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Abstract

Vibrio vulnificus is a gram-negative rod bacterium that can cause septicaemia
and skin lesions. Since V. vulnificus has become a public health problem, a rapid and
effective detection method is needed.

In an attempt to develop rapid PCR detection method for V. vulnificus, we
have examined the 16S-23S rRNA intergenic spacere (ISR) of V. vulnificus and
developed species-specific primer for V. vulnificus KCTC 2959. The intergenic spacers
were amplified by primers complementary to conserved regions of 16S and 23S
rRNA genes. The ISR amplicons were cloned into plasmid vectors and sequenced.
Analysis of the ISR sequences showed that V. vulnificus KCTC 2959 contains five
types of polymorphic ISRs. The size of ISRs ranged from 424 to 741 bp in length
and the number of tRNA genes ranged from one to four. The ISRs were designated
ISR-E, ISR-IA, ISR-EKV, ISR-IAV, ISR-EKAV. ISR-E included the tRNA™
ISR-IA, tRNA"™ and tRNA™ ISR-EKV, tRNA®™ tRNA™® tRNA'"; ISR-TAV, tRNA",
tRNA™, tRNAY™; ISR-EKAV, tRNA™", tRNA"", tRNA* tRNAY.

Multiple alignment of representative sequences from different Vibrio species
revealed several domains of high sequence variability, which were used to design
species—specific primer for detection PCR. The specific of the primer was examined
using genomic DNA prepared from 18 different Vibrio species. The species—specific
primer distinguished V. vulnificus from the other Vibrio speices. The results
showed that the PCR reaction using species—specific primer designed in this study

can be used to detect V. vulnificus.



19799 A sk el dojt 7hatad R Aot AR AMGE A H
Z2 w3 5904 109 Alo] 1 FoME 53] 7€l 99 Alolel Vibrio vulnificus
of o3k vlsjrtalEol Wol BRuHAT (HAEF 5, 1993; A4S vk =, 1998 F31-9-
T, 1998). EFe] Ydwoz I deA Y= T9Y, 27 =4 ] V. vulnificus
= A, AR, ogFfolA Fr ZEHH I FE AHste AFsHs Zde v
A AFAQ EAg & 5 vk (AT 5, 19935 A4S vhA = 1998). o] el
A9 AES A2 V. vulnifficusel ZFEEH 23 g BE FE CHAL B
o] FAol Yty IR Fx FF Fo] B HEY aaE doA S A
S AYEE A4S & Utk T3, AR o] ol &Y
A Beds A Fer A4S Aol & Ao AAF EAET = kot
(Blake et al., 1979). 182 V. vulnificus7} A Al 2 AstA WA w9 wi=2A F2

stol FA8 Aol hahElo) gy B el of Fol odW £HBEL A

1

O

WA 5, 1993, =29 5, 2000). wEkA V. vulnificusoll &gt A E HAdoR =
ol7] f1dl- = o] o] AAsy] 2 Hoz dH Aoy sfA gk A =

AVE AAsY g AAE dWEor st A B oA AW V. vulnificus 3
o o=z
Aro] F£3] o3lxo] Hotol ARE Z#sty] Ao Al&sa AHAEe A 4S A

V. vulnificus= AABAAA oAy trE ATEIH A A T A9
dolojt} W e wj- A2 o] EAstEE HgatA o] #& Eydtar FA 5]
= 1A 1% NaCle] ¥3+%l APW (alkaline peptone water)oll A I HAES S+
wjekste] Ao F=ES A2 V. vulnificus® WS = okett (Tamplin et al.,

1991). == % TCBS (thiosulfate—citrate bile salts sucrose) agar (Oliver et al., 1992),



VV agar (Brayton et al., 1983), SPS (sodium dodecyl sulfate-polynyxin B-sucrose)
agar (Bryant et al., 1987, Aa4 %, 1987), CPC (cellobiose-polymyxin B-colistin)
agar (Massad and Oliver, 1987, Hoi et al., 1998), mCPC (modified CPC) agar
(Tamplin et al., 1991), CC (cellobiose—colistin) agar (Hoi et al., 1998), VVA (V.
vulnificus agar) (Wright et al., 1993), VVE (V. vulnificus enrichment agar) (Wright
et al., 1993; Miceli et al., 1993) T2 AEujA| A 2] F2 o] F-eF colonye] 272
< Bt & w3 V. vulnificuss TEEA "ok o] v A dEE V.
vulnificus2 A H = colonyE Bt A& A #HAeH7] Y8 g@aPgozA e FHALE
o] 8%, SIM (sulfate indole motility) HiA|el A2l &7, indole A5, salicine,
cellobiose, lactose ¢ Zt& 3= FH7I3 phenol red HAuj=x]o|Ae] T A,
NaClE ZtZ} o & d]&2 7}k BHI (brain heart infusion) }Z|ulj=]o] A2 Ft o]

o5 #ASAL APL2E kit o §8 A8 Jgow e $ARG (4445

L
5, 1993; FX% &, 1998, %19 &, 2000).

gy Sl R Qe V. vulnificus7t obd W& dEol HS ©H SA5H
Hol o] o] 7t oHAAA HAY (Tamplin et al, 191) o2 #E9 F4&
AA 7] 8] AeujA|e H 7k oxgallel v colistin, polymyxin B= <13 23|18 V.
vulnificus® 2 ¢l AAHAY AT A5 cellEol AE4E + A H7= vt

(Miceli et al., 1993; A 7183 133+, 1995 Hoi et al., 1998). E3gt TCBS ¥} =] o] A

o

sucrose B E3A =M colonyE FAsE Aoz d&EZ V. vulnificus €Y straine
sucroseE Eajsle Ao® Ru¥Aom (Tamplin et al, 1991), Aehuj=|oA] V.
vulnificus® 8<% z2tE colonyE API 20E kite 2 2A13k A3 tbE Vibrio 7o &
45t (Massad and Oliver, 1987, 21453 vbAl = 1998). Kt} A AiE
A7) f1sk AsstAl AE AE AY dFE At Agogo]l g wiste] g
& AFRE QVIA I Aol ARHAY (F314 5, 1998) EEdEFE UE
AdE YeEle] o] BAS I E st (3% 5, 2000). TS V. vuinificus St

