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Inhibition effect and transcriptome analysis of Gan Dan oral
liquid against Vibrio parahaemolyticus
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Abstract: [Objective] To investigate the in vitro inhibitory activity of Gan Dan oral liquid (GD)
against Vibrio parahaemolyticus and decipher the inhibition mechanism at the transcriptome level.
[Methods] The in vitro inhibitory activity of GD against V. parahaemolyticus was evaluated based
on the minimum inhibitory concentration (MIC), minimum bactericidal concentration (MBC), and
growth curve. Scanning electron microscopy and transmission electron microscopy were employed
to analyze the effect of GD on the cellular structure of V. parahaemolyticus. Transcriptome
sequencing coupled with bioinformatics methods were employed to investigate the effect of GD at
1/4MIC on the transcriptome of V. parahaemolyticus, and the obtained results were examined by
real-time quantitative reverse transcription PCR (RT-qPCR). [Results] GD exhibited high in vitro
inhibitory activity against V. parahaemolyticus, with the MIC and MBC of 7.6 mg/mL and
15.2 mg/mL, respectively. The GD treatment at a concentration of 1/4MIC disrupted the cell wall
integrity and increased cell membrane permeability of the pathogen, and leading to the leakage of
intracellular macromolecules. The results of transcriptome sequencing showed that GD treatment
significantly altered the transcriptome profile of V. parahaemolyticus, resulting in significant
upregulation of 1 074 genes and significant downregulation of 1 179 genes. The downregulated
genes were mainly enriched in pathways related to the synthesis of inosinate and ribonucleoside,
whereas the upregulated genes were primarily categorized into pathways associated with
transcription factor activity and cell wall synthesis. [Conclusion] GD may inhibit V.
parahaemolyticus by disrupting cell structure and inhibiting cellular energy metabolism and
biosynthesis.

Keywords: Vibrio parahaemolyticus; antibacterial drugs; cellular structure; antibacterial activity;
transcriptome
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RKFEFEBIY, A 45 K = #2112
FTCRIZ TR BV i G e —Fh R
FORE, ARREZEBRREAK W, A6
PAXnt . BETE . R SR S E RAEAR, Y
5 & OAE , 30 28 1wl B AE T
HHET, HUAERARIGIT K™ 3l P w v i o v s
Jer) FEY), AR PR R S BOR RN
A, IR A BT 25 ) 5% B A
Z ), 2019 4, Ll AR R 10 7625
B RAT T T IR A 7= 7758 Ml 2% 5 e
M TR, Ho B A48 2T oK ™ SR
M5k a7, RS EaL it ZER
=il

R AR REN IS, BA R
REREA . A G e 2, CHEDT
AR EZEERS, T TR S I
RSN AN O 1= R i = AN |
500 mg/kg = B EL 0.6% T2, ATHG TR LAY
X HR (Litopenaeus vannamei) W) 5e 3% FIPT B AL HE
71, FHREARHAERIA M R G fFET R
A o i AR R R R ARG, HOK
P B S M e /N B 4R (minimum inhibitory
concentration, MIC) fiX T 0.2 mg/mL, 1 H H
20 mg/L A TS 7K R HRA R RIS 10 5 B J e 1)
Ve (Scylla paramosain) AT 2531097, AIA L
R e (Bt TR0 H 2 5T A D B T
AT R RO, RN T, 3
M5 0 AR K 6 P CATO% B ISR B 1) MIC B R
7.81 mg/mL, M. A4 SRR 2P0 MIC
{8444 31.25 mg/mL!"; 240 mg/mL A8 % . B
AR . B 2 T X RN (V. fluvialis) 40
AR R, AR 0 T Bk v 24 1 410 B AL
U HRT, 56T H 2B E) s TG 4 1
LI C AT — SRR . HIE , ARk .
JEAS IR . B AR AT e I i R R

MR 4H A B e Bt . TP am M g s Qs
T A DR RO WL SR 2 R IR . SR,
A WEFEANIE WLAR FER 2L o B 1 ik e 251
P L], R T e B 2GR ) 2 AL AT AN
.

