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7=V RPIEREKL, 1958 ERCK T EH S NTLBE,
ZTOENTIEEIGE SEN 2R T HPIEREET
B 5. 1980 ERLIKE, WK T AIDS 28 EAE L /2 & & 0%
AT D HEARIC K D S Ik B FE I L 7= 2 SIGER
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T, TOREE, 1980 FERB NS 7 —IVIitED 7
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HIFSRICHRMED S > P Y&, 97255 Candida glabrata
© C. krusei 13 E D BEHEENE<E>TWVWEIZETH
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1) ERGII&ATF OBBEIFEIICT X D% 7R EE
DM
T =V RPITEREEDEEEFE TH 5 14 @ -demethy-
lase % 01— K9 % ERGI] iz T OBEFHOMELL
T, ENBZOENHEML TEZSMEEFTH 5.

BURIEE R b2 5L
T852-8501 FlmidiA 1 TH7-1
BB R R B I o SR A TR

mRNA OFEH L N)V TH % & ERGI BIZ T DB EFEH
12, 2 FCINO FLCZ ORFEICL > THEISE I I N
5T ENGINoTND. LinL, T OEmEIFEHIE AR
ZEE 3 MG 5 ERER TS50, SENMEZ &k
CYHEE SRS RN EREINT NS,

2) ERGII B F® point mutation

ERGI] 3& 15112 point mutation 2N Z 0, F DMEY)
TdH 5 14 a-demethylase D7 I/ EOMMENZELL, &
SIS D2 B 56T I ETY V=L AYIER
EEOHME (REEME MR T2 Z LITk 2T
Th 3. TTITC. albicans \[TBNWTEL DY I ) BAER
MREINTVWDN, 7/ BEROFTH 132FHD
Forr ) DeEAFP> H) ITARLE YI32H
B LU heme binding domain & XIXN 3 470 FHH D>
AF > (C470) EBHOT I JBEEMN, 7 — )Vt
WCHE SN TWBY,. 14 o -demethylase DHEE I3 TW
L itk A D E (Fig. 1), YIS2H Eix 7V —)b
RYBEREEE OBGHERRT 27 I BO—DEER
5N TWD. £z, C470 BTN LS EFEEGT 2GS
DOEMICHD, TOEMOY I AR (S405F,
G464S, R467K) &, 7V —)L EOHFE GEaM) =
KTFEE2EZEZENTNDY.

FL3ELT 1993 4F E ] ketoconazole (KCZ) A3 531
CERFROBEES N EE Y Y — )V Darlington £k
(MIC 256 ;1 g/ml) DT DN T OB 217> /2.
ZOMMEETFEL TR TEETFRPIN IR T OV E
ERARIEIT BT 52T, THERTFICBEE L A i X
NTWBNGD, RIZHSINTRVE S L ND.

FLEX ERGI1 E1n T DZERIZIEH L /=, Darlington
D ERGI1I #EFITIFEZ M OB R TESI & g
T5HE, Wi EETEDICYIS2HEI471T (471%H
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© : Mutations which are important for azole resistance

Fig. 1. Three - dimensional model of C. albicans 14 a-demethylase structure®).
The mutations are marked by spheres. The substitutions found in both azole-sensitive and-
resistant strains are represented by black spheres, and the substitutions demonstrated to be

important for azole affinity are shown in gray.
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Fig. 2. Fluconazole growth inhibition in C. albicans at day 4.
Data are for C. albicans isolates CAI4 (open squares), CAF2-1 (open circles),
SC5314 (open triangles), Darlington (filled squares), and transformant 12
(filled triangles). OD450, optical density at 450nm9.
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DZDOOT I ) MERED S TEETERNDD,
OEFRIZELU THREHESERTH S ZENHL N R 2.
—7, BZEtk (CAI4#K) @ ERGII SNi#EERFD—D
13, BAEKEFRET, 5 KO0 7 I JBAR
(D116E, K128T) & o708, M7 I /AR & H K
ZHRRICHRE SN TVWEERTH 72D, £ T, fhE
13 2 DIEKZ VMR D —D D ERGII i& {5 ¥ (C-ERGII) %
Darlington ¥kHi3k @ ERG1I (D-ERGII) E#E#L /=%
Bkl (NTOEER: transformant 12) Z{ERL L,

