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Construction and Characterization of the Vibrio parahaemolyticus Collagenase Inactivated Mutant.

Jae-Won Lee, In-Joon Jun, Ho Young Kang and Jaeho Cha*.

Department of Microbiology, Pusan National

University, Busan 609-735, Korea — For better understanding of the host infection mechanism of Vibrio,
a Vibrio parahaemolyticus collagenase mutant was generated by insertional inactivation of a uppC gene
encoding extracellular collagenase. A recombinant DNA containing uvppCinptll was cloned into a
suicide plasmid pDMS197, resulted in pVCMO3. The recombinant suicide plasmid pVCMO03 contained
in E. coli x7213 was transferred to a wild-type V. parahaemolyticus 04 tarough conjugation. The re-
combinant vppCinptll DNA in pVCMO3 was exchanged with wild-type allele by homologous re-
combination resulting vppC mutant, V. parahaemolyticus CM. The mutant was selected and screened
on TCBS media containing 10% sucrose and kanamycin. The mutation by allele exchange was con-
firmed with the comparison of the size of DNAs amplified by PCR. V. parahaemolyticus CM showed
at least 4-fold less collagen-degrading activity than those of wild-type, and the mutant exhibited less

cytotoxicity than that of wild-type in MTT assay.
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A2 &3l ¢-macroglobulino]gte Gl AL A X9
AAEd H3E 1 BAo] AejH wEgede He
dol FstEthe HIEo] o2 AAES F8AS
2 & F31 Yrh14-16]. oFFo WL Yo7|& Vibrio an-
guillarumS proteaseE A E T E1)5}1[2,13], ] protease
o] obrl =t X834 454 & el £ Open Reading Frame
(ORF)o] V. cholerae$t V. vulnificus)| & 4319, o} &
elastase A& JEDE o|EL H|He|QFY £TAE
Al #AAsl= RLeE FEHATHIZ) FFAAAQ V.
parahaemolyticus= THFg Gl B g4 5L AYAs)
o= delx ATH811,27].

AP AFNN V. parahaemolyticus7} H2Vete S 28
Bao dig FAA, yppCE F23A, of 849 24
AEEAQ) 54 ZAEFAD7]. vppCY @7IMEL V.
alginolyticus Fef o] FA P A AL FHA ) 88% 2] FALY
< RYowH26], V. alginolyticus T} AL G40 B}k
< 82 kDao 2 g 90 kDas] EAFE /A= V. pana-
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ME ¥
AIB2Fe x| ¥ S2IANE
Ao AHEE #F 9 Eet2v|EE Table 16 YERAR
th. E. colite Ze}2~u]= DNAS EAU Ao AMLE91,
B A u k& Luria-Bertani (LB, Difco, Detroit, USA)u] %] 4],
DA %L LBuj Ao 1.5% (w/v) agaro] F3HH H]xjof] A
z4zt YAt V. parahaemolyticus 04 LBuj x|l 2.0%
~ NaClo] #7}¢ LBS H} A1} tryptic soy broth (TSB medium,
Accumedia manufacturer, Inc.)8] X| & Abg-8}e] o) &3} G},
EdMo)A 9 M e TCBS (thiosulfate citrate bile salts,
Difco, Detroit, USA)el sucrose 10%Z H7}3 vl Ao A &
gelgon, FHYAS Heg v AP ampicillin, tetra-
cycline ®& kanamycing 7}zt 100 pg/ml, 15 ng/ml, 50
ng/mi¥ H7psie] wjokst Gt

AIBAIY & B4

Oligonucleotide primer= Bioneer Co. (Cheongwon,
Korea)ol| M |23t 3L, AHE-€ oligonucleotided] 71X <€
& Table 20 Jehldo} Ad&E A9 Taq polymerase=

Table 1. Bacterial strains and plasmids used in this study
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Kosco Biotech Co. (Seoul, Korea)ol| 4 73] A8-319 1,
FYALELrY G4 S B Y8td] AHgE FehllE bo-
vine achielles tendond| A} %% 3t insoluble collagen (type I,

Sigma) ¢ 73k AH&-ah e

E2R BalgA & (vppC)el subcloning

V. parahaemolyticus 042] Ze}aA B EL FAA vppCe
V. parahaemolyticus 04 chromosomal DNAE 3% 0 2 COL3F
9} COL3R primersE ©]£-3to] PCRYYHLZ FH31 26
kbe] DNA @#H& oAk PCRE PerkinElmer Cetus
Thermal cycle (Gene Amp PCR 9600)& AF-5t4] AccuPower
PCR premix (Bioneer) 20 plofl #7138l PCRE A3 4
Ao}z PCR A& & TAE (40 mM Tris-acetate, 1 mM EDTA,
pH 8.0)bufferg A}-8-3+ 0.8% agarose gelol]l H7|45& 53|
Attt FF 9 26 kb AL AL FHATH S Clal
% Hindlll A|$t&AZ A9 & 2 E Q] pGEM7ZE(+)
o g24sgn

