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1. [3U®IC

EMEEETH D705 LM DOEFE (immuno-
compromised host) IZBWT UIX UITEERERZ £
RIELH VY EERL, Sttt s 2l 2 2 HE,
HAN RUSSYE D F B RRNE & L T2 OEBEEZIEL T
Wa. 2P IRBER ORI B B ERIL O 5 TN
WTFEOHBRIIAREL L, B PF Db DEYFEHE
PEIZhinb 2 BB E BT, T PPEMEEN
SHIED S, HRERMEFEBET O, Hi/ziz ik - hi
BEHF OBFS OMREAN OO A & L ThH T Ew
WTEZICHALZRANEATHS . 25 LEEE
MHEONDOIUL, W DPFEMRO—REL T, @E—
BRTEEMBITNES &IN5 C. glabrata, BXUOAH
DASEDFEREKE & XND C albicans DB D, FHiiz
ISPTEREF DR & 72 0 15 2 WHEBR T OBER 23l A
Tn5,

2. WEBGLFICEREHFDLEBEDODNLZHHFEERRE

ELTDRERZHERED DB

C. albicans DB H B HIT 5K L THIEY 2 DITx
U C. glabrata \3— 5K E U THET 2729, C. albicans

BREESRSE - =N PE=

T400-8511 HFTHEH T H 3-1
ALK T2 A T2 R

ICHAREBBEANES TH S, £, BABRLET O
ICHE N7 28 £ 785 tetracycline (BLF Tet) &Ml A
TRIHER (Tet > AT L) #Eil) AHLSY Ick->
THENL SN TS, S SITARE C albicans (2T
JEPEIEES N D DD, JTAE, 2 OREGEF] 73 20875 5
MIZH2ZEBHOENTND, bbIUI TS LR
IZHDE, C glabrata % Tool & LT, &k GEH HlBRIE
) TanZ—gkagE ko iR EE s, (U, TS)
EERKEERAWTHEREF O NRENEMEE L5 NS
DAEIR TR R 08 - FES 2 Lz,
INETHBONLEZHBOTSERKZEZEELLTC
glabrata Genomic DNA Library 7 5 %28 B2 %497 %
B T Z2DBEL, Tet AT ALK D TN S DA
PEDNLRE S AT, PIEEA ORI DIREK - [[EIC
HlTZ2b0 L HfFEN5 (Fig. 1).

- TS ZRKDEG:

C. glabrata BI¥k 2001HT (his3 tpD) @ WK U TIIRZ
BFAFEHEMS WE 2 i U 7212, L 7V AiEIC K DGR
TEFIZERL, iR Toao=—®kiEs k-7 TS
2Kk CUF, TS ) 22808l 72 (Fig. 2). &5
N7z TS B 5, FiRTO I 0= —JBRGEZ BRI EE
I 21 MZEARERE (% of spontaneous reversion) D
FEBRER N D D 2 ESERITER L, KD AT v TITH N
7z
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1. Strategy for screening of essential genes using temperature-sensitive mutants of Candida glabrata.
Temperature-sensitive (TS™) mutants, which have lost the colony-forming ability at restrictive temperature
(89°C) are isolated from EMS-mutagenized populations of the C. glabrata parent, 2001HT (his3 trpl) 9,

Using each of these TS~ isolates as a host, DNA fragments (TS™), which possess the complementing
activities for TS™ are screened from C. glabrata genomic DNA library. The Tet system (see text) is considered
to be feasible to demonstrate the essentiality of the TS1-DNA sequences.
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2. Temperature sensitivity of the representative mutants. The parent and TS mutants were streaked onto
agar plates and incubated overnight at the indicated temperature. Growth of the TS mutants was severely
inhibited at 39°C, and some of them stopped growing over 37°C, suggesting their usefulness for in vivo assay.
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- C. glabrata Genomic DNA Library D1&5E:

