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Hyphal cells of Candida albicans bind to human hemoglobin, but not yeast cells. The amount of hemoglobin recep-
tor is significantly higher in hyphal cells than on yeast cells. Only the hyphal cells of C. albicans use hemoglobin as a
source of iron. The culture supernatant of C. albicans promoted the disruption of human red blood cells (RBC) . Hemo-
Iytic activity was detected in a sugar-rich fraction (about 200 kDa) purified by Sephacryl S-100 chromatography. As the
hemolytic activity was adsorbed by concanavalin A (Con A)-Sepharose, the hemolytic factor might be a mannoprotein.
The activity was inactivated by periodate oxidation, indicating that the sugar moiety of the mannoprotein plays an im-
portant role in hemolysis. The structure of the sugar moiety of the mannoprotein was identified as a cell wall mannan by
'TH-NMR analysis, and purified C. albicans mannan promoted the disruption of RBC. The binding of mannan to RBC
was demonstrated by flow cytometric analysis and was inhibited by the addition of the band 3 protein inhibitor, 4,4’ -di-
isothiocyanato-stilbene-2,2"-disulfonic acid (DIDS) . The hemolysis caused by mannan is inhibited by DIDS, 4-acetami-
do-4’-isothiocyanato-stilbene-2,2 -disulfonic acid, and Bis (sulfosuccinimidyl) suberate, but not by pyridoxal-5’-
phosphate. A new platinum derivative of the form H [Pt (IV) (Hdigly) Cl,(OH),] (Hdigly=glycylglycine) has candida-
cidal activity 10-fold lower than that of cisplatin.
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MM C. albicans NIH A-207 ¥k7Y, "€/ 1O
ECR U TEMMEZ RThWENEREF L. &
MAEZOE>TI—hLERBRENEICNT S
C. albicans DI E M ZR/E L =& 2 A, C. albi-
cans BRE WA T BRE NEEIZHREIZTE L T
7=ny, BERHEREATIE, BB NEEANOE RS &
MERED 1/4 ETIERTF L TWi. C. albicans ®
ERANEZOEICHT B LTy —FEEN B
BEERE TRESD TWSHEEOH D ZEn D,
FITC B NEZ/ O E > ZHWNWT, BARKREONE
ryoaEr L7y —REHEOEKEE{T> . C. al-
bicans B B B 1K 2 RPMI1640 5% #lirf © 4 B R 5%
BIBIETHSNEFEREEHAEZRILITY > (&
IR 1%) TUHE L 21, FITC-ANEZ/DOE>%
FAWTHESE U /-, FACScan (Becton Dickinson) #
FAWTEHEKD =0 OHREZREL /& 25, H
M AL R NOF: S AR S S A NOK: o A
N, ARICHEBLTHBY, ERABEAKREONEY
OE> Lt 7y —REENEERG I THEML T
Wb ZEMHLNIIRS . £, ZORKEIRE
BOREHBANEZ/OE L ICEOHEEINDZ EN
5, ZOLY T =TT OE ERNT G
THIEBHLSNTRES L.

2-2. C. albicans D~NES/ OEFIHRE C
albicans DN\EZ7 O E HFIED, FARBENDEE
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BCKDEE®RIND ZENS, NEFOE > %%
JHELUTHAT28EICHENDD DO 21T
o7z,

C. albicans (3RO B N5 > 27 ) > (BES
B) Z8REELTHRIHTERWI ENS, Ko
BT RN 272 > GESKEESRD) &
ADHT ETH]RILL, C. albicans \Z&>TDOERZ
REZFERHLZ. ZORERIIHKFEEL T PANE
7O R EMAGEE, ERZODE% Alamar
blue iEZHWTHIELAZ., 7HRE A2 7Y
COEHMTE D C. albicans O EEFEEE L < Il X
N, ZOMHHRERERABEEDOS S, NEJ
OB ZRMNT 22 LR D BERGFEWICEEL
(Fig. 1A). Z OHEEMN S, C. albicans B4R E K
BANEZOEZ#EELUTHAL, HETE5Z
EMHSNTIE 2, — T, BREEEOSRG, 7
RN T AT 2 K2 HEIENREED N T
OERMTHEEL TE5Y, BRHETIE, NT
JoErEHEE L TRDIADRNWT EAESNIT
72o 7= (Fig. 1B).

