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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-[43C, 15N]JAsn-Leu-Thr-NH as an oligosaccharyltransferase (OST) substrate. Bz-[4-
13C]Asn-Leu-Thr-NH was also synthesized and used to evaluate a proposed mechanism of OST catalysis
similar to that of glutamine-dependent amidotransferases uSiNgl4,OAc as a potential external
nucleophile. Analysis of NMR and MS spectra of the isotopically labeled peptides and the resulting
biosynthesized glycopeptides indicates that ###H3 is not lost from the doubly labeled substrate during
catalysis nor can exogenod™@NHs 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 “NH Thus, in contrast to several glutamine-dependent amidotransferases,
OST catalysis does not lead to transient scission of the aspayagiadoxamide &N bond. Together

with previously published results, these data argue against nucleophilic activation of the asparagine
pB-carboxamide moiety being the underlying chemical mechanism for OST-catalyzed glycosylation of

peptides.
Oligosaccharyltransferase (OSTEC 2.4.1.119) is a Jf\ ” o on
membrane-bound, heterooligomeric enzyme that catalyzes ™y T T o~ ﬁo&i\ .
the formation of N-linked glycoproteind(2). The glyco- . N>:o ANH "o -p-0-P-0-Dolchol
sylation reaction is a cotranslational process which occurs ? 1a. R = MangGiy o0

shortly after the nascent peptide crosses the endoplasmic

reticulum (ER) membrane. Although research on the o
biochemical properties of OST was initiated more than two osT o ”"”“N;)Lx”"”se”’”
decades ago, purification of OST has been accomplished only S Roﬂo &OH&N)H:O
recently @). The OST complex isolated from the yeast pP-Dofchol MO RN Ho

Saccharomyces cersiag the subject of the research pgyre 1: OST-catalyzed formation of N-linked glycoproteins.
reported in this paper, consists of six polypeptid@s4j.

During OST-catalyzed N-linked glycoprotein formation, the (1b, Dol-P-P-DS), can substitute for Dol-P-P-OS as the OST
oligosaccharyl moiety from dolichyl-P-P-(GIcNASJan.- substrate 11, 12). Therefore, both substrates of OST are
Glcs (1a, Dol-P-P-0S) is transferred to theamido group accessible in reasonable amounts through chemical synthesis.
of an asparagine moiety in the growing polypeptide chain  Although OST was first successfully purified in 1992,
(Figure 1). The polypeptide chain must contain an Asn-X- limited mechanistic studies of the OST-catalyzed reaction
Ser/Thr sequon, where X can be any natural amino acid have been pursued since ca. 1980 using crude, solubilized
except proline, for glycosylation to occub,(6). Suitably enzyme. In the OST-catalyzed reaction, the side chain
protected tripeptides containing the required sequon havecarboxamide of asparagine apparently displaces dolichol
been shown to be good OST substratesitro (7—10). Our pyrophosphate through a direct nucleophilic attack to form
previous research also showed that a chemically synthesizeda new glycosyl (N-C) bond of the growing N-linked
chitobiose-linked lipid pyrophosphate, dolichyl-P-P-(GIcNAc)  glycoprotein (Figure 1). However, the nucleophilicity of the
carboxamide is insufficient to allow such ag2attack under
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Scheme 1: Proposed OST Catalytic Mechanism by Analogy with the OST protein complex() and may play a regulatory

with Glutamine-Dependent Amidotransferases role in the cell 2). This apparently wasteful hydrolysis of
o jL 0 Dol-P-P-OS can be viewed as the adventitious interception
0 7 LeuTheNH, B oty of an enzyme-bound species (Dol-P-P-OS) by an external
SRS L0 T nucleophile (HO). Thus, it is reasonable to postulate that
- : other external nucleophiles such as \hay have access to

BH'

enzyme-bound Dol-P-P-OS during OST-catalyzed glycosy-
lation (Scheme 1). A labeled peptide substrate, B#¢]-

