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Gene Cluster Is a Glc-1-P Thymidyltransferase

Jin-Yuan Ho," Yu-Ting Huang,* Chang-Jer Wu,*¢ Yi-Shan Li,* Ming-Daw Tsai,™ and Tsung-Lin Li**8$
Genomics Research Center, Academia Sinica, Taipei, Department of Food Science and Center for Marine

Bioscience and Biotechnology, National Taiwan Oceanvgrsiity, Keelung 202, Taiwan, Republic of China, and
Department of Chemistry, The Ohio State L#msity, Columbus, Ohio 43210

Received July 6, 2006; E-mail: tlli@mail.ntou.edu.tw

There has recently been considerable progress in elucidating theScheme 1
biosynthetic steps of glycopeptide antibiotictlowever, many A
important questions remain to be answered. Here we report that,
three homologous>65% identical) proteins Dbv21, Orf2* and
Orfl5, previously assigned as hypothetical proteins in the bio-
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tively, are novel deacetylases (Dbv21 and Orf2*) and thymidyl-
transferase (Orf15).
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Purified N-terminal Hig-tagged recombinant Dbv21 and Orf2* 10 epi-vancosamine
were first assayed for the uridyltransferase activity corresponding HOZC Q o 11 ch.omeremomyc.n
to that of BtrD (Scheme 1C). No activity was observed when Glc-, . WO Of
GIm-, N-Ac-Glm-, Man-, or Gal-1-P was incubated with Dbv21/ —  °** s teicoplanin orf1s e "
Orf2* in the presence of NTP/dNTP and divalent metals. Dbv21 )=\  Ppseudoaglycone o ““\4 e AP
and Orf2* were then tested for deacetylation activity with UDP- S _HN/ ows—( T Q
N-Ac-Glm (Scheme 1B). Likewise, no activity was detected in the D1so_<g °_<CH3 M ,,,o\rp/o.“aC 4
presence of divalent metal ions. To test whether deacetylation occurs % - _<8H ,M"' ’/‘OOH
at the stage of pseudoaglycone (Scheme 1A), the substrare oe—( R S N165 o%
Glm-teicoplanin pseudoaglycone was enzymatically prepared by O 0 e ad"4e

Dbv9/Orf10* in the presence of the teicoplanin aglycone and UDP- ,cubated with/without Dbv21 at 275 overnight, the peak df-Ac-
N-Ac-GIm.2 A40926 aglycone was replaced with teicoplanin  g)m.- -teicoplanin pseudoaglycone (12.1 min; Figurel)) pn the
aglycone because of their structural similarity and the limited | ¢ race of the reaction added with Dbv21 significantly decreased
availability of A40926. In addition, the product standard, glu- 5nd anew peak at 10.1 min emerged, which also coeluted with the
cosaminyl-teicoplanin pseudoaglycone, was also prepared by DbvOsynihetic standard (Figure 2)J. Further LC/MS analysis verified

but with UDP-GIm instead. That the yield of the GIm-teicoplanin  {hat the new product is GIm-teicoplanin pseudoaglycone on the basis
pseudoaglycone was found much lower than that oft#Aec-Glm of molecular weight and the characteristic dichlorine isotope pattern
counterpart may suggest that UD\PAc-GIm is a better substrate  (rigure 1 @)). The synthetic standard showed the same pattern.
at this stage. WheilN-Ac-Glm-teicoplanin pseudoaglycone was  orf2x was also tested. The results were in line with that of Dbv21.
Thus Dbv21 and Orf2* were verified as a new class of the
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with the MshB structure suggested that a number of highly
conserved residues may play pivotal roles toward the divetsity.
The detailed catalytic mechanisms and structural information are
currently being pursued, but our working models are proposed in
Scheme 1E. The different reactions may be a result of a Lewis
acid activated bD and a metal ion stabilized Glc-1-P, respectively.
Considering the molecular recognition, one may reason that UDP-
N-Ac-GIm does not fit into the active site of Dbv21/Orf2* because
of electrostatic repulsion by the multiple charged diphosphate
moiety and that the aglycone without theAc Glm group could

be away from the recognition owing to the bulkier structure. On
the other hand Dbv21/Orf2* are highly specific and displayed no
activity to anotheiN-Ac-GIm teicoplanin pseudoaglycone (Scheme

Figure 1. LC traces and mass spectra of enzymatic assays of Dbv21/0rf2*. 1A, N-Ac-GIm moiety at S-OHTyr) (Figure 2B), or to the

NTAc-GIm-teicopIanin pseudoaglycone 2) substr_ate retained at 12.1 min monosugarN-Ac-Glm, suggesting that the aglycone moiety is
with the molecular weight of 1400.79 (M 1), while the product Glm- involved in the recognition.

