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Construction of knock-out mutant of vhh in Vibrio harveyi and
its related biological characteristics analysis
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Abstract: Vibrio harveyi is an important pathogen of aquatic animals. In order to study the biological characteristics of the strain
after the absence of hemolysin gene vhih, the knock-out mutant of vih in V. harveyi was constructed by homologous recombination
technique. Moreover, the biological characteristics of the wild type strain and the mutant strain were compared. The results show that
the deletion of vih gene did not affect the growth of the strain, neither the secretion of extracellular protease, the stress response to
H,0, and Cu2+, the uptake and utilization of iron, and the 15 antibiotics resistance and biofilm formation, but it caused the strain to
swim and surge significantly. In addition, although vih was highly expressed in the wild type strain, the strain did not show hemolyt-
ic activity. The results indicate that vih negatively regulates the bacterial motility. The study provides novel information for under-

standing the function of vih gene in V. harveyi.
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M AEIREE (Vibrio harveyi) SRR, RHHE LR
BATER, RERERORTCE M B A
KB B RMEK IR DR, R
WA B (Epinephelus coioides)’) . v [E 1
(Lateolabrax maculatus)™ S22/t I RFET, 1
R R TR IS BT R RS &
Y, EEMEIETFS T ARENE K
WL BIRER . HATRB, WA AT
WAGAMAN=Y) . B . AW FER R e A
SR,

2R (Hemolysin) J& 21 b i — P B 2155 1 A
¥, FREI R E RLLAMR, LA i A
ILH, SIS, TERYuS R R E AR,

SBT3 1L 2K T 2R G PR E I BRI LR (Tdh)
PRUEMERF IR (5-Vph), ATUE MR LZ (Tlh)
FIE1 Tor #11% (HlyA)" . WAZAEINEINZE (Vhh)
B Th FEA A", BR—FAEN, 5T
2% 44.3 kD", AAVE MBS AP . Vhh
1 & IR 7 51 5 B MK (V. parahemolyticus)
Tih MR BIGIRE (V. vulnificus) BEIEHE VpL
(Genbank AF291424) ., &I (V. mimicus) UNHE
I i (pHL)[M] FEELINE (V. cholerae) SRHENS
(Lee)' ™ Y SUARAPESY 5 49 85.6% . 75.6% .
65.3% H1 64.3%.

A5 3 %0 Vhh 80T A OC B9 D) RE A 5T,
Bai 2" 4lifk T Vhh 2, BFSEHN A6 (Para-
lichthys olivaceus) 820 L F1ZT 20 (1) 52 1)

Vhh, BF5E T ARIREEF pH X HIAE MG v . #iis
PTG . ANAE AR SO R EOR TR R . IR F
FEAETPTEARSNE AN, {758k Z X vk JE RTE TR iR
PIVEFHAILHI A AR . AR 3 2k [w] Y5 o 2y v vy o
LRI vhh SRR 2848 RE , FRArHT BRI BRAH 5C
(eIt odt—2 TR vhh RYSERI T RESR (L
SERHTORE

U bbR

11w

1.1 R, BRRASIY  WBYEINE V. harveyi
345, AR pSW7848" " K1 E. coli
lnmﬂ”u&ﬁ%ﬁlEammm%ﬂ“%ﬁ%$
SR A ARWEFEETHE AR BORL LS 1, 5190
2,

1.1.2 EZRH KR E.coli 13813 A KB
T 1 2'-Deoxythymidine (Thy) A& T2k Tk
MK HY 2-2"-BRALEE (2,2'-Dipyridyl, DIP), W44
TAYTRE (BE) BhARAR; R0 &
PrimeScriptTM RT reagent Kit with gDNA Eraser (Per-
fect Real Time) FIZE6E i i 1871 & TB Green'
Premix Ex TaqTM IT (Tli RNaseH Plus), ¥ H TaKaRa
Bio Ine (HA); HiAR40H, 1 ABUMNKFRAEY
A RRA R PBS 2, W ATER IR (OF
W) AL BRAF] s AP F 20 4n e, 0 A ko
FRFERHARAF.

