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WE: YAREEEH. FEFEMARRENEARALEFERTEEIREEAER
AAFE X AT (PDD) B HI W 1A, L3R A — 8% 2 A 0 2 3 MK Xt 6tk
Rl 2w 77 PDD B Ak 09 5/ 0 8RB R (MIC) A /b 22 1 i &9 Z (MBC)o KA 20 K
BT AR M A Ak JE 6tk PDD A K dh B R AL DL 2 Pk BOR 1 PDD B AR A B A
Z, M A B AR i xf PDD & Jy Ak B &3k & RS 4 (BCP) E M8 ®om; 247 T 3
HREEEARAREEURELER T RH THARRE . ERET, 3 MAE 6%
PDD Ttk 3 B A B4 o 0 B A0 R B E A, MIC % 32~128 pg/mL, MBC % 64~192 pg/mL;
3 M A Xt 2 Pk @ B & PDD T AR B9 & 7 A B gk K ECP #y 8% g B V5 A E i vE 18R
WH MR, LPRRENFE S PDD T X &F W EAFNWHERNTAL. 3 MEHTZET#
KFE35d, HELBRERNFERGAT 9%, EFERTWAWB TN, KFEFLHE
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RETA T DR Sz o het™, W T Biia v 2 XE LAl
FAAL 2= 25 e 2R 2697 e TR L 2R TR M AR
PR

AW LA A B F I (TEO). 4 2 4
(OEO) A KL Il (CEO) LA K 7K 37 41 28 U £ 24
FEEO TE 96 R OEAT T 35 AN AR (Photo-
bacterium damselae subsp. damselae, PDD)" Jy 5
XS, SEATRAMIE AR T SE . [RIET DL 2 f
1o BOW P PDD B BR Ry SEIR TR AR, 40T A R Ik
Kb X H 3 N YE B2, I AR YRS
R E TEREIY . PR SE R B TR MR R 05 2
D KG T AE A 95 s 7 45 1 ) o FH A 48 5
Z%

1RSI

L1 SEEERSAFEN

PEHL 6 ¥k PDD B ¥k, L= G 5 4 Bl A
PDD1605, PDDI608, PDD0210, PDD0906,
PDD1411 1 PDD2008, JLr PDD1605 il PDD1608
JEHUREEE M, PDD0210 1 PDD0906 A 55 F0%
PEE#k, PDDI1411 Fl PDD2008 A JC 3005 M T 7k
JUT A TR R 280 K R 2 R S e U K 0 A

BB AR LR A7 1 SE B0 B R T TSB Bifig % 77 3
AR SR, JF PR s R P i 1 3 e, Rkl
b J5 B A TR V5 $E Fh B K B TSB 85 3R, 28 °C
Rige 8 h, HIVEREBW, e ki ik &
B % 1.0x10° CFU/mL, 4 ZE X5 . o2 EFR .
PR RE RS T 2 0 [ R A BB A BRI .
1.2 MIC 1 MBC jUlE

A BRI A2 RERRT TR 10%
(1) — H A (DMSO) BBk, B 1 mL BRI
B 10 5 RIS BE N 1 024 pg/mL BIZ5 U, [R) VLD
il DMSO Xf FRZH I . R U R s R A DN
B/ N B (MIC): 1) 96 FLE A TSB
FBCUF 20, 38 A A5 R 15 24 W e MR 3 4y
Wk 1024. 512, 256, 128, 64, 32, 16. 8. 4.
2. lpgmL, RJFHMAMEE N 1.0x10" CFU/mL K
PRV 100 uL, 7825 L AR H ot R e 5 24 T
200 pL {8 99 ME T BB L TSB WA 15 35 B 200 pL
YERHPEXT R, Frfy InAEFLAR A 10 uL 564k =K
VUM (triphenyltetrazolium chloride, TTC), 7%
F:46 28 °C FH5 5% 16~18 h, M%< 96 LA &% 5%
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i, SERHE, FLAR R AR L R AT TR
AR, WHEEINE TR AR, DICRAERK R
AR RERE B 2 9 MIC{H, BN 3 4 FAT. 1F
e MIC {E R L, WAL IR L 2
FEEE 3L 3 AL & MR 100 uL AR, $EFP 2 TSB
BiRYE AL, WANRAIG 28 °C #555% 16~18 h,
M T 95 AN B8 8 5 A4S B RH I FL AR Y 24 4 ok R R
R i 25 W o G R RR Y AR N A TR BT o R
(MBQ),

