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The branched-chain sugars are an important class of carbohy- E, Eo -
drates present in a wide variety of natural soufceBhey are Ho 1o v o Me
! : A HO o) CTP HO o) NAD 0
derived from appropriate sugar precursors with one of the “pq == "0 DB BHO%
secondary hydrogen or hydroxyl groups replaced by an alkyl HO (i, o DARA/ASCA HO fnp * HO §opp
chain. Most naturally occurring branched-chain sugars contain ! z E; PMP {} DdhC/AscC
a methyl branch, but examples that carry a two-carbon side chain E; NADH | DdHD/AscD

or even an longer branched chain also exist. Previous feeding

experiments have shown that the methyl branch is derived from HIE)/IWOCDP ASE 707 0cp —E © X o
S-adenosylmethionineS{AdoMet)! and the two-carbon branch o NAD(PH oN %oﬁ

is from pyruvate:? While the C-methylation is believed to be 4 OH 3 ocpp
simply a result ofa-deprotonation of a ketosugar precursor to TPP ‘ YerE
generate an enolate, followed by a nucleophilic attack on Pyrovate

SAdoMet2P3the mode of two-carbon branch attachment remains Mo M 5 reductase v
obscure. It has been speculated that the reaction may be thiamine Me o
HO

pyrophosphate (TPP)-dependent, involving the formation of HO i OCDP NADEX 0 HO

hydroxyethyl-TPP as the nucleophilic two-carbon doffoi-How- s

ever, the inability of well-known TPP inhibitors to affect the glucose 4,6-dehydratase,(E® CDP-6-deoxyt-threo-b-glycerc
production of these two-carbon branched-chain s&_gmd the 4-hexulose 3-dehydraseE and CDP-6-deoxy-threop-glycero
failure to detect radioactive products in the incubation of 1-([1- 4-hexulose 3-dehydrase reductas@{h sequence (Scheme 1).
¥C]-hydroxyethyl)-TPP with cell-free extracts of the producing Beyond this point, epimerization at C-5 by an epimerase (AscE),
strairf have cast doubts on the proposed mechanism. In anfollowed by reduction at C-4 by a reductase (AscF) will give
attempt to decipher this mechanistic ambiguity, we decided to CDP+-ascarylose4).® Since yersiniose Af) is a C-4-branched

HO 6

OCDP

study the biosynthetic formation of yersiniose@),(a prototypical 3 6-dideoxyhexose, its formation must follow an analogous route
hydroxyethyl-branched 3,6-dideoxyhexose found in@kentigen  that includes the same set of transformations to gengratean
of Yersinia pseudotuberculosig.* intermediaté. It is conceivable that CDB-yersiniose A is

Early studies on 3,6-dideoxyhexoses have identified 3,6- formed by coupling o8B with a two-carbon acyl anion equivalent
dideoxy-4-hexulose3) as a common intermediate for the bio- to give5, which then undergoes a stereospecific reduction of the
synthesis of this class of unusual sugars, from which different side chain. Since the two strains producing ascarylose and
isomers are formed by epimerization and reductiois il- yersiniose A are intimately related and the proposed biosynthetic
lustrated by the formation of CDRascarylose4) found in the pathways of these two sugars are very similar, the gene sequence
O-antigen ofY. pseudotuberculosi¥, this key intermediate is ~ and organization of the yersiniose cluster should be highly
produced fronu-p-glucose 1-phosphaté)(in four steps catalyzed  homologous to those of thesccluster!® Thus, theascCgenel!
by o-p-glucose-1-phosphate cytidylyltransferaseg)ECDP-D- which encodes Efrom theasccluster, was used as a probe to
screen a genomic DNA library of. pseudotuberculosigl for
*Current address: Department of Chemistry, University of California, theyer cluster to gain access to the gene encoding the branched-
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Three positive and identical plaques, each bearing an insert of Scheme 2
about 10 kb2 were isolated from the library screening. It was -

found that the cloned insepZHG25) contains an 841 bp stretch NW'N’MC - Me rL:) Me
(ddhB) identical to the 3terminal portion of theascBgene in YerE  Me ‘NQM"OH . \JES%%H
the asccluster, and the open reading frame (ORF) immediately ﬁ” NH, g O f
downstream from the truncatedhBgene (ldhQ has a sequence \’0) X o) .
identical to that of theascCgene (Scheme 1§. These genetic PP Me” CO, Me p|1 Me
results firmly substantiated the close resemblance of the yersiniose j[ =<
and ascarylose biosynthetic machin&ryFurther analysis of this _1\ 5(7 oH
cluster led to the identification of three additional ORFs (Scheme HO TPP B
1).14 Of particular interest is the strong similarity of the translated Me M j: N\ Me
sequence of one of the ORRg(E) with that of the large subunit 0 N <— Q
of FAD-containing acetolactate synthases (32% identityhose s O 6cpp ocpp HO
activity is TPP-dependent. Studies of this class of acetolactate 4 ocop

