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Research advances in structure-activity relationship analysis
and molecular design of antimicrobial peptides

LU Yinfeng, YU Weikang, LI Guoyu, YAN Di,SU Yunzhe,GUO Xu,SHAN Anshan”

(College of Animal Science and Technology, Northeast Agricultural University , Harbin 150030, China)

Abstract : The escalating crisis of bacterial resistance has made the development of novel, safe, and highly effective antimicrobial
agents a critical challenge in the life sciences and agricultural sectors. Antimicrobial peptides( AMP) ,as essential effector molecules
of the innate immune system, are regarded as promising alternatives to conventional antibiotics due to their broad-spectrum
antimicrobial activity ,immunomodulatory properties,and relatively low risk of inducing drug resistance. However, challenges related
to antimicrobial efficacy, biosafety, in vivo stability and the cost of large-scale production remain key bottlenecks restricting their
practical application. This review systematically summarizes the physicochemical properties and structure-activity relationships of
AMP ,with particular emphasis on elucidating the effects of core parameters such as charge, hydrophobicity, and amphipathicity on
their biological functions. The molecular mechanisms underlying the antimicrobial , antibiofilm, and immunomodulatory activities of
AMP are also discussed. Furthermore, this article comprehensively reviewed strategies for AMP optimization and design based on
structure-activity relationships, including sequence optimization, chemical modification, cyclization and dimerization,
nanoengineering, artificial intelligence-assisted design,and high-throughput screening. The applications of prokaryotic and eukaryotic
expression systems for AMP preparation are outlined,and recent advances in their application in animal husbandry and other fields
are highlighted. Finally, future directions for AMP research and development are discussed. This review aims to provide a reference
for the rational design,scalable production,and translational application of safe and highly effective AMP.
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e, WFFE N B & BUAE SRR R Inbe A 2 BB SRR s 20 vi SR e IRV |, I i3 i R, 4R v sh i A K
R =R RE N SR, P e & oA P o B TRIAS HILSE ol ), S 0T 24 T % it 24 35 DX ) 7 A AL 3%
SR S 25 % R AR, X S A R 2 A NN S T A R S A U 0 R g e R 2
2y, WK T 2006 42 iAS 1R BT RVE AR A KR T, 2015 4, tH 5 DA 80K A ( 4 BkiE
YUY 25 ATty . TR EAO K ER T 2019 4F K& A H 194 5054 | WA B SR A8 fl k) i 4 v 45 1k
Br 25 SR A A KRR RS IR . AR 50F R R A A RPiA R R AR 2 RO & Bl
0, 2 R A e T3 A 722 4 R R A gt e 14) A [t

HUHE K (antimicrobial peptides, AMP ) &—2& 32 A 4E T AR N B9/N T 16 PR, 78 58 R R 22 B 2
G RAEEEAE . AMP 8 B30 A R R T S0 R B, Xt AN B R e B AT A A L Al SR A
RIFMHFISRKNEH . SEGEHA R, AMP 85 BAVEH 285 PUmEigT LS S 24 XU AH T
REERE Y BR DU E R AN 35> AMP 3£ REAS R 1 48 0E I N | SRR e e AN AR RSB B
HEFFE B RS L LA PR S A D RIVE R 35T LR 3, AMP fE AR Gibi A R
ARG , Z ROk B2 1 e, SR, AMP 2R R 5 0 A — & R BR T . AR SCIHEI 58 AMP 3L
PERT RO R MAEFIPLHI R IFERIR | Bgh T 5 AR W2 i M OGS G5 A IR 22, O R Ge A R B XA ]
FHTE R BT & R () 7 el ARk S N TR RE R BT+ 48 or TR AL SR m . [W]A , HER T AMP (=8l 4%
T3 15 A B A A () S50l Py S5 1oy FH 26 e Rk AR, DAY hy e 580 2 4 R a] BRI AMP 11 5 9 & d it
2%

1 AMP HIB{L4F1ESThEE

1.1 AMP B9IB{b 4514

AMP 1ER] Z AT AR AP S 5 08 DA /N3 FIG PERK 8 % i 12 ~ 50 P a FEmR vk Ak
P KAR AMP AR HR I A A DU R B SR AMP A8 TE AMP | B HUUE AMP AR
P AMP (& 1),

HILY/
PMAP-36 " }
AVBDI ,;) il
. {,f PR 20
HIR SN I, Pl R
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RAE 2 HUELH
L BRI A
i e N i, ek
AR f
qimx & \ ‘
S P @ R
I&uﬁ%ﬁ% j— A Bk A
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b2, PUINTE
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——— l i, L
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wpithh 3| —N—
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Fig.1 Classification, physicochemical parameters,and biological functions of antimicrobial peptides( AMP)

1) S AMP 385 AR L A TE A B AR HAT s A B8 B LE T L LA 32 20 ik
AR RIS | W R 2 I 4 S R A A, DT R s B 1 I A 1 I A R, T8 o X A R A G T D)
B AEHOR A A AL A BAT AR e Y BORIK T W LM S TR AMP {4 Cathelicidin Z27# i
SRR PMAP-36 AU Bacs AR LL-37 ; Bl H 3R S8 S IR B- B AvBDT AU o—BifH R A1
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BB A 2) AHYIIE AMP JH AR ST B R (2~ 10) X107 (/NP R, T2 A TR
AR H T, AR R B S A NZ H LU o A AR S wg o ARG P e PR AR AP i) — i it 5
AL IR S S MR, WA AMP 53 W AE ) B H 5 (plant defensins ) (B 3 ( thionins ) (1 %
Z (snakins) Hevein F£Z ik ( hevein-like peptides) Fl Knottin 2422 Jik (knottin-type peptides) %5 | 3) B Ht
I8 AMP 2 B S [ U PR 22 M B BSE R A N 1 1937 4F, AITE IR L T K& R BRI E T
AT B HUE AMP AR AMP A28 . B R AMP BT Z AR 24 T v F B B K 1o
W, BT e rh A R OO 1 R R T R MR 22 B R LT R I R I B s K
W7 A 1) Md-AMP A0 V4 VR T P B 2R TR A K RS B 6 BB A PR 4) BRI AMP 2 i 4
T L B R AE 077 A /N IS R R, RN RS M S BB 5 . IR AMP AR4E 5 07 =X
AT LAy IR G s A AR A2 B AR £ K& AU ( nonribosomal peptide synthetases , NRPS) /3 B & hl &
R TR RAR AMP AE7E BRI 16 PEAIR 25 M o FRe e M 25 55 4 SRR T L SE BRIV T, RS
AMP ) RS B BN TR T — R 55T, Tram 67 S0 BTT1-3A REWS [ 4125 UK K W, 78K
e mer-1 FHPER AT M2 B9/ BTT1-3A I 5 5550 5 25 8 S AR S BT R80T , A B 5
SR A B A IRPTRE ) . RIFIIR IR T SR AR e 4

MG IR, AMP 38 AT 530 o~ IRJE AMP (B-H1 & AMP /B IR-A 41 AMP LUK TS AL I 4 i
AMP ZEHRI

VTR FEE X AMP 2549 5 DIRE K R NTRBUARBIIR A, K B f Ay | B /K Ve L PRSP AT R 454 2 50
W) AMP TSR TR AR Y et n) RN R, 58, B R IE AMP DIREIIZ LS EZ —,
B AMP 38 o AR -S04 i R T Y BH S -4 93, A ig 2 8 (lipopolysaccharide , LPS) g
WERERR (lipoteichoic acid, LTA) 454, fE it AMP 7RSI 5 4R ; 24 H R ik Bk 3 — & MBS , T iE— 201k
BRI RAEPURAE Y, FEAEBAAE R, PHESF AMP 7 #5737 (1) 1F o 47 32 22 ol 208 (Lys, pK, =
10.5) KSR (Arg,pK, =~ 12.5) L KL Z R (His, pK, =~ 6.0) 25 g P 2 5L e S LA A 4t 75— 2 Vs el
W, P DRSS RRAE KT H ) LeAg], ARG AMP ()4 1E R peT , 2 TR BT R E A . LR, K PR
S AMP G VERY E SR | 20 I8 h i K M BERR AR BRI B L Bk . 38 S K A B T
AMP $i A0 BT KA O, IR RS 2854 1) 56 B Pk I S BOBE S 3 PR R 20 R, o — s Y TR N 42
AMP g KM AT LIRS s BTG . AR, i K Pt B 2 ), 5 3 80 AMP &2 A R4, AT
WEAP HCTT BT TG e 5 ] P v 198 00 /K e 30 T 49 i R 55 A A B ) I AR S M R E A T 34 4 i 2
PEST TR SRR M RNE K M AR B IR 43 4 43 8] 3 A5 SR ) BT T 10 P SR R S AMP T B2 2
MIRESEZ —, BEFERM] X, AMP JEFT SRS LB | 2 SRR I B e 51045, mT LA 7 o 2
It — 2 B T A A B Y L RS AE AMP 5 40 AR B A B s AR v, LR B AL 538 R
AR MRS A2 R AR AR E 1Y o~ R NE | B—Fr B A 45 . ARUE I R SSMA7 B T 447 AMP 11 %5 [H] 44
G AR 5 20 B A BB AR & B M AR . Zhang 45 SR R B, 7E KR-12 56 5 A2 A E RN AN 9 17
KA TR AL R IR BER T HORBEAT B | A5 1 20 K5 JE AR L, B0 &5 5 5 ¥ 1 P ey 32 3 T
o, RIS R AT IR R, W AR A, AMP B AT B KPR | P SRR R A M S SR R A TR
SERPIMEOCR MR A — S HOF A —E REE RS ) AMP 1Y RE , 280K Miid 1] i 5 B bt W RCR
R AN AT s A FH B RRAG . IRE, 7E AMP RO BETT RIS S AR T, T LR A B IR SR
[E] A MR DG AR TEBURTG Pk A e A P RN A P R M =2 8] 3R 5 BHLY- A, DT i T HC o (A Wy~ P e T
ek AR AR = Sz e b By R H
1.2 AMP KyIh8E

AMP [FIHZ AR50 TS5 M AR B4R FBLE R B M A Y2l v VAT, AMP 194912230
AE E AR YU PUETE HURRE DUAT A R UM B S 2 5

TEATCAN TR AN YT LT 5 T, 2270 AMP 025 2% FQBH T | 5 22 TR B T 55 o WA T4T , LA R R A Bl AL T B
A BB A A B A LA SR A B R SR KPR, 80 AMIP X6 22 Fi T 24 Bt 36 B 1 R A A B B s 0
UTAEAR KB Lysocin B X il R i FY 40 PG bR 45 BT €0, 4 % 35K o7 EL A 5 0 A9 400 ot 4 P, G s /D 4000 T e 2
( minimum inhibitory concentration, MIC) {4 0.125 pg-mL™" , 55175 Sl 251 | A 24 i e By va $2 43t 1
BT R BT T, AMP B3 Sk 4 O T 5 2 | L DR 2 G R R 1 i A A R RO A
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A, f#ilan, HBD-2 7] LI 55 R 5 SARS-CoV-2 52 AK%E A 18 ( receptor-binding domain, RBD) 254, B H 5
AT 33k 48 B 7K 2 4 il ( angiotensin-converting enzyme , ACE ) 52 1A i 241 Jfd 285 &, DT 417 o1 s 2 J e Al
AR AMP BT IIR 1 T 5 LA T e 40 i F 2 1 60 L 407 8 4 AR S, S LE FRLAT A AMP 1] DA
J6 5 MR A2 4 DT E e B R e e Ve Y B 7 v A Oy s S MR AR AR T, AR BB AMP B
A RE A A 175 T g 20 o T A9 o e I A R SR T R A B A R R R I PUMREE . PUAR AR A
i, Rincon-Cortés 45 & MU 7 K HL b () AMP X JF R 28 it 59 By Ak HORUR) A8 5 s 25 22 2 A i
INEAR) iz e . AR FALE AT BE 5 S YR 27 A= A 4 MRS 52 e i P 4 e 25 Dl g, DA S T i
FOCHR AR BT & LA PR e B SR K A

FESER M E B 7 T, AMP 2 LA HRAE S M 595 SR AR 9 5 — 18 S BB 26, I AE e e il 1y it B b &
FEEEAEN, BR EHR IR EARSN , AMP 38 W] b i b e 4 8750 T 48 Mok 52 i SE {7 -5 4 % LA
KA BE G R N S5 B 515 B pEN G, BRI LL-37 K& R M cathelicidin Z 5 8 51 34 B 7 IE
SCHAT ZEARPETATIEPED L R, AMP RAXBENS BL3E & 3 PR YRR T, 38 ] 38 1 9 4 5 TR A 5 5
RIEFEHIFALUEZ T 1 T BB 5 1 B e i 1 AR SS B 25 G B AR

2 AMP HJ1ERHLE

2.1 HEHLE
2.1.1 FEEZHAEARHLE]  AMP S50 ARAY AR BAE DR R FEBU R I MR IR A AR S AR AR B AL BR
FLAR AR A BE A RSN, AMP F2 SRS L R S5 P 2540 -5 AN R A0 BRI S & A A BRI WU T2, 7R NI
I AR E M RELAE | A A S SRS E B M 0 L P 4 B U A A PR AE T (18] 2-A) o SR, I AR A A
RIR,ABAT R =R AMP A& TR SR AT AT ABEIE W5 )2 . A BF5E 5L T 2 3N X 4k
SR> T30 AR T — R 5 BREAE AL ; AMP Al U R AS B BH S | 515 S B slBE A /K G |, 6
T R B A R FLIE , BRIV AT ST RS A Dok 5 RS 5 B, 5 1 e A M 25 B Ak o S e i s T L X —
BLT AT R 43 2240 AT T RSN R AMP A7) 5| & ARG | k2 RSEds A A8y iy SR, 3 dn, TL-37 FFTng | e i
NI ATE R 22N Yo LN AT ik s d I SB35 - el D E AT ol i o IR = =K (YA T R DA 2 @ T BE R 2
(S Pl i S Ab AT 5% IbAh, BRI/ E T A AR AN , 385 AMP 38 ] 38 i [ 42508 Al B AT ek
25 A ZE R LA R, AR 4RRIK B 2508 A K 21 4k R0 ), vl i i W PR AR AR s s A i, O VR IR AR
SEHEIR BRIk, FE T 55 40 A2 S RE Sy, BRI LY 8, IR — e BB L e it 24 1k iy = A 0 Rk, L
21 & 40K 2 2 P4 0 4 R 2 B — Rl BUBT R AL
212 ¥EPERNSFESNE  F5 AMP fEELEASh MRS, nl FF— 203 A G0 ML &R, I8 5 50 )
W B A0 o3 SLAHOCHE 19 AR OCHE R 5 I N 7 R0, TS R 2 M AR BTG 2 (8] 2-A) . TR
PR R4 7 1H , AMP BR V] ELH2 5 DNA 8¢ RNA 256 48, 38 Al o8 5 S AL MR AR AR TR 5 SR A B iR /2 BE X
EARGR SIS, S IR AMP 7] 5EHAZE 6 |l i P02 i - 1H 00 S BR6 &5 2ok A2 40 i) 2 1 e
B ST AMP 38 TR ) 40 TR BELAS 8 AR A IE RIS BN, & & i 2R 0 o ik Apil37 nliE
Ik [ 55 AZOME A 22 I 0 368 T VBRI PR 2355 1 =X ) 240 7 2 1 BT 3Rk, DT AR 240 i b A Bl )+
b, T B ARTE 2 11 250 1A 453, DT LI 26 19 3 Bk A L kA, AMP 34 1 58 30 375 5 5 o
WO Ik 25 G AN 5 AR O R 1, T A0 M 43 SRR 1 5 o m L i RO 3 6 v A S B il , R 0 o A
REEAIELE ) LA P ) Y T 5 40 A DR 35k iy b ) 2 2, I 2241 )2 T 99 i) 400 o A K ki S st
T2, IR AMP SRS R RLAE
2.2 HAEMEENLE

