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Characterization of collagenase from Vibrio mimicus

and the function of domain

Lee, Jong-Hee

Department of Biotechnology and Bioengineering, Graduate school,

Pukyong National University

Abstract

Vibrio mimicus is a typical strain of V. cholerae and was regarded as non-sucrose
fermenting V. cholerae non-O1 before 1981. The metalloprotease of this strain was
reported as class 11 type [Lee et al. 1998]. To investigate the metalloprotease of V. mimicus,
the recombinant metalloprotease (tVMC) of Vmimicus was overexpressed in E.coli as
premature (VMCS52) and extracellular (VMC62) types and purified by metal affinity
chromatographies. The rVMC showed maximum activity at the temperature around 37 C
and pH around 8. The purified VMCs showed coltlagenase activity toward gelatin, type 1,
type 11, type IlI and synthetic peptide Z-GPLGP, Z-GPGGPA. But it did not degrade type
V collagen. The VMC also showed the cytotoxcity on the CHSE-214 cell and FHM cell,
The 3 of collagenase gene (vinc) was digested serially with exonuclaease ITI and resultant
100 to 500bp truncates corresponded to 57 to 42kDa of C-terminal truncates of 61kDa
rVMC were isolated and overexpressed in £. cofi. The collagenase activity of truncates
were investigated using gelatin as substrate. The gelatin degrading activities of truncates
were disappeared by 301bp deletion (50kDa) from 3 deletion region but 200bp deleted
truncate (53kDa) have a same activity with intact collagenase (rVMC62: 61kDa). To
investigate the relation of collagenase activities and collagen binding capacities, the C-

terminal truncates were incubated with type I collagen and filtered to remove the collagen




and analyzed by SDS-PAGE. The result from SDS-PAGE showed that the collagenase
activity and collagen binding capacity was exactly coincided. And it also implied that the
C-terminal region of VMC act as a collagen binding domain. The various tengths of VMC
C-terminus were overexpressed as GST fusion peptides and investigated collagen-binding
capacity of the purified fusion peptides. The collagen binding capacity was checked the
GST activity of filtrates. As a result, core region for binding to collagen was
B VLSRRPGQFAQWAQTVKNLGEQYNAEFAVWL DT'. The reiterated amino
residues FAXWXXT were found in amino acid residues of 537 to 543 and 555 to 561.
The half of this peptide **LVLSRRPGQFAQWAQ**) did not bind to collagen. The K of
this core region and VMC were calculated by scatchard plot analysis. The K of 33 amino

acids and VMC were 4% 107" M and 2.1 x 107" M, respectively.




Characterization of Vibrio mimicus

metalloprotease (VMC)

Abstract

Metalloproteases were reported from mammalian to bacteria strains. The active
sites of metatloproteases were composed of HEXXH and this was known for zinc
binding motif. Metalloproteases of Vibrio sp. were classified as two distinct
categories by amino acid sequence similarities, as class 1 and 11 [Lee et al. 1998].
Class I have large signal peptide region (about 200 aa). The zinc-binding domains
of class | have HEXXH and have an extra glutamic acid near the zine-binding
motif. Whereas, class I1 only have HEXXH motif and one possible extra glutamic
acid was located at the distance from zinc-binding motif. Beyond this, these two
classes showed differences in their biochemical properties. In the class 1
metalloproteases, the polypeptide of C-terminal region was removed by
autocalalytic cleavage mechanism and resulted a changes of the substrates
specificity and this quite differ from class [I metalloproteases. The C-terminal
truncated metalloprotease did not digest the insoluble substrates and this region

was suggested as substrate binding related region.




Vibrio mimicus is a typical strain of V. cholerae and was regarded as non-
sucrose fermenting V. cholerae non-Ol before 1981. The metalloprotease of this
strain was reported as classll type [Lee et al. 1998]

To investigate the metalloprotease of V. mimicus, the recombinant
metalloprotease {rVMC) of V.mimicus was overexpressed in E.coli as premature
(VMC52) and extracellular (VMC62) types and purified by metal affinity
chromatographies. The rVMC showed maximum activity at the temperature
around 37 C and pH around 8. The purified VMCs showed collagenase activity
toward gelatin, type 1, type 1, type 11l and synthetic peptide Z-GPLGP, Z-
GPGGPA. But it did not degrade type V collagen. The VMC also showed the
cytotoxcity on the CHSE-214 cell and FHM cell. The deletion of 100 amino acid
in C-terminal region of rVMC62 resulted the completely loss of collagenase

activity.
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Vivrio sp. + -, sitmelel © 94 vl EE gram negative©?] B 252

A 9] 3} oxidase negative©] ™ rodd 2] E4E 7)Aol ol Eo|y

s

B2l polar flagellum®] ¢|&iA %5 & st v|AEojt} o 7h&H v
cholerae®t V. mimicusi= NaClo] ¢l #ZPdAME=E A + ¢
halophilic PIA2% 2ia ok @A oF 35%0]4d2] Vibrio sp.7} 3
¥o) Qo o)F 13F9) Vibrio7F A BPL dor)E FHog u
AE I QITh(ED. I 0)21F Fikriow 8770l Fa AWE A z}o]o)
o3l A 6 group2. 2 A BHFF I low Wl Fakeo] MaA mH

= Vibrio sp.= V. cholerae, V. vulnificus, V. parahaemolyticus, V. mimicus, V.

Sluvialis, V. hollisae2] 6572 Wi¥ 1 it}

3 A< 7, siSFrae] WA v BEA V. choleraes 2712] serotype
o8 FFEF = V. cholerae Inaba, Ogawa%l 2 714 2] biotype 1
classical, El Tor2 5 9Th 199211015 O group 1 specific antiserum®)] Wb
5t A ke M E-E serotypeQ! 0139 (Bengah)7F B E2th. ¥V cholerae
2EE WH4 toxin®ZE  cholera toxin (CTX)°] 22 CTXE 57
©]  binding (B) subunits (11kDa)3} 17]9] active (A1) subunit (23kDa),
bridging piece (A2) (5.5kDa}= ©}Fo14 qlem Aol Fu| Mo Hzh
&tol adenylate cyclaseS Z43}A1#H  cAMPS] FAHS @A 35} A7) 3 o]

g intracellularel]l W28 A4H cAMPE intestinal lumeno 2 9] b




ANE A A ok eRe]l ddelA wa yrte He ddd
£ Yo7 olgk CTXY @Asloll+= hemagglutinin (HA) protease”}
CTXE A subunit3 nickingAlA @443 A7l 3oz ddA 9o}
[Dotevall et al. 1985].

V.parahaemolyticus~ 21572 AFE A3 FH2] dAHo®
hemolysin [Nishibuchi et al. 1992|, lethal toxin [Sarkar et al. 1987],
metalloprotease [Yu et al 1999], vascular permeability factor [Honda et al. 1976]
oo toxins o] HIXUTE o5 hemolysine> V. parahaemolyticus®) W94
da YElE F4¢ AHEE kanagawa phenomenon (KP) [Mivamoto et al.
1969]-5 A 2.7] & thermostable direct hemolysin (TDH) 3} KP negative strain
off A} HFA S = TDH related hemolysin (TRH)2]  27}2] type2] hemolysin©]
Rai¥ 5L Sltk TDHI= V. parahaemolyticus®] WFE A< toxinC 2 &F

42kDa®] WAEE PRS0 100, 10830 ApEelM e HE FHA GE

o,
H1
iy
Hir
flo
o
9,
2
o

< 7FA 31 9lt}h KP negative Q1 V. parahaemolyticus©l)
153 TRH2| 49X ¥ cytotoxcity activity S 7FA 1 gl

>

V. vulnificus®] 735 A AR, dagFE52, 28a 49 Aea)

<

AAA A FE 24 ANEFTE dodes AAwolY V. vulnificus
25 H pathogenic factor® AZE o) A= o toxinE o] RaiE o] g}
o] 23t toxin® = hemolysin [Kreger et al. 1981, Wright et al. 1991] ,

metalloprotease [Cheng et al. 1996], LPS [Moncada et al. 1991] ©] H 15 ¢t}




S=%F gram negative bacteria®] LPSi= ThF3E cellol A NO( nitric oxide)E

Aabstar ol Adtd e AdFA shocks Frdtin Ll vy

2

(Moncada et al. 1991). ©] ] hemolysing 56kDa2] E A2 7FA)ar 9lo

1

two step processing & #| A FH H ™ CHO cell?} moused ol A} 7+ 3l
cytotoxicity®  X.©|™ mouse, sheep, pigs 17% 2] erythrocyteol thsh
hemolytic activity 7} B 115 YT} [Kreger, Lockwod 1981, Gray et al. 1985].
Two step processing H|=$t FHAAE 7143l A= Vicholerae, V.
mimicus*l A= FFo] HAR JA FARE FHAS AL e T

Slwvigilsoll A & FEE A o

rlr

Ao WuEa ATt [Kim et al. 1997,
Rahman et al. 1997, Han et al. 2002].

V. vulnificus® metalloprotease®] A= cloning® o] F714E 5 7]

=421 EAlo] B16{ A 46kDa2] mature proteaseS 7FA XL V. anguillarum,
V.cholerae®] HA/protease, V.proteolyticus 2] protease$} %2 FAMI S 714
3 9E Ao R on [Changetal 1997], Al4dE ATE 3 C-
terminal region®] 10kDa®] peptide region®] autocatalytic processS Fal 2+
gl Atk Aol B3E AT [Yamamoto et al. 1990].

Vimimicusi= ©17d ¢l 754 A9l non-sucrose fermenting V. cholerae
non-O1 = 7 ¥ A2} 19813 Davissoll 28] V.cholerae non-O15 5-E
V.mimicus= A5 A 75 210} [Davis et al. 1981]. Sucrose®#l 5-0] $lo]

TCBSHIA Aol weh w2he sk Retn AB4 2hg W4e)

o




= o2 #Ho dATE EE A8 toxinTAAEC V. mimicus B 5-E]
T8 HuEAn o] F4oRRE 9 o) wxinDAl V. cholerae O10]L}
non-Ol°l A HILE = toxin FHAET v)-¢ fFASE G714 dE 7P
et olE #F el A E HS st Aok

WA V. mimicus EHE B.H o9 toxin® CT (cholerae toxin) [Spira
et al. 1984], phospholipase [Kang et al. 1998], hemolysin [Kim et al. 1997],
metalloprotease {Lee, et al. 1998], protease [Chowdhury et al. 1990]53} 722
a7 virulence factorso] BA B IE 0 om olE w3l AT VibrioE 1}
1 gene?] @AM Do) o A2 BE FAAE BRAaSFa g}

Vibrio sp.ol~A Xil¥ = hemolysin® H-$ Vibrio sp. Z5-E 2] 7o

ol}]

A sl RSl dAlsE oR Husy gon HR9
hemolysin gene?| @7]AMEio] W2 FATHS Holx 9rh V. cholerae
hemolysin® Q7| ALz} ofv| it MHL V. mimicus, V. fluvialis, V.
anguillarum™ 32 homology® H.ola1 gith o] 21g H-AMI-2 Vibrio sp.
el el phospholipase| A1 = WA, V. cholerae?] phospholipaseS
coding 8haL Q1= lec gene F3F V. mimicus2| phospholipaseS codingdl=
phl gened}t & homologyS Mol 2 91t} [Kim etal. 1997, Kang et al. 1998].

Vibrio sp.24-E2] protease®] “2-5%- HAfprotease [Booth et al 1984],
elastase [Kothary et al. 1987], metalloprotease [Cheng et al 19961, collagenase

[Lee etal. 1998] & ofe] vhfg Feirt Baus sl =4 o]#3k protease
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15 2.2 = host cell receptors T3] 5] thE cell2 o] A8}

}

il F89 9%
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V. anguillarum 0] 83 27149 ATl A% metalloprotease”} 2 o] ¢
mutant wild typeX U} 108] W2 A49E8S PA 2 Atin e A
VibrioZ 13k gl 8% 922 s=A02 HIiE I YT [Milon

et al. 1992] =3 V. mimicus= F-E 9 F|H 31kDa2]  extracellular

il
ol

protease®] 7% skin®| vascular permeability ™ A7) rabbit9} ileal
toopel flood accumulationd ¥o.7]= ez HuFi It} [Chowdhury
et al. 1990].

Animal model°] A} enterotoxigenicityS Hola e WARAFEFS v
mimicus E33 0% 5-¥19]  HA/protease ™ V. cholerae®] HA/protease®} af-¢-
2 TAMIE Heols 2709 thE hemagglutinino] WA RSl 7t}
rabbit erythrocyte?} chicken erythrocyte®] A& Ho|ar 9ol R-HA®} C-
HAR E9 5oL} C-HAS) 4§ rabbit 7} guinea pig?l erythrocyteo] =
T 24E wola Atk R-HAQ A9 LPSe! 2o ® dEia] 93 C-HA
o] 74§ 39kDa2] outer membrane protein® F X 315 91ch [Alam et al.
1996].

#H:tel AFE Bl V. cholerae El Tore] AA genome 9 nucleotide
sequenceZ} Bt H Ml HATE V. cholerae®] genome ol A= o

2.8Mb2} IMb2] 2709] chromosomal DNAS 7141 9= Fog B yE




213l [Heidelberg et al. 2000]°] nucleotide sequence ol & 247]9]
protease W geneo] AT U= A= Hawlow o)F 1719 H
H2F7b  collagenase®  BF3 F Tt} ©] collagenase gene (VC1650) V.
cholerae®) chromosome 19 &) &3l 2™ V. mimicus2] vmc gened}t
74%°] %<& homology® Rojir vk Folg Algr LS, - 2
metalloprotease$]  VCA02237} chromosome 20 &Asti lvbe AHEO]

4

A3
ax|

bl

e
Ol

B o LA A= Vibrio sp2l metalloprotease °] @7|A Y

Aol mheh 27bR RFEE S A

g

oz Busd=dl (Fig)
[Lee et al. 1998] AW classol] si@3l= 22 V. proteolyticus, V. fluvialis,
V. vulnificus, V. angullarum®) metalloproteasec] @3 8h=31 28 45kDa’g &=
o] mature proteased] E]E ©]F il C-terminal 2] 10kDa®] polypeptide”}
autocatalytic processoll 2}3iA 27l HFH 0 F 35kDa HE2] 27
o] protease® HAsHE Ao W F 5L AT} (Table 2.). ¥rHol class I
of #|'3FE= V. cholerae 569B, V. parahaemolyticus, V. alginolyticusr 2 2|
metalloprotease ] 7% -$- N-terminal region®] signal peptide’} Z#l& 2 o)
919} C-terminal region?] processing= $1.2™ HEXXH$| zinc binding motif
2 Ao 9o o] motitell A AEE] wold el & o glutamic
acid® 7FA 4l gl A em 2ARA AT

o] Z class7to] #Fols @i Ao Aol ofve} T A3 EH 5o




M5 dAg zolE& vERHIL AvE Class 1914 10kDa®] C-terminal
region®] A AF T insoluble 7] de] FaliTo]l dAFs HolAn e

olejgt zpol7b 71 A Agwah AERAVE = Aew FHHL

i— |
*

gb class 119] metalloprotease©ll 4] = C-terminal region®] <&l gk H

b gl ARe J)%e 9A Raa Aok B AFIAE gEael

o]

class 1 metalloprotease?! V. mimicus®] VMCE o] 83t 1 A3l
£S5 AF519 50 C-terminal region®} metalloprotease®] &3¢ #AE

#abspod o
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I, plasmids

Metalloprotease (VMCYE #8817l $1% V. mimicus= 34 52
ATCC336532 AF83F 2™ cloningg 98 vectorv= pUCI99 pGEM4Z
(promega)E Al-8-8to] A2 cloning?} subcloning®l] ©] &3} om of
o EAFdor E2gk metalloprotease?] AR g EHO Ade
plasmid?] pVMCI193 [Lee et al. 1998] 38t subcloningell AF-8&&}53 ).

Gl o] ety AAE AE vectort novagenAhe] pET22b(+)E
AHEEA T Ecoli hostZE cloningS #1814 = DHSa%+= XLli-blueZ A}
folgom digddS A9 host2= T7 RNA polymeraseS chromosomal
DNAWe] &-F3Fil 2= hostdl BL2I(DE3)S AF&-39dtT.

V. mimicus € metalloprotease gene (vmc)”t knock out® mutant®} A
=& 984 = suicide vector?] pNQ705E ©]&38151 o olml Ecoli host
2 SMIOA pirg ©] #3150}

Hf

V. mimicus2 W 95t7] $1% WiA 2= BHI (Brain Heart Infusion)W] %] &
Ag-BEd o platee] AZE /EAT BHIMIA O oF 1% (w/v)el agar
powderE F7}eto] AR&sloict wlofkS 9% 2k 25-30C 9 2x4
Holl A vk 3312 incubator?] FAEZE 125rpmE FAEHS 24

Al ZE WS ST E coli®] MIOES 9

ok

4= LB (Luria-Bertani) Hl} %]




= AEE e plasmids ¥ host?] HiYE M e AT P4

A5 A7} sol Abgetsich

Chromosomal DNA 2 Plasmid DNA2] 1]

Gene cloningS 93t chromosomal DNA 2 plasmid?] #¥#1+  current

=

protocol in molecular biology¢] HHES o] &R on] AZIAMIEAS ¢

]_

22
*

oli

plasmid®] 2]+ Qiagen miniprep kit (Qiagen co.)2 ©| &3f FH|

i

2id DNA®Sl AL spectrophotometers ©] £3td 260nmolA] F 34

5 =A4ato] A% 5 HAF AFEALE 085t agarose gelAbol
g RATE Hdehor),

FrIMEEA 2 B4

A714 2] AA 2 ABI prism 377 (Perkin-Elmer) DNA sequencerS o] &
gt 44 eick puCAIE 9] plasmidi= ml13RPE= UPSl primerE A}
#8191 3L pET22b(+)2} - T7 terminal region® %915 primer® A} &3}
Ak @74 E25E Po]A deduced amino acid sequence?] homology 9]

“A 3 multi-alignment®] 24]& NCBI2|] BLAST search program™® Clustal

i

W multi-alignment toolS ©]&3}o] B4 vt BEA8 g7 Ady o)n

A g el sl E-& GeneDoc (ver 2.6) program & ©]-&&}93 o},

t




Recombinant plasmid¢] A3

ol o] AFE B3} V. mimicus 2 5-E] metalloprotease gene (vinc)©l
FIIMEE g gden olE nEog 59 A codondl GTGHEY-
H &4 codonl TAAE Frsta Sle F4d4 ¥9& 525 Us

primer®} metalloprotease®} mature regions 5% 5 U&= primers A%}

ol

FIAL subclonings A&l primer2] 57 F-9oll Ndel®} BamHi2] 21259

EA R B dFofA AE3E metalloproteasei= host cellof A @

fi

F extracellular= Y531 2l ov] Eul¥E metalloprotease?] N-terminal
ofmieit AMYAs EAT AT Gll-Ala92st EdE 61kDa2l
metalloprotease d = #¢18le] K 18} ) |Lee etal. 1998].

=24 BYo] FH-& PCRE ©]83}4 denaturing (94 C, 30sec), annealing
(60C, 30sec), extension (72T, 2min)®] oA FstAc}t A& H primer
= premature types 35387 YA = primerS (5-GGCCCATATGGTG
TACTCTCAACAATTG-3' : Ndel) 9} primer2(5-GGCCGGATCCCCTGTA
AAGATCGCGTGG-3" BamHDE A}83}91 21 extracellular protease type
S TH37] HalAE primer6(5-GGCCCATATGGCAGAACAAGCCCAA
CGC-3" NdeD)?} primer2 8 AF&315iow PCRYES # Wb3- 52 Heko)

chloroform @2 A 2] 8}e] 12,000 X g oA 1587 A Ha

o

& Kol thAl 2019] cold ethanolS: A &5t AH-E A|7)ar thA] F=R/

of Qe % 08% (wv)2 agarose geloll A7) 9 5L AASlY FE5H 3




A% S4B F Oe2d Wb 200wy

e

shaict. -
o)

ol
I

3
ré'L

A FHE ARE A Ndeldt BamHls AHEste]l det &) TUR
AgE A7 Ae)d pET22b(+) vectorel] AZAEIH Ecoli XL1-Blueol] H 3
A#eta  ampicilline]  FHE LBuiAC] =F  spsich. AlzFAl e
screening= PCR FEHF-g-o A& primer59}t primer2 “18] 3 primer6 7}t
primer2& A}&-% colony PCRS o] &3t HAd3 3} Colony PCRE &
&) premature region?} mature regions X F3FiL U recombinantE 13}
Mgkl o AHEEH colonyZ 5B alkaline lysis®] & ©]-83] plasmid&
LB gk - cloning®ll AFEE AgrA A Ndel?t BamHIZ A5l
insert& - 2l5+] PCR product?] FA71E ¢ T A7|HEel AHE 5
8}l recombinant plasmidE 2913}91 ¢},

gel¥  plasmidE pETMETAS2(premature)?} pETMETA62 (extracellular
metalloprotease) =  HHatR o olg ¥ UAL A7 Ecoli

BL21(DE3)o & &Ad3 3l metalloprotease?] #&] Aol Al&-3}3ict

A A
E.coliH-E metalloproteaseZ #2] A 317] 218 1 colonyE 10mi2]
LB WAl HERF 370NN HRED AN F o1F sarer AR

skl ohAl 1Le] LBHI A ARG FTF olE v 37CNAM 600nmel A 2]

13




+3E7F 062 Ftol olE w 7R vk IPTG (isopropyl [B-D-thio-
galactopyranoside)S ImM9] FE7 X5 H7sbod 34417 &9k wj
akslgivh ko] EwWhE HldA-S 7000 x g, 4TolA 2083 9AFEF
cell pelletE F-LF o] thA] 20mM Tris-HCI pH 8.001 @Erete] 223 =
7] (Branson 250)2 o] &35t Ecoli® T8t ct 343k cell extract®
THAL 10,000 x g, 4Tol A 2083 94 #2E AA38H insoluble material

S A7 33 solubledt cell T4 AL 2351}

d

Soluble  cell extract®Y-E  metalloprotease® W &|3}7] 935}
recombinant metalloprotease ] C-terminal region®l &3} 6719 histidine
tail- & ©] %3l metal affinity chromatography (Ni-NTA)S- 33} e}t
r} ZF50mM2| NiSOE ©| 839 resing  pre-charging?] 71 binding
buffer (20mM Tris-HCI pH 8.0, 10mM imidazole, 0.5M NaCl)E H 33} A|7)
columnell soluble cell extract® loading3}31t}h. ] ¥ columne washing
buffer(20mM Tris-HCI pH 8.0, 60mM imidazole, 0.5M NaCl)E A}-&35}o] B 5
ol o2 ZAFH proteing A A3 F T}hA] elution buffer(20mM Tris-HCl
pH 8.0, 500mM imidazole, 0.5M NaChHE A}-8-5}¢] resin®l| binding &=
recombinant metalloprotease (rVMCs)Z eclution »Z1 T} Elution ¥ protein
& SDS-PAGEE Fste] Fwe HAEES #elztglorn duige] wx
= Bradford¥S o} 238+ bovine serum albumind T &E A8 A} L&

595nmell A F3 =8 SA4sth AAE G2 20mM Tris-HC1 pHS.0




S ol g3l 4ToNA F4E 35 Do e} 100% glycerol
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ART 20T wBBF FF Aol Aatain)
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Metalloprotease®] &4 F5H & ¥ 3k gelatin, insoluble collagen type I,
type II, type I, 2123l Type V& Abgation 3t #&4 7)4<)
GPLGP, GPGGPLS A}83}% T} Protease? Z42 ninhydrin 8] WY&
o] &3lo} S ASATE 0.09¢2] ninhydrin®}  hydridatin  0.018gS  30ml<]
DMSO& o] el % [omle] 4M Lithium buffer®t Z 8l ninhydring Y
& AT AFEEAUCE Gelatin® HEl5& FASY] Al 10049
enzyme (10/) &4} 100482] substrate (0.2% gelatin) &4 -2 H7ists o}
Al 100482] reaction buffer( 150mM Tris-HCI pH8.0, 12mM Cacl,)E #7}3}
F 37CoA 1ARF e deol mpep 1 o] de] Azre] whEE& A7l

T %0 0N HCIS AP ste] w2 28 A]7] 3L ninhydrin &2 3

©

7vated 100°C oA 1583 WH3-A| 713

[0}
Lar

1 o]

Lriq

53529 570nmol A

-{01

Z A3 Insoluble collagen®] 2% [-10mg2] collagens STHTE
swelling | 71 % o] 2 thr] AAERelsled J2Ne g7 slx clr] 1008
o] metallorotease 2} 10082 F5-=, 100102] reaction buffer( 150mM Tris-
HCl ph8.0, 12mM CacL)S A7}EHE 37ColA 24 7H5<¢H whe A]7)

_:,5'_
0.IN NaOHE At&3lod 2132 £ 8 A7|3 ninhydrin' & o] &3lo] &




& ZF4 33l Protease?] FA4 2 lumole?] leucines W35t enzyme
o] oS lunite 2 A2 519} [Sasagawa et al. 1993]. gk 7] A o] &
& 5& AL 817] 98] BSA, lactoferrin, lysozyme, hemoglobin, fibrinogen,
heparing &  7]|&2  AMEBl  proase®]  EAE SASIUTH

Metalloprotease®t 7] 22 ®H3-A71§  SDS-PAGEE &3l 7|40

32
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protease®l] ¢} 314 2l 5|

2% 3 pHY %

Metalloprotease 2] <=l gt LS FA} 3] fotd thfst 2%
o ] metalloprotease®] 47 AHAE £A} FSith Metalloprotease?]
2% AL 10mM Tris-HCL pH 8.0 buffer® AME-3le] 259 20-
55Ceol #HYelA 3083 BHAF WollE metalloproteaseSA] & THA]
37TCoNA gelating 71 A E AFE3Le] 3351200 Metalloprotease ] 3 4
FPTme Ao 2xRdeld 1A EF gelatindt WES S A7F
gelatin 352 ninhydrinih ¥ -& o] &3t} S48}

pH7} metalloprotease®] 7] A& &S =ALe] A3le] pH 4-11717] 2
universal buffer(57mM Boric acid, 33mM Citric acid, 1M NaOH, various amount
of 0.IN HCD[ Philippe ct al. 1999]% A}-& ot metalloprotease® 4 & =
A 8}31Th. Metalloprotease®] pHFA 43> Z}zte] pH buffero] 4] 3048-3F

133 #HA pHT ZHze] pH bufferd]]

o

AF wob Qe Ra BHE 57

rlr
o
A
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A proteaseS gelatini} 9HE A7 T FEaE gelatin®] S ninhydrin® -

o g5to] = shgiet.

