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Abstract

Vibrio fluvialis is a series of marine bacteria and associated with
outbreaks of diarrheal disease in human due to consumption of raw or
improperly cooked seafood. However, there is also V. fluvialis which is
potentially pathogenic to aquatic animals. In the above view, many researchers
had attempted to develop species—specific primers for the rapid detection of these
organism by PCR (Polymerase Chain Reaction).

We have examined the 16S-23S rRNA intergenic spacer region (ISR) and
PCR amplified, cloned into plasmid vector and then sequenced. As a result of ISR
nucleotide sequence analysis, total of 6 clones were isolated depending on the size.
The clones were different in both the number and the composition of the tRNA
genes, and were designated ISR-A, ISR-E, ISR-E1, ISR-IA, ISR-EKV,
ISR-EKAV. ISR-EKAV contains tRNA“"+RNA"*~tRNA**~tRNA""; ISR-EKV,
tRNA™"+RNA"~tRNA'®; ISR-TA, tRNA"™~RNA™" ISR-A, tRNA™; ISR-E and
El, tRNA™ clusters.

The ISR-EKV was showed minor type out of the six ISR types. Multiple
alignment of representative sequences of these ISR-EKV and other Vibrios
showed a very limited homology. These regions were used to design V. fluvialis
species—specific primers for PCR. The specificity of the primers were examined
using genomic DNA of other Vibrios as templates for PCR reaction. The result
showed that PCR method can be used to detect Vibro fluvialis among Vibrio sp.

in a single PCR reaction.
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Hl B0 &0 TdA aESATY Ul Vibrio fluvialiss Group F Vibrio ®
= Group EF-62 &89 a¥A Aoz TCBS (Thiosulfate Citrate Bile Sucrose)
agaroll A sucroseg W3ste]l Ao ZRUE AASHH, NaCle]l gl Z7sld A=
AAS 32 g EAS zta At (Huq et al., 1980; Lee et al., 1981; A+ =,
1991; Lee et al., 1998). B3+ Aeromonas®t +A+3F A 3lsta Q48 zka ¢lo] NaCl,
Vibriocidal agent O/129, G+C $t&oll whe} F+&5H, 27k AESA 3 (biogroup I,
D zHa Aot (FAS 5, 191; °l8A &, 1998).

ahzl Bl Aol A, EFAE, oI Fel F-Fete] A&st= V. fluialise o 3l
FolA 7hE EeElEa oy, edd og{o ANs T 34 AEHAE do
A A5l 5ol wkg Holvk (o]dA T, 1998). #HETAS et fAkste] A

T e Bolw, g o] S]] Aofel A
dojyar 9lgo] Eo]4olt} (Hickman-Brenner et al., 1984; Kolb et al., 1997). 9%+
4

of dojub JlAe Ak deid UA worl oIH Hx, S4A%

rot

i) o

(Virulence factor), ®j<F #ix]o] wE heat-labile enterotoxin¥} E4 AMEFUY
cytotoxin Al o] 2T o] o5y ATJFHJTY HuFHA Y (Lockwood et al., 1982;
Nishibuchi and Seidler., 1983; Wall et al., 1984; Rahim and Aziz., 1996, Kim et al.,
2001).
FAggol EAsk= V. fluwialis= 2 A3ke] FAYE zEa glo] ol HE
3l7] 93k A eufx] 2} lipopolysaccharide ZAlo] w& antigend AR&3lo] 3H4F3}
AdF sl AFEst Atk (Nishibuchi et al, 1983; Rahman et al, 1992;
Kondo et al, 2000). °o]¢t Zo], AAgAI 1ol EAst= Vibriodl sH= <1l
commercial kits AR&3tal ot F8ANe FASA Fo st A Aty st
2 thFAd o]l FEo] T ool At} (Alsina and Blanch., 1994). o]& @3 &
Eal7] 98l dAle AN ETA WH Y skl DNAC 7] %3¢ PCR (Polymerase
Chain Reaction)S $83 RAPD (Arias et al., 1998), TDH (Thermostable Direct

=

Hemolysin)2} TRH (Thermostable Related Hemolysin) gene cloning (Bej et dl.,



1999)& Ali A o]gstar Yrh. w3 HZoE ribosomal RNA  operon?]
165-23S rRNA intergenic spacer region®] A& 2 Zo] tpFAd 7| %3 Aol &
A, A5 2 5F3F subspecies®] AWo| o] &= ATt (Jensen et al, 1993; Tyler
et al., 1995; Luz et al., 1998; Hinrikson et al., 1999).

Intergenic spacer region (ISR)2 tH#& UANAE ribosomal RNA operon
(rrm)e) T4 Y<¢l 16S rRNA gene® 23S rRNA gene Alolol € X&}] non coding
region?} tRNA coding geneS X3l vt &2 wHE|Eolol A rme] % 1709
A 1170 74A] ©pFghdl, o] = rRNA operon? chromosomeWlo] multiple copy® <4
3F7] wWj&o|t} (Garcia—martinez et al., 1996; Gurtler and Stanisich., 1996). 7]& 2]
16S rRNA+ species, genera®l A4S #% 7Fg #5std W] o] &5 9o}

7ML HEGom s Al AV o old 54 wiEel @A w2 v

U

golol A TAHL 93 BEAMETH WHoR ISR A7|HE A o] o]Fojx Ut}
ISR ®4¢ d =&, FEscherichia coli K-12& 7709 ribosomal RNA operon
(Garcia-Martinez et al., 1996; Anton et al, 1998), Aeromonast 67114 8719
operons (Gladys and Martin., 1992), Bacillus subtillis<=" 1071 2] operons< Z+al it}
(Vold., 1985).

