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PCR Bz & 5 B Aerémonas hydrophila O ?
~% U v VEETHICET 55

SRAFEZRELBYPEWERE (EFE © hRE—HED)
moo' & 17

B MY Aeromonas hydrophila (A. hydrophila) 81k% i\, KED~% V) ¥ VEBEGEFREFEC X 282 R,

T LIBEETH & R & OBEER RS Lz, A. hydrophila D~ ) > ViBETF ahhl, ahh3 B X aerA % 4
DR RIEERINCHIGT S 3OV TR LVAF FFF4v—%FHuk PCR B LD, ~E) v VEETFERIE LK. g
A PCR T X AH/NEH &L, ahhl, ahh3, aerA £BEFH 4 10 2w = —JBH B (colony-forming unit, CFU), 10°CFU, |
10)CFU T4 v, DNA & T2 500pg, 1.5ng, 500pg TH-otc. SHEEED ahhl, ahh3, aerA HFBEFOBMERIZE 488%,

4%, 5T%THH, BEFREHE ERTFE) X ahhl B (32%), [ahhl+ahh3] B (4%), [ahhl+aerA] B (16%),

[ahhl+ahh3+aerA] B (36%), [ahh3+aerA] T (5%) B X UK PCR & (T%) © s By Shvic. Bk D B3k & DS
HI BT, ahhl BABERRERRE, Fic (ahhl+ahh3+aerA] MAERBERRCR DS bR, HERRELM4ES20
R (45%) 25 ahhl B, FEER iSRRITRES 188K (49%) 2% [ahhl+ahh3+aerA]l BThH ot ~E2 VY VEBRFD S5 S ahhl
EFIL, A(LEMMRS BT A hydrophila & —H3 5L TOBM LRI ENIMN, T b1 VIEETRILY ¥ VBR
EREER M D IEATIMMER A RTH2 SR I hT, ahh]l BEFHR SBMYE A hydrophila REERCHFEO~E Y >~ Vi
BFTHHILARE A, B8 FOBRMEECE L T, EFOEELK (S 4BMmBA/1004) 12 ahh] BTHBZ EHR
£, FhEBMEYL (2B MmEA/100ul) 1T [ahhl+ahh3+aerA] BTH B Z LS -7 (P<0.05). BEFHEOR
MR OFFc s W T A BELEREEDbhL. ThbbREKIBRINS O11 Bk kvt 016 M D214k 188
(86%) 1%, ahh3 E 7213 aerA BEFH L XABRETERETHEETFETHY, —H, EREHKCLELEh 5D 034 HoD
208kFR 168k (80%) 1% ahhl B Thotz. ZhHDORRIL, ~EV v VEBEFH L A. hydrophila DIRREY & OBE L RET5
LDTHD, T PCREICLB~EY v VBEFHIN A. hydrophila BRIE DEFHTIE, - REZHEL LTLE
BTCHHZLERBLTVWS.

Key words Aeromonas hydrophila, hemolysin gene, typing, PCR

Aeromonas (37T)||, HREORKELIIE KR EET S
KEMET, RECHNBHOREEL LTabhd—7H, |
E, BADBERERYETHBENLORHEhB L 51D,

5. B, A hydrophila D~%Y v v BEFEL LTz Y ¥
v (aerolysin) EEF (aerA EEF)®, AHHI EERF B LU
AHHZ #&{E= T, AHH3 @G TV OREEEFINBHA S I AL

L rDOREEELTCHEEZIRD X 3T Aeromo-
nas CXBe b ORPEEEL LTE, THEESE LalEER
P60 B REHMETE 12 30 B BUMEE B B W ITRIEE M O A E D
BENARBRIGENM SR T2, 1980FEENSDOREOT
FURMICBE T 5 BEMITR LRI, KB L5 THECST
HELNEE 5", THEOCREE L 7w 0185 Aeromonas
ik, AEBEO > bEENYE LPRECRHFLERT LY TR TEE
THbh, Aeromonas hydrophila® (A. hydrophila) 13% DRFE
Bt dDTHA.

A. hydrophila D% IZ~E YV Y VP 2w Fa b Fv
VIS i V2 ONBREELTH S, KEOBERREIZ~
) v VEANRIUEOMBITHESTHI ENRBIR T,

VR TE12B25H %A, FR8F2A 2 AXE

(HBIBWOWTRERDERTREIALLDTHAHH, K
BN TIREETOLREICHE UCHE 4 ahhl, ahh2, ahh3 EfE
FLEETE). ChHEETD A hydrophila 7Bk H DR
i, 3T ahhl BIETF IS X O ahhl BEZFH DNA-DNA »~
A7V EA €= g VEEIL L » TERERYY, ¥z aerA Ei5
FouTid Pollard 5™ 23 PCR =iz & DR Lz, L Lk
b, ThbizuFhidf4«BHOBEETCOWTTHAILD
THD, A hydrophila WHEETIZEBO~2Y v VBETD
AEB BRI BT HREBRBILE L, T,

L, BEBERND L 3hic ahhl BEFER ahhl,
ahh3 B L aerA DR BEFITERENL SEOF ) TR IV
FFFFS5A<v—%F\, PCRE LY BENYE A

