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Sangon ABI3730 DNA
dUTP-Cy3 Amersham 1.3
MRC Staden
CEL Flexys package Pregap4/Gap4
GSI Uuv Hoefer ! Sanger Artemis 7.0
12
1.2 O- NCBI blast GenBank
Bastin 011 ClustalW
DNA galF and TMHMM 2.0
PCR O- 6 BlockMaker Pfam  Prosite
PCR Wizard PCR Preps
DNasel PCR 1.5 1.4
~3kb pGEM-T-Easy T4 DNA 085 O- wzx  wzy
16°C 12h 2 1 O-
DH5a X-Gal 166 43 2
IPTG 1B 37°C 12h PCR PCR 95°C
96 EcoR 1 2min 95C 30s 1 30s 72°C
1kb T7/spb Imin 30 72°C S5min 25pL
1 011 PCR
Table 1 The PCR results of E. coli O11 specific genes
G Putative Forward primers base positions  oligonucleotide sequence Length of PCR No. of pools giving Annealing temperature
n
ene function reverse primers base positions  oligonucleotide sequence fragments bp correct band of PCR C
wzx O-antigen wl-2162  1573-1588  5'-GCACGCTTACTTACAC-3’ 395 0" 48
flippase wl-2163  1951-1967  5'-TTCCTATTAGTACTGCT-3’
wl-2164  1227-1243 ~ 5'-TGAACCTACAGGATACG-3’ 671 0" 5
wl-2165 1888-1903  5'-CGTGATGTTCCGCAAT-3’
wzy O-antigen wl-2166 3154 -3169  5'-TTTGCCTCTTGCTTTA-3’ 860 0" 5
polymerase wl-2167 3998-4013  5'-TACTGCTCCGTTCTCA-3’
wl-2168 3529-3544  5'-AATAAGCGTAATCCCA-3’ 523 0" 5
wl-2169 4034-4051  5'-TCAAATGAAGAAAACGAC-3'
* Only the pools containing E. coli O11 gave the PCR products of correct size.
2 166 43
Table 2 166 E. coli and 43 Shigella type strains and PCR pools used for testing
Pool No. Strains of which chromosomal DNA included in the pool Source
1. E. coli type strains 01 02 05 07 08 09 012 O13 014 015 016 017 018 O19ab 020 021 022 023 024 IMVs?
2. E . coli type strains 04 010 025 026 027 028 029 030 032 033 034 035 036 037 038 040 041 042 043 IMVs®
3. E . coli type strains 06 044 045 046 048 049 050 O51 052 054 055 056 057 058 060 061 062 053 Mvs?
4. E . coli type strains 063 065 066 069 070 071 074 075 076 077 078 079 080 081 082 083 068 IMVSs?
5. E . coli type strains 084 085 086 087 088 089 090 091 092 098 099 0101 0102 0103 0104 0105 0106 097 IMVs®
6. E . coli type strains 0107 0108 0109 O111 O112ab Ol112ac 0113 0115 0116 0118 0120 0123 0125 0126 0128 0117 mMvs?
7. E . coli type strains 0129 0130 0131 0132 0133 0134 0135 0136 0137 0138 0139 0141 0142 0143 0144 0145 0140 IMVs?
8. E . coli type strains 0146 0147 0148 0150 0152 0154 0156 0157 0158 IMVSs®
0159 0160 0161 0163 0164 0165 0166 0153 b
9. E . coli type strains 0168 0169 0170 0171 0172 0173 ¢
and S. dysenteriae type strains DI D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 d
10. S. boydii type strains Bl B2 B3 B4 B6 B7 B8 B9 BIO Bll BI2 B13 Bl4 B15 BI16 B17 BI18 d
11. S. flexneri type strains Fla F1b F2a F2b F3 F4a F4b F5 v 4 F5 v 7 F6 DS DR d
12. E . coli type strains 03 0110 039 059 064 073 096 095 0114 0151 0155 IMVSs®
0124 0167 0162 0121 0127 0149 0119
13. Same as pool 12 with E. coli O11 added IMVS®

0172 and 0173 from Statens Serum Institute
Beijing  People’ s

a. Institute of Medical and Veterinary Science Anelaide Australia b. Statens Serum Institute Copenhagen Denmark c.
Copenhagen Denmark  the rest from IMVS d. Institute of Communicable Disease Prevention and Control ~Chinese Center for Disease Prevention and Control

