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Microbiological characteristicsof Vibrio harveyi
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In 1999, Vibrio harveyi infection occurred among cultured marine finfishes including olive flounder
(Paralichthys olivaceus), black rockfish (Sebastes schlegeli), and turbot (Scophtalmus maximus) in the
province of Gyeongsang, Korea. We examined the various microbiological characteristics of thisV. harveyi
strains. V. harveyi was grown well in the 3% NaCl at 30°C . The swarming activity appeared to be an one of
the characteristic properties of the V. harveyi was the highest in the 2% NaCl concentration at TSA medi-
um. These cells were elongated and had the several lateral flagella which is not waved and shorter than
polar flagella. It was not luminescent in the all isolated strains. Whole cell of the V. harveyi had a major pro-
tein of 50 kDa and presented various band around of 40 kDain strains.

Key words: Vibrio harveyi, Swarming, Microbiological characteristics

< 2] U} sljate] k2ol A Mbrio har-
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=

AR BRAT,
238, 4NE 2 12, 4T Aol 9%

V. harveyi+= A& 2491 bhioluminescenceE
Uebl = A3t Al &ds HR -5l ]3]
Mol B A ERE WA BE A

<
swaming =¥ 7+ EE3 nA &S At

S 7}A 2 it} Bioluminescence: FE A&7
frefe] 75 52 V. harveyi typeoll Al dE A 9l
= 540 Akl #dE AglME A L
2.5 FsF = 91S AL AE dd=o] nj
- Zslth (Karunasagaer et d., 1994; Liu et dl.,

1996). Swarming =2 3} Mlrio & Aol =
V. harveyi ©]2]ol| %= V. parahaemolyticuse} V. al-
ginolyticus Fo] €& Slou, swaming &%
o] &3k A= tiEE V. parahaemolyticuse} V.
alginolyticusel] F&% o] Qo™ (Ultizur and
Kessdl, 1975), V. harveyioll i+ 10hA] G
= ulrt glck sk olel= ] swaming %
S A &= Vharveyio] 33 A3 A3e B
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238 a74n - A4 -

IEI QejA] (Abraham and Manley, 1995;
Seeed, 1995), Hol= V. harveyis #5o] wlet
svarming zAlol zpo]7) AL Ao T AtE
t} V. harveyi o] E2]2¢] 3] st 1o=2
BE, dE =25 05-8%, 2% ¥ E 40C
kol A Adst 4= it} (Ortigosaet ., 1994).
|9} Zko] V. harveyi o] oj2] 71| Allvtet2 574
of &t AF7F AHKHIL o i AF
o] =il @Al Aol XA glolA
AlA <1 V. harveyi & 57do] Br&{ A A edth

EH oo A= Won (2006)0] $-2] Uatell A
AEoz 27 Vharveyis o= stef o

d

o

e

[e}
e 208 2S4BT S48 9

staLzk sksith

1 dm

Al

1%

o

2 AP AREE Y 7S xR AT
Table 1] JePfiitE BE& =
b k2 sfjatofo Al EEE A=, o]
Tl A Asker - §x4 T4 A3 V. harveyi
2 el At (Wonetd., 2006)

Table 1. Present isolates and reference strainsused in thisstudy

HE E B A0Y U5 AY
Hx o7, ATCC 30845 UlAtoe = di &
Lo WE g EAS XA}t 1% peptone

o] & dkali-peptone water 7]% Ao NaCl-&
0,051,23,5,6,7,8 %7} H =& H7}3t AJg
A 10 m¥ =H]sla, 1.5% NaClo] #H7h#
TSA (Tryptic soy agar, Difco)oll 4] 27°C 2 24 A
Zhueret = Het A A= 0.8 (0ODex)ol
HA 249 2] Al #FE 01 mLy
Zaloth A3 0, 12, 24, 48, 72, 96 A 7H| <l

600 nmell A &35 S48t Yehf Atk
W LY Bg A g

4~40C WA Mg Lol wE
A& AR 3% NaClo] 71 akali-pep-
tone waterel] & Frd e APy 23
o 77te] NBEE HEelel, 2417 F,
ik AxZE Sor4el STEC- g HJFste] - +

H R LERA Q1.

