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BE R Il K57 2 e 2 3 B2 15 K 32 8 (Scophthalmus
maximus) ' ENEERAXIR(Fenneropenaeus indicus)
PUINB RGN RE )T /T, Kar R E M EE, 1E
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charomyces cerevisiae) 1) ﬁ'ﬁiiiﬁ[ls]o Kr#&k
17 HE 250 1) L BT B RE ) 32 A DR T F A A RO il
Tg &h 5 (A1, B RE S TR A S AR A G | Bl A,
SR A TR I B AR A PR AR TR 2 WA ) A
B e hrEwEsREER T, RS R K
WRFRER A s d R BE 5 KIAT B . & o # &)
R AR E T A R R 4, 2 BE T 4
LIRS RS e, A T 2 AR . Lins R
FOR I 75 7 AT REIR T 75 10 B0 A7 200 I 1) 5
P, $MHIAE VIR TE i, I T 2H e AH DG B PR )
ik, e Fiz sl Re S0 11 ARia sk
B, K 2= 00 A 290 AE o TR B i6 A AR B 1) S F i
5, (BRI 2 W T M0 3 R ™, et
K708 F [ S 5 R

ALE 2 o A8 85 3 K 31 470 0 0 PR A 40 o) 1
GG AN S, EORE T PURENE AL
i A VB 2 P 225 ), ANMME B RS e ek, T L
R EACR RG . B, ALERTH0HI 7 %
[ (Penicillium raperi) 4818 K A 22 £, X+
BT (KA R R Rl KR E 41,6057, HATALE
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XoF I I SIERT PRI S BRT TG, I NGB 28544 %
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A]). T H(DMSO, AR AE AR R A
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W% F12216EE 77 Billg (F i AWM H AR AR A
Al BEER TR rh i (PBS, I K B K E R R A
Fl)y AR 3L 2K B-D-2F- FLILL I B 7 (ONPG, Jb 5 &
HKERBARAA) = (IR e th iR £k
(Tris-HCL, b B ER AR A ). F 5%
WG-250( LilgE = RAEDH R B AR AF). B
B 8] 8 W (FE4E R AE W BL A BR A ). Prime-
Script " RT reagent Kiti¥li #% 5% i 7] £1(F 4 TaKaRa
YNGR
1.2 EHIER

B9 19 CICC 216170 [ Tk i A= 4
A P 5 P 0y (CICC) o MUK AR B HE B Mk B IR
MAREE, BfhF2216E8 g #5772, T28°C 411 Nk
B 1—2d, AR KHEE—HIIRE, B 524l
WS E TR . PRECR B A 0 T 55 mL 2216E
Wiz FE TR E P, T28C 150 /mingk - N EH
K577 24h, 8L Ly w1V i 9 B RO R, 7E
J SRS F 22 16BN 17 45 77 2 1 28 T 7 TR
1.3 &/MNEREMIC)NE

KR 71K 75 v N sE ALEXT 819 1 9K 5 1
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T IS EA R W, 75 2 —HEFL 200 uL ALEJRE R, 1%
HEHEAT 2485 W6 FEFR R, {8 25 W 2 W BE 4y il 9 7.8
3.9. 1.9, 1. 0.5810.2 ug/mL, & & 1HE 14 %F 18
(100 pLEE K +100 pL 2216E A7 1% 77 36 ) Al 1 HERH P
XT HE(200 uL 2216ER) 715 97 3%, B3 2034 FL(RI3AS
HHE). FHI6FLI B T 28°CIH iR 1% 75 46 h 15 9% 24h,
FEFLINANSO0 nL7) KT IR, 3597 24h 5 WL 42 1 i)
B RN A WA K, B ERRINEE), AR
AR LRI AMIC,
14 SFNFREREMBC)NE

TEMICSE 58 it b, M3 ¥UIZE BH (1 7L H W HL
100 pL ¥R, Y3540 T2216E5: lg~F4 L, T-28°CH
JELIR 15 77 56 55 77 240, DL AR K R TR 1 AR
W AR N Z 255 1% H AR FIMBC o
1.5 HKpizeE

FH22 16E A7 4% 77 35 K 1) 7 L 5/ 1 1 00 2 R
#7110’ CFU/mL, ¥ MALE 3547 205 16 B 7 F%,
{15 ALEFI MR B4 5 AMIC. 1/2MICHT 1/4MIC.
B B T28°C. 180 r/mind® PRk F1 15 3%, 45 2hHL
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1.7 EFEMNE

FE£7 13107 CFU/mLE ¥ IR B B8 11 55 v,
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S PBSHI G BB 41, 7628°C 180 r/mingk 14 T 15 97
24h, 43 A HL1.5 mLEE R, T4°C 8000 r/minZkfF T B
Oy Smin, 3% FIE, FJCH PBSYE SR UTTE IR, W HE
ULVE, MIN2.5% 3 1%, B4 C UK A6 [ 2 12h, 8
1ok 32 SF PR AU RN A H T B O 5 R A
IR o
1.8 E£MHESENE

