A S A IR Jan. 20, 2026, 53(1): 35-50

Microbiology China CSTR: 32113.14.j.MC.250501
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.250501
http://journals.im.ac.cn/wswxtbcn Copyright ©2026 Microbiology China All Rights Reserved

MERIERN SR TR

Bup v, AR, ZHHE, EW, BT SRS, xR
RRE, KA

1 RIS R2F ekl shi Z K25 B I R oy B TARESEIR %, i K1) 410081
2 IR — ML R Sl AR 2R S %, RS K YD 410205
3 MMEINYE S LR A, MR Rk 418500

FGe, HEIKEA, S, 2, BRB, SR, XU, RoEd, TRME. P kERIALRIRE ST R R ] kYA, 2026,
53(1): 35-50.

LUO Xiao, CAI Xinyang, WU Huiyan, JIANG Miao, CHEN Ke, LI Fengjiao, LIU Zhonghua, WU Yaojing, ZHANG Peng.
Research advances in the mechanisms of action of antimicrobial peptides[J]. Microbiology China, 2026, 53(1): 35-50.

i E: WARENERALTAZLERTERM, BHEFLEHFARAHYD. LA K
(antimicrobial peptides, AMPs/E A L R £ IZ A =4, B& ) i . Riem i A A 25435 51K
A, RA BT R TT R RENRTTE, AMPs RS2, . Y. mAWE.
EFk, A AL 2 #imw@ /\li}\#—mﬂ'&ﬁxﬁ AMPs 49 & kR . AMPstE A T 2
SRR BAONA AL T 2B, REAMELY T 20 MR W “FRILHEE ., AMPs
o138 i % A oy X Yes) gn fe A 4’?}%%%%}?@ Fe il PARA KR R AR AE A . AMPs 3L 9T i@ ity
Bl ln B BN L . A A S R FAE R FE A ML E M., AL AMPs 49k R, At
B AMPs X 4RI H oA B A IR E LML BRI i 43k, A AMPs E AN AR R RAELE, R
B & 3K T HAF A AL R B AT R AMPs B — 2 & L

KEIR): WA, AYRR;, WRAZEM, 1ERANH

TRNTIH : 2024 42 1R A8 K A QI 20T K11(S202410542197X): WG MG K%~ 2024 45 K34 B8 G IRt
(2024024); I E #E T ILF5 5 F T H (24B0856);  H &K H AR5 4:(32201044)

This work was supported by the Hunan Provincial Undergraduate Innovation Training Program 2024 (S202410542197X), the
Hunan Normal University 2024 Undergraduate Innovation and Entrepreneurship Training Program (2024024), the Hunan
Provincial Education Department Excellent Youth Program (24B0856), and the National Natural Science Foundation of China
(32201044).

#These authors contributed equally to this work.

*Corresponding authors. E-mail: LI Fengjiao, fengjiaoli@hnfnu.edu.cn; ZHANG Peng, Pengzhang@hunnu.edu.cn

Received: 2025-05-22; Accepted: 2025-06-16; Published online: 2025-07-10



36 (YIS Gk Microbiol. China

Research advances in the mechanisms of action of antimicrobial
peptides

LUO Xiao'®, CAI Xinyang'*, WU Huiyan!, JIANG Miao!, CHEN Ke!, LI Fengjiao®",
LIU Zhonghua', WU Yaojing®, ZHANG Peng'"

1 The National and Local Joint Engineering Laboratory of Animal Peptide Drug Development, College of Life
Sciences, Hunan Normal University, Changsha 410081, Hunan, China

2 Laboratory of Basic Biology, Hunan First Normal University, Changsha 410205, Hunan, China

3 Huaihua Normal College, Huaihua 418500, Hunan, China

Abstract: Bacterial infections pose a serious threat to global public health, underscoring the
urgent need for the development of novel antimicrobial agents. Antimicrobial peptides (AMPs),
as natural products of the innate immune system, offer promising alternative therapies due to
their broad-spectrum antibacterial activity, membrane-targeting mechanisms, and low
propensity for inducing resistance. AMPs are derived from diverse sources, including animals,
plants, and microorganisms. In recent years, with advances in technologies such as artificial
intelligence, de novo design has also emerged as an important source of AMPs. The primary
antibacterial mechanism of AMPs is believed to involve membrane disruption, with
barrel-stave, carpet, and toroidal pore models proposed to explain this process. Beyond
membrane disruption, AMPs can target bacterial cell walls, interact with intracellular targets,
and modulate host immunity. In addition, AMPs exhibit antibiofilm activity through inhibition
of quorum sensing, adhesion, and biofilm matrix synthesis of bacteria. This review provides a
comprehensive overview of the sources and the antibacterial and antibiofilm mechanisms of
AMPs, offering a reference for delving into the mechanisms of action of AMPs and guiding the
rational design of novel AMPs based on the mechanisms.

