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Effects and mechanisms of antimicrobial peptide MAF-1A derivatives

anti-Candida albicans biofilm in vitro
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Abstract: The purpose of this study was to investigate the effect and the underlying mechanisms of antimicrobial peptide
MAF-1A derivatives against Candida albicans biofilms in vitro. In this research, MIC and MBC of MAF-1A derivatives a-
gainst C. albicans was determined with microdilution method;the morphological changes of C. albicans biofilm were observed
by scanning electron microscopy (SEM) and inverted microscope; the effects of MAF-1A derivatives on biofilm activity at dif-
ferent stages and 80 % inhibitory concentration on biofilm (SMICg,) were determined by XTT assay. Flow cytometry, laser con-

focal microscope and qRT-PCR were used to investigate the

mechanism for its anti-C. albicans biofilm activities. The

MIC, MFC and SMICg, of MAF-1A derivatives against C.

R HEKRRFHE4A(N.81360254) , M AR X T ELB R &F
& A4 (2018)5799-22 B A} & X #(2020)4Y236 5 |

B E % Email: wangtao309@ 163, com; albicans were lower than those of template peptides, which
ORCID; 0000-0002-1388-5181 were 62.5 pg/mL, 125 pg/mL and 62.5~125 pg/mL, re-

W 1% % , Email : chenzhenghong@gmc. edu.cn; spectively. MAF-1A derivatives could significantly inhibit
ORCID:0000-0002-2944-6001 C. albicans adhesion and hyphal development in a dose-de-

TEBBA. . FMERAAEEMEZKR,.HH  550025; pendent manner. The expression of biofilm-related genes
2HAMB LRSI RAREDFREEALRE, & (ALS3, HWP1, SUN42, UMEG6) in C. albicans de-

fH 550025 creased after treatment with MAF-1A derivatives (Zymgs =
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12.42,P<<0.001 ;215 =12.20,P<C0.001;¢5uns1 = 7.206, P <{0.001 ;3¢ qwpr = 22.52, P<<0.001). MAF-1A derivatives can signifi-
cantly reduce the activity of both the forming and mature biofilms(z,;, =3.680, P <(0.053¢500 =4.153, P <(0.05;¢000 =4.934, P
<C0.0532950 =0.5335.P<C0.0532500 =1.504, P <C0.053¢,000 =6.431, P<C0.05). MAF-1A derivatives with a concentration of 62.
5pg/mL could not only directly destroy the mature biofilm structure of C. albicans, but also significantly increase the cell ap-
optosis and ROS content, and significantly decrease the mitochondrial membrane potential. This study suggests that MAF-1A

derivatives have remarkably inhibitory effects on C. albicans biofilm, the mechanisms may be associated with the inhibiting C.

albicans adhesion and hyphal development, biofilm damage, promoting cell apoptosis.

Keywords : antimicrobial peptides;Candida albicans ;biofilm;apoptosis; ROS; mitochondrial membrane potential
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H & ER B (Candida albicans) 5% W0 544
o P LT S LA TR 2 R B v ) R R IR sl L IR Ak
TR ™ SRR I T B R A R e B AR 2R
HFEBRER A, Egit.C. albicans B 1778
PR FET- 1k 6060 . BUE T2 i
X LR R VR R P R B T AR E R
T 245 T ke 1) A BT 000 0 245 2 8 B i IR e L 7 R
PIRIT R EZ LA, C. albicans £ 4K E5H
b AN H BE LA IR S A TE L 38 7T LUE iUAE W)
JEE Chiofilm) ™, i A= #8102 5 3 C. albi-
cans PEHEM 2 PEI F BN K Z — ., CHk[5-6 |48,
W BEOIRZS C. albicans XTI PR % FH 5T 7 25 9 09 it
SRR I A W G R . DR, SR B 24 W
IR A W 55 R I PRATE L TR IR T A 0 SR K

