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Abstract: Photobacterium damselae subsp. damselae (PDD), a pathogenic bacterium widely found
in seawater, can infect a variety of economic fish and cause huge economic losses to the global
aquaculture industry. The flagellar gene flgK encodes the flagellar hook protein FlgK, which is
essential for the normal formation of bacterial flagella. [Objective] To systematically analyze the
influencing mechanism of fIgK on the virulence of PDD. [Methods] The flgK-deleted mutant of
PDD (AfigKk-PDD) was constructed by homologous recombination mediated by a high-efficiency
suicide plasmid, and the mutation was confirmed by gene sequencing. The biological
characteristics, virulence gene expression, and pathogenicity were compared between AfigK-PDD
and the wild-type strain (WT-PDD). [Results] There was no significant difference in the growth
ability, hemolytic activity or phospholipase activity between Aflgk-PDD and WT-PDD. However,
the motility and biofilm formation of AfIgK-PDD were significantly lower than those of WT-PDD.
Transmission electron microscopy showed that AflgK-PDD failed to form a flagellar structure. The
artificial infection experiments showed that the LDsy of AflgK-PDD in Sebastes schlegelii was
557% that of WT-PDD, and the pathogenicity was significantly reduced. Real-time quantitative
PCR results showed that compared with WT-PDD, AflgK-PDD demonstrated significantly down-
regulated expression of the flagellar-related genes fliK and fIgL, the type II secretion system
(T2SS) -related genes gspC and gspD, and the virulence gene hlyAp. The expression levels of
flagellar-related gene fliH, T2SS-related gene gspE, outer membrane-related genes ompP, lapB, and
fIhB were significantly up-regulated, and those of the remaining genes did not change significantly.
[Conclusion] The mutation of fIgK can lead to the failure of AfIgK-PDD to form a complete
flagellar structure and significantly change the relative expression levels of flagellar-related
genes, thereby reducing the motility and colonization ability and ultimately weakening the
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pathogenicity of PDD.

Keywords: Photobacterium damselae subsp. damselae; flgK; pathogenicity; molecular mechanism
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Table 1  Strains and plasmids used in this study

Strains and plasmids Characteristic Source
Photobacterium damselae  Wild-type strain, Amp" Lab stock
subsp. damselae

AflgK-PDD flgK deletion mutant of Photobacterium damselae subsp. damselae, Amp"  This study
Escherichia coli S17-1pir  RP4-2 (Km::Tn7, Tc::Mu-1), pro-82, LAMpir, recAl, endAl, thiEl, Lab stock

hsdR17, creC510

pREI112 Suicide plasmid, sacB, Cm"

pRE112-UDfIgK

pRE112 carrying the recombinant fragment UDfIgK

Southwest University,
Prf. R. H. Wu donated

This study

37 °C IR o BAMEBE BRI R N &R
P4 A& (ampicillin, Amp) 100 pg/mL, % & &
(chloramphenicol, Cm) 30 pg/mL. 2% YK [A]J5 &
2 i 3 ARV 224 200 mg/mL .
1.2 Aflgk-PDD H9433E

