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ENBEHTEEANETH dy B EGRER
MEREEYFHFERR

AEam ' FETT FAH® TOE? FxiE?
kot ? & F' ok BT
(1. LIREBPERY Lo ERWE 222005;

2. HEAGEREEOI S B B AT RR I ERIE K IR FE DA E AR IR FE 266071)

WE % A& KL # A& T A (Photobacterium damselae subsp. damselae, PDD) & | iz 4
T AREENRS TN —MBORE . KRS E R0 — 5 B0W t& PDD # #(PDD1608)
THXME, WFERREFHHEE dy 3+ PDD HARE £ F A BR A @ . FIH ARed E4H
AR R E S 2 E dy 8 & #k Adly PDD1608::Cm, %5 5 4 #kAn b kARt £ K . B0 14 .
AR TR R AR . A BE D R G S . W AR RO A 77 4 (extracellular products, ECP)
By V5 M An Bk fie B UE MR SR AR A SRR M. 28 F] ¥ K 8 £ (Oryzias melastigma) e 4 L3 3 4, R
HATRELHNE AR ARREECP g K EMANBRE.EEET, FHEHdy
Bk G FE PDD WAk AKKE, Habb, Bt Afnsh fode id N MK, T EKM RN HY
BAEMmEREEERTETN;, EHEHRML, ARNEDBERREI AL EZR

(P<0.05);
W PDD Witk i A K .
ECP 2" /7 58 55 B YA % o
XKEiE

RESES

S917.1 X EkFRiIRED A

e NIRRT EISE A\ Al A(Photobacterium damselae
subsp. damselae, PDD)&— i fE & BRI EEMRIE 12
3T A 2 LR R B, W] BRI 2 R AR an i
. ARSI LU I L8 (Takahashi et al, 2008).
2016, 2017 4E[H], 111 2R 48 K 15 VR L 1 I 4 77 A A /T G
“F-fifli(Sebastes schlegelii)f)m 2 IR L ¥, i fa R
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Y TR 53 25 4 AN TR YL SIS 59 iF , ESE PDD 2t
JS P A 7 GV TG fil % e R RS 1Y) 3 22 00 TR
(Zhang et al, 2019)., HTfil, PDD FEIF/KFREE =N
B EBIZE 2, HEURTE F 2Rk, XFRERKTR
BEA T R fl o 2 Je it J TR ) s T (R I, 2019)
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FE N AMIFFEE BT, PDD (3 7 K1 35 e b
EEBEE, MAMNA IR UL R = R
(Terceti et al, 2016), 4l b7 77 K T2 5 80hs 32k |
7 A S B0 R T 2 B AR Y 3 B (Austin et al,
2007). ¥ ML ZR 7 Z R B0 #3445 & Bl (Labella et al,
2020), EZFMBCREMEESE NN FZ—, JLHTE
ST J& (Mibrio) 4 T8 Hr 3% 3k 777E , 4n e 4k [CHI R (Vibrio
harveyi )l H A7 2 14 1l 2 (Zhang et al, 2001). {5 32J8%
Yk PDD i BE R 38 5 28 BA Hh a0 e It i (R ) 22 55
2018), ik, %%} PDD BURMLELFS 24 T H
I AE S BOWFSE . BRAT OISR A SR Bk, PDD R
075 % 20 9 N TR BB, pPHDD1 g il 7= 4 1 75 %
damselysin (Dly)#il phobalysin P (PhlyP) (Rivas et al,
2011), DARGLfR 1 gafithy™ A B A (phospholipase)
(PIpV)FII Ifi. Z (phobalysin C, PhlyC) (Terceti et al,
2017), [FIEF, R g A ) 95 I 28 5 2% €0 AR G ) 1) %5
I 28 22 [] 4 B TRV P TR) A X 1 R 1 37 1ML 0 B 7
HA BB (Vences et al, 2017).

