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Abstract

Vibrio fluvialis, an enteropathogenic Vibrio, produces and
secretes a phospholipase which is thought to be important
factor in the pathogenesis of disease. In this study, the
phospholipase gene (v/p58) was identified from V. fluvialis
(ATCC 33809) and sequenced. The entire open reading
frame (ORF) was composed of 1690 nucleotides and 563
amino acids. The recombinant protein produced from the
vfo58 gene was expressed in Escherichia coli as his—tag

fused protein. This protein was solubilized with 6M Urea and



purified by Ni-NTA affinity column. When the action mode
was determined by TLC and GC-MS, the purified VFP58
protein showed a phospholipase B activity, which had
phospholipase A and lysophospholipase activities. However,
it did not show phospholipase C and sphingomyelinase
activities. The VFP58 showed maximum activity at pH
around 9~10 and temperature of about 40T. The
cytotoxicity of VFP58 was evaluated on a fish cell line,
CHSE-214. The purified VFP58 caused significant cell death

after 14h exposure to 250ug.
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Vibrioe B4 #8714 a4tz ez witht gl A3
@4, 7}, A%, 3FAE B9y Vibrio o€ 30 €F °1&°
28 glom o F 12 FFol AIEAA #EE den AAJ
WYL VehlE Vibrio & AHe F5 = 3R #FEFTS
Aoy Vibriost HEF 2 BFF FEE devlc VibroE
TFRIAT Az ‘AU F= o AVl FER Vibrios S&,
hemolysin, Z}% protease®t phospholipase3 & i3t FH=

A7, ogg #PL Yo =He ARE dEEel 49

43

§E)

o) Az o) o#jolny, o] 2ol V. carchariae, V. damsela=

s

J212 EHA gagE Aoz SHAR V. metschnikovi, V.
cincinatiensis®l 7R AZE oiFAANE #HaA QA &t FATA
Azt Al ZREHE 12%F9 Vibrio 7hEdl AL FWEE VibrioT V.
cholerae®) 2% cholera®Aol 7HF wlEHA Heolw HBFES V.
valnificuso} 18 A3RQ, AFFL V. parahaemolyticus, V. mimicus, V.
hollisae, V. flwvialis 5o 2aiA dojdcl WHA Vibrio T°) A st

pe 52k QA 2 FAF A4 AR AYe dosis FAY

-

¢

49 247 oA doer 1 FFH EF ook
V. fluvialiss ZABREZ A0 3QA @AoA Aotrte

ngee o AHsE Ei(Lee et al. 1981)0] Aeromonas sp.%



Ha@ Aog d#EA Aok o] Fol AzAA #HHD AE HAG
e FpAEe APL doslA 99 Lockwood et alol W=
%4 moused A% o 79 ARHA AHF o&h AEF DAt
wxEe gtk TG o] o]l follA #EE A¢ TEE T

&

AAL (97%), Aol EZ (75%), BFF (67%), € (35%e ¥
N7le 7oz @8z oy AZY ww e R
a4 A &tk olF#  pathogenicitys olWI  FAALS
factordl 9#lA Yojux e Aol oz oy H;AHY HAA
Axtgol AF ALdo AHGHY Aoz vehtn e ALER
oA 9ed, hemolysin BE cytolysin® Z2 enterotoxino]u
enterotoxin like molecule, protease, urease, lipase,
phospholipaseS°] 2 #d4 Aotk E3 WU vl
A AF8H= proteasel} phospholipase?] A-$E HAA w0} =52

celll®  AFs) Torke 27 @A #¢ FRIHA HEst=

ofp

gAZolth olRAL &Feo AEwe] FH  AEol protein
phospholipid® TAHe] Ax el 71ud FHelrh wpy =HAA
v) A5 ¢] phospholipases #=7| host cellZ4 infectionA] H ¥4
713¢ vl Ao uidolet &4 .

