A I -4 %% Chinese Journal of Cell Biology 2006, 28: 611-616

HAEE CaCde37 BIRIERINEED 1

i & xlgeik' FRLE'
CHPESCRUE IR A2 I, 124 312000; ' TR AR B L drRh T 0B AL S5 A I B LT,
DTEWFEFREMLRE, L 200031)

BE  CDCI7TARHAY FHhRE NS5 EGHMBIFERAG S THAERES, AET S
Ay, EARNBERELAABLOSKBEOLS Crkl MAKMNZaN, RE—A
CDC37 RIRAR. ZARBARXAK1524bp, HA—4 508 MEALBMGZTGR. LRILHF T
5 ERIEB A Cdc37 Z A 55| RlRMIE 41% . ZA R ARBEE P 6 R4S I cde37-1 REMH
RS ER, AWCREAScCDC37 #9348, A B4 % 4 CaCDC37. Northern % X 2.7,
GZAREASKRE T ZARERE, HFKPFRLHWEH T ot REFGT A, £ orkl B XA
CRKI & %A EMF RA M cphlefg]l Rk kF, CaCDC37 £ BEMEEFAKFAAAR T, FIA
B I R B YT CaCde37 & 7 sh AT 44 & A2k B 5 F1£18% @ CaStil #» CaHsp90 6948 &
YR, 4R &P CaCdc37 465 CaStil ABEAER, 5 CaHsp90 #4948 EAE Fl K AEARM 2], ARIBIX 4L
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M B A SRR N, RS — AN G, Bt A
MPTL RS FAEEEAY, BRIEEAHIRE B
F) B (1B 40 Cde28. Cakl. Stell LK Mpsl,
AT E M X IREYY Y5 Cde37 AR, fEd
FLEM RS T, Cde37 KIThEeNLHIRT 5T Bk
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HBhPE B, W Cdk4. Rafl. Cdk9 R
% B H R R4 B A 5 A R, Cde3T — 5
T g S IR vE YEIX, 53— 715 Hsp90
#E4y, VAT Hsp90 M) ATP BEiETE, MG {E Hsp90
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#£ Kin28, Cdc28 5 Mpsl siadfed, FHREM
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hsdR17 recAl endAl gurA96 thi-1 rel A1 A SEE (R

MU BRI bR SC5314, BRI CAW3 [erkl::
hisG/crkl1::hisGURA3hisG ura3::immd434/ura3::
imm434], CAWG [crkl::hisG/crkl::hisGURA3hisG
ura3::imm434/ura3:: imm434+CRK1], CAWT7 [crkl::
hisG/crkl::hisGURA3hisG ura3::imm434/ura3::
imm434+CRK1] HIASEE EIORAF, H S ERE B RAK
HLC54!"8 [cphl::hisG/cphl::hisG efgl::hisG/efgl::
hisG-URA3-hisG ura3::1 imm434/ura3::1 imm434] 3k
EESEYIPIPNE S UPCREES €' vic:

PR T B B PR CTY 151 [MATa, his3,trpl, LexAop
(X 6)-LEU2, LexAop ( X 8)-lacZ) HA I % My
HARAT, BRIPREBEER KK cdc37-1 [MATo cde37-1
leu2 trpl ura3]H Picard #3% HE .
1.2 BEFEREREH

YPD #5375, YPD+ MLifkiFRIEY SD Kigfdt
TS A S BR R W AE K S /17, 30 CER
37 CHiFF.
1.3 KFE5RFE

BRAITEN VIR . B EBERR RS CIP. T4 DNA
HEHM . Klenow B 3 E Gibco BRL A #l;
Zymolase 20T ¥ F Seikagaku A #]. &P ER &R
VIBg#%L % B BioLabs 22 &]; Taq BHAM & X-gal
) H Promega 2
1.4 FREL. SIS

pVTU102 /% pEG202, pJG4-5, pSH17-4,
PRFHM 11192000 2 08 22 43¢ Jobit (AR S 30 & AR A5 5
Y& B DNA J7 51 1 58 75 55 B2 7] 58 o
1.5 BAEZAEEEAGI & REN

