AL

e A

R K
fsc (-

N B ey
RO I ma ke
RO | L (SRR
AR | WA B3R
hEEOBA | R 3043 H 9 H
ARG OB | A 4 4 2 HEKY
e 55 S L 00 M B (R A VE TR B & 7 02y TIC BT 5
SN it SCREA .
9T
T Hw ok om
WUBEER Rl i AT Ak
Rl Hw e m E 2




T3 B MR B O Al fed B Ok A MR B E R AR &

Z D32 H 9T

FACERHRR R R AR A TR SR B
RSPERENVN Il
SR EEV N



s =

BLAST Basic Local Alignment Search Tool
cDNA complementary DNA

CFW Calcofluor White

CR Congo Red

Cwi Cell wall integrity

DOX Doxycycline

DMSO Dimethylsulfoxide

DNA Deoxyribonucleic acid

DTT Dithiothreitol

DXD Aspartic acid - X - Aspartic acid

EDTA Ethylenediamine tetraacetic acid

ER Endoplasmic reticulum

FTGM Fungal type Galactomannan

Galf Galactofuranose

Galfase Galactofuranosidase

Galp Galactopyranose

GC-MS Gas Chromatography- Mass Spectrometry
GM Galactomannan

HPLC High Performance Liquid Chromatography

HRP Horseradish peroxidase



IPTG
kDa
MAP
MIC
MOPS
NMR
OMGM
PA

PBS
PCR
pPNP
ppm
PVDF
gRT-PCR
RNA

SDS-PAGE

SSC
TBS
tet

™

Isopropyl p-D-1-thiogalactopyranoside
kilo Dalton

Mitogen-associated Protein

Minimum inhibitory concentration
3-morpholinopropane-1-sulfonic acid
Nuclear magnetic resonance

O-linked mannose type Galactomannan
2-aminopyridine

Phosphate buffered saline

Polymerase chain reaction
para-Nitorophenol

parts per million

Polyvinylidene difluoride

Quantitative reverse transcription PCR
Ribonucleic acid

Sodium dodecyl sulfate- Poly-Acrylamide Gel
Electrophoresis

Standard Saline Citrate

Tris buffered saline
Tetracycline-activated promoter

Tunicamycin



UDP Uridine diphosphate
UGGT UDP-glucose: glycoprotein glucosyltransferase

UPR Unfolded protein response
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%, B OMISEESMITERR Z MBS R4 5 & & bIT, AFREIIT D REkE &

L CHERE L T\ 5 (Cid et al. 1998; Chen and Thorner 2007), £ 7=, FfE, EFE AT —,

oD WITEFTREMNIZIEEL 5T L~V TR S & 2O GER, 7Y

Y FEADE 2 E DT A= TENZER > TWD Z & 23 h 5 (Shibata et

al. 2007; Takahashi et al. 2012; Kudoh et al. 2015), BE#E7/xZ 112, < OEEHIIEBR

BEAITISE U TS 2 ) £7 U 7 L, ZORR, BREA b L ATk LT

P& 55 2 LN LTV D (Martin et al. 2000; Ene et al. 2015), = d X 9 72 ff

fuBELREPEDOFTHET (Cell Wall Integrity: CWI) 1ZEEOAEIFICHMEAD T 0 A THY |

INEHRTDHZODO T 7TV REKREIX, £E&OT CWI B EMFENTWVD

(Levin 2005),

I, REMRFEMEEE TH 5 Candida glabrata 23, =%/ v 7 ¢ VRHLE

ORI U T MAP 77— Slt2p #41 L7= CWI R 275 L, D3 ERL

H%

IEHEEE (MIC) fHED X /) % o F ¢ RITKT DM 2 ST 5 2 L AHE S

U7z (Stevens et al. 2006; Chamilos et al. 2007), T 72 H, =% /) T v T 4 2 RIEH



IZX 5 BL3 I N MEEADZ A —8 CWI Z 3R U7 fE R, — 8PS E SRR

fEr

MR EG LI r— AL LTERALNTEY , R MLIER B CRER ERTEIZ 2
> T % (De Rosa et al. 2015), Candida J&=X> Saccharomyces J&72 & OFEREE R X
ST ITNA L RFUNOHR SN D MIEEELEE 2 L@EIZA LTV D
(Georgopapadakou and Tkacz 1995; Levin 2005; De Groot et al. 2008), EEREIZIHWVT, b
o & HIFFEMRHEA TV D CWIHE MAP - — B 24 Lol o~7 a2 1)
v 7 RFPHEITH Y | PLE VIV H v A BIBHIT KR LIERETIE, CWIRRIR A HEIE L~ L
TIEMHET AL EBICF T UAEGKOTLE L TWAD Z ENE BTV 5 (Boone et al.
1990; Meaden et al. 1990; Shahinian et al. 1998), Z #UIZ DWW Tik, A FD X 5 ITHER
NTWD, £7, MlaBE~OWH2RIEE,. &2 WITBERIR B 7 REDE Z
% & AlfakEEE Y —Wsclp X° Wse2p 2SHEfukEfg G S A2 35 (Jin et al. 2013),
ZHICHEEW T, GTP fEA % > 7378 Rholp 2MEMEL L. MR —F Pkelp,
MKk1/2p. Slt2p OZEKH Y gtz LT, CWI BE & > /7 0% F A A pk B
BAGFDNEREIEMEL &35 (Martin et al. 2000; Bermejo et al. 2008), = F > A& Ak B
DLV DOMOBET D D B FHCF T U AGERREOHEESRE 2 2 — K95 GFAL,

GIcNAc 5B E %2 22— K95 CHS 7 7 X U —i8fn 11X, Slt2p T iit#s K 1 Swid/6.,



RIml OH|EIZ 3215 Z L2355 7v> TWvb (Munro et al. 2001; Lagorce et al. 2002;

Garcia et al. 2004), BUBEZEWNZ L2, EH, MAP 7 —F 2 L= CWI R, /)

JafR A R L R IRZ (Unfolded Protein Response, UPR) &7 o A h—27 L CHilEl 41T

WD Z EMBB MY 255 % (Figl), Saccharomyces cerevisiae <> Aspergillus

fumigatus, Cryptococcus neoformans Tk, /MaIRIZISIT DHEF /X7 B b & LS

DEE T LA b U ADFERIC &L - T CWIHREESEMAL T2 Z & £z,

Irelp K> Haclp 72 & D/NE A N L ABRE & o X7 &R H 2 & T, IEH 7 CWI

FEN B A KET Z D HE SN TW5D (Kimata et al. 2006; Scrimale et al. 2009;

Feng et al. 2011; Glazier and Panepinto 2014), Irelp /< RNase B/Nak 2 kL A& v —

& LC, Haclp IZfEMAL L7 Irelp DA T T A 2o 7B ZT ClEAT DEREIR & L

THREL TRV, BEEEEZ D% < OBEEMIZEH T IRELI-HACLI/XBPL #2# & L

TEPRAEE LTV 5 (Urano, Bertolotti and Ron 2000; Back et al. 2005), #5(Z. S. cerevisiae

IZE S TEHME—D UPRBRIETHDH EHE X LTV D (Frostetal 2012), LxL7R723 6,

REBETZRNZ &2, S. cerevisiae iT#xfE CTd> 5 C. glabrata TliX. Irelp iZ/hafk = K

LA —b L TCOMREICHERACY Vb KA A %, & 512 HAC1 mRNA (%,

Irelp @ RNase RAA UDFEGT HDATTA 2 Fld e EnEnkoTind Z &R



Wi X7z (Miyazaki et al. 2013), Z > Z L%, C.glabrata 7 IRE1-HAC1 #% 2 HERE

FHZRBL TS Z & 2f<RIR L TWD, ZRUTH21b 6T AL TRY

Y. C.glabrata ® CWI [E, FFIMED ER A b L ZAFHESC, /MaKE MBI b %8

LA RHORBIZE > THEFEIND Z ERHAL N7, - T, C.glabrata (23

75 UPR & CWIREE D7 o & b—7 1%, BEA® IRE1I-HACL R 2 I X720, R

M 72 il 2 52 17 CW D RIEEMEN S 2 b5, ¥4, Candida albicans (28K L 72\

Candida £, 7 724> % C. glabrata Z & ¢¢ [non-albicans Candida species] (Z L 5 JEHS] A