ARG HATsr B £ 2 45 # PDD, 4 dly.
PhlyP. PhlyC Fl PlpV & 245 J1 3L 1 %2 45 5 3l
VIR SL G, KRR AF Y PDD TR AR 43 A 5 BEFE |
FREEAR NS FEAR R DRSS, 2021), Horb, B EEUR
PE R SR B AR 1 SE 56 % 4 55 o PDD1608 #1 PDD1605,
55 H Al Hp B R NS5 B RRA L, S BUR TR SR AR S
IR 4 PP O LR ELVA IR ds , R R ELAT AR R Y
oW 1. R R 5 BE MR R A B 1 LA dly I
PhliyP, X1 F= ME0R 11 5 i 3 A0 LB B BRI, JF
FLH L 5575 R0 91 2 B0 Ry 55 0 AL T 2 A0 G ¥ I o
AW DAL 1 MR BOw PR Pk PDD1608 1
%, i EE AR fR PDD1608 B /1 3L dly Hrk:
R, HEETAE AR AR AR AR K L 2 AR ARk

FE R R K HL M 5177 #) (extracellular products, ECP)
A IILE . B RES 55 2 Fh A Y2 Rk, I, BF
AT B A= AR TN 2 Bk S H: ECP %A /K 75 5 16 (Oryzias
melastigma) i A\ TG S8 1145 LDso, LUHSA PDD
EX O I T R AR W v

1 #RE5FE
1.1 BRRFNRAL

SIS TR LAY AR PDD1608 BLAF T [ K =Rl 2%
HIF 5T 6 B I 7K = AIF 5% T T /K 35 B0 D R AR B N, 5
F T 7K D9 A 77 BB R8 v 1 G- fil 14 44 3% 15t 973 b (Zhang
etal, 2019), ik pACYC184 il pCVD442 Il [ #IX
R RAEBH A BRA s KT (Escherichia coli)
B2155 M H E &AM AT .

1.2 EERXFIESY

R EL i PrimeSTAR® Max DNA polymerase It
H 5 HBEAEYHEARCAEEOARA T 20xPBS Z2 il
A 22 IR YL A H A RS E R FRA W) 5 BRI
PEN DI Sma 1 1 F 388k K I/RBHE A F]; T4 DNA
AR . A7 DNA 48U & . Kl DNA Zlifk
R & BCA &7 ke B I 0] & 34 W B e ot i P
e R Ry A BN W) 5 O B 2T 4R 45 = 1L F R
SRR DA PR BR A 7] 5 Ui 259 25 et 1 A
BN A W00 A B2 7] 5 AR A 20 AR 50% 51 B 3,
W A Sy AR YRR AR\ 5 NaCl 1 4 24
A2 A FRA E 5 RS R K G R (TSB) FI
TCBS Bl =508 1 46 5 i M H AR B A FR A vl 5
TR . LB BiFREMGIMIGR DML TAY TR(EHE)
Bty A7 BRZA w4 ARt

&1 PDD FZEAHEHE dy REKETEZNSIMER

Tab.l Primers for the virulence gene dly-deleted mutant strain construction
519 JF31(5'~3") FEIRN
Primes Sequence(5'~3") Product size/bp
dly-5F  GATAGTAATGACCGCTGAATGTGATATTAATAGC %93
dly-5R  GGATCTAATTGATGAGAGATTTTTCAAGTC
dly-3F  CGTTTTTATTTTCATAAGTAAATGTCCATATAACC 990
dly-3R  GTTGAGCAGAAGATTGCAGATAGAAATATA
dly-CmF GACTTGAAAAATCTCTCATCAATTAGATCCGAGCTGCTTCGAAGTTCCTA 1071
dly-CmR GGTTATATGGACATTTACTTATGAAAATAAAAACGCATATGAATATCCTCCTTAGTTCCTATTC
dly-outF  GAGCACCCTGTGTTTACTGGAGG 3 058
dly-outR  GTGCAGGGACAATATTGCCAACAG
dly-inF ~ GATAGCCATGTATCAATTAATTGTTGTG 135

dly-inR  CTAGAGCATACTGTTCGATTACCA
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1.3 GRERHRIGE

DL N AR G I 55 N A FR BT A= A% PDD1608
HEHZH DNA A, 514 dly-5F/5R #1 dly-3F/3R
Poig dly B L R ERNEE R B B4 dly-CmF/
dly-CmR M pACYC184 ki b4 1 & R Ptk A
(Cm HrbEFEFHEARH dy FERE R B, it d
PCR F AN dly FEA 1| T il [RIJEE F BOR Cm Bt
T BB A U TR B Adly1608::Cm, PR H:
T A A A BURL pCVD442 , 3R FTHE Bk, pCVDA442-
Adly1608::Cm,

