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Abstract

The imperfect, dimorphic fungus Candida albicans is a widespread commensal of
human and other animals recovered from oral cavity, alimentary tracts and vagina,
and is clinically isolated as an opportunistic pathogen. The incidence of both superficial
and systemic candidiasis has been increased markedly over the last few decades.
Some reasons for this are due to iatrogenic factors such as long-term-uses of broad-
spectrum antibiotics, immunosuppressive agents and indwelling catheters to compromised
hosts.

In an attempt to survey some developments and future trends of the basic researches
of this medically important fungus, this review endeavors to summarize recent papers
dealing with the basic problems and subjects described below. Those are as follows:
1) taxonomy and nomenclature; 2) dimorphism including environmental factors to
promote morphological transition, physiological and biochemical changes during the
transition, and a glucose effect of the fungus; 3) adherence and fungal toxins or
toxic metabolites presumably associated with pathogenicity ; 4) host defense mecha-
nisms ; and 5) basic problems of antifungal agents and chemotherapy.
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I. EL&HIC

B REH Candida albicans (3 EHEEFN—B & L
TREAOOKE, & BEBLIVELZSICHFELT
WAELEHCRET S Z 0B 5, WEHEBICEVW T
HHE D ZEPIc ¥ OE thrush Rt O N % denture
stomatitis Zc & OIRAEME S > U TREICHEET 5 Z i3
FToHLL G, —F, EFRBEENEL wl#EdHICLY,
H IR 2 OO BHEE H 5 WIIERFICER L&
AR D A TR T L 7248FE ( compromised host ;
SR IEE F I IRIEPUE E) 12, MIAERESCRET
BEHERNVECH, HEER X2 RENFHROKRER
5, BEHT—TNoORMBERICE->T, 77 4EB%
B, VANVR, HE, BRZEH60WE57 44 70EH
RIRBERIC & 5 Ye5E ( opportunistic infection ) #¢
SRTETLL T & 72, [EX, B, A, HELrICES
LHMREORESY > O TERCEE L H > Y S IIEIR
FOBNTH D, EINKFEN 1975 F£5 5 1984 ££F T
Hxplp, 13 %OEETHEEBEEIRHEN, Z0
FED A TETHRL EL, DOTT AN NLR
e, 7V7 3w ARETHoTREHEL TS, &

LICEDERICHHERKBE L L T ERDER 2T
Twv3 1)0

IO IS H Y TREDFIERE BRI X
ZLWEmoMEEICH ), 4 HZOMRIERE RS
TEELHFBEL X ->Tw3, ChETHHREHR C
albicans \ZB8$ 5 BBERIZEIC F RO D N TE
1P KBHADED DS, H > P TEORERTF LK
IR TH L, ZORKTIT C albicans DEFEHIICE
B MBS, ¥ Candida BOSFIES L OB
T & C. albicans DFREEH: (M), WEEREHICH
53528 MHER L EEORGEHHEREICOWTI
FTICHLPIC L > MR ESHOMEEZHHL,
BEICHEEELEEREOBRICDOWTNE Z L iz
T2, kB, #>IZBIUREBEEDFEMICOWT
REN-EE (F2IT3, 4) »IHLDOTSREN
72w,

II. #JFLOARD G
ERHIZAMEEOKRRAIC L - THEE, FEEE
HEYEBICOIT 6N, AREEEIT bW EEA
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Dho TV DEIPATLERCTHENTW S,
ZDEDICAEEHBICIIEE P S LH»E T
n, LTFLIEDOEBENES LIS VEY, F—H&
FERICBW THLERBREICRBOD 2HE SHTAL
Twb, Candida B@E LT TeBERICEL7E¥YLED
B RIS E L DOBEMAHEL T 5, BRRM £ 5 45
XN 5 CandidalBE L C. albicans H3R¥E% L&, #
Dbz C. tropicalis, C. parapsilosis, ¥z C. guillier-
mondii, C. krusei, C. stellatoidea "% 5 .

B FREX NI S 5 BERE B # “The yeasts,
a taxonomic study” & 3 MRICBWTH L oA R
HIRIBE N, Candida BEIZDONTHWL DOHLNEE
AT b 1Y, 2O TRLKE L L C. stellatoidea
A% C. albicans |2 E3N722 & &, Torulopsis J@h3 &
IEE3NT Candida Bicfe 3Nz ThHb, C
stellatoidea |37& 7 O HEMFERIEIR DY C. albicans L ¥
THMLL, DNA m#HRE1MEL &V T C. albicans i21)
RENRTHE, L LWEEDOHED L HEKT S &
B o2 ICHEN R SN, MESHEORIENV b T
W3, F72 Torulopsis )& (¥§ic T. glabrata |3FEIR ¥}
POEBEICOBIN S HNMREFE ) IZERFR
BPRE L WEW) ET Candida B & XN E N T 72
A%, RERI L ARIEIZ T THlT B2 DIZ BRI LV E V)
Hih & Torulopsis EHNE 2 72 TH 5 ( T. glabrata
i3 C. glabrata \2ZEE), ZHOBICEL T EEHFED
ML Kmhr R I > T3,

TERERE I3 EICTEREA 2 R & Wtk 2 5 3]
DIBEIZ L TWWzh, Folk DNA MRIMERH L V&G
BT O FERIR) AL, FRE¥EEELASE
SHEBEOFIC L AREEFANBREA AW ENDE Z LI
LT, PHEENLRBREIBI5DIILRTHS, L
PL—FATREBDHELR EVEEENICL > TWD
BB, 2N 5DWR»GEERMEEEISMKI NS
EZAHFTRERFEVHEZHLEDS L ITNILL S
ZZWEWV)IEBS LT ENTWDED,

M. —#®#% (Dimorphism )

— I ERHIZEREZ F 2 I3 OMBITEER & 55,
H5VIIRRCRMUTTEAEZOWT N ORER
RETRL, TNTNEEREDL L URIKE LA TW
5, BEHORICIIZENLDWToORE (BEE2H
FH) L ZELNEBLLONDN, ZoOMEE M
( dimorphism ) &MY, Tk ) LEEEHRELTIE
B % TMERE (dimorphic fungi ) L Twa,
WREAEHOHICII _FBEOIE*RT L%, C.

albicans L F D—DO>TH 5,

C. albicans O ZJHEIX LIRT D & % < DIFFEE OB
REDHTERO, F—nBEAIIKREERK & OBEY
LTHb, Calbicansl3HEEREE L T F DERNICH
EL TV BERHIBERE 2R T, ErMEBN~NMRAL
WAL CRORE 2T 2 SALIC I3 BERZICE - T
EROE AR AFED b Z &=, Bc C. albicans
DEEREE * BT 2 BN TELLICHEA R K
L CRRED LY BDT, HARERE EREEE DB
BEIECELONTEL, L2 LRBLEILZEHEDY,
INFTOEZ AN ERREEDKRBER % BAEIC
FTAHRBIIB LN TV, B TSI BEAZ M
N5k, WMEERORLBEMZT ETLE L TERHTH
Brwydich s, C albicans DWREZEHIE in vitro
KBWTLEBIRATINT, TDOAH=ZLEL
LB Z Ik ) EEHEOFIERRE R O F T #
BICOWTOROPRLNE b Lk E ) B
WHLPLTHD,

