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Research progress in the expression of antimicrobial peptides
in microbial systems by genetic engineering

SHAO Changxuan#, FU Yanxue#, FANG Yuxin, DONG Na*, SHAN Anshan”

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

Heilongjiang, China

Abstract: In recent years, antimicrobial peptides (AMPs) are considered alternatives to antibiotics
and have received increasing attention. AMPs have a broad antibacterial spectrum and extensive
sources and are not prone to drug resistance. At present, AMPs are mainly produced with three
methods: extraction from natural sources, chemical synthesis, and microbial expression via genetic
engineering. The application of the former two methods is limited due to their complicated
processes, high costs, and low yields. Microbial expression via genetic engineering is more
economical, scientific, and effective than the above two methods. This article introduces and
compares the various expression systems and summarizes the strategies for increasing the
heterologous expression levels, with a view to providing theoretical support for large-scale

production of AMPs with low costs.

Keywords: antimicrobial peptides; expression system; genetic engineering method; microorganisms

P17 Ik (antimicrobial peptides, AMPs) K
J 75 F B R (host defense peptides, HDPs), T
1980 AEE KRB LI, I B ARER, METE
B Bshy . ANJELL AR Z Fh S s Py ik
HAYk w2 B S 2 4 i A b A R B
5> . AMPs A i Z A0 A HIL T 5 30 HA7
BRI TG P L7531 250 0 AT R AR AP,
KIHEY AP A 2 R B R
J1, G SEEE AMPs BRI AL AR 7 R Y HT Y
WA

AMPs (LG T AUFE R IR BULFIfL
A . RARIRIUGE & — RN FSTB Y ik
&, 140 Al-Dhafri 25 )\ $%3E (Fagonia bruguieri)
By - rh o B R P Bk A T ali A A, SRATH
P B, S AH R OO s vk sk 2 Rk
HJmiid MALDI-TOF/TOF JRiEAL A6 s 1
BB 4 I A M Z BR B R HZ G R A
i, MELLSLBLZ AR R RS . b2 h ik R

SRR, M BRERARAR R, AURBA
Shao 2 I7EFF J& AMPs 454 U6 & R A 5T £
{5 B S AE ARG B AR £, BRI AE ), KA
G Ry, UHAE R ZFh RIR AR 1Y
2 YNDYS SN ISR AL T D AT TIPSR 2148
FETA W) 2RI R G0 P A B 6 DR TR 5 ARy Ak
AR, 54 Y SR BURAL A A U
b ELA s 7 1 SO AR AL, KER 4y
KA R RIS RS, AT AMPs ANA]
1 2H 38 RGN R AR 5 SR M AT R, AR
K AMPs IR AR KRR 7 S (AL R Al

1 HUH KB RE R S

FIRTHE R TR A AMPs AR R F 54 5
BMEZFRIBRR . Kb, QEMEEE T
AMPs A7 FEAE T, S RIEFRIE AMPs [
97.4%°), BRULZ AL, ALY R i B T AMPs
AIFRIB(E 1),
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1. Bacterial expression
E. coli B. subtilis

3. Plant-based expression
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/ géz—z ~..  Genomic integration = &7 Mosquito
o® 00 e
Plantcell Transgenic
suspension plants

1 BTE% AMPs R EIEf R
Figure 1  Different cell types used to generate AMPs!”).

1.1 ERENRIERS
1.1.1 KBFERERSE

KB 11 (Escherichia coli)# ik R4 7E 4
IR B AG 2E OL A, ) i B Y a5t A%
SR TR B AR R DA R A 8 R R AR
SO BRI, E. coli FESE B b FH 3 A vt T I 1
ZPhk, B m T L BB Aife
W, sz BRI B ) DL SR 2 A
WKL RE RN R RN ET,
Schreiber ZEPILTF E. coli BY4H-G TR FE T &
TR RIBE-G, %5 BRIk 24
2SR R O e 1 L ) R A, s i
e 5, AT LAPKIE AR 7 ) B R A TR
M, BRUEDET E. coli B =Wk T [a)
R E. coli Kk RGANHIMVF2ME-, (HAER
Rvike . T2 Asifb e &R AT
FEER, FIETR R AMPs
1A RETE

<l actamicro@im.ac.cn, 010-64807516

INZ FAH K AE M ¥) (small  ubiquitin-related
SUMO) 1 & it H ik &1 % #% i
(glutathione S-transferase, GST)HARE 12 W
F E. coli £i5FR 5. Mo ZPFH M E. coli 13
Rk T & S IHEABLA) AMPs apidaecins (APs);
2R SUMO fil G HoRFI ZYM-5052 H i
SRR, ETHERY AT A N 23 mg A
A EN smt3AP2; 2l 24k . AR FZ T A1 FH
BT AHALENE S XA AP2 i —2
aiif, A Ak EL AP2 MR
2.23 kDa, 7% 2.7 mg/L (3 1), Feng "]
A E. coli XA %%+ K, I AMPs
LfcinB-W10 5 GST filt, 8 r wmHHA; N
1 L 553#9h 753 20 mg 41k 90%H A &
M s b, =4 AMPs LfcinB-W10
F =255 300 pg/L; ¥ AMPs 5 SUMO F
GST brREZEFIG, W LAHR S H B A AT sk
M H B EER B 5y TRk

modifier,
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&1 AMPS EREIFRERFHIE ™

Table 1  Production of antimicrobial peptides in different expression systems

Expression system Antimicrobial Source Fusion partner Host strain Yields (mg/L)  References

peptide

Bacillus subtilis Sublancin B. subtilis NP B. subtilisyt168-6 1 581.00 [10]
yt168-6

Pichia pastoris Cathelicidin-BF  Silverring NP P. pastoris X-33 500.00 [11]
snake