At JF 440 J L PRI 2 DNA. 32 Bt 7 £ (5 500k
MEE A= BB IR A BRZA ]2 WT-PDD J [K]
2H DNA. UL PDD JEHZAUME, P54
flgK-1F (Sac 1)/flgK-1R H1 flgK-2F/flgK-2R (Xba 1)
HEAT PCR P34, LU 3 flgk JEPR 1 13 A1 g
X, {EH5 %) figK-1F (Sac 1)/flgK-2R (Xba 1)i%
Bz 1 NUE, 3200 BOFRh UDfIgK ., F UDflgk
1A AR pRE112 433 Sac 1 F1 Xba 1 i)
Jralifb)s, F T4 DNA %828 UDfIgK %425
pRE112 Y Sac UXba 1 fii 5, g 5 41 5t ki
pRE112-UDfIgK . #RJ5 1IN 3 i Dy 1) o 41 Jookr 2
ALE] E. coli S17-1pir F, F5|4%) pRE112-F/R %
TIE T 20 ORI A5 5 AR FTBR o IE 80 I )7 1
KPS WT-PDD #1785 %%, EH AR
Sy ZAETH A R IESS 1 IRIAIRE 2. 56 1k
[vi) 5 2H AR AR (R B R TE B 20% HEWEIY TSB WA
BRI R, DIAEHESE 2 kIRl E AL, 5
Y in-flgK-F/in-flgk-R i#47 PCR B0 545, K4k
10 flgK e H 28 A8 bk ik 221X 50 ik, HEIY
in-flgK-F/in-flgK-R B iF 58 28 b J2 75 HAT it (5 5
SEVE . BT F TR AR 0 5 P51 I3k 2.
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PCR JZ W & % (20 pL): 2xRapid Taq Master Mix
(P222-01) (7 &% ¥ ME B A= W RHE B A A FR 2 )
10 uL, . FH#ESI#(10 pmol/L)4% 1 uL, DNA
FEFT 1 uL, ddH,O 7 uL. PCR W 41F: 95 °C
TiAEPE 5 min; 95 °CZEME 30s, 60 °CiE 2k 30s,
72 °C ZEfifi 40 s, 30 P 1E ¥ ; 72 °C 4 I fif
5 min,
1.3 S KBhZNE

P 55 32337 1 WT-PDD #1 AflgK-PDD T £
Wz 1:100 1 LA B2 R T 96 fLARH, HAEAL
200 pL, FEEREB 3 44T, & 1.5% NaCl 1
TSB WA FEE N2 AN, e AsiEK
e AT ACEERE 2 h l5E 1K ODeoo 18, Z:1ilAE
K4k, SLIER 3 K.
1.4 RIMEMFEISESEMENE

164 1.5% NaCl (1) TSB & 485 35 5 dfin A
5% WREFAEAR 0, A TALAR IR, AL
JIA 200 puL B, 28 °CIEE 3% 48 h, 103
MG, LEHER 3K, £ 1.5% NaCl iy
TSB #5775 A 3% I8 FL, Hil&FTFLEnEE
SEAR . AEFLANA 100 pL B, 28 °CIE B 5 3%
48 h, TCSRBEAREHEME . SLCIMEE 3 K,
1.5 YW IRH Rk e 1K1

% WT-PDD Hl AflgK-PDD BFETE TSB Wik
Fr3i gL 28 °C . 180 r/min 1535 & ODgoo fH N
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Table 2 The primer sequences for constructing AfIgk-PDD

Primer name Sequence (5—3')

Product length (bp) Target DNA

flgK-1F (Sac 1)

CGTCTAGACCGATGTATCAACACGCTT

612 Up stream fIgK

Down stream fIgK

1 487 (pRE112-UDfIgK)/
378 (pRE112)

Target gene cloned to
pRE112

1 546 (WT-PDDY/
449 (Aflgk-PDD)

Internal region of figk
gene for identification

1516 16S rDNA

flgK-1R AACCGCTCAGAGTGACCGAACTTGGTTACGACA
flgK-2F AACCAAGTTCGGTCACTCTGAGCGGTTTGTTTC 555
f1gK-2R (Xbal) GCGAGCTCTGGCTATTAGCACCTGTTTT

pRE112-F CGGGTTGAGAAGCGGTGTA

pRE112-R CAGCCAATCCCTGGGTGAG

in-flgK-F AGCCACCGACATAATACGA

in-flgk-R AGAACAAGCGAAACAAACC

27F AGAGTTTGATCCTGGCTCAG

1492R TACGGCTACCTTGTTACGACTT

0.5-0.6, SRIGAEEARFEZE 107, BL 200 pL FiBkE
WHNATCH 96 fLik, BHRIEE 5 A FATSL, fif
FH G B TSB AE M B M X B8, A LA oim A
200 uL JoR ddH,O. %%} 96 LA/, 28 °CH:
7% 48 h, W LB, FHPBS Wk, RS HH
B [5 5E 15 mine BT /5 45 4 52 44 £5 5 min,
ddH,O E¥E 3 Wk, TS 100 uL 95% L BEH
f AR, (AR ASCNE ODsos (. LB
23,
1.6 EzfMESLL

