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1.2 DNA
Bastin * DNA
1.3 O-
0- galF gnd
galF 5'-ATT-
GTGGCTGCAGGGATCAAAGAAATC-3’ gnd
5'-TAGTCGCGCTGNGCCTGGATT-
AAGTTCGC-3’ 054
PCR 0- PCR
94°C 2min 94°C 10s 60°C 30s 68°C 15min 30
68°C 7min PCR 6 PCR
Wizard PCR Preps PCR
1.4 O-
DNase [ PCR
25:24:1

pGEM-T-Easy
16°C 24h
DH5a

T4 DNA

X-Gal IPTG LB
37°C
96 EcoRI

1000bp
1.5
T7-spb6
ABI3730  DNA
3
MRC Medical Research Council
Staden package

1 054 O-

44
Pregap4  Gap4
1.6
The National
Center for Biotechnology Information NCBI Orf finder
Blast GenBank
Sanger Artemis

Clustral W 2.0 http //www. ebi. ac. uk/Clus-

tral W/ DNA Block maker ht-
tp //www.blocks. there . org/blockmkr/make-blocks . html
DNA TMHMM 2.0 ht-

tp //www. cbs. dtu. dk/services/TMHMM/ HMMTOP

http //www . enzim. hu/hmmtopl . 1/server/submit. html

mlC G+C %
Mega2 mlC galF
gnd
1.7
PCR 054
054 O- wzx  wzy
1
166 43 26 °
6 ~ 10 9
054 27 054
9
PCR PCR
94°C 2min 94°C 15s
1 50s 72°C 2min 30 72°C
10min 25pL
WZX Wzy PCR

