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Antibacterial Mechanism of Zanthoxylum bungeanum
Extract against Shewanella putrefaciens

ZHAO Huijuan'?, HE Fatao', ZHANG Yiming', LIU Zunying®", GE Bangguo"’

(1.Jinan Fruit Research Institute, All China Federation of Supply and Marketing Cooperatives, Jinan 250000, China;
2.College of Food Science and Engineering, Ocean University of China, Qingdao 266003, China)

Abstract: The aim of this study was to elucidate the antibacterial mechanism of Zanthoxylum bungeanum extract against
Shewanella putrefaciens. The effects of the extract on bacterial growth, cell wall integrity, membrane permeability, cellular
morphology, and transcriptional processes were investigated using growth curve analysis, extracellular alkaline phosphatase
(AKP) and protein leakage assays, transmission electron microscopy, DNA-binding analysis, and transcriptomics. The
results demonstrated that Zanthoxylum bungeanum extract significantly inhibited Shewanella putrefaciens growth in a
concentration-dependent manner. It disrupted the integrity of the cell wall and membrane permeability, leading to the
leakage of AKP and intracellular proteins. Additionally, the extract interacted with Shewanella putrefaciens genomic DNA,
altering metabolic pathways, signal transduction, and motility-related gene expression. Transcriptome analysis identified
301 differentially expressed genes, with the flagellar assembly pathway exhibiting the most significant enrichment
(P<0.05). These findings indicated that Zanthoxylum bungeanum extract exerted its antibacterial effects through
multifaceted mechanisms, including growth suppression, structural damage to the cell wall and membrane, morphological
deformation, and transcriptional modulation. Therefore, it is a promising natural resource for developing antibacterial
agents.
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1EM(Zanthoxylum bungeanum ) J& T 2275 FHEM
JE & /INTEAAE M, TE TR Rl A 1 AR A AT
SR, FEACR I e i B R AR, AR B R JRR
&, DIAEMCTRERIAEMO i ki U o Rl AEA UL R T~
2 e [RIEAA ), AZ5D5 s s n, I RIF SR, 1EAUTY
ML 25 RORSCEA YRR . BT PR L BRI
MLARAFEAE R DIRER ™, TRl PR 275 A2 2 H .
E NSNS 2 IR B S RIS L AR
2| WS A sy, BRIV, &7 48
SEEVIRTE T T ABABORE TIAT 4 28 2 387 A BR TR 9 4T B 1
PRI, BT AEHORE T BEAE 75 T 45 P (o i e R TR
FEE A g, [ NS kA i, OF SR . SRk
AEAHEAE L, S A BRI, AR TERE . PRIt
AR A AR B S 7T 1A T I e o FH A& o

J& WS BUEC T (Shewanella putrefaciens) J&=—Ff
H 2 [REHPEREY, 2 53 A0 TIRK | K M AR 55
b, 2Ky i b A ISR . A RAR IS
BT AR T SRR, R AR BT, TR S R R
PRI B BRI PRI E N T AR b R R
B it , A7 — S5 I 5T A IR L I - TR A PR G
JFHRENSAE 83 WAy FO EQ PR 19 4 AL RE | J5E . &R 1 0T
I DNA, {8 AR 1 B BN i, iAW L™
L, ARE ISR, BT B O R XAy B IR AT
HE o BEAE AATTA TG KP4 i A e L g 1
5, Y 2T A I AL A R RN R SR PR SR sk ik
ISR HE MUY RERDTE . L 52y
B RREAE i S IR R AR =455, il ik
SryzdE . BORGIHTEE Ty ki R R AR 7 J85 0t B H R
Skt &R

AR ARG L CO, FRARFEEE AR MAAEHT
PEHAEABRE Y, LK™ it v i) SR 8 VL v — 8 W A
FUIREE A 50 b, l AR Rt £k L TR LSS | 2 fifl R
SEREPE . AN EE Y | A IRAR T AR AR T
THHERGEAEAZE B AN AL, FEEL 2l 242 ik
ATHEHT, AR E ISR BT TEE 70 07 T (AL A H B
B LAtoe B/ S
1 #HR5RE
L1 #HR5EE

