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Compar ative study of Photobacterium damselae subsp. damselae
and Vibrioson pathogenicity in vitro

Mun-Gyeong Kwon', Myoung Sug Kim, Byoung-Youl Cho* Jin-Woo Kim and Soo-Il Park **

Pathology Team, National Fisheries Research and Development Institute, *UIsan Regional Maritime Affairs and
Fisheries office, **Department of Aquatic Life Medicine, Pukyong National University

Photobacterium damselae subsp. damselae and 4 Vibrio spp. (V. anguillarum, V. splendidus, V. harveyi
and V. ordalii) were isolated from the diseased olive flounders, Paralichthys olivaceus. The isolates were
tested on the pathogenicity in vitro. The properties of extracellular products (ECPs) were investigated with
enzymatic activities, hemolytic activities toward the sheep and olive flounder erythrocytes, and cytotoxicity
activities on the cell-line. And potential signa transduction pathways of the bacteria internalization were

detected by using signd transduction inhibitors.

P. damselae was high in phospholipase activity, hemolytic activity to olive flounder erythrocytes and
cytotoxicity activity. And P. damselae had diversified internalizing pathways as compared to isolated vib-
rios. Therefore, these activities may be related with pathogenicity of P. damselae.

Key words. Photobacterium damselae, Vibrio, Pathogenicity, ECPs, Cytotoxicity

HiEzl oW AR Fo SR delxl V.
damsda= t}= Mbrio 4 Al DNA homolo-
gy”t o} (Grimes et al., 1984), MacDondll and
Colwell (1985)<1 <J3ll Mbrio Z<ll 4] Listonella
o2 vl 9o, HF Ao 2= Photo-
bacterium damselae subsp. damselae (©135} P.
damselae) & A 2H-E|2Ut} (Smith et al., 1991;
Truper and DeClari, 1997). 18]}, Lwizo = P
damsglaee] 719el ©st AW wlHZ| o
2 EF5E3 vk (Austin and Austin, 1999;
Wang et al., 1998).

P. damselae= Mbrio < o'y Al #5314
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haemolysin (Munn, 1978; Toranzo and Barja,
1993), protease (Norqvist et al., 1990), capsule
(Yoshida et al., 1985; Wright et al., 1990)+} iron
transport protein (Actis et al., 1995) = t}eksk 71
o2 HIHY o ok Y ofF H i
g el gk 7t A=Y W9 0w )
Zholl tisi A= B ek o] Brlh (Santos et
al., 1991). 53], P. damsdae2] 7% dxol oisk
29 54, B9 QA R 2E 1% Sol B9
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A+ At glo, & A= P damsdae<t
Mibrio & o9 H]ﬁ-J WA QA ZEA] extracd-
lular products (ECPs) 2] 44y A=W 7+ 7

g vl s
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s ok WA 2] gel A ¥-2) ¥l P.damsdaes}
Mibrio #F& W9/ vl AREsEATh P
damsdlae, V. anguillarum, V. splendidus, V. harveyi
gk V. ordalii = # 5 (2005)el] ©]ate] Abd el
2} A3}sks] Adakzk 16srRNA homology 2 54

OHI ot

sle] -70°Cell =R 52 1.5% NaCl 37+
TSA x| 0|4 257C, 24217k Alth ujekaio] ALE-
ST

Extracdlular products(ECPs) 22|

ECPs+= Audin % (1998) ¢] cellophane overlay
b o] w2} Tryptic Soy Broth (TSB, Difco)ell
HiFEE ) 200ulE E membrane flol £+
& 27°C, 48A)17F ujekslsichk Cedlophane mem-
brane 912] B2 0.1 M B phosphate buffer
solution (PBS, pH 7.2) & 7}4&6‘}04 12,000 xg, 4
C, 1557 94 Eaj sl & A o2 0.45um pore
sizee] gyringefilter (Corning Inc.) & oz} H#3}
o] ECPs 910 &2 A3 th

