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Synergistic Effect of Selaginellin in Vifro on Azoles against Candidasis
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Abstract ;: This study aimed to investigate the synergistic effect of selaginellin on azoles against Candidasis and to explore
the related mechanism. Checkerboard microdilution method, was used ‘to study the antifungal activities of selaginellin in
combination with fluconazole (FLC) or ketoconazole (KEC) against Candidasis. Fractional inhibitory concentration in-
dex (FICI) was employed as the interpretation standard. Synergistic effects were showed by SEL in combination with
FLC and KEC against Candida albicans, C. parapsilosis with FICI of 0. 5. However, no synergy was found for SEL and
FLC or KEC against C. kruser. mRNA ‘expressions of related genes in C. albicans were assayed by quantitative real time
PCR (qRT-PCR). SEL exhibited réversal effect.on the upregulated expressions of ERG5,ERG11,CDR1 ,CDR2 ,MDR1,
FLU1,SIR2 by 86% ,71%.,62% ,67% ,56% ,36% and 52% induced by FCL in C. albicans. Furthermore ,the expres-
sion of Sir2 was detected by"Western-blot, and likewise,SEL displayed reversal effect on the upregulated expressions of
Sir2 induced by FCIx These results indicated that SEL had the in vitro effect to enhance the activities of FLC and KEC
against C. albicans and. C: parapsilosis.
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(RIS, 35 FH 245 285 2R A 43 503 T vk 5 415 %5 (FICT)
AL ;8 1 qRT-PCR Fll Western-blot A6: il A 5¢ 2
AR H & AL B Sin2 kK122 4k,
IEARTE T SEL X FLC RSN 437 HL , T
EMEREEZTE /BT YK 3)

1 #B57%

1.1 ##
1.1.1 &%

SEL Sy i2s [ i, ffi i'H NMR " C NMR &
HRESIMS X H3E 174544 % 5E , 28 HPLC-UV i R 14
— LI HE, 4l 98% LA I+, FLC (#5245 BRA
A]) . KECOME i 254 R ] ) ,RMPI-1640 15k
(£ HE Gibco 2y ] ), Trizol ( 3£ [ Invitrogen 15596-
026) ,cDNA 55 —4#55 iR 57 & ( 25 [E Thermo Fisher
K1622) ,Real time PCR Master Mix (SYBR Green, H
X TOYOBO) , Sir2 ( Santa Cruz Biotechnology , Inc. sc-
6666) ,B-tubulin (¥ [E Abcam ab139983) ,

1.1.2 #E4%

2 EAE B FEY A7 E ( American Type Culture
Collection , ATCC) 45 1fE 1# ¥ 1 5 2R 1] ( Candida albi-
cans) ATCC90028 . T 3F- 1§ & Bk B ( C. parapsilosis )
ATCC22019 . FiZ2 &R ( C. kruser ) ATCC6258 FNE]
TR IR (62342)

1.1.3 5k

RMPI-1640 1535 4L . RMPI-1640 10. 0 g, % %
20 g, Mt N i R ( Sigma) 34. 5 g, TALZE K 900
mlL i, 8 25 % 1,000 mL, 5,20 C AR A7
SDA BiFRJk - fi%hk 20 ¢, MK 10 ¢, 35 15 ¢, i
XZE7K 1000 mlsy i REE ,4 C & . YEPD #5353
W BERHZ B 10 g, B PR 20 g, iNBLZE/K 1 000 mL,
K .4 CH .

1.1.4 B3HE

fERE T4 (Rl — R A A IR AR , 2
H SR 70 A A (3 [ Thermo Scientific) , 4> H 2 &
JEIH T ( H A SANYO) , 96 L 40 Jifg 35 77 A ( 3% [
Comning ) , 15 # ¥ % & O HL (1# Eppendorf
5024R) , & AEEMRG f (P E_EERT R SRR A
ABRA T THZ-312) , BERSAZR 534 R 48 (SYNGENE
G:BOXChemiXR5 ) , %¢ Jt. 5 & PCR 7§ ¥ (3¢ [H
ABI Step one plus Real time-PCR system)

1.2 XWHZE
1.2.1 HiRH&

BRI M 4 CORAFRY SDA KR 5L kIR
R, E 1 mL YEPD B354, T 30 °C L 100
v/ min 4 7 B 3206 A, i 5L AL TR RO KO, TR
PRV 2238 1 O R AR BRER K P, 28 il BRI
HWFELH(1.0~5.0) x10° cfu/mL, 4% & RM-
PI-1640 W& 3 F2 35 B 1. 0 x10% ¢fu/mL,
1.2.2 25k 69 B

FLC DL KB 7818 /K Bt i 2. 56 mg/mL,KEC Pl K
B ZE KB 2. 56 mg/ml, SEL L DMSO Bt i 2. 56
mg/mL, % T-20 °C vKFa VR Ff . HORIMAT A% LUHR B
96 L F-HRfLA DMSO 29K < 1% X RERAER Y
S ] ZWEANTT S
1.2.3 48 & E (MIC) t9:m 2

