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B = [§5%] £A8%04FE £ A& TH(Photobacterium damselae subsp. damselae, PDD)& —#F
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Heg®eh, (7] £55R-SDS A ER 7%, MEF % PDD1608 &9/ ¥4k % ¥k ApPDD1608;

) TSB Bl 4k3% Ik A B A2 48 WALV 0 #7 B #& PDD1608 5 ApPDDI1608 49 & M A 4¥4E; i@ it tm
e AT E M Z Bk PDD1608 5 ApPDD1608 #4924 32 & /L & A A8 K-B 4K A & 3k M 2 8 &
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B g By i M F i b 38 3L IR A J 3 KGR Sh) 2 B AR PDD1608 5 ApPDDI1608 69%05% /1. [45% ]
% iR -SDS 5T H B AR E A PDDI608 49 Kz, SR TALARAFFIE L L T 43125 PCR A
¥o kR AR 7 ik, FRALAM L R A, SRS RS A AR S AR 5 A T A LM A
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AZ[H AN, T BAE 24 h RAIRRT, w/Rlse AR K- 8RRk, 24 h o FALH
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Abstract: [Background] Photobacterium damselae subsp. damselae (PDD) can infect a variety
of marine animals to cause diseases. Comparative genome analysis revealed that PDD strains
harboring a large plasmid pPDDI1608 exhibit strong pathogenicity. Furthermore, gene
annotation analysis unveiled the presence of virulence genes and secretion system-related genes
in this plasmid. However, there is a dearth of studies examining the functions of this plasmid.
[Objective] In this study, a highly pathogenic PDD strain was selected and its plasmid-deleted
mutant was generated through induced mutagenesis. The phenotypic characteristics and
pathogenicity were compared between the wild type and the mutant to reveal the role of this
plasmid in the phenotype and pathogenicity of PDD. [Methods] The plasmid-deleted strain
ApPDD1608 was successfully constructed by the temperature variation-SDS method. Then, the
phenotypes of PDD1608 and ApPDD1608 cultured on the TSB plates were observed by
scanning electron microscopy. The physiological and biochemical characteristics were
measured by the microbiochemical tests and compared between PDD1608 and ApPDD1608.
The antibiotic susceptibility of PDD1608 and ApPDD1608 was determined by the K-B disk
diffusion method. The phospholipase and hemolytic activities of the two strains were measured
by the indicator media in vitro. The pathogenicity of PDD1608 and ApPDD1608 was assessed
through the artificial challenge test by injection in Sebastes schlegeli. [Results] The large
plasmid of PDD1608 was effectively eliminated by the temperature variation-SDS method, and
a gene-specific PCR method was established based on the whole genome sequence of PDD1608.
The experimental results revealed no discernible disparities in antibiotic susceptibility or
physiological and biochemical characteristics between PDD1608 and ApPDD1608. However,
ApPDD1608 showed reduced hemolytic and phospholipase activities. Furthermore, the artificial
challenge test demonstrated that PDD1608 displayed higher pathogenicity towards S schlegeli,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FRE F | FANSPEABLATEEALTMEUFESEHES 2833

resulting in the death of all the tested fish within 24 h, whereas ApPDD1608 exhibited lower
pathogenicity towards S schlegeli, causing a 24-h mortality rate of 56.6%. [Conclusion] The
comparison on hemolytic and phospholipase activities and pathogenicity between ApPDD1608
and PDD1608 confirmed that the plasmid pPDD1608 played a crucial role in mediating the high
pathogenicity of PDD1608.

Keywords: Photobacterium damselae subsp. damselae; virulence plasmid; plasmid elimination;

extracellular enzyme activity; pathogenicity

& N A EF TR € £ 3 A (Photobacterium
damselae subsp. damselae, PDD)/&— 42 Bk [l
N IZ A0 A B 22 [RBAPE A T, %R T 1981 4F
TR AT A BB 25 5 68 S i £2 (Chromis
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UKy PDD BRI A 5 5E 93 1 BokY. PDD
FRRE ) BORL 4 A T LR BE A (dly 2% hlyAg) |
7L 7336 22 5 (type 11T secretion system, T3SS)AH
SRF IR B e R B 1 32 AR IR 25 22 g g TR 7 B9
G i DR T AR BAF 9 B 0 2 ORAT 1) v B0
P PDD WX R, RS RN 162 kb
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KN o Tl AT BRI RIS, 3 i BORLX
PDD FMRAW At e I psens, hitk—
WS BORA (4 PDD AR FRARS D) . B g 7 %t
R EUR T PDD AR A PRGN 5 By P B AR S A
MIEHE .
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E N R OLF | E N R R PR
PDD1608, 435 H 17K [ F 5258 19 8 17 G T fi
WRBHAL , BURAE T EAK Bl 2= 5% Bt it
IK B IT ] R0 e A o 5 O U A A A
WP IR PR, 2 R R AE T T h A S X
VIR Py, REEOF S Z R K S5 58 s W) A
FOm T TR, R C o8 B4 I P A
I F4% NCBI, Yo K =GOk i g 475 50 510 0
CP079237., CP079238 } CP079239.
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Y, 4K H(10.77£0.48) ecm , A Hy(24.54+1.38) g
FASOCEMSMEFE 300 L BEESANAR P B 57
7d, HEAHRE AAARE 1%, HHKE 30%,
E AR S PN TR S0
1.2 EFEEMEE R, L

TSB AR TR IL S H Ak AR E A TRLH
TSB [E{ARKEFRHE . 20 F 1A 5 O 8P Al s 57
F B2 A A RO

SDS, A T A TR M A RRA A
LT AL 00, B AR DUIMAE DR A FRA |
50% 51 5 7L A0 TR o AR A S A, BT
VARG IR 410 DNA $280A70 &, w
SUHTMERR A IR A A BR A Al 5 PR 25 25
AChH, bR FRA .