synthases have shown that the flavin coenzyme plays no obviousprepared enzymatically from CD#*glucose B) using purified
role in the catalysis, whereas TPP is directly involved in the E,, Ei, and E, to 5. This product was isolated from the
generation of an “acetyl carbanion” from pyruvate and its incubation mixture, after removal of the proteins using Centricon
subsequent condensation with another molecule of pyruvate or10, by FPLC MonoQ using a linear gradient of 280 mM
2-ketobutyraté® In view of the high sequence homology as well ammonium bicarbonate buffer (pH 8) over a 25-min elution cycle.
as the chemical relevance of the catalysis, yleeE encoded The spectral data of the purified product are consistent Gith
protein (YerE) must be akin to acetolactate synthases as a TPP-and the assigned role of YerE as the branched-chain coupling
dependent flavoenzyme and must catalyze the branched-chairenzyme is thus confirmed. Since no loss of catalytic efficiency
attachment in the biosynthesis of yersiniose A. was discernible when the reaction was performed under anaerobic
To verify the catalytic role of YerE, theerE gene was conditions with YerE prereduced with dithionite, this observation
amplified by polymerase chain reaction (PCR), cloned into a pET strongly suggests that the flavin coenzyme is not directly involved
24(+) expression vector, and expressedtgherichia coliBL21- in catalysis!’
(DE3) cells. The expressed C-terminal His-tagged YerE protein  Thus, cloning and sequencing of ther cluster have allowed
was purified to near homogeneity by a Ni-NTA column (Qiagen), the geneyerE encoding the branched-chain coupling enzyme to
and its identity was confirmed by N-terminal sequencing. The be identified. Purification and characterization of YerE protein
purified YerE contains bound FAD, giving a typical flavin  have provided, for the first time, unambiguous evidence confirm-
spectrum with two absorption maxima at 370 and 450 nm. ing that the side-chain attachment in the biosynthesis of yersiniose
Judging from aM, of 117K estimated by gel filtration and a  and perhaps other two-carbon branched-chain sugars as well is
calculated mass of 63372 Da for each subunit, YerE must exist TPP-dependent. As depicted in Scheme 2, coupling the TPP-
as a homodimer. Both TPP and Rtgare required for full bound acyl intermediaté to the 4-keto group o8 to give5 can
activity, and the optimal pH was determined to be 8.0. Upon be readily accomplished by a well-established mechanism found
incubation with TPP (@&imol) and pyruvate (25@mol) at 24°C for other TPP-dependent enzymiés.Clearly, this study has
for 1 h in 100 mMpotassium phosphate buffer (pH 8.0, 1.0 mL) infused significant mechanistic insights into the general biosyn-
containing 3 umol Mg?", YerE (0.75 nmol) quantitatively  thetic routes leading to the production of branched-chain sugars
converted the predicted substrade(12.0 umol), which was and also allowed the integration of the yersiniose biosynthetic
(12) The radiolabeled probe was prepared with the Multiprime DNA Pathway into a unified model for the construction of all
Labeling kit (Amersham) usingscC as the templat&. The genomic DNA 3,6-dideoxyhexose®s:10-13
library of Y. pseudotuberculosigl was constructed by digesting its DNA

with EcoR | and ligating the fragments intol@ APl vector. After packaging JA983071V
the ligation product with a phage extract as per the procedures specified by

the manufacturer (Stratagene), the genomic library had a titer of2.9¢f (16) Spectral data o6: 'H NMR (D,O) ¢ 0.81 (3H, d,J = 6.5 Hz, 5'-
pfu/mL of phage. The 10 kb insert contains most of the yersiniose and part of Me), 1.68 (1H, ddJ = 13.0, 4.5, 3-Hg), 1.95 (1H, t,J = 13.0, 3'-Hy),
the colitose biosynthetic genes. 2.10 (3H, s, COMe), 3.80 (1H, m,'H), 4.04-4.16 (3H, m, 4H, 5-H),
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