A, W - LFRRERF

C. albicans R LB AR ERIRT 2 1 DBk
Pt % RFEER (germ tube formation, germina-
tion ) &3 (K1), MiFHF TL ~ 2 KEEAIC germ
tube KT B Z & Ao h - TLUK, BEZF TICin
vitro I2 BW T M RICHE T 2 SHOWE - b
BZBERFA L OXLbNTEL (K4 NDERT-15
), Z0BBIT Candida BE D Tlx C. albicans (¥
C. stellatoidea) =& 61, HOE X germ tube %
Bl e woT, EEBFREEEEE &b ICEENRER
END—MZh > T35,

B LRERFOR CRICIEE L REBRLERE L
EnFFEFRD C. albicans NILEL R FETLIEEL
K¥Ths, 35 CLTTIIERF, 37TCTIIEARK
RE*T 5, KERFL L C3MENMIZ N-TEFL
JNna iy (GleNAc) ®7u ) > ELREATE
BEREL, > AT A4 > 7% & SH LAHII A
YERT 5, FFEDREFG T CTIZ pH I & » TEEL#
2HlETE, 37CicBwWwC pH4S TEERE, pH6S5 T
BHEAERERE2T 5, o THEEMOELENE
FLONBBICIRENHBLIRETE I LHRKS,
% B, BRI EETER DM IC et L T germ
tube DA B 25, SNEHOMAL % Sl DKIEIZ B
Wiz ) IiE FRMNT % & germ tube A LA B,
F72, 5 X 10°cells/ml LL_Foo#HBa 8 ¢ germ tube #
KEHD D LBEREREORBEGTICB W TR
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Fig. 1.

Morphology of C. albicans cells. (A) Yeast form cells in 18-h culture in Sabouraud’s broth

supplemented with 0.5 % (w:v) yeast extract at 37 °C . X 400. (B) Germ tube-forming cells
after 3-h incubation of yeast cells in proline phosphate buffer medium at 37 °C. X 400.

BT T 5, 20k 312 C albicans T3> 4TH
kB SRR BT 3,

B, WEEZHICHE ) Ml 0T - B LEREIL

1. HmAaEE

C. albicans DBIEE D FERERE T 7 NH >, =
YFy ey, XFTHD, BERERICEST
BB Z NS DMBIBEB RS DA A REA I %
DT, WKL HBREAMR & BRI O 15 5 Bl
a3 D HERe germ tube 2 HY % BENEER 5 N LA
LbEXRLNTE, ZNETOWNELZRETLE, @
FERI DM EE 12 BB 2 AR X A 5 e WAEEUR 5
BHZENH D L) BED SV, FCXF o IclE
LR b Bk v, AR BEREMIED 3 &
DXFUEEETHI LY, BEARMBENHH GlcNAc
(X F> ORIBWHE) OB AARELEL, FDOKES
AHBIEEDT V7 ) NEEIG (BZ L X¥F 2K =—)
CHETDLIEY, INa—22bXxF L ARICES
B DR key enzyme TH 3 glucosaminephos-
phate isomerase (glutamine-forming) (3|4, glu-
tamine-fructose-6-phosphate aminotransferase )
& RER I 8) ¢ X F > A FBE#E chitin synthase A%\
FTNHEAREME THOWHIEE 2R3 & 098
P23, XF AR THEERICEREICEEL T
S5 ENTRINTVS, R2I2xF 2 ABRKER
L7z,

2. AR RE

TEREZS ¥ & MR R AR R DB I B L T 3 Wk
WIRE»EH D B, BIZ1F, germ tube FEEHHIHIIC
RAT77FINa) D ERAT»FoNLY ) —LT
ML, RAT77PFINAL S b=V HRRT T
FIoNE) DFELSBIT S, 212 RETIL
OB EBEOTRENEIEL, FcrkA77F2 012
B TA VA B (Cis:1) DA EY) /=1
B (Cis:z2) OBMHIFEEICL), BEOKREE &
WCHBUTTHOL ~ILIZESL L),
FRATa—NEDEICOWT, K)o HEY
B (T2 Te— AL TEBELR THE
BHHED ICHENERKII I L TZFo—A2EL R
BL, FORBWED lda-AFNATFa—LhEHRET
5, L2 BMAIEARERELT2RETICBWVT,
ZOERMRIIEAEREE 2R %\, 2D revertant (3
BRICHIR L 728K) 38 = o RS, T2 70—
NEBLUVBEATERETREZERCEEL TWE, &5
24 I 7YV — IR EEH clotrimazole (T2 7
u— VAR ER) 2HBRICERHS®S &, BRKRIC
A LNREALE UOBEIBHIN, lda-AFNL A
TR—NLNEELEAERBTORMEEL 2 LW,
I b DOEmERD L MR HZE L & C. albicans
DEREBOBRBICRIERLTBERI»HLZ LT 5,
BREMBE ORI LTEMIZ) ~ IRE DRI R
DEIETRMEIC L > THEEN, TNLTRATo—
ML > TR I N T B, /- TINLDERER
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Biosynthetic pathway of chitin from glucose in C. albicans, also showing points of input of

N-acetylglucosamine and glutamine and related metabolic pathways. The enzymes involved

in the pathways are:

(1) glucosaminephosphate isomerase (glutamine-forming) (2) glucosamine-

phosbhate isomerase, (3) glucosamine-phosphate acetyltransferase, (4) N-acetylglucosamine-6-

phosphate deacetylase,
mutase,
ref. 9.)

