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Biosynthesis of antimicrobial peptides and its medical application
WEI Daixu, GONG Hailun, ZHANG Xuwei
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Abstract: Due to their broad-spectrum antibacterial activity and low incidence of drug resistance, natural
antimicrobial peptides have become a potential alternative to antibiotics. In addition to being able to control pathogenic
bacteria and fungi, antimicrobial peptides also have many other biological effects, such as anticancer, antiviral,
antiparasitic and immunomodulatory activity, exhibiting broad biomedical application prospects. This review
introduces the distribution and mechanisms of antimicrobial peptides, and summarizes the biosynthesis methods of
antimicrobial peptides. We further compare and analyze the advantages and disadvantages of various antimicrobial

peptide biosynthesis approaches relying on microbial expression systems and introduce new interdisciplinary peptide-
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design strategies based on synthetic biology. In addition, we also briefly summarize the applications of antimicrobial

peptides. The application prospects of antimicrobial peptides can be classified into seven medical fields, including

antiinflammatory drugs, antiviral drugs, antiparasitic drugs, anticancer drugs, medical tissue engineering, drug delivery

systems, skin care and cosmetology. Furthermore, we also identify potential problems such as low expression yield,

difficulty in extraction, high process cost, poor stability and insufficient biosafety of existing antimicrobial peptides. To

solve these issues, computational prediction and directed gene editing technology can be used to create new

antimicrobial peptides with improved antibacterial properties and reduced toxicity. It is also important to improve the

industrial infrastructure of antibacterial peptide biosynthesis and develop strategies for rapid recovery of high-purity

antibacterial peptides. Antimicrobial peptides can also be combined with existing antibiotics to prevent bacterial

resistance to traditional antibiotics. Finally, antimicrobial peptides can be combined with new biomaterials to reduce

their toxicity to tissues and organs in vivo.

Keywords: antimicrobial peptide; defensin; synthetic biology; bioengineering; tissue engineering
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Fig.1 Antimicrobial peptides (AMPs) are widely distributed

in many organisms

TR 0 T R = ) 9 T AR A s i A £
PR FEm AN EOTRLED T, REHIHE
s Bl B e R RIS 2 —, R R AR
Bk PRt 7 16 B p 58 —E B2 . W LRI
JEPUEE KN Hevein ¥, Knottin "'\ a-Hairpinin "’
AT Snakins " K. MLAL, IBAFTEE & HAD R
BRI RE IS PURE IR W IR D oRIE 2 K, TR
YIEPLE AR R BCAFE BT iz, 2%
A, DHOR BT E LR AZ 0

5HARCRIE M BUE KA LG, S IR Bt B K
RIS 0. doE R A RERE 2 ", H K
PEKE RN RG . HAl, EEAUREER
(Cecropin) AR M B HU Bt B ik 202, DAKTHR
% (Penaeidin). Polyphemusins %5 X3 1) 75 i 21
YRR P K 2, K BATG DUIE (Myticin) A4X %R
13k B T AR S P ik 2 L sh sk bt
B K £ 2§ Cathelicidin (P # ik)  F1 Defensin

(Bt 3D PR . Cathelicidins Z % 1) gL AU4C R
J& hCAP-18/LL-37, /&M — 1775 T N B 1 B
N (= 20 I = N O Rk i B i
3TAEHER (LL-37D) ™, HXF KA 15 %E4T
W SR EHEIRE . WM. R A
BRB . 25 s IR B 2 80 40 = fa i 24 i Bk AT B
ARG RE 71 1. Defensin J& — 2R E & 85 & R
T2 1E HLA AR SRR, W 18~54 SR R R 4L
BEY, RE R HE KR AL, SR R
WEAMHER ", W SR MRS
iR, H T N T R e 2 R i
PRACTE ] il B

H AT, FE500 S0A Bt B K 4R A A R A
BT PR, D AERE e BH R A A T E i
L5 A AT PR A B R 4y [ n o 22 TR 1 T Y IR
Z ¥ (lipopolysaccharide, LPS). &% I FH M 1)
JIE 3 B R R B R ) H R SR ] M EAE A, HbEE
JUR A 3 EL A A5 i ) B K AT R S P A A, R
TN RS, A HARES, B R
2 34 20 L PN 25 D R T, S BT B B Al 4 1
A S o1/ S MR T &/ TR N E A AR CE TN |
K, $RH T — B TR B 4 B L ) R 15 AR
HY Dol A AR B A (barrel-stave) V7L B LR Y
(toroidal) "™, HiEE ALY (carpet) ) Fll 5 £ 14
R (aggregate) ™ (] 2) . FH & 7R b kA
[F, BI&E-7 R E AL ANE 2, (H
AR B G o,