i # K Cantimicrobial peptides, AMPs) & {4
HEHTAN T LT I B 5 22 T I A B e 1 /N o3 15
RKEFEDIREZ K. BT AMPs 195 J5 A= 93 1
J7 AN Gy 7 A T 245 AR A R A T BT A 24
YoIF R 1, BT EA BK-1A (Musca do-
mestica antifungal peptide-1A, MAF-1A) &R JET
FME 4y RO/ T BB TN 2 ik, R A L
MAF-1A B2 IR 751 hy Bl , R FH 2 B 1R 73+ %
AR T — 4 MAF-1A fi49 . Ari o5
R MAF-TA i £ 02— Fh A 8 Pk o L T
PERR 9 N T & i AMPs, AR} C. albicans ¥
B G RO AR T B IR MAF-1AL B3 C. al-
bicans "WML 2 A B 40 AR L (HZ AT A= 0 %
C. albicans "= ") JEAM 1 35 P4 B A FBIL ) v A5 3 2
ARSCAE W EER b g — DR MAF-1A fi5 A= ¥ 19 bt
C. albicans A= Y)W P FIAE AL, b2 Py ik 25
YW 5% 2852 FL Al

1 MBE5RE

1.1 bR

111 MAF-1A iAW L2258 MAF-1A fif
W R AR P 9 8 KKFLKTAKLLIK-
SALLLLKSLALKMK, Z 484 T A %) T2 ( L)
e A PR 2w R H FMOC [ A8 G B A 8 = 501
M@ TE CHPLC) 24k, 3 A 355 (LC-MS) B
UE . Z K& LAl =98

1.1.2 W H & B B (Candida albicans,
ATCC10231) i 5 M B RE R 22 J 2B 1) 2 i 40 FiE
1.1.3  EZRHF PP AT & EE (methyl thia-
zolyl tetrazolium, MTT) W H b ST B 3 AR5 H
MRZAH] 5 RNAiso Plus i & | 0 % 5% il ) & (Pri-
meScript™ RT Master Mix) ., ¢ 6 & & PCR i |
# (SYBR Premix Ex TaqgTM 1) ¥ H TaKaRa
CRIE) A BR 2 7 5 U0 1 % 0 35015 55 9% % (Sab-
ouraud Dextrose Agar, SDA) . E 1 I 75 45
Bl (Yeast Peptone Dextrose, YPD) 1A 5% = 5 | 5
FEmE (FLC) (¥ P 8 % B(AMB) i #£ %0 (ROS) £
57 & . FITC-Annexin-V /P 41 g 5 T & I 32 571
& H Solarbio (Fb 5 A B F] s JC-1 G A4
A2 R & 3 MCEC R AR .

1.1.4 3I¥&EK #HH SnapGene ¥4 IT54) 7
F, A NCBI _EHEAT 519 )5 41 LU X, 2 #8407 5 445
YF s, ZHEE TAY TR CRED) B AR A Rl &
T A W) BB WA DG B K (ALS3. HWP1, SUNA4L,
UME6) 1IN 23 (ACT D) 5149, A1 & 51 9 17 41 1L
%1,
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Tab.1 Primers for Quantitative Real-time PCR
I ool Eﬂ /N T
i 3518 3193 (53 TR T/
bp C
ALS3 F: TTACTGGACCACCAGG- 106 53
7% AAACA ’

R: GATTCTGACCAGTACT-
CGGTAG
F. ACTGGTGTTGTTGTTG-

HWP1 150 56
TTAC
R: GGCAGGCATGGATGGT-
TCT
F: TGATTTCCCTTCAGGTC-

SUN41 150 47
AAGG
R: GTCTTGGACATACCAC-
TTTGGCA
F: TGCAGCAAACCCATCAT- _

UME6 175 59
CAATC
R: CGATGCATTACTGAAT-
TCCAAATCAT

o F. TCCCCTTTTTCAAAGTT-

ACT1 159 56
CACG
R: CACAAGTACACGTAGG-
AAAAC

1.2 ik
1.2.1 RS R W BT TEEAETEC.

