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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

I 19 (Vibrio parahaemolyticus) & —F  FAGRRME, EXBDEA L . 18 EVRGRE T AT
WEER MR 2 [CRAET, A Tl H,  WTARKAESY, SERER L. EiE, &8l
W WF K= F A . % E EA SR Wi nl gyt iR 8 DUSEECT R K
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ROKFRIEBN Y, B K= F 5l 58 BB 12
FICH 2R M R i ot — R e
BORE, ANRDREIZE Y K=, T RE
Pknt . VS . R S E Ak,
BF| & WO aE , PR il = st
HAT, Bud: RAEIE T K = ol 4 8 1 5 g Jk
Py Y, AR HPUAE R S 80R R S
PR 2P, JEAEK T T 258k B SR
Z ) M, 2019 4F, ARl AR 4 10 2Kk
BRATT TPt kK 7= 77 58 b 4% 6 %
M TR ), Hor IR T R K R SR
M2 frsh, JF RO % 2NPiE RN
= B

R 2R AR RGBT, B IREERA .
AR . AL Emt 2SS, CoHER
AR EEFN, TN HT K=
BT IA P dE R, A AR R
500 mg/kg = ¥k 0.6% T iS5 &, Al M 0R FLgA
JE X R (Litopenaeus vannamei) (1) 42 At 4 AL g
1, FERARHAE B AT R YR B AET R B9
FAT T e A AR A R B AR G, K
HEEUY) A A M /NI R & (minimum inhibitory
concentration, MIC) it F 0.2 mg/mL, 71 H H
20 mg/L B AT T oK AR X R i S B R e fr
e (Scylla paramosain) #4725 1807, Al A XL
WA ey sE TR0 o 2 45 T e 0 T O I
A Tk 25 AR, FERAMRR T, &
M55 6 B 3 FH G AT R ISR BT 8 MIC B R
7.81 mg/mL, T A AR R R 2P MIC
5378 31.25 mg/mLM; 240 mg/mL B #%E . R
AR . SR X (V. fluvialis) B9
BRI K, LR P Bk v 25 1% P R AL
RO HET, 6T 2B I I A4
PLH E AT — SR JRikiE, AR .
JEASLER . B2 B4R ST n] il o il IR |

[N DR AT BTt 3 SO e e 3R AW
P A Pk IO B SE iR 1R R IR . BRI,
A TN 72 A BE A A5 43T T 3 2 T 25 (1Y
LB B, X B2 BB 4 4 HL A
ik

ARk, BEE R4 A0 R R, &l
=P EORC )2 0 T O RE S A A2 4
S FRRIC TR ST . R SR TR,
RENS 4 1HI BIF 5% 2590 T TS B4 41 L P9 T A 5
FEIN A FIRAEAL, DT 28 G A M 24 0 (4 1 FEBIL
108 IH O R W (Gan Dan oral liquid, GD)J&4¢
b AR EHEME Y K =S (R ),
BTG H R BOEAR . AT A8 vk &L
PR IR G R, H IR TR % ) 1 5 oA
1 A Xt 0 A IR AR AR 5 A B B 4 8 A A RS
{5 GD i &l it 3 A VE ML g AT 28 . AHF
GBI . B EE bR, W GD Xf
R B AN TRAE L IR FH e S 2000 e
A (RNA-Seq) 55T GD X &l 75 1fiL 5K P % i 24 7y 5
Mo , i AT H P G B Y 25 S SRR SR DR AN %, LA
WA R i S B 6 SRS SR

1 AR

1.1 i

2216E W7 . BRRIGFRHEIIW A F B ERk
Tk Fel v A H ARG BR A W] T RF WA -
MR AR IR R 4078 RNA 2 BG)
& A ROEMER A YR R A R A F] R
5437 £ PrimeScript™ RT reagent Kit, 18 JH7¢
J65€ £ PCR il 7 & TB Green® Premix Ex Taq™
(Tli RNaseH Plus). ROX plus % RT-gPCR #H 3¢
A H TakaRa A w5 B . AN T4
HR vk IRk . ZWIB A A = e R
I ERAGARAT; L. N . R
Bilg A g TR T AR ey AT BR A F
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1.2 HREOR&GAHIE

