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Table 1  Primers used for mutation and complementation tests of gne in E. coli 023

Primers Oligonucleotide sequences 5’ ~ 3’
AATAATCTAATATATAGATTAACATCTACCGGAGTGTTTTATGGAGAAAAAAATCACTGG
AAATACCATTGAGCATTCATGCTTTTATATAACCGTTCGGTAAAAAAATTACGCCCCG
Primer pairs used to confirm the mutation of gne in E. coli ~ CAATTGATGATAATCCTGGTG

023 TCAGCACCTTGTCGCCTTGC

TTGTCCATGGCTATTCTTGTTACTGGC

GITGGATCCTGTCAGGGTGATACTGCG

ATATAGAGCTCATGAACGATAACGTITTTGCTC
CGGGATCCTTACTCAGACAAAAATGCTAT

Primer pairs used to delete gne in E. coli 023

Primer pairs used to clone gne of E. coli 023

Primer pairs used to clone gne of E. coli 055

1.8 PCR 3
PCR PCR 94°C 2min 94°C 15s
023 O- wzx 2 50s 72°C 2min
wzy 2 192 30 72°C 7min 25ul,
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023 O-

PCR

Table 2 PCR testing of the specifity of E. coli 023 O-antigen processing genes

Specific genes

Oligonucleotide sequences 5" ~ 3’

Length of the PCR fragment bp

Annealing temperature °C

TTTTGTTTATCTTGGGCG 03 50
e ITTTTTCTTATGCTGCCC )
TTAATATACTTGCGCCGG 3% 56
TATTCCATCTGCGATGGC
TGCATAACTCTTCAGGCG 402 53
GCTTGGTAAGGTACGCTG
wzy
TTAGGCAGTCAATTTCCG 460 5
AATCTAGCCAATGATGGG
3 192
Table 3  Bacterial strains and PCR pools used for testing of E. coli 023
Pool No. Strains of which chromosomal DNA included in the pool Source
1 E. coli type strains O1 02 03 04 05 07 012 O13 Ol4 015 016 O17 Ol19ab 020 021 022 023 024 059 IMVS
2 E. coli type strains 025 026 027 028 029 030 032 033 035 036 037 038 040 041 042 043 IMVS
3 E. coli type strains 044 045 046 048 049 050 051 052 054 055 056 057 058 060 061 062 IMVS
4 E . coli type strains 063 065 066 069 070 071 074 075 076 077 078 079 080 081 082 083 IMVS
5 E. coli type strains 084 085 086 087 088 089 091 092 098 099 0101 0102 0103 0104 0106 IMVS
6 E. coli type strains 0107 0108 0109 0110 O111 Ol12ab O112ac 0113 0115 0116 0118 0120 0123 0125 0126 0128 IMVS
7 E. coli type strains 0129 0130 0131 0132 0133 0134 0135 0136 0137 0138 0139 0141 0142 0143 0144 0145 IMVS
8 E. coli type strains 0146 0147 0148 0150 0152 0154 0156 0157 0158 0159 0160 0161 0163 0164 0165 0166 IMVS/SSL
9 E . coli type strains 0168 0169 0170 0171 0172 0173 a
Shigella dysenteriae type strains D1 D2 D3 D4 D5 D6 D7 D8 D9 DIO D11 DI2 1IEM
10 Shigella boydii type strains Bl B2 B3 B4 B6 B7 B8 B9 BIO Bll B12 B13 Bl4 BI5 B16 B17 B18 IEM
Shigella flexneri type strains Fla Flb ¥2a ¥2b F3 F4b F5 v 4 F5 v 7 F6 FX FY
11 " . . . IEM
Shigella sonnei type strains DS DR
12 E. coli type strains 03 O11 039 059 064 073 096 095 0100 0114 0151 0155 0124 IMVS
13 E . coli type strains O1 02 03 04 05 07 012 013 014 015 016 017 019ab 020 021 022 024 059 IMVS

* A total of 13 pools of DNA were made the pool of No. 13 contains same strains with the pool of No. 1 except for E. coli 023.IMVS Institude of Medical and

Veterinary Science
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Table 4  Summary of genes in E. coli 023 O-antigen gene cluster
G Location in Conserved domain s Similar protein s strain s Identitical/Similar % Putative functi
ene O-antigen cluster Pfam No. /E Value GenBank accession no. total no. of aa alive unction
1202 ~ 2227 Way 25/49 342 O-antigen polymerase
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orf4 4261 ~4917  sugar-hinding region ps ‘ 40/56 202 Glycosyltransferase
P 88/7 7 x o-16 Streptococcus agalactiae  AAK43611
Glycosyltransferase WhgO
orf5 4914 ~ 5684 PRO0S35/1 1 x -2 Fscherichia coli 167559 37/58 255 Glycosyltransferase
Glycosyltransferases group 1 Rfp
of6  BIO-694 053423 % e Shigella. dysenteriae  AAA26537 49067373 Glycosyltransferase
NAD dependent Gne
gne 7025 ~ 8044 epimerase/ dehydratase Yersinia enterocolitica type O 8 61/75 336 UDP-galactose 4-epimerase
PFO1370/1.4 x =13 AAC60777
2.3 023 Gne 055  gne 055  gne
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Fig.1  Deletion and complementation analysis of E. coli 023 gne