AR, B SR n RER R, il
s R B8 0 T P e SR R A AE A
e R TS T LU v ) S B B U & 21 D 5 N
HE f% 4 T BIF 9 25 90 1 10 i 81 A 248 L VN T A 2 o
FE IR, DT R G i B 25 W0 W VR AL
el H B I IR # (Gan Dan oral liquid, GD)/2 4%
AP AT FRHEAE R R =282 (5 ), HF%
BATELAEH R AREAR . AT A8 vk AT
PRIk ST 2 B, H B 0 AR Rt I i
o | JE 1 T R P Jol AR A3 0 A I A 4 52 AR T,
B GD %t Rllvs i sk VR FHALEI AN TERE . At
UM IR . BBEUER SRR, WIER GD Xf
VS I I TR R A R L R R e S e 4
A (RNA-Seq) 74T GD X Il i 5K PR e S 4 1 52
Wel, ffEHT Herh G Y 22 S AR IR L A FE %, DA
U o 1167 e ) TRk e e S e S TS

1 AR

1.1 R

2216E W7 . BAIRHE AL A 5 & s AL
Tk Fel v A H ARG BR AR T RF WA -
IR AR IR R 4078 RNA 2G5
&0 H R EMER A R R AR A E] ;R
8 A7) & PrimeScript™ RT reagent Kit, i FH7%¢
J6 5 B PCR ik & TB Green" Premix Ex Tag™
(Tli RNaseH Plus). ROX plus % RT-qPCR #H 3¢
AW A TaKaRa A F]; MEEMR . AN T4
HE KA B, BRI A = A
WP RAGARAE]; OB, N kIR =
By B b hr T AR AR A A R A

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



686

CHU Kuan et al. | Acta Microbiologica Sinica, 2025, 65(2)

1.2 HEOR&GAHIE

S BT A 2 T i il 4 HOIR 11 ARE(GD),
FRICHR BEAR 100 g HHE 40 g ZHIHK 30 g, Jn
1 400 mL /K FIA 3 W, # 3 ALK& If ikt ,
WE IR 4 EART R Ry 1.15-1.20 (50 °C), %
JEIA 500 mL 2B, i3I 2 EE, K2y
250 mL, #ERSH . EUERM 20 g A T4
W 34 g, VKR 20g, MNIAZEE 100 mL ffi 2
fi#, IO FIASEEOR, 7K ZE 1000 mL, fiE2
I 5 IS GD, BZTHAWAEHA 0.244 g IR
A2, BIREEZH 244 mg/mL.
1.3 EkkiEF

R IR CICC 21617 W [ [ Tl ik
Wy AR R B UL (CICC), S EZHAS
RIS I SRR 1 A B AR AR, 2R U A
BEMNE, # Pird 3 J13EH, HXTHRE4 5L
Wk 7ERIE IMINE CICC 21617 Bk HHin AL
WEE 20% B9 H, PRAFT-80 CCRIMIKIR VKA
FE TG 21 T R B i 9 B8 R 28 3% 0 T 2216E
TRE T I, 28 °CHEFE 24 h, PREUA R 75 4P
T 2216E Wiz 533, 28 °C. 150 r/min PR35 54
F% 24 h, 33 I A R I SR A B RO
TEJGEEs28eh, FH 2216E A7 15 3% 50 T W)
F TR
1.4 sPMIEREMIO)S &M FREK
& (minimum bactericidal concentration,
MBC)lE

