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Abstract

Antimicrobial peptides (AMPs), also known as host defense peptides (HDPs), are usually small
peptides composed of 7~100 amino acids, which are an important part of the natural immune de-
fense system. AMPs have many biological activities, such as broad-spectrum anti-infective bacteria
(G*, G°), antiviral, antifungal, antiparasitic, antitumor and immunomodulatory activities. AMPs can
inhibit and Kkill pathogenic bacteria through membrane acting mechanism and non-membrane
acting mechanism. AMPs have been widely concerned in recent years because of their potential
therapeutic effects. Compared with traditional antibiotics, AMPs are not easy to produce drug re-
sistance, low toxicity, biodiversity and direct attacking properties. AMPs are considered to be the
most promising new generation of antibacterial agents in the post antibiotic era. At present, more
than 60 AMPs drugs already reached the market and hundreds of novel therapeutic AMPs are in
the clinical trials. This paper reviews the sources, mechanism and recent clinical application of
antimicrobial peptides.
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DL ik (Antimicrobial peptide, AMPs) X 478 3 5 # ik (Host defence peptide, HDPs), iEH ZH7~100
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1. 51§

PUIH K (Antimicrobial peptide, AMPs) X 1Y 5 = Fj 71 ik (Host defence peptide, HDPs), i # & H 7~100 />
FIEERA RN T2 R[], RAEVERIR G RGN — A EEA R [2], RS AEYIREA
20 JE AR IR 58— TE BT 26[3]. AMPs HAT S PURRMEME(G . G) [4] PURTE[S]. PLEE[6]. PLard R
(7]~ F02% e 240 B [ 8 R G R T [O] S AR i v o IR R 240 AMPs 2 PHES T liE, (BYEEHESIY . o8
HESH AR TP LRI T — L[5 7 AMPs (Malik 5, 2016) [10]. ¥ AMPs i) 2k 45#), AMPs f]
SRR 1) a-1ZfiE(a-helical). 2) f-#TE(B-Stranded). 3) -k I B IR (B-hairpin or loop)Fl 4) ZEfHT ik
(extended), e a-BRHERLAT B-HT B KA I WA (FE 1) [11]0 ARSCERPURE R IR 1E ML & AR IR R
R RAE— 2R .

(@) ) (©
< u 'u !'. )
£ N ) ' - /‘\' ’ [
A ) - TN
(b) - (d)
r?' (l—.q\f —_ ’J
r; \) \ Ve b
2 .

(a) a-B i (a-helix). (b) p-47 Fe(p-strand). (c) f-& IEKFFAR (B-hairpin o loop).
(d)ZEAH 7! (extended)

Figure 1. The secondary structural classes of antimicrobial peptides.
Adapted from Ahmed T A E, Hammami R. (2019)
& 1. AMPs B —£R %%, 5|8 Ahmed T A E, Hommami R. (2019)
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2. MERKBIRIE

AMPs [IRILAT LB HIE] 1939 4, 4iF, Dubos M - 3REAS 1) ZE FUAT B (Bacillus) o 43 35 H — Fh BT B
F12], IXFR IR RE T 7N BRI 98 3K 18 (Preumococcus) P&y, Ja K4 iy 444 gramicidin (EATBEK) [13].
BEJE , WERZ AR E R B P A2k R DL T VE2 AMPs [14] [15] [16], 10 kR & 8L T 300 £ 71 AMPs
[15]. #& APD $i g IKEE FEHRGE(#EOE 2020 2 5 H), T4 3099 FRAPIEMREI S E. Etsk, H
HoR T 3hW 2359 F(76.12%) FEY 352 Fh(11.36%) 40T 355 F(11.46%) EH 20 F(0.65%). ik 8
1(0.26%) B 5 F1(0.16%) [17] (WLIE 2). % 1 K45 7 A& FAED R I ES 7 AMPs.

