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[ABSTRACT] Objective: To explore the relationship between CDR1 and CDR2 expression and fluconazole-resistance in clinical
Candida albicans strains, so as to explore the mechanism of drug-resistance in Candida albicans. Methods: The minimal
inhibitory concentrations (MICs) of clinical Candida albicans strains to fluconazole were determined by broth microdilution
method. The total RNA of fluconazole-susceptible and fluconazole-resistant Candida albicans strains were extracted, and the
expression of the CDR1 and CDR2 genes was examined by real-time RT-PCR. The efflux of Rhodamine 6G was determined in
the strains highly expressing CDR1 and CDR2 genes. Results: The incidences of CDR1 and (or) CDR2 overexpression in
fluconazole-resistant strains were significantly higher than those in the fluconazole-sensitive stains. The efflux of Rhodamine 6G
was significantly increased in the fluconazole-resistant strains when glucose was added, and overexpression of CDR1 and CDR2
were observed in theses strains. Some resistant strains showed no overexpression of CDR1 and CDR2. Conclusion: Fluconazole-
resistance in clinical Candida albicans strains is related to the overexpression of ABC transporter proteins. Overexpression of
ABC transporters can increase the efflux of drugs and therefore lead to drug-resistance. Other mechanisms may also participate
in the development of drug resistance in the clinical Candida albicans strains.
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I7 BRI B R I 1 25 ) LT 2 I B4l i
FEE A 5% A BRI I 2 1 AT O 4 A
T e R, TN R M T 24 AH DG IR AL AL L A
W S 24 ) 1 F HE FBEEE 14y-5 HIALE 1)
i A AR S 5 UL TR 2 ) A L TR AN N P 2R AR T U
A AW A, R PR 2 W) A B A 41
P 2R B T sl 2D 2 G R M i 24 1 S AL, L
JEDRR S R B g M B AR R 2 R AN SR L T
BRI BB 2 i A HE 5 30an iy 25 3R
WRE TR B AE 25 R 9T R WO AR T 2O
25 H AT EA S S R 2 A HEA % 1 i T
BEAT.S ATP 46X M EA B ABC #i2
# 1 (ATP-binding cassette transporters, ABCT),
SedcE WM s EEAMERE., ASKEPAE
10 M A & BB 25 (CDR) & H, {2 114 CDR1 M
CDR2 £ 15 M2 25 2547 ¢

A S T) T B DR 43 15 R 24 11 7 2k B
ABC #12 [f 335 1% B 5 0w 25 Pk = A O R AR
5% K FH S o 8 PCR J7 VA K W 11 78 2K B 3 B e
i 24 B B FK (1 CDR1 U CDR2 3 [N 1) 4% 3% 1%
Bl LLRS I I PR 1 2% 2R B CDR1 M CDR2 A 1) 3
KI5 SR T 25 (1 Ok &R, JF LB PFI 6G AR
53] o6 LA R BRE I TR 24 0 UK B PR (V) B BR8N ) 2
HEATWFST  LAHE—2LAE S ABC iz AR KRIE S Y
YA 1) O F L WH ff T AR R 1 T 24 23 T L

1 MRFTHE

1.1 ZREHSHHER 8Bk E b K
ATCCMYA-286(SC5314) i William A Fonzi #(#%
TS, S0 R R A K R BE IR > B bk . S R SE
B SR R R 36 s 7 2% B 45 (NCCLS) #E 42 1) M27-A
00 R e s B Y W 5 R T R R GG A ) AU
1.2 EH4HER AR CDR1 #= CDR2 & KT8
vil4

1.2.1 FHEHE RNABHE LFELER
SIS B MR T YPD (yeast extract peptone dextrose)
BRI, 30°C Ied 0, 125 0 A0 5 T 40 M 5 SR P /DN I B
BB RNA 3R & (Ll Es ey TRARA
D BEAT S RNA 42,

1.2.2 ##3F 4% TaKaRa A7) H 30 52 5% 3K
5 ORE T B TR AT B2 =) ) 1R b v 85 4 20 B 3k
TR P Y E T —20°C IR A7 & H .

