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AbstractÐProtein glycosylation is associated with many critical biological processes. In connection with studies on the mechanism
of asparagine-linked glycosylation by the enzyme oligosaccharyl transferase, we have prepared peptide inhibitors that interact with
the enzyme at nanomolar concentrations. Herein we describe e�orts directed toward improving the binding properties of these
inhibitors. # 2000 Elsevier Science Ltd. All rights reserved.

Introduction

Asparagine-linked glycosylation is one of the most
complex enzyme-catalyzed protein modi®cations.1 This
process is catalyzed by the multimeric membrane-
associated glycoprotein, oligosaccharyl transferase
(OT), and involves the transfer of a tetradecasaccharide
from a dolichol pyrophosphate-linked donor to the side
chain of an asparagine residue in an Asn-Xaa-Thr/Ser
(NXT/S) consensus sequence in a nascent polypeptide.
The function of the individual enzyme subunits and the
details of the active site of this enzyme remain to be
elucidated.2±4

Previously, peptide inhibitors were prepared in order to
study the structural requirements for catalysis. In these
studies, a prototype inhibitor, with the asparagine in the
consensus sequence substituted with 2,4-diaminobuta-
noic acid (Dab) was obtained.3,4 Additionally, peptides
structurally constrained in an Asx-turn conformation
have greatly enhanced enzyme/ligand a�nity.5 A con-
strained Asx-turn-type motif is achieved through cycli-
zation of the inhibitor from the side chain of cysteine
in the Xaa position of the consensus sequence to a
6-bromohexanoyl moiety used to cap the peptide at
the N-terminus following the Dab.3,4 The tripeptide
inhibitor c[Dab-Add]-Thr-NHMe, which contains the
amino acid (S)-2-aminodecanedioic acid (Add), showed
a Ki of 100 mM.3,4 Also, previous studies showed that
the use of a valine-threonine dipeptide at the C-terminus
of the consensus sequence results in greatly enhanced
binding to OT relative to a variety of other dipeptide
combinations.3,4,6 For example, peptide 1 has a Ki of
37 nM.3,4

The current study explores the e�ect of modi®cations in
the structure of a peptide on enzyme±inhibitor inter-
actions. The modi®cations presented herein include
C-terminus and Dab variations, as well as a comparison
of linear and cyclized peptides. The compounds studied
are presented in Figure 1.

Peptides 1±87 were synthesized using standard Fmoc-
based solid phase synthesis methods on Fmoc-PAL-
PEG-PS resin. In order to prepare peptides 3±8, an
allyloxycarbonyl protected (N-alloc) Dab was employed.
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The N-alloc group can be deprotected on the resin
without a�ecting other protecting groups; deprotection
was achieved using tetrakis(triphenylphosphine) palla-
dium in CHCl3:morpholine:AcOH (37:1:2). Reductive
amination was carried out by the addition of the desired
aldehyde, followed by reduction with NaBH3CN, as
described by Devraj and Cushman.8 It is important to
wash away any excess aldehyde before adding the
sodium cyanoborohydride in order to avoid reductive
alkylation of the secondary amine product. To obtain
inhibitors 1±5 and 9±13 the peptides were capped with
6-bromohexanoic acid. Following this, the Cys(S-tBu)
was orthogonally deprotected under nitrogen using tri-
butylphosphine. Cyclization between the thiolate of the
cysteine and the 6-bromohexanoyl group was achieved
in degassed DMF, using an excess of 1,1,3,3-tetra-
methylguanidine as a base.9

Peptides 9±13 were synthesized on a 2-(4-formyl-3-
methoxyphenoxy)ethyl polystyrene resin, as shown in

Scheme 1. The desired amine and sodium triacetoxy-
borohydride were added to the resin in a 10-fold excess.
Double addition to the resin is not observed due
to steric hindrance. The ®rst amino acid was coupled to
the secondary amine using 1-hydroxy-7-azabenzo-
triazole/diisopropylcarbodiimide (HOAt/DIPCDI) acti-
vation. Further elongation of the peptide by iterative
solid-phase peptide synthesis was performed using
2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
hexa¯uorophosphate: N-hydroxybenzotriazole (HBTU:
HOBt). The peptide was cleaved from the resin using
TFA:triisopropylsilane:H2O (95:2.5:2.5) to obtain the
desired inhibitor.

The p-nitrophenylalanine (Nph) residue in peptide 1
was originally introduced to allow facile concentration
determination.3,4 Removal of this residue (peptide 2)
resulted in decreased enzyme±inhibitor a�nity (Ki 82 nM
versus 37 nM).10 However, as illustrated in Figure 1,
the replacement of the terminal amino acid in 1 by

Figure 1. Summary of synthetic asparagine-linked glycosylation inhibitors presented in this report.
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appropriately spaced and substituted aryl derivatives
compensates for the loss of the binding determinants in
1. For example, the p-nitrophenethyl-modi®ed deriva-
tive, 12, shows a 20 nM Ki.

Modi®cation of the Dab side chain, by reductive ami-
nation with either n-decyl or 2-naphthyl aldehyde, also
resulted in a lower Ki and increased a�nity of peptides 3
and 4 to OT (Ki 61 and 40 nM, respectively). These
derivatives were prepared to probe whether it was pos-
sible to exploit hydrophobic interactions that the
enzyme might make with the glycosyl donor. Interest-
ingly, the related 1-naphthyl analogue (5) shows a
higher Ki which may be the result of unfavorable inter-
actions, since the orientation of the naphthyl group is
di�erent in the two peptides. The choice of these highly
hydrophobic groups was based on the observation that
aromatic amino acids have been implicated in carbohy-
drate binding sites.11,12

Linear analogues 6±8 were prepared in order to study
the importance of groups attached to the Dab in
unconstrained analogues. The diminished binding of
these analogues emphasize the importance of the con-
strained motif provided by the cyclization. Inhibitors
6±8 are all signi®cantly less potent than the corre-
sponding cyclic analogues.

Since modi®cations to the C-terminus led to increased
binding of certain inhibitors to the enzyme and because
the reductive amination of the Dab residue also
enhanced binding, peptide 13 was prepared to examine
whether additive e�ects could be achieved. This is
indeed the case, peptide 13, with both a p-nitrophe-
nethyl at the C-terminus and a 2-naphthyl at the Dab
side chain yields the most potent inhibitor of OT to
date, having a Ki of 10 nM.

Conclusion

A family of peptide inhibitors for OT have been pre-
pared, with binding constants ranging from 5000 to 10
nM. Appropriately substituted hydrophobic groups in
the Dab side chain interact favorably with the enzyme,

which suggests the presence of hydrophobic amino
acids, most likely aromatic residues, in the peptide
binding site of OT. Also, modi®cations with an aro-
matic functionality at the C-terminus greatly enhances
the enzyme/inhibitor a�nity. A combination of these
two modi®cations produces the most potent inhibitor
for OT. Further experiments are being carried out to
study the membrane permeability of these compounds,
which would allow the study of in vivo inhibition of
oligosaccharyl transferase.
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