A, 1146% H2HE, 0.16%
(355Fh) | (5 Jid, 026%
| (8

B L, 065%
(20

AT, 1136%
(3527t

W, 76.12%
(2359%t)

Figure 2. The sources of AMPs. Adapted from

http://aps.unmc.edu/ap/main.php (May, 2020)
[& 2. AMPs B93&iE. 5|8 http://aps.unmc.edu/ap/main.php (2020 &£ 5 B)

Table 1. Some antimicrobial peptides from various organisms

= 1. BMEYSRIRRER S E K

B IR FUR L
Fs B kAR Hei MR PRI EEPEN
1 Acaloleptin Acalolepta luxuriosa 71 G, G [18]
2 Andropin Drosophila melanogaster 34 G [19]
3 Apidaecin IA Apis mellifera 18 G [20]
4 Cecropin Hyalophora cecropia 37 G [21]
5 Defensin-a Aedes aegypti 40 GG [22]
6 Drosomycin Drosophila melanogaster 44 F [23]
7 Holotricin Holotrichia diomphalia 43 G', G [24]
8 Sapecin-a Sarcophaga peregrine 40 GG [25]
9 Tenicin 1 Tenebrio molitor 43 G', G [26]
10 Thanatin Podisus maculiventris 21 G, G [27]
NN
1 Cathelicidins Human neutrophils 30 F,G', G [28]
2 A Defensins Human neutrophils 12~80 F,G', G [29]
3 Human Histatin 8 Homo sapiens 12 F,G', G [30]
4 LL37 Neutrophils (Homo sapiens) 37 F.G'. G [31]
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Continued
Y
1 Androctonin Androctonus australis 25 F, GG [32]
2 Bactenecin Bovine Neutrophils 12 G, G [33]
3 Brevinin Rana brevipora porsa 24 F.G" G [34]
4 Buforin II Bufo bufo gargarizans 21 F.G" G [35]
5 Cupiennin Cupiennius salei 35 G, G [36]
6 Dermaseptin S1 Phyllomedusa sauvagii 34 G, G [37]
7 Lycotoxin Lycosa carolinensis 27 G, G [38]
8 Tachyplesins Tachypleus tridentatus (horseshoe crab) 17 G [39]
)
1 Hevein Latex of rubber trees 43 F [40]
2 Purothionins Wheat endosperm 45 G', G [41]
WEY
1 Nisin Lactococcus lactis 34 G* [42]
2 Alamethicin Trichoderma viride 20 G* [43]
3 Enterocin Enterococcus 70 G', G [44]
4 Hominicin Staphylococcus hominis MBBL 2-9 21 G, G [45]
5 Ericin S Bacillus subtilis 32 G* [46]
6 Plantaricin A Lactobacillus plantarum 26 G', G [42]
7 Carnobacteriocin B2 Carnobacterium piscicola 48 G', G [47]
8 Leucocin A Leuconostoc pseudomesenteroides 37 G', G [48]
9 Subtilin Bacillus subtilis 32 G* [49]
10 Pyrularia thionin Pyrularia pubera 47 G, G [50]
11 Microcin J25 Escherichia coli AY25 21 G [51]
12 Gramicidin A Bacillus brevis 15 G', G [52]
13 Pediocin PA-1/AcH Pediococcus acidilactici PAC-1.0 44 G* [53]
14 Mesentericin Y105 Leuconostoc mesenteroides 37 G* [54]
15 Carnobacteriocin BM1 Carnobacterium piscicola LV17B 43 G, G [55]
16 Streptin 1 Bacillus subtilis A1/3 23 G* [56]
17 Planosporicin Planomonospora alba 24 G, G [57]
18 Gassericin A Lactobacillus gasseri LA39 58 G', G [58]
19 Circularin A Clostridium beijerinckii ATCC 25752 69 G', G [59]
20 Divercin V41 Carnobacterium divergens V41 43 G' [60]
21 Listeriocin 743A Listeria innocua 743 43 G* [61]
22 Plantaricin C19 Lactobacillus plantarum C19 37 G' [62]
23 Enterocin P Enterococcus faecium P13 44 G' [63]
24 Subtilosin A Bacillus subtilis 35 G', G [64]
25 Plantaricin ASM1 Lactobacillus plantarum A-1 43 G' [62]
26 Lichenin Bacillus licheniformis 12 G', G [65]
T P—HE; G —HXRMAMR; G —E RPN,
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3. HERKEIE LS

