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( Rugose R) /

( Opaque Op) ( Smooth S) /

( Transparent T)

( Translucent

Tr) . 70, ( Vibrio vulnificus)
17 21
wza-wzb-wzc Op Tr
®, ( Vibrio parahaemolyticus) cpsAK
OpaR Op
Tr 2B ( Vibrio cholerae)  wvps VPS 22720 epg
Ccps o 01 039
ATCC 17749 0
o LB VARS)
2 (Tv) (Op)
Z]J-T 7ZJ-0. Z2JT ZJ0 o
7]51 4
1
1.1 7)51 » ZJ-T 7)J-0; CPS1357 : CPS1357-T CPS1357-0;
CPS4543 : CPS4543-T CPS4543-0; : GEB802 GEB883( 1),
1
Tab.1 Bacterial strains and their plasmids used for test
7]-T Ap” (Tr) Changc et al. 7
7]-0 Ap” (Op) Change et al. 7
ACPS1357-T Ap" CPS1357 (0rf1357-0rf1372) Tr
ACPSI1357-0 Ap” CPSI1357 ( 0rf1357-0rf1372) Op
ACPS4543-T Ap’ CPS4543 ( orf4543-0rf4545) Tr
ACPS4543-0 Ap’ CPS4543 ( orf4543-0rf4545) Op
LaclQ thil supE44 endAl recAl hsdR17 gyrA462 zei298:: tnl0
GEB802 Frederique le Roux
Te  AthyA:: ( erm—pirl16) Thy™
WT E. coli k12 AdapA:: erm pir RP42 ArecA gyrA462 2ei298: : tnl0
GEB883 Annick Lab
DAP”
pSW7848 T7 oriT RP4 araC oriV R6K cat” Cm’ Annick Lab
pSW7848-CPS1357 Cm' CPS1357 ( 0rf1357-0rf1372) pSW7848
pSW7848-CPS4543  Cm’ CPS4543 (orf4543 -orf4545) pSW7848
1.2 :PCR ( PrimeSTAR. rTaqg DNA
DNA marker) TaKaRa ; ;
: PCR DNA Axygen :
Macherey nagel o LB Invitrogen ; TSB.TCBS
; 2216E BD ; ( Thy) .
( DAP) | PTG D-(+) - (D = Glucose) \L-( +) (L-( +) - Arabinose)
sigma ; ( Cm) S5pgeml™ 20 pgemL™'s ;
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; N N N sigma
; Casamino acids i Agar +NaCl ( )
( : ) 5% N S ;24
Costar : o - LBS 2%
NaCl LB ; BEM ( Biofilm Formation Medium) : KH,PO, 30 g » L™" K,HPO, 70 g + L'

(NH,),80,20 g+ L™" FeSO, 5 mg * L™" MgSO, 2 mmol * L™" NaCl 10 g * ™" Thiamine 5 mg * L'
Casamino acids 15 g * L™" Glucose 4 g * L',

1.3 NCBI  GenBank Z]J51 2 CPS1357  (CPS4543
Blast o MEGA6.0
RecA ( Maximum Likelihood ML)
Kimura 2-parameter o
1.4 ZJ-51CPS1357 CPS4543 VARS)!
NEBuilder ( http: //nebuilder. neb. com/) CPS1357  CP$4543
pSW7848 2,
GEB883 7] T 7J0 o 0.2% TCBS 0.2%
LB PCR
PCR ACPSI357-T  ACPS1357-0 ACPS4543-T  ACPS4543-0.
2 PCR

Tab.2 Primers used for PCR

Primer sequence

Primer (57— 3”) Sense primer (57« 3") Antisense primer
pSW7848 GTCTGATTCGTTACCAA'TTATGACAAC GAATTCGATATCAAGCTTATCGATAC
Delete-Check-pSW7848 TCACTGTCCCTTATTCGCACC CTGCTTTTGAGCACTACCCG
CPS1357-up AAGCTTGATATCGAATTCGAAGGCGGCATTGGTACAC GAAATCAACGAAGTCCA>CGAATAAGAATGAGTC
CPS1357-down TGGACTTCGTTGATTTCTGCTGAATCGAC TTGGTAACGAATCAGACTGAGAATCAGTCCTTTCTCAAATTG
CPS4543-up ATAAGCTTGATATCGAATTCACCTGGCGCATTTACAAC TGAAGCGAGGATCGTTAGCTCTGGGTGATC
CPS$4543 -down AGCTAACGATCCTCGCTTCAAGAGCTTTG TAATTGGTAACGAATCAGACGATGTCGAATGCTCTGGTC
ACPS1357 GCGCTTCCGTATAGCTCAGT CTGAGCCAAACCACTTGCAC
ACPS4543 GAATAGAGCTGGCGGACTGG CAGAGTTGTTCCTGCAAGCG