Antisera2] A=
Newzeland white rabbite ©]-83Fo] A AE metalloprotease (rVMC52)E
2028S adjuvant 9} Z3}Ehe] 453 AL SFSTE Antisera®] FAlE

current protocol in molecular biology?] ¥ o] wet A shed )

Western blotting

AAE rVMC 529} rVMCE2E A 22 12% slab gel®] SDS-PAGEE: o]
g8kl 120v3HAol A A7dsE stk AV]d%E F acrylamide gel&
150mA2] 9=  nitrocellulose membrane®] electro  transferd} i L
membrane®] transfery Aol $=]9} S A3 7] A ponceau
SE o] &3l membraneS stainingdlil S-S ©] 838t destainingd}
At A E recombinant2t molecular marker2] A E EA F 1% skim
milkE ©]&3}ed blocking®il THA] primary antibody (1:5000), secondary
antibody (alkaline phosphatase conjugated IgG, 1:30,000)5 3 A 5t A At

NBT/BCIPE ©| 3} membrane’ell LFERG signals 2<id}2d o}

C-terminal region?] deletion
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C-terminal regiond TUHOFEH =78 AA 7] A& 10uL2] plasmid

pETMETA62S BamH1Z} Sac 123 A jst] 3% % blocking®% 1 unit

e
N

TE A

o] exonuclease IS A &3 37CAA 1+ Ao g Hbg
A} 9ol A AEE ohA d2lA SI nuclease#] 2] sle} Lok

2 bluntat AZFE licatione Al Fal Ecoli XL1-Blueol transformation

o 22 &9t} Transformant®3€] plasmidE ¥-2|5}3 plasmidol Al 37
o] AU A7)e] £AE MjEeR oA ARF ? F GEeEd

o

Zalo] epgk 379 RS SHsckFige). £ UE hostdl

SDS-PAGEZ 4] dte] el o wwide] 4718 =4 stk

Cytoxocity2] 53

V. mimicus 32 metalloprotease 7} cellol PIAE cytotoxicitys =&
AVE7] 918Fe] CHSE-214 (Chinook salmon embryo : ATCC CRL 1681) cell
7} FHM (Fathead minnow epithelial cells: ATCC CCL-42) cetlo] gt
eytotoxcity2 =74 vk MEM#A ] A Al penicillin - G%
streptomycing A7FsFA k¥ A A extracellular type2] rVMC62E &
ez A7 17T 24413 2 5F9l ). Metalloprotease©l 2]
cell?] cytotoxicity® cellZ2F-E &% LDH (lactase dehydrogenase)2]

oo ZAste] Wl 319 om LDHO %2 promegattel  CyloTox96
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non-Radioactive Cytotoxicty assay kit& ©]&&}o] A3}

Knock out mutant®} A3

Wild type®l V. mimicust metalloprotease 7 A H V. mimicus7+2] #ko)
A& Fs7] A8t V. mimicus®] metalloprotease geneS suicide vector
Ql pNQ705E ©] &3t knock out A7 T} Metalloprotesae gene®] 2F 0.6b
AT E primer 11(5GGCCGTCGACACGGATAATGGTGG3 :Sall) 7} primer

12(5"GGCCGAGCTCACAG TTGGTTGGCTGT3": Sach= ©] &3}l 523}

mg
U

i ASEA SallH Sacls AT F AdairZ Held pNQT0S
vectorol| ligationA] A ©| & E.coli SM10 Apirell & Z A3t dlo] recombinant
5 M3 transformantS AL V. mimicus9} conjugation Al Z1TH Knock
out mutant®] B2 conjugationd A& chloroamphenicol (50u8/14)¢]
Sh ¥ TCBS (Thiosulfate Citrate Bile Sucrose) Bl A ol streak8bed 12} A8
k3L o] & t}A] pNQ705 vector?] 209l primer?] pnql®} primers& ©]

#s5te] FEo] Aol #FE 23 AHEAL southern blottings F 3l

0.6kbol F917F BA s Aol Solzt 8 AF AWaA:




A A

Metalloprotease 2} =4 dH &  #HEl pVMCI93 22 FE  primer52}
primer2 13l primer6¥}  primer2E& AFESY]  premature  region©]
metalloprotease (VMC52, 71kDa)?} extracellular type®] metalloprotease
(VMC62, 61kDa)2| 27FA type= subcloning &t T VMC52+ GTG start
codon®. 2 K5 A} ZE o] 628 amino acidE coding 33 91T 1884bpe]
71 EE& AL 9131 extracellular region®] 73§~ 537 amino acid®] 1611bp
of &%l AZ|E 7EA 3 Art. Subcloning®  vector Z}2}
pETMETAS2% pETMETA62E W5l 21  metalloprotease S €] 3}7]
Hall 1ol LB wiA ol HEstel wikE IPTGE o] &3t Wd A7)

Ecoli® 3HF Ni-NTA resine ©]&3}a] A A 51 tl(Table 3). Total cell

o

lysate 2 H-E} 2 S0mg2 solubledl proteing ¥& T A% 3L, soluble FF
fraction<> Ni-NTA resin® 7 3 his-tag affinityZ o] &3 HA S A4S

Fa ¢F 05mge] AAE protease® B2 F Ul AAlE ©Eo
A71E &Adsk] 93 12% slab gel & ©] 23l SDS-PAGEE A58l o™
Zv7} 71kDa2l 61kDa2l HAE metalloproteaseS D313 4 % thFig.
5). Protease?] ZAM & =A% el 2z 104gel proteaseS 1001409
0.2% gelatin solution} g A A ninhydrinih-&& ©] 83l g4 & Z435

0w VMCE2I A VMCS2RTE 0 @42 74T 9ee sy




Table 1. Association of Vibrio spp. with different clinical

syndromesb
Clinical Syndrome

) Gastroenteritis d ar, rimary. econdan
Species In eocut’i'lon IanEctxon ept1cerr31‘1a ept?%erzgt%
V. cholerag O1 -+ +
V. cholerae non o -+ -++ + + +
V. mimicus ++ +
V. fuvialis ++
V. parahaerwmlyticus ++ + + +
V.alginolyticus + ++ + +
V.cincinnatiensis +
V. hollisas ++ +
Vovuinificus + ++ ++ ++
V_ furnissit (+)
V.damsela +
V.matschnilovii () +)
V.carchariae +

at++ = frequently reported, ++ = less common (6-100 reports); + = rare (1-100 reports); + = rare (1- 5

reports), and (+) = association is unclear. "Table taken from Pavia et al. (1989).




10 20 30 40 50 60 10 80 80 100 110 120
GTGTACTCTCAACCATTGT TCCGACGTCATCGCATCGCCATCACTTGCTTATTGACTAGTCTTTCTCATACCACT TACGOGCAAGCCGCCTGTGACATTCAAGAC TTACAACAAACTCGT
VYSOPLFRRHRI AL ACLLAGLSHTTYAQAACD I QDLQGTR

130 140 150 160 170 180 190 200 210 220 230 240
GATCTGCCTECGUAAATTGCGGCTACCEATGAGTCTTGTTATAGCTCTTGGT T TTATGCGCEAGCGEGCACGTTAGAAACGETGTACAGCGAAGCCACCT TGTCGCACTTACAAACAGTG
DLPAGQGI AANADESCYSSSHWFYAPAGTLETVYSEATLSHLAQTYVY

250 260 270 280 290 300 310 320 330 340 3560 360
CTGGATGCAGAAAT TACGCGTTACACTGGCGAGGCAGAACAAGCCCAACGCTTGGAAAACTATGGTRAATTCATGCGCGCGGCT TATTACGTACGCTATAAGGCAGAAAGTGAGCCTTAC
LDAELFTTRYTGGE EGAQRLENYGEFIRAAYYVRYMNAESETPY

370 380 390 400 410 420 430 440 450 460 470 480
TCTCAAGCATTGAGCCAGCGCTTTGCTCAATCGATCAATCECTTCTTGCT TCACCCACATGCCTTCGATCAAGGCCGTGAGCAAGT AGCAGCAA TAAAAGCCTCTCTCTGATGGTCGAC
SO ALSQRFAQGS I NRFLLHPHAFD QGERETG GV AAMNIKSLSLHYD

490 500 510 520 530 540 550 560 570 580 590 600
AATATTAAGCAACTGCCTTTGACCATGGATGCCATGATGTCTGCACT TCECTTATTCAACCAAGAGACAGCGAAGAACACTCAATGGGTAGACGGTCTCAATAATCTGTTCOGCTCTATG
NI KQLPLTMHDAMMSALRLFNOETAKNTGWVYDGLHNNLTFRSH

610 620 630 640 650 660 670 680 690 700 710 720
TCCGGCCATETCGGTAATGCGGAGT TTTATCGCTACTTAGCTGCCAATACTCAGCATATTGATACGTTGCATCAAT TCGCEATCBAGAATGAGTGRGCACTAAACACTGACGCTRCATTT
S GHVY G&NAEFYRYLAANTQHIDTLHOGOGFAIEMNEWALNRKTDAATF

730 740 750 760 710 780 790 800 810 820 830 840
TTGGTTTATAACGCACTGOGCGAGACAGGACGT TTGCTCRTAAGCCCAGATGCCRTCACCAAACAGAAAGCAT TAAGAGTGATGGAACAAACCCTTRTCCRTTACCCTTTAGGCAGTCAG
LYVYNALRETGERLLYSPDAVTKOGKALRVMEOGTLVYRYPLGSHA

850 860 870 880 890 900 910 920 930 940 950 960
GACGACAAMATTTGGC TCGCCGCAGTTGATATGATGCGCTACTACGCGCCAGAGGCTTTGCAAGCACAAGBAATTGACTTTGAGGTAGCAAAACAAGAAT TAGCAGCACGCATTTTGCCG
HDEKI WLAAVDMMWEREYYAPEALQAQE | DFEVAKGETLAARILTP

870 880 990 1000 1010 1020 1030 1040 1050 1060 1070 1080
AATCGCTATGAGTGCCAAGGTCCGGCAATCATCOGCTCACAAGATCTCTCCGATCBACAAGCGGCT CGAGCTTATBATGTCOTCAATGCAAAAGAAGAGGAT TTCCACCAAGTGRTGAAC
NRYECOGPAI I RSQGDLSDREAARACDVYVLNAKEEDTFHSGY VN

1090 1100 1110 1120 1130 1140 1150 HE0 1170 1180 1190 1200

AGCGGTTACGTGCCGBTCGCCGAT GACAACACTGAGCGERT TGAGGT TRCAGTGTTTAGCAACAACGACAGLTACGTCAATTACTGTGCTTTCTTGTTTAACAACACCACGGATAATGRT
SGYVPVYADDNTETERVEVYAYFANNDSYVNYSAFLFNNTITTITDNSG G
1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 1310 1320
GGGCAATATTTGGAAGGCAACCCTGCTGAAGCCAATAACCAAGCTCGTTTTGTCGCTTATCGTTATGCCAATGRTGATGATCTTTCAATTCTGAACTTAGAGCATGAGTACACACACTAT
GO0 YLEGNPAEANNOARFVYAYRYANGDDLS | LNLEHETYTHSY
1330 1340 1350 1360 1370 1380 1390 1400 1410 1420 1430 1440
TTAGATGCACGTTTCAACCAATACGGTACT TTTAGCGACAACTTGGCTCATGRACATATTGT T TGGTGGETAGAAGGATTTGCOGAGT ACATGCATTACAAGCAAGGC TAT CAAGCCGCG
LDARFMNOGY GTF S$DNLAHGHI YWWYLEGTFAETYMHYZKS® OGYQQAA
1450 1460 1470 1480 1490 1500 1510 1520 1530 1540 1550 1560
ATTGAGCTTATTCCACAAGGCAAAATGAGCCTTTCTGACGTGATGGCCACCACCTAGTCGCACGATTCCAACCATATTTATCGT TRGGGCTACT TAGCGBTGCGCTTTATGATGGAAAAA
I8 L PO EKMSLSDVMATTYSHDSNRIEYRWGYLAVRFMMEK
1570 1680 1590 1600 1610 1620 1630 1640 1650 1660 1670 1680
HindlH
CACCCTCAAGACGT CGAAAGCTTGTTGGTACTGTCTCGACCAGGECAATTTGCACAATBGGCGCAAACAG TGAAAAAC T TAGBTGAACAATACAACGCCGAGTTTRCAGTCTGGCTTGAT
HPoeDVESLLVYVLSRPGEOGFAQWAQTVEKNLGEGEOQYNAEFAVWLOD
1690 1700 1710 1120 1730 1740 1750 1760 1770 1780 1790 1800
HindlI1

AGATTCAAAGCCGAAACGCCAGAGAACCCAGATCCTTCAGAGCCAGAAACT ARACCTGAAGAGGCAGTGACAGCACTTACAGCCAACCAATCTATAACACTCTCAGSACAAGCTTATAGT

TFKAETPENPDPSEPETHKPEEAVYVTALTANIDGSVYITLSGEQAYS
1810 1820 1830 1840 1850 1860 1870 1880 1890

GAGCATTTGETCTATATCGATGTACCAGAACACAGCCGTGAAT TTCAGGTCACGATATCGGGAGATGCGAGGCCGATCTTTACATGA

EHLFY I DVPEHSRETFQQVYT I SGDATPI F T *

Fig 1. The nucleotide sequence of metalloprotease gene (vmc) and the deduced amino acid

sequence.
Vertical arrow indicates the N-terminal amino acid sequence of extracellular protease.
GenBank Acession No. AF04832
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Class 1 (HEXXH + )

Beeteti] a0

Lociion
Titrin efafemre 33250
Vitsin arpeiharum A7

Fitelo proteciivisas PTG

Vit sefnficin

H0-FA

ClassE (HEXXH)

Bacierizl vp 1w agazs

Wrbria mimicus

REGAELH
VEIA parthaeonatytic Eigrts]
i abpioolytions £55 4

Fig 2. Classification of metalloproteases of Vibrio sp.
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Class 11

V. mimicus
V. parahaemolyticus
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Fig 3. The amino acid sequence alignment of class I and class Il metalloproteases of Vibrio sp.




Table 2. Comparison of signal

metalloproteases of Vibrio sp.

peptide cleavage site and extracellular

Total ORF sequence | Signal peptide cleavage

Calculated molecular

Strains
(amino acid sequence) | site weight of extracellular
protease from deduced
amino acid sequence
V. cholerae 609 aa 195161 16 A La 46.7 kDa
V.anguillarum 611 aa P His 20 Ala 44.6 kDa
V. proteolyticus 60%aa "His* ' Ala 44.8 kDa
V. vulnificus 609aa ""*His' " Ala 46.7 kDa
V. parahaemolyticus 587aa *Ser!*Phe 63.2 kDa
V.alginolyticus 814aa Ser! “Thr 81.7 kDa
V. mimicus 628aa N1at PAla 61.2 kDa

26




VIMC pUC19

1 ] pvmaies

BamHI

Fig 4. Scheme for construction of metalloprotease overexpression vector
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Table 3. Purification steps of rVMC 52 and rVMC 62

Plasmids

Tot protein

Tt activi

Specific activity

Yield

] Punfication Steps Fdd

(Protein) (mg) {8)] (U (3
pETMETAS? . .

Total cell lysate 51 18 04 10 1
(WMC52) i

NENTA a8 09 Lt 50 32
EINVETAR .

Totd cell lysete 0 167 a3 100 1
M) [ yaie 1

N-NTA 03 08 L6 43 48




kDaM 1 2
VMCS52: 71kD
97 . ‘ > a

18 > VMC62: 61kDa

31 -

2

Fig 5. SDS-PAGE of purified metalloprotease (rVMCs) with his-tag
Lanel: rVMCS52, Lane 2: rVMC62.
1048 of purified r'VMCs were loaded on the 12% slab gel SDS-PAGE

and stained with comassie R 250.
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Waestern blotting

Western blotting-2 HA 3] 9%t antibodyE A =357] Hs] 2F 20404
o] AAE VMC52% adjuvant®} mixingdla] rabbitol] 4F2F 1 8FA} 8k
<+ rabbit2 2H-H HBE A3t dFoZHE anti-VMC antibodyE
Pe g AT

A A= current protocol in molecular biology?] HHol o] A A&
o antibody®] #4488 533 A rvMC529F rVMC 625 12% slab gel
of A719%& HAISHE nitrocellulose membrane®l Hoffer electroblot unit
S o]&3ala] 150mA2] FAA 1A1ZF EeF  electro-transferA] 7 TF.
Blocking agent®= = 1% skim milk/TBS (Tris buffered saline) #2412 A}&-3}93
o AAE  anti-VMC  antibody9} secondary antibody 23+ alkaline
phosphatase conjugated anti-rabbit [gGE AF-8&5l signal& 221812 ChFig.
6). Western blotting= ‘%3l recombinant metalloprotease®] signalg& <1}
RO wild type2] V. mimicusS wWksln AHE AL F2] 20% TCA
(trichloroacetic acid)yE H7}8Eo] iceol| S&-37F W] Fol 12,000 x goll A ¢
A ES 100u02] cold acetons H7}8Fal speed vacd ©] &&te] A%
FAZIF ol & o] W 0T western blottingS 2 A3} 1 extracellular

type?) rvMC629} H =3t 91 Aol A signalS 919t} (data not shown).
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Fig 6. Immunoblotting of recombinant VMCs
Lane 1: rVMC52 (71kDa), Lane 2: r'VMC62 (61kDa)
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£= 2 pHO| 9%

vMCel o] A= 2xgas S8 98 20TelH 55TAR]
o] xoA 7123 VMCE WA T2 protease @ FAHTIATH
AHo] @42 37CTA Y X0 2L vehdh 2=l digh
stability & F438}7] 918 zhzbe] EmeflAl 0@ NEEAIZSF b
37T A protease @& FAH AL olw] 37T 7h2ls vl A A A
olvb ool Zrelde FAF @49 vk dA it pHrt
vMcel gAel mA = G 2AS7] $18) pH4-11743] 9] pHE 9] o
A proteaseBA & AT H3 pHE pHIAFQA Ao vElio
H pH 6-10747] 2] pHE A Hlwa Ao e} Ak z Ao

M g Aol Bek e r vebsttt (Fig 7-8).
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Fig. 7. Optimal pH and pH stability of rVM(C62
A) Optimal pH, B) pH stability
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Fig. 8. Optimal temperature and thermo stability of rVMC62
A) Optimal temperature, B) Thermo stability
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VMC9| 713 Fol4

VMCe] 714 Fold & ZAe7] Aste o] @A, heparin (human),
lysozyme (human milk), cytochrome C (horse heart), alcohol dehydrogenase ,
ovalbumin (Egg) (yeast), glycerolaldehyde 3 phosphate dehydrogenase (Rabbit
muscle), carbonic anhydroase (bovine erythrocyte), BSA (bovine), lactoferrin
(bovine), hemoglobin (bovine), fibrinogen (bovine), collagen type I, 1I, V=
VMC9 "k A1 715 SDS-PAGEE Sot 7|12 Filea At sldldh
VMCE fibrinogen?} collagend A2l ¢t 7] & Fdl 53 1512 class 19]

metalloprotease®l 4] Kol vhefst 713 Fellwd @EE A on

ity

o
te

collagenase™} fibrinogen® T ¥ o] FAo FAost dhyAql
Eolqog HEa=noz FA FAtkTable 4). E3 o7 type?)
collagen¥} collagen analogue?) %4 peptide(GPGGPA, GPLGP)& ©] £ 38}¢

w5l 5 AMSF AL gelatini}  type I collagen® 7Hg & H-&lsh= A

o

2 ZFALE 2 THTable ).




Table 4. Substrate specificity of rVvMC62

Substrate Activity

Heparin (human) -
Lysozyme (human milk) -
Cytochrome C (horse heart) -
Alcohol dehydrogenase (veast) -
Ovalbumin {(Egg) -
Glycerolaldehyde 3 phosphate dehydrogenase -
(Rabbit muscle)

Carbonic anhydroase (bovine erythrocyte) -
BSA {bovine) -
Lactoferrin (bovine) -

Hemoglobin (bovine) -

Fibrinogen (bovine) +
Type 1 +
Type I +

Collagen (bovine) Type 111 +
Type V -
Gelatin ++
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Table 5. Substrate kinetics of rYMC62

Collagen Synthetic peptide
TYPe 1 1 M Gelatin GPGGPA GPLGP
Vinax 0.7 08 1.4 2.0 Vimax 0.012 0.006
(ug/ml/min) (umole/ml/min)
Km(mg/ml) 32 43 46 3 Km{mM} 0.16 0.1




Deletion of 3° region of pETMETAG62

C-terminal region©] VMC®e] #Alel wals AL 2AEH] 98|
metalloprotease VMV62E  codingdlil 2l plasmid¢] pETMETA62E
exonuclease 1117 2] 3] 372 2 28 deletion® vectors A&k o}
374 5722 deletions A 7]7] Y& pETMETA62S Sall} Saclo = A
g2lsta] k&S blockingA] 7131 exonuclacase 115 AFS38le] 570 29
deletion& F=5tTh 30TColA ¥k3-& Al7]al 1&EMH e wha s F

& AA ET 2719 deletion® mutant 2131 thFig. 10). ©)

]
ne
il
¥

mutantE-& E.coli BL21(DE3)°l retransformation -5 [IPTGE o] gsf 2
g A|1E SDS-PAGEE AAlslA 2 A7|E vl &pglrh mat A7)
A A-dE HA A A3 deletion HAE 25T} (Table 6).

DeletionZ ] & Zal rvMC629) 61kDa® ZH-E 37kDa®} 42kDa A}o}
8l 5702] C-terminal region©] deletion® mutant® A o Z+2}+ 57,53,
50, 48, 42kDa°] 271& ZFAlar ATk (Fig. 11). o9} #o] Zdg
protein®] =17]% deduced amino acid sequence=H-E] ol ’Fwl FA}eFo] A

719k @ A 2dee % AAFD ALL vl Fork




Sall Sacl

i
>

— = SI nuclease & Ligation

Fig. 9. Deletion of C-terminal region of vmc gene by FExonuclease III

treatment




Table 6. Plasmids for overexpression of the C-terminal truncated

metalloproteases
Plasmids / strains Genotype or relevant characteristics Reference or
source
Plasmid
pETMETAG2 Ap', contains a 1611 base Ndel/BamH| fragment This study
containing vmc
pETMETAG2-1 Ap', derivative of pETMETA62 truncated 102bp
pETMETA62-11 Ap, derivative of pETMETA62 truncated 201bp
pETMETA62-ITI Ap’, derivative of pETMETAG2 truncate 300bp
pETMETAG2-1V Ap', derivative of pETMETAG2 truncate 339bp
pETMETAG2-V Apr, derivative of pETMETAG2 truncate 501bp
E. coli strains
BL21(DE3) FompT hsdSy{ry my) gal dem (DE3) Novagen co.
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Fig. 10. Agarose gel electrophoresis of exonuclease [l treated plasmids
(pETMETA derivates)

M: Molecular marker (lamda HindIl), 1: pETMETAG2, 2: pETMETAG2-1, 3:
pETMETAG2-11, 4:pETMETAG2-1IL, 5: pPETMETA62-1V, 6: pPETMETA62-V




Mutant®] A9 w
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Fig. 11. SDS-PAGE of cell lysate harboring plasmids, pETMETA62 and truncates
1: Molecular marker, 2: pPETMETA62 (VMC62), 3: pETMETAG2-1(VMC57),

4: pETMETAGZ-IHVMC 53), 5: pETMETAG2-III(VMC50) , 6: pETMETAG2-IV
(VMC 48), 7: pETMETA62-V(VMC42)




Fig. 12. Gelatinolytic activity of cell lysates, harboring the truncates.
VMO 62, 2: rVMC 57, 3: r'VMC 33, 4: r'VMC 50, 5: r'VMC 48,6: rVMC 42




Table 7. Gelatinolytic activity of total cell lysate, harboring the truncates

Proteins Specific activity
(U/mg)

rVvMC 62 0.3
rvmcC 57 0.3
rvMcC 53 0.3
rvMcC 50 -

rvMC 48 -

rVMC 42 -
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Fig. 13. Graphic representation of truncates and gelatinolytic activity
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C-terminal truncates®] A 2 Ao =3

C-terminal region©| deletion® mutant® A A3} v 4] S H A&},
C-terminal region 6 histidine& ©]-8 %+ metal affinity chromatographyZ ©]-&
gkl GAl Skt (Table 8). 1L vlFH o ZHE <F 0.5mge A4
proteinE & ¥&F AL 53kDa®] protease?] VMC 537FA = 058
242 YeEhlil ey 3kDaol T deletion® VMCS09.2 REE= 4L

=

e A0k (Fig. 15).
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Fig. 14. SDS-PAGE of purified rVMC62 and truncates.
M: molecular marker, t: VMC62, 2: VMC57.3: VMC53, 4: VMC50,
5: VMC 48, 6: VMC(C42
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Fig. 15. Gelatinolytic activity of the purified r¥VMC62 and C-terminal

truncates.