CTRPE AL BRI £F, 2 Clontech 24 F] XU %
ARG Ul BT
1.6 FIEMSLER

DNA JF5 B e Mg VAL o8, R 45k
TUAEFIFH DNA Star 84 R5ERG  FIVENE LA
WIEE NCBI P& Ik 55 58 B, K 3 A 30908 P . 9
GenBank. Genpept. Swissport fl PIR %,
1.7 BEEKHE RNA #1125 Northern 3

50 ml 55554, 1 000 r/min, 250> 2 min [FIC R
&, #LL5 ml DEPC 2T/ 0 CARB‘E— KGR T
3 ml UKVE I TES ', A 2 ml BRYERY, IEIES],
65 CHiE 1 h, %% 10 min &% — K. K5 EIK
L¥4#15 min, 10 000 r/min, .0 5 min, FiEWEE

BE| 5 ml B0, MASREE 3 K, S
1R, LEBREANLS ml B0, oA 1/10 14
FANaAC (pH 5.3), ] 2~3 5 A ZEEUTIE. -20
CE(-70 CHE 1 h Ll L, &0 10 000 r/min 5 min
B RNA, 75% LEEBE—X, R8T, g
10~100 ml DEPC b3 (R 7K A AR, I Ajgo 15 Ango 77
MRS IKRE.

Northern 2422 $# H8 5256 = 5 B0 77 ik b 4720,
1.8 BT B- F B EEEIFEAEN

HX—5K Whatman JE48, 78 35 TAHMN FEFE RS
FrdE LOBRVE R -3, FKEE T % MIEFe v 7%
FEP AR b BRE R B AL F V& (H AR 1~2 mm) 21 513
gL b, 30 CHiFE2 K, REHUH/ DN OB ABE T
(FE% M L), £90.5 min JFEUH, B%E LS8,
FHIEAR(FRVE EA B)IRTH Z 2810 /X-gal % (100
ml Z 2B N 1.67 ml 20 g/L (#) X-gal. 0.27 ml
B- MAELEE; Z LB & 60 mmol/L Na,HPO,.
40 mmol/L NaH,PO,. 10 mmol/L KCl. 1mmol/L
MgSO,) TR e 4t b, 30 "CHEFE 0.5~8 h, Ko
AR, 8 h NEEAEMNEE B- F-ILH
UG P A BH .

2 #HR
2.1 CaCDC37 EREBYTEE

FER A CrkIN i -4 8 3 (7 RS 14 XO 16 0
HEAMEHEATAEREARSES, BNLmiE
T 107 ML T L3RS 8 ANPEME e pE . it BRI
PERG U A, o )@ T PN SR i, AT
P —ANEE A B NINT BT, SRE&ZITRRT
Hlo BAE A GEHREERAREENH R, P
A5 NIN1 B B R E R RIT5],
T R B SE R A HE . AR PTG SE R
H¥it 5" 5514 5'- GTCGGATCCTCATGCCAATA-
GATTACTCCAAGT-3' 5 3" i 5|4 5'-GCTCTCGA-
GCGCTATTTAATCAACTGTATCTTCA-3', it
PCR DL &R HE K 4] DNA AR i3 ], &
KA 1.5 kb B —&4H4 (8 1), SLl7R, A
132 R 5 AR 4 5008 PR AR BARAR MR K K731y
& BT R BOlEid BamHI Y Xhol B V) A 3
[ B FURL pVTU102 H1.
2.2 CaCDC37 EERHKEPRIFER

H TR ASEKE T CaCDC37 (5K,
HAhHRERGZINEGELEKMANESHES
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Fig.1 PCR product of the CaCDC37 DNA fragment amplified
from Candida albicans genomic DNA

