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Deoxy and amino sugars are often constituents of secondary Scheme 1. Glycosylation by DesVIl as a Part of Methymycin/
metabolites, many of which are of clinical importaric&hese Pikromycin Biosynthesis
unusual sugars are attached through O-, N-, or C- linkages to their PKS desosamine biosynthetic genes
respective aglycons and commonly play essential roles in determin-005 b " ]
ing the biological activities of the parent compouridstering the desVill desVil pikC
composition of sugar appendages in glycoconjugates holds promise 2
for creating new products with novel biological activities. Hence,
efforts to develop effective glycosylation strategies have been

Me  DesVil

Me,, Me DesVIll e,

. . . LT N [*) 0\ O X Me
vigorously pursued by scientists for decades. Significant progress |, © & Y . Mo e HOS TS
has been made recently using genetic and biochemical methods to 2 N N”'" o 4 EfSH.inSn g;
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perform glycosylation in vivo. For example, the feasibility of re- : Holrop

engineering sugar biosynthetic machineries to generate diverse sugar
structures and to incorporate foreign glycosyltransferase genes into,,,
appropriate strains to facilitate coupling between various sugar
donors and aglycon acceptors in a combinatorial manner has been Ve
demonstrated3 However, yields are generally low, and product
analysis is tedious. Moreover, the production of any antimicrobial

agents limits the general applicability of such an in vivo approach its assigned function, 8. venezuelagkdesVIl mutant in which
because of inhibited cell growth or death. One potential solution desviigene is replaced with the thiostrepton resistance gene was
to overcome these hurdles is to carry out the glycosylation step in constructed according to a literature procedufes expected, no
vitro using the isolated glycosyltransferase. The in vitro approach glycosylated macrolides were produced by the KdesVIl miftant,
would also enable the generation of mutant glycosyltransferase with consistent with the above assignment. To confirm its catalytic
the desired substrate specificity. function, thedesVIlgene was cloned into pET24b) vector and
Although many putative glycosyltransferase genes have beenexpressed ifEscherichia colBL21 under the induction by 0.5 mM
tentatively identified in gene clusters responsible for the biosynthesis |pTG. The C-terminal Histagged DesVI!I protein (47.5 kDa) was
of glycosylated secondary metabolites, few of the corresponding purified to greater than 90% purity using-NNTA chromatography.
gene products have been purified and their catalytic roles verified. |n parallel, the sugar donor, TDBdesosaminel), the aglycon
Moreover, examples of characterized glycosyltransferases involvedacceptor, 10-deoxymethynolide?)( and one of the predicted
in the biosynthesis of antibiotics are scarce and are limited to those products, 10-deoxymethymycid,(also known as YC-17), were
participating in the formation of nonribosomal peptide antibidtics also prepared?
and aromatic polyketide antibioti€sThe lack of any in vitro With all the necessary components in hand, we tested the
characterization of glycosyltransferases involved in the biosynthesis glycosyltransferase activity of DesVII. To our disappointment, no
of macrolide antibiotics is particularly startling despite the pressing product was found after-24 h incubation ofl and2 in a buffer of
need of catalysts capable of glycosylating new macrolide aglycons pH 6—8 at 29°C 1% A variety of conditions were explored, such as
generated via manipulation of the polyketide biosynthetic pathways. changing the substrate concentration and incubation time, using
Herein we describe, for the first time, the biochemical verification alternative organic solvents to prepare the stock solutior2, of
of a glycosyltransferase, DesVII, which catalyzes the attachment replacing Mg* with different metal ions and adding various
of TDP-p-desosaminel] onto 12- and 14-membered macrolactone common cofactors, with no apparent effect on DesVII activity.
rings @ and 3) to make methymycin/neomethymycil/7) and Having eliminated the obvious explanations for the absence of
narbomycin/pikromycin /8), respectively, inStreptomycesen- activity, the need of a second protein component emerged as an
ezuelagScheme 1). To our surprise, the purified DesVIl is active appealing option. Unfortunately, the incorporation of crude fer-
only in the presence of another protein, DesVIl, at high pH. These mentation broth or the cell-free extract of the wild-ty/g
unusual criteria for activity make DesVIl uniqgue among known yenezuelaén the assay mixture failed to produce the activity.
glycosyltransferases and may account for the fact that its activity  In view of these results, we redirected our search for the missing
has not been previously verified by conventional assays. This partner of DesVIl at the gene level. TdesVIlligene stood out as
discovery will significantly impact the future characterization and a likely candidate because it is the only unassigned gene in the
application of this group of glycosyltransferases. desosamine biosynthetic gene set. While early studies on the
ThedesVllgene product was first assigned as the desosaminyl- formation of5—8 had ruled out the direct involvement désVIII
transferase in the methymycin/pikromycin pathway on the basis of in the desosamine biosynthetic pathwaseplacing thedesVIllwith
its sequence similarity to other glycosyltransfergse$o verify the kanamycin resistance gene rendered the resulting KdesVlll