1:eVMC 62, 2: rVMC 57, 3: tVMC 53, 4: rVMC 50, 5: r'VMC 48,6: tVMC 42
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Table 8. Purification steps of r¥MC62 and C-terminal truncates

Total Total Specific

Yield
protein  Purification steps  protein  activity  activity Fold
(%)
(mg) (U) (U/mg)

Total cell lysate 50.1 16.7 0.3 100 1
VMC62

Ni-NTA 0.5 0.8 1.6 4.8 4.8

Total cell lysate 52.5 17.3 0.3 100 1
VMC57

Ni-NTA 0.7 0.8 1.1 4.6 34

Total cetl lysate 50.5 15.7 0.3 100 1
VMC33

Ni-NTA 0.5 0.8 1.6 5.1 5.1

Total cell lysate 48.2 - - - -
VMC50

Ni-NTA 1.2 - - - -

Total cell lysate 47.5 - - - -
VMCA8

Ni-NTA L.5 - - - -

Total cell lysate 50.8 - - - -
VMC42

Ni-NTA 1.5 - - - -
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Cytotoxicity—"’] 3

VMC629] cytotoxicityS S 8F7] 8l epithelial cellgl FHM(Fat Head
Minnow)&t embryo cell ¢l CHSE -214 (Chinook salmon embryo)Z ALg-8ho
=g At 10-50pg22 A8 VMCE Aelatel 25TAA 1243 &
o} urS A)71FE  inverted microscopeS  ©] &3kl cell®] morphological
changeE TRsoch WA FjE cell 2R WHEHE LDHe Y&
zxste] wx &gty vMce2E A @lE W el 5
morphological change® #UT 9l th (Fig. 16-17). ol&lgk Af+=
pricase {collagenase) 2] ¥go= Qls] cell S A A= A2 WE 7HF
Mo obaata glon] ol#d VMCrE celld] HlAE A LA
os)] HAH celZHEl el LDHO & SAskavh 10us°] VMC A 24
o) 124 7+Eo] CHSE Z-El oF 6% lysis7b Hhalaholor 50ug3] ¥l
124 7H 5 24%2] tysis7h A EATE 100pg A el Aol 93% o) lysis7t ¥

of b AL BB (Fig. 18).
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Fig. 16. Effect of rVIVIC62 on the FHM cell.
1) no r'VMC62, 2) 50pg rVMC62,3) 100ue rvMCo2

b2




Fig. 17. Effect of r¥MC62 on the CHSE-214 cell
1) no r'VMC62, 2) 10ug rVMC62, 3) 508 r'VMC62, 4)100ug tVMC62

(3]
(%]
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Fig. 18. Cytotoxicity of r'¥VMC62 on the CHSE cell
The released LDH from CHSE-214 cell was detected after the treatment of
rVMC62 protein.
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BIE 2 AT [Grey et al 1979, Miyoshi et al. 2001].
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autocatalytic process= -8l 2 ATz Fo] 2315 %1} [Yamamoto et al.
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Characterization of collagen binding
domain (CBD) of Vibrio mimicus

metalloprotease (VMC)

Abstract

Metalloproteases were reported from mammalian to bacteria strains. The active
sites of metalloproteases were composed of HEXXH and this was known for zinc
binding motif. Metalloproteases of Vibrio sp. were classified as two distinet
categories by nucleotide sequence similarities, as class I and 11 (Lee et al. 1998).
Class I have large signal peptide region (about 200 aa). The zinc-binding domains
of class | have HEXXH and have an extra glutamic acid near the zinc-binding
motif. Whereas, class I only have HEXXH motif and one possible extra glutamic
acid was located at the distance from zinc-binding motif. Beyond this, these two
classes showed differences in their biochemical properties. In the class I
metalloproteases, the polypeptide of C-terminal region was removed by
autocalalytic cleavage mechanism and resufted a changes of the substrates
specificity and this quite differ from class Il metalloproteases. The C-terminal

truncated metalloprotease did not digest the insoluble substrates and this region
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was suggested as substrate binding related region,

By contrast with class | metalloprotease of Vibrio sp., the role of C-terminal
region of class Il metalloprotease was not characterized yet. Recently the
collagenases (ColG, ColH) from Clostridium histolyticum were characterized. The
action of this collagenase is zinc metalloprotease and very specific for substrate as
collagen and gelatin and have C-terminal collagen binding domain. In the present
study, we investigated the relation between the C-terminal region of Vibrio class
[I metalloprotease and the activity involving the collagen binding. The
metalloprotease (VMC) of Vibrio mimicus showed collagenase activity. But it lost
the activity by the deletion of 100 amino acids in C-terminal region. The C-
terminal deleted mutant which have additional 33amino acid in this region still
showed the collagease activity. The deletion study indicated that the 33amino
acids from L’*-1°" were core region for collagen binding. The collagen binding
domain was overexpressed as GST fusion protein and purified by glutathion
sepharose column. The fusion protein also bind with several type of collagen such
as type I, typell, and type Il but it did not bind with type V collagen. The

temperature also affects the collagen binding of collagen binding domain of VMC
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2 Was s Atk [Heino, 2000]. ©] 2% collagen? ARFE protease®] ©
MM= FEMEA 2o collagens Eallshs A4 E collagenase® 7

Ajo] -Hata olrh.

o

Collagenase<= mammalian cello| 455 bacteriaZ} =] kst source = 5
H 255 9l on eukaryotic cellol 4 2] MMP (Matrix metalloprotease) 2]
BT A dellA ] nEA Bde] AFA, B me g4ste]l A

AEde]l =24 Ao} Folstu Qo] ECM FAAE] E&H9) de

71




novo synthesisE ‘& 3 tissue remodeling Hgol 4 =9 A8 s 9
ok ol g MMPe] B & oldisle ATl Fad J8S = A
©| collagen binding domain®ll #3 o] e} MMPpolA 322 oz
5= collagen binding domain< C-terminal region®] fibrinonectin like
domain, hemopexin domaing ©] X i1% o] It} [Van den Steen et al. 20017.
©|% hemopexin domaine propeller P32 7} 3L 9= caleium binding
domain©. & MMPel| A 7|4 5ol 4 & AAsts 2% 7|5S 711 ¢
= EAHY collagen binding domain©)T} [Margaret et al. 2001). ¥4,
bacterial collagenase®] “4-% o]2]3} H-x1U1 €] domainol] 3t 7= A9

1= dAolvh 58] bacteria®] collagenase’™ mammalian<] collagenase Xl

9ol oWe J1EEAE D dlon wmek adAately Hune
collagenasei= &4 7] 4 <) collagen, gelatins-2] A ol A e] stz

3

plFol & W g9 R 7 Fe] Fad g s e o=
FAACE AEA HAA AR vibrio sp.d A HAAARER o] &
%] = cholera toxin, hemolysin [Honda et al. 1993, Kim et al. 1997] 2]l & A
Aukxk A G 58 EsEe coytotoxicity S YER A = o
3 &4 = phospholipase [Fiore et al. 1997, Kang et al. 1998, Lee et al. 2002],
HA/protease [Booth et al. 1984}, metalloprotease (collagenase) [Cheng et al. 1996.
Lee et al. 1998] S-°] WX ATt V. mimicus = V. cholerae} A 3}5}3

o7 o9 FASEY BYAd gz oA hemolysin, metalloprotease




(collagenase), phospholipase A7} = AFdoA na Fdct ¥

b

mimicius hemolysin 8 A= V. cholerae 9F 81.6%°) 5A S 7F=31 9]
12 [Kim et al. 1997], phospholipase®] 3¢ 74.4%°] A% A& Holx

2131 [Kang et al. 1998] metalloprotease (collagenase)®] 7 $-9| % 76%2] A}

54

tlo
fz
o

132 215-E BT [Lee et al. 1998, Shin et al. 2000]. ©] 2] %)

A4 AAE ) FAL OIS Vibrio sp.ol 9T AN AsHE

o

FEHOR vgol 2 dagS #&E £ dun FSErh B dpde
ol e} AFE T3 °1E Vibrio sp.®FE ) metalloprotease (collagenase)
= 2709 groupl. & F-Fsted Waatg=vl Class 1915 V. proteobyticus,
V. cholerae, V. vulnificus©] metalloprotease”}, Class 1] &= V. mimicus, V.
cholerae 569B, V. parahaemolyticus L2 1L V. alginolyticus 2] metalloprotease
©] amino acid sequence?toll Vi~ ¥ & HAIE7} 9 S& WIEACH [Lee
et al. 1998]. e} o]k FAMd o] % Vibrio sp.©] metalloprotease
(collagenase)oll W& F-Hzp 2 ofn) st Adeo] gk Ao WaFw
2 &} metalloprotease (collagenase) THM & o] 7hx= whula  xpz] o)
domain= 9] A4 75 @3 APz A vusm dH a9
=9

FHZo v AE FU9 collagenaseE ALgsto] Eol® Mzletd =
A+ A domain®| L A EF A WA AL} Clostridium

histolyticum 2] collagenase®]TF. A& o & o] A} RE 1 9= C
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histolyticum®) collagenase®l 749 ¥ isotype?] collagenaseS A4bslx
Sla=dl 1 7kl v Asistd SAdo) gk AFrl wo] Hel g
i collagenase’} ColG whw dojr} o] whujaAle Bk {|6kDa2)
collagenase®  zinc binding site?] HEXXH motif® 71X ¢=
metalloprotease 1 Yl moleculet ol N-terminal®] active domain® C-terminal
region® collagen binding domain®] st Hew BuHCH
[Matsushita et al. 2001}. C. histolyticum2| collagenase (ColG)2] A4 C-
terminal region®] A5 AL uf soluble FBIQ! denatured collagen?!
gelating &35 2 W insoluble protein?] collagenit &l '5-& o 5 gl o
collagen binding ATE F 3l collagen binding domain®] C-terminal region®}
o= 2001 RS Vibrio sp.oll A2l metalloprotease T8l A =
collagen binding domamol 3 AF77} olFojzd YAE= Gor} o
metalloprotease?} collagen 3l %S 7FA 3L 205 collagenase® 275 3
0™ Class 19 3G V. vulnificus) 4 C-terminal region®] autolytic
WA g AA deletion®] Do} insoluble collagene] 3+ &Ado] zba
5™ soluble protein?) albumin®] ™ Aol Aje= o] & Ko|x] gri=r}
= H37b A} [Miyoshietal. 1997]. W Class 119l &} 331 Vibrio sp.
9] collagenase®ll 41 & C-terminal region¥} protease @40l ojwj st #7| 7}

Ae=Alel gk Wi A AAh V. cholerae. V. parahaemolyticus,

V. alginolyticus ~L¥| 31 V. mimicus< "% +AgF amino acid sequences
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7FA 3L Q)= metalloprotease s AAFS} AL gl o S H o) dFeoA] ¥
alginolyticus  collagenase®] C-terminal region®] %01 . histolyticum®)
collagen binding domain>} §tAFstthi= K 37F 2] 21} amino acid sequence
o] alignment A ¥Rk ARl chsfAivt A535Far 92 # A4 by
A5 ol 8% AF A o P QA % ok ES ¥ cholerae,
V. mimicus, V. parahaemolyticus®| wmetalloproteasex= V. alginolyticus®)
metalloprotease] M3l &2 amino acid sequence® 7FA Il 9L Wwl o}
e} C-terminal region®] V. alginolyticus$= 3] CE ofn| x5 2 o]
Folz el AdeAde Belx & EdiE BFElT collagenase 34
& 7P AdTh ool F A= O histolyticum©| Vv V. alginolyticus
o] collagenase?}= A3 ThE mechanismo] ]84 binding? catalytic
activity & Ko L AEE Al gAlstz Qo B Aol v
mimicus 2| metalloprotease - A S o] &8t C-terminal region®} ©}F5}A
AA D mutantE A F5F3L C-terminal region?] Zo)e} FA4 A0 Aa#
AE 3t w3 A o] olE %) collagenaseZAd ol A3 Ha
dolg g FA0  collagen binding®) Ta3d HAHYE AH3)
of of B-999 collagen binding2 S 54 V. mimicus collagenase THil2
2] €] collagen binding domaina A& &}t

2 dolal ALE3E coliagenase2] BANES) V. mimicus™ uncooked

marine foodS HAIAS W AL 7R, 55, @WE AriA Tk




EEED

ez A gl=v o]« 2| pathogenic processell tf 4]

e

e

el Sl ubrk glck eid o) el dlAlel g@ x2dg A%e)

r;

£
°

71 HElA s 24 dade] Fo ARl collagens -3l 3} Eid= e

-\

b Aok 22 g AubAQl collagenase’l collagens #3317 9l
A= binding®] el Haw IviE 7|E£9 Bl [Matsushita et al.
200112} collagen binding domain®] Al A SIS ® soluble substrate 2}
insoluble substratec} 3t 352 Zo]lE HTIE= =WHolX Vibrio sp.
2] collagenase 9+ collagen bindingS 9%+ domain regiong 7} 11 9lo
Mool domain® WE)9} A SAMEEUE SW Vibrio sp.
collagenase”t @A A 22& dxaa A} WA z2L 37
sheAol g AF S olsgtae £ JRE AFE F Aow 7
SH Vibrio sp.?l U A% A8 7S FHeEd 25 & F U

Ao gzac




e 9 3
Collagen binding domain2] &%)

Collagen binding assay<= Matsushida [Matsushita et al. 1998]2] ¥ 8- o]
&3std S35 r10mge] insoluble collagend 10mM Tris-HCI, pH8.0&
o] 438l pre-swellingA1 715 12,000 x goll 4] 1082 7F G4 R85t =R
= AASEE Al 200p2] FAS buffers H7FSEAL CFA] 1004g/ml 2]
metalloprotease solutione H7tehe] o)A 6AZkell A} 12417 H9F W
A5 FFAE SDS-PAGES M A3l collageno] E0)9)A] & uiz+
2} collagen®] F7FH AlZlA 2 collagenase?] 55 23] 9 19
T} Collagenase®] Al collagen binding®] Loty HA 298 4A5)7)
At exonucleased A elste] @& ket Aol9] C-terminal regions:

7FA 31 Q)= C-terminal truncated mutantE o] 835}¢] £]9] W oz =3

O

bt

Collagen biding region®] =]

# 4 collagen binding region®r2 #%| 3171 98l forward primer$)
primer FI(5'CCGCG TGGATCCTTGGTACTGTCTCGACCA3": BamHI)}
?] reverse primerE<%l primer Rl (5'CGGCCGCTCGAGTGTAAAGATCG
GCGTCGCI": Xhol, LVLSRP-ATPIFT),primer RI(5 CGGCCGCTCGAGAGTT

TCTGGCTCTGAAGG3 :Xhol, LVLSRP-PSEPET) primer RII (5°CGGC
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CGCTCGAGTGTATCAAGCCAGACTGC 37 Xhel, LVLSRP-AVWLDT, 33aa)
primer lV(S'CGGCCGCTCGAGTTGTTCACCTAAGTTTTT3’: Xhol, LVLSRP
KNLGEQ)E Ab&-8ted vhopgh Zo]o] C-terminal regiond &l 5hal o]
Hald ©¥E GST (Glutathion S Transferase) fusion vectorq!l pGEX4T-
1{Amersham co.) plasmidel] 4} A 1715 E.coli XL1-blue®l transformationA}
a UENFE colonyS S 99 primerE ©]-&8t] colony PCRYH O

screeningdH 1 T

Collagen biding region®] @ A A
A collagen binding domain regions L A7 71 H&te] Ecoli

}.

32

}.

O
e

)
__L.

e

BL219] transformation?}7] % IPTGE ©]-&3dte] Td=
Ag b ofxl Wl A7|E 2eE7] HEte] SDS-PAGEE =< A
#olch. chopat =7]e) cBDE A st/ $18) CBDS| N-terminal region
of fusion¥e] 2l GSTE o] &% glutathion affinity S chromatography &
A A et

235 plasmidg ZiEcoli BL2I(DE3)E IPTGE induction A 71§
7000 x g 4 ColA 15870 94 Bajsto] cellz vl ol& T
10mM®] Tris-HCI buffer pH8.00) @A EFSHS sonifier (Barnson sonifier 250y
o] gskel g Erodch Cell M3 thA] 12,000 x g, 4TCoA 1583

AdEe

reh

% A}Z RS glutathion-sepharose resin®]l binding 2| 7}al 10




volume?] washing bufferE ©]&-3te] nB]5o]Hl A3 A AT
reduced glutathion®] T elution buffer(10mM GSH, 50mM Tris-HCI,pH
8.0y °l&3td elutionrZTh &FH &0 EAjsie Pl gl

2 SDS-PAGEE E3ld A 59

Binding assay

Collagenase ] collagen biding region®] fragment= 2] binding activity S =
A7l Asted 10pge] AAE theFd C-terminal fragments ¥ 3Ha}=
GST fusion pepetideZ 10mg<] collagen type 13} 2§ & Ao A] 124 7F
HA - A5 AE SDS-PAGEE &4 3o binding 7§ skl
Aol Feolds GSTEAE S48t binding activityE Hl . 69T}
GST &4& 540921 100mM GST2F 5402] 100mM  CDNB(1-chloro-2,4-
dinitrobenzene}s AF$3}4 340nmoll A 527F H3lstE absorbance?] gk

% standard curveoll A @ASte] =3 EFolc)

Collagen binding domain (CBD)$} #%

GST fusion protein® Z H-E GST fused CBD peptidesE 2] 317 A&l
GST-CBD= 10U°] thrombing 204 12413F 5t A2 stqict A2
kAo 2lE 12% slab gel?| Tricine gelS AM&38te] el o=

gk CBD peptide”} collagen©l binding +=# 5 221317 93t 10mge)
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collagen®l| thrombing # &% GSTCBD-CE Z&sle] A2 W%
&+ A2 Tricine SDS-PAGEE 4 A 3}e] GST fusion protein . 2 H-E] 2]
¥l 3370 amino acid® ©]F°] %l peptide (VMCBD) 2] binding &4 S

=7 shgct.

Binding kinetics

CBD2| binding kineticsS 73}7] 3] 10mg?] collagen type 13} thokat

[=]

59 VMCBD% rVMC62E WH-A| 713 A== M-S Tricine SDS-PAGEES

o DAL densitometerE o] Edt] FEE ZAHsle k8 Fahoduh

K= s ol Pelli= binding 37 82 CBDS Ao Z4-E| collagen

°| bindinggt CBDS] %<& G4t 3+ scatchard plot o] &-3ke] 8} T},
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Binging domain®] 21

“AFA 02 C-terminal  region®] deletion®  collagenaseS©] 7} & <)

r_]\,

collagensl] tigt Aol ALAE Ber] Askal Coterminalo] e

= AAd

L
=

A& 2d3 AABe) 7182 collagen type 13} 124] 7+ %t
SAZIE 022 filer® B4A7]3 fliterateZ  SDS-PAGEE &5}
binding ¥ % ¢& d¥idel {F5E 4sgvt A7) 9543 Fig. 200
Hebd A A" AT 9] S3kDa®] WAERE Al dwlds g
o ol BabEg A5 e 2 A= collagenol bindingdhal ¢l
Aoz vpehvbar glont s3kDa®] Wl E BT 33702 amino acid7b Ul
deletion®l 50kDa®] T Ao A = bindingo] dojyx 9= o st

s0kDaol5he] R4S 2 WwMAS BT binding 817 %

fr

Ao R
vhebrbar Qltheleh 22 A 33709 amino acid7l EAEE H-9) 7}

bindingell wi-5- FoshA A8t e or F5HIYCL
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g Domain

MMP o0 i

Clostridium

histolyticum
Vibrio

Collagenase 04000
Class |

Hing Domain

Propeptide Catalytic domain

tic Domain
Propeptide Catalytic domain
Vibrio
Collagenase Sl
Class 11 Propeptide Catalytic domain

Fig. 19. Known CBD (Collagen Binding Domain) structure

collagenases

8 2

Membrane anchor

of




5

1T T R
Fig. 20. SDS-PAGE of VMC62 derivates incubated with collagen,
M: molecular marker, 1: VMC62, 2: VMC62 with collagen, 3: VMC57,
4:VMC57 with collagen, 5: VMC33, 6: VMCS53 with collagen, 7: VMC 590,
VMC50 with collagen.
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F LVLSRRPGOQFAQWAQTVKNLGEQYNAEFAVWLDT T

ez Activity
537aa 61kDa ++
| HN

VMC 62 Aﬁ

|

VMC 57 L E
VMC 53 ‘ H J T 47023 S3kDa ++

l

l

e 503aa 57kDa ++

VMC 50 ‘ IL‘” 437aa S0kDa -

VMC 48 L —| R13 42422 48kDa -

VMC 42 ’ ﬂ]vw 37022 42kDa -
HEYTH

Fig. 21. Representation of domain region of metalloprotease from V.
mimicus.
HEYTH represented the active site and black box indicated the collagen

binding domain
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Collagen binding domain®} &

1=

et

-

Collagen binding region® = 4 5= 3370 2] amino acid§-# 2 3
T C-terminal regions &2]3}7] %3} Materials and Methodsol] 7] & $H71
b @] primers A Aekdch A2 primerE ARgERe] L FE] 10
(CBD-A)7FA)¢] R85 L%5E T (CBD-C)7FA 2] F919 3379

amino acids %W PCREWHE ol &3ld DNAE ZEATE GS

=]

fusion vector?l pGEXAT-1°ll cloning®tth 53] 33709 amino acid -+ 2]

amino acidAg& RAHEAT Eo] AL L AL A 9=

ul - s el & 15709 amino acidS0] WHE R 1 &L Zeld)oc)
2 Ao o] bo] HHEE = amino acid®] IS sl Y6t
o 15702] amino acid¥F2 codingdls DNAYHH S PCRE o] &6} F2%

A3 Aol W) FUSA pGEX4T-19] cloningdF31Th. Cloning

)

vectorgl pVMCBD-A, pVMCBD-B pVMCBD-C Z1@]il pVMCBD-DE 7}
Z} W hostQ) Ecoli BL2I(DE3)O] transformation3H3 [PTGE ©] 2319
dhd Al Ziok 2 d ©l GSTZ) fusion® collagen binding domain glutathion
sepharose columns T3l A 5} 12-15%2] slab gelS AF&3la] SDS-
PAGEE A5tk A A% GST fusion proteing GSTS 77|18 X 53]
A ZE7ZE 37 1kDa (GSTCBD-A), 31.5kDa (GSTCBD-B), 29.7kDa (GSTCBD-C)
78] 3l 28.4kDa (GSTCBD-D) ¢ =7]Z 7Fxla 919l on o] deduced

amino acids F&l A4ky o] 27]9} YA E%c) (Fig.22-24).
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I— {LVLSRPGGFAQWAQTVKNLGEQYNAEFAYWLOT (3.7kDa)} “‘l

GSTCBD-A FKAETPENPDPSEPEfKPEEAVTALTANdSVTLSGdAYSEHLFYIDVPEHSREFQVTlSGDATPIFT (11.1kDa) |

GSTCBD-B ¢ FKAETPENPDPSEF;Ef.(.5.5.k.[).a) :
GSTCBD-C

GSTCBD-D - v sRPGQF AQWAQTVKNLGEQ (2.4kDa)

Fig. 22. Construction of GST fused peptides involving the various lengths
of C-terminal region of VMC
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Fig. 23. SDS-PAGE of GST fused peptides involving the various lengths
of C-terminal region of VMC.

M: molecular marker, I: GSTCBD-D, 2: GSTCBD-C, 3: GSTCBD-B, 4:
GSTCBD-A

Asterisks indicated the overexpressed GST fusion proteins
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M1 23 45
kDa

97 ..
66 =

45 %

S
21

Fig. 24. SDS-PAGE of purified GST fused peptides involving the various

lengths of C-terminal region of VMC.
M: molecular marker, 1: GSTCBD-A, 2: GSTCBD-B, 3: GSTCBD-C, 4:

GSTCBD-D, 5: GST




Binding assay

Binding region®. % =4 5 t= 59| 7} collagen binding 582 741 2l
=AE #dskr] ke ool 7)o binding assay ¢ W& AFR-E%)
th. Collagens pre-swelling#1 %1 Tris-HCl buffer pH 8.07 AAH

GSTCBD-A, GSTCBD-B, GSTCBD-C, 18] 3. GSTCBD-D o a2 #7135}

S ARSIt WEEFE AF RS SDS-PAGEE Ei H7AESa
staining  3}o]  bandE  AEste] 2 A3 GSTCBD-A, GSTCBD-B,
GSTCBD-C &t @ ¥} collagen® HHE A7) lanedl A 3= A7Fgh ghul A o)
ol uhebLbar oAl kol collageno] GSTCBD-Deb# @} o)z
T GSTRRS: H7hek whg- abg Aol A= bl band7} vhElLFEL 9L9d

Uk (Fig. 25.26). ¢]iZ GSTCBDA~CE collagen®} bindinggkfin 21 59 o]

T AeTHel glvke A& RaFi 9vl ©]# 3k collagen binding

&
o
=
o
il
l
3
al
o
X
')
%
2
_\_3
o
¥ )
—
el
ok
il
Jlﬂ

=738} binding capacity

¥

4 590 (Table 9). GSTCBD-A~C7hA = ¥} 2238} binding capacity

it

Ho)ar 9JSlil GSTCBD-DE A3 binding 8% &= AL <44 9l
Ack 71E9] CBDZ} caleium jon®] AEFL WPi=ri= Barl 9ln Ll

collagenase®] stabilizer 2 o] 8 HTI= K 17} 9o VMCBD7} calcium ion




of 3} bindingol FFS T=7]

i

221517] A8l calcium, EDTAZ2)
H7HE S whg o] Hrkste] kS xAF 819 chFig. 27). GSTCBD-C =
calciumo]t} EDTAS] 48& ¥4 9Fan binding &= Ao&E A 54
o o] 27E 53 collagen > ZH-E] elutionr]# R4E o 7+ 7}
Hel 22190 2%2] SDSe oA elution¥] = Aoz FALE I (Fig.