¥ WT-PDD Hl AflgK-PDD B R0 AL T %50
1.5% NaCl i TSB [EfAREF= 3 I, SR 5 F i)
B0 I BRI TR 75 2P0 T 0.3% i1 0.6% BEAR 1Y
TSB AR 373 |, 28 °CHiF% 24 h, WMEIF4)
WrHEshfe ). L ER 3 .
1.7 2o R i

¥ M K-B 48 R/ ¥ # ik #5417 WT-PDD Hl
AfigK-PDD HIHTA: 2258505050 . FH K B S~ B
2R F (BT A iR A BRI T
WY TSB A I, 28 °CfE| B 5% 14 h, P
DR AR . SCIe 2 R 5 58 [ I DR A 52 36 % pm

#p 25 (clinical and laboratory standards institute,
CLSDIIFRHESEATX . SEHREHE 3 IR,
1.8 iE &t B $8 (transmission electron
microscope, TEM)¥ 22 ZH B fi2 755

Br4lifk i) WT-PDD F1 AflgK-PDD L1 V% 3
R T4 1.5% NaCl () TSB [ AR 5% |,
S SCHR[26]M )7, PR DL 1% (1 L4
FREET Y TSB WA IR, 37 °C. 180 r/min
KiFR A ODgoo [N 0.6 o4 TEZRBE A i 174
PRIV, A X PR B 2 min, /N IR
ZARWW, FH 5% BEER 7 g (0 e i ) e
1 min, WRZHRYE, H ddH,0 PRk 1Kk, B
T . {4 TEM Xi%E WT-PDD F1 Aflgk-PDD
MAMIE A2 5 .
1.9 FHEILE(LDso)ME

¥ WT-PDD Hl Aflgk-PDD PA [ 7% 33 il 3|
TSB WiiARFe 5, 28 °C. 180 r/min }55% 12 h,
SRIEHE 1% MR RN BT RS - i, dbs:
Bt 12 he FHRES TR ANERHE 2 10° CFU/mL.
i TSB Fi B W W = 10°, 107, 10°, 10°,
10* CFU/mL 3% 5 M BERREE . LA 100 pL/ 17
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R R R IO il B A ok R R R T Y
20 &, WPHRAHIEGTAF IO TSB. WL%E 1 JHIf
it petagie, ARYEE RIEPH LDs B, F
fii Aflgk-PDD il WT-PDD X} 4 [ - fifl 14 £ 5
PE o AW ST ™M S b K7 R 2 B 5 B BT
Vg 7K 7 BFSE T S S e A B o A 22 1 s IR E
(45N YSFRI-2024063).

1.10 figk BEERTxHEHERERRE
IZHIFZAE(RT-gPCR)

HR A FH RNA 4 G0 6 (i i MR A= )
BHE AR A BR A "D R BEEH , $2H WT-PDD #1
Aflgk-PDD [ 51 RNA, SR 5 FHisi s s iR & (me
T ME R A W) B IR A A BR A WD) G B cDNA
RT-gPCR X ] Tag Pro Universal SYBR qPCR
Master Mix (Fd 52U MERE A DR I A PR A W)
YER DYkt PCR W AR ZR (20 puL): Tag Pro
Universal SYBR qPCR Master Mix 10 uL, 55 A
(cDNA) 2 uL, b . F 5% (10 pmol/L) 5
0.4 uL, RNase free 7K 7.2 pL., PCR S 5514 :
95°C30s; 95°C 15s, 60°C30s, fEH 40 7K.
DL gyrB R I RS R %) 35 (R 6 $5 4 B A
KRN (flgK . flgL. flIK. fliH). ¥ S1HHCHEN
(dly. hlyAen. hlyAp. plpV). YIRS (type 1T
secretion system, T2SS) # 5% & Al (gspC. gspD.
gspE. gspF). BRI I A (fur) . AMEAH
S5 (ompP . fIhB). FKA1LEE AR S B (cheV
cheY)FIg ZHEAHCIE N (lapB) . BT AT 5 | W14 AR 5
WT-PDD FE R 2 %11, R A AR X 35 i
SR 27 MR, SR EE 3 IR, BIUIEER
W2 3,