AMP TE AW TRV BE N AT 3R 90 S 3 A BT A= Wt s 1 | 4/ AR Wl IR OF AR 58 MO8 T B8
IR, EEX AW BT B A 23 BB AS TR B B, AMP RT3 ik 20 05 23 48 B3I i /E T (1A 2-
B) . TEAYIEIE B, AMP RTS8 o TP B 20 2% 300 40 5 0 20 Pk o2 200 T 9% T R B AR | REL DT 240
DATEADBLR I sl i T2 SR PRI AR BT o 5110, e B A STV 000 BR7 ¥ 85I RV T 410 o) ) o B B B oD 22
RN 7 R 74300, [ 410 5 200 61328 3, 8 i BELASH A 0 J I B 7 A A0 B 5 o 444 3 R S B Bt
AMP  [55% A f5 58 A= 10 0 B PN 2400 A1 1 200 R RSEA/ | 3 T e e DO B TR % 1 545 5 0 1 TR AR Wk FBEE i T 7%
FR) P I 5 ()RS, AMEP 38 W] 0005 J & 22 08 ) 0, 1) 553 A 0 R I A o e P R R e ) 7 A 0 ol
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SYBLGY B, 5> AMP R A {2 S 40 881 T2 3, 75 S B & A 43, I L v 200 TRV B B 2 i s =
GPE TG BRI BURYE . AR ( quorum sensmg,QS)IEﬂféE%%ﬁﬂiﬁ/ﬂ\ﬂjj K72k FA A BT T N
PR S S . 05> AMP n3E AL T8 QS M SCIE H e 3k, BT 40 B8 [R5 5 1% 5, Ttk — 2B s i i
WIS BN, KBTI AK UB129-41 AT #0 i) 240 B AMSLER (4, -3 a8 i e A 1 e 2 1k 45 5 AN
RN ZHE; R, HAEB M HIAZ I T «B (NF-«B) 7 53 ¢, JF 08l 5 P40 M X 7~ 19 7 A o e Ab %
AR E A FHRAE T R EIH] QS R, AREUR I SCIE R A ik | e LM AR P isIe g +' |
23 REIATHE

AMP AR BLAZE BRI B A A B B2 R0 40, o2 3 42 51 K 4 3 RIS o P e 2 110 R B R IR
AMP A3 3 4% 2 AE B R S PR e 5 e e PR VR FH A U R B 5R (R 2-C) . 1%, AMP AT SE i
BeRAERAAE R, S 5 T L B T 1 223K R S R e AN S8 28 B B, A s A T8 e B i it
7 Fsf 308 3 YT A W R DA 5 5 20 L DR 00 4 12 A W 32 AR 2 3K LA R At e 3 A L 5 9 i A e 45
WAL, HR AL G RE AN B A AR B A BE T L BN, N TS BT K KWH2 fE A 20 K AN, FF X 2
TGP PR 22 B0 R R VA2 L TR %, 20 RS WG 4 L, 15 O DA 605 85 N L A B A8 A B M AR
N BB T T B AR AR 1 — AU S, KWH2 HLA — 8 G2 T 7R T, 3 St 2 v P 8 Gy 0139 28 e s 7 42 1
TZH ) HK, AMP RERS AT Bt | 280 SRR RORE RV . TE JRAE KN SR B, AMP Al E 3L 25 A iR £
- BEL DRI -5 1 = 200 M A2 A ) R B DA S B ] R A5 55 SRR S I 3G o i n, BB AR K GLP6 HAT
HR 8 A TR RN G R T TR I, O R IR B I AR E T A R A AR e T B T R 2 O g
GLP6 I [ 212 TF Jiy 1E FL Ao () BROE R AE {4, L 20U 3R 2 (tetracycline, TC) JE i, GLP6@ TC & A&, HA —
SE MR RAE T, v B3R A0 B X P 2 A U SRS PUR . BF9E R, GLP6@ TC T TW%IJEQEH@, 2
(interleukin-2,11-2) %3k, FFil 3 P8 MAPK ( 22 24515 AL I )  NF-xB (T «B) 505 5 1% 71
TR RS HUR ANMI R T A9 635, FEIRYT 20 TR B et i 8 D R 0 S L, R B MR et g o R A7)

(A TRRTRRRARR. UL e—— P Mecis )
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B2 AMP K{EF#LEIE (E R F BioGDP.com E&BIE)
Fig.2 Mechanism diagram of AMP( Figure created on the BioGDP.com platform'*’)
A. AMP ORI 580 P T FE ORI TR T B AMP 8160 BB TR I B0 B 0 0 WM 5 C. AMP SIS 515
188 B 5 SR S AL
A. AMP exerts antibacterial effects through synergistic membrane disruption and targeting intracellular molecules; B. AMP exerts anti-biofilm

effects by targeting different stages of biofilm formation;C. AMP regulates inflammatory signaling pathways and immune response mechanisms.
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3 AMP AL 5i%itRBg

SR AMP 78 24400 e B R4 i R S 7, (B LB 2 RSO A T 475 i I 22 0 T 9 B E 5 4 R Bk
0T B, SEGYUE R ML, A AMP PR TG A AR — 2505, HIET AMP BURRE Rl 2,
HAAHCR AN MR T2 M 2 8] — SRR . R, A o ZE it — 2 37 s A AMP A6 7 vk, R R S
LA B R (I A o A 0 T A SR, AMP HU B E P R R T BE AR RS TR T BRAIR
HAY %, HR AT AMP 72738 Nk = A0 e btk Hatt ARG 5, 76 30 1 B0 i 1Y [H)
B, A T BB I A R P A R S R 0, S SO A A A A, gk & R A KU Y R,
RALERNE A AP0 M, BB AR S MV T —Fh sl e — S [ AR 1 AMP #7724 = LR T
MIEEZ W, BEA, AMP VR R/ INIK D) B 3R i R i, 5 B5CH AR A 2% 2 BER T v e DA DR 5 45 4 2 3 R At
PR, DA Ry S PR LA P B A F A S R B 2 — 1) TR, A R AMIP 76 2 44 A4 B3R B vp (0
AEE T RCHAE I B - 4EREA RO PR TS PE A5 S HT AMP P58 iR i S 1 A% 0o (18, R 1 e iR
B AMP F & R FH B ARXE A, DF 58 AT T SR TA BR A A A s B 2 N TR S A HE R T
AMP W& 5130 T, by s s P IR ) R 35 T S22 ILA
3.1 ETHHXREMNRARLK

KR AMP P F B3 T H A DI RE O R |l ad P8 s v i fnf /K M | P S PR S5 G S S 40, TE DR IG
P Rt S A IR e M B FoROP Al R AR AMP 55 A B R R AR E A EAE R R R ARG
FR AR R R IR PH S T2 IE R T & SRR A, ] L i 2 i v L Aup B8 50 AMIP 5 401 1 =22 [ ) 7
ghhr . SR BIFGE B, L A X AMP 355 1 199 52 W 3 A7 AE — o B, AN, 24K VI3K ¥ faf A +7 32
10 B BTG AR T, (7 8 R, 3 AT BE A 0 R 0 P S R0 T AMP 5 B A 40
LR 2 (] A AR SR 2 A 1) L KM T M AMP XoF 200 18 JIE 140335 £k R A D, AR A% 0 B T K 4R
B K R R 5 LR . A LA E 85U As-CATH4  As-CATHS P> AMP AR 8 57
B v 1 0 S T TR I R Ay 5 R N TN 2, DA 1 IR0 T I i /K e, 25 SR S, 0 el s JOK 1) 7% T o
R BT RE 134975 8 B 10T, H SR R e Y | SRI0, BAAlHE i Bk vk v] i 520 AMP X
AN A BB TR DRI, I 5 B o B R PH B R R H RN 2 Bt S s ) A | S AMP ()
BEEs GRe ) S AN REE . WISEMEE AMP JE R K - B K 45 /) S0 RS & i LA, ma i
FRIKMERNE KPR L F 0 HEA | 7T DAFEAERR AR FHBE 1 A IRl sl AR R Stk g, fian, AR R AR
JEIK WI-6 AR T BEG FR AMP h JESE MR o IR IELS I FW-3 B & I M B35 0 T oA 58
LRI FK-4 M1 FR-5, H3EH R IR et 5 A2 v . b 201, AMP (46 AS B 7 B
SR FE— S5 SN KA, TN ZR G IR 2R S50, DISEIRPT A 6 5 A W2 e P A
3.2 ETXRARKMER AMP i%it

HT AMP S5 HIFFAE, Tl BIR SR AMP FOZ5 A LA A AN R T 8 A BEolob d D e, mf
DAL AMP 458 BET, 7E 08 B8 JAR K B A 0 RH 2 A0 3 %) ) st ok SEL 0 A I R i 25 4 [ o B
B SRR SR S SE 1R 1 SR S P HE D A4 b o Ak BB TSR, mT LA 2 450 B 006 1 1 [ el 7 4k 7 30 8 3
G BT RE, Ban AR o—S8HE SR T S IR, BT A TR A T R SR M R AR AR ( XXY YXXYXXY Y X, H
o X AR E TR Y AR BIKER L) i Ll H-R AR KA AMP, % AMP FEE ) ISP A SiAEY
B AT 25175 5 RV S5 A, TER N R R AP 2 &b T S AL G ht A 2 A RIVE R, i 24 5
YA AL TR 0T AN, LLR AR AMP ZHfE F B G o BERE R T Bl G S, RERE SE TR
A PE M N R SR T RE A R L A S A KA I% S AMP THAERE AU R I R L AR SR AT E
PHUREZEA L 5 A 2R B ST ZS B . BN, B i A A% O (KBTS TAT 40 2535 B o i)
ALK K FIFT, SEBL T SR 205 RS MR M PO 2 58 77 S i) 8 3 50 D a5 | A i) e
SEPERRIICIE, $Em AMP X B AR AR BB, Wk LR ER R M5 B R S A SE B KRG, IF 4 LA
HLF AL, SEPE T R S R I ST, S AMP RS VBT IER L T8 7 3R AL T B i1 i e 8
3.3 AMP g9M§E &6
3.3.1 KRinfEME  AMP A9 N i 2k (—NH, ) Ml C 4R 5L (—COOH ) 2 A7 5 i Hm 2 ik 737 1 32 %2
TP DK, 38 24 P AR S IE R R S IR AMP A OB B4, ELR IV 2 IR AT, 02 AMP A St &4 1 =
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T B AMP G PO F LR SR F O AR N i SRR C Sk, 3 B e x
R it 1401 T A 1] AR A Xt A e o S P SR A AN 4 4, 3t FL LR R A 1) BRI, AR o
B 32 B 220 PR 252 , AL KT 91 2 DA R B iR A 2555 . Nguyen S5V BIFSE T A IMLTE
AR LR AR PR O S IR S 2R B S B RS I, A5 SR AR [N AT N diw S BRAL N C i I
PR IS 2 P e, OO AR T N S S A R I, TASCEAT C 3 P i A6 190 IR S8 MEAR O LA, I F 5
TN SR C i LR 8 RS B A U AR B IR 40T 552 B KA A# . Svendsen 451Xt — R 51 BHES
TRIBRHEATOFSE, K A RIS AL AR A X AMP A PERYSE I AEAE W B 25 5 0 N 3 & I Al X BRIt ik
ARG R 0 2 I A/ T C S e A A0 2 8 2% 1 2 S R AU M. e Ah B9 i — 2 5 1 A Ak
A2 R A S R B C o I i T 5 1T b i PR T 52 g HC 55 B 2 1 il ST 25 B A s = TR AR BLAE
TR ST A4 235507 T 0 ok AR AP A 2 1 T AMP B RL AN D) B E ok 35 AMP BOFRE M

25 ENR K i CBEAL ER A ERAE AR T8 S A5 PRI A, X JIREEAZ O BU TR A G RS2 i /) 21K
JAS S B AMP 5 BB A9 DR B SR, o Bl AR 2 IR i i) BRI S T 20, AR, 2R i A6 1 30 o £ 47 ke
B R i, XEE AR B 1 X PO b ) DX s A U051, DR AMP 3RS ME PR TR BE A B . RT3 vk
X AMP 0BTV V8 L EE v RO AG TS A ) G A P AR A R X LE MR oIS R R
i 1 U 308 B A Ay o ST SR A T i 5 A s D ik B 1, AE— 2D B AMP 2R G PERE
332 BZZEE®BIE E 2 1L (polyethylene glycolylation, PEGylation ) J&—Fi 12 W F T 25 [ B fil &2
RGBT BR | F Bl 1K 28 £ % (polyethylene glycol, PEG ) I = AMP 431, B A JH: 491 it 752
Iesam AR e, DGR HIAYTIERE') . PEG &4 1L 43 [ 057 BHAS N AR 47 AMP 40 3% 28 (3 R A , 52 050 ik 4>
T4 F U MUK T 10 15 AR A RGO AR, R AR IR P9 B2 2 ¢ (reticuloendothelial system , RES)
PTG BRE  JER AMP 7EAR IR, AN, PEG S I8 B SR 7K M 25 (] 57 3 AT o2 AMP 5 1 32 48
5% 2 ] (=T e S R A PR 320 7 AR E 40 25 N LA S R SR, Morris 251 S LL-37 FIK R
AMP A FBHH R G AMP CalL ¥E4T T N 3% PEG &4fi, 451 % W PEG & CaLL( PEG-CaLL) X fifi
HABEPE W FEAR, RN DR FE T RAFIIBTITS 1, W] PEG BIRREMETE — & FE B B4 & AMP B9 2E W4
N PR U TERE . D ARSI 45 R UESE PEG B2 —Fh ) 8 H A — & Hid ey
AMP HCiE SR mE B JS iY9 AMP 28 B H S5 1 Bt R A 1 K iR BE 0 (181 3-AB) .

8 .

