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ABSTRACT: The carboxamide moiety that links the carbohydrate and protein moieties in N-linked
glycoproteins has been unambiguously determined to arise intact from asparagine by the use of chemically
synthesized Bz-[4-13C, 15N]Asn-Leu-Thr-NH2 as an oligosaccharyltransferase (OST) substrate. Bz-[4-
13C]Asn-Leu-Thr-NH2 was also synthesized and used to evaluate a proposed mechanism of OST catalysis
similar to that of glutamine-dependent amidotransferases using15NH4OAc as a potential external
nucleophile. Analysis of NMR and MS spectra of the isotopically labeled peptides and the resulting
biosynthesized glycopeptides indicates that free15NH3 is not lost from the doubly labeled substrate during
catalysis nor can exogenous15NH3 intercept any of several postulated enzyme-bound species. These
results indicate that OST-catalyzed glycosylation does not follow a mechanism involving the transient
generation of exchangeable “NH3”. Thus, in contrast to several glutamine-dependent amidotransferases,
OST catalysis does not lead to transient scission of the asparagineâ-carboxamide C-N bond. Together
with previously published results, these data argue against nucleophilic activation of the asparagine
â-carboxamide moiety being the underlying chemical mechanism for OST-catalyzed glycosylation of
peptides.

Oligosaccharyltransferase (OST,1 EC 2.4.1.119) is a
membrane-bound, heterooligomeric enzyme that catalyzes
the formation of N-linked glycoproteins (1, 2). The glyco-
sylation reaction is a cotranslational process which occurs
shortly after the nascent peptide crosses the endoplasmic
reticulum (ER) membrane. Although research on the
biochemical properties of OST was initiated more than two
decades ago, purification of OST has been accomplished only
recently (2). The OST complex isolated from the yeast
Saccharomyces cereVisiae, the subject of the research
reported in this paper, consists of six polypeptides (3, 4).
During OST-catalyzed N-linked glycoprotein formation, the
oligosaccharyl moiety from dolichyl-P-P-(GlcNAc)2Man9-
Glc3 (1a, Dol-P-P-OS) is transferred to theâ-amido group
of an asparagine moiety in the growing polypeptide chain
(Figure 1). The polypeptide chain must contain an Asn-X-
Ser/Thr sequon, where X can be any natural amino acid
except proline, for glycosylation to occur (5, 6). Suitably
protected tripeptides containing the required sequon have
been shown to be good OST substratesin Vitro (7-10). Our
previous research also showed that a chemically synthesized
chitobiose-linked lipid pyrophosphate, dolichyl-P-P-(GlcNAc)2

(1b, Dol-P-P-DS), can substitute for Dol-P-P-OS as the OST
substrate (11, 12). Therefore, both substrates of OST are
accessible in reasonable amounts through chemical synthesis.
Although OST was first successfully purified in 1992,

limited mechanistic studies of the OST-catalyzed reaction
have been pursued since ca. 1980 using crude, solubilized
enzyme. In the OST-catalyzed reaction, the side chain
carboxamide of asparagine apparently displaces dolichol
pyrophosphate through a direct nucleophilic attack to form
a new glycosyl (N-C) bond of the growing N-linked
glycoprotein (Figure 1). However, the nucleophilicity of the
carboxamide is insufficient to allow such an SN2 attack under
nonenzymatic conditions. Thus, any proposed mechanism
must explain activation of the side chain carboxamide of
asparagine during OST catalysis. Bause and Legler (13) first
proposed an intramolecular deprotonation mechanism involv-
ing an active site base. More recently, Imperiali and co-
workers (1, 14) proposed the “Asx-turn” conformation as
the basis for carboxamide activation.
Since OST catalyzes a reaction similar to many glutamine-

dependent amidotransferases (15, 16), we have investigated
several variants of a mechanism involving nucleophilic
activation of the asparagine carboxamide leading to the
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FIGURE 1: OST-catalyzed formation of N-linked glycoproteins.
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generation of activated aspartate and nascent NH3, or the
equivalent tetrahedral intermediate, at the enzyme active site
(10, 17). By extrapolation from the glutamine-dependent
amidotransferases, it is reasonable to hypothesize that the
carboxamide of asparagine might be activated by an active
site thiol group to form an aspartateâ-thiol ester and nascent
NH3 at the OST active site. The nascent NH3 could then
displace dolichol pyrophosphate from the anomeric carbon
of N-acetylglucosamine to form a chitobiosylamine which
then could attack the activated aspartateâ-thiol ester to form
the glycoprotein linkage bond (Scheme 1). Involvement of
the critical cysteine residue is suggested by the fact that thiol
reagents such as MMTS (18) (T. Xu and J. K. Coward,
unpublished data) and pCMB (Y.-L. Liu, L. Schretzman, and
J. K. Coward, unpublished data) inhibit OST glycosylation
activity. Two other thiol reagents, iodoacetate and iodoac-
etamide, have no inhibitory effect (Y.-L. Liu, L. Schretzman,
and J. K. Coward, unpublished data). However, experiments
of this type involving nonspecific, nonactive site-directed
alkylating agents do not address the role(s), if any, of the
targeted amino acids in catalysis.
To study the mechanism proposed in Scheme 1, it is first

