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Candida albicans V) > PRACHTHIEIZR (PHO > A7 L) IZHBT5
B DOl [KF CaPho85 D MEIKfEMT

BN =
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HSFBE RN BN T, SR O SIS O L2 BUKICF v v F L THIINO D > B A# 232 HET 25 &
L TPHO AT ANHSENTWS. ZOHIBERICBWTEHOD TEHEREZEZELL TWSDIZEOHIEKTFE L
THRA SN/ Pho85 TH 5. JRIFIERER: Candida albicans & 0D SGIFFEETHEEL 7= 7051 > FF — Bl T3
DFER, HEBROT 7 LEFEFNCHBIT S Pho85 & DMFEME (62% identity, 7 X JEELXIL), A > b0 > OALi#E
DUEWINE, HIZFEERS pho85 28 D FIHME, Pho85 E[FEED ATP f5& R A1 > BELUFF —F¥ R AL O, HOHE

Fem o HEFRERE PHOSS DR ED Y (CaPHO85) &ifbim S Niz.
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R I B R Candida albicans I3 L <HS5NTWDH KD
2, EANOEEE THORASEE (B~ DERSE;
HREMET Uz S ITRIEMEZ ST T 2 0WH P2 HFK
REORENHETHS. TNz EER @) Mns
R, BCOBINLERE, T/abbE XA
HE DL ZE BRI LN S FR L 2T RT 25
BIEREMIGENZHA TVD EEZ 6N, REOH
MTh2, BELKFEOELITE U TERHE S BRI O
REAMRZT O “IMAI S 25 LZ#IGRE OB & D
Wz L5,

TR DWTIE, BEBICIEINE RS DEBO
[ REE  (yeast forms) —f&E R (pseudomycelial form;
filament) | 2121715 HEFFER; Saccharomyces cerevisiae D
T E EBIT, ZOEFERITHB W TR I T
DN, BBEFEHEMOMIIANFEE L & FEk, MAP F
TP H AT —RNEDLD TEHELRKREZRZLTNS
ZENHS M I N2Y. HERRICB W TIZZ DR,
INBORE, YAV U MKEETOT A 2 FF—ET
H % Cdc28Y %> Pho85% 9 AFIZ & o THDHN 2 il a4 4]
il R RHR R & OBEOEES DI SN DD H
7.

Pho85 13, ZDWAEDHIMITHNT, SAFROEHKY >
TR DAL Z U F v v F L TR D U 2 A
ZIAIHIEY 2 JEHAE —PHO > AT LA -8B 5
A OHIHKE T & U THRE, FESNEz>Y (Fig. 1).
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OHIEET, HOBNNLEBRERTY D BA+oFE
T2 EERPHOS NI — RTDHBERAT 75 —E DR
RSN, WY S EEHURO & E13 PHOS I3FEEL L
THAT 7S —VOWMETY DBEE2YOHL THIEGT S
ENIS, ELOTEHMEBI AT LTHSY. I HIT
LTI, PHO D AT AIRBWTHLHMEZ 5D 5
Pho85ZDWNWT, £D/)N\N—hrF—&R0S5914 70 >
1Z Pho80 LASMZ HZFED H DMNIFETE L, Pho85 ANEIRT
YA 70 2)N— N F—DOREICE > T, MmN ORH
PR DA ST, MEE SRR RSE OMEN S
RITH U TRk (DD S pleiotropic effect) %
HBZ50FTCHAHIEENEHINDLDITR0779%10.,
AFETIE, YFFEEITB W T C. albicans &0 538 - [7]
FEI N/ PHO85 JREWO Y, CaPHO85Z DWW TEL N
FRHT DSR2 IR T 5.