B a3 ME V. fluvialis2%E  phospholipase FAAE

cloningdtd E. coli WA H&@A 7| m &9 4353 54 o) k]
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1. Reagents

DNA A% ZASE Promega Co. (USA)IA Fhstglen #59
ool AF2-3 AL Difco Co. (USA)ZRE T3t AR
L-a-phosphatidylcholine (PC, P-5394), L-a-
lysophosphatidylcholine (LPC, L-4129), l-palmitoyl-2-linoleoyl-
sn-glycero-3-phosphocholine (P-9648), 1-O-hexadecyl-2-[{cis)-
9-octadecanoyl}-rac—-glycero—3-phosphocholine-
(P6159), 4-nitro-3(octanoyloxy) benzoic acid (N-1646), p— nitrophe
nylphosphorylcholine  (NPPC, N-56879) =Zeit  Clostridium
perfringenes PLCE Sigma Co. UsSA)A A Flsted  ALg3HST)
Silica Gel-60 TLC plates®} 718w E2 Merck Co. (Germany)ellA
TadsAt, 29 BE AFEL Sigma Co. (USA)NIA LTk=

FA" AL FUse] AEFATH

2. Bacterial strains, plasmids and culture condition
2 oA A AYR3 V. fluvialistATCC 33809) KCTC(Korean
Collection for Type Cultures)&2%€ TUstd AHg3led,

cloning®] AF&E host B vectory Table 1o UehHsit V.



fluvialiss brain heart infusion (BHD ®iAE A}g3te 37TolA

ot ed E coli %A= Luria Bertani(LB)¥I X & A}8-33iT



Table 1 Bacterial strains and plasmids used

Bacterial strains / Reference or
Genotype or relevant characteristics
plasmids source
Strains
V. fluvialis Wild-type strain isolated from human feces in ATCC33809
Bangladesh
XLI-Blue RecAl endAl gyrA96 thi-1 hsdR17 supE44  Stratagene
relAl laclF’ proAB lacFZAMI1S Tnl0(Tet)]
BL21(DE3) FompT hsdSg(ra” mg") gal dcm (DE3) Novagen co.
Plasmids
pGEM-4Z Cloning vector; Amp' Promaga co.

pET-22b(+) His tag fusion expression vector; Amp', T7 Novagen co.

promoter, six His-tag coding sequence




3. Cloning of phospholipase gene from V. fluvialis

V. fluvialis®] chromosomal DNAE ¥2|3t9 pGEM-4Z vectors
o) 43l9] DNA library® A&, E coli XL1-bluedl transformationd}®
yolk ¥lx]4+o) A phospholipase activity® 7}A]& colony& AE§ &

plasmid& 223t sequencing?d Z 3} pVFP580& 4T

4. Construction of the expression system

pVFP5802 28 specific primerE& o443l PCRE 3% F
phospholipase A& codingdt™ AT open reading frames
=EZ A} olu AR specific primerEL &zbe] Do Ndelst

HindllI& A =& design3dt AR S (vip58up-

ggcccatatgagtagecccecgce, vip58rp-ggccaagcttatcgagetcaggtttaa).
ZZAD SAAE AFEAQ Ndeltt HindllZ digestiondlts] ©vie

e enzymefZ  digestion AAE T7 promoterE ZHE
overexpression vector?l pET-22b(+)el ligationAlZth. AZHH
plasmid& pVFEP580] g}t g9 3ta overexpression hostQl