necessary to establish unambiguously the origin of the
carboxamide linkage bond in the glycosylated product. Since
adjacent nuclei with a spin of1/2 (e.g.,1H, 13C, and15N) are
coupled in NMR spectroscopy, a peptide substrate containing
[4-13C, 15N]asparagine should show13C-15N coupling in both
13C and15N NMR spectra. Following OST-catalyzed gly-
cosylation reaction using synthetic Dol-P-P-DS and Bz-[4-
13C, 15N]Asn-Leu-Thr-NH2 (2a) (eq 1), the glycopeptide
product can be isolated for spectral studies by methods
previously established in our laboratory (10, 11, 17). Reten-
tion of the13C-15N coupling in the13C NMR spectra of the
biosynthesized glycopeptide product3awould prove that the
side chain carboxamide of asparagine is preserved in the
glycosylated product. Conversely, washout of15N during
catalysis would provide evidence that any free “NH3” formed
(Scheme 1) can be freely exchanged with bulk solvent and
reagents, including unlabeled NH3 present in the assay
mixture. The use of13C-15N coupling of adjacent nuclei
for mechanistic study has been used previously in the area
of secondary metabolite biosynthesis (19, 20).
Glycoprotein biosynthesis in intact cells is associated with

the release of free oligosaccharides via a “Dol-P-P-OS
hydrolase” activity. This activity is thought to be associated

with the OST protein complex (21) and may play a regulatory
role in the cell (22). This apparently wasteful hydrolysis of
Dol-P-P-OS can be viewed as the adventitious interception
of an enzyme-bound species (Dol-P-P-OS) by an external
nucleophile (H2O). Thus, it is reasonable to postulate that
other external nucleophiles such as NH3 may have access to
enzyme-bound Dol-P-P-OS during OST-catalyzed glycosy-
lation (Scheme 1). A labeled peptide substrate, Bz-[4-13C]-
Asn-Leu-Thr-NH2 (2b), has been used as a probe of this
aspect of the mechanism. If the OST active site is accessible
to external nucleophiles, and the mechanism shown in
Scheme 1 is operative, the presence of15N-labeled NH3 (as
15NH4OAc) in the enzyme assay (eq 2) would result in the
formation of the same13C- and 15N-labeled glycopeptide
described above. Purification and spectroscopic analysis of
the biosynthesized glycopeptide3b should allow us to
evaluate this aspect of the proposed mechanism. Addition
of exogenous nucleophiles to trap reactive intermediates has
extensive precedent in many areas of mechanistic enzymol-
ogy (23, 24).

MATERIALS AND METHODS

General. 1H and13C NMR spectral data are reported in
parts per million downfield from TMS.15N NMR chemical
shift data are reported relative to external aqueous K13C15N,
which was assigned a chemical shift of 101 ppm relative to
MeNO2 (25). L-[4-13C]Aspartic acid (g99 at. % 13C),
[15N]ammonium hydroxide (99.1 at. %15N), and [15N]NH4-
OAc (99.6 at. %15N) were purchased from Isotec, Inc.
Unless otherwise indicated, reagents and solvents were
obtained from commercial sources and were used without
further purification. Reversed-phase HPLC analyses were
performed on a Waters liquid chromatography system
(6100A and 510 pumps), WatersµBondpak C18, 300 Å, 3.9
× 150 mm column or Rainin Microsorb-MV 5µm C18, 300
Å, 4.6 × 250 mm column, and monitored using a Waters
996 diode array spectrometer equipped with Millennium
software. P40 yeast microsomes and [3H]Dol-P-P-DS were
prepared as described by Clark et al. (10) and Lee and
Coward (11), respectively. N-Bz-Asn-Leu-Thr-NH2 was
synthesized as described previously by Clark et al. (10).
Stable isotopically labeled amino acids and peptides were
synthesized on the basis of the previous method of Lee and
Coward (17). Dol-P-P-DS was synthesized as previously
described (11, 12), and its concentration was determined by
high-pH anion-exchange chromatography (HPAEC) (26)
following hydrolysis to glucosamine.