Genomic DNA Library # % D & @ Donor DNA & L
T, HIBkK VB L =425/ L DNA % fil [REE & SausA
X DERSIUIEL, 5-15 kbp @ DNA YIKT & F 232K
IZHh HE U 7. Library # @ 72 ® D vector & L Tl C.
glabrata D ARS, £ > b O AT (CEN), BIUERT —
H— HIS3 %A % plasmid, pCgACH-3% 'V ZH W, %
@ BamHI YIWHERALIZ, S21Z3%E L 72 Donor @ Sau3A
SrUIWT & e A L 7z,

- BERICHT ZEHEETT (TST) O EE:

HEEE U 7z LRC D Library 2 W, & TS ARk Z 1
FELLEPEERERZITV, SR TOI0Z—JBRAE
ZEAELEZHISTIOZ—X 0D TSZR (point mutation)
IS 2 mWRIE R 2 R E T % 7 0 — > D oriiz il A
. Gonern—20A 23— MNICHEERERET ) L
D—HE =D TEm Wi FME %R 3 ORF (Open
Reading Frame) I D FIENHEE S, AR D Tet &
AT LY & W RHTIC K 0 Y8R T O HE A
RENTND.,

3. UVERHREOFIEEF PHOSS D WA

KIZ, miE SRS, MERESEE TS L TS n
% CaCDC28 BT D —Z2 7 0—T &L L TINETIZ

C. albicans 7/ L EDELSNTzWL<DhOrO—2DD

5, HIEEERY CEBAHHEESE PHO 25 L4) ITB

B EOHIBEIR T PHOSS \Zxt LEWHFEME 2 H DRE

07 (CAF, AR TIE CaPHOSS &3 %) ™ D AT

DN THRMT L 7=, CaPho85 1, il i /& 3 = H 5 5

Cdc28'? L [FkE, ZDHEHEIC cyclin Z4EET D cyclin-

dependent protein kinase (CDK) @O —DTbH 5. Hif

IERE Cde28 LI D EmWT 2/ BEEAIFEM: (50%

identity) % ® D723, CDC28IFMHHE T, PHOSS 1L Ik

WEBIRT THDEIEBHAMENTNDS Y, CaPHOSS IZ

DNTTTIKHSMZIN TSR, PITFICE

twvsnsdy.

* C. albicans 7/ L& D 3B L 7z CaPHO8513 326 7 2
J %3 — K9 %O0RF %5 &, H2F B & PHOSS
ORF & mE WM (62% identity) 2L TW5.

- HZEBERE pho85 ZEFRITHET DAHMIEEZ R T .

<A ho2p, HEERRE PHOSS TIEN Kim 7 2/ #
MSSSSQ D 6 3 K > NICHET 5 DITH L,
CaPHO85 TIE NAGY X /B MTGSSSQ D% 7 I K
CNITHFIET 5.

- CaPho85 I3 Pho85 M & D ATP #5 & R A1 > B L UF
F—Y RAA >EHEQA L T AW EZHRET 5.
INS ORI D, HZFEER PHOSS & D4rF1E

WEEREIR O RIE S E DD THW I EBH S MRS
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Fig. 3. A micro-heterogeneity in PHOS85 regions used

for gene disruption by the Ura-blaster technique. One

allele of C. albicans PHOS5 gene was replaced by the Ura-blaster cassette. From this Ura-blaster disruptant,

the Ura™ derivative was isolated by 5-FOA selection.

A micro-heterogeneity is indicated by (X), which exists

only on one allele in the diploid genome of C. albicans. The DNA fragment, KC5 (indicated by hatched bar)
located in the upper region of the ORF, was used as a hybridization probe in the Southern blot analysis.

7z

M EoEEz R, FELETOMERE S SITHTT
57280, C. albicans \Z BT HBMETHEEE L TEYH
WHENTWS Ura blaster 159 12 &K % 15 T EH %
o7z

