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BuE! BEREY MR BEEY RWE' BHEE' %Y gzl
1 SN BERIR AT B2 B B IR A )24 T S S s A . B0 5B 550025
2 SMBERIC IS Y SR IS E T E A E St 5 550025

3 UM BERIRE R Rl ERE BN SRR 550025

B E: [FF] AMP-17 RARAE Y09 REBEERAHIE T2 0 —FRF a2 AR, K
B RBEIRAZFFRLEFAROFEET EA R ZORAZOR, 248 LR EA BRI
BEE. [Ba] AARIE K AMP-17 3t & EAKRA B L HER . [F%]1 RARKERERFEX
M E AMP-17 & 11 4@ &AZRH 4951 ¥ H /R (minimal inhibitory concentration, MIC); AR¥EST
AMP-17 898 AZ IR IR 3 sRAHI A K&, @i k3 L MAANR T HE AMP-17 ER B8 &4
KREFARTARERFEHARE, BERLEMENREG CAKRDR NG E LM LBAB L
A8 A AL L AMP-17 (RS LARSEAL A BEEAR G oL, (4R ] AMP-17 3 L A8 M ek o B
16105 45 MIC 4 10 pg/mL, #4245 B4k 16214 # MIC 4 40 pg/mL, sTHA 9 4ké EARE 9
MIC 344 20 pg/mL; @ EAZRE 2 TEIRE AMP-17 A G, &0FR & F AT AREYEFE
AT, A& 40 pg/mL &9 AMP-17 48, F A 56F A R FAL 15%, BFKT FaM2h 4 R,
BEBAFERRERER TR, BFEMREE, BRO6hEFEHRERA 6%, a9
FRERE, AHBKRSG 1212, BTIUEMKESN AMP-17 BF T AT 24 & EARB A LNA
K, FEHMN ARG A LA —GERIPHER, SIKEL AMP-17 B T4 T 930 @ 46
BERARSEIL, (44 ]) REBITHIK AMP-17 T4l 8 EARB A LA K.
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Abstract: [Background] AMP-17 is a specific and highly expressed gene screened from the database of
housefly transcriptional group induced by microorganisms. Its recombinant AMP-17 protein was obtained
by utilizing the prokaryotic expression system and proved to have significant antimicrobial effect,
especially for Candida albicans. [Objective] To investigate the inhibitory effect of AMP-17 on the hyphae
of Candida albicans. [Methods] The minimum inhibitory concentration (MIC) of AMP-17 on 11 strains of
Candida albicans were determined by microdilution method; Three strains of Candida albicans were
selected to plot the growth curve according to their sensitivity to AMP-17; The blastospore production rate
and germ tube formation rate of Candida albicans after AMP-17 were observed and counted by optical
microscope; The transformation of Candida albicans yeast phase to mycelial phase and AMP-17 promoted
the transformation of mycelial phase into yeast phase with mycelial phase as the starting point were
observed by fluorescent inverted microscope. [Results] The MIC of AMP-17 to the strain isolated from
BALF 16105 was 10 pg/mL, the MIC to the strain isolated from fecal 16214 was 40 pg/mL, and the MIC
to the other 9 strains of Candida albicans were 20 pg/mL. After the action of AMP-17 at different
concentrations, the rate of blastospore formation at each time point was significantly lower than that of the
control group, especially in the AMP-17 group of 40 ug/mL, the rate of blastospore formation was only
15%, obviously lower than that of fluconazole, a positive drug. The rate of germ tube formation in each
experimental group was obviously lower than that in the control group, and the germ tube formation was
slow. After 6 h of culture, the germ tube formation rate was only 6%, and the germ tube was short, which
was only 1-2 times of thallus. Low concentration of AMP-17 could completely inhibit the growth of
Candida albicans hyphae, and inhibit the growth of already formed hyphae to some extent, while high
concentration of AMP-17 could transform some formed hyphae into yeast phase by microscopes.
[Conclusion] Housefly antimicrobial peptide AMP-17 can inhibit the growth of Candida albicans hyphae.
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M SR (Candida albicans)JEZHMHE AAK T
fi . ERRIGE | BHIE AN A —Fh R WAL TR EOE
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P16 R T 32 T 8y B P J g 114 i B J A 2
—o TERE, SRR T EBE AL R 5 YRR
JREE, JETR R 50%, A SERE R K A
TARPE, BRT DAREREAR Yy A KA AT AT 22 AH 1Y
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NGy 7 AT S A, R R R SR — AR
“PUER”. AU EIBTIEI MAF-1A fEFFA
R BR DA 5 T B A 2 A A i A RN 24 1 T
S FLERTA = A BPL TR IR Nisin Z ASRESNHI 1 £
IR A, I RBRHIT 1 SR A e I R ) T
LMY H R IR T 275 R R 1236
HEAS RAFRCR, AUl BPTE R 2 2R AT
KA EE Y I — A Ras