8 E g § B %
A B E E g = E
| = S &£ 1h 2h 4h 8h = S &£ 1h 2h 4h 8h
HO N - PEG ; )
di .
. @ £
NH :
N 2 |
HO N N~ mPEG-NH,
Jn
: g
: S
ol _ coon o :
Ho '{/\/ N mPEG-COOH z g
Jn
D
¢
wy 600 |
500 ‘ | \
400 l [ ] \ |
H O H O H O > 0 H 50
NNy N\i)K(?RPRPR (N--C)) £ 200 ' A B /e
H 0O H 0 = 100 7 i /2
0 Mo /0
-100 :
g HN —(PRPRPR (C--N) ] L f
o 0123456789101112131415

#/min
3 AMP B $EIE 1
Fig.3 Side chain modification of AMP
A, R TEHEMHTR TS ; B. NPGT50 X H BERI DTN E ; C. el BREMiHTMEEIR K C,6-3RP 2> T4514;D. HI
4 mg-mL ™' R B AR C6-3RP AURBURLI RP-HPLC 348 |
A. Polyethylene glycol modification of antimicrobial peptide sequences;B. Determination of the proteolytic resistance of NPG750 to
trypsin; C. Molecular structure of the fatty acid-modified proteolysis -resistant antimicrobial peptide C,s-3RP;D. RP-HPLC analysis of

C6-3RP nanoparticles after incubation with 4 mg-mL™" trypsin[®® .
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BFFEE 5B, 5 N i PEG UL, C 3 PEG 00 AMP 239 H 5 5% 5 1 P S 950377728
1 R G 1S IOAHAE WS T ) B O PG A A 0 2 927 P 52 9 5 A
SIS, G5 PEG BEMIKFE {05 JE BT 28 B LA LU R BRI P R 4 . DR, FT R
PRI PEG 545 AMP 0 HIAHATIR S 260 PEG RS i AMP 1038 K AR b 50 05 e
SR AERRHRAL

PEG {422 IREMILTERE I U PP S0 RS0 2 K 57 T A 0 3, L A

LT AR AE I . S8, PEG (477 75— R, PEG K BENTRERT AMP 150174 41K
{2 272 2 TR (S CAERUE PTG 00 I M BRI T, LS, PEG 40 BICRE B 05345 10 20
O 53 BT R 2GR PE R I 8.3 75, S0 T IRFE AR T AL R ROMERE . 540 TR PEG i£
AT A T 023 UL BRI HCALE S R ), 7 0 K)o 35 R S T A PG . R M,
TERE T PEG I M, 5 B 2 A5 PEG 5 FHFGE W MR AR L (S5 TR X8 AMP 538 1 1 i
SEE A R AR,
333 BEMSEAEUE MRS UGS B HTL AMP AOFCHIEIE S SR BAE S MRS LA 3 O B
K, FTS3 AMP5 40 R AIBE B A1, SRR T A RBE AR MALE WA TR SR 422 [
AT 2 G BRI 2 T GO R AP i JEAUTIAICT FTRES 2~ 5 151 S, DB MR T
Lo 2 3 LA 85 R AMIP (R 5, WG H A 1 RO B A R MR L3
SRR 3-8 151, HRIRITRREROIERERLA, A LR RIS 17 SR B G T 3 26— N i
U, B FFARE N 356 5055 5 DT 0 AT AR . I T 507 20, AT B 0 552
P JFA B TR BRREVERE P, — RBE I, O R B o — A P U A 5 1
SRS SN S0 Al S (8006, TSR G . = C S, R FACE C st
IR T2 A R4 O I0 2 E  PERG H  E sHEL 1 5, ESEE T N S
WAL AR LA AMP' , Lai S5 LU AR o K B, 35 T4 200 — DR 7 A 5T 9 5
S EEHHTE T RCREECIR KR (P 3-C) 3615 T — 3R 5148 25 R0 A0 FLAT B0 A O B A
Sl FEHERGR0 C,,-3RP ALK SN AR PSR 4 % W] SRV, B BLAF RO R, S,
C,-3RP AL TR RERER T T4 BT R (I RFERHE F 34 AT B OB ¥ 11 3-D) A/ L i
WA B BLF AT P AR . BRI b AR DT R4 1L T ROAR L BT B e,
C,-3RP FUAT{E SPAOBURZ5 2 S M BBV IRV, JL81, C,-3RP 3 LI % 28 11 B E VE ML BT 7
TS S E R TR 5 0/ L BB Ay PR )

5 b NRUTRAE G T4 L AMP (OSBRI P, SCE H TR S U S R 8. 81
R L2001 WS R 15317 1 803 WS — MR 4075 AT REREAIE AMP Pk 7, JEJUR K
BRI 115 55 S50 AMP 35 WA HZEAK VAR 1 S BRI P 2 R R I E s — S M
I, e DR A M1 R AMP 5 BB AMMLER 12K 52 P4 2 S LA AL SR ™)
e TR AMP (033t o, 25 AP K 5K b  BUBR P 5 2 B R AP Z I
U RO N, 47 LRI I 0 S I — O A 1
334 MRS (5 AR HELR — R IR 7 BRI 8 TS 7 3R, RS e
G RS ZERERIE Y A ™, IS AT S S 0 2 OB B 2 4, R0
FRIEHE MR TSy 4 26 N-JEHE CIPRIERE T A TEMRIIGE ) |03 5 (WA IEDE T 22 Sk
SRARIRGE ) S~ AL e T RS E) LA B €~ B (K A 2 B0 e DL T340 B0 Tk
BE) ™ N-JEBER OSBRI 11 A8 e Bl IS L | EAT 2 R 2 A T N3
BE O-VEHERIIK' . FIRT, BB AL R 0L L3811 BRI 25 030 7 ORI A ORI R I 2 s
SI TR DU IRACZG IS Sy 2 RZGACHE S . AT T AMP 17 5 , WML AT B 57 025 ) (5 )
PERIZELS T i I 843 G 1 U0 (A, WA TS 28 1 S AR TR R, R, 2
P T REBRE AMP 50 FFE R 2 AE K FCURINH 06 BFGTIESE 76 RLKI0 A0 A B FRE AL 5 A
N-Z B ATATREAE PR AL AR5 08 (MR A ) 5 97 Li 7 S R C S A
B ERRBEAE A, 40 T B SLP-S1, PGB, SLP-51 AP bR 45 85 25 4 b 2 BL ik D5 10 A A1 0
. A, 5B SLP-0 A He , SLP-S1 FUAHE 5 1088 K R M s 350 TS 002, U L3 M 2 50
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i, RWIHERAL B 1A B T2% AMP A9 40 M sk 50 R b e vk, RS EA TR o848 R , b B i 5
AMP HUEE UK AR T i35 580 25 DIAHOC (OB LA A RWE AL B SR B 1< BEXT AMP 2544 3 M F g 1 1
FLRSZ ATy s B R G RIRRSE

ST RGBT AMP ARUE PR IR L RE P | B A A AR AR AR A T ELBE AL
AMP FEZEAE [ B2 SRR, VAR G JE MR IRURS T REMIR T PEG fL AR 17 R Ak 55340 N T84 5 =X,
EZ AR 22 A8 S5 % -2 S0 8 R ol A R X v ) — 20, L 3 8 () O 35 W i A 5 7 7 5 B 4%
PEABR R =8 2 U R alife T2 8 4% BB A e, [RIAs S [ B 2548 AU 07 506 AMP 16 14
) S R R 18 2R 58 4 IR, AR OGRS RS AR X S . R, B3Rk AMP 9 T 25 9F & A7l Ak 2
B H ST AR S M FRR PR IS M S5 R . AR T B85 G 0 a5URe 5 B B A W 25 10 R s sl el Ak 47
AR 25 [ IAERE LS H 5 AMP A=W REZ R SC 2R HEShASLIL AMP B RS0 45 AN FHE4 1k
3.4 AMP HIERAIEEREM

Ik KR ILTR B 8 i B AR RIREIEFRXT AMP #1725 H6 00 9 T8 TR R L 1258 W 7 3 2t il
JiE 2 AR 5 A I S L S AR AR BRI Z2 A 2 Ak AMP [ D BE4FE , =i R AMP
PRIV 5 ARG AR 4 W L-FIEMR BN D-E IR E AMP 3 KR E LR 161 b fie w5 0 ik
bR H &R, K a—F LMY oMk )T HA T, HILAATE D 2R L A9 2 Py RIS, T RRE
P AR X L~ R A 1 ) R LA ik AR B RK R RE 1, 51 A D - JE R T [ MR Lt 25 P R 31 D
PIEIR T e, NI AMP fOFaE M, BN, Jia %7 R D-ZSERR QR ME X AMP UEFTRi0ss , HF
FERI, A D-2 FERRAT A= R 53 D - 2B B AT A 4 X5 2R 0 0 e %) i 1 0 2L 2 11 AR
EME, AL, Ong 257 X IK8-all L M1 IK12-all L #5477 RGN D-F MR, 455 o, MNin D &l
Xof B S A AT ELA R A B TR T 1, LR M 3 MR AR R o A s T B B A8k, 6, IK8-all D o
VIE S AT A A H R 2R 1 A 2B G K AR . Di 25U RS [RIRE R I, UL D-B IR 2t L4 i
REAZIE SR AMP X 25 1 W B A O HICHTRE 0 (BT 4-A)

b T FHEEMmAN, ) AE R IR AR A RE M 24> %, 2RI 7E AMP 5] A& &L
TR 0 R T W AE R IR E IR , V815 KA T B /K P | 25 RI R G 53 [0 RH B AR T, DT o 5 L7 1 3 1
FgssEtE, KRR TS A T REIE i i F A E AR B 5 e IEE i A S A e Pk SO S AR bR 2
] (254 . Bl 2 i BFSE 2 B AL E LR T I A AMP J7 1 AT LLE i 38 55 B0 1 (0 /K o | 498 5 Hp
B TG PR AR R EET™ ) Ouyang 2517 iF5E & B, 5 WK, ( GWWKKWWKKI-NH, ) At , H AL 2814
FuK RIS PR TERE . Rl FuK M7 = T 1 440 min, & WK, B9 6.4 f5L) 1, Meng
S UOVRIR ST R AR TR ARK , T A A SRS BB NS (R R ol S B R B R e R R B — e R R
R FIBHISPLAE 1 . BREULIBMIAL, ia 25 AR T MR IR IL G| A AMP BEHE T, APEHY b A8 i %o
AMP PERERYFE MR, 245 SR W, AL AB ISR T AMP RSN B AN BT AL P BTG 1

FIA D-ZIERR AR IERR S Al K IRFRIE , nT LA A7 TR A 25 [ #5225 2 TP I AMP 9 85 1 iR
SAATREPE , AR e M O RICR A O T 4l A R SR e R R e 1) i SRS . TR 1% IR BE S 7E —
FEFREE I SCELB T S A M M 2 B T R L R AR SRR E S i A A 7 AR | T A 2
K2 S mi mil ki . & R 2 28 PR RO I, 32 5 T & T B e, A K AR E IR 5
RHE F AR B SR A U 2 B 2k, PRI A P A R ™ R TG S 2 R
FRHANTAEY, HARN BR800 FI A A P28 4 1 1o A4S 21 7043 B B, DR 2 J B
RGERNAG B PP, BT AR I & A A P2 AR ARG A s, B P T v i 1 P 32 A %
JE WU 78 E B0 B PR 5T AR 55 R R i I s A AT T — s B
3.5 AMP B9IRLIE

IS i 2 308 3 2 S 2 1 R KR PN A s A R 1 AMIP T B IR 485 449 1) — o it s 5
' 20t 90 AR E AR A R E AR IR LK B 2 #i8h AMP 25 #4084k 1) B 22
FARZ — %R 25 BRI IREEA 2 B = 0 NI R s b 8 R e 0, Sl e Mg AMP (1R
THERHE TR0 SR B ARYE A7 B A 2 U R ] IR S s 32 B4 35 3 A2y, Sk R Ak (ks
C IR FEAN N uity S 3L 2 [ A I S, {8 A K% 1 R AT ) LB 2R~ MBIk ( BRBE C o R FE sl N i3
L5 e S BE TR AR AL 1 1 B RE AT S P 08 T i M) T R ol PN T ) R0 — A0 0 2 A (2 A% B i A
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Z VBT L AT S AN AR AR R R DX ) ) Mwangi 451 3L ARG BRI AMP
iAW) cathelicidin-BF15 , 7 €0 220 B2 A 2 R AU 4R IR P B R N &R . 22 IR s &R, JF 9 I A B IE
MR, A T AR IR IR Z2Y4, 3Tl )t A R AR Y R R T AR S T ZY4 A4
FROEPE, AN, ZY4 WA S B P TR RN SR S AT I B R S RN RS PR . ZER IR T, 2Y4 et
A AR AT el B L P 5 | A 9% i S e B HOARH S S S I, 248 2 o itk — 20 3R WY, 2Y 4 A Bt
AR E P, LTI 200 1.8 h, B 4 K I [] Py 2 R 0 M 2Rk B . White 2600 J)3E T —Fh LA
T ERFEAR LL-37 Rl 301500 FEEMLAR CD4-PP, IRAMAIS 25 R0 | 5P L, 2Rk &
M 5 1% CDA-PP X 22 Bz JIR B0 T A 455 22 it 24 T 3 B0 L T () 0 7105 1

% EEEERME A, s — a5 PR B B0A A 4 B AMP H1 8 FUK AR e ME R A RURKS . 2 RIRIFIRZE
G % , Dolle 257 il ad 51 AW 2 W T8 i s, &3t T M 4E SR 1Y temporin-SHf 287514, %5875
IRTEAR S DU TS A R I 5 R ARZEPE temporin-SHE JIKAH F 5275 H 5 35 A J 25 1 R0 I, 375 e s ik
3 W00 5% 1) 7 R R 0% A A58 PR 7l IR B g G 72 Ak, AT AR 1 Tl 0T 0% U 81 7 A ) TR R B 3, A TG 38 i
AMP TEA4: BERSE FP YRR EME

I o b I B2 R IR A 42, REAS WS AR T AMP USSR MM 5 BUBEARRE ), T AE— e R
FE R HAR 25 ] 2B IR RT f B8 L 2 3 oA B 16 1, HEZE B PR RE AT RE 0 T2 1 IR A9 2R 5
&M, RIS, AR 7 St A B e 22 5 Sk R IRV E T 5 (E X e 22 KA 52 29 SR RE A B 5 Ml —
e — s PR Ak A BRI SRR B T 28I B R SRS, Rk & A 2lifk
MERE = T LM R, AL T 28 BUA I . A sk 52 D 1 B AR 8 44 T IR A8 S 22 JRORT 200 7 200 e 1 27 25
e 7, U HJE N T3 B AN P90 & VR FH ) AMP , HL I P 36 26 RIS B RUR T RESS TR IMEREAK, R,
1E AMP FRb it f rf  BEARE B AR JFAR 1 HTHE ORI BT AL ] & SR 25 s 7 =X B B R R
F FESR AR M A [R] B S ik BE AR AMP A RRSS 5 g ) FN4H ML 28 i e T .

