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Long-term exposure to high concentration of salt stress induces antioxidative response in Candida albicans
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[ Abstract] Objective To investigate the effect of long-term exposure to high concentration of sodium chloride on
resistance to oxidative stress in Candida albicans (C. albicans). Methods Two C. albicans strains, SC5314 and ATCC76615,
were challenged with 1 mol/L. NaCl for 24 consecutive days. Spot assay was performed to compare the resistance to hydrogen
peroxide and miconazole between the wild-type and derivative strains. The transcription levels of antioxidant enzymes, including
superoxide dismutase (SOD1), catalase (CAT1), and glutathione reductase (GR), were determined by real-time RT-PCR, and
their activities were also examined. Peroxidation of lipid was examined by determining the contents of malondialdehyde (MDA) ;
the cellular level of reactive oxygen species (ROS) was also determined. Results Long-term exposure to high concentration of
sodium chloride enhanced the resistance of C. albicans to oxidative stress (hydrogen peroxide [ 12 mmol/L] and miconazole [ 4
pg/ml]); the exposure increased the transcription of antioxidant enzymes, SOD1, CATI, and GR by 2-5 folds; and it also
significantly increased the activities of the antioxidant enzymes (P <C 0. 05). Meanwhile, it significantly alleviated the
peroxidation of lipid (P<C0.01) and decreased the intracellular ROS contents (P<C0. 01). Conclusion ILong-term exposure to
salt stress can increase the resistance to oxidative stress in C. albicans.
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1 2 T i T 19 g o O O A I ) R A i R R A
(Y ARA e ZEREAD I U] R W 38 R BT MR 22 B
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1 MEFFEE

.1 BEH BIRZMEE (Candida albicans)
ATCCMYA-2876 (SC5314) H William A Fonzi #
¥ (Department of Microbiology and Immunology,
Georgetown University, Washington, USA) {5 I
HAR 21+ W (Candida albicans) ATCC76615 H 2
TR R 2 KR B B L

L2 A&k WA IR (SDA)  HH
iR 10 g. #i%IHE 40 g, Bl 18 g, N =Z&/K 900 ml ¥
f# JMA 2 mg/ml 5 Z/KEW 50 ml, A pH &
7.0, A E 1000 ml, & KKK, 4°CIHRA, YEPD
W IR W W2 10 g SRR 20 g, A0 20 g, i
= 787K 900 ml ¥ EAE 2 1 000 ml, i JE KT ,4°C
f-4F, 0.1 mol/L PBS #i:NaCl 8.0 g.KCl 0. 4 g,
Na, HPO, 0. 133 g, KH, PO, 0. 06 g, NaHCO; 0. 35
g = FKERZE 1000 ml, @& IE R 4°CIHRAT,
1.3 E&XA 3000 AR (2L B ik
A BR 2y ), Bk BE B8 (miconazole, MCZ, Sigma) ,
2T - W LR (2", 7'-dichlorfluoresce-
in-diacetate, DCFH-DA, Sigma) , —.H JE. i (dimeth-
yl sulfoxide, DMSO) J [ 7= 73 Hr 4, HI i E 76, H
B RNA,, G0 & bt R ERERBHH AR A D,
R RNA L G & (b REFERR B AR A
A]),DNase | [ TaKaRa, 4 TR (K&E)BRLA
Al |, PrimeScript RT Reagent Kit [ TaKaRa, T/
Y TAR(KEARAF ], Yeast Protein Kit (Zymo

Research), AR H 8 = K AW HEH AR5
BT BCA & e J3 0 a2 3 7] & (5 L) L, 6L SOD i
PERLI AR & (NBT ) . o 4 Ak 20 R il ik 7 &
A8 B R A D S I 4 R &L B T AR Ak (P R
MDA #5371 £

1.4 EZBMNBEAEE Eppendorf 5417R = iE %
B O HL(Eppendorf) , Biofuge Stratos 1= 3 ¥ % &5 0
ML (Heraeus) , Tgradient PCR {¥ (Biometra), XW-
8OA BRI R A # CIL 75 U 1] Tl MU s AL &%) )
7500 Real-time PCR system (Applied Biosystems) ,
Infinite M200 % Z T GE BEFR (Y (Tecan),

L5 ZEmAs-FARe R R 2B E B bR
HERR SC5314 Al ATCC76615 JH % A 1 mol/L NaCl
B YEPD 8 W PR %% 16 h, K EWR IR G TS A
1 mol/L NaCl § YEPD [E{& 17373 15 5% 24 h. ¥k
BWAK RIS WEEE D1 ml B80S F
1 mol/L NaCl B YEPD & £ b, 4k 2E K5 9% 16 h,
AR T AR AL AR 24 d, 15 3] 748 SC5314-NaCl il
ATCC76615-NaCl, HHRIRAF: 5 300 pl HEW S
700 1l 80% HMIR A, —70°CHRTE, FifT L5 W
PRITE SDA “F A I F0iE 4L, 30°C #5557 24 h,
PR T .