@ OH PP-Dolichol

o ) on oM Asn-Leu-Thr-NH (2b), has been used as a probe of this
RS"%%S%CQO‘;ODMD Rgc%k&go Ms e aspect of the mechanism. If the OST active site is accessible
o o to external nucleophiles, and the mechanism shown in
o Scheme 1 is operative, the presencé®dflabeled NH (as
@ NN, o 15NH4OAC) in the enzyme assay (eq 2) would result in the
Vo BZHN;JLL”'T“”“% formation of the samé3C- and 1*N-labeled glycopeptide
oH on (=) o é’;\v o N\;" described above. Purification and spectroscopic analysis of
ROTTEQ 0 TN, HoS oo the biosynthesized glycopeptidgb should allow us to

AcHN  HOAGHN

evaluate this aspect of the proposed mechanism. Addition
of exogenous nucleophiles to trap reactive intermediates has

generation of activated aspartate and nascer, [Hthe ) denti f hanisti |
equivalent tetrahedral intermediate, at the enzyme active siteSX{ensive precedent in many areas of mechanistic enzymol-

(10, 17). By extrapolation from the glutamine-dependent ogy (23, 24).

amidotransferases, it is reasonable to hypothesize that the

carboxamide of asparagine might be activated by an activeBz-[4-"°C, *®N]Asn-Leu-Thr-NH, +
site thiol group to form an aspartgtethiol ester and nascent 2a
NH; at the OST active site. The nascent Nebuld then

displace dolichol pyrophosphate from the anomeric carbon

of N-acetylglucosamine to form a chitobiosylamine which

then could attack the activated asparfatiiol ester to form  Bz-[4-°*C]Asn-Leu-Thr-NH, +

OST
Dol-P-P-DS— glycopeptide (1)
1b M

the glycoprotein linkage bond (Scheme 1). Involvement of 2b
the critical cysteine residue is suggested by the fact that thiol osT .
reagents such as MMTSL§) (T. Xu and J. K. Coward, DOI'EE)P'DS 15NHOAcg|y003pbeptlde(2)

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- MATERIALS AND METHODS
etamide, have no inhibitory effect (Y.-L. Liu, L. Schretzman,
and J. K. Coward, unpublished data). However, experiments General 'H and'*C NMR spectral data are reported in
of this type involving nonspecific, nonactive site-directed parts per million downfield from TMS.*N NMR chemical
alkylating agents do not address the role(s), if any, of the shift data are reported relative to external aqueot€RN,
targeted amino acids in catalysis. which was assigned a chemical shift of 101 ppm relative to
To study the mechanism proposed in Scheme 1, it is first MeNO, (25). L-[4-*°C]Aspartic acid £99 at. % 3C),
necessary to establish unambiguously the origin of the [**N]Jammonium hydroxide (99.1 at. %8N), and [°N]NH;-
carboxamide linkage bond in the glycosylated product. Since OAc (99.6 at. %'°N) were purchased from Isotec, Inc.
adjacent nuclei with a spin 6f; (e.g.,*H, *C, and®*N) are Unless otherwise indicated, reagents and solvents were
coupled in NMR spectroscopy, a peptide substrate containingobtained from commercial sources and were used without
[4-13C, N]asparagine should sho¥C—**N coupling inboth  further purification. Reversed-phase HPLC analyses were
3C and™N NMR spectra. Following OST-catalyzed gly- performed on a Waters liquid chromatography system
cosylation reaction using synthetic Dol-P-P-DS and Bz-[4- (6100A and 510 pumps), WatexBondpak Gg, 300 A, 3.9
C, *N]JAsn-Leu-Thr-NH (28) (eq 1), the glycopeptide 150 mm column or Rainin Microsorb-MV Bm Cys, 300
product can be isolated for spectral studies by methodsA, 4.6 x 250 mm column, and monitored using a Waters
previously established in our laborato#0(11, 17). Reten-  ggg diode array spectrometer equipped with Millennium
tion of the™*C—**N coupling in the’C NMR spectraof the ¢ cvvare. R, yeast microsomes anéH]Dol-P-P-DS were
biosynthesized glycopeptide prod®etwould prove that the prepared as described by Clark et al0)(and Lee and
side chain carboxamide of asparagine is preserved in theCOWard (1), respectively. N-Bz-Asn-Leu-Thr-NH was
glycosylated produqt. Co_nversely, washoutl?i,] during synthesized,as described. previously by Clark et B0).(
((:gf:ak:g‘?;vgu!gr?'sglgggwiigﬁzahi da\r/]v)i/tgebeuldljfsd)orlr\? eer?t and Stable isotopically labeled amino acids and peptides were
y 9 synthesized on the basis of the previous method of Lee and