3.6 AMP B "B &

TRARAE T i R TR 2 S AMP 40 (RIVR B TR ) FE BRI AN R R A — st b it SR s
SR AMP A LG, R AA AMP 38 5 EA TR AT RE P S AR E P A SCE AR 25 B Ty e .
U I SR A T30 5 20 235 6 R 18 5 5 400 P A LRSS (0 AR EL A P [P S 2 3 105 AR 3% 1 ik
RRFER T AR, RGBT A, Rk AMP 745/ 5 D088 LA ek E R,
JRBELH B, — SRAAEMG T2 2255 0 R IR — SR AL RN SR — SR Ak 5 4 B B 7 =X, ) T 3 ok 32 M o e - sl Mk 3
AT RS 2 DHFER AMP 2> F3E#IE i RAK . ORI BEB 1S 5% AMP (1 [ A7 1%
PR, R 2 A AR R0 35 P BT mT [RIR 55 20 R AR MR 25 A i 2 A0 A B = AR B RO, i an, A58 N
BLLKR-12 R, 5 A T B 4 32 9 KR-12 IR (B 4-B) . 554k KR-12 M H, B 285 32 19
KR-12 ZZRR S 50 HH 5 35 (0 P T e R R e e, (L o 6 e 0 4 3 Tt P ™7 S R — SR Ak )
SN 2 AR AMP 20 Fi 42, nTSCBLI RE B AN 0 R BT I ol B I 2 — AR BE AV fE 0 L Liu S0V 32T

A _ R i B L LGDFFRKSKEKIGKEFKRIVORIKDFLRNLVPRTES
FRd AN A Do ¥ ; B,
g 9 U\/}le (\’\
{KRIVQRIKDFLR'
| —™ Q'\:
AT

S . M

- -
S sa M
- -
4 AMP HJIER A S EBR IS IR0 Z RAKIE5
Fig. 4 Non-natural amino acid modification and dimer modification of AMP
A. WLBU2 1y L-H D-ZFEWAN D-Seik 7] B. KR-12 3R IR = 4 gt R 2 07

A. L- and D-amino acids and the D-enantiomer of WLBU2L"") ; B. Three-dimensional structural schematic of the KR-12 dimer!*’ .
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FWERRIETT T — R FIMEE 4% — RAKAK, 145 J-AA (anoplin-anoplin) . J-RR ( RW-RW ) I J-AR (anoplin-RW) ,
ZEIRL R AR EAAH EL, T R AR ) 3240 B R PR TS R S T 4~ 16 1%,

TIRAEA T B EE 20 A5 B OV OB RN M [ R AR A TR MR R R R K
HA IR EAMO LS, ol T H R PTG s8R T 5k AMP AN E &R EMERE, NIk, —RALZIE 5 AMP
R —FP A R GE T AR IR AR —E R, B, RSl AMP 9 2 R ZS [ R
H A A, AT RE AR K A AL 2L 2B RE 7, TR M AR IR P A 40 A RS BRI AR L 3B R ARIA AT B
PRIRREAS £ i A s 1Tt B0 I 36 PR RN A B B PR T s o LR 4 1 M TR SR A (A g B AT ol 25
M, M T RN B2 AR S50 R B 28 A R RS & 7 046 D7 AR 25 5 A Rl B0 5
HEHF K EW TR B ROmEEE H B AR, BT, R A, S BN RIS Z )
LA G R LU B g s, AR T IME AR R SR SRR B, — R AL M N MR Ak, X
ARG P AR TR N 2P 5 S KO TE R AL, DRk, 2R Ak H AR AMP G PE DAL RSl B SR
3.7 AMP £ &i%it

Ze AV RN AMP 5 HABTIRES T (1055 —Fh AMP AZGediA: 25 20 M0 2835 K55 ) 3 2t A 27 i B g
R TR A IR E B 2% A o TSR G 1207 vk nl AR AS R T RE 2 1 Z (a1 B[R] ), S 30 0 1R T
PEHGTR USRI RN 2 AL B AR, UGS T 2 2 BRI BIR . AR
THIOCHEAE TG BB G 0 S T Re i B, W DR 25 D RE 70— B TE PR L sl 7 i, DA T 78 70 A AN [] 21
S Z R EIFEHT . AMP-AMP 244 S50 A W WA T2 | sl 2 2 AR [T B AL ) Sht i 1) AMP
A, LB RE HAMIEMF R B . Yamauchi 451 S 7 9P2-2(—FhOR I TS AMP B92E U4 1Y C i
FURARE R (—Fh & IR AMP) B N 343 05 | A e R 5% 3 | I 0F — 25 3 1o — it 5 ol A ik 0
SR VYAK (ampicillin, Amp ) 7 A PrEA TS0 R £ T AT UDEIRAS AT D) 500 AMP 14 R,
3 g BN R VAT AR A E 9P2-2 1Y N i Y AT YD EIMB Y Amp-SS-9P2-2 X 2% [ P M
A 0B TG PE S S R . AR, Wei 251D Cecropin A 4 N 3K X 5 LL-37 B9 OHU T A BEE ATl
G 245 K C-L X A MR AR 3 2RI AR T RERR AP BT M. I ZE U0 3 & W] AMP (1
PEERG B, V] DAE— e PR AR IR AT B Sh G RE T IR TS0, R A AMP 3T AL rT A7 B A

SRR, 22 G A RS DR & B, TRl AN [T BE 20 1 AR 3, 2 Y HiT T 22 o i 24 1 i ik
SRR EZ I, G AMP-HiAE ZHBAY) , o 38 5 AS R FHALA 4 PRI, 348 5 6T ik 245 TR7 7 410 1l 8
F IR R — PR 25 A R R i, RE R 25 M R L SR, 4 A BT T I AR 58 HH P B R PR R
G, ZFUIRE T S e A s (B B, 5 800 M B i, B 28 5| kAN R T RE AL 43 2 1] B AH B
Fhbt, HIR A GERA SORAT U B M BB W] RE S W 2 G o IR G R T Ry P TR T R
P PRI 5 B AT R G5 AR R SR R e A, 3 R TR il Rk ol A 2 (G 0 B 0 = 1 il %
T, = —vEasEfaE . Rk, 5 HAl AMP (b ARA L, 22 ST AR B S m 28 A PEREH THE
F1 AR LA R MERE | T2 BAS RN M BER AR g5 v, B 22 BT 5% 545 B8 e AR A1 i 25 B B
B R AR AT T I B R BR K, 5 B — 2 TP R R G 9E
3.8 AMP 4K &It

YK AMP 245X AMP Z R P I S TR SR, B0f AMP 5455 ToHL B WL RIS & B AR
A YK R 226, AP 2 SRR RHE LA AR TR], 49Kk AMP RTJE BN K 74k AR B0RE | 290K fi
TR AR K L), FLARFAE R 38 5 A T2 K RUBEYE T P, 3505 43 U000 85 44 A 3 ok P Wb SRtk A T SR N 3%
FEP S AMP A4 AL BETT R % 76 4 5 ol 180 S B oA 76 A D B, 8 PR R IR e PR AR e MRS 1 5 i sk
TH R ) A PR B P e A T A, ok A DK 4 2B s A K A3 1%, AMP W] S LA v i iy G RS R AR
JRi s AR D HAE AR A 2 R R AN, K1 AMP IR BENS S HALZG WL A, R ARV R YT IE
FAYY AR BT B R A SRR AN B AR B A T A AMP 9K EF 42 317 6, X 2R YK &4k
T S DS A 2 (R B K VR R R ar—ar MR, DL RS H S SR o 31k 22 () F) e el A DR RS e 1) e 1
SER  HEVRTT AN IR BB R Y R AN IR AR T — bR B AU B K
¥ R0 A 2535 BT R i A BT IR IS, TR e B AT SR T e 9 H 4% AMP, i F3FT Ml N3FT R HL
AR PR TR AN KA AR AR A e T O EE A F3RT 1 N3FT BB 9% = 20028 385 40 ML, 775 Bk 40 i v 40
T, ] A U 20 B R 6 A S s ZEAR PRI v | 2 bl oK JIK 8 26 B0 L S L i 2 e e AR P s 1 7



1174 BMoa oKk L K % % HK %49 %

AMP FETE AR EEH I, HAE 2 v 2 2 A R TR RR B I A8 Ak, ELARSE il B T 0 K S5 4 2 0 2 2%
J5 3 B R KA R S AMP FEALE R i 2s [ HEA 45, BA F o B 242 h TR X AMP
UG AR ke e MR W 2 et R T A BRI R 9K SR RE SR R AMP ZE 4 8 SR 1Y
B LRGSR T B YT AL ST RE , i AMP £ 22 B A v ) R TR R B
S ORI, ORI XV TR SE R 28 B il £ T 2Bkl mr  RiAR oA JE SRS 4 3 — P 5
MERSE RS [T, A ALE IR A 1 012 e At AR DA ST 728 R 70 5 RRURURS: e 18 A7 B 58 70 56
UE, BEAR, A AT G R G MRS T 8 T 05 1T, 3R AR I 1 1 M R R B e R & i . 23
T AU HE S AMP [ R [ 4k AR R N 2 T RE A K& R 1) FE BT 1n) , U S T JER e | SR Rk
Yo K7 B Ak R AT Y, (RS2 Tl T2 ik s 3R 22 e v AR AT IR SRR
Yok AMP J7 5 I ATIE DL SE 4 U A A GE i i he AR | LI R % fb 30 75 22k — 20 Se s bR e Ak il 45 7 12,
IHITE RS 253 )12 B B A I 22 2 PR T
3.9 AMP WA I EEEHEIZIT R SEENFIHiE

N T RE R AR SR M5 58 K A Bs A B AR BRF 9128 BCBE 7, 72 AMP JP 85850 A -5 3288 55 Jr T
Jr I B AR GRS I e A2 I LA T AR L, N T RERB ISR G 7 91 A5 4 AR ot
AEVNENEE Z 40 (E B WS e 9 rh SRS UG AR AMP |, I B0 AT B % | B AT 5 B | B3k AR T
SR e, TR B AMP WF & SCR AR RE vl 5k
3.9.1 ATHEEEES AMP  KBIALE N TR Refi B R 1A% 0 383 T B, 2 H TRIEIF 51
328 K At A 2R SRR TN, A T8 SR R B RRAE A 0 ) 52 ST AT 55, HORS B DI 7 o 2K
HEE e BB RN R R AR . BRI 5542 AMP 53E AMP B9 o043, tn DL i 2 S L S L hl
AMPlify A5 BEAE XF KRR IR 51 BEA T Bt iR, oA AMP 490 48 B 3 e 36 e 5 35 i #2317 sk T 1LY
W& I — 2 K e T AR o A5 AR R MR AL 41 AMPFinder 1] 3T 7 51477 A8 SR A RS U500 e 4
R P 2RI RE, S TR e AT RE X A RE A BRIGRFR' B BUNAT 45 AW 4mAk,
AN TR TFIG 56 1E AMP USR5 Sk . 40 ABP-Finder REfSHE— 2 X 4> AMP X35 > [G 4 1 1 4
% ER BRI TR 4 00 1) 0 P S B X AN [ 40 BT 288 TR R R BB T R e B3 T AR BT L kA, A TR AR
FDREAR 2 ] SR 1 AMPO , A4 F 1 308 35 JIK 7 51) | 24 0 3k DAL AR Rt e 0 %) o 810 s o BT AE 22, BE S D)
GIREACH FREITE LT RER B BOR A R 2R, N T R R AR S ST AMP S5 /M B Ik
FERTRIN AR ME AMP-READ AALHE i 5 KSR AL TG 2 A BIAY A T 25 5, X7 AMP (35 PR T 13
T, SRy 308 B P 3 R HE R 3R P Ak B R R & B S )
392 AIZEHEEAER AMP A THAEIRSIAY AMP AL S, B 7e i id 2 > A1 AMP 551 B V78 40 A1 R
& 7R P82 (8] A i 2 A BRI RERRIE B BT 51, BUA 9T 22 DU 35 Z M B0m i o B s, R4 1%
AMP 8, BN, m st 4l KEFIF & B Broad AMP-GPT #4451 GPT A AR 10 55 158 i 2 3] i e A e | ] 5
M4 B BT RE R AR KA HE ESKAPE 76 P 1) 22 5 1 245055 I 1R 19 AMP T3 37, ik 3 B 5045 45 Jr i 4
B TR AR ERU R AR R RS B T — 25 F & T R R ) M AMP A BRI B LR DD
PR e b T e AL A i AR ZE L, KPPepGen 18 i #4) £ 3 PR A (A 5908 SRR K0P B 3% | 25 & 2528 0
S| IR W R SRR SR S PR Ay 5 T B B AR A BT X 4 6 R A BR R RO I K, IR
MR B AN 2 IR S 6, 00 L R A6 S B TR A I 1 R ARG v A i1 X AMIP Ifs R 2 Ak H i
(T )5, WFSE 5T 195 T DBAASP B 22 vh i) AMP LR T M 5 75 I 1 5000, 440 0 B e 428 I 248 1 ok
R I FRAT T —HEARE M PE AMPU' ™) 33 B8 7 B AS (SN 4 2 (1% 2P B T 256 Tid 24 T LA iR sk b el 3 e, [0
KR B S L EE 0, - AMP PLEE TG S AR R R T R AR T

Pk Broad AMP-GPT I KPPepGen A3 ) N T3 B A i Y O i R S R TP IR B2 T 2
Broad AMP-GPT {K¥T GPT ZRA4 45 & 22 2 i db A B, 18K 8 3 5 B 1T XS ESKAPE 45 22 Wi 25 14 1 ) %
AMP , HoA: 50 51 B BRA A S350 KRR, 25 B IS MR R B 52 KPPepGen W] il A3 35 R AR {4 5 9 J 44
IR B A5 Bh AR s 2 2 5P BOBR S8l T4 56 Bl B0 B AR S K BE AR B, 7E D REAS AR s 5
s PO, WA T T A AMP A2 07 2 Ak R4S Fabs R4 Bk (H 77 fe
FEPEHG AR . — 2B VISR B 22 45 b T OR A M B 8 1 R 400 B 75 1 25 S 0 = 4 A, B /D & e e L R R
P R R AR AR S | PR R S BOR L T2 SR 5 SRR N R 2 TR AE AR O 22 5 R AR
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BT RAR R, P AR A A RAERCR I AP A [ L, L0 432 1 e 271 B AR e HHE T vp e R B
fE , (H RSN G AS T6 PE IR T A A R4 T, RIS, Broad AMP-GPT ()58 [ 58 77 ARG B, T A= 1)
7% AMP G 3L RN KPPepGen WA w7 22 Floipg B (44 (R L 45 2 ki R S ' Kok T
Tl P AR T AR AL AL 1/ 1) SR X ) — AR fb A IHE SR, 37 78 7 I AR 2 I i | 45 A e
RIZEIE VT B A LA BRI e A ORI PR A IS 45 B Bl , bl AT 30— 560 56 uE—2K
I 147 () AT e A, 1 — A0 4R B2 AR R RS Br o2 FH AL, HESh N T el B AMP 3231 5K
By T A ] AR N H
3.93 AIEREZHE AMP A TR GEIRSIAY AMP 32 4l 5% 0 5 238 4 X 50088 72 S 22 41 A J50Hi 645 1 4
TR , 3288 RIRAFLEAA W AR R IR AMP , I ARAS HA SR AL RRIE RN 8 A W AR 25 M i 1 328 )3 31
BE Tl B P SR AS Y 22 4 2 B 2 AR R T OB S L Torres 25110V B 2 I A KL | 1 B ML RS
2 S BHY Macrel X 4 BRI YA RETT R T RGEMESE IR, D) & B & T Flh AMP 3501, HL 92.9% K
SBE A, B e S R il R e AMP 4RO T R AR, R T LA T R R A
AMP 1548 B8 55 AJSRIEREAR ) S sIEREAR ) | [ ARIRBEREAR N1 4 — 2B A T e AR 1 3%
REBGHTRI T ARIEFR A GEIE T AMP BFF A8 T7 . BRZFEIAIZIRAD , 36 1 BT 4 27 32 4 T DG e ik
RRAGSEBR DI RE R IA . ISR F A5 B AT 55 IR BE 4 ST HESR APEX 4248 K 4 F oty 25 A 4L, e th 7 2o 3%
PUBRTE PE BT R 51, SR U 06 U i T B R B T R R R 5 AT, il e
WAEARAS T R A R I R S e I 40 8 T 8 (R 4UZ 1 AMP #2538 RO 5 4%
HAT, N TR e B AMP 51T 51288 TS — @ oF 8 (3R 1) , MR 5L 40 FIAZ O D RE A A [F] 32 22
53R 3 2.5 —2h XGBoost , CatBoost , SMEP &5 4% 5 AL WA R | iz 5 ARG, AT [ 25 140 470 77 33 1 i
M EEPE, JEF ARG AR A5 19 CRRI, Crot-1 SFAZBEAK , w1 38 Bl /INIAR RS HEAL T e S5t SR, IX 258
B - o I A S 5 1 <00 e 2 Fr R i (= - S YNNG o o A B I 11003 =0 R e~y S = | S
TN Z51EF AR ProteoGPT MP-BERT ,LSTM+BERT F4 5 51| £ iF HEBUAE 77 558 , 1T [W) 45 58 AT 40 v T
W B SE ZAE PR, I A% A2 IR A0 B8 — IR MEAZ AR AR T 4 R ORI Bk, B I 17388 5 it
BT SE T LA R A T 24 Bk %) TS AT A7 AE B Sl AS U5 A = O R A A S R A TR
AR ARV T BASE S T80 A it 2519 HydrAMP L T 24T S G I pH 2 248 1 APEX . 31X 2K
RUBEME AR A A AR S S i 2B 4 IR 810, A o8 1) 22 JUA 30 o SHEEL 4 15 )70 TR T 1k RN AL 1 3 L 5 [
18 T 1 ) R o o TN G - = B 7 L o | S 0 W N WS 373 N B T 5 2 11 A R L5 v W S
F1 EFAISSMRERKIZITHE