T8 5o HL B Ak (Lee et al, 2009) % FT 8 5 ki
pCVD442-Adly1608::Cm f% AKIFF I DHSa Apir, ZEXL
PULB FAR(A TR EZMEAEREESIH 50 pg/mL
F117 pg/mL) |, F 37 CHiFR B BEIE AL Hoa b2
FFRAEIERG K AR T 3 mL XL LB AR S (R
NHERMAER SRR 50 pg/mL F1 17 pg/mL),
£ 37 'C. 180 r/min Z5F Tk 35 5%, U H A8 AT
&AL PEIUTUR. DNA

PFTH AR pCVD442-Adly1608::Cm HLFE b FE A
KIGFFE B2155 Wk, WA T3 100 pg/mL 2~ 5 %
EM 0.5 mmol/L & ILBE “FR(DAP, FIHL T ik5)
9 LB VA, 37 CHEFR R PR TP AL, 1t me b AP
JH T A LR ABHAR PR E. coli p2155/pCVD442-
Adly1608::Cm.

HHAE R E. coli p2155/pCVD442-Adly1608::Cm
FIEFAE#k PDD1608 43 5l i 4557, 453 500 puL B
RAE, AR, S0 uL A5 ME BRI AT
SHAEZR0 ug/mL)AY 1.5% NaCl LB FHi, 30 C
R g% 2 B R TE B, BE LR ERCECAS (n=5) B e B TR 1
FH5 19 dly-inF/dly-inR . dly-outF/dly-outR %} 2 57 f
KiE4T 2 R PCR P29 5k, 514 dly-inF/dly-inR
K25 B, 514 dly-outF/dly-outR il 45 5 i
P ) B TE R TR R R O B I BE dly BRRRR, AR
AdlyPDD1608::Cm,

1.4 BFARRAD diy EEREAHKBRENE

FIWHRI4S . Tk PDD1608 1 Adly PDD1608::Cm
RIZEHEAD T8 1.5% NaCl (¥ TSB [ & 55 723, F28 C
FEFERE N B 5, PRI 2 R 0 BT K 0 IR T
10 mL & 1.5% NaCl # TSB Wikl 53h, T 28 C .
180 r/min F&14F i R85 7%, H#E A B K ODjgoo nim=0.6
1.4.1 AKkwmLn e FEhil e TR 1 100 L
R REEAN T 96 FLARH, HEfL 300 uL, FERRREM 3 1
AT, & 1.5% NaCl iy TSB M B 3% 38l 2 (1 %1 i

M4 A K& A (L5 . Bioscreen C°Pro)%f
B 2 h il 1 YK ODgoo nm fEL, 22 1HIAE K2R

1.4.2 i 3 P (swarming) ¥ R FHRS WA 43 51
B3 L VR LT 0 20k [ R TSB #5372 (% 0.6%
TR, BRI S ASPAT, KPR IE ST 28 C
HARBE TR R 24 h, WS A RIS R/
1.4.3 A AR W A 5
Fe ARG PR AR 40 b i A A 5 A IR AT B
PDD1608 F1 Adly PDD1608::Cm £k JH A= Ak 43 1 i
E, T 28 CHiFE 24~48 h Ji VLB [R] B bk Y 2 1 4
b SR SR 2 5

1.4.4 A DAIET R AL Sl PR 10100
Fii B o B 200 wL i B S5 1Y RS N 2 G T 96 fLAR
BRI 3 A AT, LUBTEE TSB WA 72 564E R B
PEXTRE . 96 FLAR N 35 f5 F B D B, #EF 28 C
AR FRFE TP IR 48 h, WA, (T TR B R
2% WP (phosphate buffered solution, PBS)iE MR it
WAL, AT S, LN 200 pL F
JE 15 min, WOHEE, BT 1%%5 SR gLt
5 min, ffi i ddH,O ¥4k 3 WK, 52 TG, i 95%
TV W S R B R B BB, A P AR U 22 OD 505 im
{E (Zhang et al, 2021),