FE1x10" CFU/mLE ¥ 1fiL 5% B4 13 9 b i N 49K
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minZk £F T 55 75 6h, B 110 I 55 75 46 i B 55 77 12h,
R RE LI Al i AE WIS, 77 LW . 2% Mizan
2 Oy o o U 0 M 5 A A A e, BIVAE R o
I mL 2% (v/v)4 a5 B« 42min, A HRKRE
B¥E3—5IR, FIINT mLUKES BR VA il i Bk B (o)
JR, I E R 570 nmPR G
1.9 HFREAFNH

% . RNALZBLFN cDNASE B #4 32 &2
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PBSHIXT R AL(CK), 43N EE . BT HE
F28°C . 180 r/minZk £ F K5 7% 16h, HU it FF & 1R iE
BIRAN, BEH1-80CUki . S ettt
JIT 3R J5 v Ab B AR 5, B SR FH TRIzolyZ: 3 B 1 W7 e
RNA, EBRrRNA, & BAUEECDNA, FRAK K BEAT A b
B MBEEAL il 78Sk b3, PCR 24l {6 Al
BAESERAE, MR & KIcDNASCE, 48 )5 HINova
SeqXPlus*F- & #AT M F

MFBERIE. MEEIBRESTESHT X
A ERAT P AL, 2556 Adapter 7 41 Al
I & 7 0 Can U 5 = AE /N T Q201 7 A1), %
Gr it 24 7 006 T 43 () readsiE AT B S R B . B3
HER AT . R FBowtie2” 4 BT A I reads 5
GenBankH &l ¥ L5 5 RIMD 2210633k 3 [X 41 3k
AT LB, SR8 F T )5 229 i mapped data. 40T
s b AE ZKEGGH 2 AT R, A 3R 43 2 [A]
MITHEEE B R RS M (PCA)RAEA [R5
b B T AR R o {8 FIDESeq2 1 ik Y
K21 8] 2= 7 R IL FE K] (Differentially expressed genes,
DEGs), BRI #F & [log, (fold change)|>1, ¢<0.05 (¢fE N

1 1E J& 1) P-value) ¥ 2= [K], Jf8 id ik & 2 ¢ K1l
B AL 2 . TR ESE L. R
IR A % DEGs#EATKEGG & 22 /007, 24 23 42
1E 1 PE (P adjust)<0.05K} , ik A I KEGG PATH-
WAY# 2 2% & 4E.

RT-qPCR IE3E NI IERNA-Seqill 745
] SE A, BEALIEESAN M B 2H 2% . AR R
MAPKAE 5 I B FIVI B 73 W R GudH R 1) 22 7 3Rk
J K 3 47 RT-PCREG IF 52 56 o {3 FH NCBIM 5 1)
Primer-BLASTI)gE % 1T B FIZE K 5| ¥ (3R 1), I
WL AE B AR A BRA F G . KA 3645
EOB T THRNA K % 32 A cDNA, 2 iEMa2s Y1) )57
HATRT-PCRELES: (1)44 210 pL: 2xTaq Pro Uni-
versal SYBR qPCR Master Mix 5 pL; . Fi#514)
0.4 uL; cDNASRHRT 1 pL; ddH,0 3.2 uL; (2)/ M FE
2 95°C FilAZ 1% 10min; 95°C A8 1 10s; 55°C iR K 10s;
72°C SEAH30s, 45N EFF . LL16S RNAJN P ZFE[H
AR EINELE .

110 HIBIES AR
SIS K HE K I SPSS 27.0. 134T e i+ 404, K

%1 RT-qPCRETAZIH
Tab. 1 Primers used for RT-qPCR

Clk/E S Gl Tyid 1)

Primer name Primer sequence (5—3') T, value Product (bp)