ECPse] w2 ‘=% += bovine serum adbumin
(BSA, Sgma)=- 502 3lo] Bradford (1976)

of eJgk W o® A4Skl -70°Cell HashH A
AHE-EII

ECPs9| 54 &4 U 885

API zym kito] A &4 &4

] 75 ECPse] APl zymkitoll A o] &4 &
J2 ECPs?] whild =2 0.1M PBS(pH 7.2)
2 0udmie®E =78 5 APl zym kit (Bio-
Merieux, Spain) & ALg-3le] Aol we) Aate

g sidtk

Caseinase activity

Casdinase activity= Audin 5 (1998) <1 ulz}
azocasein (Sigma, Co. USA)S- 71A 2 sl =3
&1tk 0.1 M PBS (pH 7.2) <l 1% (wiv) azocar
sing-S A&3 ¥ azocasein 45009 ECPs
50 WE = s3se] 28C, 3087F wreAA TE
HE-S- & 10% trichloroacetic acid (TCA; Sigma,
Co. USA)= 500 W F7}5led 3087 ALl v

X8k TS, 4°Coll A 14,000 xg, 557F 4] £
2 Fejsid A 500 wiell 1 M sodium hy-
droxide 500 wWE F7Fsled FEl=e azodyes
THEEA FAER 2, lunit= Al A
0001 Z7}31= 70 2 3Tk

Gelatinase activity

Gelatinase activity = Zhang and Ausgtin (2000) <]
w2} caseinase activity ‘M Wd sl S8
t}l = 0.1M PBS (pH 7.2)<)] 0.8% (w/v) gdlatine
(Oxoid) 82 A2+t & gelatin -84 450 wi<}
ECPs50 W& 2 &3sle] 28°C, 30487k wkg-A]
ok vke- & 30% (wiv) TCA 15 m¢2 AH7}sle]
WSS AR AIZ 0, 1 unit+= A280°14 0.001
Z7tel= AL Z itk

Phospholipase and lipase activity

Phospholipase <} lipase activity += Liu %5 (1996)
o wal 1% (Wiv) agaroseel] egg yolk F+= 1%
(viv) Tween 80 F7131e] 273 4 mm wellsS- 2+
E & ECPsE 20 WX E5317 458 ARbalA
28°C, 48 A7k WES-AIZT The well F91¢] clear
zone= 74k th

Haemolytic activity

A4 &85 Audin 5
2] AE o) k-

(1998)ll w2}
of thste] ZAFSISATE
23 47+= 96-well microtiter plate (Nunc; Life
sciences)oll 4] ECPsE- 2ull ©HA] 3]4 3k & FaF
o] 1% x| 2 e} o ?'53?3 ks ok

= 37C, INZE gl S8 Hehdi= #d
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Cytotoxicity

el dFellA /g | ECPse] Al 5402
olF el FshAEZ<l CHSE-214 (Chinook
salmon embryo) ¢} EPC (Epithelioma papillosum
cyprini) & ol-g-sle] S skick

2] 7}t cdl-lines 1 x10°cdls/ml 2] =7} =
T5 Z4 sl Eagles minimum essentia medium
(EMEM, Sigma)ollx] 5 wiekaiiek zH Ald
o5-°] ECPsi= v & F=7} 200ug/ meo] ==
= FHsle] ZF wellell 200w A FH e v
20°Col| Al 24A17F wi gtk vi<dE plate= Ho
and Chou (2001)1] w2} cel lineg- 2% formain-
PBSZ 1047+ 3774 gk $ 0.4% crystd violet-PBS
2 1087 A5tk Well & 50% ethanol
(Merck) =} % sodium-dodecyl sulfate-PBSel] &€k
Slod ELISA reader (630nm) 2 53 %= #e =74
siom, ol 335 @l oigk ECPs
< well 3} 325 3] o] & cytotoxicity & 7l
2kl

Adhesion and invasion assay

TSBe| vl ¥l 5= monolayerol] &3l
o, HEH 5+ TSAA] plate counting >
2 AlFskAck vl < §- monolayer | adhesion®l