1.5 ZYERMIE

K H K-B 40 4 #0217 vk PDD1608 il Adly
PDD1608::Cm MHiA K25, FK B JE L
250040 (0 A BTN A R0 A BR 2 RIS F IR A T
WM Z b, 28 CHALEE AT #F B R 12 h,
DA P B4R, 2GRS IR 25 3 5 58 B IR S 30 = A
YEALEM 22 (CLSDARERT EE , M 30 8 AS TR B AR 1 259
TR
1.6 HE# K ECP A IniE 4 kAsEeiE N E
1.6.1 H & 4] &F= ECP #9425 itk PDD1608 Fil
Adly PDD1608::Cm £ TSB Az b iffbIfaifb ks 3%
Jo . PREC 2 BRIATAY R VR, 20T 50 mL YRR TSB
g T 28 °C. 180 r/min ¥ETH ISR 10 h Hl 45 Fh
T 4 HIE S mL FfFRF R 10° CFU/mL 4% .
B ARE(2022) ), HH4T 10° CFU/ML ik B
WA ECP JR ik il 45, JFx ECP JR i 47 A Joik
T BIR S , W 100 pL 59 ECP JEIR 4 4 T TSB AR,
gk, HFRE L RWEERK N, 4 ECP Rl sk
50 mL . E PR
1.6.2 #E# % ECP #Efbtn & EEA 1.5%
NaCl [ TSB Hif I 5% (VNV)BREF4E27 F1i, FF76F
B rr SR — B A A A T AL A S P A, T
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W32 B kR & BCP (% ML RE 1 (R4, 2021). A4 40
MR B A AL A3 A 100 uL (TR FT ECP
PR T IR AOIE , 76 28 CREFRA h e 24~48 h,
KB REI AR IRIE SR, XTI ToH TSB A 57
e, EESE 3R,

1.6.3 H 4B ECP #7555 85 & M) & EEA
1.5% NaCl () TSB H I 3% (V/V)BR L3, FF-76F
M r R — MR EREAR A8 BT FL O A,
JE TR PR ) ECP 43 SR BENE A0 BE 1 (XU R 55, 2021), &
AR B AR 1 A HARFL R A3 A 100 uL A9 B R
ECP 5B AT IR WENG /0l BE 1 /0, 7 28 CHEE
FEThRE 24~48 h, KEPUEIFHHAIICE, XL
JCIR TSB A3, ERE TR 3 K,

1.7 BE# K ECP MIBUHR Wik

LA S T 5 T 5 F) W S e g K e, S
BIRK R 2.5 cm, PIIERE N 55 mg, S MK i
TAF% 77 (Wittbrodt et al, 2002; Takao et al, 2010), F#Fd
RECAFT BB KIEH RS, KRN Q23£1) C,
B H AW 1 YR pd H(Artemia salina) ok, ML
Smin WIZ5E A, 320 FBICK A 7e KA ER R3S S 2%
TR 7d, JHHT 24 h 17 IEIRE .

M 1.6 4% 10° CFU/mL Y 5 T 1 F ECP 5
B, FIRE 10 fAfRaLIRAT . RS, ICRBER R
WL s i BCA 2 vk BE ) & 2 ECP B R o

Sk VK T W04 1, FEXT AR T Y
wOUL AR A s s, 4 sl #E 4T PDD1608 |
AdlyPDD1608::Cm T M ECP HIZ I M SL5

AT BEE S MHIERLEE(10%, 107, 10°,
10° fi1 10* CFU/mL), MRSl 10 SRk
Hffh, WE 2 APATS8, MHICE PBS fE X
M, BANRME ECP ML g 5 MR EERREE (1.
1/2. 1/4, 1/8 F1 1/16 ECP JRiK), 152540 10 5%
WK E B, W 2 AVATEE, LIJCH PBS Xf
HESLIR A

TG 2. 4. 6. 8. 12, 16, 20. 24, 48, 72,
96, 120, 144 F1 168 h #EATAREL, FAhic SRk 21
FITET B, B 2L 3 d UL E R I IBE TG n] 45 o st
¥y, 2% Bliss BLITHEEEGER LDs.

1.8 HIBAIER ST

AW, AL E . Wbk A Pek
FE AT F IR S S I AR 2 B BRI g
2£ 8K F Graphpad Prism8 #E4 78085 I AL L 00T MAEE

2 R

2.1 #t%Kk# Adly PDD1608::Cm BY £ E

FIFH ARed TAVEMERAT dly LB, B
BLPR IR 5 B TR V& (n>10) 4T PCR %88 o IR 25 )
SEN dly f9514 diy-inF/dly-inR #E17 PCR §73, 4552
UL 1a, B 4 £k PDD1608 1y B P X5 B4 1 1 335 bp
(4 E R BE (S5 23), BRERUE 22 S BRSO RE (S5 1~22)
WRVE A 19 RYRI BB, 3 ST Y
HEHBRBERS 2. 5. 11)0 IRY G H 441 1Y 205
W TR % TP B M — AN B T e (1 5 B s ) R A T T R I

