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VY XREIGHBIC L o T, HFORMICH bbh 2 RIEHERIE L WIEEICH bbh
5 A ERAE IS S v, RENERE X, BR300, . W7 & RoZEIC A YA
ATEREZRETEYECTTRARR I L% v, HERICET 25EEH v ¥ XFED 30-
50%3 Candida albicans % #ERIH & U CHAE L. C. albicans 1 X Y 51 ZF T I 5 FEMED
VYRR, % ORISR T 2 EBYED D L 7o T 5,

C. albicans |IEBEREICIG U CTHEHIE L WATE O O DR 29 5 “JRHEER T, WE)
T2 LRARE~ D T2 UL AR H IR pH 7 & OANIFEREE MG I X 2 58 WHE I
Lo THlERI ING, FARBEITAREDHEM L BEL Tw 2720 A ORI,
S S O FRIANG DN BT 7 e i RBE DA ICE T T H 5, AFETlX. C albicans DR >
O RARIE~DICHEZAL o 7' F NMRE R DRI, BARFHESEM 0 HfL. I NIRRT
AlDRR 21T > 72,0

2B TIE. C albicans DICREERIICBAE T % — 2D 7P MmiE R OffiH 2T > 72, %
T, 74T Lk vy v T famesol IC X B HATEKIHE X 1 = X L %R L 72558,
farnesol (¥ mitogen-activated protein ¥ —¥ DR % MHIF 2 2 L I X WEAFEREHEL C
W3 Z L EIHLDICL 7, KV T, C albicans DEATERFFICE T 5 Ca¥* /I ET 2 ) v
CIFNDRENHET o T, ANEY 2 ) VIHERNIC X 2E AR OHE ICIX. cyclic
adenosine monophosphate {7 7' 7 7 4 v ¥ F—+ (LT cAMP-PKA) @ % CHilffl & v Cw»
% BRFFRI mRNA OFBOMEIAEE L Cwb 2 2L L Lz, b, ALEY
=2 Y YRHEANL, FARFERICE W CHEEN cAMP DAEBICHE L5 2 ko770, C
albicans ® Ca*'/71NVEY 2 ) v ¥ 7 F )l cAMP-PKA DHD cAMP X0 b i, X,
cAMP-PKA O % & 13l O#F D> b HARFF R mRNA OFRBZFFE L, FRIPRZ 5 L
TWw3 EEZ b,

945 2 BTk C albicans DEERE D HRRIE~DEREZAL > 7' F MEBEFR OfFETIC X 5 —
WA DRI Z 1T > 72235, & ZC C. albicans DHAFESLFITOWTHEH Lz, AL
& T3 C albicans DR ARFESEME, W (37°C). CO,. % pH 7x & DEEESEAT <.
FABER T CH I, N-7 & F 2 ras Iy (BUF GleNAe) . XITFFED 7 3 /7 5%
% YPD ¥5Hi., DMEM %5Mi, I RPMI-1640 K55 o SEREEEHc AN L <R3 5 &k T
H DD, TNOLDEMITIE, WIS N2 ERARFBERT I 2, B b oA, ~7
FE. TIVEE, vx2 Iy, 34T, pH, KD CO, & DA mINTFAEEN TS,
T HIT, TNH DI PRI C R 2, 2D XS kA RRFHAVERL o7
EHE R RORFHESEME T CHIIEN & 7 F MBIER DFFITIC X 2 “ TR HEAIAD T EE L v &
FEx. FTWAFEICE T 2 A ERKT 2 PR L FRFESFGOHMILEZKS 2 &2 C
albicans D —JEHZWAD fEIRICAEL L & % 72,

5 3B TIE, SR RARFESLFZ B0 THEMIL L. C albicans DR FHEE % 5] %
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B THERFDEE%RIT 272 RPMI-1640 5% v CH A FER 0 [FE 2 Rt L 72
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W AR AEEIE LT 5 2 LB TE T2,
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TOEAEEHECTE 2, & 5HIC, AZC XI¥ T4C & mPro O HFFIXEERHE < Ol faEsE
WCHE R 5 2 5 2 L L MEIC X % C albicans DEAFHEZHETE 72, 21 b OIEAIL.
C. albicans =X U CYEIEME R 210 2 Z L e K AR EZNGIcE 2720, TrY) v
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BbHEEZLNTZ,
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Abstract

Candidiasis is classified into superficial mycosis that appears on the surface of skin, and deep
mycosis that appears in the internal organs, depending on pathological conditions. Deep mycosis is
often an infection in which the fungus enters deep part of the body such as lung, liver, brain, etc., thus
its prognosis is poor. In Japan, 30 - 50% of deep candidiasis is caused by Candida albicans, therefore,
deep candidiasis caused by C. albicans is one of the infectious diseases for which the control is difficult.

C. albicans is a dimorphic fungus that exhibits two forms, a yeast form and a hyphal form, depending
on the growth environment. Dimorphic conversion from the yeast form to the hyphal form is caused
by external environments such as growth temperature, pH, and serum. Since hyphal formation is
associated with the pathogenicity of the yeast, elucidation of dimorphic transformation mechanism is
important for understanding of pathogenicity and development of new therapeutic agents. In this study,
I clarified the hyphal formation signal for morphological change of C. albicans from the yeast form to
the hyphae form, simplified the hyphal induction conditions, and searched for hyphae formation
inhibitors.

In chapter 2, I explored two signaling pathways involved in morphological transformation in C.
albicans. First, the mechanism of hyphal formation inhibition by the quorum-sensing molecule
farnesol was elucidated. As a result, it was found that farnesol inhibits hyphal formation by suppressing
the mitogen-activated protein kinase system. The Ca**/calmodulin signal during hyphal formation in
C. albicans was subsequently elucidated. Inhibition of hyphal formation by calmodulin inhibitors
involved inhibition of hyphal-specific mRNA expression regulated by cyclic adenosine
monophosphate-dependent protein kinase (cCAMP-PKA). Furthermore, since calmodulin inhibitors did
not affect the formation of intracellular cAMP during hyphal induction, the Ca’>*/calmodulin signal of
C. albicans was considered to induce hyphal formation by the expression of hyphal-specific mRNA
downstream of cAMP in the cAMP-PKA system or from a pathway different from the cAMP-PKA
system.

In chapter 2, the dimorphic transformation of C. albicans was elucidated by analyzing the
morphological transition signaling system from the yeast form to the hyphal form. Next, I focused on
the hyphal induction conditions of C. albicans. The widely-used hyphal induction conditions for C.
albicans include environmental conditions such as temperature (37°C), CO., and pH, and the addition
of hyphal inducers such as serum, N-acetylglucosamine (GlcNAc), or certain amino acids to a basal
medium such as YPD, DMEM, or RPMI-1640 medium, which include a variety of factors such as
carbohydrates, peptides, amino acids, vitamins, minerals, pH, and CO; in the basal medium. These
basal medium components also contain hyphal inducers. In addition, these components and
concentrations vary between the basal media. Under such complicated hyphal induction conditions, it
is difficult to elucidate dimorphic transformation mechanism by analyzing intracellular signaling

pathways. Therefore, it is necessary to remove unnecessary factors for hyphal induction and simplify
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the hyphal induction conditions in order to elucidate dimorphic transformation of C. albicans.

In chapter 3, the complex hyphal induction conditions were simplified to a single component to
identify the inducers that cause hyphal induction of C. albicans. Proline was identified when hyphal
inducers were tested in RPMI-1640 medium. I found that proline caused hyphal induction only by
adding 0.02 mM or more of proline alone to water. This allowed us to establish simplified hyphae
induction conditions for C. albicans.

In chapter 4, proline analogs were screened to search for hyphal formation inhibitors. As a result, L-
azetidine-2-carboxylic acid (AZC), L-4-thiazolidinecarboxylic acid (T4C), and a-N-methyl-L-proline
(mPro) were identified as effective hyphae formation inhibitors. Although these compounds were
proline analogs, their inhibitory effects were different. AZC was able to inhibit both proline and
GlcNAc, while T4C inhibited mainly proline, and mPro inhibited only GlcNAc. These results suggest
that although proline and GlcNAc induce hyphal formation, their induction pathways are different.
Since serum contains proline and GlcNAc, I hypothesized that these are key factors for serum-induced
hyphal induction and evaluated whether inhibition of proline and GlcNAc by proline analogs can
inhibit serum-induced hyphal induction. Since AZC, T4C, and mPro were able to inhibit hyphal
formation of C. albicans by serum, proline and GIcNAc were identified as major hyphal inducers by
serum. Furthermore, inhibition of proline and GIcNAc by AZC alone or a combination of T4C and
mPro inhibited hyphal formation even at high serum concentrations. Furthermore, AZC or T4C in
combination with mPro could inhibit the hyphal induction of C. albicans by serum without affecting
cell growth in the yeast form. Since these drugs were able to suppress hyphal formation without
suppressing the growth of C. albicans, it was considered that drugs targeting the inhibition of proline
and GIcNAc would lead to the development of new therapeutic drugs that are unlikely to develop
drug-resistant bacteria.

In conclusion, our simplified hyphal induction approach allowed us to identify a serum-derived

hyphal form inducer of C. albicans and to discover effective hyphal formation inhibitors.
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H v Y ZIEIX. Candida albicans (Fig. 1.1) %X U ® & 3 % Candida glabrate. Candida
parapsilosis. )X O Candida tropicalis 7e £ D71 vV XIFOBERFIC X > CHZ R SN2 HAR
JEYRETH 2, WX, FE. FEREL. B, 8. 2 L CER CoRBICES L T2
TER T, Y - RIETEICEg L 22 @ JFH & U CEEE IR L v [1]. L L, R
5. BEPRIA, EasfBtl, 27 a4 N5 G pilE-C friisEic X Z)ﬂﬁ?fgfi W IT R
MERIE A IEREE (AIDS) 72 &1 X W 1 EOEPUIAME T L 725G I BGYE 2 51 E i 2 3

WA DR - PR D e BEAL e PS5 S OV I o S 1 & E)’—’z U R 7 DB
IR T, 1980 4EREE D & 71 v Y SYEIRFTIEYYE L L CEHEI R TWw3 2],

N VY RFEIRRBIC K o T, KEOKRMICH bbb RIS v ZFEL NEFICH D
DDA v Y FEICHIND . RIEMEA vV FREICITE RS, . AR ROED v
VARERHIONTE Y, —MRICHTIERANC X 21680 ReTh 5, — . HEWEH v ¥ &E
k. EE i, FE. B7e &L ROBERICA VAL TR ERC L, L oGE. g
K LABECHIET 2720 FHRARER I EBS v, BIEEED Y Y XEO B X Z 30-50%(%
C. albicans % FEHRE & L CRIEL. C albicans \3IFEEMEH v ¥ FIEOREBNREE TH %
[3].

C. albicans \< X 23S H v ¥ ZIEOH T | WAIMAH CHEGE L CRYYEX 5| 2 2 51
TEGAE (v ¥ X MAE) 13, 29-47%DITHE L E L. £72. C albicans (FKEIC BT 4
ZHICH VMR YYERRETH 2 [4], COBWHERDOFRD—2 L LT, 1BEIHL
SENRIIRIRIBETTER D W e BT b b, I bic, EREEESKOMEA S b E L 7
2 TEY, VI XMEEFZFR T LB IZ 305 13 HEOBEALEL 2D, Zhid
US$ 6000 2> 5 29000 D 2 H Mﬁ%’;a‘% [5]e 71 ¥ FMUEDTEIEICIZ, LIRS 7 —F v

(central venous catheter : CVC) FIC X 2iHENBEG L Cnwd 2 %, ZDIgL A EH
AT =T NVEEIMTEIHECH 5, AT — T MRIRIC X DV BRYYESE C 2Rk e LT, OH
T =T NVEETEAE D DEBRAT RS, @A T — T AESEE» O RALABEEN T 5
B, QOFIRICHPRAT 2 2 LI X W RAT R KU, @1@@W“j“*|§1¢i7>6[ﬂ1{1ﬁ%)l
TEREAE 2z 5N T D (Figl2), MEDME D T —TFNVEDOERT 4 ZDPHIC
D, GHICEWTH v Y XML, RO T DRl 2383 2 PMED —D L 7o > T
% [6].