P. pastoris Hex-Mag Synthetic NP P. pastoris GS115 260.00 [12]

P. pastoris Protegrin-1 Pig 6xHis P. pastoris X-33 156.00 [13]

P. pastoris Lactoferrin Person NP P. pastorisKM71 115.00 [14]

P. pastoris Fowlicidin-2 Chicken NP P. pastoris X-33 85.60 [15]

P. pastoris Snakin-1 Solanum NP P. pastoris GS115 40.00 [16]
tuberosum

E. coli LL-37 Person Trx E. coli RV308ai 40.00 [17]

P. pastoris EF-1 Hybrid 6xHis P. pastoris X-33 32.65 [18]
peptide

B. subtilis TOW Pig 6xHis B. subtilis WB800ON 32.00 [19]

B. subtilis Cecropin AD Hybrid 6xHis-SUMO  B. subtilis WB80OON 26.40 [20]
peptide

P. pastoris LfcinB-hLY Hybrid NP P. pastoris GS115 15.70 [21]
peptide

Lactobacillus PIf Pig NP L. plantarum, L. pentosus, 12.50, 10.80, [22]

L. paracasei, L. casel 9.90, 9.60

E. coli Fowlicidin-2 Chicken NP E. coli BL21(DE3) 6.00 [23]

P. pastoris LIG Person 6xHis P. pastoris GS115 5.90 [24]

B. subtilis PR-FO (SPge), Hybrid 6xHis B. subtilis WB800ON 4.00, [25]

PR-FO (SPamyq)  peptide 3.00

B. subtilis Cathelicidin-BF  Silver ring  6xHis-SUMO B. subtilis WBSOON 3.00 [26]
snake

E. coli Apidaecins Apis SUMO E. coli DH50 and E. coli 2.70 [9]
mellifera Rosetta

E. coli LfcinB-W10 LfcinB GST E. coli BL21(DE3) 0.30 [27]

NP: Not provide.

1.1.2 HEFRTFERERSZ
Bk E. coli 4, #f& 2 #1415 (Bacillus

subtilis)th & —Fh gk g L TARE, HAL A

FEFRIBTE . AR . w ARSI 57 55
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A5 B. subtilis 168 K&K 2 41 B 2 A
75 T R A0 BRI TORE A A AR A, EL N i
SRRV, BEFBOE LI RN B, subtilis
168 (1Y) F L4t 8 IR EE N, f# ok B. subtilis H
)2 11 ) B R g IR) AR5 ) WBBOON g2 B.
subtilis 168 21 T 8 MR M AL A A 282450k, 72
W FIEE Y, Zhang Z£12LL B. subtilis
WBB80ON V£ R 15 £, ¥ AMPs TOW Flfh4 T
SP..s 15 5 JIKf) AMPs Cecropin AD 43 %] 5
6xHis-SUMO JE[H %4z, I il 2 42 2R M 5 4%
e, iSRS, T4 TOW. Cecropin
AD WAiflf5 Rk w51 32, 26.4 mg/L. Al
— Lk (sublancin) 2 F& [ B >3 RAS 4 HE A Hr Y
AMPs FERHINF, | 37 NEIERRAE. X
P FHESE T % B. subtilis YT168-6 #E1 7420 &
ek F SR Ak, BERTT
sublancin (7=t , iA%] 7T 1581 pg/mL, FHLIL
LR 756 pg/mL, $#&5 T 2 504 Fo SRT, B.
subtilis [RIFEFAELE A% FRIE R G SLPE R, {71)
w, ZH AMPs Fik= R K, B KM
(R AT DAEAT R WAL AE M ) e e i, R AT 75 ik
— Ak B. subtilis /=4 8 & BER AR .
1.13 IABHERIERS

FLER AT 12 (Lactobacillus)f: g — g 24 Y 5
VRFIRIR R, HET E coli FiAAR, HEH
ETAAENFGE, HFHEIERN AMPs Al 57F
PRIL R MG 3, I S RS X
b K pHAE DA K 56 3 31 1Bl Ay oo B8 i 32 1 0
C& AW HRIE T AMPs 75 Lactobacillus H i 3
FIRMEG], W yu S5 E FL R 1 (porcine
lactoferrin, PI)AEK A gfidh e 1) 34 43 31 3 ik 2%
& pPG612.1 ) Xho I/BamH I {37 55, 4 5 2H ok
pPG612.1-PIf 73 %l % A T W 3 B #F
(Lacticaseibacillus casei) ATCC393 . [ bEZLHEHT

<l actamicro@im.ac.cn, & 010-64807516

I (Lactiplantibacillus pentosus) KLDS1.0413 |
i ¥ 3L M FF B (Lactiplantibacillus plantarum)
KLDS1.0344 A1 @l 1 M FL # & (Lactobacillus
paracasei) KLDS1.0652; ZAMIES ), 45%
BN, PIfFE ik 4 F 4 Lactobacillus H3AY,
ik, T2 73 kDa; B4 L. casei, L.
pentosus, L .plantarum, L. paracasei X PIf [)5&
KEAMR 9.6, 108, 125, 9.9 pg/mL.
Hodaei %P I RFEA P2 B FLSRR 8 16
R ZOKSEE M L1 ey i, i ksl
Py L1 B, O 530K pNZ7021 3 4540 25
ki REkid A% Lactobacillus H)E, SRR
1 )i [ 38 (Western blotting) s 4 H A9 LA L1
PR ARE, SREWEH LI EO5FEAH
55 kDa, Lactobacillus GEW%7E Nz 8 N & AT
i, e S mERERRIZSS, HiEEA
EEA TR E DY, SR, 5 E. coli Al
B. subtilisff};, Lactobacillus?E AMPs ik /7
PIBFFEARXT D, RRATY T i — IR AR
1.2 ERRIERS