B2 BT AR KR L R

Fig. 2 Antibacterial mechanisms models of cationic AMPs
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M EE S R T ORI K HE; A R T IE R
T PR K 73 1 BROM T A T JEC T A B 5 45 A 470 1)
LR AR M0 PR RE T IR 32 ZLE W AR
TR SR R PN A - R R R i
T3 73 S 45 07 ORI K R Y. BT, BLAR AR
YU AR B STPE ML 0 A TE R, (B TR I
/b B 0 T R AT T P AL 2% B A A T R L )
ABCEF A T

2 DURERKEIEMI G S I ARIE R G

B 1 2 B RN S R AR R Y A AT 2 IR AL A
B RECAR T, ORI 2 BT B KB L R A R
5o XS AR N B 8. gl
7520 50 IR R IR IR BUE, B TR T 4,
(K & A W 2 VR A AR R AR R P B L A
15 Qe /NEER S, X BGOSR I T Ik B
Tigre —. WR1PR, BROBCRHE). %R
IBRGAN Y, R B R AR FE A M R Ik
ARG LIEY GG HEEE & BN K RE
Je&, BHIEN b3t IE A 22 30N 07 7 e £ 40 i An =2
Foft 5 RZE ) 2 TR BT I A Bl A ) R I
TR,

21 FRAREERERFEVSHINERK

PSpNI7E SR = SR SOV - VN =1 A N 1
AEVE SEW SRS, BT PR KR R T
LA R & K AT BN E. coli
BL21 (DE3) R#k "™, ¥ H &5 8 K A pET.
pGEX %%,

FLAE 20 42 90 EAR, TR E. coli A RIE
Cecropin S HATANIK, HHRIUWRERZ—HF, HH
F AL 1) Cecropin A A AR A IR . R A0 2 Fh i
BB O R T RS KR 1SR B YN I A
Pt & Ak Perinerin, K % 19 /5 #1) 50 [ $| pET32a
(+) #ApEd, fERREGEAMN &9 E. coli
BL21 (DE3) ik Halifh, HiEsei wrEA
Perinerin .15 5 K #R Perinerin ALK 471 B8 75 14 77
i 2 (Adenoregulin, ADR) & M I 7 ik v 43
EIRF I 33N R AP I, X 22k B

R1 ERRTHEKENRIE RS
Tab.1 Expression system of antimicrobial peptides

in this review

Expression system and

engineered microorganism Antimicrobial peptides References
Prokaryotic
E. coli Cecropin [21, 69-72]
Perinerin [73]
Adenoregulin [74]
Abaecin [75]
Hep-A200 [76]
MLH [771
Hall8 [78]
Plectasin [79]
Lactoferricin [80]
Buforin II [81-82]
B. subtilis Cecropin AD [83]
Cathelicidin-BF [84]
TOW [85]
CiIMAM [86]
Eukaryotic
S. cerevisiae CecropinXJ [87]
Cecropin P1 [88]
P. pastoris Cecropin AD [89]
PaDef [90]
Melittin [91]
Fowlicidin-2 [92]
HKABF [93]
Mytichitin-A [94]
ABP-CM4 [95]
C. reinhardtii 3xMytichitin-A [96]
Bacteriocin LS2 [97]
ToAMP4 [98]
Mytichitin-CB [99]

W AU E D BA T2 M BUEAER, ¥ ADR &
F 5 Al 3 B B pET32a #% 4K 1 3 1E E. coli BL21
(DE3) W&kis, HEARSESALMREEEA
20%, FHHURIE TS 2 TARIE 4G A S ADR AR
L7, Kim %5 " B pKSECI1 1 6HisSUMO-abaecin
NEAK, E. coli BL21 (DE3) Jfi E#£ik T W%
W4 v 3 B H B4 I IK Abaecin, B H BT BT
A& 1 AR 15 1 40 f (935 /7. Da Costa 55 7
FIH E. coli BL21 (DE3) P Pk H 2H 52 15 Hep-A200,
Xof ¥ 24 EGRH 1 K B P 40 B Y B i, B
pudstE. Hul, FIHKBHERERGE KT
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Wkt ER 2, fhiw) , HERERA,
& sz BT LL37 fiT A& Bk MLH Y . Hal18 ™ |