2 CaPHOS85 D4 &k

C. albicans M1012 Bk (serotype A)'D 47 7 /s DNA X
D S. cerevisiae CDC28 DIRET Y, CaCDC28'Y, O 7107
4 >FF—1F K AA > (nucleotide positions 25-573;
Accession No. X80034) % 70— 7 & L T low stringency
DEMT, SEGIRFFETYR LS ) L DNA T L
THH> IOy "N TV E—2a>afiok. 15
SN O—>20—D pHD22 IO T o571 >
FF—E AN, C-RKuFEEHE RN TNV,
Fr—t¥ RAA > &G DNA WiH pHCS (Fig. 2 O
PR SR B O B AL 2 70— 7 & L T high strin-
gency D5:ff T DNA walking 217y, &£E& 7 kbp @
77 0—> pMV6 &1%7= (Fig. 2)1.
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Fig. 1 Model for regulation of acid phosphatase production in
S. cerevisiae®) (partially modified). (a) In the condition of
high phosphate, the transcription of PHO5 (the structural
gene for acid phosphatase) is repressed because the trans-
cription factor Pho4 is phosphorylated by the Pho 80
(cyclin) -Pho85 (CDK) complex. The ability of Pho4 to
activate PHO) transcription is inhibited by phosphorylation,
as phosphorylation of Pho4 causes it to be localized in
the cytoplasm. The CDK inhibitor Pho81 is associated with
Pho80-Pho85 when the yeasts are grown in both high and
low phosphate medium. (b) In the low-phosphate condition,
the Pho80-Pho85 activity is inhibited by Pho81, and un-
phosphorylated Pho4 enters the nucleus. Pho4 and Pho2
then activate the transcription of PHO5.
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W HEEF DT S, pMV6 IZHEE 326 7 X J FERLH
(37.6 kDa) #3d— K9 % ORF Z2&H, N-Kia— R
EEGEEE (BB7 I RN IC8IEEMMN SRS > b
OYHBAINTVWD Z EnffEEI i/ (Fig. 3). 20
#4313 beta-tubulin 1% F % Hi3EEERF O PHO85 551238
HHENDEROA > hO @RS 1D EEDD THE
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3 L] (Fig. 3DMUA) 2HATWD I EAURI N,
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Fig. 2 Restriction map of pMV6 and results of complementation.
The CaPHO85 gene is denoted by the closed box with an
arrow indicating the deduced direction of transcription, and
includes an intron (a small open box). The striped bar
under CaPHO85 represents the 0.57-kb Hincll-HindIII region
(pHCS5; see text) used as a hybridization probe in DNA
walking to screen the full length DNA containing this gene.
Indicated restriction enzymes are: B, BamHI; C, Clal; H,
HindIIl; h, Hincll; K, Kpnl; P, Poull; S, Spel; V, EcoRV; X,
Xbal. Plasmids pCV1-8 on the left are the subclones const-
ructed by insertion of each DNA fragment of C. albicans
indicated by the horizontal solid bar into the plasmid vector
YEpl3. Results of complementation of the S. cerevisiae pho85
mutation are summarized on the right: + = complemented;
— = not complemented. For transformation, each of the
recombinant plasmids was introduced into the pho85 mutant
of S. cerevisiae YAT 1562 (see text). Transformants that
developed as colonies on agar plates containing high-Pi
medium were assayed for their PHO85 activity by the stai-
ning method of Toh-e and Oshima!9, using alpha-naphtyl-
phosphate as the substrate.

(33% identity) &I WAHFEIEZ R
3) YIA AN

CaPho85 D7 X /AN DONWT, TN EMEEDE
WELF, Pho85 B XL CaCdc28 E DY F1 > A2 %
CLUSTAL W® ZHWTHHTL7=& 25, CaPho85 i3,
ATP #55 RAA >, FF—Y KA > OIHER4I, CDK
DYA 7Y EDREITHEL IS PSTAIRE [ 4
(7 X /W 48-54), CDK Z&IZHI#HT % Thr-18/Tyr-19
R EZTRTREFEL TWB I ENHSMNIIRS 72
(Fig. 4).

