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Effect of CCHI or MID1 gene disruption on drug tolerance
and pathogenesis of Candida albicans

. * . * oo .
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Xinxin Cheng', Laijun Xing', and Mingchun Li'
1 Key Laboratory of Molecular Microbiology and Technology, Ministry of Education, Department of Microbiology, Nankai University,

Tianjin 300071, China
2 Agro-Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China

Abstract:
one of the important secondary messengers, the elevation of calcium concentration could activate some pathways to take

The calcium gate encoded by CCHI and MIDI genes is the main channel for external calcium absorption. As

part in various cell processes. In this study, we used CCHI and MIDI mutant strains and also constructed their
complementary strains to study the effect of drug tolerance and virulence of Candida albicans after CCHI or MIDI1
deletion. By drug plate sensitivity assay and the broth microdilution method, we compared the changes between different
strains. Moreover, we added calcium channel blocker and inhibitors to analyze the effect of calcium concentration on drug
action. After the deletion of CCHI or MID1 gene, the strain exhibited an obvious sensitivity to FLUC and ITRA, and the
drug action was regulated by the calcium concentration. In a mouse model of intravenous infection, we found that
attenuated virulence of cchIA/A or midlA/A strain is specifically due to a loss of CCHI or MID1 gene.

Keywords: Candida albicans, CCHI, MID1, drug tolerance, pathogenesis

A ERE Candida albicans EEREAREAEE WM T, Cchl A1 Midl 4 18 Sk,
PR Y R BRI 2 — , R R B ) Cchl Z#ty, 1ENE SRR, i Midl

TR, SR MEGER AL 38%~49%""2), I
7o (& b7 NV e/ SRy S U il L R A0
[ R TR R R A 25 W 7 A B 244k, U
SN2 RS 3K Candida glabrata
PRI A e, X BE 24y AT 32 AT A2 31) Ca®
SRS, YRETHERHAY R, 41
ke e v 2T, SEUR N Ca™ WE BT,
FEANIAENS (Calcium cell survival, CCS)!"!
1422 Bonilla 455 YCFE BRI I BE rh A 8L — 1
B(5 S5 s %, @l Cchl-Midl 455816 5] &
Ca>' Wi, FEMBIESTE S MLt , BRI
WEMR I (Calcineurin, CaN) K HFUi#H: ¢+
Crzlp KA R AUMEZ 5 ZMINR T T AN

Vi g5 0 S5 Bl Cehl 52 B4 i i 52 SR B 3
fe, “HE—ATT, FERRIEEERE T, B
Reffid it Mpkl iBFEEGE Cehl-Midl 4551
i, SLEMEA Ca¥WIER TF, AR Ca¥' S
CaM 454, ETMEGE CaNPL, K, Cehl H1 Midl
Xt CaN HIE A PAVE I, 25 i BN Ca™
fIEHEIR, BEARIAAY Ca® K, RS
T S L R A 2 T o

CCS &HIH) CaN Z S5HT E 25 1T 32
PO H AL B Cnal S 45 WA Cnbl AT
— A BB R 2 X Bt LT 25 4 2% R R 2
JEPE 7 B X AR TR TR R 7 ) L e A A
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LB A A B AR A LA S R e o e, n]
UL 2R A 0 25 W it 52 M 5 o M = ) % 1)
MRFR WL, YEFT CaN BySsedi
I ZE  (Cyclosporin A, CsA) At 7¢ 5 ]
(FK506) 5 EEmE (FLUC) & EA R
KEFHBIVERT, T FLUC fo 8 A ELA 11
HEFRER" . CCS BT T B Mk 254
FEJIN RIS R IEE EEAEM, v CcCs &z
F14) R B S T 400 ) 200 i 2 < 1 s 28 24 iy vk
TaAET T, CCS AR v HAh A 51 B 1A R
FE ORI R P LA FTRES 5 B 25T 32 1
JEf Cchl-Midl W25 F& BRI 25 W) T &2
PE? FRATRE A 0 Y A R 1 R 24 T Al
PRI AT, JFifE— i N RS
JERYLAIII J5 IS CCHI 8% MIDT SR i 2k