BB, AMPs WY EAMZRIX RGP R]TIZ
I FH A J2 BE R i B (Pichia pastoris). AH X T 5
A4S, P.pastoris HA&NAZN T, AEH
XA, I H R IE W b T 53 i 22 240 s b
W, HESE A, Dong ST T AMPs
cathelicidin-BF (CBF)fE P. pastoris X-33 H1ff)j 3
ik, FFUESE T HXTEEOR M E coli RPEAYIE
PE, AMPs (i fERE R T 05 gL, F£ik
FPEITEIRIT E. coli S = v RS R AL
SPTHERY. . LEEA AL 1 (alcohol oxidase 1,
AOX 1) & —Fh i WL H A SRR 37, 7 o-
SERKEEMIT, AOX1 REfli 40 M S K 3 ik 3]
EKEZR AP Niu 230 AMPs Protegrin-1 5&
Ky 415 6xHis w2, wESEa+ R
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AOX1 % pPICZa-A #H Ak I, FHH:1L 3] P.
pastoris X-33 1, %328 °CF 1% P EEH;F£ 96 h
JEif RIS, mAKIBTN 156 mg/L,

Ak, P. pastoris fF b EAZ A0 i 2 A BHR S
BT RE, BEUE XS & A RRERES H 1 B Y 8 1k
1T hisdsss, A4S T AMPs FRikfyn] Az
PERS oo AU ELA ki 45 F “Gly-Tle-Gly”
# AMPs Magainin 1-12 fJ N 3mi% 32 b amsitry
ANHE RRWQWR  HEA 806 AR 3 g 1 5 i aed
JERPEEY 4 . AMPs Hex-Mag 3f:7F P.
pastoris GS115 RSz PfSE Kk, FeZml& ik
Hex-Mag 7= &%) 260 mg/L. Kuddus %:!'*DE;
AMPs Snakin-1 ) DNA HB{afes] pPICY # ik
o, I A P. pastoris GS115 H, TAHS3%E
KPP HI2) 40 mg/L., Snakin-1 & —FE A2 R
BRI/ FRE, A 6 NarF N hiil, X
#W] P. pastoris FRik R4 A T RHEA ™ H
A 6 A B AETE R

[EIf, YT P. pastoris HA BRI 4A
HAE R B  h f A e S , iRy ik
FH T KB 2 K W Ying S50 hEd s 4%
RIS NFLEREE (LN E T P. pastoris 1
fZeik, 4 B SR s S pPIC3.5K kIt
AZ| P. pastoris KM71 Hr kA 7 4t i 23 B
B, 5 ER, ANALBREON RS REREN
115 mg/L, ZEREMIEFREMW 7.67 f5. EHE,
o B 2 T R A 0 T e 8 ) SR
Dai %5UR I 22 PR 2 R 5 s St 2 1 v A N D)
HI R BERGAE P. pastoris i R iFRIA; M S L
KM UEA T A e, A W P ) A
W61 . AR EUKOT B A W i b R A 7
e F R TR, PN U R I A 1 5 e RS
PEZF 510 15.8 g/L #19 640 TU/mL, % KF 5
PR LA T2 85.3 f%5 . X UEHH T % K T

TE A 77 S U5 U0 A SR Tl T 2 A e R
A MR . ARG T, AMPs 7
P. pastoris H A% Rk &R B4y — 2 o]
Xing % PVH] B P. pastoris X-33 #4 @ T
fowlicidin-2 FH KRR ; AL EFRMIG,
77 R A 85.6 mg/L. Feng Z57F E. coli BL21(DE3)
ik Fowlicidin-2 HAIFGAEYA, 770 6 mg/L,
AR ER, E. coli 7k T P. pastoris % ik

2 BEEORAKE

KT RZEH AMPs B JE TRk 2 ik
W, RIREXTfE S TR IR AR T TE I A EE M
KHMEEAIST AMPs 41 R A 0] LUK
PE, iR AMPs MRk E. 5, MG HE
M2 9 R 5 P8 g 8T U JF A B H bR
AMPsP7,
21 BFAEEFMEER

£ ¥ 1A (inclusion bodies, 1Bs)J&F8#MEHEE
e R IR RGP m AR AN, BTk
PR B e P B A B A AR A RIS, AT
T R ER A R 0 v 2 B RV B TS P Y
EHFRPRL(E 2) P 1Bs H A —seph BRI
£ 7 (1 I = 0 = N 2 N L = )
IBs, fHT/R2zibs; T HREPLEH, [
A B R0 N, FEfR R 4L E
(recombinant protein, rPOI)ZE #7243 GE 1Y B 12
T, ATDAE R AR T S R H
I 2R 2 T8 AL B0 R 1 il B A 254 =
H A8 A AR AR B 8. Achmiiller 2] F
NP ARSI TR RE, MK
E-GFPuv 7t E. coli Hf53LAZik, 1M H NP A
S e L L PR GRS . PR IBs
ghLy, ff POL 13RI FE /338

http://journals.im.ac.cn/actamicrocn



3626

SHAO Changxuan et al. | Acta Microbiologica Snica, 2024, 64(10)

E. coli fermentation

E. coli disruption

Cell debris

IB isolation

rPOI aggregated
and/or misfolded

Resolubilization Refolding

B R

rPOI soluble and
Un or partly folded

2 M IBs £7Z%) rPOI EIFBH T E S EH R

Figure 2 Protocols of the process steps from IBs production to refolding of rPOIP®.

22 RAEFRERYIERE

JRAE R RGAERIE AMPs I T I P KBk
i (1) AMPs &8 £5 BmstE ALk sk, &
MY, Wk 2 B E B OK % (2)
AMPs {E2R H 98 1 Bk R0k Al BB XS R ik 18
ML A AWt s TR X S [, H
FARI S Sk AMPs B TR A s 19
TL4ER AMPs, 98T 2K & i 5 ok 2E 17
e, PIEREEE R SRS LITE IBs AR
FKiko LA, X IBs MRS AR TTEAW
Pl Li FNEOERR SR PagP HIREE
“HREHEAT T AR AT, UERH T PagP B9 C i IX.
A R A AR, AU RE A
BRI AR AMPs 115 2 1Bs; LAk, 5
5C R RS E@ R B A R gk EE , A 1)
TorF s NAHEAER, ek REWN
TE o SR AR PR PR S B A )l e R ke B
G A KA (1) S5 R B R N 5 A IR B Ak v
DL 4R HAE N 1Bs R Fl ARSI ST .