27-F AGAGTTTGATCCTGGC  55.40 1465
TCAG

1492-R  TACGGCTACCTTGTTA 55.81
CGACTT

FIiF-FF CTATCGCATGCAGGAG  55.75 115
CAGA

FIiFFR  ATCCAATCCGGTTGGC  55.40
AGTT

FliG-F  GAAACGCTGGCGCGA 55.40 145
TTTAT

FliG-R  GCTGCGCAATACGGA 57.45
AGATG

Fig-F  TCTAGCAAAAGTGAG 55.40 209
CGGCA

FIgE-R  TTAGGTCGACGTTTGA  55.75
GCCC

FleQ-F  CCAAAACTGGCAGAA 57.45 153
GTGGC

FleQ-R  GTCCCATGGAGTAGG 59.50
GGAGT

CATI-F CTAACCTAGCGGGCG 59.50 103
ATCTG

CATI-R  GCAAGACGCGAACCG 57.45
TATTC

Hep-F CACATGGCAAGAAGC 57.45 113
TCACG

Hep-R GACGGTGTACACGTTG 5745
ACCA

ClpV-F  ACGAAGCAGAAACCA 55.40 190
CGCTA

ClpV-R  GCACGAGCAGTTTCGG  55.40
TTTT

Lip-F TCACGAACTGACGTCA  57.45 190
CCAG

Lip-R GCGAAACGCGACTGA 57.45
GAATC
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BT 2R 7 Z2 53 HT(One-way ANOVA) RS R A TR
% (Independent T-test) i 5 & 4L 8 4ls 1 2 7= . O
P2 Fl Origin 20215k Microsoft Visio 20234l .

2 #HR

2.1 MR

TIRFE RIS B DR, ALEIREZ K T7.81 ng/mL
I B T 0 L (TR Al B 2R K, 3R B ALES @l I 5K
B IMICH7.81 pg/mL (Kl 1a); M96FLAR H1 IR HL K
TMICH L [ AL R T AR R AT, 45 R B /~NALE
WK T31.25 pg/mLI Jo b % K H (B 1b), R H
MBC~31.25 pg/mL.
22 AEHKhik

H T B ODygo nmR AR EL B 75 21 Bl v 1 9k
BRI ARG O, WA il 2R ] 27 m] L, 3N ALEAR
HZH(MIC. 1/2MIC. 1/4MIC)# ¥ i1 OD g fH B
TR REAH, HL 245 W s OD o AR AR, v
MICZH [1JOD g [ 46 LR FFTEBAR AT (] 2)
23 ‘RAEREIRIEM

BT B-D-F MRS L E A S 2R
TEALEX EIJ 5 100 5 B 20 M 5308 325 1 1) s e, 45 2
R WA 29Uk B, B-D-2- FLE S M A AR
&SR BT &S, HAMICH 1) B-D-- 7L b
TS AN A R 3 B T IR ZH.(P<0.05),
1/2MICZH 1 B-D-F= LA 7 i % P 3 3 v T R
(P<0.05; 18] 3), R B ALEAL 3 7 41 B 40 ffa s 38

a 1.95 391 7.81 15.63 31.25 pg/mL

1 ALEXS RV LK FMIC (a) FIMBC (b)
Fig. 1 MIC (a) and MBC (b) of ALE against V. parahaemolyticus

T, TR T 2 B GT A R A o B e R R AR A
TR A K 7Y A1, 33 T 5 el 48 R A A
B, L FEEEET .
24 HIREVERLER

MNIZE 555 FELBRE P AT DAL, ol HE 2L I IR 4 A
SEHE, R OGHT, 4N B 5 A0 321 (B 4a); T
ALEA 2 40 B 48 B o1 K & ek 2D, e AR v, 853 4

1.5¢

——CK
—a— 1/4MIC

1.2+ —a—1/2MIC
—e— MIC

09 r

A 600

0.6

03F

0 1 1 1 1 1 1 1 1 1 1 I
0 2 4 6 8 1012 14 16 18 20 22 24
i fia] Time (h)
P2 AR BEALEAE F R 8 v e AR il 2
Fig. 2 Growth curve of V. parahaemolyticus with different
concentrations of ALE treatment
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Fig. 3 Effects of ALE on the B-D-galactosidase activity (a) and
protein content (b) of V. parahaemolyticus
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Different letters on the error line indicate significant differences
between groups. The same applies below
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MOBE . I BT Al 4b), B AL IRA — LBl
SFLIE, BT SRR (B 40). AT A
P, S5 B R R Al R DR T SR BRI RS, &
A HAE 5%, 40U RNE BB A B a3 S PR (B 4d);
28 ALEACH I B8 7R 41 M T 45 T8 B R, 40Pk A= 3
i, &I PR 2R THURG BT R 5 A 453 10 & B e 1 (1] de),
1M ELEB 2 b AR B TIRG . T 4 A Bk AR 4L, IF B
BRI R (K 40, B HEMTRBEL R
T, ALERE A IR 81l v 1 5 B 400 it &5 #4) 1) 5 3
A B S B RS AT T, B8 I R e 4 A O
BV, 3 R R A B R, AT S 4 B OE
A BREE .
25 H£YBIRESE

o} FE 2H ) 9 a5 T AR R T A RE LR R 2
AL, 2 d R gLt S B RTR (55 SRR ), T
ALEBACFE J5 &l 7 1 9 B8 1R A= 0 48 B8 TRl S 355 ik 2>
HA 1/2MICHIMICZH 4 B A 9 9 i 5 & B KT
Xf HEZH (P<0.05; 1 5), R BHALEAR R #1115 1
ST A= 0 05 BB PRI T R, A B BEL L 40 B e 7 =8 1
ARG, U)W 4 B8 B AR 18] 1R A5 5 532 0, T BRI 4t
B AE Pt IR T 2576 o
2.6 HEFREZNW