reagents, including unlabeled NHpresent in the assay Coward (7). Dol-P-P-DS was synthesized as previously

mixture. The use of*C—5N coupling of adjacent nuclei ) ; . .
Ping J escribed 11, 12), and its concentration was determined by

for mechanistic study has been used previously in the areaﬁ, X
of secondary metabolite biosynthesi®,(20). igh-pH anion-exchange chromatography (HPAEQE)(

Glycoprotein biosynthesis in intact cells is associated with following hydrolysis to glucosamine.
the release of free oligosaccharides via a “Dol-P-P-OS  Synthesis of N-Bz-[#C, N]Asn-Leu-Thr-NHand N-Bz-
hydrolase” activity. This activity is thought to be associated [4-13C]Asn-Leu-Thr-NH. Although a search of Chemical
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Scheme 2: Synthesis of Stable Isotope-Labeled OST Peptideand 875:g of Py yeast microsome in a total volume of 100

Substrates uL. Multiple reactions (160) were carried out as described
) N\)OL cfH‘NQOL o above,_ and the agqueous layers were combined and concen-
? R OH  soc, ¢ 3 OH  "SNHgH,0 HZN?)\OH trated in vacuo.
i MeoH e or NHisH:0 :}o:o Biosynthesis of Glycopeptide Usmg_N-leftHAsn-Leu- _
4 5 Thr-NH, (2b) and Chemically Synthesized Dol-P-P-DS with
o . . 15NHL;OAIC as the PotgntiaI.ExternaI N_ucIeophiIeEach
(Boc);0, Na;CO XOT“%OH FLeu-ThrNH; >(OTH¢kN J;(L'nﬁwz preparative OST reaction mixture contained.88 chemi-
H0, dioxane 0 Sy G mom o o ° cally synthesized Dol-P-P-DS, 50 mM Tris (pH 7.5), 1%
¥ X Triton X-100, 1 mM MnC}, 360uM N-Bz-[4-3C]Asn-Leu-
° ! Thr-NH; (2b) in DMSO (final [DMSO]= 5% v/v), 360 mM
(1) TFA, CH,Cl, QYH B J¢n o e, *NH,OAc, and 875u9 of Py yeast microsome in a total
2)B2,0, BN TN KLNHz o volume of 100uL. Multiple reactions (260) were carried
We=o no out as described above, and the aqueous layers were
) combined and concentrated in vacuo.

