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Effects and mechanisms of antimicrobial peptide MAF-1A

from Musca domestica anti-influenza A virus in vitro
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Abstract: The purpose of our research was to explore the effects and potential mechanisms of antimicrobial peptide MAF-
1A from Musca domestica on anti-influenza A virus (IAV) activity. In this research, activity of MAF-1A against IAV in vitro
were detected with the CPE, MTT assay and quantitative real-time PCR. Cytotoxicity of MAF-1A on MDCK cells was deter-
mined by MTT assay. Transmission electron microscope (TEM), hemagglutination inhibition assay and neuraminidase inhibi-
tion assay were used to investigate the mechanism for its anti-IAV activities. MAF-1A could significantly inhibit the infection of
IAV in vitro, and its median effective concentration (EC;,) was (89.842.97)ng/mL, and the low cytotoxicity showed on MD-
CK cells. The results of TEM indicated that MAF-1A had an obvious destructive effect on IAV. The hemagglutination induced
by TAV was inhibited by MAF-1A concentration of 1.56pxg/mL. MAF-1A had the inhibition on NA (IC;, (134.7410.31) pg/
mL). This study suggests that MAF-1A have remarkably inhibitory effects on IAV, the mechanisms may be associated with
the virion damage, combination with hemagglutinin (HA) HAT1 subunit and neuraminidase inhibition, which suggest that the
anti-IAV of MAF-1A may be through multi-targets.
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AT MBS R — Bl S A 1R e, 2 i
U BR 7 (influenza A virus, IAV) B[, H1 T4
ok A A SRR 1) 197) 5k g R | A% 7 2 R EL o R
SRR UL R A T R R A A (e R ) i B M AR
Yugpg 2z — L BRI R IR B IR R 3R R
FE T FE R AL 22 25 IR YT . I IO BE S S 1 L Y
T SRR R 5 0 5 9 A AT ARME DR OR
REEARE ™, I 2 T 2499 7 ik 1) S B 1 B0, A A BT R
SR BE 25 ) O JC VA R I R SR . e, F3R
BRI R T 25 ) R 38 YR AR D A [ R

i B Ik (Antimicrobial peptides, AMPs) &4 ¥
TA PR X 400 T L T S G2 ) R e R A R
RGNy T2 K. BT EAT S EY S
PE KT AR D) 77 A i 245 M SRR AR . AMPs B0
BT RLPCAE FA BRAR AR R . MAF-1A (Mus-
ca domestica antimicrobial peptide-1A) K JH F K
W, h 26 A S Ik R AR SR R /N o T BT AR,
SEEAIESE K B MAF-1A BB HU i Bom 2 1E H . B
A B AL T A o 75 25 W 1V 7 . MAF-1A 4t
UL 7 T Tk B G A T L i R v AL AR SCHE
BCHERS L R MAF-1A 5T TAV i # F04E HTHLH
o MAF-1A [ R HIBIE5E B4 52 JE ) .

1 #HRSAE

1.1 ¥ K

1.1.1 MAF-1A Wb & $im ik MAF-1A 7
5% KKFKETADKLIESAKQQLESLAKEMK , %
FOAE T A TR ) B A R AR FMOC
[ A A B B B = RO AR 3% (HPLO) 24k L Wi AH
- 3E (LC-MS) Bl , 2 BkA s 4l =98 % .
1.1.2 RS M E 40 (MDCK 40 i) i H
o] B2 2 AR 2 B R il S 2 G BIF 5 9T 5 HE 2R g a7
A/PR/8/34 (HIN1) WA ERIF,

1.1.3 0 FZEH B4 mEm A S E PAN A Al
P2 S T AT o R0 o AR B B R R R A
FAA B2 7] RN Aiso Plus 387 & L 00 4% k57 &
(PrimeScript™ RT Master Mix) . 2% 65 & PCR iX
& (SYBR Premix Ex Tag™ [1 )Yy A TaKaRa
(R A B D 5 9 H A 20wk 3 (MTT) g 13 b 5
HBEHARHE AR AR BB B Al A LGk
SEMR A AR A BR S R 5 AR 10 = o Al
1.1.4 Sl9AN ZHEA TAY TR () G
HIRA A A TAV B qRT-PCR A I 3% P AN 22
W54 HA-F: CCTG CTCGAAGACAGCCA-
CAACG, HA-R: GCTCCCTCAGCTCCTCAT-