=1 ARSI fE R A E PR AN BRL
Table 1 Strains and plasmids used in this study

X R R T RIS o

1 MREFE

1.1 E¥k. BRIFN5|4

S FH A B RE RN TORL LR 1, 519 W3 2,
1.2 EZERF

CIAP BEPERERR G . 2 Fh R G MENDIEE . Tag
DNA RAWFEE A EAEYRERRTEAH;
RPMI1640 #5525 AW Ff GBCO 2~wl; 5-HF
IHM (5-FOA) W [ b5t il A My B A A BRTAT:
AT JEEEME (FLUC)., fHHliFEME (ITRA) S5
KYW H Sigma A H]; FHRERYERIMIK (Vpi).
IR ILZEIY (TER) 52590 B b E 25 5 49
il RS T 5 AT LI TR R 24 5 359 Sy 1 7= e
ali, FrA s A mEFA R A .

Strains/plasmids Genotype Reference and sources
DAY1 Z:zidhf;nggj/u};’;g/lzmm434 hisl::hisG/hisl::hisG From Dr. Dana Davis
NKC73 cchl::ARG4/cchl:: URA3

Conserved in the lab!""
NKC68 midl::ARG4/midl::URA3
NKC61 cchl::ARG4/cchl::dpl200 This work
NKC60 midl::ARG4/midl::dpl200 This work
NKC53 cchl::ARG4/cchl::dpl200 pCR4-CCHI This work
NKCS55 midl::ARG4/mid1::dpl200 pCR4-MIDI This work
NKC43 azole-resistant clinical isolate of Candida albicans Conserved in the lab
NKC46 azole-sensitive isolate of Candida albicans Conserved in the lab
NKC52 ATCC22019,quality control strain Conserved in the lab
pCR4 Expression plasmid, URA3", Amp" Donated by Dr.L.H.Jiang
pCR4-CCHI For CCHI gene complementary This work
pCR4-MID] For MID1 gene complementary This work
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*2 ALWHTANSY
Table 2 Primers used in this study

Primer Sequence (5'-3") Restriction enzyme
CCH1-5RC CCCGGGetgeagCCTCTGCCAATCTTGCTTTG Pst 1
CCHI1-3RC CCCGGGetgeagTTGCTGCCACTTGTTCCTCA Pst 1
MID1-5RC CCCGGGggtaccTAGCTCGAGAAATCACAGG Kpn 1
MIDI1-3RC CCCGGGggatccTCTTCAAGGCTATCAGGACG BamH 1
CCHI1-RC1 GGTGAATTCCCCCTTCGAAA
CCHI1-RC2 ACTGAACGACCGATTTGCCT
MIDI1-RCI CCACCACCAACAATGATACC
MIDI1-RC2 TCGAGGTATAGTAACGGCAC
CCHI1-5det TTGGCTATTCCTTTTTTTAA
CCHI-3det CAATACAACCATGGCTTCTG
MID1-5det TATTCCAGTAGCCACTCTCC
MID1-3det GCGTGTCCCCAAGAACATAA

13 FHRE N, P 1R — 4% 8.7 kb 1Y B, o A4 1 kb

& R B8 1% 35 0 FH ) r A 15 77 3¢ (SC-ura
BRAD) B INAURE A 80 mg/L B JRTF . YPD K%
FRIE . V%FERHR R, 2% E A, 2% 8%,
SC ik 0.67% L HEMEFAIR, 0.2% %5

PRIR G, 2% Hi%ihE . 5-WFLIGMR (5-FOA)
B (1 L): 6.7 g TAFEBREERIE, 20 g #
B, 0.8 g JR1F, 2 g TEEMIEEGHAK, 20 ¢
BiRK, 1 g 5-FLIEMRR (5-FOA). RPMI 1640
Higrdk. 2.080 g RPMI 1640 #3K, 6.906 g Kfif
fiz (MOPS), 40 mL 10% #j&MA , INZEIRK
FEZ ) 200 mL, {EAJJEH] 1 mol/L NaOH ¥
pH % 7.0, ffHATHATHIIERREE
1.4 BEEKE CCHI 1 MIDI F &[54 Fhi
By