K )R kT E GD X I 5K
B CICC 21617 i) MIC, £ TG #E14 f H H—k
Tow 1Y 96 fLAk, 7E%E—F & fLH A 100 pL
244 mg/mL 1Y) GD, #ZH|H 2216E Wiz¥s Lt
1T 2 A5 BREERG RE, Ml 25 2k 43 00 R 122,
61, 30.5. 152, 7.6. 3.8. 1.9, 0.96. 0.48 #l
0.24 mg/mL, 53 & & 1 5 1E BH X B On A
100 uL 1x10° CFU/mL {85 1M 5K & 5% A 1 571
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BT BN 100 L 2216E A IEFRHEL), ®&n
FE 4% v BE 25 4 21 A0 PR PR X B A Y L s
100 pL 1x10° CFU/mL F4 &7 i 90 & e v, B
X HEINAS 51 2216E Rz FRHE . 1 96 FLARK
A 28 °CIEIRIGIRA, 24 h J5HA 50 uL i (7]
KEWI, 12 h SR T a5 1k, # 5
TR ARFRR I LR W A0 R AR R A2 ], BRI AR
3 08 B AT A0 TR AR, B 4 o A R A K 7 AR
PR MIC, W MIC R B2 LA b TR A5
100 uL, 4351344 T 2216E BiRFH |, 28 °C
Fidk 24 h, MEEBAREFEKN, KEREK
(AR BEAE Sl MBC.,
1.5 HKpZ&NE

BRIV YN E CICC 21617 $£ A 2216E N
RER SRR R0, I B 35 0 PRIV ok 3 i
4 1x107 CFU/mL, 4% BIRFUH0N 1% Ay 3EHp
HIEAT 6 mL K 2216E PR SR 1 Jo i
(LA 10 mL), RIS ) 06 1R W R
1x10° CFU/mL. 3R 3R 4 B A 6] B2 11
GD 25, i HZR B 53518 MIC. 1/2MIC il
1/4AMIC, [RIF 8 23 6 IR (AR N 255 PBS 7%
W), HH3IANEE . FERAEREIR, 7
28 °C., 150 r/min Z5F TR 1% 32 h, Wik
Y MR e R K, LA 2 h I R
ODgoo 5, il diE A K4k .
1.6 133 5 (SEM)FNIE 51 8 58 (TEM)
PULE:S

BRI M E CICC 21617 £535 12 h AL
A=K (ODeoo TN 0.6-0.8),  FHE: I B M vk
JEWEEZE 1x10° CFU/mL, MIAZIMKE N 1/4MIC
) GD, % B XF 8 20 (45 in 45 i PBS I ),
28°CHE 6h, B 1 mL W, 7 4 °C .,
4 000 r/min 254 F B0 10 min, FF % FHR,
FH PBS WG BERIIRDLIE , A 2.5% 1%, T
A 4 CUKRHF " . H AR EE 2 (30%.
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50%. 70%. 90% F1 100%) %} FE 5 HE 47 1% 22 B
JEMK, SR TIRACT A S, W4 %Jﬁ i}
T 948 L IO (HITACHI 23 7)) 153 5 e 1
b U (HITACHI 2 7)WL 2 1 1A 36 1 e PN 3 7
G5

1.7 35 RBAKI TR HE RNA 25

BTG ST B AR5 GD X R N B
CICC 21617 57K s2m . R 0.1 g 19
R IA A i TS 6 48 SR S ) B TR TR TR N
1x10° CFU/mL, GD Zi¥)¥kJE K 1/4MIC., S5
ZH (GD) &Il ¥ 1 51K T P VR S I 1/4MIC R 1Y
GD, XFHEZH(CK)¥S 4 & PBS, 34l 3 4~
. BRARE R E T 28 °C. 150 t/min 554 T 4b
H 6 h, 2B A FEP) SR BUR R RNA,
fifi I Agilent 2100 =4 43 A 4300 22 $2 B RNA
it & , & H NanoDrop 2000 (ThermoFisher
Scientific 2 F)) i i 436G EE T &2 RNA ¥
BERN4E B, B AT A T B SR (ODaso/ODaso M
1.8-2.0, OD260/0D230 KT 20, BFw KT
2 ng) AR TR 225050 .
1.8 cDNA 3ZEE B F R RiE