PCR ¥, ZUARTE/NT]; BERE SN RAGAYL,
Jem RARAEARHE A BR A A 5 BEbRi, B4R
A A R
1.3 E# PDD1608 Ffi ik K kA2

ik PDD1608 1k 1 B 2% X i)
(S 5 I R4 T Y il . 2L SDS 1E b1k
SRR, SR LB FOKBCH] TSB WA R 77
FHhn AU RE 20 mg/mL B SDS, 7EJCH 96 1L
M HEA T 2 A6 BERR RS, ARTS40 5 20, 10,
5,25, 125, 0.625, 0.312 5, 0.156 25,
0.078 125 mg/mL SDS 4 9 41 TSB i IAH; 373 .
Jofs PDD1608 4251 100 mL TSB AR 753
Hi, 28 °C. 180 r/min $ig 7% 15 7510 1% e fff P fAR vk
JEIKF] 10° CFU/mL. #4288 1% Fh ke g 4l
ZEHAF SDS WM TSB WAKKE R
Wi, 28 °C. 180 r/min JR¥GEFRI4K . R bR
ACE 96 FLAR HP AN TR AE K 2k B, I EGE
P RCR S TR A R SRR I AN R SDS B4
FAEOL, HE SDS R INHe T .

Halifb 5 1) PDD1608 H i 75 H2Fh T TSB i
AR, 28 °C, 180 r/min ¥ 3R JE, W

0.5 mL B %5 WR4ER T 50 mL &% SDS i)
TSB ¥;3:3Erf, T 37°C. 180 r/min 4514 F 1535
16-20 h, BE/FWHR 0.5 mL 55355 H R EE A 50 mL
AN SDS 1) TSB 35 5E T 40 °C. 180 r/min 551
TSR 16720 h, FEE AR & 4 A —N R
1.4 HE ¥ PDD1608 [FTHiiH B 35 R 46 )

B FR IS W B 100 pL B 00 BRI A
F TSB 43 F I - 28 °CREFEL R, X HBLFH A
I TR RR R AT 43 B el Al I R R
pPDD1608 4§55 4T PCR A6 LU & Jookir
THERIE DL, A H )3 F 225 PDD1608 1143k
458, X PDD fEFHHE (ureC), # )1k
53 I 4R 37 45 (Ori_pPHDD1)L &% PDD1608 J&
RIE R P 55 BN 2RO T
(F 1), UL PDD1608 B A bR AE ky BHPEXT R . ff
Y DNA $eHGRF G IR LR 41 DNA, 51 Y&
B AR T AR TR () B A BR2S A S8 AR,
PCR A6 7 22 X3 2 U O O b A 73 Y
itk PCR J2 WA 22 (50 pL): 2xTSINGKE Master
Mix 25 uL, . TF##514(10 pmol/L)45 1 pL,
R DNA (100 ng/uL) 1 pL, JGH /K 22 uL, PCR
1 S5 A v 18 A2 ofr ] 53R A e B AR B 5 | 4 2k
TP, A BERK RSN 250 bp, SEfHAS[E] 340
15 s, A2 250 bp B HIE 250 bp 34 fin 4 fif
B, B R SR R LR 1. N, ureC
FEA PCR 34544 95 °C 5 min; 95 °C
30s, 60°C30s, 72°C30s, 30 MEH; 72°C
10 min, 4 °C{fff. PCR P=#pid@id 1% e
JEHLK (110 V, 30 min)Asill, Z4G4: T A9 TR
(B By A RS w70y, I 6 = A
PDD1608 J5u L3 K 41 v iy [R) U5k e 91 267 7 b xsf
Wi . XFF PCR Kl &5 5 A FATER B iR, 20
LA EE iR PCR KIISZI, i bk
Jo R S 2R T RE R E A5 X RAR R AR AR BTA
Rk h ApPDD1608.
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Table 1 The primers information for PDD strains detection

Clk/EA Fr3 1B Ik Fr B 275 3CHk
Primer name Sequence (5'—3") Annealing temperature (°C)  Fragment length (bp)  Reference
ureC-5' TCCGGAATAGGTAAAGCGGG 60 448 [18]
ureC-3' CTTGAATATCCATCTCATCTGC