Purification and NMR Study of the Biosynthesized Gly-

Abstracts for this doubly labeled asparagine led to a single copeptides The concentrated solution containing each
reference 27), no synthesis of the target compound was bjosynthesized glycopeptide was purified by HPLC involving
described. We have previously described the synthesis ofmultiple runs using a Waters liquid chromatography system
three deuterium-labeled asparagine-containing peptides forwith Millennium software and a Rainin Microsorb column.
use as OST substratek7j. The synthesis of*C- and*N- A gradient profile of 10 to 25% MeOH over 20 min followed
labeled peptide and théC-labeled peptide required in the by a 25% MeOH isocratic condition was employed. The
present research was accomplished using these methodanreacted peptide substraga@nd2b, t = 69.0 min) and
(Scheme 2). L-[4-°C]Aspartic acid was first esterified the biosynthesized glycopeptidgaand3b, tr = 76.5 min)
regiospecifically at thgg-carboxylic acid, and the resulting  were readily separated by this procedure. Fractions contain-
B-methyl ester reacted with either concentraf®¢éH,OH or ing the glycopeptide were combined and concentrated in
NH,OH to giveL-[4-13C, "*N]asparaginea) or L-[4-13C]- vacuo. The dry residue of each biosynthetic glycopeptide
asparaginedp), respectively. The labeled asparagine was was dissolved in 40@L of D,O/CD;0D (v/v, 1/1) for NMR
protected at the N terminus by reaction with (Bf2)and studies.
the labeledN-Boc+ -asparaginef]) was then coupled with Analysis of the Mass Spectroscopy Data of the Labeled
H-Leu-Thr-NHTFA to give labeled\-Boc-Asn-Leu-Thr-  Synthetic Peptides and Biosynthesized GlycopeptiBia®*
NH (7). Deprotection followed by Pbenzoylation of the MS data of the labeled peptide®a and 2b and the
N terminus gave the desired labeled peptide substides  pjosynthesized glycopeptid@s and3b were obtained. The
and2b. Synthetic details and spectral data can be found in theoretical ion distribution was calculated using a JEOL DA
the Supporting Information. 5000 data system (JEOL, USA, Peabody, MA). Calculation

Standard OST Assay UsingH]Dol-P-P-DS. The syn-  of the stable isotope enrichments2# 2b, 33, and3b was
thetic peptide2aand2b were tested as OST substrates using based on the theoretical ion distribution and the observed
the previously described methotllj. The assay mixture relative intensities of the molecular ions. For example, the
contained ca. 6000 dpmH]Dol-P-P-DS, 50 mM Tris (pH  ynlabeled Bz-Asn-Leu-Thr-Ni{MH* Cp1H3:NsOg, 450) has
7.5), 1% Triton X-100, 1 mM MnGJ 360uM N-Bz-[4-°C, the following theoretical ion distribution based on the known
*N]Asn-Leu-Thr-NH or N-Bz-[4-*C]Asn-Leu-Thr-NH in natural abundance of all isotopesvz 450, 451, 452; ratio,
DMSO (final [DMSO] = 5% v/v), and 87%g of Py yeast 100, 26.06, 4.49. The relative intensities of the related peaks
microsome {0) in a total volume of 10QuL. The assay  observed foRa (Figure 4A) arem/z 450, 451, 452; relative
mixture was shaken at 250 rpnrf2 h atroom temperature,  intensity, 4.20, 3.25, 47.14. While tmg'z 450 peak results
and then the reaction was quenched by the addition of 3 mL only from the molecular ion of unlabeled Bz-Asn-Leu-Thr-
of cold CHCE/MeOH (v/v= 3/2). The mixture was allowed  NH,, thenvz 451 peak is a combination of the A 1 peak
to set on ice for 30 min, and the layers were separated byof unlabeled Bz-Asn-Leu-Thr-Niand the molecular ion
centrifugation at 100§ for 15 min. The supernatant was peak of Bz-[4}*C]Asn-Leu-Thr-NH.2 Similarly, them/z 452
removed and extracted with 1 mL of 4 mM MgClThe  peak is composed of the A 2 peak of unlabeled Bz-Asn-
biphasic mixture was thoroughly agitated (Vortex) and then | ey-Thr-NH,, the A+ 1 peak of Bz-[4*3C]Asn-Leu-Thr-
centrifuged at 1009for another 15 min. The upper aqueous NH,, and the molecular ion of Bz-[#C, **N]Asn-Leu-Thr-
layer containing the water solubfél-labeled glycopeptide  NH,. If the relative content of the unlabeled Bz-Asn-Leu-
was carefully removed. A significant increase #i Thr-NH, (MH™*, 450) is defined aX, that of Bz-[433C]Asn-
radioactivity observed in the aqueous layer compared with | ey-Thr-NH, (MH*, 451) asY, and that of Bz-[4C,
that observed in the aqueous layer from a control assay notisNjAsn-Leu-Thr-NH (MH*, 452) asz, it follows that for
containing the peptide substrate provided evidence of thepa X = 4.20,Y + 0.2606X = 3.25, andZ + 0.2606¢ +
formation of*H-labeled glycopeptidel(). 0.044%K = 47.14. The stable isotope distribution2a can