albicans AT RIZ 4% M T SDA V-4, & T 37 C
TARHE IR 18 ~24 h J5 . PR IBCTE bR B BR P& 270 T 5
mL YPD A& E = Ed, F 37 °C.180 r/min Z %
Fi3% 16 hs B0 WCER R T PBS TR 2 I, LA
RPMI 1640 K534 i 2X10° CFU/ mL BRI A
1.2.2 MAF-1A 1599t C. albicans 3Vl
2% CLSI(Clinical and Laboratory Standards In-
stitute) M27-A3 J7 IEH SR I RCEE 6 R i A
MAF-1A =Y B Pr C. albicans f /DI e E
(minimal inhibit concentration, MIC) DA A& f /]y &%
B ¥ (minimum fungal concentration, MFC) ; &
ZICHRL1T], M XTT A MAF-1A fii A9 %) C.
albicans YR 80 %6 BN il ¥k BE (SMICy, ) » [R] B DA
FLC(4 pg/mL) A5 %t IE

1.2.3  MAF-1A 15 4= Wy 4 A= ) BT B 1) 5% Wil
1.2.3.1 Y C. albicans BiH 02 m B AT
AP EE W (2X10° CFU/mL) 4 100 pLIRE&F 96
fLA il MAF-TA 77 42 W) 23 B2 73 3128 0.62.5,
125,250,500 F1 1 000 pg/mL;iRAW 37 CHH 2
h & TS BB TSR SREFHEL 2%
SCHRLI2 ], 2R XTT A D0 AR 3 1. Tl A

HEAE FLCUA pg/mlL) N Z5H %) iR,

1.2.3.2 MAF-1A fiE WP %F C. albicans W 2K i,
(5Em o 100 pL B (2<X10° CFU/mL) & F 96
fLA .37 ‘ClHHIREF 2 h 5. I CTE PBS ¥k £ iF
TEBRT 5 Jin A28 B2 43 3l S 0,62.5, 125,250 1 500
pg/mL ) MAF-1A fiiZE¥) 100 pL, 4k 2E55 5% 16 h
J& -3 LIS W, JOH PBS PR 2 Wk 8] E W UEE O
WIS . AR FLCU pg/mL) A2y
Yrxt e,

1.2.4  MAF-1A fi5 4= W xf A4 9 B8 i AH O 3 R 5%
FACEHEM % 1 mL MAF-1A fii 44 5 %K 3
AW (2X10° CFU/mL) iR 2) . ff MAF-1A 4
Yy LW FE Sy )R 0.62.5.125 F1 250 pg/mL K iR
AWT 37 CH53% 24 h 5.5 000 r/min .0 5 min
I AE B A ; 2 18 RN Aiso Plus 138 5 5533 57 & i
VEOA 45, $LECE 40 Total RNA I3 # 55 K cD-
NA; &% CHk[13], 6 ] qRT-PCR Sz i i 7 & LA
ERIEH ACTL AN Z, R 258X C. albi-
cans "EYEIE A 2 2 K mRNA K ST 41 %) 5
. WM N 95 °C 15 5,55 C 155,72 °C 45 s,
I 40 MEIR,

1.2.5 MAF-1A AU EYE K 200
pL B (2X10° CFU/mL) & F 96 fLAk H,37 “C1H
MHEE3E 2 h 5. TG PBS kAR . N A RPMI
1640 5355k 200 uL,37 CHiF: 24 h 5. % FIHW
ToH PBS B 3 I, 3518 C. albicans JRENAE Y IR
1) B R AE W) N A 2R B2 4 0 Ol 0,62.5.125,250,
500 F1 1 000 pg/mL ) MAF-1A £ 4% 200 pl, 84
F& 24 h G . 7 FIE W oI PBS W% 2 IR, 275 3k
(127, LA XTT A6 0 AR 0 158 306 4 5 2R FH 4 4l el 58 0
BEATT AR W) R 1 A= ) P 5 K 1) % ) . ()RR T DA
FLC(4 pg/mL) 2% g,

1.2.6 AW EA TN % MAF-1A i 449
(AP ZF W0 0.62.5,125 Fl 250 pg/ml) &b B 24
h G0 C. albicans B W) A0 i 5 8 T 400 pL
Annexin V 454 W . il A Annexin V-FITC 4% 5
pL ARSI T 37 ‘C#EEIEE 15 min, N A PI 4
W10 pL 4KE20F 5 min; RABOCILRER#H B
TR W 22 A= W B 40 R R 1. TR AR O i DL AMIB (2
g/ mL) A 250 B,