ZD7DIT, CaPHOS5 O 1 — K FEIEN D 1F 1F 4 fE 15k
718 Ura-blaster cassette T & i & 1722 Bk D /E L % 51
HTm. REIZER R E L THEET 2720, WO
allele IZ[A] cassette ZHAADNENDH D, £7, £EH5
N — 5 @D allele IZ Z @ cassette 7% #l A& A £ 21 7= £
(heterozygous mutant) Z{E# L7z & I 5, Fig. 3I1IR
T K DIT, CaPHOSS LT 2 & 8% DI H; O il R B %
G) W 847 12 B U Tl allele [ I micro-heterogeneity 3
FIET 2720, Y5> J0y MEITIZKD, cassette D
AN TWARWI > bO—)LEk &, cassette 2375 & Bz
% allele [ A I 417z 2 B DA FLbK & O KA HARE & 73
5. I HIZ, 4 DEREKMN S 5FOA (5fluoro-orotic
acid) ICK2EIRNEFT—HDallele DAZEWIEL 7=
Ura heterozygous mutant Z{E# L, KIZ, 2N 5 KD,
fiti 5 @ allele 12 ® [F] cassette 23f A S #4172 homozygous
mutant DER KAz, L Lan s, ZORE, 20
BRHOD A2 5T, ORF FEHIHANOEAFTICK L THIH
cassette D i A Z i A 28, W T N H HE D
homozygous mutant 243 % Z EIXTERN > 72 (data
not shown). ZDEEBFERMNS, —DDu[fEkE & L T,
CaPHOS5 73l (B) ODEFFITHATD % alRetENSE
AN,

ZOREEMEEREFT 5720, HilsIcK DRI NE
Tet I2& 5 C. albicans DIBIATFEBIHIHE R “Tetracycline-
regulatable (TR) expression system”'» % i\ CTEHT L
. ZORCBVTIEL, YFBELEFOTOE—Y —% Tet
IZ& D ON/OFF S EI AT AE7R TR T HE— 4 —ICE# L
Febk (Tet#) Z2ANWD 2 &ITKD, Tet f#7E F CTlE %%
BEFORBBNMG SN, EFEETTOBRRBEEINS.
DTt REMET 2720, £ —HDallele DI — R
fHI% % Ura-blaster cassette CTiE&Hi (Urat), 5-FOA iR

TUra & LU /=%, PHOS5 D15 @ allele ® 7 O & —
¥ —%TR7OE—4 —TEM (Tetbh) Lz, Z0H
B, Tet 71E T Tl Z @ Tet BE D HEFEMFI 2IZE80 5 1 7z
ZEXD, REETIIHFERE PHOSS ST 878D W4 7A
BT THDIENRINSZ. I 51T, In vive, Tet > A
T AT TARBLETFOEREMZMGEL 2 GEANERIFEIZ T
D).

4. BbUIC

1) AMETIEIFEREAOENGER &L TCOLEER
FHEZHER -FETH5-DOFREL CTiREKZM®E
(TS) BRHKERNWTVS, —~RIC TS ERKIL, D5
EDBET OEEARSNOAR (AHITREREREEZZ
5N %) ITXDZDOBETEY AR TIXIER ITHEE
L, @i TIEZE D% > /X7 )Y conformation change %512
FOBREL m<lzo R, SR Toan - —FikiEz
KolebDEZEZENTNS. Lo T, TSERZH
9 % DNA BT IS HBEE T Z2RAL THWDHEEAS
N, HWHBLGFREZRRT2BO—DOFRREG &k
5. ZOHIETIE, TS ERKOERIBA ZHSMNTT S
ZET, ZOEMMN LB LRT ORAEICEEL TN
ZEMEEBICHENIR S, £z, YikEmTED
(F 2 )ND) OEREEENERS 7 MELIEEICRE &
E UHREIF IR T 5720, BIETHEEDMRT NS 1278
LEBENRERAEEVWALD. 2O LN EERLT
DOHEREIIRFIRITH U, BEHOB LR T CEREES) 12F
HUZOWHENEZEWT 2HENHEDZHW LN
5. AFETHRHEA L Tet AT LS 19 12K 200781
DIEAIZZED—DTH Y, FEOELTOTOE—F —
fEIR & Tet O KD IRFEAEDITH T HHEMEICEKD
ON/OFF AHfid N3 7OE—4F —ICEWMT 5 &I
KD ZOBETRIAEZAES THIEITERZDDIILZHD
T, WEBLTOMITEE L TEOO TENZHIETH
5. FOMITH INE TITHEA IEE T RBHER NS
%éh’(b)ém’w)_