1.3 Xt PDD E#k4E KAV

] K A TSB 35725 43I0 A 3 ok il &1
WOFHRE, 2RS35 1/4 MIC, 1/2 MIC,
1 MIC., 2 MIC, DMSO AbH/E A Xt BRAH . K il %
) TR BRI 1% LU B35 R0 T 100 fLAR . B4
3AFAT, AEZS FALA IR R v BE 25 300 pL
FEBIPEXT R, i TSB ARG T3 300 pL AR BHPEXT
M. 4 A A K i Z 5911 (Bioscreen C Pro) 4
B 1 /NI 1 YK ODgop $01H, el A K4k

1.4 3F ECP #B5EsE 14 FniA I 5E M A 20

M 940 =4 (extracellular products, ECP) [
WS H RN ED Wk, RS IR T
2 MR ECETE PDD HRE () ECP HEAT M ik I o i
IS T 5 TS LA, L RS RIS i v B Ak B ol
BREG RIS M ZE S M. E8H 1.5% (B
#5) NaCl 1) TSB H1 43l % 78 5% (PR R 435k W47
HE 20 - 1L FN 3% (AR 43850 2 B L ] 4 i S
VS 1ML RE T P A S ML D B A 43 A e D 1Y)
bR #SF- M . BUE Bk PDD1605 i1 PDD1608 (1) ECP
iR R e o 1 AN - e R RE R
FRALHIIA 100 uL (4 ECP JEW , HEATHEREEES PE
R M 5E , 7 24~48 h N AT WLEEIF 10 R 4%
Jo N REZH R A5 1 TG T i 1R 6 9% o4 VR (PBSS)
(pH=7.4), & & 3 FFEPIKE Il 1/4 MIC. 1/2 MIC
WEE T Ab PR ECP ARG SE g2l [ D7 v 43 il
SE W IR TS 1 B ik o
1.5 PDD BHEHERREENE

% F Bacteria RNA Extraction Kit 4 B 4% 32 56
ZHF8BOY B 40 B S RNA. FH Nanodrop 1000 #13
T IEBE TR I RNA e B fnali i, 1% B

M R P K T R T HL SR T 0 S R M 3 S
& RNA #£0, BU1ng RNA , FH HiScript Il RT
SuperMix for qPCR (+gDNA wiper ) il 7| & #H17 I
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Besk, 10 A5 0 B I A S 4% 52 06 4 5 I 2 O 0
(qQRT-PCR) iz .

EF %t 5 S0 M PDD Rk B dly. PhiyP.
PhlyC Fl PlpV 4 A~# J) 5L | NCBI %115
Yo £51FsmeE 1 s, Bl T AEY TR
() ey A BRA \l 5 . >k H SYBR Green™
HEAT 9O it PCR Y 1S, grBE AN S HEN .
qRT-PCR F&JF: 95°C30s, 40 MEH, 95°C5s,
60°C30s; 95°C15s, 60°C15s, 95°C 15s, %X
JETE 4 CCR AL, BOHEM3IKRESL, M
1% B HEWHEE I FL UK IR qRT-PCR F= ¥ 2541
SR 27 AAC T SR AN ik i

&1 PDD XEFHERKASERESIHFTI

Tab.1 The primers for PDD virulence genes and

internal reference genes

B BIHI551(5'-3") 1BKIRE/PC §HEKE bp

imer sequence annealing amplicon
gene primer sequ temperature length
dly-F GCATACTGTTCGATTACC 50.3 170
AG
dly-R TGCCATCCTGTATCAGAT 50.3
T
PhlyP-F  CCCATGTTTCGTTTTACC 50.3 220
T
PhlyP-R GCACCAGTAGTGTTATCA 50.0
TC
PhlyC-F  AGCAGATGCTAATGATCG 50.1 220
TA
PhlyC-R  CGACTTCCTCTATCCCAA 51.0
AT
PIpV-F  AACGCTGCTGATATTACC 50.0 195
TA
PIpV-R  GCCTAAGAACCAAGAGTT 50.7
TG
gyrB-F  GTGATACTGATCGTACAG 50.6 246
GT
gyrtB-R  CTTTCTGGTGAATTGGTG 50.0
TT