Swarming 2%

V. harveyi®] swarming £E4< Z4317] ¢
31ed, M= NaCle] 4= =%7}05,0.75, 1, 1.25,
2,3,5,7%7} T == 4% TSAo| Z}zte] o

Strains Origin of bacteria
FT1 Kidney of turbot* Gyeongsang Province, 1999
Present isolated FF8 Ascitic fluid of olive flounder** Gyeongsang Province, 1999

drains FF10 Kidney of oliveflounder Busan, 1999
(h=5) FR1 Kidney of black rockfish*** Gyeongsang Province, 1999

FR2 Kidney of black rockfish Busan, 1999

Reference ATCC Kidney of brown shark cn meset a. 1_984 _
was T Vibriocarcharice typestian
(n=2) ?I:LCZIG: Dead, luminescing amphipod \E;aumann “ d 1980 )
ibrio harveyi typestrain

*Turbot, Scophthal mus masimus** Olive flounder, Paralichthys olivaceus

***Black rockfish, Sehastes schlegei.
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stk Azke] B Al FEhe] uiA|o
AR AL wat + H +H+ 507 TAE

o} =3 broth wjx]ol A2l swimming %3}
plate iAo A 2] swarming 52 HEE H]
- BEE) skl 247 755 15% NeCl
A7} TSB vix] 9} 1.5% NaCl 71 TSA wj =]l
v Fek &, ofef o] WMHOE Gram gAY, AR ¢
Al gl B3 dardn| 7 o] negative G 02
ST

kI

SESHY 2HE

Gram 3412 Clark (1981) 9] ol whet A3
skl

AR PGS Lefson (1960)9] WS ARR-&}
Atk =, 15%NaClo] ¥71E TSB wA|o] #&
HESI 27°C, 2 A1 7F v ok 3, 10% 54 forma
line2 743k tha 3,000 rpm, 10 #7+e] A4
& S AAS pdlets AUtk olE
el AAFE 2 3] AHT & dAgste] &etol
T Sk 2 o A AxA7Y HE
Aol (0.9% pararosaline acetate sat and 0.3%
pararosdine chloride to ethanol; 3% tannic acid to
water; 1.5% NaCl towater =1:1; 1) Hojry
20 B2+ 943 £ A7k

A AE F2S 98, Y BFE
NaClo] H7}g TSBol| 27°C, 2 A|ZF vk
3000 rpm, 5 7+ 4] Belste] 4o
Aslal AL pdletS 2.5% glutaradenyde® 374
&to] FatskAtt (3,000rpm, 5 2). ¢ A=) 10
wl S0 gridE glo] grid T FAS B3
71 & AFA7)3, 4% uranyl acetated] 1 E7F
negative stainsted H313 AxpEn]7 (JEM
1200- 11, JEOL) o2 #z&t9ith

o,

flo
a

2 o X

Luminescence A&

15% NaClo] 7}g TSBell 27C, 24 A7} )
oFEl Ago SEHS TSBo 2w 843 5 96
well platecl] 200 w04 ¥ HE3HA 2 TSB

£ blank® 3}e] Lumi-counter (Pharmecia) 2 &
e =A3 Tk

o o= 1

g

SDSPAGE

Vharveyi #5e] whE patens #4157
Qlated, ztzke] FHlE A8 E SDSPAGES 4
Aletatt (Laemmli, 1970). 1.5% NaCle] 371
TSBlA Wikl 7h7te] @AlE BEAATE
AlF - A4 Egk pellets 150 wl o] samplely-
§s buffer (0.12 M Tris-HCI, 4% SDS, 20% glyc-
erol, 5mM 2-mercaptoethanol)ol] 1 E-sled 100°C
ol 7 7+ 7FE it 710l T "t T+
T5 7F o, ] 100C e 5 #7F 78t
o] WAA7)3, 10% SDS-polyacrylamide gel o]
200 u¢ & loadingdt &25mAE 3 A7k S<k A
71%9E stk 7 ¢h5H gd2 Coomasse
brilliant blue R-250°. 2 13517 &4 3le] band
£ Felsislck

Py
TEE 0~9%= xd3t dkdi-peptone
watero]l V. harveyi ATCC350845 v st A3=
Fig. 1ol Ve ek 72 A17ke] wliek A1E A,
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Fg. 1. The effects of NaCl concentretion in the akai-pep-
tone water on the growth of the Vibrio harveyi ATCC
35084 & 27C.
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i T 0%, 8% H 9% Al A= Aol
AR eSkeut 11 &Jof BE i FEolAE
Askon, At L 3% AT TP =2
AFES UERETE vl E AR whE Ml S
AES B AR AEH o2 FTlsitrE 72
Aol §A8] S7reE & 96/&17¥7>1H<>ﬂb Sy
8] S7FFAY vl el R A = AT