1.2.3 B8 RT-PCREY WEI1,

2.4 HEZFHHNEIERT H % SYBR(R)
Premix Ex Taq'" (Perfect Real-Time) i 7 %
(TaKaRa, Ki%E 5 A9 TREAT MR A 5 br e 515 20 58
AT, RN 4AF:94°C 1 min FRAEPE, 94°C 10 s A%
PE,60°C 20 s Bk, 72°C15 s GEAH, B MR, T2 ML 1E
40 K ,60~95°CHE 0.2 s BEHL— WM i 25

#1 EESIMBBIRFFT

Tab 1 Primer sequences used in this study

No Primer name Sequence(5'-3")

1 CDR1-F GAT TCT CAA ACT GCC TGG TC
CDR1-R CCA AAA TAA GCC GTT CTT CCA C

2 CDR2-F ACT GCA AGT CAC AAC ATC C
CDR2-R GAA TGG ACT AAC ACC AGG TAT G

18S RNA-F TCT TTC TTG ATT TTG TGG GTG G
18S RNA-R TCG ATA GTC CCT CTA AGA AGT G

w

1.3 FH86G M 3HEAME  30°CYPD B FHE W
iR SR 16 h 19 200 ml B .1 088X g B0 Smin i
LK, TV PBS(phosphate buffered saline) 2%
WO UE 3 KRS E, H PBS 28 i i T 2 R
FEIL 1 X 10%/ml, ¥ 7 % 4f % B2 ) PBS W T
30°C,27 X g, 4% 1 h, 787> K3 A 4 B . AR5 InA
P 6GAF LK JEIE 10 pmol/L. 27 X g,30°C #
B2 he BEWRMEE R — 20 o =, 0 Jon Al 2 A
Wk %3k 2 mmol/L, 5 — i AMEAE AT & 3, 30°C,
27X g & 1 h,1 h WA 10 min WIEFE & 1 ml
W, B0 5 F B3 100wl InA 96 FLAR H , & —
W IR] A 3 AN AL, RIBVE D P 6G b il e, /)
M 10 pmol/L JF4H, 2 5 £ LU M Be . % & PBS 25 H
XTHE 3 AN AL, W€ 26 E (UK I K 515 nm.,
WK 555 nm) . AR I E 0 bR il 2k o 5 4
N AN B PRI 6G M TE

1.4 “itFa® S0 E i RT-PCR IR 12 &
ALK Cofii, BT 18S rRNA WK 1E KA AC
[ACy=Cr(HMEER) —Cr(18S rRNA) ], FHiE 1t &5
Z Bk SC5314 AHEL 3R 13 AAC[AACT = ACy (5%
RO — AC (S M MO ], 1] Ratio i (S5 B #k
15 SCH314 B B AR Ll 35 PR 22 05 1 ) R B R R ik
K, Ratio ff = 2 **r, Bl Ratio f >2 R K 5
SC5314 FE R RIE ARG, iZ I R R ARk, 52
I 2 & PCR JEAT 3 WA 82 5256, BT 43 Ratio LA
Ths IR, G0l CDR1 @315 CDR2 3R 1E MK 2 A
B DAL [F) b i 4 225 7 T 247 AT 6 R B0 U T ok b BT oy
EE L T 24 2 RO R T o2 A 3 (P<<0. 05)
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2.1 s IR R N 227 BRIG IR 2 250k (i
g B2 Bt B 0k B 0 326 ) Hh 97 B 3R A 40 BR R BR
R P B JRK T 2 BRR K. 20 B R M 0K R
PR (MICso << 0. 5 pg/ml). 20 B 960 HE M 24 1 A
(MICs =64 pg/ml),

2.2 CDR1 #= CDR2 & kK-Fm 2 M4 E
i RT-PCR £ 50 3k 13 19 Co {8 R 57 3843 19 Ratio
R RE o) B JG ATEE— P Gl T 2B & R
I TR AR AE SRR AL R 25 A BT E A R (D),
CDR1 HE PR7E S 56 850K 41 B Pk vh R D iy 3K Tf 78
i 24 4 B B T A 9 MR R R R ARk BT o BBl 45905
BB AL R 2E 1 BRI AR 1) CDR2 5 3k, 1 16 fiif 24
PR 12 BRBEFR Y = R 0A L el ik 60% ; CDR1
FCDR2 3% [ iy 3¢ 15 76 MU AL A K B0 1 A5 T 24
A 6 BRIEMRAEAE 2 MIER I RIS, RA *h
5 WORBUR AR 2541 CDR1 Al CDR2 F: K i 4 ik
A0 28 5 T 2 21 65 IR v 30K 6 B 35 v T UK
2 K] I8 (P<C0. 05)
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Fig 1 Incidences of CDR1,CDR2 or both CDR1 and
CDR2 overexpression in clinical resistant
Candida albicans strains and sensitive strains

* P<C0. 05 ws sensitive strains

2.3 FAUM6GIHHERLER e CDR1,CDR2
B # 5 B W bk SMMU00012 5 SMMU00271,
CDR2 & #* ik 1 W F SMMU00372 5
SMMUO00346, CDR1 {5 % 15 [ 1 #k SMMU00249
M AR R R SC5314 5 SMMUS835 1 2 1 # 6G 4b
HEN DU 2 4 28 2R 0N 6 2 B I L 7 BR B AR RS
BA SRR, A R b s 0 AR S L 4 R
2, SC5314 F1 SMMUS835 {75 IH ¥ 47 W] . 1ty 2 F
W1 6G A M B e 2 A1 R T 2 B B 2 SR B 2
Bl 6G AMLIsRe Ty, 45 R UL D FHE] 6G 1 4h iz

