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RRALEhTWB, EHREFOFHF LA ( #/ — 1 H
YARR L B3,

TIOBT4-S 13, 3 5 % B EHEA 2 BEMAR LK 1-
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— D7 ==L X/ —LBRETHY, €A
T i/ —LFRECRTS CTZ 5X07 =
=rx=FAL i X/ —-LFHBkTHS MCZ, ECZ, ICZ
REBEDAL i ¥/ —AF L ERTILERE EOHRIE
NAbh B, RFDOEWEMNFHICOWT LIS I ¥
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Fig.1 Chemical structure of
710674-S
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%o

)

2)

3)

D

I. RMIEEHE
(R #% : Candida albicans TIMM 0144 ¥ X /s
MREE LTHAL, —HoORKTIEZ OMKA
HEWELI MY 7/ — L RANMA BAY n 7133
ML RE R A L, &b, PRHMTS
KR C. albicans MTU 12013 3¢ X UF% DR
BRI RS XA, WFho #Ekd Sab-
ouraud dextrose agar #HEICRERRIELT -
EFIEBOWMN : HEFRURKRQH LI VLS
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ZEBUERARBMNBRICRERT T, XHD
2H R % B3 Lz, Amphotericin B methyl
ester (HXRA 2478 X b 25) 5 X ¥ anti-
mycin A (ICN NBC Laboratories, Inc.) iz %h
#h 100% DMSO % X 100% =% 7 — L I2[d
ROFETER, REL, ERIHELE:,
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MR ERE(FH Lo =0 10ml Fo>% Bpn
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FRECRELC D2 =—-F¥Kr Bt
Ih, bELOBERPOEEBYRE LY,
RRBEYHRELTHHEERONE : L4k
EBRRAEC ST 50 LFAKCLTHES h - SDB
BERFEEHTH 2x10° fila/ml OBECH
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WML TTIE > 120 24 DEMBIC A RIAEN BN 1
B|IML, AEXPHIC 530 nm W Ric 1) 5 M
*mt Lf;o

flasE B IEM OMTE : SDB HC 37°C 18 g
ER LT NI C albicans @MY %L1
t¢, 0.4mM KH,PO, ic ¥ L, 8%+5 41,
SUFR ML VBT L Ic X &Rk
2o M LIHRDERHY 37°C T 4R
Lico ShiBUKNLT 0.4mM KH,PO, &
12 1~2x10° @R8/ml DWEEICTC D X 5 cHEE
Lico ZOMMMESEH 2.0m] ¥HEONSBIL
h, ABERRFUFRMEOBEIILIOR S
A3 —ABHEYBRARE 10mM 1255 X 51
A7, MHICMEXEE (Rank Brothers) %
WT 37°C ERTCOMEHRAELNE LT,
B i RANEH 20 p]l EML, XHCHWEY
#3, EXHEMA L EMEIC 0 5 MENREE
DN HEFIC X 5 FRAREY R L,
AMBEHECAHOTEAREII ~OMIRAE
%MW LR ERENE KGR
LURS2EY R\, C.albicans @Rk} 5 2
vy RES~D [*H] »4 > v, RNA 51U
DNA Z@H~D PH] 75 =v, wv# &l
U7 A7 Y RERTESEEE)~O [VC] 70
a2 - RO HRAR" K HUIZEREES D [C]
HBROM YRR M4 OREDOENFETCH
EL1zo WTFhORIGRICIWT b EMEMYO
BRI fTis » 1o