Abbreviations: A. caviae, Aeromonas caviae; A. hydrophila, Aeromonas hydrophila; A. sobria,
Aeromonas sobria; bp, base pair; CFU, colony-forming unit; E. coli, Escherichia coli; HU, hemolytic unit;
PBS, phosphate-buffered saline; P. shigelloides, Plesiomonas shigelloides; S. pyogenes, Streptococcus

pyogenes ; TSA, tryptic soy agar; TSB, tryptic soy broth
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hydrophila 5B ARG TFORMPRE L, TOKRICE
SERBEFREHEL b~ ) YV BRETFRAZRL.
SRR O A LEROMER, FIEES IOCORMERYBREL,
~% ) v VBEFHEEHRYE S QBB OV TERE L.
HEELUFHE

1. (EFREH (k1)

~2 ) v REFORMNGEKE LT, RRfs X OHE
NEEZBTAMIKBLOCHFA» LB I RESRUM
B, AHBCBT 5BETRABERICRET O 7E1LOR
EETHBEESAFEL SIS MR BRITH, 181D 8
Bt A. hydrophila 5y Bikk% BV 7. D BERRIZ Popoff® @ 4
B peys, FUEE - 9% ¢ # (triple sugar iron, TSI) EXkHs,
Bi{tAE - 4 v F—n - EB¥E (sulfate indole motility, SIM) %
K, Vv vBIRBEBREE R, Voges-Proskauer (VP) i
B (WTHOARW, RR), 1 %90 v v inEsrBuRA

Table 1. Strains used

Number of

Organism Source?® strains
used

Reference strain
Aervomonas hydrophila ATCC7966 Milk 1
Aevomonas hydrophila AH-1 Feces 1

Isolate

Aeromonas hydrophila Environmental 44
Feces 37
Aeromonas sobria Feces 32
Aeromonal caviae Feces 10
Aeromonas vevonii Feces 4
Aeromonas torota Feces 4
Aevomonas jandaei Feces 2
Vibio cholerae O 1 Feces 5
Vibrio parahaemolyticus Feces 5
Plesiomonas shigelloides Feces 5
Streptococcus pyogenes Throat 4
Escharichia coli Feces 4

2 Milk, isolated from tin of milk with a fishy odor;
feces, isolated from feces of patients with diarrhea; en-
vironmental, isolated from river-water and well-water;
throat, isolated from patients of infectious diseases caused
by Streptococcus pyogenes.

(oxidation fermentation, OF) ££# (Difco, Detroit, USA), A
v» = A 27 ) v (bile esculin) X EH (Difco) 38 X U8 API20E
(BEREAAY 2~ AT » 7, i) T X BELENMERD
BAE B A. hydrophila LRE L.

Fiz PCR DB EU YT 57291, A. hydrophila
ATCCT7966 ¥k (ahhl BEFEHEK)™, A. hydrophila AH-1 B
(ahh3 BEFHRMEER OEEKR2KLE, FHEMLY A
hydrophila LASN D Aeromonas 5 BREES28EY L O° Vibrio 28§
FE108k, Plesiomonas shigelloides (P. shigelloides) 5 ¥,
Escherichia coli (E. coli) 4 ¥V Steptococcus pyogenes
(S. pyogenes) 4ROy BERTSER, AETIRRE AV,

I. PCR [C&B~E) L URETFORE

1. 7v7v—1 DNA DOFH

DNA BER OB, BWER IV s/ nakr s 72/ —
NAHHE? O 2B DFETT 7. BEETIZ, PV TF,
27 7 A %X (tryptic soy agar, TSA) (Difco) FAREH TITC—K
BRlLirav=—DEEY= o RV FATHBELF o —F (7
VAL, KR CAE LB EREEK 100p w2 ¥, Bk
RTIOFRMB L DL XFTHH L bR E DTS L —
F DNA kL. ¥7Zmmha 7= — L HETIE,
MY FFy Z VAT A =V (tryptic soy broth, TSB) (Difco) ¢
DITC—WIRBEIEER 1.5ml 2= » RV FATHOFELF o —
B L, 25000xg 1 EEOSREL CHBAEEY 504 ©
0.15M NaCl-0.1M EDTA wBE I, ZOHEKIWT 4004 @
0.IM NaCl-0.IM Tris-HCI (pH 8.0)-1% SDS % pnx CHHEH,
rurBaRILA -T2/ =N, =& —AEBETWF VS
L— b DNA 258 L.

2. BREETFRE T 74 = —OfFH

Aoki 5% % L0 Hirono BYIZ X 5~ Y v VBEFOEE
BFxd L, ahh]l BEFEENEL TV AAPS VY
ahhl-s &7 vF2YAA 5V ¥ ahhl-a 754 = —%, A
= ahh3 BEFEENE TS ahh3-s & ahh3a 754 v —%H
it, AR LIc. Fiz, Pollard 5 OWMEI XS E aerA BEF
EME TS aerola BL W aerolb Y54 v—BHLI. &
hbDT 74 = -7 THIBI I ZENEE T DNA MH
DA XX, ahhl BEF, ahh3 BEF B L aerA BEF
% 4 285852 (base pair, bp), 217bp, 209bp TH B (F 2).

3. PCR

PCR 13 #i##kh 5 8% L7-4% 4« © DNA R¥ 54 (DNA B#H
200ng) #7 v 7V —F DNA &L, = o RV FAZERD

Table 2. Base sequences and locations for Aeromonas hydrophila hemolysin gene ahhl-, ahh3- and

aerA-specific oligonucleotide primers

. : Oligonucleotide Location
Toxin gene Primer sequnce (5'-3")? within gene®

ahhl ahhl-s ATCAATACGCGACCGCAGAG 1,335-1,354
ahhl-a ACCCGTCTGCGCTTGTCGGT 1,600-1,619

ahh3 ahh3-s CACGCCGCAATCCGCTTATGAC 1,121-1,142
ahh3-a CACGGATTGGGACAGAGAGGT 1,317-1,337

aerA aerola CCAAGGGGTCTGTGGCGACA 645-664
aerolb TTTCACCGGTAACAGGATTG 834-853

® Sequences derived from ahhl, ahh3 and aerA genes.