dly-5' CCTATGGGACATGAATGG 55 549 [19]
dly-3' GCTCTAGGCTAAATGAATC

hlyAg-5' GCTATAAATGAATAAGAAAA 53 767 [20]
hlyAg-3' TTGAAGCTAACTCAAAAA

Ori_pPHDD1-F TGGAATAACTATGAGTAACA 57 3052 [21]
Ori_pPHDD1-R  CATTACCAAAACATCTACAT

pl45F TTCGGTTGCCCTAGATATAC 54 700 This study
pl45R CTCTACCTTACTTGCCTCAT

p290F GTTAAGAACGCAACTAACGA 54 761 This study
p290R AGTAGATTTTGTCGTGCTTG

p560F ATTAACAACAGCGTGGATTC 54 756 This study
p560R TTTGTCCCTGTTTTGCTATC

p635F ACTATAGCGAAAAGTCTGCT 54 796 This study
p635R CTTGTTGAATAGCTTGCTCA

p720F TGAAGGAAATGAACTAGCCA 54 788 This study
p720R CAAAACTTTGTCCATCACCT

p765F GTTGAAGCATTGACTACACA 54 897 This study
p765R TAACTCGTCCCTGTATTGAG

1.5 BHAkSRARERRISYFE
¥ 4lifb i ) PDD1608 A= Kk il ApPDD1608
FORLER S bR BT 7% 40 ] T TSB AR 57 5 btk
TrRIZeRT R, BT 28 °CHi % 48 h 5 WAL H VA 4=
KA 0L S VR TE A, 38 o 1 F B AR I At
PDD1608 5 ApPDD1608 4 il JE 245 2% 5 .
1.6 FFHEBKSRAIGRRKAI A B S (LIFE
AR o A AL 4 45 E1 T PDD1608 Hf
A Wk ISR B ke 1) A B A A RN 7, K- 4t Ak
IFf%) PDD1608 1 ApPDD1608 B[4 7% 43 4
FroE AR EE N, BT 28 °CHigE 24-48 h
Je MBI sk S A R

1.7 BFER S BORORRPRRY I SR Bt
R K-B 40R 4 #i2: % PDD1608 %5 A il
ApPDD1608 ULk 26 ki AT 25 il o K fd i
4l A 55 37 4 1) BT A R A B B R TR T TR
1.5% NaClIE B 7R, i 10° CFU/mL
(TR RV, WRIBC 100 pL BB A T TSB 14
gk B At R I TR R AR |, 28 °C
R TSR 24 h, W5 4058 Pl AR O S TR AR X 24
YIRS D o 230 235 SR ) A4k 5 i R A
SC By % br i P £ (Clinical and Laboratory
Standards Institute, CLS#i 4= Z BUSIL 50 bR ifE
W i 245 1% 50 40 M UK S (sensitive) . H A T
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(intermediate) . M2y R (resistant),
1.8 FFA PR 5 FRAL R K PR AT IS I FN 6% AR R
& TEAE

VS L Rk P T T P ] 409 5 i AR 5 B v
SEACGHA TR BB 3717 PDD1608 B 4=
Pk} ApPDD1608 JoT v ik 2 ik 1 4 8 8 T T A
1.5% NaCl ¥ Fh il A% 10° CFU/mL Y T 2,
Sy AR . IR ECEARFL I 100 uL
PRI A VA T I P S 8 g o 2 T, X R 2
ARG TSB WA IR 2, 78 28 °ClE L #H
BEREFE 2448 h, PSR IF L SR SL R4S R .
1.9 BHAEHKSRNREKBBURES

R PN T S B e 1 FG - il 19 =X 30 iE
PDD1608 B4 ¥k Sz ApPDD 1608 JFi ki ik 2 Bk 1 5
Pk 22 5 o B 90 At e i/F FCA- il Rl AL 43 A% 3 41,
AL 30 2k PAASEBRAL 0 4 2 fa 43 ) e Sk
R 3x10° CFU/mL F9 B A5 R BORE BBl 2 R 8 T T
100 pL, XFHRZH S5 R AJCH 1.5% NaCl %
W SRR 12 hid s T dos, HEE
4 4d L EARFHBETAE RIS

2 ZERE54

2.1 PDDI1608 AR Ltk RIEFT S FH
TERGFRFE P M AR AL L) SDS i i bR
F 5, EFE PDD1608 AR 1 s,

0.6

0.4

ODGUD

02

0.0
0 2 4 6 8 10 12 14 16 18 20

SDS addition concentration (mg/mL)

1 A[E SDS iR E X E#k PDD1608 4 <A 20
Figure 1 The impact of different SDS concentration
on the growth of strain PDD1608.

24 SDS SN e JF >0.625 mg/mL B, B BE
PDD1608 5& 445 1FAEK, &£M 0.625 mg/mL [
SDS s finvik B2 2 i &A% PDD1608 A < Ay e Ik
WeRE . SDS BSMNH E<0.156 25 mg/mL FHIEESL
BRI, IR 0.312 5 mg/mL B}, ik
PDD1608 A= 137 21| BH I 3l {5 I K 5¢ 245 14
K, I EE 0.312 5 mg/mL /5 4 Jm 22 5ok i B
) SDS B B
2.2 BE#k PDD1608 [FuHi i BR 3 SR 44

K HVAEL-SDS AbIEAEALAEEFE 3 A
BRS BH2AEAR 12 WIS, X BORLRE S Pk A
PCR ¥ 3445 3R, FRAGA SOk B R AR BR PDD
Fi s BEP ureC Ab, HJBURL A iR IR A s BE A
Ori_pPHDD1, ka1 dly #1 hlyAy . Bokr
TR 3 [H (p145 ., p290, p560. 635, p720, p765)
PIGEE I B B AR AR D 3 25 SR S B
Pk, FBiZ 7% PDD1608 N Y Bk LA 44
FZBRECR (B 2)o RIS, JBORE T B 0 R Ak 420
HELEAEAR)E TR ZE PCR K 45 SRAR SR F BRI
1 2 S AT R AR AR Y PR BR  k:
23 BFAMKKS RREREMRRIZSHHE LR

Y 1E ¥k PDD1608 2 SRk 2k #k ApPDD1608
FIESFHEME 3 iR, £ 48 h B, &
AR BRRVE Y R IR AN E IR, %0k
W, R TR . BRI 3 AR AR
PR s 5] o R 45 SRR W BTk pPDD1608 Y ik 2k
FEARXT B IR A TR 25 s i B I AR
24 FHEKRERMREKEESE WIFE
L3R