AGTCG; GAPDH-F: AGGGCAATGCCAGCCC-
CAG CG,GAPDH-R: AGGGCAATGCCAGCCCC-
AGCG,

1.2 %k

1.2.1  MAF-1A $T IAV 36 P4

1.2.1.1 JREERYIGAE R SCHER16 15 fF TAV B
BEWAEFD T 9 HIBXG IR FEWE .37 CHEFA N E
48 h WK PR BE W, A6 il B

1.2.1.2 MDCK Zijg3s3: MDCK 4l & 10%
548 1075 ) DMEM }5 38 56 4E 37 °C 5% CO, Kiff
RS R AE K T0% ~90% B 0.5 % R
I HEAT I A BRI # 2 X100 A / FLIERR T
96 FLAR . 75 40 8 A K 2= 90 U6 B2 4 I 45 H

1.2.1.3 JREE A MDCK 41 jg 2 508 4L & ( TCID;, )
Mz B ik 96 ALK MDCK 40 g, 2= 55 5%

W, PBS Y% 3 B EEI LA 10 £5 RV B . 43 5
PL 100 pL/fL3ER T 52 MDCK 40,2 h 5 244
G RE . PBS 2% v TR ¥ 3 WKL A B i A0 4
W BB EA 6 N5 FL . Bl M8 77 41 0 B %
XF 8,48 h J5 WLEZ T 1T S 40 A A 9 AR RN 5 OF 2 IR
SRR 1705, % Reed-Muench 2 315895 25 X7 48 ity
(2 BUR YL i TCID,, . KB 3 K,
1.2.1.4 MAF-1A XF TAV A B0k E (EC,,) £
W 100 X TCIDs, %% 7% #i B 50 pl 5 &R
MAF-1A ERIRA) il MAF-1A &R JE N 15.6 pg/
mL.31.2 pg/mL.62.5 pg/mL 125 pg/mL. 250 pg/
mL.500 pg/mL, KHRGW T 37 CHALF 30 min
Ja B FHLE MDCK 4. 2 h J5 2 BRI A& PBS
5 PRI VE Y 3 WL L 100 L/ LB 40 M 4E R . T
37 °C.5% CO, A5 48 hy BE T WLEL 40 iy
CPE 0 s MTT ¥: 401 MAF-1A i 9% 8 A K.
() ESF 52 T 4 L 5% 5 2H R B 40 R o BRUZH , B8 ) Al 5
KGR IR A MAF-1A X B0 25 40 71 38 (%0 4%
AR IES B SCEk[18], R A Probit [FH 33
BB O ECs,
BRHE =[P4 OD—GEEH OD) /(B X

M4 OD— &4 OD)] X 100%
1.2.1.5 qRT-PCR #:ill MDCK 2}l P (7% 25 25 5+

B 100 X TCID50 ¥ # #i B il 50 pL 5 55 ]
MAF-1A IR i MAF-1A &M BN 250 pg/
mL.125 pg/mL.62.5 pg/mlL,31.2 pg/mL,15.6
pg/mL, FIRAWT 37 CHALFE 30 min J5, £ Ff
T 6L 90% ¥ )2 MDCK 4ifig.2 h J5 ZiR &
W, FH PBS Ryl vk % 3 W AL 100 pL 41
YeFEW . T 37 ‘C.5% CO, BB P 4kE 5 24 h
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J5, P TaKaRa 2 & 19 RNAiso Plus #l1 Prime-
Seript™ RT Master Mix i 7 & F ¢ W 55 , $2 B
A Total RNA Jf38 5% 5 k1 cDNA, T —20 C A7
#M. %3019, i /] qRT-PCR S I it 5] &
PRI GAPDH WS, R A 27X HA
FEH mRNA KF AT A X 5. RV A8 95
C 30 5,95 C 55,60 °C 30 s,3 40 MG,
1.2.2  MAF-1A % MDCK 4f Jfd 19 25 P60 4%
MDCK 4 LA 2 X 10" 4> /FL#E R T 96 fLAR, 7 H
K 90 Vo BRL 40 B A 5 B MAF-1A ¥ W47 1%
WFi B¢ & 10 ~ 2 500 pg/mL. DL b ¥ BB B AY
MAF-1A PLEEFL 100 pL B A 40 o L 4 A4 e B i
B 6 A AL B IE F T AL CHOIn A 20 B 4E 45D
B CO, Wit MR 3R 2 24 h 5 80 & B 5B F g
CPE. FEfLNKGFR3L)5 ] PBS PEk 3 . L 10 pl/
fLIMA 5 mg/mL ) MTT W, 4k2:853% 4 h Jg % I
HW LA DMSO 150 pL, #83% # 4 15 min,
FERFFRAL 490 nm P T & % FL K S E (OD)
AR MAF-1A X MDCK 4 Jifg fi% 3 ] 200
R =01 — (YL E4 OD f — MEAL
ODE) /(FIHEXT R4l OD fH — 18 &L OD fH) ] X
100%.,
1.2.3  MAF-1A it i B 75 76 - AL 434
1.2.3.1 MAF-1A X} IAV E S4B 4% 3¢
Fk (20707 15, SR FH T8 Ak XS 21 40 it Wz R B i ik 3o 5 HR
IR BORTE A/PR/8/34 (HIN1) X IR JR 22 W 47
ali Ak, - 0 46 Ak I 9 B 0 I EE A AT . R Sl Ak i
W 50 pL 52 A MAF-1A 255 B W 78 70 1R
4,37 CHEHE 30 min, JH 0.1 % FES IR T 37 ‘CK
I 48 h, DL 2 0 WA IR fh e M HEAT Y 8, 20 S
B L Z2 0 T I AR A5 4
1.2.3.2 M EEMHELE ¥ 25 pL AR BE Y
MAF-1A 52 AF 4 % M BERN AR R R & T
FEIRBEEF 30 min 5, BALIIA 1% RBC & 50
pL &R (20 °C~25 C)HE 40 min J5 WE LR,
BEANURIEAE 3 AN AL, TRIE, 15 8 G 7 41 A1 PBS [
PEXT IR I R 3 K
1.2.3.3  tha & BREG M SR 450 & vl i 5 #
VB TE 96 FLUOCEERR AN LN 70 L Pl 22 54 TR ity
R 2% vh i, SR JE B AL 10 pL B4 & R 1l L 7
AL A 10 pL &R E M MAF-1A, R sh# 5) 1
min 5T 37 °C & 2 min; MA 10 pL BFIZHE
MBI, PR 1 min,37 'C #%H 20 min #F
PO . AR5 & 1 1O Hh R 6 A 4 5
P22 T P 400 1 ET 43 L