i DesVIl
‘(" “OH DesVIIl
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Figure 1. Typical HPLC traces for DesVII/DesVIlI glycosylation reactions.
(A) In the presence of DesVIII but no DesVII (0% conversion). (B) In the
presence of DesVIl but no DesVIIl (2.9%). (C) In the presence of both
DesVIl and DesVIll (55.8%).

mutant incapable of producing any glycosylated compounds. This
result provided initial evidence implicating an active role, either
catalytic or regulatory, ofdesVIll in glycosylation during the
biosynthesis 06—8. To determine the function of DesVIll, the
desVlligene was cloned into the pET24b(vector and expressed

in E. coli BL21 cells as a C-terminal Higagged fusion protein
(43.6 kDa). Although the recombinant DesVIIl was produced in
inclusion bodies, a small portion (3 mg/4 L of culture) could be

recovered in soluble form via a denaturation/renaturation sequence.

Isolated DesVIIl was 6670% pure as assessed by SDS-PAGE.
Further purification was unsuccessful because of DesVIII precipita-
tion during Mono Q and Superdex S-200 chromatography. Thus,
the partially purified DesVIII was used as a supplement to the assay
mixture1® However, no new product was discernible after incuba-
tion at 29°C for 19 h in the presence of both DesVIl and DesVIII.
Again, different reaction conditions were explored. To our
delight, enzymatic turnover was eventually achieved by performing

the assay at pH 9. When HPLC was used to analyze the reaction

progress, a new peak coeluted with the YC-17 standard was
observed (Figure I The percent conversion, calculated from the
integration of the substrat@)(and product4) peaks on the HPLC
chromatogram, was found to be in a range of-5@%, depending
on the DesVIII batch. The identity of the product isolated by HPLC
from a large-scale incubation was confirmed to be YC-17y
NMR and CI-MS analysis ([M+ H] CzsH44NOg found 454.3161,
calcd 454.3169). Desosaminylation of narbonoli@gkly DesVII
and DesVIII to give narbomycinbj!? was also detected under the
same conditions.

The above results unequivocally establish DesVII as the glyco-

syltransferase responsible for the attachment of TDP-desosamine

(2) to two macrolactone®2(and3) of varied ring size. This is the
first report of demonstrated in vitro activity of a glycosyltransferase
involved in the biosynthesis of macrolide antibioti€sThe
discovery of DesVIIl as a necessary component and the high pH
dependence for DesVII/DesVIIl activity is important for the
development of in vitro glycosylation of macrolides and, perhaps,
other classes of natural products. High pH requirement was also
reported for the glycosyltransferases involved in chloroeremomycin
and vancomycin biosynthestgVhile the participation of DesVIII

in glycosylation catalyzed by DesVIl is essential, its actual role in
catalysis remains unclear. It is important to note tdasVIlI
homologues exist in a number of amino sugar-containing antibiotic

biosynthetic gene clustet$ Their gene products show end-to-end
sequence similarity to cytochrome P450 enzymes, but lack the
rigorously conserved cysteine residue that serves as a ligand to the
heme iron. Whether these DesVIII homologues play a similar role
in their respective pathways remains to be demonstrated. Such
experiments will also indicate whether a second protein component
is a general requirement for glycosylation of macrolides or only a
special condition for efficient coupling with amino sugar. In either
case, the findings presented herein will have a significant impact
on the design of novel macrolide antibiotics using a combinatorial
approach.
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