Keywords: antimicrobial peptides; biological sources; antibacterial activity; mechanisms of
action
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Schematic diagram of the membrane-targeting mechanisms of AMPs.
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Figure 2 Schematic diagram of the cell wall targeting mechanisms of antimicrobial peptides (AMPs).
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Intracellular targeting mechanisms of antimicrobial peptides (AMPs).
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Jik(proline-rich antimicrobial peptide, PrAMP)**%]
5 2808 2 B IR A B L 58 AMPs KA,
PR-39 = % i i A SRR AT, IR
AR R A . PR-39 HoA Rk,
AT o PN A B B A 1y SR v TR kA
TR BT, A 20 PN S AR R RORE O B R

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Hioe 5 | PUR KR L RT 7T

43

VRN TG, B AL IE 5 2 e 5 Bk
VERRO) fRAMIFSE 7R, PR-39 A2 S 2T
) FBE A 22 240 L PN 2 itk D, T 2 S 5 R AT
PRGN 1A 3, X 3R I HL S A T
AL F 20 N B, At , PR-39 o AT 3@ 1 il RNA
REWEET YOI 5%, DO ] 422 1 55 28 11 5 A
Y& B SE A A L 25 %

Apil37 B—Fh& Wik PrAMP, V8 3 %
W r= A B RARPUEA K Apidaecinl®, ‘B il £
ML A il = GBI M R i & 1 A ek, H
B FENPUEEYE . Apil37 e 53 4N 40 i
FEE, iE A LT R 5 RO AR 22 K T e
(polypeptide exit tunnel, PET)FIFE L K ¥ RF1 5%,
RF2 [ETESA, R ER T8 8. X
AR TR g e, BB IATEA
1B kb s, BEAS T 2R B A LAY IE &
AR AR, DA B A0 B AR R g 3
B, Apil37 BREMS THRAAME A 50S KA H
el RO SRR AL T BhRE AR A i T
B, B T E A RE R
2.2.9 AMPs BIMEHRTE

AMPs # [u] 40 T 20 i N 19 7 AR R4
PLAELH A BE P S i P RS TS, AT
PR RETE R B | B R SR A AR A R
# ., DnaK J& Hsp70 KK EAZE AT S
TR R, e 8 T T SRR S 0 G R AR
H, sl GRS oirEnEN
Ji, IfAE ATP 3Kl T P B HOE i 97 &
Pyrrhocoricin f&—FlRIE F 4L 4455 (Pyrrhocoris
apterus)i HH 20 >z KL 5k SL24H Y PrAMP,
W 5¢ FBH , pyrrhocoricin 7] 45 7V 55 DnaK &
HZ54, HIH ATP BgiE ¢, FBH 1L H Bl &
H & YI6Re; ZKE L1755 DnakK i IKZ,
HEARAA A, AR SR EANIERKH,
TS5 52 BT PN 8 11 o 4T 8 el RS2 B, 5 i 240 R
(A K AIAEIE Y KLR-70 J&—Fh % T T
RS 454 AR DnaK R 1Y AMP, HAEYN
FERMCEEYE BN B AT 5 DnaK &ai4s 4, JEH

ANFZ R Dnal EILFER A D) B,
2.2.10 AMPs #FIE B EE M

Pk FE 5 RS AE AW (acyldepsipeptides, ADEPs)
TR RARRIE R IRRIR DA R, K
2B P BRSO EATTRENS AR AR
HANE W I ClpP, MM E I Ffa s
HFE SR IEFEN T, ClpP 2—FfK4
BIRE AN, F755 ClpX 5 ClpA % ATP fiFf
RIE U ARG A BN IR IR 1 . X
— RGUAE A T 17 T B P A A AR ST 2
PR BT, DA P ) 1 i 38 128 2K G g
AR R BOR s 2 1 B B s 4l R
60 PR B 1 s i 1 S B2 AR 317 . ADEPs
IRRIR Z A TE T, B RS SE LT 4l N 1 B4 T
ClpP, 2T HIM S . Bk <23 ClpP &
EREBEME, T IR 0 22 571 M R A 40 B H i KR T
REVEER M X FEOS A REE IS ClpP 5 ATP
MR R LG, ek gk s S x4 &
EHAKYI R AEIIRE, R RE R T8,
2.2.11 AMPs IR AR 5 ST 12

