(DGR

Acta Microbiologica Sinica

2019, 59(8): 1419-1428
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20180420

M 1 = AT 244 F A Rt R
IWEY, BaE L, ks Y

Review

PR TSR IR Y R R AR, ER TUEGR IR RE #0501l s 610041
2 U RAFEAETY 1 s B e 23 AT BB, DUJI LS 610041

mE:

MM G R AT 2R+ o0, SR IR 25 T AT BT R 25 E i 25 55 2 . PR

JIk(antimicrobial peptides, AMPs)JES A RSP ZIYIZ — o BIREH I, AMPs {5 drdi i
FRFR) g S (AN 22 5 1R )02 B TR 24, (LR Ry S AR TR 1) R 1 47 S ks DR 5 72 AR 240 T 24 P 1407 A 2
HET AR, LA, —S4i P IA on T HREEAE 5 AMPs R/ FHIE S5 1E EA0MIL A2 088 T, AHRL 40
B B AL L (o HEXA T I AMPs 77 A= He it IX RIS SR I AR AL 38 32 5 o IR LB 25 LR A9 K B

X AMPs BTFRARH TRk . ASZRIALAN XS AMPs (i 25 i 70F-HL EAT 1 OFFE ok e ) s 4

IHH

XHATFIE AMPs 551 T 07 RS SCHTIE AR SCHLIIBIF TS EA T 709l LTS 33K B8 X6 S0 i 24 8 F) SRt
KR M YE, 1 ERIEAR, AN, SERE, BREERR, NRZHE

XL P A R AT 25 FE R 4y, Al
REA HURGIRYT EOH BN BT[], 98 58 [ i
254 FhuC (American Centers for Disease Control)f)
BRI, W25 Y e 2013 S8 T K E
200 £ 77 A Al 23000 AsET-M, ik, Sk
Pt 25V 8 BLBT IR 25 ) E U M 5 2 . BUA
fik (antimicrobial peptides, AMPS)J& 24 54 A 5
FIPLH 258 2 — o AMPs 2 EPEZRE, 38 H77 1E
HAT, MR B S 25 T s FE R ARy 1 mT 7 A
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1.1  AMPs it 25 B9 4R S S ML