F T B % 53 ) &K RNA I 5% 5k R
cDNA, PBfif5%F cDNA BEAT4lifb Fde i, FHkik
PEAT AR B R . AR FE AL I Sk A B
PCR 2l b Fl s A S5 8, DT A A i e 24 1Y)
cDNA 3CJ%, #RJ5 F NovaSeq X Plus *F- &5 #£17
WP o X F HLE R AT B s b, LB &
adapter J7 51 (1) reads . SIBRIMF T = AEAL T Q20
AN (i HGETT 2407 70 A ) reads i2F
FrogE i . WA IR T, RH] Bowtie2
W0 7 P 3 5 I i R B 225 3L R 4 (GenBank
B5N gea 000196095 D)HEFT ELX}, FRAFILA
ORI A SO
1.9 ERREERKINGESH

K5 BT GD AbFRLA At FE AL Y =2

MR RN 2 H 3 84 2 A (principal
component analysis, PCA)ZFAE A [|] 25 51 B¢ i i 55
My Sk 2E S R R1EF MY heatmap 3K 1442
ol R, XA L RE AT R .
DESeq2 fifi 1% i £% 2H [A] 2= S 3% 35 2 [l (|log, fold
P<0.05), JfifidRikm2E R EuiEl
AT ALAR 2 R R TS R Y 3 DR R S H A
5T Fisher KA 50 7%, FIH goatools 31
Xf 25 R IEHEH #H AT GO WA, R
KOBAS #1322 53 ik B # 4T KEGG 5%
R E T, MA TR IER P A (Pagjus) <

change|>1,

0.05 if, AR GO Tifig ok KEGG 15 5 i bt
EE

1.10 FERIFNEEREBERARN
(RT-qPCR)3&IE

SRy UE I 4 R R R M, BRI 2 LA
MR EIERFEL 6 4, #E1T RT-gPCR B UEIX K .
W3k BE R B0 Y JE R P 1) A% 2 NCBI a2
fii F Primer-BLAST I fig & i+ H 19 2 K 51 9
(GR 1), FFH L A Y R AT PR B A .
K L ) B0 RNA 45l ¢cDNA, LU
AR, DL 16S rRNA JEH NS LN, #HfT
RT-qPCR X5 . W& & (10 pL): SYBR Mix
5uL, b, TU#51% (10 umol/mL) 4% 0.4 uL,
cDNA #i#z 1 uL, ddH,O 3.2 uL. J2 W 2%
95 °CHIZZME 10 min; 95 °C7Z21E 10s, 55 °CiEk
10s, 72 °CHEH1 30's, 45 MEFR, R
A Iae )k s da
.11 HIENER S

ST B R T SPSS v27.0.1 #4758,
K H AR 2 7 22537 H1 (one way ANOVA)ml il v #:
R t K 55 (independent -test) Ko 56 #% 2H K5 ¥ 1 2=
5, *FIRN P<0.05, **F/R P<0.01, CHEIFRH
Origin 2022 & 8% Microsoft Visio 2023 2= .
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&1 RI-qPCRFFASIH

Table 1  Primers used for RT-qPCR

Primers name Primer sequences (5'—3') T, value Amplicon size (bp)
16S rRNA-F AGAGTTTGATCCTGGCTCAG 55.40 1465
16S rRNA-R TACGGCTACCTTGTTACGACTT 55.81

gltD-F AAACGCGCAACAACTACGTC 60.04 156
gltD-R AAACGCGCAACAACTACGTC 60.11

gltB-F GTGTTTAACCAAGCGCAGCA 59.97 151
gltB-R ACAGCATGGTTCCGACAGAG 60.04

hisC-F TGACCTTGCTGGCATCGAAT 60.04 141
hisC-R ACCACGATTGCTCGGTCTTT 59.97

cysE-F TGTGCGGCACTGAGTTACAT 59.97 136
cysE-R CACAAATGTCACACGCAGCA 59.97
fisE-F CAATGGTCACGACATCACGC 59.90 113
ftsE-R TGTCGTACACACTGCGATCC 60.11