1.1.3 FERFFEIE LB (Luria-bertani) 3535340 [

2 | = A
Zhong 451" 553 KIGFFH (Escherichia coli) ik T RIYUVEWRHEARAR . 1 L LB & BE A
R AREFET AR BRAL
Table 1 Strains and plasmids used in this study
[l A AL KR
Strain, plasmid Relevant characteristics Source
B Strain
V. harveyi 345 S35 19 ] R A T AR A R £ NCBI database CP025537.1-CP025540.1
V. harveyi 345-Avhh V. harveyi 34580 vhh3k [H ESEi)
E. coli TI3813 laclQ, thil, supE44, endAl, recAl, hsdR17, gyrd462, SCHR[17)
2ei298::Tn10[Tc], AthyA::erm-pirl16; [ ZRBURpSW784814 H )75 £ ;
E. coli GEB883 KIGHFT B EF A #RK 12 AdapA::ermpir RP4-2 ArecAgyr4462, zei298::Tnl0; SCHik[18]
A AT
JURL Plasmid
pSW7848 HERUE; AABUR, ReKilEri, EHlHEPEN, AcedBEtEiER SCHk[16]
pSW7848-Avhh SERYM: wAGvRR F TR IR AR
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Table 2 Primers used in this study
519 Fe31l (53" &
Primer Sequence Application
pSW7848-F GTCTGATTCGTTACCAATTATGACAAC P HpSW7848 Bt
PSW7848-R GAATTCGATATCAAGCTTATCGATAC
vhh-UP-F aagcttgatatcgaattct TACCGTGAGCGTTGTTATTAC P$vhn i B
vhh-UP-R ctetggat GATTCACTCTCTGTGATGATTATC
vhh-DOWN-F gagtgaatct ATCCAGAGCAACACGGTTTTG P $vnn i B
vhh-DOWN-R ttggtaacgaatcagacAAGATTGATGTTTTCTATTGAGACACAAAAG

Del-check-pSW7848-F
Del-check-pSW7848-R

TCACTGTCCCTTATTCGCACC
CTGCTTTTGAGCACTACCCG

Avhh-check-F
Avhh-check-R

TTGAAAGTTGAACGCGGTAC
GAGGTATGTCTTGAGAGGTCAA

gyr4-354-F AGGTGTTCGCGGTATGAAGC
gyr4-354-R CGTTGGGTATTCCGCTAGTTC
uvrA4-354-F ATCGTGGTGACATTCGCGTT
uvr4-354-R TCGCAAGCTCTTCACGTACC
recA-354-F TGCACGTTCTGGTGCTATTG
recA-354-R AGCTTACGCATCGCTTGAGA

k14645-354-F
k14645-354-R

ATAACGCCTTTGATGCCTTCC
AACGATCTGAGTGGTAACCGAGT

vhh-F CACTTATGTCCGCTGCTGGTAC
vih-R CTTGAAAGAAACCGAACTCCAC
na-F CAGAAATCACTAAGCGAGCGACAT
na-R GTGCGTTTAACTCATCCAACAAGG

BriiEpSW 7848 T 21 BTRLE 5 H4 £ L)

R B vhh B R 2 5 R R T

PICE BRI HrecAl 1

DCrE mvhh LR k14645918

DT R vhh LN P 3

PICE Bvhh NI R nad) 18

10 g, BEREEE) S ¢, S4LEN (NaCl) 10 g, 1 L
[E] 4 855 5 e Bl 15 go 7E LB KigR SR ALa |
¥ NaCl ik B4 w3 30 gL' BIEC #1755 LBS
(Luria-bertani-salt) 15 7% 3&

1.2 Fi&

1.2.1 vhh BT IN T RS V. harveyi
345 FEN LN FE3RAS 0 vih FER (CU052_24955)
ORF J&4I"" 47 BLAST 43#7, HHILAEA [l 40
W R ST Z P80 e, IFH MEGA 7.0
AR NI S EaEA R R G A