Y2 x

V. harveyie] 437l wjof L7 mAe
S A B A AR HAH9 2xs=
2 uEpton], 15-37C W] el o
S5 02 UElt) (Tale2).

Swarming
Vharvqn.J EA A9l Akl swaming 2%
of 4F FEIL OAE AP ZAR AoE

3

Table 3} Fig. 2o YeRf At} 0.5%<} 7% NaCl
oM svamings shA] ¥ e 94
stlem, 2% NaClo] A7+ g el 7Hg &
23 swarming &= WER Tk

Swarming -] dojvhks F<h Alite]
a2 wstks #Eslr] 918k, swarming 5]
o] broth v <] ol A wlFet Aot
swarming %] Uojil= agar v x| A] Hl ok
3 AT 7zt FHshed, Gram sanzt Flagella

[eX AN
BT

A 7ol - s

sano 24 #&31 o™ (Fig. 3), negative stain
3 AFFE TEMO2 #Zsh (Fig. 4).

Gram 1#1e] 739, agar Al wjeal e
B FAZE oA FAL B 5 gAon
(Fig-30), | Qalelne Aol 4] ¥ o
2}, Rl 47 2748 AL FAT & AT
(Fig. 3d and €). TEM #-Zof| A= ZAojzl A9
threl ARF 4" e 4 5 9o (Fg

4b), swarming & uw] QA o] & laterd flagela
GHEPE OE Aldd AU 5
2= Ak (Fig. 40). =3+ swimming -5l &

Fg. 2. The swarming activity of the Vibrio harveyi, FF8 on
various NaCl concentrationson the TSA medium at 27°C

Table 2. Theeffects of temperaturein the 3% NaCl added dkai-peptone water on the growth of the Vibrio harveyi

Temperature Isolates Reference dtrains
(©) FF8 FF 10 FR1 FR2 FT1 gg()%g ﬂl%g
4 ) - - - -
10 . ] ) ] _
15 + + + + + N N
2t A + +t ++ ++ ++ ++
30 +++ +++ +++ +++ +++ +++ -+
37 + + + + + + N
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Table3. Theswarming activity of the Vibrio harveyi on variousNaCl concentrationsinthe TSA & 27°C
Swarming activity on agar medium
Concentration 9 tyonag
of NaCl (%) ATCC ATCC
FF8 FF10 FR1 FR?2 FT1 35084 14126

05 - - - - - - -
0.75 - + - + - - -
1.0 + +++ + +++ - + -
1.25 +++ +++ +++ +++ + + +
15 +++ +++ +++ +++ + + +++
2.0 +++ +++ +++ +++ +++ +++ +++
30 + + + + + + +
50 + + - + - - ++
7.0 - - - - - - -

+, ++, +++, svarming activity; -, growth without svarming.

Fig. 3. Morphological change of the Viibrio harveyi, FF 8 inthe broth (a.and ¢) and on the agar plate (b, d and €). (g) and (b),

gramstained, x 400; (¢), (d) and (6), flagellastained, x 1,000.



242 QAT - HAH -

i) B
BV R H288

Zhina

Fig. 4. Negative gain of the Vibrio harveyi, FF 8 in the broth (8) and on the agar plate (b, c and d): & ¢, and d, x 20,000; b,

X 10,000.

oJsl= polar flagella (54 X)l W3l swarming
el HEEE SUEE B 7Hed &S

o, sheat (FR)2 SRl JA F= A=
HZE A (Fig. 4d).

L uminescence

(Pharmacia) =

7} 20000 cpm ©]/F2] dsS Bl
H, UYHX] #5752 200~300 cpm HEZA
e LA TSB wjA| e} SA}SH ZHS
LHER]©f luminescence =/ 2.2 74 SFSAT

010
o
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GreencolonyM FFR8 FF10 FRIFR2FT1IVCVH M Yédlow colony

e 8

+3

- )
T4 TYIY I I Rd 0T

Fig. 5. Electrophoretic protein petterns of the Vibrio harveyi
whole cells. FF 8 ~ FT 1, isolates, VC, reference strain
ATCC 35084; VH, reference strain ATCC 14126; M, pro-
tein molecular marker. Arrow indicates different protein
band.