o] HEgEY ISR #3 A= V. parahaemolyticusol <l 67129 ISR
(Maeda et al., 2000), V. cholerae} V. mimicusol A 471¢] ISR typec] &<l ith
(Chun et al.,, 1999). 181}, Vibrio fluvialis KCTC 24739] intergenic spacer region
of thak HAo] o]Fojx x| kol E AAfo] A= ribosomal RNA operons® rRNA
gene Atololl $ X3+ intergenic spacer region® thFdl FAS el o] 7%
3l species—specific &S 913 oligonucleotides A ZFsle] 3+ 3} AAFAlolo A V.

fluvialis 535 93 molecular marker® ©]&3}aLA} 3k},
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1. Vibrio fluvilais KCTC 24739 genomic DNA &g

Vibrio fluvialis KCTC 2473& +73# 23 (Korean Collection for Type
Cultures)oll A &<Ho} Marine Broth 2216 (Difco, USA) 5 mlol bacteria pelletS 3
Fokal 37C, 250 rpmo=®  RA) uiFEsith WAl afgE widdE 15 ml
microcentrifuge tube® &7 15000 rpmollA 187 QAR ZE A HS A7 5o
bacteria pelletS FH3taL, UM A|E= 40% glycerols A71ste] -70Ceo) B3B3t}
349 bacteria pelletse QIAamp DNA Mini Kit (QIAGEN, Germany)2] protocolell
w2l Vibrio fluvialis®] genomic DNAS #3233t #2d DNA+ AE buffer
(QIAGEN, Germany)°l A7 PCR 4Wkgo] AFg33dtt. DNAC %+ Unicam
UV/VIS Spectrophotometer (Hehios B, Unicam Ltd, United Kingdom)< A}-&3}o]
7 260 nmell A S48k Th

2. ISR %<& 93 oligonucleotide A1z ¥ PCR 4%

V. fluvialis chromosome®] 16S rRNA geneZ} 23S rRNA geneAloldl ¢ st=
intergenic spacer region (ISR) 3% $3l GenBankdl =% & Vibrioo] 16S
rRNA gene¥} 23S rRNA genes ©]&3}¢] multiple alignmentS $38tith 1 5
7 =A BEEH H 99 16S rRNA gened 37 #d A3 A<y 23S rRNA gened
5" wee] dF MEE PCR W&ol AHE8t7] #18) Vibrio 16SF¢t Vibrio 23SR& U
ZpQlste]  (F)ute]l Yool o] Zste] Azl Th AFAEE oligonucleotides®] A&
Table 1o e AT

PCR ¥F$& % 23 50 gl genomic DNA, 1 uM forward®} reverse primer
(Vibrio 16SF, Vibrio 23SR), 10 mM dNTPs (deoxynucleotide triphosphate), 10x
cloned pfu buffer, 0.5 unit® cloned pfu DNA polymerase (Stratagene, USA)S %7}
ato] it

PCR ®F

i,
olN

FE 9o F 98 9Fa, T84S 9] 98] mineral oilS 2 AT
J

research, USA)S AF&3le] 33} T}

olo
rlo

DNA minicycler PTC-150 (M
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Table 1.

Primers wused for intergenic spacer region PCR amplification

and detection PCR

Primer Gene
. Sequence

Name Position
Vibrio 16SF*  16S 5’ end CCG TCA CAC CAT GGG AGT GG
Vibrio 23SR* 23S 3’ end ACT GCC AAG GCA TCC ACC GTG
SK" CGC TCT AGA ACT AGT GGA TC
T7" GTA ATA CGA CTA CCT ATA GGG C
FluF® ISR-EKV TCC TGC CAC AGG AAA TAC AA
FluF1° ISR-EKV TTC TTT CGA TAG AAA GTG GC
FluR1® ISR-EKV GCC ACT TTC TAT CGA AAG AA

a : primers designed for ISR amplification (F; forward and R; reverse)
b : sequencing primers designed for the pBluescript phagemid vector

c . primers designed for the V. fluvialis detection



o7

PCR ¥FgzHd& WA 94TCoA 2 ¥ denaturation$d, 303 F7], 94TolA 45 =
denaturation, 55Col A 45 % annealing, 72Col A 45 % extensiond}e] wm}A|9} 72°C
o /] 10 &3t extensione F33IFTH FZFH PCR e A7|E 1% agarose gel
A719% S d9em, 05 pg/ml ethidium bromide® 23] 100 bp DNA ladder
(Gibco BRL, USA)E control& A}-g&3te] 2Helat ol

3. PCR #b§ AHE 9] cloning

PCR productg QIAquick PCR Purification Kit (QIAGEN, Germany) protocol
of wz} =Z¥ DNAS Z#3t. 8% PCR products F=4317] Y3te] E
coli (NovaBlue)9} pBluescript II SK(-) (Stratagene, USA)S <3¢ WEHZ AF&3}
o

pBluescript II SK(-)& A|g&4 Hincdl (Amersham Pharmacia, United
Kingdom)® 37C water bathollAd 2 A7 E<t kAT o] Aoy WEHES 1%
agaroge gelodl A71d5ste] kAl Aol Accu Prep'™ Gel Purification Kit
(Bioneer, Korea)S ©]&3te] ®glela, E2d wWH e FEE agarose gel A7]9 &
oz Flsint.