BL21(DE3)°l transformationA] 71t}

5. Overexpression and purification of phospholipase(rVFP58)

pVFP589] transformation® BL21(DE3) one  colonyE



ampicillin(1mg/1L)7} d7t8 LB¥IA] 1mlo} inoculationdtd 37Tl
overnight culture¥ ampicillin(100mg/L)el d7tg LB=A 1Ll
AR ZF} Cello] ODgeo=0.6°1 Euj7AA] v}t [PTG(Isopropyl-
B~D-Thiogalactose)& 1mMEA AH7lstd 4A3A= o wddF
4TH 5000 x g2 158% ALY cells 22T E2
cell€ 50mlel 20mM Tris-HCl buffer(pH9.0)°l suspension*|#
4T A sonicator(sonifier 250, Branson Co.)& ©]&3td <% 5%
Z9b celles A F 10,000 x gollA 20837 A EF A
inclusion body® A&ttt Aol inclusion body® activity?}
9022 20mM Tris~HCI buffer(pH9.0) containing 6M urea® ¢33
=ol¥ 20mM Tris—HClI buffer(pH8.0)ell dialysis®t activity &
742 A &td s1Eode Ni-NTA  resing oj &3t &%
rVFP58Thl ke AR st A s @#¥dL Bradford methodol
o)&h A& standard curve: Bovine Serum Albumin(BSA)E
AHgste AARAY. BE AAFAFL 4T FAHRLH SDS-
PAGEE %8ld AAE @9a& &3t

6. Thin layer chromatography(TLC) and gas chromatography-
mass spectrometry

V. fluvialis®] phospholipase, VFP58 enzyme©] phospholipid®} o]

10



2AE AdSEANE FAE 989 d87kA] 71FE ol §3ky
TLCS GC-MSE F#3td ZA}AT. L-a-PC, 1-palmitoyl-2-
linoleoyl-sn-glycero-3-phosphocholine, 1-O-hexadecyl-2-[(cis)-
9-octadecanoyi]-rac-glycero-3-phosphocholine and L-a-LPC&
71A5E 212} ethanoldl 10mg/mlE stockdd ©] substrate solution
20ul2 VFP58 enzyme©] lmg 3-F2 reaction buffer(10mM Tris-
HCl, pH9.0; 2.7mM sodium deoxycholate, 10mM CaClz) 100plel
AolE g 35TColA 1441t F incubation AAEH. HSELS
chloroform-methanol solution (2:1, v/v)2=2 ¥Hg& FA A7,
ARS8 chloroform®E  extraction@d ¥ vaccumoiA
ZUANY, Y& FAEL Al chloroform 20ulel =olil Silica
Gel-60 plateoll spotting@dtd chloroform-methanol-acetic acid-
water (55:17:6.5:2.5, v/v/v/v)ydolA Al PC HEx LPCE
golglt}, =3k hexane-diethyl ether—acetic acid (85:15:1,
viv/v)dol A RSk free fatty acid & 3ttt AME spotEY
B}ole 50% sulfuric acid® ¥alA 115CoA 308F¢ 794
ol 319 tH(Kishimura et al., Hayashi et al.).

=3l phospholiapse A% phospholipid®] fatty acid®& FEA7=
9 H) EolAHE FAVEL7] 918t 1-palmitoyl-2~linoleoyl-sn-glycero-

3-phosphocholine stock solutionS 1mg$ VFP58 enzyme©] ¥

11



reaction bufferd] 41¢1A 37ColA 1441z $<¢b incubationA {1t
¥l 2-E.L hexane-diethyl ether-acetic acid (85:15:1, v/v/v)E
AMLo)2 st TLCANA AME F free fatty acid spot ¥ &
Zo o] Ohta et al.o]l & methlyation A1Zth Methylation¥
product& nitrogen gas® F%39 gas chromatography-mass
spectrometry® #3130, GC-MSE  Shimadzu  QP-5050A
(Shimadzu Japan)& polydimethylsiloxane capillary column HP-5MS
(30 m % 0.32 mm LD, 025 pm film thickness)& ©]& 3%
B9t ol carrier gas¥ helium (24.4 kPa)& AHEEAL
column flow rate= 10 mi/minZ 3t th. Column temperature
program& Th& 3 o] ARt Injector 2T 250TE &332,
column® 1minE®¢ 80TeoA HAE ©hg& 10T/ming HE2
180Ce] o] Eu7tA] heating® ¥ T}A 260C7+HA 5C/min?l 22
heating3tt}: Interface &EE 260CE #A a3, Electron

energy¥ 70 eVZE 3T

7. Measurement of phospholipase activity
VFP58¢) phospholipase activity® Schmie et al, Cho et al .ol
Azl o2 g oz FPEnt

3ml2 reaction buffer (10mM Tris-HC!, 100mM NaCl, 10mM CaCl;