Synthesis of N-Bz-[4-13C, 15N]Asn-Leu-Thr-NH2 and N-Bz-
[4-13C]Asn-Leu-Thr-NH2. Although a search of Chemical

Scheme 1: Proposed OST Catalytic Mechanism by Analogy
with Glutamine-Dependent Amidotransferases
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Abstracts for this doubly labeled asparagine led to a single
reference (27), no synthesis of the target compound was
described. We have previously described the synthesis of
three deuterium-labeled asparagine-containing peptides for
use as OST substrates (17). The synthesis of13C- and15N-
labeled peptide and the13C-labeled peptide required in the
present research was accomplished using these methods
(Scheme 2). L-[4-13C]Aspartic acid was first esterified
regiospecifically at theâ-carboxylic acid, and the resulting
â-methyl ester reacted with either concentrated15NH4OH or
NH4OH to giveL-[4-13C, 15N]asparagine (5a) or L-[4-13C]-
asparagine (5b), respectively. The labeled asparagine was
protected at the N terminus by reaction with (Boc)2O, and
the labeledN-Boc-L-asparagine (6) was then coupled with
H-Leu-Thr-NH2‚TFA to give labeledN-Boc-Asn-Leu-Thr-
NH2 (7). Deprotection followed by N-benzoylation of the
N terminus gave the desired labeled peptide substrates2a
and2b. Synthetic details and spectral data can be found in
the Supporting Information.
Standard OST Assay Using [3H]Dol-P-P-DS. The syn-

thetic peptides2aand2bwere tested as OST substrates using
the previously described method (11). The assay mixture
contained ca. 6000 dpm [3H]Dol-P-P-DS, 50 mM Tris (pH
7.5), 1% Triton X-100, 1 mM MnCl2, 360µM N-Bz-[4-13C,
15N]Asn-Leu-Thr-NH2 orN-Bz-[4-13C]Asn-Leu-Thr-NH2 in
DMSO (final [DMSO]) 5% v/v), and 875µg of P40 yeast
microsome (10) in a total volume of 100µL. The assay
mixture was shaken at 250 rpm for 2 h atroom temperature,
and then the reaction was quenched by the addition of 3 mL
of cold CHCl3/MeOH (v/v) 3/2). The mixture was allowed
to set on ice for 30 min, and the layers were separated by
centrifugation at 1000g for 15 min. The supernatant was
removed and extracted with 1 mL of 4 mM MgCl2. The
biphasic mixture was thoroughly agitated (Vortex) and then
centrifuged at 1000g for another 15 min. The upper aqueous
layer containing the water soluble3H-labeled glycopeptide
was carefully removed. A significant increase in3H
radioactivity observed in the aqueous layer compared with
that observed in the aqueous layer from a control assay not
containing the peptide substrate provided evidence of the
formation of3H-labeled glycopeptide (11).
Biosynthesis of Glycopeptide Using N-Bz-[4-13C, 15N]Asn-

Leu-Thr-NH2 (2a) and Chemically Synthesized Dol-P-P-DS.
Each preparative OST reaction mixture contained 66µM
chemically synthesized Dol-P-P-DS, 50 mM Tris (pH 7.5),
1% Triton X-100, 1 mM MnCl2, 360µM N-Bz-[4-13C, 15N]-
Asn-Leu-Thr-NH2 (2a) in DMSO (final [DMSO]) 5% v/v),

and 875µg of P40 yeast microsome in a total volume of 100
µL. Multiple reactions (160) were carried out as described
above, and the aqueous layers were combined and concen-
trated in vacuo.
Biosynthesis of Glycopeptide Using N-Bz-[4-13C]Asn-Leu-