M= plaesE Hank's balanced salt solution
(HBSS) © = 63] A28 T} 1% (VIV) Triton X-
100-PBS= EPCE lysisale] plate counting > =
Al 48lR.e. ™ (Elsnghorst, 1994), invasion® Al
o+ monolayer & HBSS=Z 33] |3 & gen-
tamicin (Sigma) o] 100ug/m¢ 355 MEM <] 24]
7k WESAIA AM|E @] Al killing stk vl
# platese= HBSSE 23] A 23 & EPCE 1%
Triton X-100-PBS= lysisA| A £8)9 o= d+
PBSZ 3|43k U3 plate counting 2.2 A =3}
Atk

Cytoskeleton and signal transduction in-

hibitors

ME W 2 ARE ofF -l FshAlER]
EPCo|4] ol2] 714 inhibitorE o]-&-s}e] minor
modification (Leung and Finlay, 1991; Elsnghorst,
1994) 02 ZA}EI] o, ARS-F inhibitore] =
7 ol 710 Table 13 7tk EPCE 24
well cell culture platesol| <] 24A]7F vi<Fsle] well
platesel] 100% =] th3, DMSO<| 31
inhibitor& MEM % 2 2% Z43d 5 wdl
platecl] &3] 25°C, 3027 HESAIA FH] 8t
Ak

Table 1. Effectsof bacteria invasoninhibitors oninternaization of Photobacterium damselae subsp. damsdae by EPC

Inhibitor Concentration Class
Naone Control
DMSO 0.4% Solvent
MEM without C&* and serum Medium control
Genigtein 150 M Protein tyrosine kinaseinhibitor
Staurosporine 0.005 ;M Protein kinase C inhibitor
CalphoginC 05 M Protein kinase C inhibitor
PD098059 20 .M MAPK kinaseinhibitor
BAPTA/AM 50 M Intracellular Ce* chelator
Cytochdasin D 0.1 g/me Microfilament inhibitor
Vincrigtin 5 pd/ml Microtubuleinhibitor
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& 9 835 AL A Tale2s} Tk P
damsdaee] ECPs:= caseinase<} phospholipae]
ECPse| 54 &4 1l 88S tjste] ok g0l Hlgte] =2 S Ve

Bg) 9 P damsdaes} vibrio 2] ECPse] &4 WAtk Sheep RBCs<} {2 RBCsell tigh 83
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Table2. Enzymatic and hemolytic activitiesin extracd lular products of isolates after for 48 hrsincubation

Enzyme ECPs

D** A S H O
Negative control - - - - -
Alkaine phosphatase + + - - +
Esterase (C 4) + + + + +
Edterase Lipase (C 8) + + + + +
Lipase(C 14) - - - - -
Leucicinearylamidase + + + + -
Vdinearylamidase - - - - -
Cydtinearylamidase - - - - -
Trypsin - - - - .
a-chymotrypsin - - - - -
Acid phosphatase + + + - +
Naphthol-AS-BI-phosphohydrolase - + + + +
a-galactosidase - - - - -
B-galactosidase - - - - -
B-glucuronidase - - + _ .
a-glucosdase - - - - +
B-glucosidase - - - - -
N-acetyl- -glucosaminidase - + + + -
a-mannosidase - - - - -
a-fucosidase - - - - R
Gelatinase + + - - -
Caseinase +++ ++ + + ++
Gdatinase ++ ++ + 1 +
Phospholipase +++ o + ++
Lipase + + + + +
Hemolytic activity
Sheep RBCs 8 8 4 2 2
Flounder RBCs 64 32 16 4 16

* Whitearea: (-), negative; (+), postive

Gray area: (-), no zone of dearing; (+), dearing or opalescence of <3 mm; (++), dearing or opaescence between 3.5~6
mm; (+++), dearing or opa escence above 6.5 mm.

** D, Photobacterium damselae subsp. damsdag; A, Vibrio anguillarum; S, Vibrio splendidus, H, Vibrio harveyi; O, Vibrio
ordalii.
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T ZAF A7 P damsdaed] &35 648 &4 H ECPs9] cytotoxicity & ¥ A 3= Fig. 1,
AZEA e Al SOl A 7P =2 S 29 ok Wi o] =949 P damsdae= 4417

HERHSA Tk ol A3z 1d7d &} (Cytopathic effect, CPE) 7}
UERsE 01, CHSE-2149 A= Al 327t Aojzl &
Cytotoxicity assay well platesl]| A &2 2101 EPCll A= Al 227}

ol fefel cell-ine2Zel thatel ¥l #5524 ®© F wel pates] A et e

Fg. 1. Phase-contrast micrographs of cdl lines, CHSE-214 (A and B) and EPC (C and D) administrated with ECPs from
Photobacterium damsd ae subsp. damsdae. Theleft columns (A and C) were controls and theright columns (B and D) were
incubated with ECPs (200 wg/m¢) for 4 hrs.