TUHL H T SRR AE BB A BR 2 w4 3
WO TERIE A FUIRRS SO0 S AP Ak (325 T P Lal
TEEXTHR) , el A3 ; LB BUigdi 3R 5t LB Y
IR W B AEYREORARA L, 121 C K
PR 20 min £ H; BCA 25 e B s 1800 &5 . 4 Rl 2k
KZH DNA $2HGAGR & AP BE(PD) RIS AEY
B A BR 2 Wl 5 78 R I 5 MR (2.5%) | s 1 192 it
(AKP)IF & B RN ] PBS il
Ultra Gellblue BIRULHR R s MERE W RHEAT R
ANV IR BRI TR AR A H] o

HA220-50-06 j#Iln it CO, MR pimife
2 # 8 It A 25 B BR 2N 7] 5 SpectraMax iD3 22 W) e

P BRI AR A BRZAN F]; SI-CI-2FDQ #Ei4+ T.
TEG  EBEITa il (R A R /) THZ-312 $R
GriEIRRa DR 25 9l ik A A IR H ; TSQ-
280 fHIR I FRFE SO G RBHEAER AT B F
TGL-16M B0 IR SE I EANER I R T
YXQ-75SII 4= A3 K i Ea 7 A Y s
A R F]; JEM 2100F &5 7 Biss  HA
R £s4t; NanoDrop ONE #4056  FRER
K IREHE A A

1.2 XFEE

1.2.1 ZHWrkils  DATTHOREURE, St s 5l s
FEAERCREL A 14 i FEA T8I Y CO, ZEHR, $RHAA:
S 95% L EEIERT I JeRy i 20 mL/min. ZEHYL
IR 45 °C . ZEBUE ST 25 MPa, ZBUA[A] 3 h, 721
FAF T T R AR, SR 5 B AR B AEAFE B
BT HH S50 R WA (3% - — 20515 (LC-MS/MS) B
FEARST T IE . SRR LU N AEAEE B ik
2T A AR, TR EEALFE A PR . IR R L WA R
BT SRR . 7- 25 H SEIRORTEAER, i 2598
S AT E 4R IE SRS,

1.2.2 FEAL AR pRRRE: 7

1.2.2.1 FERTAE  FEMCGERUYIR IR, 75 FHIoK
L EEFS# A 400 mg/mL 25 .

1.2.2.2 BEMREEFE B IMCA FUERTE L — X RIIZ 1y
J7 3 AE LB BHIE L3R4k, 76 28 °C 15 346 T 48] & 4%
F&, WAL PR 5 PR B PA B 75 T Luria-Bertani AR
FeHLrp, 78 28 °C PRiZHEFEFA T 160 r/min F55% 24 h,
FJS 1% FaRedbf 755 —ukasifh, B53e X800 .
1.2.3 gupd A K i &ilE ARS8 AT >R FH A%
Aefs JBE Bl BRI 2 T 6 B Ko Ak A 0 V) e /N0 R
B, SIS EE ST, AEARAE BT A B G B e/ M
& ¥ & (Minimum Inhibitory Concentration, MIC) &
3.125 mg/mL", HL 50 pL %50 (ODy,=0.8) 18
WAS FLER T T 5 mL S fef il 7 KB i i A 1% o ik
o, I AGEMEE B 2R 5 SRy fe/ MW R R 2 (MIIC)
FNEHPEE M EE (1/2 MIC), T 28 °C B34 b 4k st
IRFEFE; ARG INAEACEE B WAy FUERTRIZH Sy 2s
F14H; 5:0% 2 h M H OD, “FAT525 3 W, LAKE SR
B AT (h) SR AL AR, ODg g TH AR, L3I 4R 12
Kk,