100% MIC ; DA% P16 IE R 2 I TR HIR R % 24 35
FLHPIER A KA B A R
1,247 KA 580X K (n = 3)

ZHAM27-A3 5%, WG AL N 2k i
JEE R, FLC: 16 ~0. 03 wg/mL, KEC:4 ~0. 008
wg/mL,SEL: 128 ~2 pg/mL, ¥ 24 (4 b & T
fE IR IS FRA 35 CHEFE 48 h,

L) FICI( fractional inhibitory concentration index )
I A2y )5 SEL B RAMNIEG AR, HA 0l
YFIC = FICA + FICB = MICAB/MICA + MIC-
BA/MICB, =/ MICA F1 MICB 4> 5% A f1 B
B MIC B, MICAB F1 MICBA 43 %11 3¢ 715 W5 Fh
RIS H ) MIC {H, FICI < 0.5 A #rEEH,
FICI >4 5Hi/ER 0.5 < FICI < 4 BT tER™ .
1.2.5 54

qRT-PCR 1 Western Blot SE56 5 4 40 5 =8
X ZH , FLC # ] 4H (0. 25 wg/mL) , SEL B J14H
(64 pg/mL) , 258 F2H (0. 25 peg/ml FLC + 64
wg/mL SEL) .

1.2.6 qRT-PCR #ml 48 % 2 B o9 & ik K P

TRIZOL B #2 B4 RNA, M NCBI 5[5 g rh 2%
AR BT 41, IF A Primer 5 8RR 514,
ZAEr L SR A R A R G G, & 51
BLEWER 1,

i TaKaRa RNA PCR Kit (AMV) Ver.3.0 %
FE VLR RNA i85 5% i cDNA, W2 )7 :95 C
x 15 s(7EME) ,60 C x20 s(iB k) ,72 C x15 s( 4E
i) o LA GAPDH /£ N S A5, — D AEA KL K45 3
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Table 1 PCR primer sequence of the targeted gene

&30S F14(5-3)

Gene Primer (5-3)
GAPDH F:GTCAACGATCCATTCATTGC R:GACCATCAATGACCAAGTCG

CDR1 F.CTCATGTTGCCAAACAATCC R:TCGACGGATCACCTTTCATA

CDR2 F:CCATTGGTGCTGTTACAACC R:CCAGCATAAATGATCATGGC

MDR1 F:TTTCGGTTGGTCAGCAAATA R:GGCTTAAATGAAGCACCCAT

FLU1 F.CTGTTGGTCTTGCTGCCTTA R:TTGCTGGAGTCCAACCAATA

EGRS F:TGCTTCATCTCGTGATTTGG R:CCCAGTTGGTTGGTCTAAGG
EGRI11 F:GAGACGTGATGCTGCTCAA R:CACACCATCTTTATAAGTTGAATGAA
SIR2 F:GCCACTGCTACTGCTGCTAC R:GGTGTGGGTGTAATCATTCGET

7. F. forward , R. reverse,,
Note : F. forward , R. reverse.

1.2.7 Western Blot 4] Sir2 & & £ ik K-F

MR T B A 1 4 RO il B 5, AR T I A
{18 T 4 i o, I AR R AR g 4 1 550, 4 °C 12 000
rpm x 20 min BLOHCEIE I, 03 T-70 Co EHE
i ( Bradford 3% ) J5 I € 8 HW E . B 12% SDS-
PAGE BEMCHLIK /3 B AR A BT, FL UK G - 8E FLARED 2
IR LT 2B [, N A Western B AW E A 5, —HiL
(Sir2 HLRH B-tubulin FA ) F5t AL B2 HEBLAR
AALREPRIC B P E AR E ] 2 BG4 BOX chemi-
XRS5 A%, 8 1] Gel-Pro32 H 4 Xif 285 SR #E4T IR FE %)

2 BRESH

DEREM MR A BT
PR AI SEL 435 5 FLC KEC & HIJE XF
C. albicans ATCC90028 FilIlfi IR 40 BS #k 62342, DL M
C. parapsilosis ATCC22019 , C. kruser ATCC6258 [1
MIC {h (35 2) , TH3 XA FICT $5 %k, 45 WoR,
SEL 5 FLC .KEC X% C. albicans ATCC90028 Fllfi I
¥k 62342, C. parapsilosis ATCC22019 g 78 H T 34
BRI E SR, X C. kruser ATCC6258 TG [R 4E

241

IE

Bro Mo
R2 HEEFEEN SEL'S FLC KEC BEAXT C. albicans  C. parapsilosis ,C. kruser B MIC( g/mL)
Table 2 Interaction of SEL and FLC,KEC respectively against C. albicans,C. parapsilosis and C. kruser by checkerboard microdilution
assay
- MIC.# MIC 4 MIC £l MIC 4 A
LS FICI FICI
Stain FLC SEL FLC SEL KEC SEL KEC SEL
ATCC90028 0.25 >128 0.06 128 0.24 0.5 >128 0.015 128 0.03
ATCC22019 1.0 >128 0.5 128 0.5 2.0 >128 1.0 2.0 0.5
ATCC6258 >16 >128 >16 >128 1 >4 >128 >4 >128 1
62342 0.25 >128 0.125 128 0.5 0.5 >128 0.25 64 0.5