12



pH9.0)4ll 50p1€) substrate stock  solution (4~nitro-3-
(octanoyloxy)benzoic acid, 3,1mM in acetonitrile)® 43 VFP58

enzyme solutiong E&stA vortexTE 35TolA 1AL F

49

g A7tk Hbgol B AigeEl  icedl S5®T AEF
spectrophotometer® ODygo A FA T, o|®] enzyme activity=
w2719l ODgo oA A @ 1A% gy wsg e
#Barele  AAFY, 718 4-nitro-3-(octanoyloxy)benzoic  acid
155nmolec] EF EdHA AUE 0.20/th ZF whg2 & HHY
259 pHelA assay® #3539 optimal condition® stability &

=43k,

8. Cytotoxicity assay of the VFP58 on CHSE~-214 cell line
VFP58 enzyme® cytotoxicitys CHSE-cell lineol enzymes
A5l cell2RE WEHE  lactate dehydrogenase(LDH)¥&
ZH3td AAER T Chinook salmon embryo cells (CHSE-214 cell
line)S 48-well platedl penicillin G9 streptomycin®] &#9 MEM-
medium® 7z} 1mi¥  2F3k 17TelA 2aXN T
culturedrgdty. z8lYA 100422 enzyme solution® 37134
AL e 2xoA 14A7F E¢ culturedt it} Cell2 enzymes

A1 Az HAF veide W3dE FREHAT A(Olympus

13



IX70)2.2 1008 #i&olN #F3RH.

Cytotoxicity=  CytoTox36 assay (Promega)g&  °]&&t9
mediumellA W&HE LDH activity® A9 ZAAINARG. Cell
culture® plate®) Z} wellol A 50489 cell culture medium& AM2E
microtiter platedl] $20TH& 50442 substrate mixture® 7+ welll
A748th,  Plate® ¢4AdlA  room temperature® 30% F¢
incubationA} 21 th& 5048) reaction stop bufferE ke wellol

Yy wres ExA71t}, v 9o 2 microplate reader® ARE-3to

T

490nmol 4] red reaction product® OD& =A%t} Cytotoxicity?
Ae thew ol F#8EAUT. % cytotoxicity = 100 X (Agmpe ~
Agpontancous)/ (Aot = Asponuaneons)s  Asampie™  enzymes A2 & cell )
optical density (OD)O]X, Agopmmeonss enzymes el dha] &
celle] ODolt}. 28]l3 Agwe celld Triton X-100& #8lste] LDH
B2s Az e 9L ODeolth. #4zte] OD¥ medium®tZ blank

control23te ZAsAHLee et al. 2002)

14
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1. Cloning of phospholipase gene from V. fluvialis

V. fluvialis 2% phospholipase H#A2 VFP582 cloning3dtH
sequencing® AF}E Fig. 1914 Yehldc. Vips8 FHEA
1690708 €712 FA=o gen 563749 amino acidZ o]FoiA
At

15



A A CATRAACBCATTECTDOCTUGATAAT TTTCABADET TAATATTAAACSTECAART AATATCA
mmmmmmmfm

oA YCTCAABOAMT TACCTATOBAAMTTTBSAAAAAACCOATE
AWWWT“ TATTSTTTATACCHABATE
BOBEAT AN ATLSSCT, TTTTACTLA ATBCTHCACEEA

BOCDCY TR T TOT TETORC THAAMCAT THOCLTLE T BT BECEEC MvATTTCTSTOTHSATBATOATTCTTAC
TECOTTOHTCTAGATATTAATOCTAATCATATTCOCTCAA TOCETOACEOTCA TOTOAT TOOOACDOLARLS
TEBACTCASST T TOOCAAM'