Notes: The sequences underlined and bold were overlapping fragments between up/down-segments and plasmid and the se—

quences in italics and bold were overlapping fragments between up-segment and down-segment of target genes

1.5 ZJ-T  7]-0 CPS1357

ACPS1357-T  ACPSI357-0 CPS4543 ACPS4543-T  ACPS4543-0 TSB
30 °C 200 r * min "' o ( ODy, =1.00)

10 plL 1 mL BFM 30 C 2h 0D, -

27 &

1.6 7] T 7J-0 CPS1357

ACPSI357-T  ACPS1357-0 CPS4543 ACPS4543-T  ACPS4543-0 TSB
30 °C 200 r * min " 12 h o

28 . 100 o

1.7 7ZJ-T  7J-0 CPS1357

ACPSI357-T  ACPS1357-0 CPS4543 ACPS4543-T  ACPS4543-0 TSB
30 °C 200 r * min "' o 100 pl

2216E 30 C 16 h 50 o



258 2017

1.8 ZJ- T 7]-0 CPS1357 ACPS1357-T
ACPS1357-0 CPS4543 ACPS4543-T  ACPS4543-0 TSB
30 °C 200 r * min "' . (ODgy = 1.00) 5 ul 3
0.3% 1.5% LBS 30 C 16 ~24 h o

2.1 Blast  PSI-Blast CPS1357 CPS4543
( 1-A 1 -B) ( 3),
RecA MAGES6. 0 ( )
( 1-C) ® ., CPSI357 17 orf1357 :
A
I alginolyticns ZJ-51 Chl CPS13%87 =2 Iirl !J“l 1359 IIJ“ I IJ.SI 'IJGS I]J.ﬁl ' IJ.ﬂ-I llu.‘ | 1366 'liﬁ' I 1368 Ilg ‘J' 1371 372 i
ol Wiz Way Wi x® juxl! Pard OmpA
1" parabaemolytions BE22OPChi = BN U N — S —— —-——— - —

SYPRSYpQ  Sypl  Syp0 SpN  Sypl SypK Sypd SypP SypH  SypG SypF sapD  SypC SypB SypA
02 nbriflony MO6-240 Cht = B4 S S — — - U {— " — — N N —
SYpRSypr  SypP  SypO  SypN SypM Sypl SypK Sypd Sypl Sypll SwpG SypF  SypE SypD  SypC  SypB Sypa
= e e e (== =

12 harvad ATCC 43516 Chl = .
Weal Wiz Wix
Y ey R " 4 4 " " " P "
1 campbeliif BAA-1116CH = B ——— - - - v — . -
Weal Wiz Wix s gl Pard OmpA
B
4543 4 FLEE]
17 alginalytions Z3.51 Ch2 CPS4543 = A — -‘i" ———
Wia Wil Wie
1 puraliaemolyticns BI22OP Ch2 = — )
Waa Wih Wie
—s
T harvad ATCC BAA-LII6Ch2 =

V. campbeitil ATCC BAA-1I16Ch2 =

. — f Ep § — 3
ENGoMMOFI N ChL S Wea Wil Wie apa gene duster
1, anguillarum =% Chl = 4 3 B
s gene cluste _ o W Wab Wie -
17 cholérae NRTIGS Chl = L8 " " " " x
O-antigen cps gene cluster A Wia \l{b_‘ Wae (-antigen cps gene cluster A
1. fivchrers ES114 Chl = > - ? =
Ceantigen cpy gene cduster Wia  Hp Wib Wae Cr-antigen cps gene dustes