BRE N, AL 1.5 kb (] CaCDC37 A=K I A
YE 4%, 4T Northern 2238555 . A1 5 4
BAK[SCS5314, CAW3 (crkl/crkl), CAWG (crkl/crkl
+ CRKIN), CAWT7 (crkl/crkl + CRK1), HLC54 (cphl/
cphl, egfl/egfl)] #FhT YPD BRI, ARG
R 30 CHY YPD K555 (R R AR K 4 A4) 1 37
‘CH) YPD it 75 72 56 (R 22 A K4 1F) P %598 3 h,
L RNA, CaCDC37 HRBE 2438, Rl £
KT, ALY RIEH CaACTI SERBREN 2438 45
BN, 4EREIR, CaCDC37 7E LR Bk
REFE A MRIEKF, A% Cphl. Efgl XHNE
W 22 A S IR T 0 B T R (Y R
M, WA Crkl SEEABRKEZ0E(E2). R,
CaCDC37 [NARIE Y- ANSZ I I R (s g, iX4s
FiR LW CaCDC37HRIE S B RHRE WML K E LH
BRR, WAZHEZET Cphl R Efgl R,
2.3 CaCde37 5HMREIREZEBMFII LR

T4 53 T K W B A3 3L R 4R Ag X 4K 1 527 bp,
HEM G- -7 508 NMEAFERRIME T/, NIN1 AiZE
5 93 £ 508 NEAIERM E EH B B, g A
Pty s U RNV 0 d, U SRR e 7)) by R TR
RER) Cde37 [RIVEME I &, 185 41%, SRTEBELE
Cdc37 & A FYEERIA S 37% . 115 NFI R W5 2%
A Cde37 FPEMHRK, A58 20%. &
[N K 30 NMEFERRR T A &, S9M
Cdc37 Wl MEIA R 70% LL (B 3), X— X5

Fig.2 Northern blot analysis of CaCDC37 in various C.
albicans strains

1, 6: SC5314; 2, 7: CAW3 (crkl/crkl); 3, 8: CAWG6 (crki/crkl +
CRKIN); 4,9: CAWT7 (crkl/crkl + CRK]1); 5, 10: HLC54 (cphl/cphl,
egfl/egfl). Strains from 1 to 5 were cultured in YPD for 6 h at 30 C,
Strains from 6 to 10 were cultured in YPD (with 10% serum) for 3
hat 37 C. 1.5 kb CaCDC37 fragment was used as a probe. CaACT1
served as a control.

CaCdc37 : 38
ScCde37 38
SpCde37 38
CeCde37 : 37
DmCdc37 : 36
DrCde37 38
Xlcde37 36
RnCdc37 : 36
HsCdc37 : 36

Fig.3 Protein sequence alignment of different Cdc37 proteins
N-terminal domail by Megalign program

Ca: Candida albicans; Sc: Saccharomyces cerevisiae; Sp:
Schizosaccharomyces pombe; Ce: Caenorhabditis elegans; Dm:
Drosophila melanogaster; Dr: Danio rerio, Xl: Xenopus laevis; Rn:

Rattus novegicus; Hs: Human sapiens.

Cdc37 MINREHE DAL . fEMFLEh R G, Serl3
A AR AL, T FLIX — i R AL/ FR B Cde37 45
A E B A Hsp90 M 5 i F Theg . MALD-
TOF JF i 4> 77 B Ser13 MR L & Cde37 SEEER
M Hri 455 0@ 1R, ERRNEEERE, NinXKIE
PN Ser {7 £i(Serl4, Serl7), RN SEK R HIXH
AN R AT A I R T TR R R AL 2. BRIFRELE CDC37
FRNR S BUR R AR cde37-34 537 £k Serl 4.,
Serl4 f£2 5 WM& T E D EA S 0R <7 . R
DNAStar f] Protean 3% 43} 1Z & 14l K &M iR
B, CaCdc37 S % o MRIELSH, HAFEMRE
B E, fEmEIERLEIE A, X5 HAh Cde37
HAMLL. WkAA KR, KB, BEHE. &
L e, FATARERE. BRI RE R S B E AR
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Fig.4 Phylogenetic tree analysis of Cdc37 family member on
the basis of their amino acid sequences