CCARTTCA T TEEBCATA TCACHA'
TEACROT LARBAAADCEAAAMAL ARG AASCASAMET AARCACTSABBCET AAATS
BT TATTEBASTTTMMAASCOOAAMWATTETCOTCACHOCHCE mmfm;
T TAACRCTTCASGCHCAAARTSATECEBE TCEAATEAT T BOTCRCONARCOAN TOTE THACCATAAA:
ABCISEBCT A
Tmfﬁmmmrmfmrmmm
TETTTAMTSABATA ABCCLCTCRACTTACSTETCCART TCBAMACECTATTCEAACACT
g,y M 8 B8 F B L E Vv rar & ®H T L * =2 M ia
50 TCAATORITCADSATOCTOAAACCS THTCACTBAAATTC] TETACE TAACEBCAC
> ] -] [} o v L3 L rF r L3 {0
AZZ TATTETEL ) - BEA T AAATTOT
R v ) . ] Y w 2 - b A -] | [
1%y TTECTOTTT - : L] T T TATCYT ABEAN
il Al " 'y y 8 K A v L a -
268 ATCOOTTTTODAT TCABSTBATT TACCTEN
3 B 0O A L 8 L 0o a A . G s ¥ L 112
ase TCASCAY T CATACT, TCBATECTCAATCEET
3 .!__R W L. O ¥ V¥V R L L I = |, 8 ®m L 8 M bt
410 EC ™ TAT CFBACTCOOCT THATOAA
am Bomachariackacianire rolrc iy aleTanchAotaA T AAC AL C TT RGBT I OTRTATTE o
'READCCABA ’
D E BB L Q P D L A B T W4 O A 1 W T BN & R F 4 1 188
as4 BCCI BCECTTCCATAATOOT oY ATTETCATT BCCTUTDOOAATIOC
F & v M K H W L L ¥ 0 1 W o8 L. W E L. zo@
BT TTTETBAATCTETTTTCT T TOADY TLT TETETOSTISATAT T
o4 r L - [-] v B - ] -3 3 ¥ D 1 > S k- -3
asa - TX T CETTECTAaCYST TCTOT TCTCADC
o O R L. L L -] & € A 9 L L * K -] g a5
‘rro T TTY A CTCAT BATCETLCAATEACIA
w8 & o F O * v s Y E V¥ v m o 8 K 100
542 TOOTTC TTT T TATTTT TTTT oY T TTOAASTETODNTEATTE
% L Q A F =] LA L4 ” L L D L) v T:I:Tv 1 304
LY T TCOATBBTCTT TTarTCT T 'CTTACAD
CE Y B A A M (3 L85 M B r f o ® &8 8 8T a8
o8 AAGA TCTTHA SCCTATTTOTTEHCTOMTA ' TCTTE A ADDA TS
& o % D L B B E T L LR e 8 L A E E D 3
1038 AN 'ATTYTCATAMCMACT TRCTCT TTETTCCDCL ARADTAD
E W A T ¥ r n W K L B T L » rF _n L. - I = () e
1130 TTOAOC TOCCTOCLTAT TTT T T T SOCTCAAMYTAATTTTTCGA
v B L 8 v L A Y ~ JIL Y L b ¥y B A F 3 N F SO0
1202 TLAL AACETACTIYN TBCCTATLAYOC! CCATOTTT AALDC T TOCOM
Hﬂp .l::.ﬂgm!m: M 4 o hl:ﬂ.’m m:ﬁ ] gl:m- ! ;'l’f":’ml‘ & b
12Te T RN T "DOCAT TTLN ARTATEADC
v 1 o v L) X D B ) n r a2 1 £ ¥ & L 8 LMP 440
1346 TR TTAAMICLATEEASEAT TECUAATCATCOTOATOACOCATTABLADSCT
E v p B Vv D 1 =3 L A ® B8 1 A N H R D O A L A DO <TL
1318 CTATTCOMNATHT TOAACALCTMASTTTOOCTBATSATTTCAATT TTADRTLD
WL L W ¥ v E B L B L c o ) ~J A Y
140 ATCAATROCOT TT IO T Sl TLOCTraT
o N R A O Yy A T F = A -] L -] 5 L -3 éﬂ&zﬂ? 520
1542 AAN ATCCCAATSTTCCATTOTTHOCT FA L AAADATCALT CIsC Y, AT
=] 1 1 - 85 ® C B L B W ) D o C -JR & K 544
1Ia34 MCAATECTTTOOBATOOTYTOATTT TAT TTAAALCTOABCTCHATT BABATOIBCAAMTCA
[=] N & L W 2 o H vV K ” " o - 353
ADAAAAAAACT ACTOM ASTTOATATCTAL THTACCAADTOCEDOACACTATIBC T TAASTACCAT
AAAIDTOOMBADOADCT TTASTAA: TTTAAMBAACSTATTECTCADSATTTCACDTLCOOTI T
OCCTAMMTTETDO ACBCAATEOTCABESOCACOCCTEC TT TAAAAATOSTD
THAYUAAATABACANCTCTCAADT TATCTTTTODAARAAA