Table 1 Artificial intelligence-based research on antimicrobial peptide design

BT R E= PN
Method Results References
AMP _ model ( XGBoost S ) . Hemolysis _ model X L S T R e b RN st LA
(CatBoost F3:) , LI CPPsite 2.0 B 1 149 44 iﬁ'ﬁiﬁ;ﬂéﬁ—?i Hig&?ﬁfﬁﬂfi {Hﬁgﬁ'ﬁj lvlnzszz;;ﬁzﬁ LIPS
N5 T AT THER, 128 pamol LTV T AIMLAFIE>86% , ML AX 16.23%
WYIZE ProteoGPT A5 B, fif & 754 2 AMPorter ( AMP S p "o s e " g o
S5 BioToxiPept( ZEFEBU) - AMPGenix (AMP /& 196 AR, 220 7 455 MRSA SF B A MIC 5K (4~16 pg-mL™"), [84]

A TR

Wil gk MP-BERT #%% %Y, 3 4 #4 i ABP-MPB (i
) AFP-MPB(HLEL 14 ) . AOP-MPB (L & 1k ) T Ul
R

# 4 LSTM, Attention, BERT 3 Fft NLP #& %I 7 il
AMP AL B 3 BRI S BE P T A 1

ML T2 M2 43 F b ) HydrAMP A2 5745
FAU HE R TC LR A 1 2 P

BE I RNN 557 I ML A4 2 AT 45 TR B 2 2 A58
APEX,, TR B 8 1

T LR L 4R 4 T8 SMEP , #% £ IR w3 7 2%
HEFP [l SR G35 | 2890 32 9% DL PH 88 WISk
JibriE 456 XGBoost-tab . XGBoost-tab . LSTM-seq

HHBUEE G, M2 I L T2 A E R B &R

16 SRR 75% 28 /0 HoAg 2 R e, D1.D2 2 Sk B gt e BN
BUH B BUETIRE, D1 X & & IR 25 E. coli 244 MIC 24 4 pmol - L™" I
PRTHZHEE S. aureus 09057 MIC 2 16 wmol L' ELEALAE 100 FE T 251
I8 il 3 DR PP BN 34 2 349 S fsefik, Horp 241 SAe 9t R
KPR 181 AR HTBIEE 11 4 i 1 P R 22 50t 25 1 MIC <20
pmol - L™, c_AMP1043 X fif A Il PR Tiif 24 Bk MIC<10 pmol - L™

24 2%k 23 SR BURTEPE ,9 A N T TR (MIC <32 pg-mL™") ,#4 2
peg-mL™', 24 ZAk 18 AR B (HC50 =512 pg-mL™") ,6 &3t A
G TS LR

248 208 FhK a4 P9 AETOAR TR, 4RI 10 311 899 MK, A8 69 4%
B RK, 41 S RBUPIRETETE, B b 39 & T BREEE, B BRI AP B AL
elephasin-2 il mylodonin-2 J7 3 L F R E B

LIk CRRI3,CRRI4 CRRI7 Xt MRSA | #18 AS Sh T b EL A 58 5% b il 76 2,
BEVER A5 AT 2 , S 7067 /N B4 T T il 4 B P 3 e
B H, BB AT B 2 R S

[112]

[113]

[114]

[115]

[116]
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AR N TR AL (B SRR A R A TCRI 91 LU AR R A s, EL vy DR R TR 3 477 K TR 0k TR X R
BRI B ) g T

LRGXTLERTAL, B AMP $Z 405 B R BUATI A7 A5 1 22 R IR 50 S A AR S /I R B2 240
PR M A A SR S AR b , SRR A IR R A AR E 1 IR Sh W B e EE RIS S
M AR S BRI 5 AT AR IR F) s e 1 1 32 MO FH B e L P SR R A TR R BRAL R AR, R e 22 i 2 1 il
PP A AR [5] 328 2% S S MR I R A OGS I o BT E 3R ) B, SRR A9 AT il = RV B3, #5
AR FP P2 2 MERETIN | 2B KA BT — R B A 55 8 5 A [ I, B S 6 5 MUSE A A 7 il 77
TERFA Yy 2 APV 2505 B 2 4RI R 4 T4 SR B 2800 | e & ) sl A0t 16 AT A B N T2 RE
Bl B0 E 0] 73 T M AF B, #5F BUAT BOR KA, 3738 M 22 IR REBLTT B R & B 4l fe HoR i i, ik — 20
HESH T RER B AMP W A7 I PR PR~  JCHTIRAE | B0 Al PR EF S5 AT ) 7 b AL 7 3t

4 AMP BYSMNEGIERE R RIZ[E

4.1 BEBRIERZL

KIGFEB 2 AMP SMEZRIA i # IR R G2 — , BA G T s AR R Bt R 7= A L
KBS T AR PR AR SR s SR04, SR, AMP 7E KA FT B D9 2381, 25 2 51 1 A i s i, o2 3
IR P 2K AR A OB IR X R RIS R A1 R P A A SR R, Xu 26T R SUMO il A
ARSZHLT AMP BSN-37 7E KM FF R H 0 = 2T i PRIk . SUMO PR RENEAE — & 2 B L BR il BSN-37 X
T F AN A REYE , R ER  HA i e Ak i, (Rl & 3 1 SUMO-BSN-37 DAl M sl ik, it b B
(8 I TE AL IR . Ri 45" HalC8 &5 GST bR& TR G, JF 5| AN I B U157 10, SE B T 1% AMP 1
KIGFFB A AT PR R GA . BRALG FEBA0 , /I B At R IR AMP Ly B PE M RS X RS
& B R IAFF B A5 5 O AMP 2 [ 43006 28 8] 5 28 [B) sl 355 35 3k o 3k e 77 i P AR 3R S 35y s [] e R A1
T PN A SR T Lai SRV pelB 15 5 K 4 B R 41 19 pET26b H] Tk A H
INT-cecB2 , 51 3 HA 532 2 4 2 40 J8 525 8], 3kt e H bR ARZE A0 B P AR 3R S8 1 2 5

i ZE AT B ELA R G B A W RE T, BEAE DB /0 B T AT B 3RE G 20 B R, LA Tl il AN
AMP 255 R ARSI P BARTE 2. Zhao 5PV A T SacB-6xHis-SUMO-SW il 5 3 B, I Ho A
A PHY-P43 4 BRI 3K R G0, LA IR A RS 5 2 I AT 127 WBSOON i 32, S T fil & 2 11 A B A0 4
Wk, Li PR R P R (ZD) R S50k BB AE S BK SPeapD il A, 14 HE 4 SRk Ok
PMAS-SPn-ZD , Fi8 1 [ Y5 5 2005 5 A B 28 MUAT 3 WB600 H, st #ik T ZD # 4. Mohamed %11
FEWUA v /R FE G HR2 B R 1Y 5K 2H DNA ¥ H 5 pBE-S R a4 & 4% | 7 AL B Ak 71 2F AT B4 scko

FURRAF IR 3RIA RG HA & S GUE W 2 b AR A = %% B2 35 35 et 0 JLE 1 I & 101 i ad % 78
AMP, Hodaei %' )\ HPV16 FHYEIf REEAS 2 BOE N 2] DNA, 28 Ban 1A Hind TXUEFD))S , 5 FLER 1A
FRAAR pNZ7021 33z A A BRI IS HL T L1 AR RIS, %R (I RENS 4L IE iU B RE 0k,
JEthil 4 HPV B MR8 A ZE 5T, A ek 2 A T 100 IRRE s F R 4R (G S . B4 R I R
FISE usp45 5 AMP JE[H bsn-25 fill G M HE 2% & JE DR O E % Ak 2 ZLRR ZLER T NZ9000 th, ik =W & ik
it A SNV J % B3 98 U0 1) B 3 B AR B G k. A B BH AR U A S RS BT (CIP) Rl AMP
Stomoxyn FER e 51 AR E AR pNZ8048 , 1 2 5 241 STk , 76 LR FLER B NZ9000 N /K2 231A Stomoxyn
4.2 ERERIERS

HAT, SRR AMP Fek b N i 12 W B RIE RS, SRR RGA L, R EELE B A
S IRERCR R A EORIR AR AT L BERS G B AR AMP B30 i B AR 3R 3L S0 3, (B J5
gpoymsaife, Li S5 R VEE R SIS L A & 22(PIL-22) 5 3% B-BifH & 2(PBD-2) i# 1%, %
TR 1 PIL22-PBD-2, i 7E L AR e BE GS115 o 263k Y 3 BT i -5 W 3l ok B 46 403 18 &2 Dh RE 114 T 441
AMP, Akbari &' % AMP ACD JE R TG FORALSS K H TR 2 pPICZa-A 34k, I A B X RS
GS115 FER | 248 Ni-NTA 2L Ffiz SR EI A5 E 4 AMP rACD, N TR RIZFCR , Zhao 552 3T
AMP CC34 BEit T & H R YD EI 5 i DU R AR ER BRIE R CC34-4js , I F HAH Z pCAPZaA ZRMk 7 AL
IRIERE SMD1168 #4743 IR . 2% DU RAKR 2 FH R VIR 5 T ARAS ELAG I8 M A B
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PRSP Rt SR B R IR PR A B A E BTG £ Jiang 2 %} CecropinP1 RN T30S AL 514
T pYES2/CT-afactor-CP1 H 41 & 3k 4 A IF 4 HL G Ak 2 PR e B v, i D 3k T 84 AMP CecropinP1
Rossouw %[]3] u@ﬁ{ﬁ@j‘]ﬁﬂf 1 e g KSR AN B A6 PlaX \MunX AMP éﬁﬁ%%.%‘%lﬂjﬁﬁg,
e MFal 0555, TS EL ENO1 4 AL A 2+, s SE 81 2 i AMP B 88U o 3Rk

TR IR R G HLA IR e T A P R e A i SRR Bl R R L R R T T (R AR A
HBARFEG, Yang 2515 = FB 48 e b i v 11 5 B 20 I B (4 Hasp (93 s T RS 5 KT 51, A6 #4075
PR AR Ppha-HASP-T1, 3R H 5 AMP SER VI THE A T 3638 FF 70 W LA U TR I M 19 il AMP 401 A1
EVR AMP P960, k1 AMP FRLBLI0 AL 7= K HAE K 7= 35 88 v i PR AL T8 i %80 Han 4515l b bz 1

Hir NS AMP CATHPbI 5 As-CATH4 5 R Bl AW A 45 6 6 A AR IR 4 A S iR SRR 804k, S T
CATHPb1 As-CATH4 TERGE TP AR 235 | T AR = 20K 7= WLB0RS T HA Ve
4.3 KRAREAEE

BIRR MY Y PREE R D RE M SN 3R A 22 R R 2R 349 AT S A A [ A 1 4 R N TR
AMP ik, SRR ELEZM R E FILEREE FIREE(EGCG) a4 1718 L R 41 IPEC-J2
i) p38 MAPK i % |- 9% AMP pBD-2 [) mRNA Fl& 3Rk, [AlEF DL MAPK EAR M 7 A2 i pBD-1 1Y
A3, T HE SR B A e B B T B R A s A 1Y T E R I (AAE) n]aE S ] TLR4/NF-«B Al
MAPK AAE 6, W4G PPARy 8 1, L RGET A=A 54 1 054754 7 38 b PBD-1,PBD-2 PBD-3 55%% B — B
Z mRNA (35, B8 i i Jo K e g, SV R IR AR HIH 2 285 (KRG-P) RS HLIS /N IR /K
LA WRELLS T Y e A, SRR TE TgA 7= 345 i 18 BF i T Rk, Rl B R/ N A2 o B 1E 2 R
PRI mRNA J 2R 2eak , oF i 4 R i 1 R S O 15 g E B ARE )

RERFFEREE S5 AMP 3K, @& 0 v] 38 i 55 UK SZ 7K (CaSR ) #9188 & 12 2
AMPK/JNK W, S BBk TR 5 4 R 7K S, 5 gl e e B Thag Y L

REAEH: S PE b V8 I 0479 23 W vh pBD-2 1 pBD-3 mRNA 2% 35 7K {H X} pBD-1 W) 353k TC i & 5%
ﬂi’] 13” o Ren Z&"0 5@ 3 Wil (5 A1 IPEC-J2 40 i 50 3IE 52, S 8 2 JE R ( BCAA) W]l i 380 Sirtl/ERK/
90RSK 5T I R I MR BB R R, b Rt d R R R A B, tAh, 1,25-—
B R D, Tl 545 FE D Z K (VDR) 454, #0E 45 R (CAMP) LR 56 5% 175 S 4 i N IR AMP
hCAP18/LL-37 AYFFEE 5k | D i1 3 S K e e heE )

T B LA ™= Pt T 4545 32 AMP 3835 BRI 5.0 10 CFU - kg™ % B IR FLAT I 1] 1 2
AW E B h AMP PGI-5 Fl pBD-2 mRNA ik /K- BB BT B A0 o i 2 B 4 AR 17
VRN TT e 5450 T Bk B 0 FH i A 21 Molina 251 P4 T 280 T R % AT A Wy %oF i s 4 i
AMP Fk Y IREVE R 455 B 4 P2 5L T R IR TG 4 J ok, % 5 WG 200 i o e AP 3638 B 25 S A i 4%
YEH, AT 25 3R CRAMP Fl B-BiHIER 4 i3RIk, TIREL S 1,25- 2R 44K D, BG4 2y, rliEat 05 &
JEZR(ARR) \ HWEE H ATGI6L1 K 1L-17A/11-22 AR TR I REEH , LR/NERE B AMP g1k,