Clonings 93 ligation W& HincdlZ Z¥ pBS II SK(-) vector, PCR
product, 10x T4 DNA ligase buffer, T4 DNA ligase (TAKARA, Japan)& &% 3}
1o
AEol A 1 AIZE LA S 42Tl A 90 %7+ heat shocks 33l LB broths % 7}ste]

o 16ColA 24 A 7F w+&-3Fth, o] WFSE-S competent cell Nova Blueol| &

)
ol

37T~ 30 ¥3F regenerationd}Ath. o] RS IPTG, X-gal, Ampicillin®] #7}¥ LB
agar plated] Z='&3ste] 37CoA dtF &<t wlgstA. Wy o=z2 22 colonys AH
3Fo] LB-ampicillin broth 5 mlell FHF3sle] 37C, 250 rpmol A X & wfdksldct. wj ok

#S 15 ml microcentrifuge tube® %7 15,000 rpmoll A 187+ AR ste] A

ol
2

S W@l bacteria pellets FH3stATE =89 cell pelits Accu Prep™ Plasmid

Extraction kit (Bioneer, Korea)2| protocole] w2} plamsid DNAS & 3%t}



4. ISR £FE 93 plasmid DNA A& & A ¥-$ % sequencing

o

Es!
plasmid DNA, 10x L buffer, Kpnl, Hindlll (Amersham Pharmacia, United

2% plasmid DNAQ] insert 27|15 &913l7] ¢35} Agtash vHk-&
Kingdom)& #7Fstal & 53 20 w7t S %5 23 S/F55 H7hste] 37CoA 2 A
7F %<¢F double digestions 38ttt 2 A7 WSS ALoA AT}FAY WSS
A A EFe] 1% agarose gel 71955 stATh Inserte] A71E &<213t7] €13 100 bp
DNA ladder (Gibco BRL, USA)S marker® A}£3}¢] ethidium bromide %4 4}3s}o]
gelst et insert®] A7]el wet ZF AFo® Fste], 2 IEolA h e 3709
clones= A¥lale] DNA €714 4d 45 Fadstnt

Sequencing (F)vFAZ Ao o] eH o™, DNA sequencingel AF&%¥ kit?
automated sequencest Z}Z} Dye Terminator Cycle Sequencing kit¥} ABI 377
DNA sequencer< AF&3Fth 141, sequencings ¢ 3%+ primer: pBluescript 11
SK(-) vector? multiple cloning site®] 5" 3 3’ @wete] T73 SK primerS AF-& 3}t
At (Table 1).

5. Data analysis

ISR9] nucleotide sequence #2418 $3}4] clustalW (version 1.71) program<
AHE-3te] multiple alignments 8F1 2™, ISRe] %% 42 tRNAscan-SE 1.21

program< AF-&3te] Helat 9l

6. Detection PCR

ISR-EKVY Ao 71%23t] V. flwialisS AE&S 93+ oligonucleotideS A 2+
ate] Table 1o LEFWSIEE Oligonucleotide®] & EolAdS F<lalr] 98] AL
oA 19T HEge #FFE Bl (Table 2) Marine Broth 2216 (Difco,
USA)3Z} TSA Broth 5 mldl pelletg HZF3Fe] 30C T+ 35T, 250 rpmeZ ¥FA] o



9k3sle] bacteria pellets F=H 3L 919 13 LA genomic DNAS £33
o] £8]¥ DNA %%+ spectrophotometers AF&3le] A5, Y FE2 DNA
25 b HES-o

genomic DNA, 10xPCR buffer, dNTP mixture, MgCl: (25 mM), primer pairs

S template® 3}l PCR 432 S83%ctt. PCR ®¥HgdgL

o

(forward, reverse), Taq DNA polymerase (Promega, USA)& il 22} THF=Z F
& gtEom, A2 primere A8 2Fete] AMESAT T4 S T 22
annealing 45C 45 %& A ¢sta, ISR % 13 FdaA FdaA. 34
PCR producti= 1.5% agarose gel 719502 TZ&H AHEe AV]|E &2lstr] 93l

100 bp DNA ladderE marker® A}-&3}91t}.



Table 2. Reference strain used in ISR-targetted PCR reaction.

Number * Species Number * Species
KCTC 2473 V. fluvialis KCTC 2730 V. proteolyticus
KCTC 2714 V. aestusrianus KCTC 2731 V. furnissii
KCTC 2715 V. cholerae KCTC 2733 V. cincinnatiensis
KCTC 2716 V. campbellii KCTC 2735 V. mediterranei
KCTC 2719 V. gazogenes KCTC 2736 V. metschnikovii
KCTC 2720 V. harveyii KCTC 2737 V. mimicus
KCTC 2721 V. logei KCTC 2810 V. cyclosites
KCTC 2722 V. nereis KCTC 2928 V. alginolyticus
KCTC 2726 V. salmonicida KCTC 2954 V. vulnificus
KCTC 2729 V. parahaemolyticus KCTC 2962 V. vulnificus

* KCTC: Korean Collection for Type Cultures
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1. 165-23S rRNA intergenic spacer region®] PCR product ¥4

Vibrio fluvialis®] 16S-23S rRNA intergenic spacer region (ISR) #21& $j3l
Vibrio 16SF¢} Vibrio 23SR primer< ©]-&3te] PCR W-&2 33ttt PCRell €3}
o] F24% ISR amplicon®] band Z7]¢} &S &21317] 213t agarose gel #7195
& skl gelsigitt. 1 A¥, ISR amplicon 600, 650, 700 bpe EFst= 370
9] major band®} 820 bpel Z7]1E= ZEE minor band”’t FEFH AT (Fig. 1). o] =4,
Vibrio fluvialis chromosomew o] multiple ribosomal RNA (rrn) operons®] &7]3HS
gttt

%% ISR amplicons] 4714 E F4& &A3l7] 93l PCR products vector
of =243 ¢F 79719 clones &5l ol AdaEsh Kpnldt Hindlll= A €
% inserte] A7]ol wet 6702 aFo® BFade EHE ZF 2F0AM 1 £E 3
M9 clonesg A ¥3}le] vector] SK, T7 primers ©]&3}le] ISR nucleotides ¥241&
39t ZF ISR clone?] A EW 57 Tk 16S rRNASF 37 wek 23S rRNA 47| A]
el 119 bpet 28 bp= A2 3t internal ISR nucleotide sequenceo]#] tRNA gene®]
o FEl, d71M L] 271, clone & #<lsto] Table 30 e ATt