111 REZEAMESEBREBIEM: ALk
AL AMPs 558 H, X EE H e iEa S
AMPs 25453k BL1E AMPs 5541 (42 fk . X R
SN R AV N S s W B N
(Staphylococcus aureus) = £E FY % 7 BR 14 B4 i
(staphylokinase) . iX F i AT L5 HNP-1-3 JE s &
P, S & PTETEEE TR 80%Lh 1P, HEEkE
*MAAM 77 (streptococcal inhibitor of complement,
SIC) Al H %5 AMPs 44y, fli 520,
RSN AR DNA 41 A0 i 40 3 o i
o B RN, LIPH T AMP 20 BT e 1B 2%
MBI, X AN T2 B F AMPs 7
A L HE R B AR, DABH LR B AT T AN 4 T 422 ik
DAL M A 1 ol P B v 1) 24 O e 2 A R XS 2 g s
A — E M . Wang Z5B% 3SR BRI
TEIE AR X5 8 AMPs GH12 RYHIRBLAE
2% EI, HEMAEEKE R ZEEELN 0
8 mg/L ¥ % 256 mg/L, RPHALHTRE Sy A AR My
AFTESE 1 BCA %
112 ZEEBR AMPs BIZKER: —SelA) 2
JV& W e S P 8 ST AT AT AT R 2R A AN KT
AMPs BFE 2 X S I A A2 R i B
LR IR S, aureus BE Y 4 JE AR
(aureolysin)*?, py &7 A8 4T B (Proteus mirabilis)
B4R & zapAM, LI S. pyogenes F¢
TR (A e S R 2 1 6 SpeBM., Sl I &
ek A ZH i Il 5EBR T (group A Streptococcus, GAS)
3 W W JEL 15 Ak B B T (plasminogen-activating
streptokinase) AJ F Z 40 MU R BRI PR AR BB, ATl
LL-37 Fefg U S 4h, o thai v K b B A 1A
(enterohemorrhagic Escherichia coli)f= 315 B4 MK
I OmpT JF A sk e LL-3704
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* 1. MERWZE S FHLE
Table 1. Molecular mechanisms of bacteria resistance to antimicrobial peptides
Mechanisms AMPs Bacteria Structure/protein References
Extracellular ~ Entrapment by surface  HNP 1-3 S. aureus Staphylokinase [9]
mechanisms  proteins LL-37 S. pyogenes Streptococcal inhibitor of [10]
complement
Entrapment by surface ~ GH12 S. mutans Extracellular matrix [3]
polysaccharides
Proteolytic processing  HBD-1 P. mirabilis Metalloprotease [11]
of AMPs LL-37
LL-37 S. aureus Aureolysin proteases [12]
LL-37 S. pyogenes Cysteine protease [13]
LL-37 enterohemorrhagic E. coli Outer membrane protease T [14]
LL-37 group A hemolytic Plasminogen-activating [15]
Streptococcus streptokinase
Modifications  Inhibition of capsular HBD K. pneumoniae Capsule [16]
of cell surface  polysaccharides HBD-3 S. mitis Capsule [17]
and membrane LL-37
HNP-1 F. nucleatum Capsule and biofilms [18]
Aminoacylation of LL-37 group B Streptococcus Teichoic acids [19]
teichoic acids Polymyxin B
Magainin 2
HBD S. aureus Teichoic acids [20]
Lysostaphinn S. aureus Teichoic acids [21]
LL-37 S. aureus Teichoic acids [4]
PBP 10
Melittin
OP-145
LL-37 group B Streptococcus
Magainin 2
Polymyxin B
Modification of LPS Polymyxin B P. gingivali LPS [22]
Polymyxin B V. cholera Lipid A [23]
Polymyxin B V. cholera LPS [24]
Polymyxin B S. typhimurium LPS [5]
Polymyxin E. coli LPS [25-26]
Aminoacylation of Daptomycin  S. aureus Phosphatidylglycerol [27]

phosphatidylglycerol

1.2 AMPs it 25 B 41 LR mALH]

121 RRESVEHPAERMFIE: ALednmnr R
BT 2RISR, BHAT AMPs FI4H
PR 2 THT Y il o il 4% vE E A A (K lebsiella
pneumoniae) i IEMEFHL IE T TLR2 1 TLR4 Zi&[)

B 2 FI R A% N F--xB i % (nuclear factor-xB,

NF-wb) . 42 K 5 i& b & 15 8 ig
(mitogen-activated protein kinases, MAPK) i
M HBD A0, S JLAESR, STl
AT 245 6 T A R T S 2 A b, i ARk
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Bl (Streptococcus  mitis)t i) A FHSERE, %} HBD-3
A LL-37 P 2200, AR, A e A
HAZALFF I (Fusobacterium nucleatum) s i 18 12 [
TRRSEE B E . o 348 5 R TR BT B )7 A X A A
P9 HNP-1 fi 2410
1.2.2 BEREFRMERLAL: A IEHATHY AMPs AL
B AN M B L BE ) R AT ], (R A
(S e 34 N RN ) | .31
W, BRI T Z R E T o RS 2 BV
Ao W IE LA Y 43 e A% B A0 i BE T 0% B RE R
(teichoic acids, TA) I+, 4B 24X} AMPs [
FHOPERY X 32 2R D-I AR XT TA
AL, HA—E 3RS0 4 DX
D-IN A Bt At B2 A2 . i dItA Zifid i) D-INZ
Pk 2 AR TR (1 3% 322 16 (D-alany| carrier protein ligase,
DCL)E Sl T} ATP ififk D-INZRR, 1E ditD %ifi%
) DItD &AM IT, HE A KL LR H
ditC ZiA%fY) D-PN %R 381455 11 (D-alanine carrier
protein, DCP) I Hi dItB Zif (¥ DItB J&—Fli 5 i
HH, 25 D-alanyl-DCP & G1AM B IR 15, 15
WAL, D-SRERR A 7 3 40 T ML i Wi i 1 28 1