5 AMP Bz A

AMP F4 17 A (B L 2B AL BEPi gL 40k, 7E i PRI 2 Ab A 7= 8 SR 45 22 - 400 8l i B HH R 47 7
FHRTSL, #0F H 28R (1) 22 TN 25 B R Yy, AMP A 2B B R IE G bt E KRR Z RN, AMP P-a-02-B
PINIME oo —BRTE A3 (8 BSERE IR SR A ComIL i, %o i FE 4P bR 4 5 €0 Al 2 K 1A L 22 T 1 2 0 AN Sl T A T 80 1
F AT T TR RS0 2 il 46 o B (A 1 25 R B S A RV P, b 22 E R 2 RLR YL IR YT BRI TR R AR
BN AN A f N FT R 234 345 T BB K BMAP27-LL37 , 76/ BU2R To 4k e SL IR 4 A A 36 vh | BMAP27-
LL37 1897 H LR A R T 75 B 3B PR A, IL- 18 IL-6 mRNA 63k /K VA B3 T I, M4 o s i 4= 7L
RIEIT L HEY) LAl

AMP SR 20 0 R P e 40 8 AT A e 4 R 5 A8 I35 S A0 R T, S B R R A T
DP7 [ AE MR AR KK2DP7 REAIH0E IBLIEIE bk CU 40 BB A9 CD11b" 40 TLR2-IRF7 {554l If ik s H kA4
FEIHAL MR, I BE U 2P G 2 - 30 i ek 2B K 5 5 BT PD-1 BUARER A 6 F s, o] 2 — 25 34 5 40 b
FAIROR ) Geng VR T —F CAF #0863t A% 5 R G0, 52 B0 AH OC BT 4 40 L ( CAF) JRA ik
AMP Mﬁﬁﬁﬂlffﬁiﬁ ] B Ak (EMT) A0S (R ZLAR IR 5 75, I D (R A HRT 00 ) J % g A
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FEF WS B AR, AMP BN IEAEHES “ TChu R pa " i i, U5 T R KM i glifk AMP HiS fE R fapBHAR
TR, G R I BOw B, 203 i AR T Rk, B AR i i 25 56 ] (ARG) T far™™ . AMP 1Z W] 3l i 3406
Nrf2 15538 1% B2 FIRWr 8 I E 1 NQOT ,MnSOD  CAT 23T 8 AL L IR B 23k | [A] it i 422 g A it 32 [A]
CPTla PPARa FOW§SEAEIEN PEPCK PC B35 , T8 AT BT A AL RE 1 0 F s IR AC I EGRIAN
RN 2.5 mg ke WY E L] pBD2, W] i 2 HE & Wi A7 i A= K PR BE L BU KRR ) 5 e ThRg , o3 I iE B
B PR I i 1 R BRI YR AMP IsCT A1 > 385 P A XS ARDRIAS 3] | vl S 2 0 i S 1 H 4
(ADG) \FEARRLE L (F/G) |, [l i £ R 1 7 S B BR AR /K71 SO aE 5 9T 5% A BRI B iR
1037 ¢ FH 2 LU KA AT o8 A= 0 o ST L 52 i), 25 5 B, HU A IR 1037 %5 KM T B A= 1 5 B 1) e /N1
RV B (MBIC) Fllf/NA RV B (MBEC) B 0 FEAIK, SR BT RERG ST IR IR 1037 MY BEAE, BN RAFAIR
ST A 3L R T

FEED i Tl U, AMP 7 PR B 28 A AR 4r B 5l ot T 7 T 2 B TG 7, AMP SH PR & S 4k
YIBs JE ) X R AT V01T IR A5 1 R B0 TR B A R KA, BRI 25~100 pg-mL™" SH A] g 24
A T PR M SR TR R 2% 4k A 3 C R, HOR S 100 wg-mL ! JE A ZORTIL AL ER R AR 24 1Y
FEJE W G TR TR o BP1OOK1W BRI il 5 75 3 i A= 4 B0, 3R Hh B0 i B I 30ROt g
R S I Y AMP Pardaxin AT 38 55 [ 21251 8 SA-AMP /KB, e &5 il & IR BUW # L 78
WA S RS RRE R 14 d IR, H L& PUBRTE M “ RSN — A Py G P et e L R A
AR S AN R B AR R I e m R

ST, AMP SERIIFFY S I R (0 275 1 R R AT BRI L Ml A R fb AR 8 5 AH G )
R MATER, 51 B B S AMP 38 ) WA G, B TR0 22 BRI i 1 VRN R
SEBRIE | T AL M R GE— AT ARRHEATIANE B A, B0 T Al Y AN e 1 O R R,
K, AMP A= AR = [EAR A 24 A G OGS T T/ NRIURE I 28, e LA 2 R HUASE A 7= 55 oK A 4
FEIRRZR R 3 A7 AE H 98 3R K BRI T 2 (R A A5 (R PR, AMP ] 500 2 PR %o 2¢
25, ZH0AMP M Z K, R pH A B I BEHEBURR, A5 1 5N T RDRE DR AR N IR EE 5 R T H
0 3 LA JE K BB AR RN B 0 SR L A, AMP (R RIASEAL AR 7 T 20 A0 J 2 Y, Se e 28 T ik
AN alifb T 2 AE OGS AR b ] BE LD Al BE N B S W e AL AR B AR A ) L el AR A 1 e e A 7= T2
A REEME . 5 R AN ) R FH 37 5% 1) 4 24 0 R i FH 0 BRI & ARDGHI I, 3 80 2 MR RE A K 19 i ik
AMP {755 B AR S0 S B B, XE L EE B A ], 3 2 (] UL R A AR T i 29 AMP B BSR4 40 R i
o= LD R

6 SHESRE

ARG T AMP RYBRAEYET R 22 DIRE AR FLE BCH o 1B s IR AR i A B A
HRAEAE Y 2 B R AL, S TR A G SRS A AL 7 1), LA AMP 4FUSRAY AT 58 A SR IS5 ITARR,
BEE N TR REBOR RN 7 B sk & i, HAE AMP B8P B H 45 )2, B 0 i Ul i) i 22
WFFETT1a] SR, BT 2 D RE AL AMP BRSSO A0 6] BT D7 AT A 76 AN A2 | AH DG SR0E A 1
SEA TR IE— P58

MR EHEH KT, AMP WS I 51 EE A 2 D BE Blb [R) SR 1) R, B ARt ¥ FC A i 23 o S 4375
A BRI )57 SR RIS A i 3ot 6 SR (R EAT B B0 S e g o T o 7 O T R
PR SPERR B TR IR R GE, A B AMP (RSB ALY 5 AR ACR, I B AR AR R 10 A T 51 4 Y
TBEAE LS, AMP SCBR I PRA% AL B it A0S, T , A1 AT R MR S B T Jié R G i, Ji s A H:
B AR e A SR BRI el A A T i A S A e R g 2R A AMP
A RESE B 256 %5 ) SEBR I T RS e 1

22 3Lk References:

[1] Felis E,Kalka J,Sochacki A, et al. Antimicrobial pharmaceuticals in the aquatic environment-occurrence and environmental implications[ J].
European Journal of Pharmacology,2020,866:172813.
[2] Wilkinson J L, Boxall A B, Kolpin D W, et al. Pharmaceutical pollution of the world’s rivers[ J]. Proc Natl Acad Sci USA,2022,119(8):



555 EVBUR, 25 BT BRIA 8 R AT S o0 1B R it 1179

(3]

[4]

[5]

(6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

€2113947119.

Loffler P, Escher B 1, Baduel C, et al. Antimicrobial transformation products in the aquatic environment: global occurrence, ecotoxicological
risks,and potential of antibiotic resistance[ J]. Environmental Science & Technology,2023,57(26) :9474-9494.

Brown D. Antibiotic resistance breakers: can repurposed drugs fill the antibiotic discovery void[ J]. Nature Reviews Drug Discovery, 2015,
14(12) .821-832.

Murray C J L,Ikuta K S, Sharara F, et al. Global burden of bacterial antimicrobial resistance in 2019:a systematic analysis[ J]. The Lancet,
2022,399(10325) :629-655.

Naghavi M, Vollset S,Tkuta K S, et al. Global burden of bacterial antimicrobial resistance 19902021 :a systematic analysis with forecasts to
2050[ J]. The Lancet,2024,404(10459) :1199-1226.

Silveira R F,Roque-Borda C A, Vicente E F. Antimicrobial peptides as a feed additive alternative to animal production, food safety and public
health implications :an overview[ J]. Animal Nutrition,2021,7(3) :896-904.

Yang R,Ma X H, Peng F, et al. Advances in antimicrobial peptides: from mechanistic insights to chemical modifications[ J]. Biotechnology
Advances,2025,81:108570.

Wang B L,Lin P J,Zhong Y W, et al. Explainable deep learning and virtual evolution identifies antimicrobial peptides with activity against
multidrug-resistant human pathogens[ J]. Nature Microbiology,2025,10(2) :332-347.

Wang J J,Dou X J, Song J, et al. Antimicrobial peptides: promising alternatives in the post feeding antibiotic era[J]. Medicinal Research
Reviews,2019,39(3) :831-859.

Mookherjee N, Anderson M A, Haagsman H P, et al. Antimicrobial host defence peptides: functions and clinical potential[ J]. Nature Reviews
Drug Discovery,2020,19(5) :311-332.

Goldberg K, Lobov A, Antonello P et al. Cell-autonomous innate immunity by proteasome-derived defence peptides[ J]. Nature,2025,639(8056) :
1032-1041.

Santos-Jtnior C D, Torres M D T,Duan Y Q, et al. Discovery of antimicrobial peptides in the global microbiome with machine learning[ J]. Cell,
2024,187(14) :3761-3778.

Al Tall Y, Abualhaijaa A, Alsaggar M, et al. Design and characterization of a new hybrid peptide from LL-37 and BMAP-27[ J]. Infection and
Drug Resistance ,2019,12:1035-1045.

Engelberg Y, Landau M. The human LL-37 (17 =29 ) antimicrobial peptide reveals a functional supramolecular structure [ J]. Nature
Communications , 2020, 11:3894.

Boodhoo N, St-Denis M, Zheng J Y, et al. In vivo overexpression of the avian interleukin-17 in a necrotic enteritis disease model modulates the
expression of antimicrobial peptides in the small intestine of broilers[ J]. Cytokine,2024,183.156749.

Lyu Y F,Chen T T, Shang L, et al. Design of trp-rich dodecapeptides with broad-spectrum antimicrobial potency and membrane-disruptive
mechanism[ J]. Journal of Medicinal Chemistry,2019,62(15) :6941-6957.

Gu R J,Gao B,Wang Z L, et al. Plant-derived antimicrobial peptides: mechanism of action, safety and integrated applications[ J]. Journal of
Agricultural and Food Chemistry,2025,73(43) :27161-27176.

Surabhi V,Prabhu V,Nayak U Y,et al. Harnessing AMP to tackle ESKAPE pathogens[ J]. ACS Infectious Diseases,2026,12(1) :32-47.
Dang X L,Zheng X X,Wang Y S, et al. Antimicrobial peptides from the edible insect Musca domestica and their preservation effect on chilled
pork[ J]. Journal of Food Processing and Preservation,2020,44(3) :e14369.

Memariani H,Memariani M. Anti-fungal properties and mechanisms of melittin[ J]. Applied Microbiology and Biotechnology,2020,104(15) :
6513-6526.

Lin S H,Chen X,Chen H M, et al. The bioprospecting of microbial-derived antimicrobial peptides for sustainable agriculture[ J]. Engineering,
2023,27.:222-233.

Tram N D T,Xu J,Mukherjee D, et al. Bacteria-responsive self-assembly of antimicrobial peptide nanonets for trap-and-kill of antibiotic-resistant
strains[ J |. Advanced Functional Materials,2023,33(5) :2210858.

Oliveira Janior N G, Souza C M, Buccini D F, et al. Antimicrobial peptides: structure, functions and translational applications [ J]. Nature
Reviews Microbiology,2025,23(11) :687-700.

Zhu X,Dong N,Wang Z Y, et al. Design of imperfectly amphipathic a-helical antimicrobial peptides with enhanced cell selectivity[ J]. Acta
Biomaterialia,2014,10( 1) :244-257.

Schmidtchen A, Pasupuleti M, Malmsten M. Effect of hydrophobic modifications in antimicrobial peptides[ J]. Advances in Colloid and Interface
Science ,2014,205:265-274.

Hadicke A, Blume A. Binding of cationic peptides( KX) ,K to DPPG bilayers. Increasing the hydrophobicity of the uncharged amino acid X drives
formation of membrane bound B-sheets:a DSC and FT-IR study[ J]. Biochimica et Biophysica Acta,2016,1858(6) :1196—1206.

Liang Q P,Liu Z M, Liang Z Y , et al. Development strategies and application of antimicrobial peptides as future alternatives to in-feed antibiotics
[J]. Science of the Total Environment,2024,927.172150.

Zhang Y N, Zheng M J, Wang Z, et al. Discovery of novel antibacterial agent for the infected wound treatment: all-hydrocarbon stapling
optimization of LL-37[ J]. Theranostics,2024,14(3) :1181-1194.

Guo X,Yu W K,Li Q R,et al. Overcoming clinical barriers: utilizing self-assembly systems to break the protease limitations of antimicrobial
peptides[ J]. Aggregate ,2025,6(12) :e70193.

Song J,Zhang S S, Xing J Y, et al. Optimizing therapeutic efficacy of antifungal peptides via strategic terminal amino acid modification[ J].



1180 BMoa oKk L K % % HK %49 %

[32]

[33]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[51]

[52]

[54]

[55]

[56]

[57]

Journal of Advanced Research,2025,74.555-570.

Murai M,Kaji T, Kuranaga T, et al. Total synthesis and biological evaluation of the antibiotic lysocin E and its enantiomeric, epimeric, and
N-demethylated analogues[ J]. Angewandte Chemie ( International Edition) ,2015,54(5) :1556—1560.

Zhang L Q,Ghosh S K, Basavarajappa S C, et al. HBD-2 binds SARS-CoV-2 RBD and blocks viral entry: strategy to combat COVID-19[ J].
iScience,2022,25(3) :103856.

Rincon-Cortés C A, Bayona-Rojas M A, Reyes-Montaiio E A, et al. Antimicrobial activity developed by scorpion venoms and its peptide
component[ J]. Toxins,2022,14(11) :740.

Zhang Z F,Le K,La Placa D, et al. CXCR2 specific endocytosis of immunomodulatory peptide LL-37 in human monocytes and formation of
LL-37 positive large vesicles in differentiated monoosteophils[ J]. Bone Reports,2020,12.100237.

Alalwani S M, Sierigk J, Herr C, et al. The antimicrobial peptide LL-37 modulates the inflammatory and host defense response of human
neutrophils[ J]. European Journal of Immunology,2010,40(4) :1118-1126.

Dai J H,Ou W H,Yu G J,et al. The antimicrobial peptide cecropin AD supplement alleviated soybean meal-induced intestinal inflammation,
barrier damage , and microbial dysbiosis in juvenile turbot, Scophthalmus maximus[ J]. Frontiers in Marine Science,2020,7:584482.

Koynarev V R,Nader M L, Almasvold K K, et al. Structural pores not required; antimicrobial peptides induce ion permeabilization of lipid
membranes through transient water channels[ J]. Proc Natl Acad Sci USA,2025,122(44) :e2517944122.