BGHEALT 5 Z LI & » THROEBESIE AL & BER
(BIZIXHIR D X F > S BER) DEEIEILL, R
E L THIBOENI BT 2 EZ NG, &5
I FEM TR E NS,

3. BB LIUSY L IH

M EROBETREL L BETFRAIEL T D
D, HEWCIIERED o7 BHIAEH A TNb - T
WAPLEEDWTRELEKODLMBETH 5, Hi
BHIZOWTIREBTERNTH D 7 X BDOBNTE
hThHbd, BRF, BERAEDS 2082 R)T 7))
NT I FPNVEBRKBIETRET 2 TN TN OFE
WHRBED S o EDPHBT R, - T, FNRF
NDOEEDFE L R LWEL RN L BIETFEYDT
HbnTwaorb Litkwy, L LHICIIERTE:
WA ZFET 550 (BESCEM) DEWICE->T

HEL B /7EPMb>TWBREMELD S, BE,

23CH 6 3T CHIBEL 7 M k- TEEEHR L IZERS
BoEL 5 78 BT 20, 2t HI LR
F2BET 2 RRRISTELERO Bk WERMK % control
WCHWLZ L ThHDH), BERREAVIRTOBENIC

(5) N-acetyl-D-glucosamine kinase, (6) acetylglucosamine phospho-
(7) UDPacetylglucosamine pyrophosphorylase and (8) chitin synthase. (Quoted from

TN ENFNDOEBICEHEED S > X7 B Ro Nz
EVIHBEYH B, ZFOEIZIFEEICHELTENLD
F I RIBEDREICIIE > T wahd, “EHICREY
LBIEFHFRERATLIZENEZ LIS,

&, C. albicans D AREMIIZ BT DNA o
P DA FIUCDORRELS BRI 1/2 Th D
LV BEN L I NP, —RiCEEME TIIERRT
REES-AFNLTAXLLF Y (M°Cyt) DEIL
WHHIDEFZEZRODEELNTWENT, ZOERIL
BARERBIERERETIC N GERIZE TV L DiESE
It (BREEE) OREIFEVZ &2 B%R3¥5,

4. calmodulin

calmodulin (3 #ifaARN N Ca f A > ZFHFF > 37 & L
TEMMIICIES L, Ca 4+ & 2 MlatkiEn
FE 2T B, C. albicansic  calmodulin §6% >~ ¢
INHEET LI EHFBREINTWE?, TEERD
Ceratocystis ulmi i B TIIBEREREF % Caf 1> 9°
{E#EL, Ca A A > chelater ? ethylene glycol-bis(5
aminoethyl ether)-N-, N-tetraacetic acid (EGTA)
% calmodulin fZE#| o) trifluoperazine 2" R ERE



18 R B

#MHIET 22 Ehmh 0, 20tk C. albicans |28 v
T 4 germ tube F4R A" trifluoperazine |2 & - THESR
NAHED L IN®D, -, Ca A #*>— calmodulin
— calmodulin #& % > 27 DIEWALY ZIHEA#IC B
557 3KA»BEI NS,

5. cAMP

cyclic adenosine 3, 5-monophosphate (cAMP)
I3 FEAZ AR D & BEAZ M F T MBI NICHFAEL, M
FaoFRE R T & L TEIC Z £ » TWaBh, ZD
B EILFALME & AR Tl B ->Twb, B
Hic BTl Saccharomyces BERE (bW B3 BERE)
DML 3BT & D FRETREREIC CAMP A EZEZ %8 4 )
U, ZOVER 2SI & FEkIC cCAMP K72 7
A>XF—RICEB I 7N VEEILENT B2
EDL I EN TR0, —F, il Tld cAMP
X cAMP ¥4 % > <7 (EfMR D cAMP K57
a7 4 > ¥F—+ P regulatory subunit |[2FHY) &
AR EER L CEEEBEFICERT S,

cAMP Dff 2 70 SREIBREED ) b CTEE DL
DBEEHEIC OV TII A BEOREEE MucoriZB\»
THLILORLEN TR, ZolTit, 1)BERF
7 SESRIREE % R 5 B AR NG cAMP BEA%1 / 3~
1/4ICIET L, 2) AL AT% ) i di-
butyryl cAMP (%@ cAMP #F¥EK) 212 %
CHATEREFCHIEIN TERBERE TS Z L, 3)M
g W o cAMP & B o Z& &) 3 £ I cAMP
phosphodiesterase ( cAMP 3B ) EEO ERIC
L BZ LML - T D, 72 Mucorizii cAMP
W70 T 4 > X F—EWHFET HNT, cAMP D
EEZ ML TX F—EhEE b, DNA#EAMK L
Z b)) B GRIZTFRAOHEE 2174 ) —&
DRI EZ HiLb,

C. albicans D "R OIS cCAMP » 59 5%
HPEPICOVTURIZ- ED LTy, Fzix C albicans
DFINIC L cAMP B LU cGMP 2 HET 5 Z & 24
b, Mucor & 12312 germ tube FZpEEIC cCAMP i
Eh bH L ( cGMP 134%), #Zrhic dibutyryl cAMP
2T 5 & germ tube FEEAEL ICIRES LS W
IREREELY, ORI MO EED S LS
ENT5ED, BENTRELZSETIHELHN K
IRERIIB LN TV wn,

P E C. albicans » “ o EROBME * FHEY HIRE
HF & AR > THE L 5 E3, £ B
ERALZ, ZEEICOWTIRR EF I T -5

K RAF

REINTWBL, HWHRTIHERLDL o w,
R AR E I I AA - LR L { A2 H—
BICEET 2 DIIFEFICHEL v, A2 sns 7
PR E N L 91z TE8Ek, (recognize ) L, KiZ &
D& 9 7% TEIZFEROEEAL, ( gene expression ) ¥
T - TR LR RIRE 2 L) —#HNE
R (events ) #—OFOEE I, BEZHAER
BN EHRELETH S,

1+ g

e & xR, F'xix C. albicans O fiE £ &
CAMP DB D\ THEBREWT —F 2 /1O TUT
1R~ T2, B—(3 cCAMP O#IHE N AT DXt EE
FEAED IO THML, SERIC AS L3I —EE
ICELHEC 2 ETH B, KB TH cAMP
BT T B <, AR OE ( contact
inhibition ) 2220~ THIEIFIET B L@ kb 2 &
LN TWVED, H5WIIERENCHEUBAR L O
Llnkw, ER 7V a— 2R E0OBRTH B,
TN A—=ZADFEETTH HENAFEEI>HHI S NS
BERINI—2ZRMRFZZIEIHIRTA L )7L
gz LU, BHEMIES L BERME T3S
LREIC RO LN D (B2 ITEERICEEYT 5 1R831), C
albicans 12 BT L RFFOFBEICEL T/ ra—=x
RIRDEAT D2 L 2R IIHERL 72°2°%, BlL, st
o7 a—z2oflilcer = F—db b it GleNAc
HEETZEEIEIT IOV a—22HHL THET 5,
INA—=ZAHRET B LD ) —HORFEBRDOFIHIZL
B RALAHEER (== F—Licx L Tid NAD -
linked mannitol dehydrogenase, GIcNAciZiZ
GIcNAc kinase X 2 (5B %) W BEINTEZDIHE
DA E ) W A RBEFE T bR TS, ZOKT
BN a—2+=r= b — LR RV THBRICE 2
5 ENTE, WIIMHES CRFENEZ AL 2
7 " AEMEREEE (diauxie ) 3L 72 (X3),

HEIC BT 7 v a— 2RI cAMP 7
ErmonTB), HCKkBEAZ 7 —2 - A Xn
IR A FEE I W T EM L Es T ENT
Wi, HEHEICR LN S 7L a— 2R cAMP »B 5
LTWEHLEPICOWTIIEE DWEI L INTE
7205, Bk Saccharomyces B8y cAMP O F| B2 B
THAERKE ARG R ) L 1K T 5 & cAMP
DEERI L WEEZDDDRENLE ) THE, Kx D
T2 > EBH»L L C albicans 12 BT A 73— 2%)
B2 cAMP B 5 % Bbe R 2B T2, -
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A. Diauxie and substrate consumption in C. albicans cells grown in YNB medium containing

0.03% (w:v) glucose and 0.1 % (w:v) mannitol.@, cell growth; [0, glucose concentration in

the medium; A, mannitol concentration in the medium.