S Luy B =7 5o A A stressoll s Aukz <l iR A= wjFE
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£ VBNC (viable but nonculturable) state?]
cell$ dAsle Aog Ruya glon o5l 2x7l thA Lgrtd AAste] A

dx= Ao® BuEArt (Nilsson et al, 1991; Oliver, 1995;
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Oliver and Bockian, 1995). 2822 & A7 H3] oSS okt 5442
e Aeg A3E AV]de dAVE Advk At B BEVE aE&RR ofstE o
AZbst Axte 28 V. vulnfficusE A&8HA E2lsla A 7| B2 AIgH
I mEo] grEH Wz eh Aol v V|Ee] W oRE e o3 vd)
E Fol7ldle gFFolnm HId =

2}
&, ZAeA V. vuinificuss EEEtE = A7 AFHL vk A9 o w

%

WA /WS ol g3tel FAsta A

i

#E7F =2 monoclonal antibodyE ©]-&3tAY (Tamplin et al, 1991; Parker and
Lewis, 1995) V. vulnificus®l 5ol#<l Fxxt= <4#]# Sl cytotoxin-hemolysin
geneo| WA E9 A alkaline phosphatase® A3} probeZA ©]&3d7] %
tt (Morris et al., 1987, Wright et al, 1993; Dalsgaard et al, 1996). %3
cytotoxin—hemolysin geneE primerZ AFE3F PCR Htgo2 T & wE34 74 &3
H e e &2 nonculturable cell= 218 4= JSlth (Brauns et al, 1991;
Coleman and Oliver, 1996). 18] 11 cytotoxin-hemolysin gene®l| "3l rearrangement®]
7FsAd o] (DePaola et al., 1997) A& housekeeping gene¢l 16S rDNA (16S rRNA
gene) A9 UREZ probe (VIVV)E o] &3dlo] =4 AY (Cerda—Cuellar et al.,
2000) 23S rDNA (23S rRNA gene)9] 4% A< primer® A 2tslo] PCRS WHS-3)
of wE AlZE el A& V. vulnificusE AL F dE WS HuEdr
(Arias et al, 1995). & ol5 Fx e @71- D WHelmrt 28] £4] fof F 7
oA FAGAY MES EAE F ERFE e S ankA] ZaF oA Hettt
= EAHol AAEHEA ol 16S rDNA9F 23S rDNA  Alolo]  EA)3t=
intergenic spacer region (°]3} ISR)S ©]|&3to] HAES EF{AY 543t o
gotels daEo] A qUth

16S, 23S rDNA A}olo] &A3l+= ISR tRNA genes¥ non-coding regiono =
TAAEo] o, tRNA gened T7F % FAd ot trE F7/8+ EE multiple
operone zZt&= JfAIS] g syl AlEAE operonitel ISR A 7|e} A do] wj
2 t}okstet (Condon et al., 1995; Gurtler and Stanisich, 1996; Maeda et al., 2000).

o] Hof Zetstel V. mimicuset V. cholerae] ISR A L& EX3laL, V. cholerae%t

mlo

EolHo g ZZ& 4 9% primer® A %3] PCR3I, 71 PCR product® # 7)<

&3t bande] FFO=2 V. choleraeEs Soldoz FET F Atk (Chun et dl,
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1999). 1 e]dl%= V. costicola, V. diazotrophicus, V. fluvialis, V. nigripulchritudo, V.
proteolyticus, V. salmonicida, V. splendidus, V. tubiashii®] ISR &g 43t 2z
species®] 59°]& 2 primerE A& 4 AUt (Lee et al., 2002).

o] =HoAE HMEF YT V. vulnificus? ZF HEH 16S rDNALF 23S
rDNAS] M ES& primerZ ©]&3to] ISR M ES SZAA V. vulnificus ISRE] 4714
a3 FFE EAsta o Vibriool ISR A& Hlalste] o] #rks HolHow F

e
i)
A

9= primerE A ZsFA T o]F A A Z3F species—specific primerE ©] &3}
o] PCR3% % agarose gell A PCR productE #7]%%53}l4] band patterns 4] x5} o]

V. vulnificusE W2 A o A8 AT 7 e dHS sk



II. A 9 9y

1. V. vulnificus KCTC 29599 genomic DNA #g

A3 (Korean Collection for Type Cultures)ollA V. vulnificus KCTC
2059 w5 wYRrol 25% NaCle]l #7Fe LB (Luria-Bertani) broth 4 m¢ol &3}
o] 35ColA wiekatdck A Bl oEdk w2k olS microcentrifuge tubeol ¥ e] 15000 rpm
o A 5&E7F AAEYF] pellets =83t QlAamp DNA Mini Kit (QIAGEN)S o] &
3to] genomic DNAES #3833tk 83 genomic DNAC &%+ Unicam UV/VIS
Spectrometer (Hedios B, Unicam Ltd, UK)& ©]&3}4] 260 nmoll 4] optical density &
ZAske] ALts A

2. ISR %5 9% primer A2}

V. vulnificus KCTC 29592] ISRE T %3171 913 oligonucleotide primere= & A
7HA BaiE Vibrio®] 16S rDNAS] 3'- end 3 23S rDNA®] 5'- end H-&5 7t
Z} multiple alignment3te] A Z3FAth. Forward primer¢! 165-VF (5'- CCGTCACAC
CATGGGAGTGG -3")& V. vulnificus ATCC 275629 16S rDNA A€ 2] 1396 bp?
21415 bpell 323l 3, reverse primer$! 23S-VR (5'- ACTGCCAAGGCATCCA
CCGTG -3")= V. vulnificus ATCC 275622] 23S rDNA<C] 20 bpellAl 40 bpel 3=
W o] primersi= (F)vlo] 2 Yolo] o 3}e] §HAl 5T}



3. ISR $Z%$& 9% PCR reaction

V. vulnificus® ISRS Z=Z3}7] €3 PCRY total reaction volumes 100 &
st om 9k 100 ng9 genomic DNAE template® 3}o] 16S-F, 23S-R primerE 2
ZF 1 pME Al Fokska 200 uMe] ANTPSF 10 x PCR buffer (100 mM Tris-HCl pH
8.3, 500 mM KCl, 15 mM MgCly), 5 Units Tag polymerase (TAKARA)S &3tsla

mineral oil2 PCR reaction solution ¢l g2 =& o F4S WA 319 T PCR
reaction& PTC-150 Minicycler (M] Research)E o] &3, w8 AL Hx

denaturation 94Ceoll 4] 2%, denaturation 94ColA 45%, annealing 45ColA 45%,
extension 72ColA 187+ 303 wrEelgdar, kx| extensione 72TColA] 10E 7+