.11 BIESh

K H Excel. Graphpad Prism 9.0 73 Hr 4% 4%}
BTG AT T o S5 R DL I A5 o e 22
(meantSD)F /R . ELAR . WG FIGE V&I B
Tz B gt 22 5ok ST AR A K38, LA
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P<0.05 A i E AR UE
2 BRS04

2.1 EREPERIIIE

Pl WT-PDD 2 K4 itk , 20 5l 519
fIgK-1F (Sac 1)/flgK-1R HI flgK-2F/fIgK-2R (Xba 1)
P1E flgK FE G LA R U AR, Bl
612 bp, FFK R 555 bp (K 1A). DA _LiiF
FIRUE PCR P2 ik, {4 H flgk-1F (Sac 1)/
S1gK-2R (Xba 1)5| ¥ of & & JEfiff PCR #4759
R, AR/ 1143 bp 9 H BL(E 1B). K4
B4 RS A S17-10pir J, JH pRE112-F/
pREI12-R 5| ¥ #4754k, 154 %] 1 487 bp #
378 bp [ B, i 378 bp H B R As Bk 4
)2k, EZH ORI 1 487 bp 254 (B 10).
WT-PDD 5 &5 F AL R S17-1hpir 47455
I, WS NUERAR SRR T5A Cm Fl Amp
(%) TSB AR50 b o i in-flgK-F/in-flgk-R
IV . G YRS T 1546 bp
F1 449 bp BY BT, 42 G O MR T R N
1 546 bp HEAF(E 1D). BEEEY 8 H XUSRHT AY B
W, Zok Z W FERE T, JF A inflgk-F/
in-flgk-R 5I1YHEATIAIE, H 243y 1 H 449 bp
Bk 454y, XTHR WT-PDD #3411 1 546 bp 4574
(BB S B ais 8 Sk 2500 10 PR V5 1 2 8%
7 50 1%, SR in-flgK-F/in-flgk-R 5| ¥
#4, WT-PDD 15 2| K /K 1 546 bp 1 [ Bt ,
Afigk-PDD 73 F| 449 bp 75747, B Afigk-PDD
ATUgE B, BAT R faoe (&l 1F).
2.2 HHhiZXIEE

J T WS fligk B X PDD 4= KA sEm, A
5%} WT-PDD #1 AflgK-PDD 9 /F K 3 R g 4T
TIE. 458N, Aflgk-PDD (4 K a5
WT-PDD G {2 3 25 (& 2).
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#=3 FTFRI-qPCRINWT-PDDANAfIgK-PDDHE < E FE #I5 | H1F 5
Table 3  The primer sequences for RT-qPCR to detect WT-PDD and AfIgK-PDD related genes

Genes ID Sequences (5—3') Product length (bp)