1.2.4 AHPEAHMEESSREPENIE B 10 mL 3558 X7
O (0D ,=0.8) I JEF I Ay FU LC A TR, 45 5000<g
B0 10 min Ji5, FAJGEE 0.01 mol/L fY PBS(pH7.4)
VR FEEETAHE A PBS &, P89 OD {EH-~ 0.4; fin
AACHEE B 20 B S/ MIC FlT 1/2 MIC, ARARFE
ZHMZSAZH, T 28 °C. 160 r/min S5 FHERESSE 3 h,
5000xg B5.0> 10 min, B I %5 &, 22 RE o - 1 1% i
(Alkaline Phosphatase, AKP ) {7 & i BH 5351 T34
LIAGIN AKP 35
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1.2.5 ANEA AN S PE 2 BT EOH (ODg 0=
0.8) WAy FLER A M, 48 5000xg E5.0» 10 min J5,
JHJCH 0.01 mol/L 1) PBS(pH7.4) BE#EI - H & T4H
[F1 4 PBS 1, 875 OD {H >l 0.45 il A AEAZE HL Y
{7 2 3¢ BE Sy MIC FI 1/2 MIC, A BRZH 25 1 4H,
F 28 °C.. 160 r/min Z544 F#EIRIEFE 3 h, 5000xg B
L 10 min, B E3E®GE 0.22 pm JCEIZENE, #2208 BCA
AR U S B TR
1.2.6 AHRAROUIE S R 75 i e W8 i 1A
A, RUEATUIH ALBE . B 10 mL 5% 3% 2 % 5000
(ODgo=0.8) 175 FL EC B PR T, I AAEARAE B4 (i ¢
HE Ry MIC, IR21JE T 28 °C fEIRKE 7 4 h; a4l
HRE B B AE 5000xg 250 10 min J5 152 B U2,
JH 0.01 mol/L #J PBS(pH7.4) BE#: 3 ¥k, H-H 2.5%
PR A MR 52 8 hy AR A W S PR 3 min 5 Bt
T, YLt 5 min, BT R 2aB ST BTIEE .
1.2.7  AHPAAXIRAH BAE I &
1.2.7.1 DNA f#2HC BUGFREEE NI (ODgye=1.0)
B 85 T A BU EQ T T MR, 2 5000 g B5.0 10 min J5 Ui
AL B A Ad FH 41 B DNA a2k 57 6 45 H 4 TR B N 4
DNA., i3 f#i FH NanoDrop ONE #8 ¥ & 436 B
T RE 260 nm & f¥) OD {HFN OD,gg 1/OD2g0 nm =
H (1.8<OD,g) 1/ODsgonm=2-0) , LA fifg x& 3 A 21
DNA HJHREEFIZERE
1.2.7.2 DNA LA =% WU 50 1Y
T, AL SRR LS A SR AL HRUY) 5 DNA [AH B
YER . #4075 DNA FH Tris-EDTA e i & s B M
50 pg/mL, B 50 pL InA %] 96 FLAR =, Z J5 FnA
15 pL {RAL Z 88 (EB %) (100 pg/mL), IR=215
T+ 28 °C BOGIFEE 10 min; ZJF A 50 pL ¥y
MIC. 1/2 MIC MFEMZERAY), 28 °C #E5G 30 min; FH
Fifg A 4SO 72 A S AR TR B K 535 nm, RS K
550~750 nm YT N 192661
1.2.8 FLseAzfirdr  FHAHIE N MIC AEREFEEL
PR TS AT FUEG T, 28 °C R FE 4 h J5 250
FWRMADITE, FH PBS W5 VE 2 IR, #7ich SheE, Pias A
Ay FLEGEA (She) Aot BR, KRR S E4 7 AL S 2l il 7,
IR JE X FAS BN P53 AR R BT, T 22
FRIRFLH, X 22 FFRIRAIFER AT E E T, it
BLAST [bx) KEGG ¥4 g, ZR13 B A5 5, 455
Fold Change>2. P<0.05 AL PRIAEE i H Y D BBSE 4%
i 58 HY She 22 5+ 2R IR FL N, 43 BT 46 HRUEE B Xk
She FEHFEIRMIFEM
1.3 HIELIE

BOHE AL PSR ] SPSS 22.0 %4 (Statistical Pro-
duct and Service Solutions, SPSS), ¥ #& /E K =& 1
Origin 4. MHLEERE = IR, 45 R LSFEEAPR
TR, A RAXSE CEE LEL, B3k
KSR P<0.05.

