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Antifungal peptide AG-AFP: prokaryotic expression and
evaluation of its inhibitory effect on Sporisorium scitamineum

XU Jiahong"?, LI Chaoyan', ZHANG Mingyang', ZHANG Siyuan', XU Yi?, JIA Yantao"

1 Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China
2 College of Life Science and Technology, Guangxi University, Nanning 530004, Guangxi, China

Abstract: Sugarcane smut caused by Sporisorium scitamineum is one of the major diseases of
sugarcane. Antimicrobial peptides are eco-friendly agents that can effectively control fungal
diseases. The antimicrobial peptide AG-AFP is derived from Aspergillus giganteus and has the
advantages of high stability and low biosafety risk. We tested the inhibitory effect of AG-AFP on
Sporisorium scitamineum aiming to provide biocontrol resources for diseases in sugarcane. AG-
AFP was obtained through prokaryotic expression. We examined the inhibition of AG-AFP on the
cell growth of Sporisorium scitamineum and its effects on the integrity and fluidity of the cell
membrane to verify the effectiveness of this antimicrobial peptide in the prevention and control of
Sporisorium scitamineum. AG-AFP obtained by prokaryotic expression had a good inhibitory effect
on Sporisorium scitamineum, with a minimum inhibitory concentration of 23.5 pg/mL. Moreover,
it enhanced the cell membrane fluidity, destroyed the cell membrane integrity, and inhibited the
dikaryotic hyphae of Sporisorium scitamineum. AG-AFP demonstrates a significant antifungal
effect and potential application value for controlling diseases in sugarcane.

Keywords: sugarcane smut; antimicrobial peptide; prokaryotic expression of antimicrobial
peptide; antifungal activity; Aspergillus giganteus
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BHEARAF; FEAEIEIF Cocktail . —Hi 75
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Buffer, 44 A marker, 1A = AIEA YR
H RO ARAF; 02 um R — 8 4 M
(polyvinylidene fluoride, PVDF) i | 3 5 U ff, =
J% Yt (enhanced chemiluminescence, ECL) i 52 1% ,
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&, W H Merck millipore 2 ) ; Tricine-SDS-
PAGE % & (41 o) ¢ i Bie il .00 &, W A
Servicebio /¥ H) o

HAmRX5 . SYTOX™ Green dead-cell stain,
5 I ABP Biosciences A H]; 1,6- —K%-1,3,5-C%
— J% (1,6-diphenyl-1,3, 5-hexatriene, DPH), 1§ H
Yeasen A H); A, 14 Biotopped /A Hl o
1.2 753
1.2.1 HEZARK

HAE Wnendt 25738 (1) AG-AFP 11 RR T
54 . AG-AFP DNA F B, %4 PCR ¥ 34 )5 7¢
53 A 3 S W5 1A 20 bp 5 pET21b # AR
A i [} P A 3 3, R R () 95 2 7 K R
1 H A JE R R B S 2 Xba 1A Hind THT V)
pET21b #ARIEATEA, FHAE L KB EHE C dm gl
A His b2, 9 80 R K 0y Ji 8% 3R 58 2 1k
pET21b-AG-AFP-His. #f Ji #% 3 ik B i 5% A
BL21(DE3)BZ 841, IR N E R R Pk
AR L, 37 cCHEFRR, PRHCERIRE, A
J¥ 519 (AG-AFP-F: 5'-GATAACAATTCCCCTC
TAGAATGCAAGAGATGAGAGCGCG-3' ; AG-
AFP-R: 5'-TCGAGTGCGGCCGCAAGCTTGCA
GTAGCACTTCCCCTTGT-3")#17H#i 7% PCR, Jf
DUy B8
122 EBFRIEREN

