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Characteristics of the extracellular products (ECPs) of
Vibrio harveyi grown under various conditions

Kyoung-Mi Won, Jeong Hyun Choi* and Soo-Il Park ™'

Institute of Fisheries Science, Pukyong National University, Busan 608-737, korea
*Department of Aquatic Life Medicine, Pukyong National University, Busan 608-737, Korea

The characteristics of the extracellular products (ECPs) of Vibrio harveyi grown under various conditions
were studied. The extracellular products (ECPs) of Vibrio harveyi is well known as an important pathogenic

factor.

The optimal isolation condition of the V. harveyi ECPs was incubation with 1.5% NaCl added TSA medi-
um at 25°C for 24 h. The buffer system for ECPs isolation controlled as pH 8.0 displayed optimal condition.
The major protein of ECPs isolated from the five V. harveyi strains originated from Korea (FF8, FF10, FR1,
FR2 and FT1 strain) were revealed to serine protease.

Key words: Vibrio harveyi, Extracellular products (ECPs), Condition of isolation
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V. harveyi— *”FA 3 (Lavilla-Pitogo et al., 1990),
El=}- (Jiravanichpaisal ez al., 1994) 2 v}t (Liu et
al., 1996) SA A Al-Fo] ik HALE o]
sh= Y Ater 2 dHA vk Vocar-
chariae= 1990Ath el o] &4 grouper, Epi-
nephelus coioides (Yii et al., 1997), ‘g x|+, Par-
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alichthys dentatus (Soffientino et al., 1999) %
el ofFollM i HAALE 2

I Uk ol 7
(1998)°] V. carchariae E V. harveyi 2] junior syn-
onym O 2 Al wt V harveyitl= W=
o= FoEHATE

V. harveyi©] W14 717l Pojsls QA
extracellular products (ECPs) (Zhang and
Austin, 2000), bacteriophage (Munro ef al., 2003)
2! siderophore (Owens ef al., 1996) 5©] Ao}
A1 71 = ECPs 7} 8. M4 QA2 Jel A
AT (Liu and Lee, 1999; Zhang and Austin, 2000).
ek Aol AREE g ARl et v
& HiA] o] F5 vl 25, wiE AL Tl thek
slod (Lee et al., 2002; Zhang and Austin, 2000), V.

o
Sl= Ao =

=2 Pedersen et al.

p

-
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harveyi®] W17 712l Atk AP A= 7
o] 54 vl E Sl A= o] Aol 2% ECPs
F= 716l tigk ZAPE de Elojor & Zo 2
A7+ =Tk

wlA, 2 A ollA = Won (2005)°] 2]
ol A 202 FE|3t V harveyis th o=
sfed o] Alete] ECPs 22| AJikol] g gk vk
AIZE Bl =5, Wik wiA] 2 2 pH ] W9l
ZAYekL, ot Axk~d 9 inhibitor & 7

Ate] 11 H4S Wl A siick

i

ME U e

AR 2F

Aol ARSE w2 et 3 dae
Table 1] JJeEFAUTE 5709 Ee) 5= EF
V. carchariae type®] V. harveyiZ &4 =AUt
(Won, 2005).

e o

Table 1. Bacterial strains used in this study

98- w5

Vibrio harveyi ECPs2| =& 3 CHHE Mt

Al 2] ECPs &2 Zhang and Austin (2000)
o] 2]3t cellophane overlay W2 A3l th
ulg] AZE 1.5% NaCl 37F TSA Hohuix] 3%
Hol| 121°C, 15 £7F '8+ ¥ cellophane membrane
= §laL TSBel| 24 AJ7F <t n] =+ 200
wWE e A fEleeE IE2A 2Esisith
AEE A 25C, 24 A7F wikst & Al
o] HiE cellophane membrane-& A 22
petridish®l] &1 0.1 M phosphate buffer solution
(PBS, pH 7.4) 2 me= #1# 5}o] wjokel 7S Mok
th o] Al e 4°C, 20,000 x g, 30 #7F
A4 FEste] AAAe EEsiien, o &
0.22 um pore size ©] syringe filter (Corning Inc.) =
o743k 718 ECPs 90 & AR50 Th

F=% ECPse] w7 =% = Bovine serum
albumin (BSA, Sigma)-S %S 2 3} Bradford
W (1976) 02 FAslaL 20 Coll A Bakshy o
Holl AR5tk