Xu J,Tram N D T,Yu P Y et al. Peptide nanonet trapping suppresses bacterial motility and delays antibiotic resistance emergence[ J]. Drug
Resistance Updates,2026,84:101320.

Lauer S M, Gasse J, Krizsan A, et al. The proline-rich antimicrobial peptide Apil37 disrupts large ribosomal subunit assembly and induces
misfolding[ J]. Nature Communications,2025,16:567.

Yadavalli S S,Carey J N, Leibman R S, et al. Antimicrobial peptides trigger a division block in Escherichia coli through stimulation of a signalling
system[ J]. Nature Communications,2016,7:12340.

Luo X Y,Hu C M,Yin Q,et al. Dual-mechanism peptide SR25 has broad antimicrobial activity and potential application for healing bacteria-
infected diabetic wounds[ J]. Advanced Science,2024,11(30) :e2401793.

Yang H Y,Ma R, Chen J R, et al. Discovery of melittin as triple-action agent: broad-spectrum antibacterial, anti-biofilm, and potential anti-
quorum sensing activities[ J |. Molecules,2024:29(3) ;558.

Hancock R E W, Alford M A, Haney E F. Antibiofilm activity of host defence peptides:complexity provides opportunities[ J ]. Nature Reviews
Microbiology ,2021,19(12) :786-797.

Li W,You F Q,Yang J,et al. Antimicrobial peptide-targeted photodynamic therapy for preventing periodontal plaque biofilm formation through
the disruption of quorum sensing system[ J]. Materials Today Bio,2025,33:101970.

Zhu Y H,Xu Y H,Yan J M, et al. “AMP plus” :immunostimulant-inspired design based on chemotactic motif-( PhAHAhPH) ,[J]. ACS Applied
Materials & Interfaces,2023,15(37) :43563-43579.

Niu M C,Gu X L, Yang J Y, et al. Dual-mechanism glycolipidpeptide with high antimicrobial activity ,immunomodulatory activity,and potential
application for combined antibacterial therapy[J]. ACS Nano,2023,17(7) :6292-6316.

Jiang S,Li H Q, Zhang L, et al. Generic Diagramming Platform ( GDP ) : a comprehensive database of high-quality biomedical graphics|[J].
Nucleic Acids Research,2025,53(D1) :D1670-D1676.

Daniel O, Thiebault T, Guigon E. Medicinal applications and environmental fate of antimicrobial peptides:a review[ J]. Environmental Chemistry
Letters,2025,23(6) :1745-1776.

Ahmad N,Bukhari S N A, Hussain M A, et al. Nanoparticles incorporated hydrogels for delivery of antimicrobial agents: developments and trends
[J]. RSC Advances,2024,14(19) :13535-13564.

Xu B C, Shaoyong W K, Wang L, et al. Gut-targeted nanoparticles deliver specifically targeted antimicrobial peptides against Clostridium
perfringens infections[ J]. Science Advances,2023,9(39) :eadf8782.

Zhong C,He Y T,Zou J,et al. An antimicrobial peptide as a potential therapy for bacterial pneumonia that alleviates antimicrobial resistance
[J]. Nature Communications,2025,16:10488.

Jiang Z Q,Vasil A I,Hale J D, et al. Effects of net charge and the number of positively charged residues on the biological activity of amphipathic
a-helical cationic antimicrobial peptides[J]. Peptide Science,2008,90(3) :369-383.

Zhang M H,Ouyang J H,Fu L,et al. Hydrophobicity determines the bacterial killing rate of a-helical antimicrobial peptides and influences the
bacterial resistance development[ J]. Journal of Medicinal Chemistry,2022,65(21) :14701-14720.

Gu L'Y,Sun C B,Chen L J,et al. Non-perfectly amphipathic a-helical structure containing the XXYXX sequence improves the biological activity
of bovine a,-casein antimicrobial peptides[ J]. Journal of Agricultural and Food Chemistry,2020,68(28) :7520-7529.

Zhang J Y,Chu A Q,Ouyang X, et al. Rationally designed highly amphipathic antimicrobial peptides demonstrating superior bacterial selectivity
relative to the corresponding a-helix peptide[ J]. European Journal of Medicinal Chemistry,2025,286:117310.

Zhu Y J,Xu W Y,Chen W W et al. Self-assembling peptide with dual function of cell penetration and antibacterial as a nano weapon to combat
intracellular bacteria[ J]. Science Advances,2025,11(6) :eads3844.

Li ] W,Shang L,Lan J,et al. Targeted and intracellular antibacterial activity against S. agalactiae of the chimeric peptides based on pheromone
and cell-penetrating peptides[ J]. ACS Applied Materials & Interfaces,2020,12(40) :44459-44474.

Shao C X,Wang Y,Li G Y,et al. Novel design of simplified B-hairpin antimicrobial peptide as a potential food preservative based on Trp-pocket
backbone[ J]. Food Chemistry,2024,448:139128.



555 EVBUR, 25 BT BRIA 8 R AT S o0 1B R it 1181

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

Li W Y, Separovic F,0’ Brien-Simpson N M, et al. Chemically modified and conjugated antimicrobial peptides against superbugs[ J]. Chemical
Society Reviews,2021,50(8) :4932-4973.

Nguyen L T,Chau J K,Perry N A, et al. Serum stabilities of short tryptophan- and arginine-rich antimicrobial peptide analogs[ J]. PLoS One,
2010,5(9) :e12684.

Svenson J,Stensen W, Brandsdal B O, et al. Antimicrobial peptides with stability toward tryptic degradation[ J]. Biochemistry,2008,47(12) .
3777-3788.

Chen H N, Dong Y H, Shi F,et al. Modulation of membrane-disruptive activity of melittin via N- and C-terminal PEGylation strategies[ J ].
Bioconjugate Chemistry,2025,36(7) :1438-1447.

Morris C J,Beck K,Fox M A et al. Pegylation of antimicrobial peptides maintains the active peptide conformation,model membrane interactions,
and antimicrobial activity while improving lung tissue biocompatibility following airway delivery[ J]. Antimicrobial Agents and Chemotherapy,
2012,56(6) :3298-3308.

Yu W K,Wang J J,Wang Z H, et al. PEGylation of the antimicrobial peptide PG-1:a link between propensity for nanostructuring and capacity of
the antitrypsin hydrolytic ability[ J]. Journal of Medicinal Chemistry,2021,64(14) :10469-10481.

Gao N,Sun J Q,Li X, et al. Overcoming delivery challenges of antimicrobial peptides for clinical translation: from nanocarriers to molecular
modifications[ J]. Drug Resistance Updates,2025,83:101289.

Kurtzhals P, @stergaard S, Nishimura E, et al. Derivatization with fatty acids in peptide and protein drug discovery[ J]. Nature Reviews Drug
Discovery,2023,22( 1) :59-80.

Lai Z H,Jian Q,Li G Y, et al. Self-assembling peptide dendron nanoparticles with high stability and a multimodal antimicrobial mechanism of
action[ J]. ACS Nano,2021,15(10) :15824-15840.

Li G Y,Chen W W,Guan H R, et al. Dendritic antifungal peptides as potent agents against drug-resistant Candida albicans and biofilm[ J].
Journal of Medicinal Chemistry,2025,68(3) :3373-3385.

Deng H R, Zhang S H,Fu Y X, et al. Advances in the delivery and application of antimicrobial peptide-based nanomaterials[ J]. Chemical
Engineering Journal 2024 ,496:154232.

Koller T O, Morici M, Berger M, et al. Structural basis for translation inhibition by the glycosylated drosocin peptide[ J]. Nature Chemical
Biology,2023,19(9) :1072-1081.

Moradi S V,Hussein W M, Varamini P et al. Glycosylation,an effective synthetic strategy to improve the bioavailability of therapeutic peptides
[J]. Chemical Science,2016,7(4) :2492-2500.

Di Donato I, Tortorella A, Campanile M, et al. Preserving antimicrobial efficacy while extending peptide longevity : effects of residue glycosylation
[J]. Archives of Biochemistry and Biophysics,2025,771:110526.

Li X,Ding Y J,Xue J W, et al. Peptide double-stapling and arginine N-glycosylation triggered the development of therapeutic antimicrobial
peptides capable of killing drug-resistant bacteria in mice[ J]. Journal of Medicinal Chemistry,2025,68(4) :4511-4526.

Jia F J,Wang J Y,Peng J X, et al. D-amino acid substitution enhances the stability of antimicrobial peptide Polybia-CP[J]. Acta Biochimica et
Biophysica Sinica,2017,49(10) :916-925.

Ong Z Y,Cheng J C,Huang Y ,et al. Effect of stereochemistry, chain length and sequence pattern on antimicrobial properties of short synthetic
B-sheet forming peptide amphiphiles[ J]. Biomaterials,2014,35(4) :1315-1325.

Di Y P,Lin Q,Chen C,et al. Enhanced therapeutic index of an antimicrobial peptide in mice by increasing safety and activity against multidrug-
resistant bacteria[ J]. Science Advances,2020,6(18) ;eaay6817.

He S Q,Yang Z Y, Li X F,et al. Boosting stability and therapeutic potential of proteolysis -resistant antimicrobial peptides by end-tagging
B-naphthylalanine[ J]. Acta Biomaterialia,2023,164:175-194.

Ouyang X, Yuan L R, Yang T T, et al. Fluorinated modification as a simple strategy that effectively enhances the stability and activity of
antimicrobial peptides[ J]. Journal of Medicinal Chemistry,2025,68(19) :20081-20102.

Meng H, Kumar K. Antimicrobial activity and protease stability of peptides containing fluorinated amino acids[ J]. Journal of the American
Chemical Society,2007,129(50) :15615-15622.

Jia F J,Zhang Y, Wang J Y, et al. The effect of halogenation on the antimicrobial activity, antibiofilm activity , cytotoxicity and proteolytic stability
of the antimicrobial peptide Jelleine-I[ J]. Peptides,2019,112.:56-66.

Shao C X,Zhu Y J,Jian Q,et al. Antimicrobial peptides : cross-strand interaction, central bending, and sequence pattern act as biomodulators of
simplified B-hairpin antimicrobial amphiphiles( small 7/2021) [ J]. Small,2021,17(7) :2170029.

Lai Z H, Yuan X J, Chen H Y, et al. Strategies employed in the design of antimicrobial peptides with enhanced proteolytic stability [ J].
Biotechnology Advances,2022,59:107962.

Wang Y H,Zhao L L,Li Z Y ,et al. A generative artificial intelligence approach for the discovery of antimicrobial peptides against multidrug-
resistant bacteria[ J]. Nature Microbiology,2025,10(11) :2997-3012.

Mwangi J, Yin Y Z, Wang G, et al. The antimicrobial peptide ZY4 combats multidrug-resistant Pseudomonas aeruginosa and Acinetobacter
baumannii infection[ J]. Proc Natl Acad Sci USA,2019,116(52) :26516-26522.

White J K, Mohanty S, Muhammad T,et al. A synthetic cyclized antimicrobial peptide with potent effects against drug-resistant skin pathogens
[J]. ACS Infectious Diseases,2023,9(5) :1056—1063.

Dolle A, Nagati V B, Hunashal Y, et al. Disulfide engineering on temporin-SHf: stabilizing the bioactive conformation of an ultra-short

antimicrobial peptide[ J]. Chemical Biology & Drug Design,2019,94(3) :1634-1646.



1182 BMoa oKk L K % % HK %49 %

[88] Datta A,Kundu P,Bhunia A. Designing potent antimicrobial peptides by disulphide linked dimerization and N-terminal lipidation to increase
antimicrobial activity and membrane perturbation ; structural insights into lipopolysaccharide binding [ J]. Journal of Colloid and Interface
Science,2016,461:335-345.

[89] Li W Y,Lin F,Hung A, et al. Enhancing proline-rich antimicrobial peptide action by homodimerization : influence of bifunctional linker[ J].
Chemical Science,2022,13(8) :2226-2237.

[90] Gunasekera S,Muhammad T, Stromstedt A A, et al. Backbone cyclization and dimerization of LL-37-derived peptides enhance antimicrobial
activity and proteolytic stability[ J]. Frontiers in Microbiology,2020,11:168.

[91] Liu B J,Huang H F,Yang Z B, et al. Design of novel antimicrobial peptide dimer analogues with enhanced antimicrobial activity in vitro and in
vivo by intermolecular triazole bridge strategy[ J|. Peptides,2017,88:115-125.

[92] Yamauchi R, Kawano K, Yamaoka Y, et al. Development of antimicrobial peptide-antibiotic conjugates to improve the outer membrane
permeability of antibiotics against gram-negative bacteria[ J]. ACS Infectious Diseases,2022,8(11) :2339-2347.

[93] Wei X B,Wu R J,Si D Y,et al. Novel hybrid peptide cecropin a(1-8)-LL37(17-30) with potential antibacterial activity[ J]. International
Journal of Molecular Sciences,2016,17(7) :983.

[94] Fung SY,Yang H,Sadatmousavi P et al. Amino acid pairing for de novo design of self-assembling peptides and their drug delivery potential[ J].
Advanced Functional Materials ,2011,21(13) :2456—-2464.

[95] Li G Y,Chen H Y,Chen W W, et al. Self-assembled nanopeptide dendrites with high antifungal activity and protease hydrolytic stability for
fungal keratitis treatment[ J]. Journal of Nanobiotechnology,2025,23(1) :577.

[96] Li G Y,Deng H R,Xu W Y, et al. Combating antibiotic-resistant bacterial infection using coassembled dimeric antimicrobial peptide-based
nanofibers[ J]. ACS Nano,2025,19(3) :3155-3171.

[97] Konig N,Szostak S M, Nielsen J E, et al. Stability of nanopeptides ;structure and molecular exchange of self-assembled peptide fibers[ J]. ACS
Nano,2023,17(13) :12394-12408.

[98] Li C K,Warren R L,Birol I. Models and data of AMPlify:a deep learning tool for antimicrobial peptide prediction[ J]. BMC Research Notes,
2023,16(1) :11.

[99] Yang S,Yang Z X,Ni X Y. AMPFinder;a computational model to identify antimicrobial peptides and their functions based on sequence-derived
information[ J]. Analytical Biochemistry,2023,673:115196.

[100] Ruiz-Blanco Y B, Agiiero-Chapin G, Romero-Molina S,et al. ABP-finder:a tool to identify antibacterial peptides and the gram-staining type of
targeted bacteria[ J]. Antibiotics,2022,11(12) :1708.

[ 101] Gull S,Minhas F. AMPO:species-specific prediction of anti-microbial peptides using zero and few shot learning[ J]. IEEE/ACM Transactions on
Computational Biology and Bioinformatics,2022,19(1) :275-283.

[102]Li Y R,Xu X H,Zhang X H,et al. Broad AMP-GPT; Al-Driven generation of broad-spectrum antimicrobial peptides for combating multidrug-
resistant ESKAPE pathogens[ J]. Gut Microbes,2025,17.2523811.

[103] Wang Y K,Li M L,Huang F,et al. Controllable generation of pathogen-specific antimicrobial peptides through knowledge-aware prompt diffusion
model[ J]. Advanced Science,2025,12(41) :e07457.

[ 104] Capecchi A,Cai X G,Personne H,et al. Machine learning designs non-hemolytic antimicrobial peptides[ J]. Chemical Science,2021,12(26) .
9221-9232.