D- N 2 R E HL A B2 B AT E s TA
¥ B HL AT, UGS 9 D-IN A BERR S5 H 5 1T TA
IINRE, BEBGI 7R 2L AR X AMPs TR 2
P, ZZD S. aureus R 2 WEEERR ) D- 7N 2 e AL i
TR RRBRERR R VE I, IE)S, Malanovic 25
WX PBP 10, LL-37., ##EfkAH OP-145 %5 AMPs
Pl ML P O SO AT T PRA ik . A
REFATHERERR D-N 2 Mt ALY AdIt SR FE k23 %7 FHES
¥ AMPs FY U 53— TSI B FE s A BE
bR T dItA B B LA I B BR R AT A AR 55 1
2 AN, D-INE BT A IR SRRk 2 5% i
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(38 i 2 7628 (8] _EBHAS AMPs i AAR, I
BT ILXT AMPs FHPER,

1.23 JREFERGBME: AL A R ] & A4
TEF 2 BAYEE Y . I 2B (lipopolysaccharide, LPS)
LT 2 MM . LPS Mg A BLATHE 7
HLfr, BIHT 2 A Ag B B i, HO B A TR
ST LU 4 B 20 EEEARE . B I 4-200k-4
Jii 4 BT B A B (4-amino-4-deoxy-L-arabinose
L-AradN) 5 # B2 £ B % (phosphoethanolamine,
PEN) RT3 g Z2 WE (R 544, DA T Hh R0 248 71 6 T 1Y)
T, XA VE BN 2 P gingivalis 7 2E
it 240k i ML WiAE R E g, N —
D 2 8 5 A T %) 240 T 245 1 0 B i 1

R H R IR A FEVD ] B (Salmonella typhimurium)
A g iE L 1ZBE Z WIS X — R 51 AMPs 74
T 2450, LPS B AL A P 7T ARG 40 57 2 1 1) £
fif . Matson 222V 1 FEFLINEE (Vibrio cholerae)
() msbhB JEHXT R A etk 2 odn, HH
TS T AN AMPs FOBTZGTE . 5 LL0RTSE
W] V. cholerae 1) 75— AL, almEFG J&i 3 F 4
5T LPS AR, 51 T 4 2R R
(polymyxins) i 24 P, B A SCHAY, HhIE
FFERT 2016 AR IEHRE 1 2R 1R R i 24 3[4
mer-1, mer-1 7] G bR O BERic s A0, R AF
FfEF Bk pHNSHP45, J&C AHIH — RS EAR
[ BRTAk [R] K- 5 A% 1) 2 K T R Pk £ 0 P, Gao
SEPON E. coli ZEM 25 TRk 4 B AR A HAT 2R
PR PUPER TR WH12, JF )42 B HA 4
mer-1 Jioki pWH12, pWH12 () 4 45 i
KIMHRWE T ok pHNSHP45, {H &4 T L
A5, AERA T mer-1 kAR 2 R

1.2.4 BEASHEH MR EMEAL : 40 50 20 s 32 %2
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Ay, BEAEEH I (phosphatidylglycerol, PG)tAf
DA 81 2 PR SRS 2l PR A I o R 2 Tk 3% O 7k il
(lysyl-PG) #& % MprF ZE [ (multiple peptide
resistance factor, MprF)& ik, MprF 762 % BHPE TR
AR 22 BV h A S RS, & —1> 97 kDa %
BEEE T, I EPIATIRR . C RunZSHi i o3
FELEVIE R, DL PG FIi 2 IHE-tRNA SH R
A RO A BB ARIEH I, N A, BB )
B, D067 oo Mt 2 R Ik H i 8% 2 A
HEHNE lysyl-PG I MprF AUFRIS 1 55 A A N
55 k4675 3 (daptomycin, DAP)HIHR N SN D)
HIXKEN, ZR AR E PG A BRI &
FEXT AMPs BUAIRHLIE Y, A48 7 R IR T

@ A A

Entrapment by
extracellular polysaccharides

(B)

Entrapment by
capsular

. in teichoic acid
polysaccharides

Entrapment by
surface proteins

.Acylation of D-alanine -

(Clostridium perfringens) . Z£% ¥k (Enterococcus
faecalis) . i £ {5 5 i1 F# (P. aeruginosa) . 4542404k
¥ & (Mycobacterium tuberculosis) . % JH FF B
(Bacillus anthracis) , 4t & 2 i1 F (Bacillus subtilis)
F1BR 7 BR 1 (Enterococcus faecium).