Biosynthesis of Glycopeptide Using N-BzH&; *NJAsn-  then be calculated: unlabeled Bz-Asn-Leu-ThrNHX/(X
Leu-Thr-NH (2a) and Chemically Synthesized Dol-P-P-DS 4y + 7) = 7.96%, singly labeled Bz-[4*C]Asn-Leu-Thr-
Each preparative OST reaction mixture containedu66
chemically synthesized Dol-P-P-DS, 50 mM Tris (pH 7.5), —, i I .
1% Triton X-100, 1 mM MnC}, 360uM N-Bz-[4-1C, **N]- alsoltgsicg ur!gebfon:r:/ezd;gf tplgeif{i:]gs\?elr_yeﬁwﬂc])rr ’(\:Igbm\rl)vctlrﬁ;y acl)rlljclidcan
Asn-Leu-Thr-NH (2a) in DMSO (final [ DMSO] = 5% v/v), be ignored in these calculations.
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FiIGURE 2: (A) 13C and (B) 15N NMR spectra of the synthetic
peptide2a and (C)*3C NMR spectrum of synthetic peptidzb.
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Ficure 3: 13C NMR spectra of the biosynthesized glycopeptides

(A) 3aand (B)3b.

NH, = Y/I(X + Y + Z) = 4.09%, and doubly labeled Bz-
[4-13C, *N]JAsn-Leu-Thr-NH, = Z/(X + Y + Z) = 87.9%.

In a similar fashion, the unlabeled glycopeptide Bz-Asn-

(GlCNAC)z-Leu-Thr-NHg (MH+ C37H5eN7O16, 856) has the
following theoretical ion distribution:m/z 856, 857, 858;

relative intensity, 100, 45.48, 13.38. On the basis of the

Xu and Coward

3a was calculated to be 10.2% for unlabeled Bz-Asn-
(GIcNAC),-Leu-Thr-NH,, 8.06% for singly labeled Bz-[4-
BCJAsn(GIcNAc)-Leu-Thr-NH,, and 81.7% for doubly
labeled Bz-[413C, ®N]Asn(GIcNAc)-Leu-Thr-NH. The
isotope distributions a2b and3b were calculated using the
same method, and the results are shown, together with those
of 2aand3a, in Table 1.