gvrB NZ CP073684.1 F: GTGATACTGATCGTACAGGT 246
R: CTTTCTGGTGAATTGGTGTT

gspC NZ_CP073684.1 F: ACTGAGTAGTTACAGGAGCCG 160
R: AATGAAGCGATTAAAGGGA

gspD NZ_CP073684.1 F: CAGAAATGCCAGTTAGGGT 236
R: TGAATCGTTAAATAAGAGTGC

gspE NZ CP073684.1 F: CCAGAATAATGCCGTGAGG 169
R: GCAGTGGATGTGCGTGTAT

gspF NZ CP073684.1 F: ACTTCACCCCAAAGACCAC 215
R: AGCGATGATTTATCCAACC

dly NZ CP073687.1 F: ATGCGACAGCACAAGAACC 236
R: GACCGCTCGTCCAAATAAG

plpV NZ_CP073684.1 F: AACGCTGCTGATATTACCTA 195
R: GCCTAAGAACCAAGAGTTTG

hlyAy NZ _CP073687.1 F: AAAACTCGCATAACTAAGAGG 248
R: GTAAAGATGGACCGAAAGC

hlyAg, NZ_CP073684.1 F: GATAACCTTCCGACCATACA 186
R: CGAGTCTTCAGGCTAATGC

Sfur NZ_CP073684.1 F: CACATTAGTGCGGAAGACC 197
R: TTGCCACAATCTAAACAAACA

cheW NZ CP073684.1 F: AGAGGCTAAATGGGTTGAC 139
R: TCCTGATTCTAAGGGGTCTA

cheY NZ_CP073684.1 F: GTCGGTAATAACAAAGTCAAA 111
R: GTGAAGAACTTACTGCGTGA

ompP NZ_CP073684.1 F: CACTGGTAACTTTGGTGGTC 174
R: GGTGTAGTACCTTGCTGATTT

lapB NZ _CP073684. 1 F: ATGATTGAGTTAGGTGCCC 139
R: TTGCCTGCTTGTATTCTTG

flhB NZ CP073684.1 F: TCAGGCTTACCTTCTGTCTC 123
R: CTGCTCGTTATTAGTGGTTG

flgK NZ _CP073684. 1 F: GAAAAGCCATCGACAGAG 194
R: ATTAAGCCATTAGGCAGTAA

flgL NZ CP073684.1 F: TAAGGGTAAGTTCAAAGTCAAG 297
R: CAGGTAGTACGGCAGGAG

fliK NZ _CP073684.1 F: ACTCGGTCAGAAGAGGTCG 184
R: GAATGCAGTTGGCTCAAAG

fliH NZ _CP073684.1 F: AACAGCAATAGGCGTAGCG 246
R

: CCATTAACAGCGGCAGATC

http://journals.im.ac.cn/actamicrocn



3590 LIU Haozhe et al. | Acta Microbiologica Sinica, 2025, 65(8)

A bp M1 2 3 456 78 B bp M1 2 3 456 7 8

2000

612 bp 1 000
555 bp 750
500
250

100

1 143 bp

C bp M1 2 3 45 6 7 8 D bpp M 123456 78

1487 bp 2 000

I

378 bp 500 449 bp
250
100

1 546 bp

E bpp M1 2 3 45 6 7 8 FbpM12345678

1 546 bp 1 546 bp

449 bp
449 bp

El1l Afigk-PDDEIFIERILGIUE. A: flgKIEP bR Bed B (UkiEM: DL2000 DNA marker; JKiE1-4:
W JkiES-8: TWFREIJVE); B flgkIE T B iy (UDSIgK) (WKIEM: DL2000 DNA
marker; JKiH1-8: FEEIEHPCRAEEH); C: KIGFFES17-1Apir i £ (JKiEM: DL2000 DNA marker;
VKIE1-4: A EA ORI IR VKGES-8: BRI BURIAIRIBITT); D: flgKIZ BRI — IR e 4 e
(JKiEM: DL2000 DNA marker; JKif1-4: S—REIVEREASIIPEE; TKIES-8: S— R R E LRI B
) E: flgKZ7ShRITEYE (KIEM: DL2000 DNA marker; Vkili1-4: WT-PDD; Vkil5-8: Aflgk-PDD);
F. BEEa e R(JkiEM: DL2000 DNA marker; ¥kifi1-4:. WT-PDD; Jkiti5-8: AflgK-PDD).