Hbg-sh AT

4. V. vulnificus KCTC 2959 ISR®] Cloning

QIAquick PCR Purification Kit (QIAGEN)S o]-&3le] PCR productel ol 2l
= primers, nucleotides, polymerase, salts& A 73l3x, 50 ul2] elution buffer (10
mM Tris+Cl, pH 85)°9] DNAZ elutionditt. AAg PCR product:= Tag
polymerase®l] 93] FAE 3’9 AE A|As7] 98] 3 — 5 exonuclease activity S
z¥t31 9l% Pfu polymerase (Stratagene)s ©]83}4] polishingd} 1t} Polishing-<
purification kit 2 AA3 PCR products 30 wlo] 1 02 10 mM dNTP$ 10 X
cloned pfu buffer (200 mM Tris-HCI pH 8.8, 100 mM KCl, 100 mM (NH,)2SO4, 20
mM MgSQ,, 1% Triton X-100, 1 mg/m¢ nuclease-free bovine serum albumin)®} 2.5
Units® Pfu polymeraseS &3¢talo] 72Tl A 10%3F incubationdle] A Alstdtt. o]
blunting product® QIAquick PCR Purification Kit (QIAGEN)S o]&3dlo] A A9
il, DNA®] %5 ZA35t7] 918 1% agarose gelol A A71955 AASAH

V. vulnificus® ISR fragmentt= Hincll®Z Zw % pBlucescript II SK(-) vector

-6 -



(Stratagene)l ligationd} 3 th. pBluescript II SK(-) vector 100 ngell 1 @02 10 X
T4 DNA ligase buffer (660 mM Tris—HCI pH 7.6, 66mM MgCl,, 100 mM DTT, 1
mM ATP), 4 109 insert DNA, 05 w09 T4 DNA ligase (TAKARA)E Y i A A
volume©] 10 w7F A 3 & 15CA 16417F E<t ligationdt Sl th. Ligation A&
2 FE. coli Nova-Blue®l| transformationd}$it}. Transformatione 5 2] ligation 4t
2& E coli Nova-Blue competent cell 70 wioll H7}sta QLo 40827 viekst

5 42°Cel A 90%7F heat-shocks A7), LB broth 100 & H7bste] 37CelA 30

d

B2F wjekdt 5 80 wS ampicilling IPTG (isopropyl-beta-D-thiogalactopyranoside),
X-gal (5-bromo-4-chloro-3-indolyl-B—galactopyranoside)¢] *¥3% LB plateo] =2
ste] 37ColA wigstA Tt 85 HlgE colony & white colony®HS 827 A& &}o]
ampicilline] 3 7}¥ LB brothell H&3ske] 37TColA wAl HiFslslth. Overnight
cultureZ 15 m¢ microcentrifuge tubeo] %71 15000 rpmol A 5&3F U4l F g slo]

™
3l AccuPrep
[e=]

pellets =3 3} plasmid extraction kit (Bioneer)Z ©]$&3}o] plasmid
DNAZ ®g&drt. 283 plasmid DNAYE Hindlll, Kpnl (Amersham Pharmacia
Biotech) 2 & 37Co|A] double digestiondt®d 15% agarose gelollA] #7]% %8}

digestion product®] Z 7] W& groupl®E UFAh
5. ISR d7]A ¥ 2 tRNA gene ¥4

Digestion product®] = 7]o] we} EF3 5709 groupE EWHE ZF groupol A
1-270¢] cloneg oz AAste] 1 cloned a3 3= plasmidE (5F)Macrogend] ¢
#ate] ABI 3700 (Applied Biosystems)S ©]€39 sequencingdtith. 41€ V.
vulnificus KCTC 29599] ISR 7] A €2 tRNAscan-SE 1.21S ©]&3}4 ISR W<

tRNA geneS &3t}



6. V. vulnificus KCTC 29599 £ o] &<l primer A& ¥ PCR

V. vulnificus ISR @71 45 Clustal WS o] &3Fo] ojn] 837 13F9] v &
Vibrio ISR9} multiple alignment3d}e] species-specific detection primer?] Vul-DFZ
AZst At V. vulnificus KCTC 29599 ISR-IAVE] 349 bpoll Al 367 bp Atole] A4
oMM ISR-EKAV<S] 435 bpolAl 453 bp Aboldl EAst= A 490 5 - ACCACC
TTCTTTATGTCTG - 3’2 V. vulnifficusS detectiondl”] 93 forward primer<]
Vul-DF& ©]&3}9 1 reverse primers 23S-VRE ©] €39t Vul-DF primere &
old& sty &l V. vulnificus KCTC 2959 o] €]d 18709 & Vibrio strain®
genomic DNAE FZ3}9] V. vulnificus KCTC 29599} EU 3 A A PCRS AA
59t} PCR reaction®] #4181l AAE A=A &235}7] 93] positive controlZA] 1
uMe] 16S-VE<9} 23S-VR primer®t V. vulnificus KCTC 29599 genomic DNAE 9]
£33t Z=Zskgrt. <& AA| volume 25 ploll 1 uMe Vul-DF primer, 23S-R
primer®} 30 ng® genomic DNAE &3 Att w8 =712 #H % denaturation 94C
ol A 2%, denaturation 94 Coll A 452, annealing 43°Col A 45%, extension 72T ol A
10%-7HS 308 W35k a1, whAEE extensione 72TColA 10%3F WS-8tk PCR
reaction ¥ PCR productZ 15% agarose geldl A7|d9%53ste] 2z} strain® band

Eul

patterns #2313t



. Z%

1. V. vulnificus ISR =Z7] Z tRNA ZA &4

V. vulnificus KCTC 29599] genomic DNAZS F&d o2 16S rDNA$ 23S rDNA

o] dF A g9l 165-VFe} 23S-VR primerg ©]83t4 ISRS PCR3tY & #3saith.
ZZ¥ ISR fragmentZ 15% agarose gelol A719 %3 ALALS Fig. 1o veEWth
°F 600 bpst 900 bp Atele] &A= thket A7]|ef Al71¢] o8 bandE ## & <+
AATH

PCREZ %3+ V. vulnificus® ISRS HincllZ digestiondt pBluescript II SK
(=) vectorell cloningdltel 8271¢] cloneZE AUttt =79} M do] tfpekdt SRS Zbo}

