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Specific and potent enzyme inhibitors have been invaluable Figure 1. Chemical structures df—3 (Nph = p-nitrophenylalanine).
as tools for elucidating the mechanisms of key biochemical ) ) )
transformations, providing insight into the biological implica- ~ OT catalyzes the cotranslational glycosylation of asparagine
tions of specific metabolic processes and inspiring new thera- residues in proteins in which the appropriate consensus sequence
peutic strategies. Recently, the biological importance of protein ~ requirements are satisfied (-Asn-Xaa-Thr/Ser-; X%a#ro):®
glycosylatior? has gained attention as a critical modification Building from this primary sequence, we have incorporated
with diverse ramifications including effects on protein stability ~structural features from three additional experimental observa-
and folding? cellular targetind, and intercellular recognition. ~ tions into our inhibitor design. First, a study of peptide
Asparagine_”nked g|ycosy|ati@n's the predominan[ protein_ substrates for OT has revealed that blndlng to the enzyme. I.S
carbohydrate modification in eukaryotic cellsCurrently, the enhanced when the substrate is constrained to a specific
only inhibitor of N-linked protein glycosylation that demon- ~ conformation, namely the “Asx-turn”. Second, statistical
strates activity at a practical concentration is the microbial Studies ofN\-linked glycoproteins suggest that glycosylation is
product tunicamyci¥ 1% However, the effect of tunicamycin ~ modulated by the |(_:Ient|ty o_f the re_:sldues beyond the consensus
on protein glycosylation is neither specific nor immediate Sequence, suggesting that interactions between OT and extended
because it functions indirectly by inhibiting the first step in the binding substrate determinants can be exploitecFinally,
assembly of the oligosaccharide donor (Dol-P-P-(GlcNAc) ~Mmechanistic studies with the nonencoded amino gegahino-
(Man)-(Glc)s) essential in the formation of all asparagine-linked butyrine (Amb) in the tripeptide Bz-Amb-Leu-Thr-NHMe
glycoproteing! Furthermore, use of tunicamycin requires afforded a weak competitive inhibitok(= 1 mM) for porcine
several cell cycles before the supply of the donor is sufficiently OT.** These features are incorporated into compouhe8
depleted to arrest glycosylation. Therefore, despite the centrality (Figure 1). _
of asparagine-linked glycosylation, no potent inhibitors for _ The preparation of compoundsand 3 followed standard
oligosaccharyl transferase (OT), the enzyme that actually Fmoc-based solid phase peptide synthesis procedures. In order
catalyzes the first committed step in this process, have beento introduce the requllred cqnformatlonal constraint, an orthogo-
reported. nally protected cysteine residue [Fmoc-Cys(&€&-butyl)] was

Herein, we describe a new class of slow, tight binding incorporated into the peptidé. Following deprotection, cy-
inhibitors for oligosaccharyl transferase. These constrained Clization was effectedia alkylation of anN-terminal 6-bromo-
peptidyl compounds exhibit nanomolar inhibition constants. The hexanoyl moiety. Resin cleavage at this stage afforded peptide
portunities for structural diversification through combinatorial thioethers and sulfoxides can favor different conformations and
synthesig2-14 These compounds present a readily modifiable May therefore exhibit different |nh!b|tory'propert|€§he relateq
platform for the further development of specific glycosylation Product3was also prepared and investigated. For comparison,
inhibitors as diagnostic tools to evaluate the role of glycoproteins the unconstrained analog with the peptide sequends®-
in biological systems, as potential therapeutic agémtsd for ~ hexanoyl-Amb-Cys(S-ert-butyl)-Thr-Val-Thr-Nph-NH, was
the preparation of carbohydrate depleted glycoproteins for Synthesized.

structural studies. Each of the compoundsl{4) was evaluated withS.
cerevisiaeoligosaccharyl transferase in competitive assays with
* To whom correspondence should be addressed. the tripeptide substrate Bz-Asn-Leu-Thr-NHMe (Figure?2).
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Figure 2. Slow binding inhibition of oligosaccharyl transferase. A. Inhibition by compoutie4 (a - no inhibitor; ¢ - 800 nM linear inhibitor
4; W - 200 nM cyclic sulfoxide inhibito3; ® - 200 nM cyclic thioether inhibitoR). B. Compound (a - no inhibitor; ® - 37.5 nM inhibitor;®
- 75 nM inhibitor; @ - 150 nM inhibitor; ¥ - 300 nM inhibitor; 225 nM data omitted for clarity). C. Plot kf,sq (calculated from Figure 2Bys
inhibitor concentration.