Figure 1 Construction and verification of Aflgk-PDD. A: Amplification of upstream and downstream fragments
of flgK gene (Lane M: DL2000 DNA marker; Lanes 1-4: Upstream homologous arm; Lanes 5—-8: Downstream
homologous arm); B: The upstream and downstream fragments of flgK gene (UDfIgK) (Lane M: DL2000 DNA
marker; Lanes 1-8: Overlap extension PCR results); C: Escherichia coli S17-1\pir transformation screening
(Lane M: DL2000 DNA marker; Lanes 1-4: Recombinant plasmid was successfully transferred into £. coli; Lanes 5-8:
Empty plasmid was transferred into E. coli); D: Screening and identification of fIgK gene mutant strain for the first
time (Lane M: DL2000 DNA marker; Lanes 1-4: Strains that completed the first homologous recombination;
Lanes 5-8: Strains failed in the first homologous recombination); E: Screening and identification of fIgK mutant
strain (Lane M: DL2000 DNA marker; Lanes 1-4: WT-PDD; Lanes 5-8: Aflgk-PDD); F: Genetic stability test
(Lane M: DL2000 DNA marker; Lanes 1-4: WT-PDD; Lanes 5-8: AflgK-PDD).
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Figure 2 Growth curves determination of WT-PDD
and AflgK-PDD. ODg values at each time point were
measured by a spectrophotometer and displayed in the
chart. *: P<0.05. The results were expressed as
mean+SD (n=3).
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Figure 3

Comparison of WT-PDD and Aflgk-PDD on the symptoms of artificial infection of Sebastes

schlegelii. A: The apparent symptoms of S. schlegelii infected with WT-PDD; B: The apparent symptoms of
S. schlegelii infected with AflgK-PDD; C: The apparent state of healthy S. schlegelii; D: The survival curves of
S. schlegelii infected with WT-PDD; E: The survival curves of S. schlegelii infected with AfigK-PDD.
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%, I WT-PDD [UBERERE 1 H(14.2240.77) mm,  #1(8.37+£0.23) mm. it /r#7 i 7~, Aflgk-PDD
Agk-PDD 4y (10.61+0.33) mm; WT-PDD Hl  HYiz ) HE /148 WT-PDD 43 HIF&AK T 25.4% Fi
AflgK-PDD (1) 7 sl 5 85 43 51k (13.41£0.24) mm  37.6% (P<0.05, & 5).

>
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S I A IR ELAR B AR B B P Al I A BRSBTS PEPARIE S B: WT-PDD 5 AfIgK-PDDi Ifil 5
FAR KBRS PEPS AR LR (G R BT EZE IR, n=3, nsFRTLREZER).

Figure 4 Effects of flgK gene on phospholipase activity and hemolytic activity of PDD. A: The diameter of the
hemolysis ring formed by WT-PDD and AfIgK-PDD on the Oxford cup perforated sheep blood plate and the
morphology of the phospholipase active ring formed on the yolk plate; B: Comparison of hemolysis ring diameter

40r mm WT-PDD [ Aflgk-PDD
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Hemolytic
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circle (mm)
S}
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Phospholipase
activity
6

£
g
Iz

Haemolytic Phospholipase

Diameter of haemolytic/phospholipase

and phospholipase active ring diameter between WT-PDD and Aflgk-PDD. The results were expressed as

mean+SD (n=3), ns indicates no significant difference.
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Figure 5 Comparison of motility between WT-PDD and Afigk-PDD. A: Comparison of colony diameter of WT-
PDD and AfigK-PDD on different concentrations of agar solid medium; B: Statistics of the effect of flgK on PDD
motility. *: P<0.05.
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Figure 6 Comparison of biofilm formation ability
between WT-PDD and Afigk PDD. The ability to
form biofilms is reflected by ODses. *: P<0.05.
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=4 WT-PDDFIAfIgK-PDDX}38F$1 4 EHURMNTEL
Table 4 Comparison of sensitivity of WT-PDD and AflgK-PDD to 38 antibiotics

Antibiotic Content Judgement Antibacterial circle diameter (mm) Result
(ng/disc) R S WT-PDD AflgK-PDD WT-PDD  AfIgk-PDD