H 2000 LK, PR LUR I R d 5 S i
TG, KA K705 R DA
Sy alidb sk o Rk T 2 A PR K
AMP-17 S MR P75 5 1 SR et S 21 B3
FETRE S — KR mRA AR, HIRE
GenBank i JCiERE, E—AREIIREEE . FATF]
PR TREA, RAEZRIL RS wER ARG
Y AMP-17 &1, MR B REHEAHA R
FIPTEEROR, RN STk HA R Y
PUATEENY, MR RS R, AMP-17 HA%
AT B R BV, TS iR R S RE Bk
JETXE 214 I B AR B A 5 PR (s SCHGE), R
T HIETERZ3NE . SR AMP-17 Xl AR €2
ARTR B BT R ROR SRR T TP A R B T 22 1 L
MANTEAE . RIILAEFGE N AMP-17 1E TG &R
WL ST AT, BRIT AMP-17 X 1882k
W ZBIMER, Nt — B BF P K A Pl B
SN PRAERTIA P B S RE, WO BT R IR I $ 1L
— 7 I S
1 MRS %
1.1 #R

1.1.1 E#h
1 {6 & BR TR AR fE Fk ATCC10231 (Candida

albicans ATCC10231), H 5t BRI AE 2
WFZ B, SRS MR AR 16102 & 16138,

SO E R B AR 16105 ZEME B4k 16111
Ko 16214, TS ESRE 16228 Ma/K 75tk 16230,
PRI 16229, 16255 F1 16162 LUK FiE &

R ATCC22019 (C. parapsilosis ATCC22019)ft
PN YN 74 S S MENTL VS e Y
112 EFE

TR A B BIE R FE 3 (SDA) . VD R4 A
ViR IL(SDB), LB WliiARE gL, RilgHRE Rt
AT ; RPMI 1640 K555, GIBCO A,
1.1.3  EEAFIFNLEE

AL 5E(EB). T bR RN (SDS) . %5
HrsgiE R-250. SN (IPTG), S
R R A BN F] ;. His® Bind Purification
Kit, Novagen A H]; IMAMIITEN . JRE . RIS
R, WMEREEHA G A RA T FFEME(fluconazole,
FLC), Sigma/Zvw]; FRZILIE, SUMUZEELEY T
FEvH]; PBS 2, HyClone A H]; SE50 /K
J Milli-Q H4isK .

I TAES, RN A R AR B
HWE 0L, Eppendorf /AH]; #HEA BRI, #HZ
oAl FRERREIKIY, GE Z23H]; YS100 ¥t
W AET . BIEIOLRMBE, Nikon A @M=
LA 6T, Biotek 23] o Milli-Q #4fi/KAY ,
MilliPore Pharmacia 2\ &) o
1.2 H&E
121 EREEIE

SIS R B TR T 30%0 H i, 78
FRIELVKAR TP R AE, R ABGE BT, 7EVP IR
RSP =X W2k, 37 °ClEEEF: 24 h 5, &
FEHAKT | mm WEETEE SDB B33 37 °C,
220 t/min YR%5H5FF 18 h, HEEAEC 2 Wk, MHEHRLT
SRS, A8 142, SDB 5 RPMI 1640
IR (S IR )R 1.0x10° CFU/ML 45
1.2.2  RIBHERK AMP-17 8% %