TEAEERML, T H K # CDR1 & CDR2 & £
L, PIIW 6G BN s RE m AL A T, BE I [A) %E
KAz 80,50 min J& 412 8 T 15 5 R B

4000 —& sMMUDODI2

—O~ SMMU00271
3500 o smmunean
3000F —f— SMMU0K3TS
—a— SMMUI00249
2500F —wscsig
2000} —o— SMMUE3S
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Fig 2 Rhodamine 6G efflux from
clinical Candida albicans strains
The Rhodamine 6G efflux was dependent on the presence of glucose.

The values were the means- standard deviation (error bars) for 3 in-

dependent experiments
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T T 7 B T 0SS 24 400 1) T 24 AL o b, 4 1
AMHERE g 38 5 B BT LR 2 49 (E BB 40 Py oD 2
SRR WAk T 2 1 e EEE AL A R R A R A7
R4 Z M AN HESR AR 2 29 # H H AbHE D g o
RPLEWW, hF A SR A LR 2 s
HE 58040 My 259 SRR B 10 T B T A 2 iR T
RWOGEF=ET 2\, 7 ASKE K INER S
L ABC #5328 8 A I i 3208 0 JU I 25 1 7= AR B 2
JAPRE D (S ERE  AEAE 10 B CDR &AL HH A
CDR1 #1 CDR2 & (15 M2 25 Wi 25 47 %, CDR1
M CDR2 J2 9 51X P AN B I BE DR, s DO iy A B
DR I R 1 7 BR TR P 10 30 A7 Bh 1 T 08 W S Tif 25 7
R 0 iR 25 0 7= AR LT

AWK FH SE I 2 f RT-PCR 7 15 K D 5k
2H 5 245 20 11 & BR B CDR1 A CDR2 3 ] f) % 3k /K
Vo A7V AT SN R R ORGSR A
(28 | R IR @ S TS N v N 1
K FH X R 75 vk AT A e R, 28 B RS W 3 Bl A S Ak
DAL I R BB o ) 3 0K 1 L, A Bh T TR I K i 24
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LIS R IR T 24 B R U B AR CDR1 Al
CDR?2 %ﬁi&k%#ﬁﬁ%%%ﬂﬁ%ﬁ%ﬁ
KR E m THURE R, CDR1 Ml CDR2 $: M &3k
K5 MR Wit 2 P P AR U AR S TR S
RS 3 7= A i 24 Pk (%) 43 7 BL ) 5 CDR1.CDR2
S m RIS HE VMG, PP 6G HhHE SR WoR
ABC #1281 @ 8 W w2 P 6G A ]
S, PP 6G MM W ABC iz &
FIHEY, 2 P 6G A HEZR i 07 0T LAR R A
e 25 ) 1) AR HE L BT LA ABC 538 2R 11 2% 08 B Bk
PP 6G AhHERE AR 25 WA HESE I, A ABC #
BE A LR ABC #8512 2 bk
FEE AN RN R Al R AR R, A
) A HESE N 2 B R 7 A T 2 1 1 T B
AL AT i PR 1 PR T ABC #5342 8 L B CDR1,CDR2
R 2 5 0 nT BT AR TR PR T 24 1 L
U P 2R T 2 4 10 e 2R 2 B 3 A
FH I 2 B, L 2990 1 B P0G v R 08 a8 S L A HE R
A ARk R YRR A AL, AT A R
TR W A i 245 B A T AR HE R B e ARk 6] A
R M 24 VE TR AR DG PE S 25 R B OR 75 %6 K it 24
AR & 4E CDR1 8t CDR2 3K (¥ i &k, YW ABC
18 BT e AR I DR 5 B0 B R 24 P AR
Ry PN N (B NP 7 S 7 2T 7 Sl 7 N a1
ABC #1282 IR i 2k, 3038 A0 50 7 X 5 e M oy
JE TR 25 (MICgo =64 pug/ml) , 5 R 1258 47 At it 24
WU 2 5 081 bk 960 R MR TR 24 P 1) = . A U IE K
Il R 24 18 Mk b ABC #1881 10 R s 5 L 24
PE7= A2 28 DIAH G AR AN 2 1 — HL I, N TES]
BRRR TR 245 7 7 A2 10 22 1 DL A 49 FR AT TR N 2R AT 45
PRI T hy 1A B AT 24 P 1 B 9 B B R i
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