Plectasin "™, Lactoferricin "*"'. Buforin I " &4
B IR AE B R
AN, LB R W R A A

(Bacillus subtilis) FikRGH WK™ . 5K E
FILL, B. subtilis 315 72 58 W] ¥ 0B Ik B 8250 Wb 2|
fagh, AR TE. pEMAERES: (Hi#
FAEWE AR =W 5 g r= =K B ANt
WK A B0 T £ SR fE . Wi Bt B K Cathelicidin-
BF ™. T9W "', Cecropin AD *’, CiMAM " #I
R ) FH ARG B 2E SR B AT R AR AL, HLAR R
BE . AHZ RS B RN FEEIT, fEA
e f Fe A R b

R 1 A% 3R 0K & G 8 T I 5 — e B
O 8 A=W i P 1) K8 3 B vl ik B B o0t IR A% 1 32
BHRAEAE T W R RE 7T QR4 K Z Hbi R
JREA B iAT, S N IEYE BB, (Hd
Tk A B R AT U Y o At ) A

2.2 FABEGRERFEVSHNERR

HIZRIERGAR B RIL RS, A1
BRI EERE (S, cerevisiae) « YEIRBERE (P pastoris)
KA B (C reinhardtii) 2%, HEXXLHMKEH
pPICZa. pPICI9K. pGAPZa %5 ", Hixf T JF#% %
KRG, BRHERIE RS HAG YRR~ a8
R B oy B AR A, Ak W]k B K 4 i 4
FIXM B BB a2 (R 3 e . O-HE
FEAGFN N-FE RS B s (B AR A AR KA
FEEAR. PR (R ER) KHE ERERA
FHEARZAL,

BRI B BE (S, cerevisiae) 7& 8 F W HAZ R
KRG, WAEH 5R)E 3T LIRS BT K I R
L5 . Xia 55 U7 ORE B B K3 ] cecropinX v P F|
pYES2/CT/a A TR iE Ak, FEALES. cerevisiae
INVScl B Pk e D 3 18 5 20 35 [ CecropinXJ, H
B F M 79.45%. Jiang 55 "M 7R S cerevisiae
ARG T B B AT B OO P B BT B IR
Cecropin P1. H1 T S. cerevisiae 15 "4 & it #2 A
FEAEEI ) CBE, b 5E 2 5 R TR T H0CE A B K

I & re . [FIR, S cerevisiae A7 1E ik J5 hi 5
o A5 SRR TA 8 4 55 50 Rk faE, X IR | 1
BB K BB A 77

FrbA Y S. cerevisiae M LG, T 2 B 405 K 2
H Y 5B BE (P pastoris) #EAT H A FKIE. Meng
ZE Y B T B P pastoris 4 3R K 4y W
PaDef, 7E#xtEZ& M (28 °C. pH 6.0. 1.5% HI %)
N #5 9% 72 h, PaDef 1) B 2 & = 1X 79.6 pg/mL.
Moridi 2 " SR P. pastoris GS115 KL RSl % T
4 55 P K Melittin, BA T ISHUREEME . DUER
i BE X-33 NKIE RS, pPICZa-A N#H A, Xing
25 U2 B 3y 5 41 3R 3K Fowlicidin-2, LRI 4 K
85.6 mg/L, EA iGN, {HEH Fowlicidin-2
HAEMYE. Wang %6 ™ FIH P. pastoris B H ik
HKABF ik, X <5 25 €6 5] % 3K B AR5 AR 4 2 Bk R
HABACKE I GEME, HHEPRREMT, %
M 3% PR A% . A T K & A 7 Mytichitin-A, Meng
2 049 R H 6 His b5 2% [ Mytichitin-A i A\ pPICZaA
W, ol LK TORL RS AL P pastoris GS115,
4y wh 4 Y Mytichitin-A, H 40 F N 97.8%.
Zhang % "7 X H] pPICZaA N R IE#H &, FH P
pastoris HHFRIE I PUE K ABP-CM4 fe 73 i 2 85 55
Ferp, Halifb 5 1 ABP-CM4 5 KSR FEH Y BT 1 Ak
HEATEThEE LA B X . Ahmad %6 ™ AN TE
FECE IR P, pastoris 11321k HPTEE K Cecropin AD.