» In nucleotides.
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Fa—7R 0 OF 2 —~FTRIGRTERE L. RGEIT 1
Fa—7Htch Tag DNA R 2 5 —H0.5867, 10xEEHH
(100mM Tris-HCl #&%7%, 500mM KCl, 15mM MgCl,) 5.0¢l,
FAFVYIXI LA F VEAR 40u (WFThiEESE, ©E)
25M £V AB LIV T VFEVAAIS VR TS L v —£&
20ul T, ZRIZF VI L— b DNA 4D 50u &ic
HIOEERERKEML, (XS54 A2 EBE, BBE
EREBER (ZYMOREACTOR 1, 7+ —, BF) TRIEX ¥
Tz BUSEKEII94T - 55 ORI, 94°C - 308, 55C - 30
B, 72C - 308E3Y A 7 AEDEL, RET2C - 550F
BERIEET 7.

4. PCR E#HOEKkE

PCR T4, SEHD Sl KOWTERKEEE (1 = —
Ey P2, 7FAVA, HROWE Y I00VEBETFTT2%7#
g —AFLVESEKBET, BKBgS V= AT r TS
F®eE LD, PSS VAL 3 —&— (FTI20S, 79 =2
v, WR) LOBNART CRIERE I 2R, BEIRL
Jo. itBGFE~—Hh—& LT, Hinfl Bk ox174 (= —H —
9, =y RV o—v, TR AW

5. PCR E#DHER

BB E Lic& PCR EHOEEESZ S L, TORM
DEETFHRAYENELTA VAR LS VY FBIVT vFeY
AAMF VY F¥FT 54 =~ (ahhl ®EF, ahhl-ns B I O
ahhl-na; ahh3 &E=F, ahh3-ns ¥ L O° ahh3-na; aerdA HEE
F, aerolna ¥ X O zerolnb) R L, R4« DEEZF O
PCR E#H%E 7 v 7L — 1+ DNA & Lickx A5 o F PCR % k&
L7z PCR & E#HEDOEHT TV, % PCR EM2AENE L
DNA THBHIZ LR LIL. ZhAbDT 54 <w— 7 THIE
A b4 PCR EHrp D DNA Wi D 1 Xk, ahhl BET,
ahh3 BEF R LV aerA BIETF& 4« 128bp, 125bp, 148bp TH
5 (&3).

Il. BOEEOHE

1. $EE OB

BESMYE A. hydrophila 4y HERRS % % TSA FEAIEHTITC
ARG L, BREF Licar= —OMBER0.0% R+
(Difco) #n TSB 5ml i85 Lic B37C TI8HRIRH L 3 L
To. BERE, R Y 4 T 12,000xg TELOSHEY TV LY
D, FREeHAE 022um DA VI VYT 4R — (L4 VI A
GV, BAI VAT, BF) THMB LD 4 CRRFE LR
&L,

2. BMEEONE

1) 1% e v CURmBRiEERgDFHE

ey OB (BAASA 72 FHERN, BR) R L F 54
8D M/15Y vEREE £ B AR (pH 7.0) (phosphate-buffered
saline, PBS) #fnx , EHE OB (1,500xg, 109)C X v 3
Pk, BedARskEy 1 X0BIEC PBS Wi X e,

2) Yk

BB D 2 BEEHFRRI % PBS THERL, £hbo
100l %967V <1 2 m 7* L — } (Flow, McLean, USA) D& =
AMEEALR. BT, ThBIERED 1 ¥ v Skkfing
RN, 3TCIET 1B, S50 4 CIeT 2 I ES
Bz HE L. BEBEMERLICRAFREROWR %
B{7 (hemolytic unit, HU)/100u & L7,

3. HREtERHNE

BRROBMBFEDO AMAE—C /T HLDEREL, +
DEHST L EECB O N B MESES T & OB EERE (the
goodness of {it) % X BEC X 0fTo7%. BEMITEHRRKS Y
(P<0.05) THIE L.

V. ORmER A

OB MIBER UL, Sakazaki H® DHEIZH 1. Tiebb,
BRREED TSA PHREH—BIZBEECOWT, MORRAZEN
B (EFHHEAEVIRITHER, sEGEELI VS 5) v A
W, AT A FBERISEI L D177,

[. PCR ZEICEB~NTE) L LBELRFORE

1. PCR BEHDFHT

Fv7 L~ DNAODOE®#H200ng £ L, 751 =—itk
DHEIEIND PCR EME MBI L7, ahhl BEEFLHRETD
A. hydrophila ATCCT966 ¥k, ahh3 BEFE2HEEHTH A
hydrophila AH-1 #k3 X OV #Ekk 3 Bk (A. hydrophila KH34,
A. hydrophila KH99, A. hydrophila KAE189) 1= % 3 %
PCR D#ERAX 1 wiRs L7, ahhl-s 8 X0 ahhl-a 754 =—
WX B ahhl BT OHIE TIX 285bp 413 (VL—v 2, 3)
{2, ahh3-s 3 X 0% ahh3-a 754 =— 1T L % ahh3 BIETOH
BTk 217bp 3T (VL —v 4, 5) 1T, i aerola VLUV
aerolb 514 = =12k % aerA BEFDBEIFTIEZ 209bp £
(L=vB) LAY FERbA, WThIHEIhZHA4 XD
DNA Wik TH -7z,