W7l ¢l 82719 EE cloned A|dt& s Hindlllet KpnlS %2 double digestiond}il,
1.5% agarose geldlA] A7) %3}o] digestion producte] =7]o] whz} 5719 A, B, C,
D, E groupl® EF3dtt. Z groupl A 1-2719 cloneg do 2 Aesle] 7] A
| A, 2 groupd A= 2709 ©E cloned F71AELS A= XA
gttt ISR Al Z7]E= 16S-VFeE 23S-VR primero] 98 5% 139 bp] 16S
rDNA$} 40 bp9] 23S rDNA HE& A Qste] AAsldar, 2+ groupol A &eld ISR
o d7] 494 EUE tRNAscan-SE 1.21S o] &3} = ¢to] &=A3}+= tRNA gene
2 BAeta 1 FHo ozt ISRE WHsle] Table 1o A8ttt V. vulnificus
KCTC 29599 &= ISR-E, ISR-IA, ISR-EKV, ISR-IAV, ISR-EKAV 5% /< ISR
typee] &A= Ao ® SR Qla, 11 A7|= ZFZE 424 bp, 507 bp, 608 bp, 655 bp,
741 bp At ISR-EE= glutamateo] ™3k tRNA geneo] E¢] ¢ ISR typeE 9w 3}
H,  ISR-IA+ isoleucine® alanineo w3 tRNA genes, ISR-EKV+: glutamate,

A1
A

o
M
rot

lysine, valineo] ™3 tRNA genes, ISR-IAV+= isoleucine, alanine, valine®l| o3k
tRNA genes, ISR-EKAV+ glutamate, lysine, alanine, valineo] t3F tRNA genes©]
o] 9= ISR typeZ w3k}



2072 —
1500

600 —

Fig. 1. Electrophoresis of PCR-amplified 16S-23S rRNA intergenic
spacer regions of V. vulnificus KCTC 2959 on 1.5% agarose gel. Left
lane is molecular weight marker (100 bp ladder). Right lane 1is the
PCR-amplified 16S5-23S rRNA intergenic spacers of V. vulnificus KCTC 2959.
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A ZF7HA Vibrio2] ISRel #3 A3+ #HAS do|= V. parahaemolyticus,
V. mimicus, ¥ gte] A< V. choleraeE ¥33 1329 VibrioZ o= A
AlE 9t (Chun et al., 1999; Maeda et al., 2000; Lee et al., 2002). Table 2] ©] =
Fo A A3 V. vulnificus® ISR typedt dA71A] Bad 1359 Vibrio ISR type
S el A3t ISRl EA18= tRNAE codingsle gened Z & wel &
A7AA BaE B Vibrio9] ISR types 43 A3 ISR—no (tRNA genes coding
34 = ISR), ISR-A, ISR-E, ISR-AE, ISR-EV, ISR-IA, ISR-EAV, ISR-EKV,
ISR-IAV, ISR-EKAV °]#A 10 F#F° ISRE &A= AUtk 14F°] Vibrio®]
ISRoll &A1l tRNA gened THE 43 23 9F 9 Vibriool A ISR-E7} &<l
H AL, 12F 04 ISR-TIA7F 1= At whebs ISR-EF ISR-IA7F Vibrio®] 74+ o
HEHQl ISR typeolzhs A& &A@ 4 Sd9dth o9k WE ISR-IAVE
proteolyticus®t V. vulnificus?l 7t EAetE A2 Yo, ISR-EKAVE
AATE Eols A= ISR-AE+=

=~ = N

parahaemolyticus®t V. vulnificusl A5t &l gk

PN
2
parahaemolyticus® ¥ EA k= 2 o2 gl AT}
2. ISR9] nucleotide sequence ¥ tRNA gene sequence H] X

V. vulnificus KCTC 2959¢] ISRell £A]3l+ functional unit& 43 255 &

H=2 V. vulnficus KCTC 2959 ISRe] 24 EE #Adste] Fig. 29 Aelstx
WE o] &3to] V. vulnificus® ISR sequence= multiple alignment3dt 2 3= Fig. 3]
st F 2¥S B 16S rDNAC] <38 = o F&9] 49709 nucleotide 2t
23S rDNA <29 ISR 3 FE9] 217719 nucleotidew 5& /9 R ISROIA UX
g I Ut 28y ISRY FUHE-Yol+= ©]# 3 intra-specific sequence
homologyZE #¢18 4= {10tk rRNA transcription® anti-termination®] #¢3}+= Box
A element® Fig. 20 EAlE AXY EE ISRY wA 2 tRNA geneo] 3 &3 23S
rDNA Apolol] EAlgta gilom, 1 MEE Fig. 3olA vebd A3 TGCTCTTTAACA

2 gAHSa, 5579 ISR BT Fd3 AMEdS 2t Aoz ¥t Mature

_12_



rRNAE W=+ FA oA RNase Mo ¢]3] At = putative TRNA processing site’:=
gl ¢l=dl, 16S rDNA 3'-endol A 32 bp @olZ oA Aeromonas hydrophila®t ¥
Ask= A Ed GUUCACACAC] g1 8lar, 23S rDNAS] up-streamol Al A. hydrophila
oF M o] frAkg CUUUGGGGUUGU7F &9l s 2l Tt

V. vulnificus®] Z+ ISRl &8t 53 tRNA gene? A7IAEe FAMES
BCM Search Launcher& ©]-&3to] #41lt}. ISR-E, ISR-EKV, ISR-EKAVe] &
AstE glutamateo] ™3 tRNA gene®] AL 100% YA eA L ISR-IA, ISR-IAV
of ¥3t¥ isoluecine®] td tRNA geneo] AM<E Al 100% A=A ATt ISR-EKV,
ISR-TAV, ISR-EKAV Y] valined dlgt tRNA genex= 100% U A3t} ISR-EKV <}
ISR-EKAV 9] lysine°] w3+ tRNA genei= &) @7]Ado] o]z Q3] 98.6%9]
FAME S Btk ISR-IA9 ISR-IAVE alanineo] th@ tRNA gene® M E-& 100%
A& A o] 59 (RNAMI} ISR-EKAVel] E35 o] gl tRNAYM genedt= ¢
71X E st ZFol2 AR 98.6% % T

AG7hA Bag o2 Vibrio9] ISRo|l EA13F+= tRNA gene#te] A= vl
shAth (RNA™ME 97.2-100%°] FAMS B3, tRNA™E 90.5-100%9 A &
vebda, (RNAYE 959-100%7F AXsth. t(RNA™SE V. nigripulchritudo®]
ISR-A%} V. parahaemolyticus®) ISR-AE®] EAet= (RNAM Lol A S A9}
W T2 Vibriost= 90% ol 49 fAd S EATh