670e] LEoA EAH ISR amplicon® spacer regiond 7] 423 bpoll A 706
bpZhAl thekd 7)o MY E zton] tRNA coding gene = 1700l A 47474A] zka
gtk A H ISR amplicont] tRNA gene ¢ o we} ZZ}S ISR typelZE o
HotR o, & 6719 & ISR typeel 1= AT

71 & ISR type 844 bpE zZtE ISR-EKAVZ 4709l tRNA gene?l
glutamate, lysine, alanine¥ valine2 2zt o™ 3719 tRNA geneSl glutamate,
lysine, valineg 2zril & 813 bpY ISR-EKV, ¥ 79 tRNA gene¢l isoleucine,
alanineS ztE ISR-IA, 3dluo] tRNA gene¢l glutamate =+ alanines zt= ISR-E,
ISR-E1% ISR-AS &Itk o5& & 79719 clonesT ISR-A, ISR-E, ISR-1A
typeoll A1 73719 clone (26, 21, 2670 & *E3H)S W™ A 6 clone2 ISR-EI, ISR-EKV

-9 -



(bp)

800
700 —»

600 >

Fig. 1. Electrophoresis on 2% agarose gel of the V. fluvialis KCTC 2473
16S-23S intergenic spacer region PCR product. Lane M, molecualr
marker, 100bp ladder.
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Table 3.

The size and tRNA composition of the 16S-23S rRNA intergenic spacer
region of V. fluvialis KCTC 2473

Type Size Clones(n=79) tRNA gene (anticodon)

Spacer/ amplified fragment(bp)

ISR-A 430/568 26 Ala(GeC)

ISR-E1 423/561 1 GluUUC)

ISR-E 478/616 21 GluUUC)

ISR-1A 553/691 2% 1e(GAU)Ala(UGC)

1SR-EKV 675/813 4 Glu(UUC)Lys(UUU)Val (UAC)
ISR-EKAV 706/844 1 Glu(UUC)LysUUU)AIa(UGC)Val (UAC)

_11_



o} ISR-EKAVel A &2 = %t}

ISR-A, ISR-E¢} ISR-IAE V. fluvialis KCTC 247314 &<lH 6702 ISR type
= 430 bpell Al 553 bpe AVIE ztx lom tiE 3719 ISR typeXt} clone?] 47}
453 Utk ol FFH ISR AHEF 3709 major band®] Z7]o| T3t} (Fig.
, B Ao E HL&o® 16S, 23S rRNA gened glutamates AEstE=
tRNA coding genes ISR-E typeZ WAl 4714 d o] FLstyt (100% homology),
tRNA genes A 9]% non-coding region®] A7]1A oA ISR-E¢F @& d7IA4<E A
o]7} &=L ISR types &l o, o] ISR-E1 typel & Wl th 370 o]A9
tRNA genes z+E ISRe| #3F XM= V. choleraest V. mimicusolA ISR-EKV
(Chun et al., 1999), V. parahaemolyticusol A ISR-EKV ¢} ISR-EKAV Y F7}A ISR
o] FRJAHAT (Yamaichi et al., 2000). °lE° AFAZe dAst= 371 o449
tRNA gene< zt+= V. fluvialis®] ISR-type2 ISR-EKV ¢ ISR-EKAVZ &2l35}% o
o5& V. parahaemolyticusol Al B.aL¥E wpe} o] zHS $=9] cloneol A Y
o}

32

2. ISR 4714 ¢ 4

V. fluvialis 165-23S ISRse] 97144, Ao], tRNA gene FFol W& ISR type
S Table 39 YeEFHRA T ISR typeol A 5719 ©2 tRNA gene? Ax+z2E &2l
5t 3, ZzFe]l ISR single rrn operonsO.% 74 ¥ T}, 3t operons? = &9l
HA ko, F 671 tE ISRs wEHLEol= Ado] dlgor Aok 67
o] A4¢] rrn operonse] A3t AztE T}
& 5ol4 primer= #A12Hsl7] 93 45t w4 F9E &Alst] fste] ¥
ISRs 9711 <¥€S multiple alignments F33to] Fig. 20| Yetlddet. 1 A3 7}
ISR typeoll A oJ8i7/le =& REAS 2t 297t ey}, AAZE, ISR-E1 type
< Aelg 5719 ISR typeoll Al ISRe] A 53 whA]9t 40 bpet 184 bp7t A9l &L
conserved region°] EHIF AT o] F A EIA 1659 23S rRNA

oJ
-
processingS 93 7|eAHom FQ3 Aoz HuEI Yrt (Srivastava and

l

Schlessinger., 1990). F¥HA =,  ISRs alignmentollA] A71A g3 Zo] t}hg Ao

_12_



16S rRNA

ISR-EKAV
ISR-EKV
ISR-1A
ISR-A
ISR-E
ISR-E1

ISR-EKAV
1SR-EKV
ISR-1A
ISR-A
ISR-E
ISR-E1

ISR-EKAV
1SR-EKV
ISR-1A
ISR-A
ISR-E
ISR-E1

ISR-EKAV
ISR-EKV
ISR-1A
ISR-A
ISR-E
ISR-E1

D

*Kkkk **kk *% **kk

ATACGAATGATTATTGCGATGAGTGTTCACACAGATTGATACGGTTTAAATGTGAAGAGTATCTT
ATACGAATGATTATTGCGATGAGTGTTCACACAGATTGATACGGTTTAAATGTGAAGAGTATCTT
ATACGAATGATTATTGCGATGAGTGTTCACACAGATTGAT--GGTTTATACGT-—————-—--—-
ATACGAATGATTATTGCGATGAGTGTTCACACAGATTGATACGGT TTA===========mmmm—-
ATACGAATGATTATTGCGATGAGTGTTCACACAGATTGATAGTGTTTAA---TAAA-—-—————-
ATACGA-TGATTATTGCGATGAGTGTTCACACAGATTGATACGGTTTAGA-==========--- A