28). °l9t 22 495 ugez 337019 amino acidio] €46

1

collagen binding™ UHF #FAE 710 Y= Ao 2 "3 9o] t}
& ArelMs GST2HE fusion $H o] ohd 33709] amino acid2 ©] F
©] 7 peptideE €71 $18 GST fusion proteins thrombin# 2] & o] GST
o} fusion¥l peptide 2l AZATE EElW peptide® 92 12% Tricine
SDS-PAGEE #)s}od @13kl o} (Fig 29). 33709) peptide®] o4 5= &

ApeEs oF 3 7kDalw A AEI o Ar|dE Ale|Aw H

o
2
L
~
hu

o] x 5ol AL&E At EelH VMCBDE collagend} 8 A1ZI 3
F5NE A Tricine SDS-PAGES 53] 18130 gel Abol A
thrombin} GST®] bandi= <let%l 21} VMCBDol 3 &HE bande K
ol A gkt (Fig. 30). ©1813F Z3}= fusion proteing] GSTCBD-CE o) &
sto] @& Ayt ¢ AnE RoFn or 33702 amino acid2 ©)

o} 3 peptide”} collagen binding region & “eER AL gl

90




Fig. 25, SDS-PAGE of purified GST fused peptides with collagen.
M: molecular marker, 1: GSTCBD-A, 2: GSTCBD-A with collagen, 3:

GSTCBD-B, 4: GSTCBD-B with collagen
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kDa

97
66

45
31

21
14

Fig. 26. SDS-PAGE of purified GST fused peptides with collagen.
M: molecular marker, {GSTCBD-C, 2: GSTCBD-C with cellagen, 3: GSTCBD-D,
4: GSTCBD-D with collagen, 5: GST, 6: GST with ¢ollagen
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Table 9. Binding of GST fusion collagen binding domains with collagen

Fusion protein Binding %
GSTCBD-A 75.5%1.2
GSTCBD-B 76.915.5
GSTCBD-C 752135
GSTCBD-D 3.242.1

GST 3.5t1.6
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kDa M1 23 45
a7 .
66 ==

3]

21

14 =

N R

Fig. 27. SDS-PAGE of GST fused collagen binding domain (CBD) with collagen
and various additives.
M: molecular marker, 1: GSTCBD-C, 2: GSTCBD-C with Ca, 3: GSTCBD-C with

EDTA, 4: GSTCBD-C with EDTA and Ca
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kDa

97
66
45

31
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M123456

Fig. 28. Elution of collagen binding domain from collagen
M: molecular marker, 1: GSTCBD-C, 2: 2M Urea, 3: 8M Urea, 4: pH 4, 5:
pHI0, 6: 2% SDS




Thrombin

GST

VMCBD

Fig. 29. SDS-PAGE of thrombin digested GST fused CBD
M: molecular marker, 1:thrombin digested GSTCBD-C
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Fig. 30. Binding assay of thrombin digested GST-CBD with collagen.
M: molecular marker, |: thrombin digested GSTCBD-C, 2: thrombin digested
GSTCBD-C with collagen
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Binding Kinetics
33709]  peptide=  ©]F] T VMCBD peptide®t rVMC629+2]  binding
kinetics® 7871 93t A7 FE2 HAE VMCBD peptide’ L+

r'VMC625 collagen?} binding A7) F 458 S A7 9%3t4 binding

.?l',
>
&O
rlo

cujAo] wnE HAHE o]9; 4 collagen® bindingdt &

o

L E Alikste scatchard plot2 o] &3ted 3@l 4K, BmaxE T8}
(Fig. 31). Scatchard plot& ©] 43l T3 K, 9 BmaxE Table 100] LERY
2AT) VMC622F VMCBD2] binding affinity?] K, k< VMC62°l4 &9
G2 s e 8T C ohistolytienm @& FH 2] collagen
binding domain RT} %2 affinityE 7F2l 32 2120t} Total receptors L}HE}
Wi Bmaxs 2H2F VMC629F VMCBDe A 2.8, 2.5 x 107" mol/mg collagen

onj skl debad}

Modeling

Collagen binding region(VMCBD)2] molecular modelingS 3l deduced

amino acid sequence® PBD file2 3 ¥ modelings 2A] &2t}
Comparative modelingZ 3} A3 template model & &% 5 glo|

what if program (Vriend G, 1990)2- ©] 83} pocket®H-2 g2lstaiv). €2l

A sequencei= helix?] FEE o|F 1 A=A 2 FHHT helixo] 5

AL

o ¥4 hydrophobic®t amino acid® ©]F 7T pocket-F & #QUF}

9 8




91t} (Fig32, Fig. 33).
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Y 0.001 0.002 0.003 0.C04

Bound/Free
(104liter/mg collagen )

M- O = N W R G N ®
o]

Bound (umole/ 10mg collagen)

Fig. 31. Scatchard analysis of binding of collagenase (rvMC62) and
collagen binding domain (VMCBD).
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Table 10. Binding affinity of VMCBD and rVMCé62

VMC 62 VMCBD

Kd
(10 M)
Bmax

(1071 mole/mg collagen)
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LVLSRPGQFAQWAQTVKNLGEQYNAEFAVWLDT

Fig. 32. Hydrophathy plot analysis of VMCBD region.
Kyte and Doolittle methods
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FAQWAQTVYKNLGEQ™Y 1 AF.F AVW 0T

Fig. 33. Possible pocket structure in the hydrophobic region of VMCBD
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aE

Collagenase ™= bacteria® %-F] mammalian® MMP7}=] t}kgt F o g BE
L EA7E G so] gtk Mammalian cello 412] MMPE celltl 2] ECM
(extracellular matrix)7-d &2 Fal5 S ST A Sdo JFA, &4
280 Aol Ao #e] = A bacteriaZ FE 2] collagenases
UHE mammalian®]  collagen source % bacteria®] nutrient® | &&= o} &
AetE star vk ojeigt ddhe] Aol H L bacteriaf 22 collagenase .
th Fv W2 HY9 substrate specificitys 7FX 3 Y AIE A#DA
E 7R et e

X MMPol 4] B bacterial collagenase7bA 2] AAT7E B binding
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Abstract

Vibrio mimicus is a typical strain of ¥ibrio cholerae and produces a phospholipase (PhlA) which shares a highly conserved amino
acid sequence with the lecithinase (Lec) of V. cholerqe. The recombinant protein (tPhlA) produced from the phld gene of V. mimicus
was expressed in Escherichia coli as His-tag fused protein. The rPhlA was purified by gel filtration and Ni-metal affinity chro-
matographics. When the action mode was investigated by TLC and GC-MS, the purified rPhIA protein showed a phospholipase A
activity, which cleaved the fatty acids at the sn-1 and sn-2 positions of phosphatidylcholine. However, it did not show lyso-
phospholipase, sphingomyelinase, and phospholipase C activitics. The rPhlA showed maximum activity at temperature of about
40°C and pH around 8-9. Some divalent cations could affect the activity of PhlA, The addition of Co®" increased the activity,
whereas Mg?* and Zn™* did not enhance the enzyme activity. The rPhlA could lyse the erythrocytes obtained from the fish such as
rainbow trout and tilapia. A significant cytotoxic activity on a fish cell line, CHSE-214, was observed after 24 h exposure to 40 ug

rPhlA protein.
© 2002 Elsevier Science (USA). All rights reserved.

Keywords: Vibrio mimicus; Phospholipase A; Hemolylic activity; Cytotoxicity

Vibrio mimicus is a gram negative bacterium bio-
chemically similar to Vibrio cholerae. The differences
between the two strains are that V. mimicus cannot
produce acid from sucrose and shows a negative re-
sponse to Voges-Proskauer test [1]. V. mimicus is a
pathegenic bacterium causing fever, diarrhea, nausea,
vomiting, and abdominal cramps in human {2]. These
symptoms are probably due to many kinds of virulence
factors produced by V. mimicus. The important factors
of V. mimicus that have been implicated in virulence and
pathogenicity are known to be cholera toxin (CT) [3-3],
CT-related toxin [1], Escherichia coli heat stable en-
terotoxin-like toxin [6,7], thermolabile hemolysin, and
thermostable hemolysin [8]. Beside these toxins, this
organism produces many proteins associated with in-
fection, such as hemagglutinin, metalloprotease, HA/
protease, lipase, and phospholipase [9,10].

" Corresponding author. Fax: +82-51-6206180,
E-mail address: iskonggmail pknuackr (1-8. Kong).

Phospholipases produced by pathogenic bacteria are
related with tissue destruction by causing hydrolysis of

' phospholipid present in the host cell membrane. They also

have the potential to exert profound effects on the host
indirectly by the production of lipid second messengers
that modulate the signaling pathway. Phospholipase C
(PLC) is the most studied phospholipase among different
bacterial phospholipases {11,12]. PLC directly disrupts
nucleated cell membranes as well as erythrocyte mem-
branes. Compared with PLC, bacterial phospholipase A
(PLA) has not been studied thoroughly. However, some
recent studies reported that PLA plays an important role
in the pathogenesis. The PLA produced by Legionella sp.
causing severe pneumonia destroys alveolar surfactant
phospholipid in the lung {13,14]. PLA of Campylobacter
coli caused acute diarrhea in human and Yersinia en-
terocolitica PLA was known to participate not only in
PLA activation but also in hemolysis [15,16].

A number of phospholipases were found in Vibrion-
aceae family, The PLA/lysophospholipase activity was

0006-291X/02/8 - see front matter © 2002 Elsevier Science (USA). All rights reserved.
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shown in the thermolabile hemolysin of V. parahaemo-
Hyticus [17]. The lecithinase purified from A. Aydrophila
AH-3 (serogroup 0:34) was known to be a crucial vir-
ulence factor to rainbow trout and mouse [18]. The egg
volk lecithin degrading enzyme (Lec) of V. cholerae was
reported [19]. We have also reported the phospholipase
{phid) gene sequence from V. mimicus [20]. The PhlA
showed 74% amino acid homology with the Lec and
located adjacent to hemolysin gene as V. cholerae. Re-
cently, it has been reported that V. harveyi hemolysin,
which has a high degree of similarity with phospholipase
{Lec) of V. cholerae, showed the hemolytic activity on
the erythrocytes of rainbow trout [21]. Although the Lec
and the PhlA proteins were known to degrade the egg
volk lecithin, no study was done on enzymatic charac-
teristics.

In the present study, we purified the recombinant
PhlA protein (rPhlA) from E. coli using an overexpres-
sion system to investigate biochemical characteristics.
We report that the purified rPhlA protein demonstrates
the phospholipase A (PLA). We also describe that this
protein has a high hemolytic activity against fish ery-
throcytes and the growth inhibition effect on CHSE cell
which originated from chinook salmon.

Materials and methods

Reugents, Egg yolk lecithin, L-o-phosphatidylcholine (PC, P-5394),
1.-a-lysophosphatidylcholine (LPC, L-4129), 1-palmitoyl-2-linoleoyi-
sn-glycero-3-phosphocholine (P-9648), 1-O-hexadecyl-2-{(cis)-9-octa-
decanoyl]-rac-glycero-3-phosphocholine (P-6159), 4-nitro-3{octanoyloxy)
benzoic acid (N-1646), p-nitrophenylphosphorylcholine (NPPC, N-
5879), and Clostriditm perfringenes PLC were purchased from Sigma
{St. Louis, MO). Silica Gel-60 TLC plates and solvents were obtained
from Merck (Darmstadt, Germany). Tryptone and yeast extract were
oblained {rom Difco (Detroit, MI). Unless specified otherwise, addi-
tional reagents were purchased from Sigma and were of the highest
purity.

Purification of rPhiA from E. coli. The overexpression plasmid
(pPHL13) was constructed previously [20). The entire sequence en-
voding 470 amino acid residues of the pild gene was cloned into ex-
pression vector pET22b(+) using PCR with two specific primers
containing BamHI and EcoRI sites at either end, respectively.

A single colony of E. coli strain BL21 (DE3) transformed with
pPHLI3 was inoculated into 50ml Luria-Bertani medium containing
30pg/ml ampicillin. The culture was grown at 37°C under vigorous
shaking. The preculture was inoculated to 950 ml of the same medium
and allowed to grow for another 2h attaining an ODg of 0.6. The
expression of the rPhlA was induced by adding IPTG (isopropyl-2-p-
thiogalaclopyranoside) to a final concentration of | mM and the cul-
ture was incubated for an additional 5h at 25°C under vigorous
shaking. Bacterial cells were harvested by ceatrifugation at 7000g for
10 min at 4°C and the pellet was resuspended in 100 ml of 20 mM Tris~
TCH{pl 8.0). The cell suspension was sontcated for a total 20 min with
@ sonifier (Branson model 250). The lysed bacterial cells were centri-
fuged at 10,000g for 15min at 4°C. The pellet was resuspended in
s0ml of 2M Tris—-HCI (pH 12.0) and 2 M urea and dissolved for 2 k at
4°C. The suspension was centrifuged and filtered through a 0.22pm
syringe filter unit, MSF-25 (Advantec MSF), to remove insoluble
malerials [22]. A Sephadex G-100 colummn (16 x 800 mm) was equili-

brated with 1.5 column volumes of 20 mM Tris-HC] (pH 8.0) with a
flow rate of | ml/min. The solubilized inclusion body was loaded onto a
column and the eluted fractions were monitored at 280 nm. Pooled
protein fractions were applied onto a metal chelating affinity chro-
matography column packed with 5ml Ni-NTA resin (Qiagen) that was
precharged with 50mM WNiSO,. Before purification, the resin was
equilibrated with 20mM Tris-HCI (pH 8.0), 10mM imidazole, and
.5M NaCl. The protein samples were loaded onto a column and
washed with 10 volumes of 20mM Tris-HCI (pH 8.0}, 50 mM imid-
azole, and 0.3M NaClL Finally, the rPhlA protein was eluted with
20mM Trs-HCl (pH 8.0), 500mM imidazole, and 0.5M NaCl, and
the final elutant was dialyzed in 20 mM Tris-HC} (pH 8.0), containing
10% glycerol at 4 °C for 12 h. The purification steps were monitored by
SDS-PAGE to determine the purity and the concentratlion of proteins
was determined by Bradford method [23,24].

Thin layer chromatography (TLCY and gus chromatogrphy-mass
spectrometry (GC-MS). To determine the specific site of deacylation
by the rPhlA, L-w-PC, |-palmitoyl-2-linoleoyl-sn-glycero-3-phaspho-
choline, 1-O-hexadecyl-2-f(cis)-9-octadecanoyl]-rac-glycero-3-phos-
phocholine, and L-a-LPC were used as the substrates. Twenty
microliters of the substrates in ethanol (10 mg/ml) was mixed vigor-
ously with 100pl reaction buffer (10 mM Tris-HCI, pH 8.0; 2.7mM
sodium deoxycholate) containing 1 mg rPhlA. The reaclion mixiures
were incubated at 37°C for 14h and stopped by adding 650l chlo-
roform-methanol solution (2:1, v/v). After vortexing, the mixtures
were centrifuged and then the chloroform layers were collecied. The
chloroform layers were evaporated under vacuum and redissclved in
20l chloroform, respectively. The dissolved solutions were spotted on
a Silica Gel-60 plate. The plate was developed with chloroform-—
methanol-acetic acid-water (55:17:6.5:2.5, viviviv) to detect PC or
LPC. Hexane-diethyl ether-acetic acid (85:15:1, viviv) was used to
detect free fatty acids. After development, the plate was sprayed with
30% sulfuric acid followed by heating at 115°C for 30 min to visualize
PC, LPC, and free fatty acid (FFA) spots [25-27].

To investigate the positional specificity of phospholipase A,
1-palmitoyl-2-linoleoyl-sn-glycero-3-phosphocholine was dissolved in
cthanol (10 mg/ml). The substrate solution was mixed with the reaction
buffer containing 1 mg rPhiA. The mixture was incubated at 37 °C for
14 h. The released FFAs were separated using preparative TLC with a
developing solvent of hexane—diethyl ether—acetic acid (85:15:1, v/viv)
[25], the fatty acid spots were scraped out separately, and methylation
was performed by the method of Ohta et al. [28]. The methylesters
corresponding to each reaction products were subjected to gas chro-
matography-mass spectrometry (GC-MS}) [29-31]. GC-MS analysis
was performed on a Shimadzu QP-5050A (Shimadzu, Japan) using a
polydimethylsiloxane capillary column HP-5MS (30m x 0.32mm 1D,
0.25pm film thickness) with helium (24.4kPa) as a carrier gas at the
column flow rate of 10 ml/min. The column temperature program was
as follows. Injector temperature was 250 °C. The column was held for
1 min at 80°C, then the temperature of 180°C at a rate of 10°C/min
and next to 260°C at a rate of 5°C/min. The interface temperature was
kept at 260°C. Electron energy was set at 70eV.

Measurement of enzyme activity. PLA activity was assayed as fol-
lows. Fifty microliters of the substrate [4-nitro-3-(octanoyloxy) benzoic
acid, 3.1mM in acetonitrile] was combined with 3ml buffer (10mM
Tris-HCI, pH 8.0; 100mM NaCl) containing 20pg rPhtA. Each tube
was vigorously stirred and placed in a water-bath at 37°C for th.
After the reactions were placed on ice for 5min, the PLA activity was
determined. The value for activity was calculated by the change of
absorbance at 410 nm over time per mg of total rPhiA enzyme. The
change in absorbance of 0.2 AU at 410nm was equivalent to 135 nmol
of chromophore release [16,32].

Assay of hemolytic activity. Hemolytic activity was investigated
with erythrocytes {rom rainbow trout, tilapia, rabbit, mouse, sheep,
and human. The erythrocytes were washed three to four times with
10mM Tris-buffered saline (TBS: pH 7.5) and adjusted to a final
concentration of 4% (v/v) in TBS. Two hundred microliters of
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erythrocytes was mixed with the same volume of TPhlA (10ug) and
incubated at 37 °C for 1 h. Reaction mixtures were centrifuged at 1000g
for Smin and the amount of hemoglobin released from the disrupted
erythrocytes was determined spectrophotometrically. Complete hem-
olysis was defined as the optical density at 340 nm of hemoglobin re-
leased from the disrupted erythrocytes treated with 0.1% Triton X-100,
One hemolysin unit (HU) was defined as the amount of hemolysin
eliciting 50% hemoglobin release [33].

Cytetoxicity assay of the rPhlA on CHSE-214 cell iine. Cytotoxicity
of the rPhlA was investigated by measuring the amount of lactate
dehydrogenase (LDH) released from the CHSE cells. The chinook
salmon embryo cell line (CHSE-214 cell line} was imoculated in MEM
containing penicillin G and streptomycin and cultivated at 17°C for
24h. One hundred microliters of the enzymes with various concen-
trations (0—50 pg) was added and incubated at the sume temperature.
Cytotoxicity was determined by the CytoTox 96 Non-Radioactive
Cytotoxicity Assay kit (Promega). Cytotoxicity calculations were
based on manufacturer’s instruction.

Results
Purification of the rPhiA from E. coli

Cells from 1 liter culture were disrupted by sonication
and 78.3 mg total protein was obtained. After inclusion
body was refolded, the specific activity increased by 7.1-
fold while recovery was 76%. Finally, the rPhlA was
purified by the metal affinity chromatography and
44mg enzyme was obtained. The specific activity of
purified rPhlA was 21.8 U/mg (Table 1). The purified
enzyme showed a single band on SDS-PAGE and its
cestimated molecular weight was about 53kDa (Fig. 1).
This value was in good agreement with the molecular
mass calculated from the deduced amino acid sequence.

Effects of pH and temperature

The optimal pH for enzyme activity was determined
using different pH values ranging from 5 to 11. The
PhlA had maximal activity in pH 8.0 and more than
80% of the activity was retained at pH 9.0 (Fig. 2A).
However, the activity decreased significantly at pH
higher than 10. The optimal pH observed was slightly
alkalic and this result was similar to the optimal pH of
acylesterase from V. mimicus as reported by Shaw et al.
{34]. The pH stability was also estimated the residual
activity after preincubating the PhlA in the pH ranges of
4-11 at 4°C for 24 h. The enzyme was relatively stable
around pH 7-9 than other pH ranges (Fig. 2B).

Table |
Purification steps of the rPhlA from E. colf

For the optimal temperature test, the rPhlA was in-
cubated at 10, 20, 30, 40, and 50°C and the PLA activity
was determined. To determine the thermostability, the
enzyme was preincubated at 20, 40, 50, 60, and 70 °C for
2 h, and the residual activity was assayed. As shown in
Fig. 3, the optimal temperature for activity was around
40°C. The enzyme was relatively stable at around 20~
40°C, but its stability drastically decreased at 50°C. The
fact that this enzyme shows the maximal activity at
temperatures  lower than  40°C  seems to
be closely related with the habitat of this microorgan-
ism showing good accommodations with the aquatic
environment.

Effects of metal ions

The effects of metal ions on the activity of rPhlA were
investigated by adding the divalent ions (Table 2). At
1mM of Co*" ion concentration, a significant increase
of 270% in the enzyme activity was shown as comparcd
with control. And 150% increase of the enzyme activity
was detected with 0.1 mM Co?" ion concentration {data
not shown). By contrast, the effect of Ca*" ion showed
that 125% increase of the enzyme activity appeared by
the addition of 1 mM Ca?* ion, but it did not change
when the concentration of Ca®* ion was reduced to
0.1 mM. The data obtained here indicated that the V.
mimicus PhlA protein is not an enzyme activated by
Ca® ion. The addition of Zn™ ion rather decreased the
enzyme activity. Mg”* ion did not affect the enzyme
activity.

To find out whether the PhlA protein belongs to
metallo-enzyme, the specific inhibitors of metallopro-
tease, such as EDTA and 2,2'-bipyridine, were added to
the standard reaction mixtures. The inhibitors did not
significantly affect the enzymatic activity.

Determination of action site in phospholipid

To determine the action mode of rPhlA protein to
phospholipid, the enzymatic products of phospholipid
were analyzed by TLC and GC-MS. We investigated
whether the PhlA protein has a PLC activity using the
specific substrate, p-NPPC. The PLC of C. perfringens
was used as the control. The result showed that there
was no PLC activity in the PhlA protein. However, we
previously showed that the PhlA could lyse egg yolk

Purification step Total protein {mg)  Specific activity (U/mg)  Total activity (1) Yield (%)  Purification fold
Cell homogenate 78.3 2.2 1729 100 1.0
Sephadex G-100 83 15.7 132.0 76 rAl
Ni-NTA affinity chromatography 4.4 21.8 96.6 56 9.9
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Fig. 1. SDS-PAGE of the purified rPhlA from E. coli. Lane 1: purified
rPhiA. Lane 2: molecular marker.
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Fig. 2. Effects of pH on the rPhlA activity and stability. The optimal
pH for the rPhlA activity was determined using different pHs from 5 to
11. To investigated the pH stability of the rPhlA, the rPhIA was
preincubated in the different pHs at 4°C for 24h and then residual
aclivity was measured under standard condition. The buffers used were
100 mM citric acid—sodium citrate from pH 4 to 6, 100 mM Tris-HCl
from pH 7 to 9, and 100 mM sodium carbonate-NaOH from pH 10 to
1. (A) Optimal pH. (B) pH stability.
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Fig. 3. Effects of temperature on the tPhIA activity and stability. The
optimal temperature of the rPhiA activity was assayed under various
temperatures for 1 h. To investigate the thermostability of the rPhlA,
the rPhlA was preincubated at the temperatures of 20, 40, 50, 60, and
90°C for 2h and residua) activity was assayed under standard condi-
tion. (A) Optimal temperature. (B) Thermostability.

Table 2
Effects of metal ions on the PLA activity of rPhlA®

Metal ion (1 mM)

Relative activity (%h)

None 100
CaCly 125
CoCl, 270
MgCl, 100
ZnCly 70
EDTA 85
2,2 -Bipyridine 100

“rphl (204g) and 4-nitro-3-benzoic acid stock solution 504l
(3.1 mM) were incubated at 37 °C for 1 h in the presence of the cation.
Thereafter, the activity was guantified by measuring absorbance at
410nm. The data are means of triplicates.

lecithin whose major compenent is PC [20]. Therefore,
PC was used for enzyme reaction. After 10h reaction,
the reaction products were analyzed by TLC as
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Fig. 4. Thin-layer chromatogram and GC-MS. The reaction products, after 14 h incubation of various substrates with 1 mg rPhlA, were eluted in the
chloroform. Each was separated on TLC and sprayed with 50% sulfuric acid followed by heating at 115 °C for 30min. (A} The reaction products of
PC without (control) or with the rPhIA. Lane 1: PC, Lane 2: PC with the rPhIA. The R; of PC and LPC were 0.57 and 0.2, respectively. (B) Products
of the enzymatic hydrolysis with the rPhlA and synthetic phospholipids. Lane 1: 1-palmitoyl-2-linoleoyl-sn-glycero-3-phosphocholine hydrolysis
product. Lane 2: 1-O-hexadecyl-2-[{cis)-9-octadecenoyl]-rac-glycero-3-phosphochoeline hydrolysis products. Lane 3: L-a-PC hydrolysis producis.
Lane 4: 1.-a-LPC hydrolysis products. The FFA spot (Rp 0.25) was detected at lanes 1-3 and not detected at lane 4. (C) Reaction product of
I -palmitoyi-2-linoleoyi-sn-glycero-3-phosphocholine with 1 mg rPhlA was separated on TLC plate and then analyzed with GC-MS. Palmitic acid

peak, C16:0. Linoleic acid peak, C18:2.

deseribed in Materials and methods. As shown in Fig.
4A, we identified a LPC spot at Ry 0.2, indicating that
the PhlA may belong to PLA cnzyme family. LPC is a
degradation product of PC from which a fatty acid is
removed. We further investigated whether the PhlA
could produce FFAs. When l-palmitoyl-2-linoleoyl-
sh-glycero-3-PC was used as a substrate, the FFA spot
at By 0.25 was detected (Fig. 4B, Lane 1), To examine
the cleavage site, the FFA spot around Ry 0.25 was
scraped from TLC plate and extracted with chloroform.
The fatty acid sample was methylated and analyzed with
GC-MS. As shown in Fig. 4C, a palmitic acid and a
linoleic acid peaks appeared at the retention time of 18
and 22 min, respectively. The molecular masses of peaks
were 270 and 294, respectively. When the mass of methyl
group was subtracted from these values, the resulting
values were well matched with the exact molecular
weights of palmtic acid and linoleic acid. These results
suggested that the PhlA could cleave both ester linkages
of the sn-1 and sn-2 sites in PC.

It has been known that the acyl chain of the sn-2 site
can spontaneously migrate to the sn-1 site under phys-
iological condition [35]. Thus, it is possible that the li-
noleic acid at the sn-2 site transferred to the sn-1 site
after the palmitic acid at the sn-1 site was cleaved from
PC. To confirm that the fatty acid at the sn-2 site was
not generated by this transition, 1-O-hexadecyl-2-[(cis)-
9-octadecanoyl]-rac-glycero-3-PC, which contains a al-
kyl ether linkage at the sn-1 site, was used as a substrate
instead of the normal PC. As shown in Fig. 4B, Lane 2,
the FFA was detected on TLC. This result indicated that

the PhlA protein is able to cleave the ester linkage of the
sn-2 site. Taken together, the fatty acids at the sn-1 and
sn-2 sites could be released at the same time by the PhiA
protein. Furthermore, no fatty acid was produced when
the PhlA reacted with LPC as a substrate.

Assay of hemolytic activity and cytotoxicity

The PhlA exhibited the highest activities on rainbow
trout and tilapia erythrocytes. Rabbit, mouse, sheep,
and human erythrocytes appeared lower sensitive or
insensitive to the PhlA (Table 3). The cytotoxic effect of
PhlA was also investigated using the CHSE-214 cell line
originated from the chinook salmon embryo cell. As
shown in Fig. 5A, cytotoxicity increased only by about

Table 3
Hemolytic activities of the rPhlA on the erythrocytes from various
sources

Erythrocyte source Hemolytic activity (HU?)

Rainbow trout 1.70 £ 0.02

Tilapia 1.64 £ 0.03

Rabbit 0.22 + 0.04

Mouse ND®

Sheep ND

Human ND

Values represent means and standard deviations of triplicate.
®To detect hemolytic activities, 10pg rPhlA was used. HU was
defined as the amount of hemolysin eliciting 50% hemoglobin release.
" Not detected.
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Tig. 5. Cytotoxic effect of the rPhlA on CHSE-214. Cells were cultured
us described in Materials and methods, and cytotoxicity of CHSE-214
cell line was assayed by measuring the LDH amount released from the
lysed cells. The released LIDH was measured using the CytoTox 96
Non-Radioactive Cytotoxicity Assay kit. Results represent mean + SD
of triplicates. {(A) Cytotoxicity of the rPhlA on CHSE-214 over 24 h.
(B) Cytotoxicity at each concentration of the rPhlA (0-50pg) on
CHSE-214.