KAV Cde37 & A KK 2 HT R, Cde37
ALY 18] B[RRS540 2 18] f BE B AH DG
EHEHEE ).
2.4 CaCdc37 ERBEE G PRIRIERINGEEN
r

cdc37-1 ERFRERE CDC37 FERRATH#E, H
Cdc37 EEM N sk, EREAE 37 C MK
PeBHIBTE G, A Gy/M i, AT TSI MR 56 A% 40 ffd 43
o AT NIIRE LEKUE A SERE CDC37 R HITh
fe, WAIRIH cdc37-1 34T T HAMNESR: . CaCDC37
5 NINT FEP Fr B o3 70 9 5a B 21 BRI B B 2 1K JiokiL
pVTUI02 )2 sEREA i, #3 T R& R pvVTU102-
CaCDC37 5 pVTU102-CaCDC37AN. 2 Jl¥
pVTUI102 == fiki. pVTU102-CaCDC37 Al pvVTU102-
CaCDC37AN ¥ N cdc37-1 Hitk, B33t 15
Py AR BRI S> HIAE 25 'CH 37 C R, MEAEK
HOOIF . g8 Ry, HAREHKERE
CaCDC37 ] cdc37-1 RAFRRAE 25 'C 5 37 C FHIRE
IERA, A TORIE cde37-1 WARAE 25 °C
FAKIER, mf37 CFEEEAKMES), it
H] CaCDC37 BRI T BRI EE BER) CDC37 JE A
hRE, RASEREN CDC37 RIPWHER . [Fn, #
1£ 7 pVTU102NIN1 JFoki (I B FRAE 37 'C Nt ik
KB 5), W N Xt T CaCde37 & A I Th g 2 b
Zilia
2.5 CaCdc37 5HA FHEELNEEER

XTI FLENY) Cde37 EEIRIBIFER Y, Cde37 &
12 Hsp90 73 FAHB R A I 2 -, it Cde37
58 A & HspoO BR FIIMAHBLAEF, 45 e tb s
AW SR Hspo0 EA 1+, HBhT Sk,
Ji4b, 5B E Stil/Hop/p60 5 Cdc37
B IhEE, WETUSEELEEN, fzl
Hsp90 EA A4 &, WmABHEAHS. Stil &
LB ZMEARMRIE, GRS S
PRI AR, R Crkl K& 5 CrkIN i

pVTU102-CaCIX37

cdc37-1+
pVTUI102-CaC

cde37-1+

pVTUI102 “37AN

Fig.5 Complementation of a temperature-sensitive S.
cerevisiae cdc37-1 mutant by CaCDC37
The strains were grown on YPD plates at 37 ‘C or 25 ‘C for 3 days.

KR AR R B HR O 3 P SR B XU AR RS SO R
FAZRAG T STI1 B [RIUR LR Bees, dfid A4
VEEBRRRFESTEKEMITH . HSEREN
Hsp90 & FIR F 8t e pE 7. A4S CaHsp90 .
CaStil M CaCdc37 HEHZ M PAHE X R, FA15 3
vl 71X 3 N, 493 pEG202CaCDC37. pJG4-
5CaHSP90 1 pJG4-5CaSTI1 kL, FJ %R ZAE
R, TR =B Z B EAEN. B- 7LH
FEEFIMR 45 R B, CaCdc37 55 CaStil Z [l {776 AH
HAEH, T3 CaHsp90 2 [8) U AAG M 30 46 1A% H (K
6).

3 itig

Cdc37 H H A7 0TI AZ My, Har, Xt
T FLANY Cde37 & A 1) fe S A ML S 25T
BONERE. A Cde37 H A 2K 378 NaFHL R I,
KECAT 934 3 ANE5msl, NumfRFX, KL% 60 4
RIEMIRIE, 7E KPP Cde37 H A 2 <y ik
70% LA L, X~ IX8 T Cde37 FIThRE AL A2,
MALD-TOF Jii 7 kKL, X—RXIknfigs !y 5%
IS I AH BAE IR, rhiR g5 F 38K 29 47 200 &
FERRREE, A2 o e, 25 Hsp9o &
N smAH BAER,  C ARG K4T 100 A2 LR R 3,
# By Cde37 H A5 Hsp90 & [ AR H {: fves, 7
I RS+, Cde37 AL Hsp90 X E &
7, HEEABENIT SRR, KRili, EREW
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1 Positive control

2 Vector+ CaStil

3 Vector+CaHsp90

4 CaCdc37+Vector

5 CaCdc37+CaStil

6 CaCdc37+CaHsp90

7 Negative control

Fig.6 Two-hybrid interactions between CaCdc37 and
CaHsp90 or CaStil

CJY151 was co-transformed with plasmids as following. 1: pSH17-
4+pJG4-5; 2: pEG202+pJG4-5CaSTI1; 3: pEG202+pJG4-5CaHSP90;
4: pEG202CaCDC37+pJG4-5; 5: pEG202CaCDC37+pIG4-5CaSTI1;
6: pPEG202CaCDC37+pJG4-5CaHSP90; 7: pPRFHM1+pJG4-5.