1.2.2 vhh SRR E W vhh SRR S %
Deng %" {977 AT THIABEL, vih 1751
£ NCBI £t FE T # (&:fili5 CU052_24955), ¥4
ik AR OB pSW 7848 i 5| ¥ % pSW
7848-F/R, ¥ 14 b RIS R Befli 15 1%t vhh-
UP-F/R Hl vhh-DOWN-F/R, 515 20 5 28 Ak ks
FBOFN R W RN B, XA A R ORI T
PCR il J7 4 0 4 FH 5 | #1 %] Del-check-pSW7848-

F/R, AT BURR/INAR 5.3 kb, #H A4
5 pSW7848-Avhh, #RJGHE A H AR TR pSW7848-
Avhh 833 B2 A VR FPE HER B R AT 5 GEB883-
pSW7848-Avhh i A | 52 {4 T Wy 4k I B 57 A A
V. harveyi 345, KT B A BOR. pSW7848 TEMG4EIN
AR H, HAAERME, FEEE ccdB
REMSTEZ BT hi (A G 2k i, MIHAER
eI, EAL TR A e IR R AL A vhh R
T IRI IR A ) B R AR S — R IRIR EE 2 5 ol FH T
PLAABEEATEE kR, AR SE AR IRl IR 4
AT vih SRER, KGR 2R V. harveyi 345-
Avhh o FEHL A A TR R E A [R) Y5 4 0 1 dl 2 28
ASPRTLRE LA 1,

1.2.3 vhh BRSO R skt
PP ARR V. harveyi 345 FIZRAZKR V. harveyi 345-
Avhh T 28 °C. 200 r'min ' #E¥EHEFE 16 h i1k, i
FEZE ODggp N 0.01, BB X B (ODggp=
0.5). RNAiso Plus Z¢f#4H7R , FRIUE RNA, JPH
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vhh-UP-F vhh-DOWN-F

= v P

vhh-UP-R vhh-DOWN-R
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pSW7848-Avhh

pSW7848

pSW7848

A A

Isothermal assembly

ER NSRRI

Recombinant suicide plasmid

AT

vhh

T WYY S A
|| AD |—¢ Genome of V. harveyi 345

—|AU|AD|cat||||AU|vhh |AD|—|AU|vhh |AD H|catHAU|AD|—
: ’ N i T,

AU vhh AD _| AU|AD

AU|AD|_

P HEZ A AR TOROR AR SR BRI L R

AU. L

Recombinant suicide plasmid construction and deletion mutant screening process

Figure 1

AD. Fiif

AU. Up stream; AD. Down stream

HHAT %S, FIJH SYBR Premix Ex Taq'" I #
T2 = PCR YU, Festg1¥ Gk 2) ik
W vhh 22 S FR 8 R L K14645 , 7 1M R FE
vhh Fl vhh FIERFNDIBESE A na FRIEKF,
3ANEFIEH (recA. uvrd F gyrd) fERNS, X
HAREVEAT 3 WERES, Wit 2 Jr
B AM BT A L R A O Sk

1.2.4 FHRARKIE B V. harveyi 345 FIERK 5
AZER V. harveyi 345-Avhh E‘Jiﬁf&ﬁ%’”ﬁﬁﬁ
LBS WiikRE 75, F 28 °C. 200 rmin | JREEHEF
16 h 2%, #ikE 1000 5 TIRWEHIEH Y, 7EAH
TSR, P60 (BIO-RADSmart-
Spec' ™ Plus) Il % /S Al ] 4 F 20 9 ODgog, 4
A R 2

1.2.5 XERFLAMEMEIMEENE W 1.2.4 13
WEFHW, 1500 r-min ' B> 5 min, 3 3.
T PBS Yk, BOEsE LiE, EE MWK, H PBS

g B, 4% 20 F 4T AR . 5 I8 Takahiro 4517
TrEVESUE, Bt IR0 V. harveyi 345 F1 V.
harveyi 345-Avhh JHl PBS ¥k % 3F 94 2 W 6
ODggo M 3.0, HU 50 pL H AN AZF] 500 pL 4% it
LR LA, TRSIJSTHE 28 C WA S he
9RJ5 12 000 r'min ' 2.0 1 min, HL 200 pL [iHW
M ODgyo» Z3HIA PBS F1 ddH,O 1E A BH 1 FiTBH
PEXTHR, 5 I P LR S AR XS T FHPEXT B ODggo Lt
HER