1.6 EWEER HERHIZZM YEPD Pk, 2%
SCHR T8 2 R 2R BE b H. O, 12 mmol/LMY,
MCZ 4 pg/ml", i 22 B £ W SC5314 F0
SC5314-NaCl, ATCC76615 fil ATCC76615-NaCl 1£
YEPD 35 3% 43 il 3% 2% 2 WiE 4k 16 h, 3k 2% 5L
ARSI, 3 000X g B.05 min, | 1 mol/L PBS
Ve 2 WL E N 1 X107 cells/ml, 10 1545 L #f
B3 5 MRS B 1107 ,1X10°,1 X107,
110" ,1X10° cells/ml. B 3 ] W £0FE & 25 F 4R
b, 30°CHEFERFE 48 h, IR SR I 4%

1.7 REAMABEHEFORF N Z FRKE SR
JIFi SR /IR B RE T M RNA FlR 5] & (R B 3t
T A PR D PEFT B RNA #l32, FH DNA i 225
FEPZH DNA V53¢, ) B sl R & S 5% s cDNA,
—20°CHRAE. HIILHE MGl LA T Ay TR~
HORM S A R m) A HF ) & 1, & BELUT R
UK LB E RT-PCR KW : 2 X SYBR Premix Ex
Tag 1l (TaKaRa 23 %) 10 pl, Primer FWD 0. 5 pl,
Primer RV 0.5 pl B4R cDNA 2 ;11.ddH,O 7 pl., B2,
JE A% N % ¥E 47 RT-PCR W : 90°C 1 min, 95°C
10 s, 60°C 20 s, 72°C 30 s, 40 DHIR, i ith 26 2
FFoh 60~95°C , BRI 0. 1°C , i 7 40°C ¥ EH1, iE
SE I & 1E A6 38 B {E Ceyele threshold, Co), S
18S rRNA 1) Ct R 1E H 1A Ct fH, 15 5] ACt, L
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% 1 Real-time RT-PCR Ff K 5| 41 5 51
Tab 1 Sequences of primers for real-time RT-PCR

Primer Sequence A'mplicon

name size(bp)

SOD1  F.CTT TTC AGT CGC TGT TGT CA 119
R:CAT TTG GAT CAT TAC CTT CA

CAT1 F.:ATA AAT GGT CCA ACA AAA AA 142
R:GGT CAA ATC AAA CAC AGA AA

TTR1 F.TTC ATT GCC TCC AAA TCC TAT 109

R:CAC CGT CGT CAA CTT CGT CTA
18S rRNA F. TCT TTC TTG ATT TTG TGG GTG G 150
R:TCG ATA GTC CCT CTA AGA AGT G

F. Forward primer; R: Reverse primer

1.8 #HEAMNEBFT AR TAASGHMNZ &
PREE IR D7 ik WA BE i . A YEPD 1 4% 58 e BE Gk 3
Dsoo =0. 1, 100 ml YEPD #kZ2 8555 & Do =1. 0,
3 000X g &0 5 min, WA, R Yeast Protein
Kit $2 BB & 11, BCA & 1k B o 3K 77 & (3 9
AW & S R, SRS SOD i 4 6 I 3 571
& (NBT ) o %A S0l A 50 & L 4 Bk ke
i it A 0 ) 6 3 o e T 4R Ak 4 12 £k il (SOD1D)
i A S (CAT L) FLA Bk H KA JR R (GR, 76 5 3k
K8 TTRD BYWEPE ., SRITNG B4k (8 Z % , MDA)
A 0 38551 85 0 2 i B o AR AR AR