$f 4 k PDD1608 A& Jitfr ik 2k #k ApPDD1608
A A A AL RAE S8 0 45 R AN 3R 2 PR o B A AR AN
FORL B R AR BR E A . 2R RE . IRR T e V-P
TS A b SN S BHPESL , A A Ak S 2 R B
A, FH R pPDD1608 1 i gk 3 A X i
D72 1) PDD BB 26 B Az A {0 32 3t il sl A%
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A bp  Marker | ureC | dly | hiyd, | Ori pPHDDI| pid4s [

C bp  Marker|  p290 | p360 | p635 | pr20 | p765 |

& 2 HE#k PDD1608 FNApPDD1608 FEIERE AT PCR MR  A: Ktk PDD1608 [ ureC. dly. hiyAy.
Ori_pPHDDL1, p145. B: E#kApPDDI1608 [ ureC. dly. hlyAy. Ori_pPHDD1, p145. C: Eifk PDD1608 i p290.
p560. p635. p720. p765.D: HEHKApPDDI60S [¢) p290. p560. p635. p720. p765

Figure 2 PCR detection results of different genes in strain PDD1608 and ApPDD1608. A: ureC, dly, hlyAy,
Ori_pPHDD1, p145 of strain PDD1608. B: ureC, dly, hlyA,, Ori_pPHDD1, p145 of strain ApPDD1608. C: p290,
p560, p635, p720, p765 of strain PDD1608. D: p290, p560, p635, p720, p765 of strain ApPDD1608.

SEM HV: 200 kV. WD: 9.07 mm VEGA3 CANISEM HV: 200kV. - WD:
Det SE SEM MAG: 200kx 2 um Det SE SEM M, 2 pm

3 PDD1608 #1 ApPDD1608 HIFSZSHHIE  A: itk PDD1608 7 TSB [E{AF5E FIRTETEA. B: Mtk
ApPDDI1608 7 TSB [E{As5 553 FAETEIEZR. C: Hikk PDD1608 HLBTMARLER. D: Hikk ApPDD1608 HLGEMM
AR

Figure 3 Morphological features of strain PDD1608 and ApPDD1608. A: Colony morphology of strain PDD1608 on
TSB solid medium. B: Colony morphology of strain ApPDD1608 on TSB solid medium. C: Observation results of
strain PDD1608 under electron microscopy. D: Observation results of strain ApPDD1608 under electron microscopy.
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&2 IR PDD1608 5 FHiER K #k ApPDD1608
SEEUHTEES

Table 2 Physiological and biochemical characteristics
analysis of PDD1608 and ApPDD1608 strains

Item PDD1608 ApPDD1608

10% NaCl pancreatic peptone water — -

6% NaCl pancreatic peptone water — -
3% NaCl pancreatic peptone water — -
Salt free pancreatic peptone water — -

Ornithine decarboxylase - -

Glucose + +
Rhamnose + +
Amygdalin - -
Lactose - -

Lysine decarboxylase - -
Melibiose - -
Mannitol - -
Inositol - -
Sucrose - -
Sorbitol - -
Xylose - -
Urease + +
Gelatin - -
Arabitol - -
MR-VP - -
Malonate - -
Simons citrate - -
H,S - -
Indole - -
V-P test + +

Oxidase - -

—: Negative; +: Positive.

25 BEKRSRNREKEMERGIH
Rt 43 1

74 ¥k PDD1608 J¢ STk 5155 #% ApPDD1608
() 30 P R USRS gk 3 s, B
AR BRSO BRXORIE IR R | ZVER K | 280

R A i I A 19 FhpiA: IR = ek
FREERRR, TR HEAY 11 Rbdis: RFE B 259t
P 45 B2 B ok pPDD1608 1Yl 2k K 33% i, PDD
PRI X I 2 B A 2R 2 W R vk i ek s, ]
FEUESLZ TR b 5 70 AH DG B Az Z T 24 3 R R
FIREARENT PDD ra: K2tk ny £54
FH
2.6 FFHEFKS B R K HK B A I A0 A A
E TR 45 R

HY A4k PDD1608 FE B H A 55 14 75 I 1 A
NEBEEPE, SOk Sk A% ApPDD1608 AH% T 1
AERR, RS I A i i R LE B BTl
IS A EARE BN, HIFRTEEH
0, VIR FIBE NG B 2R P42 53 1 5.56 mm FlI
7.65 mm [ % 1.90 mm Fl 4.15 mm, FI H 55
M5 55BN F S (B 4). SCIRZE RIESE, i
$i pPDD1608 (1ik2< % PDD1608 F75 /140 XL
R B T B B A5
2.7 EFAEHRE B R K BRI BT T B B
SR

