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ABSTRACT

Glycoproteins contain carbohydrate and peptide sectors. As a model for studying whether there exists stereochemical “communication”
between the two domains, we prepared two glycopeptides differing only in the absolute stereochemistry of the peptide domain (L-peptide vs
D-peptide). High-field NMR spectroscopy revealed that there are distinct and measurable differences, indicating that the two domains are at
some level interactive.

Glycopeptides are classified on the basis of the attachment
mode of an oligosaccharide to the amino acid side chain of
the peptide domain.1,2 In N-linked glycopeptides, the aspar-
agineγ-carboxamide is glycosylated with a conserved (high
mannose) pentasaccharide core structure, whereasO-linked
glycopeptides feature anR-O-GalNAc linkage to a serine
(or threonine) side chain. Unfortunately, the exploration of
structure and function of theN-linked constructs has been
retarded by the scarcity of material from natural sources. A
further impediment to detailed structural analysis of these

glycoproteins arises from the microheterogeneity and in-
creased disorder and flexibility of the sugar residues in the
outer branches, which render X-ray crystallography rarely
successful.3 Much of the earlier NMR work has focused on
interactions either within the carbohydrate or within the
peptide domain, and relatively little is known about the cross-
domain interactivity. Although it appears that glycosylation
induces a turn structure, the precise origin of this phenom-
enon is difficult to ascertain because of the lack of
characteristic NOE fingerprints.4

Given our continued interest in the synthesis of complex
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natural products and glycopeptides,5 we wondered about the
extent of the stereochemical communication between the
peptide and carbohydrate domains. It seemed that an incisive
way to probe whether the two domains are stereochemically
autonomous would arise from the union of a fully synthetic,
stereochemically defined carbohydrate domain with two
“enantiomeric” peptide domains, composed of nativeL-amino
acids (see matched glycopeptide1) and its enantiomeric
D-amino acid ensemble (mismatched glycopeptide2). Herein,
we report on the preparation of1 and2 and their high-field
NMR characterization in aqueous solution. These measure-
ments strongly point to the existence of stereochemical cross-
talk between the carbohydrate and peptide domains.

Using the glycal assembly method established in our
program to synthesize complex carbohydrates and their
conjugates, pentasaccharide glycosylamine6 was synthesized
from components3-5 (Scheme 1).5

Both L- andD-amino acid pentapeptides7/8 were synthe-
sized using standard Fmoc-based chemistry on a Rink amide
MBHA resin (Scheme 2).6

The amino terminus of the pentapeptide was capped with
acetic anhydride, followed by cleavage from the resin and
removal of the threonine side chain protecting group. To
reveal the aspartate carboxylate for the ensuing coupling with
the glycosylamine, the Dmab protecting group was removed
with 2% NH2NH2/MeOH,7 followed by purification by
reverse-phase HPLC. Subsequently,â-glycosylamine6 was
coupled to the aspartyl side chain using the standard
Lansbury conditions.8 After purification of the final glyco-

peptide constructs by reverse-phase HPLC, the structural
assignment of1/2 was confirmed both by1H NMR spec-
troscopy (800 MHz) and FAB mass spectrometry.

NMR studies of the glycopeptide1 in H2O revealed a
complete set of sequential amide-amide NOEs along the
peptide backbone. Further, the backbone proton couplings
betweenR-CH and NH amide protons provide an indication
of a preference for a type Iâ-turn (for coupling constants
see Figure 1). The lower value for Ala followed by the higher
one for Asn suggests such a turn preference, an arrangement
that is analogous to what has been suggested by Imperiali
for a different glycosylated peptide.9 In addition to the
peptide backbone amide couplings, values have been ob-
tained for the NH bond in the glycosidic linkage and the
two N-acetyl groups in the glycan.

For theγ-aspartamide NH-CH1 (GlcNAc1), the value is
9.2 Hz, while the twoN-acetyl groups have NH-CH coupling
constants of 9.8 and 9.1 Hz. Such high values indicate the
absence of torsional averaging about the bonds in question.
The glycosidic coupling constant itself does not allow one
to distinguish between atrans or cis relationship of the
protons, but NOE experiments clearly suggest atrans
arrangement on the basis of the observation of a weak NOE
between the NH and the anomeric proton and a strong NOE
to H2 (Figure 2). Likewise, the NH proton of theN-acetyl
group appears to betransto H2 (GlcNAc1), based on a large
coupling constant observed for NH (NAc)-H2 (GlcNAc1)
and a strong NOE between NH (NAc)-H3 (GlcNAc1).10
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Scheme 1. Synthesis of Pentasaccharide via Glycal Assembly

Scheme 2. Synthesis of the Two Analoguesa

a (a) Ac2O; (b) TFA; (c) NH2NH2, MeOH; (d)6, HOBt, HBTU,
iPr2NEt, DMSO, 25°C, 48 h.
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sugar and the asparagine residue is similar to that in
glycosylated protein CD2, indicating the relevance of the
glycopeptide model.11

Having prepared and characterized the matched glyco-
peptide1 and its stereochemically “mismatched” analogue
2, we compared their solution-phase conformations by high-
field NMR spectroscopy. While the patterns in the NOESY
spectra were very similar, distinct and measurable shift
differences were observed for protons at the central amino
acid residues (see Figure 3).

Significant shift differences occurred for the amide NH
protons of asparagine, to which the carbohydrate is linked,

and the neighboring valine (-0.1 ppm (Asn3NH) and+0.08
ppm (Val4NH),D f L respectively) and theR-CH proton
of valine (+0.025 ppm,D f L), while the R- and â-CH
protons of asparagine presented only a very minor change
in shift or splitting pattern. The amide proton chemical shifts
are sensitive indicators of peptide backbone interactions and
conformations; thus, the comparison of high-field NMR data
of 1 and 2 indicates that the global change in peptide
stereochemistry has an impact on the peptide backbone
conformation of the glycopeptide. While NOEs between the
carbohydrate and the peptide have not been detected, there
is nevertheless a distinct, stereochemistry-dependent com-
munication between the two domains in thisN-linked
glycopeptide. In several examples of glycoproteins with
N-linked carbohydrate attachments, specific evidence for
interactions between the carbohydrate component and the
polypeptide backbone have not been evident.11-13 It has been
shown forN-linked glycopeptides that changing the func-
tional groups on the pendant carbohydrate does influence
the arrangement of the peptide backbone.4 Here we see that
even a more subtle stereochemical change influences the
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Figure 2. Observed NOEs for GlcNAc1-Asn (glycopeptide1).

Figure 1. Coupling constants for glycopeptides1 and2 suggest a
type I â-turn.

Figure 3. Amide proton spectra of1 and2 recorded at 800 MHz
at 5 °C. Samples were dissolved in 90% H2O/10% D2O ([1] ) 5
mM, [2] ) 1 mM), and the pH was adjusted with a 10 mM phophate
buffer (1, pH 3.5;2, pH 4.2). The H2O signal was suppressed using
the WATERGATE method.
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peptide component. It is thus established that the com-
munication between carbohydrate and the peptide domains
cannot be attributed solelyto the bulk of the carbohydrate
domain. These observations have prompted further ongoing
studies. Already these results demonstrate the power of
combined synthetic and structural approaches in delineating
architecture in complex bi-domainal systems where direct
contacts in the form of NOEs are not evident.
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