*  * tRNA Glu
AGT[ETCCCGTTCGTCTAGAGGCCTAGGACACCGCCCTTTCACGGCGGTAACAGGGGTTCGACTCC
AGTETCCCGTTCGTCTAGAGGCTTAGGACACCGCCCTTTCACGGCGGTAACAGGGGTTCGACTCC
------------- TTTAGAGAC — — S

tRNA Lys, tRNA U
CCTACGGGATACCA(JGGGTCGTTAGCTCAGTTGGT-AGAGCAGTTGACTTTTAATCAATTGGTCG
CCTACGGGATACCA(IGGGTCGTTAGCTCAGTTGGT-AGAGCAGTTGACTTTTAATCAATTGGTCG
——————— GATACT--GGGTCTGTAGCTCAGGTGGTTAGAGCGTTCGCCTGATAAGCGAGAGGTCG

S AGAG---AT - S [C——
AT TCG-TACCTC-mmmmmmmmmmm e TGCCCTTTAGTG-----—- o
N —— TemmmATCmmmmm o

CAGGT TCGAATCCTGCACGACCCACCAN T-~CCTTCCATTAGGA- - —~ATTAAAACTCAAGAC-
CAGGTTCGAATCCTGCACGACCCACCAITT-~TCCTGCCACAGGA- - - —~AATCAAA-TAATG---
GTGGTTCGAGTCCACTCAGACCCACCARTCTTCCTCCCAGAGGATTGGCACACAGTATCAACACC
N e mmmmeeeo
GAGATAC-ACTGCTGT-4GTCCC-————-—--—--- - G--——-

LA L L E

tRINA Gl

Fig. 2. (Continued)
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ISR-EKAV
ISR-EKV
ISR-1A
ISR-A
ISR-E
ISR-E1

ISR-EKAV
ISR-EKV
ISR-1A
ISR-A
ISR-E
ISR-E1

ISR-EKAV
ISR-EKV
ISR-1A
ISR-A
ISR-E
ISR-E1

ISR-EKAV
ISR-EKV
ISR-1A
ISR-A
ISR-E
ISR-E1

* * ** ,J:RM?}}?,JRNA Val’ ;RMA'(Ala** ** *kkkkk *

---TGGGGCTATAGCTCAGCTGGGAGAGCGCCTGCCTTGCACGCAGGAGGTCAGCAGTTCGATCC
---TGGGCGATTAGCTCAGTTGGGAGAGCACCTGCCTTACAAGCAGGGGGTCACTGGTTCGAACC
TGATEGGGCTATAGCTCAGCTGGGAGAGCGCCTGCCTTGCACGCAGGAGGTCAGCAGTTCGATCC
---TGGGGCTATAGCTCAGCTGGGAGAGCGCCTGCATGGCATGCAGGAGGTCAGCGGTTCGATCC

---TTCGTCTAGAGGCC---TAGGACACCGCC---CTTTCACGGCGGTAA-CAGGGGTTCGACTC
---TTCGTCTAGAGGCC---TAGGACACCGCC---CTTTCACGGCGGTAA-CAGGGGTTCGACTC

* *khkk Khkk *%* * *
TGCTTAGCTCCACCATTCTTGAATAATEGGCGAT TAGCTCAGT TGGGAGAGCACCTGCCTTACAA
CGGTATCGCCCACCACTCTCTAAGAATTT-—--TTGGATAGGATAGCCAAACCACTTCAGTAAAA
TGCTTAGCTCCACCARTCTTTAAGCA= - - === === oo C-ATTTGCTTAA--
CGCTTAGCTCCACCAF TCTTTAAG-— === == mmmm e CACATTTATTAA--
CCCTACGGGATACCAF TCTTTAAAGGTT=-— === oo mm oo oo TTACCTTTA--
CCCTACGGGATACCAF TCTTTAAG-—-= == =—mmmm = oo oo CATTC-TTACGA

tRNA Lys Kkk Kk kk x

GCAGGGGGTCACTGGTTCGAACCCGGTATCGCCCACCAkCTTTAAGCACATTTGCTTAAGTGTTC
C--GGGTGT----GGTTCGGATTTC-TGACGCTGAGAATCCTTAGAAAGTGTTTCTTTCGA--T-

----- GT=-=====GTTC---===--m- === ===~ TTAAACATGGTT--TTCAGT----
S ) (R ] — TTAAACATGGTT--TTCAGT--—-
------------- GAATC-—---==———====T-———=-—-TTAAAAATGGTTTCTTTCTGA-TA
-------------- GTGTG=~=-==—mmmm=fsm - - L-TTTAAAAATGGTT--T--CGA----

**k **k **k **k * *kk

TTAAACATGGTTTTCATCAGAAAATCTGCTCTTTAACARTTTGGAAAGCTGACAAAACAACAATTT
GCTCTTTAACARTTTGGAAAGCTGACAAAACAACAATTT
GCTCTTTAACAATTTGGAAAGCTGACAAAACAATCTTTT
GCTCTTTAACAATTTGGAAAGCTGACAAAACAATCTTTT
CAGAAAGTGA----- IGI—-—————hGCTCTTTAACA TTTGGAAAGCTGACAAAACAACAATTT

jT —————————— GCTCTTTAACAATTTGGAAAGCTGACAAAACAACAATTT

Fig. 2. (Continued)
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* * * * * * *k Kk kk Kk kk ok kkkk dkkkhkkkkkkhkkkkik