2) Pho85 134, HZFRERE Y S EERHHIHRICH T S



272

Cyclins

Pho80: Pcl 1,2
Type Type

PHO System

v

Phosphate
Metabolism

Cell Cycle
Control fn
o

Morphogenesis

HEGE 478 45 FRISHE

Fig. 4. Pleiotropic function of Pho85. Pho85, one of the cyclin-dependent kinases (CDKs), functions as a key
factor of various cellular events, depending upon the cyclin partner which is selected by Pho85 itself. Various
cyclin partners, besides Pcll/2 shown in this model, have been reported (see text) .

ADORIERKFE U ThlE N, Cde28 5 L Fk, £
DRI ANBERE T cyclin partner & #% &9 % CDK O O
EDTHZM, HFMREZTLELREDHRICIEIN
VX, #ll A N IZ 13 Pho85 @ partner & 72 U 15 % £ & O
cyclin 237F7E L, Pho85 ViR T % partner 12 & D kL
INeANTOY A Y — (CDKcyclin EEWEK) 284
AOMRINEREZ S Z & (pleiotropic effects) Wi
INTND 202 RRETHRAZ Y CBAHEERIC BT
H5EOHEIN T &L TPho8s DHERET 5 & &, 2D
cyclin partner {3 Pho80 T & % 73, partner & L T Pcll/
Pcl2 AR S N7z & ZITIIHIEE ] o I B % )
(Fig. 4. Z OO cyclin & LT, 7 2/ WA ICHRE
T HEERT Gend ZHI#HIT 5 P52t 2, 7Y a—4 >
R THRET % Gsy2 Z il 9% Pcl8/Pcl10%? 73
FET %, leimil, 71> Y BLUSNDOERE T Aspergillus
nidulans*® <> Sporothrix schenckii®” O PHOS85 15 & 0 77
WZODWTOfTBMEIN TS, AFET C. albicans 1T
BU1F % Pho85 DMAMIZ DWW Tam Uizht, T DOHFIZD
WTIEZ D L/l DEEO Pho85 A8 E O 7 O 4 11
R HI e N RE O bl & 2 O cyclin partner L NJVIZH
TFERDFIENDEIATHS.

3) PERAIOENEMERDEMEL TABETIHE
SIEDORBHEMITHERL TE D, oM, EIRFHME
(EREME) PHREROEERNTHD I Ldmers
i ENT ) ADBIES T, EREEER VY
JBEERED DB C. albicans” BEX U C. glabrata® 12BN T
TTIEYT ) AERPTET L2 82X, FiEmAIH
FIIBIT DD LIZ#HEICDODWTHRA NS ) LAD#E
RS0 7O0—FHRHEINLRFRICA>TERZEW
ALD.

S BAREIZEE - B LRSI, ] OAE, R s
IHALK - A fr L)

Eil [
AWFFEITH W T C. glabrata genomic DNA library /E

HZWABE /S plasmid vector, pCgACH-3 H K U2 D H bk
E LT C glabrata 2001HT 2R < THH50n <7230
£ U7z o sk Qb R 7 5 ONTZHRR IE 2 i
FHBL RTEd.
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Essential Genes as Potential Targets of Antifungal Agents in
Pathogenic Yeast Candida
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1-8-1 Inohana, Chuo-ku, Chiba 260-8673, Japan
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Shirako, Suzuka, Mie 510-0294, Japan

An important point in the development of an antimicrobial agent is whether its target molecules are
essential for growth of the microorganism. From this viewpoint, we focused attention on essential genes as
potential targets of antifungal agents in the pathogenic yeast Candida. Here we introduce recent attempts for
screening, identification, and characterization of essential genes from a haploid yeast Candida glabrata, using
temperature-sensitive mutants. Our experimental results suggesting the essentiality of C. albicans PHOS5, the
homologue of which is known as a negative regulator of the PHO system and as a non-essential gene in
Saccharomyces cerevisiae are also described.

ZOMXIE, A HAEEEFRRAD O ORI T L 2 TIEEEED
HER ICPWTHREINZDHDTT.