PRHCA TR 2 100 mL LB ¥R B 3 5L
37 °C. 220 r/min £5#£ & ODgoo N 0.6-0.8, A
0.1 mol/L IPTG, 15°C. 150 r/min & 557, &
ODIWEFAR, AT 10 mL 10 mmol/L PBS A7)
(8 g/L NaCl, 0.2 g/L KCI, 1.44 g/L Na,HPO,,
0.24 g/L KH,PO,, pH 7.4)", i EMRE, FF Ni
SEAEAlAL, MR 20 mmol/L 1 40 mmol/L Bk
ME Y 10 mmol/L PBS (pH 7.4) k£ H, U
600 mmol/L WK PBS ¥ (pH 7.4) #4758 AUk
Jiii, H 10 kDa #83E4Y, 2800 r/min. 4 °CES.L
452 200 pL. ] BSA Ak B &4 Hil b
HERRZE, FFHRE e 45 5 11 AG-AFP #F i ik 5
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123 mMEREEMSE

FH0.22 pm 59— AL DB AR T I IR D8
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BR SR H R AR TR A A B R JG35
JG36 WA B E YEPSA (BERHERW) 10 g/L,
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FEBETC T A AR T R L b, IR A R
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S WREEAG T T e

PRECEE BE AL 0 1 JG35 . JG36 1Y B 50 [ 1A
PEFEFD T 20 mL AR YEPS 85 37 5& (2 £ 7 B
¥ 10 g/L, i 20 g/L, BRERE 20 g/L)
28 °C., 220 r/min & HEFR . ¥4 500 pL P AL
BAZ] 2.5 mL YEPS 532 3trh, [AINHERD 15 pL
() JG35. JG36 Fl T (1x10°CFU/mL), 28 °C,
220 r/min 5557 48 h, WMEMEHRCR

P T T S A LA A R A A T
B &G A RS IE OB R 22, DA IS0  2xk
PRI 0 H TR B SR T A A A IR AT JG35
JG36 4% 300 uL IR &5, B 50 uL RS HEATE1E
YEPSA VA |, 1EEALE 28 cCHiFRA PR 2 d.
FEE R I A E L), B AR R 5
L, I A EAR A AN 200 uL 1 400 pl ¥
J¥ 4 300 pg/mL FHTH K AG-AFP, H-F-H & T
28 °CHiFR. LRSI E R/ 3 IRER
1.2.4 HSMIERE

K A6 2 i B 1201 58 AG-AFP X H i
L il R N R (BN N 7 5
(minimum inhibitory concentration, MIC). #l]
YEPS 15 37 56 % H A% F B 1L B AG-AFP %
W, HL100 uL fin A 96 fLA 45 FLH, [R5
100 uL fY JG35. JG36 FF (1x10° CFU/mL),
28 °C . 220 r/min 15 3% 24 h, F| H BRI E
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ODgoo 5, VAR AS VLN A A 1K ) die /N Bk
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WK IR I B R B X R R, R vk
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A 4 | 84 K i 2 { (Bioscreenn C A F]) 1,
28 °CIHIEFEFE, 4R 60 min M 5E ODgoo fH, LA
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M RE R BB KO, R R A R
1x10° CFU/mL, il A AG-AFP Z 29k B 43510
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A FIH 2.5% A9 7%, 0.1 mol/L
PBS ZZ M (pH 7.2)%9E 3 K, 10 min/Ik, KK
FH1 50%. 70%. 85%. 95% L BEuEAT 40 B MK ,
15 min/A, 100% LEEMK 3 UK, 15 minfk. ffiH
ARG B S TR Y (Leica 24 F)). WE4-55 T
S (Hitachi 22 w))#ilE&FES, S RS E A
B
1.2.7 4HRBAREIE M

% M Almeida 552" 9 77 35 #F 17 Sytox™
Green Yo, 40 MBS E . B AR B A
FERAL T HE 3R 2 ODeoo=0.4, £5HX 150 uL BN
A 96 fLH P, SA Sytox™ Green F 249k & hy
0.2 umol/L, AG-AFP FUZHE Jy 0.1—100 pg/mL.,
{di ] 2 T REREAR I (TECAN 23 H)), BEE At
BN 485 nm, EIHEIEK A 520 nm, Kok
FesREE, AG-AFP %7 12 h 0] 45F& 0.5 h il
DGR, SCEGEE 3 RS, 2 40 i
B P [R] /30 Y R 2K
1.2.8 ZHBBREREN M

