class of synthetic macromolecules which can be readily
prepared by standard peptide coupling chemistry. The
experiments above show that ligands for fucose-binding
lectins can be selected by affinity screening of combinatorial
libraries of such dendritic ligands. A potent tetravalent
C-fucosyl peptide dendrimdfD2 was identified with 100-
fold higher potency than fucose for binding to the lectins
P e P A A LU UEA-I and PA-IIL. This represents the first multivalent

Tnhibitor concentration (mM) ligand to the'se Iectlns.'Fu.rther o.p't|m|zat|on b2 is in-
progress to increase binding affinity toward PA-IIL with

Figure 2. ELLA test with FD2 and PA-IIL lectin for the inhibition regards to the possible therapeutic relevance of lectin ligands
of binding of biotinylated polymeric fucose. See Supporting as inhibitors of biofilm formation in thePseudomonas

Information for assay details. The assays were done in triplicate, aeruginosapathogerf®
providing an IGo = 0.14 + 0.035uM.

100
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