V. vulnificus®t ©& Vibrio®] tRNA gened A do] HAg A= 2] ISR
A AEe tRNA gened} Box A element A¥S A|93tas Zb speciesmht) ¢
thekstdth. Vibriod] dukA el ISR typel & 2% ISR-E¢9 ISR-IAY A4S ISR
o] WX Vibrios A2 2 alignmentd Z 3} base substitution, nucleotide block2]

deletion & insertion® & <13k o] variable region®] &2 F AT} (datars YEFU A

A. caviae®] ¥ strain® V. vulnificus®] tRNA gene®] FAMES Wlusgt Azt
glutamated] ™3+ tRNA geneS 92.1-93.4%, isoleucine®l] ™3+ tRNA geneS 94.7-96.09,
alanine®] ™3 tRNA gene2 97.3-98.6%2 FAMAS Hth ey ISR AA A
g& v A3 tRNA genedl ALES AQd thE ISRY A EL Aottt (Kang
and Lee, Unpublished).

_13_



Table 2. Summary of 16S-23S rRNA intergenic spacer types

of Vibrio sp.

Strain ISR type
V. aestuarianus ATCC 35048 A E, EV, IA-1, A2
V. campbellii ATCC 25920 no’-1, no-2, 1A
V. cholerae RC2 A E, IA, EKV
RC4 E 1A
RC25 A E 1A, EKV
RC42 E IA
RC44 A E 1A
RC45 E IA
RC47 E, IA, EKV
RC48 E, IA, EKV
V. costicola ATCC 3508 no-1, no-2, E-1, E-2, TA
V. diazotrophicus ATCC 33466 E, IA
V. fluvialis ATCC 33809 E, EV, IA, EAV
V. mimicus RC5 A E IA, EKV
RC5% A TA
V. nigripulchritudo ATCC 27043 AL AT B EVEL BV A
EAV
V. parahaemolyticus IFO 12711 T no, E, AE, 1A, EKV, EKAV
V. proteolyticus ATCC 15338 EV, IA TAV
V. salmonicida ATCC 43839 no, EV
V. splendidus ATCC 33125 no-1, no-2, no-3, no—4
V. vulnificus KCTC 2959 E IA, EKV, IAV, EKAV
V. tubiashi ATCC 19105 IA-1, TA-2

a

> no tRNA gene
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ISR-1A ATACGATGATTATTGCGATGAGT GT TCACACAGATTGATACGGT TTAGA- - - - TTAGAGC

I SR-1 AV ATACGATGATTATTGOGATGAGT GTTCACACAGATTGATACGGTTTAGA- - - - TTAGAGC
| SR-EKAV  ATACGATGATTATTGOGATGAGTGTTCACACAGATTGATATGGCTTAGAAAGT TTAGAGT

| SR- EKV ATACGATGATTATTGOGATGAGT GTTCACACAGAT TGATATGGTTTAGAAAGT TTAGAGT

I SR-E ATACGATGATTATTGOGATGAGT GTTCACACAGAT TGATATGGTTTAGAAAGT TTAGAGT

N Fhwn

I SR-1 A N e P -1 <

I SR-1 AV N o P Y1 | e

| SR-EKAV  ATCTTAGIGTCCOGTTCGTCTAGAGGCCTAGGACACOGOCCT TTCACGGOGGTAACAGGE t RNAG U
| SR- EKV N o 1 Y1 e t RNAG u
I SR-E ATCTTAGI|G = = = = == o= omm e oaoeieoeeceacecceceacenaoaaans t RNAG u

N
ISRIA  mmmmmcmmmcemeieiaaos GGTCTGTAGCTCAGGTGGTTAGAGCGTACGCOCTG t RNA! ! e
ISRIAV mmmmmcmmeceeeeieaaaos GGTCTGTAGCTCAGGTGGTTAGAGCGTACGCOCTG t RNA! e
| SR EKAV  GTTOGACTCOCCTACGGGATACCATIGEGTCGT TAGCTCAG: TCGGTAGAGCAGITGACTT t RNALYS
| SREEKV ~ mmmmmmmmmcmmmmaieaaaos TCOOGTTOGTCTAGAGGCCTAGGACAC- CGCOCT t RNAG U
ISRE  ----Z - B-FHETUES TCOOGTTOGTCTAGAGGCCTAGGACAC- CGCOCT t RNAG U
T PR . *

I SR-1 A ATAAGOGT AAGGT CGGT GGTTOGAGT CCACT CAGACOCACCALT- - - - CAAC- GATIGEGG

I SR-1 AV ATAAGOGT AAGGT OGGT GGTTOGAGT OCACT CAGACOCACCALT- - - - CAAC- GATIGGGG

| SR-EKAV  TTAATCAATTGGTCGCAGGT TCGAATCCTGCACGACCCACCAT TACTTCAAGAGT TIGGEG

| SR- EKV TTCACGGOGGT AACAGGGGT TOGACT OCOCT ACGGGAT ACCATIGGGT OGT TAGCTCAGT T

I SR-E TTCACGGOGGTAACAGGGGT TOGACT CCOCTACGGGATACCA: - - = = < = == == e o m -

+ * + maarEek wkw . A

Fig. 3. Alignment of 16S-23S rRNA intergenic spacer sequences of V.
vulnificus KCTC 2959. The sequences of tRNA genes are enclosed in open
boxes. The Box A sequences are enclosed in open boxes and labeled with
Box A. The species—specific detection primer are indicated by single underline.
Gaps introduced to obtain optimal sequence alignment are indicated by

dashes(—-).
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ISR-T1A

I SR-1 AV

| SR- EKAV
I SR- EKV

I SR-E

ISR-1A

I SR-1 AV

| SR- EKAV
| SR- EKV

I SR-E

ISR-T1A

I SR-1 AV

| SR- EKAV
I SR- EKV

I SR-E

ISR-T1A

I SR-1 AV

| SR- EKAV
I SR- EKV

I SR-E

TTATAGCT CAGCT GGGAGAGCGCCT GCCT TGCACGCAGGAGGT CTGCGGT TCGATCCCGC
TTATAGCT CAGCT GGGAGAGCGCCT GCCT TGCACGCAGGAGGT CTGCGGT TCGATCCCGC
CTATAGCT CAGCT GGGAGAGCGCCT GCCT TGCACGCAGGAGGT CTGCGGT TCGATCCCGEC