H Hiy W 2 R & Rk RG L h B-2F
FLVHTT B 22 45 (B-galactosidase, B-gal), GST. %
i Bi4E 4 #5 M (maltose binding protein, MBP)
gt AR Rl G 2R G S ARG 2R GE (AR AR
AR R )&M) GST E1E E. coli HEsLfE

P4 actamicro@im.ac.cn, & 010-64807516

VR Ry Al R IR Rl G B A . MBP R%E
M HA S RIB KL 5 T aliAb Fn 4 s v i 1k
3T,
22.1 WS WX REE A (thioredoxin, Trx)fl &
FRE

A R R A R EETHE . HY
Ko shy 45 2 Fh A= Uy PR 3 T $A R 1Y, A
WK 12 kDa, HAWEAFEME. Hitk, Trx
WG AR, LIRS E. coli i rPOI/ARIY
AT FRA0 ) Trx W RERS B 1 AMPs Bl 75 &=
M BEREAE, DS RI Trx Fr&ERIAME
41 AMPs [7= AR T AR A ARSI HY
Krahulec Z=UF A Trx #R27E E. coli RV308ai
SCEL T LL-37 MEAH RIS Ralifh, RiksikF|
40 mg/L, # T —FH EM LR, &G R
rPOI ZE = B KK RS0, Panteleev 55053
T Trx b I E A A7 T tachyplesin 1,
AR T HOO A 20 R EE AR O DR 4 H
WK, SR, BT RRARSE, # Tx
AfREZsLL 1Bs WIEURR R, PRIA S o0 i i i
R ST ARAS MR F Y
222 ABHRREBBGSTMEIRE

GST J&0— M TRIGRIE AMPs RE{A
H1. 5 Trx 5, GST 7E E. coli H#iFSLRE

’
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VER TR A A B A3 IA S 1. Fan
SR GST fb A RS¥ B PR-39 Al
Protegrin-1 {9 rPOI 7£ E. coli H il th#Rik, 4ifk
Je B U LA S TR TG M . Fan SRRV
ST RIBH B IR AIK W ik faki ik
2, dmaDKE 78 A S 24 pDESTIS
I A# E. coli BL21, £ IPTG %74
GST-AIK GG ; FfE, @it HAR TEV &
FIEFIE], 2Bk GST Fr&sifffralift, mZ&HRG
T 4RI 95%1 rPOIL
223 I TFZERZIHRERSCUMO)ESIRE
SUMO RS FREFERISChE A4 &L, Bk
— P 51z R AR E T BB A B AS [F] /43
FREAK, EEHBENEAERTS, A
A BRI O K EKINZ, Rt s B E ]
whEFRA R, AR AR ARSI SUMO
M) = REEH, BRI ASH ZRE 5k
BRRE 7E =4 P SUMO 5 Trx #1 GST A
AU, B anfe LU A Rl G A
PRV, IFH X EA TR EEE R
Kim %P5 f SUMO A, 78 SUMO HY
N i SN T 6xHis ZifbbR%s, WO 8 2 ik
T AMPs Abaecin; Ff41 X} 6xSUMO-Abaecin 21
HHATES T, REKK SUMO JPol 5%
it Abaecin A ik &, 1 HRKH
G322 K ) Rl B TR AE WV T A Bl A 31
Luan 45 PV iz &4 3% 4 His-SUMO-CBF Al
His-SUMO & 10 1 %452k 4& pHT43 Hr, fff
AMPs CBF 7£ B. subtilis WB80ON H il D 3% ik ;
Rk g aitbls, EAaAEA
SUMO-CBF 774l 22 mg/L, SUMO Z& [/ 1
1 mg/L; I SEFZ TR B Sk 2 b
E—aifk w4 CBF, 9%/ CBF f=®mZ4N
3 mg/L. XEHFFREREN, FIFH SUMO Fr%
FIE Y 0 B AR e, W] DL R AR A

AMPs, I HANFZ W 1E 4005 7 .
23 FBEEAMAdl

et EpsEdr, P RS bR 2 i gk
FEAR T sk, 235 E R AR SR
s, ELAR R 5 2 0 25 A DU B AR 25 i 25 g AN
[F) A Fr 25 5% o 2H 24 2 475 28 (histidine-tag, His)
JEITARTAE AMPs A i R alifbbrss
A 3 3o 5% FUZ AT 4liAbAS [F] A9 @l A 2 11 BT, Hou
SPUF M His bRZ4rid SUMO, 5 AMPs
Scolopin 1 454, i A%l pSUMO k&I A5
E. coli BL21(DE3)H, miuifyat T B4l Fik ik
i SRAERZPT sk aifb EAE N, &4
SRR 95%. SR, — LA alifb bR s 1E
W BOAL G B vk, PR B LR 2 IR
(elastin-like polypeptide, ELP); ELP W] if i g8
R EERNEL A5, TEVTIE S MREER Z Bk A T
B, NI S PR 43 B A 2R L H g
Sousa ZEUF ] ELP #3254E E. coli Hrifil 45 a2
Wt AMPs, ¥ ELP 5 AMPs Pa-MAP 2 fili &,
DIfERE AMPs OIREEFN 0, SCBL AMPs [13%
PR A5 B9 AMPs Pa-MAP 2 %} E. coli
ATCC 8739 ) MIC ik #| 25 pmol/L, AMPs
Pa-MAP 2 ()7~ 8% ELP R 40774 iy Al AMPs
w50 %

