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ADP-L-glycerep-manneheptose 6-epimerase (AGME, RfaD) is 7_OH AGME OH
a bacterial enzyme that interconverts the unusual seven-carbon HO=E 595! — HO" 0_8
S-linked sugar nucleotides ADB+_-glycerap-manneheptose (ADP- H,?é‘" 2'” OADP HSO OADP
3" 1"

L,D-Hep) and ADPB-p-glycerab-manneheptose (ADPs,p-Hep)

(Figure 1)} In Gram-negative bacteria, AGME plays a key role in ADP-L.D-Hep ADP-D.D-Hep

the biosynthesis of cell surface lipopolysaccharide (LPS) as it y, CHs Y., OH

provides theL,pD-Hep that is a component of the inner core HO’%'O&/ X&/
tetrasaccharidé.Mutant strains ofEscherichia colithat lack a HO OADP  HO OADP

functional AGME produce truncated LPS chains, have an increased 1a, X=OH Y=H 2a, X=OH Y=H

susceptibility to hydrophobic antibiotics, and show decreased 1b, X=H Y=OH 2b, X=H Y=0OH

pathogenicity =5 Figure 1. Reaction catalyzed by AGME and structure of deoxy analogues

The mechanism by which AGME catalyzes the inversion of (inset).
stereochemistry is of interest since the ‘Cdereocenter of the ) ) ) ]
substrate lacks an acidic-& bond and a direct deprotonation/ ~With the recombinante. coli AGME and the reactions were
reprotonation mechanism cannot be employ&dihile few m_onntored by botiH- and3P NMR spectroscopy, an equilibrium
mechanistic studies have been undertaken, it is known that theMixture of 2.3:1 ADP:,p-Hep/ADPo,0-Hep was observed. Samples
enzyme bears a tightly bound NADRofactor that is presumably of the epimeric mixture formed under multiple turnover conditions
utilized to transiently oxidize the substr&té? Sequence alignments ~ Were analyzed for deuterium content by b#thNMR spectroscopy
and X-ray crystallographic studies support this hypothesis by and mass _spe_ctrc_)metry. No detectable levels of deuterium were
showing that AGME is a member of the short-chain dehydrogenase/ OPserved, indicating that no more than 1% of the enzymatic
reductase (SDR) superfamily! Several members of this family ~ turnovers results in solvent isotope incorporation. A similar
are known to catalyze reactions on sugar nucleotides that involve XPeriment was run using a 50:50 mixture of'#/H,"°0 as

transient oxidations of the sugar moiety (usually at'G4130ne solvent, and né®0-label could be detected in the mass spectrum
potential mechanism for the AGME reaction involves an initial  ©f the resulting epimeric mixture. The absence of deuterium
oxidation at C-7 that serves to acidify the proton at C-@Scheme incorporation argues against a mechanism involving deprotonation/
1, path A). A subsequent deprotonation at 'C-Gollowed by reprotonation at C-6 (Scheme 1, path A). In all known racemases

reprotonation on the opposite face of the enol(ate) intermediate and@"d €pimerases that catalyze nonstereospecific proton transfer steps,
reduction of the C-7 aldehyde, generates the epimeric product. & Wo-base mechanism is employed, and solvent deuterium is
An alternative mechanism involves oxidation directly at ‘C-6  Stoichiometrically incorporated into the prodée:’Similarly, the
(Scheme 1, path B). A conformational change would then serve to absence_ o’FBO-Isotop_e incorporation argues against the dehydration/
expose the opposite face of the carbonyl to the cofactor, and rehydration mechanism (Scheme_ 1, path C) since the same_molecule
reduction would give the epimeric product. Last, the transient Of water formed upon dehydration would have to be efficiently
oxidation may take place at Ct4Scheme 1, path C). A nonste- redelivered to the opposite face of the enone intermediate.
reospecific dehydration/rehydration process could invert the ster- I further studies, the 7-deoxy and 4-deoxy analogues of ADP-
eochemistry at C“6 and subsequent reduction of the C-4 carbonyl L:0-Hep (la and 2a, respectively) were synthesiz€d.These
would generate the product. A nonstereospecific retroaldol/aldol COMPounds were incubated with AGME, and the resulting reactions
process could also be used to invert the stereochemistry 4tgt-6 ~ Were monitored using bott- and='P NMR spectroscopy. In each
the 4-keto intermediate (not shown). case, a new set of signals emerged that ultimately equilibrated to
In this communication we report evidence in favor of a @napproximately equimolar mixture of two species (Figure 2). The
mechanism involving transient oxidation directly at C{§cheme P NMR spectra identified the new compounds as sugar nucle-
1, path B). Epimerization in either D or H,80 was not otides, and the mass spectra of the isolated mixtures were

accompanied by solvent isotope incorporation, and the 7-deoxy andindistinguishable from those of the starting compounds. These
4-deoxy analogues of ADPp-Hep (Figure 11aand2a, respec- results are consistent with the notion that AGME interconverts both
tively) were found to be alternate substrates for the enzyme. ~ Substrate analogues with epimeric sugar nucleotides of similar
ADP-L,p-Hep and ADPs,p-Hep were obtained via chemical ~ Stability. In the case of compountth, the H-8" signals for the
synthesig#!5When either substrate was incubated in buffere@D ~ Starting material and product were sufficiently well separated so
that a 1D-TOCSY experiment could be used to fully assign the
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carbons 2—5", indicating that epimerization had occurred at'C-6
and the new compound wdd.'® In the case of compounda,
however, thelH NMR signals of the two species were not
sufficiently separated to employ this technique. Instead, a nonste-

flexibility with regard to the position of oxidation is somewhat
reminiscent of the reaction catalyzed by CDP-tyvelose 2-epimerase,
an SDR family member that is thought to employ transient oxidation
at C-2'.2526

reoselective synthesis was used to generate an authentic 1.8:1

mixture of 2a/2b.1> A comparison of théH- and3P NMR spectra

of the enzymatic mixture to that of the synthetic mixture confirmed
that the new product wa8b (Figure 2). Furthermore, when the
synthetic 1.8:1 mixture d?a/2b was incubated with AGME, it was
converted into an equimolar mixture. The abilitylodnd2 to serve

as substrates for AGME rules out all mechanisms that require
oxidation at C-4 or C-7' (paths A and C).

As AGME is a member of the SDR superfamily, one might
expect it would utilize a strategy involving transient oxidation at
C-4"1213|n particular, a notable similarity exists between the first
two steps in path C and those employed by the sugar nucleotide
4,6-dehydrataség.?! However, both the solvent isotope incorpora-

tion studies and the deoxy-analogue studies indicate that transient

oxidation actually occurs at C:6Thus, AGME appears to employ
a nonstereospecific oxidation/reduction mechanism (path B). As
with other SDR family members, at least one of the required acid/
base residues would likely be supplied by the conserved triad,
Serl16, Tyrl40, Lys14%This strategy is conceptually similar to
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