GGTAGAGCAGT TGACTTTTAATCAAT TGGT CGCAGGT TCGAATCCT! (IACGA(II‘ACOC}T

N Y o1 o oY |

t RNAA 2

t RNALYS

ATAGCTCCACCAT TCTTAAACGCAAT|GGECGAT TAGCT CAGT TGGGAGAGCACCTGCCTT
ATAGCTCCACCATTCT TGAACGCAATIGGECGAT TAGCT CAGT TGGGAGAGCACCTGCCTT

TTCCTTCCACGGGAAAACAAAT AAT GTIGGGCGAT TAGCT CAGT TGGGAGAGCACCT GCCT

-------------------------------------------- CTTTAAGGGTTTTTC

ACAAGCAGGGGGT CACT GGTTOGAACCOGGT ATCGOOCACCACTCTTTAAGTATTTTTAG
ACAAGCAGGGGGT CACT GGTTCGAACCOGGT ATCGOOCACCACTCTTTAAATATTTTTAG
TACAAGCAGGGGGT CACT GGT TOGAACCCGGT ATCGOCCACCAT CTTTAAGGGTTTTTC-
------------------------------------------- - CTTTAAGCATTCTTA-

* Kk kkk Kk * %k k%

TGITTCTTAATGAAAACCACCTTCTTTATGTCTGTGGTTGATTTTTCGACGCTGAAAGTC
TGITTCTTAATGAAAACCACCTTCTTTATGTCTGTGGTTGATTTTTCGACGCTGAAAGTC

----- CTT-=-AAG == - === -=mmmmmmmmeecmeccecAracaaaaaonao - ATC
----- o Y c Y € 1 €
* * *

Vul-DF primer

Fig. 3. Continued
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ISR-1A

I SR-1 AV

| SR- EKAV
I SR- EKV

I SR-E

ISR-1A

I SR-1 AV

| SR- EKAV
I SR- EKV

I SR-E

ISR-1A

I SR-1 AV

| SR- EKAV
I SR- EKV

I SR-E

ISR-1A

I SR-1 AV

| SR- EKAV
| SR- EKV

I SR-E

ISR-1A

I SR-1 AV

| SR- EKAV
| SR- EKV

I SR-E

TTTAAAAATGGTTTTCAT- - TAGAAAATG: - - - ATTTGGAAAGCTGAC
TTTAAAAAGTGTGT TTCTCATAGAGAATTGCAT|TGCTCTTTAACAATTTGGAAAGCTGAC
TTTAAAAAGTGTGT TTCTCATAGAGAATTGCATITGCTCTTTAACAATTTGGAAAGCTGAC
TTTAAAAATGGT TTTCAT- - TAGAAAATCTIT- - - GCTCTTTAACAATTTGGAAAGCTGAC
TTTAAACATGGTTTTCAT- - TAGAAAAT(T- - - - GCCTCTTTAACAATTTGGAAAGCTGAC

*kkkkk*k Kk **k k% * *kkk*k *kk khkhkhkhkhkhkhkhkhkhhkhhhhhhhhhhhhik

Box A

AAAACAACAATTTATTGTTGT TTGTAAAGT TCTCAATGT TTGT CTTTAAGACAAACACCA
AAAACAACAATTTATTGTTGT TTGTAAAGT TCTCAATGT TTGT CTTTAAGACAAACACCA
AAAACAACAATTTATTGTTGT TTGTAAAGT TCTCAATGT TTGT CTTTAAGACAAACACCA
AAAACAACAATTTATTGTTGT TTGTAAAGT TCTCAATGT TTGTCTTTATGACAAACACCA
AAAACAACAATTTATTGTTGT TTGTAAAGT TCTCAATGT TTGTCTTTATGACAAACACCA

EEEREEREEREEEEEEEEEEEEEEEEEEEEREEREEREEEEREREEREREREREREEIEEEEEESEEEES]

ACAAACACATTCAAGTGTTCTTGGGAATGTCACT TTTAAGTGACTATTCGAAATTGAGTC
ACAAACACATTCAAGTGT TCT TGGGAATGTCACTGT TAAGTGACTATTCGAAATTGAGTC
ACAAACACATTCAAGTGT TCT TGGGAATGTCACTGT TAAGTGACTATTCGAAATTGAGTC
ACAAACACATTCAAGTGTTCT TGGGAATGTCACTGT TAAGTGACTATTCGAAATTGAGTC
ACAAACACATTCAAGTGTTCT TGGGAATGTCACTTTTAAGTGACTATTCGAAATTGAGTC

EEEREEEEEEEEEEEEEEEREEEEEREEEEREEEEEEEIEEEREEREEEERERERERERESRESRESS]

CGGCAAAATCAACGCTATCTCGCTCATTCAAATAATGAGATAGCAACTTTGGTTGTTTAA
CGGCAAAATCAACGCTATCTCGCTCATTCAAATAATGAGATAGCAACTTTGGTTGTTTAA
CGGCAAAATCAACGCTATCTCGCTCATTCAAATAATGAGATAGCAACTTTGGTTGTTTAA
CGGCAAAATCAACGCTATCTCGCTCATTCAAATAATGAGATAGCAACTTTGGTTGTTTAA
CGGCAAAATCAACGCTATCTCGCTCATTCAAATAATGAGATAGCAACTTTGGTTGTTTAA

EEEREEREEREEEEEEEEEEEEEEEEEEEEREEREEREEEERERERREREREREREEREEREEEEEEEEEERSES]

CAAAGACCCTTTGGGGI TGTAT
CAAAGACCCTTTGGGGT TGTAT
CAAAGACCCTTTGGGGT TGTAT
CAAAGACCCTTTGGGGI TGTAT
CAAAGACCCTTTGGGGT TGTAT

khkkhhkhhkhhhkhhkhhkhkhhhkhkk

Fig. 3. Continued.
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3. V. vulnificus®] &3 AFS Y3 primer A2 2 PCR reaction

