Y TR F R Chin J Biotech 2011, June 25; 27(6): 917-925
journals.im.ac.cn Chinese Journal of Biotechnology ISSN 1000-3061
cijb@im.ac.cn ©2011 CJB, All rights reserved.

EMRARETTE
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Effect of CCHI and MID]1 in calcium influx under alkaline
pH and its regulation by Crzlp transcription factor in
Candida albicans
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Abstract: In Candida albicans, adaptation to environmental pH is relevant to its pathogenicity. Calcium signaling pathway
involves in many stress responses and often accompany with Ca®" fluctuation. We constructed CCHI and MID] mutant strains
and studied their effect on calcium influx and further investigated the regulation by Crzlp transcription factor. We used
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PCR-directed gene disruption to construct cchlA/A and midiA/A null mutant. By using a flow cytometry-based method we
monitored the free cytosolic Ca*" levels under alkaline stress. Moreover, we constructed pPHO®89-LacZ plasmids and by
B-Galactosidase assays, we analyzed the changes of LacZ activities after gene disruption. The results showed that alkaline stress
induced calcium burst reduced obviously in cchlA/A and midlA/4 mutant strains, also for LacZ activities, and fully abolished in
crz1A4/4 mutant strain. Finally, by realtime PCR, we confirmed the regulation role of Crzlp in CCHI and MIDI genes but in a
calcineurin independent way. Studies on the effect of calcium pathway on response to alkaline stress will provide an important

theoretical basis for Candida albicans infection-oriented treatment and new drug targets.
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Table 1 Strains and plasmids used in this study

Strains/plasmids Genotype Reference and sources
DAY ure3A::Aimm434/ura3A::Jimm434 hisl::hisG/hisl::hisG arg4::hisG/arg4::hisG From Dr. Dana Davis
NKC67 midl::ARG4/MID1 This work
NKC68 midl::ARG4/midl::URA3 This work
NKC72 cchl::ARG4/CCHI This work
NKC73 cchl::ARG4/cchl:: URA3 This work
NKC71 crzl::ARG4/crz1::URA3 Conserved in the lab
E. coli DH5a SupE44 hsdR17 recAl end Al gyrA96 thi-1 recAl Conserved in this lab
DAY414 Saccharomyces cerevisiae trpA
pDDB211 Containing LacZ gene, Amp”
pDDB78 Containing HisG from Candida albicans From Dr. Dana Davis
pRS-ArgASpel Containing ARG4 marker, Amp"
pDDB57 Containing URA3 marker, Amp’

x2 KMRFAAEM

Table 2 Primers used in this study

Primers Sequences (5'-3")
AAAAAACTAACTGATTACTCAAACTATCCATGTGCTATTCATTAACCACTAGCCTTCATCTTTCCCAGTCAC
MIDI1-5DR
GACGTTGT
ATCAGATACATGAACATCCCAATAATAACTCAATTTAATTGAATCATTTTTCGTGGGACATGTGGAATTGT
MID1-3DR GAGCGGATA

MID1-5detect AATCAAATTACTGTTTCTCA
MID1-3detect TTTTATGGCACCACTTTTAC
TAGACTCACCTGCATGGAATAGTGACCAATCAACTAATTTACAAGACTTTTCAATAAATCTTTCCCAGTCA

CCHI1-5DR CGACGTTGT
CAACTGGCTTATAAGGAGCAACACCATCAATTCTTTCCCCATAACTTGGTTTAACCATTTTGTGGAATTGTG
CCHI-3DR AGCGGATA

CCH1-5detect TTGGCTATTCCTTTTTTTAA
CCH1-3detect CAATACAACCATGGCTTCTG

PHO89-ATG CTCACTTATATTGGTTTGTA
PHO89- Pdistal CATATGTGTATATATTTGAA
MID1-5RT GCTTATAGTGTTCCTGCCAT
MID1-3RT TTCAGGGACCGTATCACAAG
CCHI-5RT CCACCAACTATATTTGTCAC
CCHI1-3RT TAGCCACTGGTGTACTAGGA
ACT1-5RT GGTAGACCAAGACATCAAGG
ACT1-3RT CCGTGTTCAATTGGGTATCT
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W% 1.98 /L, pH 7.0) PRI, 2¢6H kL Fluo-3AM
It Ff1 20% Pluronic F-127 DMSO I fift Z ¥ &£ N
1 mg/mL, i B2 BER 5 ng/mL o MGl 4 it
BT 37 CHEOGIEE 50 min, 71255 ] HBSS MLk 40
Jfl 3 Y. fii il FACSCalibur 3 2020 B A4S 52 i P9 45
BT, TEIM AR BTRT, 558 T PO
R, BoRMIEL, 30s 5N A KOH 3 HCI, 1R%]
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482 s, MABTTEIN 512 s $EHE A Winmdi 2.9 F 4
HEAT 307
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G R1 DX S 0 5 31 P o B A 28 1k v 4
ffi2Z%] 3 mol/L KOH Hli#m, thiFMMNA pH thh
PEAS A, 200 s Y RD AT 2B A 5506 B, I
TE 250 s J B PR 85—k 8 S [ 3] S T 1 B K-
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ML pH Hi R VAR S IR, R W 0 A i e R
(1 2C)o Ny THE—2BHEFE pH XM NS HAZ L5
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PR —Ah pH A58 T 850k A8 A0 X S 1 5 o
V{5 05 72 A DXl (17 A Sk i R 5 | 7 465 e A
il Y pH S5 G . Bl 2D Af LA, Y
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MID1