D A

A B)
—_ 60 r
® —_
¥ ®
40 F
n
z £
£ z
> =
z 20t S 20t
= =}
2 s
5 - ) [
>
Q
o o]
s D A S H o

H o
Fig. 2. Cytotoxicity in CHSE 214 (A) and EPC (B) of ECPsfrom Photobacterium damsdae subsp. damsdae and vibrios for
24 hrs.

D, Photobacterium damsdlae subsp. damsdlag; A, Vibrio anguillarum; S, Vibrio splendidus; H, Vibrio harveyi; O, Vibrio
ordalii.
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UER ATk 8 THE ¥ HE] Q. FollA = 244
el & o] o} 2h2- W B3} ofsiA| B
Atk

P. damsdae®] cytotoxicity+= CHSE-214<1 tj]
a4 40.2 +6.5%, EPCel| thisl 4] 50 £9.5%= 1}
ERs o, V. anguillarum 2] cytotoxicity+= CHSE-
21491 disi A 35.8+15%, EPCell s 50+
2.3%=2 VFERTh V. splendidus, V. campbelli 2 V.
ordalii oA = 7 =579 cdl lined|A] Az =4
©] 59454 ~135+65% = A U}t

Adhesion and invasion assay
AlAH=2] EPCOl tigh H2H88 ZARSH 4

.29 Y . 7]

QA% ups
7= Table 3» Itk P. damselae®] 20|
705+4.7%= A+ = 7P =34tk V. anguil-
larum 60.4 +3.6% 2 T vibrio 7=l 4|3}
o fFoHoR EH2 FAES HERCH
(p<0.05), invasion rate= 55+1.63} 4.7+21=F
ok 7=l Histe] FojHOE w2 At o
ER T} (p<0.05).

Cytoskeeton and signal transduction inhibitors
Wang 5 (1998) ol w2} Al &<l EPC U=
A Al o]g-3l= cdlular cytoskeleton} signa
transduction pathway 2 A}k Ax}= Table4 ¢}
7t} Genistein-2- protein tyrosine kinase ©]

Table 3. Proportions of the adherence and theinvasion of Photobacterium damsdlae subsp. damsdae and vibriosto EPC

Strain Inoculum ( x 10°) Adherence (%0)? Invasion (%)?
P. damsdae 205+34 705+4.7 55+16°
V. anguillarum 164+5.2 60.4+3.6° 47+27°
V. splendidus 209+36 205+39 18+04
V. harveyi 184+64 185+2.1° 19+07
V. ordalii 178+23 196+4.3 23+04

» Adherenceis expressed as percentage of adherent bacteriaafter washing without gentamicin treetment (n=3).
2 Invasionisexpressed as percentage of surviving bacteriaafter gentamicin trestment for 2 h (n=3).
Alphabetic superscriptsindicate statistic significant between treatments (P<0.05).

Table 4. Effects of invasion inhibitors on the interndization of Photobacterium damsdae subsp. danmsdlae and vibrios into

EPC
Inhibitor P. damselae V.anguillarum V. splendidus V. harveyi V. ordalii
None (Control) 100° 100° 1007 100° 100°
DMSO (Solvent)  96.4+10.5° 105.0+54° 96.5+9.3 97.8+16.7 101.7+7.9°
Genigtein 5354104 50.7+6.8° 90.3+11.7° 101.7+69 89.4+13.7"
Staurosporine 1233+16.8 106.5+10.8" 1114+148 1084+204° 1104 +9.4°
CdphostinC 95.7+6.8 94.3+133 94.6 +9.4° 1054+7.6° 884 +13.7
PD098059 826+17.0° 106.0+11.7 9.7 +135 1125+ 164° 1041+80°
BAPTA/AM 304+5.6° 84.3+184° 604 +11.8 804+12.7° 95.7+18.2°
Cytochalasn D 234+8YT 429+10.7° 61.5+22.1° 795+122 55.8+14.7
Vincrigtin 338+64° 509+11.T° 90.4+20.1° 96.1+18.1° 1021+16.3