:,Sggma;'qggggoﬁaycﬁﬁe (2) appeared at 10.15 min with the molecular Why would the bacterium develop this deacylation/reacylation
mechanism? We hypothesize that it is result of a possible protective-

A o o g o B. % group chemistry in addition to substrate salvage. The reasoning is

o §°’ “3 §§ E § that the sub_sequent glucosa_lmlnyl pseudogglycone acylase has been

£ Q :¢ /5 g g :?_, shown previously to react with the free amine group of UDP-&Im.

B 5 8 :: B é It is possible that knocking the acylase out of the producing strain

=1 e i é |4 may render glucosaminyl glycopeptide, which can be further

2 :: o 2 % :. organochemically or enzymatically transformed to produce novel

s Va 707 M @%g Tt analogues for pharmacokinetic/pharmacodynamic studies. In con-

ol e :d‘ TP e .._.».f-._,.,‘._-..if‘-\.‘_g:]E,i—.,,.... S clusion, we showed that three highly homologous hypothetical
e k) — proteins from the biosynthetic clusters of three clinically important

Time (min) 101 12583 iy glycopeptide antibiotics are novel enzymes with different activities

in the biosynthetic pathways of these antibiotics. In addition,

A) Products of Orf15 were identified to be dTDP-Glc at 12.4 min (b), dTDP- detailed structurefunction analyses of these enzymes can also
GIm at 9.5 min (c) and dTDR-Ac-GIm at 11.2 min (d), in which dTTP expand our knowledge in the two important classes of enzymes

control at 17.6 min (a). (panel B) Trace (a) is aglycone control, trace b is deacetylases and thymidyltransferases.
the assay added wtih Orfl, in which peak at 13.9 min is the reaction product

Figure 2. LC traces of enzymatic assays of Orf15 and Dbv21/Orf2*. (panel

N-Ac-GIm-3-OHTyre teicoplanin pseudoaglycone, and trace c is the assay
of Dbv21 added with the product of assay b.

considered it for the BtrD-like activity (Scheme 1C). Tkek
vancosamine moietyl(Q) of chloroeremomycin has been shown to
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Note Added after ASAP Publication. After this paper was

published ASAP on September 29, 2006, corrections were made

be biosynthesized via a five-step reaction sequence starting within Scheme 1B-D and the table of contents graphic. The corrected
dTDP-Glc @), which led us to hypothesize that Orf15 may act as Version was published ASAP on October 4, 2006.

a Glc-1-P thymidyltransferase to provide dTDP-Glc for the unusual
amino-sugar biosynthesis (Scheme £Dp test this idea, an array

Supporting Information Available: Experimental procedures,

chromatograms, spectra, and sequence alignments. This material is

of sugar-1-phosphates as above was individually incubated with available free of charge via the Internet at http://pubs.acs.org.

the purified recombinant Orf15 in the presence of NTP/ANTP and
divalent metals. Orfl5 was found to catalyze only the formation
of dTDP-Glc/-GIm/N-Ac-GIm but nothing else (Figure 2 A). The
stringent use of dTTP and Glc-1-P/GIm-INPAc-GIm-1-P is
distinct from that of BtrD, which can utilize the same sugar-1-
phosphates but in conjunction with either UTP or dTTP. Consider-
ing if there is a possible functionality relationship between Orfl15
and the newly identified thymidyltransferase (a bifunctional nucleo-
tidyl-transferases from archaeal bacterit®grococcus furiosys’

the same condition except an extra addition of acetyl-CoA was
assayed, but no corresponding acylated product detected. In light
of the result and the lack of sequence similarity, Orf15 is thereby
characterized as a novel thymidyltransferase (With= 133 uM
andk., = 0.01 s'1, measured in the presence of Glc-1-P) involved
in the chloroeremomycin biosynthesis. Experimental procedures are
provided in Supporting Information.

It is extremely interesting to learn that the two homologues have
65% protein sequence identity (72% similarity) but play completely
different roles, perhaps only by subtle changes in their active sites.
The proteins resemble an uncharacterized LmbE-like protein by
domain search. Sequence and structural alignments in particular
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