1.2.7 1% % (Reactive oxygen species, ROS) 7K
SR LM E N 0, 62.5, 125, 250 il 500
pg/mLA) MAF-1A iAW 53 5B C. albicans W
BAYNE 24 h 5 & Wi A DCFH-DA %¢
i, T 37 CHRESEIFE 20 min J5, LW PBS ¥k
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W2 W it 2 A L ASORS: T 5 Sl 8 T

1.2.8  ZRLARBEE ARG DAL 0.62.5,
125,250 1 500 pg/mL A9 MAF-1A fif 4= 9 53 ) kb
H C. albicans WAL 24 h J5, 3  5) & 30
A JC-1 B8 TAER .37 CEMEE 15 min, JoH
PBS Y% 2 1K, 2 U B g A5 R I JC-1 19 28 6 5%
A5Gl T FL2/FLL BB A5 s 2 ok 0 B ] 437 119
AL

1.3 Giifsebs rA RS ESE 3 K, 5L
(x £s)FER, K H Graphpad prism 8.0 34K H ¢
o 50K 50 25 2H I eI T2 22 R K B K ME « =0.05,

2 # B
2.1 MAF-1A i ¥¥t C. albicans ATCC10231

.

W R R Bk MAF-1A 74 ¥ %t C. albi-
cans TFIFHE A MIC 4 62.5 pg/mL, MFC & 125
pg/mL; X} C. albicans AW IR SMICg, i 62,5~
125 pg/mL, 1 HAE M RE X C. albicans #) MIC,
MFC Fl SMICq, fH¥ 5 F MAF-1A fii 49, 5 5 R
600 pg/ml . 800 pg/mL LK 1 000 pg/mlL,

2.2 MAF-1A fiitE 9w > C. albicans ATCC-
10231 W6 B BE T AT WL, 24k 3K 250 pg/mL
Bf, MAF-1A fi5 4= 9 vl B 8 [ C. albicans W% Mt
(W D B H AW 1% (1 = 3.680, P<C0.05), 3 H.iX
—A{EF BE MAF-1A 7 A Py ol BE 1S g 52 B &8
(E 2,

.

MAF-1A R WM E N A: 0 pg/mL; B: 62.5 ug/mL; C: 125 pg/mL; D: 250 pg/mL; E: 500 pg/mL; F. 4 FLC 4} &

4 pg/mL

B 1 MAF-1A £T4 9134 B & BR B F MBS0 ( X 200)
Fig.1 Effects of MAF-1A derivatives on the adhesion of C. albicans (X200)

2.3 MAF-1A fi=W %t C. albicans ATCC10231
WL2IE sz B N nl 0L, XS B4 C. al-
bicans WLLIEW L L 22, HE 4K £, W2 491K .
YW A2 48 5 0 62.5ug/mL (9 MAF-1A 77 4= 4 B A]
R AH C. albicans W2 09I A, H.BE & He ) 18
n.C. albicans ¥ 22 W B8 5G Fi b, H 2 A BETE WL
W22 (3,

2.4 MAF-1A fif A=) T I (A& 2k 1 A= ) B5 O 1 AH
KIEE A EE  qQRT-PCR 453 Bk (B 4, 5 K%

b HE X IR LA FE L 62.5 pg/mL ) MAF-1A fij 4
Yy Rp ] ff AR Wy B R B AH O 3k I UME6., ALS3.
SUN41 HWP1 # mRNA ik U 8 T 2 oues
=12.42,P<C0.001 3£ 15 =12.20, P<C0.001 3¢ syxss =
7.206,P<C0.001 3 wp =22.52,P<C0.001),

2.5 MAF-1A fiA& Y4t C. albicans ATCC10231
BRI e AT I, R &
MAF-1A 177 A= ) b 35 (%) B2 A ) B 45 4 52 4, B )
IS 200 6 A BRI A A B T A R
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=3 Control MAF-1A%74:4) wm FLC 62.5 pg/mL ) MAF-1A f1 4= Y16 H 5 B a] 5 5
M A Wy RS 5 ) e IR 5 A 0 R A R A A T R DR 22 W
g 020 T 2SN S R (P 5) o B I O P
83 0.15- K MAF-1A iYW BEly 500 pg/mL B, 5
:’5 - A2 b PR A L B A AR W TS 1 AR 3 1 B R AR