Yeast form Hyphae form
Figure 1.1 C. albicans DI & FARTE D IET H

1. Microbial contamination at the insertion site 2 Hub 3. Contaminated infusate

Figure 1.2 717 — 7 VELEIMGERIED A 1. 717 — 7 VR AL DG 5L, 2. Babi
BRAL DY, 3. HEOIHYL, 4. D RRGIH D> b DY



C. albicans 1< X % 71 v ¥ ZMAE D RIE NI RIA & L, RKEB AL 4 7 4 Vv L ETEK
TEIEBETOND, NAF T 4L L, ME L ER R & OMAEYI D ARRE O BT ICEE
BHL,EENA~ Y v 7 R EHITIEL T 3 @SR TH 2 25, MEMDB A A7 4L
LEEHT 52 LIk > THD OERFICHE:Y TlE R WL EIMREE T ORI ch E &
oD EDBTED, NAFT7 4N LAFHEREEREOTICENTHIFEEL TE Y, i
DEDX AN L XD —DOTHE, TDAAF T4 NLHEE FDIENTERLEIND &, %
DI ENEEL 32, Bl 21X, NAF 7 4 VL ETEHR L 725 RE (Pseudomonas aeruginosa)
TIRYUEVE N3 2 T2 I I R CBE RS D EA L. EFEREHLC L Tw
% [7] C.albicans THNAF 7 4 NV L %GRS 2 L FLEFEE~OEPIELZESG L. £ DX
RIIREN L 2 7-DEBERREE L 22 Z B3 bNTW5, ZDXH7% C albicans DN
AF 7 4N LT, TS S T — T A FORRERMICAE L, oM Rt
B O BEEROECEHATE~ LA L Can=— 2K+ 2, RicHlast~try v 2o
A% PEE L OB R~ OEITE R S L, 2%, IRAL A4 A7 4 v ah b
RBEHE L LCHEE ¢, MR N L CHiZRE T4 F 7 4 4 LR ER UIRYYRE % 3k
KLTw< (Fig. 1.3) [8], T DBIEDHF T, RKEOFELIELE — D0 CEERKE %#H
2T %, —DHIZEEE A b HAT~DEER T, Z O X o CEE~DEEHT]
REL 725, b 5 —DIREATD OBERE~OEEMTH 5, N4 4 7 4 NV LK D AREE
ICBWT, BEEROEVEAES b AEERE BT ICE LT 2 2 LItk W IiRE N L
TH -G CEETL L 20fEE T5, 2% Y. C albicans D “FEEZEHDIKE D~ 4
A7 ANLERICE W TERERKEH ZHoTw5 2 Ld3br 5,
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Figure 1.3 C. albicans DN 4 7 7 4 )V LJEK. OBERHE A3 B KNI 5 Q— S o Milfg 2
BEEHE A DB RED R VIR ARG~ LIPREA L Can = — 2 EROMIEsN~ 1+ Y v 2 20
PEARIC X0 DB 7 I~ DRI 2 RO L 723 A A 7 4 VL b — & BERHE &
L CHilE



C. albicans O " JEHEZHUIARRF OIRIFEIE L RS BEG LT 3720, TNETICE KDY
PR 7 = X L DOfFIFICBI S 2 e 3TN T & 7o, BERHE 2> b AR TE~ DT HEA 1

i3, SRR D ER 37°C) COxw MUERBIK & v o 7 BREISRAMT 2, FEDT 1 /. N-
T F 73y v (GleNAe) . M NIESE, OFFERFIC X - CTHI ERE T X5 [9-19],
IO OFERFHIC X o TEHE TR TN 5 v 7 FUniERIT, 2 OWFRIC X -
TR 7z (Tablel.l)s C. albicans ® Rasl KIEHRIZIERHE COREERET I ic 30 TR
LAk OHIEZ R 3 03, MG 2RI L 72 R TE CORERE T ClRERIE 28 © % 3/
BHE Tz R L 72 7- . IIHIC X 2 BAREHFEICIE Rasl 235 L Twd eEZHLNTW 2
[9, 10]c £7z. 7T A4 vFF—+¥ A ZRIBI LKL, GleNAc, MUERFUKIC X 5 H
RBEFEME T CHATREZ RS d 07, TULICKIFEAFEICE T e T4 v FF—
€ AREELTHE EREINS [20], THIT, COLICX BHEARFEITT T =AY £ 2
FJ—X¥PEELTCws b INA [21], T E T@ﬁﬂ%ﬁi%%%ﬁ’:’ﬂ?‘ &, C
albicans O _JEMHEZEMICEE G52 > 7P Vri#ER 1E, Rasl % Lt e L CTHIEd % mitogen-
activated protein (MAP) ¥ 7 —+® % & cyclic adenosine monophosphate (CAMP) fiArtE 7 e
74 v ¥ F—+F (CAMP-PKA) DZRD_DICKilEn 3 (Fig. 1.4), MAP ¥ F—+¥ 0D /' F
BRI, TR S e MW7z 2 EAAYNIC B T B0, Mo 2L, 3. BR0E.
MR b L RAOG, 7R =2 A ROEFRERE DI B b 2 HE itk cd %, C.
albicans D MAP ¥ F—¥ D RI¥., TIRICHTE T 2IEFHIAT Cphl 23FARFFEIVELF
ZHIEIL T3 [22, 23], X BT, S. cerevisiae TIFHIEKEREE T IC Ras 25 MAPK 2~ 7
FADMEIEIND L BRE STV 28, C albicans Td EHRFIFKIC X 2R ARTEZFHEICE
WT MAP ¥+ —¥DRDE) X 2L INT w5 [24], —7F cAMP (L. adenosine triphosphate
(ATP) 2B EINBZERX 7 LA F FO—fT, XV 78 Y VB{LBRZIEELT 2
HE MBS ERE CH %, C. albicans D cAMP-PKA D%t % O FRICHET 25
K7 EFG1 23 C. albicans DZHEZAL K R O G EEHT I v THULI e Bl 2 4H - T
% [25,26].

C. albicans DSFERHE D> O WA IS 5 & Milld~DHESEICBIS 35 HWPL £ ALS
(Agglutinin like sequence) 7 7 IV —ZRARKREICTHEI L. v b ofifgfiicEg 32 (27,

28], MfAFKMICEER. TV FHA =Y R ko THIIENIIRA L, Tu 77—k
N EORBERTF &0 L TR IR T2 5, JOWITECld. BRI D 72 0 D 24H
BIRTZ2WIE L 2 RARTEREE R IB 2 ~ 7 R TECTh ., JREEZ RS v 2 & AR
HINTz [29], T DX, TIRHEIII AR ORELR T TH 5 720 BEREMNMA =X
LD AR ORI IEOHFICERTH 5, £ 2T, FH2ETEH, LMY hTHn
C. albicans DIZHEZSHRICEA G 3 % & 7 F MBIER O % il 4 72,
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GlcNAc #lffF  CO, i ;% Spideri&ith  2BEFE

cAMP-PKA

Figure 1.4 C. albicans DFERIE D b WARTE~DTEREZAL Y 7/ F v

C. albicans DFERELAL Y 7' F MEiZRICBH T W BEA IR I N TE2—J7 T, WARE
% BE T 2 MBI T D PRE . FWARFSESM 2 B L S 2 i I3 T b C T o e, C
albicans % FERHE TR 3 5 Z50F X, yeast peptone dextrose (YPD) (5Hic T 25 225 30°CT
B B DI IR DT 3 25, BURIBICHET 2 I3 EBIFEL Tw 3
— AR R BESAE & LT, YPD Kilb, Spider H5Hh, Lee’s 55, DMEM 5, M-199 %%
Hit, 5 TF RPMI-1640 55 1655 o> FLRfERS i I 1137 X 1% GleNAc FF D FESRaFEF 2@ L T 37°C
TEEBT 2EUEBIAL b T WS [9-19], L2 LAaRS, 2ib D513 GleNAc < i
HFORARFERNTICMA T, A, ~TFF, T8,k vx3Iv 34T, pH
COz. M URIER IS 72 & Ok~ RT3 S IC & T 5, Th b Dl oHIc

FAZFETIRTIEENTE Y, Z ORE IS ME c R > T35, ThE Tl ?
DT AR T AW X V. C. albicans DWERHED b EARTE~DREZLIX
%&tvﬁfwﬁé%ﬁﬁﬁbt@%txﬁ:fA@%é*aﬁﬁiénfméﬁ i)

AR I N T E TR DD & L CHEAFESRMEOEM I G LT3 eELLN
5, bbb, HEBORZL L ERFBESEIINBELEL T 2T, &4 DIIELER L 7R HREH

b T TAEYHNTIRICK 22 7 FAGEZDRIHIC X > Tt 2D T X 7=
720 ALY 7 F A DR EEML L CLE 272D TiEAVA L EZLLNS (Table1.1),
PE-> T, WARFBEICET 5 A E R KT 2R L ERFBESM % il 325 2 & 23 C albicans
DIFELENA N =X LOFIHICHE L E 2 D, 22T, AIKDOH 3 Ecld, HiEx C
albicans D W R FESM % RMR £ CHL, B R RRFESRMZ ML L 7,



Tablel.1 T CTHE SN T3 C albicans DEAFHEER T & ¥ 7' F URER I I fEH
B AR E i b 7= B R FE [[5E X Ntz 7 F NV EER 25 ik
Lee’s 55 H1+10% FCS
1IN YPD+10% FBS
GlcNAc, Imidazole }5#b+10% Horse serum [9-10, 20,
LA, Imidazole 55H1+10 mM GlcNAc Rasl—cAMP-PKA O % 25-26, 29-
EHHUER. RPMI-1640+10% FBS 30]
' ha—A  YPD+20% FCS
M-199 55
CO» DMEM+5% CO, cAMP-PKA D % [21]
YPD+10% FBS
YPD+10% FCS
. Spider 553t [9-10, 23-
IR . o
B Spider £51i+10% FBS Ras]>MAP ¥ F —¥ D % 24,31-
Spider 554t .
GMM 55 H5+10% FBS 35]
Lee’s 551
RPMI-1640 £5Hh
pH TC199 £5# pH4.0-8.0 Rim101, Phrl, Phr2 [36-38]
GlcNAc BYNB £511+0.1-100 mM GIcNAc ~ Ngtl—Hxk1—Dacl—Nagl [39]
RIBIE YPD+5% FBS MAP ¥ > —+¥ D% [40-41]
KERLM YPD+20% Horse serum K535 Czfl, Mkel [42]
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BUE. A s CTHRIR A T Cw 2 FLER S, azole &3, polyene maclorides
%. MU Echinocandins % D 3 A H 2 23, FEAHIZIZITZ DO 3 RIEICELNLTw2 7%
O, RESINEFEFRA< 27 bov, FEAIMER O HBHEOHEHH 2 (Fig. 1.5). Azole %
MEFEHRIEEHOMIEE Z KT3IV TR T 0 — L DARRIKTHSE 7 /) AT 01—
Clda A FAACEER R PHE L, MBS L CRER AT o — LR ERT 5 2 & TREN
ER S %, LA L. Azole RITEREITE < 220 Z OMMER O HBIARE L 72> T 5,
—77 Echinocandins R YTERHEDEAMT X, f-1,3-7 V71 v DA KIS % HE L CHllllaEE
DBIEF IR R IR TR T2 2 LI X > TRERMR %" T, Echinocandins R HIEFHKD
REM 2 3EH] & L C micafungin (MCFG) 285 % 23, Zivdh ., 2ulaflifH ok Kic X - it
TER D MFHE L 72 o T 5, FAMHER O IO T 72 5 R, FEFIDSE I LTy
SEHIGIEDBRES 2 5.2 2 2 A% o3, 2D X5 2Bk S HAIMMERESHEHL oS
WHT L WIREES RO bNTWw 228, BHEid e b EFCEREYTH 5720, HREFFRNIC
FHAT2EMBRONTLE S 2 e b, IEREORIEIITIMEE C~TH LW L
BHILNTW D,