Wit—XF A Pst | BEUIA 219514 CCHI-
S5RC Fll CCHI-3RC, Ll NKCI18 X4 DNA K

MR+ . CCHI 3£ ORF X FIZ k¥ IX,
iz Be R Pse 1 AT R YD, 240 JS 5 R e 22 0t
Pst | MYITFHAGSS , JF 2B CIAP 5%
PR AL AL 3R P BRI 33K URL pCR4 #EA T4
RIG WG WAL KB FF I, JFAE LB+Amp
£ A 3 75 B rh O R e AL, BRAR LE A Y B
pCR4-CCHI, pCR4-MIDI JFkif4RaFEi% it
— X WA BamH 1 A1 Kpn 1 B V) 0% 55 B9
MIDI-5RC Fll MID1-3RC 5|#), [RIFELL NKC18
JEH 4] DNA it , #6417 PCR P74, K45 —%
3.1 kb fu 5 MIDI %K 1 kb Jii3hF . ORF X FIZ
PRI B, 5% BOH BamH 1 F1 Kpn 1 3k
Y, fifb)s 52 BamH 1 /Kpn 1
THALI /Y pCR4 BURLHEAT 4%, FeAb KIGHT R
ARASIEH B kL pCR4-MIDI .
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1.5 254 AR U iR e

POBUR RS2 50 A BRI B P %, HefP % 5 mL
YPD fREFR A, 30 Cilbkigss, MR
30 mL YPD AR FE 3 P #i 2 4 ODgoo 2970 0.1,
30 CHiFERY) 4~5 h BIXFECAERK W], A 255
JE Ml A BRI 2 A T T AU, #E 37 Cat
THRG R . A NTE S E Rl . 0. 5.
10, 20, 30, 60. 90 min AFHUEE, £REL 5 L
SUTEREAR YPD AR |, fiFESE, 37 CHiFE 24 h,
PUEZS S EN
1.6 WMEREHBREE

MR MR B TR BRI E - CLSI-M27-A2 JF
2 U0y AR 00 R B ot B 2 5 T o R A 4%
B TRIAR A T 25 W) BURAE D 7E
1.7 PMREREREIRE L

HEFTRE I AT LAY /N BRLUCA ICR MEPE /R,
SRR 6~8 JAl . 1A TR ARFE SC 3Rt
TR 3R 4 ZE 1 SR S R B 5 3~4 h,
SR 5 WUE B O JE 2R T 1 mL 0.9% A ik
K, R mER O A3 AR B KORE &
PR FH B RR A TRV BE R & 510° cells/mL.
FH 0.25 mL {280 4 SESL TSN B ERIK,
B H/NRFES 0.1 mL B, BRI ERRES 10 B
IR Bt B RN BRI BE T 1% B 251 T I EE A
S, WERJEIH R 30 o SE /N ARG R 0
2%, FIF SPSS #{F#1T Kaplan-Meier Test 4¢it
AT, SRS R RE ) AR O

2 EREAM

2.1 AFKE CCHI #1 MIDI EE[E#M sk
EARBY R
okl pCR4 A HIBEFFRiC A URA3, ik
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BIRE cchIA/A (cchl::CCHI/cchl:: URA3-dpl200)
M midIA/A (midl::MID1/midl:: URA3-dpl200)
WY URA3 PRC ARG, A BB I
pCR4-CCH1 F1 pCR4-MID] JFki 10 7 L4 i
1 %h o 4354 cchIA/A R midl AIA B TERE A
T4 5-FOA RIURFRY SC H373E, HTHrid
it . 3 d EPREUEL T, SRICEER AT LA
CCHI/MIDI1-5det Fl CCH1/MID1-3det N5 |#),

R, XFF A 25k URA3 ARSI bk,
PCR 32| M 547, 43%1% ARG4 Fl URA3 #ric
U4 ST T Bk URA3 ARG R, ARGY fr
IR R, BT BRI 1) URA3-dpl200 R B
P A FIRF S, 78 5-FOA ®#E i