2% Liao W 00T 1,6- 2K 3-1,3,5-
.. — i (1,6-diphenyl-1,3,5-hexatriene, DPH) 4 {2,
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SEH, FH PBS X B %) H T Ry PR A A
fil+ JG35. JG36 4l fliH 2 ODgp=0.4, 5 A[F]
W 1Y AG-AFP (0-50 pg/mL)RA G, i E
20 h, JG AG-AFP AbFRAVERXTIE. R T hricd
M, ALK E N 5 umol/L 1 DPH, 37 °CHEG:
75 30 min, FH PBS VRN e Bt i i BRES
JEUA PBS SR, SR Z iR, & &
WOR WK N 360 nm, KT R 430 nm,
For il e S B, 38 A e 2 AR B e % A i Y 2
DGR EEAS IEEE , ik,
1.2.9 ZRpREESTEEMEAGN

FH PBS 22 i F Xo) K5 Ay H R B R 1 B
R AT 1G35. JG36 Z0M1iH & ODgo=0.4, 5
ANIEHEFE ) AG-AFP (0-50 ng/mL)IR &5, i
HEMEE 20 h, JC AG-AFP &b B 40 1 b % IR,
B 1 mL FEARICEETAA, FH PBS YRR 2 YT
R, SAMALWE R 0.1% R RE T -
30 °CHEYEIFE 5 min 5, FH PBS R4 41 25 5%
o R T A T 2 D REREAR AL, 1%
B EK A 398 nm, KEHEIEK A 508 nm,
R ZEEm A, ARG 5B 41 B 1) e 8k

2 ER559

2.1 AEIRIEIEBTFIE R AG-AFP
MEEMKNRESH
2.1.1 FJHFNSREFHKRBIIIE
AG-AFP i i XA FE Ky 180 bp, K& Y
AG-AFP ¥ 11 8 7 B i o 7R vies W) 5 7 20 4 A 2]
pET21b # k&, P ik C- K il A 6xHis br
% 3K15 pET21b-AG-AFP-His JFA% 33k 244 (14
1A), T4 FikifE A BL21(DE3)E Az 5401, B
17# 7% PCR ¥4 AG-AFP-His H B (Teq-F: 5'-T
AATACGACTCACTATAGGGG-3'; Teq-R: 5'-TT
TGTTAGCAGCCGG-3"), K% PCR ¢ #a455 IlL
K 1B, ZIMFEIE, RISk .
2.1.2 EBFRIAEMN K Western blotting 534
PRI 34 BH 1 v B4 b T LB WA R AL
H1, 0.1 mol/L IPTG I SFHE MR, Ni EMHE4LL
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fk, Tricine-SDS-PAGE Hi yk 45 S 78, AG- 8.4 kDa (& 2A); JH His $i 1K 7 17 Western
AFP-His B 5 & A N ATiEMEER A, HE K/ blotting Kl , 5 R WE 2B frx, &z T

A
Teq-F Xba Hind 111 Xho 1

T7 promoter is T7 terminator

2 000

500
250

100

Bl #MEBHEHRNSFREENR A BUICHRERE . SiAG-AFPIYL IR F 515 6xHishr % )7 41 fil
G, EEFEHTIEZFIR3N. B: AG-AFPERIAWEHEAEH . M: DNA marker; JKi&1-8: pET21b-AG-
AFP-His[# 75 PCREIIE .

Figure 1 Construction of recombinant plasmids and expression strains. A: Schematic diagram of the vector
containing expression elements. The nucleotide sequence encoding AG-AFP is fused with the 6xHis tag
sequence, and the gene expression is driven by the T7 promoter. B: Construction of AG-AFP expressing strains.
M: DNA marker; Lane 1-8: PCR verification of pET21b-AG-AFP-His colonies.

A B
kba M 1 2 3 4 kDa M 1 2
180 — = 75 .