Z 5 D fluconazole (FLCZ) 12519 5 #A k2 2
U TORR (Fig. 2), & well DEE % kT 5

&, Darlington #{13 FLCZ IZ & E i TH U, CAl4 £k
RZDOHTH S SC5314 B XU CAF2-1 ¥k (MIC 0.5
weg/ml) BERZETHAHZIEEZRLTWVE. —DD
Darlington ¥k % D ERGII 15T %1 T 2 BB fixif bk
DEFANKZ M1, Darlington FRIZIE KXW H D D
PERE L OTHEEICZ L L. OB KITEETFBEHRICK S
14 @ -demethylase (B 5 2 DD7 I/ BARMNEEG L
TNBHZ EZRBL TN .

FIT, EB507 I BERNEEIRMIE(CETIC
BbHo TWENZEHLENIT D010, TNENDOLR
%19 5 ERGI Bz T2 RFEFRI I, HAKZEE
Wt U7z, Bk ik @ ERGI1 {5 %> Darlington
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Fig. 3. The methods for gene disruption!4).

The erg3 single deletion mutant (CADI1: erg3/ERG3, CAD2: ERG3/erg3) and double deletion
mutant (CAE3D, erg3/erg3) are made from CAI4 strain using URA3-hisG cassette.

FrHISR D ERGII &5, Y132H, 1471T #NZEND7 2
J B % 75389 5 point mutation 249 % ERG1I i&
577275 A3 R (YEP351G) IZHi& L, Saccharomyces
cerevisiae |28 A L, ERGII & s T FiHEDO T O®—4% i
AL 2 2 EIC K DBREFIEFEL 2. FHEZED
MEhizld B-test 2 L7z, T OREE, BZMERERD
ERGII BIET 2B AL KD MIC 28 1.5 ug/ml TH >
DI LT, YIS2HAERZE T 2HE1 16 1g/ml,
MITERZHT A3 6 ug/ml, liHOLEREHT
HEEL 256 ug/ml LA ETH D, TNTNDT I ) BE
EMMEICE DY, S5ITD07 2 JBERNMND S
ZETHENRIRZRT I ENHS N LD,
WTAE, C. glabrata D3/ ZRICHHE 2 5T 2 Z &S
INTVDBN, TO—DDANZALELT, C. albicans
1, diploid cell TH VD, Wil OIMLE LT RITZE R
2B EMMEEEDT-DICEETH DM, C. glabrata
I3 haploid cell TH O, —D DB T LOERN, EHiE
FHRELTHND ZEMEBZA SN TNDO. FAED C.
albicans |2 BT % ERGI] Bl T O EHERIL, Th5D
KHZZFHL TWE EEZAENS.

3) FEHPEHAR > 7 OEBREFEBT K 2 Ml PN EEH O
SEHIPER > Fic K DSt R < B En, M
HEPNEEFNEE MR R 35 2 &Ik o THB Z BT T
H5. HEHAR > 71213, ABC transporter & Major facilli-
tator EWbHN D 2FEDR > TNH 57, ABC trans-
porter {&, ATP ZHUK/MREL, TxR)VF—& L TEHZ
HEH 9 27K > 7T, C. albicans Tl Cdrlp, Cdr2p, C.
glabrata T3 CgCdrlp, Pdhlp, C. dubiliniensis Clid CdCdrlp
M EHE TN TWS. —Jf, Major facilitator (MF) trans-
porter |Z, 70O k> DA &HE L TEANZH LT DR
ST THV, C. albicans TIE FLCZ 1T 3 H B R 7z

CaMdrp 7V —)V R HIEFH E O HFHITIZBIR A 72 0
L3NS Flulp G SN TN S.

#H A 51X, C. albicans ® CDRI s T% 7 DD ER
ABC transporter B TFARIET B S. cerevisiae |2 THI
I, TO®EERE L. T OER, CDRIER T
MR, = O#E Kk &bl L FLCZ 5 KCZ, itraconazole
(ITCZ) 1Tx9 D% 48 %, 31500 1, 250 5L 1
K F S Bz, S 512 CDRI BT, Mo IEHFDRE
DOHIEAMERIC HE D > TNWD T ENHE I N TSI,

4) MMM 7> Tdh 2 L)L I AT 0 —)L DRk

BIZHBIT 24

ERG3EIZTIZd— RE N D A5, 6 desaturase DG
AMET U, HINENE DGR LT B T LT K BTk
EHFTH 5.