Vaue represent the ratio of bacteriain the presence of inhibitor to bacteriawithout additiond inhibitor and are expressed as
percentages (mean + SE). Al phabetic superscriptsindicate satistic Sgnificance among trestments (P<0.05).
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inhibitor o] vincristin-= microtubulin©] inhibitor
2 5 inhibitor =5 P. damsdae$} V. anguillarum
o] EPC 2] JYe e H o2 A AIFTh

Cytochalasin D= microfilament ] inhibitor 2
2e)E BE Fol A EFCUZ Asdel fol =9l
o4l E#rt Uehkow, the 5o njsle] P
damsdae <} V. anguillarumel] "|X]= <J&Fe] H
2 Zo 2 et B Aldd EPColl 3
2l wj EPC2] actin microfilament system ] =)
Hjdo] 8 ZAR=E A7t P damselae=
microtubule system<] rearrangement 2! protein
kinase Col] <J3}2 w]x] actin based cytoskeleton
rearangementE ¢ AEE o]gske Ho=E
. Eanl=g

]

1

P. damselae subsp. damsdlae = Mbrio & Al
Ty 3 A4 9 SR 1Y Awst
T o2 aibEle] B AelAE WX oA
Rel¥ @FE olgdlel 71 HE % ECPse]
H/de vk Tk

ECPs®] &4 $d& ZAMeE A3 P damselae
+ dkaline phosphatases} acid phosphatase”| <F
’d ¥R vERiICH, Vo anguillarum s 7R2-
AE ezl vk 53], P damselae+= caseinase
activity, elastase activity 2 phospholipase activity
oA =2 242 el Kreger 5 (1987)°]
P. damsalae+= phospholipase activity = Uelh i+
damsdysino|gl= =4E HH| st Al
AZE Ve B3 838 %% Al A {A
Aol el A= 9l B3 AR 23
2 VERHSITE V. harveyi o] B4 4 gzl A
Liu 5(1996)> protease, phospholipase,
haemolysin 5=+= exotoxino] W<l Adel]l F8.3F
g mAT sllom, Lee 5 (1996, 1997)
Liu 5 (1997) cystein protease”t 583+ exo-
toxinel2k 3 Sk meba o] EaEo] el

o] PP M AOE HolAW F U B

= ZAPF ooz ok Zlo ' AztEITh

W1 AMlstol A7l Edsle] ofFol 3
dElo] AHE AT 7A=Y 7] A

S AAokth S Ald o7 A Wl
7152 AL AR S Ho] Ao Al o
o] A& gk ZF o} He9ol] F2psie] S girk
ol HAlE= Al AlEH AT o 7HA|
540F ol&dle] SFEFEH AL Hos
A L8] FE oL A6l 42 e AW
sl ok

Wang 5 (1998) 2 =2 adherence’l &4 =
L invasonrateE JERR = kA1 adherence
rae’t w2 £ invasonrae’t WAl YERdTH
3 S TE & AFolA P damsdaes R o5
S| Hste] EPCol| tjjgt adherencerate<} invar
sonrater} =A] VRO R MY 27]¢] w2
F2ha o] HeAdd AAE 7Fs/del =
= A0 & A7FEATh

Cytochdasin D+ actin polymerizationel] E-o]
o] 32 2 3} inhibitor & microfilament 712
JA) 532, vincrigtine microtubulesS- depolymer-
izesle] microtubules] 7152 oA sle] Hdsf
= 2o 2 d#A vt (Rosenshine et al., 1994).
B AFM = cytochdasn D= BE He] 45
7} EPCel] invasonsh= 718 <Al s}, microfil-
amentse] zul o] P. damsdaes} vibrio 2] 7+
Holl FFHRl Zo R AZFEHYTE Vincrisin
P. damsdae<} V. anguillarumel] Eo]Z 0 2 oA
SIEE <:522] microtubule polymerization-& P.
damsdlae®} V. anguillarume] z+d oA vk el
= 2o 2 Azbdrt