2-3. C. albicans 5% FEOFMEY  C. al-
bicans 13, FRIMEREPET B EIcLDAE/OE
COMEERESEDNNRNIDONTHRFNZfT>
7=. C. albicans D¥5# L& & & MRIMER 280 -
gL, BihiciHIN AT OE > EEHIE

B) Yeast cells
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L, BWIMZRICHE L=, C. albicans DR ILHE T D
X, BEEBEA 2 HE SRS N, T ORIMIE
M1 27.8% /3 X 107 Candida cells TH - /=, DR
MEVEE, ANZALEE (100°C, 10 47f#]) %> Pepsta-
tin A DIRMEETHEIN VW ENS, ZOR
MIMERN, WEROEET DY N7 B oI
5HDOTIEWETHEL .
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SephacrylR S-100 /71 7 LA ZHAWTHT IV ABZEITWY,
200 kDa T D FE 2 B &I & O &4 FHi 43 S VAL
EME B SOug 720 DIEME 39%) NI
7z, ZOFEERESNT, PURKT 1 FURICKIEL T
B, TOEBPIIIFONEENTND T EDVGE
B N7z, VA MG M & R 9 2% B K1 5 2 Con A-
Sepharose THLFEL, ~> / 7FO51 > 2L,
EL7zEZ A, BEBIEIZN0%EA L, WEiMmistk
HEEZ V%W LT=. ZORENS, LHEAKRES
WEENLY /7071 AN ZRIES ETn
L5 ENHENTIED .

£z, ZoOX> 707 > EEI YRR
HZEICRD, BMIESEAHERT DT EMNS, i
oy (R>F ) MEMICEES T % REME AR X
Nz, WMENEZRT~ >/ 7071 > OREEREE
Z 'H-NMR {EIZ K O gt L7z ("H-NMR A X7 b
L DIFJE L, Shibata 520 OHHEESHEL Tiro
=) &Z A, C. albicans fiflgkE~< > F > ® 1,2-p-
MBS THRY 5N 5 4.84, 4.85 ppm D E —
7R o- FEARISEZ R 5.38, 5.27, 5.14, 5.03,
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Mannan + DIDS

491 ppm OE— 7 ki, MfEEX O HH X
NZHI2F 2 EMENITEML TWD Z &N SN
2> 7z,

% T, C. albicans fifaBEL DRER L 2~ > F
COBEMENEKE L. ¥ oK,
Suzuki 5 @ HiEWIZHES TITVY, DEAE-Sephadex
12X %4 TIE, 0.05 MNaCl i H i/ Ot~ >
F (BEEES%, ZNVHEGES%UT) &2%E
BICMA L. £k, BMAY > F 2 RMCE 5
BIEDOEIHKET 2 HDTRWI EZIEHT S H
KT, SFANTORUOY Y ) —AZ2BEET
O—)VELTHERLE 20/E, wid< > F >
BEIKEL TRESNEZD, TFANT ORUR
> —ADTMTIFFEMIZED s Niaho -,