1.2.6 WEstERNE SN R 1.2.4 SRR
W, HLBS 3356 HH R 2O ODggp M
3.0, HU3 pL ASEEEIE 0.3% BIEAT 1.5% BE 1K)

LBS A E R = sh i S g sh i, #E47 3 ik
AREE, HUE 28 C 453 16 h Ml 24 h, iR

BEEAE
1.2.7 MAMNEABE S WIES [ 1.2.4 3R FE
W, [ 1.2.6 WEEEE SRR SERE, U3 uL SRR E]
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LBS Pl (& 1.5% Biisyik) b, #6473 IRER
i, GiE 28 °C H53E 24 h, MIRHIE A LENA
Jogs B o Bl AR, R O B 0 B AR S TR TR
ELAR I LB 2 2R I 43 UL RE

1.2.8 X4 LS (H0,) . H8 T (Cu™) ot Boxt
B TR 20 Deng 451 07k,
FEAERRAS , [6] 1.2.4 IR0 3R W, A 1.2.6 JR#EE;
FRRWOCRE, FH LBS 3537 o AR B 21 e = A8 4k
10°, B 3 pLARER 3 Fh LBS AR [ 43515 0.000 2%
H,0,. 0.2 mmol-L™" #E41 (CuSO,) Fl 120
umol-L ™' DIP] b, REHINFI LBS FARAE K%t
TR, JACE 28 C 8595 24 h, BB AR REHRA:
KAFM

1.2.9 PUERMGUEMENEL  F 124 3R ERE
W, B 600 uL T 10 mL 0.9% ZEFRER K, 4HBi
AR R R AR T, S AR, ##E 10 min,
B REA B TR L, iCE 28 °C K
7% 24 h, CSEMTRE ER

1.2.10 AP [F 1.2.4 SRR FEEWR, [
1.2.6 VR IE IR OCTE | LE W IR 25 % fi )
7, HL50 pL RRAZFP %A 5 mL 1Y LBS W
REEFR B B E , iE 28 °C #5597 48 h

J&, fIA 200 pL 255580464 5 min, KRR EIT
FHZK R Z WP LR, A 200 pL 33% vK 2R 7 fift
ghEARER, FUONAERRIG . WL 200 plL & 96 fLKR, F
FARHRX (SUNRISE BOGHEGFRIY) 7E 600 nm A0
FEHIO A

1.2.11 FdEabs 55047 FIAHEAE IBM SPSS
Statistics 19 it rArscg iy, WEM%ERH
P<0.05 £7/R .

2 4t

2.1 vhh REEHK

W AESRE V. harveyi 345 VIR EEH vih F B
K/NK 1257 bp, 4l 419 NI ; A4 vhh AT
W2 7 51 5 HAB IR I R AR T 51 MEGAT.0
FEE NI R EAERT (B 2). 4528 BoRIG4EE V.
harveyi 345 (vhh) FIWGHEIRTE V. harveyi GDH 11388
(vhhA) . WEYEIREE V. harveyi ATCC 35084 (vhhB) [l
Pk, BHR—32, 5RIMINE V. vulnificus
(vpl). BN V. alginolyticus R4 (tlh) FEEFLIK
B V. cholerae (lec) YA B W RIEME, H5EEL
iR V. cholerae (hlyA) [RIJETERAR

CU052_24955 M 4ESNIA Vibrio harveyi 345 (vhh)

—_

0.10

4| GQ149070.1 ¥ 4E5KE Vibrio harveyi ATCC 35084 (vhhB)
| KRO021961.1 W 4E3KE Vibrio harveyi GDH 11388 (vihA)
AF291424.1 BI5IKE Vibrio vulnificus (vpl)
KTO013218.1 & #EINE Vibrio alginolyticus R4 (tlh)
U50074.1 EELIKE Vibrio cholerae (lec)