Strain Origin Remark
FF 8 Ascitic fluid of olive flounder Koungsangnam-Do, 1999
FF 10 Kidney of olive flounder Busan, 1999
Isolates
FR 1 Kidney of black rockfish Koungsangbug-Do, 1999 (1=5)
n=
FR2 Kidney of black rockfish Busan, 1999
FT1 Kidney of turbot Koungsangbug-Do, 1999
ATCC Grimes et al., 1984
Kidney of brown shark Reference
35084 V. carchariae type strain
L . strains
ATCC Dead, luminescing amphipod Baumann et al., 1980
(n=2)
14126 V. harveyi type strain
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Proteolytic activity &

ECPs €] proteolytic activity+= azocasein (Sigma)
= 712 E AFE-3F Austin ef al. (1998) 2] W o]
wsttl 0.1 M PBS (pH 7.2)9l] =<1 1% azocasein
gl 450 woet ECPs 50 = &313le] 27°Coll A
30 B71 wvjekdl = 10% trichloroacetic acid
(TCA, Sigma) 0.5 m(E ¥ WH-S FAAFTE
30 & % 94 E9] (14,000 X g, 5 min, 4°C)3}
o] Ao ZHE (.5 miE FH3 the- 1 M sodi-
um hydroxide 0.5 m¢e} E3H3F & A 02 =7
3l ) (Pharmacia). Caseine 1 unit+= -3 %= 7%
°] 0.001 7}k Zle &2 Aelslgith

ECPse| =& =4

V. harveyi ECPs AJ%ke] 2 Z715 dolrr]
S5ted, i i, WiF L, WY WA % pH
T 715 WskA7IRA ECPs €7 7 o 2
T YA P FEE TSA w0l 05%
NaClo] H7t=o] Sl Zle 7RIsl, HAF &
=7} 05,1,15,2,25,3,3.5 2 4% (wv) 7} H =
2 NaCl-& H7}sled 25°ColA] 18, 24, 48, 72 A
7k a2zt e w2 ek
S #E3P] SIS AE 20,25 9 30°C Z7100A,
wjek W] mE gere RS glelAe
Marine agar (MA), thiosulfate bile salts sucrose
(TCBS), 1.5% NaCl 37} brain heart infusion agar
(BHIA), 1.5% NaCl 7} nutrient agar (NA) =
1.5% NaCl 7} TSAo| FHZE3led 24 A17F mlj<k
F 2489tk pHoll M ake 1.5% NaCl 3
7F TSA wiA] oA 24 A17F vl <gl 5 pH 4, 5, 6,
7,8 292 A ¥ 0.1 MPBSE AL&-35lo] ECPs

g Fzsle] 29skack

==

2 M AE

V. harveyi ECPs protease 2] &ol] o3l 745
ZAFsE7] 918k, Zt2Ee] ECPs AlEE 60 Coll A
3087F 71238k % azocaseine S ©]2-3}>] ECPs
&S Sk

Protease inhibitors0l| CH &t X &1}

V. harveyi ECPs ©l| thgh 7k A AE 2] FF
S YolHr] fIste] oln] YT A U= aspartic
JA| A|2] pepstatin (50 ~100 M), H]7+93] (irre-
versible) cysteine 2JA| #21 trans-epoxysuccinyl-L-
leucylamido-(4-guanidino) butane (E-64, 5 ~20 ¢
M), H]7}933] serine A #2] phenyl-methanesul-
fonyl fluoride (PMSF, 1 ~2 mM) %! chelating 3}
=% metallo protease 2] 421 1,10-Phenathro-
line (1 ~2 mM) ¥} ethylenediamine-tetraacetic acid
(EDTA, 5~10 ;M) = z}z}2] ECPs Al5.9} &35
Bl 25°Coll A 30 F7) AHulj o8l 3 azocaseine
= o]&sfe] ECPs & o] A& 4318 oM,
1 A= oAAl AP shr] Aol 223l dis)
Ag] Foll F2 o] HlEgS S (D)= E
AlsFAch

2 1

V. harveyi ECPs 42| MH =7

—L
=
A Zrasle RS BTk ol wiEl @A
el 24 AN = dE Fol T FSlgh
WSk b AR o) v Al w2}

ol7F UEelt 48 AlZFRe] 7Y whe v S
A 5FeA o (Fig. 1).

o oF =% B o 9 W 2]