B. Diauxie and NAD-linked mannitol dehydrogenase activity in C. albicans. Cells were grown
in YNB medium containing 0.03 %5 (w:v) glucose and 0.1 % (w:v) mannitol. Solid symbols,
cell growth; open symbols, specific activity of NAD-linked mannitol dehydrogenase. To a
portion of the culture was added 4 ug of trichodermin per ml before (A, A) or at ([J,

B ) the intermediate pause.

T, RENT EHOMELZRY 70— 2 RIZZEWE
TENTNRL S HAEBREIE T2 DL Bbh
%) o

V. & R %

BHREENDRERTFICOWTIRZANICHEIN T
5 KR EL TAHL S %, —RICHEDDRK
FHrsHETIRT & L CIRENSCEREES L &
BEZ NG, DYy IREREIIBYTLHNTITL <,
INFE TICATEYE, BRELER BRZOMORH
EWDOEREESL bXoNTE, EIFC, BHNR
RUNEBE RGN L TEEM BN EICEE T 5 R
FEHOPICTEIELERTHS, ZOHTIZZID
&9 HIEE—FEKBERICE D TEREIC BT 2 HEA
NDER & BARD PRI OV THh~X S,

A, BB AEAMNER

1. f+ #&

ORE, BLE, B roMER@CEEZELERL 2
D, MmEH DR A MEEE %2 @8 L THEBNICRAT S,
HD5VIIHEERLLBOATLS, BEH T —TNWVICH
PRETLEVSE ) RERNICRZSIFTSE L

B oML T, [fE»RESERBICEETHL S
EIZBAL L TH L, FDI2OE TR IEER L%
T in vivo, in vitro DR T C. albicans X° Candida
BDOZFDMDOEI L BAED A H=Z2H L bbb
T3 in vitro DER TIHHEIZIRE, 5, BN
TETERFI, ARk, LRMBROFMEEEIREL SICKES

HEIND, —#kic C. albicans 1ZDHREEDTH
Candida J&H 12 le~5R 5% 2R~ L, C. albicans 7
germ tube FZECHIR 12 yveast Ml & D L5 EME~D
TEIESTH S,

& ICBET 2EAHRT (adhesin ) RfEEAAE
7 receptor IZ DWW T DEHRA LN TV EIHTFL
~OVDERBRIZ RS ST v v, adhesin I DWW T
ERBROMGH L DDOMBEE- > F >« T3
IHDBEHRIN TS, ZOMPE L THEEREF D

w Tty Fro B KRB IC L A EARIL
& NE, Candida MHFGIZILER) - BERITOLE

FMNZ 5 EABEREIBETTEZ L, HDWidar st
N) A Ev 75 RoMIBLEE BT XY B HUAIC
o THFELPIEENE L) T—IH»EITFLNE,
R 13H L B SRS SRR B ) B A B iR
#%E BT C. albicans MK DOMCREE % AT L, Mg
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Fig. 4.

Transverse section of C. albicans cells by freeze-substitution fixation for transmission electron

microscopy. Very delicate fibrillar structure covered outer surface of the cell wall (CW). In
cytoplasm, abundant ribosomes, mitochondrion (M), nuclei (N) and smooth contour of membranous

systems are clearly seen. Xx40,000.

BERE» WML HMEEE CELNLTVWAZ 2B LY
L 722% (K4), Zof&idMigsE~e+> - oo
TO—EBEERT B2LDEEZ L5 DTIHE L DB
H SEFICHEREVCHR LW L), —F, BEM
faiz>w T3 L - fucose 7% ) A 117 receptor RER
FELTEITLNED, FoOflic GIcNAc % D -
mannose % &1 glycosides #* receptor & L TOHHES
HoTwarbntBbisd, Candida #l3 & 15 F
FIDTEIC N, BEL 2 > K@ T T RADF%
WDOWTIZFERL LTG>T wds, BZ 5 ER
7 “polymeric bridging” 12X 34D TH A,

2. & #
C. albicans ORI T % =77 22 ERR N T4

T 5 LBOUESEE R, BEERPME 2 oMH I
Lo THERD» LNz EPICHEENE S > 27 2R
WIZE N, T XICHT B BEGEHSC 7 ABGEEY
(LDso 290 ~ 750 pg/g body weight ) e X & F &F 7
EWEES L URBREE L ErH LY, b
DWIRIZ 77 LEHME ONERICHEUOWE & # 2
LITWa, ZHUSHL T C. albicans H* &7 A2 5%
WERIETE: ( LDso 0.3 ug/g body weight ) #5%
“Canditoxin” 7 HE# 2, ZDOERIEL ST EH 75000
DHEMBY S 7 DERNERETH D L) BEH
TENTWB®, ok 912 C. albicans H LI E 1
bESTWE (KREFISHIARGONE S > /37) Hid)
WXL TRBERTFH 74 7% —HORIGEF &k
ZLUBIEMICHER T A BIHL 2 iIc e 5 72, > TR
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Fig.5. Time-lapse cinematographs of in vitro phagocytosis of C. albicans by human polymorphonuclear
leukocytes (PMNs). X 200. (a) Two phagosomes were seen in a PMN (arrow) 44 min after
incubation of C. albicans yeast cells with PMNs. (b) One of the engulfed yeast cells initiated
germ tube formation (arrow) after 113 min incubation. (c) Protrusion of a germ tube - forming
cell within the PMN after 168 min incubation, immediately before the PMN destruction. (d)

The PMN burst after 170 min incubation.