MZ& vppC::nptll DNA HE:
VppCE E&843 Al917] 93] vppC F4zL R

Strain or plasmid Relevant characteristics

Source or reference

Strains
V. parahaemolyticus 04
V. parahaemolyticus CM Km', collagenase defective mutant
E. coli

produces various proteases; conjugational recipient

NID, Japan
This study

DH5 ¢ supEdd AlacUl169 (@80 lacZ 4M15) hadR17 recAl endAl gyrA96 thi-1 relAl Lab collection
DH5 ¢ ( A pir) supE44 AlacU169 (lacZ JM15) hsdR17 recAl endA1 gyrA96 thi-1 relA1 A pir; host for 20
7 -requiring plasmids

27213 thi-1 thr-1 leu B6 fliA21 lac Y1 ginV44 JasdA4 recAl Rpd-2-Tc:Mul[ Apir]; Km' 20
Plasmids

pGEM7Z{(+) pMBlori; Ap’ Promega
pBSL86 pBSL with nptll; Apr, Km' 23
pDMS197 Ré6Kori, sacB, Tc" 1
pVCMO1 pGEM7Zf(+) with uppC; Ap This study
pVCMO2 pVCMO1 with vppCenptll; Ap', Km' This study
pVCMO3 pDMS197 with oppCunptll ; Tc', Km' This study

NID, National Institute of Infectious Disease; Ap’, ampicillin-resistant; Km', kanamycin-resistant; Tc, tetracycline-resistant

Table 2. Nucleotide sequences of the primers used in this study

Primer Sequence (5'—3')

Characteristics

COL3F CITCGTTGTAGCGTCITTAAGTG

Forward primer preceding the Clal recognition site for 2.6 kb wppC
fragment

COL3R TCTCCGCTCGAGCTCTCTCGGCAAGCT  Reverse primer containing an artificial Xho recognition site for 2.6 kb
vppC fragment

COLAF  GGCATCGATTTTAATAAAGITCG
COL4R  AAGCTTCCGCGTCAAAATC

Forward primer for recognition of an allelic exchange mutant
Reverse primer for recognition of an allelic exchange mutant

vppC indicates the gene encoding for collagenase from V. parahaemolyticus 04.
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kanamycindl] A3 4-& 2= neomycin phosphotransferase
1 2 39 nptl HA4S AAeFATHIS D). il T
sl gl pBSL86S Smal B4R Hdsle] 9ojr 1.2 kb
kanamycin WA FAzE vppC FHA WRo) EAsle
EcoRV sited]] 443l Ax DNAE A &FAstQct 224
of AH&¥ WEE selfligationg =7]9s] Calf Intestinal
Alkaline Phosphatase (CIAP)E 37T} 56 Coll4 22} 30%
Agstl WE9 ANNE AAstY AHEHAUT Gene
replacementE& $]3+ suicide vector= pDMS1970]1%]2H,
pDMS197& Sacls} KpnioZ A3 & 38 kbo) AzxF
oppConptll - Sacl-Kpnl DNA @3 ligationA]#  allelic
exchangeE 93 A=Y suicide plasmidE F&31G 0}

Homologous recombinationtl| 2/t 22t 2al&L &
A3 2oisio)Flo] Mt

E. coli 72138 A2} suicide plasmide] FHAE, 9 #
Q1 V. parahaemolyticus 4= ¢4 2 22 AL &390 &
Aot =835 27 w3t F(ODesonn = 0.8) A4 F2 3}
(12,000 rpm, 4C, 5%&) cell pelletS AUt} 2} pelletof
1.5% NaClo] 718 TSB¥j#] 1 ml& 715l #& Hehsl
3, 2t Fgde 30 pg & 4ojr diaminopimelic acid
(DAP)7} #7F9 LB nAujA o] F4o) HE F, 37TolA
18217 Wt et €3 wikd 7 15% NaClo] H7td
TSBui 2] 1 mloj] ¢ H A nfAlo] 100 pig =243t
37°C el A 18A13t vl kA 73 th. Single crossover E @ old&
kanamycin®} tetracyclineo] 7}g B A& A}-g5to] A
w34l o, double crossover £ olA= suicide plas-
midol] ¥} 9l SacBR counter-selection systemS
£3le 223}t Kanamycind}t 10% sucrose7} #7+8
TCBSH] A]of] =23} AA4g colonyS- kanamycino] &
Q& LBEi A9} tetracyclineo] E0]9lE LBujAo] HE3}
o] FAA 7eA 22 M 13} screeningS 3}53 1, PCR%
WO EZ DNAE F3ste] 539 DNA 939 =7] HuZ
Al allele exchangeZ #9134t

