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Abstract—We describe herein the synthesis of cyclic decapeptide template displaying clustered carbohydrate recognition motifs and
detection agent on spatially separated domains. Such multitopic labeled neoglycopeptides represent attractive tools for binding

assays with carbohydrate binding proteins in glycomic research.

© 2005 Elsevier Ltd. All rights reserved.

Many biological processes including fertilization, tissue
formation, cell adhesion, antigen/antibody interactions,
cancer metastasis, and infection of viruses or bacteria
involve polyvalent interactions between oligomeric pro-
teins and recognition motifs.! The design of molecules
displaying multiple binding proteins elements,? particu-
larly carbohydrate-based ligands, represents an
emerging challenge to investigate these fundamental rec-
ognition processes® and to discover new active and selec-
tive therapeutics.* In the past few years, considerable
synthetic efforts have been expended in this direction,
leading to the development of a diverse supply of glyco-
conjugates,’ such as calixarenes, cyclodextrines, dendri-
mers, or carbohydrate-based combinatorial libraries,®
which have shown enhancement of affinity with target
proteins through multivalent interactions. However, ac-
cess to well-defined multitopic structures displaying
independent probes (e.g., fluorescent agent, dye, or bio-
tin) and clustered recognition motifs remains of great
interest, enabling the high-throughput screening with
unlabeled target proteins by multiple binding assay
formats.”

The crucial point of this approach focuses on control-
ling the molecular assembly processes, which is essen-
tial to warrant the multitopic structure of the target
molecule. While many chemical or chemoenzymatic
methodologies including solution and solid-phase
synthesis protocols have been reported so far, the
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assembly of carbohydrate-based conjugates remains
fastidious due to a number of manipulations of orthog-
onal protecting groups.® As a convenient alternative,
we have recently reported that regioselectively address-
able functionalized templates (RAFTSs) provide a useful
platform for the incorporation of multiple copies of
peptide’ or sugar'® recognition motifs through an
oxime-based strategy.

RAFT molecules are commonly composed of a back-
bone-cyclized decapeptide containing two prolines-gly-
cines as P-turn inducers that stabilize the conformation
in solution. While four lysine side chains were previously
used as addressable sites for multivalent presentation of
carbohydrates!® or protein de novo design,'! two addi-
tional lysines®!? can be incorporated to the sequence,
providing molecules that allow functional components
to be assembled and directed in well-defined and con-
trolled spatial orientations.'® Taking advantage of this
topological feature, we report herein the preparation
of well-defined RAFT molecules displaying two separat-
ed addressable domains to get multitopic labeled neogly-
coconjugates. One domain of the molecule is devoted to
the presentation of multiple copies of carbohydrate,
which ensure the recognition properties of our system
(recognition domain, Fig. 1). On the second domain, a
molecular probe, such as fluorescein or biotin, is incor-
porated to characterize the interaction with the target
protein (detection domain, Fig. 1). Both detection and
carbohydrate moieties are incorporated into the mole-
cules sequentially, by using orthogonal protecting
groups Boc (lysines 3, 5, 8, and 10) and Aloc (lysines 4
and 9).%12
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Figure 1. Solution strategy for the preparation of topological
template.

The linear orthogonally protected decapeptide 2 is first
prepared, following the standard Fmoc/z-Bu strategy
from the highly acid-labile Fmoc-Gly-SASRIN® resin
1 using a parallel peptide synthesizer (Scheme 1).
After the removal of N-terminal Fmoc-protecting
group, the linear peptide 2 is cleaved from the support
by treatment of a mixture 1% trifluoroacetic acid
(TFA) in dichloromethane. Further head-to-tail cycli-
zation of the template takes place with PyBOP'# as
the coupling reagent in the presence of diisopropyleth-
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Scheme 1. Reagents and conditions: (a) successive cycles of (i) 20%
piperidine/DMF, 3 x 10 min; (ii) Fmoc-aa-OH (4 equiv), PyBOP
(4 equiv), DIEA (8 equiv), DMF, 30 min, 87%; (b) PyBOP, DIEA,
DME, 86%.

ylamine (DIEA) in dimethylformamide under high
dilution (0.5 mM) to prevent oligomerization. After
30 min at room temperature, the corresponding pro-
tected cyclodecapeptide 3 is obtained in 86% yield
after precipitation from diethyl ether. The sequential
topological functionalization of the template is readily
performed after regioselective removal of orthogonal
protections (Scheme 2). Lysines at positions 4 and 9
bearing Aloc are first deprotected following a typical
procedure, by treatment of a catalytic amount of
Pd(Ph;P), and a large excess of PhSiH; in CH,Cl, un-
der nitrogen gas.'> The cyclopeptide 4 displaying two
free amino side chains on the detection face is ob-
tained with 79% yield after semi-preparative reverse-
phase HPLC purification.

At this stage, we introduce two different detection agents
(Scheme 2). Biotin is first chosen, as it can easily be used
for binding studies with a target protein as an immobi-
lization agent on avidin/streptavidin-coated surfaces,
as well as to detect the formation of a ligand/receptor
complex with streptavidin coupled with peroxidase or
alkaline phosphatase.”®® The coupling reaction between
4 and biotin is thus performed with PyBOP and DIEA
in DMF and the progress of the reaction is monitored
by an RP-HPLC analysis. The reaction cleanly proceeds
in 1 h and gives a white powder corresponding to the
bis-biotinylated RAFT molecule 5 after precipitation
from a mixture of dichloromethane and diethyl ether
(87% yield).