BETESCAAS TCOAAAR
ACTTAAAATTTCATOTARTTOATACCOATAT THATCTCOOTCOATARARAADDOAATTC
R

Fig. 1. The Nucleotide sequence of vfpS8 gene from V.
fluvialis.

The open reading frame {ORF) of vfp58 is composed of 1690
nucleotides and 563 amino acids. The putative S.D. sequence
is underlined. Putative promoter region is GTGATA as -35
region and TAAAAT as -10 region.
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2. Purification of phospholipase (VFP58)

VFP58&  overexpressiondl?] $&¢] ORFE pET-22b(+ )
cloningdtd overexpression host{] BL21(DE3)¢ll transformation¥t
FFE  ampicillin(100mg/L)el #7td LBuiA o] wiFstd IPTGS
o] &3td FAAAATE VFP58e] HUHE celld IFHdte L2
#/dol ¢lE inclusion body® Urea® renaturationATF 20mM
Tris-HCI buffer(pH9.0)e} A dialysisdt refolding®tH ). a2 mutA
phospholipase activity® 7} =3 yolk agarolA #1% F Az
protein &) fusion® His-tago]l Ni*'d affinity® 7 §4%
o] €3td Ni-NTA resin®] protein sample® applystd 1M
imidazole® elutiondtRth. AAAR T 7z GdANA 9 protein
Laemmlieo]l we} SDS-PAGEEZ #33ste] 66kDadl =72
overexpression® AL BFA3AR(Fig. 2), EF 4 AN
activity @ yield= Schmiel et al.o] m& PLAS activityE

=A3to 2 AA8GT (Table2).

17



Fig. 2. SDS-PAGE of VFP58 during purification steps.
M; molecular weight marker, lane 1; Crude extract of cells
transfected with pET-22b(+) vector, lane2; Ceil harboring of
pVFP580 4hr cultured after induction, lane 3; Inclusion body,

laned; His-tag column elution fraction

18



Table2 Purification steps of VFP58 from recombinant E. coli

Total i . . .
L . Specific  Total Yield  Purification
Purification step  protein e .
activity  activity (%) Fold
(mg)
Cell homogenate 83 29 244.8 100.0 1.0
Refolded Inclusion
10 7.5 75.0 30.6 25
body
Ni-NTA affinity
4 8.9 349 14.2 3.0
chromatography

“nmoles product/min/mg protein

19



3. TLC and GC-MS

VFP58 enzyme$ phospholipase type2 ZA37] $3ted 4 p-
NPPCE o]&3}d phospholipase C (PLC) activity® 33 B U
olWj control® C. perfringens®] PLCE AH&3tith. 143 VFP58&