2 HBRESHh
2.1 TERZEBRYIRT R A K SR AN E R

A AT AT LS WAl B A — 8 AR R P i A
K BGHAE . AR BT FEACE B X Ay FUER R ZAE
Kk s aniE 1 Fros . HERTAL, 25 44 B
QR AR K h L 2 mi S 7Y, Bog B iR g2 8 |
XTEOW | FRGE AT, WA FEBWI S, A7 LG
W AR Z 2 EF R El . 7E 1/2 MIC HRE T,
AEHUFE B S 25 3 ] T A B EG R X 00 i A K
(P<0.05), W22 4RI 1/2, FEIZHRIE T, 41
PRI AR IR = A e R AR Ak, o AR 1 A B8
M . WAE MIC WeEER, FEAEEEUY) 9 in A 45 BC
PGB 9 2 K PR A5, T LT JoHg Kota s, A iFoEiEss,
T AEMFEEUITE MIC T, & T 28U 2R AT B
RS, F R IR AR, B S gl SR,
AR TP o KRR AR R R, HEAA—2
A EEVEFH , 488 e 4501 e B AE AR A By 322
RROEPE RSy, RS, FEXT AR B A it f T T
ALk, AR T A P E IR 4

—=— 75 20 - Ay BLEG TR

127 - e JEMGERY-MIC
1.0 4 —a- AEEE ) -1/2 MIC

0.8 4

£ 0.6
)
© 04

0.2 1
Eofhjorioonoo - gp---®-------- 3

0 4

0 4 8 1l2 1I6 Zb 2I4 2.8 3l2 3I6 4l0 4I4 4l8
IFA] (h)
1 AEABAE IR X A PO I B A R A 52
Fig.1 Influence of Zanthoxylum bungeanum extracts
on the growth of Shewanella putrefaciens

2.2 TERZEERYIRTANEAERREE . ZHARRRSERE M RIS
I B S 20 A A R AR BT PR ) B AR A5 RE T SR
— BB LK, DRI S — P A M Y, 7 T4 EE
FIATAEASE], BRI T 8 254 A4S bR v ok A
)5 HE A, (EUR S PR i B 22 B IR, AKP 2%
I B 40 PR 2 MR IR A BB AER I U B CAS FL
FCH IS AKP BEREPEUNE 2 B, 25 FI4 g i
Sh AKP i TL-T- 28, 156 B 1E B B 1A 24 it B 5
F&, JC AKP Shijit; (BB ANER IS , Y945 ASTH]
FEEEAISNAL . IR, 28 MIC 9 B AE AR U Ak
AT B MEA/N AKP B 7S 7355 11.38( 4 G
£32/100 mL), & T 1/2 MIC 4H, S )i .

I Y RS T R 24 PR G A7 S BB AR Y s ), I
T AR R IS TS 3R 55, — ELAM
Rz AL, ARG AR I 23z Bt 7 . 4H PR iR
P T PN, 305 O F A SR s 2 sk
IRBE R, M 2 A RS A 3 Tk A A AR S, RS R
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Fig.2 Effects of Zanthoxylum bungeanum extract on cell wall
and membrane of Shewanella putrefaciens

TE: AF/NG PR BAT B35 225, P<0.05.

o3 o375 AN M SR A0 A e, itk e B BRI b . aniEl 2 fr
7N, 25 FH AR M NME M EEZYS 0.11 mg/mL, X JE&: K
SHANBIAEATE B S e sl A v, TEAH R A AR
LI el R Lo et e S VD s e r sl || G TR N 7/ B
B LA b TR R 2 e TR AR B (P<0.05), JfH.
MIC /=T 1/2 MIC, AU A ME P RS 22 Wi g
HaH, MIC # B A2 U Ab B 5 e S0 25 11k B 3 591
0.43 mg/mL.

AEHBRE B RE AR VR 24 B 20 Y B 1) e 1k , 38
MRS, BN EGZE PR, DA T Aol s st 1 it A+
PN BT R 2 M A EREE v, e R A B AR AT
55, s HARAE o SR OSCHE AR S K5 AEARER U AR
T O A PR, e/ MW T, 4005
R EFNIE P E B IR, BB TR A A A W i
g, SASCHIFTEAE R 3
2.3 TEHEERAIXT A E SRR A1 E R

Y BE 2T AEAE U X 2 T 2 Y RN 2
LRSS SN, SR 25 S F B W RTATE 25, AR IFFEA
AT TIEZSWEE, RIATUI R AL . 5 R anEl 3 fir
78, A5 A AR AN M S5 AL SE R S AR L SRIADGH, i
LRI W . MEB SR TE R, A0 PR B 2 8] 1E 5 A P RG