—BOR UL, AMPs B il i i L S AT AR B 51 [66]. ARFEHAE I TT, AMPs B HIL
AT 73 9 A FH AT A% P P A e 7

3.1. FE{ERHLH

FH 7 AMPs J8 3 3% £ M AH AR H 57 0 I Y0 A EAE F (Zhao %5, 2001 [67]; Sani %, 2016
[68]), “FECAH LA 5] A0 M P 3 B IR T A SEZH ffl(Da Costa 5%, 2015 [69]). iX4% AMPs £ 5
TRUAE P2 A B A FH sk R b R 7R 2 A AR F B B A 1 A8 4k (Mingeot-Leclereq 5%, 2016 [70]; Haney
&, 2017 [71]). HAT, @B AMPs {EH TABEBAIHLE], AR (barrel-stave model). FEFLAEA!
(toroidal-pore model). HIEEA! (carpet-like model) &% (aggregate model). 41| 3 ffrzn(Nguyen %%,
2011 [72])-

O O

Carpet Model CHIEEIRY

Barrel-stave Model

AR

Toroidal Todel BHFFEFLIE Y
A KRS (barrel-stave model). B PRI FLIE A (toroidal-pore model). C 345 % (carpet-like model). D ¥
LA (aggregate model)

Figure 3. The membrane acting mechanisms following initial adsorption of AMPs. Adapted
from Nguyen, et al. (2011) and Da Costa, et al. (2015)

[& 3. AMPs #03& W% M 1E R F4aBEiERIHLEl. 51 B Nguyen Z(2011)F0 Da Costa & (2015)

3.1.1. }§IRIREL (Barrel-Stave Model)

LI, a-BRTEL5 ) AMPs SIS G )5, (RAEE 2K AMPs 25 G EAER T, AMPs
FH -5 A RSP AT 7 ) 28 T o e LT ), G MR A AL R K X, RN R IE XU TR, TR Al
FE” B ZF EIEIE (Yang 45, 2001 [73]; Reddy %5, 2005 [74]). % AMPs 7> FRIREB KT L2, S
4 H N EY NG, BT B A T (Brogden, 2005 [75])-

3.1.2. 3 FLIEB (Toroidal-Pore Model)

TEMRTEAUEALF, AMPs 155K B S 4 A b i i i A M3 e A AR IR RFS SR R 2 25 i
PASRAS R E 1 B R IE T R I FL(Melo 25, 2009 [76]). 243 A\ AMPs (#5815 B O 1 Sk 5 A i
TR EIA AL, FL A RN HES 3 AT G Sk 2 (4] (Brogden, 2005 [75]).

3.1.3. HBEAREY(Carpet Model)

TR, AMPs SHEIRTEZE &, JHOMhBRIEAE . 78 AMPs BB EBEE, ko1

SR I, TR A W IR T 5B I (Melo 28, 2009 [76]), fe 2% 535040 o 5 i e A0 6 )i (48
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JIFET(Gaspar 5%, 2013 [77]).

3.1.4. BA1EE(Aggregate Channel Model)

TEZARA T, AMPs TG € B ) b SR AR FE A O IR 11, O 21— 5@ IR B 5 5 W T 23+ T2 R ALK
Ik - RREAY, LAEALBEEFI 7 B IR NS, T RS I R B A FLIE(Wu 55, 1999 [78]).
3.2. EEBEIERAHLE

— 4 AMPs RIMEAEARIRIE R, AN, il AR XUZ,  #E = 40 i N 2 (Hancock 4,
2002 [79]), M4 A R ETESD, W44 DNA, FHBEEETE, i DNA. RNA B (15 1A S
T ARFEA T (Cudic £, 2002 [80]; Krizsan 5, 2014 [81]; Mansour 2%, 2014 [82]; Yeaman %%, 2003 [83].
DLE 4 (Da Costa 5%, 2015 [69]). 7 2 FIH T #B51F FH 40 i P 3 P A Bt 6 K

Figure 4. The non-membrane acting mechanisms of AMPs. Adapted from Da Costa, et al. (2015). A. Disruption of cell
membrane integrity); B. Blocking of RNA synthesis); C. Inhibition of enzymes necessary for linking of cell wall structural
proteins; D. Inhibition of ribosomal function and protein synthesis; E. Blocking of chaperone proteins necessary for proper
folding; F. Targeting of mitochondria: 1) inhibition of cellular respiration and induction of ROS formation, 2) disruption of
mitochondrial cell membrane integrity and efflux of ATP and NADH