ERG3 D2 I X M T ICES L T, S. cerevisiae T
X, BEMNRIMEN TN TNDEMNY, C. glabrata T34
EMR#EbASNDD.

RV o F AW FiE %2 W C. albicans O ERG3 1&
BT REFEEERL, TOEAEZEBIOATO—)L
sy ZE SN Uiz, HiEE LT, 13U ®IC diploid cell T
&% C. albicans O ERG3 S LIBAR T D —D % URA3-hisG
cassette CHEMLL, FDH% 5-FOA 7L — b | C, URAS
BETFEIRD DZVWEEIZ, &5 —HOMIEETEH
WA U cassette THEHL L T ERGS AR T RIBHEZEIERL L
7= (Fig. 3). 207 —)VEZ 2Bt U ks R, Btk
(CAI4) S—DDMMBERTZFZRELZHK (NT D
BG1K : CAD1; erg3/ERG3, CAD2; ERGS3/erg3) @ FLCZ
12609 % MIC 28 NZF4 0.5 g/ml TH o 72755, DD
FNLBIL T2 RIBLZE (REHEIK: CAE3D; erg3/
erg3) @ MIC | 1024 g/ml TH O, 7 — )L E ik
NEZAL TV 25 OMIBEIED X 70— )L ks %&
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Fig. 4. The toxic effects of the diol in S. cerevisiae are eliminated by a mutation in

ERG3.

Structures included are lanosterol, the substrate of sterol 14 @ -demethylase in the yeast;

ergosta-7,22-dienol, a substrate for sterol, delta 5,6 desaturase; ergosterol, the end-product

of the pathway and from azole treated cells, 14 o -methylfecosterol and 14 @ -methylergosta-

8,24 (28) -dien-3 3,6 @ -diol!2).

Table 1. Combination of resistance mechanism and stepwise increase of azole resistanceld).

Patient isolates MIC (s1g/md) Resistance mechanism linked to MIC increase
No. FLCZ KCZ ITCZ
C23 1 1 1 S405F mutation on one ERGII allele
I C39 32 8 2 S405F mutation on both ERGII alleles
Increase of mRNA for CDR! and CDR2
C33 1 1 1
I C34 8 1 2 S405F mutation on both ERGII alleles
C82 128 32 32 Increase of mRNA for CDRI and CDR2
C26 512 256 64 YI132H mutation on both ERGII alleles
C27 1 1 1
v C37 8 2 2  G464S and R467K mutations on both ERGII alleles
C40 128 128 32  YI132H mutation on both ERGII alleles
Increase of mRNA for MDRI and CDR2
C43 1 1 1 GI129A mutation on one ERGII allele
\% C56 512 256 64 G129A and G464S mutation on both ERGII alleles

Increase of mRNA for CDR! and CDR2

T U725, ERG3 RiEME (CAESD) 3 TI)VIATO—
VEREL, PO DIZ, Ergosta-7, 22-dien-3beta-ol A4
RENTWe. 51T, Bz FLCZ L& BITHEET S

ERZEMRITIE 14-methyl-ergosta-8,24 (28) -dien-3,6-diol
MER L T2, ERG3EAT/RIEH (CAE3D) Tl
diol DFEFEIIA SN Mno 721,

ERG3 BT RIEHTIITIIN IZATFO—-)La3d kI h
DEBBIZBNT, 7V —ILOHEMILD, Fig. 4 DHFD
FRESITHED 72012, T DEAFEY & LT diol MRS N
5. 2D diol DERIIMITOFEF ZHZEL, S. cerevisiae
BT HPEEEEOEFEEASN TS, 45,6-
desaturase 2 11— R9 % ERG3 iz T D RBEICLD, &
D diol NEFELIZNWZ EMMZEDMED A=A L EE
A6NTNWBHY,

5) A OTMHERF DR

I SITEEMIEICIE 2N 5 OEB OB 53
LT ENMEINTNS.