2 BT R Sy 3 461 O IR (GD)
FRECHR #5AR 100 g, HHE 409, ZHK 309, Jin
1400 mL 7K A& 3 ¥k, B 3 IRFLH A IF ik,
TETR A 45 AT FE A 1.15-1.20 (50 °C), &
JEHA 500 mL LB, Il 2B, hnKZy
250 mL, #ERH . FREUEIRS 20 9. A T4
B 349, VKA 209, HIA ZFEE 100 mL fif 2
fife, A L IRARBOR, fnsK %= 1000 mL, fiE%]
JEL S EI1S GD, WZTHAW A EA 0.244 g IR
A2y, BREEZSh 244 mg/mL.
1.3 HHEF

R IR CICC 21617 Wy [ rh [ Tl ik
Wy AR RS B0 (CICC), % EZHAS
RIS I SRR 10 A B AR AR, 2R U E
BERIMYE, #ar PirA 2 f13EH, HXTIR A 5%
FeE. 7ERIZE IMINE CICC 21617 Bk HHin AL
WHE S 20% B9 HA, PRAFT-80 CCHREAR IR VK4S -
FE TG 210 TR B i 9 B R 26 $% T 2216E
EAEFAR I, 28 °CHEFE 24 h, PR R 75 4
T 2216E W7 3R5E, 28 °C. 150 rimin ¥k 15
F5 24 h, 85 I R I S B B RO
TEJGSEse s, JH 2216E 1A 17 15 3% 5% T W)
14 SPMIEREMIC)S&/NNRE R
& (minimum bactericidal concentration,
MBC)illE

K FH 71 KA 0 k0 E GD X Rl I 9K
B CICC 21617 B MIC, FEJCTH 4 5 L —tk
Tow Y 96 LAk, 7E5—3 &L A 100 pL
244 mg/mL 1) GD, &4 H 2216E K735t
1T 2 SRR FE MRS, Ml 2 W 2k 43 00 R 122,
61. 30.5. 152, 7.6. 3.8. 1.9, 0.96. 0.48 #l
0.24 mg/mL, %5 ¥ B 1 5 4E BH % %5 B8 (o A
100 L 1x10° CFU/ML A &Il I 3K B4 B ) A 1 571
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FAEXT B (N A 100 pl 2216E A IEFRHEL), &G
TE 45 e B 245 W 21 R B P S BB A 0 L b s o
100 L 1x10° CFU/mL #4 &Il s g i, B
X RN A5 1Y 2216 PR35 FR A . 1 96 FLARIIK
A 28 °CHEIRIEFRAE . 24 h JE A 50 pL % (5,7]
HIHW, 12 h JE W R, A5

FRAORFF IR ARV A K 2], B IR
K UL A AR TR AR, A ) A B AR A Y SR AR
YIS MIC, TEC MIC 3 LA T TR A5
100 uL, 43534 T 2216E BiE e |, 28 °C
Figk 24 h, MEETAREKEKN, ¥Rtk
M EARZS PR AR MBC,
1.5 HphZNzE

PRI MR CICC 21617 42 A 2216E N
FER SRR R0, I FH B 35 0 PRIV ok o
b 1x107 CFUImML, % HRIRFU 50 1% 3
HIEAT 6 mL KR 2216E P71 SR 1 TC i
B (HLAE A 10 mL), RIS ) i R W e R
1x10° CFU/mL, [ 334 23 5 A [R] v B f
GD 24, i HZK 53508 MIC. 1/2MIC #il
AMIC, [R]RHEE B 2S % BEZH (S 45 PBS i
W), HHIANEE . FERAERER, 7
28 °C. 150 r/min &4 FRZ 35S 32 h, Hifrik
FIG P MR E K, LR A 2 h 2w
ODgoo fH, ZilldlpaA= K4k,
1.6 3 E SR (SEM)FNIE 51 B $R (TEM)
pUlE:S

