In silico analysis of sugar biosynthesis and glycosyltransferase genes

Putative function assignment to proteins presumably involved in 2,6-dideoxysugar
(2,6DOH) biosynthesis, and the identification of putative glycosyltransferase (GT)
genes, has been performed by BLAST-based database scan [1] at the National Center
for Biotechnology Information (NCBI) and sequence alignment by EMBOSS water [2]
from the European Molecular Biology Laboratory (EMBL).

Bioinformatics analysis of GonGS detected an rmlA_long (TIGR01208) and a

G1P_TT _long (cd04189) domain, very conserved among glucose-1-phosphate
thymidylyltransferase enzymes, suggesting the involvement of this protein in hexose
activation by nucleotide diphosphate (NDP) transfer. GonD2 presents and outstanding
identity (I: 76%) and similarity (S: 83%) to the biochemically characterized dTDP-
glucose 4,6-dehydratase SsfS2 from the antitumor tetracycline SF2575 gene cluster of
Streptomyces sp. SF2575 [3], and displays a dTDP_GD_SDR_e (cd05246) domain, a
distinctive feature of the extended short chain class of dehydrogenase/reductase (SDR)
enzymes. GonD1 shows high resemblance [I: 50%, S: 66%] to the putative dTDP-4-
keto-6DOH 2,3-dehydratase Sim20 from the simocyclinone biosynthetic gene cluster of
Streptomyces antibioticus Tu 6040 [4]. Besides, GonD1 contains the conserved hexose
dehydratase domain pfam03559, which hallmarks the family of NDP-hexose 2,3-
dehydratase enzymes frequently involved in bioactive NPs biosynthesis. GonR3
presents high resemblance with many putative NDP-hexose 3-ketoreductase proteins,
including PokS4 [I: 52%, S: 61%] from the polyketomycin gene cluster in Streptomyces
diastatochromogenes [5], ChIC4 [I: 49%, S: 63%] from the chlorothricin gene cluster in
Streptomyces antibioticus [6] or PlaA5 [I: 48%, S: 61%] from the phenalinolactone
gene cluster in Streptomyces sp. Tu6071 [7]. These three putative NDP-hexose 3-

ketoreductases are involved in the biosynthesis of L-axenose, olivose and L-amicetose,



respectively, and presumably render a hydroxyl group at C-3 with an equatorial
configuration. Comparison of GonR3 with the NCBI domain database predicts
formation of a NAD-binding Rossmann fold (GxGxxG) and detects N-terminal
(pfam01408) and C-terminal (pfam02894) oxidoreductase domains. GonCM features
various NCBI database methyltransferase domains, including a zinc binding motif
(pfam08421) with four conserved cysteine residues at the protein N-terminus. In
addition, sequence search by BLAST revealed high identity of GonCM to TxnML1 [I:
79%, S: 87%] from the trioxacarcin gene cluster in Streptomyces bottropensis [8] and
PokS8 [I: 72%, S: 81%] from the polyketomycin gene cluster in Streptomyces
diastatochromogenes [5]. Protein GonE possesses a significant resemblance to dTDP-4-
deoxyglucose 3,5-epimerase enzymes TxnB6 and PokS7, also implicated in the
biosynthesis of trioxacarcin and polyketomycin, respectively. The assignment of GonE
with 3,5-isomerase activity is reinforce by the identification in this protein of
dTDP_sugar_isom (pfam00908), RfbC (COG1898) and RmIC (TIGR1221) motifs,
from the NCBI's conserved domains database, which are distinctive of the dTDP-4-
dehydrorhamnose 3,5-epimerase family of isomerase enzymes [9]. BLAST scan of
GonD3 produced two homology hits, aminotransferase and NDP-hexose 3,4-
dehydratase. Nonetheless, in addition to genetic engineering data supporting the latest
functional role, considerable identity and similarity is also found between GonD3 and
diverse putative NDP-hexose 3,4-dehydratase enzymes such as NanG3 [I: 72%, S:
81%], which is presumably involved in the biosynthesis of the nanchangmycin L-
rhodinose moiety in Streptomyces nanchangensis [10]. Despite this, no
dehydratase/reductase specific domains were detected along GonD3 sequence. BLAST
analysis of GonR1 and GonR2, which display 40% identity and 55% similarity among

them, finds multiple sequence homologies with putative 4-



dehydratase/epimerase/reductase enzymes, such as PokS6 and TxnB5 from the already
mentioned polyketomycin and trioxacarcin gene clusters of S. diastatochromogenes [5]
and S. bottropensis [8], respectively. Function assignment to GonR1 and GonR2 as 4-
ketoreductase is also endorsed by the detection of relevant NCBI’s domains, namely
dTDP_HR_like_SDR_e (cd05254), Epimerase_Csub (pfam13950), WcaG (COG0451),
rmID (TIGR1214) and PRK09987 (PRK09987).

Sequence analysis of GonG1-GonG4 detected a cl100113 domain distinctive of the GT-
B superfamily of GTs in addition to several other characteristic GT domains both at the
protein C- and N-terminus. Beside, GonG1shows high identity and similarity to the L-2-
deoxyfucosyltransferase AknK (I: 43%, S: 59%), involved in the biosynthesis of
aclacinomycins [11] in Streptomyces galilaeus, and presents a high resemblance to
other putative GTs such as NivK (I: 43%, S: 59%) from the nivetetracyclates A and B
gene cluster in Streptomyces niveus [12]. The putative GT GonG2 is 42% identical and
54% similar to the GT CalG2 of Micromonospora echinospora, which has been
implicated by in vitro biochemical analyses in calicheamicin glycosylation. GonG3 also
possesses high identity (39%) and similarity (53%) to the same protein, CalG2, and a
high resemblance (1:39%, S: 52%) to the GT LipGtf from the a-Lipomycin gene cluster
in Streptomyces aureofaciens Ti117 [13]. Conversely, in spite of containing various
distinctive GT domains, comparison of GonG4 with other proteins in database does not

reveal a clear resemblance to any known GT.
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