E B L@ L Aeromonas 5 kD% PCR Egr T v 7

Table 3. Base sequences and locations of oligonucleotide primers for nested-PCR

; a : Oligonucleotide Location
Toxin gene” Primer sequence (5'-3")? within gene ©

ahh! ahhl-ns CTGGGCATGGCTACGACGTG 1,382-1,402
ahhl-na AGTCGATCTTGAACTCGGTGCT 1,489-1,510

ahh3 ahh3-ns GCCACCAACTGGTCAAAGACCA 1,164-1,185
ahh3-na CAGGACTGGTTGGCAGCAATCT 1,267-1,288

aerA aerolna CGAGAAGAAGCCCAAAGCGTT 682-702
aerolnb GATAACACCAGGTATTGGACGC 808-829

» PCR product

Y Sequences derived from ahhl, ahh3 and aerA genes.

9 In nucleotides.
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L—F DNA & L#* A7y F PCR ORRELE 2127 L.
ahhl-ns 3 X0 ahhl-na 754 =—1 X 5 ahhl #ETF PCR
EY ORI T 128bp £ (L~ 2, 3) 1, ahh3ns WL
ghh3na 73 1 = —IC X % ahh3 EETF PCR EH ORI T
125bp ff 3L (V=¥ 4, 5) W&, % 7 aerolna ¥ L O
aerolnb 754 = —W X% aerA EEF PCR EHOHEIETIZ
148bp £HE (L—=v 8) TAV FRELR, WTFhiiEER R
BHA4 R E—F LT,

2. BRERIUVRE

LD 3EDS S 1 ~—%F\, A. hydrophila 81k,

1234567

bp

311
249~

Fig. 1. PCR analysis of hemolysin genes. Lanes | and 7,
Hinf | -digested ¢x174 as a molecular size marker; lane 2,
A. hydrophila ATCC7966 amplified with ahhl-s and
ahhl-a primers; lane 3, A. hydrophila KH34 amplified
with ahhl-s and ahhl-a primers ; lane 4, A. hydrophila
AH! amplified with ahh3-s and ahh3-a primers; lane 5, A.
hydrophila KH99 amplified with ahh3-s and ahh3-a
primers; lane 6, A. hydrophila KAE189 amplified with
aerola and aerolb primers.

1234567

bp

1
}20 151
= 140
118—

Fig. 2. Nested-PCR analysis of hemolysin genes. Lanes |
and 7, Hinf [ -digested ¢x174 as a molecular size marker ;
lane 2, A. hydrophila ATCC7966 PCR product with
ahhl-s and ahhl-a primers amplified with ahhl-ns and
ahhl-na primers; lane 3, A. hydrophila KH 34 PCR
product with ahhl-s and ahhl-a primers amplified with
ahhl-ns and ahhl-na primers; lane 4, A. hydrophila AH1
PCR product with ahh3-s and ahh3-a primers amplified
with ahh3-ns and ahh3-na primers; lane 5, A. hydrophila
KH99 PCR product with ahh3-s and ahh3-a primers
amplified with ahh3-ns and ahh3-na primers; lane 6, A.
hydrophila KAE189 PCR product with aerola and aerolb
primers amplified with aerolna and aerolnb primers.

Aeromonas sobria (A. sobria) 328k, Aeromonas caviae (A.
caviae) 10Kk, Aeromonas veromii (A. veromii) 4 ¥,
Aeromonas torota (A. torota) 4 ¥k, Aeromonas jandaei (A.
jandaei) 28k, P. shigelloides 5k, Vibrio parahaemolyti-
cus (V. parahaemolyticus) 5 ¥, Vibrio cholerae (V.
cholerae) O1 5%k, S. pyogenes 48k, E. coli 4 #® DNA
#H# 200ng W L PCR #fTo7. *0FKR, #RAE11EE
1568k, & PCR OWWTFhm s LEERIEY 7 LA BB
A. hydrophila D&HTHH (FHIILH M), & PCR i3 A
hydrophila AERKITH - 1.

BHERIVZ7rahila - 72/ - HEED2ED TR
BLi7 71—+ DNA #H\ ik PCR DBHIERIZ,
& 4 ahhl, aerA WBEF2 107 = = = —JBREAL (colony-
forming unit, CFU) ¥ X O° DNA & 500pg, ahh3 EEF 4
10'CFU % XU 1.5ng TH 7.

3. A. hydrophila D~% ) v v EFH

BE M A. hydrophila 43 BERESIBRIC D\ Tk PCR %47 -
Tzl T A, BIEEKRFTSEER (93%) B\ ThhD T I 4 = —I0 X
% PCR THMERIEEZTL, 6ERZVLThOS 54 ~—12l 5
PCR THBMERI e o7 E4). Thbb81EKG
ahhl, ahh3, aerA FBETHE ATIH (88%), 364k (44%),
46tk (579%6) DEIBIBIM T iz, BEkOE~T ) v VEBETF
BRAEWREL, ahhl, ahh3 8 LV aerA FBEFOLETREET
BE ( [ahhl+ahh3+aerA] B) & L% < 298k (36%) * &5
B, WT ahhl BETFEBEER (ahh! ), ahhl 3 IV
aerA TREETFERET DM ( [ahhl+taerA] #) 2% & 4
261k (32%), 13k (16%) (5%, 3ETLEDUE L LD,
fibic ahhl B8 LV ahh3 HEGEFERETHE ( [ahhl+
ahh3] ), ahh3 B IV aerA T fE T2 HR BT 58 ( [ahh3
+aerA] B) D HRIH, ThOLOEERII L K44
BOSKUTIETE oot i, ahhd BEFB IV
aerA AT DEMERRIRD bhich »7. LEDOPCRO
PR BB r~2Y v VEETFHE L.