gene. Membrane extracts were run on SDS-PAGE gels and stained by
silver staining. A 1. E. coli 055 type strain 2. E. coli 055 missing

its gne gene 3. E. coli 055 missing its gne gene and complemented Fig.2 Structures of E. coli 023 Gne generated by homology modeling
with orf7 of E. coli 023. B 1. E. coli 023 missing its gne gene 2. method. A The predicted structure of E. coli 023 Gne based on the
E. coli 023 type strain 3. E. coli 023 missing its gne gene and structure of GalE * complexed with NADH and UDP-Gle B The
complemented with the gne gene of E. coli 055. predicted structure of E. coli 023 Gne based on the structure of GalE *

complexed ¢ 't E R Z £ MH AT S HIES nhito://journals. im. ac. on



706

CHENG Jian-song et al ./ Acta Microbiologica Sinica 2006 46 5

UDP-GleNAc 230 % GalE
UDP-Glu  UDP-
GlcNAc GalE * 023
Gne 2
023 Gne GalE *
3
023 Gne UDP-Glu GalE
* UDP-Glu GalE *
023 Gne GalE *
UDP-GleNAc GalE *
UDP-GlcNAc NADH
25 83
023 Gne  GalE * Try  Leu
4 023  Gne UDP-
GleNAc C4 UDP-Glu C4
11 Gne
08  Gne UDP-GlIcNAc C4
UDP-Glu C4 s 11
Gne 086 0127 Gne 299
Ser Gne 299
Cys Ser  Cys
Gne
UDP-GlcNAc C4 UDP-Glu C4

3 023 Gne
Fig.3 Electrostatic potential maps of E. coli 023 Gne and GalE * . A

GalE *

The distribution of the electric charge at the molecular surface of E. coli
023 Gne B The distribution of the electric charge at the molecular
surface of GalE * . The molecular surfaces in A and B indicate Van der
Waals surfaces which were calculated based on the Van der Waals radius
of each atom by Swiss-pdb Viewer V3.7. White represents neutral
potential black represents positive and negative potentials. The cavities

circled by black lines were the binding sites of substrates.

4 023 Gne
Fig.4  Active site differences between Gne of E. coli 023 and GalE * .

galE x

A The amino acid residues of Gne of E. coli 023 gray and GalE *
white located within approximately 3.2A of atoms of the NADH  black
and UDP-glucose black molecules B The amino acid residues of Gne of
E. coli 023 gray and GalE *  white located within approximately

3.2A of atoms of the NADH black and UDP-gleNAc  black

molecules.
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Fig.5 The phylogenetic tree for gne and galE generated by the neighbor-joining method.

Numbers in brackets represent accession numbers of the sequences in Genbank .
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Molecular characterization of O-antigen gene cluster of Escherichia coli 023
reference strain and identification of UDP-N-acetylglucosamine 4-epimerase

CHENG Jian-song' WANG Wei' WANG Quan' GAO Chun-xu' WANG Lei' *"
! College of Life Science Nankai University — Tianjin 300071  China
2 Center for Functional Genomics Research  TEDA College ~ Nankai University — Tianjin 300457  China

Abstract Lipopolysaccharide LPS is one of the major components of the outer membrane of gram-negative bacteria. It
is an amphipathic molecule composing of lipid A a core oligosaccharide and an O-specific antigen. O-antigen which is
a repeat unit polysaccharide is a major contribution to the antigenic variability of the bacterial cell surface. Genes
involved in O-antigen biosynthesis are generally found to be clustered between the housekeeping genes galF and gnd on
the chromosome of E. coli. E. coli 023 is one of the enterotoxigenic E. coli causing pediatric diarthea in the
developing world. The O-antigen gene cluster of E . coli 023 type strain was amplified by long-range PCR using primers
based on galF and gnd and then sequenced. Except for galF' and gnd seven open reading frames were identified and
assigned functions on the basis of their similarity to those from available databases. The seven genes include a UDP-N-
acetylglucosamine 4-epimerase gene gne the O-antigen polymerase gene wzy the O-antigen transferase gene
wzx  and four glycosyltransferase genes orf2 orf4 orfS orf6 . The UDP-N-acetylglucosamine 4-epimerase Gne
was identified by mutation and complementation complement tests. The structure of Gne was predicted by the homology
modeling method and the active sites were also analyzed. The phylogenetic and structural analysis showed that the Gne
derived from the common ancestor with £ . coli 023 Gne were UDP-GlIcNAc/UDP-GalNAc epimerases. The specific DNA
used for rapid molecular genotyping for E. coli 023 was also identified.
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