mcp-F TTTCTCGCACAAGCATTGCC 60.04 120
mep-R ATGCCGTTGCGATTTGACTG 59.83

VP2355-F TGCGTTTTCAGGCACTTTCG 59.97 127
VP2355-R TTGCGGCTCATACCGATACC 59.97

glgP-F ATTGCGAAGTACGCCACTGA 60.04 161
glgP-R TTGTACTCGTGCAGACGCTT 59.97

SfisY-F GCAAACATCGGTGCTGGTTT 59.97 180
ftsY-R AAGGGCTTCGCCATCTTTCA 59.96

JhuC-F CTAGATGAACCGACCTCCGC 59.97 154
JhuC-R TGAGCGCAACTATGTGGGTT 59.96

lolD-F GTGGGCTTGAGCCATCGTAT 60.18 127
loID-R TACCAGTTGGTTCGTCAGCC 59.97

2 BR5HM

2.1 RIMINEE M

BT MIC., MBC M A A K 22 G T4l
GD XF B NG A RS MI B IS PR . SR JI R
Y GD X R MR 1) MIC, 2553 8R
GD WJE KT 7.6 mg/mL B}, TR €T
B A ), B GD X R IR B ) MIC
7.6 mg/mL (& 1A), WH MIC LA _E ¥ B2 1 4% L
VR T AR IR AT, HiFR 24 h Je, R IZ5 Ik
FERT 152 mg/mL B, TCwEKH(E 1B), B
W2 B R GD X @I I SR Y MBC, i 3 i

>4 actamicro@im.ac.cn, 7 010-64807516

A& GD YEF T B MK R ODgoo {H., 221l
32 h NN IR, 255 58 34~ GD 4bH
ZHMIC. 1/2MIC. 1/4AMIC) W& [ ODgoo I
TR, HEGWH B R ODgoo TEARAIR, H:
H1 MIC 4111 ODgoo T AR ZARFFAEBLAR K F-(<0.1)
(K 1C), 4552 1/4MIC ¥ L) 1% GD 254
R ) 0 5 BB 0 A o 2 B B 30 B ML o
5%, WBE O A A K TR BN, R
PEH 1/4MIC ¥ T fe 2t 5% .
22 BEMELER

FT494 SEM FI TEM, 34 GD X Bl IfiL
AN LE R s . S5 R BoR, M
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A MIC (mg/mL) B

—=—MIC
——1/2MIC
r ——1/4AMIC

——CK

35

E1l GDXEIAMmINEAMIC (A)., MBC (B)R A4 K ik (C)

Figure 1

BRI OL, FETCZGW AL BRAAF T, B il i
BG4, AN, WL 7
(1 2A), TiFE 1/4MIC W () GD AbBRJS , B iR
YN AR, A IR B ZAE , R A P it
{28 ) ot 285 BT A0 P 3R T (] 2B); DA SR H A AT
DL, A2 244 b 2 % e R 4 ) ot K 2 40
ML e, ML, MNED A5
(1 2C), 1fii GD Ab 3 2H P A 20 Jfd BE | 441 Bf s
P AL, APy R ZS L, A s > HL 4y
AN (B 2D). 4l v 5% 02 S B 4 R 48
1, GD &b 3 AT U R ol 51 TR 4 A 205 4 50 B
P, S0 R E A, SRR TR
iy
23 HRBBERESH

S EeAsE GD Ak FHLEH FIXT R 2 R 1 5 B e s
M2 5, H NovaSeq X Plus “F 5 #4715 41
W, SR AGETH 38T 7 26 o g o Bt 2EA 7
WO SR IR, SIS I R L 3R
2 000 Ji %cL) I Clean reads, B{FLsEiRRIMET
0.012 0%, KT 99.90% HyBHIL i H.(Q20)H
I 98.76%; K B I E s 5 S LR A ik 17
FEXT, AR b 1 L 335 KT 88.80% (3% 2),
PG STLR I Y I 2 T 5

MIC (A), MBC (B) and growth curves (C) of GD against Vibrio parahaemolyticus.