1.2.4 SHita# BIELU(x+s) RN, KA
SPSS20.0 # A4 LA J5 22 43 1 K 6 4% 21 (8] 1) B2 3 24 25
F,P<0.05 MEAGHITHFE X,

2 # B

2.1 SRR KR RREI AR I A B, H R 3
B EE A/PR/8/34 (HIND) 7EXY IR 88 5 L i
BN N 1 2 1 2805 HT R O B A/PR/8/34
(HIND %f MDCK 41 gy TCID50 4 1.0 <10 >/
mlL,

2.2 MAF-1A X} MDCK 40 i i 80 MTT 45
R, MAF-1A B E L 2 500 pg/mL B, 5%F
MDCK 4 g i 4= K JC B R sl E R 8 T~ rl L, £
MAF-1A V£ J& 40 i 19 T8 25 Fn 45 1 56 B vk 5 % Bf
AL AR WLHE 25, MAF-1A %f MDCK 41 ig %
I /IS I 20 M B

2.3 MAF-1A $Ui B 7 G 1E 5 T Al WL, F A0 30
S5 % A/PR/8/34 (HIN1) "] 5% MDCK 48 il
AR PR BE B Y BEEAE B SR WK T . A B MAF-
TA ¥ B 35 &, BRSO & A/PR/8/34
(HIND) TR CPE Wi 55 , X4 ¥k Ji 3k 500
pg/mL i, MDCK 20 it 5¢ % P 4 . JE 25 B, OF &%
Mg m S MEXT A LW W 2R (B D, &
MTT 3 Kl . MAF-1A HA7 B B B3 B & A/
PR/8/34 (HIND) {f1E, MAF-1A X5 3 i EC50
{4 (89.842.97) pg/ml, . He B, X F IR 7 Ja
Wi A/PR/8/34 (HINLD) RY#IHl H#m (K 2),
qRT-PCR M 25 R B7n . 5 TAV 4l LB AS [R5 &
(250 pg/mL, 125 pg/mL.62.5 pg/mL.31.2 pg/
mL.15.6 pg/mL) i MAF-1A M T IAV HA
mRNA 33k (1 =17.39.6.66.5.78.4.75.5.26, P<<
0. 01, If 2 Fl AR M (&1 3)

2.4 MAF-1A SR # B S5 R 5 5 f 5
o I 25 5 J s, A 48 2 ) Ak B O EE R TR 2 R A
K25 M SR T 7E MAF-1A BI7E LR 0% 75 0 45 44
HELAS AL, B 5 MAF-1A 18 ik 5 T, A8 46 fin
B, 244k B 3K 500 pg/ml W), 9 B UKL 9% 98 4 1%
WE D,

2.5 IMLEEINHIRE  MAF-1A % EOom 25 5| # 5
X LT 240 Jf 5% 4 LG WY S A AR L M R 1,56
peg/mL B BIAT 00 i) 3 s 7 | RS Y X 21 48 i 5 4R
(B 5A) . 1 MAF-1A 5538 21 240 g 2 0k 4 I B AR
23| XS LT 4 A Y BE A (ULl 5B) .