TR A 2R B IME A8 5 Z & A5 (Pappas et al. 2003; Li et al. 2007), C. glabrata @

CWI ZBfi#9~% Z &%, Candida JEDHT 7= 721G HEIE 2122 T 5 ETAHTH %,

7 T, PEMEE R OMIEEE L e MRE~—F — & L THHERERER ZH > T

%, b MEJFEMERIRE A, fumigatus OMIFEEE X, o/p 7V XF 2, TT77 b~

Y (GM) DB ZREMEEEZTER L TR D, FRZ GM 1X—E0 KR E e Ik

BHIZOHBIEE SN D R/ 20 Coh 5 (Hearn and Sietsma 1994; Bernard and Latgé

2001; Free 2013), Z D 7=, Il GM ~—h —O %, BEEK L EE 2 Aspergillus JiE

KRR L L CTLES T BTV % (Reiss and Lehmann 1979; White et al. 2013;

Heng et al. 2014), L7> L7223 6| 1&MEIEHENT T 2~V L RGE7R & —FOREF] Tl
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Fig. 1. Summary of the mechanism of cell wall integrity for yeast.

GM ~— I —@ME LD Z LR WUIRIBRPENLTLE I F—ABH 0018, Z
DIFEEIEHA SN > TV, GM v — I —FRRAEIL, GMIZEENDL T T 7 B
75 ) —2 (Galf) BEAFR L T ARETH S, Galf 1L 5 BEAMONT 7 h—AT

. —XIZ., B FEEOTEILEENICITRE O e (Tefsen et al. 2012), A.

fumigatus OFMALEE GM 38 L O Galf FESHIE 1960 AT L I HL, F ORIEEHHT Y

RSN T XD, Z ORESE 2 TR D 72 OBAR T HlEN B o 2 Btk X, 2000



FERZLICELETIZEA LT LIS TV o7 (Latgé et al. 1994; Kudoh et

al. 2015), T4, B TR EINORRICEI Y | Galf Z BRI KE LIZER W

< ODVEINL « fiFAT Z L. GM 36 X O Galf A=A AR I O — 3B A3 & s 7e o 7=, gIfA &

LAt R B SN VP U ViR-T T 7 T ) —A (UDP-Galp) %

DV Y UER-H T N7 T ) —A (UDP-Galf) ([Z&E# 5 Bt (kEFE A o — R

LTEBY, ZOBMLETFOXREETIZ, MIREE GM O£ To Galf FEEENKET D

(Schmalhorst et al. 2008), [FIFEIZ, gIfB EinT-I1%, MiE CHERK I 417 UDP-Galf % =

WOERIENEE T D R T AR—F —2a— L TEY, ZOBIRFOXEICL-

TbH. GM O Galf BN 2= TXRIT 5 (Engel et al. 2009), MMz T, ~T AT 52

UG KIEHRORRGL IR TIE, WRMEDSHE I T35 2 &6, GM O Galf FEEHN,

A. fumigatus OFFJFMEIZE 5 L TWAD Z E BRI S 415 (Schmalhorst et al. 2008; Engel

etal. 2009), LA EDOFEIFIL, GM @ Galf HEEH D ILE IIMRNE R D BAL S D> & ik

fasnsZ &, MEICK TS Galf EASKPHE DR THLZ L, GM 1Tk

ZHL ANTVENTEAKIN TS Z & Galf HE8HIT A fumigatus D072 < & H 4

FIZITMATIEH W EZBR L TW5,  Komachi 51X, A fumigatus ¥ LY A

nidulans @ /L URIZITET 5 gfsA Bin a7 u—=7 L, ZOBEFEYD in



vitro |28\ C Galf BB iEM 2 A9 25 2 & &2 R L7 (Komachietal. 2013), Zih %

AT T ARMFIETIL, ofsA A& 7-2% A. fumigatus @ GM @ invivo ZE&FRICEI 595 =

&L ETo gfsA BAn LM S Galf InlEsE 2 = — N9 2 Bis M Ed 5 TREME &

PR L7 (B =8), ZhICkT TR, Galf SRS b ARERE T T 7 7

Z U A —BEREEE OB L F O invitro IEMEERIET D Z LIRS Lz (B,

ZDO X DIT, MfEEE GM OFITEHEAE L, G, BIXOSEOMED HIR~IZH LM

2720 oob 5, &2 AT, A fumigatus © GM #EiE 2 SN @b+ 2 & . A. fumigatus

?D GM 1L, a fiH~y / —AFEHITK LT Galf AT 2EErIs 2L, &

HIZ Galf FEHIF O EREUTIX BLS FEE. BELON BLE A 2 FESFEL

TV % (Kudoh et al. 2015), BLBEZRWZ &2, Galf (ISR ITEFHIH o0 2 FRIRE S pH

(AR L TRE L, R pH SOIERERTARME TICB W T BLE #hiG Galf HrHk 2 Mk L

= CREXRT—H), 2NHDOFEHEL, A fumigatus @ Galf FESIZIIEE SRR H 5

Tl Flo. TOSEMEAHIET D, b5 CWI RS DSNIEMEIC i - T

L2 EaRRL TS,

PLEOEZN G AT T, RENREIEMEER C. glabrata, 35 LT A. fumigatus

OASEERHEHIE, J7805 CWIIZEDLBIcFZ2H LI T2 &2 AEEL L,



B, BXOL P FE T C. glabrata (2RI 72/ MER A b L A RRE MR EE 5

VSR I Z oW T, B, BLON BIETIE GM @ Galf ZEA Rk & o figizB b

HEEFE D invitro, invivo IEMEIZ DWW THRET L 7=,



B
KRES BT DOREMFNZ LV FEINS/NEERA LR RE L

Candida glabrata D HHFREECR S HI S C BB 3 5 fET

FH—E

Candida glabrata ®HfifaEEIL, ~> /T aTr A, FF 2, BL3IPLE /LT b
R S LTV 5 (De Groot et al. 2008), 727> T PL3IPLE 7 /L %, b o & il
BT WIRNE 2 L T\ 5, BL6 7V X L3 Vv TR THOEEN,
<) 7T AU ERF U BIOBLI TN FNTEFNEEERD D) I — D%
% L Cuv 5% (Shahinian and Bussey 2000), Z® Z Ev6, BL3/BLE6 7V v idiiid
BEREIEHERFIC & > THERMEN ) FTH Y | TORFIEFEMROETLEHNT L5
ZHNTWS, fiE->T, PL3IPLE Z Vb U EERE (CE - - ffaEE Y =5 Y o 7|
T2 CWI OFAiIL, HEOAEFIZE > TUHEOHEETH S,

BERMERE B Tl MIRBERE IS FHET 240 5 CWIRRIKIT SIt2 MAP  F—BIZHt A Sh
D2V b A — RBHEAE L TWD Z ERMBILTER Y | MaBER G~ D EE DR

HFROL HIFICHES F AT v 7 EEREBTEE DG E&ThH L EShTE L



(Martin et al. 2000; Garcia et al. 2004; Ene et al. 2015), #T4F. /Maffk (ER) 73 CWI %=

D277y b7+ —LE L THEELTWDAEEDOH H Z & BHKR W THE S

oo /MEKRIE. Z2< OEEIZE - T, MIEBERIBMAZ A SR T 27 OICHED LIV

> 7 To s , Saccharomyces cerevisiae, Aspergillus fumigatus, Cryptococcus neoformans

R EDERE T, NahE 2 7 BB E B O R (ER A b L R) 2T D

Unfolded Protein Response (UPR) 23MRAF S TEY . ZHUZ Lo TMIERNICEIT 5

W2 R EAEGRRE L OIEEERT B R DS Rk - iR E B L T\ 5 (Feng et al.