M1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 M 1 2

bp
5000
3000
2000
1500
1000
750
500
250
100

BT dly ZEDI BRI R 0 5 e 45

Fig.1 Results of dly-deleted mutant strain identification

a: PICRERTEREE SR dly SpIE AR I i Dk AR 45
b: 1 SRR TR AL dly B BRI RIS (B Cm B R BO)BUIR HE BRI B DR I 45 2R
a: Agarose gel electrophoresis test of monoclonal colony virulence genes dly;
b: Agarose gel electrophoresis test of the upstream and downstream homology arms (containing Cm gene fragment)
of the No.1 monoclonal colony virulence gene dly.
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dly SMEBIER B, RIS dly-outF/dly-outR i
1T PCR ¥ 14155 3 058 bp M H 1Y H BL(E 1b), 2t
WFFIGUES , FRAEEIIFEEN dly SRR E T,
4,4 Adly PDD1608::Cm,

2.2 HEHRMREKHREESR

221 A K E F KR W # PDDI1608 #i
AdlyPDD1608::Cm 7E TSB AR IR h 253 4 H 5h
AR ZR AT 32 h ARG IC 5 (ODgoo am) i s 41
et eshl A Kith4 . 48R Bas, B4k PDD1608
AR EREMR, 7F 2~10 h WAL FAE KT BUPIB B, B
ek AdlyPDD1608::Cm A= 1 3 B 55874k PDD1608 4=
KRR LU AT TR A, 7 8~16 h AL T X504 K49
(1 2), MR, dly FE5H p 8k 7E— e R L s
T PDD1608 F#kFE TSB MAARK: I 56 v i A= K U

1.0
0.8 |
£0.6
&
3
0.4+
-@- PDD1608
0.2 —- Adly PDD1608::Cm

| | 1 1 | | | |
20 24 28 32
Time/h
BF LRk PDD1608 ik S bk
Adly PDD1608::Cm (44 £ il &
Fig.2 Growth curves of wild type strain PDD1608
and mutant strain Adly PDD1608::Cm

& 2

222 BB OBRE G B tk PDDI1608 il
AdlyPDD1608::Cm 7£ 28 CH55% 24 h, XA,
dly FER B 5, Bidkk AdlyPDD1608::Cm 587 4= #k
PDD1608 #H LLif gl BEAIL, A i i 35 2% 5 (P<0.01)
(K 3).

223 A ACHE M SN Btk PDD1608 #l
AdlyPDD1608::Cm 1) 26 F A b % 45 R R, 2 bk
W 26 RS E B SR, BEN dy #k
i R TR 1 A 3 A Ab R TR R 3 AR (3R 2)

224 AT AR A AR (U ERT T £/ )
%% PDD1608 F1 AdlyPDD1608::Cm W54k F Fl) A= 4 9%
TS B 25 28 WoR , 5P AERE PDD1608 AH L,
AdlyPDD1608::Cm [ A5 4 45 I TP B B 7 & 3 F e (P<
0.05)(&l 4), X £ S H dly il GES 5 ##% T PDD
PR A= W00 FBE R T 1

B 42 Diameter/mm
IS o

N
T

PDD1608

Adly PDD1608::Cm
Bi#k Strains

K3 B4k PDD1608 Flik K #k Adly PDD1608::Cm
sl
Fig.3 Swarming motility of wild type strain PDD1608 and
mutant strain Adly PDD1608::Cm

ok RIR 25 TR . (P<0.01),
*** indicate highly significant difference (P<0.01).

2.3 MR EIR SN

Eitk PDD1608 #l AdlyPDD1608::Cm HYJ 38 Flit
R E R, TEEN dly SRS, AR
B 2 ISR Ul 557 , S R PR VRS 1 i PR A
Kk Adly PDD1608::Cm )i FE i A T S 5 Z Ptk
FERI(Cm); HAh 37 itk R 25 R i 45 R AP TE
FES(F 3).