W F B IR, DRI i —3 53, Ry
AFfE . WE 1 PR, YT URA3 FRiciHBREY
cchIAA RPk, PCR RIIERIAIZEHA 2.3 kb
(ARG4) F1 1.0 kb (JKi 1,2); % T midl A/A EFE,
PCR Kl IE A 145 5 4 2.4 kb (ARG4) F1 750 bp

bp 1 2 3 4 5 M bp

2300

1 000
750

1 URA3 FRIZEBRAY cchIA/A T midIA/A FHREYS
BE

Fig. 1 PCR analysis of URA3 dropping out in cchIA/A
and midIA/A strains. 1—4: genomic DNA from cchl1A/A
and midl1A/A strains were used as templates for PCR
detection; 5: NKC18 was used as template with primers
MIDI1-5detect and MIDI1-3detect (1.7 kb); M: DNA
marker III.
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(VKB 3,4), RFLATRS T IEHHAY URA3 trid
e W BB B Mk cchl::ARGA4/cchl::dpl200  Fi
midl::ARG4/midl:: dpl200, 435fx44 -k NKC61
1 NKC60,

s pCR4 1 pCR4-CCHI 3 3| NKC61 15
Pk, P14 pCR4 Fl pCR4-MID1 43 5ll5% 4k NKC60
WK, 78 SC-Ura MEHEMERGFIL k% b7,
43 %ILL CCHI/MID-RC1 F1 CCHI/MID1-RC2 K
Kol 51 9 k47 1L /9 PCR B010IE, %5149
CCHI F MID1 1 DX B Bk IR 43 )5 5 s i
HEHL, S5 25 RN E 2 F7R X T cchl AJA+CCHI
MlRh R AR, POBGAHE] 1.0 kb B R BL; XF
mid AJA+MID1 [FIRMNFE R, §73575 3 824 bp 1Y Fr
Bt WAk 2 R B cchIA/A+pCR4 FiI
mid] A/A+pCR4 HFk, PCR ¥ WA fighgfs 3| H
(25T, RIS 8 IR 3RAR T 1 14 [T R MBI 2K B A
cchI NIA+CCHI Fl midIA/AMIDI, F-¥5 1% Htk
43y Wl 45 NKC53 il NKC55.,

A M 1 2 B 1 2 M

4500
3000
2 000
— 1200

— 800
— 500

824 bp

1000 bp

2 [EIMNREKBEHE cchIA/A+CCHI 1 midIA/A+
MID1 BI%E

Fig. 2 PCR analysis of cchIA/A and midIA/A
recomplementation. M: markerIll. (A) 1: cchIA/A+
CCHI (1.0 kb); 2: cchIA/A+pCR4. (B) 1: midlA/A+
pCR4; 2: midIA/A+MIDI1 (824 bp). Genomic DNA
from all strains was used as templates with primers
CCHI/MID-RCI1 and CCH1/MIDI1-RC2.

2.2 CCHI 3k MID1 £ F B ER R 3 24 SRk 1%
BT

SR Y 5 b X 2 S B 5 SR AT L B Ay
BT, o8 FH DI AR 85 i 245 28 R AR 1) 1 Bk
W, MENSEEXT IR, DL ATCC22019 1E R s
WPk, a0k 3 Fn, BEWARXS FLUC B MIC
80 2 8% 4 mg/L, % ITRA Y MIC {H M 0.064
57 0.128 mg/L, HJ7E CLSI M27-A2 L2 A3 il
Pl SIERRARAE TGRS SRR T . %
VR I A ) R TR AR X 2 W U R A R
ML T ARAEHEA T AR P E . DL FLUC XF R bR Y
MIC <8 mg/L MUK, 16~32 mg/L M :
HUR, MIC=64 mg/L Mit2h; L ITRA XJ
1) MIC<0.12 mg/L HHUE, 0.25~0.5 mg/L 7
HAREPERUR, =1 mg/L A2y, & 3 MgRE
e 1) XFREZH CA03997 Fil CA90 H kK AY MIC ]
SEGTRIIFTE UL EHERRAE, 235 25T A2 1A
FBURRTR , PRUE T 200 iR RIA R 2) BFA4E
AIBEFEXT FLUC F1 ITRA 259 A RO T LA 22
FFNEMAEBUR s 3) cchIA/A T mid I AIA RS
FFEXT FLUC #l ITRA B 25 W fusett:, JF
LI THUKE CA90 () MIC fH; 4) BN H
¥k cchl AJA+CCHI Rl mid 1 AIA+MID1 %} 258 i) 4
TR A 0 R RO M BRURR Y L, i T
I RR O KE, 28] Cehl-Midl 25 7 FH/&Ek
R X A 2HS 2 0y it 2 ) TR