Zi b, WA 1 T RES, R B9 AN Rl A
AMPs JE A IR, F R 20 L5 2 11 S Z2 0%
SEAT LR, BT I AR 1 R A A A R B b Y
AMPs; 4 AMPs ZA LT AN I, R 4 R L R]
R FH 6 % BELFR L 5 200 T N B A s T4 AMIPs
BN IR AR 0 32 2 B An——AH BB, 20
SCR] A I Z A i 2R i Aok s> AMPs 5 A TR
JH60 IS ) e L O

A

\’
/7“

Proteolytic process

(Y

Aminoacylation of

Modification of LPS = phosphatidylglycerol

1 HAEXE R Z 5 L6

Figure 1.
Modifications of cell surface and membrane.

Molecular mechanisms of bacterial resistance to antimicrobial peptides. A: Extracellular mechanisms; B:

http://journals.im.ac.cn/actamicrocn
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2 HREGHKRE X XA KB
AMPs Tif 24 AL %

Bt kB, EN A HZEEE T AMPs A]
TER N MR T 25 0k, T 25 0K 7 A AR AR P Tid
P BAARARED I ELAN T A] e A XA T b
AMPs Filfg 3 i E AMPs (1458 it

£ Habets F1 Brockhurst™®™ i 5 e 1 14 1% v
Jinwd (Pexiganan)Zb B f5 %) S. aureus HEZAL)E,
AL RN 2 B R BE, TN B P NRE Y S. aureus
T AN AMP HNP-1 R BLH T 58 Xtk .
Dobson %1% fxt44 8 AMPs Iseganan ., 5
TR T 24 Y B R w Ry L, 2SRRI, X SETE
PRIIAGITYE AMPs 3820 77 A6 i 25/ T A 40 TR 7E
BN HUR N A R 25 T X DAP it 25 1
i FHA PY bR B 4 B 68 ) 45 BRI (methicillin-
resistant Staphylococcus aureus, MRSA) 5 HNP-152
i LL-3782 [ oA e A8 S P o Rl IR SR
RIT ARG, B MRSA i 515 E R i
/INHR$T 1 25 1 (platelet microbicidal protein, tPMPs)
138 Xt 251,

H—Jr i, #EETNIEME AMPs i X—T-Ben]
PATEN ] DAP Z ik Hh X DAP A 58 Ui 2
B RRE . Lofton 257k B0 FH 5 A3 3o 18 vk i

LL-37 Ay B 1 71205, S. Typhimurium LT2
X AMP CNY 100HL 1% 4 72 A 1T 2651 . 4
5T Waa Bl waaY LN RS 5 T ket %
BRI SE M2y, X FEEA 2 T LPS A% — B¢
Wik . JFH, B rBFsE T HE T T RA
AOARDT, PRIX L5808 20 B 0 1 3 b |k Ly 1 A
FFIE PR AR /B

PG, 0k 2 S&5ny, WY AMPs FINRYT
£ AMPs 2 [B] (%532 SUIR 2 /& — R i DG & o il
FAANBEPERIIGITIE AMPs 5, 4018 A] REXT A
86 E O A 27, R, A5 P JEYE AMPs
IAS SCHUPEAR AT R 5 [ E 40 I X HAYTPE AMPs 1T
27k

3 J\P/lﬂiﬁ:l%%

AMPs JE R E L BT YT, B 5E R E
Mt 25 4 2251 % P IRPE AMPs. I, 7618 VAT
P AMPs (it e SNHBUR G 2 O A
BN IR Z TR R, PR s i &8 T
XoF N PR 2 B Rk, AT BT A DGR 25 ML, A
ST 25N mer-1PpaRiE . etz Ah, 4Tk
A RS2 8 FH A AMPs , TR 24155 0 Uk 22 78 3
RFSE P R sl 2 . HRTIRATAT 4R AMPs
i 25 PE AL T AR A R, {CH R i i 1B 52

F 2. BITME AMPs 075 £ RHEIRK A 32 ¢

Table 2.