4. AMPs JEFR{ERIHE]. 518 Da Costa F(2015). A. BIRZERERRSTEM; B. PHET RNA &; C. HIHIZERAEELS
WEBEZIEIAEN; D. REFIESEBRAMMING; E BSFEMUENHEERRIMEE; F. @k
Ktk 1) MEIAMEITFIRFE SIEMRROS)MIFEL, 2) BIFERIFIRTTEE M LK ATP #1 NADH FYSMEE

Table 2. Some antimicrobial peptides acting on intracellular activity

F 2. BOERTHRAEMERIER

FF5 PUR K2R 20l P B EE BTN
1 Buforin II, tachyplesin 5 DNA 454 Carrera, 2017 [84]
Pl idin,dq tin,PR-39, HNP-1, ) . .
) euroci mH I\c;fr}za’sl;clg (ﬁlicidin Hi%] DNA. RNA FIE H R 14 5% Nagarajan, 2018 [85]
3 Histatins, pyrrhocoricin, S T Le, 2017 [86]
Drosocin, Apidaecin ?
N-acetylmuramoyl-L-alanine ; ;
4 Y P daze E VA ML Gordon, 2005 [87]
PR-39, PR-26, indolicidin. . S o o oo
5 5 s ARY =1 2
5 microcin 25 DS I I (4 R I T ) Mirski, 2017 [88]
6 Mersacidin 1) 4 PR ) 5 K Wauerth, 2017 [89]

DOI: 10.12677/acm.2020.108260 1734 I IR = =23t e


https://doi.org/10.12677/acm.2020.108260

RIF, &WE

4. AMPS FEllmFK_BY R
4.1. AMPS 1E793877 BEBREHY 2

HAT, —Sefti ik S0 7 AR R R E& G258, WndiiE ik NEUPREX O rBPI21 HESHl 7%, T
TRITHEZ O B TR (1) LR 3 A0 5645 153 (Conlon, 2011) [90]; HE4LJKk HBD-2 A T-iRy7 74 H IR
PR N AR R $R A4S 1K G (Shin, 2013) [91]; RVRT PIAR I B AOBK, 40 1 40 A 2K (alyteserin) AT 7%
#(brevinin). i 117 2 (ascaphin). R 2£/#% % (pseudin). K & & (kassinatuerin) F 2 [ (temporin), 2
BRI TR TT B2 A B (Acinetobacter baumannii)~ i 98 53 5 {1 B (Klebsiella pneumoniae)~ KNI+t
B (Escherichia coli)~ 435 (0% %) BRI (Staphylococcus  aureus)~ 4% AR 5} 5 (Pseudomonas) , 4 Bk H
(Candida spp.)%% 1M 25 AR 51 ) R BT UL (Migon, 2018) [92]: P113 & 55— K ARTEAE T ME W BT
Pk (Haney, 2018) [93], ‘& LA F I X0 TR 97 SE050% B (HIV) B35 10 11 s & BR 18 8 (Candidiasis) &
Q. Pexiganan F TR 7T HE IR AL 1597 KD JR) 3 R G% (Greber, 2017) [94]; WML AR AL & MX-226 A
MX-594AN (omiganan pentahcolitan, 1% /i) 7 F T30 97 548 FH 38 AH 5C 1O R GL AR 97 58 3808
(Sachdeva, 2017) [95].

4.2. IRFRIRIEDEY AMPs

HHl, @ik 60 Ff AMPs Zi¥45% A\ i3, HAFHTIEIT H AMPs 1E AL T I RS H (Law, 2018) [96]
(W72 3). B ZIKEAR, GIEZIhRelk. MR ERAIL - 2956, Hih% AMPs 7EER % 1)
. (Raucher, 2015) [97].