2-5. YT rORMEEEE YIS ITK
HIEMMNRBEDEICE D DD TRV EMD,
R FUNRMRANEHEREGL, BzFERET5E
TN, 22T, Yo F 2 ERMERE DREA
% FACScan & i W CHEGR L /z. Figure 2 T/RL 7z
L9212, ¥ 2F VUEFRMERANDOHURE R T 1 filk
DfEEEIE, YT RN SR TEL <K
mLTHO, ¥F NRMEREMMICHESG L TWS
ZEMNMRING, RMEKKICFEET % Band 3
2, RIMICEAGdTaZ&ENMeonNTNWS I En
5,22 Band 3 [HZE#| (DIDS: 4,4’-diisothiocyanato-
stilbene-2,2’-disulfonic acid) ZfHL, ~ >+ >
ERIMIRE DIEEGHERBEZIT >, TOHE,
DIDS ILH# L 7z R MERAND < > F U fEGEMNE L <
WAL THD, <¥>F 7 Band 3 #47 L THRIMER
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Fig. 2. Measurement of Mannan-Binding to RBC by FACScan
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Fig. 3. Measurement of Mannan-Binding to Band 3 Protein by the Surface Plasmon Resonance Apparatus

WAL TV SR I/,

~ > J > & Band 3 OfEG %, SPR670 (HAL —
F—&I L7 hOo=ZZ7 ) ZHWTHERL Z.
Figure 3 T/rL 7LD, X2 F > D% Dif.
angle DEN FRLTHD, 2o —F v Sz
FONKEEG LI ENHER SN, BSAITKST
OwF > 1%, Band 3 24§ A9 % Z & T Dif.angle
ODEMER LT EMS, Y2 F 212 Band 3 2%
Gl ENGEHEI NG, £z, ZOHEEIL DIDS
ICKOBHEINTHYD, Fig. 2D#ERES—FL -
ZIT, X>FOEMMN DIDS THETES
MNIRINITDNWTHE 217> 7. Tablel T/RLZ
KOIT, ¥ FITXBHFIMIT DIDS LHEIZ XD
eIl NEZ. AFIXEEY (DIDS,
SITS : 4-acetamido-4 “-isothiocyanatostilbene-2,2 ’-
disulfonic acid) K 7F BS? (Bis- (sulfosuccini-midyl)
suberate) |3, Band 3 ® S39 HH KU 542 HBH D
Lys BEICHEETH 2 ENAI5N TNV S, 22 SITS,
BS* Z W TR Z{T>/ & 2 A, DIDS &[FHEERIC
RoF I BEMmMMNEL S HfH SNz, PLP
(Pyridoxal-5’-phosphate) %, 7= Band 3 & #11%
ME &L THISN, Band 3 @ 851 FHH D Lys Rk
IR T D2 ENHSENTNS. 2 LrL, PLPOD
WINTRE~Y > F XDz 2 &dTE
Moz,

Table 1. Effects of Anion Transport Inhibitors on Hemolytic
Activity of Mannan

Inhibition Concentration (mm) Inhibition (%)
DIDS 0.10 86.0£2.2
SITS 0.50 91.8£1.0

BS? 4.00 78.5+0.6
PLP 0.25 0.4+0.1

3. FRMEAMEORRE

MR U CTHESIUEDEIL, BE<HFEIN
T2 DTN, FIEEF DI T 27TI3E
NTHY, WRIZEHIN TS EREAOREEIT
DIBNONBIRTH S, £ T, TEFERFIHER
FHELLFAFREZTY, ARZSTFHNIRELE
NEFREHSFEROMAZIT 2. FHBRLE
¥ (H [Pt (IV) (Hdigly) Cl, (OH),]) (Hdigly=
glycylglycine) DOt > P FiEM %, C. albicans 12
FRZMH L Tt L7z, HIPt(IV) (Hdigly) Cl,
(OH),] &, ML /= C. albicans 12 #£3 X T D
JEZEMSI L, £ @ MIC O fEid 0.077 £0.003
mM TH o /=. £/, H[Pt(IV) (Hdigly) Cl,
(OH), ] D Eh Wyl f 1T %t 37 % Ml 45 &9 M1, C.
albicans \ZHR T BERICHRTE S, R§EEEHE
IR 2 GEEEZ RN L X)L THA S Z &Ik
L.
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C. albicans O & R~ D REZ L 239 [ P 12 BE
%ITDHIEE, INETIXDBVNDONOHEN/LS
NTND 220 BRENSERENOFEDOEL
W, ERNOBREICEILT 272008{tEEZEZ 5N
LM, TOFEMIIOVWTIEHSMhEINTWEND
2. AR TIX, C. albicans WELE{LNBANESOE
CESIHEELUTHATSRNICEBEET S 2 L%
ML, Zofizairoik.