PR MmN E CICC 21617 5555 12 h XL
Az 1K 4 (ODeoo {4 0.6-0.8),  FH1: F5 Bkt 1 M vk
JEJE# 2 1x10° CFU/ML, HIAZHKE Jy 1/4MIC
) GD, 55 % B % R 41 (I 45 & PBS 5 ),
28 °CH#r'® 6 h, BL1mL B, 7€ 4 °C .
4 000 r/min &4 F &0 10 min, FE FIHHK,
FH PBS T VEBERDITE, fNA 2.5% &, ik
A 4 °CUKF & o HIA [l ¥k FE 2 T (30% .
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50% . 70%. 90% F 100%)XF ¥ b HE A7 3% 22 46
JEMK, SRATHRACT RS, BEahIRE,
i T BB (HITACHI 23 &) S B HL 1
U (HITACHI 72 A1) L8 1 1A 2 i B2 TN 8 1
BEEH
1.7 FERATIFIT R AE RNA 2B

SETF 4 ST EAR S HT GD X Rl 1 5k
CICC 21617 /K F-HyRZm . Yl 0.1 g 1Y
BRI AR, A I S 6 45 TR S ) T TR T
1x10° CFU/mL, GD Z5¥k i 1/4MIC, SL55
2H (GD) &Il ¥ 1 51K 11 P VR P S I 1/AMIC TR 1Y
GD, X4 (CK)#shn4 & PBS, %4l 3 4~
2. B PIHERCE T 28 °C. 150 r/min 44 F Ab
H 6 h, SRSk B EGR UE RNA,
fifi F Agilent 2100 A= 4 43 H 4300 72 $2 B RNA
it & , & H NanoDrop 2000 (ThermoFisher
Scientific 22 7)) f & 43 G 6B T E RNA ¥
JEREE B, B A A I B SR (OD2so/ODaggo M
1.8-2.0, OD0/OD23 K T 2.0, i & KT
2 pg) IFE S IR 2239550
1.8 cDNA 3ZEEAa3E KM Fr # HE FRds

A R e 5300 & 0% RNA % 5% ok
cDNA, FfiJ5 %} cDNA dEfratifb fnk4s, ik
AT RSB S . InEEE AL iy Sk b
PCR 2l b Fl & A2 A5 A, DT A 2 i e 2 1Y
cDNA %, #RJ5 i NovaSeq X Plus 4 #EAT
WP o X HLE S AT B s b 3, ABRE S
adapter J¥51 /) reads ., S5k 7 (AR T Q20
AT H 5 o GE T % el 5 49 reads i
FrodEE i . BREAT IR ST, R Bowtie2
H- W0 e 7 910 5 B i B 2 2% 5 TR 4 (GenBank
B S5 oh gea_000196095.1)HEAT HE X, LA
IIRESS B
1.9 ERFEEREKINGETHT

K5 B S3HT GD AbFRA At FE AL Y =2

KA W a8 HOE B4 43 #r (principal
component analysis, PCA)ZRAIEAS [a] 2 51 i 4 5%
M EAEZE S, A R BB heatmap #0144
IR, XA AR AT R .
DESeq2 i i t 45 2 1] 22 5 F ik 5L A (|log, fold
change|>1, P<0.05), Jfifiid kw22 FHl &
AT ALAL S 2 3R T U 0 5 DR R A
T Fisher A #f k35 /7%, I H goatools i 4
Xf2E SRR EEIEIT GO HEE M, R
KOBAS {4 xf 22 7 3R ik 5 [ 17 KEGG 15 %
) BT, ML IE M P AE (Pagjust) <
0.05 fif, ARk GO TRk KEGG 1551 i #f
BEEE,
110 FERIMNEEREGWMERXNR N
(RT-qPCR)Y&1E

SRy B IE 0 2 SR vE R, BB A
AR 4 6 4>, #E4T RT-gPCR $iE i 45
W X SRR IAIE Y FE R 7 81) A% 25 NCBI $dl /4
i FH Primer-BLAST Jjfig i it H 89 3& K 51 9
(£ 1), FFHETLN WA ARG BRA A A
KRS 43R 2ofr RNA 5% 554 cDNA, LA
AR, DL 16S rRNA JER NS, dE17
RT-qPCR {4 o S W K % (10 uL): SYBR Mix
5uL, . F#H514 (10 umol/mL) 4% 0.4 pL,
cDNA #i#z 1 uL, ddH,0 3.2 pL. 52 f2 ¥ -
95 °CTiZZ 1 10 min; 95 °C7Ek 10's, 55 °CiE 2k
10s, 72 °CHEff 30's, 45 PMEH . K ¥ i ith
Lo R R
111 HIENIBR S