- B
75 — 25—'
25 — 17— @

1 — - s

11— . 8.4 kDa & W (<84kDa

B2 EHFKIEK Western blotting#3ll  A: AG-AFPZE [ &KL, WKiEM: #H Hmarker; JkiE1-2:
10 kDa B JE W 45 JF /R 15 K3E3—4: 600 mmol/LIKIRERFEVERG . B: FHHTHisHU A S B3l 246 I AG-
AFP-His. PKiH1-2: 10 kDa#EWe4in A . KTk e 188 H R EH &0

Figure 2 Protein expression and Western blotting detection. A: Detection of AG-AFP protein expression. Lane
M: Protein marker; Lane 1-2: Concentrated protein filtered by 10 kDa ultra-centrifugal filter units; Lane 3—4:
600 mmol/L imidazole gradient elution. B: Anti-His antibody immunoblot was used to detect AG-AFP-His. Lane
1-2: Concentrated protein in a 10 kDa ultrafiltration tube. The positions indicated by the arrows in the figure are

the positions of the target protein bands.
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AG-AFP-His H4FHPE 5% .
2.2 AG-AFP MinHEH# EW EE 4
vax i
2.2.1 AG-AFP X HEHEM EHIIEIE M
R AR FEAR Y B0 O AR SRk AT A
S o T R 4 O ao 0 R TR A B TR IR AG-AFP
(300 pg/mL)Ab PR AR IAALF JG35. JG36, HEH
P 1) I 72 45 5 UL IR 3A, TG35 Y 50 uL 4N
(1.240.5) cm. 100 pL 2 4(2.0£0.3) cm, 200 pL
4 M (2.5+0.5) cm; JG36 B 50 pL 41 N
(1.2£0.4) cm, 100 puL 20 #(2.1+0.4) cm, 200 puL
44 (2.9+0.3) om. AR BE IR0 TR S g (AR
50 pg/mL)Z5 R BoR, SR 50 R4 AR U
22 5(K 3B), ISR, AG-AFP X H jEHE
UMY A B T JG35 . JG36 Y I RS

200 uL 400 pL

B3 AG-AFPXIHE=HER# & 8 & 10 T A MR E £ (89 HD )

R EYE, ] AG-AFP (300 pg/mL)Ab B3
W2z, 2d JEWEE, S R I E 45 3 an sl 3C
Jii7R, M 200 uL 5 400 pL (930 & O BUZ B
22 AR, BT R 2 O R
VoI 8 2F MR A AT 5 Rz Y R 22 53 RO 50 5
WL 400 pL PUE KA BRSO TR 22, SEe 2 R an
Kl 3D s, SXTHEZAAHLIL, AG-AFP 4b#5,
R 22 A A 2 B R O 3 8 B 22 46 it LS 0
B, FIRGEREW, AG-AFP Al A4 %06 H e
PR BRI B AL T DU TR 22 1 K
2.2.2 AG-AFP S HEHEMEN /AN IE
RENE

oo/ NI B R BE (MILC) 2 Ay o R PFA 40 o 9
eI EE bR Z — . DA 188 pug/mL My i if i
R, X AG-AFP #E47 2 5B R RS, anf&l

JG35 JG36

1 mm

Control AG-AFP treatment

A FERMNEPRTE SR . B: WA

KR TR 5280 . C: AG-AFPXT H REHT SRR B XU B 22 Al . IZE BRI h - XFREL i A200 uL A
400 uL AG-AFPHIALFRZ . D: WAL T IET B ZZEM) . AG-AFPHTEE PN 6 B 22 CH )

Figure 3

Inhibition of AG-AFP on haploid sporidia and dikaryotic hyphae of Sporisorium scitamineum. A:

Oxford cup method plate bacteriostatic experiment. B: Liquid culture method bacteriostatic experiment. C:

Inhibition of AG-AFP on the dikaryotic hyphae of Sporisorium scitamineum. From left to right: control, add
200 pL or 400 pL of AG-AFP for treatment. D: Normal mycela (left), mycelia inhibited by AG-AFP

antimicrobial peptide (right).
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4A TR, TR DR R TR B A% A 96 F JG35.
JG36, P Y MIC Wk AT, H 10 5 250 bl
AG-AFP ¥ G R mibgss, 23.5 pg/mL ) AG-
AFP VEH R 5% 24 h, PRIHR A DL IH & g Ji 1 A
Ko ODgoo HME LR B, HRIRIELE R —
., AG-AFP X H eI B ERAH AR T JG35.
JG36 1Y MIC & 23.5 pg/mL (& 4B).
2.3 AG-AFP X HEHE BN F 2 E 48
FHEKAIF M

fl 2 0 0 A K il 2 P D RO e e A A
B ERGE AR, ST AG-AFP X H i §E 22
R AE A S, I T TR A TR A A7
FRERML . 2R ME s i, X84 (CK)
(20 At AR R R B AR Y S A K Zead — B

