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The first unique mannosyl transfer in the biosynthesis of the
common core of most Asn-linked eukaryotic glycoproteins is
catalyzed by GDRx-D-Man:GIINAc1—4GIcNAcS1—4-PP-Dol
B1—4-mannosyltransferasé.Unfortunately, due to low expres-
sion levels and enzyme lability, the chemical mechanism for this
key reaction remains undetermined. Interestingly, dolichol-
dependent biosynthesis shares striking similarities with bacterial
undecaprenol-dependent glycosylatforThis relationship, in
conjunction with the superior biochemical and genetic manipu-
latability of bacterial systems, renders prokaryotic mannosyl-
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Scheme 1. SalmonellaGroup B O Antigen Biosynthesis
(upper) and the Corresponding Unnatural Mé&n&cceptors
(lowerp
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aGal-1PT/UDP-Gal, Rha™/TDP-Rha. (b) Man®™/GDP-Man. (c)
AgOTf, 1,1,3,3-tetramethylurea, 4-(4-nitrophenyl)-1-butanol ,Ckl 0

transferases attractive as accessible models for their eukaryoticC. (d) NaOMe, MeOH, 20 min. (e) AgOTf, 2,6-tirt-butylpyridine,

counterparts. One such model mannosyltransferase, GBP-
ManRhat—~3aGalPP-Und 81—4-mannosyltransferase (MaffJ’
is involved in the biosynthesis of th8almonellagroup E1
O-antigen repeat unit2( Scheme 1}. The biosynthesis of the
natural acceptor for this enzymeRhal—~3oGal-PP-Und (1), is

CH,Cl,, —40 °C. (f) Ac20, pyridine. (g) DMDO, 0°C, CHCly; 4-(4-
nitrophenyl)-1-butanol, ZnG] —78 °C — 20 °C, THF. (h) TBAF, THF.

= 9:1), from bromide4'® and 4-(4-nitrophenyl)-1-butanol, fol-
lowed by Zenplen deacylation efficiently provide@ (85%).

initiated by enzyme-catalyzed galactosyl-1-phosphate transfer Synthesis of the disaccharide analogl@ was initiated with

from UDP-Gal to undecaprenol phosphateith subsequent loss
of UMP, followed by enzyme-catalyzed rhamnosyl transfer from
TDP-Rha and loss of TDPOf the reagents required for the
biosynthesis ol, UDP-a-b-Gal:P-Und a-galactose-1-phosphoryl
transferase (Gal-PT), TDP-L-Rha:GalPP-Und 1—3-rham-
nosyltransferase (Rh&¥ and TDPB-L-Rha are not commercially
available’ Thus, we report the synthesis of simplified analogues
of 1 (Scheme 1) and compare their abilities to function as ManT
acceptors. In addition to providing a new method for the practical
synthesis of Gram negative cell wall antigérhjs work reveals
a new quantitative Marff assay and begins to map acceptor
requirements for this intriguing enzyme.

The first analoguep-nitrophenyls-L-Rha @), is commercially
available, whereas Koenig&norr® synthesis o6 (64% a, o/
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(1) Abbreviations: Asn, asparagine; Dol, dolichol; Gaalactose; GDP,
guanosine diphosphate; Glzglucose; GINAc, 2-N-acetylp-glucose; Man,
p-mannose; Rha,-rhamnose (6-deoxy-mannose); TDP, thymidine diphos-
phate; UDP, uridine diphosphate; UMP, uridine monophosphate; Und,
undecaprenol.
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Koenigs-Knorr coupling of glycal7!! and4 to give 8 (69% a,
o/ = 10:1)*? The corresponding glyc&l was epoxidized using
3,3-dimethyldioxiran® to provide the 1,2-anhydro derivative,
which furnished crystallind0 (43%a., o/ = 1:9) in the presence
of zinc chloride and 4-(4-nitrophenyl)-1-butartélDeprotection
provided the potential mannosyltransferase subsira{84%a,
o/ = 12:1). To test the potential acceptoBs,6, and 12 were
individually incubated with GDRx-pD-Man or GDPe-p-[U-1“C]-
Man and extracts from a MariToverexpressing straif,and the
reaction progress was monitored by HPIC.

Assays of Man®* extracts with3 or 6 revealed no observed
ManT*-catalyzed glycosylation. However, assays contaidig
(retention time of 13.90 min.) unveiled the time-dependent
formation of a new product with a retention time of 12.99 min
(Figure 1a). Molecular weight determination of the new product
was consistent with mannosylation1d,'” and assays containing
12 in the presence of GDRJF“C]Man demonstrated the time-
dependent incorporation ofJF*“C]Man into the product peak
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Figure 1. (a) Time dependence of an assay contairi@ggGDP-Man,
and ManP* extracts monitored at 325 nm. (b) Time dependence of an
assay containind2, GDP-U-1“C]Man, and Man®* extracts monitored