M36855.1 EELIKE Vibrio cholerae (hlyA)

K2 FIHIMEGA 7.08 2 vhh B R IR AT TR T 5 R Gt AL R
Figure 2 Phylogenetic tree of nucleotide sequence of vih gene by MEGA 7.0

2.2 HIE vhh BRI

AR B LA TR BER/ N 3.3 kb, b
U ERE R BER/INBI 2 1 kb (B 3-a, 8] 3-b),
A5 2H 2 R Ze M Ak R BORN bR iR RN IR R B
PCR #3412 307 bp B9 Bt (Kl 3-¢), EA TR
pSW7848-Avhh LY. A [ K TR LY
vhh bR RIS 7 Bol S B A EH S5 AR V.
harveyi 345 1) vhh R U#[RIIEE R B A PG IR (AT
L, XATREMIYL @R EAY vhh B, RIS

XF Avhh-check-F/R 43 5 %FBF AL AR A v B AR 1E
17 PCRAGIN, HIPKk45 R m i BE 1 658 bp 1 628
bp Wi &7t (18 3-d), ¥ LB vhh FPH SR
AT vhh B GEE
2.3 vhh BEEELKITERIEEE R IEZM

SRARGE vhh JE DA e 6250 55 9 Y mRNA
FHXTF B 1AM, R b i 22 R AR 1l 3 TR
k14645, I ZEFK vhh AR AR A HEIE N
na. FRAERE V. harveyi 345-Avhh ) vhh FERI K 3
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(b) (©) (d
bp M2 2 3 bp M3 4 bp M4 5 6

K3 pSW7848 PCRENE A BE (a). vhh I MF[RIEE A BL (b) . HAH AARTORIPCREEY M A BL (o)
Levhhif R BRI PCREE (d)
MI1. DNA Marker DL5 000; 1. pSW7848 £k fBf; M2. DNA Marker DL2 000; 2/3. vhh b/ F il FBt; M3. DNA Marker DL5 000;
4. LT pSW7848-Avhh Killl Fr BE; M4. DNA Marker DL2 000; 5. BFAERR V. harveyi 345; 6. vhh fEEZRAE R
Figure 3 Linearized segment of pSW7848 (a), upstream and downstream homologous segments of vA/ (b), segment of identifica-
tion of recombinant suicide vector by PCR (c) and identification of vih deletion mutant by PCR (d)

M1. DNA Marker DL5 000; Lane 1. Linearized segment of pSW7848; Lane M2. DNA Marker DL2 000; Lane 2/3. Up/down segments of vih; Lane
M3. DNA Marker DLS5 000; Lane 4. Segment of identification of the recombinant suicide vector by PCR; Lane M4. DNA Marker DL2 000;
Lane 5. Wild type V. harveyi 345; Lane 6. Deletion candidate of vih

ik, SHEFAERR V. harveyi 345 #HLL, Fik2Z Tk
F(P<0.01), k14645 Fl na FEH ) Zik 58 A RRAH
I, Z2RAEE (P>0.05, K 4), R E/R, vhh
FEPR B AN RE M G183 35 PR ) 2k

16 ¢ V. harveyi 345 1
514t =3 V. harveyi 345-Avhh I T
St
a
8
o 10 }

g P<0.01
Z 8|
-2
i 6
X T
R4t
'

ol

k14645 vhh na

K4 k14645, vhhFlnatEWSYEINTE V. harveyi 345F
V. harveyi 345-Avhh " (I FN 3615

Figure 4 Relative expression of k14645, vhh and na in
V. harveyi 345 and V. harveyi 345-Avhh

2.4 vhh JMEHESNE7E LBS $E5E P A KNI
TE LBS $557 35, vhh SR SEPA R AR M

LILFH A, SRR AR B A BT & 25 5

(P>0.05, K 5),

2.5 vhh EEGREIT IS HENE A MiE R R0
BRI RERT AR LT AR 1 A 4 A 100%, B

L6 r —a—V. harveyi 345
14l —o—V. harveyi 345-Avhh

1.2
1.0
0.8 |

OD600 nm

0.6
04
02 ¢

0

0 5 10 15 20 25
t/h

K5 WEYESREE V. harveyi 345FIV. harveyi 345-Avhhit)
LN
Figure 5 Growth curves of V. harveyi 345 and
V. harveyi 345-Avhh