WX U®DIZ, C. albicans DBEEIZELD, NT
7ar NN T 20 mE T 2. Bl
X, NEZDOETI— b ULAERBRE IS 2B
R OREREEEDOME Mz i d 5 2 & THIEL
7. BREEEDOANEY OE B ABRE D
B3, BPEARSLENTELIEMLTBY, #
RIEEERNPANEZOE > E<HHT 2 ENHS
MiZieo 7z, E£7z, FITC- NEZ/ OFE > THEHEIK
EEHBLUEAREGOANEZOE LTS —BZ2H
ELRETZA, BREBREAEARBONE/DE > Lt
Ty —BEENBRBICHERTEEICHEML TS
D, NEZOEZLETY—DORBAEOEMA, N
B/ OECHEHIEOEMOER EEZ 6N 20
NEBEZOE CBMEOZEIZ, NEZOEFIHGEI
b BEEZTVWLIENTRINSZENS, A
EBE/OECESIEE L THIAT SRE71TD W TR
Efiofz, THRMENS 272U 2 EAWTHEL
8RR ZIRBEIC, SKRE L TAEZOEZMA,
B OMIIREEN SR E L TO@E 2R L. 7
R T A7 oY D EFURRHP T, FREH
ROMHEITE L < IH S N7=h, NEFOE DR
I XD IFEDEHENED 57z (Fig. 1). —74,
FERMBEARTIE, NEZOE > ZIMATHEDHEIHE
WHREIZEE L Rho 2. ZOENS, C. al-
bicans \IHERIENDIBREITHEN, NEZDOE >
FIHBE N ZRB TN RBINz. £/, C
albicans W3 EMIMTIEIMRNF2REBEL, NEZ/DOE
CEENREEHD TVWDE I EBH LN, T
NETH C. albicans \T X B HEM ST G SN T
WBM, D AR TO— M LRMERE C. albicans
FARR A ORI (LR FEOHEERICES D
THO, AERNTEZZBSEZHHT 5D TIER
Mol LML, AW TRLELDIZ, C
albicans ¥53& i SEIMETFORE I NI &

M5, C. albicans \IZIZEIMICE D RSN HNE
roErEHEE LU TCHAT 288G O EET
LZEDNHSNIES . £ 2T, C. albicans ©
BE#& EIEFITHE S N A E KT O [FE &6 iR
DT ZT-o 7.