gala oLl ot 5Y

V. parahaemolyticus T2 B %3t 3 (ODssonm = 1.0), B <Y
< fARdstd #AE AAT WFFTdol 24E8Y Z
ol A-E-3t4 . 7149 collagen (type 1) 10 mgg 4 mM
CaCh7} #7+9 50 mM Tris-HCl $43 91 0.8 mlo] =91 =,
ELEN 02 mls & Ao 30TAA 3087 AR
ml®] 0.1 N acetic acidE H7}sle] ALoA 2087 13
HA BHS-S HAAAT AHE o-FE obvliite] 53
ninhydrind & ] &3t HH21]. WHgo] BAE AgE
Al g2 sty Aol ASd 01 mlol 0.2 M citrate-
sodium citrate buffer (pH 5.5), 1.4 mi#} ninhydrin buffer

j—

I

olr

£ rlo

(2% ninhydrin, 0.05% SnCl-Hx0-8- methylcellosolved]] = o
A AHE) 1.0 miE o)A 4o & 5 100T oA 1587 whg
A713, §hgol Fd A|EE A 583 Agd & 570
el FFEE ZFSHAT RABAL 13 591 pgo)
leucine®] Aol BQ3F G449 ooz Aogqrh

In vitro NIE SN 24At

T BaaLrd MEESHENE 3-[4,5-dimethylthiazol-
2-y1]-2,5-diphenyl-tetrazolium bromide (MTT) W3S A&
3t vero cell & tiAato 2 Bt Vero cell& 10% fetal
bovine serumo] #4% DMEM (Dulbeccos modified
Eagless medium)l x| ol 5% CO, v k7)ol 37°C oA 24X 7H
vl Fetdct. Wl ¥ PBS (phosphate-buffered saline)2 F
W A A 2 ml9] trypsin-versin &% 287 Ao
cell& 3)43la] 95 well microplated) Z+zb 150 WA @3
(10 ~10° cells/ml), 5% CO; ¥l 7|0 A} 37T, 24Xk )<k
gttt

2715 % 1.0x10° CFU/mle] V. parahaemolyticus’s )
H2 g X3l vero cello] il 96 well microplatedi]
100 p1# g3 24X 7k w3t & A5 A AAG T, 2} well
ol DMEMH} <2 8|48 MTT £ (5 mg/ml) 50 plE 37}
8GR 5% COy vl F7)o) A 4A) 7 v k3t &, A50-S A A
&3 100~150 pl dimethylsulfoxide2 F7sle] Hooz
0% A= &3 AAFT thy, 37C g 7]dlA 587 s
A F7] 7132 ¢lo}lFE %, ELISA reader® A A ¥ forma-
zan®] EFEE 570 nmo A FHFH

it ¥ g

MX& suicide plasmid pVCM032| 75

AE BBy edoe] AAsle A Baasre WA
AAZAM Y G8H& 2ALSHILA allelic exchange W & o] &
st FehA BEladv) 284 E 758 214 9o
V. parahaemolyticus 04 QA 3| DNAE o] &35} PCRE E3)
ZZ9 26 kbo] FeHA ReEL F37 vppCSE pGEMTZS
(+) ME A cloningstd pVCMO1E T%31¢c}. o] DNAE
Cla, HindlIll, EcoRV, Hincll5 9] A3 EAE e sle DNA
dHEe] Ad YA 29 DNAZ oppC 4§ 2l
stk A2 suicide plasmid pVCM039] &0 tjgk
#A L Fig. 1] Jepy et Plasmid pVCMO19] cloning ¥
oppC FAAE B4 A7]7] 9314 kanamycin A 84
FAAE vppC FAR ] s AT. oF 1.2 kb kanamy-
cin Y|4 {22} pBSL86 plasmidol 4] Smal A|Fra 42 A
gt 2y vppCe: T FsHE pVCMO1 DNAE
EcoRV A3tE A2 2e)d}e] blunt-endZ2 THE & CIAPE A
£ Ayt 59 A7 Al AS Y 1.2 kb kanamycin W)



Smat Smal EcoRV

vopC

pVCMO1
5.6 kb

Sacl Kpn! Sacl Kpnl

ReKori

Fig. 1. Overall scheme for the construction of a recombinant
suicide plasmid pVCMO3.