ZMAT P —LADOHHEXBEO R IR A LS
i : PYE & MARRIOTTY o Az ¥#L, C.
albicans %Y [2-“CI K (F 1V V28 &
LA vk X— b L, RTR-AEIT
AP REL, FhEhoBEBHR YRR
HEEYRE Lics ¥3° SDB ik LicklavE
HLT XD, [2-4C] KRRy + Y ¥ & 504Ciml
¥4t 1mM KF bV v akiEmLE Rovk
ley- Huber medium (Oxoid) Iz &3 L T1~2x10"
FB/ml OB T LIz, = OMBFEREN
ml ¥957 5 22 HEL, McORED XAE
WA 1/100 ¥ L1, 37°C T3IHHIERL
oo MILKEH, MARRIOTTY DR - TR
WILIEE vt L, W2 =~ 7574 k0
Teotso WEMAF ¢ v — LMV TREERS
OFEXYRRL, =ATAFe—AKIFT/A
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R e ESCTABLE®, ABAIL MDY,
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8) K+ XUy v (P MM KHEONE : %
AR RCR R0 & A LHEY AV,
SDB shic 37°C, 18 RyMiRMAMIR L CHLHIIC
C. albicans RERIA RICKM L, AW A + Ko
B LBRE TS &5 EX 3EIL bE
LTl » TR L, BEICKERS + v
AEd LR OMEY 2~8x10° #lg/ml i
REL, oM 10ml 0%, HHHh L
HEAEW 0.1m]l LML TH\ L ERIRE
EAE LY, 2RREY 37°C CRIRLEN A
v¥#a—=}+L, RIGHME 2.5 2500 10 k¥
TERHCRANLRR L, HbI» 5 2 RKEHEK
(GF/C, Whatmann) ¥&ELTRERBLY, 18
bhizRET R HbHERNAKICOVWT, RKEXE
3 (A5 ) X5 K* ROWMEX LVILH
20Kk X5 Pi ROREERY EThEh{T
Koto EFEEMA RMBEAD K* LT Pi
oLakiz, RIS ORMOMY 5 % %A5HXR
B LTRALACEI T OVWTOEhEhOER
fErLHE L
9) #MRSE pH fED EHRNE : LKL AR Hik
THY LA C.albicans @RFHHRO—ERLE
#|icLy, 37°C EREATHRELLH S KAE
BEEmML, pH 4 —%— (Hi-E$ M-78,
6028 A EEER) I X b 10 HRLLEich i
- T pH fEXEHEANCTR LI o, HBEL
TRAEEDOAD pH {HD BHe TRIE Lo
10) 3% :[3, 4, 5-*H] L-leucine (120 Ci/mmol),
[8-*H] adenine (25 Ci/mmol), [U-%C] D-glu-
cose (240 mCi/mmol), [2-"C] acetic acid, so-
dium salt (60 mCi/mmol), Ll EDBKHEEY
123 ~XT Radiochemical Centre (FE) 7 LA
L, Breitioic - —BRAECOWTIE, HR
LRI+ f xR MEORE X V12,
II. % 8 &K M,
1) C.albicans w35 ¥t & EFIER
TI0674-S AARRK FHIK TV HTERRET H
% C.albicans TIMM 0144 #kic3f LT & OREDIE
BEETTH, E-BEMBEYET SN YR
i, ABO—EHaNy SDB gL, a0l
BORMEFET © 24 BRISS R Licth, ThEhOLHE
B dE L,

Fig.2 Effect of 710874-S on growth of C. albicans
as measured by viable counts. Cultures were
grown at 87°C for 18h with aeration. The
inoculum size was approx. 10% cells per ml.
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Fig.3 Effect of 710874-S on respiration of C.
albicans cells with and without glucose as an
exogenous substrate.
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Fig.4 Effect of antimycin A (A) and 710874-S (B) on growth of wild type strain (MTU
12013) and respiratory-deficient mutant strain (MTU 12018 RD-4) of C.albicans in
media containing glucose or glycerol as a sole carbon source. Cultures were: @, MTU
12018 grown on glucose ; O, MTU 12013 grown on glycerol ; and A, MTU 12013 RD-4

grown on glucose.
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Fig.3 CRRINDERBK»LBELM R X5, B
FIERIL 2.5~20 pg/ml T b bR R TREL LR Y
bORNRERBACREI N BEALSD Y, 5pg/ml ¢
EEAVERF IR RICHAT 55% bR\ EYXR LI L
2L, 20 pg/ml [l B IKAMEE X RO - BAITKRBIC
B PERIXAE I h, 40 35 X0 80 ug/ml Cix Qop
%X, ThXhXBoD 75%, <30% IETF Lio —7,
ABERKIFEFRIZ, EOX5LENRETL -7
REZIND C LiRieh o7, 40 36 X UX 80 pg/ml DK
HFEETTRHLGhCHEEI A, FOEEEIER
HRXDLENT,
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YEBTHIRFTHD, £ CIDLHEARISTHN
B2 XROHXS IVUBENGLIFR X AT R
BREOMO =k A ¥-REBFROHELXHALT
710674-S OHREEE L FRH=* 2 ¥-RMT b
LR LBET 0Bk Lic, £0lcdic C.ab-
icans MTU 12013 #k (SF&XHK) & thichikd %R
RPE Rk MTU 12013 RD-4 %%\, E£hEho
EXROXFICHT 5T L B L,