C. albicans VX B K125 >IN 7 8 7y fi B 3
(Aspartyl proteinase) =T B ENHMH5NT
B0, RIMMBRITY >INV Ao fREEEDOE 5T 5
WREMEAIHEZR I /=, LA L, Aspartyl proteinase
FHEA] (Pepstatin A) DR K& EF 3 Lid O nEL
JLEE (100°C, 10 43FH) TUE, MG 2 Hifl 9 2
ZEMTERNWZ ENG, BEMRFIE, F20N0H
RN OME TH D EEZE 2 BN, BE L
KEENIMD T I AMICKOEHLIZE T 5,
4y F &K 200 KDa O 25 H (K [ 73 70 © Vs T P A3 A
Nz, ZOEMIHIRET 1 Hiis Ukt
ERTIENS, XOFUEBATVWDZENHS
MIZIE o7z, Z OSSO EEEROKEH>1E, Con
A-Sepharose |2 X D UL X #1, Con A-Sepharose IZ
e U7 WEG N 51, ISP S s
o, INSOFERMNS, WG Z R LR
DOEERMIT >/ 7O574 > THO, TR
DHERNTHD I EMRBEINZ. v /7071 >
DEFEMIETEL, B3V RBUHICIDFEL <EFT
52 EME, WIS > 259 % e
WAVRE I NIz, WWIE~ > T 0T > OB
5% 'H-NMR @i L 7= & 2 5, C. albicans i fd BE
T EEMLEE -V R RLTHD, BIEMIC
MF SO THELL TWaE ZENEHLENIR S 2.
ERERDIAMICE ST 5 Z & 2T H2HMT, M
fakg< > F a2t TN ELUTHERL, WIiEED
HIEZTo 72, <2 > OB K DIFMAELES
NTHBO, X F 2 MNMAMICEET 5 Z ENHS M
2oz, R 2F RN X AR IR EEEIC
KBBDEEBEALGNLN, TFART I ) —
AWM TIIFMAMEE ST NN ENnG, TOH
REMEIX B E I N, RMERRHADY > F > DR
1%, FACScan @HTIC K DEEHE /20, ZO/E
(3 DIDS (Band 3 fHFA]) ICXDELSHEFZN
THBD, I2F ORIMEREICEET D01 4 i
EY NIEO—FTdH S Band 3 2 L THRIMEK
KG9 Bl fetEdvR S /- (Fig. 2). Band 3
EXF I EDRER, KET I XE HIGEEZ
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W= HE THRZITY, TOHAEMEKRD DIDS
r&%#Amiéﬁ%bt(mgw DIDS 73 >
—RIMEFEGEZHET D ENS, 2T 20T

J:éimm%if: DIDS CTHHETEZSHDEE X,
Matz2iro7/-. ZOEBRTIX, Band3 Eo~v >
CREAEAEHEE T S HMT, Band 3 NOFEA T
R/ 544D Band 3 HERI AL 7=, A F
N AbEY (DIDS, SITS) KX BS3 1%, #RifmER
ZE @ Band 3 @ 539 &) 542 & H O Lys BRI
BEZHEA L, PLP X 851 % H D Lys BTk S
THIENMENT NS, 22 Table ] T/RLUZX
212, AFIVRALEY (DIDS, SITS) K UX BS?
1%, Yo FricksEmaEEL S HH LN,
PLP TRRIAMZHETE Loz, ZOHEMN
5, ¥Y>F & Band3 EDOFESITIE, 539 KU
542 FZ%H D Lys AN 59 % LRI N/
XTI K BBEMERISB SN TERMN S 2
7%, Band 3 [Zf& 1 F >k LIS BTG D& E
[EANDBEENIMEINTNDE I EMS, D F >
@ Band 3 NDFEG D, BHEOALZENLZLI KD
L, BiZEEIEZ2HDEEZSNS.
ERNITEA L C. albicans 2543 2 Hi4EME
ORISR SN TH O, MEEICHT 2PIEMEITH
NTEFO¥, HELIIDRNONEIRTHS. K

TIE, THEFERFLEBEEE SRR T,
Hb % 0 FWNICRA U7 PR E M BB B8R OB
Z{ro7=. HiHEBA&EY H[Pt(IV) (Hdigly) Cl,
(OH),]) I\l > DFEENRD 5N, B
YRz 9 B MG =G VL, C. albicans (7%t
TAHERITHARTRS, BEEEMRICHd 56%
EHEZENWL NIV TMA D Z ST L. 4O
EEFERNS, ASANOXRTF ROB AL, 1ZAH
faNDOBEEEZE TS, BEHICHT 2 HEEZH
XD ENHASNTRD .

g AWIRORTICHZD, KIRRELR ST
58 - L0 £ U2 BALER R EM A
= AR CEE, WALERRFLEREIR - AR
Foek, M TR ARFEAEEE - JERIER]
BIRICHESE@#HHP L L ET. AMTHAIETHE
WZiZEIE, TFFEED 4 & OH-FEMEZICL D HD
THO, EROEGNITHLTIDHZBEODLT
HLEHHBL BT ET.
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