1.9 aRLBFR@BEAFTRAKREMN T HE
2P HE T SC5314 A SC5314-NaCl, ATCC76615 Al
ATCC76615-NaCl 78 YEPD 5 3% % b 7 Wl 25 2 Ik
AL 16 h. 3k 26 804 K 05 0. 2.0 i 4 iR
(3 000X g,4°C . B0 5 min) , JH 1 mol/L PBS % 3
WG BR LR FR k. 1R T PBS A, I8 T vk i
F Deoy = 1. 0, T BRI 4 A X IR, BY, AT
PBS M H 4 . 1 # +DCFH-DA 41, PBS+ DCFH-
DA 241, DCFH-DA G ECHI B 2 mg/ml BEERE . H
B A B Wl /5 DCFH-DA & #¢ B 8 20 pg/ml.,
30°CHH 30 min,id A 0 hy, £33 0.5 h il 1 h 435
Kol 5 045 5 W s B . I 22 2l 68 Bl Am 434G I 24 5l
HE LR PR N 485 nm, K S K N 520 nm,
1.10 %it#4® RT-PCR LM 3 KA
AT 5 1 D 2 g B ok A A 458 4 DU S | 40 L P T P A
TR B4R 3 L SEER BUE DL w5 Kon L Gt
N ¢ KRB K OF () R 0. 05,

2 & B

2.1 EMEH ZidmilE NaCl #2201 24 d
S5 o B 22 T B TR X ok 4k S R DK R W 1) T 52 g

M AR, 5EFA T SC5314, ATCC76615 M, K
1175 £ WU B9 SC5314-NaCl 5 ATCC76615-NaCl
Tt 7 3k 48 Ak SR R R e L 1T AE 25 11 YEPD P AR
AERORBOEEAT 225 (D),

107

105 10t

— ATCC76615

Ml — ATCC76615-NaCl

YEPD Plate YEPD-12 mmol/L. Hz20: YEPD-4 ug/ml MCZ
B1 SHIRER
Fig 1 Results of spot assay
Each strain was grown from Do =0. 1 until Dsoo =1. 0; 3 pl of each dilution was spotted onto YEPD-agar plates supplemented with drugs.

Plates were incubated for 48 h at 30°C

2.2 WA FAKFE  L5EEW(E 2) . AEHF
AR B L 280 NaCl K 3 0 3800 o bk L b 04k
it 1) 2 SR OK P e TR I B A R . HOR AN R B
PR P b Ak il 5 TR SR T R Y R BE AN [ L X T B R
SC5314 , K3 e 2 908l 2ok Ak S0 (CAT D B s 7t
o R R e R, M B AR ATCC76615 Fp I J2 8 4801k ) 17
AT (SOD1) % sk 1Y I 1m0 i B2 e K.

2.3 WEAABES  WATIE T HEKL THIFE B
AR IR LA A TG . IR B OSBRI T B
F L3R L B L SRS R DG a7 8 40 Sl A e 4
A G935 T L fe e THEEAS R L e A RS . UKL 3
FEATAT LA Y, R 00 v 3 i v Re 8 1 2 3 bt A Ak
i (1935 7 (P<<0. 05 5 0. 01),
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W ATCC76615-NaC1/SC5314
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Fig 2 Relative transcription level of antioxidant enzymes

Relative expression
S = N W [V e

Each strain was cultured in YEPD medium from Dgoo = 0. 1 until Dgoo =
1.0. Cells were harvested for real-time RT-PCR. Relative transcription
level was calculated by comparing the NaCl challenged strain with the wild-

type strain. 18S rRNA was used as the internal Control. n=3, x=£s

2.4 RERAE ARG ARE T RS R A 45 R
FW . 258 NaCl K Wl B 2 PR R (SC5314-NaCl
A ATCC76615-NaCD 4 ffd P N 1 & s Ik T ok &
NaCl #3449 B 25 T (P<<0. 01) , #2758 437 22 M v #8001
THORT A A 11 M 24 2 B 1158 I 1 B AT g ot o 4 Ak 351
1K,

2.5 ARLEZEHMBAFTREAKT KRR EK
FH DCFH-DA fE R #5460 52 56 5wk Ab T4 7]
A KA ROS K- S5 58 (B 5) B . K m
Eh MU B T R N IR ROS KO He B AR T W R
e (P<<0.01),

3000, 3000 g 3000 .
250 | 250 | " 250 T *x
, i
200 } 200 x 200
150 | i 150 150
100 } 100 f 100 f
50} s0f 50t
0 2 3 0 1 2 3 0 1 2 3

B3 mENEENSHW

Fig 3 Analysis of antioxidant enzyme activities

The figure shows changes in the enzymatic activities of superoxide dismutase (A), catalase (B), and glutathione reductase (C) in wild-type

strains and strains exposed to 1 mol/L NaCl for 24 consecutive days. 1: Control; 2: SC5314-NaCl; 3. ATCC76615-NaCl. * * P<C0. 01, * P<C