1.6 fEFERT BT MRE SRR

L PDD1605, PDD1608 NXt4:, Tk i i
7 E 1.0x10° CFU/mL. LA 3 FfAe 4 i %t 7 1k 19
MBC ¥ B 21, HJC T 27K e i AH [R] v B2 1Y
s, s TR TR, B 7.
14, 28 F135dJ5, 78 24 FLHR 43 Wi He K5 o %5
1 000 uL + TSB 15 5% 3E 1 000 uL + ¥ 100 uL fic
BEIRR (KRR PR R 2R E N MBC), X 4l ik
Z N TSB 55555 1000 puL + A= 3E5 7K 1 000 pL +
PRV 100 pL, WRAIJEHCE S FR4H, T 28 °C. 180

R E K7 2: 2 E /) sponsored by China Society of Fisheries

r/min ¥ 3% . ¥53% 3 h (B WL E) J5 L 100
uL WA TSB IR M, 1194 5% B 0 40 v i
FEAE LAT 28 A [ i 47 B 18] Ak 3T 4 i 9 2%
WA, TR 3REL, HEHEAREZERIR
Xof WA 241 P AR — S 6 2H 240 T

X 2 240 T A

X 100%
(M

REHR(%) =

1.7 €EBEFIEHREZRAEMm

M8 K N A8, #EHU Na™, Ca®, KM
Mg™ 4 P4 @ 85, AT FHORS T R IR SR 1 52
Wi, BRI EREERC L, 20 B E NaCl [k
BEEE A 0. 5. 10, 15, 20, 25 mg/L, CaCl,,
KCl, MgCL Y JERE N 0. 1. 2. 3. 4. 5
mg/Lo DIXT I ER VA R B B ol 2 MBC RS T
T (R 2 ARSI B M BE g MBC), X BR AL AN ik
VA TR, 35 Mt A7 B D) XS A il 3% 1 358 SR ) 52 i~ e
IFETTR R, AR 48 BV B XA
TR BERSCR B SE 0
1.8 HiESh

JH Excel 2016 F1 SPSS 19.0 % f4: Xof 5 16 %5 4
AR, B E AR 2E R OR, A
Origin 2021 3R AT 18, 41 BB 35 LA (8
Fon, HRHMHAE )% (One-Way ANOVE) 4347,
W2 B W M Duncan [(RIEELZ T L. LU
P<0.05 FnERBE.

2 4R

2.1 3 s 3t A PDD E#kEY MIC 1 MBC
SEA!

3 Bk I X 6 ¥k PDD B bk MIC Fl MBC 13l
FE 45 R R, MIC N 32~128 pg/mL, MBC A
64~192 pg/mL (3K 2). % (Cymbopogon) ¥§ i 1)
WA 80 uL/L B, &8O A BRI (Staphylococ-
cus aureus) W T 58 M HID . SASZIAH L,
AR5 A MIC A
2.2 3 FE M SR PDD BEHRE KR

N T RFORIR = B T PDD AR K A5
M, 7€ 1/4 MIC, 1/2 MIC, 1 MIC F1 2 MIC #5 i
WIEALPLS , s AN AR RO (B 1), G92REE
B 3 ok it 22 R W35 52 il = B0 1 PDD T R 19 4E
K, H 5 I B O e
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=2 3 #EEhxt AR [E PDD BE#kAY MIC 1 MBC

Tab. 2 MIC and MBC of three essential oils against different PDD strains pg/mL
LA A Z A PIEERS

ﬁi T. mongolicus essential oil O. vulgare essential oil C. cassia essential oil

strain MIC MBC MIC MBC MIC MBC
PDD1605 128 192 32 64 128 128
PDD1608 128 192 32 64 128 128
PDDO0210 128 192 32 64 128 128
PDD0906 128 192 32 64 128 128
PDDI1411 128 192 32 64 128 128
PDD2008 128 192 32 64 128 128

——XfH control
—=—1/4 MIC-TEO
1/2 MIC-TEO
MIC-TEO
—*=2 MIC-TEO
—e—1/4 MIC-OEO
——1/2 MIC-OEO
——MIC-OEO
——2 MIC-OEO
——1/4 MIC-CEO
—=—1/2 MIC-CEO

., ., —+MICCEO

B ) /h
time

(@)

—*—=2 MIC-CEO

2 4 6 8 1012 14 16 18 20 22 24

—— X control
—#-1/4 MIC-TEO
1/2 MIC-TEO
MIC-TEO
—*—2 MIC-TEO
—o—1/4 MIC-OEO
—+—1/2 MIC-OEO
——MIC-OEO
——2 MIC-OEO
——1/4 MIC-CEO
—&-1/2 MIC-CEO