INE THliR72 X 5T C albicans O ZHEEEIIRFRE L ELBEE L3729, C
albicans DE AR E 3H7 72 0 REHE OB & L CHAfF S LT & 72, Fazly 5 13 30,000 ©
Baovibamrs Az "f AV —=7y PR 27 ) —=v 7 XY filastatin & B2 72,
Filastatin (% C. albicans DK ) A F L v RE. EEMI~DEE. N4 47 14 v 2 DK,
CICH AT~ DA D HET 2 2 L A TE 2 [43], —7J7. Pierc b (3 20,000 DX Tk
EVDS A7 Y —= v T R{TW, C albicans D23 A F 7 4 0 LER K OCE AT % HE T 5
WHEZRIEL., =7 A %o 2R CERIZRAER O IiaB R 2 AL 72 [44], AR
HHNIFERE O B % 52 T R HREIIHIE CH 25 T L2 6 FEAFIHER O 3R
Bz 5B LHfFEI N, T bic, TIBHAIRO BRI T 2 I L 72 MR, = v R Ik
P ETHRHREEERZ RS A e AREIN TS [29,45], UEXY ., ZHEHIEIA
EOWREVEN T CTH 5729, Ts C. albicans DYEGE % FHE S ICRFEEICIER 3 2 B %
JERPHERNZ. fERoPiEREANC K L CiMER OB 22 b 2 r3EIck 2 2 &
WifF T 3,

REL DN 4 ECld, 5 3 ECHMLL CRIE L 2FRFER T 7 v ) v ZHE T 3
SIFIEHT L WIRER e L CHIfF TR 2 L E 2. MBI X ZEAFESLN TIC BV THA
BrHECE 2{LEMETERL 7=,
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Figure 1.5 EREHMALIC B 1) 5 FEAPIER KON
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F2E  C albicans DICREZEAL A 71 = X 2 Dbt

2.1 S

C. albicans DFERHE > b B ARIE~DFEREAAL T, FRIFEN IS4 47 4 v L DOFEERIC 3
CBEHEL TW3 720, KEOHEZEL A 1 = X 2 O FFET 1958 5 E D R O 7= 7 PLE
FHDOFFICEHE L EZ bTWw 5,

C. albicans 1%, WEFEAMEI 13100 cells/mL LA 1172 3 &, BRGFELEN T CHEAEE
KL 7720, 2 ORSREER O I TS ERENEHEcH 2 74 7 e vy v 70 H
HELTW3EEZLNT W, 24T 0vy sy Zd, BHAEEBREORHEUKEN I
autoinducer Z /L CAEMEEZGIHIT 2 AT LTHBEH, © 7V FTHHDOMIEICIE U
THN I AT L vy v I TREETZZEPRESI N TS [46], 2001 £E Hornby &
13 30°CR BRI CRIEINICGE L 2k %2 —H 4°CTRA vy 2 L2tk 2 va—=- ) vig-
7' ) v ERREEHNIC 13107 cells/mL 45 fF CHAAE L | 24 REEIEEE L 72552 Lo O EEH v R %
TRy DO—FETH 5 farnesol % HiflE L 7= [47-48], Z OYE I, Filuh o BRI B
BEDKEHR, HDHVIIFELIE 23Ch5 43°0C) 2Ex T EErolmiiansz, &6
I farnesol 1¥. C. albicans DIERHE COREBICE ST 25 Z L i, BRHED L EAE~DE
L ZIHI L 72720, 74T kv v 7T e LCleG S22, famesol 2MEA T 5
T FMEERIIAHTH 572, KETIL, farnesol MEAH T % C. albicans D > 7" F MriE
FZEMRIAT 2 2 & 2 HM & LT, farnesol 1T X » T & 1 2 B4R EMN mRNA ORE %
i 2 ic ko CHHL 2 E LTz,

¥ 72, C. albicans ® Ca**/HNVEL 2 ) v ZFVIFHEATRICES L CTWwa 2 L2345
LT3, Roy b3 GleNAc I X % C albicans DHEAFEER, ey 2 ) VIHERITH 3
Trifluoperazine (TFP) KU Ca?*F ¥ # LPHEHN] A23187 232 2 Lick o CfHETE %
T e G L7z [49], X HIC Sabie b, FEHEHIC 1.5 mM @ CaClL Z I L CHi#E 3% &
C. albicans DHAFEERL T L 2HME L7z [50], 72, Lusia b, C. albicans DHE %
FHEHIC, Ca¥*FL—MHITHEZF LY IT I VEEEE (EDTA) 2RI 3 & BRIEK
ZHET 2 L 2WmE L7 [51]. UEDZ 55, C albicans D Ca*'/INEY 2 ) V¥ 7
FOREARTEKICEE S35 EE 2 b Tw 305, EAREERIICE T % C albicans D Ca*'/7
NEY 2 ) VDY T FMRERIIAHTH 572, AT 2V ik, BERE, R, BEdE2 S
b MICEDZEMEMICHEEL TS CPEGZ v N B T, T ANV EY 2 ) VA
1% < D & v 7 OIEHEAL DR %2 1T o ThRA e flURE D HlfHl 217> T35, Th
LD b, Al C albicans D Ca¥/ANEY 2 V) v R ld, FRICE SR RENICE
TR E 2 FARFFR X2 v 2 o RBIE~FEL L CRABEZGI ZRI LT 2
CLERMML 72, KETIEAVEY 2 ) VIHFERIZHWT, Ca?VAnvEeY 2 ) Vs 53 5
C. albicans DEAFE Y 7 FNRER AL 72,
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22 MER TS

o R S OB 55
C. albicans NTHA-207 ¥k % & 7 v — 854 (0.5%E#RET F 2, 2.0% 27 v 3 — A, 1.0%~<7 b
¥) T30°C., 24 KflR & oW L. BRTER A ZE 7,

Farnesol IC X % C. albicans TEREZAL DHI5E

Y 7w — BT 24 RIS L 72 C albicans FERHE R % JRRI7K C 2 MIPEH L 72, Paift L
7-HifE % 1x10* cells/mL 1272 % X 5 IC RPMI-1640 55l (Nissui Pharmaceutical, Tokyo, Japan)
Ao 7z 24-well 7L — M & L. farnesol (Sigma Chemical, USA) %R 3 uM | 30
uM, XiE 300 uM IC72 % X 5 ISR L 724, 37°C. 5% CO2 &1 1 C 24 WFfRRG#E L 72, K&
%, 02%2 YV ZAZANAF Ly MAREZ 10l Z8I0 L. MERGHRRRK % F v CBERHE B IR R R
HE L7 720 15,000 rpm T 3 40, @ O0LE%, EEZBINL. R0 ®FEE% 590 nm
THE L CHRANICRIN T - R0 DRI ZIIE L7z, o OMED bARE £
W7 OREREE R L. WARIEEEZR L7,

ANEY 2 VIHESIC X 5 C albicans TEREZAL D HIE

B 7w —EHT 24 REEIEGEE L 72 C. albicans BERHERAR % JREK T 2 [MIPEH L 72, e L
7l % 1x10° cells/mL i1C 7 5 X 5 IC 10% Fetal bovine serum (FBS) % &% 7 1 —}5iins
A7z 24-well 7L —MICEEB L, HAEY 2 ) VIHEA Trifluoperazine (TFP ;5 SIGMA
Chemical, USA) % #REE 100 uM A0, 1vE Y 2 U v HEH] [N- (6-aminohexyl) -5-chloro-
1-naphthalene-sulfonamide] (W-7 5 SIGMA Chemical, USA) % ¥ 250 uM, X377 F=L
— b4 277 —€HEHTH 5 cis-N- (2-phenylcyclopentyl) -azcyclotridec-1-en2-amine (MDL-
12-330A ; SIGAM Chemicals, USA) % #2100 uM A8 L, 37°CC 3 Ijs . el
MEE CHE R 2 R L 72,

RT-PCR IKIC X 2 W AT mRNA D€ &

Y7 a — 1 24 KE[EIRGEE L 72 C. albicans BERHE RIS % JEK C 2 [BIBEH L 72, P L
7-#iE % 1x10° cells/mL 172 % & 5 IC RPMI-1640 B5HhA3 A - 72 24-well 7L — I RiE L.
farnesol % #&HEEE 30 uM X% 300 uM IC 72 B X 5 I L 729%. 37°C. 5% CO» 554 T C 3 I
MR L7z, eV 2 ) VIHERYT 7= — b3 4 27 7 —FBHERNIC X 2 mRNA 8
BoERTIX, ¥ 7 v 85T 24 BiEIRSEE L 72 C albicans BERHER R % IEH K C 2 [HIYEE
L. e L7z #ila% 1x10° cells/mL 1IC72 % X 51T 10% FBS & % 7 0 —HMHiA A - 72 24-
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well 7L — MICHRE L, TFP 2 100 pM. W-7 Z R 250 pM. X3 MDL-12-330A
T AKYRIE 100 pM 172 B X D ITHSINL T, 37°C, 3 KRG L7z, BEEmiR TR, 7L — b
2 LR EEIL L., Cell-to-DNA (Ambion, USA) %l L T C. albicans cDNA library % {F%d
L 7z. PCR K& 1Z 10X PCR buffer, 0.2 mM dNTPs, 2.5 mM MgSOs, 1 uM 77 4 ~—_ K&
UME#LL 72 ¢cDNASOng % &L 50 uL O RS C1T - 72, PCR S, 94°C 120 ¥, 94°C
15, 64°C 3070, 68°C 60 D4 7% 30 %4 7 Vfrvs, ZDtk 68°C 420 B CTRIE%E
T U7z, 3EE X 4172 DNA & &l Agilent 2100 Bioanalyzer (Agilent Technologies, USA) T
fEir L. Em L7z, BFARFIRAN mRNA OFHE X, BEE(ED Y VI i s )3
ICHIC—ED mRNA RIFE 2R & S LT3 Actinl (ACTI) DFIREITH 3 2N
e LCRIL 2 [52],

C. albicans WAN D cAMP DE &
cAMP DJE R Lorenz & D Jj % F W TIT o 72 [53]. ¥ 7 0 —E5Hh© 24 FF[EIIEE L 72 C.

albicans FERHE R 1A% BRIEIK T 2 [P L e L 72llid 2 1x10% cells/mL 1272 % X 5 12 10%
FBS &% 7' v — 8 A - 72 24-well 7L — M ICHRE L. TFP Z i 100pM, X1d W-
7 FAIERE 250 uM 1T 72 B X S ITERIN L T 37°C TR L 72, BEEEBHAA 60 014, 180 0. KX
300 53812 Z L2 Aiia % B L 72 o[BI L 72 Al % K 7K © 2 [13Ei L . Mini Beadbeater

(TE££ 0.3 mm D glass beads % fifi[f] ; Central Scientific Commerce, Tokyo, Japan) % F\>Cfiff
PLEE L, Z D EiE 2B L 72, B OR X v o3 7 HE1Z 280 nm OWSEECER L.
cAMP = T EIA system-cAMP immunoassay (Amersham Pharmaceutical Biotech, USA) (C X Y
Em L7,

cAMP WL C. albicans D AR O JIE

¥ 7 m —Hih© 24 REfEEEEE U 72 C albicans BERHZREIR % BB K © 2 [BIGEH L. BE L 72
MR % 1x10° cells/mL 172 % X 5 1C 10 mM cAMP (SIGMA Chemical, USA) % %% 10% FBS
BEY 7 =KAo 72 24-well 7L — MITRE L. TFP Z i 100 pM, X3 W-7 %
FRIRFE 250uM 1T 72 % X D ITHINL T 37°C, 3 Weflilssas L7z, BSRTZECE OIE 135545 3 I
MM, 30 2r[kECHlE L 7=,

7 — X O fiFT

T—=RFAF2a—TV bt BRER - TR L7z, 7ol pfE<0.05 2PN ARG EZ
L7,
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23.1 7F 7LV v T famesol I X B C albicans DERTEEHE X = X LD
fiEtT