V. harveyi ECPs= 1.5% NaCl 3”7} TSA (ST,
NaCl final conc. = 2%) BiA]oA4 25'CE wjjkgt
o 7Fg =2 S UERITE T A =
2> TCBSoA @A3] A UeEhstew, thao
= STelA v 3] =4 JErsct (Fig. 2).
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Fig. 1. Effects of NaCl concentration on the production of
Vibrio harveyi ECPs in the tryptic soy agar. Activity of
ECPs was detected by azocaseine method. Protein concen-
tration in the ECPs was measured by Bradford method.
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Fig. 3. Effects of pH on the production of Vibrio harveyi
ECPs. The applied buffer was 0.1 M PBS (pH 4.0 to 9.0).
Azocasein was used as substrate.
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Fig. 2. Effects of temperature and media on the production
of Vibrio harveyi ECPs. ECPs activity was detected by azo-
caseine method. Protein cencentration was measured by
Bradford method. MA, marine agar; TCBS, thiosulfate cit-
rate bile sucrose agar; BN, 1.5% NaCl added BHIA; NA,
1.5% NaCl added nutrient agar; ST, 1.5% NaCl added
TSA.

pH

V. harveyi ECPs €42 pH 89l|4 FH 31X
Ao, pH4ox = o] 28] A E
o= vEsTE (Fig. 3).

X
_]

rlr i

g g AE

V. harveyi ECPs ¢ el thgl Py S ZALst
7] $181e] 60°Coll A 30%7+ 7} & 5, ECPs ]
S 29 Ask BE A F5-2] ECPsv}
718 Zof A 3] B S EHO T, E5
5709 £l 5= 02~1.1% 55711 4]
742 |1 T} (Table 2).

V. harveyi ECPs0i| CH S} protease inhibitor 24 AH
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Table 2. Sensitivity of Vibrio harveyi ECPs activity on heat-treatment at 60°C for 30 min

ECPs activity

Strains

Control Heat-treatment (%)
FF 8 19475 +787 67 +11.5(0.34)
FF 10 16685+ 1373 33+11.5(0.2)
FR 1 16065 + 687 87+11.5(0.54)
FR2 14285 + 568 153 +11.5(1.07)
FT1 21265+ 1331 173+30.6 (0.81)
ATCC 35084 845+44 53 £11.5(6.27)
ATCC 14126 460+71 47 +28.1 (10.22)

Table 3. Effects of protease inhibitors on the proteolytic activities of V. harveyi ECPs

Activity remaining (%)

Inhibitor class  Inhibitor ATCC ATCC
FF8 FF10 FR1 FR2 FT1
35084 14126

Cystein protease E-64
10,M  9496+3.68 7047+1034 7801 £6.62 9451305 851941138 73334943 2254452

20M 92851024 63631059 7874+£292 9094+496 95.68 £8.03 70561336 14.2243.9

Metallo protease  EDTA
SmM  8205+£5.66 7024+753 83.60+1224 95.1+11.64 80.99+1351 7833£7.07 8231+£573

10mM  81.17+12.83 88.37+1331 7648 +£11.52 89.61+13.12 8388 +13.14 7223 +7.86 82.41+12.02

1,10-PAM
ImM  9413+485 935142804 750040 91484262 9046 £9.45 85+2.36 6898 +531

2mM  8599£1636 90534397 65.07+£227 79.39+£794 85994644  T0+471 71254852

Aspartic protease PepstatinA
50 M 89374469 7843+11.66 56244062 8537+6.02 87694279  76.11455 64534517

100 M 67474654 8457+298 63534262 9258+2.63 76.16+23.61 70.56+1336 6433474

Serine protease ~ PMSF
1 mM 0 0 3854548  274+262 22394875 0 55.44 +7.69

2mM 0 0 0 0 0 0 55.54 £1.39

Remaining activity was expressed as a percentage of the control value, mean values =+ S.D. from the triplicate.
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V. harveyi ECPs 2] &/ Al sl= <IAE A
A3} @y} 570¢] B2 g2} V. carchariae type
strain?] ATCC 35084 <+ serine protease
inhibitor 91 PMSF| 2J3ll 73alA <A whaA, v,
harveyi type strain¢] ATCC 14126 5% cys-
teine protease inhibitor 21 E-64¢1 23] A =<U
t} (Table 3). wte}A] V. carchariae type strain
ATCC 35084 3! 571¢] #2] 5 ECPs®] 5~
ZJE-2- serine protease @[ V. harveyi type strain
ATCC 14126 ECPse] =8 AJE-2 cysteine pro-
tease?] AC. =2 YESITH