2 MR A 0 A O e U el qE 4
AMP-17 FE . HAAIran T . BRI O il 45
U1 pET-28a(+)-(AMP-17)-BL21 #4T PCR %4E,
BN e S B A RTG53k, SRJE TR
RN AR A S 1R 2 58 G5 FRB P TR, RCER T AT
W, REZVRMAER, HHE His' Bind Purification
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Kit 25 1 aifb Ui B B aifb B4 AMP-17 81,
1.2.3 AMP-17 38 & &EKE &/NIEREMIC)
B E

2 JE 3 [ I PR SE B0 AR A ZE 01 23 (CLSD Ir ok
FHRCE R IATE B B PEHI AR R AR SE B PR 1
100 pL R[S ) AMP-17 5 100 uL SDB i F¢
OB (2% 10° CFU/mML) T 96 LA R 78 /MR AT, 1124
YL FE 4y )M 80, 40, 20, 10, 5. 2.5 ug/mL,
FEAT Y ATEXTRRL, 96 FLAE TR &N
37 °C }iF5 48 h i, iE L PR R BEWLEE B 40 A A= 1<
(14 245 1y i ALK W B2 B Ay i 000 A ) o AU AT 1 R
(minimal inhibitory concentration, MIC), [F]HJAR
NCCLS M27-A /i %, R H C. parapsilosis
ATCC22019 M5 wtk, LA FLC £l MIC, 4
MIC 4bF 0.5-4.0 pg/mL B, TAESCHBE 5,
SHEA 3K,
124 AMP-17 X BB BREE KL M

HRIE 11 BRI ESERE XS AMP-17 FRURFRL B
(MIC g 25 Foyie b 3 #RZ: il AMP-17 1R IS
AR HIZR . K 100 pL SDB Hi B M 96 fL
M, SRJEHE 100 pL RSN 20 pg/mL () AMP-17
A, AEIRIEFRA 37 °C #5355, HME4 h
AR TN WO ODsex . LABURER ]
H XM, ODsex (> Y 2l 1 e 8Bk B i A K it
2o UL 1 pg/mL 1Y FLC MZ5Ppx) B4, B4tk Ak
PEXTRAL, BEE 3 NMEATEE,
1.2.5 AMP-17 ST HB KB FERFERREMN

B AR ) AMP-17 5 SDB Hi BerAR iR
ATCC10231 R FT/MIRE], 2Lk IE S50
10, 20, 40 pg/mL, LUF SIS SR H bR
HERE ATCC10231 #E47. 37 °C. 180 r/min fH G IR
Rigg, il FESR 1. 2. 4. 6h)E, FABBASEGE
R T A b, BT WEIFRELITEL 100 4
M = 2R AR R, AT R R =CF
A AR S ERIATED) < 100%. LA FLC A 2595
HEL (MR EE A | ug/mL K CLST #EFERRAIAT B
% M27-2A 1 MIC S KMl W 100 pg/mL), 4k

AKNBAMEXTERAL, S EE S 3 K, T,
1.2.6 AMP-17 X B & QIR B oF & 2 B A 200

B 500 uL RPMI 1640 F5327 (7% 10%852F IL55)
R E RS 500 pL &k E 914 10, 20,
40 pg/mL 1) AMP-17 ¥8%J, 37 °C. 180 r/min fH ik
WRGREFE, RN 0, 1. 2, 4, 6 h U, HABK
FBGE AW T A B LS REALIT AL
100 A A 2R IR, SRETE R =CFE
Ha/ S IR I E) < 100%.
1.2.7 BEXEIEEIEZBERLER

PR AMP-17 5 RPMI 1640 B9
(&% 15%G 24 M)A B IR e MR ST, (22
WeFEAT 1 10, 20, 40 pg/mL. 37 °C fHIRIEFE 3.
6. 9. 12, 24 h JFHUY, FEAIE SR HMEE T e
228 G LI R,
1.2.8 BEZiEEEFHENELIER

4 RPMI 1640 B5550 (5 15% 64 L35 )4 B
RIVRT 37 °C HIRIE AP R E SR 6 h, SR MA
AR ) AMP-17, i 25 129K 8735124 10, 20,
40 pg/mL. ARSHAEIR B SR SR, DUIMA
AMP-17 B, B0 3 h B, fEFRIEZOLE
(G ARUE-SIEiE]
1.2.9 HEAEBRGITES

FA $dia v SPSS17.0 Geit#ki4-43#rab e,
THEOR A BEAREZE (X £SD)FoR, AR
FO AR FHHALER 3R 7 26 70 Bk 36 (P<0.05)