FATT ] B AL ] [P 47 B 245 Py ek 1
WEETE AT T IR R R 25%) FLUC Uk
PR o B AbF X B0 1 i A L A A% 22 4 n
A 8 mg/L FLUC 14 YPD $53:5th | 78 37 CHR %
Big%, I HARE 3 Frm BN R E) S A T HURE
Sy BIHURE S uL, sFRTE YPD AR | 37 C
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R3 BERIMEAYRERE

Table 3 Susceptibility of C. albicans strains to azoles

MICs,® [median (range) | (mg/L)

Strains
FLUC® ITRA®
WT 8.000 (8.000—16.000) 0.256 (0.256-0.50)
cchl N/ A 0.500 (0.500—1.000) 0.016 (0.016—0.032)
midl N/ A 0.250 (0.250-0.500) 0.008 (0.008—0.016)
cchl A/ A+CCHI 16.000 (8.000—16.000) 0.128 (0.128-0.256)
midl A/ A+MIDI 8.000 (8.000—16.000) 0.032 (0.032-0.064)
NKC46 0.250 (0.100-0.250) 0.008 (0.004—0.008)
NKC43 64.000 (64.000—128.000) 1.000 (1.000—2.000)
ATCC22019 2.000 (2.000—4.000) 0.064 (0.064—0.128)

Notes: MICs,* minimum inhibitory concentration of FLUC and ICZ, read by 50% growth inhibited. FLUC®: fluconazole;
ITRA®: itraconazole. Clinical isolates CA90 and CA03997 were used as positive and negative controls respectively. CA90
was azole-sensitive strain with MIC 0.125 mg/L for fluconazole and 0.03 mg/L for itraconazole; CA03997 was
azole-resistant clinical isolate with MIC 128 mg/L for fluconazole and 64 mg/L for itraconazole.

FHEIGSE 16 h J5, WAL RANE] 3 FR : cchlA/A CCHI 1 MID1 32 5279y 52 AL . 35 5%
Hl midl AJA B2 TERERT FLUC 22390 1 w85 32 sk FERCE T 30 CHEFE, 3d JEWEREE IR, Wik 4 fr
P, AR ARG S BURGEARRL; CCHI 1 MIDI1 e 1) ZEXTRRZLA AR, bR B AR TR TR PR ORI T 24
FEPR A IR A USRI A I E AR, (AR
REVK A 28 15 7 A6 B R MRAR DL A SRR Y 5 L) 5%
WK E CCHI M MIDI FER B2k 5 FLUC
PR

2.3 CCHI 1 MID1 & B S 5= /9§
HE

Cchl-Midl 45 B Ca> BIMR, i
CCHI M MID1 FEPR BRI X 24549 ¢ B0 AUk
P, Ca® e BE PR AR AT -5 25 it 32 A %
T LAFRATTHE 25%) FLUC . ITRA Al TER B3
filf E, 23 BIE I 0.05 mol/L & 0.25 mol/L fJ Ca™"
0.5 mmol/L 5% &5 EGTA & 32 mg/L 51 14
BRI ek Vpi, FIFHRIZERSR %, X 3 FLUC 4 TR e
DL [R) TR AR AR AR BLEAT T U8R, RS Fig. 3 Susceptibility assay to FLUC.

8 mg/L FLUC
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Control

cchlA/A

midIA/AN\ /ecnbIA/A
Wt CA90
CA03997

16 mg/L
FLUC

0.5 mg/L
ITRA

16 mg/L
TER

B4 Ca"WHYRERFERIAHIER

Fig. 4 Calcium modulation of antifungal drug activity.

W CA03997 4b, HAh Ak TR AU CA90
Xt R I 20 3 e B R R R B R 5 2) IRk
JE 0.05 mol/L Ca Fy ¥ A il 1T Mgk 25 % 14 4%
PRI ELETGTE, SXIRAH L, BT A HRR
e KORBUAT BT I, WD Ca™ WYAEE IS BY
AN ARAS T — i R A Xk e 2 24 0y 1 T 52 4 5

3) ik EE 0.25 mol/L Ca®* \EGTA 5 Vpi FIE I,
5t HRZE A L, R T e 2 5t 45 B R G
HIVER, (HERAR A KRB 2 T 4) S
T, ARG B2 AT e BE Ca® FER IR IR T 74 s Tk
W24 TER MFEHTEYE, {H EGTA 8¢ Vpi 1Y
BINAFEI YT TER (& MEAESRIEN, WbkE
BT 25 IR . 2R A DA AR R
(Y Ca™ v J5F fil 108 ek 4 35 9 0 25 0 A T