Fig. 4 WxBEM L L TRV -BROSRNFREE
#| antimycin A 35 XOF 710674-S 12iid 5 3 M50
C. albicans £+ irbb (1) FERNKD S va—25
% (i) BERGO 7Y vy %, & X0 (i) F’
RAERKD 7 12 — A58, ThEthoRHORIHE
%RTo Antimycin A i3, FHIL LD, FRO=F
AE¥-—RMTHELLFRO 2 % % & (i) KALTR
VHRVCHEEEYRL, REEEED 0% cBLE
(Fig.44), —%, &M= r¥-RE0 2L EY
Clii) 120 b REHMEL 20% BEORFHEFLEID
CBE et o to FEME LRI =31 ¥-RB
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Fig.5 Effect of 710674-S on synthesis of major cellular constituents in C. albicans cells
as measured by incorporation of specific radioactive compounds for 20 min. ),

(..

and 40 min.

Incorporation of : A, [*H] leucine into protein; B, [*H]

adenine into RNA ; C, [*H] adenine into NDA ; D, [4C] glucose into alkali-insoluble
acid-insoluble polysaccharides ; E, [¥C] glucose into mannan ; and F, [14C] acetate

into total lipids.

155H(A) 125(B) 125F(C)
-------------------------- 100---R--
g g
& st ¥
g
N b N 51
oL oL
25 5 10 20 40 80 25 5 10 20 40 80
Concentration of 710674-S(ug/ml)
125-(D) 125}-(E) 125{+(F)
100} e 100} -=---==---===cemmceenons
8 8
875 R »t
B
B _§5°'
&
X5 g25r
0 0
25 5 10 20 40 80 25 5 10 20 40 80

Concentration of 710674-S(ug/ml)

O30k ¥t (i) @ antimycin A B2H (i) &
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TI06T4-S DHBETEM ¥ FIkIC JE Lchd, = OEHiz
HTORZMR=ZOMCTHERZRIZE D b h ¥,
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RECriEEL T YL X hi- (Fig. 4B),
) EREAMRES oA RICRIETEE
C.albicans A MR T EBRY CTHH & W EH
RATHR, MRS iEs X CIRE O SBRENT5
NG4S Dtef oA L WX v@BIbE, ThEh
OBMRA I DA ¥ h 5 BRAEBE OBSHEL I L
LCRHOMR % st LT, Fig.5 XRIGERT 20
BIC A0 ekt B ERBE ¥ LD DTH B,
CORDLH LR LS, £ v-22E, RNA X
¥ DNA DwFhoams 80 ug/ml =ZFE% ¥ TRV
NG4S DF RTORERE TR &AL BBy 20
Boky —Fh, EELT B-IAnvinbisd LD

REBMTET L H ) NESEEDS S L= v+ v ORE
ERRE S B OSBRI, 40 35 X UF 80 pg/ml DFEFH
FETTEhEh 50,80% BECETL, WR&ES T
BOARIDLHMIAFERBC LA BdLNI, Ln
U, 10 pg/ml LUF o> {6 BE 36 3 KR A BE & 9% D & Bic 2t
LTHid A BB YRS o - 1o IRRARIH
TAXF DAL R, 40~80 ug/ml DG IRE Ti2 MM
BASRMARCHTHIEh L RABE TH -7, 10 pg/ml
DTOMETHAELBEELZT

5) AFr—LAfARKERIETHE

C. albicans @A 35 AF e — L& KRR LT
710674-S NED LS I 52 DBl B I,
4 OEFIRET CEMER LI DA XM 5 R
TR L ERBRROBREEY CTHHTAAFALAT R
-, BIVCETORBOIEBEETHH A FALAT v —
NIEBUOR MY AFARTrR— LD IEFEENENS
BEL, SEhOBSHEYIEEL LTRESOARELY
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Fig. 6 Effect of 710874-S on synthesis of ergosterol
in C.albicans cells as measured by incorpora-
tion of [2-14C] acetate into three sterol clas-