PCR confirmation of CCH! and MIDI! mutants. (A) 1: NKC73 (cchl::ARG4/cchl::URA3); 2: wild type; 3: NKC72

(cchl::ARG4/CCH]I). (B): 1: wild type; 2: NKC67 (midl::ARG4/MID1); 3: NKC68 (midl::ARG4/midl::URA3); M: marker 111

4.5 kb, 3.0 kb, 2.0 kb, 1.2 kb, 800 bp from top to bottom.
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Fig. 2 Kinetics of the calcium fluctuation in response to different pH and effect of cchid/A4 and midiA/A mutants on calcium

fluctuation in response to alkaline stress.
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Fig. 3 B-Galactosidase activity analysis of PHO89-LacZ band
containing wild type and mutant strains.
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Fig. 4 Regulating role of Crzlp in activation of calcium-
responsive PHO89 promoter under alkaline stress.
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Fig. 5 Differential expression of Candida albicans MIDI and
CCH1 in wild type and crzI/4/4 mutant strains.
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BT KT, g R R T,

Sca b, JoAT R B pH A5 FRED R N A5 B
U B 1 W 18] A8 Ak O X Rl AE L TE cchla/a N
midlA/4 FE7ZERE T, Cehlp Al Midlp 1 R BERE4H
JRLRE - S R0 T A5 S T IS R GLMIE, RESRE IR
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SMNRIESIE A B, CCHI Al MID T FEIR fR R wh %
SR HOX RS N AZ . AT LI R ER T
CCHI Fl MID1 B:PTERSNE pH 755 (14 i P9 475 25 1 ¥k
BE BB T R v R R BRI
I3 L P 55 2 W7 B ) 240 B RO B -, ATk
b P e B T B AT REE L A AEIB R  Ek BE S 1A
SCE T Yvelp [ PR CES B U R R R
Hr, P-%I ATP B Pmrlp #5ia K feM84 Ca** Fl Mn?"
1B P AR FEAA, PMRT JE R Bl gt m] g2 S 3
i PR i A R RN T AAR S 8 f ] [
BT 0T TARAERY yveld/d R pmrld/a 878 RRTE
Bl pH 2518 T I P A9 55 5 A8 Ak , 25 SRk I T vk
K5 9 A TR B B A A B AR — B, FRURAIE
CCHI Fl MID1 HEHTESS B 1 sh 2 Ak pH 45
PEF M N U A A o AR AR

Crzlp & BRI S 5 5 7 Sl R b i A% O %
e F, BESRER ML S —A> 24 bp Y CDRE J¥ 7
G, XA TSR TSR . CaN MO i SE K %k
JEANT[ DR FERE pH 2, PHOS9 3
MR L, 7EHE S F 75 PR T HE A CDRE,
AT IR UE TS TaxX — 5, B-FFLWEH BEIR R iy
S —J7 VLI T pPHOS9-LacZ fit 25 15 2 45 55 1M i
VWY, A—TWTE crzla/A FEAFHE R 311 R &
FR9TH 2R LA S A B AR B TR R TR B I FK506 5 LacZ 1
PRI , WEW] PHOSY BEH 3Rk &2 F Crzlp ™
RPN, JF HJE CaNAKBER . BESR Crzlp X6
PE pH WA BRI B R 2 T HAEE 55
BRTREOME, T CCHI Rl MIDI FERAE R &
AL 85 B A ALk R F S -, FRATHE
M Crzlp % CCHI F MID1 :H - BA — & i 45
YER, B i 5 R0 E & PCRUESE T X — 4,
{H2 Crzlp % CCHI Fl MIDI FE[H B8/ A 2
CaN HAi PR .

BN, FESERE N PR pH B 02 -5 LU T %
YIAHOG, XTES(5E SRR AEm I pH He )0 2 A ]
MR AT B TR AT — 20 T M P e B2 2% EARCh
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