2011; Frost et al. 2012; Jung et al. 2013), Z 4L 5 HE D UPR ¥ 7} VIREE Tl LA

BEARRICE D D BIEF DN D RO01h->TEY, ER A ML ZADFRAEICER L Cls

BIEMAEEIND Z Mmoo TnD, LLens, BEREWZ L2, C.glabrata T

1T, b LSS TV A UPR BRIE & LTO IREL-HACL #RE& 28, HEALAYIC R L

TWBZ ERbIoTW5 (Miyazaki et al. 2013), Irelp i/ Mok 42 E@m4 254

—L LT, MEER N ANETD ELEREL T RNA BIWHEME B A A > 2@k

H UL HIIRE SRR T A AREEE HACL mMRNA ORIRIAR T T A v 7 &4 %

(Gardner and Walter 2011), Z#uiZ & » TA U7z k@ HAC1 mRNA 7 555K 1

Haclp SRR &4, ER A N U R IZKF L THEPIIVICE < Bn T RO G 25 b3 %

10



(Patil and Walter 2001; Yoshida et al. 2001), C. glabrata (% S. cerevisiae DITHZHFE TH v

M5, S, cerevisiae 23ME—$FO UPR £ & L T? IRELI-HACL &R A2 KL LTS

Z &b, Coglabrata 1ZT— LT, ZHETIZA2D) o772 UPRBEEOWTILH A L

TWRWDLDE IR XD, ZNEFETH I LI, Coglabrata 1%, BEZAWIZ/ M

(KA R ZZFEETHHEKNTHDLY =~ (TM) 123 L T—KRMmEEZ A LT

V% (Miyazaki et al. 2013), & 512, TM ALERIZ X - T S. cerevisiae ® UPR & @4 %

WL ODDBIETIHEN LR T 52 L bboo T (Miyazaki et al. 2013), Ziv 5

D Z L%, C.glabrata 73 IREI-HACL fRB&IZHLS 720y UPR Z£F 5 TN 5 AIREM: 2 /R

LTCWAD, FHO UPR BRI ZE > TWAHDH, £7I3MOBKEA UPR 20 L T

WAHDINIRBHTH S, Mz T, C. glabrata b OEE & A, UPR £ & CWI

“~

XD T T A M= N DDONTE STV,

=

KRE5 i&fs 1. #EX 7' BEONEEIZED D /MK 2 R ETH D UDP-

Jnha—A: JYVav i T A7 27— (UGGT) 22— RT5Z ENHEEIN

TEY ., UGGCT 3% < ODEEAMITHRIF I TS (Taylor et al. 2003), C. albicans @

KreSp 1T UGGTEE R A A v &2Ff->THRY , /IMaANT v ~Xa v L L T X X

7 ERTERA RS KOS BERTBRAR D SV B B A fH > TUW D (Herrero et al. 2004), — 7.
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S. cerevisiae ™ Krebp I 1+ ¥ Xm DK & L TOREREE k- Tk v (Levinson

etal. 2002), = 5|2, C. glabrata OHEE KreSp IZEBWTUEZZE Dy TREIIARBATH 5,

BLIRIEWVNT 212, KRES 72 F UGGT ¥ v 2\ % a— N4 ABE ORI, HEx

BERIZBW T MMfEEER I U EERE A E T2 L2300 > Tnvsd (Meaden et al.

1990; Fanchiotti et al. 1998; Herrero et al. 2004), & Z T, A#f5ETix, C. glabrata (235

i7 % KRES EinF DMIEEEREISEIC 5 2 DB O fiftr 218 L T, C. glabrata (23T %/

Jaf 2 s L2 fifuBEtE M, T2 B ER A L AL UPR B LONCWI OBFE Iz

WTEER LT,
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B_E Hik
fiE AR R L O R&MH:

SEERICAEH L 72 ERR I Table 1 (2R L7z, HETS202 #kid, U AN—ZXT FFHA 7Y
VAREENE BT AJEMAGIR T (MTA) 236845 X 9 IZ8Z& L7z C. glabrata i TH %
(Ueno et al. 2007), #&#kiZ YPD 55#t 2% Z /L o—R, 2% <7 ko, 1% WleReRt—
FR) HDHVWIESD EEH 2% 73— A 0.17% yeast nitrogen base, 0.5% iz 7 >
E =17 A, 2% drop out Mix) DRIEEE IS 2 UM TFEREFHIIC T 37°C TR LT, £z,
NTA 235720 K23 7 U > (DOX, Sigma Aldrich, United States) /% (%

20pug/mL & L, MBS U T, EELosEiciimnt THW,

tet-KRES #k$ X OF tet-KRES ASLT2 # D /EHd

7T 7Y A 7V U E KRES AR TR EBUNGIER (tet-KRES) 1%, HETS202 #k 4 Blkk
ELTHER L, £72, Z7o—=0 271N T T4 ~—X Table 2 (TR LTz, 775
Z X K pTK916-97t (Ueno et al. 2007) %851 & L, 77 A ~— pl2784F, pl2784TR %

FAWT PCR {EICTHENE L7-. 155407~ DNA Wi Z2HEle U F 7 L 3E12 T HETS202 £k

13



IR TV AT —A—var L, EATFVUBRRBEMICCan=—%2 ks, B
BT O A, Yo7 my MECTHER LT,

SLT2 iE{n /K48 tet-KRES £k (tet-KRE5 ASLT2 ££) 1. tet-KRE5 # & #ikk & L C1E
B U7z, HETS202 ¥k 0 7/ A DNA 2 L, Zhzgifile LT, SLT2 Bfn+ D Lk
i 1.0kb 277 A ~— CgSLT25Fw, CgSLT2 5’'Rv+hphMX, LY, T 1.0kb %
CgSLT2 3’Fw+hphMX, CgSLT2 3’'Rv & W\ CZNENIgIE L7=, 55 407- DNA B
& hphMX DNA 7 )i & fusion PCR 1EIC THRE AR S B 8 Aty M E2ERIL
7o BONTBEFEATEY NEERY 77 AJEICT tet-KRES #RIZ N T VA7 4
—A—varl A ruavA VOB Cae =—%2 B S/ (Agatep et al.

1998), HBYER O AIL, PCRIEIZ THER LT,

& R F—RE ST
CAGLOE5412 73— R4 % % > /327 'F (Cgkre5p) & Saccharomyces cerevisiae Kre5p

(Sckre5p) 1%, NCBI OEFIE#H % F\ T T-COFFEE ver. 11.00 (http:/tcoffee.crg.cat) T

T T4 A MENT L. ESPript 3.0 (http://esprint.ibcp.fr/ESPript/ESPipt) % MV T {4

AL L 72,

14



VT T a7

YHTm YT 4 o7 BN T 0 b 2 uIE o THERE L7z, HETS202, & X
N tet-KRE5 #E L Wi L7=% 7 & DNA % ii|fRE%3% Ndel (New England Biolabs,
United Kingdom) THLEE L, 0.8% 7 A mn—AF LvEXKKBNICHLEZ, 2z
Hybond-N" (GE Healthcare, United State) (ZHzE L, D% A7 L 2% 0.1 M NaOH
(23R L7z, RIZ, PCR % AT CAGLOE5412 OH#EE = — Rk % & Teti JLF 41 %
H4mgE L. Random Primer DNA labeling kit ver.2 (TAKARA, Japan) 3 XY [0-*2P] dCTP
(Perkin Elmer, United States) z HWNTHUEE DNA 7o —7 Z2{Efl L7, AT L%
20x Standard Saline Citrate (SSC) AR FIZ T=RIL T 1 KA v F = _X— L, ek
DNA 7' —7 %12 T 65°C TS HIZ—WiA o FaX—F Lz, €DK, 2x SSC &