10% after 6 h treatment, but the relative cytotoxicity was
increased to 90% after 24 h following exposure to 40pg
PhlA. To examine the effect of concentration, we added
the PhlA protein with 0-50g and incubated for 24 h.
Compared to the control, the level of cytotoxicity in-
creased by 30% at 10pug and 90% at higher than 40pg
tFig. 3B).

Discussion

Phospholipases produced by pathogenic microor-
ganisms have been revealed as an important virulence
factor. Recently, two phospholipase genes were isolated
from V. cholerae [19] and V. mimicus [20]. The lec gene
of V. cholerae and the phiA gene of V. mimicus show a
high homology in their amino acid sequences, and have

adjacent hemolysin genes transcribing in opposite di-
rection on the chromosomes. From high homology in
their genes, it is believed that the Lec and the PhlA
would be very similar in their enzymatic activity.
However, no study has been reported on the biochemi-
cal characteristics of two proteins. To determine the
biochemical propertics of ¥. mimicus PhlA, the cloned
phiA gene was overexpressed using E. coli and the PhlA
was purified as His-tag fused recombinant protein. The
inclusion body was dissolved in urea and refolded to
recover the activity. It has been reported that the in-
duction at a lower temperature is effective for the
overexpression of recombinant proteins in E. coli [36].
When the PhlA protein was induced with IPTG, the
protein production yield was markedly higher at 25°C
compared with 37 °C {data not shown).

Phospholipases are classified as the esterase enzyme
group dissociating glycerol-phospholipid and are di-
vided into phospholipases A (A; and Aj), C, and D
according to the positional specificity on phospholipids.
Of these, PL.C is the most studied enzyme and acts on
phospholipids to produce the phospho-head group and
diacylglycerol (DAG). PLA can hydrolyze the ester
bond to release fatty acid located on the sn-1 or sn-2 site
of phospholipids. TLC and GC analyses showed that
the PhlA was a PLA enzyme cleaving both the sn-1 and
sn-2 sites of phospholipid. Furthermore, according to
the GC-MS data incubated with I-palmitoyl-2-lino-
leoyl-sn-glycero-3-P'C, two peaks of palmitic acid and
linoleic acid with each area being 68% and 32%, re-
spectively, were identified. This result suggested that the
sn-1 site might be a favorite to the PhlA protein.
However, the PhlA protein did not have a LPC
degrading activity.

It has been reported that Ca®* ion functions as a
cofactor for enzyme activation in many bacterial phos-
pholipases. In the outer membrane PLA (OMPLA)
proteins of gram negative bacteria, Ca* ion function as
a cofactor for the activation process and dimerization of
proteins [37]. In eukaryotic cells, PLA, proteins are also
divided into two types, Ca®"-dependent and Ca**-inde-
pendent, and these enzymes are different in substrate
specificity as well as tissue distribution [38]. In contrast,
the extracellular phospholipase of Cryptococcus neofor-
mans was not influenced by divalent ions (Ca®, Mg?*,
or Zn*) and EDTA [39]. In this study, there was no
significant effect on the enzyme activity with Ca®" but
enzyme activity was increased with Co®*. Anne-Brit
reported that a sphingomyelinase activity could be in-
duced by the addition of Co®" ion to the PLC protein of
B. cereus [40]. However, we could not detect the enzyme
activity other than PLA under the existence of Co®* ion
in the reaction mixtures with the PhlA protein.

Phospholipases originated from pathogenic micro-
organisms induce tissue destruction in the host cells or
inflammation by producing a second messenger that
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affects the signal transduction pathway of the host cells
by working on the cell membrane. It is known that PLA
cither leads to tissue destruction by directly affecting
phospholipids of the cell membranes or hemolysis on the
host erythrocytes. Zhang et al. [21] recently reported
that the amino acid sequence of V. harveyi hemolysin
{VHH) has 86% identity with the thermolabile hemoly-
sin of V. parahaemolyticus having PLA,/lysophospholi-
pase activity. Furthermore, the VHH showed a high
sequence similarity to the Lec protein of V. cholerae
(64% 1dentity) and the PhlA protein of V. mimicus (65%
identity). Interestingly, the hemolytic activity of VHH
was limited to the erythrocytes of rainbow trout. This
cvidence led us to assess the hemolytic activity with the
PhlA. Comparisons of the erythrocytes specificity for
hemolysis by PhlA indicated that there was strong he-
molytic activity against only fish erythrocytes such as
rainbow trout and tilapia. These observations are con-
sistent with the results reported in VHH [21]. Erythro-
cytes contain phospholipids of various kinds, such as
PC, phosphatidylethanolamine, phosphatidylserine, and
phosphatidylinositol. It has been known that PC con-
tents of total erythrocyte phospholipids from rabbit,
human, and sheep were 34%, 17%, and 4%, respectively
[41]. And it has also been reported that PC is the most
abundant compound in fish erythrocytes [42]. A lower
sensitivity was detected on rabbit erythrocytes with the
PhlA but no hemolysis was observed from other ery-
throcytes, such as sheep, mouse, and human. The ele-
vated percent of this PC content in erythrocytes tended
to have high sensitivity. This may be useful explanation
for the differences in the spectrum of erythrocyte sensi-
tivity by the PhlA. Sphingomyelin is also known to be
an important component of the outer leaflet of the
phospholipid bilayer in erythrocyte. The PhlA did not
show any activity to degrade sphingomyelin.

‘We have shown in this study that the purified rPhlA
has not only the phospholipase A activity but hemolytic
and cytotoxic activities against fish cell. Although the
PhlA is regarded as an important virulence factor, we
did not identify the role of V. mimicus phospholipase for
infection to fish. Therefore, further studies are needed to
determine the intracellular pathogenic process with the
PhlA.
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Abstract

The vme gene encoding a metalloprotease of Vibrie mimicus (ATCC 33653) was cloned in Escherichia coli and
sequenced. The vmc gene contained 1884 nt sequence which codes a polypeptide of 628 amino acids with a predicted
molccular mass of 71,275 Da. The deduced amino acid sequence had the similarity of 68.5% with V. parchaemolyticus
metalloprotease. The consensus sequence of a zinc binding motif (HEXXH) was identified to be HEYTH. The zymography
analysis showed a gelatinolytic protein band around molecular mass of 61 kDa, and this result suggested that the cloned
metalloprotease may undergo processing during secretion. © 1998 Elsevier Science B.V.

Keywords: Pathogenic factor; Metalloprotease; Zinc binding motif

In 1981, Vibric mimicus was isolated and identi-
fied as atypical non-O1 V. cholerae [11. V. mimicus is
an enteropathogenic bacterium which inhabits aquatic
environments and apparently causes diarrhea, usually
after the consumption of uncooked seafoods. V. mim-
icus can produce an enterotoxin that is closely related
to the cholera toxin (CT) of ¢lassical V. cholerae [2].
Several pathogenic factors of V. mimicus, including
cholera toxin (CT) {3], CT-related enterotoxin [4],
Escherichia coli heat-stable enterotoxin (ST)-like
toxin [5] and protease [6] have been reported.
Hemolysin is also involved in the bloody diarrhca

" Corresponding  author. Fax: +82-51-6206180; E-mail:
iskong@dolphin.pknu.ac.kr

which is one particular clinical symptom of Vm
gastroenteritis {7].

Most investigations have been carried out on the
function of vibrio toxins in enteric infections. How-
ever, many factors associated with pathogenicity in
extra intestinal infections have recently been shown
to be important for virulence in Vibrio sp. In general,
vibrio proteases have been thought to be important
virulence factors for host invasion. The extracellular
metalloprotease of V. mimicus has been shown to be
important for the enhancement of vascular permeabil-
ity in skin and fluid accumulation in rabbit ileal loops
[8]. Although the metatloprotease of V. mimicus might
be related to the pathogenic process, the molecular
information of this protease is unclear. As part of a
molecular study for the pathogenic factor of V. mimi-

0167-4838 /98 /$15.00 © 1998 Elsevier Science B.V. All rights reserved.
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Fig. 1. Construction of a series of deletion derivatives of pVMC191 and pelatinolytic activity of transformant that bearing derived
plasmid. Plasmids pVMC191 and pVMC 192 have only a part of vmc under the control of lac promoter. pYMCI193 has the entire
metalloprotease gene. E, H and arrow represent EcoRI, HindlIl and ORF, respectively. The gelatinolytic activity was identified on

agar(gelatin 0.5%) plate with frazier solution [L0].

cus, the hemolysin DNA sequence was previously
reported in our laboratory [9]. In this study, we
describe the cloning and the whole DNA sequence of
a metalloprotease gene of V. mimicus.

To identify the metalloprotease gene from the ¥.
mimicus, chromosomal DNA was digested using the
restriction enzyme EcoRI, ligated with pUC19 and
introduced into £. coli JM83. One positive clone was
obtained that formed a clear zone around colony on a
gelatin containing agar plate after overlaying the
frazier solutions reported by Norgvist et al. [10]. This
clone harbored the insert of 2.4 kb EcoRI fragment.
This plasmid was designated pVMCI191 and the re-
striction map of the insert is shown in Fig. 1. Dele-
tion analysis indicated that the 1.7 kb EcoRI-Sacl
fragment was the essential region for the gelatinolytic
activity. This fragment was subcloned to construct
pVMC192. The 1.7 kb DNA fragment (pVMC192)
was sequenced and a 1747 bp sequence which corre-
sponds to 307-2053 bp in pVMCI193 was deter-
mined. The deduced amino acid sequence of the
inserted fragment was compared with a published
metalloprotease genes in the NCBI with BLAST
program. The metalloprotease amino acid sequence
of V. parahaemolyticus showed high similarity with
that of V. mimicus. However, upon determining the
DNA sequence of pVMCI192 and comparing this
sequence with the metalloprotease sequence of V.

parahaemolyticus, 102 amino acids of the N-terminus
could not be found in pVMC192 and this observation
implied that the isolated fragment is likely to be the
truncated gene of the entire metalloprotease. To ver-
ify the existence of an additional upstream sequence,
PCR was performed using the plasmid DNA library
of V. mimicus. Primers were designed based on the
exact sequence of pVMC192 and pUCI9, respec-
tively. The amplified DNA appeared to be 1 kb
(Fig. 2). The DNA sequence of PCR product had
primer sequence and overlapped with DNA sequence
of pVMC192. The numbers of amino acids which

Fig. 2. The agarose gel electrophoresis of DNA molecular size
marker: M (A / HindIIl) and the amplified DNA fragment which
was detected by PCR: A. PCR was done with #247 primer
(5-GCAGACATCATGGCATCCATG-3), pUC!9 reverse primer
(5-AGCGGATAACAATTTCACACAGG-Y) and plasmid DNA
library was used as template.
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were not shown in pVMC192 are also well matched
with N-terminus of V. parahaemolyticus gene. The
confirmed DNA sequence from PCR was connected
to pVMC192 in frame and designated pVMC193
(Fig. 1). We examined the gelatinolytic activity of
pVMC193 by plating assay. The gelatinolytic activity
of pVMC193 was higher than that of pyMCI91 and
pVMCI192. The entire open reading frame had 1884
nucleotides encoding 628 amino acids. The putative
promoter sequence is ATGAGA for the —35 and
CATATT for the ~ 10 region, respectively, and a
putative SD sequence {ATAGG) is located directly
upstream from the potential start codon GTG. It is
very interesting that GTG (Val) might be responsible
for initiation codon in V. mimicus. However, more
studies should be necessary to support it. We found
the inverted rcpeat sequence upstream of promoter
region and there was no continuity of amino acid
scquence from its DNA sequence (Fig. 3).

-10 8.0
GCTTATTTTTCCCACCAGARAATAGABCTTAATGCTCYATT TTCTOAAT TARCCTCATES TTI TTATGGAGTTAGTTTCAGBACT: SANTCAATCAATGATGABACGTAT AKCCCACACCICCAACATATTGATAATAAATAGETTTTACT

1 GIGTACTCTCAACCATTGTTCCOACGTCATCGCATCEOCATCOUTTRCTTATTES

The amino acid sequence was observed to be
homologous with the metalloprotease from V. para-
haemolyticus [11]. The alignment of two sequences is
shown in Fig. 4. The overall amino acid sequence
homology was 68.5%. However, the identity in-
creased to 70.2% within the region without C-
terminus (1-501 amino acid).

In these sequences, the conserved zinc-binding
motif (His-Glu-Tyr-Thr-His) was identified. This mo-
tif (HEXXH) is important to transfer electron with
zinc for the hydrolysis of peptide bonds. Following
the general classification of zinc proteases, five groups
are present [12]. Three groups out of five have the
HEXXH motif for the zinc binding site. With regard
to the structural similarity around this HEXXH re-
gion, we proposed that the Vibrio metalloproteases
could be specified in two classes (Fig. 5). The metal-
loproteases from V. cholerae, V. anguillarum and V.
proteolyticus have a glutamate residue besides two

35 -1

CTOATCTTTCTCATACCACTTACCHC AMGCCGCE TETOACATTCAAGACTTACAACAAACTCG TGATCTECCTOGCAATTECHECT

VVSQPLFRRHR]AIACLLAGLSHTTYAQAACDIQDLOQTRDLPAOIll

145  GCCGATGAGTCTTETTATAGCTCTTGE T T TATGCBCCACCOGECACGTT ASAMCGETETACAGCGANGCCACCTTG TOGCACTTACAAAC AGTBCTGGATEC AGAMATTACBCGTTACACTGGCGAGGCAGAACAAGOCCAA

A D E S CY

SSHFVAPAGTLETVYSEATLSHLOTVLBAEITR\’TGE’AEO!O

Ecoll 1
289 CGCTTGEGAMAACTATGSTGARTTCATCCGCGCGECTTATTACSTACBCTATARCGCABARAGTGAGCTTTACTCTCAAGCATTE AGCCAGCGCTTTGCTCAATCGATCAATORCTTCTTGCTTCACCCACATGECTTCGATCAA

RLEN‘!GQ_E[RAA\'VVRYHAESEPYSOALSBRFAOSIMR

pVMC 192
Sall

FLLHPHATFTDD Q

primer #247

433 GOCCGTGAGCAAGTABCAGCANTBAAMGCCTCTCTCTGATEATCGACAATATT AAGCARCTGOCT TTGACCATBBAT GCCATGATETCTGCACTTEGCTT ATTCAMCCANGAGACAGCG AAGAACACTCAATEGETAGACSGT
s R E QY A AMESLSLMYDNTIXGL®PLTHNDAHHSALRLENOETRAEKNTAHY DO
577 CTCARTAATCTGTICCBCTCTATETCCROCCATOTCGETANTGUGGAGTTTITATOGCTACTTAGCTGUC AATACTCAGCAT ATTGAT ACE TTGCAT CAATTCGCBATCBAG AATGAG TGRECACTAARCATTGACGCTGCATTT
W K LFRSMHSGHYGNAKEFTYRTYLAAYTOHTDTLHGFANTITEMNEMNALLHNTDRALMLEF
720 TTGGTTTATAAOBCACTEOBCAGACAGGACGTTIGCTCOT AABOCCAGATGC0GTCACCAAACAG AMGCATT AAGASTGATGGAACARACCCT TETCCST TACCCTTTAGBCAGTCAGCACGACARAAT TTGGCTCBCCECA
LVYNANLRETGRLLVYSPDAVTXOQKALRVYMEQTLYRYPLSGS@HDKIHWLAL
865 OTTGATATGATSCECTACTACBCOCCAGABGCTTTGCANGCACANGG AT TEACTTTEAGGT AGC AARACANGAKTT AGCABC ACBC ATTTTGCCG AN TCBCTATEAG TECCARBG TCCROCANTCATCCRCTCACAAGATCTC
VDMHMRYYAPEAMLTGTCANOGGIEIDFETYAEKQEZLAARILPARYECAQGBPAIITRSEDL
1009 TCOGATCGACAAGCGGCIOGABCT TBIBATETCCTCARTGCAL TTTCCACCAATTEGTGAACAGCHGT T ACG TGCCOG TCBOCEATEACAACACTBAGCECT T TUASGTTOLUG TATTTGCCAMCAACGACAGS
s D RQAARACD Y LMAEEEDFHO GYVYHRSGYY PYADDNTERVYEVAVFANMNDS
L1153 TACHTCANTTACTETECTTICTTGTTTAMC AN ACCACOEATAMTOGTA0RC AL TATTTOR AAGGCAACCCTBCTGARGCC AR TAACC ARGCTCATT TS TOGCTTATCT TATOCCARTEE TGATGATCTTICAATTCTGAMS
Y ¥ XY S APLPHNNTTDNSGGOaYLEANPALEANNOQARFV AYRYANGDDLSTILHN
1967 TTAGMGCATBABTACACACACT ATTTAGATGCACETTTCARCCANTACGRTACTTTTABCEACAAC TTIGGCTCATBOUCATAT TETTTES TGCTAGARBEGTTTGCERATTACATGCATI ACAAGC AMGECTATCAAGOUSCE
L E MBS Y L D ARFUN¥OQVYGBTFSDNLABGHTIYWNWNLEGFANEYHHNYXOQOGEYQAA

Hipalll
1441 ATTBAGCTTATTCCACAAGGCAAAATGAGCCTTTI CTGACGTEATEECCACCACCTACT OGCACGATTCCARCCETATTTATCGT TGR6GCT ACTTAGCBETECOCTTTATOATGGAMAAACACCCTCARGACCTCGRAAGCTIG
1ELIPQGKHSLSDVMATTYSHDSHEIvRu@YannrnnExﬂsunvzsL
1585 mmcmmmcmmeumscmu.mamcummanmmmmmmucccmmecmmmmmmmmmmmmmcmuccncm.\sccmu
LVLSRPBQ?JQNAETVKNLG!QY"AEFAVWLDTFK}.ETPEN?DPSEPE
Himill
1729 AammﬂuumcmmacmcACTTM:AQCCAA.CCMTCIBTAAEM:IL’[CAGBACMATABTGAGCATTTG‘HCTMATCBA‘I‘GTAL‘CAGMCACAR?CUTGMTT‘ECAGGTEACGATATGKEGAGATGOS.\CG
KP!EAVTAL‘I’ANOSVTLSGQAYSEHLFVIDVEEHSREFQVTISEDAT
1873 CCGATL‘\“.ITACA‘I’GAG!‘CAWMAGTAGCTCATTACMTGAT[ACCMGTGACGGABI’ICA'ETGACGGCAGCMNAAGCTATTICAITCMBCCABMCMGATGGTTACATCMACCGGGACSG‘ACTAETFMGCATM
1 F T » Sacl
2017 COGOACBAAGCGCATATTCTECCE TCACATTEAGCTIC

Fig. 3. The nucleotide sequence of metalloprotease gene and its deduced amino acid sequence from V. mimicus. The open reading frame
is composed of 1884 nt and 628 amino acids. Putative promoter region is ATGAGA as —35 region and CATATT as - 10 region.
Putative ribosome binding sequence is ATAGG, black box indicated HEXXH motif. Inverted repeat sequence, N-terminal amino acid
sequence of the secreted protein and stop codon are represented by horizontal arrow, vertical arrow and asterisks, respectively. (The
GenBank accession number: AF004832)




4 J-H. Lee et al. / Biochimica et Biophysica Acta 1384 (1998) [—6
VMO VYSQP! THIC. 14 LOI -50
VEERT MSHIMVEFSFWV“MV -50
vMC G| 100
VFFRT mggﬂ T 1 Vi 100

VPERT \
e ol 5 U S
vepry GEN—MLNL] A

Vo
VPPRT

1

;o0
VEPRT

viC
VEPRT

4

Y

KAETPENP!
VY-

VPFRT

VMC
VPPRT Ysmmmvrmsnzmmsemm ~628

WnTmmvnsmn—sga
TD) RP—m e e = —581

-587

Fig. 4. The amino acid alignment of vmc and vpprt (V. para-
haemolyticus metalloprotease gene) showed high degree of simi-
larity. Numerals indicate the amino acid position beginning at the
initiation Val and Met, respectively. The identical amino acid
was represented by black box. From the amino acid sequence of
| -628 shared 68.5% identity and 70.2% identity showed from
amino acid sequence from 1-561.

Class 1 (HEXXH + E)

Vibrio cholerae
Vibrio anguiliarum f
Vibrio protesiyticusf

Vibrio vuinificts

histidines of the HEXXH motif as metal ligands
(class I, HEXXH + E) and this glutamate residue
plays an important catalytic role. Class 11 metallopro-
tease (HEXXH) does not involve an extra glutamate
residue and metal ligand of this class II protease in
addition to HEXXH motif is still unclear. Vallee and
Auld [13] demonstrated that three ligands need to
play the role of catalytic zinc sites by using the
computer analysis. According to this investigation,
the possible three ligands of the metalloprotease (vmc)
are two histidine residues of HEXXH motif and
another histiding which is separated from HEXXH by
a long space of 19 amino acids.

SDS-PAGE and zymography were performed to
investigate that the cloned DNA encoded gelati-
nolytic protein. The extracellular proteases were pre-
pared from culture supernatants followed by the frac-
tionation with ammonium sulfate. The zymogram
showed that one band is reactive with gelatin. And
this gelatinolytic protein migrated to the position of
about 61 kDa on SDS-PAGE (Fig. 6). From this
result, we suggest that the mature mectalloprotease
(ume) was considered to receive the processing dur-
ing secretion since estimated molecular mass from
the deduced amino acid sequence was 71 kDa. To
determine the N-terminal amino acid sequence of
extracellular protease, the protein band corresponding
to gelatinolytic activity was transferred onto PVDF
membrane. The N-terminal 6 amino acid sequence

343-373
340370

340-370

,I;ocatin’h

427-450
427-450
469-492
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A M B

—66 KD

—-45KD
— 36KD

—29KD

Fig. 6. SDS-PAGE and zymography were done to detect the
extracellular metalloprotease which was expressed in E. coli
[24,25]. M is protein molecular marker (66 kDa: Bovine serum
albumin, 45 kDa: Ovalbumin, 36 kDa: Glyceraldehyde-3-phos-
phate dehydrogenase, 29 kDa: Carbonic anhydrase). Elec-
trophoresis pattern from SDS-PAGE and zymogram were shown
in A and B lane, respectively. Zymogram of vmc showed a major
gelatinolytic band located at 61 kDa. £ coli was cultivated at
37°C for 14 h.

was identified with Ala®-Glu-Gln-Ala-Gln-Arg®’.
The molecular mass from the Ala®* was calculated to
be 61,182. This molecular mass coincided well with
that of 61 kDa measured by SDS-PAGE. Many extra-
cellular bacterial proteases are synthesized as inactive
precursors with an additional polypeptide segment to
keep the protease inactive inside the cell, and un-
dergo several stages of processing, including cleav-
age of signal peptide to form mature protein [14,15].
In this work, we didn’t decide the substrate speci-

ficity of this cloned metalloprotease of V. mimicus.
So the further work is necessary to characterize the
biochemical property of metalloprotease (vme) and
clarify the relationship between other protease in
virulence mechanism of V. mimicus.

Many toxins and proteases have been considered
to be potential virulence factors for pathogenicity. A
number of metalloproteases from pathogenic mi-
croorganisms were suggested to be involved in inva-
sive mechanism. V. cholerae secretes a metallopro-
tease which is the causative agent of epidemic cholera.
The HA /protease of V. cholerae has been shown to
nick and activate the A subunit of the cholera toxin
[16]. The HA /protease gene was cloned and charac-
terized [17]. The deduced amino acid sequence of the
HA /protease showed high homology with Pseu-
domonas aeruginosa elastase. The elastase from P.
aeruginosa has been shown to be responsible for the
tissuc destruction during host infection [18] The
halophilic bacterium V. vulnificus produced a metal-
loprotease with elastolytic activity and this enzyme
contributed to edema formation during infections by
enhancing vascular permeability [19]. V. anguillarum
which has been known as an important pathogenic
microorganism infecting fresh water fish as well as
marine fish secreted a metalloprotease associated with
invasion to the fish [10]. The corresponding gene of
V. anguillarum was determined [20]. The collagenase
of V. alginolyticus was identified to be an effective
enzymc to promote healing of abnormal skin scars
and its gene was identified [21]. The extracetlular
protease gene was characterized in V. parahaemolyti-
cus which is one of a major causes of acute gastroen-
teritis [11].

V. mimicus was classified as atypical strain of ¥.
cholerae. The high similarity of hemolysin gene be-
tween V. cholerae and V. mimicus was shown in our
previous report [9] and this fact suggested that both
strains have evolved from a common ancestor. How-
ever, the metalloprotease found in V. cholerae was
31 kDa protease, HA /protease, which has the activ-
ity of hemagglutination. Therefore, it is possible that

Fig. 5. Conserved domains around HEXXH motif divided the metalloprotease of Vibrio sp. into two classes. One {s HEXXH + E class
which involved V. cholerae [17), V. anguillarum [20), ¥. proteolyticus [22] and V. vulnificus [23], another is HEXXH class. V. mimicus
[this study], ¥. parahaemolyticus [11] and V. alginoiyticus [21] were involved in this class. In cach class, the location site of HEXXH
motif is very similar and amino acids immediate to HEXXH motif share high degree of identity. Putative zinc-binding residue, active site
residues, identical amino acids and HEXXH motif are indicated by asterisks, open circles, black box and box, respectively.
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another metalloprotease which is very close to the
metalloprotease described in this report may exist in
V. cholerae.
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Abstract

The structural gene (emhd) of hemolysin from Vibrio mimicus (ATCC33653) was cloned and sequenced. The vmhd
gene contains an open reading frame consisting of 2232 nucleotides which can code for a protein of 744 amino acids with a
predicted molecular mass of 83 059. The similarity of amino acid sequence shows 81.6% identity with Vibrio cholerae El

Tor hemolysin.