¢ 99 [[ Vibrio harveyi ATCC 43516

Vibrio harveyi ATCC BAA-1116
Vibrio alginolyticus Z]J-51
Vibrio parahaemolyticus BB220P
Vibrio tubiashii ATCC 19109
Vibrio scophthalmi V§-12

Vibrio anguillarum 7756
Vibrio cholerae 01 str. KW3
LB Salmonella enterica RM10607

e
Termus thermophilus JL-18

00 [ Vibrio owensii XSBZ03

Vibrio campbellii ATCC BAA-1116

Vibrio natriegens NBRC 15636

Vibrio fischeri ES114

Vi brio vulnificus MO6-24/0

Escherichia coli K-12 substr. MG1655

Pseudomonas aeruginosa ATCC 15602

a2 Cupriavidus nantongensis X1
Bacillus subtilis NCIB 3610

02

1 V. alginolyticus ZJ-51 CPS1357 CPS4543
A: CPS1357 ( ) ; B:CPS4543 ( ); C:

Fig. 1 The base sequences of two gene clusters of the genome of the strain V. alginolyticus ZJ-51 and phylogenetic tree of the strain.

A: The map of gene cluster CPS1357. B: The map of gene cluster CPS4543; C: The phylogenetic tree of different bacterial species.
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3

2J-51CPS1357

CPS4543

Tab. 3 The biofunctional prediction of proteins encoded withCPS1357 and CPS4543 gene clusters in V. alginolyticus 7J-51

Ibp /aa ' ' /%
G Base se— S;:quenpe Homologous protein Pro— Functional 15“?“‘ Protein code
ene . of amino tein area arig—
quence acids ty
CPS1357
orf1357 390 130 shikimate kinase V. alginolyticus AAA domain 100 WP_065274513. 1
UDP-N-acetylgalactosamine-undeca—
prenyl-phosphate
orf1358 639 213 N-acetylgalactosaminephospho— Weca]  Bac_transf 65 SHI21408. 1
transferase  Vibrio aerogenes CECT
7868
orf1359 1191 397 iymsyl transferase V. alginolytie— CESA_like_1 100 WP_065274514. 1
orf1360 1119 373 ilSYCOSYI transferase V. alginolytic— 1Gll'(I‘el _ WbnK _ 100 WP_065274515. |
chaindength determining protein V. pepcterm
orf1361 1374 458 alginolyticus Wzz ChnlLen 99 WP_017820653
orf1362 1125 375 elycosyl transferase V. alginolytic= GT1_like_1 100 WP_065274517. 1
orf1363 1365 455 membrane protein V. alginolyticus ~ Wzy Xf{j}yﬂ—yc SUPET™ 99 WP_064376587. 1
orf1364 1431 477 lipopolysaccharide biosynthesis pro— Wax MATE _ like 99 WP_042522930. |
tein V. alginolyticus superfamily
glycosyl transferase V. alginolytic—
orf1365 1173 391 . RfaB 100 WP_042522932. 1
orf1366 1185 395 ﬁlsycosyl transferase V. alginolytic— 1(1;111 _ WabH _ 100 WP_065274519. 1
Glycosyltrans—
orf1367 1071 357 glyTogyl %ransferase family 1 V. alg- feraS§ _ GT'B ~ 100 WP_065274520. 1
nolyticus type superfam—
ily
sigma-54-dependent Fis family tran— Pdoop _ NT-
orf1368 1464 488 scriptional regulator V. alginolytic- LuxO  Pase  super— 100 WP_065274521. 1
us family
orf1369 381 127 phosphorelay protein LuxU V. algi= - HPL —super=460 W 0650745221
nolyticus family
chromosome artitionin ATPase Pdoop _ NT-
orf1370 687 229 Vibrio P & © ParA  Pase super— 100 WP_005377635. 1
thrio family
sugar ABC transporter substrate—
orf1371 2103 701 binding protein V. alginolyticus 100 WP_065274523. 1
orf1372 819 273 membrane protein V. alginolyticus SXI_ OmpA_CHike 100 WP_042522939. 1
CPS4543
orfA543 1017 339 polysaccharide export protein Wza - Poly _export 50 \p 05384599 1
V. alginolyticus superfamily
orfA544 375 125 phosphol_yrosir]e Prolein phosphatase Wb LMWPC  su- 100 WP_031780905. 1
V. alginolyticus perfamily
Wzz superfam—
o ily/GNVR
orfA545 2169 723 pieine protein kinase  Vibrio har— v, ;‘lﬁ;{mﬂl{é_ 100 WP_005374875. 1