4 pho85 ZEDEMHIE

AHFFE THrBES N 7= CaPHO85 13 3B RF D PHO85 D
BREMMT 20 G ERET U7z, HEFERERE D pho8s 28
FPE YAT 1562 CREURSEFEZEE, BILRARIEAEX O 5
H) 21X EL, Fig. 2R 8oy 7 ro— >
(pCV1-8) #fth5 DNA &L CTIREIRIEZITWL, 551
BRI D W CTEREM L TOREED 12XD
PHOSS TEM:ZJIE L7z (Fig. 2 8. T DRER, 77
0—> pCV8 T/REN 5 CaPHOS DA E L ZDR®R I
WD 70 —4 s & 5O WY pho85 28 5% + 4y
LosZ&MRENiz.
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1 GGTACCACCAAGAAAGAATAT GGCATATAAAACACCT CCTTCCACATACAAAGCGTTGGTGGACCATGTCGAAGATATAGCACTCATGAAT GGCTGGCTAGTACAGAAGGAAATGTTACG 128
121 TATTCCAAGTACCCGAAATGCTGCTATTATGAGCT GCAAAAAAATACCCGTGCTAACTAATGAACCAGAGCATATTAAAAGAATACGTCTATTGGATATAATTGCATTAGAAGGT GGGGC 240
241 AGATGGCTGGGTTGAGAACTCGATTAATTTAAT GAAGAGT GAACCAAAAAAGCATTAAAAGTGGT GTTTATTTTAAAAATCATTTATAGCATATAGACT GGATAAATAATAGAAAGATTG 360
361 GCTTTTGTGAGTAGTTGAATAACATTCATGTCTGCTTGTGTGACGTATGGGTAATGGTTGTTAGGACAGTTAGAAGCTACGTCGT GTATTGTACAAAAATGTTTGATCTGTATTTITTTTC 480
481 TATTTCTTTTTGTAAGTTCCCGCACGCTAACGCCAGAGAAGGACAGACAAT CTAAATTAT CGATAAACCACGAGCTTTTATCCAGAACT GAGCTTCATCCTCAACTTTTCATTAATATAA 600
601 CTTTTTGAACAATA ATGACCGGCTCGTCTTCTCA [GTAT G GAMATTTTTTYTTTTCCAGTATTTCGATTTATCTGCTTTGAATCTGTQTACTAACTAATTATTTTTTACTATAG] A 726
M T GS S S Q
717 TTTCAGCMCTT“MAATYGGGTmGGTACTTATGCCAC(GTGTAWGGUAGAMTAGGGCCACAGGTGCTTTGGTGGCAYTMAAGAMTTAGTCTAGATTCAGAAGMGGTACA 836
Q Q L E K L G E T vy G ALY ALKETISILD E E
10 2. 40
837 CCATCTACTGCTATTAGAGAAATTTCATTAAT GAAAGAATTGGACCAT GAGAATATTGTAACTTTGTATGATGTGATCCACACTGAGAATAAGTTGACATTAGTATTTGAATATATGGAT 956
PSTAIRETILISTLMIKETLTUDUBHENTIVY LY DV I HTEWNKTLTLVYFEYMND
60 70 80
957 MAGATTTWGMATAYATGWGTTCAT Gﬂmmﬂﬁuﬁl“mwmﬂmﬂCTTTTATGTTTCAATTGTTGAMG“AYMTGTTCTETCAT“CMTCGAGTT 1076
K D K K E G Q QS ALDLKVY YV KSTFMFQ LK GI MFCHD R
100 110 120
1077 TTACITCGTGATTTGAMCCAGWTTTGTTG‘TTMCAAUMG“WTY“MTTGGGYGATTTTGGGTTAGCTCGTGmTTGGTlTTCCGTTTAACACTTTCTCGMTGAGGTT 1196
DL K P QN 1LLTINNKSTGTETLTIKTLTGTHDF R A F GI PF NTF S
130 148 150 160
1197 GTTACTTTGTGGTATAGAGCTCCGGACGTCTTGTTAGGATCCAGAGCTTATACGACATCTATTGATATTTGGT CTGCTGGATGTATCTTTGCAGAGATGTGCACTGGAAAACCTTTATTC 1316
V T LXYRAPDVILLGSRAYTTSIODTIW¥SAGOCTITFATEMMTCTSGKUZPLF
17e 180 19
1317 CCTGGTA(TGCTMTGAAGAT“mﬂTCAAMTTTTUGGTT“TGGGTACTCMT wwmﬁ““ﬁw"“GTCAGTACACI'MTTAMMCMTTGGWTAT?T 1436
AN EDQLTIKTIF M G T P NERTWPG s Q T NY K NN QI
210 220 23 249
1437 GTTC(ACAG“mACGATTMTTGT(CﬂMTmGACTCTATGGGTTTGMTTTATTGCMAGCTTATTGCAMT“GACCA“GTWWTMCTGCTAGACAGGCATTGCAAUT 1556
PQDLRLTIVPNLDSMNG.L L L Q L Q P ESRITA QAL QH
250 269 270 280
1557 CCTTGGYTTCATGAGATMWTGCQMTGCAGTAC“WUTTTMGTGAC(CTTACCAG(AAwwmmmmﬂ]’CCACATCAGCCCATMTT“TCAGCAATACTAG 1676
4 F HE I NlVPQHLSDPYQQQQQQQQ"PHQPI Q Q
300 320
1677 TYTAGAAAACTTTGTATATTTAGAATATATGTTTACAAAATAATAAATTGAATAAGAGGAATAAGAGGAATAAAAT CTTTTTTAGAAACAAAATAGATTTAAGAAAGT GAAAAAAAAAA 1795
1796 ATAGTTCTATAAATTAACCAAATCTATGTAGTATATCGTAATCAGGATTGT CGT CATATT CGCCTAACAAAT CTGTCAAGCAAATATCTTTAAGTTGCATTGCCTCGATCCATAATTGTC 1915
1916 GTCGTTCCTCATTGTTGTGATCGT GGGCAAAAAAAT GTTCCACTAAAGT CCTCATCATTTGTAATATCATATTGATTGCATCTGCAATATT CACTTTAATGT CAAAA 2022