TEMES > U SEICBRRL 2 BT L Candida #i
Bl 72Dy DR A MERIC & - THilEH, &8 L 72K
B RIRDERE 251 53R L, BCBRESIN
EONEREFRETAWEEN»HL LN DL,

3. B #

C. albicans ¥z DER W T 5 Z i3 L <AL
NTwa, FTLEtE7e 77— G EHEOE
PRIERITIEHREGEEN, KL DBLESEAI
Lb~LENTWDY, C albicans # T IVT7 3 v A
HOICHEE T 2 & ZOBROEEFHE I N THKRIMN
ZRBICHWMEND, FTEXK 44000, FE@ pH4.0 T
F2IF AL VEBRIICHEZ N, 2T 7 D&

DHNKFL7RTFT—XEEZLNTWAEY, Ly
L BEFRM LD & 58S 17z C. albicans HHICE 70 T
T—vBEERDALNL VL DU L wDT, 5D
L2 A7u T T —YEEE—TCAUSIRREICRE O
2OIMBEIH S, ERn 7T T —& L FEENME
BrETHEEL LT N REAEZ2ERFEL L TE
%7k X2 E LD keratinolytic proteinase®’ <
WFGEFEN 27— EEEE TR T 70T T —X
D2 COFEDTE LT - T B, Bl C. albicans
DEEABNICEAMML (EAEEY > P TELRE
THrDOICHEETLEEZLNT WS, 70T T —XD
fcEIEN K AR ) — A HEENCGW I NE Z
HRER I N, MBI AT 5 BEERR ZOBEDE
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R ERIEMNOBEL TR I N T, 4% ENE
NOBEORRNERLY L) BEICRIET 2 LE»H
59,

B . 1EE RGP

B BRI 2 EROB S EIIHES 7 4 L2
DFA L FRRICIERF R L RN BEIC ST SR,
FRFUCTHEME & B B BT 2, /-
TZZTIFEDL K AZIEFFRI LR OmES
LERTLHIEIZT S,

1. JERFRAYPH LR

C. albicans DERICHN T 2B EDOFHEEN - b,
FERFRM OB L TEEZAanEKE <7 o
7= L LREERAVEETH DY, AR
PREAINEST S IR RICARE T 5, AHIlINE
B EEHOMY AAIZAVEAERE F 7213 BRI TUE AL
AN (C3BLrCha) Ick»TisEI NG, Fix
i in vitro DR TEMEOBEHAELZ L 5122 &0
575, —@D ERAL A Bk 4 ~ 5 @lo> C. albicans
HZWRY AL EZ2BEL2, RYATAL C
albicans il D 1/3 ~ 1/ 2 BMATRE I N, 4 Z
Bb5L0L %\, PICIZANIA T germ tube # R L
THMROMBEE 2 REORNBEZ T HLINELD
Lhb-o7 (K5),

HEMRIC L 5O IIBRICKF TR
L WRHHAET 57, BEHRITIKTFT 2B RICITH:0,,
0z,0H, OCI", 'O:% ¥ D iEHEEEFE 5> FEHNIEE5T 5,
BRZ 3 2 o~ULE X L — K EOFKE L OHIC & %%
EHHAEETHL, BiZliI o~ It x5 —+ - H0,
- A FCRIZE S TOCI DL, AT 3/
Ber gl CTAREL 70 —NLT I 52 ERT D, #%
3B A A IR B @B {bR> DNA ${0UIMi % 51
ERCY, BEEZLEL L TWRITAMBOBERICE
FNAPEWHE ( Cationic proteins, # 7 72> G, 7
Z7b 7)) EBPNICHHE SN TREERZ
RET 5,

W, MEEDORBRRIZIEEICL 2L 5T, A
TLOBEERE IC & > TILIRMEERE X C. albicans |2 5%
PRI 2EEE STV, Chediak -HIEMR
B (WEODEASTLDIHEITRE) LIEEAZEE
$E ( Chronic  granulomatous disease, CGD;
NADPH oxidase N /RIB 7291 BeF KT O IRE Heh
R 1320FITH 5,

AR OIS S 5FE)) > <8k ( Natural killer

— - i

XK EHT

cell ) »% Cryptococcus neoformans <2 Histoplasma cap-
sulatum 7x ¥ DEHEICXT L CIEFFRAICHBEEE 2R L
BB —ii 2> TV A Z EXBE LIk - Tn
575 C. albicans 233§ AERIEE /L G- Tn
/AN

2. FRREBHHERE

FERFROPHBEICIZ T, SRRV EST 2HIED
HETHDL, P7RAEHWIZERICE- T, KBV 7
Fr, rBEBHEHCITTIF, AT ITDY RS —
LEG DG BRI REF L 25T 2 A HER
NTWwd, ZOL ) LRmBETIADBERL LA 8
RRYZ 3 2 R ROP S I MR B EIC L Y,
MARDHFLEIL H 5 F2ERPIEIME 2 T2 0% &I
PEnEFEbLN TS, HiRIIFEEEKICL L A AM
BMOBRERPIRET A7V =0 L LTHICZ LiIcE
BrHbLHIcBbNns,

# 2V IS B RO Bt RS 2 R T 5 | T,
Bk g A > ¥ 7% ( Chronic mucocutaneous
candidiasis, CMCC ) 3 BELER2 52 TN 3",
CORBIIEFEICREL, HWE, KB, NS bRE
WFREERIERE 2 L TeENZB% &5, CMCC
WKEBLLBED S ZMIEMEREBENRE*H-TH
D, MERBIIIEE>»TLAEH, 2> FHRICE
5RIER B, V) 2o ERERERER, e/ 77—
v IEREZ BT B Ml R EE o BRI &
TNWT, TORBIEWCOPDI L FILHIT bR, #
NENORELCI3RED T Ml ERICEELNH 2 2 L
WEZ LTS, CMCC DEBICIZHT LA 2 57—
WERHTER A ketoconazole D% 512 & 5 BaAARET
PIT bR %2 EIFTwb 2 & 2400z TH<,

Frokr BEFEORBRED» LB ¢ AT LI3E2 DA
FHHEAB > T BED, Edn L ) IcRERMILIC X
5 IR RAVLEE L Ml RB I EETH S Z LWL
PICEN, BbAAICHANLEIIRERICE > T
Wiz B0, C. albicans R Aspergillus fumigatus 7
COBMRBEEICNL Tl S LRS00 7 57—
COELBFHOERE L L, TN LDFEEEEZ M Z /2
Candida |23 Tz SICE _FHERIE L L THi
WRIBHVEINLT D EEZEZDNRYEDL I THDLH, —
T, WIERMEOE M N EFEEE O Histoplasma
capsulatum X2 Sporothrix schenckii DIEGIII L TI3R&
1) »oesk & iEEIL= 70 7 7 — U HFERIYICEC &
EbhTw3,
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Acetyl-CoA

|
!