Pase  super—
family
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( V. parahaemolyticus

BB220P) ( Vibrio harveyi ATCC 43516) 74%  70% -
CPS4543 3 Wza-Wzbh-Wzc o

( V. parahaemolyticus BB220P) (V. har-
veyi ATCC BAA-116) 70% CPS4543 I

(V. harveyi ATCC BAA-116)
3 |
( 1-B). (
43516 V. harveyi ATCC BAA116)
( Vibrio anguillarum 775)
BAAL116) .

o

monas aeruginosa ATCC 15692)

; ( Salmonella enterica RM10607) .

1-C)

(V. cholerae O1 str. KW3)
( V. wvulnificus MO624/0)

( V. parahaemolyticus BB220P) |

( Vibrio campbellit ATCC BAA-1116)

(V. harveyi ATCC
( V. parahaemolyticus BB220P)
(V. campbellii ATCC
( Vibrio fischeri ES114)
(E. coli K42 substr. MG1655) .
( Bacillus subtilis NCIB 3610)

( Pseudo—

( Streptococcus pneu—

moniae SWUO02) ( Termus thermophilus J1.48) o
CPS1357
2 1) o Orf1358 Weal 1
( UDP- ) Und-P . 0rf1359 011360 orf1362
orf1365 orf1366 orf1367 6 Und-PP-sugar
.2) o Orf1363 Wzy (
WP_064376587.1) C- ( 9%) orf1364 Wzx (
WP_042522930. 1) ( 99%) orf1361 N- ( 1~86 ) Wz
( WP_017820653) ( 9%) - Wzx
Wzy Wzz
0- K- 2. 01371 ABC- 2
Way- I 2 3 4 5 6 7 8 9 10
ABC -
13
bp
orf1368  orf1369 LuxO  LuxU
. 2 000
( Quorum Sensing) 1 000
34-35 750
° 500
CPS4543 250
100
D orf4543
Wza ( WP_005384599. 1)
( 100%)

. orfd544  orfd545
Wzb ( WP
_031780905. 1) Wz (

WP_005374875. 1)
Wza

37

CPS1357

CPS4543

B 2 JERFERAE R ACPS1357-T/0 & ACPS4543-T/O PCR 4
RS B AR R L
RUFEAL 1,6 2 Marker DL2000 ; £ AL 2~5 43 51 % g A b 32 B
2 ZJ-T,ACPS1357-T,Z]J-0,ACPS1357-0; S FEFL 7~10 43l XF i A
iR Z)-T, ACPS4543-T,ZJ-0,ACPS4543-0
Fig. 2 Agarose gel eletrophoresis of the PCR products of gene
cluster mutants ACPS1357-T/0 and ACPS4543-T/O
Lines 1,6: Marker DL.2000; Lines 2-5: ZJ-T, ACPS1357-T, ZJ-O,
ACPS1357-0, respectively; Lines 7-10: ZJ-T,ACPS4543-T, 7]J-O,
ACPS4543-0, respectively.
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2.2 CPS1357 CPS4543 N
Tr  Op © ACPS1357-T/0  ACPS4543-T/0.
ACPS1357-F/R ACPS4543-F/R PCR 2:
ACPS1357F/R ACPS1357-T/0 616 bp; ACPS4543F/R ACPS4543-T/0
654 bp; ZJ-T/0 o 2
2.3
0, ACPS1357-T/0  ACPS4543-T/0 3
Tr 7]-T 6 . ACPS1357-T AR
ACPS4543-T 2 h 6 7]T
o Op VARV 10 . ACPS1357-0 12 h
7J0 24 YARS o ACPS4543-0 10 h VARV
VAR o CPS1357  CP$4543
ZJ51 o
- 7J-T - 7J-T
2007 - 7]-0 2,50 - 7J-0
- ACPS1357-T = ACPS4543-T
s -x- ACPS1357-0 : -- ACPS4543-0

