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CTX®  cxAB
14 El Tor 4 ctxAB z0t
ace cep RS CTX® ctxAB ’
DNA rstR CTXD
rstR El Tor zot
net-CTX"™ ® non-ctxAB CTX™ @
GenBank Accession No. AF220606 nct-CTX®
CTX® CTXD
1.1
1
1
Table 1 Strains and plasmids used in this study
Strain and plasmid Relative characteristic Source
Strains
86015 El Tor biotype of V. cholerae serogroup O1 ctxAB~ zot* ace™ orfU* cep* RS* Our lab
7743 El Tor biotype of V. cholerae serogroup O1 CTX®~ Our lab
JM109 recAl supE44 endA1 hsdR17 thiA lac-proAB F'  traD36proAB* lacl’lacZAM15 Our lab
HB101 supkE44 hsdS20  rBmB recAS6 galk2 galT22 metB1 Our lab
F hsdRST4 ripmj  supkd4 supF58 lacY1 or A laclZY 6 galK2 gal T22 metB1
LE392 Promega
trpR55
Plasmids
pHC79 Cosmid vector oriMBI COS Amp'Tet" Promega
pUCI8 Cloning vector oriMB1 lacZ'  Amp" Our lab
pllG+4 Double copies of nct-CTX® from strain 86015 cloned into pHC79 Amp' This study
- Hindlll fragment of p11G + 4 subcloned into pUCI8 containing the Doublecopies of
pnct
nct-CTX® genome Amp"
pnct PH-P 5.5kb Pst fragment of pnctPH cloned into pUCI8 Amp" This study
From pnetPH the 5.7kb Mlul fragment is deleted containing the hybridized single
pnctPH-M This study
copy of nct-CTX® genome Amp"
pCI5A11 Containing CTX® genome of E1 Tor strain 1621 Amp" Our lab 1
pZCT5A From pCTR5A11 containing end of zot and forepart of cixA Amp" This study
Tatl 328bp fragment containing attRS of strain 7743 cloned into pGEM-T Amp" This study
1.2
1.2.1 IB 10g 5S¢ 5¢NaCl 1L pH 7.4
1.2.2 [BA LB 15¢
1.2.3  1001e/ml,
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1.3 Cosmid
1.3.1 DNA
11 Sau3Al
35 ~ 45kb
1.3.2 Takara
Promega T4
DNA
1.3.3 12 Promega Packagenes
BamHI pHC79 2pg
3pug  Sau3Al T4 DNA 16°C
-70°C 22°C 3h
455u.L 20mmol/L Tris-HCl pH7.4 100mmol/L MgCl, 10mmol/L MgSO,
4°C 1B 0.2% MgSO, 10mmol/
L HB101 37°C ODg, 0.8 1/50
MgSO, LB ODg¢, 0.6~0.8 100, 0.2mL
37°C 30min 37C 45min
1.4
11
1.5 DNA
PCR DNA
11
1.6
11 CaCl,
1.7 DNA Southern
Dig DNA Roche DNA
ctxA ctxB zot ace  cep
PCR 1.5%
DNA
0.45pm 2h DNA
0.45pm
1 10% SDS 15min
0.5mol/LL. NaOH  1.5mol/L. NaCl
10min 1.5mol/LL NH;Ac  0.02mol/L. NaOH 2 x SSC
10min 2 x SSC
1.8

CTXD
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CTXD CTXD
1.9 DNA
Takara
DNASIS DNASTAR EDITSEQ MAPDRAW MEGALIGN
2
2.1 cosmid pHC79 86015 CTX®
CTXD
CTXD ’ 86015 Sau3Al
86015 zot
86015 Hind Il zot  ace
cep RS 21kb 2
Hindlll Southern zot cep RS
21kb
pl1G + 4
LE392 Hind[ll 21kb Hind[ll
pUCI18 JM109 zot
pnctPH
CTX® e 1 86015 CTXD
ctxAB net-CTX* &
CTXD nct-CTX ™ @ 86015
' RS1 ’ RS2 %61:7 orfU  |ace zot | ctxAB ' CTXphi genome
pnctPH ’ﬂ/ H RS2 %31:7 orfU |ace zot ' RS2 C:el:7 orfU | ace zot Hﬁ
H T I I T I I P PH
B P M B P M
pretPHM =] f — —— [
pnctPH-P L ]
1 nct-CTX™® CTX®
Fig.1 Comparison of the genomes' structure of nct-CTX“®*® and CTX® up and schematic representation of cloned fragments

in the recombinant plasmids

“

CTXphi genome” means the organization of single copy of CTX® genome . nct-CTX**® genomes which are tandem double copies

is in the cloned fragment in pnctPH. Black triangles indicate integration site attRS or end repeat ER. Broken line in map of sub-

clone plasmid pnctPH-M indicates the deleted Mlu I fragment from
pUC18.H Hindlll B Bglll P Pst1 M Miul .
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2.2 net-CTX*®

Pst 1 CTX® orfU net-CTX* &
1  Pst] pnctPH 5.7kb net-CTX ™ @
orfU  Pst nct-CTX™** ® Pst |
pUCI18 pnctPH-P 1
nct-CTX***®  5708bp net-CTX"* ® cixAB RS
RS2 rstR rstA  rstB rstC net-CTX™®  rsiR El Tor
CTXP rstR ° DNA 33.3%
569B  CTX®  rstR 7
El Tor net-CTXD rstR net-CTX ™ ®

net-CTX™®  CTX®D rstA rstB cep orfU ace  zot

rstA  rstB ace

zot 20
2 Zot 5% 20/400 pCTSA11 "
El Tor 1621  CTX® EcoRV-Xba
1 zot cixAB pZCTSA zot