Table 1  PCR testing of the specifity of E . coli 054 genes

Gene Function Position of gene Position of positive primer  Position of negative primer  Length of PCR product/bp Annealing temperature/ °C
wzy O-antigen Polymerase 4059 ~ 5117 4289 ~ 4306 5000 ~ 5017 729 60
4391 ~ 4408 4695 ~ 4712 322 61
wzx  O-antigen flippase 8961 ~ 10211 9019 ~ 9036 9591 ~ 9608 590 57
9127 ~ 9144 10040 ~ 10057 931 60
2 PCR 0.8%
15kb
2.1 O- 6 PCR
0- PCR
galF gnd galF  gnd P=e"P
PCR 0- m 0
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3 90% 054 O-
96 1kb G+C % 054 O-
90 % 10% 5" 3 rmlB rmlD rm-
Pregap4  Gap4d A wzy orfS orf6 orf7 orf8 orf9 wzx  miC wzx
054 rmlC 1826bp
0- 14062bp 0-
2.2 O- G+C % 2 galF gnd
054 0O- 0- 5’ 3
Orf finder 11 0- O-
orf galF gnd orf  Blast GenBank
5" 3 Artemis 2
2 054 O-
Table 2 Summary of ORFs in E. coli 054
Gene name Position of gene Total number of aa G+C % Putative function of protein
rmlB 1137 ~ 2198 353 42.7 dTDP-D-glucose 4 6-dehydratase
rmlD 2023 ~ 3122 299 47.7 dTDP-6-deox-L-mannose-dehydrogenase
rmlA 3180 ~ 4058 291 4.5 Glu6pass] Sphosphatethymidylyliransferase
wazy 4063 ~ 4614 352 28.1 O-antigen polymerase
orf5 5120 ~ 5938 m 31.4 Glycosyl transferase
orf6 5893 ~ 6711 272 29.4 Protein of unknown function
orf 6708 ~ 7325 205 2.7 Phosphoserine phosphatase
orf8 7322 ~ 8107 261 27.6 Phosphoserine transferase
orf 8107 ~ 8964 285 31.5 Rhamnosyl transferase
wzx 8961 ~ 10211 346 27.5 O-antigen flippase
miC 12039 ~ 12581 180 34.4 dTDP-6-deoxy-D-glucose-3 5-epimerase
2.2.1 0- Salmonella Vibrio cholerae
40 0-
4
O- 0- rmlBDAC
0- 1~13 0- -
Blast BADC 4 O-
orf1 orf2 orf3 orf11 0146
4 orf1 0149 mlBD  mmlAC
RmlB 353 98% * 9 rmlC rmlBDA
orf2 RmlD 299 4 ? 054 mlC
97 % orf3 0- 3 rmlBDA
RmlA 291 97 % orfl1
RmlC 171 63 % O-
75% rmlC
orf1 orf2 orf3 orfll dTDP- B 054  mlC
mlB mmlD rmlA  miC 0- mlC
rmlB rmlD rmIA rmlC rmlBDA
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4 5 BLAST 3
rmlBDA 98 % 3’ Wzy orf4 wzy
rmlC 75% rmlC wzy
0- 4 TMHMM 2.0 orf10
rmlBDA 10 HMMTOP
10
mlC 16~36 53~73 92~ 116 154 ~ 174 182 ~ 202 242 ~
2.2.2 GenBank 260 294 ~ 314 335 ~ 355 360 ~ 380 385 ~ 404
orf5  PF00535 Blast orf10 Wzx
E 2.2xe " Blast orfS Methanobacterium thermoautotro-
Bacteroides fragilis phicum Actinobacillus actino-
35% 55% mycetemcomitans O- Wzx
36% 56 % 53% 50% 3 Wzx
orf5 orfS  Orf9 Block maker 7
PF00535 Blast orf9 12 13 15 34 35 37 38
1 3 PSI-
29% 48 % BLAST
RibF 31% 49 % RibF Wzx orf4 wzx
dTDP- orf9 wz
dTDP- 2.2.4 Blast
orf9 orf7 Clostridium acetobutylicum
2.2.3 0- 194
O- 24% 44 % orf1
O- O- orf1  Orf8
8~ 14 Melipona bicolor CDP-2- -
e 24% 52%
orf1  orf1
TMHMM2.0 orf4 orf8 O-
10 HMMTOP 054  O-
10
3~21 27~46 86~ 104 110~ 128 156
~ 180 186 ~ 205 237 ~ 255 261 ~ 279 286 ~ 307 313 054
~332 46 ~ 86 40
loop orf6
0- 2.2.5 orf10  mlC 1826bp
Wzy 7 Blast orf4
Wzy 0104
342 27% 48 % 054  O-
6 321 23% Thlastx
48 % 312
20% 43% 3 Wzy Bacteroides thetaiotaomicron
Block maker 4 GenBank AAO76452
13 29 35 25 capA  GenBank AAO76453
3 PSI- DNA

A46% ) .
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70% 2000
B . thetaiotaomicron 3 5 27
capA 0- 9 rmlC G+C %
38.9% 054  miC G+C %
2 5% G+C %
9
054 ? 054
O- O- 9
rmlC
1826bp

2.2.6 miC 054 054 9

0- rmlBDA G+C %

44 .54 % rmlC G+C % 33.85%

G+C %
054  O- rmlBDA
054 rmlC
GC 054
0- GenBank
rmlC G+C % a
054  miC G+C %
0- G+C % i Ec K12
G+C % N kvt
054 rmiC C+C % S
054 O 10— b
005
1 Mega2 mlC