T 2 [AIYe L 7= . BAS-5000 system (Fuji Film, Japan) (& C & fEHT L 7=,

KR AR
HHNEZMEIL, ARy 87 v B AICK VI L7z, 37°C 12T 1 ARG L-Wk%
2.0 x 10 mL (CRRBL L, & HIC SEMIRRYI & 4 s E CTIER U=, AR L7l % 5 L

40 YPD FEREEH FIC AR b L.37°C IC T 48 B[ A v 2 _— NRIZBIZE LT,

15



7R B MBS U T, LU 03K 2 2 2O TN L7z, 20 pg/mL DOX; 600 pg/

mL Calcofluor White (CFW, Sigma Aldrich); 600 ug/mL Congo Red (CR, Sigma Aldrich);

1.5 or 2.0 ug/mL Tunicamycin (TM, Nacalai Tesque, Japan); 100 ng/mL FK-506 (Nacalai

Tesque)

Tr—F A FAFY—

M A BRI, 7 e —% A R A U —ZHW\T, Borah b D GIEICHE> TITo 72

(Borah, Shivarathri and Kaur 2011), >/ B850 £ TR L 72 Wik 2 B L, EK T

2V L2 M 70% =% ) — /L&A T4°C 12T 16 KA o FaX— K LT,

HE 2 P L 7= %%. 0.1 mg/mL RNaseA (Nippon gene, Japan) &3¢ 50 mM 7 = iz b

U LMEERICIEE L, 37°C T2 KA v Fa2_X—L7-, Zhic, avfk7er

DU LRI BASIRE 50 ng/mL L7 B Lo, BEBLEB LA vy a7 g

JLA— A LT=%% C. FACS Calibur System (BD Biosciences, United States) (Z CH#EHT L

77 o R IAB AR 5 488 nm D L —H— % T 20,000 i E CTH 7> b L. CellQuest

Pro software (BD Biosciences) (& CTHEMT L 7=,
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TV Y R 5 OFREGS L UWERRBERL R 73 AT

DOX Z#&ir, HAHWIIE F 7\ YPD E5HICA BEREZ#6fE L, 37°C |2 CE R HE5E

I TR LT, 2N E IO BEREZ BN L CIREEK T 3 [EIPEE L72%%.,0.1 M NaOH

WEE L. 100°C 12T 24 WA v o _X— |k L=, AUFR% O K 208 K T4 .

P 05 M EEESIZHRE L, 80°C I T 24 BEfilA o X— K L7-, BHEEAKRZEIL

WK T 2 [ A A 2 SR THENT LT2DO S, BGREHELEE L TT7 v U AR

PEm oy & L7z,

TT U AREEEmE SO B T g EIL, Umeyama B O FIEIZHES TITH 7

(Umeyama et al. 2006), £, 7/ U AEEMHEEZr 1.0 mg % 10 mM Tris-HCI (pH 7.0) 1

mL |25 L. Zymolyase 100-T (Nacalai Tesque) % ff&UEE 1.0 mg/mL & 722 X 5 20

Z. 37°C T2 WA ¥ 2_—F L7z, Zh% 15000 x g T 10 4y OonBEL .

Rig LB e TN TR L7z, BIEOFEZBIRTE ) & LTRFL, 2225k O

FBEBITIZNT ., ZORBITNERAZEI L, BTEBS & Lz, £RENLOESIC

EENDANHEPEEL 7 = ) — UBRETHE L, ZRFN0OMEA 2 ASER & L TUL

TOREEHE [BATRIE Sy, BL3 b & BL6 Z vk BATEESy. BlL6 Z L

v FEE. BLE Il ] EEebDE LTEE L,
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ARERE X & &I, Frangois D 51k %& —iitZ L T1T-> 7= (Frangois 2006), % 7",

TVH ) ANEEMEE Sy 20 mg (2 1M g AN A TR <ERE L, 100°C T 4 FFfE1 o %

2 — b L7z, 4% Kb Y O LoKESR TN L7z, TEEM 2w DFrE LT RG

ZEIN L., SRR ISR 215 T-, Z O 500 pb (27 B F LT ¥ b o mik

(10% 7EF /LTt R 1.25M KfEFT Y 7 A)1ImL Jix, 100°C T 1 WEfEA > 5%

2_X— | L72DbH  Reissig 73 (1% 4-dimetylaminobenzaldehyde, 1.25% HCI) 10 mL %

WML T, EHICHEBRTLHMA 2= LT, ZOEWHKD 490 nm (21T 5%

WEZREL, Zvat I o2 EEYE L LRI LEbtE s 2 & Chllings

XFUREL LT,

& RNA #itH. cDNA A5 & OF qRT-PCR

i RNA flifH (X, Sepasol RNA I super G (Nacalai Tesque) W\ T, ~v==7 /1% —

WA L CATo 72, RIBUEERI O HfkZ YPD B2 L COoD=01¢ L, M3

IR A IRE TINA 72 BT, 37°C T 4 WFiR & 5 35% L7, b E iRz Ml

L. J#EAK T2 meH14. Zymolyase buffer [L2 M /L E k—/L, 10 mM Tris-HCI (pH

7.0)] 1 mL {28 L, Zymolyase 100-T % Ff&iRE 1.0 mg/mL & 722 L 912 x, 37°C
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T 1BEA ¥ 2 _— | L7, ALEEE 3,000 rpm THESCMCE DL L T EEEREL,

Sepasol RNA | super G 500 pL (28 L C, DAREIZIRAT SCEICFLE D FIEICE- T,

RNA Z it L7z, 155 47-# RNA 7 {#ZIX. Nano Drop 2000 (Thermo Scientific, United

States) Z W oWSEEMIC TR K OWME 2 HIE L7z, 5564 7# RNAS00 ng %

HIEW)E & L. ReverTra Ace Master Mix (Toyobo, Japan) %~ == 7 /LIZHEVV T

CDNA Ak & 157, 55172 cDNA IR ITIRE K T 10 512 AR L. gRT-PCR O #FH!

ELTHWE,

gRT-PCR i%. Thunderbird SYBR gPCR Mix (Toyobo) % T~ == 7 /LIZHEVVET -

72 8 RNA L 0 55 7= cDNAABIE 1 ub 2§57 & L. Thunderbird SYBR gPCR Mix,

BLUOTable2 1237 T4 ~—%2HEREE300nM &725 K 912 % 7= PCR Kt~ %

Z 96-well 7L — k RIZHHH L 7=, PCR f#s & L T StepOne Plus Real-Time PCR System

(Applied Biosystems, United States) % V), IGSHFIT~ == T /VIZHEW, (98°C, 5 F

—60°C, 30 ) x40 %A 7 )V & LTz, AT AACHIEIZHEL | PGKL B F£2 Y 7 7

L v AEfsF. DMSO LB 7= HETS202 B2 ) 7 7 L U ARifA L LT, FEBFD

FRXH B A G L7z,
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DILRE T T 4T

