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L-Colitose @) is a 3,6-dideoxyhexose found in tiieantigen of
gram-negative lipopolysaccharideg&arly biosynthetic studies of
3,6-dideoxysugars have shown that deoxygenation at C-3 is
accomplished by an elegant mechanism involving a complementary
pair of enzymes, E a pyridoxamine 5phosphate (PMP)-dependent
iron—sulfur-containing enzyméand &, a [2Fe-2S]-containing
flavoprotein reductasé.As depicted in Scheme 1, the overall
reaction proceeds via a dehydration/reduction mechanism, which
is a unique process leading to the formation of this class of unusual
sugarst However, unlike other 3,6-dideoxyhexoses, which are all
derived from CDPb-glucose, the precursor aofcolitose is GDP-
p-mannosé. Clearly, a distinct set of enzymes must have been
adopted for colitose biosynthesis. Whether the C-3 deoxygenation
in the colitose pathway follows a route analogous to those found
in other glucose-derived 3,6-dideoxysugars has received much
attention in our laboratory over the past few years.
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Scheme 2

In the course of these studies, we cloned and sequenced the

L-colitose biosynthetic gene cluster froviersinia pseudotubercu-
losis IVA® and identified five open reading frames (Scheme 2).
Function assignment of the genes in this cluster based on sequenc
comparison with known genes in the databank suggested a
biosynthetic pathway similar to those established for other 3,6-
dideoxysugars with two apparent disparities: the lack of an E
equivalent for the C-3 deoxygenation st&s 4), and the lack of

a specific epimerase to invert the configuration at G+5(1). In
addition, while the translatecblD gene sequence shows moderate
homology to that of the Egene @idhQascQ’ of the ascarylose
pathway (27% identity and 42% similarity), it lacks the putative
iron—sulfur binding motif found in the Esequence. To verify the
assigned functions of these genes, the encoded proteins, ColB a

of our mechanistic studies of ColD, whose mode of action for
catalyzing the C-3 deoxygenation in the biosynthesis of GBP-
colitose () deviates significantly from the /=5 type of reaction
and represents a new paradigm for coenzyrmgenBdiated deoxy-
genation.

To determine the function of ColD, theID gene was cloned
into a pET-28b vector, and the resulting construct, pNB002, was
used to transforrtscherichia colHMS174(DE3) cells (Novagen).
The expressed protein, containing an N-terminalgHag, was
purified to near-homogeneity using Ni-NTA resin (Qiagén).

Because no absorption was apparent above 300 nm, ColD, which

is presumably coenzymegsBlependent based upon its homology

with E;, was isolated primarily as an apoprotein. It should be noted
that pyridoxal 5-phosphate (PLP) is the common coenzyme form
for coenzyme B-dependent enzymes, where PLP is covalently
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bound to the protein by forming a Schiff base with a highly
conserved lysine residue in the active site. However, this conserved

. ) nqg/sine is replaced by a histidine in ColD (H192). Such a substitution
ColD, were expressed and purified. Reported herein are the results,

also occurs in E(AscC) of the ascarylose pathway (H222) and

has been considered a trait unique to PMP-linked enzyfékus,

the fact that ColD is devoid of absorption characteristic for an
internal PLP-aldimine adduct is consistent with its proposed role
as a PMP-dependent; Eequivalent, because the PMP cofactor

should not be covalently bound to ColD.

The hypothesis that ColD is a PMP-dependent enzyme was also
supported by our observation that turnover occurred upon the
incubation of ColD with substratgin the presence of excess PMP,
but not in the presence of PLP. However, the rate of product
formation increased by more than 40-fold wheglutamate was
included in the PLP incubatio. Becauseo-ketoglutarate was
identified as a byproduct under the above assay conditions, it
became clear that ColD functions as a transaminase and that it
recognizes both PMP and PLP. The aforementioned rate enhance-
ment byL-glutamate may simply reflect the fact that the conversion
of PLP to PMP via the transamination recycling reaction is more
facile than a direct physical exchange of PLP in the active site
with excess PMP in the solution. Further experiments showed that

10.1021/ja030088r CCC: $25.00 © 2003 American Chemical Society
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