0. ~NEYLLEEFEEEbSEMHR

~EY Y VIRETFHEEENERE OBEE A RN L

Table 4. Hemolysin gene types of 81 strains of g-he-
molytic Aeromonas hydrophila

Hemolysin gene type® Number (%) of strains

ahhl 26(32)
ahhl+ahh3 3(4)
ahhl+aerA 13(16)
ahhl+ahh3 + aerA 29(36)
ahh3 + aerA 4( 5)
ahh3 0

aerA 0

Negative 6( M

“ahhl, ahhl gene-alone positive ; ahhl-+ahh3, ahhl
gene- and ahh3 gene-positive ; ahhl+aerA, ahhl gene-
and aerA gene-positive ; ahhl-+ahh3+aerA, ahhl
gene-, ahh3 gene- and aerA gene-positive: akh3+aerA,
ahh3 gene- and aerA gene-positive ; ahh3, ahh3
gene-alone positive; aerA, aerA gene-alone positive;
negative, ahhl gene-, ahh3 gene- and aerA gene-negative.
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(35 5). B8k, Popoff D4¥EIC X B A. hydrophila &
LBy REeRT IAV—-T L, )V VEREBEREE
127 & b1 VEEAOFRABMMRY RT 7V — FTREHTE
to. WX L—THEIOHB BT, BREMREKIIROTST
A ahhl BEFERAE LT IOIX L, JESERMERBR106
W Phd ahhl BEFEEEF L TWioh o1,

0. EEERXEAT) S - RIGFR

e B kB C 12 [ahhl+ahh3+aerA] B MR3THE 18
(49%) THH %<, kT [ahhl+aerA] B2 108 (27%),
ahhl B 68k (16%) DIETH -7z, ¥z, PCR Etkdkid 1 #
(3%) T Ech o7 (3 6). RIFHREKTIT ahh] BH 44k
208k (45%) THEHE L, kT [ahhl+ahh3+aerA] Faill
Bk (25%) & B o1c. 753 PCR MRS 5 Bk (11%) & BEE
TEDBRI.

V. ZmFEEEA~T L REGTE

B3 OB 4HU/1004 LAF & {EVER R L33
B 1THR (52%) 2% ahhl BTH D, ahhl FI26¥EDE5% %
7. iz 32HU/100 LA OB WE2 TR L20kH2048
(69%) % [ahhl+ahh3-+aerA]l Bt b, [ ahhl+ahh3+
aerA] BU29BRD69% & 5 (R T). ¥ 7z ahhl B26kkh
32HU/1004 LA ED#kds X OF [ahhl+ahh3+aerA] BT 4HU/
100ul AT OBROE A1, & 4268k 2 ¥k (8%), 298k 6 #
(21%) w Eish o, HEt¥ L, ahh] BoBZ 4HU/1004
LAF 234 < 32HU/1004 Lh EXdigunwz &, i [ahhl+
ahh3-+aerA] BOBE AHU/1004 LAF 23407 < 32HU/1004
LlEMBWZ LHEE (P<0.05) ThHotr.

V. ~EJLUREFREORMBR

FRRITEFO OB OB R R I, TORRIZ 034

Table 5. Biochemical properties and hemolysin gene type of ghemolytic Aeromomzs‘hydrophila strains

Number (%) of strains shoing hemolysin gene type:

Number Number
i of hhl hhi ol hh3 (%) of
a .
Strains 4 oins ahhl “ + a+ ahh3 + ahh3 aerA ~ PCR-egative
tested ahh3 aerA + aerA strains
aerA
Typical® 71 26(37) 3(4) 13(18) 29(41) 0 0 0 0
LDC- 7 0 0 0 0 4(57) 0 0 3( 43)
negative
Acetojn”- 3 0 0 0 0 0 0 0 3(100)
negative
2 Strains consisting with the original description of A. hydrophila by Popoff®,
» Production of lysine decarboxylase.
9 Production of acetoin examined by Voges-Proskauer reaction.
Table 6. Source of ghemolytic Aeromonas hydrophila strains and hemolysin gene type
Number (%) of strains showing hemolysin gene type:
Number Number
N of ahhl ail M g (%) of
Source strains + PCR- negative
tested ahhl * + ahh3 + ahh3 aerd strains
ahh3 aerA + aerA
aerA
Clinical 37 6(16) 1(3) 10(27) 18(49) 1(3) 0 0 1( 3)
Environmental 44 20(45) 2(5) (7 11(25) 3(7) 0 0 5(11)

*) Clinical, isolated from feces of patients with diarrhea; environmental, isolated from river- and well-water.