2 ZR545W
2.1 AMP-17 3B &2 E =/ MIEREMIC)
BN E

AMP-17 X 3V A RE DR 73 B bk 16105 1
MIC 4 10 pg/mL, XFE(E 24k 16214 /5 MIC 2y
40 pg/mL, Xf 3T R I Bk 16102 1 16138,
FEMIFBIR 16111, FIEESXBIHK 16228 | /K 73 Bk
16230, FRIBATERR 16229, 16255 Fll 16162 ) MIC
¥/ 20 pg/mL. FLC Xf ¥ C. parapsilosis
ATCC22019 i) MIC 4 1 pg/mL, AT IEHTEEN .
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2.2 AMP-17 3 H & 2ERE A KL AU S0
AR 2.1 P 11 R SR X AMP-17 BRI
FEJE , B MIC RIRIEY 3 kel K ik, BrinA
) AMP-17 ¥ FE 344 20 pg/mL . 255 s Xt HR4H 5
S 20 TR AR AR KR TR BOR F], B SR A
AMP-17 HXFRERAIAHEL, PR BR 0 AR KA AR AE
J& . FERRIFETTR] S b, SEESH R ODseo (Y
FRTF XS RRLL (BT 1)o 3 A S BR DA T il iy T A%
HoN: 16015>ATCC10231>16214, $iH] AMP-17 7]
DA 1 e R o AR K
23 AMP-17 X EHERKE
E;ur]
16 SDB Rig kb 5555 1 h i, XHRLAA 25%01)
F SR A A 2F AT, Bl B R A AR

FHEBFERE

A o, B
0.8} 0.8}
-e- Control
2 0.6] = | pg/mL FLC 20.6r
-+ 20 pg/mL AMP-17Q
QS 04l S 04}
0.2+ 0.2}

BB B I, 55 5% 6 h 5 AT R IR 61%.
MANFEWRER AMP-17 YERJG, #0FR] 5 A2
A A R R T X R 4(P<0.05), LR
40 pg/mL ) AMP-17 4, 6 h )5 2FA A2 iR
15%. B AR, SER R A 1 ug/mL (1)
FLC MR AR E, FIK FLC WA
100 pg/mL, {HFEULRHEET , FLC il ZFAE flF
B4 RS T 10 pg/mL i AMP-17. 45 548w
AMP-17 X} 2F A 96 F Az B 40 i 4 F B S 5
FLC (& 1).
2.4 AMP-17 3B & SHEKEFE R BB

F OSBRI 7E A 10% 86 4 1 i 1)
RPMI 1640 3552 P 557 1 h )G, SRR BPR] y=4:
A, B RE RS AR A EOR N, 6 h 52
€ o

0.8+

-e- Control
= 1 pg/mL FLC
20 pg/mL AMP-17

-o- Control
= lug/mLFLC & 0.6
+20 ug/mL AMP-178 |

0.2F

00 1 1 L Il L 1 L 1 L L L Il
0 4 8 1216202428 32364044 48
¢ (h)

E1 BeIBREEKHZ%

Figure 1 Growth curve of Candida albicans
W A FEAEIKE 161055 B: HEZZRE ATCC10231;

00 1 1 1 1 1 1 1 1 1 1 1 I
0 4 8 121620242832364044 48
2 (h) 2 (h)

00—+ v vy
0 4 812162024283236404448

C: HEESERE 16214

Note: A: Candida albicans 16105; B: Candida albicans ATCC10231; C: Candida albicans 16214.

R1 AMP-17 XA BZHREFEBTERAIFMN

Table 1 Effects of AMP-17 on Candida albicans blastospore formation ( X +SD )

Pl PR
Groups The rate of blastospore formation (%)

0h lh 2h 4h 6h
Control 1.67+0.58 25.67+1.53 41.67+2.08 51.67+1.53 61.0+1.0
10 pg/mL AMP-17 1.67+0.58 16.0+1.0* A 21.67+2.08* A 25.67+2.08* A 30.67+1.15* A
20 pg/mL AMP-17 2.00£1.00 14.33+£1.53* A 16.67+2.08* A 20.00+2.65* A 28.33+1.53* A
40 pg/mL AMP-17 1.33+0.58 10.33+£1.53* A 12.33+£2.08* A 14.33+£2.08* A 15.00+2.00* A
1 pg/mL FLC 1.67+0.58 23.33+0.58 39.00+2.65 48.67+1.53 53.004+2.65%*
100 pg/mL FLC 1.33+0.58 20.67+2.08 24.0£2.0* 31.00+1.00%* 37.67+1.53%*