Keywords. Vibrio; Hemolysis; Enteropathogenic bacterium; Ym-hemolysin

V. mimicus is an enteropathogenic bacterium which
inhabits aquatic environments and apparently causes
diarrhea, usually after the consumption of uncooked
seafood [1]. Several pathogenic factors of V. mimi-
cus, including cholera toxin (CT) [2], CT-related
enterotoxin [3}, Escherichia coli heat-stable entero-
toxin (ST)-like toxins [4,5] or protease [6], have been
reported. Many V. mimicus strains isolated from
environment are capable of causing diarrhea, even
though they cannot produce these enterotoxins.
Therefore, it was postulated that another toxin is
involved in the bloody diarrhea which is one particu-
lar clinical symptom of V. mimicus gastroenteritis. In
addition to the above toxins, hemolysins are sus-
pected to be the pathogenic factor of the vibrio. Two
kinds of hemolysin produced by ¥. mimicus, Vm-he-

+82 51 6206180; E-mail:

iskong@dolphin.pknu.ac.kr

molysin (M, 58000), Vin-rTDH (M, 22 000), have
been reported [7]. The former is immunologically
cross-reactive with V. cholerae El Tor hemolysin and
the latter is cross-reactive with V. parahaemolyticus
thermostable direct hemolysin (TDH). The nucleotide
sequence comparison of Vm-rTDH and Vp-TDH re-
vealed that they were very homologous and had only
minor variations but the flanking sequences of the
hemolysin genes were dissimilar, indicating that they
have a common ancestor and suggesting that they
may have been transferred between vibrio species as
a descrete genetic unit [8]. In this communication, we
report the nucleotide sequence of gene encoding
hemolysin similar to V. cholerae El Tor hemolysin.
A gene bank of the ¥. mimicus (ATCC33653)
chromosomal DNA (partially digested Pst1/Sall
fragments} was prepared in the pUC19. One clone,
pVMH194, was isolated by B-hemolysis on TSAII
medium containing 5% sheep blood and the nu-
cleotide sequence, containing an ORF of 2232 bp,

0925-4439 /97 /$17.00 Copyright © 1997 Elsevier Science B.V. All rights reserved.
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was determined. Fig. 1 shows the nucleotide se-
quence and deduced amino acid sequence of the
hemolysin, consisting of 744 aa with a predicted
molecular mass of 83 kDa. Typical GAGGT, RBS or
SD, sequence exists in 5 bp upstream from the ATG
hemolysin initiation codon. However, the protein size
(83 kDa) is larger than that of previously purified

Vm-hemolysin (58 kDa) [7]. In V. cholerae El Tor
hemolysin, the 82 kDa preprotoxin synthesized in the
cytoplasm is secreted through the membrane into the
culture medium as the 79 kDa inactive protoxin after
cleavage of the signal peptide and is then further
processed into the 65 kDa active hemolysin by re-
lease of the N-terminal 15 kDa fragment [9]. Thus,

1 CTGCAGATCTGGT CAGATCICTCT TG ATT GIGAATGAGACATTTGT CTUGTCAATGAGAAGT GCTC TG TCATTACTCAGG TTGGAAGT AAGATCAACCTTGCGTATAAAGT CFCCTATT
Pstl

121 ATTCTGTTCATAATTGATCTTTATTTTTCATATT AATGGACT TAACTGATATT TAATGATTGAAAGT TAATCACT T AATGAATTTCTATTTTTATCTAT T TAA TTCAATCTAATTTAGTT
241 CAAATTAMTTAGTGCGAATGAAT AATGTAAATATCCAAAAAACAAA TTGGGAATTAATAGTTG TG TCAAGAATT AATTCTCGL L AMATAATAAG TTTTCAAGCGTGAATTT GTGATCTC
361 CTGTTACTATTTICTGTIACAACTATT TAGT TITGGCATGT T TAGGGATATTCCAMTAAGTGT GG TO0GGAGAATATAAACGTATTCT TTCAAATAAAGAAGT TGAATATTCTGTCAA
4Bl AGGGGTATUTGTTAAGGOGTAGTTCTGCCCCAAGCCACACACANCATCAAGGATGAOGACGGT AACCCACBAGAAGCATTCAMACTGGGTT TGCTOGATGATTTGAACCTGC TG TEGTGT
601 TGATTAAATTTATCCTCTTAAAGCATAACGCTTAATTAT GTGOGT AGTGATGAATGAATTTCCUGCTASTCTGTTCTT TCAGT GG TTCOAGTTAATTCACH TGTT TEAAMTCTCTCTT
T21 CTAATAACACTAAAAATAACTGAATCAGTGAGGT TTATATGCCAAAA CTCAATCOTTGTCCAATOBCAATCCT AACGAT ATTCAGCGCAATATCTAGTCATACTGTG TTCGCGAATATCA
8.0, MPEKLNRCATIAILLY I F5AI1S3SHTYFANTI 27
841 GTGATCCOGTTGGTGAAGCTGTTGAATTAT TAGOCAAGTOGO0CATAACC ADGCAATAANAT AT TACAACGCTGCAGATT GGCAATCAGAAGAAAGCCAATTACCCAGTTTAGCTGAGT
SDPFVGEAVEI1ISAQVADNKAIKYYNAADYQSEESQLPSLAE 57
961 TGCGTGAGCAGGTEATTAACCAGCAGT TGOS TATCTTGGTCGATTTCAGCCAGATCTCTGACCCTGATE GET AMODGAAA TGCAGGTGAAGTT TAG AAAAACLT ATGE TG TTGGGTTTG
LREQVYINGUOLRILVDFSQISDPDIDRLTEMOQVEKFRKTYGVGTF 107
1081 CTAATACATTCATOGTAATCACTGAGCAT AMAGE T AGCTGCTGTTTACACCOT TTRATCOTROUGABUATUTWGATCCAACACTGCTGGAGGUOCCACG TTCTGAGCG TG TGTTGAGTC
ANTFIVITEHKGELLTFTPFDRAEDVDPTLLEAPRSERVLS u7
1201 GGTCACGTOGCTCAGTGICTGCCAATAATGTCACTAACAACAATGAAACGAACAOGT TGOCGCAOGT TGCTT TTTACATCAACGTAAACCGTTCAA TCAGCGATGAAGAGTGTACTTTOG
RS RASVSANNVTNNNETNTLPHYAFYINVNRSILSDEETCTTF 187
1321 CCAATTCTTGGCTATGOAAAAATGACAAAGLCAG TCGTCCATTTTG TAAAGATGCCAATATCT CAT Y GATT T ACCG TG TGAACT TAGAGCGTTCATTGLAGT ATGGCATTGTGOGTTOGE
ANSY¥YLYXNDK®SGES RPFCKDANISLIYRVYNLERSLQYGIVGS 27
1441 CAACTOOOGATGOCAAAATYGTGOGTATCAGCTT AGATGACGACACCACTGGOGOGGGTATCLATCTCAATGATCAACTTGG T TATOGCTTTT TCAAAGCAGOATATACGACGCTCGATE
ATPDAKIVRI!ISLDDDSTGEAGIHLNDRQLGYRFFKAGYTTLTD 267
1561 CTTACTTOCGTGAGTGOCTCAACGGATCCGATAGCCCAGGATTATCOCTTCAGTTTTAACGCTTOGAATGATAAGGOGCAGA T T TTARAGACTTT COCRGTCACTAACGTCAACGCAAACT
AYFRE¥STDAT AQQDYRFSFNASNDKARG!ILKTFPYTNVNRAN 307
1681 TTGAGLGTAAAGAAGTCTCTGGTTTTGAGCT TGETGTAACGGGCAGTGTTGAAGOGOATAASAATGLCCCGAAGCTAAGTTGGAAGC GAAAGCCAGCT ACACCCAAAGCCGTTGOTTG A
FERKEVYVSGFELGVTGS VEADKNGGPIKAKLEHAEKASYTAaSRHRYL M7
1801 CCTACAACACGCAAGATT ATCGAATTGAGCOGAGTGOGAAASATUOGCAMACGTTAGCTTTACTTCGAA (CGCAGCAGTACGCAACGGCTGAATCTCTGCTCAACCG TTCAACGGATG
TYNTOQDYRI]IERSAKXKNAGNYNYSFT®NRBAQYATAHAESLILNTERRSTTD 387
1921 CATTGTGOUTGGAAACCT ATCCTGTTGATGTGAACCGCA TCAGOCCOCTGAGTTACGCCAGTTTTGTGCCAAAAATGGATG TAA TTT ACAAAGOGT CACCGAMAGAGA CGGGGAGCACCG
ALYVETYPYDVNZRISPLSYASFVPKMDY L YKASPXETGST 427

2041 TTTTTGTCATOCACTCTTORGTCAATATCOGTCCTATCTATAAT GG GCTTACAAACAC TA T TA TG TG TRGEGTAGTCATCAGTCTTATCATGGGTTTGAA GATACGOCTCGTCGTCGTG:
VFVIDSSYNIRPIYNGAYKHYYVVYGSHQSYHGEFEDTTPRERPR 467
2161 TGACAAAATCGGCAAGCTTTACTGTGGAT TGGGATCACCCTGTATTTACTGGTGATCATCCAGTGAATTTACAGCTGOCBAGETTCAACAATOGCTGTATTGAAGCTGATGATCAAGGTC
VTKSASFTVYVDYDHPVFTGGRPVNLGQLASFNNRCIEUADDOGSG 507
2281 GCTTOATGGCAACTACCTGTGACAGTCAGCAAGCGGCGCAATCTT TTATCTATGATCAACASGGTCGTTACGTGAGTGCARGT AACACCAABCTT TG TCTGGATGGTCAAGCGCTGOATT
RLMATTCDS SQQAAQSFIYDAQQWGRY VS ASNTEKLCLDGEALTD S47
2401 CTCTGCACACCTGTAACCAGAACTTGACOCAACGT THAGAGT UG TG AAGETI CTGACGAACTGAGCAATOTGT TTAACGGTGAAGT AT TRGGACATGACAAACAAACCGGGGAACTOG
SLHETCNGNLTGRWNET WR®PRETGCGSDELGSNYFNGEVYLGHDKQQQTGETL 8587
2521 GOCTTTATTCAACAGGCAGTGATGCAGTGAGCCTACGTACGATTACGTCTTACACCAATGTTTTCCATGAACAGGAAAGCTCACDOGTGCTTGRTT TAACCCAAGGUAAAGTGAA TCAGC
GLYSTGSDAVSLRTITSYTNVFHEQESS?PVLGLTQG6GKVNDQ 627
2641 AGOGAGTAGAAAAGGATAACCAACTCTACGTACG TGLAGGTGOOGOCATTGATGCTTTAGGAACT GCTOCTGAGTT GCTTGATT GG TGGTACGGGLGGTAGCATCACAACGGTTGATCTCA
QRVEKDNQLYVRAGAAIDALGCGTAPELLYGSTEGSIITTVDL &
2761 CTGGGCTTAGTTCTATCACAGOGACTTCY GGCGACT TCAACT T OGGTGOCTAGCAGT TGUTOOCATT AMOC T TTACTTACCAAGATGGGCGTCAACAAATGGTOGGT TOGAAAGAGCACA
TGLESITATSGDFNTFIGGRAILVALTFTYQDGRODQMYGSKEH 707
ZBAL TCAGCAATGCTCATGAAGATCOCTTTGACCTACCGACAUGAGOCAAT ATTACCCAMTGAAAGT TTGOGCAGATAACTGGT TGETGAAAGG TG TUCAGTTTGACCTGAACTAAAATGTGA

S NAREDRFDVPTOGANITQMKVYV¥ADNETF¥LVYEKGYQFDLN
3001 TTAATGOOCTGATAATTCAGGGCATTAATGTTCATAATACTTTTAATGTTTCTTATTGACTGATTTGIOGAC
Safl

Fig. 1. The complete nt and deduced aa sequence of the vmh4 gene. The nt sequence is numbered on the left of the sequence and the
deduced aa sequence on the right. Asterisk represents the stop codon. Rho-independent stop region of mRNA is indicated by arrows. The
GenBank accession number is U68271.
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Fig. 2. Alignment of predicted amino acid sequences of Fmhd
trom V. mimicus and HlyA from V. cholerae Q1 Biotype El Tor.
Tdentical amino acid residues in the two hemolysins are boxed.
Conserved cysteine residues are marked by asterisks.

we assume that Vm-hemolysin may also have very
high possibility of the same two-step processing.
The hemolysin shared 81.6% identity with ¥
cholerae El Tor hemolysin, consisting of 741 aa with
a predicted molecular mass of 82 kDa, having only a
major variation of three amino acid deletion from 148
to 150 [9—-11] (Fig. 2). However, no sequence homol-
ogy with other hemolysins /cytolysins was found.
The placements and numbers of cystine residues for
Vm-hemolysin and El Tor hemolysin were identical,
reflecting the similarity of their secondary structures.
According to the comparison of cysteine residues,
Vm-hemolysin might be divided into three regions;
the N-terminal region (Met-1 to Cys-185), the central
region (Cys-185 to Cys-552) and the C-terminal re-
gion (Cys-552 to Asn-744). The N-terminal region,
showing relatively lower homology and having the
variation with EI Tor hemolysin, seemed to be less
important for hemolytic activity. It was supported by

the fact that V. cholerae El Tor hemolysin is pro-
cessed twice at Asn-26 and Asn-158, and the mature
hemolysin has higher activity than the precursors by
removing the N-terminal region [9]. The central re-
gion (Cys-185 to Cys-552) with six cystines had
higher homology than other regions. The suggestion
had been reported that the C-terminal region of El
Tor hemolysin may be involved in the proper config-
uration: of the protein for maximal hemolysin activity
[12,13]). Thus, it might have an important role for the
hemolysin activity although the C-terminal region of
Vm-hemolysin has less homology than the central
region. In addition, it will be required to explain the
biochemical differences between Vm-hemolysin and
El Tor hemolysin. The function of the central and
C-terminal region of Vm-hemolysin will be eluci-
dated by further study.

This research was supported in part by a grant
from Engineering Research Center and by Non [}-
rected Research Fund, Korea Research Foundation.
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Abstract

The phospholipase gene phl was identified from Vibrio mimicus (ATCC33653) and sequenced. The entire open reading
frame (ORF) was composed of 1410 nucleotides and encoding 470 amino acids. The phl was placed upstream of hemolysin
gene (wnhA) with opposite direction of transcription. From the BLAST search program, the deduced amino acids sequence
showed 74.4% identity with phospholipase gene (lec) from V. cholerue El Tor. The entire ORF of phospholipase gene was
amplified by PCR and inserted into an Escherichia coli expression vector, pET22b(+) and introduced E. coli BL2I{DE3).
SDS-PAGE demonstrated that a protein corresponding to the phosphalipase was overexpressed and migrated at a molecular
mass of 53 kDa. © 1998 Published by Elsevier Science B.V. All rights reserved.

Keywords: Hemolysin; Lecithin degradation; Phospholipase; (Vibrio mimicus)

In Vibrio spp., virulence factors are associated with
hemorrhagic septicemia and diarrhea [1]. Many vir-
ulence factors including hemolysin, cytotoxin, pro-
tease, hemagglutinin, cell adhesion factor and lipase
are suggested to play a important role in the host
infection and intestinal disease [2]. In some cases,
bacterial phospholipases were related with intestinal
secretion in the pathogenesis of disease [3]. V. mim-
icus was identified as atypical non-01 V. cholerae and
inhabits an aquatic environment [4]. Several patho-
genic factors including cholera toxin-like toxin, Es-
cherichia coli enterotoxin-like toxin, protease, hemag-
glutinin, and hemolysin have been characterized in
V. mimicus [5]. Recently, phospholipase (lecithinase)
gene (lee gene) of V. cholerae was identified, and this

* Corresponding author, Fax: +82-51-620-6180;
E-mail: iskong@nuri.net

gene lies upstream of the Aly4 gene which encodes a
hemolysin [6]. Both genes are transcribed with oppo-
site direction. We have previously reported the he-
molysin gene {ymhA) of V. mimicus and compared
the amino acid sequence homology with V. cholerae
El Tor hemolysin [7]. The amino acid homology was
shown to be 81.6%. Based on this similarity, we as-
sumed that the phospholipase gene can be observed
around the hemolysin gene in V. mimicus. In the
present paper, we have identified the phospholipase
gene located upstream of the hemolysin gene and
have determined the nucleotide sequence of this
gene.

To isolate the flanking region of the hemolysin
gene (yvmhd), V. mimicus (ATCC 33653) chromoso-
mal DNA was digested with EcoRI and ligated with
pUCI9. The 8.0 kb insert containing the hemolysin
genc was isolated by the hemolytic assay on blood
agar plate and designated as plasmid pVMHI91,
Te investigate whether transformant harboring

0005-2760/98/% ~ see front matter © 1998 Published by Elsevier Science B.V. All rights reserved.

PII: S§0005-2760(98)00100-3
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Fig. 1. The restriction map of derivatives from pVMHIS! and its lecithin degrading activity on egg-yolk plate. (a) Restriction map of
PYMHI9! and its derivatives, Arrows indicate the open reading frame of phl and vmhA. E, H, P and S represent restriction enzyme
EcoRI1, Hindlll, Ps/I and Sall, respectively. (b} Lecithin degrading activity of E£. coli with plasmid. A, pYMHIS1; B, pYMHI92; C,

pYMLI195; D, pVMH194; E, pUCIS.

pVMHI191 plasmid has lecithin degrading activity, E.
cofi (pYMHI191) was transferred on egg-yolk agar
plate. A clear zone around the colony could be de-
tected.  According to the restriction map of
pYMHI191, the 3.1 kb fragment (Pst1-Sa/l fragment}
encoding the hemolysin gene (vmhA gene) in
pYMH194 was involved [7] and an additional seg-
ment was found upstream of vmhA gene. This result
suggested that the upstream region of the hemolysin
gene may involve the gene contributing lecithin deg-
radation. To confirm that the upstream sequence was
related to lecithin degradation, the derivatives of
pVMHI191 were constructed and the enzyme activity
examined (Fig. la). pVMHI92 and pVMLI195
showed lecithin hydrolytic activity on egg-yolk agar
plate (Fig. 1b). However, E. coli harboring
pVMLI195 could not produce the hemotysin, because
this plasmid contains the truncated hemolysin gene.
From the DNA sequence of pVMHI192, we could
find the vmhA gene sequence as previously reported
[7] and another open reading frame transcribed in
opposite direction with vinhd gene (Fig. 2). The
open reading frame (phAl gene) was composed of

1410 bp encoding 470 amino acids with a predicted
molecular mass of 53 kDPa. AAGAT, located 5 bp
upstream from initiation ATG, was assumed to be
the ribosome binding site. In V. mimicus, the poten-
tial lipid binding motif was found at position 200
and 209, KVIVFGDSLS. The lipid binding motif
of V. cholerae was identified to be KVIAFGDSLS
[6]. A comparison of amino acid sequence with var-
ious lipid hydrolytic enzymes indicates that the pen-
tapeptide, GDSLS, was conserved in the putative
lipid binding domain. The deduced amino acid se-
quence of phl gene was 74.4% identical with that of
V. cholerae (Fig. 3). However, the similarity in-
creased to 84% in a region containing 55470 amino
acids in the pA/ gene. Interestingly, the additional 54
amino acids at the N-terminal of pA/ gene could not
be observed in the phospholipase gene (lec) of V.
cholerae. Rhaman et al reported the hemolysin
gene of V. mimicus E-33 isolated from regional envi-
ronment [8]. This hemolysin gene shows 96.6% ho-
mology with that of V. mimicus ATCC 33653 used in
this study. Also, the partial sequence of phospholi-
pase gene appeared at the 5° flanking region of the
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vmhA

p—
~715 GATCACTGATATICGCGARCACAGTATGACTAGATATTGOGCTGAATATCETTAGGATIGCGATTGCACAACGATTGAGTTTTGGCATATAAACCTCACTGATTCAGTTATTT T TAGTGT

DSINAMFVYVTHSSIASPEPEITLTIAMIAMCRERNLIEKTEPHM
=595 TATTAGAABAGAGATTTTCAAACAAAGTGAATTAACTCGAACCACTGAAAGAACAGACTAGCGGGAAAT TCATTCATCACT ACGCACAT AATTAAGCE TTATGCTTTAAGAGGATAAATT
-475 TAATCAACACCACAGCAGGTTCAARTCATCGAGCAARCCCAGTTTGAATGCTTCTCATEGETT ACCGT CRTCATCC TIGATGT TR TG TG TRGC T TGGEGCAGAACTACGCCTTARCACAT
-355 ACCCCTTTGACAGAATATTCAACTICTTTTATT TG ARAG AN T ACG TT T AT ATT CTCOBCCACCACACT T ATTSGAATATCOCTAAACATGOC AAAAGTAMAT AGT TG TAACAGARAATAG
—235 TAACRGGAGATCACAAATTCACGCTTGAAAACTTATTATTTGGCGAGANTT AT TCT TCACACAACTATTAATTCOCAATT TG TTTTTTGGATATTTACATTATTCATTCGCACTAATTT

phl

-
~115 ARTTTGAACTAAATTAGATTGAATTAAATAGATAARAATAGAMTTCATTAAGTGATTAACTT TCAATCATTAAKTATCACTTAMGTCCATTAATATGAAARATARAGATCAATTATGAA
S.D. M N
6 CRGAATAATAGGAGACTTTATACGCAAGGTTGATCTTACTTCCAACCTGAGTANTGACAGAGCACTTCTCATTGACGAGAC AAATGTCTCATTCACAATACAAGAGAGATCTCACCAGAT
RI1G6DFIRKVDLTSHNLSHNDRALLTIDETNSYSFTIQETRSTDO O]I
Pstl
126 CTBCABTGTGTATTTTCAACCAARTARGAAGAAAACGATGAAAACAAGACTCTCTCTACTARTAGCTGGCTICGCTAGCC TTTCTECCACGECAGCAACTEAACCATGRECTEASGCACA
CSVYFQPWNEKXEKETMEKTRLSLLTIAGLASLS ATAATETPESHWAEH BNA
246 ACCOGTGACTCSOGCTCAAGTGEAACABGCACAABGCAAACAAACCTACACTTATGTCOBCTET TGE TATCRTCCRECTECAACGCATBATGATCC T T ACACCACTIGGGAATGGGCGAA
PV TRAGQVEQAQ®GEXQTYTYVYRCWYRPARARTHDDPTYTTUHWETMWHA LK
366 AAATGCIGATGGCAGTEAT TACACGATCAATGGCT ACTGGTGETCBAGTATCAGCCATAAAAATATG TTCT ATACCGATECARAGCCTEACG GATCAAAGAGCG TTBTAATBAAACGCT
N ADGSDYTINGYU®WSSISHEKNMEFYTDAEKTPDAIEKERTCNETHL
486 TGGTGTCACACAOSAGACAGCTGATATCACTIATI'ITGC&;(I;GATACPCG!GCC[CCTACAALCACMTGGGMTMTGATICAGC‘IGCCCMCCCA.\CMEATCAACMAG'X’GA'l'
B VTHETADITYTFAADTRASYNHTTIWNNDSARRAGEPVF¥XI1 N
606 mmmmmmmarmmnmummcmmmsmmmnmmmammmmmmu
D TGNIFPNASQWRFPNPENKSWEFLGHTFSNSGFVYVHWTETY
126 msecscwmcrsumrcmnmumsmmrmcmemmnnmmmmmcmcmmmummu
LAQGLNVYPIYNMWAVGGAAGBGBRNLRYVALTGVYYEQVSS YLTYH
846 GCAACTGGCSAMARATTACCAACCAGARAACAGCTTETTTACET TOGAGTTTGECCTARATGACT T TATGAACT ACAACCETTCATT AGCCBAAI TEAAGGCCBATTACAGCTCTCCCTT
QLAKNYQPENSLTFTLETFGLNDFMNYUNRSLAEVEADTYSSA AL
966 GATICGCCTTETBEATACARGGECAAAAAATAT TG T TTTGCTCACTTTBCCTBATGCAACGCETECACCACAATTICARTATT COACCE AAGAGCAAATCGAAACSE TTCRCAGCAAGAT
I RLVDARAKNTIVLLTLP?DATRAPOGPFOGYSTO QEG QTITETV VR RSZEK.:I
1086 CATCGBCATGAATGCGTTTATCOSCEAGCAMICCCGTTATTACCARATGCAABETATOCETATCECICTGTTIGATGOCCACGCACTE TTTGACAGCATOACGECCAACECTE AGCAACA
1 6MNAFIREQARYYOQMQOGIRTI!ALFDAHALTFDSMTANTPET® QH
1206 CBETTTTBCGAATGCAAGTTCACCCTGTTTEEATATTCAACGCABTTOOG0E6C0GATTACCTGTACTCOCACTCOCTCTC TECGGAS TG TGCAGCBC AAGGTTCTGATCGTI TCETGTT
G FANASSPCLDIQRSSAADYLYSHSLSAECAAQG ST TH RTFUVYF
Hinalll
1326 CTGGGANGTCACCCACCCTACT ACGGCAACTCACCETT ACATTGCOCAACACATCCTORCCACTE ARATGGE ACAAT TCCCACT TTAAGCACCCEE T TAAGCTT
WEVYTHPTTATHRYIAGHTILATEUMEGBOQFPFTPTL =

87

2

4z
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Fig. 2. The nucleotide sequence of pAl gene (a) and the partial sequence of vhA gene from V. mimicus (ATCC33653) (b). The open
reading frame (ORF) of phl is composed of 1410 nucleotides and 470 amino acids. The putative S.D. sequence is underlined. Arrow
indicates translational directions of phl and vmhA, respectively. Black box is the conserved motif of the lipid binding domam. (Gen-

Bank accession number: AFG35162.)

hemolysin gene i V. mimicus E-33. When DNA

sequence homology of the 5 region of the ph/ gene
was compared with the 5° flanking sequence of V.
mimicus E-33 hemolysin gene, a high level of DNA
sequence identity (97.5%) between both V. mimicus
strains was confirmed except for one base (A, at
position 147 base from the translation start site of
phl gene) deletion in V. mimicus E-33. This result
suggests that the phospholipase from V. mimicus B-
33 may not contain the extra 54 amino acids which
can be found in this study. Since the phospholipase
DNA sequence of V. mimicus E-33 has not been
reported, we could not identify this further. To con-
firm that the entire DNA sequence of the phl gene

can be transcribed through another promoter, se-
quences encoding residues 1 to 470 amino acids of
the phl gene without its own promoter were cloned
into the expression vector, pET22b(+) (Novagen),
using PCR, and the phospholipase activity was ex-
amined. A 1410 bp fragment was amplified from
pYMLI195 by using two specific primers containing
BamHI and EcoRI sites at either end, respectively
(5'-GGCCGGATCCTATGAACAGAATAATAGG-
AG-3 and 3-GGCCGAATTCAGTGGGAATTGT-
CCC-3"; BamHI and EcoRI sites are underlined).
The PCR product was digested with BamHI, EcoR1
and this fragment was ligated with pET22b(+) plas-
mid to create plasmid pPHLI13. E coli BL.2I{DE®)
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phl MNRIIGDFIRKVDLTSNLSNDRALLIDETRVSFTIQERSDQICSVYFQPN -50
1 K ARLSHL LAGLASLEIRATE WA, 3 RVl -46
41 AT Y FSA TR S-BEIIPV T H X

¥

VRI
YYRCHYRPAATH

lec EQHGE ANASPCLDT I JhSAADY S “JIJ'SDH RIGly ~396
phl EOHGFANRSSPCLDE ARSSAAD MYIGSIRFYFWEY THE JRE et
lec

Fig. 3. Alignment of the amino acid sequence between phi
(from V. mimicus) and lec (from V. cholerae) gene. The deduced
amino acids show 74.4% similarity between phl and lec. The
identical amino acids are represented by black boxes.

a)

b)

Fig. 4. Lecithinase activity of pPHL13 which was expressed by
T7 promoter (a) and the expression of phospholipase in E. coli
BL2I (DE3) (b). (a) 1, pET22b(+¥BL2I(DE3); 2, pPHLIY
BL2I1(DE3) in egg-yolk plate supplied with | mM IPTG. (b)
Cells harboring pPHLI3 were harvested after induction (4 h),
I. molecular marker (low range marker: BioRad, USA); 2,
oET22b (+)/BL21 (DE3); 3, pPHLI3/BL21 (DE3). An arrow
on the right indicates the position of the E. coli expressed phos-
pholipase.

harboring pPHL13 plasmid appeared to have lecithin
degrading activity on egg-yolk plate (Fig. 4a). As
shown in Fig. 4b, the expressed protein induced by
addition of 1 mM IPTG was observed at a molecular
mass of 53 kDa. However, the analysis of purified
enzyme remains to be investigated, and the biological
role of the presence of this extra amino acid residue
is not clear. To identify whether the phl gene (Pstl-
HindIT1 fragment of p¥ML195) hybridizes to a spe-
cific region of V. mimicus chromosome, Southern
blot analysis was performed. When the chromosomal
DNA was completely digested with EcoRl or Hin-
dlII, specific bands appeared at 6.9 kb or 3.5 kb,
respectively (Fig. 5). These results could be expected
based on the restriction patierns of pYMHI191 plas-
mid.