N TGS R W], B4 Pk PDD1608 415K
It 12 h INAET-R N 76.6%, 24 h NATBAET,
ORI Bk ApPDD1608 2H 525 £11 12 hET =R K
53.3%, 24 h JET-F N 56.6%, 72 h JET-FN
63.3%, JFHZE 168 h WA HBUH LT AMA,
Xof BV FCOY- iy 5236 B (R RAS IE R, R BIE
Too SEIEEREW], TEM R R AT, B
A= bk PDD1608 17 TR I &G P il s,
I R PN AR o, T S £ ) A AR T, R AR
HIEUE T o T BTRLER S HE ApPDD1608 Tk {3
S APl 5 (A0 22 ) e T B A ik, TE D]
5tk pPDD1608 F B4 X PDD FIEUR 15200 .
F, RHHE VR FEMKE 5), GESE A
pPDD1608 J& PDD Fy 55 S0k,
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%3 EF4 %k PDD1608 5 RALERK#% ApPDD1608 i E RAMY R ESR
Table 3  Antibiotic sensitivity analysis of PDD1608 and ApPDD1608 strains
TR IR E R EER A E
Antibiotic Judgment Antibacterial circle diameter (mm) Result
R S PDD1608 ApPDD1608 PDD1608 ApPDD1608
21 2% Erythromycin <13 >23 9.8 9.3 R R
KR E Minocycline <12 >16 17.8 16.0 S S
Z I & Doxycycline <10 >14 17.7 15.2 S S
PUIFE Tetracycline <11 >15 15.8 15.0 S S
H#E & Neomycin <17 >23 10.8 10.2 R R
ZENERR Nalidixic acid <13 >19 27.7 22.3 S S
BEFE R Streptomycin <11 >15 7.7 5.3 R R
B % Kanamycin <13 >18 10.3 10.0 R R
K KEEZE Gentamicin <12 >15 9.8 9.7 R R
TR Amikacin <13 >18 8.7 6.3 R R
F#EF Rifampicin <16 >20 16.7 16.5 I I
I Hri# W Compound sulfamethoxazole <10 >16 17.5 18.2 S S
i 4% %K Novobiocin <17 >22 20.2 17.5 I I
ZZi# % B Polymyxin B <11 >12 9.8 10.0 R R
TP AL Ciprofloxacin <15 >21 24.2 21.3 S S
VP & Ofloxacin <12 >16 22.3 18.8 S S

Hﬁﬂ(//l\gz Norfloxacin <12 >17 17.8 20.0 S S
MG Ceftizoxime <21 >25 26.7 27.2 S S
L FMENT Cefotaxime <22 >26 28.2 26.5 S S
2K PEM Ampicillin <13 >17 0.0 0.0 R R
KAER Cefalexin <14 >18 15.7 16.2 I I
S # & Chloramphenicol <12 >18 21.0 21.3 S S

B YE B Enrofloxacin <15 >19 23.0 19.2 S S
JIEJE % Florfenicol <12 >18 21.3 22.3 S S
FH 4 A5 IE Trimethoprim <10 >16 16.8 18.2 S S
FRVGAR-EF O Ampicillin-sulbactam <14 >20 19.0 17.8 I I
FH % & Thiamphenicol <12 >18 0.0 0.0 R R
91 FH s Flumequine <10 >20 26.5 29.2 S S
Fif i [ Y 4 <12 >17 0.0 0.0 R R
Sulfamonomethoxine
ik e — R s g <12 >17 0.0 0.0 R R
Sulfamethazine

R: M2h; 1. H4; S: BUK

R: Resistant; I: Intermediate; S: Sensitive.
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1.5% NaCl
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AR IS E 4R

Figure 4 Phospholipase and hemolytic activity analysis of strain PDD1608 and ApPDD1608. A: Hemolytic

activity. B: Phospholipase activity.
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18 —&— Control

of Ty .
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Time (h)

Survival number

E 5 ;¥ PDD1608 1 ApPDD1608 = :iF K
BhSCIR AR

Figure 5 Experimental results of injecting
PDD1608 and ApPDDI1608 to infect the Sebastes
schlegeli.

3 w548

ALK A A A A B, SR IEAS R Y
PDD MRV I . BEAG RS TE . 2ok . A
He Al R R T 25 A AR A R AL T ) 22 23

SMIRFFE AL B, ELA SR M S RO 1
PDD FRE#E A B K okn, HAEH 5 3L
dly 5 hlyAy, A &8 ) ki gmts T3SS S5k
B MR N Z R, R A Z
SN PDD AR E R RO 1 R T
PDD # 1 ki &5t S5 IhREE A5 — e oy, (H%T
F PDD B H ki bRk, DASCEE T Bk
Nl S o (| A B U AW b SN B O S WA
555 AR M) S i = A SR E

Fe R SRR AR K R B R ER L H
ZHUTORLEAN B N AR BN RS , IF HL T
HEAR By S5 R4 1 1 B S Sk, S BOF A M Y R
B bR R, SR ORI R S S A
BRZ, WE AR EUTORL I T IR RIE |
PCR 6 UF A7 4l 57 35 DR % 3 3 41 1 2 TR0 56 0 45
D552 BEA Bk PDD1608 #5i5—1> 162 kb 7%
FIRIFRL, S T 3 G KSR Bl A o S R 4
FEARR RN, ARMFITERE SDS 454 AL E
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LA PDD1608 Ta bk 1y BRI T bR, Lt
Xof Rk A S P HEA T PCR ARG LA 56 1F Bk T
BRf&dl. PCR KrMEs SERE, %5 B i
T PDDI1608 fE 8 fa & 1% 18 iy BT ks ik 2% Bk
ApPDD1608, } PDD JFT ki BSR4 ik — -
FEBEE T A