A
AG-AFP
(ug/mL) CK 017 035 07 15

(B ZEWE , ODgoo (21 =, HEAPLEAE K
XTI s Segm A R TR AL P I AG-AFP 1Yk
JEH 12.5 pg/mL B, X JG35., JG36 IR
Ml AG-AFP ¥ 25 pg/mL B, 404 K
ZHN I BAE]; WA AG-AFP #JE K 50 pg/mL
1100 pg/mL AYSEHZH ODgoo (HIEAAAE , i
A2 B E A
2.4 FHEEME AG-AFP M EARE
AN pA

WE 6 i, K4 AG-AFP Ab B H i
AT IG35. JG36 ML S8R, FKiniih
Wi, JomEHi(El 6A. 6D); AL 50 pg/mL AG-
AFP b 24 h J5, JG35. JG36 4ififi % mids i 8t
Mk . FH 4% (& 6B, 6E). AG-AFP ¥ &2

1.5 JG35

1.0
S
0.5

00 1 1 1 1 1 1 1 1

A5 AN 519 2N 5 Qo gd
C%'Q.\Q”? QINTVT LN B TRP

AG-AFP (ug/mL)

1.5 JG36

R P T AT s
OO NI o ® TN

AG-AFP (ug/mL)

B4 TRIREAG-AFPIHEEBHE B EAINTIGIS. IGIRIMETEE  A: 7EICILAR T HIAR [k
B AG-AFPAN IR 5 s B: AEIMEEIAG-AFPANTE24 h), TE R ODgoofE . CK R XIEA .

Figure 4 The antibacterial activities of different concentrations of AG-AFP against haploid sporidia JG35 and
JG36 of Sporisorium scitamineum. A: Pathogenic bacteria were treated with different concentrations of AG-AFP
in 96-well plates; B: ODg values of the bacterial solutions treated with different concentrations of AG-AFP were

determined after 24 hours of culture. CK is the control.
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Figure 5 Effects of different concentrations of AG-AFP on the growth of haploid sporidia JG35 and JG36 of

Sporisorium scitamineum.
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Figure 6 Effects of different concentrations of AG-AFP on the surface morphology of haploid sporidia JG35
and JG36 of Sporisorium scitamineum. A: Wild type JG35; B: JG35 treated with 50 pg/mL AG-AFP; C: JG35
treated with 100 pg/mL AG-AFP; D: Wild type JG36; E: JG36 treated with 50 pg/mL AG-AFP; F: JG36 treated
with 100 pg/mL AG-AFP.
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Figure 7 AG-AFP increases the cell membrane permeability of haploid sporidia JG35 and JG36 of Sporisorium
scitamineum. A: Sytox™ Green time-dose curves of JG35 and JG36 treated with 50 pg/mL AG-AFP; B: Sytox™
Green concentration-dose curves of JG35 and JG36 treated with different concentrations of AG-AFP. CK is the

control.
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Figure 8 AG-AFP increases the cell membrane fluidity of haploid sporidia JG35 and JG36 of Sporisorium

scitamineum.
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A A R R P AR RS AR, fR
B e B 23.5 ug/mL (2.8 pmol/L); 7E-F-H %t
URFSEEG R, 43 5B 50 ul 1 200 pL i AG-AFP
(B2 R 300 pg/mL) ] B 5 00 ) LA 1A 76— XL
MMt k, SHALZR A FEA L, H
B RT AG-AFP BN,

AR AG-AFP 73 FIE AL B MR 454, H
A 2 > y-core PESFEEHIR, HAE My X0 5%
TN bR A AR . ik, AG-AFP
S8 R O SR I 4 A A s, SR
BP0 B e 4N A TE A LTE A T B R 40
B PERIHLEIA R, 1 AG-AFP ] H- i 2
W B VE FIMLER TS 20— 25 B . AG-AFP 5%
) GXC(X3-9)C -0 35 (GKCYKKDNIC) A Y
FEET PR KT, A7 e T HA T 2B 8 2 ik
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