FKEACHE (C. reinhardtii) & —Fh A& & 5
AKAGE Hag H 3O EEH Ry, A
“YeoEbE” 322 . 5 P pastoris M1 S. cerevisiae
tt, C. reinhardtii 3 15 5 J5 8 H ¥ £8 %€ . Dong
2 DY RIR C. reinhardtii FIEPUEE K 3xMytichitin-A,
Hop= G AAE R 1 0.28%, HiEZAER 6 A
HJERIEKFRE . FIH C. reinhardtii i& 8.3 B
Bacteriocin LS2 “”). ToAMP4 "™, Mytichitin-CB "’
5, XWMEWRE C. reinhardtii "] 1E NHT S AR
SR A AN S T 6 -

3 B F- 8-S A A G
TR

MMM R R G A R IL, B
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WP REAR, A EREEE R, BEE A 2
SBhiE, A RPURE KA MR, ML N
TRV BRI, B 7N A SR AT R 0T
. REMBED . QUL WS SRR TR
RN AR B K R 7 S HEAT 1.0 BOAS Bfcis o
K AR PUHE K Chensinin-1 2 F 7 51 H 1 Gly & #t &
Trp ", B b R Ik o Tep Y 5 B DO, s R T
2t P B AP . B R PR K LGR16 1)
SR /K DX A, AT A & A 1

BE A& S A R R N TR RE  (artificial
intelligence, AD FIMild, FHTHHEHL X KA
(£ R LR el W v K= I I E vl 7187
IR B AR A SRR AR RO A,
B AR TR K B TR KRG v T, SE IR A
PREGE 2.0 A (B3). HET, ©4H HB Ik
F— T LFE A EAMN (support vector machine ,
SVM) ~F & R AF 71 o- W & HT B K 11 Th 66 S A
FUFEE, HKAE %P & vl AR 45 BT B 0k 0 21 4k 4
Wik B o- MR e S5 A 1R PR R T BT
ARG, X286 A a- B2 TiE BT B K A 286 N dE BT
BRI VR B AT U 2, DAR S M e B O A 1
REERFIE, FE DA IRYE HEAT I8, RS B2 ik
91.9%, ¢ 5 M A1 B 53 il 35 F] 93.0% Al

90.7%. HETE T Z B ORI 7R E S B A
A0 B 5 9 e DL AR 1 o- BB 25 R PO K T
2021 4, Das 55 ' A Y 3 T A8 23 HE T B 2 T
%% (variational autoencoder) % >] it A i F &5 11 i
% Y& (universal protein resource) ' R 1H Y 4
170 J3 2k 2 Bk, FFF 0 Bk B b i HS 43 o 0 1R R
JIsREI A, W@ 2 KBIEE I 2k
T, 8 RE-IEACREE, RZRBHI &
PEHTB K .

CRISPR/Cas9 % [} i & # Gt & — ME & A
SO IR Y SR RS R A T R, 1R R Y ik
R4 AR . CRISPR/Cas9 /SB[ PTBR . A
i R BURR SE DNA P 1 (1) 4524 B 1S 2 53 5 Bt 1 ik
7= A, 8 H TR /B PR b A B Bl 8 0 AT I
2[R JE A8 1 U Park % U R CRISPR/Cas
R, ¥ Cas9 B% IR M FIRF 7 1) RNA 3\ 5 A O 8
) BM-N 4, A o s B DR D e ek 5, IR X
PU K G (1) Toll 8 & HEAT A A 4%, R Th % 48 X &
Cactus £ [K, WS K& R IE NLEAE Sl K, 70l
Moricin #l Lebocin & Hi B Ik (4. HAf, FH
CRISPR/Cas9 55 & B A 427 40 33 1Y) 5k DR 0 4 B R 45
T P0G IR S R S B A TR, B R ORIE )
E K.