Republic of China.
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1.1e - 136 UDP-N-
gne UDP-N C4 UDP-N-
3 o1 O
Table 3 Function of genes in E. coli O11 O antigen gene cluster
atl 1 1mils mns 0], 1cal/ % simils
Gene Location in ~ No. CiC % ' Similar prote:ms % Identical/ % similar Putative function
sequence of aa accession no. of aa in GenBank aa overlap
wze 1138 -2373 411 30.0 putative O-antigen transporter Escherichia coli K12 AAC75098 38/62 403 O-antigen flippase
orf2  2382-3107 241 28.9 putative glycosyl transferase Escherichia coli AAGA1755 35/62 224 glycosyl transferase
wzy  3104-4339 411 26.2 O-antigen polymerase Wzy Escherichia coli  AAD50486 23/46 398 O-antigen polymerase
orfd 4341 - 5408 355 31.2 putative glycosyltransferase Campylobacter jejuni  AAMO0643 28/49 344 glycosyl transferase
gne 5429 -6445 338 35.7 Gne Yersinia enterocolitica type 0 8 AAC60777 61/75 336 glcNAc 4-epimerizase
orf6 6514-7521 335 32.5 mannosyltransferase-like protein Yersinia pestis  CAB63280 51/69 337 glycosyl transferase
GDP-mannose-4 6-dehydratase Yersinia pseudotuberculosis
- 8653 . X >DP-mannose-4 6-del se
gmd 7532 - 865 373 38.8 ype O 1b  CAB63300 84/91 372 GDP-mannose-4 6-dehydratase
fel 8657 -9622 321 35.3 Fel Yersinia enterocolitica type 0 8  AAC60774 72/86 320 GDP-1-fucose synthetase
gmm 9625 - 10080 151 35.3 GDP-mannose mannosylhydrolase Klebsiella pneumoniae  BAD03940 50/72 146 GDP-mannose mannosylhydrolase
manC 10092 — 11477 461 37.3 mannose- 1 -phosphate guanyltransferase Salmonella enterica  AAB49390 59/78 463 mannose-1-phosphate guanyltransferase
orf11 11561 - 12307 248 32.3 putative glycosyl transferase Escherichia coli  AAG41755 100/100 326 glycosyl transferase
manB 12332 - 13702 456 54.5 phosphomannomutase Shigella sonnei  AAC80270 98/99 456 phosphomannomutase
orf7 8 9 10 12 gmd fcl  gmm 2.2.3 orf2 orf4 orf6 orfll 4
manC  manB Gmd Fel
ManC ManB GDP-L Pfam
6- ManA 4
ManB 1- 1 2
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GDP- C4 6 GMD  GDP-I- o2 orfd orf6 orfll
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14 15
manB  manC o0 011 O- 5
manA
Gmm  GDP- GDP-L 2.3 o11
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Table 4  Selection of E. coli O11 specific probes
Target No. of . Length Result of
T,/C
gene probes Location /bp " hybridization
wzx PX1 1320- 1358 39 .2 +
PX2 1391 — 1430 40 8.0 =
PX3 1305 - 154 40 8.1 +
PX4  173-1I162 40 .6 +
PX5 1740 - 1776 37 78.9 -
PX6 18141849 36 7.0 +
wzy PY1 321-3330 40 8.3 -
PY2  345-3464 40 8.2
PY3  3488-35%6 39 .8
PY4  3603-3041 39 8.0 -
PY5  3810-3845 36 78.9
PY6  3859-33% 3 0.2

2 011
Fig.2  Hybridization of E. coli O11 specific probes. Dots circled by
frames are E. coli 16S rDNA probes. Underlined dots are E. coli O11
specific probes PX1 PX3 PX4 PX6 first row from left to right
PY2 PY3 PY5 PY6 second row from left to right .

DNA

19 20

10

11

DNA

Six

eae O-

011

Whitfield C. Biosynthesis of lipopolysaccharide O antigens. Trends
Microbiol 1995 3 178 - 185.

Reeves PR.
nomenclature. Trends Microbiol 1996 4 495 -503.