V. vulnificus KCTC 29592] ISR} thE 1359 Vibrio ISR A 4<% Clustal WS
o] &3}o] v w3 A} Box A element® TA3 tRNA geneol thajA =
A vebd ol 3 99 non-coding FEAAME ItHA =& FAMA
skt et A Box A9t tRNA gene H-w8 A9t ywxe] 97| LEE V. vulnificus
o] A% Az AdS 93 species—specific primer®  ©]&37| =2 AT
BLASTE o]&3to] V. vulnificus KCTC 29599 ISR-IAV S} ISR-EKAV Y] sequence
oA ISR 3'-endo] 7} <3 valineo]l ™3k tRNA gene SH£9 sequenceZ=
databasedl 5= ©E sequenceE ¥ HluEto] Eo]AH9l RBES oWty Species—
specific primer?! Vul-DF¢] M <& 5'-ACCACCTTCTTTATGTCTG-3'0]™ (F)u}
o] eyl ~o) o]F|sle] A s o] primere] 5o]AS <2l y] $s Table 3o A
23k 18709 Y& Vibrio®l genomic DNAE 3%3}9] detection PCRY template=
o] &3} th. Positive controlZ A<= V. vulnificus 29592 genomic DNAe®| 16S-VEF<}
23S-VR primerE A7lsle] o2 Vibrioot T3 ZddA A3 Ay AAHo=
PCR ®Wrgo] o]FoA &S ST = AAT (datat YEHHA &5). Fig. 4914 &
4 %ol Z} straind] Eo]& ¢l band patterne] A o] ©E 18719 Vibrio strains
3} V. vulnificus KCTC 29598 agarose geloll A A7 %8s fA 78 & 92
o Vul-DF¢} 23S-VRell 9]t ISR-IAVe} ISR-EKAVe] o T A= A7)+
347 bpldl Fig. 3ol YeEd V. vulnificus KCTC 29599 5% A=& ®H < 350 bp
of al9d3t= major bandE #Z3 = AT FHIFAE V. vulnificus KCTC 2962
o] A= 2k 350 bpet 550 bpoll A FE= F N2 major bands7t BAE AL &

AMAl o] =

o
4
shelex) o

R4

rlo

22
®

PN
T A

_19_



Table 3. Bacterial strains used in detection PCR.

Strain no. Species
KCTC 2473 V. fluvialis
KCTC 2714 V. aestuarianus
KCTC 2715 V. cholerae
KCTC 2716 V. campbellii
KCTC 2719 V. gazogenes
KCTC 2720 V. harveyi
KCTC 2721 V. logei

KCTC 2722 V. nereis

KCTC 2726 V. salmonicida
KCTC 2729 V. parahaemolyticus
KCTC 2730 V. proteolyticus
KCTC 2731 V. furnissii
KCTC 2733 V. cincinnatiensis
KCTC 2736 V. metschnikovii
KCTC 2737 V. mimicus
KCTC 2810 V. cyclosites
KCTC 2928 V. alginolyticus
KCTC 2962 V. vulnificus
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IV.

R
i

165-23S rRNA intergenic spacer region (ISR)< speciesit2 &8 strain?tol =
!
9 celll M= operonvtt} 2 L3 Z7|7F ©}ste] bacteria®] typing©lt}t identi-
fication®]l @o] o] €% 1 9t} (Gurtler and Stanisich, 1996). 18] P& o] =FAxE V.

ol

kg

1 A7) e o] uf$ theket i, multiple copy el rrn operonE ZtE A 9o &=

vulnificus KCTC 29599 ISRS #A4lste] o] #nbs Bo|do=w JFTEAL F Qv
species—specific primerS A 2Z+s}1L PCRo|#lE EAAYES A2l 7| Hol o] &3le] w&
Al Zbg el A &S A V. vulnificussS AE3H7] 9138 16S rDNAS} 23S rDNAS] A 4E S
primer® ©]&38}e] ISRE FZFA7]1, A7) AEE 22438} detection primerE #| 2}
sFATH
V. vulnificus KCTC 29599] ISR T& &S A7]953 Fig. 1S EW e
band7} obd TS A7jel A7) o) band7t TEE AS #HF T 5 U o
23t t}43F band® W Fo] Ko} thE bacteria®t Al V. vulnifiucs® genome®ll
T o8 M9 rrn oeprone] EAE HRow FALJT ASE rm oeprond TE
16S rDNAY 23S rDNAE Awdlx] ZE AdEA2Z genomic DNAS Aol 16S
rDNAY 23S tDNA9] U MYl 3]F3l+= probeZ ©]-&3F southern hybridization £ 22
gtolg 4 J& Aot 28y ISRS #2413 Table 1S Fx3td V. vulnificus KCTC
2959141 tRNA gene®] Ff<t 27]7F th& 5F79 ISR7F &€ o w Rol 2o
L= 57 ol/de] rrm oeprono]l EAEtAL S Ao AZAHY. 657 ISR7E &ld
V. parahaemolyticusol= #H2Ax 9719 rrn operon®] &A1t A Aoz F2FGlo
Y (Maeda et al., 2000), Aeromonads®= 6-87H¢] rrn oeprong 7}A1 Y& Ao R
golxar dtt (Martinetti and Altwegg, 1992). E. coliol A& glutamateo] t 3k
tRNA geneZ z'+= rmC, B, G, E operon® isoleucine® alanined] ™3 tRNA gene
S 2= rmA, D, H operone] #2153t} (Condon et al., 1995). Salmonella enterica
LT2°1 A % isoleucine® alanine®] ™3 tRNA geneE 2zt ISR7F <19 rmAd, D,

B operon¥ glutamates codingdl+= tRNA gened 2zt ISR7F &% rmnC, E, G,
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H operone] &el= 3t} (Perez Luz et al., 1998).
Table 1S ®W digestion product®] Z71E 7|Fo=Z £/ 57019 group Fol
Al Ast Boll dl@dstE clone2] 471 AAl 82719] clone ol Z+2t 3670¢F 29712 v 2
groupe] Hl& AR "WreE AS & F Arh Group Al 3| E = clonee ISR
sequenceS A3 Ay ISR-EZ &A% J 1, group B clonex ISR-IAZ 32l F
At ZF ISR A7)+ 424 bpet 507 bpldl 16S-VEFS} 23S-VRel 93 FZ%E 139
bpe] 16S rDNA<®} 40 bpe] 23S rDNA F-iS 3st¥ 603 bpel 686 bp= Fig. 104
°F 600 bpet 700 bpell s F et band?t thE Aol Hls) ZaskAl vEbG A X g
t}. old A= 16S rDNASF 23S rDNA Abolell glutamateo] 3 tRNA genes 2zt
= ISR} isoluecine®} alaninee] w3+ tRNA genes zt= ISR7F 59 A& rm
oepron®| chromosome Well ¢ copy® &A3}7] w2l Aoz AztFETT
A 7FA bacteriad] ISROlA &eld tRNA gened ¢ +A4L& u$ tpoksict.
E. coli®t A. hydrophlia ATCC 7966= glutamateS codingdli= tRNA gene°] 9]