WA 8y Gy ORI, BERED & OFFHERY il 7' b =L 2 —He 4 L TAT

DTz, REIIEM DA EIRZ YPD EiHCIE# L T OD =01 & L, KERaldz 257

JETMAT LT, 37°C T4 IR E D ER LTz, RO mELZ BT L, mikE K

T 2 [BIYEE., Z 28 7 Ef buffer [50 mM Tris-HCI (pH 7.5), 1 mM EDTA, 1x

Complete (Roche, Switzerland), 1x PhosSTOP (Roche)] 100 pL (28 L 7=, Z LT H 7 A

B X EMNA . KB TARNLNT v 7 AIFH—2 FV T L2, 120508 &

DR EIRE L, S NI BRRERT, B F 87 EREIE XL-Bradford FX3E

(APRO Science, Japan) Z M\ T, GRS THRIE Lz,

SDS-PAGE BI O 2x& 7 avyT 471, MR AR T a ha/Lilits T{To

Too WOH N EYEE L LT 4.0 mg/mL (2725 X 5B L= & v R0 BIRIRIZ 2%

Sample buffer [0.5 M Tris-HCI (pH 7.5), 10% 2- A )V 1 7 k=% / —/L_ 4% SDS, 10% A

Jma—A 001% YoE7 /) — L7 —]E%ENZ, 100°C T5 A & 2X—

RL7z, Z LRV EELTA0 pg 28105 91010% BV 727 VAT I REMCT

774 L, 20 mA EEGIC TERIKE Z1T -7, KB THRDO 7 VD PVDF &

(PALL Life sciences Japan, Japan) (2% > /X7 B %at¥ I RTAEIC TG LT, #rERE
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% 137-, B % Blocking One-P (Nacalai Tesque) (Zi% L CEIRIZ T30 0fEE 9 L
T-1t4. % — kBt (anti-phosphorylated-p44/42 MAP kinase antibody (#4370, Cell Signaling
Technology, United States); anti-Pgk1p antibody, (Abcam, United Kingdom)) @ 1 Ji &4 R
WIRIZR L CRIRICTLIEMIE S 9 Lz, £ D% HRP (& _kHiA& (Promega, United
States) ™ 10 A RIAKRICIE L CRIRIC T 1FEEHR & 9 L. TBS + 0.05% tween20 T
3 [EIYEH L 7= . ECL Plus western blotting detection system (GE Healthcare) (2 TRl L

7"/,
—o

KBTI DK HikZ YPD B5HICIE# L COD=0.1 & L, MERFIELFRET
MMz 7= 1T, 37°C TAMMRE H 5 Uiz, BB EREL, 4% TRV AT AT
RYAHRIZRR78 L 7= %4, 4°C T 16 FEfA v ¥ 2_— |k L7z, B bI7=# K% Permafluor
(Thermo scientific) Z H\WWT A Z 4 A7 AICEE L., 7 TWBEME BX-53

(Olympus, Japan) (2 CEIZLT-,
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Table 1. Strain list in chapter 1

Strain Parent Genotype or description Reference
CBS138 - C. glabrata type strain, for genome project
ACG4 2001HT his3 trpl PSCADH1-tetR-GAL4D::TRP1
(Ueno et
HET80 ACG4 his3 trpl PSCADH1-tetR-GAL4D::TRP1 yku80 ILV2 (P182L)
al. 2007)
(Ueno et
HETS202 HET80 his3 trpl PSCADH1-tetR-GAL4D::TRP1 yku80::SAT1 flipper
al. 2007)
his3 trpl PSCADH1-tetR-GAL4D::TRP1 yku80::SAT1 flipper
tet-KRE5 HETS202 This study
kre5::CgHIS3
tet-KRES his3 trpl PSCADH1-tetR-GAL4D::TRP1 yku80::SAT1 flipper
tet-KRES This study
ASLT2 kre5::CgHIS3 slt2::hphMX
(Niimi et
NAU3 CBS138 ura3
al. 2012)
tet-KRE his3 trpl ura3 PScCADH1-tetR-GAL4D::TRP1 yku80::SAT1
tet-KRES This study
5AURA3 flipper kre5::CgHIS3
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Table 2. Primers list in chapter 1

primer name

target

sequence (5'->3")

(for gene cloning)

p12874F

p12874TR

p22F
pl12874tcheck
CgSLT2 5'Fw
CgSLT2 5'Rv
+hphMX
CgSLT2 3'Fw
+hphMX
CgSLT2 3'Rv
CgSLT2 3rd Fw

CgSLT2 3rd Rv

CgKRE5 5'UTR

CgKRE5 5'UTR

CgKRE5 5'UTR
CgHIS3

CgSLT2 5'UTR

CgSLT2 5'UTR

CgSLT2 3UTR

CgSLT2 3UTR
CgSLT2 5'UTR

CgSLT2 3UTR

(for Southern blot probe)

CgKRES probel
Fw
CgKRES5 probel

Rv

(for gRT-PCR)

CgPGK1 593Fw

CgKRE5 CDS

CgKRES5 CDS

CgPGK1 CDS

TTGTTAAGTGTAGCACCCGAGTATTACTCTGACAAGAAAAGTTTCT

ACTAAGAGCCggccgctgatcacg

TCTGTTTCATCATACCCTAGCTTCTCATCTAGTGGCACAGGC

GAGGCCCTCCTTGACATcgtgaggctgg

CAGCTTTATCTCAGAAAACCAG

CCTTTTGCCAGCCTTCTCTG

TTTCCTGTCGATATACCAGGTG

GGGACAAGGCAAGCTAAACAGATCTATACCAATGCGTGTTAA

TGAGA

TCGATTCGATACTAACGCCGCCATTTGGAGATAGAGAGACAT

GCAAA

ACAGGTACAAATGCTCTCATCTCC

TACACAAAGCCCAGGGACA

AGCAATGATGACACCTGAGTG

ATGAAGTACTGGTTGTTGCTGTTT

GGACAACCATAGAATATGACCAA

CTTTGGAAAACCCAACCAGA
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CgPGK1 769Rv
CgKRES5 2593Fw
CgKRES5 2779Rv
CgKAR2 945Fw
CgKAR2 1086Rv
CgBAG7 115Fw
CgBAG7 341Rv
CgYPS1 554Fw
CgYPS1 790Rv
CgCHS1 454Fw
CgCHS1 703Rv
CgGFAl 671Fw

CgGFA1 868Rv

CgPGK1 CDS
CgKRE5 CDS
CgKRE5 CDS
CgKAR2 CDS
CgKAR2 CDS
CgBAG7 CDS
CgBAG7 CDS
CgYPS1 CDS
CgYPS1 CDS
CgCHS1 CDS
CgCHS1 CDS
CgGFA1 CDS

CgGFAl CDS

CGAAGATGGAGTCACCGATT

TTGATTGTTGATCCCGTTGA

CAAATCCGCCACTCTTCAAT

CGACTCCTTCGTTGATGGTATCG

GATGTCCTTCTTCTCCAAGCCG

GACGACTCGGAGAAGACAGG

AGGTACCGCTTGAGCAAAGA

CTAATGGCGCAAGAGCTACC

GAAGACCGATACCCAGGACA

GGTACAACCAGCAGCTCCAT

GCTCGTTTCCCACAGGATTA

CCATGGGTAAGCCTGACACT

TTGGGGAACCATCTTCTGAC
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B KR

S. cerevisiae D KRE5 i&fs 1 DIEIEECS TG H 2 T BLAST MR 2T & 2 A,

C. glabrata T35\ THLELELHIFE [F M O = O B s+ CAGLOE05412g 73 o7 7,

CAGLOE05412g 133 L% 1,326 7 X /BB Rk D & v 737 'E Cagl0e05412p & == — R L

TBY ., ZOHEESF 51 152.3 kDa TH - 7= (Fig. 2), Cagl0e05412p D H 736 C

AREGRNZIE UGGT £k KA A EFREMED @ T X/ BB SRR S, 2128

Y Ascomycota @ Krebp (ZIRTE S NVDESITH D Z En¥booTz, £7- N KX

T FNRTF RESIN R SN2 &b, Cagloe05412p A3 /NI AR- =L AR5 Wik

FEOWTINTRIET D ATREMED RIS 7=, LAl EdD Z &6 CAGLOE05412g (At

D Kresp EMHFEIPEDEmWE X B a— KL TWH Z ERB BN T,
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Signal peptide sequence