* L RHPEXTIRZE AT P<0.05; A5 100 pg/mL FCL X} HRZH b4t P<0.05.
Note: *Compared with negative control P<0.05; A Compared with 100 pg/mL FLC control P<0.05.
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BILHRATIE 97% (K 2A), &SI &M%
T XTRA, JuHJE 40 ug/mL 1) AMP-17 41,
FET NN, KiFE 6 h G2 R IUh 6%, H
e ZAE R B, (O RIARR 1-2 £%5(1& 2B).
G5 R RoR S 2R P LR KT 100 pug/mL (1)
FHME25% FLC (P<0.05) (36 2).
2.5 EESHEIELIEELER

M SR EANMETE S 15%MR4- LI A9 RPMI
1640 FEFRM TR 3 h s, X BRZ BRI 3R A T
TRTE RLZFAS 4540, 24 h BIAT R A% P R 22 4R b
FOB A PR, IR BE ) AMP-17 BV RE & A0
BB, B535 24 h J5 4 AMP-17 40 FRZH 0 1 65,
R A M AR B 22, (L RE WL ER 4 A A

El2 AMP-17 3B &XIRE FER AT

o BEW] AMP-17 RRSEAG RCHAN G M PR
T BEAR AL A R TR 2200, IR RCR AL PR 25 FLC B
(& 3).
2.6 BZ£iEEEEFENEELIER

I SEREANAE A 15% 04 ML 1Y) RPMI
1640 F5FRM 5% 6 h J5, WTLUE 28 B i 224
Ko 410 pgmL AMP-17 YEFIG, RENSANHI A 224k
SRR AT, W R HEZKRIBfAE, AR
RS 1 LR I PR 2226 A B REAH . T AMP-17 £
20 pg/mL F1 40 pg/mL BF, BT 0] RASE Il @ 22
BN, IBRESR AR B T B B 22 55 Ak A e B
o BHMEZ5Y) FLC 4T 90l CR s i 22— &
B, (ERRRIEE TR R 2 A I RS (E] 4),

Figure 2 Effects of AMP-17 on Candida albicans germ tube formation

e A IEW4H 6h(400%); B: 40 ug/mL AMP-17 {E 6 h (400x).
Note: A: Control 6 h (400%); B: 40 pg/mL AMP-17 group for 6 h (400x%).

®2 AMP-17 MR BZHREFERRAIFE

Table 2 Effects of AMP-17 on Candida albicans germ tube formation (X+SD)

Gapi| FERRE
Groups The rate of germ tube formation (%)

0h lh 2h 4h 6h
Control 0 23.67+1.53 69.67+1.53 94.3340.58 96.67+0.58
10 pg/mL AMP-17 0 17.33+0.85%* 21.0+1.0* A 34.33+0.58* A 46.67+1.53* A
20 pg/mL AMP-17 0 3.67+0.58* A 15.33+1.58* A 19.33+0.58* A 27.33+£0.58* A
40 pg/mL AMP-17 0 0.67+0.58* A 1.33+0.58* A 3.67+0.58* A 6.00£1.00* A
1 pg/mL FLC 0 23.00+1.00 66.33+1.53 92.00+1.00%* 94.67+1.53
100 pg/mL FLC 0 16.67+0.58* 40.33+0.58* 70.33+0.58%* 76.33+£1.53*
W o SRAMER IR Ak P<0.05, A 15 100 pg/mL FCL %) BE4H % P<0.05.

Note: *: Compared with negative control P<0.05, A: Compared with100 pg/mL FLC control P<0.05.
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Control 10 pg/mL 20 pg/mL 40 pg/mL 100 pg/mL FLC

24h - - - - -

B3 BERZIELERLER

Figure 3 The transformation from yeast phase to mycelial phase

e DAEFTA B R AR R 200 pm (400%).
Note: The length of all the above picture surveyor’s rod are 200 pm (400x).