Thr-NH2 (2b)and Chemically Synthesized Dol-P-P-DS with
15NH4OAc as the Potential External Nucleophile. Each
preparative OST reaction mixture contained 66µM chemi-
cally synthesized Dol-P-P-DS, 50 mM Tris (pH 7.5), 1%
Triton X-100, 1 mM MnCl2, 360µM N-Bz-[4-13C]Asn-Leu-
Thr-NH2 (2b) in DMSO (final [DMSO]) 5% v/v), 360 mM
15NH4OAc, and 875µg of P40 yeast microsome in a total
volume of 100µL. Multiple reactions (260) were carried
out as described above, and the aqueous layers were
combined and concentrated in vacuo.
Purification and NMR Study of the Biosynthesized Gly-

copeptides. The concentrated solution containing each
biosynthesized glycopeptide was purified by HPLC involving
multiple runs using a Waters liquid chromatography system
with Millennium software and a Rainin Microsorb column.
A gradient profile of 10 to 25% MeOH over 20 min followed
by a 25% MeOH isocratic condition was employed. The
unreacted peptide substrate (2a and2b, tR ) 69.0 min) and
the biosynthesized glycopeptide (3aand3b, tR ) 76.5 min)
were readily separated by this procedure. Fractions contain-
ing the glycopeptide were combined and concentrated in
vacuo. The dry residue of each biosynthetic glycopeptide
was dissolved in 400µL of D2O/CD3OD (v/v, 1/1) for NMR
studies.
Analysis of the Mass Spectroscopy Data of the Labeled

Synthetic Peptides and Biosynthesized Glycopeptides.FAB+

MS data of the labeled peptides2a and 2b and the
biosynthesized glycopeptides3aand3bwere obtained. The
theoretical ion distribution was calculated using a JEOL DA
5000 data system (JEOL, USA, Peabody, MA). Calculation
of the stable isotope enrichments of2a, 2b, 3a, and3b was
based on the theoretical ion distribution and the observed
relative intensities of the molecular ions. For example, the
unlabeled Bz-Asn-Leu-Thr-NH2 (MH+ C21H32N5O6, 450) has
the following theoretical ion distribution based on the known
natural abundance of all isotopes:m/z 450, 451, 452; ratio,
100, 26.06, 4.49. The relative intensities of the related peaks
observed for2a (Figure 4A) arem/z 450, 451, 452; relative
intensity, 4.20, 3.25, 47.14. While them/z450 peak results
only from the molecular ion of unlabeled Bz-Asn-Leu-Thr-
NH2, them/z 451 peak is a combination of the A+ 1 peak
of unlabeled Bz-Asn-Leu-Thr-NH2 and the molecular ion
peak of Bz-[4-13C]Asn-Leu-Thr-NH2.2 Similarly, them/z452
peak is composed of the A+ 2 peak of unlabeled Bz-Asn-
Leu-Thr-NH2, the A + 1 peak of Bz-[4-13C]Asn-Leu-Thr-
NH2, and the molecular ion of Bz-[4-13C, 15N]Asn-Leu-Thr-
NH2. If the relative content of the unlabeled Bz-Asn-Leu-
Thr-NH2 (MH+, 450) is defined asX, that of Bz-[4-13C]Asn-
Leu-Thr-NH2 (MH+, 451) asY, and that of Bz-[4-13C,
15N]Asn-Leu-Thr-NH2 (MH+, 452) asZ, it follows that for
2a X ) 4.20,Y + 0.2606X ) 3.25, andZ + 0.2606Y +
0.0449X ) 47.14. The stable isotope distribution in2a can
then be calculated: unlabeled Bz-Asn-Leu-Thr-NH2 ) X/(X
+ Y+ Z) ) 7.96%, singly labeled Bz-[4-13C]Asn-Leu-Thr-

2 It should be noted that Bz-[4-15N]Asn-Leu-Thr-NH2, which would
also give rise to am/z 451 peak, is a very minor component and can
be ignored in these calculations.

Scheme 2: Synthesis of Stable Isotope-Labeled OST Peptide
Substrates
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NH2 ) Y/(X + Y + Z) ) 4.09%, and doubly labeled Bz-
[4-13C, 15N]Asn-Leu-Thr-NH2 ) Z/(X + Y + Z) ) 87.9%.
In a similar fashion, the unlabeled glycopeptide Bz-Asn-

(GlcNAc)2-Leu-Thr-NH2 (MH+ C37H58N7O16, 856) has the
following theoretical ion distribution:m/z 856, 857, 858;
relative intensity, 100, 45.48, 13.38. On the basis of the
MS data, the stable isotope distribution of the glycopeptide

3a was calculated to be 10.2% for unlabeled Bz-Asn-
(GlcNAc)2-Leu-Thr-NH2, 8.06% for singly labeled Bz-[4-
13C]Asn(GlcNAc)2-Leu-Thr-NH2, and 81.7% for doubly
labeled Bz-[4-13C, 15N]Asn(GlcNAc)2-Leu-Thr-NH2. The
isotope distributions of2b and3bwere calculated using the
same method, and the results are shown, together with those
of 2a and3a, in Table 1.