TE LAAE X e 41 B TR (AR 5 Hp SR a5
KL PR R S DR Tl 4 o 20 TR T 25 2 R AE | A 3
A AR BT 2P A5y TR S 3 A5 T2 A
Rabel 25815 BLLE Tk 3 5] trbE 28 A8 OIS L T,
KIGFF R =4 B RE 158 4342k . Hao 25 hE i)
T 5 B A B8 B A S S (8 JHL ot sk 7 8 0 b 2k
FHEPUR . WAV I, FORIEER G XA
B A A A AR A P TE A 5 i O3 AR AR ZE AR
R BE I R e LA I OB B 25 ¥k ApPDD1608 Ji5
Xof B A i 5 R IR MR EA TR A 2 L 2 R
5 A A AL A S5 R R AR T AR R
kB HR B 75 S RIS R R AR S T
A= RGP IR IR R H BRH 25 5 HEWTIZ
FORIXT B R PDD1608 FEfith A= B A= A b ad 8 15
H5RATH B, J&T PDD A FRACHHE A2
WL A T

PIfEXT PDD [WBFSE L5 SR B, bR T8
KL 18 S R FAh, g ek RS B
Vs 1ML 2576 P i T T P 2 9 T DR A D
hlyAs & plpV, K ILTGE: J1 Uk ) PDD kR
A6 559 O 1 1L R 7 5 PR et 1 ), AR A
Xof B A4 k-5 SRR Bl 2 A 1 S I R 7 B R T
P2 RIGUES, AT AE bR, ORISR AR I
I B 77 RN R S P Y RRAIS , RN 55
SIBEAREEG . ZATAEFAE R, Rivas VR
dy 5 hlyAs. hlyAy Z a8 HA BRSO, dy #Y
FEAESS R R hlyAXTH g F A3 MVERT L diy 5 hlyAy
(2R 23 550 PDD ¥ I AR ) R MRS , [ As
dly 5 PR A 2% 0 25 B4 B AR A T 1 K

IR A%, E4h, Puentes Z5V& 31 PDD ks b
RE A — P AE R = 7, ¥ PDD
TERR B Z B B SRR S M I N FEA NS
Mo ABFFEUESE T 8E ) BURLAY B2 % PDD1608
(A5 I BB T R Wl A I M A T R, X5
FEI S dly 5 hlyAg %85 1 5L i 58 45 1 5
— 3, H Ty E kS N, M
B ) RN R TS PRI AR SE 4l Ok o

FELAFE i E P B A 52 1 BORL Y PDD
BRI AR5 [ S BB I SR B 91, A7 78 0SSR TR i
5 | SR A 2461, AL JC b A RIS I | WA
T Bt A FE B0 45 7 TH I B AR TS i )
R AR, Gupta S5 & B, PDD &
B 7 JTORL P R 55 TG 5O TR R E A () 751 4 SR e i
I, X 4Hii(Seriola lalandi) 3 AL £ 2% 55
o AHIESE HP P A o B SO A R A X RSP fily
PEAT N TR i 285 5 R 70 A [R) e B T VA I
VEFA T WAL 5250 fa A7 s R MR 25 5 B i, P A ik
XV EAP- i AT = B0 77, 24 h BOEAIE 100%,
T JEAT S5 SR AR 505 1 B sk s (H I 52 4l
7 d BOLHN 63.3% AT —PUESE T3 15
b2/ PDD1608 AR5 ECH T M EEF &K,

25 BT, AT ENT T X PDD AR -
SDS JFkiige:, S PDD1608 T # A 5
KL 58 4T BR , IRA5 T BERE AR A AL A JBORLER 2%
Pk ApPDD1608, JFfiff — AR S22 JTURL Y k2K %
R PR IV ILRE T . WAl I 1 R SO M 3 A 5
M, AHOCZE SR Ryt Z kL 5 PDD b
SO 1 om A5 ARG HEARAIL T 25 . RIR, JR1GHY
R BRRAR PTRRE AL AL, H0 R 5 SRR A BT iR e
FICRL R et i A S 1 PDD BUR A &
S UHLI BEE T At

REFERENCES

[1] LOVE M, TEEBKEN-FISHER D, HOSE JE, FARMER
JJ 3rd, HICKMAN FW, FANNING GR. Vibrio damsela,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2842 WA

e Microbiol. China

(2]

(3]

(4]

(]

[10] 2648, BEZs, M2F

a marine bacterium, causes skin ulcers on the damselfish
Chromis punctipinnig[J]. Science, 1981, 214(4525): 1139-1140.
FOUZ B, LARSEN JL, NIELSEN B, BARJA JL,
TORANZO AE. Characterization of Vibrio damsela
strains isolated from turbot Scophthalmus maximus in
Spain[J]. Diseases of Aquatic Organisms, 1992, 12:
155-166.

ZHANG Z, YU YX, WANG K, WANG YG, JIANG Y,
LIAO MJ, RONG XJ. First report of skin ulceration
caused by Photobacterium damselae subsp. damselae in
net-cage cultured black rockfish (Sebastes schlegeli)[J].
Aquaculture, 2019, 503: 1-7.

e, TG, R, Fibl, LR, s ok
T B 56 N A R G TR S N AT A ) 3 8 M 5E (]
B2 4R, 2018, 52(2): 19-25.

YANG N, ZHANG ZQ, WU TL, WANG HB, SHI QM,
GAO GS. Isolation and identification of Photobacterium
damselae subsp. damselae from tongue sole[J]. Chinese
Journal of Veterinary Drug, 2018, 52(2): 19-25 (in Chinese).
I &, WrGEE, FULH, BRI, skaEeR, mkdE, A
WEPR, SRRKAE. e AR EHFIETA MR Hlye, AED A 5
W 1K B G S ML T A (D], SR A BEJEE, 2018,
39(10): 31-35.