RESULTS AND DISCUSSION

The syntheses of Bz-[#C, N]Asn-Leu-Thr-NH (2a)
and Bz-[413C]Asn-Leu-Thr-NH (2b) were completed fol-
lowing the established methodk) shown in Scheme 2. A
clear doublet resulting from labelédC—°N coupling was
observed in thé3C and>N NMR spectra of compounds
5—7aand2a. The final doubly labeled peptidea showed
a 13C—15N coupling constant of 14.8 Hz in itC NMR
(Figure 2A) and 14.6 Hz in it$®N NMR spectra (Figure
2B), as expected for adjaceA¥C and >N nuclei 25).
Interestingly, thes-carbon of asparagine was observed as a
doublet of doublets because of its coupling with the enriched
13C and®N nuclei (spectra not shown). A large single peak
was observed in thé’C NMR spectra of4—7b and 2b
(Figure 2C) due to the singl€C-enriched carbon at C-4.
Compound®a and2b were shown to be equally good OST
substrates, comparable to unlabeled standard peptide Bz-Asn-
Leu-Thr-NH, using PH]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'#ie-
15N coupled doublet in th€C NMR spectra (8 h scan) with
acceptable signal:noise. Initially, OST assay studies were
performed using chemically synthesized Dol-P-P-018)(
and [4C]Bz-Asn-Leu-Thr-NH to optimize the yield of the
desired glycopeptides. These experiments led us to choose
66 uM 1b and 360uM 2 for use in multiple reactions to
obtain enough biosynthetic glycopeptide for NMR analysis.
Under these conditions, OST-catalyzed glycosylatio@af
led to 235 nmol (22.3% based on Dol-P-P-DS) of biosyn-
thesized glycopeptid@a. The biosynthesized glycopeptide
3ashowed a clear doublet &t172.6 with aJcy of 14.5 Hz
in the 3C 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 tH& nucleus
precluded acquisition of satisfactoBN NMR spectral data
for glycopeptide3a even after prolonged (40 h) acquisition
times.

In the case of PRPP amidotransfera&gpf free ammonia
is 400 times that of glutamine&8, 29). Therefore, a high
concentration of exogenoddNH,OAc is desired in order
to increase the chance of intercepting any intermediate(s)

3 |t is conceivable that a peptide substrate such esuld react with
a nucleophilic residue at the OST active site (Scheme 1) in the absence
of the oligosaccharide dondt, Subsequent hydrolysis of the resulting
acyl enzyme would lead tN-Bz-Asp-Leu-Thr-NH. However, HPLC
analysis of an enzyme reaction carried out in the absenté tdiled
to indicate any production of the Asp-containing tripeptide under these

MS data, the stable isotope distribution of the glycopeptide conditions.



13C-/">N-Labeled Tripeptides for Oligosaccharyltransferase

Biochemistry, Vol. 36, No. 48, 199714687

50 - 452.08
A
435.86
7.0 ,“8 e % 474.96
1 4@7.B8  417.@2 . 1 4.
D dupn \LA. A .Al AA VYN dadas lA j490.84
L T S b v T v 4 T 1 L T T
492 410 428 430 449 459 460 470 489 499
m’2
451.@?
| B
30
434,85
20 -
19 - a7 1339 473.84
fes.es 0 463.85 l 483.00
o N A LT Fout i, i
1 T 1 M L v L T 1 T 14 v L M Ll M 1)
1092 419 420 439 442 450 450 472 480 499
m/’2z
879.86
p C ’
; gsg.@e BS8.@2
LY
5_.
)
895.94
a_
@45 9858 655 B6@ B65 678 B?S B8 B85S 89@ @95  8@e
mn'z
857.82
| D
5 -
'B?B.BB
1{ eez.23 355.51‘ 954_53
B'J“ T aa lA Y T T AlAAT T*’: ¥ L) A’v\‘ I
845 858 B8SS 1] 865 878 875 gse B8es 8se 895 208
m/2

Ficure 4. Portions of mass spectra of (A) synthetic pepdg(B) synthetic peptideb, (C) biosynthetic glycopeptidea, and (D) biosynthetic
glycopeptide3b.

formed during OST catalysis. This, in turn, would lead to pH would ensure an increased concentration of;NHe
13C—15N coupling if the OST catalytic mechanism parallels required nucleophilic base, preliminary studies showed that
that of glutamine-dependent amidotransferases (Scheme 1)the yield of the glycopeptide decreased significantly at higher
5NH4,OACc at a concentration of 360 mM, 1000 times that pH. Therefore, physiological pH 7.5 was used in the multiple
of the peptide substrate Bz-[4€]Asn-Leu-Thr-NH (2b), reactions carried out to obtain sufficient glycopeptide for
was used in the reaction. However, under this condition, NMR analysis; 170.2 nmol of glycopepticb (9.9% based
the glycosylation yield decreased to 60% of that obtained in on Dol-P-P-DS) was obtained after two HPLC purifications.
the absence of ammonium salt. Although reaction at higher The 3C NMR spectrum of3b showed a clear singlet at
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Table 1: Quantitative Mass Spectral Analysis of Pepti2@snd
2b and the Resulting Biosynthetic Glycopeptidgzesand 3b