2.6 MLEREEMHEIRE ZRER.MAF-1A 5
F 0T BE 24 1y B ) Al 5 ARARL 5L A 300 ) Y AR O Je%
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MAF-1A #EN A0 pg/mL;B:125 pg/mL;C:500 pg/mL; D

S BA P 3 B

1 MAF-1A #] #) i B % & A/PR/8/34 (HIN1) #&
MDCK 48 Bl % 5 1) CPE( X 400)

Fig.1 MAF-1A inhibited the influenza A/PR/8/34 (HINI1)
virus induced CPE in MDCK cells( X 400)
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Fig. 2 Inhibition rate of the influenza A/PR/8/34
(HIN1) virus by MAF-1A

EE MAF-1A
= WA i

HA mRNAM % % & fit

0
TAV Cell 15.6 31.2 62.5 125 250
A B

IAV Cell 15.6 31.2 62.5 125 250 pg/mL

(AYMAF-1A(pg/mL) (B) w5

o+ o 5 IAV 4 i P<<0.01,

3 MAF-1A 4325 R EIR 2R HF HA B B mRNA 7k
Tk

Fig.3 The mRNA level of influenza A/PR/8/34 (HINI1)
virus HA gene after treatment with MAF-1A

MAF-1A ¥ JEH A: 0 pg/mL; B: 125 pg/mL; C:250 pg/mL;
D:500 pg/mlL,
4 AEIRE MAF-1A 3t B8R B R 8 HIN1 54
HIEI 0 ( X 30 000)
Fig.4 Effects of MAF-1A on morphological structure of
virus( X 30 000)

TAV+MAF-1A(pg/mL)

25 125 625 312 156 078 039 20 10 0.5  Virus  blank

> ;_;" .g\',’\a,,, \' \ \‘\‘
a8 BRI

MAF-1A(pg/mL)

25 125 625 312 156 078 0.39 2.0 1.0 0.5  Virus  blank

(B)
AR AL B MAF-1A X B 41
B 5 MAF-1A i 30 4 i 36
Fig.5 Hemagglutinin inhibition assay for MAF-1A

I 7 A 20 TR I 1) VE R MAF-1A R 5 18 &, 00 i =%
SRR &, L2 B R R B 1Cs, i (134.7 £10.31)
pg/mL(E 6),

3 3 it

H H 8 B va EEARSE A BT
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FHI AP Y AR . MAF-1A
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~
= 40
g
204
0 ] L] L) ] L) ] 1
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W /(pg/mL)

6 MAF-1A X} £ S ER BB iE #3210
Fig.6 Neuraminidase inhibition assay for MAF-1A

SRR IR T R MR &l AR Y g — 28 BN 4 F AMPs,
SEH ST IR 2 R BE B B IR TR
FLAT B AL IR 26 265 0 1 JF R T e L AR S 6 O O 4
SRR MAF-1A Al i i A B 8 A/PR/8/34
(HIND) 7 MDCK #iijfi 5 5 (% CPE, fig i B ik
MDCK 4 i P 9055 25 2% i s MAF-TA X B3 358 Jlog
# A/PR/8/34 (HIN1D) [ ECy i} (89.8+2.97)
pg/mL . HOGE 9 B B 40 AR T S ) & A oG M,
MAF-1A %I MDCK 21 il i) 35 P /N . 75 52 50 45 B4 E
S MAF-1A BAT 808 i e B B B 88 A/PR/8/
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PRU] AMPs (% 5tk 25 1F HI L §1 % BF 58 AMPs
)RR JF RO PR R A AR L S
it i, BPI.LL-37 5540 & BK AT 8 I8 05 2 UKL (19 45
P o B R RO o Y, A S I o 3 IR H B
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(1 S8 M R EOLRNBE IE # & i 4
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AN R R L HA A%, HA |
HATL il HA2 P34 1, Hoh HAL W5 5
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O HA AHBAE R BH Uy 5 i = 48 i iy i e s
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NA I W 75 2 R A 3 40 it 6 T O 34 R =2 1) £ 32
Fe el 1 A 2 R 2 I A R g LAt 7 T 4
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£5 L MAF-1A A XRE 8 1 4% 0l IR I T8 25 19
LA 3 TT LA B 1 U i 1 IR L T 0 I R Y
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