WU TL, JIN XM, WANG HB, CHEN Y, ZHANG ZQ,
GAO GS, SHAN XF, SHI QM. Prokaryotic expression
and preparation of immune serum of Hlyy, gene of
Photobacterium damselae[J]. Progress in Veterinary
Medicine, 2018, 39(10): 31-35 (in Chinese).

OSORIO CR, VENCES A, MATANZA XM, TERCETI
MS. Photobacterium damselae subsp. damselae, a
generalist pathogen with unique virulence factors and
high genetic diversity[J]. Journal of Bacteriology, 2018,
200(15): ¢00002-¢00018.

RIVAS AJ, LEMOS ML, OSORIO CR. Photobacterium
damselae subsp. damselae, a bacterium pathogenic for
marine  animals and Frontiers  in
Microbiology, 2013, 4: 283.

CHU WHW, TAN YH, TAN SY, CHEN YH, YONG M,
LYE DC, KALIMUDDIN S, ARCHULETA S, GAN
YH. Acquisition of regulator on virulence plasmid of

humans|[J].

hypervirulent Klebsiella allows bacterial lifestyle switch
in response to iron[J]. mBio, 2023, 14(4): e0129723.
HALE TL. Genetic basis of virulence in Shigella species[J].
Microbiological Reviews, 1991, 55(2): 206-224.

B 20T BORL I T BR D). UER 7
iz, 2002, 29(5): 99-103.

LOU K, BAN R, ZHAO XM. Plasmid curing in
bacteria[J]. Microbiology, 2002, 29(5): 99-103 (in
Chinese).

[12] XIJFik. St

(1] S48, skfh, RAFVL. AR PN IR BRI BRF 5 3E (0]

AR, 2013, 53(11): 1142-1148.

FENG J, ZHANG W, SONG ClJ. Progress in endogenous
plasmid curing of bacteria—a review[J]. Acta Microbiologica
Sinica, 2013, 53(1 1): 1142-1148 (in Chinese).

TR L PRSI 241 | SOk AR S I
AHRAESIHTD). 112 TR R~ 83, 2017.
LIU KF. Resistance to Drugs, Plasmid diversity and its
correlation analysis of Vibrio harveyi strains isolated
from coastal areas of south China[D]. Haikou: Master’s
Thesis of Hainan University, 2017 (in Chinese).

[13] #MRFE. BV IMEINE Chn25 Bk FRL AN A B 8 oc i

T ik R O 4 i PR 24 6 PR e 2 i O 0F 98 [, b it
R, 2015,

SUN FJ. Impact of the deletion of plasmids and mobile
genetic elements on the global-level gene transcription of
Vibrio parahemolyticus Chn25[D]. Shanghai: Master’s
Thesis of Shanghai Ocean University, 2015 (in Chinese).

[14] RIVAS AJ, BALADO M, LEMOS ML, OSORIO CR.

The Photobacterium damselae damselae
hemolysins damselysin and HlyA are encoded within a

subsp.

new virulence plasmid[J]. Infection and Immunity, 2011,
79(11): 4617-4627.

[15] PUENTES B, BALADO M, BERMUDEZ-CRESPO J,

OSORIO CR, LEMOS ML. A proteomic analysis of the
iron response of Photobacterium damselae subsp.
damselae reveals metabolic adaptations to iron levels
changes and novel potential virulence factors[J].
Veterinary Microbiology, 2017, 201: 257-264.

Xk, SRIE, EWDY, TAGH, EEER, BN, 6
9, TG, sk, B, VR R X S R T S5
AR AT T 6 AR 7 Sl 7 1 PR i) 2R 2 5 gt
FERRIE AT [I]. A B4R, 2021, 61(7): 2101-2111.
LIU X, ZHANG Z, WANG LF, YU YX, WANG YG,
LIAO MJ, XIE GS, XING J, ZHANG H, WANG K, XU
Y. Phenotypic and genetic diversity of Photobacterium
damsela subsp. damsela isolated from aquatic animals in
Hainan Province and Bohai Sea region[J]. Acta
Microbiologica Sinica, 2021, 61(7): 2101-2111 (in Chinese).

—_

[17] KA, T, FEIPE, FHoC, XEix, 5Kk, KiE.

RO 3 AR OEAT TS N E AR LA MW 45 )
P HI]. RUAE YRR, 2022, 62(8): 2995-3006.

LI YJ, YU YX, WANG YG, WANG CY, LIU DY,
ZHANG H, ZHANG Z. Virulence of the extracellular
products of highly pathogenic strains of Photobacterium
damselae subsp. damselae[J]. Acta Microbiologica
Sinica, 2022, 62(8): 2995-3006 (in Chinese).

[18] OSORIO CR, TORANZO AE, ROMALDE JL, BARJA

JL. Multiplex PCR assay for ureC and 16S rRNA genes

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FRE F | FANSPEABLATEEALTMEUFESEHES 2843

clearly discriminates between both subspecies of
Photobacterium damselae[J]. Diseases of Aquatic
Organisms, 2000, 40(3): 177-183.

[19] OSORIO CR, ROMALDE JL, BARJA JL, TORANZO
AE. Presence of phospholipase-D (dly) gene coding for
damselysin production is not a pre-requisite for
pathogenicity in Photobacterium damselae  subsp.
damsela€g]J]. Microbial Pathogenesis, 2000, 28(2): 119-126.