Table 3. Partial AMPs in clinical trials

%< 3. lmRIA e AIER S AMPs

PUH ik YNGIE /S I AR IR SR B PUB /R B B LR
GPB, GNP, &¥kW#(Candida)/FEER
- 11 N AN &, 9
CZEN-002 Zengen iR /11 # ML, CAMP S TH Hid Ghosh %%, 2015 [98]
. - GPB/fEE LA 2 Aft, HAi. DNA 1 Cortes-Penfield 25, 2018
—
Daptomycin Cubicin =) RNA 2 (0 [99]
EA-230 pxponential R VI Bz e s gy Coeliardind %, 2017
biotherapies [100]
MS78) Genaera Corporation i ¢ 111391 TR KR A 5 Jepson %, 2016 [101]
Omiganan MIGENIX PR T/ SRS Ng %, 2017[102]
Lytixar . " B [RPRPE R R Ge. MRS Mohammad 2%, 2015
115 H ) N
(LTX-109) Lytix Biopharma ik VI3 R RTERE(S, aureus) 5l L [103]
S AT A3 I T4 RS A 52 (K B . .
- _ e # fer
hIF1-11 AM-Pharma IR /1T 3 1B B Morici 5, 2016 [104]
Novexatin NovaBiotics i B 11 393 FUR R R Javia %, 2018 [105]
(NP-213)
4
LL-37 Karolinska Institute i B 111 349 TR s De L"re‘[llz(l)g’ 2017
fara
PAC-113 Demegen i 11 39 HIV 11375 B 8 0 s 2 M(’ham“[lfg;’ 2015
RDP-58 Genzyme JEIRPR T PREVE IR Menko 2, 2015 [107]
MX-594AN Milgenix I R 13 SRR ERYE T Moorthy %%, 2018 [108]
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MX-226 Migenix I PR b # AR EIRYS Deslouches, 2017 [109]
HB-1345 BioMedix I R 1A JEEIE Désler, 2017 [110]
HB-107 Biopharmaceuticals It A T B Haws Mangoni, 2016 [111]
Glutoxim Pharma BAM IR 11 3 gk % Krutetskaya, 2017 [112]
IMX942 Tnimex Ik 1A H GRS LT I R AT G%Mﬂ%f’””
DPK-060 Promore Pharma PR 1 #A eV R 96 VR YT Harvey, 2015 [113]
POL7080 Polyphor Ltd IR 11 3 BN S BT HRAERIRTT Butler, 2017 [114]
SB006 SpiderBiotech I PR BT BA PN ETEME Giuliani, 2007 [115]
VLT SE R 25 £ B " .
B : 1 ! R
PL-5 RAT AT IR 11 #7 4 RES S Feng, 2015 [116]
SHWEI HINEREMESH s
o I IR 1~111 3 2T ] EY 2R AL,
ik BE-30 e I P T~111 33 [H 4 4 BH 18 ZRHER, 2019[117]
5. B4

PrAE R 25 M S T ORBE TR N, SEUSEY 70 5 AFETS, TiihF] 2050 EAFEAET P4 i
2Tt )N IE B 1000 77, ERMATHRZ) 10 712380, PUAERWAMEEZ 7M. ZRMme), 22
PG BH 1 81 R =2 PR 1 B8 B A R B 1 24 4 7 AR T M LLYR B R 2, AN g o R AR I S I R
(Enterococcus faecium)~ B8 % ¥F & (Enterobacter cloacae, MRSA), il Bk & 2 M 25 1 86 2 A3 H
(Acinetobacter baumannii)FTi 55 =LA # 25 KIGHF# (E. coli)« p-INEEIZES A MDR & &, M6k & &M
AR £ AR 5 B B (Pseudomonas  aeruginosa) 53 F A 1 (Mycobacterium) . Sk B 1 2PT AR 21 26 FO Al 48 50,
T AW (Klebsiella pneumoniae) % 32 EH#LE H TR T7 11 26 FhfiAz R =R 251 . PrA: i 24 P 7E 42 RkE
] P PRI R A 2 A 5 52 320 32 7y R I I e A T I PR B3I B A2 R K« H T 2 AH 24 5870 B AMPss
i R SE ] BRAL T 1 RIS . AMPs #7192 S5 542 3R INHARE A A& B8 — AT 259 . A A T% AMPs
(2L FRALME BT DA SO0 g T I s e © A 7820 1 1 A, (HRE AMPs AR R B DL A R 240 1 AN 7 32 48
L) S AT R Z RN T e IX 2R SR AMPs FE IR PR b5 7 FH () 32 SO .
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