——MIC-CEO
Ly

HF i]/h
time

(b)

—*—=2 MIC-CEO

2 4 6 8 1012 14 16 18 20 22 24

1 3 #hismx S E0mTE PDD1605 51 PDD1608 F4k 4 1< Hh 2k Y 820
(a) PDD1605, (b) PDD1608; TEO. H EF ki, OEO.ZFZ K5, CEO. WK, T,

Fig. 1 Effects of three essential oils on the growth curve of highly pathogenic PDD strains 1605 and 1608

(a) PDD1605 , (b) PDD1608 ; TEO. T. mongolicus essential oil , OEO. O. vulgare essential oil , CEO. C. cassia essential oil, the same below.

2.3 3 FprEmx SR PDD EHk ECP # A5
B Fnia & 4 B9S2 00

AN[E R 1Y) 3 R % PDD1605 1 PDD1608
P PE ECP M52 & 2 iR o SR 20 v v 0w 1
Hi#k PDD1605. PDDI1608 (1] ECP HA 5 Bk G
PEFNVE ML s A [R] e BE BRS il A 25 BCP %
MPEIE K, BAA SSBERR ISP s = BOw PE e bk
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=24
5

PDD1605 F1 PDD1608 7E 1/2 MIC &k BEVE G,
ECP P8 IR BEG PE IS 58 T 1/4 MIC K5Il Ab B4

24 3 FE B EEEYE PDD ExEESHE
ESESv={:0EA

X} 2tk 5 2 Pk PDD T ¥k B dly. PhiyP.
PhlyC 1 PlpV 4t 4 Fpag Jy S ERSIVE R T 3%
IR AR 5 R R, 5 R GRS T A B X R

T E K S 2 B

E/
57
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JRARAL XFERAL

1/4 TEO 1/2 TEO

raw group control

PDD1605

PDD1608

PDD1605

PDD1608

1/4 OEO 1/2 OEO 1/4 CEO 1/2 CEO

E 2 AEHHERANSERMN PDD Efk 1605 #1608 ECP #AsBEeAA M1 14 /Y20

Fig.2 Effects of different essential oils on ECP phospholipase activity and hemolysis of
highly pathogenic PDD strains 1605 and 1608

AL, Rk PDD1605 H (1] 3-a~d), FRE B &
FEIMLE A MIC ¥ B PhlyC 26358 AH L X TRAH A
RSN (P>0.05), HHELERG . 4 2R
PIEEAS I 4145 W ¥ dly. PhiyP. PhlyC I PlpV 3
K AH X BE 2 34) g 2E T R (P<0.05), H TR
SRR R, SXF IR EL, B kR PDD1608
(B 3-e~h), A EFEMM. S BRI, AR
24 1/4 MIC ¥ J¥ dly. PhiyP. PhlyC fil PlpV 323k
H R E TR (P<0.05); A EAHRMAL 1/2 MIC ik
FEH dly Fik g i 3% L (P<0.05), PlpV Fikw Tt
i 3 T B (P>0.05), ZF Z R 0 A I RERS 4L 12
MIC ¥ & PhlyP Fl PhlyC 3 ik & W 3 F % (P<
0.05), B Ak MIC #kJE PhlyP Fih &L i
F LTF(P>0.05), 2R IMAAERG L] MIC HRE
dly. PhlyC #l PlpV ik & ¥ 3% Tt (P<0.05).

2.5 fEERERE MR E SR

Ll PDD1605F1 PDD1608 by 52 56 1 #k , 1l &
AN ] B ARG I . 2 FRG T R R
IMAE MBC ¥ AR BB . 25 R o, 3 Fh
Ko B TERERAR L. 7, 14, 28, 35d )5,
XT 2 # 5 BU% PDD B BRI 2 R AR SR T 99%,
HIE R #F25 (P>0.05) (K 4), FUILEH RT3
TR SO HES i ) 2% TRTRICR TE A ik 52

2.6 ERBTIEHAENRZ
SRR E N 0. 5, 10, 15, 20, 25

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

ng/mL Y NaCl £ 7 e B MBC ¥ B RS M
fEH 3h G, ANEREET 99% (B 5). BimikE
J90. 1. 2. 3. 4. 5 pg/mLAY CaCl,, KCI,
MgCl, £k 7% W it 5 MBC ¥ B RS Wi e, VE ]
3 h R A E R WL 99% (B 5), 45 R, Na',
Ca™, K'. Mg™ %%t [k 3 Fioks il i R E SR L
e un (P>0.05),