PEXT LT R A, PS5 HEs R —2. @
Ik L I A IR AR R 400 S 21 20 B A 5 A 3 L
KIEF AR V. harveyi 345 FNZALRE V. harveyi 345-
Avhh YTCUS MG HE, I H 28 A8 BRAH X B AR Ak X 4
FLLAIMIATS N E 3 L 22 AR 2 (P>0.05, &1 6).
2.6 vhh STRS4ENE S B B

BPHERR V. harveyi 345 7 0.3% 35l LBS Pl I
WS, 78 1.5% 35 LBS Ak FIGifzh, B2
GEALKE V. harveyi 345-Avhh TEIX FPFA_ L3R
S s Samsh, e sh 5l sl vk aa v B
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I Hemolytic activity/%

0

3 V. harveyi 345
W V. harveyi 345-Avhh

o] S eeess

FH

% Positive 1 2 PBS

K6 MEHESRE V. harveyi 345F1V. harveyi 345-AvhhiY)

ARG RINEY

Figure 6 Hemolytic activity test of V. harveyi 345 and

(2)

0.3% BiflE LBS 16 h

K7

{H3)) Swarmming
1.5% 3§ LBS 24 h

V. harveyi 345-Avhh

V. harveyi 345 V. harveyi 345-Avhh

W#3)) Swimming

K, FXTEFAE R R 2 (P<0.01, &l 7-a. [l 7-b),
2.7 vhh JIGHEINE RSN E BB 5 B2 M

vhi SRS SE , TE 1.5% BAR UK LBS AR I,
LA e B o e Pl S B AR R — 3k, BRERRMAT
R R 7 AR B AR MR TE B 25 25 5/ (P>0.05), 1
WP 2 B AH ) 0 i A 2R g o W e 0 (18] 8-a
%] 8-b),
2.8 3t H,0,.Cu’ Hilk LR 3t 4% B8 F i IRt

TERINA Hy0,. CuSO, L J% DIP f4 3 A LBS
b, BEEFRSECG N, SRR A R TR T
B, B 10" FRAE RO, BYE RO B A
P X HyO, . CuSOy Hitk: LA S AR S+ IR UG
H2E5 (B9,

(®) _
V. harveyi 345
16 == V. harveyi 345-Avhh

P<0.01
14 t
g 12 ¢ =
£ P<0.01
wg 10r
o
25 8|
®3 4|
o
=
=~ 4 |
- 1
ol
sk stk
Swimming Swarmming

W YESRE V. harveyi 345FNV. harveyi 345-AvhhAE0.3% M 1.5%BNELBS AR I iz stk (a) FGEiT4#T (b)
Figure 7 Motility of V. harveyi 345 and V. harveyi 345-Avhh on 0.3% and 1.5% LBS agar plates (a) and statistical analysis (b)

(a)

V. harveyi 345 V. harveyi 345-Avhh

8 v
/ /

A5 R BAS BB

Proteolyticring diameter/Plaque diameter

(b)
3.0 r P>0.05

25 ¢

e

—

20 r

1.5

1.0

0.5 r

oL

V. harveyi 345 V. harveyi 345-Avhh

K8  WAHEINEE V. harveyi 345FIV. harveyi 345-AvhhTELBS+1.5% i IEWH: -4
JAhEE ARG 720 (a) FIZETHMT (b)
PGSR TR M BERE 2%, AT Sk A8 o) 25 1 Wt o b Pl 0 2%
Figure 8 Extracellular protease activities of V. harveyi 345 and V. harveyi 345-Avhh mutant on LBS agar plates containing 1.5%
skimmed milk (a) and statistical analysis (b)