peak relative intensity isotope distribution (%)

compound M (M+ 1" (M+2)" 2CMN BCAN BCHSN
2a 4.20 3.25 47.1 7.96 409 879
3a 0.62 0.77 5.25 10.2 8.06 81.7
2b 1.71 36.0 13.5 433 851 10.6
3b 0.51 6.25 2.98 7.61 89.8 2.57

173.6 (Figure 3B), indicating that exogenddNH3; cannot
be involved in the synthesis of Bz-[4€, 1°N]Asn(GIcNAC)-
Leu-Thr-NH, from 2b during OST catalysis.

While these NMR studies of the two biosynthesized
glycopeptides8a and3b provide strong evidence that there
is little mechanistic similarity between OST and glutamine-

Xu and Coward

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€]Asn-Leu-Thr-

NH, and Bz-[443C, >N]Asn-Leu-Thr-NH, may also act as
useful kinetic probes for further mechanistic studies of the
OST-catalyzed reactions.
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further strengthened this conclusion (Figure 4). In Table 1,

2ais shown to be 87.9% enriched in the doubly labeled
isotopomer, Bz-[4°C, ®N]Asn-Leu-Thr-NH, while the
resulting glycopeptid8ahas a*C, >N enrichment of 81.7%.

However, this slight decrease is not accompanied by an

increase of Bz-[4°C]Asn(GIcNAc)-Leu-Thr-NH, (MH™,
857) content irBa as would be expected if free exogenous
1“NH; were exchanging with th¥N originating in2a. The
enrichment of Bz-[4C]Asn(GIcNAc)-Leu-Thr-NH; (8.06%)

in 3a is similar to that of Bz-[4%*C]Asn-Leu-Thr-NH
(4.09%) in2a.

A similar analysis can be applied to glycopeptidb,
obtained from the OST-catalyzed glycosylatior?6fin the
presence of exced®NH,OAc. As shown in Table 12bis
85.1% enriched in the singly labeled isotopomer, B2{d}-
Asn-Leu-Thr-NH. A decrease in the Bz-[#C]Asn-
(GIcNACc)-Leu-Thr-NH, content coupled with an increase
of Bz-[4-13C, 15N]Asn(GIcNAc)-Leu-Thr-NH, observed in
3b is expected if externdPNH; can access the OST active

site and exchange with any nascent ammonia produced

during catalysis. However, the resulting glycopeptiie
shows a Bz-[4<C]Asn(GIcNAc)-Leu-Thr-NH, enrichment
of 89.8%, very similar to that oRb. Furthermore, the
content of Bz-[4+3C, 1"N]JAsn(GIcNAc)-Leu-Thr-NH; (2.6%)
in 3b is much smaller than the content of Bz4#G, 5N]-
Asn-Leu-Thr-NH (10.6%) in2b, further indicating that there
is no Bz-[4%°C, ®™N]Asn(GIcNAc)-Leu-Thr-NH, formed
during the OST-catalyzed glycosylation 26 even in the
presence of an external source'efiHa.

In conclusion,*3C-/*>N- and '3C-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 observationt—°N coupling in the
13C NMR spectra of the biosynthetic glycopeptide when Bz-
[4-13C, N]Asn-Leu-Thr-NH; (2a) was used as the peptide
substrate. The inability of°N from a labeled exogenous
nucleophile *NH4OAc) 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 usetfC- and

Barbara Gibbs for her helpful discussions during the course
of this research.

SUPPORTING INFORMATION AVAILABLE

Details of the syntheses @8, 2b, and their precursors (6
pages). Ordering information is given on any current
masthead page.
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