SDS-PAGE

Fig. 50 5719 &2 #7¢F 2709 =z +F
7} 7 WA= oA S-S poly-acrylamide gel 7
o 7] gEsted ERlgk AaE UepIdch Al
3 #5529 7]EZ 2l protein paterns §-A1sF
O}, 36-50 kDa Aol 9] bands| A& tha 3ol
£ Hth TCBS Hjx|olA 9] mjYEAc R &
o, Y f2ie] TCBS ujx]el A green colony7}
PAE g5 FF 10> zyEg fgo TCBS
#i Aol A green colony”} FAE #F FR 29}
s IREATE 187 HE f# e TCBS
s Aol A yellow colony7} A€ 5 FT 1
Zw 22t fef¢] TCBS Hix]¢l 4] yellow colony
7b AW #5F R1F 5U3 protein patterns
BHAk T8, gA fefe] TCBS wix|elA
yellow colony”} &/d¥ <l FF 8= 50kDa
ol lEBlbande] EAlge] o & ZoR
vrebstth Yelow colony7F A ® #5579} green
colony”7} FAdE 5 Atelel= Blbande] =7]
7} ¢k7F th2d, FR 13} FT 12 B2band7} Q=
Ao Z velsth ool wlE| Fx 52 protein
< 5719 AIE #<F 7|24 <] protein pattern
o] fAFIAIRE ¢HH3] XS = We AR

ekt

LA Sy

FH -2 veke] Ak 2 of FellA Mbrio
harveyioll 7+ Atel7E g1=flen, o&
AHZANA Vharveyi g 2] - S5 B4
S ZARE A7 BAE QY (Won et d., 2006).
Aol W=, -2 veell A FelE V. har-
veyi+= Pedersen et d. (1998)°] V. carchariaeE V.
harveyi 2] junior synonymo. 2 FA3}7] A2l V.
carchariae typez} =3lttay 3}tk o] Al
£ 1990t o]& SAlo]F, Epinephelus
coioides (Leong and Wong, 1993; Yii & d., 1997),
HX]5, Paralichthys dentatus (Soffientino et al.,
1999) S| thke FolA g sAE fe
+ ZOE AL Utk o] Ao A2H &
T vl Yol ml=, ojgeol, Al H
Faobro} Aol A Y A7 53 9
, 53] HToll= 2 vEket 7k ok
Zato) 9 sjatolsh Qre] %2 718, Halio-
tis tuberculatacl| A = T & HAZF B E5L Q)
o} (Liu et d., 2003; Nishimori et d., 1998). wz}
A 92 vatell A 28 Vo harveyiol] T gk HRk
Al AEZE do3 AAOE, B A=
o] Alxtel] thek 7P 1A% BRE IS F
Ae M= EAS ZARELA} sHiTh
Ortigosaet . (1994)ol] ]s}d, V. harveyi= o
Mbrio sp.2} 7Fo] FHAF o7 0.5 ~ 7%0) A
37 7hssiH, dFol wek 8%l M Aol
7Fsstthal gtk ol & AFelME FLaH
Yebstetl, BE AlE #57F 7% FE sl
M & A o 8%l A= Aol AAE
o] 96 A7k ol o2 ejxjof ElE Stk V. har-
veyiel A= etE Ad ko] wi-g- Bz Voagi-
nolyticus= Ho} ZFAolojA] 12% JE5=7}
A AZ g e Ao A v (Ortigosa
etd., 1994). v} 2ol sk AlY A, BE
Al dFe 37TColAM ARl ot 40C oA
 AAsEA] sted o]xe] A (Leeand Yii,
1996; Ortigosaet d., 1994) 2} & X3}tk watA

o]

=
o

alif
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V. harveyi= 42C 714 A7 7153k V. alginolyti-
cusith A 7hs & W7 S AR U
EFStT
Swarming -5 3 wix] o] W
4 =49 xHE wE A HE Ol WA o
AE @R olfe SAS Ad MHFeEE
Proteus <3} Mbrio & =0l = V. alginolyticuse}
V. parahaemolyticus”} 713 2+ 4d#4 Uttt
Swarming £5& st= AldS AAetsE Eor
FHEOl A} Aol ofs) AlE BHo] olAH)
o] dongated cdlse] =4, Vbrio & M#<] A
< polar flagdlas} +x% o2 O laerd flagd-
la7} o= AAHE T (McCarter, 2004; Ulitzur and
Kessd, 1975). Henrichsen (1972)2 swarming -
FS Sl Mbrio &2 Alxg 4 10~20 7] A
9] laterd flagdlaZt QAT s, &
e} 5 0 2 = polar flagellumo] sheathz E2j#42l
A7 24~30 nmel wiH, laterd flagela= 273
14~15 nm¢] unsheathedo]™ (Baumann and Bau-
mann, 1977; Follett and Gordeon, 1968), 4] 2]
Zo]= colony centerol] $]x|g+ o) K.t} spread-
ing zonee] A o] 2~68] § At} (Bedasand Col-
well, 1982). o83t A A= FE V. agi-
nolyticuse} V. parahaemolyticusell 4 ¥4&] 7 dA}
ojA|WF & ATE] V. harveyiodl = AR 234
2 golg S 2SItk B AFoME broth =
agaMW Hj kst #E flagdlasanste] 2o
A A9 ZH T 8 A0, ney
aivestang AA|sl] TEMO 2 Xl AHA|5] &
ZHslith 53] TEM ¥l A= Belasand Col-