The inner arrow points to the edge of the plaque, and the outer arrow points to the edge of the proteolytic ring.
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LBS+120 umol-L™  LBS+0.000 2% LBS+0.2 mmol-L!
2-2-BEENE (DIP)  IHEALE (H,0,) R4 (CusO,)

K9 ALK V. harveyi 345F1V. harveyi 345-AvhhT i AV . BRERHR LA SR B8 555 701 2-2'- R Mk e 1) S
Figure 9  Sensitivity to H,O,, CuSO, and DIP of wild type and vih mutant on LBS plate
I . V. harveyi 345; 1. V. harveyi 345-Avhh

2.9 vhh ITREHEIE A ZBURERI N J, T A AR U R P A BURR R A0 R R

B AEBRMSSERI AR . Z2VERER . Tl BRERARE (P>0.05); BAEMMZMER. KK
TR S FhrA Rt 2y, XFukmime i | B 5 pu Ak %E%DQI RIRUR, TS AR AR R IR A
ARRE 6 PP RN, AKX FEARCEH B, WENIHEERZERARE (P>0.05, £ 3).

R3  BSLESNE V. harveyi 34581 V. harveyi 345-Avhhit &5 E EHT
Table 3 Antibiotics resistance of V. harveyi 345 and V. harveyi 345-Avhh

buE#R /i3y JE P B2 Size of inhibition zone/mm
Antibiotic Concentration/(ug-}i ") V. harveyi 345 V. harveyi 345-Avhh

FIHEF Rifampin 5 7.89+0.60/R 7.89+0.78/R
Z VR E Doxycycline 30 7.11+0.33/R 7.00+£0.00/R
Titi & # Vancomycin 30 0.00/R 0.00/R

& J53#1#HH Compound sulfamethoxazole 1.25 0.00/R 0.00R

PP Tetracycline 30 0.00/R 0.00/R

F-Ai% % Tobramycin 10 14.67 £1.32/S 13.2240.97/1
e % Florfenicol 30 17.22+0.67/1 16.78+2.05/S
KRB ZR Gentamicin 10 15.67+1.32/8 14.89:1.69/1
IR Furazolidone 100 19.78+1.39/S 18.00+2.40/S
BT ZE PG Hk Amoxicillin 20 22.56+1.67/S 21.00£1.32/S
TR Chloramphenicol 30 22.22+0.97/S 21.89+1.05/S
4175 % Brgomycin 15 23.44%0.53/S 21.22+1.79/1
# i % % Medicamycin 30 19.11£0.33/S 19.00+1.12/S
IR A Ciprofloxacin 5 32.33+1.32/S 32.22+0.83/S
Wb & Norfloxacin 10 28.00+1.12/S 29.33+0.50/S

e S BRI RO

Note: S. Susceptible; I. Intermediate; R. Resistance
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2.10  vhh 3t REYESINE A W BE R B0 220

HPERR V. harveyi 345 FIGEASKR V. harveyi 345-
Avhh TEPCRIAAE Thf BT, R RE FAD
TR T /DR, JF HEs s R )5 i RE B

@

a1

a-2

(b)

OD600 nm

IR L —HE gl Geit s R s, ®
AFER V. harveyi 345-Avhh W) I RIS S T
PPH KR V. harveyi 345, [HWIH W E YY1 e
I REES (P>0.05, & 10-a, & 10-b),

P>0.05

—

V. harveyi 345 V. harveyi 345-Avhh

EI10 MR V. harveyi 345F1V. harveyi 345-Avhh iAW IEIE BLRE 7.
a-1. a-2 533K V. harveyi 345, V. harveyi 345-Avhh ¥iF3Wi; a-3. a-4 43RG sy,
b EEE YOS5 R LR E AR, ODgoo MAE A= Y BITE 1 2
Figure 10 Biofilm formation ability of V. harveyi 345 and V. harveyi 345-Avhh

a-1 and a-2 are V. harveyi 345 and V. harveyi 345-Avhh culture, respectively; a-3 and a-4 are crystal violet stainings;

b. Quantitative crystal violet stained polystyrene microtiter plate; ODg(, determination of biofilm formation
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