ISR-EKAV  ATTG—TTGTTTGTAAAGTTCTCAATGTATTCCTGAATGGAATACACCAACAAACACATTCAAGT
ISR-EKV  ATTG—TTGTTTGTAAAGTTCTCAATGTATTCCTGAATGGAATACACCAACAAACACATTCAAGT
ISR-1A AAAAGATTGTTTGTAAAGTTCTCAATGTATTCCTTAACGGAATACACCAACAAACACATTCAAGT
ISR-A AAAAGATTGTTTGTAAAGTTCTCAATGTATTCCTTAACGGAATACACCAACAAACACATTCAAGT
ISR-E ATTG—TTGTTTGTAAAGTTCTCAATGTATTCCTGAATGGAATACACCAACAAACACATTCAAGT
ISR-E1 ATTG—TTGTTTGTAAAGTTCTCAATGTTTGTCTTTAAGACAAACACTAACAAACACATTCAAGT

*k kkkkk *kkhkk Kk khkk Kk khkk Kk Kk khkk AAkAAkAkkhhhAAkhkkhkAAAkkkk *

ISR-EKAV  GTGCTTGGTATCGAAGCTTACTGATTCAGTAAGTCTTC-AAATTGAGTCCGGCAAAATCAG---T
ISR-EKV  GTGCTTGGTATCGAAGCTTACTGTTTCAGTAAGTCTTC-AAATTGAGTCCGGCAAAATCAG---T
ISR-1A GTGCTTGGTATCGAAGCTTACTGTTTCAGTAAGTCTTC-AAATTGAGTCCGGCAAAATCAG---T
ISR-A GTGCTTGGTATCGAAGCTTACTGTTTCAGTAAGTCTTC-AAATTGAGTCCGGCAAAATCAG---T
ISR-E GTGCTTGGTATCGAAGCTTACTGATTCAGTAAGTCTTC-AAATTGAGTCCGGCAAAATCAG---T
ISR-E1 GTTCTTGG----GAAGGTCACT-TTATAGTGACTATTCGAAATTGAGTCCGGCAAAATCAACGCT

* * kkkkik *k*k * * * Kk kk Kk Fhkhkkkhhikhkhkkk *kkk **

ISR-EKAV  CACACACTCATGAAAAATAAATGTGTG-ACACCTAGGTTGTTTAACAGCAACCCGAAACTCCTTC
ISR-EKV CACACACTCATGAAAAATAAATGTGTG-ACACCTAGGTTGTTTAACAACAACCCGAAACTCCTTC
ISR-1A CACACACTCATGAAAAATAAATGTGTG-ACACCTAGGTTGTTTAACAACAACCCGAAACTCCTTC

ISR-A CACACACTCATGAAAAATAAATGTGTG-ACACCTAGGTTGTTTAACAACAACCCGAAACTCCTTC
ISR-E CACACACTCATGAAAAATAAATGTGTG-ACACCTAGGTTGTTTAACAACAACCCGAAACTCCTTC
ISR-E1 ATCTCGCTCATTCAAATAATGAGATAGCAAACTTTGGTTGTTTAACAAAGACCCT--————- TTG
23S rRNA

Fig. 2. Multiple alignment of the 165-23S rRNA ISR sequences of
V. fluvialis. The potential tRNA sequences for Glutamate,
Lysine, Alanine, Valine, Isoleucine and BoxA element were

showed as boxes.
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spacers9] FTAFANA YElY dut o= 6719 ISR typet] ©d tRNA gene
sequence?] E¥o| 23 Aot} wpxjwto g YAMME] rmm operono] A rRNA HA}
Al antitermination®] #4Jdl= BoxA elementE EE ISR vlX] = tRNA coding
geneo| <¢183 non coding regionolA EelE Tt ISR-EKVY AS$ 57
~AGCTCTTAACA-3" & V. parahaemolyticus?| A 218 AL FAsin, |
571¢] ISR type E. colilA Bi¥ 5" “TGCTCTTAACA-3 " & 7t itk

67§ ISR typeol Al tRNA gene®] Uat7x5 Rlstglon, o5 A7 L3t
AEAS Hwsdtk. ISR-EKAVE ISR-EKVALe] 9] lysine (UUU : anticodon)®}
valine (UAC : anticodon)g ¢3.3}3}= tRNA gene? nucleotide7t ZFol+= &l T %
ek}t (100% identity). Glutamates A& 3F= tRNA genes %t ISR-E, ISR-EKV,
ISR-EKAV Afelell A 7] d  Aeole  gldlem, ISR-E1¥e HwAl 1719
nucleotide #o]E A& TE ISR-A¢ alanine (GGC : anticodon)& &3l
tRNA gene¥ ISR-IA, IAR-EKAVe] £A3}= alanine (UGC : anticodon) tRNA
geneAlol ol = anticodonS X33l 5709 nucleotide (93.4%) =}o]lE F2l3l¢dtt.
w2l A, tRNA gened FE ISR typedl A =& HEANS HolH olE A4S rRNA

ol AT xAA Fad A4S T Aol
3. V. fluvialis A& & $3% oligonucleotide A& E detection PCR 4%