3 At AR

3.1 IMERRHIZ AT FRIATRES

AMPs 2438 F 3K W S 21K 2 F AMPs LA
R BB R — R R AR F B, R
Ot & T &Pl G 8 L BOR DL X 4 3R
KPR WIBR T, 2 AMPs X375 F RO BEPEVE
DA K o 25 11 8 A U T R 2 S 8 AR KA
A, BN 1 g/L @A B 40 mg/L KU,
AR, ZRERIBCPAIN—FIEm AMPs #
I B 25 IR BE S RER I BRIk . ey
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LFRBHIME ST, PRCRRMERE AMPs g@ld
AR AMPs, AMUBRA mRIEE, [FBdT
A5 B35 AR BT BRI AN X T 0 R )6 4 i
PEC, filhn, Zhang %P1 PRW4 FIRT 16 4
#%IL Y Fowlicidin-2 )5 15 PERIELE S, 4
AMPs PR-FO, #%# AmyQ fl SacB 15 5 ik7E %
ZEEA S0 B. subtilis ik, A RIMREE 20500h
16 mg/L (SPamyo) Ml 23 mg/L (SPecs) Il & E
M, 24k 3 4iE N 90% PR-FO 3 mg
(SPamyo)Fl 4 mg (SPecg); MEZH PR-FO A
PR TG PE, AT 22 Fh AR == 0GB RN B
o Li ZUERFSE 4 PInE 55 PInF 243K il 2y
AR BF-1, w7 H 2 [ B B A I R T
YE, JF7E P. pastoris 1523 T PInEF ()i
ik, % EF-1 09752020 32.65 mg/L, ZiifEik
#|T 94.9%. Sun FECPURIHLIA GAP JH )T
UK sh A FLERER (R B TE P. pastoris GS115
RRE SRR, FeEo 15.7 mg/L, lad PHE T8
Btk ZHr RSO R RGR AR g i fb 5, M 500 mL
MM RE =W P 3R154 1.8 mg LfcinB-hLY; 4
77 A B R JOR O R 2 G B A R % A 4
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B AoproS8 FERFEIAEL, WIFIESE N 545 Il
AoproS8 1.0, SRJ51EEAYE DL b ik — 2D
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hIL-32, A58 45 3 BoR X AP & 1 7~ g ik
FE I, XRIIZRG AT PO MR AL
grih o BRI, O B AR Ry A A R A KA
AR 1 TR TR AR .
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Py aliAl | 5L DR R 1 20 WA S 221 )5 TR A T
fife. HAr, mHmaEARS ., kil £



BERAEF 45 | S 3K, 2024, 64(10)

3629

PO uSImorFAERSESR NS, YRR — e A b
$EE AMPs ik, JFH AMPs TEZED R
G R EAE BRI A RS B, &iE
TR IA T RS UL AL BRI I SRR 1 1 R
T T TR AR A i S B L AR A £ 1 AR
1 BT gtk s FFH S ARG PR I 1 R 8 AT 430
ZHEMENFIREMA . 76 AMPs B35,
SEROC R BT LRE B i IR R TR
BAHES G, WA — PR m R IRAOR, 15
AMPs (A7 SRR B INTRI 3 2547 o X 467 vk ] fE
TR — AN A T R, T AR E AR
[l AMPs (1) 3 1A X RN 25 A0 T RE G R b AT 4%,
LTI & B 45 Fh R i X FE 417 AMPs FIH:
M BRI U A e R B A
{HEHEE BRI WA 5 58, AMPs AT DLSCE
RIUBLE I A el . AR | il 250
B AU B2 IV

SE 30k

[1] ZHANG QY, YAN ZB, MENG YM, HONG XY, SHAO
G, MA JJ, CHENG XR, LIU J, KANG J, FU CY.
Antimicrobial peptides: mechanism of action, activity
and clinical potential[J]. Military Medical Research,
2021, 8(1): 48.

[2] ZHU YY, HAO WIJ, WANG X, OUYANG JH, DENG
XY, YU HN, WANG YP. Antimicrobial peptides,
conventional antibiotics, and their synergistic utility
for the infections[J].
Medicinal Research Reviews, 2022, 42(4): 1377-1422.

[3] AL-DHAFRI KS, CHING CL.
characterization of antimicrobial peptides isolated from
Fagonia bruguieri[J]. Applied Biochemistry
Biotechnology, 2022, 194(10): 4319-4332.

[4] SHAO CX, TIAN HT, WANG TY, WANG ZH, CHOU
SL, SHAN AS, CHENG BJ. Central B-turn increases
the cell selectivity of imperfectly amphipathic a-helical
peptides[J]. Acta Biomaterialia, 2018, 69: 243-255.

[5] SHAO CX, ZHU Y, JIAN Q, LAI ZH, TAN P, LI GY,
SHAN AS. Cross-strand interaction, central bending,

treatment of drug-resistant

Isolation and

and

and sequence pattern act as biomodulators of

simplified PB-hairpin antimicrobial amphiphiles[J].

[10]

[11]

[13]

Small, 2021, 17(7): ¢2003899.

PARACHIN NS, MULDER KC, VIANA AAB, DIAS
SC, FRANCO OL.
heterologous production of antimicrobial peptides[J].
Peptides, 2012, 38(2): 446-456.

DEO S, TURTON KL, KAINTH T, KUMAR A,
WIEDEN HIJ. Strategies for improving antimicrobial

Expression  systems for

peptide production[J]. Biotechnology Advances, 2022,
59:107968.

SCHREIBER C, MULLER H, BIRRENBACH O,
KLEIN M, HEERD D, WEIDNER T, SALZIG D,
CZERMAK P. A high-throughput expression screening
platform to optimize the production of antimicrobial
peptides[J]. Microbial Cell Factories, 2017, 16(1): 29.
MO Q, FU A, LIN Z, WANG W, GONG L, LT W.
Expression and purification of antimicrobial peptide
AP2 using SUMO fusion partner technology in
Escherichia coli[J]. Letters in Applied Microbiology,
2018, 67(6): 606-613.