Table 7. Hemolytic activity and hemolysin gene type of g-hemolytic Aeromonas hydrophila strains

Number (%) of strains showing hemolysin gene type:

Hemolytic Number Wil Number
activity of ahhl ahhl “r ahh3 (%) of
(HU/1004) strains ahhl + ahh3 + PCR-negative

ahh3 aerA + aerA strain
aerA
<2 29 14 2 4 5 1 3
2- 4 4 3 0 0 1 0 0
8-16 19 7 1 5 3 2 1
32-64 24 2 0 4 16 1 1
=128 5 0 0 0 4 0 1
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Table 8. O-seregroup and hemolysin gene type of g-hemoly-
tic Aeromonas hydrophila strains

Number (%) of strains showing
hemolysin gene type: Number
O- Number (%) of
i £ ahhl 6) o
sero- oL ahhl ahhl )" ahh3 PCR-
group strains ;. + + ahh3 + negative

ahh3  aerA +  gerA  strains
aevA

Do
(=]

16(80) 2(10) 1 (5) 1 (5)
0 4(29) 6(43)
1(14) 5(72)
1
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B MBIk 208k (25%) TH D, kT 016 By 148k
(17%), O11 B 7%k 9%) DIHTH -7 (F8). Tiebb, #
BERSLERFPALER (51%) Az M H DO EER OB MEEII TR X h
o, BRIRFE D D BHRENE  , ABORERmEN L L
TREBZhTw5 016 B L vt Oll B e L2l Tid,
016 Bo14tkeh12kk (86%) & O11 B 7 #kvh 6 B (86%) A
ahh3 BEFEB LV aerA BEFOWThA»FREELFEE
LT, EBzh b 18Kk 164k ahhl BIEFEHRELT
Wi, ThizR LT, BREBERIAL ST 5 AEO— KN
mEH L LTamnhs 034 BITEsX L7208k 168 (80%)
R, £O~2 Y v VERTHMN ahh] BTh -7,

Z S

BIR, BEOLBHENOHMIND A hydrophila D% <
B, MEEREH ETORETEEOREICHBERERY LS
L, b @S REOBERERE S 5 I RuE, AR
Rz EOBRIIBESBYIEOBRCEIET 5 Z LR Ih
T30 20t Burke b™12, FLES~ 7 A DBERE
B IgE L LB T, A. hydrophila DY, Tich
DAY Y VEEROTKIC =Y T R b E Y VIERRED, ~

EYV VY VRAKEEOTER THERTFTHABZ LR EBL
fo. %7z Stelma 5%, v v FRERKL - S L HRABOR
BT, ~®2Vvvi=viatsyvEDEEEZIY DR
HRDHI. S HI Vadivelu 543, A. hydrophila Es K5tk
DREEA~AZYV YV EHFA P IS VOELEYRD, ¥4 b b
v vERABENARIMEORES, FHEEBAEE NN T
FEXBRELTVWAHDEHERALLE. ULoBFIFE LT,

Rose B BAEBOELETH~EY) v VDD EDE L Tan
Y > (aerolysin) Z4rHE, B L, == ) v viXBEmMEEOIR
MLz vFa by U EERLYA P PR VEEYIbEES
TWHIZ EEEROEH L. LrL, £0—FK<Tit, Hm
DAL a B MR L BINEN %2 K  SEBE MO & THIE
HHERBPERIRTEYY, 20k 3 kBESN~2) v v ORKRE
MEBEBELTHBIC LTE . Singh 52, 2hb0BS0—
R RRICHEBE L TR, TE, £ L EGHDRR 5
TekF T CIRIBMIE® DRI BZ &, T, A. hydrophil-
a D a k& B MBS ¥ FIBERERL — 7RSI
MARLAER, ThoDROKXEINBRL ABMERT IO
Tth, A=V r b o VERLEBET L I E XML

KEO~NE ) v VEAIRBCE U CHERIW D L2 REL
Fo. TDT b, B 5L A. hydrophila DREMET 5
BROMEIL, Ric- & T TOBEMBEUERROMMENS -
HTHDT, ~E) v VELRORELATORENEROER
PEALIRTELLOLEDRS.

ZET A. hydrophila DEMEHE RS IO~ ) vV ORTE
i, EMEHHLCRIEEENFEEYESL LTTbRATE
oo L Lo, BEEOREI SEROZHOBEERMH
B4 05 FEWPOFERERER IR, e Th PCR L 53E
EFBRHNL, EREEENFEE LTRRRTOEREC
ZLWERYRTWS., TTEAEEO~®Y) v VBETFOK
HE HEE Lic PCR 2L, Pollard M1 & 2 aerA BEFD
BHEIR D22, —RETFORETH 2D RERDOBI%
EBTHORTHEREbRT V. AFETIL, %, A
hydrophila CHEHERBEO~+Y) v VEEFORLENHSOMIC X
RlcZehh, ThODREREYETTHZ LIC X - TKE
DFEFGOBAPECELACEAL, TTRZ v —-v{L&
N OEHEFFIVRE XN ahh] BETF, ahhd BEFB &
O aerA BEFEwg e Lz PCR OFHEOMY, £ @ PCR
A BBILYE A. hydrophila S BER O BETRAMEC X
BTNV BETRMORAR, ThbH0OBETFH EELEN
MR, Mg, OMMBHE L OEYTV, KEROH
HMAEE LTO~TY vV BETHOSARYRA L. ~T
VY v OERHTFHRECISFAETE, FEOARGE VS0 E
OOERUNEBTEACTES, L2 TORIEYZRTS
BFELTOREFNEL - TWTHEABOHRET LAKHET
i, THIHLT PCRIzkBa~EY v VBEFHIL,
AEMEL D & &b AR ERHORBBEETAERORT %
BATEABNIFRHEEIE LS.