A $AAE EoRVE Ha® pVCMOld] 224 35te doj=
AZ3 Zefan=g pVCMN2E W s gt pVCMO2E
Clale2 H3ts 68 kb Z7)9) DNAZZHS Q15tgm
HindIll 22] A] 45 kb, 1.2 kb 128]3 1.1 kbe] @8 & #9l
8192, Sacl Kpnl& FAlol Ae)ste 3.8 kbel 3.0 kbl
DNA v ¢ ERE g2sta] pvCMO27} EH o2 3l A
Z2% Zg2anz=es gelstgdth pVCM02 $#i¢] kana-
mycin WA $AAE 2t oppC F- AR oppConptl) S 3
Fog suicide vectorQl pDMS197¢l F24Y3tr] 3]
pVCM02E Saclw} Kpnl A|GtEAZ AElste] AoA 38 kb
DNAE insertZ, Sacls} Kpnl AP EALE Azste] Aoz
6.0 kb pDMS197 DNAE vectorZ A}£-3}o ligation A]71
%, AZE AZY suicide ZE2v|=E pVCMO3o] e} ¥

V.parahaemolyticus 04 vopc

sach 4 ReKori

Vppl nptit  vppC'
V.parahaemolyticus CM

GV
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gtk 5 ¥ pVCMO3E Sacls} Kpnlo 2 2] 3k 3.8 kb
9} 6.0 kbo] DNA A& Q802 sola g pDMSI97&
vibrioo]| A suicide 7]%-& 8l R6K origing 7}x3 glo.
o, sucrose7} $-fF vl A A counter-selectiong 0|3}
3le SacBRYAAE ¥3tatzm YTHIL. pVCMO3E E. coli
% 72139 ¥ A A3 st allelic exchange Ao &34}

V. parahaemolyticus vppC SHHOIHS| T&

E. coli 72130 ZA)3h= pVCMO3= H§ol o3l V. para-
haemolyticus 042 HEH oA, olFH suicide plasmide
homologous recombinationdl] &3] V. parahaemolyticus 04
dA 4 DNAO 4H9d = o] F oh(Fig. 2A)[19]. Allele exchange
7} o] F0] A transconjugants= kanamycin®} 10% sucrose7}
A7}E TCBSuj Ao} A HE ) A¥HE transconjugants
2] allele exchange &% kanamycini} tetracyclineo] 742}
Solgl HiA|oA e LRz Felslg ) =, double-
crossoverol] 9]3] allele exchange’} dojid transconjugant
= kanamycino| 9l sl XM E AF 4 YA pDMS197
F2le] DNAE 483 1E o] tetracycline AFA FHAE
F43HA =i tetracyclineo] H7HE vz A& A 5 o
o o3¢ HAFE Tt FAH transconjugantE V.
parahaemolyticus CMo) &} B3t th. o] Ed WA vppC
FAAY ) kanamycin W4 F3A9 4US FAFHoE
golalr] Y3t COLAFS} COLAR primer (Table 2)E o] &
3t PCRE vwppCE ZE3Ach 1 23 o a5 V.
parahaemolyticus 04ZH-E] 2.6 kb DNA G¥Ho| SFE 93,
EAWolA A V. parahaemolyticus CM2. 2 HE 3.8 kb DNA
Yol ZZ 9tk 38 kb DNA ©H& uppC (26 kb)sh
kanamycin cassette?] nptll (1.2 kb)E &3 =272 A=
719k YA chFig 2B). 4718 AAES T8 &
o, V. parahaemolyticus CM-& S}l R R4 KA} &

g4std EdHAYE AT Fdsgt
04 CM

“+“—3.8kb
¢ 2.6 kb

(8)

Fig. 2. Construction of vppC insertion mutant V. parahaemolyticus. (A) Homologous recombination between V. parahaemolyticus 04
chromosome and suicide plasmid pVCMO03. Recombination interrupted vppC gene with nptll gene, resulting in mutant V.
parahaemolyticus CM. Abbreviations: sacB, levansucrase gene. (B) PCR analysis of genomic DNA from 04 and CM with
primers COL4F and COL4R. Lane M: 1kb DNA ladder.
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H 2R V. parahaemolyticus 042 FSHOIHQ! V.
parahaemolyticus CM2| E212l 24 §4 blm