0.05 mol/L Ca*

0.25 mol/L Ca** 0.5 mmol/L EGTA 32 mg/L Vpi

-

WM, SRR (I STRE X 2 0N 21, B
SR OGT IR I 245 49 VDR s T e 25 245 W it =2 1) 0 4
KA, HAT A2 192 CCHI Rl MID1 JEH 2
525y 2 B PR, Rl b Ca® R AR L
F8 T 2 3 e SR
2.4 CCHIS MID]I EFEMBANARKES
LA

P 2R A 10 24 W i A2 MR R B0 1 22 18] 5%
VI F, BT LATRAT 38 3k 57 /N BRUR G B e A A Y
5 et — 2 CCHI F MIDI 3R 1E S B
MBI T BIMER . ZESEge, SR 50 HUh
B, X S/ NEUBERL T 253 00 1~5 41, 254/
i 3k 2 K o i T S AR R TR AR . cchIAJA+
CCHI1 1 midIA/A+MIDI TN RELA K cchlAIA
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I mid I A/A SRR TR, ARG 10 /MR,
SRIG B RMEE I 1E 5/ N TG A L, LR a1
4 30 d. F ] Kaplan-Meier Test #1758 112443 #7
FIEARF /N Z A A 225, 45K iF
ST EF A B MR . cchIAIA+CCHI Fl midl AJA+
MIDI /INREA G R 535008 122, 14.6,
15d, GEit#mpras R R, 16 B AR R A ]
FERZ BIA G225 5% (P=0.306 5% 0.233),
SRS cchI AJA T mid ] A/A BRI RE /N B S
YA Gt Ia] o 22.9 d f121.3 d, SH4E MK
[EFFTE 25, JF H2ERTEM B E/KF (P<0.01)
(1 5), SZEZEREN], CCHI F1 MIDI H:DH (i

I TR 5 1 KRR
Mean survival days
30 1
25 | 1T ks
229
0t £229 4515
T st 6 115
= 3122 Fla ¢
10 |
s |
0 1 2 3 4 5

Group

E5 REARREKRNRGFEERCESH

Fig .5 Virulence assay of C. albicans strains.

3 9tk

CCS B TEA Tl B A0 B A7 5 i v
BEEIRE ZER, XA ®ET, St
R Y T REAE1F 2 B AN h ELBHIESE, JF HL
AR Ceh1-Mid1 453 38 A il i i Ca™
O PAIAE o0 8] o 20 B A Tl 7 £ e VR )
AN Ca® 351 — FR F A I R 24 ok 15 Bh 40
MIAE ST A5 N AN, 5B Cchlp Ml Mid1p 764+
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TR RIS 7 T R HE A S R SRR, R,
AT TAES, BEAEHSERRE CCS iz
CCHI F MID1 H RIS e [ 1 25 ) f 52 P 1
WK TR 1 AR AT TR E

CCHI T MID1 F:K 25 254 32 1 i) 4]
P, ATRLBRfE N CaT IR, 254 S
ALY R T T IAENG o X AEFRAT TG SE 56 vt
RFESE, CCHI A MIDI KPR i 2 1E 25 01
FIF RBUA U, 1 Ca™ I A7) EGTA
S TE B A Vi B PLE 25— AR
B, RESBCEZIMPER . FrLL, DI#iE CCS
WA X Ca’ IR, NS S T Y2
PEo /NRUBR AR RISEBGUE B cch I A/A FI mid 1A/A
FRIAR P2 ) B G LU AR R B AR S, X 1P
BRI SR AR KT AR TR T s AR R AR . AR
B JIRIE A2 2R R 2R RERCR, thin
i S ] B T Tt e A e
7 2 52 AN AR S T L TR A A 9 k4 B A
TR, BFRRAE . 5 pH, BT830,
SEALIA 2SI E I AE, FA R TEAS Bh ik
24 18 33 A8 DR SRR AR 253K B PRI {5 5 Y IR,
SHRAIE A B R4 B RS R REE
WOAR DT 4 o 200 T PR R AR fh s e, PRIt
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