Mevalonic acid

l

Saqualene

(4) | <

Squalene-2,3-epoxide

l

Lanosterol

] (1)

24-Methylene-
dihydrolanosterol

< ] (2)

14-Desmethylsterol

] (3)

Ergosterol <

Cell membrane

Fig. 6. Ergosterol synthetic pathway of fungi and
mode of actions of antifungal drugs, (1)
thiocarbamate and alylamine, (2) azoles
(imidazoles and triazoles), and (3) polyene

Additively (4), feedback

inhibition by accumulated intermediates

antimycotics.
of sterol biosynthesis occurs.
V. REEEERER

BELIPETHRIN TV 2 HEEF D - HLEHRE
gz & 5 &5 %550 aE % ##lZ amphotericin B, 5 -

fluorocytosine 1 & {F miconazole DhH$H 3K TH Y,

FOMIcREOFREG DORELERITI N OB B DY, 13
LA CIINBREER TH D, B-T 7P LHEWE (4
BB AREER) AL kEaMNERIEL T3
PO M LRI N BB Al 13 2
LYZbBATWL EELEL RNV, ZOBEHD
B—lo, HEVERMETHLOBEEICHL TAEE
TER D e VBIRBEHEDFVERHIBLNIT S WD &
BT LMD, BT, HEREERED KISV Bk
WMEECRBT 2 REMERETH), & LR
HIBE AR L CEX b ThAS, UL, 31

DI & 9 1z B R BYe A o) BE A B SE A RN
DMEMICH B2, L) —BENT-HEEADOBHRED
BHEEL - T3, 22Tl ko 3 &l M
WA A ERBIEZ RN, BRRE THEL SMEEHL
WA EIC O W TS,

A. amphotericin B

amphotericin B 2 ¥ ) = > P WEIZERE M
O N ITZATa— )AL TEORENIME % Kb,
REGcE < (K6), Bpfilan ML 2 70—
KT L T3 B ER VO TREIREMEH L5,
Lo L KEHREICL > TALEROSSBTEE, FEE
e EOBRWER 21  falelhsH 5, %728 amphotericin
B 0iflg 2 F N 2T NVFEREHZY, YRV —
LACE AL TEIRMIC ST 5 4 & ORITER OBERK
DRALNTVE, 2Dk ) ZHEITE-> TWb2°Z
DEFNIEREEHE2LO0T, RIEEHETLE
B+ ( immunocompromised host ) IZiXFE—DER
AThHd, LPBOMEERTIIEOESCEREONRIC
A 5N5 C. albicans O RERFEIZ*T L T amphotericin
Bhroow72#0RNICLITSEEIEHLHEHT
THHEWGEMREEREL T3,

B. 5 -fluorocytosine

5 - fluorocytosine ( FC) [3&many) 32> TF
u—7THY, BREEEEICHL TT SR RESE
#HL T3, ZH¥EHKL cytosine permease IZ L -
THIBINIC#IE 2 1, KIC cytosine deaminase |Z & -
THRT7 3 /L& T 5-fluorouracil (FU ) i2ZEb b,
EHICWL OB EREZIT TERSI NS -
fluorodeoxyuridylate ( FAUMP ) %5 3 & > BEARK
E#% ( thymidylate synthase ) #[H#EL T DNA 94
BEELAEZT (BEER, X7), 2offucd FCo
R#@H» &I RNAICERD A, #MIEARNA D
uracil #* fluorouracil TCE#RE N TEEZ RNA 4K
End, FChrappmbaicx L CHEMEZRE 2 VWERIL
cytosine deaminase 2 Ejfiig Iz £ FEL k2 F
IR EL LAy FEERT, cytosine permease iEM
LKW L TH D,

FC izBIfEH D 7 W RIREMEF L T 5 M,
B O BB & v ) RAEDH BV, BRk»
LR NS C. albicans O 57 %7 FC &, 6 %h*
EEmTE, &Y 037 GhrhEEtEE R L2 & v oK
Eo#EhH 5, BLOBEIEFARIC L 5 & C albicans
3% 2 5K (diploid ) T& Y, MmN IEHA]
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Yeast cell de novo RNA
membrane pyrimidine synthesis
synthesis
| uTpP
! o
C - U UMP upp duDpP dUMP =—-+---=dTMP
(1) (2) (3) (4) '
FC ~FC ~FU FUMP FUDP — FdUDP — FdumMPC
t
FUTP Inhibition of
NA synthesis
Abnormal RNA
synthesis
Fig.7. Metabolism and mode of actions of 5-fluorocytosine in yeast. The normal pathways of de

novo pyrimidine synthesis, pyrimidine salvage, and thymidylate synthesis are indicated
schematically. Several enzymes involved in the pathways are: (1) cytosine permease, (2) cytosine
deaminase, (3) uracil phosphoribosyltransferase and (4) thymidylate synthase.

Abbreviations : (F)C, (5-fluoro)cytosine ; (F)U, (5-fluoro)uracil; (F)UMP, (5-fluoro)uridylate ;
(F)UDP, (5-fluoro)uridine diphosphate ; (F)UTP, (5-fluoro)uridine triphosphate; (F)}dAUMP, (5-

fluoro)deoxyuridylate ; (F)dUDP,
late. (Modified from ref. 51.)

WP EEFIE~T 2 BA4K ( heterozygote ) TH 2 =
EGghr oz, 1€ TT aiEik) &8 ( mitotic
segregation ) {2 & » THhEHEAR ( homozygote ) »¢
AU 5 & EETE & ERIRSE R MR T 5 ( FCY/fey
— fcy/fcy + FCY/FCY ; fcy i3 41 o resistant
allele ), 3 SICRRSZMELHRD 5:B5F (FCY ) 12 FU
#) 8t L T FUMP 2 Z# 3 5 7 I1c ) { uracil
phosphoribosyltransferase (%54, UMP pyrophos-
phorylase ) DEA* XA T 2 BEZT TH L Z L0 h
D, HHEOREHBAK (fey/fey ) 132 OBEERINT
Bl BEMMEIC LIt EXHELRIT 512,
F Dfic £ T2 H % cytosine deaminase iEHEND K
iz k- Ttz BB LHRImoN T3,

C. 438V —NRMEHFA

4 2 7/ —RPERA] ( miconazole, clotrimazole,
econazole 7 &) 132 10 E£ic BT 2 HEBEKI O
FDHLLE HEHT X7, miconazole VS z 3~ A
MEERTHSL, ZOBNTMEERII _EENETL
sz, EENRATo—LAKRRICEBL, lda-
demethylase ( cytochrome P -4501s0m monooxy-
genase ) IC& > THIEI NS lda-AFNLZTa— L)
C-UPAFMERIEZBET S, ZORHER, TLTR

(5-fluoro)deoxyuridine diphosphate ; dTMP, deoxythymidy-

T NLDERSHES N, FHEED lda-2F 12T
U AEEICEE L CREFRLZ R T B L»
&n (H6), 4 37V —nizgwlilaon : 7o
Y — LEGH 7 cytochrome P - 450 isozymes |2 & %
AT 3, EEHMIED cytochrome P - 450 (2 e~
M % DR, ZDED A 2 7Y —LEID BN
EREMLATLHEBEEZ LD, Z0EHK|IZ MIC
(RANREMHILBE) EoEBECIIEROHMILE )
YHREICN L TERNICHEL 5 R, FORREE%
DEEB LUK A * > % & EE LM ENERS DR L
ZIRAE L THEHEANCE <, ketoconazole 128 L { AL
ENT2NRFTEREDKEMA I 7V —NBEEKTH D,
W& > & DR DR T & < AR TIRBE TR
WHEBE A7 P2 L LEWER D Wi E ol
FHELTw3, ZoficA 37— &l LR U ER#E
E2RY P T - LRMEEAIR R T o — VA&
BDBINEMIICIER ( squalene epoxidase &M % [HE)
FTEFAANNICBBEUOTINLT I > RERK
DERFEME»ED LN TS (K6),