RESULTS AND DISCUSSION

The syntheses of Bz-[4-13C, 15N]Asn-Leu-Thr-NH2 (2a)
and Bz-[4-13C]Asn-Leu-Thr-NH2 (2b) were completed fol-
lowing the established method (11) shown in Scheme 2. A
clear doublet resulting from labeled13C-15N coupling was
observed in the13C and15N NMR spectra of compounds
5-7a and2a. The final doubly labeled peptide2a showed
a 13C-15N coupling constant of 14.8 Hz in its13C NMR
(Figure 2A) and 14.6 Hz in its15N NMR spectra (Figure
2B), as expected for adjacent13C and 15N nuclei (25).
Interestingly, theâ-carbon of asparagine was observed as a
doublet of doublets because of its coupling with the enriched
13C and15N nuclei (spectra not shown). A large single peak
was observed in the13C NMR spectra of4-7b and 2b
(Figure 2C) due to the single13C-enriched carbon at C-4.
Compounds2aand2bwere shown to be equally good OST
substrates, comparable to unlabeled standard peptide Bz-Asn-
Leu-Thr-NH2, using [3H]Dol-P-P-DS and microsomal en-
zyme (11).

To investigate the proposed mechanism shown in Scheme
1, sufficient biosynthetic glycopeptide must be obtained for
13C NMR and mass spectroscopy studies. Initial NMR
instrument sensitivity studies showed that approximately 200
nmol of glycopeptide would be needed to observe the13C-
15N coupled doublet in the13C NMR spectra (8 h scan) with
acceptable signal:noise. Initially, OST assay studies were
performed using chemically synthesized Dol-P-P-DS (1b)
and [14C]Bz-Asn-Leu-Thr-NH2 to optimize the yield of the
desired glycopeptides. These experiments led us to choose
66 µM 1b and 360µM 2 for use in multiple reactions to
obtain enough biosynthetic glycopeptide for NMR analysis.3

Under these conditions, OST-catalyzed glycosylation of2a
led to 235 nmol (22.3% based on Dol-P-P-DS) of biosyn-
thesized glycopeptide3a. The biosynthesized glycopeptide
3a showed a clear doublet atδ 172.6 with aJCN of 14.5 Hz
in the 13C NMR spectrum (Figure 3A), indicating retention
of both atoms of the asparagine side chain carboxamide
during OST-catalyzed N-linked glycoprotein synthesis. Un-
fortunately, the decreased sensitivity of the15N nucleus
precluded acquisition of satisfactory15N NMR spectral data
for glycopeptide3a even after prolonged (40 h) acquisition
times.

In the case of PRPP amidotransferase,Km of free ammonia
is 400 times that of glutamine (28, 29). Therefore, a high
concentration of exogenous15NH4OAc is desired in order
to increase the chance of intercepting any intermediate(s)

3 It is conceivable that a peptide substrate such as2 could react with
a nucleophilic residue at the OST active site (Scheme 1) in the absence
of the oligosaccharide donor,1. Subsequent hydrolysis of the resulting
acyl enzyme would lead toN-Bz-Asp-Leu-Thr-NH2. However, HPLC
analysis of an enzyme reaction carried out in the absence of1b failed
to indicate any production of the Asp-containing tripeptide under these
conditions.

FIGURE 2: (A) 13C and (B) 15N NMR spectra of the synthetic
peptide2a and (C)13C NMR spectrum of synthetic peptide2b.

FIGURE 3: 13C NMR spectra of the biosynthesized glycopeptides
(A) 3a and (B)3b.

14686 Biochemistry, Vol. 36, No. 48, 1997 Xu and Coward



formed during OST catalysis. This, in turn, would lead to
13C-15N coupling if the OST catalytic mechanism parallels
that of glutamine-dependent amidotransferases (Scheme 1).
15NH4OAc at a concentration of 360 mM, 1000 times that
of the peptide substrate Bz-[4-13C]Asn-Leu-Thr-NH2 (2b),
was used in the reaction. However, under this condition,
the glycosylation yield decreased to 60% of that obtained in
the absence of ammonium salt. Although reaction at higher

pH would ensure an increased concentration of NH3, the
required nucleophilic base, preliminary studies showed that
the yield of the glycopeptide decreased significantly at higher
pH. Therefore, physiological pH 7.5 was used in the multiple
reactions carried out to obtain sufficient glycopeptide for
NMR analysis; 170.2 nmol of glycopeptide3b (9.9% based
on Dol-P-P-DS) was obtained after two HPLC purifications.
The 13C NMR spectrum of3b showed a clear singlet atδ