2.3.1.1 Farnesol I X % C. albicans DB R K D FHERD R

C. albicans NTH A-207 ¥k % RPMI-1640 551 CH R ICEHE T 5 &1 35T, farnesol 23
AR % BAE 3 2 228E L 72. C. albicans % RPMI-1640 K5I #&i# L. farnesol % #& L 3
uM, 30 uM, XiF 300 uM D 3 JREEZAFICH 2 X 5 IS L T 37°C, 5% CO, & 1 T 24 IFf
MEE & L 72, A5 3 % Table2.1 IC7R 37, Control TiZ 100%DEARKEZE R L7zD X LT,
farnesol % 30 uM AN L 72 5544 T3 15% D BRTZEEE T 300 uM Tl 0% & . farnesol (2 X
FARTERDHE S iz, —75 Ty 3uM D farnesol §F TIXHARTEHE S 95% & control & &
bohrol,

PLEX D, 30uM LA ED farnesol 3., RPMI-1640 $5Hic X - CTEFE XL 5 C. albicans DA
KA HET 2 2 L B2 & 7oz,

Table 2.1 Effect of farnesol on hyphal transformation of C. albicans in RPMI-1640 medium

Hyphae cells Total cells Hyphae formation
(1X10° cells/mL) (1% 10° cells/mL) (%)
Control 40*5 40+£5 100
Farnesol 3 uM 36£3 38*1 95
Farnesol 30 uM 5+1 33+1 15
Farnesol 300 pM 0 47*6 0

2.3.1.2 Farnesol iC X % #5457 %M mRNA FE3 o i

KT farnesol IC X % C. albicans D H RN mRNA FIHEOZ(LEME L /2. C. albicans
DHEARFBEY 7 FMURiERIZ, FIC cAMP-PKA D% e MAP ¥ F—X¥DZRDOHHILN
TWwWb7H, TbDy 7 FATHlfll S T 2 BRI mRNA OFE X HE L 72,
C. albicans % RPMI-1640 5501 #&#) L. farnesol Z %R 30 pM XX 300 uM IC72 % X 9 I
WML 72d D% 37°C, 5% CO, 50T C 3 IR #E%. WA 5 cDNA library Z{FH L |
PCR Tl X172 DNA &R %Z TR L7, cAMP-PKA @ % THillfl X 41T\ 2 B R FREM
mRNA FHIE % Fig.2.1 (A) I8 L, MAP ¥ 7 —+ 0% CTHlfll £ 21T 2 mRNA &%
Fig.2.1 (B) 1C/R 9, HARFFEN mRNA OFIIE T, ACTI OFRBIR IS T 2H0EE LT
L7 Fig. 2.1 (A)X Y. cAMP-PKA @ % CHfli & 1125 FARRN mRNA, ALSI. HYRI,
M HWPI., 1% control & farnesol ININEE CEDFRD LD o7z, —fi. MAP ¥+ —X€D
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FCHET X T 2 ERFEEMN mRNA FIEE, control 1IZxf LC 30 uM X T* 300 uM D
farnesol UNHIIEC HST7 2856 X% 6 53D 1, CPHI & GAP1 135X %2277 D 1 AT, ITfKTFL
72 LA b X U farnesol 13 MAP ¥ F—+¥ O R ICBH5- L, 2T sl L T v 2 F R FF A mRNA
DFEBEZMH L T B 2 ERHS Lk T2,

1.5
A B Control

LI Farnesol 30 4 M

B Farnesol 300 u M
'I — :
0.5 -
0

Relative expression of mRNA

ALST HYR1 HWP1

4
g B H Control
% [1Farnesol 30 4 M
- 3 B Farnesol 300 u M
-
.0
@
02
o
-4
@
]
[0}
©
o

0 L L 1 i

CST20 HST7 CPH1 GAP1

Figure 2.1 Expression of mRNAs in C. albicans Treated with Farnesol
C. albicans was cultured with and without farnesol for 3 h in RPMI-1640 medium. cAMP-PKA
cascade (A), MAP kinase cascade (B) were analyzed by RT-PCR method.
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232 C albicans DWEATERKICB T 5 Ca¥ /AL EY 2 ) v 7 FrofE

2321 AAEY 2D VIHERIC X B C albicans DAL D B E R

VDI HNEY 2V VHERID. C albicans NIH A-207 #£ % LI X 0 89 2 FE R
ZRHECTZ 20MEL 72, AVEY 2 ) VHERNICIZ T, cAMP-PKA D% D EHICHFE
THMHET T =L — b+ H A2 7 —¥%HEFET S MDL-12-330A b LB R E LCHEAL 72,
C. albicans \Z TFP % #¥REE 100 uM, W-7 Z#EEE 250 uM, X 1% MDL-12-330A % #5100
UM 2723 X SIS L. 10% FBS &A% 7 o —kiic T 37°CT 3 Wil &k, BiEx i
B ORI L CTIR¥ L 72, Fig. 2.2 IR T X 91T control TIXEARE TOGER /R L 72 25,
TFP. W-7. M UF MDL-12-330A ASHIRECILERIZ S T & AUEERHE T ORIl % /R L 72,

PEXo Aareya) vIHERIT KR F=L— b3+ A4 77 —¥HERT C albicans %
10% FBS CTaFE T 2 RATMKZHE T 2 2 L L L oo 7,

A- B-
C- I:)-

Figure 2.2  Effect of calmodulin Inhibitors on the hyphal transformation of C. albicans.

C. albicans was cultured in Sabouraud’s medium containing 10% FBS for 3 h. After incubation,
growth forms of C. albicans were observed under a microscope. (A) Control; (B) TFP (100 uM) added;
(C) W-7 (250 uM) added; (D) MDL-12-330A (100 uM) added.
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2322 ATV 2D VHEANIC X 2 ERFFREN mRNA FE O]

RIT, Ca?/hneY 2 ) VBEET 3L 7 FNnERDMRIHD 72912, TFP, W-7. XU
MDL-12-330A I & 3 F R FF R mRNA FEROZL2ME L 7=, C albicans % 1x10°
cellsymL IC72 % X 91T 10% FBS &A ¥ 7 v — U IRE L. TFP Z #&UREE 100 uM, W-7 %
FEIREE 250 uM, X1 MDL-12-330A % #3100 pM 172 % X 5 i L < 37°C< 3 Ikefil
B LTz, BEEB T, cDNAlibrary Z /% L PCR THliF X #1172 DNA &EZER L7, C
albicans D FARFFET mRNA FEBIE OFER % Fig. 2.3 10”7, FARFFREN mRNA OFETE
X, ACTI DML E L CHEH L 7, Control & [L#Z L T TFP, W-7. & UF MDL-12-330A ®
TR I3 FE R mRNA, ALS3. O ALSS DFBL %M L 7= (Fig.2.3). ALS3 SO ALSS
IZ. cAMP-PKA D% D FHICTFHET % EFGl IZ X T X DIEERGIH E T 5 728, Ca?'/
FANEY 2 Y V¥ 7 FE cAMP-PKA ORICEIE L T2 2 & 2R T 7z, MDL-12-330A
IZ. CAMP-PKA DRICH T ATP % cAMP ICZE i 2E 7 F =1L — 44 2 59—+ DH
EHITH 572, MDL-12-330A (ZHIFFE D 1T ALS3 & ALS8 DFEH AP L 72,

Figure 2.3 Expression of hyphae-specific mRNAs in C. albicans treated with calmodulin and
adenylatecyclase inhibitors. C. albicans was cultured with or without inhibitor for 3 h, and the

expression of hyphae-specific mnRNAs were analyzed using the RT-PCR method.
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2323 AnrEY 2 ) VHEANC X 2 ERN cAMP 2O %L

HNEY 2 Y VIHERD. cAMP-PKA O RIC X o THIE X T 2 R KR mRNA ©
FBZWMHNL 272D, ArEY 2 ) VIHEANC X Y EIERND cAMP AR I X 41 2 Al
E L7zo C. albicans % 1x10° cells/mL 1C7: % X 51T 10% FBS &F ¥ 7' 1 —EiHLIC & L |
TFP % #&H2EE 100 uM, 313 W-7 Z AR 250 uM 1272 3 X 9 ISR L 72 b @ % 37°CTh &
L. 85#ERAIR 60 47, 180 43 S UF 300 ZriC iR Z AU L CHIAN cAMP B % & & L 72, Fig.
2.4 DFEFL X Y (control & TFP L N W-7 I % LSS 2 & L 3 D K] T b FAR N cAMP
BICEIRD LNRD 5Tz,

Lo, Areya ) vBESNL C albicans DHEIKN D cAMP ERRICHER 5 2§71
BRI A TIE L T2 & 8 2SR X 417z,

Figure 2.4 Concentration in C. albicans treated with calmodulin Inhibitors

cAMP levels in C. albicans cultured with Sabouraud’s medium containing 10% FBS were measured

at certain times.

2324 cAMPIC X3 Ca¥/ANEY 2 ) vV FA~DFE

KIT, cAMP ZANE R LHMNT 2 2 L ic k> T, AAEY 2 YHERIC X 2EREED
P % [T & 2 285t L7z, C albicans % 1x10° cells/mL 178 % X 512 10 mM cAMP % &
 10%FBS &% 7' 0 — K Hc f&iE L. TFP Z#K¥EE 100 pM. X3 W-7 ZFKIEFE 250 uM
272 % X O ITHN LT 37°CC 3 REfiRG 2 L. BRIZHCE % 30 40 flks CllE L 72, Fig.2.5 i
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NI Y | control 3EFEERHLR 90 730 L EARTEK 2R L 7z 01Xt L€, TFP L OF W-7 B INEE
TIIEEEE 180 0 DB, HWARTEK D b7t o720 LA E. cAMP 24N @M L TH #
NEY 2 ) VIHERNIC X 2EAEEHEZEEST 22 B8 TEhroT,

Figure 2.5 Effect of cAMP on the Inhibition of Hyphae Formation Induced by Calmodulin Inhibitors

C. albicans was mixed with 10 mM cAMP, and was cultured with or without calmodulin inhibitors
in Sabouraud’s medium containing 10% FBS. The ratio of hyphal formation was measured at the
indicated time. @, Control (10 mM cAMP); A, TFP (100 uM) + 10 mM cAMP; M, W-7 (250 uM)
+ 10 mM cAMP.
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24 HE

Farnesol (3 C. albicans % R ICEHE T 2 5500 T C. BRI Z W U BERHE € o 385 % 55
B4 5 Z Mt I NT=25, famesol BEH T2 X v X0 B I NMBERIIAHTH -
72o % T Ty AL T farnesol 23853 2 EREZR{L > 7' F Mm@ R DRIH % 175 72,

F1 iz, 30 uM BLE D famesol 13, C. albicans D WA % M+ 25 & & 2HEZEL 72, LA
HIOWIZETH . 30 uM LA D farnesol BAEATZK ZHE T 5 2 & G I 720, KR
IKBWTHFEUFEERIS O [47,48].