2 (t=1.19, P<C0.05) (/& 6).
% 0.05 26 MAF1A fii ¥ S C. albicans ATCC10231
0.00 . BCAE Y REAN MO T O 3 IR AR I R A T 45 SR

0 250 500 1000 4
W OREE PIEX A P<<0.05, Q1R S5 B PEXT A P
<<0.01
E 2 MAF-1A fTEYN B SR E T M EWFE ENZ 0
Fig.2 Effect of MAF-1A derivatives on the biological ac-
tivity of C. albicans in the adhesion stage

b RO ) ) )

= 0
B 62.5 pg/mL
B 125 pg/ml
[0 250 pg/mL

2
3
1

Relative expression

4
S
1

0.0 =

ALS-. HWP-1 SUN-41 UME-6

&

Gene
T O 5 Bk BAR e P<<0.001
E4 MAF-IATEYMNBESIHEEWERBHEXERE
mRNA 3R & 89508
Fig.4 Effects of MAF-1A derivatives on mRNA expres-
sion of genes related to biofilm formation in C. al-

bicans

4 pg/mL

TR 5 X IR A B 28 S TR MR A9 MAF-1A fif
A IR B2 A 0 A A4 L e T 22 SRR A1 B, A2 )
I 240 i 400 1 3 3 P 2 2B IO 4 iR 1Y) 5 4
BB IR o B2 A S v R T AN R B B R 2
(K7,

2.7 MAF-1A fii =¥ %} C. albicans ATCC10231
AP N ROS M2 2 A6 B 9 MAF-
LA fiAE YA BES , A= W) BE A0 N ROS 1 7% 5 %5 B
PEXT HR H W B 80, ELREE MAF-1A fi7 £ ¥k 1)
B0, 2 By AR L P B ROS 2 i A W in (&1 8)
2.8 X C. albicans ATCC10231 A= 1y i 40 it 28 ki
RSS2 2N [RVR /) MAF-1A fiT £ 9
Ab PR 2 5 28R AR R E 57 55 B P R 2 B R A
(t525 =17.59 115 =33.26 1550 = 35.48 . 150 = 41.27,
¥ P<C0.000 1) ( 9). HBi#E MAF-1A fit £ 9 vk
JEE ) 396 i, 28 AR R E A B 2 R, SRR R K
i

X b : 4

MAF-1A fiAEYHE N A 0 pg/mL; B: 62.5 pg/mL; C: 125 pg/mL; D: 250 pg/mL; E

: 500 pg/mL; F: i FLC % 18

Bl 3 MAF-1A fTAMM A SHEE LB AR (X200)
Fig.3 Effect of MAF-1A derivatives on the formation of C. albicans hypha ( X200)
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MAF-1A iYW E N A: 0 pg/mL; B: 62.5 pg/mL; C: 125pg/mL; D: 250 pg/mL; E: 500 pg/mL; F: 2 FLC % #& 4
pg/mL;1 IR : X 50032 FR: X5 000
B 5 MAF-1A &YX AR KERAEYERSEHNIIE

Fig.5 Effect of MAF-1A derivatives on the morphological structure of mature biofilm of C. albicans

=3 Control Za MAF-1Af744Y) = FLZ

. 0.75-]
E@ 060 L

?6 0.45- % o

;g' 0.30] Z 5
5 0.15- / %

0.00 ;
0 250 500 1000 4

Drug concentration ( pg/mL)
O 5 BT BAR L P<<0.05; @45 B¢ x5 B AH 1L P<<0.01
El 6 MAF-1A T B SR E A E W EE 0
Fig.6 Effect of MAF-1A derivatives on the mature bio-

film activity of C. albicans

3 %W

C. albicans TENLR N L 44 3 T # DL A= 1) 15
HIE X AFLE AW RIE )T L4 & C. albicans 1)
IRBE 8 N BE S AN 251 . R B C. albicans BEWIRTT
B4 E BE B8, H AT IG R PL C. albicans 367 5 W) —
A EEFEFUE YRR RS B, 38 Y)F e
8 A R A= W R R R L B R 25 . LR R
B, AMPs B BAT )38 5 00 BT TS X 2 E it
2B 0 1 A g A, 3R B AR R R R
PRt s AMPs A 3 B 470 A8 9 161 500 /9 BF 58 2 515