BERERBREERSN  FEBEEAF
i 513545220075 45 LA _E Clean Reads, B34 iR K 12
K TF0.012%, Q205 % & 15 % ¥ K T-98.8%, 55 7%
FEDRZH 0 EE X R ) K F-92.5% (% 2), 22 B - £ o
Al 5E, WA TR 40 M. PCAZ T 45 R E7R, ALE
ZH R R R A PC 1 B 2 [X 40 T (] 6a), FHH
TH SR A E SR . BT DESeq2 A ik H %
HEEM R EEERER, HLHREEER K
WA, &R R 5X R4 ML, ALE4H A 1334 &

Kl 4 ALEXS R I 5 G 41 i 4544 ) 52

Fig. 4 Effects of ALE on cell structure of V. parahaemolyticus
av by cHIBEHHEE e. £ gHRARMHBEEL a. dACKA,
b. ¢ f. gNALEAH
a, b, and c are transmission electron microscopy images; e, f, and g
are scanning electron microscopy images; a and d represent the
CK group; b, ¢, f, and g represent the ALE group

Z LREFAN45N B N R EFE (A 6b).

KEGGE & 77 FALEH H &2 Tl
SN 4y AT KEGGE &4 T, R EoR: T
R R A 6 5% i %t . 2 ' 4R (Padjust<0.05), 3 %2
£ #5 MAPK{E 5 i % (MAPK signaling pathway)-
HEE 2 % (Flagellar assembly) A= W[5 FE B -4 444
HHfI R (Biofilm formation - Pseudomonas aeruginosa)
SEIE B, HorR o EMAPKAS 5 1% (1) it A S
FHOGHE ], #0542 38 % 1) A 1 08 6 5 1 (FlaD-
FlaJ. FigM. MotX). &M EE (La/T) HEL
& H S AH SCBE IR, AR W Rl 6 1R R O~ R A
HH. ClpA/BRLE A BEEAH RN (8] 7a); b ik
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Tab. 2 Quality control data statistics

. " WL A % i 2R
PERATR ReadsB  POER gy BEABLONE
iR Reference gene
Sample Clean R Raw Q20 u:
name Reads aw error %) alignment rate
rate (%) (%)
CKl1 20596202  0.0117 98.87 92.50
CK2 22410474  0.0119 98.80 93.03
CK3 21736136 0.0118 98.85 93.41
ALEl 20806782 0.0118 98.87 94.59
ALE2 20969700 0.0117 98.89 94.91
ALE3 22944334  0.0118 98.88 94.97
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(1. Life Science College, Huzhou University, Huzhou 31300, China; 2. Key Laboratory of Healthy Freshwater Aquaculture, Ministry
of Agriculture and Rural Affairs, Key Laboratory of Fish Health and Nutrition of Zhejiang Province, Key Laboratory of Fishery
Environment and Aquatic Product Quality and Safety of Huzhou City, Zhejiang Institute of Freshwater Fisheries,

Huzhou 313001, China; 3. Shanghai Landcent Biotechnology Co., Ltd, Shanghai 201600, China)

Abstract: To investigate the antibacterial activity of Allicin E (ALE) against Vibrio parahaemolyticus, the minimum
inhibitory concentration (MIC), minimum bactericidal concentration (MBC), and growth curve were determined. The
antibacterial mechanisms were investigated by exploring the influence of ALE on the extracellular B-D-galactosidase
activity, protein content, bacterial morphological structure, biofilm formation ability, and transcriptome of V. para-
haemolyticus. The results showed that the MIC and MBC of ALE against V. parahaemolyticus were 7.8 and 31.2 ug/mL,
respectively. Treatment with ALE resulted in damage to the cell wall and membrane structure of V. parahaemolyticus,
leading to the leakage of intracellular substances. Compared with the control group, extracellular B-D-galactosidase
activity and protein content in the ALE-treated group were significantly increased (P<0.05), while the amount of bacte-
rial biofilm formation was significantly decreased (P<0.05). The transcriptome analysis results showed that 145 genes
were significantly downregulated in the ALE group, mainly enriched in pathways such as MAPK signal transduction,
flagella assembly, and biofilm formation in Pseudomonas aeruginosa. Conversely, 133 genes were significantly upregu-
lated, mainly related to amino acid metabolism and degradation pathways. The RNA-seq results were consistent with
the RT-qPCR validation tests. Our results demonstrated that ALE showed a strong antimicrobial effect against V. para-
haemolyticus by disrupting bacterial structure, inhibiting biofilm formation, and regulating the expression of genes such
as flagella and biofilms. This study laid an important foundation for exploring the role and mechanism of ALE against
V. parahaemolyticus.
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