RIC, farnesol 2395925 ¥ 7 FNRIZER ZRIHT 2 72012, C. albicans D F R FFEIT
mRNA BB ZWE L7z, C albicans DIERHE D> b WA ~O LN ICBR G5 35> 7'
MEiER T, FIT cAMP-PKA D% & MAP ¥ F—+t¥DRD OB LN TWED, il
LDy T FIMEESR THIBI E T2 mRNA FIREZFHG L 72, 30 pM Xt 300 pM @
farnesol I MAP ¥ F —+ @ % CHillfHl & 11T v 2 H AR B0 mRNA FHL 2 I L 72, — 5 <,
CAMP-PKA O % THillfl 1T\ 2 BRFFEAY mRNA FIHiZ, 300 uM @ farnesol % #sfill L T
bl E N o7z, TNHLDFER LD farnesol 1 MAP ¥ F—+¥ DR TiHFEI NS EAR
FE I FVGERZIFIL CERATRZHEEL T2 2 L RBI Nz (Fig 2.6),

MAP ¥+ — ¥ DRIZERIMIC L 2FAFEICEHE L T3 2 eBREINT L0,
farnesol 1 Z DEHRHERIC X o> THI X I NBEARFE S 7' F L ZHIH L T o 3 AJREMHA
EZHND [24], X 5IC, farnesol I X ) mRNA FIEOMIHIAZED & 472 GAP1 (general
amino acid permease) 137 I/ BEDOHUVIASICEE G925 X VX7 BT, MAP ¥ F—¥DRIC
Lo T2 DEERHHE N TV [19], 7r) voeT7A¥=vHEo-HoT7 I /g, C
albicans DWAFEZF ERR 3 EAHE I T3 [12-16], - T, farnesol IT X 2 B
RIZEIHE X, GAPI DFEBINHNIC X Y BORFFEICE S35 7 I/ BRI Y ARl X -
THER I h T3 HEEEDEZONS,

C. albicans D Ca*'/71NVEY 2 V) v ZFVERATEKICEG L TWwa 2 eBFEZ LT
WEDB, VI FMEERIAHDOE ETH o7z, AR TIE C albicans DEARIEHEIFICE
\J % C albicans D Ca¥*/INTEY 2 ) V¥ ZFANDFIT &R T 572, WlOIT, ALEL 2 ) ¥
FHEHRCH 2 TFP & W-7 BIIEIC X % C. albicans DHARFHERHFE T2 2 & ZHER L 72,

KIT TFP U W-7 12 X 3 C. albicans D FAFFFRT) mRNA FEBIE OZL 2 WE L 72,
BID, WEFNOHEF T ERFFRMN mRNA TH 5 ALS3. K ALSS DFIIZAMHI L 7=,
ALS3 & ALSS 1%, cAMP-PKA D% D FICHET 2B KF EFGI 1< X Y 53 & 1
T3 [30] TNHDFER I Y. C albicans D Ca>'/h VT 2 Y v 7' F L id cAMP-PKA
DFRICBHG L CHERAERZFFEL TWd & 2Rkl 7,

BT C. albicans D Ca**/hVEY 2 ) ¥V ¥ 7 FLid cAMP-PKA D% D cAMP X b %
FICBHG LT w2 D2, FTRICBESLTWw3Dh, H230iE cAMP IS5 EFIcfEf LT
W5 D MET L7z, TFP KU W-7 23 C. albicans ® cAMP AU % 5.2 % 2>, FRIFINIC
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FRN cAMP & D2 L% HIE L 7223, control & FHE L C TFP K U* W-7 #IEED RN
CAMP ERICEDRD LN h 572, T HIT, cAMP ZAN 2 LEFHLICARIN L TH TFP KO
W-7 I X BFEATKHEZRIES 2 2 &3 TERd o7,

PLEX Y. C albicans ® Ca*'//1nEY 2 ) v 7 F L cAMP-PKA X9 b T i,
cAMP-PKA & Hll D28 EFGl #iEMHEL L CHATERZFEL TW3 2 EAHL 2 E o
7= (Fig. 2.6),
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MAPFF—¥DHR

cAMP-PKAD %

Farnesol

L

TFP, W-7 ‘

&l | ATp cAMP

GQD Ca*/ANnE¥Lal v

X
Tpkl

Con>

/ GAP1 ALS, HYR1, HWP1 ,\

Figure 2.6  C. albicans D& ARTEHICIH T, farnesol & Ca*’/h VT 2 ) V555 &~
7 F ARER
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il

2.5 fd

02 W CIERFARTFEN mRNA ORBIRZIHii S5 2 LickoC, 24T kv v gy
F farnesol 2% C. albicans ® MAP ¥ > —+¥ O R %I L. FAREK%ZHE L CBAE~0X
fa%f7T > T3 Z & %/R L7z, Fanesol (334 4 7 4 NV ARV IIC BT, BWARIED
SR IR AL . B D X L 2IEKICTH S L TW A EHE 2 b T 5, Afff
RTHRLNZFERNE, CO2FT Ly s v ZBEED X &7 2, I 447 4 L4
BHNC BT 2 AN =X LOfTIcO 705 2 L 2 HIFFT 5,

X 51T, C albicans D Ca®"/HNEY 2 v ¥ 7" F N1 cAMP-PKA D cAMP X Y & Fifi%
iEMEAL. X% cAMP-PKA %/ & $ICRRFFRI X v o8 7 B O E AT EFG1 ZiEMA L L <
BRI % B8 LT B afREME 2R L 72 ABFSEAE SR IC X 0. S E TR E LT bt
72 7% C. albicans DIGHEZAL. Y 77 F N DIENTICO 72235 Z L 3R I N 5,
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9B 3% Candida. albicans D W 5L EE A 0 Bifi{l

3.1 t&S

INE TIT C albicans DIEREEAL A 71 = X LCB$ 2 W5C IR A T, ZDITE A
EBNTFEVENTEIC X ZEAFERF LEHE T 3 & 7/ FAARER OFIICE % % &
T &7z, —J77C. C. albicans O F R FHEKF OFFE W4 B8 o it & 1B 3~ 2 T5E
X ThbITZ d o7z, C albicans DEAFE % 5| & 2 KX RE T & L <, E 37°0).
COs HED S 77 ) M pH, %, GleNAc, R, MO ED T I /W7 EHRHAS
NTE Y invitro THEDLI T 5 — M 2 FARTHESMA L. S b OFER T % YPD Filth,
Spider 57:b, Lee’s 554, DMEM K5i, M-199 K5Hb, 1% RPMI-1640 55105 o FERERH 1< i
MU THET 25T, b2 Mo CRAFHER T L BE# T 2 2 7 FARERD
fRAA2S X T & 7= [9-19],

Lo Ladn, Tab DOEMPFIRRIMNE 412 BSREFER T 2 T, FEEEEE i < ok,
RTFR TIVH X IV, 34T, pH, COx K UHRERI Y 72 & DRR % T2 i 57 93
FHEL, SNODOEADHPICREAZHETZT7 I/ BEIEELTVE, Sbic, 2hb
D EST R PR (F IR © B A B, C. albicans DIEREEALIIME 4 7o v 77 F A0SR L 724
HMRANZZXLTHDLILDPHLNT VLD, ZOXIFREINTELERDO—D2 L L
T, WASFEEFOEMEIMBEG L i eEZLNS, Thbb, HEORL I REAHE
PR L T ahT, ML RIRF2A VIR L - 8RR AFELEEE T4
VIt FEz L Licy VP MREROWIE ZhLICED b TE 70, JERE{LY
TFINDIRHEEMLL CECLE o205 2L TH 3,

% 2 BEE TIE C albicans DIERHEH b WA~ DIHEZAL o~ 7 F MBESR DT icE H
L TiT»> T & 7225 C albicans DIGHEZRAL X 7 = X 2 DI IX, TFHEAFEICE T 24
TR PEER L. WAFESME 2 il d 2 2 L BSRE L & 2 72, R TIIR 2SEA
TdH % RPMI-1640 55l AT, C. albicans DRAFE % 51 &l & TN T D FEZ T,
R BB o B 21T - 72,
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3.2 MEL&R O

fili AR S O R 51

C. albicans JCM1542 ¥k% ¥ 7' 1 —5EHb© 30°C, 24 WffE]. 150 rpm TR & S 85&E L. WERE
R E R, FAE~OFEIIROMY IfTo72, 3. 7 o< 24 KRG EL
7= C. albicans BERHEZFEAR % IR 7K T 2 BIPEA L 7z, 68 L 72#iiE % 1x10° cells/mL IC 72 5 &
5 I RPMI-1640 $5Hi (Nakalai Tesque, Kyoto, Japan) 73 A - 7z 24-well 7L — b IR L .
37°CX1F 30°CC 24 IR L. BB Tl L 25 E2 O RA DR I ZHIE L 72, WK
HffANA A Y Y =298 v 2 — X O TREVWZW 7,

RPMI-1640 85I &£ N 3 WABERIDR 7 ) —=v 7

Y7 a =5 24 IEIRGEE L 72 C. albicans BERHZ R % PR /K C 2 [MIBEH L 72, P L
7-#ilE% 1x10° cellsymL iC72 % & 91, RDEWDA 5 72 24-well 7L — M ICKRE L 72 5 7
a— 2K (FEHEEE 2.0 mg/mL). 50X RPMI-1640 amino acid solution (F%i#F 1 X, Sigma-
Aldrich: R7131, St. Louis, MO). 100 X RPMI-1640 vitamin solution ({472 1 X, Sigma-Aldrich:
R7256). % inorganic salts (F&EEE 100 mg/L Ca(NOs),, 50 mg/L MgSO4, 400 mg/L KCl, M}
6000 mg/LNaCl), W IDEMR D pH % 6.5-7.5 1075 X 5 ICHIE L, A L cslL
720 RIT 24-well 7L — F % 37°CC 24 Wjlilis 2 U, BEMEBE R Z I L 7=,

RPMI-1640 Hic & E N2 7 I 7 BEIC X 2 ROREFEOMGEE T b [FIERIC, C. albicans % #&
FE 1x10° cells/mL 1C72 % X 5 ICRDIEHDB A>Tz 24-well 7L — bICEE L2 LT 7=
VLY ARTAV LTARTIXF VIR, LOAVZRIVE, L-72=AT 7=V, 7YV,
L-eRFY VYV, L-AFA=ZYV L-TARAITFNF Y L-ZAXIV, L-TAF=V, L&V v,
LN v, LAVrAv Y, L-ALA=v L-eFeForrmnl) vy KRUL-7u) v ({7
I/ BB IL Table 3.1 IR T ) WINDOEED pHZ 6.5-751C2 X5 ICHREL, 5
PR L CHFELL 72, KIC 24-well 7L — b % 37°CC 24 FEMBGEE L. PAMEE CHifg % iy
L7z, 7 I/ Wako Pure Chemical Corporation (Osaka, Japan) 25 A L 7z,

L-7'v ) vic X% C. albicans D &5

L-7’0 V) v /K THEREICR S X 51T 96-well 7L — MCFFEEL., * 21T C albicans %
1x10° cells/mL 12722 X 9 IR L 7z, 37°CT 24 WffHjEEE L 72 1%., PAMEE clifR 2o L
720
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3.3.1 RPMI-1640 K5H0IC 35 1) 5 B4R B8 K O FEE

#l I, C. albicans DEARFEZFI TR T DOFEEZHWE L C. C albicans
JCM1542 FEAS RPMI-1640 55 CHRRIER AR 3 0M0E L7z, #R X Y. C albicans %
RPMI-1640 H54#lic & L € 37°CC 24 WifliE & 9% & C albicans 13EARIE TORbEZ R L
7= (Fig. 3.1 (a))s —/j. C. albicans % RPMI-1640 5511 fi8 L T 30°CC 24 K5 L 7=
B, WA Z RS TR colhi%Z R L7 (Fig.3.1 (a), DR X Y. C albicans D
FAFEICEWT, IE 37°C) BMEDORNTTHD I EBHL2ERoT2,

KIT RPMI-1640 D O DR ARFEZ 5 ZE T2 [FE L7z, £3. RPMI-1640
B oy % A, T X VR, e & I VB ROERSEEO 4 ooh T T) —IcoH
L. Z00 DRARFER G L 7z C. albicans % 2mg/mL 27/ 2 — X 1 X RPMI-1640 amino
acid solution, 1XRPMI-1640 vitamin solution. X | inorganic salts IZ ¥ L T 37°CC 24 IFf[t]
Fi#5 L 7= & 2 5. RPMI-1640 amino acid solution T i\ ERFFE (31,7193 um) #/~ L
7= (Fig.3.1 (a)), RPMI-1640 5 CiFE s 2 B4R (520+73um) &K+ 2 &, 2h
LV IEAEARETH o7z, —J7. 2.0mg/mL 7L 2 — A & RPMI-1640 vitamin solution |3%2
WEAERFELZ (ZNE112.0%6.8 um KN 144173 um), inorganic salts (3% i5E %
REh oz, THHDOFER X Y RPMI-1640 H5HUIC & £ 1 2 TE AR RFER 113, RPMI-
1640 amino acid solution IC& TN T35 Z L BRHL 2 E - 72,

Fevs T RPMI-1640 K5HLICEEN DT I VDS b, Y07 IV BARAFEL T &
ToEL DT I BORARFERE ZMEE L 72, Fig.3.1 (b) & Table3.1 iC/R$5@D ., L-7' 1
U vid 50%A EOBAFEER LA, o7 I 7T L-7 1) v X 0 QRO ERECK
THo7z Q5% TF)e UEX Y. RPMI-1640 Filic & E 25T, L-70 Y v iIRHE
B C. albicans DEAFERNFTH 5 Z L BHL & o Tz,
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(a)

RPMI-1640 at 37°C RPMI-1640 at 30°C RPMI-1640 amino acids

RPMI-1640 vitamins
= SN

(b)

Figure 3.1 (a) Morphology of C. albicans and hyphal length under different hyphal-inducing
conditions. Standard deviations are shown for each sample. (b) Effect of amino acids in the RPMI-
1640 medium. Cells of C. albicans (10° cells/mL) were incubated at 37°C except for RPMI-1640 at
30°C for 24 h. RPMI-1640 amino acids and vitamins were purchased from Sigma-Aldrich and used
at 1 X concentration. Inorganic salts were 100 mg/L Ca(NOs)2, 50 mg/L MgS0O4, 400 mg/L KCL, and
6000 mg/L NaCl. The scale bar was applided to all images.
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Table 3.1 Hyphal formation ability with amino acid in C. albicans

Amino acid Concentration (mg/mL) Hyphal formation
L-alanine 4.0 +
L-cysteine 0.4 -
L-aspartic acid 4.0 -
L-glutamic acid 4.0 +
L-phenylalanine 2.0 +
Glycine 4.0 -
L-histidine 0.4 -
L-methionine 0.4 -
L-asparagine 1.4 -
L-glutamine 2.0 -
L-arginine 4.0 +
L-serine 2.0 -
L-isoleucine 0.2 -
L-threonine 0.2 -
L-hydroxyproline 2.0 -
L-proline 1.0 +++

Water control -

-1 <5% hyphal formation; +: >5% to <25% hyphal formation;++: >25% to
<50% hyphal formation; +++: >50% hyphal formation.