Sanglard 513, [Fl—HBEL D pEES 1, BREMIZT Y —
Vit 215 L 72 C. albicans DM 2 E L T 5.
T ORER, BE T T, o HFEL TW/z ERGII O S405F
mutation /3R R T BICHB 0D, I 51T CDR R
T OIEES D Ui 2 S L Twiz. BEF T T3,
ERG11 E{£F D S405F mutation |2 7R > 7 &5 F DIEME
b3 v, 512 ERGI ¥ £ T YI32H AR\
Z 5 TW/=. (Table.1)19. Perea » DOfFHTTlk, HIV &
FOMOMEH kD FLCZ Tit 1 C. albicans DTt EMF & L
T, R TBETOBEFFIENEEL TNEHDH85%,
ERGI1 i& {51 @ mutation 2365 %, ERGI1I &5+ D&
FEHAI35% TH VD, EHEOWTFHBEE L T o itk 258
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BI2HONT% THO I EMESNTND,

6) MHPEEEICHT 28
SROMMEEREITST DT E LT, B U WIEHE
FFeHd %1, 3-B-D-glucan [HEZESLHH U 7 —)b
SRPTEBE 3K (voriconazole, posaconazole, CS758) 72 & D
PIEREE, 7 ARTU 2> BOEERA, s5122hs5
ERERDYIEERE & OOt HFRE, F I BRERRH A T
(G-CSF) <707 7 —VHIEEAT (M-CSF), A >4 —
7 0278 EQREIIEEIEOM R EHIfFI N 517,

BH U

WAL, & 578528 THERE T OERB DR AIITD
NTWBEN, EOMFEDOHIEELTDNARYM 707 L
A &R L -BEE G T ORI A AL EEZS
N5 FFHEEREOYT J ARHTIZE O H L WS
Mt PEE R T2 DIGFIENTER S NS FREENH O, ]
BINTWS. INSOEMERICLY /7 LARAIBTE
FHMESZEND DRI TH B0, T 68557 —5DE
FIck D ZOERBNPRNICHEINS.

FRzEREE LT, #i L WHIERSE DT
BFOWFRIED & KD, BRI Z KT 2 K5 7n3EA
Z PERA OB TE, & 5 ICBI/E MRSA © VRE 72 £ D
— IR DT B S A s 5 28 SRR T EL B 5 oD 3 1Efi A
HEERBHEHIIE S TLS5HDEEZILNS.
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The emergence of azole-resistant Candida spp. is a significant problem after long-term treatment of
recurrent oropharyngeal candidiasis in HIV-infected patients. Several mechanisms can cause this resistance.

An important mechanism of azole resistance is reduced intracellular accumulation of the drug. Among
the multidrug efflux transporters, ABC transporters and the major facilitator superfamily are reported
to cause the resistance.

Ergllp, sterol Cl4  -demethylase, is a target of azole derivatives. It was reported that ERGII over-
expression had only a modest effect on the development of azole resistance. However, mutations in the
ERGI11 gene can cause the resistance, probably by reducing binding of azole to the target enzyme. We
sequenced the ERGII gene in a high-level azole resistant C. albicans strain, Darlington, and found that
two amino acid substitutions, Y132H and I471T, had been encoded in the Darlington ERGII gene. To
assess the significance of these substitutions, we replaced one of the two copies of ERGII gene in an
azole-susceptible strain of C. albicans with a copy of the Darlington ERGII and this resulted in a modest
increase in azole resistance. Furthermore, to estimate the effect of Y132H and 14717 individually, ERGII
genes with either or both mutations were expressed in S. cerevisiae. The 1471T substitution, not previously
described, conferred azole resistance when overexpressed alone and increased this resistance when added
to the Y132H substitution.

Alterations in the sterol biosynthetic pathway are another resistance mechanism. Inhibition of 14 ¢ -
demethylase by azole results not only in ergosterol depletion but also in accumulation of methylated
sterol 14 . -methylergosta-8, 22 (28) -dien-3 3, 6 @ -diol. We deleted the ERG3 gene, which encodes a sterol
5, 6-desaturase, in C. albicans, and the deletion resulted in reduced susceptibility of the mutant to azoles.
Sterol analysis revealed that erg3 mutant lost both ergosterol and diol when cultured with fluconazole.

Z O, AR AAEBEHFRRAED ORI T L : 1 2P FJED Molecular Mycology:
FRREICODBERFAD FE Y 7 2" ZBNTHRINIZDHDTY.