Penicillin 10 <11 =15 0+0 0+0 R R
Oxacillin 1 <14 =20 0+0 0+0 R R
Ampicillin 10 <13 =17 0+0 0+0 R R
Cephalexin 30 <14 =18 15.12+0.25 16.49+0.21 I I
Cefazolin 30 <14 =18 18.75+0.26 20.39+0.19 S S
Cefradine 30 <14 =18 18.94+0.26 19.77+0.19 S S
Ceftazidime 30 <17 =21 23.26+0.28 24.19+0.18 S S
Ceftriaxone 30 <19 =23 31.80+0.33 36.08+0.14 S S
Cefotaxime/Clavulanic acid 30/10 <22 226 33.21+0.33 36.49+0.14 S S
Cefazoloxime 30 <21 =225 32.81+0.33 37.51+0.14 S S
Cefoperazone/Sulbactam 75/75 <15 =221 32.61+0.33 35.36+0.15 S S
Amikacin 30 <13 =18 12.72+0.24 12.4940.23 R R
Gentamicin 10 <12 =15 13.01+£0.24 14.75+0.22 I I
Kanamycin 30 <13 =18 13.51+0.24 14.14+0.22 I 1
Streptomycin 10 <11 =15 10.20+0.23 10.16+0.23 R R
Neomycin 30 <17 =223 14.12+0.24 13.32+0.22 R R
Tetracycline 39 <11 =15 25.47+0.29 26.85+0.17 S S
Doxycycline (Dxdoxycycline) 30 <10 =14 22.87+0.28 24.29+40.18 S S
Minocycline 30 <12 =16 28.8+0.31 26.75+0.18 S S
Erythromycin 15 <13 =23 10.00+0.23 11.57+0.23 R R
Acetylspiramycin 30 <13 =18 8.49+0.22 9.62+0.24 R R
Clarithromycin 15 <13 =18 7.99+£0.22 10.34+0.24 R R
Azithromycin 15 <13 =18 14.83+0.24 15.67+0.21 I I
Nalidixic acid 30 <13 =19 37.13+£0.35 37.51+0.14 S S
Piperic acid 30 <22 =28 29.29+0.31 31.16+0.16 S S
Norfloxacin 10 <12 =17 27.48+0.30 34.03+0.15 S S
Ofloxacin 5 <12 =16 35.82+0.35 38.95+0.14 S S
Ciprofloxacin 5 <15 221 36.53+0.35 40.49+0.14 S S
Nomefloxacin 10 <18 =22 33.41+0.33 35.36+0.15 S S
Flurofloxacin 5 <15 =19 32.3140.33 37.01£0.14 S S
Polymyxin B 300 U <11 =12 13.01+£0.24 17.52+0.21 S S
Neomycin 30 <17 =22 25.27+0.29 33.01+0.15 S S
Sulfafurazole 300 <10 =16 28.09+0.30 29.11+0.16 S S
Furazolidone 30 <14 =17 24.47+0.28 24.09+0.18 S S
Rifampicin 5 <16 =20 26.48+0.29 27.77+0.17 S S
Chloramphenicol 30 <12 =18 35.42+0.34 35.77+0.15 S S
Enrofloxacin 10 <15 =19 31.91+£0.33 37.72+0.14 S S
Florfenicol 30 <12 =18 30.20+0.32 33.62+0.15 S S

R: M24; 1. hEEHUR; S mREfusk.
R: Resistant; I: Intermediate; S: Susceptible.
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Morphological observation of WT-PDD and AflgKk-PDD. A: Observation of WT-PDD under

transmission electron microscope. Black arrows indicate the flagella structure of WT-PDD; B: Observation of

Figure 7

AflgK-PDD under transmission electron microscope. The magnification is 6 000 times.
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Figure 8 RT-qPCR was used to detect the relative expression levels of virulence, T2SS-related genes, outer
membrane-related genes and flagella-related genes of the deletion strain AflgK-PDD. Two-tailed Student’s ¢ test

was used to evaluate the statistical difference. *: P<0.05; **: P<0.01. Result is expressed as mean+SD (n=3).
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