5A11 TTTGCAGCGCAAGCGCTGTGGGTAGAAGTGAAACGGGGTTTACCGATAAAAACAG
nct

5A11
nct

5A11
nct

5A11 CTGTTAAACAAGGGAGCATTATATGGTA AATTAARGAT
NCtL  —=— s e e e

5A11 ATAAAAAAGCCCACCTCAGTGGGCTTTTTTGTGGTTCGATGATGAGAAGCAACCG
nct -——m—————-————-

RS
5A11 TTTTGCCCAAACATGTATTACTGCAAGTATGATGTTTTTATTCCACATCCTTAGT

0L e C.TG.CG.......

5A11 GCGTATTATGTGGCGCG

2 86015 nct-CTX"™ @

Fig.2 The conterminous region sequence of the double copies of nct-CTX“*® genomes
The region containing the end of zot of the former copy and the forepart of RS of the later. Dots indicate the homologous bases
and broken lines mean gaps. Arrows indicate the end of zot or start of RS. The 7-base repeat TTTTGAT in upstream of ctxAB

is indicated with single underlines curves and beelines and ER is marked with double underlines.
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ctxAB net-CTX*™ @ z0t
CTX"'®  zot-ctxAB cixAB
net-CTX* @ zot 2
2.3 nct-CTX® 86015
net-CTX* @ pnctPH  Miu [ Mlu 1 zot
net-CTX "™ ® pnctPH-M 1
RS zot nct-CTX® 86015
DNA
2.3.1 86015  nct-CTX® attRS
ER attRS  ER net-CTX™™ @ nct-CTX®
17bp attRS zot 18bp  ER 1
CTX®  nct-CTX"™® ER o ER
CTX®  nct-CTX"™® attRS
RS 18bp  ER
2.3.2 nct-CTX® 86015 BLASTN
86015  nct-CTX"*® TLC
TLC  CTX® eio TLC 4.7kb
pTLC *OTLC net-CTX " ® 86015
86015 N16961  RTX rixA
RTX  CTX® 8 net-CTX* @
RTX
2.3.3 86015 net-CTX "™ @ CTX®" attRS
CGC AGC AGA CGA ACT CTA TGT € CAC TTT GGT GCA CAC AAT TGA
CG* CTXD CTX®" El Tor 7743
328bp pTatl 2
17bp  attRS
ER

GGCGCGGCATTATG... (nct-CTX® genomes) ...GATTTATCCTGCCGCCTTAGIGCGCATTATGT]

> 86015
CCACCGTACTAAACCTAGAGACAAAATGT'ﬂCCTAGTGCGCATTATGTLATGTTATGTTAAATTAAGGCATAAAAAGAG
attRS
CCACCGTACTAAACCTAGAGACAAAATGTﬂCCTAGTGCGCATTATGT]ATGTTATGTTAAATTAAGGCATAAAAAGAG
7743

3 CIXd~ 7743  attRS 86015  nct-CTX"™ ®

Fig.3 Compare of the adjacent genome sequences of attRS of CTX® ™ strain 7743 to the adjacent regions of nct-CTX**®
genomes of strain 86015

The double copies of nct-CTX**® are listed respectively on the top.
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net-CTX @ zot zot
M13 I ° M3 1 zot
CTX® °  net-CTX"™ @zot 54 18
CTXD zot 3’
569B  CTX®  zot El Tor
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Clone and Analysis of CTX® Prophage Genome Which not Carrying
Toxin Genes of Vibrio cholerae ™

Kan Biao Liu Yanqing Qi Guoming Zhang Lijuan Gao Shouyi
The Priority Laboratory of Medical Molecular Bacteriology of Ministry of Health Institute of Epidemiology
and Microbiology Chinese Academy of Preventive Medicine Beijing 102206 China

Abstract Cholera toxin gene cixAB is encoded by the lysogenic bacteriophage CTX® of Vibrio
cholerae and can be transfered horizontally from toxigenic strains to non-toxigenic strains. In our
study in the c¢txAB™ El Tor strains some of different isolation regions and years were found possess-
ing the isogenous sequences of the other genes of CTX®. Two copies of this novel ctxAB™ CTX®
prophage genome linked tandemly in the chromosomal.The whole genome is 5708 bp in length. lIis
rstR is homologous to the classical-derived CTX™* ®'s indicates that classical-derived member of
CTX® family integrates in the chromosome of El Tor strains. The other genes of nct-CTX® are highly
homologous to those of CTX®' s except for zot. The end 15 amino acid residues of Zot are different
obviously from the CTX®'s. We have disignated this prophage nct-CTX"**®.TLC element is also in
the upstream of nct-CTX"** ® genome which is considered to play some role in the biology of
CTX® and RTX virulence gene cluster in the downstream suggests their close relationship. In view
of its genome characters it suggests that it has structural basis which does not carry ctxAB  but not
the result of the deletion of ctxAB from CTX® nct-CTX® should be the precusor of CTX®. This may
give new proof for the study of the source and divergence of CTX® and the emergence of new patho-
genic strains of V. cholerae .

Key words Vibrio cholerae Cholera toxin Lysogenic bacteriophage Genome
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