[105] Torres M D T, Brooks E F,Cesaro A, et al. Mining human microbiomes reveals an untapped source of peptide antibiotics[ J]. Cell,2024,187
(19) :5453-5467.€15.

[106]Shen H,Li Y R,Pi Q J,et al. Unveiling novel antimicrobial peptides from the ruminant gastrointestinal microbiomes:a deep learning-driven
approach yields an anti-MRSA candidate[ J]. Journal of Advanced Research,2025,77.821-835.

[107]Fan S,Qin P,Lu J,et al. Bioprospecting of culturable marine biofilm bacteria for novel antimicrobial peptides[J]. IMeta,2024,3(6) :e244.

[108]Xu J Q,Xu X, Jiang Y H, et al. Waste to resource ; mining antimicrobial peptides in sludge from metagenomes using machine learning|[ J].
Environment International ,2024 ,186;108574.

[109] Torres M D T,Wan F P,de la Fuente-Nunez C. Deep learning reveals antibiotics in the archaeal proteome[ J]. Nature Microbiology,2025,10
(9) :2153-2167.

[110]Guan C G, Torres M D T, Li S F, et al. Computational exploration of global venoms for antimicrobial discovery with Venomics artificial
intelligence[ J]. Nature Communications,2025,16:6446.

[111]Fang Y P,Fan D Y,Feng B, et al. Harnessing advanced computational approaches to design novel antimicrobial peptides against intracellular
bacterial infections[ J]. Bioactive Materials,2025,50:510-524.

[112]Gao H,Guan F F,Luo B Y, et al. DLFead AMPGen de novo design of antimicrobial peptides by integrating features learned from deep learning
models[ J]. Nature Communications,2025,16:9134.

[113]Li T T,Ren X B,Luo X L,et al. A foundation model identifies broad-spectrum antimicrobial peptides against drug-resistant bacterial infection
[J]. Nature Communications,2024,15.7538.

[ 114] Szymezak P, Mozejko M, Grzegorzek T, et al. Discovering highly potent antimicrobial peptides with deep generative model HydrAMP[ J]. Nature
Communications, 2023, 14 1453.

[115] Wan F P, Torres M D T, Peng J, et al. Deep-learning-enabled antibiotic discovery through molecular de-extinction[ J]. Nature Biomedical
Engineering,2024,8(7) :854-871.

[116] Huang J J,Xu Y C,Xue Y F,et al. Identification of potent antimicrobial peptides via a machine-learning pipeline that mines the entire space of



555 EVBUR, 25 BT BRIA 8 R AT S o0 1B R it 1183

peptide sequences| J]. Nature Biomedical Engineering,2023,7(6) :797-810.

[117]Xu Y Z,Dong M M, Wang Q,et al. Soluble expression of antimicrobial peptide BSN-37 from Escherichia coli by SUMO fusion technology[ J].
The Protein Journal ,2023,42(5) :563-574.

[118]Ri C H,Li S R,Paek C I,et al. Functional expression of an antimicrobial peptide,belonging to halocin C8 family,from Natrinema sp. RNS21 in
Escherichia coli[ J]. Extremophiles,2023,27(3) :21.

[ LI 5L MR ., W T AR, 45, (5 S IRHE R AT B 40 R e WS S o e [ 0] AR TR 443K, 2021 ,41(5) :87-93.

He R Y, Lin F Y, Gao X D, et al. Research and application progress of signal peptides in Escherichia coli secretion systems [ J]. China
Biotechnology,2021,41(5) :87-93(in Chinese with English abstract).

[120]Lai W S,Kan S C,Lin C C,et al. Antibacterial peptide cecropin B2 production via various host and construct systems[ J]. Molecules, 2016,
21(1):103.

[121]Zhao L,Li L,Xu Y H,et al. Heterologous expression and activity of a-helical antimicrobial peptide SW in Bacillus subtilis[ J]. Biochemical
Engineering Journal ,2024,203:109224.

[122]Li W,Wang X, Chen K Y et al. Engineered Bacillus subtilis WB600/ZD prevents Salmonella infantis-induced intestinal inflammation and alters
the colon microbiota in a mouse model[ J]. Veterinary Research,2025,56(1) :35.

[123] Mohamed G,Ji A,Cao X Y, et al. A small antimicrobial peptide derived from a Burkholderia bacterium exhibits a broad-spectrum and high
inhibiting activities against crop diseases[ J]. Plant Biotechnology Journal ,2025,23(2) :430-441.

[124] Hodaei M H, Anduhjerdi R B, Fallah Mehrabadi J, et al. Cloning and expression of the L1 immunogenic protein of human papillomavirus
genotype 16 by using Lactobacillus expression system[ J]. Gene Reports,2019,17:100521.

(125 3, T3, EMEE, 4 PURIK BSN-25 VR B FLIR B 3k M R B MR AT RS 2 [ 0] P A TR A, 2025,45(9) : 14-25.
Wang J,Yu H,Wang Y Z, et al. Characteristics of antibacterial peptide BSN-25, construction of its lactate expression system and identification of
its activity[ J]. Chinese Journal of Biotechnology,2025,45(9) :14=25(in Chinese with English abstract).

(126 ] BABIH , 285 X Bk, 56 PURIIK Stomoxyn A T2 FLAR KI5 AW BRI VERT L[ )], o R & A4k, 2025,61(7) :388-394.

HuM Y,Li Y W, Zhao L, et al. Expression and antibacterial activity of recombinant lactic acid bacteria containing antimicrobial peptide
Stomoxyn[ J]. Chinese Journal of Animal Science,2025,61(7) :388-394(in Chinese).

[127]Li X,Qiu P F,Yue M L, et al. Expression of recombination antimicrobial protein PIL22-PBD-2 in Pichiapastoris and verification of its biological
function in vitro[ J]. Veterinary Research,2025,56(1) :52.

[128] Akbari A, Talaee M, miR-Derikvand M, et al. Heterologous expression and optimization of the antimicrobial peptide acidocin 4356 in
Komagataella phaffii to target Pseudomonas aeruginosa[ J]. Applied Microbiology and Biotechnology,2025,109(1) :231.

[129]Zhao Z H,Zhang C X, Li J, et al. Effect of tandem repeats of antimicrobial peptide CC34 on production of target proteins and activity of
Pichiapastoris[ J]. Protein Expression and Purification,2023,212.106342.

[130]Jiang R J,Zhang P F, Wu X L, et al. Expression of antimicrobial peptide cecropin P1 in Saccharomyces cerevisiae and its antibacterial and
antiviral activity in vitro[ J]. Electronic Journal of Biotechnology,2021,50:16-22.

[131] Rossouw M, Cripwell R A, Vermeulen R R, et al. Heterologous expression of plantaricin 423 and mundticin ST4SA in Saccharomyces cerevisiae
[J]. Probiotics and Antimicrobial Proteins,2024,16(3) :845-861.

[132] Yang W T,Zhou L,Zhuo J T,et al. Expression of secreted antimicrobial peptide in a marine diatom;P. tricornutum[ J]. Algal Research,2023,
75:103270.

[133]Han S B,Shao Y P, Liu P et al. Effects of oral delivery of two antimicrobial peptides CATHPb1 and As-CATH4 by bait microalga[ Tetraselmis
subcordiformis( Wille ) Butcher ] on resistance to bacterial infection in turbot ( Scophthalmus maximus L.) [ J]. Aquaculture Reports, 2025,
42.102803.

[134]Wan M L Y,Ling K H,Wang M F,et al. Green tea polyphenol epigallocatechin-3-gallate improves epithelial barrier function by inducing the
production of antimicrobial peptide pBD-1 and pBD-2 in monolayers of porcine intestinal epithelial IPEC-J2 cells[ J]. Molecular Nutrition &
Food Research,2016,60(5) :1048—1058.

[135] Zhang S H, Xiong L, Cui C, et al. Maternal supplementation with Artemisia annua L. ameliorates intestinal inflammation via inhibiting the TLR4/
NF-«kB and MAPK pathways and improves the oxidative stability of offspring[ J]. Food & Function,2022,13(18) :9311-9323.

[136]Kim S J,Lee H K,Kang K S, et al. Korean red ginseng polysaccharides enhance intestinal IgA production and barrier function via peyer’s patch
activation in mice[ J]. Nutrients,2024,16(22) ;3816.

[137]Gao N,Dou X J,Yin T,et al. Tryptophan promotes intestinal immune defense through calcium-sensing receptor ( CaSR ) -dependent metabolic
pathways[ J]. Journal of Agricultural and Food Chemistry,2021,69(45) :13460—13473.

[138]Ji Y,Fan X X,Zhang Y C,et al. Glycine regulates mucosal immunity and the intestinal microbial composition in weaned piglets[ J]. Amino
Acids,2022,54(3) :385-398.

[139] Ren M, Cai S, Zhou T, et al. Isoleucine attenuates infection induced by E. coli challenge through the modulation of intestinal endogenous
antimicrobial peptide expression and the inhibition of the increase in plasma endotoxin and IL-6 in weaned pigs[ J]. Food & Function,2019,
10(6) :3535-3542.

[140] Jiang J, Zhang Y, Indra A K, et al. la, 25-dihydroxyvitamin D3-eluting nanofibrous dressings induce endogenous antimicrobial peptide
expression[ J ]. Nanomedicine,2018,13(12) :1417-1432.

[141]Yang B J,Liu C Y,Huang Y N, et al. The responses of Lactobacillus reuteri LR1 or antibiotic on intestinal barrier function and microbiota in the

cecum of pigs[ J]. Frontiers in Microbiology,2022,13.877297.



1184 BMoa oKk L K % % HK %49 %

[142]Liu H B,Hou C L, Wang G,et al. Lactobacillus reuteri 15007 modulates intestinal host defense peptide expression in the model of IPEC-J2 cells
and neonatal piglets[ J]. Nutrients,2017,9(6) :559.

[143] Molina P C,Hussey G S, Eriksson J,et al. 4-hydroxybutyrate promotes endogenous antimicrobial peptide expression in macrophages[ J]. Tissue
Engineering Part A,2019,25(9/10) :693-706.

[144]Zhang J,Luan L,Xu Y D, et al. Development of novel broad-spectrum amphipathic antimicrobial peptides against multidrug-resistant bacteria
through a rational combination strategy[ J . Journal of Advanced Research,2025,77.747-762.

[145] Je%2i) , ZAB10 i, 4. EAPTRIK BMAP27-LL37 X4 Joap S MO BEG MEDT [ 1] 45 8 2% ,2025,57(12) : 110~ 115.
Long A Y,Jiang C H, Yang Q,et al. Antialgal activity of recombinant antimicrobial peptide BMAP27-LL37 against Prototheca bovis[ J]. Animal
Husbandry & Veterinary Medicine,2025,57(12) :110-115(in Chinese with English abstract).

[ 146]Zhang R, Tang L,Wang Y S, et al. KK2DP7 stimulates CD11b *cell populations in the spleen to elicit trained immunity for anti-tumor therapy
[J]. Advanced Science,2025,12(23) ;:2500032.

[147]Geng S Z,Xiang T T,Shi Y R, et al. Locally producing antibacterial peptide to deplete intratumoral pathogen for preventing metastatic breast
cancer[ J|. Acta Pharmaceutica Sinica B,2025,15(2) :1084-1097.

[148]Xia J,Lu Z,Ge C R, et al. Impact of antimicrobial peptide hidefensin 5 as a feed additive on the aquatic environment and fish gut antibiotic
resistant microbes[ J]. Journal of Environmental Sciences,2026,167:578-589.

[149]Wu Y Y,Zhang H H,Zhang Y G et al. Lysozyme supplement enhances antioxidant capacity and regulates liver glucolipid metabolism in weaned
piglets[ J]. Frontiers in Veterinary Science,2025,12:1721300.

[150] Teng Z W, Meng Q, Ren M T, et al. The effects of recombinant pBD2 on the growth performance, antioxidant capacity, immune function,
intestinal barrier,and microbiota of weaned piglets[ J]. Microorganisms,2025,13(7) :1443.

[151]Gao M Y, Wang Z L.,Zhao H F et al. Safety and effects of scorpion-derived antimicrobial peptides as an alternative to antibiotic growth promoters
in broilers ; growth performance ,immune function,and intestinal development[ J]. Frontiers in Veterinary Science,2025,12:1677663.

[ 15200 SCHe , ARBEMR, 228 pFE. A0t DX A LIS A T B 119 25 6 B AR M 26 70 T RO 2B W BB s T B[ 7). B S 5 2%, 2024,
56(4) :78-83.
Lai W T,Yu M L, Jiang Z Q. Isolation and identification of Escherichia coli from cow milk in Hangzhou and intervention of xylitol combined with
antimicrobial peptides on biofilm formation[ J]. Animal Husbandry & Veterinary Medicine, 2024,56 (4 ) ;7883 (in Chinese with English
abstract) .

[153]Hu M Y,Cha S N,Li Y W,et al. A food-grade antimicrobial peptide from Lactococcus lactis :a potent and stable bio-preservative against Gram-
negative pathogens in orange juice[ J]. Food Control,2026,183:111922.

[ 154 ] Simons E, Yakir I,Malach E, et al. Modifying antifungal peptides as safe food preservatives[ J ]. Journal of Agricultural and Food Chemistry,
2025,73(29) :18420-18427.

[155] Selvaraj S P, Chang J C, Raja K, et al. Novel self-assembled antimicrobial peptide pardaxin hydrogel as a functional biomaterial for food
packaging and preservation[ J]. Chemical Engineering Journal ,2025,525.170727.

RIEHE: F AL

SRR, AR R YRl HR A B T RV AR AR LA s R e
VLA Bl A o A2 M AR BB A PRIETTAS L5 T AR5 A, 2 s e AR s AT A1
O AT RIS B BOR R 2 s E IR 5 R 22 PR Animal Nutriomies F1( 8T 7 P = ) (1]
BHEYE) SR A 22 . 2 SR TG PR IO™ b B ) T, E4r 5K A R Bh A2 2R i b 7 40
ENEEENy a p R R S-Sy AR S P e S S N R R R o Sy Sy AN L )
S BRI BRI H 12 T AR ARIEIC 48 F b SCIIRSC 42 F  EST M 9511830 4 5 3 574
[ K R LA 20 1F; Z4mEAE 138 ARRTe T [ 2 — 285 1 T fleR sh AR RO RHE 2 1 33T, 2021
AR BN AR BT B2

:
&,

Bl AU REE B IR RV R S EEOT RIS ENA R R A2
ST O [ 55 BEBUN R L 5 B B8 el 0 5 A A e e AR U AT A
I o HAT [ 55 Besr i 2 5 22 BRI | AP 3 B BR o 2 B R s B R 2 s xR B [
FASE AN R BB E S B RRL Tolk B2 AR PR R 22 51 2o Rl AT A2 [ Jehi ™ Rk 21
IR S R R 2 ] o e 2 D R BT K B A BRI AR S5 . R B RDR B IR R 1
YT R AEARETE AR E 5K 863 113,973 T4 | [ 5 [ ARk 8 ol I H /PRABLAE 60 AR5 4K
I F BB — A AR R e ER A RBR o SRR TR — % AR L b
B2 18 30, SAUE R R IIL A 134 A LR AR 954 6, b SCLIESC 367 i, ESI midls1ie

SC20 . HPTAIAGAR A TSGR M AL B 5 0BTk % e 5 B R 07 7 B 4 4