SRR T SPSS v27.0.1 #4740 T
K FHBALIR 2205 22 0 #1 (one way ANOVA) i il 37 Ff
7% t 6 36 (independent t-test) K %6 4% 41 B4 11 2%
S, *FK7N P<0.05, **EK7R P<0.01, CHEIFRM
Origin 2022 =} Microsoft Visio 2023 21l .
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%1 RT-gPCRETFASI¥
Table 1  Primers used for RT-gPCR

Primers name Primer sequences (5'—3’) Ty, 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

ftsE-F CAATGGTCACGACATCACGC 59.90 113
ftsE-R TGTCGTACACACTGCGATCC 60.11

mcp-F TTTCTCGCACAAGCATTGCC 60.04 120
mcp-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

ftsY-F GCAAACATCGGTGCTGGTTT 59.97 180
ftsY-R AAGGGCTTCGCCATCTTTCA 59.96

fhuC-F CTAGATGAACCGACCTCCGC 59.97 154
fhuC-R TGAGCGCAACTATGTGGGTT 59.96

loID-F GTGGGCTTGAGCCATCGTAT 60.18 127
loID-R TACCAGTTGGTTCGTCAGCC 59.97

2 HREAM

2.1 RIMIESEM

ET MIC, MBC A A K 22 G 1Tl
GD X} & K A ARSI Ve . SR JI R
IS GD X RIA MK E A MIC, 4558 R
GD ¥ E KT 7.6 mg/mL I, T S W 6 (JC A4
W), R GD X &I m I ) MIC
7.6 mg/mL (& 1A). WHC MIC DL e 5 (1) 45 L
BT AR R, 597 24 h 5, RN
JE KT 15.2 mg/mL i, EEEK (A 1B), i
WIZ Rl GD X @I I 9K i MBC., 3t

< actamicro@im.ac.cn, 7 010-64807516

5E GD AT Bl M 5K B BV Y ODeoo B, 2237l
32h Narm AR I, 453 R 34> GD 4b#
A (MIC., 1/2MIC. 1/AMIC)IE % f ODsgoo fH 11
TR, H 259 B 5 L ODgoo fELARAIR,
H1 MIC ZH 1% ODeoo A I 2 RFFFE AL AR K - (<0.1)
(K1 1C), %5550 1/4MIC Y L) 1% GD 254
REA1 i) R0 5 M IR 19 A . 2 R B B ML A
g8, WO A AR K TR /INR I,
TPEHC 1/AMIC W35 I T 5 220 5% .
22 EBEMBLER

FETH4E SEM 1 TEM, Z43#T GD @il i
INPE M ZE R s . 25 R WoR, MR



WIE | AR, 2025, 65(2) 689
A MIC (mg/mL.) B c
' L4r _o MmiC
1.9 ——1/2MIC
1.2k
' 000310 15 20 25 30 35
j t/h

E1l GDMEIAMINERIMIC (A). MBC (B)R A= K% (C)
Figure 1 MIC (A), MBC (B) and growth curves (C) of GD against Vibrio parahaemolyticus.

BRI L, FETCZGM AL BRAA T, B il i
e A, AN, WL 7 &
(K 2A), TiifE V4AMIC ¥ ) GD AbBRJS , BRI
YN A e, LS TR s 2 AE KR i i
28 ) 5T 85 BT A0 P 3 i (1] 2B); DA S H A AT
DA Y, A 40 2 4 Kb A Xof R 200 ) i 5 1 40
fughtysess, RimGH, MRNEY M5
(1 2C), 1fii GD Ab ¥ 2H T 1A 41 BfLBE | 40 i F5E 1
PUH AL, 400N B A, AR e D HL Ay
Aii RE (K 2D). 47148 i e s S H B 4 SR 34 %
A, GD A3 AT IR w5 1t 5% P 40 i 445 ) 58 2
PE, R m A0 E S, SRR TR
iy
2.3 HRAHIERIESH