The various functions of phospholipases involve
the disease process, with the promotion of intracel-
lular spread of infected microorganisms. Phospholi-
pases from pathogenic bacteria attached to host cell
membrane and produced some mediators which af-
fect normal cellular physiology. Several types of
phospholipases have been identified, including not
only those enzymes defined as phospholipase A,
As, C, D and lysophospholipase, but also other en-
zymes such as sphingomyelinase, lecithin-cholesterol
acyltransferase, platelet activating factor acetyl hy-

A)

+—B69Kb
+3.5Kb

Fig. 5. Southern hybridization of ¥. mimicus chromosomal
DNA. The restriction enzyme digestion of chromosomal DNA
was analyzed on 0.8% agarose gel (A), and hybridized with
Hindl11-Ps11 fragment of pYML195 as a DNA probe (B). (A)
Lane 1, size marker (1 kb ladders were purchased from Prome-
ga). Chromosomal DNA was digested with EcoR1 (lane 2) and
HindIII (lane 3). {B) Southern hybridization analysis of ¥, mim-
jcus chromosomal DNA digested with EceRT (lane 1), HindIII
(lanc 2), and molecular marker (lane 3} as control.
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drolase and lysoplasmalogenase. In Fibrio spp., the
lecithin-dependent hemolysin was found from V.
parahcemolyticus [9]. This lecithin-dependent hemo-
lysin showed hemolytic activity containing phospho-
lipasc Aj/lysophospholipase which could disrupt the
erythrocyte membrane. In this report, we identified
that the pAl gene product does not have hemolytic
activity. However, the phl gene was located upstream
of the vmhA gene which encodes hemolysin, and this
gene arrangement seems feasible as the hemolysis
may closely associate with the disruption of erythro-
cyte membrane by the action of phospholipase. Fur-
ther studies are needed to clarify the mode of action
and the role of this enzyme.

This study is supported in part by the Research
Center Support Program (1998) of Pukyong Nation-
al University and in part by the academic research
fund (97-G7) of the Ministry of Education of South
Korea.
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Abstract

Hemolysin of Vibrio fluvialis (VFH) was purified from culture supernatants by ammonivm sulfate precipitation and successive column
chromatographies on DEAE-cellulose and Mono-Q. N-terminal amino acid sequences of the purified VFH were determined. The purified
protein exhibited hemolytic activity on many mammalian erythrocytes with rabbit erythrocyles being the most sensitive to VFH. Activity of
the native VFH was inhibited by the addition of Zn?*, Ni**, Cd®>* and Cu®* icns at low concentrations. Pores formed on rabbit
erythrocytes were approximately 2.8-3.7 nm in diameter, as demonstrated by osmotic pratection assay. Nucleotide sequence analysis of the
v/h gene revealed an open reading frame (ORF) consisting of 2200 bp which encodes a protein of 740 amino acids with a molecular weight of
82 kDa. Molecular weight of the purified VFH was estimated to be 79 kDa by SDS-PAGE and N-terminal amino acid sequence revealed that
the 82 kDa prehemolysin is synthesized in the cytoplasm and is then secreted into the extracellular environment as the 79 kDa mature
hemolysin after cleavage of 25 N-terminal amine acids. Deletion of 70 amino acids from the C-terminus exhibited a smaller hemolytic

activity, while deletion of 148 C-terminal amino acids prevented hemolytic activity.
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1. Introduction

Vibrio fluvialis was originally described by Lee et al. [1]
and its association with human disease was heightened after
isolation from many patients with apparently inflammatory
diarrhea in Bangladesh [2]. The symptoms of enteric disease
attributed to ¥, fluvialis are similar to those caused by Fibrio
cholerue. Patients typically have watery diarrhea with
vomiting, abdominal pain, moderate to severe dehydration
and often fever. A notable difference from cholera is the
frequent occurrence of bloody stools in infections due to ¥
Sluvialis [2]. From the enzyme-linked immunosorbent assay,
Chikahira and Hamada [3] have reported that several ¥
Huvialis strains isolated from environmenta! and human
sources produced an enterotoxin which is immunologically
indistinguishable from cholera toxin (CT).

" Corresponding author. Tel.: +82-51-620-6185; fax: +82-51-620-6180.
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V. fluvialis produces several toxins that may be impor-
tant in pathogenesis including an enterotoxin-like sub-
stance, protease, cytotoxin, and hemolysin [4]. Endotoxin
activity of ¥/ fluvialis has been demonstrated in vitro using
Chinese hamster ovary (CHO) cells. Lockwood et al. [3]
reported that at least four biologically active substances
could be found in culture supernatants of ¥ fhevialis sirain
5489. CHO cell clongation factor, CHO cell killing factor
(CKF), and cytolysin active against rabbit erythrocytes
were identified when the bacterium was grown without
lincomycin. Finally, CHO cell rounding toxin, which is
known to be a protease, was found. CKF was internalized
and cell death was induced by disruption of cellular
function {4]. These four active substances were heat-labile
and each crude concentrate caused fluid accumulation in
the small intestines of infant mice. Of many virulence
factors preduced from ¥ fluvialis, hemolysin was thought
to be most important.

Hemolysin has been known to be an important virulence
factor in the pathogenic processes of many clinical micro-
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organisms, causing hemorrhagic septicemia and diarrhea
{6.7]. Tt can lyse erythrocytes and a variety of other cells
including mast cells, neutrophiles, and polymorphonuclear
cells as well as enhance virulence by causing tissue damage
or by dissolving material that would prevent spreading of
the pathogen throughout the tissue. Several extracellular
hemelysins have been characterized from ¥ibrio spp. The
thermostable hemolysin from ¥ibrio parahaemolyticus
exhibited enterotoxic effects on human and rat ceil mono-
layers [8,9]. To date, Vibrio hemolysin genes have been
isolated from ¥ cholerae [10), ¥ parakaemolyticus [11], ¥
anguillarum [12] and V. mimicus [13]. However, the role
and biological properties of hemolysin from ¥, fluvialis have
not been studied.

In this paper, we describe the purification and some of
the biological properties of the extracellular hemolysin of ¥
Jluvialis and we also report the nucleotide sequence of the
gene encoding this toxin,

2. Materials and methods
2.1. Bacterial strain, and growth conditions

V. fluvialis (ATCC 33809) strain was obtained from
Korean Collection for Type Cultures (KCTC). Cells were
grown at 37 °C on solid ot in liquid brain heart infusion
(BHI) medium (Difeo). Escherichia coli XL1-Blue [supE44
hsdR17 recAl endAl gyrd46 thi veld! lacF’ proAB™ lacl
JacZAMI15 Tnl0 (Tet")] was used as a host to propagate
plasmid DNA and was grown in Luria—Bertani brath (LB)
medium. Transformation of plasmid DNA into E. c¢oli was
performed with CaCls-treated cells.

2.2, Purification of VFH

The bacterium were cultivated at 37 °C for 24 hin 1 | of
BHI broth with shaking (140 cycles/min), and the culture
supernatant was collected by centrifugation at 7000 x g for
30 min. Solid ammonium sulfate was added to 80% satu-
ration (591 g/1). After 8— 10 h, the resulting precipitate was
collected by centrifugation at 7000 x g for 30 min at 4 °C,
and dissolved in 60 ml of 10 mM Tris—HCI buffer (pH 7.5).
The suspension was centrifuged at 7000 X g for 20 min to
remove insoluble residue. Dialysis was performed overnight
against 2 1 of 10 mM Tris—HCI buffer (pH 7.5) for two
times at 4 °C, and about 85 ml of dialyzed material was
applied to a DEAE-cellulose column (2 x5 ¢m, Sigma)
cquilibrated with 100 ml of 10 mM Tris—HCI buffer (pH
7.5), and eluted with 50 ml of 10 mM Tris—HCI buffer (pH
7.5} containing 0.5 M NaCl with stepwise elution at a flow
rate of | ml/min. The fractions containing VFH were
collected, dialyzed and concentrated by freeze-drying. The
concentrated fractions were finally applied to a Mono-Q HR
{G/10 column (Pharmacia) which was equilibrated with 10
mM Tris-HCI buffer (pH 7.5), and eluted with a linear

gradient from 0 to 0.5 M NaCl in 10 mM Tris-HCl buffer
(pH 7.5) at a flow rate of 0.5 ml/min. Each step of
purification was monitored with activity assay on trypticase
SOy agar containing 5% sheep red blood cells (BBL).
Elutant (50 pl) was transferred onto a paper disk and
incubated at 37 °C for 12 h and elutants that had certain
hemolytic activity was selected. To examine the purity,
SDS-PAGE was carried out as described by Laemmlbie
[14] using a 12% acrylamide gel. The amount of purified
enzyme was determined by the Bradford method [15] using
bovine serum albumin as a protein standard. N-terminal
amino acid sequences were determined by standard Edman
degradation on a model ABI 491 microsequencer (Applicd
Biosystems).

2.3. Assay of kemolytic activity

Hemalytic activity was determined with rabbit etythro-
cytes. Briefly, rabbit erythrocytes were washed with 10 mM
Tris-buffered saline (TBS: pH 7.5) three to four times and
adjusted to a final concentration of 4% (v/v) in TBS. A
diluted VFH solution (0.2 ml) was mixed with rabbit
erythrocytes (0.2 ml) and incubated at 37 °C for 1 h.
Reaction mixtures were centrifuged at 1000 X g for 5 min
and the amount of hemoglobin released from disrupted
erythrocytes was determined spectrophotometrically, One
hundred percent hemolysis was defined as the optical
density at 540 nm of hemoglobin released from erythrocytes
treated with 0.1% Triton X-100. One hemolysin unit (HU)
was defined as the amount of hemolysin eliciting 50%
hemoglobin release.

2.4. Osmotic protection experiments

For these experiments, 0.2 ml of 4% rabbit erythrocyte
suspensions containing an osmotic protectant was mixed
with 0.2 ml of VFH solution (2 HU). Glucose, sucrose,
maltotriose, inulin and PEG 4000 were used as the osmotic
protectants at a final concentration of 30 mM. Dextran 10
and PEG 6000 were used at a final concentration of 15 mM.
The mean hydrated diameters of glucose, sucrose, malto-
triose, inwlin, PEG 4000, dextran 10, PEG 6000 were 0.72,
0.9, 1.2, 2.8, 3.66, 4.7, and 5.66 nm, respectively [16].
Protection from hemolysis was calculated as follows: %
protection=(1 — hemolytic rate in the presence of saccha-
ride/hemolytic rate without osmotic protectant) x 100.

2.5, Effect of divalent cations on hemaolytic activity

Inhibitory activity of cations on hemelysis was deter-
mined by addition of divalent cations as the chloride
forms in TBS. The cation solution (0.1 ml) was mixed
with 0.1 ml of VFH (2 HU) and 0.2 ml of the rabbit
erythrocyte suspensions. The mixture was incubated at 37
°C for 1 h, and immediately subjected to the hemolylic
activity assay.
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Table 1

Punification of extracellular hemolysin produced by ¥,_fluvialis

Purification stage Volume of purifying  Total amount of protein  Total hemolytic Specific activity  Relative  Yield of
solution {mi} recovered (mg) activity (HU) {HU/mg) aclivity  activity (%)

Collection of culture supernatant 1000 170 33,660 198 1 100

Ammonium sulfate precipitation (80%) 85 62 19,310 311 1.6 574

DEAE-cellulose chromatography 50 2 1910 955 4.8 57

Mono-Q column chromatography i 0.02 200 10,000 493 0.6

2.6. Effect of temperatre on hemolytic activity of VEH 3. Results

Hemolytic activity of VFH was assayed at 37 °C with 2
HU, routinely. To determine the effect of temperature on
hemolytic activity of VFH, a suspension of the washed 4%
rabbit erythrocytes (0.2 ml) was incubated with VFH (2 HU
in 0.2 mi of TBS) for 5-60 min at different temperatures,
and measured the absorbance of supematant at 540 nm after
incubation.

2.7. Cloning and characterization of V. fluvialis VFH gene

V. fluvialis chromosomal DNA was digested with
HindlIIl and ligated into Hindll site of pGEM-4Z (Prom-
ega) plasmid vector treated with the alkaline phosphatase.
The recombinant plasmids were transformed into compe-
tent E. coli XL1-Blue. White colonies were analyzed on
blood agar plates and one positive clone containing 2 4.6
kb insert was obtained. The resultant plasmid was named
pVFH460.

The nucleotide sequence of the 4.6 kb fragment was
first determined with the universal forward and reverse
primers followed by primer walking. Sequencing was
performed with ABI prism 377 (Applied Biosystems),
and the nucleotide sequence of hemolysin gene (v/h)
was deposited in the GenBank database under accession
no. AF348455,

2.8. Construction of C-terminal deletion mutant

The two C-terminal deletion mutants were constructed in
the following manner. The 2.1 kb and 2.4 kb fragments
containing the partial vk gene were amplified from
pVFH460 by PCR with pUC/M13 forward primer {(Prom-
ega) and designed reverse primers. The sequences of the
reverse primers involving EcoRI site were 5 -GGCCGAAT-
TCATGACCACCGATTGCACCTG-3 (position 1759 to
1776) and 5-GGCCGAATTCATGCTTTCACTGGCG-
GAGGC-3' (position 1993 to 2010). The amplication con-
ditions were set at one cycle of 94 *C for § min, followed by
25 cycles of amplification consisting of denaturation at 94
°C for 30 s, annealing at 55 °C for 30 s, and extension at 72
°C for 30 5, and then followed by one final extension cycle
of 72 °C for 7 min. The PCR product was subcloned into
the plasmid vector pGEM-4Z (Promega) as a HindIll and
EeoR1 restriction fragment.

3.1 Purification of VFH

VFH was purified from culture supematants as indicated
in Materials and methods. The purification results are shown
in Table |. Ammonium sulfate precipitation followed by
dialysis resulted in 1.6-fold increase of specific activity. The
protein was then adsorbed onto DEAE-cellulose, and the
hemolytic activity was recovered with the majority at 0.5 M
NaCl. Subsequently, the pooled active fractions were
applied to a Mono-Q FPLC column. The specific activity
from the Mono-Q fraction was about 10,000 U/mg; VFH
was purified approximately 49-fold with 0.6% yield. The
SDS-PAGE analysis of the purified VFH revealed a single
band of 7% kDa (Fig. 1). The N-terminal amino acid
sequences of the purified protein was determined to be
Asp-lle-His-Asp-Pro-Val.

3.2, Susceptibilities of mammalian erythvocytes to VFH

The purified VFH exhibited high hemolytic activity in
the order of rabbit, chicken, and mouse erythrocytes. As
shown in Table 2, lower hemolytic activity was observed
with sheep and rat erythrocytes when it was compared to
that of rabbit. Consequently, rabbit erythrocytes were used

Fig. 1. SDS-PAGE of the purified hemolysin from culture supernatant of
Sfluvialis. Lane 1, molecular weight markers; lane 2, purificd VFH (5 ug).
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Table 2

Hemolytic activities of the VFH on the erythrocytes from various sources
Erythrocytes Specific activity Relative
suurce (HU/mg protein) hemolysis (%)
Rabbu 9770 100

Chicken 7700 T

Mouse 7320 3

Rat 4200 42

Sheep 730 7

to assay hemalytic activity because of their documented
sensitivity.

3.3. Effect of temperature on hemolytic activity of VFH

As shown in Fig. 2, there were significant differences in
hemolytic activity when VFH was incubated at various
temperatures (15-42 °C). The lysis of erythrocytes by the
purified VFH was temperature-dependent and the optimum
temperature was 37 °C. Hemolysis began after a few minutes
and was completed by 60 min at 37 °C, whereas no hemolysis
occurred at4 °C. The observation that VFH did not lyse rabbit
crythrocytes at 4 °C prompted a series of experiments to
determine whether VFH binds to rabbit erythrocytes at 4 °C.
To further demonstrate that the binding of VFH to erythro-
cytes was temperature-dependent, rabbit erythrocytes were
incubated with 2 HU VFH at 4 °C for 60 min, subsequently

100

80

60

40

% Hemolysis

20

washed with cold TBS to remove unbound VFH and resus-
pended in TBS. When the resuspended erythrocytes were
incubated at 37 °C for | h, hemolysis could be detected (data
not shown). This result indicated that VFH had bound to
crythrocytes at 4 °C. There is also strong evidence in Vibrio
spp. hemolysins showing that the binding step of hemolysin
appeared to be temperature-independent, but the lysis was
temperature-dependent [17-19].

3.4. Inhibitory effect of divalent cations

Cations pessibly function for protection from the increase
of the intracellular osmotic pressure through blockage of the
influx of extracellular water via pores {20). The effect of
several cations on hemolytic activity of the purified VFH was
tested. Hemolytic activity was assayed after divalent cation,
such as Zn® ", Ni**, Cu®™, Cd>*, Mn® ", Co® ", Mg?*, and
Ca’" were added to the reaction mixture at various concen-
trations. Erythrocyte suspensions including cation were incu-
bated with VFH at 37 °C for 1 h. The concentration of VFH
was adjusted 1o result in approximately 50% lysis of eryth-
rocytes. With increasing concentration of cation, progressive
inhibition of hemolysis was observed. Hemolysis by VFH
was prevented by divalent cations in decreasing order,
Zn**>Ni**>Cd? " >Cu®" and collective results are depicted
in Table 3. Itis noteworthy that monovalent cation such as Cs *
orLi"* had no effect on hemolysis (data not shown). Evidence

37T

25T
427C

15T

1

0 L
0 10 20

40 50 60

Incubation time (min)

Fig. 2. Kinctics of erythrocyte lysis by VFH as a function of wmperature. Washed rabbit erythrocytes were incubated with VFH (2 HU) for $—60 min and

hemolysis was determined by absorbance at 540 nm.
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Table 3

Inhibitory effcer of divalent cations on the hemolytic activity®
Divalent cation® D50 (mM)°
" 0.18
NiZ* 0.2
(oI 0.7
Cu?™* 1
Mn?* 25
Co*~ >25
Mg?” >25
Ca?* >25

* VFH (2 HU) and rabbit erythrocytes (4%) were incubated at 37 °C for 1 h
in the presence of the cation. Thereafter, hemolysis was quantified by
measuring apbsorbance at 540 nm.

" The chloride salt of each cation was used.

* IDBsg is defined as the concentration of divalent cations that inhibit 50% of
hemolytic activity.

that these divalent cations inhibit membrane destruction was
obtained from the following result. Erythrocytes were incu-
bated with VFH and each divalent cation at 4 °C for 1 h,
foltowed by centrifugation. The sedimented erythrocytes were
washed twice and further incubation was performed at 37 °C
for 1 b in fresh TBS. Remarkable hemolysis was ebserved,
indicating that the divalent cations did not inhibit the binding
of hemolysin to erythrocytes.

1.5, Inhibitory effect of osmaotic protectants on hemalysis
To assess whether hemolysis is differentially affected by

osmotic protectants, we estimated hemolytic activity in the
presence of saccharides, PEG solutes and dextran. When

J-H. Han et al. / Biochimica et Biophysica Acta 1599 (2002) 106114

rabbit erythrocytes were mixed with VFH in the presence of
30 mM of glucose, sucrose, maltotriose and inulin, hemol-
ysis was appeared. However, there was a significant inhib-
ition of hemolysis (>90% protection from hemolysis) by
PEG 4000 and complete osmotic protection was afforded by
dextran 10 and PEG 6000, respectively (Fig. 31). The
inhibitory effects were dependent on the molecular diameter
af the protectant colloids and hemolysis was osmotically
protected by mean hydrated diameters of 2.8—3.7 nm.

3.8. Cloning of V. fluvialis hemolysin gene

Approximately 3000 E. coli transformants from the
genomic library of ¥ fluvialis were screened on blood agar
plates and one colony showing clear halo formation was
selected. Plasmid DNA was isolated from this colony.
Restriction enzyme analysis revealed that the plasmid,
named pVFH460, contained an insert of 4.6 kb. The
complete nucleotide sequence of this insert was determined.
Translation of the nucleotide sequence revealed a single
open reading frame (ORF) of 2220 bp, encoding a poly-
peptide of 740 amino acid residues, with a calculated
molecular mass of 81,508 Da. The proposed translational
ATG start codon is proceed by a probable ribosome binding
site, AGGAC. An inverted repeat, which could function as a
transcription termination signal, was found 57 bp down-
stream from the stop codon. The G+ C content of the vk
gene was 54%, which is slightly higher than those of
hemolysin genes reported previously from V cholerae
(48%), ¥ mimicus (47%) and V. anguillarum {44%). The
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Fig, 3. Inhibitory effect of osmotic protectants on hemolysis. Rabbit erythrocyte (4%, v/v) suspensions containing 30 mM glucose, 30 mM maltotriose, 30 mM
inulin, 36 mM PEG 4000, 15 mM dextran 10, and 15 mM PEG 6000 were incubated with VFH (2 HU) at 37 °C.
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deduced amino acid sequences starting from Asp®® were
identical to the N-terminal amino acid sequences determined
by using the purnified VFH. This indicates that cleavage at
the Ala®’—Asp®® occurred during the secretion of mature
VFH into culture medium. The derived molecular weight
from DNA sequences, which was predicted to be 78,979 Da,
is in good agreement with the molecular weight obtained by
SDS-PAGE analysis.

To identify whether the v gene hybridizes to a specific
region of ¥ fluvialis chromosome, Southern blot analysis was
performed. Southern hybridization of ¥ fluvialis genomic
DNA digested with HindIIl revealed that the intemat region
of pVFH460 hybridized with a single 4.6 kb genomic frag-
ment under high stringency conditions (data not shown).

3.7, Construction of C-terminal deletion mutant

In order to understand the deletion effect of the C-
terminal region on the hemolytic activity, a series of C-

terminal deletion derivatives of pVFH460 were constructed
by PCR. Two different plasmids containing the deleted vfk
gene fragments were identified and designated as
pVFH460C1 and pVFH460C2 (Fig. 4A). pVFH460C!
and pVFH460C2 were truncated 210 and 444 bp, respec-
tively, from the wh gene in pVFH460. As shown in Fig.
4B, the cell lysates of E. coli containing each plasmid
were examined for hemolytic activity on the blood agar
plate. pVFH460C] that deleted 70 amino acid residues
had smaller areas of clear zone on blood agar plate when
compared to pVFH460. This result implicated that the
deletion of 70 amino acid residues exerted an important
effect on complete hemolysis. The role of 148 amino
acids in the C-terminal region of VFH was not certain.
However, deletion beyond 148 amino acids resulted in a
complete loss of hemolytic activity. This result suggested
that C-terminal 78 amino acids, which were absent in
pVFH460C2, were critical region for hemolytic activity or
stability of VFH.

A
Plasmid constructs 0.3 kb 2.2kb . 2.1 kb
HindIl] Hindlll
| g | vfh ORF |
]
5]
&
=
pVFH460 T
—— L
AT ——
210 bp deletion
ST R E——
444 bp deletion
B

Fig. 4. {A) Construction of a series of the deletion plasmids. (B) Hemolytic activity of E. coli XL1-Blue containing pVFH460 and the deletion plasmids. The
cells were cultivated in LB broth at 37 °C for 12 h and harvested by centrifugation at 7000 % g for 30 min. The cell pellets were disrupted by sonication on ice
and centrifuged to remove insoluble fraction. About 0.1 mg of protein in clear supemnatant was used as crude VFH solution for hemolytic activity assay. (1) £

coli XL1-Blue; (2) p¥YFH460; (3) pVFH460C1; {4) pVFH460C2.




112 J.-H. Han et al. / Biochimica et Biophysica Acta 1599 (2002} 106-114

4. Discussion In this report, we purnified hemolysin from ¥V fluvialis and
cloned the corresponding gene. Sequence analysis of the

Hemolysin production has been shown to be associated cloned gene revealed that the 4.6 kb DNA fragment con-
with virulence for many bacterial species. Hemolysin can tained an ORF of 2220 bp, coding a protein of 740 amino
also play a multifunctional role in disease. Production of acids. Alignment of the deduced VFH amino acid sequence
hemolysin by ¥ fluvialis can be identified by P type to three other hemolysins from V. cholerae [211, ¥ mimicus
hemolysis on blood agar. In spite of the importance of [13], and ¥ anguillarum [12] showed 71%, 70%, and 59%
hemolysin as a potential virulence factor of ¥ fluvialis, identities, respectively (Fig. 5). The DNA sequence identity
virtually nothing is known about its role and biological was 69%, 67%, and 60%, respectively. The amino acid
properties associated with virulent activities. sequence identity in the N-terminal region from Met' to
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Fig. 5. Sequence comparison of VFH with ¥ cholerae (X51746), V. mimicus (U68271), and ¥ anguillarum (583534) hemolysins. Conserved amino acids are
indicated by black box. The homologous proteins are initially found with BLAST scarches of the database at NCBI. The alignments of the amino acid sequence
were performed with Clustal W,




J-H. Han et al. / Biochimica et Biophysica Acta 1399 (2002) 106- 114 13

Ala*® amino acid was very low and ranged from 25% to
47%. In contrast, the central region from Asn'®' to Asn**?
was highly conserved. (74--88%). The sequence identity in
C-terminal regions, from Asp*** to Asn’*®, of VFH with
hemolysins from V. cholerae, V. mimicus, and V. anguiila-
rum was shown to be 66%, 61% and 51%, respectively.
Based on sequence alignment of these proteins, a highly
conserved segment is believed to be of putative functional
or structural importance in the mechanism of hemolysis.