by flow scintillation counting. (c) Plots of the disappearance ®fO,
from Figure 1a) and GDP-Mam from Figure 1b) and the corresponding
formation of the trisaccharide produ® (from Figure 1aM, from Figure
1b).
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for the first 30 min (Figure 1c) In addition, control reactions
containing1l2, GDP-Man, and pET11a-BL21 extracts (identical
Escherichia coliextracts but lacking Marff expression) of.2
and ManT* extracts (but lacking GDP-Man) showed no change
over 120 min (data not shown), indicating that the mannosylation
of 12 is clearly dependent upon the expression of both the
exogenous Manf and GDP-Man. Finally, the newly formed
trisaccharide could only be cleaved by commercially available
B-mannosidases, confirming the Man-Rha linkage as Beta.
The advantage of the strategy which we present over existing
routes to 30-a-L-rhamnopyranosyb-galactopyranosidésis in
providing a 30-a-L-rhamnopyranosyb-galactal which can be
readily derivatized from the reducing end. We have exploited this
strategy to provide a simplified chromophoric substrate which
allows for the first Man®* quantitative assay system. Cumula-
tively, the presented results are consistent with the ManT
catalyzed formation of trisaccharid2 and therefore provide
further confirmation of the originalvbaO gene assignment put
forth by Liu et al*@ The observed lack of mannosylation 8f
and6 indicate that Man requires at least part, if not all, of the
galactosyl moiety; however, acceptance I indicates that
ManT?* does not require the UniéP portion of the native acceptor
1.
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(16) A typical assay consisted of 10 mM acceptor, 10 mM GDB-Man,

10 mM MgCh, 25 uL crude extracts in a total volume of 5fl.. After an
appropriate incubation period at 3¢, an equal volume of MeOH was added,
denatured proteins were removed by centrifugation, andl2@as analyzed

by reverse-phase chromatography (Microsorb-MV C-18,420 mm, 75%

10 mM NaHPO;, 25% CHCN, pH 7.5, 0.75 mL mint, A = 325 nm). The
€325 for 3 (7820 M cm™), 6 (2340 Mt cm™Y), and 12 (2310 Mt cm™)
used for these assays were determined experimentally (75% 10 mM NaH
POy, 25% CHCN, pH 7.5). Radiolabeled assays in addition contained 3.3
uM GDP-a-p-[U-**C]Man and were monitored with a Packard 150TR flow
scintillation analyzer. Although the lipid moiety df2 is inverted from that

of 1, 12is the major synthetic product, and assays with the miranalogue
revealed a similar rate of Mari¥catalyzed mannosylation.

(172 A mixture of 1.0 mM12, 1.2 mM GDP-Man, 10 mM MgGJ 1.2 mg
ManTr.# 50 mM Tris-Cl, 1 mM EDTA, pH 8.5 in a total volume of 750
was incubated at 37C for 4 h, the reaction was stopped by adding an equal
volume of methanol, and denatured protein was removed by centrifugation
(1600®, 15 min). The supernatant (0.5 mL) was chromatographed on a
Licrosorb RP-18 (itm) semipreparative column with a mobile phase of 25%
CHiCN, 75% HO, flow rate of 1.5 mL min®. The trisaccharide fraction
(20—22 min) and disaccharide fraction (226 min) were collected, concen-
trated, and submitted for mass spectral analysis.

(18) The difference of this rate versus MafTEatalyzed mannosylation
of 1 (275 nM mir?) is partially attributed to technical difficulties associated
with the selective extraction &.”

19) A mixture of 1.0 mM12, 1.2 mM GDP-Man, 3.32«M GDP-u-D-

. . . (
(Figure 1b). A plot of the peak area versus time from Figure 1a [y-1“C]Man, 10 mM MgC}, 9604g ManT.4 50 mM Tris-Cl, 1 mM EDTA,
or b revealed the time-dependent formation of the new product pH 8.5 in a total volume of 508L was incubated at 37C for 4 h the reaction

(Agzs = 18.0uM min~%; [*C] = 15.0uM min~?) and the decrease
of 12 (Agzs = 23.0uM min~%; [1%C] = 13.0uM min~1) are linear

(15) PCR amplifiedvbaO (encoding Man7®) from pPR133¢° was cloned
into a T7-driven pET11a-BL21 system, grown to an 3= 0.55 at 37°C
with shaking (250 rpm), the growth temperature reduced tt82@&nd protein
expression induced with 1.0 mM IPTG. Rifampicin (Z§ mL~!) was added
2 h after induction, and the cultures were allowed to grow for an additional
12—14 h. Cells were harvested (2@f)A5 min), resuspended in 50 mM Tris-
HCI, 1 mM EDTA, pH 8.5, and lysed by sonication. The cellular debris was
removed by centrifugation (209015 min), and the membrane fractions were
isolated from the supernatant by centrifugation (3@)Qa0h), resuspended in
50 mM Tris-HCI, 1 mM EDTA, pH 8.5, and stored at80 °C until used.
SDS-PAGE revealed the desired Ma@h&s approximately 7680% of the
total membrane-associated protein.

stopped by adding an equal volume of methanol and denatured protein removed
by centrifugation (1600§) 15 min). The recovered supernatant was evaporated
and the corresponding dried reaction mixture dissolved i 200 mM
NaH,PO,, 1 mM EDTA pH 5.5 buffer and separated into three equal aliquots.
To the first was added 0.5 U ef-mannosidase (Sigma), to the second was
added 0.04 U of;-mannosidase (Sigma), and to the third buffer was added
as a control. After incubation at 3T for 4 h, the reactions were analyzed by
HPLC as previously describéflAlthough this result confirms the postulated
ManTP stereoselectivity,the confirmation of the postulated regioselectivity

is currently in progress.
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