rlr

ISR-E¢} isoleucine® alanine°l] ™3t tRNA gened zt+= ISR-IAE zZte= Ao=

1

95 (East and Collins, 1993; ‘Condon et al., 1995). RISSC (Ribosomal Intergenic
Spacer Sequence Collection) database® Crenarchaeotal”]= ISR-no, Euryarchaeota®l
A= ISR-no®t ISR-A, Chloroplastsol A1+ ISR-no, ISR-1, ISR-IA, Cyanobacteria®l
A= ISR-I, ISR-IA7} R 33 v} (Garcia-Martinez et al., 2001). Vibrio®] ISR
type2 A3 Table 25 ®W L3 Vibrio &ol <3lE speciesitoll = 471 9]
tRNA gene2 zt+= ISR-EKAV7Z} &% V. parahaemolyticus, V. vulnificusol A 5 €
ISR-no, ISR-IAE ZtE V. campbellii 7H4 ISR type°] thsitts 3S el = gl
o} Vibrioo] WAl ISR typel & &Rl¥ ISR-E9 Z7|% 430 bpoll Al 559 bp7Z7HA]
geFst, ISR-TAS =A7]% 507 bpelAl 707 bp7kA wi$- thFsttt (Chun et dl,
1999; Maeda et al., 2000; Lee et al., 2002). =3+ F A3+ species¥ A &t%= 2} strainv}
o} tRNA gene?] FAo] tsittes AS & 4 &=, V. cholerae RC 4, RC
42, RC 4591 41+= ISR-E%} ISR-1 Aol V. cholerae RC 2, RC 25¢1 4]
+ ISR-A, ISR-E, ISR-IA, ISR-EKV7} &eldth. ISR A <E9 tdA 2 inter-strain
Wl oly 2} inter—cistronicoll A = &2l ¥ =4, A hydrophlia ATCC 79669 = <Y

>

=}
o
et
2
)

29

3 tRNA genes ztal AW down-stream™} up-stream® A Eo] thE ISR-E13}
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ISR-E27} &<1% %3 (East and Collins, 1993), Vibrio9] ISR typeE A |3 Table 2
A= o]y gk thFgel ElE .

Fig. 2¢} Fig. 32 EW 16S rDNA¢} 23S rDNA F9 nucleotide A ¥o] 5%
Fol E ISRoIA dAst= AL &g 4 Ay o8 d FAM S V. parahaemolyticus
A Z FAFU=d 16S rDNAS 23S rDNAS] F+2] 40 bpet 209 bp7t 6% 72
ISRAlA B%¥ dXxsdoem (Maeda et al, 2000), Aeromonas sp. °|A 2%
ISR-E¢} ISR-A°] M AL alignmentdr Z3} 7} species® F type®] spacer= &
o] 50 bpst mhA R o] 150 bprt Aol dAISATE (Kong et al., 1999). ofvt
= o]2 3% intra-specific sequence homology”’} YWElWt FEE2L prokaryote?] 16S,
23S tRNA processing®] =23 9adg 3= FEolgt A4EY (Srivastava and
Schlessinger, 1990; Naimi et al., 1997). E. coli®] rRNA maturation processol 3%+
Ao w=EwW 165-23S rDNA  spacer region¥ 23S-55 rDNA spacer region<
pre-TRNA®] maturation®] 8% HTS 3= Hozw HuHE=d, 16S rRNAQ
upstream leader region®} 16S-23S rRNA intergenic spacer region, 165-23S rRNA
intergenic spacer region¥ 23S-5S' rRNA intergenic spacer region®| 23] A ¥
base-pairi= RNase Il 93] A& = F primary double-stranded processing site
= AAlsttar 3o (Apirion et al., 1993). E. coliol A& 16S rDNAC] 3'-endol A 33
WA nucleotide?! GCUCACACA M ¥ t©te3 23S rDNAY up-stream¢! UCUUCG
GGUUGU®I A RNase Il 93+ processing®] ¥y Aoz BudArt (Young
et al. 1979). A. hydrophila® ISROlM = E  colidlx 2A"E BT 3k}9
nucleotide ¥ ol GUUCACACA7ZF 8<% %lar, 23S rDNA up-stream®| Z2 9] %]
Y93 A2l nucleotide’} A FH A (East and Collins, 1993). V. vulnificusl A=
A. hydrophila®t 423= AMdo]l 16S rDNA down-streamol A 2el=da, 23S
rDNA®] up-streamo| A& AR A €<l CUUUGGGGUUGUZ} £21%] 3l T},

ISRe] %% wdo] A= conserved regiono] lE whHo] ISR F oAM=
et = gl ol Zh7he] ISRel|l E3dhE o] 3= tRNA geneol &< ol weth
ISRuttt A Dol vh27] miEQl

Fig. 35 24 Z ISRl A5t vFA = tRNA gened} 23S rDNA Afo] ol A

rRNA transcription®] antitermination®] #¢]3}+= Box A elementE <23 4= 3t}
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E. coli®] Box A element®] A4 TGCTCTTTAACAZ <& A ¢om (Condon et
al., 1995), V. parahaemolyticus TFO 12711914 = @71A<Eoe] stvrt ©t & AGCTCT
TTAACA7}Y AHJ+=d (Maeda et al, 2000), V. vulnificus KCTC 2959 4 +=
TGCTCTTTAACAR &% At

V. vulnificus® EE ISRelA #<l® tRNA gene®l AL lysine¥} alaninedl
g tRNA genes A&stals 100% ARtk thE Vibriod] ISR &Aste
tRNA gene#o FAMES #4F A3 diF-& 90% oldel FAHdS EAARE ISR
AqE AR FAAELS 28 =4 &t e A Box A element®t tRNA genes Al
98k HEol NES V. vulnificus®] A& &2 93 species-specific primer® ©]
&3t Zlo] nrgrAsivka A zhstsl.

V. vulnificus KCTC 2959 ISR9] Eo]&<el HMHAS o]&3o] A|Z3+ primeret
23S rDNAS] dXF M gol 3]F3l+= primer® & Vibrio®] genomic DNAE PCR3%H
AES H719 %3 Fig. 42 B ZF straintbtl multiple band7} A E RS sHeald
T At °] 3 multiple bande Vul-DFe] H] S]]l Agta} 23S rDNA A €S 9]
€3 23S-VR primere] 93] AAE Ao=m ALYt EE  straino]l A multiple
bands”} #<l¥ X2 V. vulnificus KCTC 2959%Fe] Eo] %<l band patterno] A4
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