Natural AMPs
B3 F SO B S N TR RN R T A i

Fig.3 Overview of the proposed computer-assisted and Al-driven approach for

>SS
S
SSSE

Novel AMPs

accelerated novel antimicrobial peptides (AMPs) design
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Fig.4 Overview of the CRISPR/Cas9 gene editing system promoting the secretion of antimicrobial peptides in mammal cells

4 PUEAKEIEEF R A

PU TR K 32 20 A T S A 1) 48 PR R kAT AR R
oV B PR R AT AN I N T, TR AN BN R E )
TR, IR KK FRAK A B X T A K AR T 2 PR
e B0 DR, K BT RS A T 29 1
IRWPFRE A EE S L. AREHIEHT, PuEik
H & WA NP REZWINIR YRR, W]
T R PR B A 7 S AT R A& H A NIRRT
HI A 5 03X . H #T, Daptomycin. Vancomycin.
Dalbavancin(BI397, Dalvance , Xydalba) I Colistin 4 Ff
PUR Ik O3 56 H & b R E R (FDA) ik
K #p kS 0 U FHUR Ry (k2D o e,
FHNZ PR K EE IR I K. B TRyt
BN, BOREZMPIEKRIM K ZEER, &
Ry, SR, PURE RIa A RE, Wit
G5 RHAMMEE G, RS TEFHL TR,
PikiE 5 EIT R, X0 BB K A B A
TERE 7B BB FH &t (150 .

4.1 MEHEXESR

2 K HT 73 7 T IR A A D T AE T R KR

2 AT T K . 4HE 2 (Bacteriocin) A& M4
B 20 25 R ) — 2 30~60 AN % 5 R Bk 2 T 1k
FIBH B T BT Bk 7. Nisin 2 iZF K — R/, 2
P 22 [CRHME B 2 2 IR M E #E R | bt
PR D, SR TGS R T R R 2 DY 2
% (EDTA) FaHil 7= 7 B 22 KA B i AR 4G o
WAWRER, 4H % RBAHE XA Nisin i FH K
RE B 28 7 A 181 (0 0T 80 R, H R 24 B R R
P [FERE, M B2 A $R U Esculentin-1a HTAR
R TR IR B R U PR B A R ) vE M, HA
S 2 T R, B K TR D VA T I 24 4
B IR IR R, To1R 2 s b sl by (R S2 F

BT B&PURAE ), PR KL n] B s
2 516 ERRERTT, RIE E RSy e
Bt &2 5 — REIEM KR, RAEZ M0, T
ZATAE T A PRI i e B T ke e
Ji PR ONK O Y SR S gl i, HLRA SRR
FIE % Thie (pro-inflammatory function) ™Y, o,
A JEBAfE 2 HBD2. HBD3 AlIHBDA4 & 1] fill N £ 5
RN IL-61 TL-10 S AT IERIE; R
XL fE K BE % S EGFR. STAT 1 AR L STAT3
55 5 1 JFUY BN M E A FIXG5E I 40 i N A5 5 20 T
ek f A B Fe A A 2 540 D i s

R2 RERMAAGYERR (FDA) MAERMTIREKK TR, 67 KENIE 45253818 Ml K 58 bR iR 5
Tab.2 Name, indication, deliever and clinical trial identification of antimicrobial peptides approved by US Food and Drug
Administration (FDA)"® """

Clinical trial

AMPs Indication Deliever Status dentifiers
Daptomycin Bacterial skin infections Intravenous Approved NCTO01211470
Vancomycin Staphylococcal infections Intravenous Approved NCTO00175370
Dalbavancin (BI397, Dalvance, Xydalba) Acute bacterial skin infections Intravenous Approved NCT03233438
Colistin Multidrug-resistant Gram-negative infections Intravenous Approved NCT03397914
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BS i R
Fig. 5 Medical applications of antimicrobial peptides (AMPs)
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(R R FEE A 5 R il RE 70, HOBIT RUR S50 et
PUREE YL KT (Zanamivir) #H4EL; Tripathi
2 s R B LL-37 W EL 2 06 It B 2 1) 45 4 4
R T SEBLR B 40 A o LL-37 8 ] 00 1) oAt B A i
SERIME R, W N RIEERE EE (HIV) B0 2F
SRR YL AR S A BT RS R B 4R
B4k, Todorov %5 ¢ 43 BS 19 % —F 3950 Da K/NH
BT AR GURE IR, K 2 A T R A [R] F Al
LR BB KRR AR R R A bk,
U IK-13 (APB-13) X %A% Gyt i 1B 48 7 25 i 40
il 2 = IA 74.1% s KIES BN, Temporin B
Ae BN | B Al e 2 R, S H e 2
YUY KR Y, BRI AR, PUE K
Nisin 1 7] LA -5 38 76 975 5 SARS-Co V-2 )il 58 2 [ 41
IFi] FRT RS2 A4 RE ELPE T 2, AT JE T A6 F AMPs
X BT Y O IRAT e PR B (1 i s