Fig.1 Phylogenetic trees for the rmlC genes generated by Mega2

Sequences used included those from eight E. coli strains EcO54 Patent

tRNA tRNA No. 200310107159.5  E. coli 049 Fc049 unpublished data in our
laboratory  E'. coli 036 EcO036 unpublished data in our laboratory
A+T G+C % E.coli O7 EcO7 AAC63615 E. coli 0107 EcO107 Patent No.
03109588.7  E.coli 026 EcO26 AAN60457 E.coli K12 Eckl2
G+C % 17 P37745 S. boydii 5 EcbdS AAL27325 S. boydii 9 Ecbd9
AAL27354  S. boydit 2 Ecbd2 Patent No. 200310107158.0 S.
054 0- rmlA miB - rmiD dysenteriae 1 D1 unpublished data in our laboratory — S. flexneri2a
4.7% 3.4% 4.6% F2a P37780 nine S. enterica straims MI1952 AAG09516  MI635
miC 10% AAG09501  M324 AAG09540  MI790 AAG09505 ~ M287
rmiBDA 0- miC AAG09529  MIOII AAGO9SI2  M293 AAGO9S33  M285
054 0- AAG09525  M269 AAG09521 . The scale bar indicates the 0.05 evo-
lutionary distance unit.
rmlC Gen-
Bank mlC 2.2.7 gaF gnd
Mega2 Neighbor-joining
1 054
9
0- * galF  gnd
mlC rmlBDA Reeves 0- 765bp GalF

1
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44 aa O-
1339bp Gnd 1 aa 446
galF gnd
Mega2
2 galF  gnd
93 B9
A 3E_I:Eco7 B 21I:Ec054
3 EcO113 13 B4
8
6 B4 B9
3
11 B6 B5
BS — 8 Ec0104
—
0.02 1 D1 0.02 | B6
Ec 026 [ Ecki2
e Ee o197 EcO113
% FeK1z Ec 0157
100F2a 55 |
93 D1
Ec 054
Ec0104 F2a
C
100< Salmonella group 100:‘ Salmonella group
2 Mega2 galF A gnd B

Fig.2 Phylogenetic trees for the galF A and gnd B genes generated by Mega2 neighbor-joining method
The left fig is Phylogenetic tree for the galF gene the right fig is Phylogenetic trees for the gnd gene.Sequences used included those from E . coli
054 EcO54 Patent No. 200310107159.5  E. coli 049 EcO49 unpublished data in our laboratory  E. coli 036 EcO36 unpublished data in our
laboratory  E. coli O7 EcO7 GenBank accession No. AAC63611 and AAC27540  E. coli 0150 EcO150 Patent No. 03109586.0  E. coli 0107
EcO107 Patent No. 03109588.7  E. coli 026 EcO26 GenBank accession No. AAN60453 and AAN60466  E. coli K12 Eckl2 GenBank acces-
sion No. AAC75103 and AAC75090  S. boydii 5 EcbdS GenBank accession No. AAI27321 and AALI27335  S. boydii 9 Ecbd9 GenBank acces-

sion No. AAIL27346 and AAL27356  S. boydii 2 Ecbd2 Patent No. 200310107158.0  S. dysenteriae 1 D1 unpublished data in our laboratory

S.flexneri 2a F2a GenBank accession No. NP_ 837664 and NP_ 837649  S. enterica GenBank accession No. AAB49385 and AAB49393 .The

scale bar indicates the 0.02 evolutionary distance unit.
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2307.

Sequence and Evolutional Analysis of Escherichia coli 054 O-antigen Gene Cluster

YANG Jing-Hua YU Hao REN Yi WANG lei FENG Lu"
College of Life Science  Nankai University — Tianjin 300071  China

Abstract The Escherichia coli 054 O-antigen gene cluster was sequenced. It was found to contain genes responsible for
the biosynthesis of nucleotide sugar dTDP-rhamnose rmIBDA and rmlC  genes encoding O unit flippase wzx and O-
antigen polymerase wzy and putative transferase. Unlike most of the cases in which rml genes are located together
rmlC was apart from other rml genes. Further analysis indicated that rmlC gene was recently introduced into the O-anti-
gen gene cluster of Escherichia coli 054. It was also found that E . coli 054 and Shigella bodyii 9 are closely related. By
polymerase chain reaction for the 166 E . coli and 43 Shigella O serogroups wzx and wzy as specific genes for E . coli
054 were identified. This work provides the basis for a sensitive test for the rapid detection of E . coli 054.

Key words Fscherichia coli 054 O-antigen gene cluster rmlC gene Evolutionary Specific gene
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