XHF, BRR, PR, A, U, PR, R
B . A ZEAFF B YT168-6 F=HL i K sublancin [
F W 1A B SR ARG R DEFE (D). o A
%, 2021, 48(9): 3232-3241.

LIU YK, ZHAO TX, LU XY, LI L, CHENG P, LI SJ,
XIE SC. Optimization of fermentation technology and
selection of culture medium for antimicrobial peptide
sublancin produced by Bacillus subtilis YT168-6[J].
China Animal Husbandry & Veterinary Medicine, 2021,
48(9): 3232-3241 (in Chinese).

DONG XF, SHAN H, WANG SB, JIANG ZJ, WANG
SJ, QIN ZH. High expression of antimicrobial peptides
cathelicidin-BF in Pichia pastoris and verification of
its activity[J]. Frontiers in Microbiology, 2023, 14:
1153365.

AR, BRAAS. —FBial & PiE L Hex-Mag F: A
M ERE | Rk KBRS, A
2021, 47(1): 115-120.

LI GP, CHEN YB. Cloning,
characterization of a new hybrid AMP gene of
Hex-Mag[J]. Acta Microbiologica Sinica, 2021, 47(1):
115-120 (in Chinese).

NIU MF, CHAI SM, YOU XY, WANG WH, QIN CL,
GONG Q, ZHANG TT, WAN P. Expression of porcine
protegrin-1 in Pichia pastoris and its anticancer
activity in vitro[J]. Experimental and Therapeutic
Medicine, 2015, 9(3): 1075-1079.

B, SUHE, R, OB/, BREM, skBE, &
S, T UL IR R I B R R R A A SRR

expression and

http://journals.im.ac.cn/actamicrocn



3630

SHAO Changxuan et al. | Acta Microbiologica Snica, 2024, 64(10)

[17]

[18]

[19]

(20]

[22]

FRIWTFE ], b A S8 IR PR 25 5 2% 35
18(2): 181-185.

YING G, WU SH, WANG J, ZHAO XD, CHEN JM,
ZHANG XG, HOU YD. Producing human lactoferrin
by high-density fermentation Pichia
pastoris[J]. Chinese Journal of Experimental and
Clinical Virology, 2004, 18(2): 181-185 (in Chinese).
XING LW, TIAN SX, GAO W, YANG N, QU P, LIU D,
JIAO J, WANG J, FENG XJ. Recombinant expression
and biological characterization of the antimicrobial
peptide fowlicidin-2 in Pichia pastoris[J]. Experimental
and Therapeutic Medicine, 2016, 12(4): 2324-2330.
KUDDUS MR, RUMI F, TSUTSUMI M,
TAKAHASHI R, YAMANO M, KAMIYA M,
KIKUKAWA T, DEMURA M, AIZAWA T. Expression,

purification and characterization of the recombinant

2004,

recombinant

cysteine-rich antimicrobial peptide snakin-1 in Pichia
pastoris[J]. Protein Expression and Purification, 2016,
122: 15-22.

KRAHULEC J, HYRSOVA M, PEPELIAEV S,
JILKOVA J, CERNY Z, MACHALKOVA J. High
level expression and purification of antimicrobial
human cathelicidin LL-37 in Escherichia coli[J].
Applied Microbiology and Biotechnology, 2010, 88(1):
167-175.

LI zX, CHENG Q, GUO HN, ZHANG RJ, SI DY.
Expression of hybrid peptide EF-1 in Pichia pastoris,
its purification, and antimicrobial characterization[J].
Molecules, 2020, 25(23): 5538.

ZHANG LC, LI GQ, ZHAN N, SUN TT, CHENG BJ,
LI YB, SHAN AS. Expression of a Pseudomonas
aeruginosa-targeted antimicrobial peptide TOW in
Bacillus subtilis using a maltose-inducible vector[J].
Process Biochemistry, 2019, 81: 22-27.

ZHANG LC, LI XD, ZHAN N, SUN TT, LI JP, SHAN
AS. Maltose induced expression of cecropin AD by
SUMO technology in Bacillus subtilis WB80ON[J].
The Protein Journal, 2020, 39(4): 383-391.

SUN J, JIANG J, LIU LF, WANG Z, WEI C.
Expression of the hybrid antimicrobial peptide
lactoferrin-lysozyme in Pichia pastoris[J].
Biotechnology and Applied Biochemistry, 2019, 66(2):
202-208.

YU H, JIANG YP, CUI W, WU X, HE J, QIAO XY, LI
YJ, TANG LlJ.
antibacterial

Comparison of expression and

activities of recombinant porcine

lactoferrin expressed in four Lactobacillus species[J].
2014, 30(9):

Chinese Journal of Biotechnology,

<l actamicro@im.ac.cn, & 010-64807516

(23]

[24]

(28]

[29]

[30]

[31]

1372-1380.

FENG XJ, XU WS, QU P, LI XC, XING LW, LIU D,
JIAO J, WANG J, LI ZQ, LIU CL. High-yield
recombinant expression of the chicken antimicrobial
peptide  fowlicidin-2 in  Escherichia  coli[J].
Biotechnology Progress, 2015, 31(2): 369-374.

ZHAO L, LI L, HU MY, FANG YX, DONG N, SHAN
AS. Heterologous expression of the novel dimeric
peptide LIG in Pichia pastorig[J].
Journal of Biotechnology, 2024, 381: 19-26.

ZHANG LC, WEI DD, ZHAN N, SUN TT, SHAN BD,
SHAN AS. Heterologous expression of the novel
a-helical hybrid peptide PR-FO in Bacillus subtilis[J].
Bioprocess and Biosystems Engineering, 2020, 43(9):
1619-1627.