2.4 HWHK ECP B)iA ME MBS ENER

/4 ¥k PDD1608 Iz ECP &30 H A 3 0 72 1L 376 14
FIws IR ISP, miBkstk Adly PDD1608::Cm & ECP
)5 I RN B S PR AR, ST 2E AR PDD1608 1Y
SIS 2k LA LU, A L T R i T 2 34 2R B R R AEG
( 5), g5 EW, FHHEA dy fEkgxt PDD1608
)5 L P R g il 7 A Ak W RS, B
VA5 L5 4 R s T PRI

2.5 HHEECPHEBHESR

Fi#k PDD1608 Fl AdlyPDD1608::Cm Xif 73 7K 75 £
() SCRESE 0 IA5 2 BRI LDso 435120 1.31x10° CFU/mL
F11.71x10" CFU/mL, # H1 5 dly SR LDso T+,
JEEFARRAY 130.53 £ [RIEE, 2 #RIE I A A7 Ik
T, MIRIBGEERE AT, SR EGEHE AT,
HARMREESRIET , SRR (7K T B 104715 2 1]
8 5 TP AR (& 6a~b), BEIARE 3£ dly (42 52
T #tk PDD1608 AYEUsTE, S EULHE SIREIK,

Hitk PDD1608 1 Adly PDD1608::Cm b4y
ECP MU SLIMAE 2 ¥R ECP 1Y LDsy 20514
101.46pg/mL A1 110.19 pg/mL, HJCHk ECP 1 LDs,



B3 X%

WLAE: S NAUROEHT T 56 N AP dly JE PR S i) 2t S FAE W " R PRI 5T

187

Fz 2 B4k PDD1608 FNELk#k AdlyPDD1608::Cm K4 T8 4 L4514
Tab.2 The physiological and biochemical characteristics of wild type strain PDD1608 and mutant strain Adly PDD1608::Cm

Wi H Pt Strain Wi H bk Strain

Item PDD1608 AdlyPDD1608::Cm Item PDD1608 AdlyPDD1608::Cm
3% NaCl 743 ., s e ) )
3% NaCl glucose Inositol
3% NaCl W% B B 6% NaCl JBfifk _ _
3% NaCl gelatine 6% NaCl pepton water
FZ= M Rhamnose - - 11 Z4EE Sorbitol - -
10% NaCl [k B B 3% NaCl 45128 [ i 22 ity N N
10% NacCl pepton water 3% NaCl lysine decarboxylase
3% NaCl H &l N N Kovacs iz 7l _ N
3% NaCl mannitol Kovacs reagent
N R % Malonate - - A~ H Amygdalin - -
0% NaCl Joh ek B B Abk _ _
0% NaCl pepton water Xylose
3% NaCl & & W bt R i - B 3% NaCl BT RLA(1 _ _
3% NaCl ornithine decarboxylase 3% NaCl Arabionse
3% NaCl 4 2R SUK fi il N N 3% NaCl i fb 5 _ _
3% NaCl arginine dihydrolase 3% NaCl hydrogen sulfide
PO 5E AR R B B 3% NaCl R Z il B B
Simmont citrate 3% NaCl urease
gy N N 3% NaCl FLik _ -
Melibiose 3% NaCl lactose
3% NaCl [k N N 3% NaCl [ih¥ _ _
3% NaCl pepton water 3% NaCl sucrose

3% NaCl MR-VP - -

3% NaCl ONPG - -

e+ MEEE, =" M.
Note: “+” means positive, “—” means negative.

1.5

I

PDD1608

Adly PDD1608::Cm
Btk Strains

Kl 4 BPA: Bk PDD1608 Ik bk
AdlyPDD1608::Cm 4= ¥ 9 5 )i E T
Fig.4 Biofilm formation ability of wild type strain PDD1608
and mutant strain Adly PDD1608::Cm

* R 24 5 .2 (P<0.05),
* indicate significant difference (P<0.05).
HWAEMR ECP MHEL, #2755 17 0.09 £%, (H =35 1303E
I A A AE B 5 2% (] 6¢~d), BBk ECP 7EAH[E

RS BUACAT T X /K 3 £ () SO0 SR A1, DA 7
JIFERA dly BT PDD RARHLAN =) ECP 15 1)
FEAET R, S TR R A S A A,
dly &P 2k K T PDD RIS =4 ECP A
e Sy, MR T PDD bk ECP BIEUWPE .