Cgkrefp II(-HEI
SckreSp 'H Lm'm

LW woickok DR W B
Cgkrebp QAVGAGKRADECRD 1 VE LNDY GV{——
Sckrebp ElDlﬂ ALTSH'FLR EL [ OHD I SSNAEQD
C EEE .
Cgkrebp EEMTESIK 1i b L 0
Sckrebp EHRYER S e G——=EAg1 T
okl M (k[ ldok wol, & ok & W . B M
CgkreSp KFPYGIT —L 0
SckreSp RF1 I"LTHPLE HGSI?.'II
v W kD Dk D kD Dokl [ o

Cgkrebp ENVLNSGIELDLP STTGH
Sckrebp FIZI_I'H{ lL‘I'T'II'PHE "|"I'H{D

Lk ook ek

srs m‘”ﬂ @“éf‘”
SckreSp | IKEES

DD Dkl okl Dokl D0 ok dekl D W dejokciop | doiok ok

e ”E‘Mé%&@ﬁw

L.L . P - . VW ok D &
Cghrebp GFSESVIYFNDI
Sckrebp GFSESVIYFNDI
Cgkrebp
Sckrebp

CgkreSp ELN—F G511 INGTIGPFRK)
Sckre5p 31511 INGEI[JPFRKN

B e B

st IR
Sckrebp SNS-SPENKQLS HT!;_ES‘I’B
L i L &

L, Nk Wk | Wl % .

Fig. 2. Sequence analysis of CgKREDS.
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Cekrabp
Sckrebp

Cekrabp
Sckrebp

Cekreabp
Sckrebp

Cekreabp
Sckrebp

Cekrabp
Sckrebp

Cekrabp
Sckrebp

Cekrebp
Sckrebp

Cekrebp
Sckrebp

Cgkrabp
Sckrefp

Cgkrebp
Sckrebp

UGGT like Domain

ﬂﬁﬂﬁﬁ n@llﬂmﬁ : Tﬁﬁ

IEGSLPF :

1 THIYNNGIDY EDGKS-AS! L1
okl ok G co ootk dakekiE | k| ok . W “HI
PPN e s hadady

i E%ﬂﬁﬁ!ﬁm“mmm

LH'"FF* Dk Dokl ok ok Dok o D[

~FEVT -
E'J'Dl HFI 'I"RIF. H:SSK'ITLS
r :I..IFl ri'

KTTT FAELTIPNLGDS
KTTT 'I"{H}FHTDI{FLHEG‘H SSCOSRYIVES.

Wik ik CkEckokEE k& D kD kI

— = [NPOTE T1AN KETMLK I IATTG u
ISEEPTH 'I" EFH'I'IJT lLESG ﬂILSlLﬂiﬂFET F
L N

: P i T Do ]

MEE%EM?

L D kD Ddeciok dckopobciok D DD ol
TYNLTSVYDNTLKR—A1 ANPKAGEKITISTEHTAEK 10
VPLDPFDIFQFOGLKRAPLGLF RHSEDEILKYLEKMLR

L R - DL D Lk sk dokld D DI K

(Following) Fig. 2. Sequence analysis of CJKRES. Breaked-line indicates UGGT-like domain.
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CAGLOE05412g 7° C. glabrata {2351} % UGGT/ KRE5 i&fs 1 & L CHERET 2 0% fife
Hed % HAY T, CAGLOE05412g EinFHEE = — RO B+ RIEHRAIFR 25372 72,
L2 L7273 &, CAGLOE05412g EAn T KIEKk Y m— 3G b o Tz, i1
X, LDV OO EFET UGGT/ KRES #15 1 KB OB ARA LI TEY |
Schizosaccharomyces pombe T D& {nF KEKIZAE F ATHETZ A3, C. albicans TOE{sF
RIS, —fEK S, cerevisiae TOITE A EDHEMKTIIBIETH D Z & AN &
AL TV % (Meaden et al. 1990; Herrero et al. 2004; Buzzi et al. 2011), Z/NLBHDZ &b,
C. glabrata Ti% UGGT/ KRE5 BIn FDRBPIFBIHL TH D LIRE LTz, £ TRIZ, 7
NI A7) VEZET 2 — 2 W B s FRBIMGIRR OE R A2 R T, £,
NTA Z 384 % L 51282 L 7= C. glabrata HETS202 £k % #itk & L CAGLOE05412g i
a1 OHEE =2 — RaEsE_EFRIC rtTA Bzt 7 v & — % —Eld &2/ A3A A T2 (Fig. 3A),
BONIMAME ALY 77 LDNA ZH L, BT wy T o v TR 217> 72
LA, ZOMABZIRITEB L Z 2.0kb @ DNABFIAHFA I TWD Z & 2R T
X 7= (Fig. 3B), Z DOl z (k% ¥4 27 U (DOX) THLBEL, 4 FEf#% O
MRNA R Hl &% qRT-PCR THERR L7z & 2 A flAH X AKI1E DOX RIS D SR X

C. CAGLOE05412g mRNA DFELEA 1/20 BT F LT\ 5 2 & Mbo 7= (Fig.
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3C), ZDZ b, HBHIToHAHE X IR, DOX {KFFHIIZ CAGLOE0S412g FHl %

HRE L~V T CE 5 Z ERH LM o7, ZOHEBEEE-> T, CAGLOE05412g

NKRE 77 XU —8af & LTOMWEEF> TWANEMENDTZ, T74b5, KRE

77 LU R T, KL ¥ T — bR S REM A S LR ) — = s

Lo TRESNTCEBIEFHETHY . KRE 7 7 2 U —BIn 2 KBTI DR E L

X7 — b UMMEEZRT 2 ENMBA TS (Selvakumar et al. 2006), & Z T, DOX

AR R ARFIEL, X7 — PRV EZ IO L TAH FT—

k2 N XA BBEILIE 23N & < 22 o 72 (Fig. 3D), D Z & 1%, CAGLOE05412g 7%

KRE 7 7 XU =T8T THLZ LR L TWD, UEDOREREZELDD &

CAGLOE05412g (% S. cerevisiae @ Krebp & 7 2 / FpfHREE = < . 22D UGGT £ K A

A EFOX NI HEa—RRLTEY, ZOBEBTFREZMETHE, KRE 77 2

U =B FICRERREE 2R3 Z LA E NI o7z, ThBDZ EDBEMT,

CAGLOE05412 % C.glabrata (Z351) % KRES HEinTdh b ERE LT, £72. BHHH

7oA AL X ARIT, KRES BRI BLINHIER (tet-KRES) & LTH o Z & & L7z,
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(A) (B) el

gene deletion cassette - CgHIs3H Pret}- ‘"19(1’ Qg:o
\ i
A B/ bl
HETS202 CgKRES gene locus --—— P cqknes RS TGl
! e (bp)
Ndel — 4okp  Ndel —Probe
i SR i
=+ 6,000
Homologous Recombination
== 4,000
Ptet activator 4 3,000
Doxycycline
(0oX) —>
= [Pret IRSTTINN—--
6.0 kb Ndel - 2,000
C. glabrata tet-KRES5

C D
( ) KRES ( )
DOX
s 10 .
2
8
[=%
S HETS202
<
—
['4
£
@ 01
€ tet-KRES5
T
(=]
w
0.01 |
DOX - + -+

HETS202 tet-KRES

Fig. 3. Generation of tet-KRES5 cells.