Species-specific primers A &8tz g ke 1A & 7] 95
GenBankel &%l = V. cholerae (accession number AF114728, AF114721,
AF114738, AF114743), V. mimicus (accession number AF114747), V. parahaemolyticus
(accession number AB041849)2] ISR-EKV nucleotides A €& #aste] V. fluvialis
ISR-EKV type¥} 9] multiple alignments <33lo] Fig. 3o el o5& 370
o] ofn =4k}l glutamate, lysine, valines 91gh @7|AE2 difEo] dA|stH, HA
Z o] ISR sequences© 4] genetic variation region< tRNA coding gene? <173 H-$]<
A7 gl eyt WA, V. fluwialisS FAE37] $93F oligonucleotides
ISR-EKV type2] tRNA coding gene2 #|2]3F non coding regiont] 7}FHE-9E HE %

o7 sl AFsgh. ZHz F el forward primeré! FluF$} FluFl, reverse primer
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?l FluRl (Table 1)& ©TlAFRIste] GenBank®] BLAST programs ©]-8-3fo]
nucleotide homology< &¢l&tlon, 1 A3 o5 AVIMEE V. fluwialisd] Eo]F
¢l Aoz eyt

Fig. 3ol Yebdl npel o] 37]e] tpFA o] w2 7HAFS (VF1-3)7F &<lH o]

olg #9E ZHo= o] primer Azl o] &sklth. A2t primere] 5ol 1

Ne)

Z9] Vibrio #5% #32 &3 (Korean Collection for Type Cultures)oll A &oFut
o} genomic DNAS #g|3to] PCR ®H&ol Ab&stadth 2h7+e] 43t primer & 3ol
w2} annealing ==& A9stx, ISR $F ZAH FU3sA AA8A T 2+ primer
Zg o3t A=l A7]= 300 bp (Fig. 4A; FluF, Vibrio 23SR), 500 bp (Fig. 4B;
FluF1, Vibrio 23SR), 210 bp (Fig. 4C; FluF, FluR1)® d=%1, I A 7]|E agarose
gel 71958 Fasto eyt 1 Ay, F MY forward primers o] &3k
PCR A& 2 V. fluvialis®] £°]% 2 single band’} ZZ %oy, thE HH g 2 F4
Al el & A= A7)eF FARSE band = o] A7]9] bandE©] TFHUTH (Fig. 4A,
4B). 5olide] =2 PCR W& 7] #lste], ISR-EKV A &S °]&3to] reverse
primer FluR1< A %tslal forward primer FluF %ol ¢%F PCR Wk A3} ko] F
H o] detection PCR A¥Ht o & F 50|34 jtEo] SEFHGow, 11 5o]yo
7t S & A (Fig. 40).
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M1 2 3456 7 89 10111213 14151617 181920 M

A4)

Fig. 4 (Continued)
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M1 2 3 456 7 89 10111213 14151617 181920 M

Fig. 4 (Continued)
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M1 2 3 45 6 7 89 10111213 14151617 1819 20 M

©

Fig. 4. PCR amplification of the rRNA of different Vibrio strains using
ISR-targetted primers. (A) use of FluF and Vibrio 23SR (B) use of
FluF1 and Vibrio 23SR (C) use of FluF and FluR1 Lane M, 100
bp DNA ladder; lane 1, KCTC 2473; lane 2, KCTC 2714; lane 3, KCTC
2715; lane 4, KCTC2716; lane 5, KCTC 2719; lane 6, KCTC 2720; lane
7, KCTC 2721; lane 8, KCTC 2722; lane 9, KCTC 2726; lane 10, KCTC
2729; lane 11, KCTC 2730; lane 12, KCTC 2731; lane 13, KCTC 2733;
lane 4, KCTC 2735; lane 15, KCTC 2736; lane 16, KCTC 2737; lane 17,
KCTC 2810; lane 18, KCTC 2928; lane 19, KCTC 2954; lane 20, KCTC

2962.
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A Ao stub=E sk H Ak sl deEl EE st
9} Aodo] We SAHo WAF] £k ALoH B A B
AR Zol ajit=Es A st vekel FEEA Sl A V. fluvailsoll o3 24 o]
B37b Hoj= 3 Qr}h (Thekdi et al, 1990). $-2lvheke] 49 1998 A S0 = whAg
A gAre] sfakE AAF V. fluvialisol €7 1 HEe] MR OR AR Havh gl
o (o] &, 1998), ol9ol®= =EA F4stsd "
B a7F 9t} (Yoshi et al., 1987, Hassan et al., 1992). o] <& thitio] AA}LgkAlo
AoREEA o, #Ae fidte] 5Ao]ste] oY Aolglo] Ho]F o]
al., 1980; Kolb et al., 1997; Hickman-Brenner et al., 1984). W&}, o] <] A&
fetel gt o THo] Hasith 1Y o] f= AgstY TAHS ol &% o F
Y7b o] Foj A ok AsteE FHAl Aeromonas®E XTE &
agent O/129 Zr+A = 594 Ad DNAUW G¢ C 3o ue} FAo] o]Fo]x
Uk TR R o] 9
E=AQ8E V. fluialis® wWE HE

2% olgd Aol

o2
i)
2
=
o2
ol
o
i1
o
N
rlr

o
)
o
0
8

o2

S5 AAs 2otel 9ARE A D AW o]

el dast, ISRl 7123 A= T8 A

o

V. fluwialis2%€ A ¥ ISR PCR band patterns& V. parahaemolyticus, V.
cholerae®} V. mimicus® ISR PCR patterns¥ A8k band 43S Holil Yot
(Chun et al., 1999; Maeda et al., 2000). ©]&°] ISR =Zo] Al-€3 primers= E.
coli®] 16S¢} 23S rRNA Aol 7] %3l A =Eglom, o529 16S, 23S rRNA gene
of AR xdo] mismatch o] Ych L}, Ao = HBHEFY 16S, 23S
rRNA gene®| 7Hd 2 BEH 99 AdS AHEFozHA ISR SFHA HA 9
annealing PCR Z7& 48 & AT