N AN 24 B 0 3 ol 56 D AR AT A R BOR.
MAF-1A ff 4= ¥ %t C. albicans Wy MIC, MFC J
SMICg, A 62.5 pg/ml 125 pg/mL fl 62.5 pg/mL
BN TR K 45 R0 MAF-1A #7915t C. al-
bicans VF Ui A AR 4 B EL A 90 % 06 P EL R AR
P TSR K L 42 7 B AT e A 0 155 24 0 OF R 1 E 5
VINER

C. albicans A= ¥ 52 B 40 M 40 J o 60 22 T 1
15 T8 22 T 228 BB B AT = 4k ST PR 45 ¥ G R P
7% I Ok MM (1~2 h) V2B (2~18
h) R (24 ~72 W) 3 ASBr BT, kRl L, C.
albicans 4 XT3 T 04 A BRE RN B 22 /9B R AR
YIRETE S0 S . (R0 B A B N L B 3 2 ik A
KB MAF-1A 1490 B k> C. albicans BI%H
BRI ERT 22 149 I B, LV FH 2 500 i A g e, R I MAF-
LA A7 A9 mT LASE S 400 a2 286 R R T 22 9% ok i B
W AEYIEIE . SCHRIRIE W ALS3 . HWP1 i 4% Y
B Y C. albicans 4 ML 0 Fh B2 D) AH ¢, i
SUN41,UMESG6 ¥ %5 7= ¥ e i# C. albicans
G AR Y . ARSEES H gRT-PCR J7 25 46 )
T MAF-1A iAW) b i 3 RU7E 55 S5 KO 1 3k L 45
JEFEW M B T B M X IR, MAF-1A fif 4 9 ol {1
RELA ) mRNA B KF-8 8 F 8 (P<<0.000 1),
AT 5 1 4 0, 2 1 A 635  #8 MAF-1A fif 2Bl
AEE L FEAK C. albicans 40 M B B e 18 22 98 B A 26
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MAF-1A fi YW EE N A: 0 pg/mL; B: 62.5 pg/mL; C: 125 pg/mL; D: 250 pg/mL; E: J AMB X 1R 2 pg/mL
B 7 CLSM %l B &3R8 A B A W1 B 40 i
Fig.7 Detection of cell apoptosis in mature biofilms of C. albicans by CLSM

5 TR 1 2% 35 R 0 4 A P BE T T B

SEIHFGEAIE ], AMPs A X fit 38 35 30 i 4 A
20 P 0 R 25 2K DL T B 2R W B IO 6, b B
AMPs i GE 38 1 7% 56 A= Py BE5 4 A sk foft A= 4 e 4t i
T 10 7 ORI B AE R AR RS R R
7~ s MAF-1A 1A= A FH G A= 0 B 448 e 58 40 %5 1

TR 22 W7 24, 41 J AMJE AR 2 24 MAF-1A fii A 911
e B A 500 png/mL B, C. albicans A ) IE Y A
PriE P B R (¢ =1.19, P<C0.05), £ H] MAF-
TA A ARG EYEN Y C. albicans 4L, 42
7R MAF-1A 17 A= 9 0] DU IR U A 0 e
SCHRHE - AMB 45 BT 5 1k 27 25 & AMPs
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-
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1092 102 103 104 105 1084 1092 102 103 104 105 1084 1092 102 10% 104 10 108¢
FITC-H FITC-H FITC-H

MAF-1A fiA= W E N A: 0 pg/mL; B: 62.5 pg/mL; C: 125 pg/mL; D: 250 pg/mL; E: 500 pg/mL; F.: i AMB %t &

B8 BSIREAHEYEMEENEESEN

Fig.8 Detection of ROS in mature biofilm cells of C. albicans

2 pg/mL
154

=1 Control

ZZ MAF-1ART4EY)
10+ Il cccp

7]
1

FI(Fluorescence Intensity)

]
1

0 625 125 250 500 ccep
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