ahhl BET 8 LV ahh3 BEFEENE LI PCRIZ, TT
CREI N BEECETOREES" b L, BMECHRE
L7 54 =—R7EAWTIT o, ¥l aerA BEFORH
ZB83 % PCR 1Z, Pollard »® 0fERXKE 7. “hbD
PCR 1L, A. sobria ® A. caviae is & DD Aeromonas B
B, Flefio~e) v VELECEANBSRELT L OTER
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BEEDBRT, FTORKEIT A. hydrophila WERNTH D,
BoRBETFHREHEEDT V7 L — + DNA 225 OB AT
CHORREYEF LTV, A PCR vAF AR LD BHEM
¥ A. hydrophila 5y BERRSIBE X RBA LIciER, ~2 ) v V#IR
FREFMBEILAR PCR BiEvan T 6 MKy sh, REVE
CEIAEEFHANAETHEE I M Ghote. aerA BT
DOEHEIT 57% TH b, Pollard HP D#ER 78% & ik L TE
RThotr. O LRBRAEVWOHEEROBECER LD
DrEbhAN, HEHORELA PCR T ABEMYE A
hydrophila D~% V) v VREFRHENA+HCRZERENT L
i1, KEEW aerA DO~ ) v VEBETFAFETDH I LM
LHBELATHS. SEBLhL EEO~T ) v VEETH
B E, aerA BETFRHEE L\ ahhl B 32%, [ahhl
+ahh3] BH 4% E5h, & PCR BAERE B MkDO~E Y
v VEGTREEICEWTEBR T FETHS Z EBNTRB I NI,
LK arA BEFREHOBRETFEHONRIZ, [ahhl+
aerA] M 16%, [ahh3+aerA) B4 5%, [ahhl+ahh3+
aerA] B 36% TH Y, aerA BETFOEREFKRIIBDLH
e otc. aerA BEFOIRILI>THEETE~E YV v vy
Rose 5% 2=m ) v v i LTRAEL, ¥0=vFu t Fv Vg
HERESPIC LI, LrLgds, FRRCOREFEOHK
aerA BETFEMEIRD ORI LX, BEDE > =
v ) Ui aerA BEFOILLTMO~EY ¥ VEERFLE
ELTREALEZELELLR, EHBRIDOT LI aerA BiE
FRABEREOF S ~E) Y VIEBEF TRV EXEKL,
~E ) VBEFOELLEELD ECRKRDPIHMATHD. =
O Y5 FEETFHINE, FEEBBOKDO~E Y vV EEE
L LRRECRECEL, FclcBBBEENFETHS
EERBLTNS.
ARRTELA~T) v vRETFEL, SBELYE A
hydrophila DAL, 8 EBOWmMIEK S L CORM
BH L OB AT LiciER, Popoff OB ETAED
BRI 2R T O EERT IR, FOTXTA ahh] BETFY
BELTW., ChicatLTY v IR RERE 72137 ¢
b A VIEEADIEE SRR, WThd ahh] BEFE
BAELTCWith o, 20T EMD ahhl BEFIZRBHMEIR
YR TAERE S BIRCHBEO~NE Y Y VBEFTHD, T
AEREOAE (LR RNIEETR R RICIY ahh] BETFREEL
TEWATEEMEASR R vz, &7, DEERRORER FEOBMIENE &
BEETE L ORSEE, BMIEMS S4HU/1004 E{ED - 7233
RO 52% B8 ahhl BCH -te R L, =32HU/1004 Lh kD
B ER R R LR 20RRIc AR E TR T X 0BIZED bhick
TEF, MICECERE R L2080 69% 2% [ahhl+ahh3
+aerAl TH v AEDOEIEETH 70, SEDEHRDOHT
BEMmEYE & RETHE 0BG BRI T - L2, EETOR
HEBRMBFREEPDT LB LTCWEVWEDRLbRABZ &b
BEEL A, ahhl BETFBEMYE A. hydrophila BR2N AR
BWERETHEGETFTHAZLNRB I L2 TEL
B &, ahhl WEOREREH T ahh3 ¥ 7012 aerA BIEFH L
{RHEELYRAETHIRETHRIEBE LBV 3Ebh
. ZOZEIRECEEFHNE ORMER L OBV T
BEbhic. $THbb, RERLEB I OBEMBERTHS
016 B3 X U8 O11 BBl HOIRE A £, ahh3 ¥ 242
aerA BETS LI RAELFET2REFETH- 2. HE

B

DT Xk, BEMmM A. hydrophila DFEFERIL, ahh3 Biwt
aerA BETFORAFLECEELXYHOZLYBIRELAELD
LHEbRhD. v, A PCR ZBWT~®Y v VBETFIERE
Thich - RBHEBL, WThd BBERNETRTIEND,
SEENE LEBETFUND~E ) v v BEFERRETI L0
tE2ZBR, 5%, ChOOBEBETFERALACTEILER I
T, EHEBEOE -~V v VREFRNZTECLE LR
bhb.

~% ) v VBEFEDNL, Aeromonas BREE D BEHBR
DEEELT, FLREZMEL LTCERTED, BRIV
AREEFFR COARPEDCRUAICE T 2 RIFLETES
bOLELS.
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A. hydrophila DEMEWICEETIERO~E ) v Vi
T (ahhl, ahhS, aerA) wEB L, B¥MY: A. hydrophila 4
BERRSIBEIC DWW T PCR BBIZ & h~x ) v VRBETFOREHE
PRD, FOMELL~E Y v VBEFHNERAT. ThA
BEFH & AEGOALEOER, HhEE, OFMBEN L%
TR -T~EY) v VvEEFHINOEREYREL
RERUT OREREEL.