[20] RIVAS AJ, LABELLA AM, BORREGO JJ, LEMOS
ML, OSORIO CR. Evidence for horizontal gene transfer,
gene duplication and genetic variation as driving forces
of the diversity of haemolytic phenotypes in
Photobacterium damselae subsp. damselae[J]. FEMS
Microbiology Letters, 2014, 355(2): 152-162.

[21] VENCES A, RIVAS AJ, LEMOS ML, HUSMANN M,
OSORIO  CR.
phospholipase, and collagenase in plasmidless isolates of
Photobacterium damselae subsp. damselae contribute to
virulence for fish[J]. Applied and Environmental
Microbiology, 2017, 83(11): e00401-e00417.

[22] Clinical and Laboratory Standards Institute. Performance

Chromosome-encoded  hemolysin,

standards for antimicrobial susceptibility testing, M 100,
31st ed[S]. Wayne, PA: Clinical and Laboratory
Standards Institute, 2021.

[23] Jastkde, Tk, 25, sKIE, EENRE, BA, S/

T RTRIAR IR I N ARG IR 56 N ARG il iR bk 2 22
ST RN, 2019, 43(6): 15-24.
SHI LN, YU YX, JIANG Y, ZHANG Z, WANG YG,
LIAO MJ, RONG XJ. Studies on the phenotypic
differences of different Photobacterium damselae subsp.
damselae strains[J]. Marine Sciences, 2019, 43(6): 15-24
(in Chinese).

[24] Jeitede, XUHEGNI, J5 M. ORI BR 5 2 SO BRAECR Y

WA ST (0] b R AR B A AR, 2007, 1703):
413-415.
LONG HY, LIU HC, FANG M. Study of plasmid curing
methods and appraisal of plasmid elimination effect[J].
Chinese Journal of Health Laboratory Technology, 2007,
17(3): 413-415 (in Chinese).

[25] COOPER C, BUYUK F, SCHELKLE B, SAGLAM AG,
CELIK E, CELEBI O, SAHIN M, HAWKYARD T,
BAILLIE L.
environmentally occurring Bacillus anthracis from North
East Turkey[J].
110(1): 167-170.

[26] B0, XHELL, SR, Bilfdr. — MBI YD
" PR TR AT 24 P 4 S BR (D], G421, 2006,
46(5): 789-795.

JJIA. AQ, LIU WH, GUO AZ, CHEN HC.
Characterization of Salmonella typhimurium multidrug

Virulence plasmid stability in

Antonie Van Lecuwenhoek, 2017,

resistance and the reversal of antimicrobial resistance[J].
Acta Microbiologica Sinica, 2006, 46(5): 789-795 (in
Chinese).

[27] XL, W, PRkl, 81, 2%, EIIK. AR

BB R BORLAR SN B K B P4 (D). Hh 2
LA 2011, 27(9): 1126-1128.
LIU HY, YANG X, CHEN L, WANG XW, XU LJ,
WANG CQ. Transfer of strong virulent plasmid of
human Shigella in vitro and pathogenicity of
plasmid-transferred[J]. Chinese Journal of Public Health,
2011, 27(9): 1126-1128 (in Chinese).

[28] RABEL C, GRAHN AM, LURZ R, LANKA E. The
VirB4 traffic
triphosphatases: common motifs in plasmid RP4 TrbE

family of proposed nucleoside
are essential for conjugation and phage adsorption[J].
Journal of Bacteriology, 2003, 185(3): 1045-1058.

[29] HAO MJ, HE YZ, ZHANG HF, LIAO XP, LIU YH,
SUN J, DU H, KREISWIRTH BN, CHEN L.
CRISPR-Cas9-mediated gene and
plasmid curing in
Enterobacteriaceae[J].  Antimicrobial
Chemotherapy, 2020, 64(9): €00843-20.

[30] REL¥E, 3K QH, &bl PRk, 23057, ENE,

FHE. IS IEIGE LY 150 8 % K BORL ) 2 i
I AR, 2012, 22(6): 56-60.
WU HP, ZHANG FG, MENG T, CHEN YA, LI WF,
WANG BQ, WANG RP. Isolation and identification of
A thermophilic hot spring strain LY and its plasmid
research[J]. Biotechnology, 2012, 22(6): 56-60 (in
Chinese).

[31] =B, LR, FI i, ERPk, AR, $5, sk

FH, S SCHT. BEREZFIAT I ATCC14579 3 J1E plcR
R R A R 8 B — FRERR IR (D). DR A 45 B A= )
2%, 2010, 29(4): 658-664.
WU W, ZHENG JC, YAN GM, WANG ST, SHENG
XP, HU D, ZHANG YY, HAN WY. Construction and
general characteristics of the plcR mutation in Bacillus
cereus ATCC14579[J]. Genomics and Applied Biology,
2010, 29(4): 658-664 (in Chinese).

[32] TERCETI MS, OGUT H, OSORIO CR. Photobacterium
damselae subsp. damselae, an emerging fish pathogen in
the black sea: evidence of a multiclonal origin[J].
Applied and Environmental Microbiology, 2016, 82(13):
3736-3745.

[33] GUPTA N, PARTRIDGE GJ, BULLER NB, PILMER L,
CURRIE A, LYMBERY AJ. Genetic diversity of
Australian isolates of Photobacterium damselae subsp.
damselae is associated with virulence to yellowtail
kingfish (Seriola lalandi)[J]. Aquaculture, 2021, 538:
736552.

carbapenemase
carbapenem-resistant
Agents and

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