332 L-7'w U Vi X BESRIEK R DRE

R, L-7'0 Y vH C albicans DA% FHETE DD IEMZWGELEL 72, C. albicans %
BeaBRBED L-71a ) vKICHE L, 37°CT 24 FFMRE L2, R I Y. 0.02mM £ Tl
WA ZHEST 2B TERD, 0.0l mM TIREARZFET L LA TE -7 (Fig
32). RPMI-1640 #HiciZs X% 017 mM @ L-70 ) UAEITNTWE 0, KRR
RPMI-1640 ¥5#11C C. albicans DR A% FHET 2 DI mEO L-7n ) v REEFhTWw5
ZEDHLPE RS T,
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Figure 3.2 Hyphal induction in different concentration of L-proline. Cells of C. albicans (10° cells/mL)
were incubated with various concentration of L-proline at 37°C for 24 h. No hyphal formation was

observed in 0.01 mM L-proline. The white scale bar (50 pum) was applied to all images.

34 EE

C. albicans DFRFHEILHE . RPMI-1640 5531, Lee’s 554, Spider 553, YPD 553 + Ifl
. O YPD Bl + GleNAc 72 &, MR K3 03 A o 72 & TITb LT 2 43, Thb D4k
RT3, BORFFER T IChN 2 TR A e KRBT FE DR T2 Ao T B [9-19], AWFFE TIE.
RN T % WTHEZR IR 0 BEBR L. C. albicans DH A FHER T OFFE & BRHESM o Btk
ZHIE L CEMBLZ, #¥1DIC. C albicans DEATEKZFEET L ERHLNLTWD
RPMI-1640 £5#li % Fl v C, BARTEK & FE 3 % 5 OFIE % 17 - 72 RPMI-1640 57Hb i3 42 C
DR BENTH 2720, BIED LT TRHETE 22 L 20, AFFEOEARFESMEE LT
ERL 72, fRIY, 7o) VARAFERFL LCHEESI N, 72 ) vid 002 mM BLE
ZRICHRMT 22 ECRAMKEZFETCE 2 E2HO2E Lz, AR TR S L.
0.02mM LA ko7 vy vEBEMc/KICHIML 37°CTiiE T 2501k, chEcicifitishn
T3 C albicans DR AFEFLMFOHTH, kb B I NZFHAFTESRFLEZ 5, U
RO TY, 7o) YIZEARZHET 2 2 L BMEIN TV, 2hboiRETflibh
T3 7a Y VHEE(10-50mM) I b T Fk 4 DE&MFIZ S X % 1000 47D 1 #2E (0.02mM)
THAZFECTE 2 ERHL 2 E Lz [12-16], TSI, BEICHE S LT 51T 10-
50mM O v ) v EEEEMEFICNZ CERL TV 20, bR, EFRE.
vV, REESY. N EREESMUOB S S E T NG ALGTH B [12-16],
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T, TRV VICMACT IV TAFZV, eRFVV AVvufvy ROV v
FAFEr ERCTEMEINZA, AT INLDT I a2 EMc/KITTHNL
THHEAMREFLECE rd o7z [14-16], TD I Eh b, FEEEHEICE TN 3 HEK
S I SO ICEARFBEZ W52 L B2 b b 20, EERTHFIC X 2 E %
FESRE AR T 2 L BZEETH S,

T ) viET I BoORCHE-D 2T IVTHhY, TDO1IMTIVE2RT I VDE
WS, C. albicans DB I N D2, 2 e dRARDOHRICHAI NS D &, B
AR EZFEL CoaaREE b mRB I NS, AfRicswT T e ) v THEI
B %513 RPMI-1640 S5 CRAE X L7z b DI _TH 2 - 72, £ Uid RPMI-1640 F5iic &
INHZMOREBR A7 0 ) VICX o THEL ZRAOHREHL T2 EEZLND,
IhoDZ b Xy, 7u ) VITERE» O WARTEA~EH S 2 DISEY) e ilisr T 2 23, il
BEBEAG VIS B DR D 72 1 1LY e R Tl v e FE 2 b b,

il

3.5 b

% 3 T, C albicans DHEAFEZ G ZR I TRTFOREEXHWE L, oBEAID
RPMI-1640 5% i 5 T C. albicans DW AT Z 5| K Z THFERFZHL 2L Lz, W
RFES R B E CHL L, MR C albicans DERFESM R BT 52 &
BTER, ThHH5002mMUEDF v ) v E2BEMCHKICHFRINL 725 TH 5,

S RIEST U 72 A 7R BORAFE SRR 13, S, W7o iR o BiFs. X3 T YA Fik
FLiflatbe s ickoT, ¥b%h 3 C albicans DICHEE A S = X L DFFIIC D 70
BRI NG,
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Fax vl vT7IFu X Candida. albicans D &R IEHHE

4.1 S

BIfE, AR CEIRICHEA X v 2 PTERFHE(Z. polyene maclorides 5. azole ZIEAHI. MK
U*. Echinocandins %2 ® 3 ZiEBEHINT WS, L2 LA, b DHERERITME
W OB RBEEFICHENEDH 5, 0 X5 RBUR2 O MRS LEL 96 S L2tkom
WIRESRORFE s kO b Tw B,

IR T~z X 51T, C albicans DERIZHIZ AR OIRIATEICHE CBS L Tnw s 720,
TR 28T L ISR O I 2RI & LT o T B LLRT O T C. albicans
DEERIE CORIEZHE T2 2 &l "4 A7 4V L ERATRK ZHE T 29E 2-[(2-
methylpyrimidin-5-yl)methyl]-7-{[4-(propan-2-yl)phenyl|methyl}-2,7-diazaspiro[4.5]decan-6-one
ik, vV AOEFRICE W CTHEICZ ORFEEZIIH L 72 2 & 23k S vz [44). $7-. 2P
WA O BFBEGE T EZBIEL 2R Tk, 7 RICES X & 255 1B & iR L iR
HRAZELIET T2 ERMETNT NS [29,45], BHATEKIHEZERNE T2 9 —2D
A RUE TR D HEIH 2 4 - I WOR PR 1< X 0RO MIfl 2 R &35 2 &5 it
HRHIHOZFIRE MR IREETHERfc2 2 2 L ich b, E72. C albicans I3HIER & LT,
b b ORECEREFORE LI CHELIFEL T2 2o, MIEIH 25N E 32 DTk
L BRI LIS 2 C L 2N L 32 2 L 3RNRBETELEEZ LN TV 5,

55 3 B TIE. RPMI-1640 ¥iHli% i 5 C C. albicans DHEARFHESM % B—plor ¥ THMML
L7zAER L-7' 0 ) v 2RISR L =& LS Wiz, 2o e kY, vl vidEAS
BB WTHEERKEZHoCTw oMy e EL, xR, 7o) veiliflss s tic ko
T C. albicans DEAREREZNRINCHETE 2 L E 2, TNPFHROBIREDOFAFICO X
BB EER Tz, RETIE, HEBO L-7n) v 7 rarSEr AR EEROFE# e LGS
R L. C albicans DRI % HEA OLEE % 1T 2 7=,

42 kL& T

il MR Je OB 8 4
C. albicans JCM1542 ¥k % ¥ 7' 1 — 15 (0.5%FERFT ¥ 2, 2.0% 27V a2 —Z, 1.0%~<7 F
v) T30°C, 24 W5, 150 rpm TIR & 5 K58 L. BERHERK 21572,

7'a ) VI X B C albicans DHE AR % HE 3 2 (LAY D EHR
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i 7m ) VI X 3 RRFEZIHETE 2{LEVORE LT/, F7 0 —IHT 24
RIS 22 U 72 C. albicans B FHE B 2 JRRDK C 2 [P L 720 BEi L 72 Al 2 1x10° cells/mL
K725 X512 5mML-7 1 ) VKB A 57z 24-well 7L — MICE L 72, 3 5 I RDILEY)
SRS 20 mM 172 2 X 5 ICERINL T 37°CT 24 RREIRG 514, BB clifR 2 L 7z
L-4-thiazolidinecarboxylic acid (T4C; Sigma-Aldrich: T27502). tetrahydro-2-furoic acid (THFA;
Sigma-Aldrich: 341517). L-pipecolic acid (Tokyo Chemical Industry Co., Ltd., Tokyo, Japan

(TCI) :P1404). L-azetidine-2-carboxylic acid (AZC;TCI: A1043). L-pyroglutamic acid (TCI:
P0573) . a-N-methyl-L-proline (mPro; TCI: M2077). L-lactic acid (TCI: L0165). & U N-
trifluoroacetyl-D-glucosamine (TCI: T0973), fL&)IEE 9 100mM 1272 5 X 5 IC/K TR L
7ot%. pH % 6.5-7.51C72 % X 5 ICHHEE L CTAEPA L 72,

GlcNAc M UNFBS IZ X % C. albicans D A 55

GlcNAc (Wako Pure Chemical Corporation, Osaka, Japan). & O° FBS (Thermo Fisher Scientific,
Waltham, MA) % /K CATEIREIC R 5 X 512 96-well 7L — MICHHEE L, % i C. albicans
% 1x10° cells/mL 1278 % & 5 1CI&#) L 72, GleNAc (3 37°CC 24 IRpHIFE#S L 721, BHBEL C
MR Z R L7z FBS ICDW T 37°CC 4 IFfElRGE L 72 1%, WAMER CHiR % o L 72,

C. albicans O F AR EFHEH 0 %R

GlcNAc IC X 2 A8 HECEZ 2 7n ) v T Fr VoK T o7z, 71 —Kl
T 24 IS U 72 C. albicans TERHE R %2 BIAKC 2 [IgEi L7z, BB L 72#ile % 13109
cells/mL IC78 % X 912 10 mM GlecNAc K23 A - 72 24-well 7L — MCEE L7z, X HITKRD
LAY % GRS 20 mM 1272 % X 5 ICHRINL T 37°CC 24 WEHIRG A4, TEMEE TR % B
L7zo LEPIZE S 100mM IC72 % X 5 IC/KTHEML 724, pH % 6.5-7.5 127 5 X 5 ICFf
BLCHMEMEL 72,

e, L-7' 1Y v Xk GleNAc IZ X 2 FRaFE % HE L 72 AZC. T4C. KT mPro iCD
WT, WABEZHECTZ 2RDIBEEZMGEL 72, 10mML-7"2 Y ¥ XiZ 5mM GlcNAc 2°
Ao 7z 96-well 7'L— MiT, FIEREICAR 2 X 91T AZC, T4C, X mPro ZIFMIL 7z, %
W C. albicans % 1x10° cells/mL 12723 X 5 1B L, 37°CT 24 BiREIEE L 7=, # Dk,
SR C IR % ol U 72 BASRIEE D> O BERFIE & BRORIE O 2 MIGE L. BRECE #8480 TR
LCHADE LR S—k v FTEE L7,