PLC activity® T 4 Utk ol PCY¥ enzymeS ¥&Al

3

He AEEZ TLCE F£3% Zx PCrl £8so] %ol HaHAE AE

<

#2845 YU, LPC spotd TAHR gdch T3 vkg AP EA
free fatty acidZl S8l¥9E AR, 0.25)& AT UUTHFig. 3A).
ool VFP58¢] phospholipase A(PLA)EA phospholipidol #&3h=
active site® FAEH7] 98] 1-palmitoyl-2-linoleoyl-sn-glycero-
3-phosphocholined 7132 &9 enzymed ¥HEA A productE free
fatty acid9tg ¥2&e  methylation &9 GC-MSE 3% A7}
retention time 18%-91A palmitic acid, 22%°1 4] linoeic acid peakE
elaArhFig. 4). Peakd ®2#FE 2703 2942 Zkzh palmitic
acid®} linoleic acid EA%o| methyl7tel 229 Fa4d A
IS &5 A%t olAe=H VFP58 enzyme phospholipid?|
sn-1 site®} sn-2 sited} fatty acid® &5 #EA7IE 7€ =
AL G4 Ak, a2} sn-2 sited] fatty acide€  acylZl 9
spontaneously transitiono] 98 RAY 7sAE ¥t sn-1 sitedl

ester A¥o] old ether 2% 718 1-O-hexadecyl-2-[(cis)-9-

20



octadecanoyl]-rac—glycero-3-PCE& ©]-&3a w-gAA & 4%
fatty acid @& #AEF AU Fig. 3b) =3 VFP58°¢] L-a-
LPCe 5ol gExE IAHAE 23 Fig. 3B HolXO|
activity7d 9-&& #Qlstsct o4 VFP582 PLA% LysoPLase
activity 2 5 ©} 7FA= phospholipase B(PLB)Y& 2F UG-
w3l o]8]3t phospholipase”} erythrocytes® lysis Al7] hemolytic
activity® 7HAEAE ZAME 47 hemolytic activitys $iS RS2
ubelydti(data not shown). ©] A3+ VFP58 phospholipase B7F PLA
activity BT+ Lysophospholipase activityZ7} 28ttt A& AIS3sHA

3=+ 2 Fo]tHShinoda et al.).

21



(A) (B)

Fig. 3. Thin-layer chromatogram. _

The reaction products, after 14 h incubation of various substrates with 1 mg VFP38,

were eluted in the chloroform. Each was separated on TLC and sprayed with 50%

sulfuric acid followed by heating at 1 15T for 30 min.

(A)The reaction products of PC without (control) or with the VFP58. Lane I : PC,
Lane 2 : PC with the VFP58. The R; of PC was 0.57.

(B) Products of the enzymatic hydrolysis with the VFP58 and synthetic phospholipids.
Lane 1: 1- Palmitoyl-2-linoteoyl-sn-glycero-3-phosphocholine hydrolysis product
Lane 2: L-a-LPC hydrolysis products
Lnae 3: 1-O-hexadecyl-2-[(cis)-9-octadecenoyl]-rac-glycero-3-phosphocholine

hydrolysis products

22
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Fig. 4. GC-MS analysis.

Reaction product of 1-palmitoyl-2-linoleoyl-sn-glycero-3-
phosphocholine with 1 mg VFP58 was separated on TLC plate. It was
scraped out and methylated then analyzed with GC-MS. Palmitic acid

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

23



4. Measurement of phospholipase activity

pH stability® €olR7] 918 pH6.00lA pH12.07tA] 24248} pHel
enzymeS 2A17F F9b  preincubationAlZ1F  pHI.0%Al  assayE
o5ttt 2283 pH8~10%3olA  Hmd A FAHE
UehlQekFig. 5). ™etd VFP58&  alkali-philict enzymeo] gk
AL &% gtk VFPS8E 35T, pHIO.00MA Hzuel 4%
JehNg oA (Fig. 6), thermo stability® FA}sl7] $18ed  VPF58
enzyme 20TolAl 60CHAMNA 2417+ F9F preincubation A F

35CoA]  assay® 8% A} S50TColFE  activity’t FH3I
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Fig. 5. pH stability and thermostability of the VFP38 activity.

To investigated the pH stability of the VFP58, the VFP58 was preincubated in the
different pHs at 37°C for 2 h and then residual activity was measured under
standard condition. To determined the thermostability of the VFP58, the VFP58
was preincubated at the temperatures of from 20 to 60C for 2 h and assayed
residual activity under standard condition.