Microcin B17 J&— il KB FF 1™ A i
AMP, HEZLE TN DNA B4R R
TR R BT TEVE . %K H 43 AN E R AR At
MR, 25 McbBCD [ R UL IE il 2 3 g
FIGE R bR IR () 25 A A, XSRS A 2 H S
HUBREE [ R 5R N2 A 1) B, Microcin B17
1Y 32 EE AR 2 40 R 1Y DNA $h MM (DNA
gyrase)’%, IEHTEM T, gyrase 226 DNA W4E
BETYIIT, #8525 P T E I . T Microcin B17
fii gyrase 58I EIAY DNA 4552 R cleavable
complex Z5#4), FH 1l DNA #5 ) HE %, MNMiES
WUEE W 24 FF TG SOS N #4t7°71, Microcin
B17 MyX—“FEBFHLE B AR B R
HI45,, THLAN TR DNA B9 5 i | 20 i ] 0k A
b5 JUEN LT8R 7R | T ST
2.3 GEETHLE
231 GREBHE

AMPs AJ USSR S5 RG0SR, $RTHILIA
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(G N A BE T o AR cathelicidin 23k LL-37,
REMS 5 R MBI R B Z IR BAE T, k2
Fh o e Ay ka fb Pk . WBEAKZ 1K 2 (formyl
peptide receptor 2, FPR2)Z—# G £ F1{HEkZ
& (G protein-coupled receptors, GPCR), | iz
BT 2R, & LL-37 B PIRetE 214,
AT ASME R . BAZ A A T 4
Fafl iU LL-37 Al 5d i 454 FPR2 ¥ T i
1 Z P05 S, JLHIE MAPK/EKR il # . X
5550 P O 2 A IL-8 & 2 Rtk
T YRR T RE X e S
N ) 2 AR ZE A 3 T Rk 2 L L B A i R
T 240 B 0B G B A i F AL (4 5 ] i B8, M7
BLAA i vh ke 1) SC B4 7, Btk 2 81,
Verjans SEVH1 Wan S8V OU7E Hp 7 200 it v 114 B
FEFW], LL-37 #iE FPR2 Pl 1 mp 4 400 i f)
JATS, FEHIE A =% B4 (leukotriene B4, LTB4)
B A, AR s h PR R 20 ) T R R 5
£, JF B 7 A T 1 4R (reactive oxygen
species, ROS) I -7 241 Jifd Jfd /754 ), AT 7E
T B35 D A o e o e 42 P TR 200
232 MEIEA

AMPs 1] LU e s BR A S 2 e vy, i
IEAHB SR AL, MRz iass.
R TEAR N R IE S 2SI i TR i LPS,
LPS H5e5 Ay LPS 454 8 11 (LPS-binding
protein, LBP) %5 & , 4 CDI14 i £ &
TLR4/MD-2 &%, 5|1k1F 5% U7, TLR4
A U ) 3 e MyD88 M AN TIR 4544 5 Y
THIER-B 554K H 1 (TIR-domain-containing
adapter-inducing interferon-p, TRIF){K i ¥ 5%
B A BE NF«B FITFHZH T HEF 3
(interferon regulatory factor 3, IRF3), & f#
TNF-a. IL-6. IL-1B F1 IFN-B %5 RAE H 7 K&
Fik, SIRRERAETS, HI, LPS #ikhiE
B A ROAR T RE AR LL-37 BE H 3RS LPS
54, PBHWTH 5 TLR4 M54, M il
TLR4/NF-«B 155 553 [ A 300 |, o 2 R 4 [H

FHOR1 N B-Bi 12 3 (human B-defensin 3,
hBD-3) A3 id T4t TLR4 K IHAfBIZ 14 CD14 )
BefAi s, Pl LPS 75531 NF-xB 06, 764
b R A SR v B 2 R DR AR
2.4 AMPs BOHTE YRR E M HLE

A W RS TE AN DA AN R o EPS BB T A
AR A R — PP T TR BEAAR AT EPS H
NSNS = ORare ) P N A A = B iw S B2 0
DNA (extracellular DNA, eDNA)ZH A2, 3% 2L 5
A3 AT LRI A P B v %) A 0 B 2 AS R PR35 4%
PR iRE, IR A Y B A R L .
A RS TR B 2 EEAL TR AR ) i SR AL AN R B
AR . RV R T ML, A
R HX 4 BB AR A P RS e RN
FERGEFE, AMPs AT LUk DU LA 2k
il A= P BT B
2.4.1 AMPs I HHERF AR RS