(A) Schematic representation of the integration of the controllable tet-off promoter. Region A represents the
5" flanking region of the target gene and region B represents the 5 end of the ORF. DNA fragment
containing the controllable cassette in which CgHIS3 and tetO-ScHOP1 promoter were flanked by regions A
and B, was used to transform C. glabrata HETS202 cells. (B) Correct integration of the tet-off promoter in
the CgKRES promoter locus was confirmed by Southern blot analysis. Genomic DNA isolated from both
transformants and HETS202 cells was digested with Ndel, and hybridized by CgKRES5 internal DNA probe.
(C) Relative CgKRES expression was determined by performing gRT-PCR. Data are expressed as the mean
fold difference between HETS202 and tet-KRES5 cells treated with or without DOX. The value of HETS202
cells without DOX treatment was set as 1. Results are expressed as the mean standard deviation (S.D.) of
triplicates; *, p < 0.05. (D) Inhibition ring test with K-1 killer toxin. C. glabrata cells were streaked on YPD
solid medium, and 1 mg mL™ of K-1 killer toxin solution was spotted onto paper discs that were then placed

on the YPD solid medium inoculated with C. glabrata.
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55172 tet-KRES ¥EZ W T, £9°. KRES & DOFREINH N AuEERE G I 5 %

LB A RN LTz, = OFES, DOX ALEE L 7= tet-KRE5S 1% 1,3 7 /v V& EICIHIT &

o ERCBINEDNST-DIZKI L, BLE Z NV H U EBENBXZE 50% A LT Z R

BH ST 72 o 7= (Fig. 4A, B), Z OfER L, KRES & {s 175 B1,6 7 /v L AEA I EE

BEE R LTS LR LTS, —J7, MlldBExF o adattiilizL 2

AL HEE, IWONT tet-KRES DOX ARIBHIFFIZ LR T 4 FREEHEML TWD Z & Rbn

-7z (Fig. 4C), #elF T, RERY M iaEERREMESEA TdH % Congo Red (CR), B LW

Calcofluor White (CFW) 12Xt DA D DT, L5 OFEFNTZ 2 Ui BE

TNARFFEMEETHMEZFD, MBS IE R 220 TG RS & 2

(CPRESND D, SHINEBED G - HIBRICEE N H 5 & S ImEkxtta R4 2

EMH B TWD (Roncero and Duran 1985), CR. CFW % & e£5 11T tet-KRES % #&

FEL7-& 2 A, WTFNOHEKITE, DOX ZEteirt CiTilABTNRESNS Z &

MNbhro 7z (Fig. 4D), LLED Z 225, KRES & TORBMENCLY, B 16 7

B EBMETTALLEHICHFTFUEENENML. o, FREFNOMREEERIC B

NECTWDEZ ENRHBENZ o7,
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(A) B-1,6-glucan (8) p-1,3-glucan (©) Chitin
5 ) .
=~ 40 . < 160 100 4 —
=) k<) )
) [ —
2 = 5
8 0] o T 8 120{ ™ i g 75
> g 3
o = o
= = s
2 20| £ &0 2 50
= = 2
5] 2 =
= < =
8 10| 8 40 £ 25
§ 8 8
S 3 £
© 0 % 0 o 0
& DOX - + - + & DOX - + -+ DOX - + - +
HETS202 tet-KRES HETS202 tet-KRES5 HETS202 tet-KRES5
(D)
DOX (-) DOX (+)
Control | HETS202 & O eR10000D
(YPD) | tet-KRE5 ®
HETS202
Congo Red tet-KRE5

HETS202
Calcofluor White

tet-KRES

Cell dilution Cell dilution

Fig. 4. CgKRES5 is involved in cell wall morphogenesis.

Alkali-insoluble B-1,6-glucan (A), B-1,3-glucan (B), and chitin (C) contents in C. glabrata cells were
measured as the quantity of glucose or glucosamine substituted for the standard curve. Data shown
represent the results of at least three independent experiments. Error bars represent standard deviations; *,
p < 0.05. (D) Spot dilution assay was performed using 5 pL suspensions at an OD of 0.1, and serially
diluted (1:5) cells were spotted on yeast extract-peptone-dextrose (YPD) plates with or without DOX and

were incubated at 37°C. A representative image of three independent experiments is shown.
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KIZ, KRES #Ein T OFE B I L OMuEE OIS - B 25, C. glabrata D4

BICRIET LM LU=, YPD EHlcB I 24 BB LI-E 25, DOX Z1E T,

tet-KRE5 FROA B 1L, RAEBHZ LR CTHEEIE T L7z (Fig. 5A), RIZ. &k

HATH IR A 2R U, BEMMEEBIZE L7~ & = A, HETS202 X° DOX AALHREE TIE H ZEHM

N ERE T8 L TV =Dkt LT, DOX ZLEE L7~ tet-KRES 132 < Ol et

LTCTED, o121 OOMIERENARE—RER T8l ST (Fig.5B), £z, 7

2—H%A FA N —Z RO THIRBE T 21T -7 & 2 A, DOX LB L 7= tet-KRE5

(T, RAPEFEIC AT, Go/M BRI BB R OIS 23 2 L A B NI 72 -

7 (Fig.5C), LA ED#ER G, KRES B x> FE BN LA A R £ D e & e i 14

DIFIZ H 726 L, WERAICERE MR T2 b 72 b3 2 E AR S iz,

33



(A) HETS202 (€) HETS202 tet-KRES5
2 200
g o g n G, G,
‘E o B w— DOX {-) — w— DOX (-}
o =} 150 1 - DOX{4) | 1 == DOX (*)
=} .| o DOX(-) o s
g o 3 S
2, m DOX(+) 8 100 1 - 4 (2l
-1 50 o
o & 12 24 48
Time (h) |
0
tet-KRE5 DNA content
2 -
o 0O o o
e o°
9 1 o . o DOX(-)
‘_é N o .  DOX (+)
o I
guan®
KN
06 12 24 48
Time (h)
(®) DOX () DOX (+)

- . .
- . .

Fig. 5. CgKRES repression induces cell growth defect.

(A) Growth curve of HETS202 and tet-KRES5 cells. Cells were grown in YPD medium supplemented with or
without DOX until they reached a stationary phase. Cell growth was recorded by examining aliquots of cell
suspension at regular intervals. (B) Microscopic analysis of HETS202 or tet-KRES5 cells. A representative
image of three independent experiments is shown; scale bars: 10 um (C) Flow cytometric analysis was
performed using propidium iodide-stained HETS202 (left panel) and tet-KRE5 (right panel) cells treated

with or without DOX. A representative image for three independent experiments is shown.
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KIZ . KRES BEin 1+ DOFRBMENIZ K-> T CWIRENTEHL L TWAENE 92, £7-

AN EERE S 220 CWI R N5 L TV D0 E 9 & RN 7=, Slt2p 1%, C. glabrata

DHFLEEREE I LTI MAP % — ¥ Th 0 | L%+ —PIc L0 U B

D Z & T CWI R OTEMAL Z /M ET 2 2 & 2307 > T\ % (Martin et al. 2000;

Miyazaki et al. 2010), = = CTE 7, tet-KRE5 Z#H#k & L T SLT2 Ein 1 & D " EHE R

(tet-KRE5 ASLT2) Z{ESL L, tet-KRES5 £k & O R 247~ 7= (Fig. 6), & HEKICE

5 SI2p Z s EY) VbR EZRIE LI E 2 A, DOX AL L /- tet-KRES (2

BWT, SIt2p U U ELARBEEIZTTE L T D Z ERH LN -T2 (Fig. 7TA), %

7= 2B EREEZ YE MAP 5 —¥ CT& % Hoglp (Ene et al. 2015) ® VU U figfl , [FIkE

ICTCHEN RO bz, BBV L2, Hoglp @V U ER{kIE SLT2 Ein+ D KARIC

STHF Y rEALESNT, Z2H B O Z &3 KRES #1517 ORBUMENIC L - <. Slt2p MAP

¥ —1E & Hoglp Z41 L7z CWIRREEATEMEL L T\ D Z & S 51T Hoglp DiEYE(L

IE SI2 FREGITIRAE L CTWVWD Z & ZHMEIRIE L TV D, WRIZ, KRES BEfs I B4

DFERBEL IS BLE VL H L& &I & T LB BN CWIFRIRTE ML A3E A

LTWAMNE I DHEDDT-, FOhEHE . tet-KRE5 ASLT2 | DOX ALER|Z L A FF 5

BRNAIE I S =Dk L, BL,6 2Vl U E BOEDIIT R A 5 2 A
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o 7= (Fig. 7B, C)s LA ED Z &5 KRES BEin F-OFRBIMEN AL D FF G ROM