C 4, 4, 14-~tri-

ses. Incorporation into : O,
methyl sterols ; @, C4,14-dimethyl sterol ;
and A, C4,14-desmethyl sterols.
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Eh0h, EFRRENEL LI WTARIIRESA
AERAETRLI, ThbORMN G, FHIZEDTER
ETATr—LARERY C4, 14 Bis FAL{LRIEDOR
BETEHL, FRA2AFART v —AOERYHRMICHE
ETHZ ENHB L,

6) MERAIVYALFVvBIVERY v ORHEE

R

AMRAP Y Y 2Lty (KY) SIUEKY v (P) D
B Ry 8 L LT 710674-S 2 MMM EY 3|2 &
ZEhELERN L, REWA + v KicggL:C.
albicans {MEH 512, 10 LMD RIEEEAIC KRS
oA BEHFA~AD K* 702 Pi OB EA LB S
higholce T O&ET CRREERC 10 pg/ml Ll E
DEFZX DO UDHEML TV BT, FEcE
O K* XU Pi 0B RICHME 2.5 2L
BESh, BHE LRI (Fig.7, 8), K,
Pi L LBHEE SO BB EFREECRELT
BA Lo TDOREFE, 80 pg/ml OEMFELET T2, A
B K" @EixEmET 580 K* 5%, F1- Picy i
- TN Pi §BOH 2 ST 585 VFhi

RICEAE% 10 5 DR RR~KE S hi, %
DORE,» D, BREEALBERICES T, AER7

Fig.7 Release of K* induced by 710874-8 frop
C. albicans cells
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Fig.8 Release of inorganic phosphorus induced by
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Fig.9 pH changes produced by 710674-S in a C.
albicans cell suspension. The drug was added
to the cell suspension prepared in deionized
water at the point as indicated by an arrow
to a final concentration of (ug/ml): A, 0
(solvent alone) ; B,10; C,20; D, 40; and E, 80.
In F, the cell suspension used in A-E was
replaced by the same volume of deionized
water and the drug was added to a final
concentration of 80 ug/ml.
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K* ® Pi OB EHNRTIRANRES T, RENHEL,
Ui b RIGBARARED HBREEIC TR TE 5 &\ 5 Flan
BB, DX 5 IcEhN B C. albicans BT HHIC 18 <
DRET 710674-S FEML, s#ebo pH EOELY
HRE L7,

Fig.9 kREMEER T — 2 ¥RT, EHEHNARE
DHREERIC S\ Tz, 10 S0 BIEERATIRE
2 pH OFLERI e ote, —F, HEEER
RERY RN LB A, TORECHHDDEL,
RHIC pH EAMET Lico = MiZARIN S ERE
OHNE" ThBicwi, FOKBRIET D EBNC
BELCERTaLOLELbNB, pH ETOBE

2 MRDT Liehi S RAMBITREL, 80 pg/ml Tik
4pH 0.4 DET A1, LML, \'»1cAETF L1 pH
TR e ERARIRL, +OME & B & 2XKHA
WL &b ITiA L, 2.5 ug/m]l DRXMETT T
¥z pH EANRED A, 80ug/ml Tk 10 HHiC
dpHO0.5 2@ L1,

8) BAY n7183 MRSEM:EFATUBK & RHEZ Rik & DM

TD 710674-S M1 D LI

MY 7V =A% Xk D— > BAY n7133 (vibuna-
zole) (% C. albicans DD Candida 13 LT It B2
By in vitro PLEIEM Y $ 2", C. albicans TIMM
0144 Bkb oz DRAC BEMTHBY, EhnblE
KZhic MIC {lih 20~40 £ LB Licfitte B RERIZV
Thb=AT2Fe—L4RIEL, REC=ALTAT
B — L ETEANR R Y MAMCERL, La»d, am-
photericin B /¢ & D # U = v HAEHB K LT L
LT3 I ERRHEIAIY . LicAi»-T, ZhbOfm
BRI, =4 TAT e - LARLRBICREY b OB REK
LHESNIDOT, Btk (FEEEK) L OMT 710674~
S KR TAMEIHERET A LIk b, AFIOHER
ER=ALRAT e - A SRR ESCTRRAZhZD
DENERN L,