0. 05 vs Control group; n=3, r+s

40
35+ _]'_
30F
25}
20F
1L5F
1.0

05F m
0

4 HEAR_BEESN
Fig 4 Malondialdehyde (MDA) contents in test strains
1. SC5314; 2.

MDA content (umol/g)

SC5314-NaCl; 3. ATCC76615; 4. ATCC76615-

NaCl. * * P<C0. 01 ws SC5314 or ATCC76615; n=3, 7+t
3 3 it

Ptz i B m ot S KA
o 3 PR S A AN TR T R 2 T R T X Y it
ZHe S A B 5T O T A R R S A A
PO 22 T B T 17 3 M, A TS A h L AT &
PR 22 B R H 7E &4 1.5 mol/L NaCl f YEPD
TR K8, 2258 48 h B A A3, It
AR NaCl ¥ FE N 1 mol /L ZEILRIE R, I

22 e BE R A DUARGF s A= 1<, e 4l al , SR W 3E BR 1]
DU K15 385 R W8 L 38 1T LA & S0 7 a6, 3¢ 3
Shy A0 9 P SR T R P ARUA T Y B S OK R T
Fyr S AR B BRI

3000
0 SCs314
W SC5314-NaCl
& 25001 g arccrests
2 B ATCC76615-NaCl
5 2000
8 1500
g
8 1000 w
§ *k ok
e 500 sk
0

0.5h 1h
5 HAEM ROS K FWE
Levels of ROS in cells of C. albicans
** P<<0.01 vs SC5314 or ATCC76615; n=3, x=*s

Fig 5

I P ST i A I A P R — 8 R R Y
AL RN EE A R, FEAERA T
(0, ) FEHMAEC O EAR(H,0) %, i
Rt B IS I AR B 17 NS A L o A T
DNA &5 F1 BT FIG JoT 40 i Joi oo 40 Ak 43 47 02 46 i
JFid A Ak R & AR 1 ROS R AL AR 9 I Y i 7 B
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ROS 5 A= 49 [ 0% 55 g | Tl R0 2 52 R R O 19 22 S 4
i I T 1 000 R A% TR 55 K 43 10 Jo e g Jo et 4R Ak
R, TE ARG B AT & A 77 ¥ (lipid peroxide, LPO),
N A-2 T8 (4-hydroxynonenal , HNE) 4§,
AT o8 200 J6 P F 350 50 7 R O Tk R A R L IR T
AN L2 HG R0 ) BE 0y AR L PRk, D E B T 5 A Ak
P45 7K S BT LAAR - b 52 e 200 Jf G0 305 1 S8 495 14
JH,

P {15 24 e B3 77 40 i N o 2 1 0 4R Ak Tl A R 4EL Tk
Y EALEE (SOD) | it A Ak S B (CAT) A4 B H Ak if
Jif (GR. H TTRI1 4 t%), SOD A] LI¥ O, 5478
MH. 0., CAT AMEBEM AL H.O. 748 « OH, b
Reffi Z 4y H.O A1 O., SOD 5 CAT 7EHUNE &
A AL A U RIVE R . GR g ik H, O, 1 5
i JFEARAMLN « OH B/KF. GR EW] DL B H R
20 L 5 37 Mg o Aok 40 4 03 1 VR R L L AIL 2 AT A B
ik A o i NI AR AE RS AR ST R
o R RT3 R AR 2 I R A K Ak L Y g
1. % 3k v R K R B B P BT SAUfR B (SOD
CAT.GR) W s /K- T B A 0L 0 U A 18 19 3%
SN o g ol B S N R N e YR
P E A 5% S L T L AT DB v A AR B Y T T
FERAY I v 0 TR R EL R AR R T 32 0 Ak R
FIWK e | J5 5 FROOR S e 2 Bt EC TR R (EL A W] DL
ML ROS™ . BrA AL aE Iy iy 34 ok, mT DLy 2D 20 Jifd
P ROS AR E , T AR ROS X 40 it (1% 51 477 , % B
Sk DS RGBT A S R A

ZE LTI, R 22 BB 22 T ARG R = TR
ERIRBE A R T B 22 I B TR B SR P A Ak N Y RE
J3 5 DA 1 588 I 1y M R A AR RE T

[Z % x #k]
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