1. ahhl, ahh3, aerA £&ET %A DNA & L7z PCR
1%, A. hydrophila BRI T, BHERERAIZE 4 10°CFU,
10‘CFU, 10°CFU % X ¢ DNA & 500pg, 1.5ng, 500pg T& »
7.

2. BEMY A. hydrophila 53 BERKD ahhl, ahh3, aerA %
BEFOBRHEILEL «88%, 44%, 57% T, EROEGETFER
FTakrED LN, BETRAVE GBREFE) & ahhl B
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Y, [ahh3+aerA] B3 L U PCR &HED 6 T TH -7z, KB
h b P A. hydrophila 1347c & & 6 BEOEETFH
KHATESZ EARERE.

3. ahhl3 BEFR IV aerA BEFYEBRICHEET HHKIL
B bhP, BB 5 %2 [ahhd+aerA] BTH -7,
TREFO—FIFATLEET HHEThd ahhl BEFD
BELTWR, DI EnD, ahhl BETIZABME A
hydrophila DAL RET BRENIL~E ) v VEBETFTHS
ZENTRBINT.

4. ahhl BETFIZHRIMcEENERERT EOH A
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{2 R R A FE BB T BRICIT ahh] BEBFHELE LIg\IHE
AR ERIZ.

5. BERREISRERTIZ [ahhl+ahh3+aerA] B %R (49%)
T ahhl BB (16%) TH - feDiest LT, BEHRHRTIR
[ahhl+ahh3+aerA] B 25403 (25%) © ahhl BHHH
(45%) TH b, ARETOEBETFHOSMIRL-> T

6. M LEOBMIBEAS S4HU/1004 & {ED - B D
52% % ahhl BTH-TeDiext L, =32HU/100 L EOREY:
Elr R L RCARE TR T ¥R Ro bl T8
M EMN R R LIk D69% 44 [ahhl+ahh3+aerA]
HTHHAZOERERETH-T.

7. WEMLBRIADOBNER cHB 016 B I
011 BT LickkDiz & A ¥ (86%) 2%, ahh3 Eizik aerd
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B A AT s — R mER L Th 034 HMegsl
FEeD% L (80%) X ahhl FTH o1,
LlEDRERIZ~E Y v VEBETFE SRR L OBERRRT
540THD, A PCREK I B~EY v VEBEFHFH A
hydrophila BRIEDEFBR, ¥ - REBWIEL LTERR
FEENBHIERXTRLTND.

BrRHES, HEE, ARMEE D ¥ L EmPNE—#BTL

PHLOBEEELIET. T, AFRORTCHI O SKIEGNEE
¥ LBAeDEHAZEREM, FRRERBETFEH R, Hz
FHEEFATBERIEERORERRS X O/ REMEE R —
BEEFRE, ARIIREEFRFEERERLATHRRE CHHA
scEL BB L ETFET.
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Abstract

The present study was performed to characterize {3 -hemolytic Aeromonas hydrophila (A. hydrophila) strains by
hemolysin gene typing and to examine the relationship between hemolysin gene type and biological properties. Three pairs
of synthetic oligonucleotide primers were used in PCR technique to detect the hemolysin genes ahhl, ahh3 and aerA in 81
isolates of 8 -hemolytic A. hydrophila. The minimum amounts detected by the PCR were 10? colony-forming unit (CFU) or
500pg DNA for ahhl and aerA genes and were 10°CFU or 1.5ng DNA for ahh3 gene. Rates (%) of ahhl, ahh3 and aerA
gene-positive strains were 88, 44 and 57%, respectively, and strains tested were grouped into 6 hemolysin gene types; ahhl
(32%), [ahhl+ahh3) (4%), [ahhl+aerA) (16%), [ahhl+ahh3+aerA] (36%), [ahh3+aerA] (5%) and hemolysin gene-negative
type (7%). In relation to the source of the strains, ahhl and [ahhl+ahh3+aerA] types were most frequently found in
environmental and clinical strains, respectively; 20 (45%) of 44 environmental strains were ahhl type and 18 (49%) of 37
clinical strains were [ahhl+ahh3+aerA) type. All of the typical strains consisting with the original description of A.
hydropila carried ahhl gene, while atypical strains showing acetoin- or lysine decarboxylase-negative reaction did not,
indicating that the ahhl gene is common in the typical A. hydrophila strains. In the test for hemolytic activity in culture
supernatant, it was shown that rates of strains with low (=4 HU/100p1) and high (=32 HU/100p1) hemolytic activities are
significantly high in akhl and [ahhl+ahh3+aerA] type, respectively, in comparison with each other (P<0.05). The analysis
of the O-serogroup revealed that there is a relationship between the hemolysin gene type and the O-serogroup; 18 (86%) of
21 strains belonged to the serogroup O11 or O16, which is recognized to be pathogenic, carried ahh3, aerA gene or both,
while 16 (80%) of 20 serogroup O34 strains, which are mostly non-pathogenic, carried the ahhl gene alone. These results
suggest that there is a relationship between the hemolysin gene types and pathogenesis of A. hydrophila, and further that
hemolysin gene typing with PCR is useful for epidemiological survey as well as the rapid diagnosis of diseases caused by the
organism.