20 T BEAACJEE V] (quorum  sensing, QS) &R Gt
— T 2 AT A % 9T i R R 3K A 3 THATL
i, PR Z R EOR K R P AT . L
6 QS BHIEA= W IETE i AMPs HitA: Y
HwEYMZ —. PRV, LL-37 AR T i
NIRRT A T A QS S R 4% [ F lasR Al
rhIR W335, M QS {550 TR,
HI 55 T AN, R SR, I T 2R AR
BRI TR A P B TE B[R] RF, lasR AT rhiR &
I8 BT JE A AT 20 R LasB gk
EH . RN T iEs 1 N+ ) EPS &
A, P AR P LS B TR 5 A
242 AMPs TESSEMIRR AR HE X E
ERiE

AW TE AR T — ZR 91 R B R A R
ik, IXSEHL KA 3 AR R R T M . EPS G AR.
55 b4 B 1 A0 2B TC K 4 M TR 3 1 A O B R
AMPs REAEHE X SIS T
MR IE 5 28 o 73R K 7 %) BR T4 (Staphyl ococcus
epidermidis)H', hBD-3 #{ i 5 Al i E il ica #
Z\F 1 icaA. icaD Fl icaR 25 JL R Ay FA00, H

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Hioe 5 | PUR KR L RT 7T

45

i icaA Fll icaD LR S 5 EEMSNZHE £ -N-2
Tk 4 2 W e 5 T, icaA g ELAG HEAL S BE 1Y
WA UEAZ.O I, T icaD 4P MIrE Jy 6
SR TN RE . X2 EPS SN0 AL B
hBD-3 iid Nl icaA 5 icaD #1147 EPS 4
B, BELAS T 40 B8 =22 [8] 6 58 4 FN A= ) 05 o A
B, 2 B W A R A L AR AR T
2.43 AMPs HlHI 4B AY ™48 R B2

TS IS e 20 TR A I X O 3R R 2 4 0 5
Ja sh AR BALR 5 A4 PR T % VIAH 56 o
TE 20 TR Ab T 2 LR LR i o e PR o) S5 S oA 45
B, HBERR S (pppGpp) A1 U 852 2 F (ppGpp)
F9ATIR S L, WELS A4 (p)ppGpp™.
WA T, B A KMo pl B i, B
RS A ERR AN TR I BE )1 755K, 2B ik

x1 MERNLEZER

YIS AMPs 411 1018 3 1 BHIWT RelA F1 SpoT
i 58(p)ppGpp KAl A= PR TE B, DIK-5 il
DJK-6 NIGEWEE L I FEAN L H i (p)ppGpp el
A=W B2 R A1 R AMPs A RRURRAEROL
2.4.4 AMPs SR NE IR T AREB AL

AMPs i AR R 0 LA AT LURE SR
LI B A W . Nisin A T DA% 0 MRSA AE4)
FES 240 L ) FEE R AN, TR IR 2 RO LB, I 52 3 ATP
MEIREO SRR T i B BT BK esculentin-1a i
o B 20 1 A A B B TR A AR R, RV
it R 248 L ke 53 fide At L A/ R

Zi LPrik, AMPs A& Z U FMLE], 52
PR AP TG T o HURE 1 22 80 VR B
A TE T ORI T ], T MR 2 TR
B EBR L TR A . R 1 REMEW

Table 1 Summary table of antimicrobial peptides (AMPs) mechanisms

AR 1] 37 A ER A P K

Target site Mechanisms of action Representative AMPs
21 b A 1) AL “Hh M "L Barrel-stave model Alamethicin, PG-1

Membrane-targeting £ %! Carpet model

Cecropins, LL-37
Magainin

Vancomycin, oritavancin,
Nisin

Melittin, thanatin
0-defensins

Thanatin, Ap

Buforin II, jelleine-Ic

mechanisms “H LA Toroidal model
M EERL AL TIUANMEEE RS> PGN BIAEY) B K
Cell wall targeting  Inhibition of PGN biosynthesis
mechanisms We IR 5E %% Disruption of outer membrane integrity
1L F %R B IR 4N BE Degradation of the cell wall via autolysns
I G ) R B AR T A 2R
Mediating the agglutination and entrapment of microorganisms
JHE A R e AL IR BRAE W5 iS5 s
Intracellular Inhibition of nucleic acid biosynthesis and metabolism
targeting YR 1 5 4= 95 A Disruption of protein synthesis
mechanisms YR 1 Bt $1& Disruption of protein folding
J1 K 1B 75 P Inhibition of protease activity
WeR4n i 4> 243 72 Disruption of bacterial cell division
R ERTEINE GG Immune activation
Immunomodulatory  $ 4 /&
mechanisms Anti-inflammatory effect
B LE W AL 05 20 BEA RN R 4 Inhibit bacterial quorum sensing systems
Antibiofilm A AR B BURH SC B H PR  0K
mechanisms