3 e

FroH I R O B BT A B A 25 S 3L
AWy BT 25 PEAN BT 5k, fR AR RA DTG 3
FREA TR R L SR E Y. YR
R — MR IR TAEY R UCE R, & A RIRE I
E P A5 A A 5 ) (N2 MR R o) 2 222
Yilst, BAEGFAMESCR & BT RSO KR
KITI BRG] o ARTITER T A B B EAA
=My ARG, T T ENTET A T
J5E PDD R ERSCRIESE . BRI £ 28y
R AT R E LA, G I A A A R AR N O
AL 4R B 194 30 O PR MR S 1, T ORI
TEHF 2 mte, RBORGORT. A, HH
AR A BE S 1 40 AT A LE A IR T, D A
A B ORI BEALRE . 0 R AR A PN 2 1
A, AR IS, 0020 A ] Y 2 R
TEPE A BRI E A NI oARIR L X
AR R A B AR, A BT AR 2 AR
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i I 2 FEABE 10 A 11 B 2R LM B (Pseudomonas
aeruginosa) Y, 4z B (0, ] 25 BR TR R L (1 90 i 2
X RS B R, JFXE 11 bR 24
I R 43 B MR 1A 8 2 I PR s 1, MIC Y fl oy
0.08~0.64 mg/mL"™, #i #fe 8 ™Y, PIHE SR Y
K B FLAL A P L B R A SRR, ) ATP g
s BRALEE . A8 SRR W) TR A DL L B
SR UM e A AEPTAE T o RVRERS T 0 B AR

. X

control 1/4 MIC
20r
15F
1.0}

05F

0.002
0.001

AHX L=
relative expression level

N b
different essential oils

(@

AHX L=
relative expression level

ANEAE
different essential oils
()
— 4 B
o
& 3t
s Ll
®= o1
=5
= 5 0.06
>
g 0.04 +
° 0.02
0
TEO OEO CEO
ENEECRL
different essential oils
(e
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MM FZ o AR T &R AT,
PRREA Tl X8 25 22 P B P R B v R B T3 3
P, WAL 5 2R AR ML T PAOT WR A 22 T T 25 14
AR AR AR,

W5 7K 7 7GR B8 PR K JRE A 240 fh 77 B AL
B AN O, 20 TR0 114 K 5Bk
XPFERE | EARRH PR YR T K B g5k,
FEPRG I B T 58 BT B i 2 i A e 25 IR 2 — o

= 1/2 MIC = MIC
2.0
)
5 1.5F
& 1.0f
§§ 0.5+
re
= o
= o 006
gom-
s 002
O A
TEO OEO CEO
NG
different essential oils
(b)

AHXS ek &
relative expression level

CEO

OEO
NG
different essential oils
(d)
2.0
o)
5 15f
=
il
gé 1.0}
#® & o015
g 5 0.10
= g i
s 0.05F
e b b
0 0.2,
TEO OEO
NG
different essential oils
®
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— X i control

FRX ik &
relative expression level

TEO OEO CEO

NG
different essential oils
(8

1/4 MIC

= 1/2 MIC mm MIC
6 ~
)
& 4
i & )
X 2
R E
';;' X
= o 0.06
Z 0.04
= 0.02
= 0 A
TEO OEO CEO
NG
different essential oils
(h)

3 T RERIEAXMSEFN PDD BkS HEERENFE M
(a)~(d) PDD1605 [¥] dly. HlyP. PhlyC. PlpV ¥} ik &, (e)~(h) PDD1608 (] dly. HilyP. PhlyC. PlpV AHX %L, HILE LT F AR

KRN ZEREFE (P<0.05).

Fig.3 Effect of different essential oil on the virulence genes expression of highly pathogenic strains PDD

(a)-(d) the relative expression of dly, HlyP, PhlyC, PlpV in PDD1605, (e)-(h) the relative expression of dly, HlyP, PhlyC, PlpV in PDD1608;
thletters displayed above the histogram indicate significant differences within the group (P<0.05).