Fig. 3 Nucleotide sequence and deduced amino acid sequence of the CaPHO85 gene!3) (DDBJ/EMBL/GenBank
Accession Number: AB033276). The region where the nucleotide sequences of both strands were determined
is shown. The nucleotide sequences in the square boxes indicate the consensus sequences for yeast intron:

the 5’-splice-site, internal, and the 3’-splice-site sequence.
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[ 1 [ ] [ X )
ca-ph85 MTGSSSQFQQ LEKLGEGRMA TVYKGRN-RA TGALVALKEI SLDSE-EGTP] 48
cc-ph85  MS-SSSQFKQ LEKLGNGUMA TVYKGLN-KT TGVYVALKEV KLDSE-EG 47
ca-cd28  -MVELSDYQR QEKVGEGIMJG VVYKALDTKH NNRVVALKKI RLESEDEGVP| 49
* L “.l * %%k * k% ok . ﬁ“‘ LR
ca-ph85 [GTAIRBISLM KELDHENIVT LYDVIHTEN- KLTLVFEYMD KDLKKYMEVH g7
sc-ph85 [STAIRHISLM KELKHENIVR LYDVIHTEN- KLTLVFEFMD NDLKKYMDSR g6
ca—cd28 |STAIRHISLL KEMKDDNIVR LYDITHSDSH KLYLVFEFLD LDLKKYMESI  gg
**i‘i*‘*‘. “' “*‘ “*.*‘. . x % #‘*‘. .* ﬁ*‘#**'
AAAA A A
ca-ph85  (QQ---SALD LKVVKSFMFQ LLKGIMFCHD NRVLHRDLKP QNLLINNKGE 144
sc-ph85  TVANTPRGLE LNLVKYFQWQ LLQGLAFCHE NKILHRDLKP QNLLINKRGQ 146
ca-cd28 PQG---VGLG ANMIKRFMNQ LIRGIKHCHS HRVLHRDLKP QNLLIDKEGN 146
* . ‘t * * “ .“ * % ..*“‘ttl -k kK *
A A A A A
ca-ph85  |KLGDFGLAR AFGIPFNTFS NEVVTLWYRA PDVLLGSRAY TTSIDIWSAG 194
sc-ph85  LKLGDFGLAR AFGIPVNTFS SEVVTLWYRA PDVLMGSRTY STSIDIWSCG 196
ca-cd28  LKLADFGLAR AFGVPLRAYT HEVVTLWYRA PEILLGGKQY STGVDMASVG 196
ok k KKK KKk "‘.‘ ok ko kR kK l‘.t.‘ . * .‘ .‘-“ *
A 'y
ca-ph85 CIFAEMCTGK PLFPGTANED QLIKIFRLMG TPNERTWPGL SQYTNYKNNW 244
sc-ph85 CILAEMITGK PLFPGTNDEE QLKLIFDIMG TPNESLWPSV TKLPKYNPNI 246
ca—cd28 CIFAEMCNRK PLFPGDSEID EIFRIFRILG TPNEEIWPDV NYLPDFKSSF 246
%k kKK . *x kKK kK x % '.* kKK * %k . .
ca-ph85 QIFVPQDLRL IVP----- NL DSMGLNLLQS LLQMRPESRI TARQALQHPW 289
sc-ph85 QQRPPRDLRQ VLQPHTKEPL DGNLMDFLHG LLQLNPDMRL SAKQALHHPW 296
ca-cd28  PQWKKKPLSE AVP----- SL DANGIDLLDQ MLVYDPSRRI SAKRALIHPY 291
. * ) *x X . * .t * t' "._tt x%x
ca-ph85  FHEITMPNAV PQHLSDPYQQ QQQQQQHPHQ PIIDQQY 326
SC-ph85  FAEYYHHAS- ------mmnn —ooosi ool Z21100 305
ca-cd28  FNDNDDRDHN NYNEDNIGID KHQNMQCA-- ------- 319
*