Downregulate the expression of biofilm-related genes
F0 3 40 TE Y 7™ #% S W Suppress the bacterial stringent response

AP I L L A7

Insert into the biofilm matrix and disrupt membrane potential

PR-39, Apil37
Pyrrhocoricin, KLR-70
Acyldepsipeptides
Microcin B17

LL-37

LL-37, hBD-3

LL-37
hBD-3

1018

Nisin A, esculentin-1a
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AMPs AERIBLE A B AR 28 S 1 B AR, N
SR TG I A B AE N S

3 RES5RE

AMPs fER ) ZAAETAEYIRN I EZ LR
SRAPERN 3T, PR 3 @ R 0 B s o
I35 S 251 A K R B e e VR RE T, e
Xif 22 7Tt 24 B JEk Y D JR B A I 4 1
B UFIHISE R, AMPs (VEFIALE F 54
FEAN RO ) . AN B RESE ] . RPN ER N fesE
WD R RIS, BB LS. &
ARIPPLE . AMPs ¥ IEH A, B85
Y P B A IR A T LT S R 2
¥, SEAENEDE. $59 AMPs A fgit
AT, #07% DNA. RNA 808 1 R4
Y&, AP0 i A S 185 . eAh,
AMPs & A4l A P EOE %, FEERA —E R
REVTAER, A BT IE BRI AR IR 1 s e
PR E o

RS AMPs 7= i B E AR IR B BL
(RS BR FHATS HDI 7 2Pk, anfese v 22 |
Ty B I R B RR A . AR N B A LA S A
A A, Bl N TR RE R AR R B &
J&, sAMPs O &b %0 F B, IF
T T AL G5 22 06 1 o U BRI B S5 N T
FIRBIR S B PRME VLT B B o ARk N i 15 I i
AMPs FdE PR, SEWE¥%S . ZHR
AL T ol J1 2 S - B, SEEXT AMPs
FPo . fge . BRARIE R A RG-SR

ZAEK, BRI E ANWE 2B . S5
WAk AERREIER G AET- BT AMPs T
gitatite, DARTHEBEE AR E N AT
B BBl B A R A O R T B 0 TR AL T
AR T R E R s AOKREIR B R S E
BT SRS (A L AMPs 9 R HE T A 71
THE BRI, KMILORIZSUEI T EERET
AMPs B9RBE . o S0 SRS, xd
HAE > FHLH Z LR BRE I SR R IR A

AMPs 254 . WARPER . IR A FL sh P
YT ) = Z L R M AF L AMPs 1)
PR B 2 B e 1R P 20 e 3L T o
Womel E 2 E, EXTEESEMEEARE S
Yy, £ Z 540 R AR 5 A BRI
EROE /) 5TE . TINE Aw i BN A= (s e
AMPs 3 P51 1) 240 B 005 2L 30 420 440 ) 352 i
R R e HALHIAT A R IR A BB . 3 2 ) @l —
EFEEE FBRE T AMPs #9353t sl DLW .
MEZ, MTEAESLYI LTI AMPs,
A RE N Z AN 2 IR A ) W LA 7ML LA T
S PR, NLRER Wi sh N I IF &, T
HAERIL AMPs RUFEREFRISHTSTY . Kok, HEH
Y TRE . BORIRLE 51 08 A )2 55 22 R
KRGS, AMPs A SEEBEIA RS, AR N
Y TR Y (A SOR YT FB . IR HAE FIHL
I R L ARSI DA % QNI E VA ] X C A S ST N
FIFMES RGN IEIRTTAESY, B2 S B
IREEAL I SC R4, s e T A 2 4 55 L Bl
R E R

MRS, AMPs fIHF 55 IE AL T A IEREHL
il R RBTETT . DA SR I E [] I DR 5 Ak 1 6 it
BBt RN — s & U EYS: . gk
AR EE RN TR RS2 ER A,
Fay s RSB0 ThRE T 2] 1 £ 17 P ) 5¢ 2
FAR#E S, B 1 — Rk 24 T HE ) AMPs
YT RSk .
& TRBk =R

B K PATIEME, ke, SRATERE,
BEH R, REH . PUTIEME, RRAEEEIR, 2.
BRAT . $RAEREd; SR REUES, ki, 2
HETRIR; XA, FRALREUR; SRSedh: FRBE,
Jrikie, PRALTEIE; KNS, REARE, REUES,
Ik, PREETHE, ECE.

1EEF PRI AR

5 7 W] 24 JCATAT ] BE 23 32 WA AR ST i i A
B A 2 Bl AR R
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