The molecular weight by SDS-PAGE and N-terminal
scquences of the purified VFH revealed that the cleavage
of the signal peptide in VFH is different from that of
other hemolysins from Wbrio spp. In ¥ cholerae, the
hemolysin was initially synthesized as an 82 kDa protein
and processed to 79 kDa protoxin by cleavage of the
signal peptide during secretion through the inner mem-
brane. The protoxin is then processed into 65 kDa active
mature hemolysin during the transport to culture medium,
Specifically, the preprotoxin synthesized in the cytoplasm
is secreted into the periplasm, and the protoxin is secreted
into the culture medium by two-step processing [211.
Rahman et al. [22] suggested that the strong probability
of the two-step processing could exist in the production
of mature VMH from ¥ mimicus, as found in ¥ cholerae
hemolysin, Unlike the two-step processing found in ¥
cholerae, VFH 1s secrcted into the extracellular environ-
ment as the 79 kDa protein after cleavage of 25 residues
in N-terminal region. Molecular weight of the secreted
mature VFH hemolysin is larger than that of ¥ cholerae
and V. mimicus.

We found that VFH was temperature-independent for
binding to erythrocytes, but lysis step showed temperature
dependency. This result is similar to the mechanism of ¥
cholerae cytolysin that does bind to the erythrocytes at 4 °C
and induces lysis of erythrocytes in a temperature-independ-
ent manner {]19]. The temperature dependence of the eryth-
rocytes disruption step seems to be due to the requirement of
high temperature for increasing the membrane fluidity to
allow the pore formation.

The hemolytic activity of VFH was inhibited by addition
of Zn®*, Ni**, Cd®* and Cu®™ at low concentration of
IDso. Of the eight divalent cations we examined, a fairly
high concentration (>25 mM) of IDs, was required in four
cations (Mn®*, Co**, Mg®*, Ca®>*), Miyoshi et al. [20]
reported that the inhibitory effect of divalent cations on
hemolysis by VMH was divided into two categories on the
basis of their inhibitory potentials. Cu® ™", Zn**, and Ni**
showed inhibitory effect on both hemoglobin release and
K* efflux, but Ca* inhibit only hemoglobin release at a
comparatively high concentration. Hemolysins from ¥ibrio
metschnikovii and ¥V cholerae El Tor also showed a sim-
ilarity in the inhibitory pattern by divalent cations, though
there were different susceptibilities to mammalian erythro-
sytes {19,231, In this study, we also obtained a similar result
with VMF that hemolysis was influenced by divalent
cations. Hemolytic activity was recovered by dialyzing to

remove the cation and this result also coincided with other
known Vibrio hemolysins.

Rabbit erythrocytes were very susceptible to VFH. This
1s in contrast to a study with TDH from V¥ parahaemolyticus
where mouse erythrocytes were the most sensitive, and
chicken and sheep erythrocytes were the least sensitive
[24]. Shinoda et al. [25] reported that horse erythrocytes
were the most sensitive to hemolysin (VMH) from ¥
mimicus. In case of V. cholerae hemolysin, rabbit erythro-
cytes were more sensitive, while horse erythrocytes were
less sensitive [26].

In this study, we found that VFH forms pores in
erythrocyte membrane and by using osmotic protectants.
We estimate the diameter of the pores to be 2.8-3.7 nm.
This size seems larger than those formed by other Fibrio
hemolysins such as ¥ cholerae [19.27], ¥ parakaemolyti-
cus {17, V. metschnikovii {231, V. mimicus [25), and V
vulnificus [28]. Our results strongly suggest that VFH, a
major hemolysin of ¥ fluvialis, is a pare forming toxin and
induces osmaotic lysis in erythrocytes.
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Cloning of the Vibrio mimicus Hemolysin (Vm-hemolysin)
Gene -and Expression in Escherichia coli.
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Vibrio mimicus is an enteropathogenic bacterium which
apparently causes diarrhea, usually after the consumption of
uncooked seafood (Shandera ef ¢l 1983). Vmimicus produ-
ced several pathogenic factors such as cholera toxin (CT)
(Chowdhury ef al. 1991), CT-related enterotoxin {Davis ef
al, 1981} and Eicherichia cali heat-stable enterotoxin (ST)-
like toxins (Gyobu ef al, 1988: Nishibuchi ef ., 1983). The
hemelysin is involved in the bloody diarrhea which is one
particular  clinical symptom of Vmimicus gastroenteritis
(Shandera et af, 1983). V.mimicus produced two kinds of
hemolysin, Vro-hemolysin (MW 58000) and Vm-rTDH
(MW22,000) (Honda e! of, 1987). Vm-hemolysin is immu-
nologically cross-reactive with V.cholerae biovar Et Tor he-
molysin while Vm-rTDH is cross-reactive with ¥ parahaemo-
fyticus thermostable direct hemolysin (TDH). In the present
study, we have cloned the gene encoding Vm-hemolysin of
Vomimicus and expressed in Ecoli JM83.

For the construction of genomic library, chromosomal
DNA of Vibrio mimicus (ATCC 33653} cultured in BHI
broth was partially digested with EcoRI (lunit) at 37C for
30min and ligated into pUC 19, digested with EcoRL This
ligation mixture transformed into Eeoli IM83. To find out
hemolysis positive clone, the screening was performed by
observing fFhemolysis activity on TSAIl medium (BBL Co,
USA) containing 5% sheep blood supplemented with ampi-
cillin {100 yrg/m€). Among about 7.000 recombinants, a single
clone was detected for hemolysis after incubation for 40 hr
at 37C (Fig. D). Plasmid DNA was isolated frem this hemo-
lysis-positive Chly+ ) clone when the isolated DNA was rei-
ransformed to Ecolf cell, each colony produced 100% he-
molysis, indicating that the isolated plasmid contains hemel-
ysin gene. The recombinant plasmid was designated as
pVMHIS1 and was mapped by several restriction endonuc-
leases.

1056

Screening of Ecoli )M83 (pVYMH191) contai-
ning recombinant hemolysin gene on TSA 1I
medium.

Fig. 1.

EeoRl digestion of pVMH191 yielded 2.7kb of vector and
8kb of insert. For the subcloning, restriction endonuclease
sites within the pVMHI81 insert were decided. Plasmids
termed as pYMH 192 and pYMHI193 had the 5.3 kb-Hin-
dlll/EcoRI and 4 kb-Psil/EcoR1 inserts, respectively, in the
same orientation of the pUC19 vector (Fig. 2). Plate assay
for extracellular hemolysin production showed that these
subclones have the strong hemolytic activity than that of E.
ooli JM83 (pVMH191) (Fig. 3). To further characterize
pVMH193, pVMH193 insert was subcloned using other res-
friction endonucleases. However, as shwon in Fig 2, no he-
molysis was detected in pVMH193-1 and the pVMH193-2.
These result showed that 4 kb-Pstl/EcoR] insert contains
entire ORF encoding Vm-hemolysin. (Fig. 2).

Expression of Vm-hemolysin gene in Ecoli JM83 contai-
ning pVMH193 was measured by the activity against
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Abstract To investigate the biochemical properties of ¥
minticus metalloprotease, whose gene was isolated previously
from Vibrio mimicus ATCC33653, overexpression and
purification were attempted. The 1.9 kb of cpen reading
frame was amplified by PCR from pVMC193 plasmid which
ligated the vmc gene with pUCI9 and introduced into
Escherichia coli BL21 (DE3) using the overexpression
vector, pET22b (+). The overexpressed metalloprotease
(YMC) was purified with Ni-NTA column chromatography
and characterized with various protease inhibitors, pHs,
temperatures, and substrates. The purified VMC showed the
proteclytic activity against gelatin, soluble and insoluble
collagens, and synthetic peptides. Unlike the observations
made with all metalloproteases originated from other Vibrio
sp., the VMC did not hydrolyze the casein. The proteclytic
activity was critically decreased when the VMC was treated
with metal chelating reagents, such as EDTA, 2,2-bipyridine,
and 1,10-phenanthroline. In particular, the 71 kDa VMC
exhibited the hemagglutinating activity against human
erythrocyte. As the purified VMC was treated with CuCl,and
NiCl, for the chemical modification of metal binding, the
proteolytic activity and hemagglutinating activity were
profoundly influenced. The multialignment analysis made on
the reported Vibrio metalloproteases showed the difference of
amino acid sequence similarity between the two distinctive
classes of Vibrio metalloproteases.

Key words: Vibrio mimicus, metalloprotease, hemagglutination,
zine-binding motif

Vibrio mimicus is a causative agent of human diarrhea.
Clinical stedies on V. mimicus infection to human revealed

*Corresponding author
Phone. 82-51-620-6185; Fax: 82-51-620-6180;
E-mail: iskong @dolphin.pknu.ac.kr

that diarrhea was accompanied by vomiting and abdominal
cramps [11,29]. In a minority of patients, fever and
bloody diarthea can also be seen. V. mimicus is mainly
isolated from cases of gastroenteritis, but different strains
have also been isolated. Gastroenteritis due to V. mimicus
has been caused by ingestion of seafoods because the
reservoir of this strain is an aquatic environment [8].
Several pathogenic facters including cholera toxin [30],
cholera toxin-related enterotoxin {12), heat-stable enterotoxin
[26], and two types of hemolysins (a thermolabile hemolysin
and a thermostable hemolysin) [17, 25] have been reported
from V. mimicus. It has been previously observed that V,
mimicus has the ability to colonize rabbit intestinal mucosa
[3, 31] and to produce sorne other extracellular factors,
such as protease [6], hemagglutinin, and siderophore [27].
Although adherence to the intestinal mucosa is an important
step in a diarrheal disease, there is little information on
potential colonization factors of V. mimicus. In V. cholerae,
cholera toxin has been shown to act as a powerful mucosal
adjuvant [22] and a metailoprotease has been considered to
be a causative agent to enhance the activity of cholera
enterotoxin in intestinal loops by changing the protective
layer of epithelial mucus [9]. Hemagglutinin (HA)/protease
of V. cholerae has been shown to activate the cholera toxin
A subunit {4] and to destroy the host cell receptors for a
putative V. cholerae adhesin [13]. Moreover, HA/protease
has been demonstrated to degrade the host defending proteins
against cholera, such as mucin, fibronectin, lactoferrin, and
secrefory immunoglobulin A [14, 32). These degrading
activities have been suggested to be important for the
evasion of the host immune response and the penetration
of mucous layers to colonize the lower intestine.
Hemagglutinating and protease activities were suspected
as the key factor for the colonization and invasion of host
cell in pathogenic bacteria. Some of these metalloproteases
were shown to be a bifunctional molecule capable of
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Purification and characterization of biochemical properties of
hemolysin from Vibrio fluvialis

Jong-Hee Lee, Jeong-Hyun Han, Sun-Hee Ahn, Sun-Hoi Kim, Eun-Mi Lee and in-Soo Kong®

Department of Biotechnology and Bioengineering, Pukyong National University, Busan 408-737, Korea

Abstract

Hemolysin (VFH) of V. fluvialis, which is a pathogenic bacteria, causing watery diarrhea with vomiting, abdominal
croup, was purified. V. fluvialis was cultivated in BHI medium and the culture supematant was precipitated by

ammonium sulfate. The protein was purified by chromatographies on columns of DEAE-cellulose and Mono-Q.
Molecular weight of the purified VFH was estimated as 79kDa by SDS-PAGE. The optimal temperature for a maximum
hemolytic activity was at around 35T and the activity was decreased at 40T. Cytotoxicity of VFH was also
investigated using RTG-2 celt line. LDH assay study showed that 50gg/ml of VFH release 80% of total cellular LDH
(lactate dehydrogenase) from RTG-2 cell and microscopic observation also showed the morphological change of cell.

Key words — Vibrio fluvialis, Hemolysin, VFH, Cytotoxicity, RTG-2 cell
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Expression of Gilthead Seabream (Sparus aurata) Growth
Hormone in Escherichia coli Using Alginate Lyase
Gene Promoter of Pseudomonas sp.
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The promoter region of alginate lyase gene (aly) from Pseudomonas sp. W7 was used for the
high expression of gilthead seabream (Sparus aurata) growth hormone (GH) gene in
Esherichia coli PCR product encoding the premature segment of the growth hormone was
cloned to the downstream of aly promoter. GH was overexpressed with 46 amino acid of
alginate lyase as fusion protein. GH was immunotreactive and production of GH was
repressed with supplementation of 04% glucose inte culture media.

Key words: gilthead scabream, growth hormone, alginate lyase promoter, overexpression

Introduction

Growth hormone (GH) is one of polypeptide hor-
mones secreted by somatotrophs in anterior portions
of pituitary glands of vertebrates and plays an impor-
tant role in the regulation of somatic growth and
maintenance of protein, lipid, carbohydrate and
mineral metabolism (Ganong et al, 1983). The cDNA
of preGH is consisted of 612 nucleotides and 204
amino acids, which had a predicted molecular weight
of 22kDa (Funkenstein et al., 1991). There have been
a number of studies demonstrating the growth
promoting effect of recombinant growth hormone on
fish via several delivery routes. Injection (Agellon et
al, 1988; Tsai et al, 1994; Tsai et al, 1995), immer-
sion (Schulte et al, 1989; Moriyama et al, 1990), con-
stant infusion (Down et al, 1989) and oral administ-
ration (McLean et al, 1990; Moriyama et al, 1993) of
GH showed the increase of body length and body
weight of fishes. Among the various routes of growth
hormone delivery to fish oral administration appears
to be practical method so far (Jeh et al, 1998).

The choice of an expression system for production
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of recombinant proteins depends on many factors
such as growth characteristics, expression levels,
orientation of expression and the cost of production
including purification yield. The essential component
for production of protein is promoter. The most
applicable promoters for large-scale protein produc-
tion used thermal induction or chemical inducers in
Ecoli system. However, not only these chemical in-
ducers are so expensive and toxic (Makrides, 1996),
and also conditions for preventing repression is quite
cumbersome. So it needs a system for producing of
protein  with inexpensive and effective way. We
already reported the promoter region of alginate lyase
gene (Kim et al, 1996; Lee et al, 1998 ). From
previous report, aly promoter has strong ability for
the expression of alginate lyase in Ecoli (Kim et al,
1996, Lee et al,1998). In this study, we have
constructed an expression system for fish growth
hormone (gilthcad seabream) connected with aly
promoter. The expression system was constructed by
assembling the DNA fragments containing the
promoter region of alginate lyase gene.

Materials and Methods

Plasmids
pGSBGH which containing the cDNA of gilthead
seabream GH was obtained from Dr B. Cavari
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Expression of f§ -agarase Gene and Catabolite Repression in Escherichia coli by the Promoter of Alginate
Lyase Gene Isolated from Marine Psendomonas sp. Jin, Cheal-Ho, Je-Hyeon Park, Jeong-Hyun Han, Yoon-
Hyeok Chae, Jong-Hee Lee, Jung-Kee Leel, and In-Soo Kong*. faculty of Food Science and Biotechnology,
Pukyong National University, Pusan 608-737, Korea, InBioNet Co. 1690-3 Taejons 306-230, Korea — Promoter is a
key factor for expression of the recombinant protein. There are many promoters for overexpression of protein in var-
ious organisms. The aly promoter of Pseudomonas sp. W isolated from marine environment was known to be a consti-
tutive expression promoter of the alginate lyase gene, and it's promoter activity is repressed by glucose in Escherichia
coli. To investigate the catabolite repression of the aly promoter and association between the promoter mutants, B-
agarase gene, which was also cloned from Psewdomonas sp. W7 was connected to the aly promoter with the
sequence the coding 46 N-terminal amino acids of the alginate lyase gene. The constructed plasmid was introduced
into E. coli and the agarase activity was measured. Fourty six amino acids of the alginate lyase gene was serially
deleted using PCR to the direction of 5' upstream region and subcloned. The agarase was overexpressed by the aly
promoter and the production of agarase was repressed by the addition of glucose into culture media. Fourty six
amino acids of alginate lyase did not affect the production of agarase at all. The deletion of a putative stem-loop
structure in the aly promoter induced the decrease of B -agarase productivity,

Key words: f -agarase gene, alginate lyase gene promoter, Pseudomonas sp., overexpression promoter, catabolite
repression
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Multimeric angiotensin-converting-enzyme-inhibitor (ACED) containing a trypsin cleavable
linker peptide between ACEI was constructed. We made synthetic DNA ceding for the ACEI
peptide with asymmetric and complementary cohesive ends of linker nucleotides. A tandemly
repeated DNA cassette for the expression of concatameric short peptide multimers was
constructed by ligating the basic units. The resultant multimeric peptide expressed as scluble
and trypsin treated peptide was shown at the same retention time with chemically synthetic
ACEI by HPLC. The present resulis showed that the technique developed for the production
of the ACEI multimers with trypsin cleavable linker peptides can be generally applicable to
the production of short peptide.

Key words: Multimeric peptide, High production, Angiotensin-converting-enzyme-inhibitor, E.

coli

Introduction

The angiotensin-converting enzyme (ACE; pep-
tidyldipeptide hydrolase, EC 24.15.1) plays an
important physiological role in the regulation of
blood pressure. It cleaves angiotensin I to a power-
ful vasoconstrictor and saltretaining octapeptide,
angiotensin II, and inactivates the casodilalor and
natriluretic nonapeptide, bardykinin (Soffer et al,
1976; Peach et al, 1977). Small molecules with
strongly antihypertensive activity are synthesized
and used as angiotensin-converting-enzyme-inhibitor
(ACEI). Food derived peptide ACEI have recently
received attention because of the development of
functional foods contributing to homeostasis (On-
detti et al., 1977, Patchett et al,, 1980; Arivoshi et al.,
1993}. For functional foods or pharmaceutical
applications, a large quantity of ACEI needs to be
produced economically. Chemical synthesis is not

* Corresponding author: iskong@ pknu.ac.kr
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practical because of its high cost and safety issues.
Therefore, a biological expression system would be
the most cost-effective method for the mass pro-
duction of the ACEL In this study, we produced
ACEI from the concatameric short peptide multi-
mers that were produced in E. coli

Materials and Methods

Bacterial strains and vectors

E. coli strain XL1-Blue (recAl endAl gyrA96 thi-
{ hsdR17 supE44 relAl lac [F proAB lacFZAMI15
Tnl0 {Tet)]) was used as a host for subcloning
and E. coli BL21 (DE3) (F~ ompT hsdSs (s ms )
gal dem (DE3)) was used for gene expression.
pGEMA4Z (Promega Co.) and pET22b (++) (Novagen
Co.) were used as vectors for the multimerization
and expression of peptide, respectively.

Oligonucleotides for tandem multimerization
of a gene encoding ACEI
For the left adaptor, primer Ill (§-CATATGCCC-
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Aim of this research is to investigate the effect of temperature shocks on the physiological
responses of cultured olive flounder (Paralichthys olivaceus) and black rockfish (Sebastes
schlegeli). Olive flounder and black rockfish were suffered with high and low temperature
shocks for 4 and 8 h, respectively, in laboratory conditions and then the changes in glucose,
lactate, total protein, uric acid, and triglycerides-glycerol in blood plasma were analyzed. We
observed that lactate and uric acid increased for up to 4 h and then decreased for up to 8h
by the high and low temperature shocks, and total protein decreased for up to 4h and then
recovered for up to 8 h by the high temperature shock in both fishes. Glucose by the high
and low temperature shocks and triglycerides-glycerol by the low temperature shock increased
for up to 4h, and then decreased in olive flounder, but increased for up to 8h in black
rockfish. From the result, we speculated that the two fishes have an interspecific variation in
the regulatory systems of glucose and triglycerides-glycerol. Glucose would play impertant role
as an energy source during the temperature shocks and for an intermediate substance for low
temperature tolerance, and glycerol of triglycerides-glycerol would play an important role for
low temperature lolerance. In olive flounder, the turnover of chemical change by temperature
shock took more than 4 h, all chemicals returned almost to the initial level for up to 8 h, but
fish death followed only in 8 h with the high temperature shocked group within two days.
Therefore, we suggested that fish would be damaged severely by the longer time exposure of
high temperature and mortality would occur after a certain time later than the shocked time
as a post-effect.

Key words: Acute temperature fluctuation, High temperature shock, Low temperature shock,
Aquaculturing marine fishes, Blood plasma

Introduction

Otive flounder (Paralichthys olivaceus) and black
rockfish (Sebastes schlegeli) are very important
aquaculturing fishes in Korea, comprising up to 85
% of the total annual fish product in aquaculture.
During the summer, there have been a few cases of
the fish death in aquaculture, which have been
suspected by the sudden exchanges between the
high and low temperature seawater currents since
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Korea is located in the temperate-zone, but there is
no clear evidence on it. In summer, it has been
reported that the highest sea water temperature goes
up to 25~28C, and the lowest temperature goes
down to 10T during the current fluctuation in
Korea. Therefore, it is presumptive that the acute
temperature fluctuation of scawater tide would affect
the physiology of fish. On physiological responses
of fish to the high or/fand low temperatures, several
investigations have been made on fresh water fishes
including rainbow trout (Connors et al, 1978;
Schneider et al, 1981; Wagner et al, 1997), tilapia
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Detection of the Recombinant MotX Protein of Vibrio fluvialis
in Escherichia coli with Inmuno-Gold Labeling Method

Jong-Hee LEE, Je-Hyun PARK, Sun-Hoi KM, Sun-Hee AHN
and In-Soo KONG*

Department of Biotechnology and Bioenginecring, Pukyong National University,
Busan 608-737, Korea

The rotation of the flagellar motor is powered by the electrochemical gradient of specific ions across the cytoplasmic membrane.
Recently, the genes of the Na*-driven motor have been cloned from marine bacterium of Vibrio sp. and some of the motor proteins
have been purified and characterized. Also, motX gene encoding a channel component of the sodium type flagellar motor was
identified from Vibrio fluvialis (KTCC 2473). The amino acid sequence of MotX protein from -V. flmialis shared 90, 85, 85% identity
with V. cholerae, V. alginolyticus, V. parahaemolyticus, respectively. We have studied the localization of the expressed MotX protein
in Escherichia coli by immuno-gold labeling of uitra-thin frozen section. Our observation of the expressed protein indicated that MotX
protein could be existed as attachment to inner membrane in E. coli

Key words: Vibrio fluvialis, MotX, Sodium channel, Immuno-gold labeling

Vibrio fluvialise 94 nAE2 #4347 489 ¥E4 9
M2 £2 RES) AHE T AelA ZdE dedly o
=]

2 U 42 92 Fud A4l TE B5L dedle ez
Hasa 2ot (Lee et al, 1981). V. fuvialis® Y1 X & o2 Vibrio
spe 38 4 vejelolz A Adwtalez g 4 & A3 Je
AF3e F4E A AAAE Fo} aFA] AR 9L
A £5AE A2 Yot (Yomohiro and Michio, 2001). V.
choleracs 3% REE HAN7] 98 Na* o|&& o2
Atgele Wilel V. alginolyticus$} V. parahaemolyticus= Na*
ol &3 HY o)& & 43 AMgEe HEe $%& g ez B
HET QY (Atsumi et al, 1992; Kawagishi et al, 1995; McCar-
ter and Silverman, 1990).

o] Vibrio sp. 2% HE ZEig HYH o FAA ¥
slo] 2129 (Yomohiro and Michio, 2001), V. parahacmolyti-
cusl A= HE REd #3 §FFNL motX, motY, motA, motB
(Jagues et al, 1999; McCarter, 1994a; 1994h), V. alginolyticus®|
189 = motX, motY, pomA, pomB, motA, motB (Asai et al,
1997, Yorimitsu et al, 1999)2 §-Az7t Basie] ok V. algi-
nolyticus®} motX §829 A¥ V. parahacmolyticus] motX
2ot 80% 2 4142 A 2o (Okunishi et al, 1996). V.
cholerac?l Al R1 9 §AZE pomA, pomB, motX, motY7} %38
A A=, o] FHAEL V. parahacmolyticus® FAAETL &
FA14 % 7R3 <19 (Yomohiro et al, 2001).
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V. fluvialis MotX @A 2] 211709 ofojist XN DE V. chole-
rae, V. alginolyticus, V. parahaemolyticus®} obvl=it M EE 34
SMNES ZAY 2 A, V. cholerac®te 90%, V. alginolyticus
o+ 85%, V. parabacmolyticus® 85% 9 & FAHEE 7HAIR
AT (Fig. 1), oI5 ¥ 714 Motx @439 ofr| it HdEL
Ao & FAMIE FHAAY, B & Vibro sp.iiA =
V. fluvialis®] MotX ¥ AL V. cholerea®t & d & FAH3&
Bsloul V alginolyticus® A% V. parshacmolyticus®t & Y %
& #AHE HYd. MotX @A Nod ¥ 29712} o}o]
xate 2 ol 2ol membrane spanning region®} e AL @
A& glov multi-alignment BH, o] FRAM Y FAEE FF
3 WA GElstch 21E9 KMo gstd MoX B A
Wete Saata EAstEA 149 o 53 RUE A3 YA
Nutgo] M¥ U 9%l ool AX WY upRFe A3t
A2 oA channel T84 A PAH4E Y35
= Aoz gelAd 9ot (McCarter, 1994a). Multi-alignment 2 %
ofA] BEo] AWAL2 2 olujicit A FAAAE BT
Ao o) B F3} RY2 FHHE FolM ¥ opvlcit wolA
Tg Holud ot Watel JEHM F29 75T dhe putative
spanning region TASE obul:dt g o7hel o7} gl
ox n4g BR 2EA9 duUAES AFse 4L FYdste
e "o E o] ge ez 474

Park et al. (200104 V. fluvialis®) motX #374& FR'at
HAAE Fo) PTGE S5t FEUANT E colic F% 02
o] 32El A o] AA3) Ad S waken o {5 100mMe
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