PRIAR B0 S SR AR ECP B0t 25 R AT
TEAHSEME, BF2E Rk PDD1608 2 H: ECP (B0 MR & T
Btk AdlyPDD1608::Cm K H: ECP fyEuitE:, i
J13E dly %k PDD1608 FISUREAEAEEHENE

3 itig

PDD 7EME AR 2 404, BeWITE 1981 4R L
Vibrio damselae 77 44 it i (Love et al, 1981), % Smith
EOCRIN i R S LS N A R E YNV S
¥ 5 26 A 14 . Fh (Photobacterium damselae subsp.
damselae). I 10 24K, £ & PDD XV 3 ¥ B0k
Az 2%, H PDD BURMITE EMEHE R L
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%3 Ef4#k PDD1608 FERSK K AdlyPDD1608::Cm HIMITE R A MW ER
Tab.3 Antibiotic susceptibility test results of wild type strain PDD1608 and mutant strain Adly PDD1608::Cm

B B Strain B Bk Strain
Antibiotic PDD1608 AdlyPDD1608::Cm Antibiotic PDD1608 AdlyPDD1608::Cm
TR RIB Amikacin R R B4 7 & Novobiocin S S
BEFE & Streptomycin R R PUIFZ Tetracycline S S
KT 7 E Oxacillin R R i }18 % Doxycyclin S S
I H A SMZ-TMP S S FEWi B F Minocycline S S
L TEIRTE R E Spiramycin 11 R R i IV Cefalexin R R
X VP B Fleroxacin S S wiEH Clarithromycin R R
ZEWERR Nalidixic Acid S S % % Penicillin R R
%3270 A Lomefloxacin S S 1% & Erythromycin R R
Skt R ENG Cefotaxime S S Hr# K Neomycin R R
P& Whf Ceftriaxone S S N HEE Ampicillin R R
FAAHIAK Ceftizoxime S S JeHE s Cefobid R R
A JE# Florfenicol S S % FE Kanamycin R R
AP A Ofloxacin S S K KB 2 Gentamycin R R
FRMAR Norfloxacin S S Bt b &2 Enrofloxacin S S
Z $5 T & b Bpolymyxin b R R W% R Furazolidone R R
A2 Ciprofloxacin S S F 45 Rofampicin R R
kA IE Ceftazidime S S Fi] 478 & Azithromycin R R
%5 Chloramphenicol S R e VI Cefradine R R
ek V Cefazolin S S MEWR AR Pipemidic 1 1

TE: ROWAHUE; 1P U S iU,

Note: R is insensitive; I is moderately sensitive; and S is highly sensitive.

PDD1608 Adly PDD1608::Cm

PDD1608

Adly PDD1608::Cm

Strains
Strains

ECP
ECP

a b
[ 5 Bp4k PDD1608 Fliks bk AdlyPDD1608::Cm K H: ECP i Mg M i 1 F11 78 1375 e

Fig.5 Phospholipase and hemolytic activities of wild type strain PDD1608
and mutant strain Adly PDD1608::Cm and their ECP

a: 2 DML ECP RIBRIREHGE; be 2 DR AL ECP AU IMIGTE .
a: Phospholipase activity of the two strains and their ECP; b: Hemolytic activity of the two strains and their ECP.
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Fig.6 Artificial infection test results of wild type strain PDD1608 and mutant strain Adly PDD1608::Cm and their ECP

a: BA:Hk PDD1608; b: #tJitk AdlyPDD1608::Cm; c: BfA:#k PDD1608 ECP; d: #tJi#k AdlyPDD1608::Cm ECP,
a: PDD1608; b: Adly PDD1608::Cm; c: PDD1608 ECP; d:Adly PDD1608::Cm ECP.

FEME, 15 035 7577 5 (Caranx sexfasciatus) (Yashgin
et al, 2015), BE47 % #F(Penaus monodon) (Vaseeharan
et al, 2007). A J& 1 F (Exopalaemon carinicauda) (Liu
et al, 2016)F1f 1 % 85 (Cynoglossus semilaevis) (Shao
etal, 2019)% . I, T ZHEAWFSE PDD HYZEURHLE]
VIS e 04k b S 7 97 B AR it , BB AP X YA v A
YIrfEE

W5 W, 4 T 50k pPHDD1 [ A9 3 11 3E A dly.,
PhlyP FI T 4 .k 135 J B K] PhlyC 2l PDD [ R
MRS, HEg I dly B —E W igHE-D 1
T 14 (Osorio et al, 2000). v T YL o (AR 15 I 3L A Plpv
R RE G PEAH OGN, X 4 FhEE SIS PDD
KREUR J15055 % U1 AH ¢ (Rivas et al, 2015), HIEAWF
GE L0 = A = BUR PSP A Bk PDD1608 AU HIL
il e PR PR A OGS B dly A9 Bk R BR
AdlyPDD1608::Cm, 74 KFRME . 25Ut . %
I B A Tl 0 R TR R B0 M A 2 IR S
H5t dly 2 7E PDD1608 0 i 72 A SR A