AN MEREAOBERE & 135, BEEOERHIER
MREBDDIIDICRFIEILTRALENT S,
ko> amphotericin B ooz, FC & amphoter-
icin B O R0 RS EREDBEIC LITLITTT
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LbndDI3Z2DHFEITHSH, amphotericin B EH

MRS sFE @M % 5o, FC DD ARMBEIRE S 5 =

EDT TG5> T BEDT, MBNFEHICL » TFC
it o> H 35 & amphotericin B D EIfERABH 1F & f,
FHFE 2 PUAETEESBIF I N T35, L LISFRIZH

BIcxT 5 B-7 7 7 1 0iEWMEIBERSLETL L,
BEROMIEARRZ2MET L L) b B —BRIRE

DB ERBEE L BB ORI EE N D,

VI. b YL

SEOE TR~ L 512 C. albicans HDAEMEEFEIT A
DH o TWEWVWDT, THOEDEBRFEWFREIZ
Saccharomyces BERF7e ¥ I B L TS TR TH 5,
Ly Lk, MEEZBRwWix 70772 284
EHL5WH0LHERMANE ( parasexual reproduction )
DFEDFEL L, F72 C albicans DBZFI7u—=">
T ELIEDLENT VB 2k LBnFEHFE
% C. albicans DB AERE, FEEHKR, WEKETF, EH
DERBIEB L UMD L K ADBITICIERT A Z &
2k - T, ZDBHMEFERIZ DT OEBEM DR
BEJCHEE D, BRIREANDEBRICOL S L D EHEE
LTwb,

W OB REAEKRZBICHRY, BEOVEY (HR) X
Candida DHRT —~ 452 THE ERAICHBE L 585
BEBLBE, THERBXFEFHRE MEAM—HIRIC
RELLIHBLRL, HENICARELZBTEY, ok
bhEE R C BEEE R S 3 L 2k ERTHEIR, &
b NZHIC BIRE L BN E £ B 2 JUNRF s A 3R B 4
FHLEEFIRIC L S BHELF T,

518 3#k

1) &T@EZ, NEREX £ & FIEZE, ZtlE
XK RIEDENRGI D b A ERERERE & 7M.
HRZsic oW T, EEES, 28, 241-249, 1987

2) Shepherd, M. G., Poulter, R. T. M. & Sullivan,
P.A. . Candida albicans: biology,
and pathogenicity. Ann. Rev. Microbiol. 39,
579-614, 1985

3) 0Odds, F.C.: Candida and Candidosis, Leicester
University Press, Leicester, 382pp, 1979

4) o, BiE O OM, ARNAT OREEEY, &
s, =R, 413pp, 1987

5) Meyer, S. A, Ahearn, D. G. & Yarrow, D.:
Genus 4. Candida Berkhout., In; The yeasts,

genetics,

6)

7

9)

10)

11)

12)

13)

14)

15)

16)

a taxonomic study, 3rd revised and enlarged
Ed, N. J. W. Kreger-van Rij, Ed. 585-844,
Elsevier, Amsterdam, 1984

McGinnis, M.R., Ajello, L., Beneke, E.S,
Drouhet, E., Goodman, N. L., Halde, C. ],
Haley, L.D., Kane, ], Land, G.A., Padhye,
A. A, Pincus, D. H., Rinaldi, M.G., Rogers,
A.L. Salkin, I. F., Schell, W. A. & Weitzman,
I.: Taxonomic and nomenclatural evaluation
of the genera Candida and Torulopsis. J. Clin.
Microbiol. 20, 813-814, 1984

WAt | gk OB H OB & BEEE¥EAD
w8, T AT 4T, 33, 2-13, 1987
San-Blas, G. & San-Blas, F.: Molecular
aspects of fungal dimorphism. CRC Crit. Rev.
Microbiol. 11, 101-127, 1984

Odds, F.C.: Morphogenesis in Candida albi-
cans. CRC Crit. Rev. Microbiol. 12, 45-93, 1985
Cassone, A., Sullivan, P. A. & Shepherd, M.
G. : N-acetyl-D-glucosamine-induced morpho-
genesis in Candida albicans. Microbiologica
8, 85-99, 1985

Chattaway, F. W., Holmes, M. R. & Barlow,
A.J.E.: Cell wall composition of the mycelial
and blastospore forms of Candida albicans.
J. Gen. Microbiol. 51, 367-376, 1968

Braun, P.C. & Calderone, R.A.: Chitin
synthesis in Candida albicans: Comparison of
yeast and hyphal forms. J. Bacteriol. 133, 1472-
1477, 1978

Chiew, Y.Y., Shepherd, M.G. & Sullivan, P.
A.: Regulation of chitin synthesis during
germ-tube formation in Candida albicans. Arch.
Microbiol. 125, 97-104, 1980

Chattaway, F. W., Bishop, R., Holmes, M. R,
Odds, F.C. & Barlow, A. J. E.: Enzyme
activities with  carbohydrate
synthesis and breakdown in the yeast and
mycelial forms of Candida albicans. J. Gen.
Microbiol. 75, 97-109, 1973

ARHED, PNEESR, EEARFESR, PR Z
FEH Candida albicans OGN E HEED,
HBEE 26, 216-220, 1985

Shimokawa, O., Kato, Y. & Nakayama, H.:
14-methyl sterols and

associated

Accumulation of



26

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

R B

defective hyphal growth in Candida albicans.
J. Med. Vet. Mycol. 24, 327-336, 1986
Manning, M. & Mitchell, T.G.: Morpho-
genesis of Candida albicans and cytoplasmic
associated with differences in
morphology, strain, or temperature. J.
Bacteriol. 144, 258-273, 1980

Brown, L. A. & Chaffin, W. L.: Differential
expression of cytoplasmic proteins during
yeast bud and germ tube formation in Candida
albicans. Can. J. Microbiol. 27, 580-585, 1981
Ahrens, J. C., Daneo-Moore, L. & Buckley,
H. R.: Differential synthesis  in
Candida albicans during blastospore formation
at 24.5°C and during germ tube formation
at 37 C. J. Gen. Microbiol. 129, 1133-1139, 1983
Dabrowa, N. & Howard, D. H.: Heat shock
and heat stroke proteins observed during
germination of the blastoconidia of Candida
albicans. Infect. Immun. 44, 537-539, 1984
Finney, R., Langtimm, C. J. & Soll, D. R.:
The programs of protein synthesis accompa-
nying the establishment of alternative pheno-
types in Candida albicans. Mycopathologia 91,
3-15, 1985