A& protein tyrosine kinase} phospholipase
C 59| dgnaing pathway & ©]-83le] Al £
Ca" level 7} proteinkinase C &4 S o] 159]
upteke &3 7+ Al71= 2R B HI 3l
t} (Kobayashi et al., 1989, Fig. 3). & Ao
A1-8-31 genigtein< protein tyrosine kinase 2] 5]
2] inhibitor (Akiyamaet al., 1987) 2 P. damse-
laee} V. anguillarume] invasonS A3}k
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ECM/Counter Receptors/Complement

PLC ¥~ Cytoplasmic protein

J Tyrosine kinase
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PI(3)Kinas
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Fig. 3. Integrin signdling pathwaysin cdls. aworking hypothesis. Integrin dustering activates cytoplasmic tyrosine kinase
by unidentified mechanism. PLC (phosphoinositidase C), PKC (Protein kinase C), PLD (phospholipase D), PI(3) kinese

(phosphoinositide-3-OH kinass).

ole} 2 A ANHAERL o Al inter-
nalization mechanism 22 Mbrio sop. (Wang et al.,
1998), Aeromonas hydrophila (Tan et al., 1998) 3!
Edwardsiella tarda (Ling et al., 2000) |41 &= 237
H vt ek Staurosporine->- protein kinase C 2]
H]E-0]% inhibitor (Tamaoki et al., 1986) o] =
Calphostin C+= protein regulatory domain s} =&
slo] proteinkinase CE Eo]2 o2 oA s[A| vt
(Kobayashi et al., 1989), ¥ 7ol Algs &
o] invasiondlli= JF-S HIRA] &9kt

BAPTA/AM 2 ===} Ca* ] chdaor (Weiss
and Insd, 1991) 2 - A-ollA P damsdae <
Wang 5 (1998)<¢] V. anguillarum G/Virus/(3) 2]
invasion el oz 7HAAATE Al EU 9
Ca" o] levels> wh o] Ao kgl Jaks v
2] villinz} gesoine} 7+ filament -2 & W3}
AA (Korn, 1982), Alit2] invasions 7Fs 51
sh= 2o g Azt

B 7oA P.damsdae= 74 Al vibrio

Fofl vlste] < AM|az e o]§- R} vhksld
o, tjekdk AR E o]8-3lo] adherence<} inva
Son&S Eo] 2 HANS vERd Zlo 2 A
ZrEl ok

Mbrio < Alet> ofFe] €% (Horne and
Baxendale, 1983; Kano et al., 1989; Olsson et al.,
1996), ©}7H1] (Baudin-Laurencin and German,
1987) ¢} ¥ (Grimes et al., 1985; Kano et al.,
1989) & SallAl A =EAIRE 74 routeol] A
slo] g Azl F2, JYsi] Ao ® 3
HE= Zlo] H#eolrt (Wang and Leung,
2000). ] uj interndization 3} cytotoxicity 7} =&
3l virulence mechanismo]| =1} (Wang et al.,
1998), P. damselae®] 8 ©]&- 720l thsl A=
ZF A A YA Bk 2 ATRollA] Podamsdaes
UREAQL ot Alete] 29 dE <1 <5+ micro-
filamentE ©]-8-3= %l 2ol %= microtubule poly-
merization 3} 9E3} Ca TEE ©]8-351] inva
sond F JYslem, o] A¥ P.damsdae= TthE
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e AR el =2 oytotoxicity 71 1] LR el
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o OfF
o =
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and V. ordalii) 2] W< 23S invitroollA A8
t}. Extracdlular products (ECPs) ©] 3742 &4
&, St d@A Al uigk 8859 cdl-
lineell thgh M2 =22 ARSI TE 18]35 Al
9] interndizationef~] signa transduction path-
waysZ sgna transduction inhibitor & ©]-8-3lo]
ZAVEIA T

P. damselae+= phospholipase 24, |X] &+
of thek 835 AlESA] =4 velsew,
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