1/2 MIC MIC

3 i & ‘ e " A1 Lt

e

P 3 FEMRAC IR XAy FC TR R AR A 52
Fig.3 Effect of Zanthoxylum bungeanum extract

H

F2H
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}

on morphology of Shewanella putrefaciens

%o MAAEHPER A IS, °T LSRR BIAE B
FIER R, H AR IE & R4, IS E AR
T, dM A= o H B0 S0l () SR R IR) s 34057 B 14 21
TR PR AR S B 7 Al AR A, AT AL BRASTT, 4 R | 41
R RS E A A, YA R . R SS AR S A
Yy Z A PRI AT FULC R i, FRIEDGHT . SERE AT
PREAAA BT . AH B A IS

FRATE 25 52 B B8 B B AL U o 4l ol T e
Az AT, AZEIREHA PO 25385 B L B L S B A EASORTFPe TR
JIRXST R AT TR R 46 B €0, 78] 4 B3R R T 285 3 i g S il
KIAHAAHASTE , MNP TN 2 R as R, A
S AR 7 B AL R T LA S B E MR B 2 X Al
2T AN VT 3 PR S, SO L RERZ AN R 9 A
KT, SRR
2.4 TERIEEERYIXS LHEAAER AU R0

P4b 2. 4E (Ethidium Bromide, EB ) J&—Fig 244
MR G R, GRS A0S DNA 45 &P
237 T H B GIER EE E H 20~30 fE 9ok,
Kl 4(a) iz, 7€ 600 nm &b, 55 F14H EB-DNA & 514
22 Y6 aE FE IR ) 9.02x107, Wi I A ZEMRER B )5,
EB-DNA & & W12 m B i 25 55 (P<0.05) , 1l
HHZE U R T EB-DNA [ & 45, A6 5 EB
T RATEAELS S, 5 DNA JERAH EAEAHRY, 55
SIS SR I B, ZEHUIIN A S AE 675 nm &b H BR2E
SR, 2o FESLIE (& 4(b) ) 45 A I AL AR Uy

.- FHAR K
(@) 18 7 —-- FEHEEE)-1/2 MIC
— HHEEH)-MIC
15
ERb
o9
m
R 6
20
3 -4
0 T T r . :
550 600 650 700 750
WK (nm)
®) 189 B -3.125 mg/mL
15 4 — AEHAELRY)-6.25 mg/mL

12 1

POLHREE (x107)
o

55'0 660 65'0 7(I)0 7%0
K (nm)

K4 JEHEERY)AEEE EB-DNA B AWK R 7GRS
Fig.4 Fluorescence spectrum of EB-DNA complex system
treated with Zanthoxylum bungeanum extract
TE: a BEHUY 5 75 BLICE EB-DNA HYZEG S b ) v B A

Y5 EB PO .
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A BEAEAE SR B S RRE 5 EB 454G, RN
BRI G . F5E R IHAT Lo hT R R ARSI Hi 41
o PN A R AW A RN Th e, it B As A A
DNA 197 A PERI R 40 R DNA S kP2, &t s
G2l 5 a0 2 AR U, AEMZE U RS 5 40 T 11
DNA &AAHEAEH, 2% DNA & H . 5. ATk
1&52 25 A= PR RE R W — R BE AR, T i 2 BT
(JAERIS I Buy i
2.5 TEHEEBYIN AR SRABF RIS

T AT K GT AL AUAE B o 41 B 1) 5%
mi, AN SRR AT FUEC TR i B, S AEARAE B Ak
L, DAARADFEAS FU G R Ry Xt R, Xof b4 ol Sl i 2
255 ISR AEARRE U %) Ay FUEC PR F% ST e
PRI, DEFR R EE S MIC B AEHUAE B Ab B
v FLIGTH , AbFELZHARIC N SheE, XTHEZHARIC A She.
2.5.1 ZERFIRFELHEGNT 12 RRBEILFKM L
Firp, # 22 5:4%%% (Fold Change, FC)>2 H%: FDR £
IEM P<0.05 VE R 45 o AR IR S5 FE T ST
Fr—2L 0k HH 22 5 KA LN 301 A4y, Hirp RSN
149 4, TR 152 4, 22 R RIXEMHE 5 Fi
1R,