BT A I, dly Fe PR i 2R 2R U2 TR & B SR AE
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KMFT P BAFFE S UNE B , AN ZE LIRSS (2020) 44 2 1Y
Jo B i B R A FF B vseG 3 PR i 2k i A K 5 A
PRAH LA BT sitg 15K I 25 (202 1) 44 22 19 R ¥ 1l K
Ei(Mbrio parahemolyticus) VP2918 JLfH Bl e bk . #2745
A5 (2022) R E R IR E (V. alginolyticus) VerV A
S AR A I A K R AR R R AR AR A
HEM , PDD1608 B BRI dly 3K 5 A K 3L R 22 ]
A REAAAE DM EEON, H dly BEP 2 {25 PDD &
PRAE K A IR AL A 75 A T IR A B 5T

PDD AR AE /K BREE Hh A A7 1 fig AR 5, Of:
Hx Z Rl vesh A gom i, ik, WEkiEGE
BT AR ZOR M AR K A s A, (R R S
S350 24 40 1Y H B (Santos et al, 2018), K, AHF
FEEHUT 38 Fhbid: 2R 26 Fd: BiA: AL S 24, W HT
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Construction and Biological Characteristics of the dly-Deleted Mutant
Strain of Photobacterium damselae subsp. damselae

LIU Dingyuan'?, WANG Chunyuan®, YU Yongxiang’, WANG Yingeng’,
LI Jingze’, ZHANG Xiaosong®, QIN Lei', ZHANG Zhenngb

(1. Jiangsu Ocean University, Lianyungang 222005, China; 2. Yellow Sea Fisheries Research Institute,
Chinese Academic of Fishery Sciences, Key Laboratory of Maricultural Organism Disease Control,
Ministry of Agriculture and Rural Affairs, Qingdao 266071, China)

Abstract As a pathogen, Photobacterium damselae subsp. damselae (PDD) is distributed widely
in the marine environment, and the host species of PDD are diverse. Although in the past decade the
number of reports on the pathogenicity of PDD to marine animals has gradually increased, it is
necessary to study this further in order to establish targeted prevention and technical control measures
to reduce harm to marine organisms. In this study, a high-virulence PDD strain (PDD1608) was
selected to explore the effect of the virulence gene dly on the biological characteristics and
pathogenicity. The dly-deleted mutant strain Adly PDD1608::Cm was successfully constructed using
the ARed recombination technique. The biological characteristics of the wild-type and mutant strains
were compared, including growth, swarming motility, drug susceptibility, physiological and
biochemical characteristics, biofilm formation ability, and hemolytic and phospholipase activity of
extracellular products (ECP). Meanwhile, Oryzias melastigma was used as the target host, and the
pathogenicity of wild-type and mutant strains and their ECPs to O. melastigma was detected by the
artificial infection test. There was a positive correlation between the results of the bacterial solution
and ECP challenge, indicating that deletion of the dly gene affects the virulence of the PDD strain.
Deletion of the virulence gene dly resulted in slower growth of the PDD mutant strain; reduced
swarming and hemolytic and phospholipase activity; no change in the drug susceptibility or
physiological and biochemical characteristics of the wild type and mutant strains; compared with the
wild type strain, significant different (P<0.05) biofilm formation ability of the mutant strain; the
artificial infection test showed that the pathogenicity of the mutant strain and its ECP decreased. The
results of this study revealed that the virulence gene dly affects many biological characteristics of
PDD strains, such as growth, swarming motility, and hemolytic and phospholipase activity, and it was
found to be closely related to the pathogenicity of the PDD strain and ECP.

The results of this study contribute to further study of the influence of the virulence gene dly on
the biological characteristics of the PDD strain in order to determine the appropriate prevention and
control measures to curtail its spread and infection. The artificial infection test of the model organism
O. melastigma helps provide an animal reference model for further exploration of the pathogenic
mechanism and infection process of the PDD strain on the host. The results of the ECP experiments
provide a theoretical reference for the research and development of PDD subunit vaccines.

Key words Photobacterium damselae subsp. damselae; Mutant strain; Extracellular products;
Biological characteristics; Pathogenicity
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