V. fluvialisol A & 67§ ISR typeo] &= %len, = F ISR-E1 typeol 3

His ofx HlEg| oA o]Fojxx] ekdvt. ¥y, E coli K-129] 4%
Glutamates zr+= 4719 © &2 ISR (rrm B, C, E, G) rrm operons< 2til Qe Aoz

Hol V. fluvialisS X3t v P& Uo] &Y tRNA genes 2ZY+ spacer region
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typeo] &A1& Aoz AWZrAvt w3 3719 major typel® Fel®l ISR-A, ISR-E,
ISR-TA© Aeromonas (Kong et al., 1998), Escherichia coli K-12 (Garcia-martinez
et al., 1996, Anton et al., 1998), V. cholerae®t V. mimicusol 4 ®.1¥ ISR type°l
Ax SAstA vetyz Qo z8u, V. cholerae$t V. mimicusol s ISR-A7}
minor typel® YElY L Q= WA V. fluvialisol A1+ major typel® YEIY L Q)
t}. o]= genomeWo] 2= ribosomal RNA operons® copysel wa} eI ¢l
(Gurtler and Stanishi., 1996).

TRNA operone w4 Ao FA3 ribosomed TFAHALARA  thEo
ribosome©] &5+ bacteria®l chromosome®] multiple copy® <=3ttt o] 59 F
Q2 715e AT AAE 93 ribosomes?] ¥4I mRNA2] Y rrn operong o3
of "asltt (Condon et al., 1995). V. fluvialis®] A &3t operons? & L&A A &
skout, & Aol 6709 ISR typeel ERlEol A 670 ©]4+¢] rm operons©] &
A Aoz BTt I o|f=, V. parahaemolyticus® 7% 6719 ISR typeg 2zt
I 9 o1} southern hybridizations =3+ copy numberS 213 A3 9719 band<
Zta luk o= F 7He) ISR type?l ISR-O¢} ISR-IA typeo] atutol’de] HAsol
o]t Aol (Yamaichi et al., 1998), 7719 rrn operons 2zt A= E colidl A=
ISR-E¢} ISR-TA®] multiple copy® T &+ ®asta A (Anton et al,
1998). webA, V. fluvialis®] A3 operond FE= © e F243 16S rRNA
genes ©]43F southern hybridizationd ¥ &3ttt A zZbE o},

16S-23S rRNA ISRs9] 7|4 E thdd S 16S rRNA @714 xRt =25, of
2 ol gl w3 Az AlFo] AFH o R HuFojxa . wEtA, TEH ISR 4

HE fFARE & v Al 28 2 54, typing, X8t} AleEAetA AFEo wh
231 A £ dE F8F A852 A" Aot d¥tR o AFFEAe Hdd

AetA trddol vERAL lo] RElE e AREe] 28Ut Bl dAwdEe] ©At

I a3l (Alsina et al, 1994). 12y}, PCRel|l 71%3 HE WH

Fe] AlmAYTE hsetH, HES A% duige] HesA ¥ FHS Za Ak
B A= 6709 ISR typem  ISR-EKV typed Ad9S& FHo=w 3

oligonucleotide s #12tsted PCR WAl & HAZFol 5ol A5 E &8ttt FluF,



FluF1& ©]&3¢ PCR ®H&A] thE HlEZ L FAA dFa7|9t AN 7] X
multiple band’} &=Z %t} o= A ZHE forward primerd A} A ¥o] & vl H g
9 Z9° rrn operons® A5, T = HEAMNS 3y e 23S rRNA gened
5/ %d Mo 71%3te] A" Vibrio 23SRE detection PCR ¥Hg-oll  reverse
primer® ©|&3}e & 5olAdo] W& PCR A& A%E zdsdt. o], ISR-EKV
type?] <€ 3% internal reverse primer (FluR1)<S #12t&le] PCR W2 39S 4%
=2 T 5olAS e AES T 4 AATt (Fig. 40). o]+ ribosomal RNA®] €7]
Ao &3 Vibiro A& HET BEA UL ISR sequeneE o] &3 02X £
Aol A Vibrios w2 AWl HEd & Adve 2S BoFrh webA, ISR A el
71%3% PCR& &&3% detection MRS AA3 ddol EAst= Aefshs], AW s

V. flwialisS AEsh+ SAA, AETH 7|¢o = o] &2 Aolt}.
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Vibro fluvialis= %

o,

At stz Airzdd sidtzel HF e AAA

Abgell Al AALE dedl= WA Alrteltt EF i el A HadS %

N

3tk old #F A, PCRE o] &3 w2 HES 913 species-specfic primer 7l
s 9T B2 A7 ol FoA L Yt

B oA po e V. fluvialis® 165-23S rRNA intergenic spacer region (ISR)<
PCR%ZZ3}¢] plasmid vectorell 2435t ISRse A7IA<E &4 Az =7]d u}
2t F 6709 & cloness W8T ©]E EF tRNA genes® F¢ Aol Ao
E zZtu o, ol A4S ISR-A, ISR-E, ISR-E1, ISR-IA, ISR-EKV,
ISR-EKAVZ  wwatglth.  ISR-EKAVE  tRNA™'-tRNAM-tRNA*"RNAYY;
ISR-EKV, tRNA™~tRNA™~tRNA""; ISR-IA, tRNA"-tRNA™ ISR-A, tRNA™
ISR-E #} El, tRNA™ o2 T4 5] gt}

6712 ISR types ISR-EKV minor typeo = 21 9ith ©] ISR typese 9
71MES g2 vBg F39 multiple alighmentg 33dle] & F7IAE A
o] Jdg Feldte], o] Y= PCRE 93+ species-specific primer #|ZFol A}-&3}91
t}. Primer®] EolA & W& VibriogodA 8% genomic DNAS 2 3lo] 2
=3

‘?_
1t e 1 A3 V. fluialise TE Vibrio 2O 25 E &g &

30
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