LUAN C, ZHANG HW, SONG DG, XIE YG, FENG J,
WANG YZ. peptide
cathelicidin-BF in Bacillus subtilis using SUMO
technology[J]. Applied Microbiology
Biotechnology, 2014, 98(8): 3651-3658.
FENG XJ, LIU CL, GUO JY, BI CP, CHENG BJ, LI
ZY, SHAN AS, LI ZQ. Expression and purification of

an  antimicrobial

antimicrobial

Expressing  antimicrobial

and

peptide, bovine lactoferricin
derivative LfcinB-W10 in Escherichia coli[J]. Current
Microbiology, 2010, 60(3): 179-184.

JEONG HY, JEONG DE, PARK SH, KIM SJ, CHOI
SK. Complete genome sequence of Bacillus subtilis
strain  WB8OON, an extracellular protease-deficient
derivative of strain 168[J]. Microbiol Resour Announc,
2018, 7(18): e01263-18.

GARCIA de GONZALO CV, ZHU LY, OMAN TJ, van
der DONK WA. NMR structure of the S-linked
glycopeptide sublancin 168[J]. ACS Chemical Biology,
2014, 9(3): 796-801.

PN, SRBl, B, HEFIAE, il SHEK, D
ok, ARl R Ik R GRS AR PUARBE T 2E S (1]
o E A ) TR, 2023, 43(11): 43-55.

SUN BH, WU Y, ZHAO R, LOU YX, LI WT, LI YF,
MA LL. Research progress of therapeutic nanobodies
with  different systems[J].  China
Biotechnology, 2023, 43(11): 43-55 (in Chinese).
HODAEI MH, ANDUHJERDI RB, FALLAH
MEHRABADI J, ESMAEILI D. Cloning

expression of the L1 immunogenic protein of human

expression

and

papillomavirus genotype 16 by using Lactobacillus
expression system[J]. Gene Reports, 2019, 17: 100521.



BERAEF 45 | S 3K, 2024, 64(10)

3631

[32]

[33]

[34]

[35]

[37]

[38]

[40]

[41]

[42]

BERLEC A, STRUKELJ B. Novel applications of
recombinant lactic acid bacteria in therapy and in
metabolic  engineering[J]. Recent Patents on
Biotechnology, 2009, 3(2): 77-87.

XIANG L, WANG QH, ZHOU YL, YIN LF, ZHANG
GM, MA YH.
ZEN-detoxifying gene by codon optimization and
biobrick in Pichia pastoris[J].
Research, 2016, 193: 48-56.

LEE JY, CHEN H, LIU AL, ALBA BM, LIM AC.
Auto-induction of Pichia pastoris AOX1 promoter for

High-level expression of a

Microbiological

membrane protein expression[J]. Protein Expression
and Purification, 2017, 137: 7-12.

CEREGHINO JL, CREGG JM. Heterologous protein
expression in the methylotrophic yeast Pichia
pastoris[J]. Fems Microbiology Reviews, 2000, 24(1):
45-66.

DAI WL, DONG HF, ZHANG ZK, WU X, BAO TT,
GAO L, CHEN XY. Enhancing the heterologous
expression of a thermophilic endoglucanase and its
cost-effective production in Pichia pastoris using
multiple strategies[J]. International Journal of
Molecular Sciences, 2023, 24(19): 15017.

WIBOWO D, ZHAO CX. Recent achievements and
perspectives for large-scale recombinant production of
antimicrobial peptides[J]. Applied Microbiology and
Biotechnology, 2019, 103(2): 659-671.

HOFFMANN D, EBRAHIMI M, GERLACH D,
SALZIG D, CZERMAK P. Reassessment of inclusion
body-based production as a versatile opportunity for
difficult-to-express recombinant proteins[J]. Critical
Reviews in Biotechnology, 2018, 38(5): 729-744.
VERA A, GONZALEZ-MONTALBAN N, ARIS A,
VILLAVERDE A. The conformational quality of
insoluble recombinant proteins is enhanced at low
growth temperatures[J]. Biotechnology and
Bioengineering, 2007, 96(6): 1101-1106.

SINGHVI P, SANEJA A, SRICHANDAN S, PANDA
AK. Bacterial inclusion bodies: a treasure trove of
bioactive proteins[J]. Trends in Biotechnology, 2020,
38(5): 474-486.

CARRIO MM, CORCHERO JL, VILLAVERDE A.
Dynamics of in vivo protein aggregation: building
inclusion bodies in recombinant bacteria[J]. FEMS
Microbiology Letters, 1998, 169(1): 9-15.

SINGH SM, PANDA AK. Solubilization and refolding
of bacterial inclusion body proteins[J]. Journal of
Bioscience and Bioengineering, 2005, 99(4): 303-310.

[43]

ACHMULLER C, KAAR W, AHRER K, WECHNER P,
HAHN R, WERTHER F, SCHMIDINGER H,
CSERJAN-PUSCHMANN M, CLEMENTSCHITSCH
F, STRIEDNER G, BAYER K, JUNGBAUER A,
AUER B. NP fusion technology to produce proteins
with authentic N termini in E. coli[J]. Nature Methods,
2007, 4: 1037-1043.

LI YF. Carrier proteins for fusion expression of
peptides in  Escherichia coli[J].
Biotechnology and Applied Biochemistry, 2009, 54(1):
1-9.

LI XF, ZHANG BR, HU Q, CHEN CC, HUANG JH,
LIU L, WANG SB. Refinement of the fusion tag PagP
for
Escherichia coli[J]].
11(3): ¢0380322.
ASHCHEULOVA DO, EFIMOVA LV, LUSHCHYK
AY, YANTSEVICH AV, BAIKOV AN, PERSHINA AG.
Production of the recombinant antimicrobial peptide
UBI .35 in Escherichia coli[J]. Protein Expression and
Purification, 2018, 143: 38-44.