Russell, P.J., Welsch, J. A,, Rachlin, E. M. &
McCloskey, J. A.: Different levels of DNA
methylation in yeast and mycelial forms of
Candida albicans. ]. Bacteriol. 169, 4393-4395,
1987

Hubbard, M., Bradley, M., Sullivan, P,
Shepherd, M. & Forrester, I.: Evidence for
the occurrence of calmodulin in the yeasts
Candida albicans and Saccharomyces cerevisiae.
FEBS lett. 137, 85-88, 1982

Muthukumar, G. & Nickerson, K. W.: Ca (II)-
calmodulin regulation of fungal dimorphism
in Ceratocystis ulmi. J. Bacteriol. 159, 390-392,
1984

Gupta Roy, A. & Datta, A.: A calmodulin
inhibitor blocks morphogenesis in Candida
albicans. FEMS Microbiol. Lett. 41, 327-329,
1987

Pall, M. L.: Adenosine 3, 5-phosphate in fungi.
Microbiol. Rev. 45, 462-480, 1981

proteins

protein

27)

28)

29)

30)

31

32)

33)

34)

35)

36)

37)

K RET

FE L), WAL D MIESHEE L ORE R
BT 5 cAMP oi%#El (¥ ER OS5 THERFIC
B s EiLnMES), ML T¥ 4, 328-338, 1985
Sypherd, P.S., Borgia, P. T. & Paznokas, J.
L.: Biochemistry of dimorphism in the fungus
Mucor. Adv. Microb. Physiol. 18, 67-104, 1978
Niimi, M., Niimi, K., Tokunaga, J. &
Nakayama, H.: Changes in cyclic nucleotide
levels and dimorphic transition in Candida
albicans. J. Bacteriol. 142, 1010-1014, 1980
R E— . Candida albicans \= B+ 5 73— 2
MR FOFE, WkB L ORIEN cCAMP BE -
DER, BREEE 75, 356-365, 1984
Johnston, M.: A model fungal gene regulatory
mechanism : the GAL genes of Saccharomyces
cerevisize. Microbiol. Rev. 51, 458-476, 1987
Niimi, M., Tokunaga, M. & Nakayama, H.:
Regulation of mannitol catabolism in Candida
albicans: evidence for cyclic AMP-independent
glucose effect. J. Med. Vet. Mycol. 24, 211-
217, 1986

Niimi, M., Kamiyama, A., Tokunaga, M. &
Nakayama, H.: Evidence for a glucose effect
on N-acetylglucosamine catabolism in Candida
albicans. Can. J. Microbiol. 33, 345-347, 1987
Matsumoto, K., Uno, 1., Toh-e, A., Ishikawa,
T. & Oshima, Y.: Cyclic AMP may not be
involved in catabolite repression in Saccharo-
myces cerevisiae: evidence from mutants capa-
ble of utilizing it as an adenine source. J.
Bacteriol. 150, 277-285, 1982

Douglas, L. J.: Adhesion of Candida species
to epithelial surfaces. CRC Crit. Rev. Micro-
biol. 15, 27-43, 1987

Tokunaga, M., Kusamichi, M. & Koike, H.:
Ultrastructure of outermost layer of cell wall
in Candida albicans observed by rapid-freezing
technique. J. Electron Microsc. 35, 237-246,
1986

Cutler, J. E., Friedman, L. & Milner, K. C.:
Biological and chemical characterization of
toxic substances from Candida albicans. Infect.
Immun. 6, 616-627, 1972

Iwata, K.: Fungal toxins and their role in
the etiopathology of fungal infections., In;



39)

40)

41)

42)

43)

Candida albicanso) -4y & 3% R 27

Recent advances in medical and veterinary
mycology, K.Iwata, Ed. 15-34, University of
Tokyo Press, Tokyo, 1977

Shimizu, K., Kondoh, Y. & Tanaka, K.:
Proteinase production and pathogenicity of
Candida albicans 1. Invasion into chorioallan-
toic membrane by C.albicans strains of

different  proteinase activity. Microbiol.
Immunol. 31, 1045-1060, 1987
Riichel, R., Tegeler, R. & Trost, M.: A

comparison of secretory proteinases from
different strains of Candida albicans. Sabou-
raudia 20, 233-244, 1982

Tsuboi, R., Kurita, Y., Iwahara, K., Hirotani,
T., Matsuda, K., Negi, M. & Ogawa, H.: The
biological role of keratinolytic proteinase
(KPase) and its inhibitor on the growth of
Candida albicans., In; The biological role of
proteinases and their inhibitors in skin, H.
Ogawa, G. S. Lazarus & V. K. Hopsu-Havu,
Eds. 161-173, University of Tokyo Press,
Tokyo, 1986

Kaminishi, H., Hagihara, Y. Hayashi, S. &
Cho,
collagenolytic enzyme produced by Candida
albicans. Infect. Immun. 53, 312-316, 1986
Barrett-Bee, K., Hayes. Y., Wilson, R.G. &
Ryley, J.F.: A comparison of phospholipase
activity, cellular adherence and pathogenicity
of yeasts. J. Gen. Microbiol. 131, 1217-1221,
1985

T.: Isolation and characteristics of

44)

45)

46)

47)

48)

49)

50)

51)

52)

53)

Murphy, J. W.: Host defenses against patho-
genic fungi. Clin. Immunol. Newslett. 7, 17-
22, 1986

Fromtling,

R. A. & Shadomy, H. J.: An

“overview of macrophage-fungal interactions.

Mycopathol. 93, 77-93, 1986

Tokunaga, M., Tokunaga, J. & Niimi, M.:

Leukocyte and macrophage moveménts under
phagocytosis. Biomed. Res. 2, Suppl. 13-22,
1981

BPIRER] | AN & BB S 2 T 4, HHMEEEES,
41, 783-795, 1986

Kirkpatrick, C.H.: Host factors in defense
against fungal infections. Am. J. Med. 77 (4D)
1-12, 1984

Rogers, T. J. & Balish, E.: Immunity to
Candida albicans. Microbiol. Rev. 44, 660-682,
1980

Kerridge, D.: Mode of action of clinically
important antifungal drugs. Adv. Microb.
Physiol. 27, 1-72, 1986

Whelan, W. L.: The genetic basis of resistance
to 5-fluorocytosine in Candida species and
Cryptococcus neoformans. CRC Crit. Rev.
Microbiol. 15, 45-56, 1987

Whelan, W.L.: The genetics of medically
important fungi. CRC Crit. Rev. Microbiol.
14, 99-170, 1987

Riggsby, W.S.: Some recent developments in
the molecular biology of medically important

Candida. Microbiol. Sci. 2, 257-263, 1985