5 FRIERBE AL, T K ar 4 &
KiREEADW, ZEPTHOERL, PR 25
B, UAE SR B 7T . Halictine-2 BY
E ", Temporin-Sha “”. BmajPLA2-II ' 245 [F] 5k
Y5 IR B0 B R R A B B R AT 2 R R ).
Ab, K A RIR I Le-PSL4 e {5 10 /K M 2R 25 4
R A% S A 2L Y e B B K AT AR IR
LZ1 ] g ik 55 S A A0 o) i ke JR L 0 4 i o = B TR
it ¥ (adenosine triphosphate, ATP) [Jr=4:, 3£
I F L3 20 P o P i 2 ok B

Dragomide

4.4 HEHm

BT TR DL, B 23 UG O 2R £ 4 g
FA G, mT AR 9 78 108 24 B 25 4 3k 4T o
Je e SR AN MR EL s 200 R T B T
21 B BT AR O R S HE s DT A I
P FH B ) 5 e 0 2 T 5 e 336 P 3t 3% S e 4
B, AR H 23 DU IR A B fi 522 R 8 200 £ Qe
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B A IR SE B o KillerFLIP AJ DAE 3o & H Al
B 7K B 50 7 BRI ST Sk e R 1 R AT A A s
BRI I 7 18 25 PaDef 4} 8 PERE 2 1 I3 K562 41 i
PREA MR ENE 1C,=97.3 pg/mL); “; LL-37 )
ZAUY) FF/ICAPLS JE I T 45 i J 4n i ) 4 e o, 38
97 A KA H) miRNAs 19 %3, 4060w 41 i 1
B U S 50 B Myristoly-CM4 3 FE o] BLJE T
A MR (K562, MDR. Jurkat) [ TS8R
AT N, TR SRR Y, Hou 2L e 40 i &
(MCF-7. MDA-MB-231. MX-1) . 4 #f #1 /£ F"7
KT2 A1 RT2 ] DAIE i<t 175 5 24 o 1) o) 334 e A S R 12
27 Ok N 45 s HCT-116 20 0 47 45 5 1t 4001
WA F2 1 BRZIRMMHEAK  (methionine
enkephalin) A1 B16 22 €4 2298 41 B 1) A4 K o L
P H T U IR SRR TR AT T P 259 1
RITHE T R

4.5 EZFHEATRE

Bt 2 41 20 TR 2% R0 2 AR 0 A RIS BT R
Jeg et gl S TR S AR R B M AT R R Y B
MECERARE S REN T MZ—. BTHH
KA Gy = et v, HAX TAw. ', &E
ORI g . 5 g
FRYUK & B I R PUE AR L, DU Ik E
Seat T — AP AIM E S E . AT e R
SRR, N TE A S TR R A B 2R AU
U k2 N AR TIE R LL-37 ARG & (human
defense) R, HZ Ak e o) 2R & e
NG S MEEST 20 RN 2590 772k
RITAEM . AMIBORI MRS A . BT, SPUE LSS
AMHA TR CEN T/ L 00 K
JoR L HR AR T S 2 AR E A .

PORE M R E R AR S — AN R
ImpR Pk . LL-37B% 1 HUBH &, AT . 4
TR P2 A L B R T R I AR R R Ok AR
R d g Rt 1) 78 5 T 48 A0 LPS 5 5 1 /N R
BV AR PR R R A T AT AR AN R N AL, R
L LL-37 FEAK AN 0] A5 2804 i) LPS 355 1 B6 40 i T
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