LENON M, KE N, REN GP, MEUSER ME, LOLL PJ,
RIGGS P, BERKMEN M. A useful epitope tag derived

from maltose binding protein[J].

antimicrobial

effective formation of inclusion bodies in

Microbiology Spectrum, 2023,

Protein Science: a

Publication of the Protein Society, 2021, 30(6):
1235-1246.
HLAVAC F, ROUER E. Expression of the

protein-tyrosine kinase p56lck by the pTRX vector
yields a highly soluble protein recovered by mild
sonication[J]. Protein Expression and Purification,
1997, 11(3): 227-232.

LaVALLIE ER, DiBLASIO EA, KOVACIC S, GRANT
KL, SCHENDEL PF, McCOY JM. A thioredoxin gene
fusion expression system that circumvents inclusion
body formation in the E. coli
Bio/Technology, 1993, 11: 187-193.
LaVALLIE ER, LU Z, DIBLASIO-SMITH EA,
COLLINS-RACIE LA, McCOY JM. Thioredoxin as a
fusion partner for production of soluble recombinant
proteins in  Escherichia coli[J]. Methods in
Enzymology, 2000, 326: 322-340.

PANTELEEV PV, OVCHINNIKOVA TV. Improved
strategy for recombinant production and purification of

cytoplasm[J].

antimicrobial peptide tachyplesin I and its analogs with
high cell selectivity[J]. Biotechnology and Applied
Biochemistry, 2017, 64(1): 35-42.

PANE K, DURANTE L, PIZZO E, VARCAMONTI M,
ZANFARDINO A, SGAMBATI V, Di MARO A,

http://journals.im.ac.cn/actamicrocn



3632

SHAO Changxuan et al. | Acta Microbiologica Snica, 2024, 64(10)

[53]

[54]

[55]

[56]

[58]

[59]

CARPENTIERI A, I1ZZO V, Di DONATO A, CAFARO
V, NOTOMISTA E. Rational design of a carrier protein
for the production of recombinant toxic peptides in
Escherichia coli[J]. PLoS One, 2016, 11(1): e0146552.
FAN F, WU YM, LIU JX. Expression and purification
of two different antimicrobial peptides, PR-39 and
Protegrin-1 in Escherichia coli[J]. Protein Expression
and Purification, 2010, 73(2): 147-151.

FAN FF, SUN HY, XU H, LIU JW, ZHANG HY, L1 YL,
NING XL, SUN Y, BAI J, FU SB, ZHOU CS.
Expression,
peptide AIK in Escherichia coli and its antitumor
activity[J]. Chinese Journal of Biotechnology, 2015,
31(12): 1753-1763.

SUN ZY, XIA ZN, BI F, LIU JN. Expression and
purification  of
ubiquitin-related modifier fusion in Escherichia coli[J].
Applied Microbiology and Biotechnology, 2008, 78(3):
495-502.

BOMMARIUS B, JENSSEN H, ELLIOTT M,
KINDRACHUK J, PASUPULETI M, GIEREN H,
JAEGER KE, HANCOCK REW, KALMAN D.
Cost-effective

purification of recombinant cationic

human urodilatin by  small

expression and purification of
antimicrobial and host defense peptides in Escherichia
coli[J]. Peptides, 2010, 31(11): 1957-1965.

LEE CD, SUN HC, HU SM, CHIU CF, HOMHUAN A,
LIANG SM, LENG CH, WANG TF. An improved
SUMO fusion protein system for effective production
of native proteins[J]. Protein Science: a Publication of
the Protein Society, 2008, 17(7): 1241-1248.

KIM DS, KIM SW, SONG JM, KIM SY, KWON KC. A
new prokaryotic expression vector for the expression
of antimicrobial peptide abaecin using SUMO fusion
tag[J]. BMC Biotechnology, 2019, 19(1): 13.

HOU HH, YAN WL, DU KX, YE YJ, CAO QQ, REN
WH. Construction and expression of an antimicrobial
peptide scolopin 1 from the centipede venoms of
Scolopendra subspinipes mutilans in Escherichia coli

<l actamicro@im.ac.cn, & 010-64807516

[66]

using SUMO fusion partner[J]. Protein Expression and
Purification, 2013, 92(2): 230-234.
URRY DW, TRAPANE TL,

Phase-structure transitions of

PRASAD KU.
the
polypentapeptide-water system within the framework

elastin

of composition-temperature studies[J]. Biopolymers,
1985, 24(12): 2345-2356.
SOUSA DA, MULDER KCL, NOBRE KS,

PARACHIN NS, FRANCO OL. Production of a polar
fish antimicrobial peptide in Escherichia coli using an
ELP-intein tag[J]. Journal of Biotechnology, 2016, 234:
83-89.

DENG T, GE HR, HE HH, LIU Y, ZHAI C, FENG L,
YI L. The heterologous expression strategies of
antimicrobial peptides in microbial systems[J]. Protein
Expression and Purification, 2017, 140: 52-59.

WANG SN, XUE YB, ZHANG P, YAN QJ, LI YX,
JIANG ZQ. CRISPR/Cas9 system-mediated multi-copy
expression of an alkaline serine protease in Aspergillus
niger for the production of XOD-inhibitory peptides[J].
Journal of Agricultural and Food Chemistry, 2023,
71(41): 15194-15203.

BOSE D, CHAKRABARTI A. Substrate specificity in
the context of molecular chaperones[J]. [UBMB Life,
2017, 69(9): 647-659.

FREILICH R, ARHAR T, ABRAMS JL, GESTWICKI
JE. Protein-protein interactions in the molecular
chaperone network[J]. Accounts of Chemical Research,
2018, 51(4): 940-949.

AKBARIAN M, YOUSEFI R. Human aB-crystallin as
fusion protein and molecular chaperone increases the
expression and folding efficiency of recombinant
insulin[J]. PLoS One, 2018, 13(10): €0206169.

BAE JH, SUNG BH, KIM HJ, PARK SH, LIM KM,
KIM MJ, LEE CR, SOHN JH. An

genome-wide fusion partner screening system for

efficient

secretion of recombinant proteins in yeast[J]. Scientific
Reports, 2015, 5: 12229.