I
™~

1

FLell A V. harveyi o] W13 712kl
olg] 7FA] A77F &S] o] Fojx il Utk
Zhang and Austin (2000)<> thA]<F Aojof] tish
V. harveyi 2] 2ol ECPs 2] £-& 50| o]}
= Ao F B T35}9 © ™, Harris and Owens
(1999)-2- ota]d S -, Penaeus monodon i<
ECPs2] 100 kDa = &o] V. harveyi®] =749l
AHHoZ FA3itty RIStk ok B
AFAE ] %] ECPsE% ool XAl &4
< Yo zltky ¥ éled (Liu and Lee, 1999; Liu
et al., 2003; Zorrilla et al., 2003), V. harveyi 2]
ECPs7} 914 712t mX&= F2- vil¢- &
Aoz A7k

olF ATollA AR&¥ ECPse] #e] W=
olg] 7E7F ek 240 Bd5s Sk
Bl= 73-9-°ll:= cellophane plate He| 71 X %
o7 AMEHET vt (Lee et al., 2002; Zhang and
Austin, 2000). Montero and Austin (1999)©] broth
w < H3} cellophane overlay Hell wh= ECPs <]
R R O LE R F s
T2 7F oFF =2 ©l ¥l ECPs &4 /g <]
broth Wi Hol| M= Aol HAEHA] Fdvhal B
373}] cellophane overlay ¥ A18] o] 9] 43S A
ALl =2tk 18 U cellophane overlay O 2 S
Ao thiide] He Altolut ArFAkl

ri

s

;

|

=%

4 -

w} wiF uiA, e 25, viE AIZE 5 ouled
Z710] theksted (Farto et al., 2002; Lee et al.,
2002), A el == Aol =% ECPs 4373
70 A7 ZAE A Eojof & Zlow Azt
Hrh 2 AFNA V. harveyi ECPs A2 9] 27
2712 1.5% NaCl 7} TSA =] (NaCl H% =
S 2%) ol 25°CE 24 AI7F wigsle wiolw, 5+
o] ARE-Sh= buffere] 2% pH+ 8.0°IAth
Zhang and Austin (2000)2 V. harveyi ECPs2] £
2] 2712, 1% NaCl 7} TSA vix] oA 24 A7+

om FRe W /FY ¥ BIL BT &
o] B Qe Aztel A siP om R V.

harveyi ECPs 5% Al ollx &= o]} fAkgh 271
o2 F3slaL vt (Liu and Lee, 1999). 121,
Liu and Lee (1999) = wh A e] FE 7196 Al7FA)
7HA] HES] Z7ERITA Bargk vhH, 2 Ao
Aspoll A = 48 A7l HTAZ Bl F T2 A)
7 HEl = kA8l Ao 2 VERITE Lee et al.
(2002)-2- V. carchariae type strain2] ECPs 32| A]
1.5% NaCl =7} TSA wix] ¥t} 1.5% NaCl %7}
nutrient agar WA A T A ke MR g4
2 4538 A vehdvka. RSk o]
o} Zo] A7l et e AdE Hole A
= AREE A752] Zeld 7FsAdo] A ek

ol RIS o 20 % Bt 8 A

o=z AzFEE & AT A]—QQ Al 759
ECPs= <ol E ﬂﬁ]—ﬂuﬂ, 2+ #5221 ATCC
141265 A9 gk w55 serine protease7} F8
ECPs A2l 7o & ]'Gﬂxit]- S 78R V. har-
veyi ECPsol] #3k A= ol o]Fojx] glon

-2 V. harveyi type ©17VF Al-g-Fell A 2] E
ool e AFEEA ol
protease 7} 8 AE<l ZoZ WEa ot
(Liu et al., 1997). WHH, Lee et al. (2002)<> grouper,
Epinephelus coiodes N1 22 V. harveyi (V. car-
chariae type) ] 522 ECPs AJ+-©] serine protease
e uTBle] B AT Aste} AH YTk ol
ARZ wFo] & u, V harveyi typet V. car-
chariae type2] 2 ECPs Ad&o] th& Zo=F

2 EF cysteine
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