Fig.10 iz;RX¥ B X 5 ic, azr-1 I X X azr-2 D=2
® BAY n7133 WHEEREKIZ, BHIHE~XT, ampho-
tericin B (2% B fitEEEI ICs, MIC (ICy00) fHOW
ThosEhbHRTh 30 £ D ERFRLTV2DME
»oht (Fig.10A), Zhicst LT, 710674-S wxtt
PERGORIHYRHOTN L KT S L, MIC N
FERD 20 pg/ml D HEREKRD 40 pg/ml ~ L 242D LR
%, ¥7c ICs fflix 3pg/ml 26 6~12pug/ml & 2~
AED LAY ENR AR LI BE i oto —H, T
ERGEOMREERCERLFEMLICBEON B F O
PH LR <2 — 3B TCHLhICE & (Fig.9) & %
K~ T B ENBOLRI: (F— 2488

III. * »®

WADA I /- L BBECOWTOIRETOHR
b, C.albicans It ¥ ORRZHEECH V- TIXKRD L 3
O DORICHIER 2 7 = XA B LBESh T
5o (i) MILEEERS X U BRLEER O SREES,
(i) FPREERFRAFS?, (ii) =~ TRFr -1 AR
B2, (jv) MERIEERESRS?), ThXh OfF A
BHTFLITRTOS 1 F/— LA OWTRE IR
b TRV L L, ThETHEIA KREZhT
Elcq I £/ - LVEIRAR LR B {LERTL O AR FER
MEROEEELERT S L, LROKFRABFIR, ok
X BEOEIDIR X, EEANTITTOSL 57
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Fig.10 Effect of amphotericin B methyl ester (A) and 710674-S (B) on growth of
wild type strain (TIMM 0144, A) and BAY n 7188-resistant mutant strains
(TIMM 0144 azr-1, O and TIMM 0144 azr-2, @) of C.albicans in Sabouraud

dextrose broth
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STUDIES ON THE MECHANISM OF ACTION OF A
NEW IMIDAZOLE ANTIMYCOTIC 710674-S

Tamio Hiratant and Hipevyo YaMacuchl

Research Center for Medical Mycology, Teikyo University
School of Medicine, Hachioji, Tokyo 192-08, Japan

With an attempt for clarifying the action mechanism of a newly developed imidazole derivative
710674-S, on which its antifungal activity is based, the effect of this drug on various major cellular
functions of Candida albicans cells was studied. The results are summarized as follows :

(1) T710674-S inhibited growth of the yeast at drug concentrations higher than 1.25 ug/ml. The
extent of growth inhibition increased with increasing drug concentrations and a slight fungicidal
activity was exerted by 80 ug/ml of the drug.

(2) Cell respiration was significantly inhibited by 710674-S at a concentration of 40 ug/ml or
above. However, the results of experiments in which drug susceptibility was compared among cultures
different in energy metabolism suggested irrelativeness of the antifungal activity of 710674-S to its
inhibitory effect on aerobic energy-yielding metabolism or respiration.

(3) Synthesis of wall polysaccharides and lipids but that of any other major cellular constituents
were profoundly inhibited by 710674-S ; more than 50% inhibition was attained at a drug level of
40 pg/ml.

(4) Lower concentrations of 710674-S selectively blocked C 4,14-demethylation in the sterol
biosynthesizing pathway in C.albicans. The extent of inhibition was more than 90% at 1.25 ug
/ml of the drug.

(5) T710674-S at concentrations higher than 10 g#g/ml induced rapid release of intracellular K*
and inorganic phosphate from the yeast cells and comparably rapid elevation of pH in a medium.

(6) A mutant strain of C.albicans was 1/2 to 1/4 lesser susceptible to 710674-S than the wild-type
strain. It suggests that this drug exerts the antifungal action mainly through damaging the cell
membrane in the relatively high drug concentration range but through inhibition of ergosterol
biosynthesis at lower drug concentrations.