EGA B i Y repeating unitQl o}v) i ikA

A -Pro-X-Gly-Pro-o M X t-&-& dasle £42 4HA
31, B A 718 Sol4E 7MW ekl Rejade £
3] type I collageno] tj3jA & Hi F4E& BAT6)
Allelic exchange®}3 o] 9]%}0:] PolR V. parahaemolyticus
CM9 =84 Rasg Q1 V. parahaemolyticus 04}
Hlastdry. A % “o“?i"l]* ARe 73 2] type I
collageng 71242 A&dte] FepA B 549& vud 2
3 EAWolA V. parahaemolyticus CME& HFFol vlsto

o 4uj o) ia}’“ w50l ZAE S BAFU(Fig. 3).
o9} & A allelic exchangeyol 93 g4 Ea&

i fA7) BQMolElo] 5 HOE BAs B 7
Qe AL Ju@ch 2y SARIANN 2L BalE

of

50

Activity (EU/mt)
]

Fig. 3. Comparison of the collagen-degrading activity of V.
parahaemolyticus 04 (A) and mutant V. parahaemolyticus

CM (B).
1.2
—8— V. parahaemolyticus 04
—O— V. parahaemolyticus CM
10+
E os|
o
~
22
a L
P 06
041
0.2 ) L \ . L .
0 1000 2000 3000 4000 5000 6000

Concentration of cells (104 cells/mi)

Fig. 4. MTIT assay of V. parghaemolyticus 04 and mutant V.
parahaemolyticus CM. A 150 pl of 1x10’ vero cells/ml
grown in 96-well microplate were exposed to 100 pl of
appropriate V. parahaemolyticus cells for 4 hrs at 37°C.

& Hoj7l AT A3 ZE FepA Eal5o] EAFIE
), ol olvtie V. parahaemolyticus CMol= vppC # A A7}
codingste EgHA 23] 24 9o 02 259 24 23
24730 248 5 Aok 249 48 vus By
Y b2 F79 FehA FI A4t EAdes UPPCv
AA7} codingdle Eet2 B3 &I V. parahaemolyticus
de 83 4¢& vehdn.

SHHOIA V. parahaemolyticus CM2| MZE SM XA}
VppCo A2x4d aHAE FAs7] 98 9 #F V.
parahaemolyticus 049} EAHo| A V. parahuemolyticus CME
vero cello] 3 g)sle} MTT assayS %38t EAARE B
3 A7 U AE sEANAN FF V. parahaemolyticus
4= JUHOZ V. parahaemolytious CMETH oF 25% A%
e FR=E B dhFig 4). ol¥d B} FHEE vero
cello] vibrioo]] 7+ = o] AT E5o0) %11—1 o2 A H
01 ‘4‘5}‘4 Aty AtEEY 18BE2 9 #39 vl wstd
& FBEE Role EAWAE vero cell°ﬂ g okt

*ﬂi%"é A3 710 Ao ADEHY, o]z FeHA £
470 B9 AREM NA8E Hole ez 448

itk JE B AN S 9TL oY FRe ALE o
$¢ AZSH 497 BB 48< 539 Qoj7 ANES
A2 o] 2Raeior ¢ Ao AnEc

2 o

Aauingedy £ #EE dodle 71AE ollg
7} et MEAEL Fo shil FpEaLY §A
A7 E8A4E EdolAE AZSHY. FeArAELs
o FAAL vppC FAA FAA WAE {FAHAAL nptllE
skl Azte A2 DNAE suicide vectord] pDMS197
of 283t pvCMO3e] e} ‘1“"“6‘}9&13} A Z8 suicide F
s R pVCM03° E. coli 72130) FAAZ s HTL
3t 9 T3 V. parahaemolyticus 040 ALstd . ?ﬁ%%
pVCMO03 f-2}e] Az% vppCunptll DNAE homologous
recombinationdl] 2|3 wild-type allele®} 1 ¥-50o] S ol
AE FAsA Hau, EddolA= 10% sucrose?} FH5H
TCBS wj Ao A A& =} Allele exchange= PCRoll 2]%F
%9 DNAC] 7] ving IRIstPeh. Ao V.
parahaemolyticus CM& 9 o9} vjustd e o o 4uf A
T g 294 B 248 JehdL, vero cell g o] &%
MIT assayoll = 9 @50 W] & ATEAE BATH

ZAle 2
2 APE RARAR 0AYRI)EAEANGY AL 9
3ol o]2oj7 AQ) (02-PJ1-PG3-22099-0002).
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