FIGURE4: Portions of mass spectra of (A) synthetic peptide2a, (B) synthetic peptide2b, (C) biosynthetic glycopeptide3a, and (D) biosynthetic
glycopeptide3b.
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173.6 (Figure 3B), indicating that exogenous15NH3 cannot
be involved in the synthesis of Bz-[4-13C, 15N]Asn(GlcNAc)2-
Leu-Thr-NH2 from 2b during OST catalysis.
While these NMR studies of the two biosynthesized

glycopeptides3a and3b provide strong evidence that there
is little mechanistic similarity between OST and glutamine-
dependent amidotransferases (Scheme 1), quantitative analy-
sis of the mass spectral data obtained for2a, 2b, 3a, and3b
further strengthened this conclusion (Figure 4). In Table 1,
2a is shown to be 87.9% enriched in the doubly labeled
isotopomer, Bz-[4-13C, 15N]Asn-Leu-Thr-NH2, while the
resulting glycopeptide3ahas a13C, 15N enrichment of 81.7%.
However, this slight decrease is not accompanied by an
increase of Bz-[4-13C]Asn(GlcNAc)2-Leu-Thr-NH2 (MH+,
857) content in3a as would be expected if free exogenous
14NH3 were exchanging with the15N originating in2a. The
enrichment of Bz-[4-13C]Asn(GlcNAc)2-Leu-Thr-NH2 (8.06%)
in 3a is similar to that of Bz-[4-13C]Asn-Leu-Thr-NH2
(4.09%) in2a.
A similar analysis can be applied to glycopeptide3b,

obtained from the OST-catalyzed glycosylation of2b in the
presence of excess15NH4OAc. As shown in Table 1,2b is
85.1% enriched in the singly labeled isotopomer, Bz-[4-13C]-
Asn-Leu-Thr-NH2. A decrease in the Bz-[4-13C]Asn-
(GlcNAc)2-Leu-Thr-NH2 content coupled with an increase
of Bz-[4-13C, 15N]Asn(GlcNAc)2-Leu-Thr-NH2 observed in
3b is expected if external15NH3 can access the OST active
site and exchange with any nascent ammonia produced
during catalysis. However, the resulting glycopeptide3b
shows a Bz-[4-13C]Asn(GlcNAc)2-Leu-Thr-NH2 enrichment
of 89.8%, very similar to that of2b. Furthermore, the
content of Bz-[4-13C, 15N]Asn(GlcNAc)2-Leu-Thr-NH2 (2.6%)
in 3b is much smaller than the content of Bz-[4-13C, 15N]-
Asn-Leu-Thr-NH2 (10.6%) in2b, further indicating that there
is no Bz-[4-13C, 15N]Asn(GlcNAc)2-Leu-Thr-NH2 formed
during the OST-catalyzed glycosylation of2b even in the
presence of an external source of15NH3.
In conclusion,13C-/15N- and 13C-labeled tripeptide sub-

strates were synthesized and used with chemically synthe-
sized Dol-P-P-DS for mechanistic studies of the OST-
catalyzed reaction. Retention of the side chain carboxamide
of asparagine in the glycopeptide product was unambiguously
demonstrated by the observation of13C-15N coupling in the
13C NMR spectra of the biosynthetic glycopeptide when Bz-
[4-13C, 15N]Asn-Leu-Thr-NH2 (2a) was used as the peptide
substrate. The inability of15N from a labeled exogenous
nucleophile (15NH4OAc) to intercept any intermediate derived
from 2b and incorporate it into the glycopeptide product
suggests that OST catalysis does not follow the mechanism
established for several glutamine-dependent amidotrans-
ferases (15). Stoker et al. (30) have recently used13C- and
15N-labeled glutamine to study the catalytic mechanism of
Escherichia coli asparagine synthetase B, a glutamine-

dependent amidotransferase. Through heavy atom kinetic
isotope effect results, they proposed that free ammonia does
not form in the enzyme active site during nitrogen transfer.
Similarly, our two labeled peptides, Bz-[4-13C]Asn-Leu-Thr-
NH2 and Bz-[4-13C, 15N]Asn-Leu-Thr-NH2, may also act as
useful kinetic probes for further mechanistic studies of the
OST-catalyzed reactions.
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