Fig. 4 Alignment of the deduced amino acid sequence of CaPho85 protein!3) (abbreviation
ca-ph85) with those of S. cerevisiae Pho85 protein® (abbreviation sc-ph85, Accession No.
Y00867) and C. albicans CaCdc28 protein!2) (abbreviation ca-cd28, Accession No.
X80034) . Identical amino acids and conserved amino acids among the proteins are

denoted by asterisks and dots, respectively. Filled circles indicate amino acid residues

that match the consensus sequence for an ATP-binding domain; filled triangles indicate

amino acid residues that match the consensus sequence for the kinase domain. A solid
lined box indicates the PSTAIRE sequence conserved in CDKs. A black box represents
the consensus sequence for negative regulation of CDK activity (Threonine-18 and

Tyrosine-19 in the case of CaPHOS85) .
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Isolation and Molecular Characterization of the CaPHO85 Gene: A Negative Regulator
of Phosphate Metabolism (PHO System) in Candida albicans

Yozo Miyakawa
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Tamaho Yamanashi 409-3898

The PHO system is an ingenious mechanism by which the yeast Saccharomyces cerevisiae regulates the ex-
pression of a set of genes involved in phosphate metabolism in response to the change of phosphate concent-
rations in the environment. A key factor in this mechanism is the Pho85 kinase, which has been discovered
as a negative regulator of the PHO system. One of the genes isolated in our laboratory in screening the pro-
tein kinase genes from Candida albicans was identified as a homologue (CaPHO85) of the PHO85 of S. cerevisiae,
based on the following results. a) Pho85 is the polypeptide with the highest homology to CaPho85 (62%
identity) among the S. cerevisiae genome sequence. b) The position of insertion of the intron is quite similar
between CaPHOS85 (in the 7th codon of the N-terminal MTGSSSQ) and S. cerevisiae PHO85 (in the 6th codon
of the N-terminal MSSSSQ). ¢) The nucleotide sequences in the intron possess the consensus sequences for
yeast intron: the 5’-splice-site, internal, and the 3’-splice-site sequence. d) CaPHO85 complemented the S.
cerevisiae pho85 mutation. e) CaPho85 contains all of the consensus sequences for the ATP-binding domain
and for the kinase domain found in S. cerevisiae Pho85.
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