AR A —ERERA T, Cde37 MPERHLEIA
HA+ iR, B%, Cde37 HAMKE S &
EEPI Cde37 FEAK 100 SAEFERRIESE, HIK,
N diit 60 PNEUILRRFR R TR &, HZH R
RFHER, N 15%; 55, Cde37 MIhEE
FH R, Cde37 HAMHBE BN 2RA
R 2 Hsp90 (123 Y, g Mmoo i
F A Cdc37 FE 1111 Hsp90 454 4 M) sk Je th A3
W Cde37 |IAWIhAE. 1, 7EERNET RS
H, SRR S ER B Cde37 E A KRR RET
Cdc37 HE 5 Hsp90 EEH M HAZMH E/EH. N =%
SRR RCRE, AR Cde37 A H A& C i
FARIRIE LRI Z A o BRI RB S A& E
& FLH Cdc37 1) 250~506 ZIEMR TR AN X N0, ifi
120~250 8 FL R ke H 45 M 37T = 35 5 W) Cde37 & H
PR AR Y R A, X — 45 AR AT BRI T Cde37 &
E RS IAE I PLE] . 73R RE Cde37 25 1 A
SRR, Cde37 N KB A MIAFE, RITTLME
S ML AEIE . X UEHE Cde37 B A K N 32Kk AT LA
5 By B O 1R AT B R . BRATTIIE R BN R

HEEEE Cde37 EHH RIS ARIL, Cde37 EHEE
AL HAR R 4 FAEBE SR A Sl SEEAH EAER,
il AR RE Cde37 A Y Stil FR i —dd il LAFEE)
Cdc28 & [T B30, jxubgk BLB, (K%
4 M) Cde37 B EHAR AT BeA7 15 2 PP AE AL HS Bh 2
H T S el ke 5 Fb 4T, Cde37
IR, FHIREEE MR —, &%
Z MBI Cde37 2 A A& — 5 Hsp90 B
AR B S T B ORI A B 1 2 AR
E=P
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Expression and Functional Analysis of Candida albicans Cdc37

Jian Ni, Xiao-Yan Liu', Jiang-Ye Chen'*
(College of Life Science, University of Shaoxing, Shaoxing 312000, China; 'State Key Laboratory of Molecular Biology, Institute of
Biochemistry and Cell Biology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences, Shanghai 200031, China)

Abstract Cdc37 is suggested to act as a molecular chaperone which specifically involved in maturation of
protein kinases. A clone containing a CDC37 orthologue was isolated from two hybrid screening with Crk1 kinase
domain as a bait. Open reading frame of the gene is 1 524 bp in length and encodes for a protein of 508 amino acids.
The deduced amino acid sequence shares the highest similarity with S. cerevisiae Cdc37 (41% identity). Based on
the amino acid sequence similarity, the gene from C. albicans was designated CaCDC37. Northern blot analysis
showed that the CaCDC37 was constitutively expressed in C. albicans. Transcriptional level of the CaCDC37 was
not regulated in different morphological forms and growth conditions. It is also not affected by deletion or
overexpression of the Crk1. Ectopic expression of the CaCDC37 could complement a cdc37 thermosensitive mutant
(cdc37-1) of S. cerevisiae indicated that the CaCdc37 has a similar function of the ScCdc37. Yeast two hybrid assay
was used to analyse interactions between the CaCdc37 and other two putative chaperons CaHsp90 and CaStil. The
result showed that the CaCdc37 could interact with CaStil but not the CaHsp90.

Key words Candida albicans; CaCDC37; chaperon; expression
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