well (1982)¢] H.7oj A9} 70| laterd flagelart
e #A9F 22 FEZ 45 JeE AS

3lolsled T}2 swarming bacteriag} ?}771] A

7} comunicationol] #o & 7148 el th
2-0] Kirov (2003)+ laterd flagdlaZ} -5 7]
BozAe] g Byt ohje} WeAel Aeist
+ adhesion, surface colonization, biofilm &4 =}
invasionol| = #ed dhw, tholr} virulence factorgl
type Ill secretion pathway 2k= 2313 A7} 3L

2=0)

]74 T=

o

=

EoR Byt B A7 AFME o
59| laterd flagellart 42 THE 749} A2

o] 9A Y= AO=E Hol, o]yst 7|50 ¥
A3 Bdo) € o7 FAHELL

V. harveyi ¢] luminescence= Al#o] ITEER
=21302 uj), autoinducerz} E2]= extracdlular
signalling moleculeso] Z7}8HA =, o] & A&
2 st fAel Luxzt 2EEe] Yehde d
Alolt} (Nedson and Hastings, 1979). o] &4k
A WA 3 L3344 quorum sensingo 2t -2
L AEY O} AT Z)FRA FE W] A
zZhate] @ AF7F olFoA Stk IEhv
Fuguaet d. (1996)2 luminescence”| V. fischeri 2]
virulence, antibictic synthesis, conjugation 2 2=
Adel Fodeitiar 31$1 a7, Song and Lee (1993)
non-luminous V. harveyi= Aj-$-oll WS d o7
Al Seethal F7dsted, 45 luminescencest 1
°4/“?Jr°1 Aol gk aFo] JF AR A
7+l AFdAE FxE AFE AR
% —#%OM Hz]® ATCC 14126 #FZ A
9] Al ol 4] luminescence’}t §le=
D}E}q—‘;;‘: o, ]1: HLJ,]—‘:_.Q_ Z‘Zé@-
A= A9 luciferasegene A&2 93 PCRYH

oAl ZelE AT} (data not shown). waba] V.
carchariaetypee] W Aol & AL WA=
%= o7 Azt

Pizzutto and Hirst (1995)+= A-%-, Penaeus mon-
odon larvee -#1¢] V. harveyi 9] protein patterns
£ AF35t o]E°] EF 52 kDag] mgor pro-
teng SEl3lA g3l Group T2 42 kDa,
Group [l & 40 kDaoll 4] bandE 33t 7]Eh
group> ©] 2ol bandE FAsHA] Bv Ae
‘é‘%?iﬁ} 2 ATelM BEE A #F+ S0kDa

2ol A 5813 mgjor proteing UERd o U
T°ﬂ wEb FAge] ZfolE HoH, 271
AZ 452 mgorproteine FR1 2 FT 13} &
det EAFS JERAATE B8k FR 15} FT 15
Aot 2= AlY A#5olA] UERd 40kDa
#]¢] band= Pizzutto and Hirst (1995)2] 919

Ijof
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2] urel 403} 42 kDabands} Ixjsl= Aoz
A2y, FR 13} FT 1.2 719] A9 A Group
[ 3 Group [ o= ZFoll= &olA] = 71E

groupe]l P Aoz ) Pizzuto and
Hirst (1995)= 1771 N8 &5 = 2719 59
o7 5 Group T o 43, virulences} pro-

tein patternz}e] AR S FAT = gtk
W)l gle], &5 -2 yekelA Ze¥ Vo har-
veyi ] SDS-PAGE patterns} ¥4 e A
Aol #Agk A7 22 Ao = A7t

o
el

1L

2 AFexE 7 detelA EEE Mbrio
harveyi o] WAl E3He EA1S ZAlSke] V. har-
veyi Al 7)2H <) glﬂ_— AZETA 3
th Vharveyis 9& 53X 3%, ik 2% 30C
AN b & FHsAc Swarmlng exe
1.5% NaCl 7} TSAoA 713 2510

svarming -5 Al oAl AR, # 22

o] laerd flaglazt AAE 21 213
gyl A E8¥ V. harveyi= luminometer
2 AH A&st= WHH luciferase genes 74&
she Wy REOA SHOR veht, sl
e Ao 2 AL Vo harveyi o] A T
A2 50 kDa £2] mgor proteing 7}X|H,
Foll wel 40kDa €] “Fo]g band pattern<:
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