AZC. TAC. U mPro 12T FBS IC X 2 RAFEDOHEMR 2 #REE L 72, FBS Z e
IREEIC 72 5 X 91T 96-well 7L — MICHHFEL . % 212 20mM @ AZC. T4C. X% mPro Z ¥
MU 7= %\>T C albicans % 1x10° cells/mL 172 % X 9 1T L, 37°CT 4 KEERGE L /-
. BEMUEE CHRE RS L 72, BEMEENIR > O BERHE & BATEOBUE MIE L. BAREUE B
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THRLCEADEIGZ S—k Y P CHEL 7=,

RIT AZC, X1Z T4C & mPro DHFFIC X V. FBS ORFAFHE L HE T % 2 mADIRE LR
AEL 7z, FBS % 96-well 7'L — M ICH 7 2 IR (FORAL 50, 25, 12,5, KU 6.3%) T2 X
FITEML T, RIT AZC XUt TAC & mPro % %i7r 2 GR&IEEE 20, 100 XU'S mM) T
TINL 72, #6\>C C albicans % 1x10° cellsmL 1272 % X 5 ICfRiE L. 37°CC 4 Wi L,
BEMEE C IR & i U 72 BB ISR 2> & BERHE & BORIZ O %% IE U, BREE B8C TR
LCHADEGZ N—% v FCHEIL 7,

FARTERBEERNIC X 2 C. albicans D ERFE T O IETHIC X 3 5 522

AZC. XIZ T4C & mPro DHFAD C. albicans DEERHE COEIEICT B R 5 2 25289 0>
BRAE L 7z ¥ 7 v —85HbC 24 ISR L 72 C albicans BERHE IR Z IREK T 2 [IGEH L
7zo YEH L 72MHME % 1x10° cells/mL 1€ 75 2 X 5 ISR & JREE/K C 2 B35S L 72, P L 724l
a7 1x10° cells/mL 1272 % & 512 7 0 —SEHBIC IR L. 20 mM AZC, X(3 20 mM T4C &
20 mM mPro % ¥ L 72, 385l 4% 13 TVS062CA Biophotorecorder (Toyo Seisakusho, Ltd, Chiba,
Japan) % H\T 30°C. 70 rpm TR & 5 LA 5 660 nm DI 15 S [lkE CHlE L 72,

43.1 v V) vic X3 C albicans DR % BHE S 2 L&Y DHER

B3 ETTu ) VAEEARAFERNFLERES N0, A 1ZTv ) v 7 Fu riE
kv 7u ) vy iz ofREELEST 2 2 & T, Calbicans DHEAFELHETE 2 L& 2
2o 7Y VvEHECTE MLEYE L TEE® 70 ) v 7F a2 THFA [16, 54-57]. T4C
[12, 13,58, 59]. L-pipecolic acid [54, 56]. AZC[12, 13,58, 60]. L-pyroglutamic acid, & T* a-N-
methyl-L-proline (mPro) &. 7'm Y v O %HET 2 2 & & T 3 L-lactic acid
[55, 60, 611%#IR L 72, C. albicans % 10mM D L-7’'0 ) ¥ £ 20mM D ZNEhDTFu s
FxRMATITCT 24 RHEEEEL, BWEBLZHE L 72, Figdl XV, AZC L T4C X L-71 Y
VICX DHAFELGEAEL 228, o7 e rFE3HETZ LR TE AL o T,
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Figure 4.1 Effect of proline analogs, proline metabolite inhibitors on 10 mM L-proline-induced

hyphal formation. Cells of C. albicans (10° cells/mL) with various compounds (final 20 mM) were
incubated at 37°C for 24 h. The white scale bar (100 um) was applied to all images.

432 GIcNAc I X 3 C. albicans DHERFE L GleNAc IC X 2 EARKZHEST 2 7e ) v
7 a rEORR

T, 7u ) vBH 53 C albicans DEARFESMICH W CHERKE ZH > Tw»
BZLEBELT (7201, 70 VBREERTWARWEEZONIEHAFELE 2R L
7o GleNAc (A K C. albicans DA ZFFET 52 2 B TEY . 2o T v Y
VHBAG LT 3 HREE MR & F 2 e, —MRICED LT B GleNAc 1€ X 2 R AR FES
E. R, ERE BERTXR, X7y, ROT I 7BAE), e x I VA
EDBN o T2 HEBEREHIC . GleNAe % 2-5mM M2 T 37°CTHiET 5, T b DSEMICIIIERE
Mo 7'a ) v ARERIEEICGEE L T SRR E 2 b, £ 2T, 41k GleNAc
HB7a ) v DFER LT C albicans DWARTEE % FHE T E 2 PRAET 5 72912, GIeNAc %
B CKICANTHEAFEZ K Z T 2MEEL 72, Fig. 42 1SR Y . GleNAc 135 TR %
FHEERL, ZORDIEEIL0.005mM & —RRICHERA I N 2RE 2-5mM D 100 7D 1 T
HbZ AL ML ST,
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Figure 4.2 Hyphal induction in different concentration of GIcNAc. Cells of C. albicans (10° cells/mL)
were incubated with various concentration of GIcNAc at 37°C for 24 h. No hyphal formation was

observed in 0.003 mM GlcNAc. The white scale bar (100 pm) was applied to all images.

GleNAc 227 v V) v ORER L THRAFEZGER I Lz, Ric7v) vy 7rru s
2% GleNAc 1IZ X 2 EAFEZIHECZ 20 EEL 72, 7 2070 Y v 7 Fu 7Tz <,
GIcNAc 7 F v 27 Cdh % N-trifluoroacetyl-D-glucosamine 7l L 7z, Fig. 43 X V., AZC &
mPro 13 GIcNAc IZ X 2 FAFESLGEEHECHEL, T4C TH b T2 HENRD bivi,
L2 L.GleNAc 7T Fu 2 2a0o7ru ) v7ru7ECciHET 22 e nTE R o7k,
INECOMBEE T LB L, AZCIZ 7Y v & GleNAc 12 X B HEAFEZHE L, T4C 13
7u ) VI X BEAFERHET 225 GleNAc I3 2 HE IO T TH > 72, 72, mPro
W 7u ) v 7 Fu s ThriR, Ful v ick 3EAFELZHETE T, GleNAc IC X 214
FHEEHEL -,

INLOFERIY, 7rY) vy T7Fu ik GleNAe I X 2 EATEREHECTCE 2 2 L2
HO» Loz, HERRLZ 3 EED7u ) v 7o 7olEMRE L 2 DENIZZ
ITNTEARLZEIHL L LT,
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Figure 4.3 Effect of proline analogs, proline metabolite inhibitors, and GlcNAc analog on 5 mM

GlcNAc-induced hyphal formation. Cells of C. albicans (10° cells/mL) with various compounds
(final 20 mM) were incubated at 37°C for 24 h. The scale bar (100 pm) was applied to all images.

433 IMHIC X ZEABESLETICE T2 70 ) v 7 o 2 OB REEILE

7’1 ) b GleNAc FIMEPICE TN T 729, UEICX D C albicans DERFHEIC
i, 71U v & GleNAc 2PFEICBEG LT G E L C, MIFIC X 5 C albicans DE R
H% AZC, T4C. KU mPro CTIHETE 2 2MGEL 72. C. albicans % Kk 4 72 O FBS 23 A
2 75T AZC. T4C. MU mPro  (RfCREE 20 mM) %% T 37°Cic T 4 Riftlks 2
L. B2t 2 Bi52 L 7z, Fig. 4.4 1R 3HY . FBS IC X % C. albicans DR AR IR
13 0.6% (BATZE 577 £4.5%) THolze —H. AZC 1F20%D FBS SF T T s
L RATEHEAE L7z (FARTEZAE 0.4£0.6%). T4C X 2.5%D FBS LA T OIRE CTHRATEZK
#IE (BAREKE3.0£3.6%) L. mPro i3 1.3%FBS LA T DMEE# HE L 7= (BAREER
0.0%)

42



None _7 mPro . ' T4C

20% |

2.5%

1.3%

FBS concentration

0.6%

Figure 4.4 Effect of proline analogs on FBS-induced hyphal formation. Cells of C. albicans (10°
cells/mL) with various compounds (20 mM) were incubated at 37°C for 4 h. All assays were
triplicated, and at least 30 cells were counted for hyphal formation percentage with standard deviations.

The scale bar (100 pm) was applied to all images.

ZZFET, AZCIE7 v ) v & GleNAc Dl DEAEZEL. & 512 20% FBS &
REOIMFIC X 2 HAFELFDHECTCE L, ~ /T .T4CIE 7B ) VICX DR AFELH
E L7228 GleNAc IKxf L Cldb T2 aHEZ/R L7, £ LT, fiFIcH L Tld 2.5%FBS &
K OREAFERHEL 72, mPro 1270 V) VICk 2B ATBR EHECTE 2 d o 7208
GleNAc 1T & 2 B AFEHE L, 1.3% FBS 1T X 2 H-RAE % [ & i it LCiash i
Ko 7o BLEL AZC I ERREE DI IC b @V ERIZEHE 278 L, T4C & mPro (37 I
WL ThOTLGEIRLIPADONED 572 hb, MIEICX 2HAFELHET 220
ik, v v e GleNAc DliFORERLETH D Z ERREI NSz, £ T, T4C &
mPro ZfffH3 2 2 Lic X b AZC LRFRIBRICHEIREDIME IS L CRARTZK 2 HE T & %2
MEEL 7z. C. albicans % 20 mM AZC, 10 mM AZC, 5 mM AZC. X% T4C & mPro Dt

(20 mM T4C & 20 mM mPro. 10 mM T4C & 10 mM mPro, (% 5 mM T4C & 5 mM mPro)
T, B 2RED FBS THEL CHAFEEEMEAMIEL 72, Fig. 4.5 IR I@EY .,
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AZC I35 CEARFHEHED R Z /7R L7z (20 mM AZC Tl 50%D FBS & F CHRA R
30%LA T %R L. 10mMAZC Tld 50%D FBS 5/ CTHRARTZHE 50%), %72, T4C & mPro
DB T b ECERIEIHE 25580 Sz Q0mM OHFRIC X Y 50% FBS 4/F F CH
SRIEHCR DY 50%. 25% FBS 254 T3 30%. 12.5% FBS 5/ Tl 20% B ETH - 72), T ST,
o DILEWID C. albicans DWERHE COWNEICHE % 5 2 5 23 L 7z, Fig. 4.5 (¢)ITn
THE Y . AZC. X3 T4C & mPro DHFHIC X o TEERHE CORGEICEED o 2 & 230 5 2
Loz,
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Figure 4.5 Effect of proline analogs. (a) Effect of AZC on different concentration of FBS yeast-to-
hyphal transition. (b) Effect of simultaneous addition of T4C and mPro on yeast-to-hyphal transition
in different concentration of FBS. C. albicans (10° cells/mL) with various compounds (final
concentration was 20 mM) were incubated at 37°C for 4 h. At least 30 cells were counted and all
assays were triplicated. Standard deviation is shown for each sample. (c) Effect of proline analogs on
yeast form growth of C. albicans. C. albicans cells (10° cells/mL) in Sabouraud’s medium were
cultured with 20 mM AZC, 20 mM T4C, and 20 mM mPro, or without at 30°C and OD 660 nm was

recorded every 15 minutes by Biophotorecorder.
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44 EHE