Table 1. Kinetic Constants for Inhibitora—4

O-linked glycosylation

peptide Kw (uM) Ki (nM) Porcine liver
Bz-NLT-NHMe 25 Saccharomyces cerevisiae
1 100006
2 37
3 13¢
4 360

@ Not slow binding; theK; for peptidel was determined using
standard procedures, by competition against several concentrations of
Bz-NLT-NHMe. ® kon = 2.4 x 10* s M3 kot = 8.9 x 1074 s7L.
¢ Kinetic constants for compound3 and 4 were evaluated at a
concentration which produced approximately 50% inhibition in the -
presence of 5@M Bz-NLT-NHMe (2 x Ky). The values foK; were . :
calculated as described by Seeising the following equationK; = 0 0005 005 05 5
([ —i[/(i + [S]i/Ku); | = percent observed inhibition. nhibitor Concentration (uM)

Figure 3. Cyclic inhibitor 2 shows species selective properties and
enhancement in potency is due to the collective exploitation of specifically target\-linked glycosylation. Polypeptids-acetylgalac-
the specific structural features incorporated into our design. Thetosaminyl transferaséwas used to assessas an inhibitor of the
3.5-fold difference in affinity betweed and the corresponding O—Iln_ked glycosylatlon process. Species selectivity was evaluated with
sulfoxide 3 may result from slightly different conformational ~ POrcine liver ands. cereisiae OT.

preferences. Sinceexhibited slow tight binding inhibition and  \as specific forN-linked rather thatO-linked glycosylation,
because it was the most potent of the inhibitors under investiga- its activity against the comma@-linked glycosylation enzyme,
tion (see Figure 2A), a detailed kinetic evaluation, using a polypeptideN-acetylgalactosaminyl transfera&eyas also as-
progress curve analysis (see Figure 2B,C) for the determinationsessed. The inhibitor showed no measurable activity against
of kon andkorr, was carried out"?> The slow binding kinetic  thjs enzyme even at elevated concentrations. The relative effi-
phenomenon is often associated with a slow, structural reorga-cacy of inhibitor2 against these enzymes is shown in Figure 3.
nization of the enzyme/inhibitor complex to a species that more  Herein, we have reported a new class of slow, tight binding
closely resembles the transition state in the reaction coordihate. inhibitors that exhibit nanomolar inhibition constants for the
Therefore, these compounds and related analogs may assist ignzyme oligosaccharyl transferase. This class of cyclic peptides
elucidating the mechanism of action of OT. ~ provides the first example of a readily available and adaptable
The enzyme oligosaccharyl transferase has been characterizegamily of potent protein glycosylation inhibitors. These com-
from several different species and shows significant structural pounds will be valuable tools for future studies designed to
homology throughout eukaryotic evolutidh.It was therefore  elycidate the roles of glycosylation in complex cellular pro-
of interest to examine whether inhibit@ demonstrated any  cesses.
species selectivity. Thioeth@was examined as an inhibitor )
againstS. cereisiaeand porcine liver OT. Notably, inhibition ang‘;ﬁg?&?ﬂ?gﬁg Lg'ﬁr‘;v‘grev;’asssﬁgggﬁgfsbg’htgl‘;rNF',';'O(gC;Q"rﬁ%T?’i)H
of yeast OT was apprOXIma_ter three-fold more eff_ectlve. Slnce is an NIH Predoctoral Biotechnology Training grant trainee GM08346.
extended binding interactions from the C-terminal residues _ _ _ _ _
contribute significantly to enzyme bindid§jt may be possible Supporting Information Available: ~ Synthetic details for the
to manipulate and enhance this species selectivity by simple Preparation ofl, 2, 3, and4 and assay details and kinetic data for studies

changes in the inhibitor primary sequence. To verify that reported herein (7 pages). See any current masthead page for ordering
and Internet access instructions.

i3

(24) Cha, SBiochem. Pharmacoll975 24, 2177-2185.

(25) Compound8 and4 also demonstrated some slow binding; however, JA961448W
these compounds were less potent tRBamd were not evaluated in detail. (28) Wang, Y.; Abernathy, J. L.; Eckhardt, A. E.; Hill, R. 0. Biol.
(26) Morrsion, J. F.; Walsh, C. TAdv. Enzymol.1988 61, 201—301. Chem.1992 267,12709-12716.

(27) Imperiali, B.; Hendrickson, T. LBioorg. Med. Chem1995 3, (29) Segel, I. HEnzyme KinetigsJohn Wiley and Sons: New York,
1565-1578. 1975.