2.2 qRT-PCR #%2 SEL #1 FLC Bt EHEXEEY
RiEER

K H qRT-PCR H ARG T 20 2 (1 25 . Bh L il
Ymht LR SIR2 , LI 41 M RS 27 £ 1 B A 0 6 i K
HEFE [N ERGS | ERG11, #hHE% £ [H CDR1 . CDR2 |
MDR1 J FLUL (35 K-, 45 R B, B H FLC
5% |- SIR2 \ERG5 .ERG11 .CDR1 ,CDR2 MDR1 .

FLU1 {523k, 5] SEL A — &/ LJEafEH , (H—
%AH%F SEL %% FLC 5 A R FE N Ay £k
I8 5 R 52% .86% T1% 62% 67% .56% Fil
36% (E 1),
2.3 SEL 5 FLC BXAXT Si2 EARIERIZM
K Western blot % A A& SEL 5 FLC & %}
Sir2 R, 255K Bon (E 2) , U FLC
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Fig. 1 The effects of SEL in combination with FLC on the

expression of related genes in C. albicans
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Fig.2 The effects of SEL in combination with' FL.C on the

expression of Sir2 in C. albicans

3 WS

RS s SRS 2 ) 2R A AT R R T IR TR ) —
25, 1 T L B AR M 22 (55 I A ) S Bt ity
RIEIWRAVER . i1 R E N A, 350 EL R it
Y BIGL H AT, A DL AR I 241 1 fe ™ R
Gt FHER TR L R o B 2R3k, 39 1 A BR TR 9 41
HEAE T, 08D 25 A A ML N & R, S B MR 25 1
RURPERE AR, DT 5 AT 24 5 DXLt 2 0 HE 2 i
B Rk AT 25 i F BN 22—, HEre A,
ABC 2 FB R % 1Y CDR1 CDR2, £ 24 i 24 5%
iz MDR1, L & & (b4 il i+ FLUL %85
SRR T 254H0C . 245 $0 0 28 A8 2 5 | e i 24
()5 — R, 4. 1 ERGL1 Zifi% i) 14a -EE
fist- 5 FH AL (14-DM) FlH ERGS 4ifih iy A222 X
WO, A%, CDR1 . CDR2 .MDR1 . FLU1  ERG11

H1ERGS 33 3R ¥4 ml 5 Rt 2

TF 5% 22 W], B4 R0 3k 34 5 T D 0 245 40 7 ek
P N8/ 24 1 | o RS 24 1 10 7 2 X 4 v
PUER 25097 B A B3 L /NEERR TR 5 R
FDUBH O HH 28 45 KSR 7™ W b1 [+ 96U mae 34 20 1) 4 FH A
kBRI . PRARIE , SR U 25 B A R B 2 1 2 B
Sr—A5ME SEL BAHUHAEY TS IK P Kz 48
JHO S22 A I 5 R 200 O T AN AR ol P A
EACIK RIS P AT A B, SEL AT
FLC F1 KEC $T& R A B A 3 8eE 1]

AHIF5E K FH E i E PR 25 DA HE 387 A FICT
BATHr BRI R R 2 25 W RSN G R, 45 A e
TR qRT-PCREEIE W, TR 52 %
F FLC J5, ERGI1.ERG5 .CDR1 .CDR2 .MDR1 5
FLU1 3k 1L 5 DAENRIT 45 R 2500 1 SEL 5
FLC & JHAT LAl 3 3 — a3, 4 715 19 24 3K JH 3 3 417
il EL PRI R R B B L 90361 P A R TR 1 S HE D
HERRPTIA AR -

WA R, SR RSB T e 5 4 R
2 2Bt "™ Si2 2 2000 483 & BLY
HEALOBALBE R G — 5. AL, FLC /EH
FHSERW G, gt Si2 3L SIR2 1484k 5 ik
i 245 35 DL ] 1, 00 5 1 24508 WA 56, SLE 5 FLC
A BE T W SIR2 ) Fik7K -, Western-blot 5
D IRIEAIE X — a3, Sir2 RETS BT L BRIA T AT
B AR T 2D R

SR (C. kruser) Sy K AR T 25 14, %} SEL
5 FLC KEC Bk H i) 1A S0 v 4 2% , B W 25 2)
PTER FH X 390 5 R AR 28R AN o TG PR b Y5
DRI 245 F2 B LAARAS P i 258 32, KART 25 I A
Wo T SEL fEEA S i " A I 4
2 AR N B S5 e Uk SEL AR SR Bt TR 1
R N PR 5% o

S 0k
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