(A) pH stability

(B) thermostability
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Fig. 6. Optimal pH and temperature on the VFP58 activity.

The optimal pH for the VFP58 activity was determined using different pHs from 6
to 11. The buffers used were 10 mM citric acid- sodium citrate from
pH 6, 10 mM Tris-HCI from pH 7 to 9, and 10mM sodium carbonate-NaOH

from pH 10 to 11. The optimal temperature of the VFP58 activity was assayed
under various temperatures for 1 h.

(A) Optimal pH
(B) Optimal temperature
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5. Assay of cytotoxicity on CHSE-214 cell line

Chinook salmon embryo cells (CHSE-214 cell line)oll VFP58
enzymes A3 Az celld morphology’t ®i= A&
#AE Y HFig. 7). £ VFP589 enzyme #H7bEFA wWE celld]
cytotoxicity® A% A7 200pgel A7ME A¢ 80%7HA T HH=

AL AT = AJUHFig. 8).
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(A)

(B)

(©)

Fig. 7. Morphological changes of CHSE-214 cells after treatment with VFP58.

(A) Morphology of normal CHSE-cells (magnification, X 100).
(B) Morphology of treated with 50pg VFP58 CHSE-214 cells.
(C) Morphology of treated with 100ug VFP58 CHSE-214 cells.
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Fig. 8. Cytotoxicity on CHSE-214 cells of the VFP58.
Cells were cultured as 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 LDH was measure
using the CytoTox 96 Non-Radioactive Cytotoxicity Assay kit. Results
represent the means * standard deviations of triplicates. Cytotoxicity at
each concentration of the VFP58 (0 to 250 ng) on CHSE-214.
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V. 29

Vibrio fluvialise 3¢ A®E Yo7le VibrioZA EWE
goy=d F&¥ U FHuyelar AZEE  phospholipased
Aasdct, B APelME V. fuvialis (ATCC 33809)2%-E
phospholipase ## 2} (vp58)E 31 P71 49EL B4R, vipd8
421229 Open Reading Frame (ORF)E 1690709 nucleotide9}
563719 olulxstoz FAHH AUtk o FAAE  Escherichia
cololA4 His-tagel 29 oidz ddg, =2 AT £
cofoll A #&HEE A2 dfdL& 6M Ureadl =9 F48F Ni-
NTA affinity columng o|43d £43 dladz AASNUH AAH
VFP58 ©¥83 9] phospholipase B4-& ¢olw 7] $J&te] TLCS GC-
MS #A& 8359 phospholipaseA &Al3} Lysophospholipase
g4 S/ Z%E 7FA2 Y& phospholipaseBE & ¢ AUTh
VFP589] 842 pH 9~10 223 35T HundYE& BATH E3I
VFP58¢9] CHSE-2149] W3  cytotoxicity® A 2A#% oA
250ugS AsAS W 1441 Foll cello] AMEste A& @A
A
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VI. ZAHe =

2 g0l 49744 223 AolA QAU ojFY vrgowm
AZIFA FASF WA Welge] FAEYUh T G2 Y
2 o|Toj FAm BAS oA oM W4T WY, UFE WA
g, £47) 24Y, o895 mA4Y, Wi Y, FAL DU @
A=,

Fee AT AN $IE FUE AFAD BE £82
F4 &43, 49, D79, 49, WA, AU, o138, 14T
449, J4%, 248, 433, 454, 24d, 949, Aa9, 44
2 Aigesd Aoz FAEYUT 2dn ol B 248 F
AR F7) A3 Ten By g dAgel BEs 4PPAL =94F
Al g

beg

uin

d =7, %40“4 @], ygelAr ddez nvhd

Y},

d

(2
LS

g FUd B Heg £ee FU YBIYN AsY Ay
3 FopdgAE BRI,

DAY HEeE AR RE22 AE AR FAT o], o
U7 o] =FS wHIUT AT BAFIS
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