0.00 ¥——F—FFFF——F— 0.00
0 2 4 6 81012 141618 2022 24 0 2 46 81012 141618 2022 24
A th B th
Bf LR R Z)-T/0 FIZE4E Bk ACPS1357-T/0 B 2E ¥k ZJ-T/0 FIZE7E Bk ACPS4543-T/0
Wild-type strains ZJ-T and ZJ-O, and CPS1357 gene  Wild-type strains ZJ-T and ZJ-O and CPS4543 gene cluster
cluster mutant strains ACPS1357-T and ACPS1357-0 mutant strains ACPS4543-T and ACPS4543-0

B 3 W INE Z]-51 16 BEM 55 3% 5 4514 F A= 4 R m il 48 0 o2
Fig. 3 The growth of biofilm formation of V. alginolyticus ZJ-51 when incubated in BFM

2.4
. BFM  TSB
CPS1357  CPS4543 . 4 2
ACPS1357-T/0  ACPS4543-T/0 VAR VARG 2
2 7]-51 o
Z7)-T ACPS1357-T ACPS4543 T 7J-0 ACPS1357-0 ACPS4543-0
BFM A o N ' i
TSB

& 4 ?"’?;Vé?}ﬁ@ ZJ 51 ‘lziT@&ﬁm%’é 'J”"@I: 100 f% {Hﬁ’fﬁ?ﬂiﬁ"?ﬂ‘lm?}?%%
Fig. 4 Light microscopic observation of mordant-stained cell colonies of V. alginolyticus 7J-51. Magnified by100
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ACPS1357-T ACPS4543-T

ACPS1357-0 ACPS4543-0

LJ 5 WHIRE Z)-51 /F 2216E %*)ﬁii?@“ﬁ,m’w@m%
Fig. 5 Morphological observation of colonies of V. alginolyticus 7ZJ-51 on 2216E plates

A ACPS1357-T ACPS4543-T

0.3%% B )5 LBS 16 h
i sh
1.5%35 1§ LBS 16 h

B 0.3% LBS #35lg T A Esh P (16 h) 1.5% LBS ¥ il 40 sl (16 h)

60.0 40.07
45.0 g 3007
g £
< 30.04 :é 20.07
i

15.0 10.0

0.0-

0.0-

6 W BINA ZJ-51T R RAE 0.3%BENE M 1.5%3x 5 LBS VM 11932 21 5L 5 A
A: PR B RUER A5 HEB: Bt o, 1:2)-T;2:ACPS1357-T;3:ACPS4543-T
Fig. 6 The mobility of phenotypes of V. alginolyticus 7Z]-51 on the plates of 0.3% soft agar and 1.5% agar LBS
A : Observation of the mobility on the plates; B: Statistical analysis. 1:2]J-T;2:ACPS1357-T;3:ACPS4543-T
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Abstract: Vibrio alginolyticus is one of the most important pathogens for seafood-borne infection in South China.
Extracellular polysaccharides ( EPSs) are a type of polysaccharides produced by bacteria with a complex struc—
ture and affect the pathogenicity and environmental adaptability of pathogens. Genomic analysis shows that a—
bout four gene clusters related to the synthesis of exopolysaccharides exist in V. alginolyticus ZJ-51. In this stud—
y bioinformatic analysis and verification experiment were used to find out the potential functions of two gene
clusters of them 1.e. CPS1357 gene cluster and CPS4543 gene cluster. The results show that the gene cluster
CPS4543 encoded three homologous proteins Wza-Wzb-Wze forming an outer membrane transport system for pol-
ysaccharides synthesis while CPS1357 encoded 17 proteins which were responsible for the synthesis transporta—
tion and regulation of polysaccharides. However the loss of these two gene clusters resulted in no change of
EPSs biosynthesis  biofilm formation colony morphology and mobility. This may be due to the fact that these
two gene clusters were inhibited under the current test conditions or that some of special environmental factors
were required to induce their expression. More studies of EPSs synthesis mechanism in V. alginolyticus should
be taken to help better understand the adaptability of this species of bacteria in the environments.

Keywords: Vibrio alginolyticus; bioinformatics; gene cluster; exopolysaccharides; biofilm formation colony mor—
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