24 BHRADBKRESSH

T3 B GD 211 CK2H Rl i 5k i
HEBE R ZES, 458 TR GD 41 CK 41433
H 76 AH1 83 MNMRFA L, HA 4501 I
FEI(E 3A). F o0 i (PCA) I H A L, GD
ZHFN CK ZHFE S T 45 R BE 57 1k 81.32% 1Y PCI
R R IX o3 JT (B 3B),  FRES TR 1 K 0 2H A
H A BRI (R 3C), WA GD 411 CK 441
B fFfER RS, HAWMNEZ %R,
b — 2 B F DESeq2 Fifi 1 ) 9 4 [|] 22 53 e 35 5L
PRI, 30 ek e Pl T R i 3 A0 A 356 P B i
Keorfio &R EBn, 5 CK4Mtk, GD A
1074 A3 BPRZER, LUK 1179 A~ 3 T
FB, O3 3271 A5 K AE 4 W) 3 2 R
(% 3D),
2.5 ERFTEEEM GO BEESH

i1t goatools F 4% GD £l AT CK 2H 4 A 2=
FRINFER AT GO FHEIMT, 4R GD 4
A B 2 R AR F] 79 > GO YJHE(P<0.05),
AR R & AR ERT 20 19 GO ThgE, &
BEUY K S -1 M At M RE G R A A A G
Uifie, 045§ 5% 4 59 B 35 ¥ (transcription
regulator activity). DNA % & % 5 A + §if %
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E2 &Rl E a3 e SR E AiE ST R SR
Figure 2

Scanning electron microscopy and transmission electron microscopy images of FVibrio

parahaemolyticus cells. A: SEM, CK; B: SEM, GD; C: TEM, CK; D: TEM, GD.

R RiTBESOT
Table 2 Quality control data statistics

Sample name Raw reads Base error rate after QC (%) Q20 (%) Reference gene comparison rate (%)
CK1 20 596 202 0.0117 98.87 92.50
CK2 22410 474 0.0119 98.80 93.03
CK3 21736 136 0.0118 98.85 93.41
GD1 20419812 0.0118 98.81 91.45
GD2 21749 562 0.0117 98.87 92.99
GD3 20514 160 0.0119 98.76 88.80

(DNA-binding transcription factor activity), Bk
B W A R 2 (peptidoglycan biosynthetic
process). Jk % HF AL #f &  (peptidoglycan
metabolic process). 2 & R W £ W & Wl o &
(aminoglycan biosynthetic process). %%k 5 L
1} 1 #2 (aminoglycan metabolic process). i ig &
K4y F W6 Wit #2 (cell wall macromolecule
biosynthetic process). ZH il B¥ 2 2L 5 A= W) & Ak

(cell wall organization or biogenesis) . il fifd B 2 21

P4 actamicro@im.ac.cn, & 010-64807516

(cell wall organization) %5 (&l 4A). GD 41 F JH 4
B E AR F] 129 4 GO TIRE(P<0.05), Hip
EERREEAT 20 B9 FEONNUHIR . MR 5
M55 A O D) BB, AL 4% WL F R (inosine
monophosphate, IMP) 4= ¥ & W o # (IMP
IMP AU i & (IMP
metabolic process). Wi 11 — B 2 A ) 1 &
(ribonucleoside monophosphate metabolic process) .

— T TR A% M 2% A2 W) & i A2 (ribonucleoside

biosynthetic process).
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Figure 3  Characterization of overall differences in transcriptome of Vibrio parahaemolyticus between GD group

and control group based on Venn diagram (A), principal component analysis diagram (B), cluster heatmap (C),

and scatter plot (D). TPM: Transcripts per million.
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Figure 4 GO enrichment analysis of differentially expressed genes. A: Up regulation functions; B: Down

regulation functions.
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Figure 5 KEGG enrichment analysis of differentially expressed genes. A: Up regulation pathways. B: Down
regulation pathways. * and ** indicating P<0.05 and P<0.01, respectively.
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Figure 6  Verification of differentially expressed
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P<0.01, respectively.
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