Bacterial ~ polysaccharide ~synthesis and  gene

Curd H Liu D Reeves PR. Relationships among the O antigen
gene clusters of Salmonella enterica groups B D1 D2 and D3. J
Bacteriol 1998 180 4 1002 - 1007.
Scotland SM -~ Willshaw GA Smith HR et al. Virulence properties
of Escherichia coli strains belonging to serogroups 026 Ol111 and
0128 isolated in the United Kingdom in 1991 from patients with
diarthoea. Epidemiol Infect 1993 111 429 - 438.
Schmidt HGC  Tarr I Frosch M et al. Non-O157 pathogenic
Shiga toxin-producing FEscherichia coli ~ Phenotypic and genetic
profiling of virulence traits and evidence for clonality. J Infect Dis
1999 179 115-123.
Park CH Vandel NM  Hixon DL. Rapid Immunoassay for detection
of Escherichia coli 0157 directly from stool specimens. J Clin
Microbiol 1996 34 988 —990.
Ramchandani M Manges AR DebRoy C et al. Possible animal
origin of human-associated  multidrug-resistant  uropathogenic
Escherichia coli . Clin Infect Dis 2005 40 2 251 —257.
Fratamico PM  Bagi LK Bush EJ e al. Prevalence and
characterization of Shiga toxin-producing Escherichia coli in swine
feces recovered in the national animal health monitoring system’ s
swine 2000 study. Appl Environ Microb 2004 70 12 7173 -
7178.
Vernozy-Rozand C Montet MP Bertin Y et al. Serotyping stx2
subtyping and characterization of the locus of enterocyte effacement
island of Shiga toxin-producing Escherichia coli and E. coli 0157
H7 strains isolated from the environment in France. Appl Environ
Microb 2004 70 4 2556 —2559.
Bastin DA Reeves PR. Sequence and analysis of the O antigen gene
ifb  cluster of Escherichia coli O111. Gene 1995 164 17 - 23.
Staden R. The Staden sequence analysis package. Mol Biotech
1996 5 233-241.
Rutherford K Parkhill ] Crook J e al. Artemis sequence
visualization and annotation. Bioinformatics 2000 16 10 944 —

945.
© PERZFRMEDHRATIKESHEE http://journals. im ac. cn



346 WANG Wei et al ./ Acta Microbiologica Sinica 2006 46 3

13 Frangeul L Nelson KE Buchrieser C e al. Cloning and assembly genes. J Clin Microbiol 1998 36 11 3182 -3187.
strategies in microbial genome projects. Microbiology 1999 145 18  Wang L Reeves PR. Organization of Escherichia coli 0157 O
2625 —2634. antigen gene cluster and identification of its specific genes. Infect
14 Ginsburg V. Studies on the biosynthesis of guanosine diphosphate L- Immun 1998 66 3545 - 3551.
fucose. J Biol Chem 1961 236 2389 —2393. 19  LiuStratton Y Roy S Sen CK. DNA microarray technology in
15 Frick DN Townsend BD Bessman MJ. A novel GDP-mannose nutraceutical and food safety. Toxicol Lett 2004 150 1 29 -42.
mannosyl hydrolase shares homology with the MutT family of 20  DuddaSubramanya R Lucchese G Kanduc D et al. Clinical
enzymes. J Biol Chem 1995 270 41 24086 - 24091. applications of DNA microarray analysis. Jowrnal of Experimenial
16  Wang L. Reeves PR. Organization of Escherichia coli O157 O Therapeutics and Oncology 2003 3 297 —304.
antigen gene cluster and identification of its specific genes. Infect 21 Fratamico PM  Sackitey SK  Wiedmann M et al. Detection of
Immun 1998 66 3545 — 3551. Escherichia coli 0157 H7 by multiplex PCR. J Clin Microbiol
17 WangL Curd H Qu W] et al. Sequencing of Escherichia coli 1995 33 2188 -2191.

OI11 O-antigen gene cluster and identification of OI11 Specific

Sequence of Escherichia coli O11 O-antigen gene cluster and
identification of molecular markers specific to O11

WANG Wei PENG Xia WANG Quan CHENG Jian-song WANG Lei"
TEDA School of Biological Sciences Nankai University Tianjin 300457 China

Abstract Escherichia coli O11 belongs to Shiga toxin-producing Escherichia coli  STEC ~ which can cause food-borne disease
hemorrhagic colitis and hemolytic-uremic syndrome HUS in humans. Because of its character of specificity the O-antigen gene
cluster provides the best material for the selection of molecular markers which can be used for rapid genotyping of bacterial strain. In
this study the E.coli O11 O-antigen gene cluster was amplified by Long-range PCR and was sequenced using Shotgun-sequencing
approach. Twelve open reading frames were assigned functions on the basis of homology in the E. coli O11 O-antigen gene cluster
including UDP-N-acetyl glucosamine-4-epimerase gene gne  genes responsible for the biosynthesis of GDP-L-fucose gmd fcl
gmm manC manB  glycosyl transferase genes O-unit flippase gene wzx and O-antigen polymerase gene wzy . By
polymerase chain reaction against representative stains for all the 166 E. coli and 43 Shigella O serotypes two genes and four pairs of
primers were identified to be specific to E. coli O11. Further PCR was done to detect E. coli O11 from the environmental specimens
and the sensitivities for detecting E. coli O11 from the pork and dejecta specimens were 0.25cfu/g and 2.5 x 10°cfu/g  respectively.
Moreover eight probes were designed and proved to be unique to E. coli O11 which provides the basis for a sensitive test of the
rapid detection of E. coli O11 by DNA microarray method.

Keywords Escherichia coli O11 O-antigen DNA microarray
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