A EEEE GD AbHHZH AR REZH R i g 5 %
HAE 25, ] NovaSeq X Plus - &5 HE47 5 5t 4H
MR, RGO 43 Mr ik 4 I B b 47 I
WM. R BN, AR JE A R KA
2 000 J7 4V I Clean reads, BfiJL4sis = 4(% T
0.012 0%, JFiH kT 99.90% HyFsEE 5 H(Q20)%
1 98.76%; K Bt 5 BdE 5 5% S A k1 7
FEXT, AT AR Y HX 3R KT 88.80% (3% 2),
FE G SR L o T A

24 FHREDBKESSHN

T3 B S GD 211 CK2H Rl i 5k i
FERFCRA 2SS, 455K GD 4R CK 41435
A 76 1~F1 83 MEFA RN, —HA 4501 L
LA (BT 3A). F 4 i (PCA) AT UL, GD
ZHFN CK A FE S 1 45 i R 2 v ik 81.32% 1 PC1
BT XA I (181 3B), SR IR, & I P 2 A
A B R (181 3C), %P GD 41A1 CK ZH4H
e KRS, B NG EE R
iE— 253 T DESeq2 fifi i Hi P 41 [H] 25 57 #e 3k Jk
PR, el ok sl P T A S o A i R 1)
Koy @58 En, 5 CK 4k, GD 44
1074 A~ 35 BRI, DLR 1179 A~ 3% T
B, JiA 3271 MR TEW 4 R TG 2 2% F
(" 3D).
25 ERFRIEERER GO B&E 7

i 3 goatools #F X} GD 4 Al CK 414 [A] 22
SRIBFEHAITT GO BT, 45K /R GD 4
IR IE R B HE R 79 4> GO IhRE(P<0.05),
S s B AR R ET 20 /Y GO MiRE, &
B R S 00 M L i R S R AR S A O
ifie, 045§ 5% M 5 BB 7 35 ¥ (transcription
regulator activity). DNA 45 & % 5 B 1 3% ¥
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E2 &R MmN E e a3 e SR E A ST R SR
Figure 2

Scanning electron microscopy and transmission electron microscopy images of Vibrio

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

x=2 FUERUIEST

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 20419 812 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). Jk 2
BB W) A AL 5k & (peptidoglycan biosynthetic
process). fik % i U i & & (peptidoglycan
metabolic process). 4 #& ¥ A= ¥ & WL R
(aminoglycan biosynthetic process) . % 4t 5 4 1L
1t 1 7 (aminoglycan metabolic process). 4 Jifd
KAy T4 W4 it 7 (cell wall macromolecule
biosynthetic process). il it B 2 21 A ¥ K A
(cell wall organization or biogenesis) . i Jitd % £H 21

< actamicro@im.ac.cn, 7 010-64807516

(cell wall organization) 4 (1%l 4A). GD 2 T i &
W FEEES] 129 1 GO Jifig(P<0.05), Hrh
EAETRERT 20 A9 FEOWUEIR . RBEAZ T 5 L
AW A A0 O B BE . A 45 UL I B2 (inosine
monophosphate, IMP) = ¥ & i i # (IMP
biosynthetic process). IMP U it i # (IMP
metabolic process). %1% 1 — B iR A 5 o 2
(ribonucleoside monophosphate metabolic process) .

— T TR A% W8 A% 1 A W & i3 #2 (ribonucleoside
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A

GD3

CK3 CKl1 CK2 GD2 GDI

PC2 (7.23%)
|
2 =
- .;ﬁﬂ

: o CK
14 i e GD

[ T ]
===
e
=

=
°

25-20-15-10 =5 0 5 10 15 20 25 30

PC1 (81.32%)
GD vs. CK scatter

log,,GD mean TPM10

@ Up regulation (1 074)
*s  ®No significance (3 271)
® Down regulation (1 179)

0 1 2 3 4 5
log,, CK mean TPM

B3 ETHEEE(A). ERTOAEB). BEKRE(C)MELE(D)RIEGDAHEMCKARA MINEERA
HSAZESR. TPM: Transcripts per million, 4 75 AR PR I AR SR

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 \erification of differentially expressed

genes by RT-gPCR. * and ** indicating P<0.05 and
P<0.01, respectively.
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