3h

6h

9h

12h

Control 10 pg/mL 20 pg/mL 40 pg/mL 100 pg/mL FLC

B4 ELBRIERHERELER

Figure 4 The transformation from mycelial phase to yeast phase

e DAEFTA B R AR R E A 200 pm (400%).
Note: The length of all the above picture surveyor’s rod are 200 pm (400x).
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3 WE%i

F IR R — P S A BN T, IR
E L, ABFFEEIL 10 BRIGIARRR AR 1 SRARERR
ATCC10231 #47 MIC M5, 455K A8 i
FEVRT T Y PSR T AMP-17 oMU, RIVA
JPRCR BT, AR AMP-17 FRORUSAR S 23 51 e B
TR E IV B kR 16105 24 (H /> Bk 16214
PIRARHERE ATCC10231 22l Keihigk, 25 REH
AMP-17 A] LI A (S BRm  A 1 o

PR ER A AR K O 2R 2, RISk
B2 A R N ) S A R (0 L= S N = 1'% [ I .
MM EERE )N Bl ChT I FEARRT, ZRA 7T
KB NI R 22, HA ER ST R
I ZE A FF T8 A RT DA B4 e Wt 1 A R R 1 A
KGRI, 300 2 A A (0T BT A S
PR TR 1 A, I 2R I B mT B 1k e —
HRBNWELL, Mk SR 2R B S0 1
H . B2 BT B0 AMP-17 W] DL A g
PR AN RE SE e, TP a i gl b 45 07 Xk #5
PUERCR . AFSEMEE] AMP-17 fERE A&
TR A A7 JZE B Ho BRI s b, ¥
WA 2 AMP-17 380 48 5 ) 1 1A 41 L e J% 400 B s )
IEEARIIRE, SUREARRRIE S 12 21,

PSR AR K AT A, BVEEEEAR ST
R WAL, TR 22 A EL A B i %) 2 B AN 22 e
1RO, T 2410 T e A (S R B I B A SO
fiE, T R 22 AT AR 1 Bk R P 7
LTS B S I v T R A 8 5 L Sk A R A I 1Y
RPMI 1640 3557, AR THE 5% 2F A 171 SDB 15
FRHk . IMLIE ZFAE S T LI AMP-17 RS HH] F
SR ZEE IR, AL, DIRERA
TEAAAER OSBRI B A 22808 0, HLIEH
B 22 M AN RE HE— A5 T B TS 240 1 A ot 1) 2 900 i B 2
a1, DN AE 1 €00 D BT BP0 s B B o
HEAT T BB, i 5 BB SR EI AMP-17 Al #55%T
IR 220, R AE T A SR
FEAR I 22 A0 A, DT R 1 S IR IR 8 7

X 1 0 A B TR PR 22 4K 22 kT TV AR 0 e B e 3]
ARGF A4 FH

AMP-17 RESR AT LA 1 60 2 2R B e B AH ) 127
HHEAL, IR F O AR H e R e —E
A WE? X IFRATE SR E T 15%M64
M35 9 RPMI 1640 3535 P 53% 6 h, AT LI5S
SIUMH 22, RIEIMARFRER AMP-17, 453
R BE ) AMP-17 BESE I L 2T 5 AY T8 22 4k
SAERKESE, RSB EZIKIBFAAE, (AR
W T R B 22 b N R A . R E W
AMP-17 WIFTLASE il i 22 A4, Hgug it
BT B T RE R A0 5 1 1 TR 22 AH B FE AL DL R BB
fdiEB 53 T IE B TR 22 5 A R e B A

AL RFET], AMP-17 AMUBEBSAR LT Hb 40
il 28 A 0 (8 2R R 2R A BT B, T L AT DAt
P A SR E R 2 AR . AMP-17 XF A 8Tk
B BEAS 1 MIC {2 FLC 1% 20 £%, B AMP-17 %}
P B S AP P BE55 T FLC, {BAIRHE (20 pg/mL)
() AMP-17 X 2E A= 301 2R T2 B0 B0 R R 48
WE(100 pg/mL)f) FLC &, X R R RG
J7 SR E IR AL T TSR SE ks, XHFARBTE
WP HAEEE X,
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