AR, FLEREHEIC 3 2 M E O B3 HREIC 72 o T B BER CER X T 2 F 72 #
B 1%, polyene maclorides . azole &%/, KX UF Echinocandins 5% @ 3 R#fiA3H 5 25, C
no OPIEFFICN T B MR O IMEATEL L oTw 2, 2D X9 mHKk2 & MR 2
HH Lo ZeafoFguitEREoMErkv b nTwd, chEchx/zkiic, C
albicans DFERTEBUIAE OIRIFEHEICER S BIG- L T 3 720, T2 BB 138 L WiGHE
WO RIER & LThoTwd, Bl 2iE, & v o5 7 B e lRE o0 R 7 & DR
JRHIA T2 C. albicans DE AT THM XD [26, 27, 62], X Hic, EABICATE
C. albicans AR T RIEKRIZ < 7 AT VO EBRTRENEZ R AW LB LN TV 2 [29,
%]

KEBEWT, 7a Y VIFHEIMTKICHRINT 2 2 L CRABEZFIER M0

L’Cﬁﬂibf:f:&b\ KA 7a) v2fT 52 XD C albicans DEARTE % [HET

DIRPEICR Y 25 & 27, BEOT0 ) v T I u rEEEIR L, C albicans DE A
R &G C % 2 25l L 24558, AZC L T4C I 7 ) VIC X 2 RAFERIETCE L 2 L
ZHHL L L7z,

BT, 7R ) VEETTKEAEZFECZIRMFTH IR Y) YT Fr I XY ERF
BrHETZ 2 2AEL 72, GleNAc IR AZFARFERFL L THILON TS0, #]
DIZ GleNAe 378 ) v EE R WERETHRERFEZE &2 MRAEL 72, GleNAc & B
WCRKICHIML CHEAZFETE 2 205 L 724 E. 0.005 mM 2T 2% 2 & CTHA R
BT EHL2E LT,

RIT, GleNAc IC X 2EAFELX 7o) v 7 Fn 2/ CHETE 2 2HEEL 72, fERX 0.
AZC ¥t mPro 1 GleNAc I X 3 EARTEKZHE L, T4C TH b T 2HESED b7,
AZC & TAC 1Z 7' m Y Y iC X 2 RAFGE % HE L 72LAYTH 5 72 GleNAc I X 2 FARFHE
EHHETE 22 L IIHFE Y OFERTH 572205, mPro 17 1 ) VIC X BEARFHE AL HE
TERDoTALAMTH 5729, GleNAc I X B EAFBELAETE 22 LIZ PRI DR
TH o7,

INLDOFERI D, AZC 178 ) v & GleNAc Dl f O AFELXHECE 271 ) v
TFRZT, TACIE 7 v ) VI X 2RAFEZHE T 2 25, GleNAc 12 X 2 FAFHEDHTE
5w e ) vy 7 Fue s chot, —7F T, mPro 1Z GleNAc I X 2 EAFELXHET 2 C
EDBTE B, 7U)/klélﬁmﬂimifgﬁm7uj/Tfu7f%otouﬂ%
D3 ALEMXFI L 70 ) v T Fu s ThHhEIH, ZTOBENITRLRS LTINS,
Y& GleNAc 3D XS ICBE L CRATZEAZFBEL, 53207 v ) v 7 Fu s/
EDXSITING DEAFEEZMGEIL T2 D25 2 Tldk v, BUETOFSE Tl GleNAc
ZARHT 2 EE R KIB L 728k13. GleNAc I X 2 A FBELM T CHAERZ R LT & A
5. GlcNAc DEARFEIZZ DNRBABEBRL T3 D Tld . GleNAc HRDBHERFHE S
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ZFNMCEG LT AR H 2 T il I Nz [63]e £, BAETPICHE VT
GIeNAC 34 VYAV v 7 F AT A 7V ERFRT 2 v —OBEIZ R723 2 & bl
HINTWD [39], AFRICHENTD, 7B ) vy T7FarRBZra ) VI X 2EAFEZ T
T7 < GleNAc I X 2 WA b IHETCE -z bbby TEL DL, 71 v & GleNAc
DNCITEAFEICE T 5 v 7 FIUGERS CREMELR D 2 2 E 2 b1 (Fig.4.6), X5
iIc. 7’1 Y v GleNAc & [FAIERIC Z DRE D FAFBEICEG LT D TiRARL, 7o)V
ARBEERAREY 7V 2R L CRFEL TW 2RI ZE 2 b, S Hic, b
D GleNAc & 7’0 Y Vv Zili3 2 o 7PV ITEEICEE L T ) 20 7e ) v 7+
oZickoTHEINTWEIZ L EZ LN,

Mi& . C albicans 73t s DIRANCTEATEZEK 25 2L 2 TREXWAFERNF L LA
TH Y BRI E 2N L 3 2 IBREORFIC B T, MiFIC X 2 FRFELHECZ
22 LIFHEETH D, MEHICEERA RS BEETN TV LA, MIED EDETH C
albicans DHEARTERZFET 2003HL 2 I N Ty, 71 v & GleNAc ITIMEIC
BENTHRZERHOLNTEY, X IZZD 2 DOYWERIMIGIC X 2 HAFED L KT
CIRERZINLTC, Tu) vy T Fuicko CEIC X 2EAFELZHECE 3 LE X 72,

FH 1T AZC, TAC. KU mPro 28 FBS I & 3 C. albicans DHE A % HE T % % 2>#5E
L7zo 20 mM @ AZC IF 20%®D FBS THE I NLEAEKAHEL 72, 20 mM D T4C (F
2.5%®D FBS IC X 2 EAFHELXHETE, 20mM @ mPro 1% 1.3%LL T D FBS I X 2 H A FHE
#HETZ LB TER, 70 v & GleNAc D7 AFETE 2 AZC 8 20%D FBS 1T X
PEAFHELHECTE 22 13, 70 ) v & GleNAe BFICH T 3 EAFHEFENTTH 3
EVIREE BT 2R e o7z, F/2, TAC D32.5% X D b EWVIEE D FBS # [HETX
otz 2 EiE, 2.5%% 0 D EEE D FBS ICI3E R 2 FHETE 3L ED GleNAc 735%
FLTWE2.25%E D b X HIRIREICHEN IS & GleNAc I X 2R IHCc& 2 %
THRMEINCTLE-RZEeEZLNE, —J7. 717 Y VIFIMEFIC 0.13-0.63 mM & E LT
ZTERHMEINT D [64], fE- T, 25%REE CRERZHFETE 370 Y v (8 0.02
mM) DEEEL T3 720, 71 ) VI X 2EAFHEZHE C% 5 T4C 13 GleNAc I X 21
RFENERTE ZEE T AR EI N 25% U T CHAEKZHEST 2 LA TE, 7'm
U VICXBWAFERHECTE RV mPro 1370 Y VICX ZEAFENERTE 2 1.3%L
D QIRBEOIMIEORARTEEZHECTEZ 2 HFEX 6N 5, TNLOER K Y| MIHIC X 55
KRR ZHEST 272013 7a ) v e GleNAc Dl OHERLETH 5 Z LARBEI N
726

ZDZLhb, TAC L mPro ZHFH LT 71 U v & GleNAc Ol ZHE T X, AZC &
FRRIC SR OGS T CHhREABREHECE 2 L E 2, BRIV, AZC, XIF T4C &
mPro DHFFIC X D SR D FBS IC X 2 RABEZIHE T 2 2 &3 TE 72, ThHDfERIT
7w Y vk GleNAc 1. MIFIC X 2WEARICE W TEERRTTH S 2 L B3RB I L7z,

47



¥ 72, AZC. KUFT4C & mPro DHFIE, BEEHE COMEICHE 2 5 2 5207z, TDT &
b TS OFEFNIRCEPFUE CHIRNICERER Z HETE 2 L HiffTE 5,
EXY, v ) v 7Fus AZC, TAC & mPro DBHFAIE. C. albicans O FERHE T D il
B R 523, MG X WA EZHECEZ, bl eh b, b DI
SEFNME T O B 2 SR IRICHI 2 72 3 R e igisE & L CHIlcE 2 b FE 2 b b,

Figure 4.6 MEIN S 70l v & GleNAc KX AWABEY 7K Tu ) vr7Fus
I & 2 BHEERR
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il

4.5 id

04T, B3 BEICEWTHEASEESOHEMLIC X VEAFERNTFZFEEST S &
MCTED, THLICZODHRAEZRS LR TE 72, —DBREN 2w R R BHE A
(AZC, TAC, L OX mPro) %[FAIET 22 LA TERZILTH2, ZOHAMIGICLS C
albicans DFEARFHEIZ 70 ) v & GleNAe 2 FERT & LG LTEY, ThbzHETS
eIk o TFIC X B C albicans DHEARKEZHECE 5 2 LM ohicTcE LT
Hb, AZC XIF TAC & mPro OOFIZIAE COMMUEIHICEE L5 25 2 %5 < C
albicans DWRFEZHE T E 72, OMEE ORI E L 5 2 THRARITEK O & % [HEH
T& 3L WHMWHII. C albicans 1< & > TERWIEFEIITITE T 5 2 72 0 A ER O HIR %
MzszlicHlCcE s LE2LN TV,

K cfEoniz, 7a ) v & GleNAc OIENIC X 5 C albicans O FARTEZEHE O IR
X, 5% D C albicans DIZREZHa X 71 = X L DRI (NICiBEE OB ICEHBN T X % L 1]
9 %,
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R

KL ClE. C albicans DEERIE D b FARTE ~DEEEAL & 7" F MR Ofifi, 37
T R AELE o B L, 3l 0N R TE L ER D R % 1T 5 72,

F\2ETIE, 7 F T Ly VI TH D famesol 3. C. albicans D MAP ¥ F—+X D
FERNHT 2 LiC X o THRAEEMGIL. N4 F 7 4 v LTI E R 2 O BERE
~DOEW T > TEEE(LEZHAM L T2 2L RN Lz, ¥ 51T, C albicans D Ca?*/h v
Y 2 ) VY7 FiE cAMP-PKA @ cAMP X U b FIRIC/EA. 3 L <13 cAMP-PKA D%
TR OREEIT/EH L CHRRFF R mRNA #25 K1 EFGl Z3GMHEL L. BRI 2 HE L
TWBZ E¢ERLT,

85 3 T T3, RPMI-1640 £5Hh% I\ C C. albicans O B i
oY 3 0.02 mM BLE&R Y CKICTHRINT 3 2 &I X 0 E4S
5ZCEHLPE Lz, ZHICX Y, Hifi{b L7z C albicans ®
EBTE T,

B 4ETIE, WAEHIHEROEERE {7572, 70 ) v T FurER2 X)) —=v 7L,
AZC. T4C [ U mPro 233NN FEARTEMIHER & L TRET 2 2 23T 2, 2H DAl
G R 7e ) vy 7 Fu s ch b nn o HET HEN, RCHEDRS R > T,
T HIC, BABELZEMLTE AL LIc X, MFIC X2 EARAFTERTIZ 7Y v
& GIcNAc TH 2 Z L 2FFET D LB T&E 7, AZC, XX T4C & mPro DHFHICL V. &
BEOIMIETY C albicans DEATEEHET 2 2 L3 TE, 2o D(LEWIIBERE T
OIS CHER2 52 I L 2L I L, ThbD I eh b, AZC. XILT4C &
mPro DHFFIZ, EWIETEIHITECH 2 2 L BEZ LN 5 720, EAMEEO BB 2z /-
- mIBEEOHRICO R r L LEZILND,

AFFZOE 3 FEL 4 Bk, MlENY 7 FURER DOFIA O EREE(L A /1 = X L DfiF
MEATHIMERDT 7 —FTlde . FRFAEOHEMALIC XS C albicans DWEAFHERF
DFRFE & WA ER OB ZIT I PRSI VIR E2{To72, 2OT 7 —FIiC k5T,
AWFFECRIMEIC X 2 FAFEO ER T8 71 Y v & GleNAc TH B Z & xFEEL, 7l
v & GleNAc DIHEDEARILEZE & 3 2 REROBRICORB L L2 L2 L
L7ze LEX D KWL CEIRNL 72 C albicans DHERFESEH O Hfifbic X 327 7' v —F
X, C. albicans DIEREZAL DfiRHH, W N ICIHEEROHRICTHF G TE 5L E X 5,

St Mt 2T o720, 7
EEREER 3RO TH
HARBESM 2T 5 C
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