SheE-vs-She: P value<0.05 |log,FC|>1

107 Filtered
- Up

8 - * Down
)
=
g 61
Q
g 4
|

2

0

0 s 0 s
log, Fold Change
K5 ek kil

Fig.5 Volcano diagram of differential expression

* 1 ERFIBEN

Table 1 Differentially expressed genes
AbERA X R ZH LR I LE e S L
SheE She 149 152 301

2.5.2 KEGG 4r#r KEGG(Kyoto Encycllopedia of
Genes and Genomes ) s&— T FRGE /AT HL K B BB M Jk
K20 A5 By 809 2, &4 G T A ARl 72

(Pathway) . FHE 6 AT A, FHEFACEH (Metabolism) 2E
W) 2= 5 3 E 4 & £, o a8 & A ( Energy
metabolism )i i HH 2% 5 3L PR & 42 Eu il ok, o 20%,
HRZHH I (Carbohydrate metabolism ) il %, 2255
FHEE 5 14%. HEE(5 B 4L (Environmental
information processing) 2% %l 1 15 5 % 5 ( Signal
transduction ) if [} 22 T R B AR R 2, T 16%; 40
i 72 (Cellular processes) 25 51 W 41 it iz sk 14 (Cell
motility ) iA K 2ZEFILHE FE S L 11%.

SheE-vs-She(Total): KEGG pathway classification

[ Cellular processes
Envi information

I Genetic information processing

I Human diseases

I Metabolism

I Organismal systems

Metabolism

pid metabtsm |
Eneroy metavoism |
Carsonyrat metzboism | [
Blosynthesis of other secondary metabolites | [N

Percent of genes (%)

K6 KBGG —ZIH 22 5 5L N A 1]
Fig.6 Differential gene distribution of KEGG class I

KEGG & #4537 top20 A EE 7 s, Kl
1 X #lf Enrichment Score & & $5-H, LR
2 HE & 22 AL B H B, U B 2 il 55 -0 -
L2170k, HORT4E PEBU)N, WSRO,
SheE-vs-She(Total): KEGG enrichment top 20

K002020: T °

Number
K000860: Porp

K000630: Glyoxylate and dicarboryla

1 2 3 4 5
Enrichment score

7 KEGG &% top20 < i1[El
Fig.7 KEGG enrichment top20 bubble diagram

i I S IE AT R, SRR B A B S S A
IR AR IR AR (55 5% S L s stk R A=A
1, Horh i oy b 28 1 2 M B 2H %€ (ko02040: Flagellar
assembly) . B ZH 5315 5 &R 4t (k002020: Two—com-
ponent system) . Hiif 148 #% (ko00920: Sulfur meta-
bolism) | Z T PR 1 — 32 12 A 4] 38 % ( ko00630:
Glyoxylate and dicarboxylate metabolism) . EfLBERAL
1A (ko00190: Oxidative phosphorylation) ., #EE
HAE  WUEHMME S R . SRR SRR 1T i
Sk JEAE B, A B S R e E R
I

A B B 25 S L P e R e W, MR R KA
HEECAN A A A s it i B s s UiRe AR A
JaRih e 22k, HOIGE iz sl 5. #iBh it
ANIE B EEA FAID REFR S 2H l: — DA, — 5,
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—AELE FN—AAR K Y22 K 2208 . B A A,
FEVE R R TERS Thak TAE, 2 4 BB BT 1)
HLfbAr N 22, 4. 45 . L M2LIB LMo T4
AR Z A, AR RT R VE R, G e Ab it a4
TR 22, ALV RS AR e 1™, MR
22 L T iR HES 09 28 1 BT #E =B 28 11 (FLIC) A 1R,
KRt HER B FID MYSERIRA 220 . 2244% 1
BEARGE A T AN RS LR B, i S e 4y 3k
I E AT AR PR, AR T B SR e AT
e,

B IK B iz Bl B i 2L B S il AE
SRR, DS PR 20 RN BRI (14 A8 Ak I ) B HRAR
IR BT . [FIBT B et T e S MERILR N
BT 04 B AL BT (A BAE, TR 22 0] DA BB
BRI [ A RESCHRZEI, B e 4 s b2
() AT AR AR X A B A9 21T )2 5E L R 2R IIEE
A MRS Bh A F S HE P

nE 8 Fras, AEAFE B A Jin A 5 B EC B
= Fih ) 45 # vh AT vt AT (FlgB . FlgC. FlgF) | & i AT
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