As a complementary alternative, we incorporate a
fluorescent agent to dispose of detectable molecules
suitable for carbohydrate microarrays and for recogni-
tion assays in solution using fluorescence technolo-
gies.'® Indeed, previous studies have shown that
spatial proximity of two fluorescent probes pointing
to the lower face of a template has no effect on the
fluorescence of the molecule since no self-quenching
was clearly observed.® For this purpose, we introduce
fluorescein at both free amino positions on the detec-
tion domain of the template 4 by treatment of fluores-
cein isothiocyanate (FITC) in DMF under basic
conditions. After 1h, the conversion is complete and
the fluorescent RAFT compound 6 was obtained in
75% vyield.

The subsequent incorporation of carbohydrate recogni-
tion motifs is realized, following an oxime-based strate-
gy from aminooxylated modified sugar derivatives that
were prepared according to the protocol that we have
described previously.!” Moreover, to prevent any risk
of side reactions during the oxidative cleavage common-
ly required to generate aldehyde functions from serine, '8
we decide to employ levulinic acid 7 as a more direct
route to introduce the ketone functions needed for the
oxime ligation with aminooxy sugars, providing at the
same time a suitable spacer between the anchoring site
and the template.

The Boc-protecting groups of biotinylated and fluores-
cent products 5 and 6 are first removed with a solution
of 50% TFA in dichloromethane to quantitatively
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Scheme 2. Reagents and conditions: (a) (i) PhSiH;3, Pd(PhsP),, DMF, 79%; (ii) biotin, PyBOP, DIEA, DMF, 87% or FITC, DIEA, DMF, 75%; (b)
pentafluorophenol, DCC, CH,Cl,, 99%; (¢) (i) TFA/CH,CI, (1/1), 95%; (ii) 8, DIEA, DMF, 70%; (d) Aminooxy sugar (Man-a-ONH,, GalNAc-o-
ONH,, Gal-a-ONH, or Gal-f-ONH,), AcONa buffer 0.1 M pH 4.0, 40-60% after semi-preparative RP-HPLC purification.

obtain RAFT molecules presenting four free side chains
at positions 3, 5, 8, and 10 of the recognition domains,
which are used without further purification. The levulin-
ic acid 7 is first activated as the pentafluorophenol ester
8 using a standard procedure by treatment with dicyclo-
carbodiimide (DCC) in dichloromethane. The incorpo-
ration of four copies of 8 into the deprotected RAFTs
5 and 6 takes place under basic conditions in DMF to
get 9 and 10 with 70% yield after semi-preparative
RP-HPLC purification.

The chemoselective functionalization of the recogni-
tion domain takes place with aminooxylated o-man-
nose, o-N-acetylgalactose (mucin-related Ty-antigen),
and o/B-galactose!’, which are relevant for diagnostic
or therapeutic applications. The oxime ligation oc-
curred in sodium acetate buffer, pH 4.0, at room tem-
perature and the progress of the reaction is monitored
by RP-HPLC analysis. Whereas the conversion is
found to be incomplete after 2 days compared to
our previous studies,'® six new tetravalent RAFT-
ligated glycoconjugates 11-16 are yet to be obtained
after HPLC purification in satisfactory isolated yield
(~50%). These glycosylated compounds are character-
ized by electrospray ionization mass spectrometry (en-
tries 1-6, Table 1). Additionally, two-dimensional
TOCSY and ROESY NMR experiments performed
on product 12'° permit the assignment of each proton
and also confirm the sequence of the peptidic
backbone.

Table 1. Analytical data of glycopeptides 11-16

Compound R M a1cq miz®

11 18.9 2631.0 877.9 [M+3H]**
12 189 2795.2 932.3 [M+3H]**
13 20.9 2957.2 986.1 [M+3HJ**
14 20.4 3121.4 1041.0 [M+3H]**
15 19.1 2957.2 986.5 [M+3HJ**

#Reverse-phase HPLC retention time is given in minutes: linear gra-
dient 95:5 A:B to 40:60 A:B in 30 min (Column: nucleosil 100 As pm
C,3 particles, 250 x 4.6 mm; solvent B: 0.09% TFA in 90% acetoni-
trile and solvent A: 0.09% TFA; flow rate: 1 mL/min; detection:
A=214nm for biotinylated conjugates, 4 =214 and 499 nm for
fluorescent conjugates).

® Mass spectrometry analysis was performed by electrospray ionization

In summary, we report, in this paper, the preparation
of multitopic neoglycopeptides presenting clustered
carbohydrates as recognition motifs and molecular
probes for biological characterizations with various
carbohydrate binding proteins. These molecules dis-
playing both recognition and detection properties on
two separated addressable domains represent attrac-
tive tools to investigate the functional and structural
features of the multivalent interactions between pro-
teins and oligosaccharides. In addition, the easy chem-
ical access of such neoglycoconjugates using oxime
ligation strategy combined with the development of
a fully solid-phase protocol for synthesis and screening
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with target proteins might enable the rapid discovery
of new active and selective carbohydrate-based thera-
peutics. This is currently explored in the laboratory

and

will be reported in due course.
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