PDD1605-TEO

PDD1605-OEO E

PDD1605-CEO

0d
1d
7d

g O

PDD1608-TEO [

S
experimental group

14d
28d

m ® 0B

PDD1608-OEQ =

35d

PDD1608-CEO

99.65 99.70 99.75 99.80 99.85 99.90 99.95 100.00100.05

ENERD
germicidal ratio

4 HFHAERIEE 3 MR PDD BEHREIR R

Fig. 4 The bactericidal activity of three essential oils on PDD strains after different storage time

FE PR AT XoF 7K 7 % B E 25 Jird v 1) 40 o A A
HIZ WY . Govaris S5 WFFE R, 4 K5
REAE A S 55 == [QPAPE R . 22 [RIIPE R . %5
W RS Z MU Y RS . A PSR 4
ZRE IR 2K 5 B0 W R INE (Vibrio vulnifi-
cus) A B ERIMEZCR, MIC Fl MBC 24 0.06~
0.15 pL/mL™, Jf H BE4% & 2 B AR 20 f Py — i i
FEH (ATP) WK EE, fEAAEBE ML, R
1% P40 (ROS) By 7K F- . Gracia-Valenzuela 55 ! #ff
FEARIN, AR HRHER DR S AN TR E ] L
Tl T T (48% = 23%. 25% : 40%, Joi &4y

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

) 194 A BR S A A5 6T R 2 rp R gL )
AN |« B ARSI (V. parahaemolyticus) F
EELINE (V. leraecho), Wei %% K P, FIFHIE
T XTI B 8 RN % 12 48 IR 8 (Edwardsiella) (1)
MIC {43914 0.244 Fi1 0.488 pg/mL, HA KA
TRAE o RVEENE T RE %A R0 ) 7 v
H MIC 2 2 pg/mL, 3 H 5 % f4 (Ctenopharyn-
godon idella) T SHT A R H] , RGP [R) 3G 58 %) &)
VR ILPESIR B AP EAE FT, MIC 353 0.5 pg/mLP7,
FE K i3 wT A3 aok i 7 #0128 i 1 8 B Bt
RNk T RS, e R A A
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© 100.000 I o PDDI60S-TEO ) 100.00 ¢ - PDD1605-TEO
- & -= PDD1608-TEO - & = PDD1608-TEO
§ g 99.995 § - PDD1605-OEO Q g 99.99 % -+ PDD1605-OEO
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Fig. 5 The bactericidal activity of three essential oils on PDD strains after adding different metal ion addition
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Bactericidal efficacy of three plant essential oils against Photobacterium
damselae subsp. damselae and their impact on the expression of virulence genes

YANG Xinyue ¥,  WANG Chunyuan®, YU Yongxiang’, WANG Yingeng’, LI Jingze ’,
LIU Dingyuan’>, ZHANG Zheng >

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. State Key Laboratory of Mariculture Biobreeding and Sustainable Goods, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: To investigate the bactericidal efficacy of Thymus mongolicus essential oil, Origanum vulgare essential
oil and Cinnamomum cassia essential oil on Photobacterium damselae subsp. damselae (PDD), an important
pathogenic bacteria in mariculture, the minimum inhibitory concentration (MIC) and minimum bactericidal con-
centration (MBC) of these essential oils against six PDD strains with different pathogenicity were determined
through double dilution method. These strains' growth curve after adding plant essential oil was detected using
spectrophotometry. The expression of virulence genes and activity of extracellular products (ECP) under different
essential oil concentrations in two highly pathogenic PDD strains were analyzed. Meanwhile, the bactericidal effic-
acy of the plant essential oils after long-time storage and metal ions addition were studied. The results showed that
the three plant oils had good bactericidal effects on the six PDD strains, with MICs of 32-128 pg/mL and MBCs of
64-192 pg/mL. They had good inhibitory effects on the expression of virulence genes, phospholipase activity and
hemolytic activity of ECP in two highly pathogenic PDD strains. Specifically, low concentration of plant essential
oil exhibited significant inhibitory effects on the expression of virulence genes. After 35 days of storage away from
light, the sterilization rates of the three essential oils remained above 99%, demonstrating excellent pharmacody-
namic stability. The presence of different concentrations of Na“, Mg®*, Ca>", K* in the water environment did not
exert a significant influence on the bactericidal efficacy of the three essential oils. The results showed the suitabil-
ity of the three essential oils for the development of novel drugs or feed additives in aquaculture, with potential
application in disease prevention and treatment. This study can provide reference for expanding the application of
aromatic plant essential oil in the prevention and control of aquatic diseases.

Key words: mariculture; Photobacterium damselae subsp. damselae; plant essential oil; antibacterial effect; phar-
macodynamic stability
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