Cross-resistance between therapeutic AMPs and host-defense peptides

Bacteria resistant to therapeutic AMPs Corresponding resistance to host defense peptides References
Pexiganan resistant S. aureus Resistant to HNP-1 in vitro [31]
Iseganan and pexiganan resistant S. aureus Arrise in livability in vivo [10,32]
Daptomycin resistant MRSA Resistant to HNP-1 in vitro [33]
Daptomycin resistant MRSA Resistant to platelet microbicidal protein in vitro [35]

Bacteria resistant to host-defense peptides Corresponding resistance to therapeutic AMPs
LL-37 resistant S. typhimurium Resistant to CNY100HL in vitro [37]

actamicro@im.ac.cn
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7 TS 24V S B 8 RS 24 AL o X0 A DG 58 A8 ke
PR R, (HERIA R, AXERIL,
ANGE B 2 PR D R 2 DI PE TR, AT 3 2k —
sLAHLE = A %F AMPs BTt 250, ARG
AMPs | J3WATE I . ) D28 2008 K 22 Ik Ak ) g
REME H M BHFY AMPs (H#5 & BRI % H R A
HZEte, Hiit AMPs BIBLHIHA 25 F% BHM:
A RE R, 5 R KR A R, R
== TR PE 240 0 ) 4 A v R SROBE & A, iR 2R
YRS R, B2 MM a4, H
A HA RGN AT, A Be X HE A T n
TLABKIS X AMPs 401 .

It HaxX i 250 8 vl e 5 N A S s i R
SRBIERA A 28 L 25 56 2 o JLFI AMPs [R5k
FAECHE AMPs/HLAE 23 AT DLk S 48 B 0T o 5
AMPs [ 25 % 22 it 2510%) ) DAP Mg
B 22 I FH AT A AR KO PN B 48 R TR I A8 5 1A%
N 43 AT 7 B 2% AN T BE A0 E. faecium
IR AR HE—B R A, AR ERHEETBER L
3 38 F R v A 2 B R T Y E L e, B
DAP i 4 B 2 181 i W BT, AT 1S 58 DAP YA T g
1o FEF TR, YAEEE T iR R, i
HREZMM T EEN E. faecium Xf LL-37.
HNP-1 I tPMPs 1, 5 sk

bt N — P E AR KRR, FXHiA: R
2P RIS O Bl A R 38 2R R 1 L T AL E A
BN AT 25 L5 2 TH . A ET X AMPS Tif
251 B 43 AL AR RADTEAF I R HERE, (AR
Z R AT BB AL TR SR B (K R
TEFRATTRE AMPs A1 FIATL I i 20 TR T 245 44 ) 2R Ao
AR T FHENEITE AMPs 8930, KT
HELF S AL . (RSP RA5RM

28, W, EibiE T AMPs i 2 K AL
14 55 I I, 3o ik S AR R BT (193R 97 E AMPs
PR BN . RE AR, RNV
(8BTS TR SR LR T 8 A 7 B )i 24 T e e 11 1
P, TRZIPEARANBXT AMPs (it 25 L =2
AJ R R 22

Z % MW
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Abstract: Bacteria have developed severe resistance to traditional antibiotics, demanding novel antimicrobial
agents to overcome resistance. Antimicrobial peptides are promising novel antimicrobial agents. Owing to
preferential attack on the cell membrane, antimicrobial peptides will not lead to widespread resistance, although
their recognition of specific targets might cause genetic mutations and resistance of the targets. Additionally, some
bacteria can overcome endogenous antimicrobial peptides and survive with the host cells. The corresponding
defense mechanisms of bacteria also bring cross-resistance to therapeutic antimicrobial peptides. The resistance
mentioned above poses a challenge to the development of antimicrobial peptides. In this review, we summarize the
research progress in studying the mechanisms of antimicrobial peptides resistance, to provide the reference for
developing strategies to fight bacterial resistance.
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