NZ. SIt2 MAP ¥ —E 20 L7 DIEHALIZIEGFE L CWD—F, B 7V & ED

DTS2 KA TH D Z LB LNIT o7, o, TNENDORKDOAF % ik

L7z & Z A, DOX fE(E FIZBIT 5 tet-KRES ASLT2 ¥RODAFIZHHZE ISRV Z &3 bh

o7z (Fig. 7D), BURIRWNZ &2, EAEMIT/PEA PV A ZFHET LY =~ A &

> (TM) (Kuo and Lampen 1974) OALERIZ X » T H RIERIZ, Slt2p D U U Efbn T L

72 (Fig. 7A), F£7-. TM BMALELZ X 0 fifulE - F o &R 5 2 & 2O

1L SLT2 BEFOXRBIZEVIHISND Z EDRHELMNITR 7=, &5, HETS202,

tet-KRE5 [ 1.0 ug/mL #BEE D TM IZIitE TdH > 7= DIk L, tet-KRE5 ASLT2 (58

gt E R Lz, B0 Eid, Sit2p 24 L7= CWI R OTEME(L 7Y KRES & {5+

FEENH|° ER A b U A AMEREE N IZH1T 5 C. glabrata O AEFIC EE &K E 2 R4

—J . ER A NV RAMIZL > TH SI2p BENTEMHEALT HZ 2R L TV 5,
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Fig. 6. Knock out confirmation of SLT2 gene in tet-KRED5 strain.
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Fig. 7. CgKRES repression increased cell wall chitin content by activating the CWI-regulating MAP
kinase pathway. (A) Phosphorylation of Slt2p and Hoglp was determined by performing western blotting
analysis with antibodies against phosphorylated Slt2p and Hoglp (p-Slt2p and p-Hoglp, respectively).
Anti-Pgkl1p antibody was used as a loading control. Representative data of three independent experiments are
shown; TM, tunicamycin. (B and C) Alkali-insoluble chitin (B) and B-1,6-glucan (C) content
in C. glabrata cells were measured as the quality of glucose or glucosamine substituted for the standard
curve. Data represent the results of at least three independent experiments. Error bars represent standard
deviations; *, p < 0.05. (D) Spot assay was performed using ER stress indicator. For this, 5 pL suspensions at
an OD of 0.1 and serially diluted (1: 5) cells were spotted on YPD plates with the indicated concentration of

reagents incubated at 37°C. A representative image of three independent experiments is shown.
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ATTADOFE R 2 5 CRAE, ZMafk = o v ~Xa o kreSp OFEEIHIZ L 0 /IEIRNIZ
BEL R ENERTHIETER A RV ANEL, ZhZEFEE LT CWI R
EHERFEINTND DO TIERWD, LA AL Tz, £ 2 TKRIZ, KRES BisT
DOIFEBINHNZ X - T C. glabrata fIIEANIZ ER A R L ARE T TWDEMNE D DT,
FT. EREDTM (20 pg/mL) 25 TR 2AF LB LI 24, Bk, WO

IZ DOX FE(FAE F CITAB I E L KIE X, DOX Z (7 & ¥ 7= tet-KRE5 ¥k Tl

v?

TM IEFEAE T & Hl L TRRm W M2 7R L7c b DD, KRES BsFFHBMHIIC &
BERENRONRD 7= (Fig. 8A), T 7cih, C.glabrata 1%, FERFRE H ICME
— R oM% UPR & LT IRELI-HACL # 2 KA L TWDIZHEDL LT, TMIZX L
REZMETH DL EDbDhoTle, ZORPEZMINT HI2HT-0 . BT 2 DO %
Tiz, 3725, C.glabrata iz @ ER A F L AZIKE « BRET HODV AT L%
B, [EEAICEWVLLOER A L RIS TWDS, fiE-> T, C.glabrata I%
ZHZH, ERAMLRAIZH L THIBREDOEIIEEZ R L TWADTIERW D), HD
WEL ARG R EOSMA 72 ARSI A B I B EZ KES T, ER A L ADOHK
EIZEE LR > 7O TRV, @ IREL-HACL fRIKIZ & & 72\ 7 F UARERR K

(B DWVIERID I F/E) 25 UPR 2L TWAHDOTIE RV, £ 2 TRIZ,
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gRT-PCR % F\ T, S. cerevisiae @ IRE1-HACL #&8% T it CHaEIEMEAL S 5 @ s

ZEgER L, C.glabrata IZEWTH 2O DEBRTDHEIEL TV D NG Z MDD

77o KAR2 IZERfREE > v X2 a— KL TEY., S cerevisiae TIZER A ML A A

T TR EF T2 2 M5 TW5 (Jungetal. 2013), % 7= BAG7 X GTPase

EMAL 2 7B YPSL /MRS IS S 2 T e T T — Y e EhEha— L

TEBY, Wb ER A b L ZAAMIC Haclp Rt CEREHAET SND Z &8s T

V% (Scrimale et al. 2009; Miyazaki et al. 2011), Z 15 D& nFHEZ HIE L 7=k E.

C. glabrata {Z&HW\ T %, KRES Ein T DIBINH &H LWL ER A M L AAMIZ L - T,

INHBEBETPEEIEE L END Z LRI LN -7 (Fig.8B), 2D Z LiX

IRE1-HAC1 & % £F7- 72\ C. glabrata (238 T 1] 5 0O IKIZ L Y UPR %

ENEME LS TS Z LR L TVD, S HICHKRERWI L2, ZhbDERIC

BT AT L—RFIEGTA ZFR L7 L Z A, DOX HEEFIZEBIT 5 tet-KRES D4

BOSBAFIET Lz (Fig. 8A), A T, MIBRANA NS T MEFFHET BT A VIR AT 7

Z—B - INv=a—U OREFEATHD FK-506 LB LT-L 2 A, [FERICAEED

KFT 52 ENbrolz (Fig8A), EEZRZ LI, 6 DOFANT DOX HEFETFT

TR AEBICIT & A EREE 5 2 o7z (Fig. 8A), LA EDZ L KRES #&{s 1

40



FEEINHZ L - T S. cerevisiae & [AEED UPR BEE s F-25EMAL L TWAH Z & v,

C.glabrata ® UPR B A/L 7 Ay 71 /b a4 LT 5 AIREMEDSRIE S iu7z,
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Fig. 8. Repression of CgKRES5 induces ER stress in C. glabrata.

(A) Spot dilution assay was performed using the ER stress indicator. Five-microliter suspensions at an OD of
0.1 and serially diluted (1: 5) cells were spotted on YPD plates with the indicated concentration of reagents
incubated at 37°C. A representative image of three independent experiments is shown. (B) qRT-PCR was
performed to measure the mRNA expression levels of ER stress-associated genes. Amplification efficiencies
were validated and were normalized using that of PGK1. Relative mRNA levels were calculated as the ratio of
normalized mMRNA level to the mRNA level of PGK1. Concentration of TM was 1.5 pg/mL. Values are
represented as the average of three independent experiments, and error bars indicate S.D.; *, p < 0.05 compared
with DMSO-treated tet-KRE5 cells (Student’s t-test).
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Z ETORFTT, O KRES Bix+DIEIMHIC & - THUJWEE = F > & B3 19

HZ L. FFUEEHEMTSIZp MAP - —BIKFEME CWIREKZ N L TnND Z &

@ SlIt2p MAP S —F DOiEMALIZ TM LBLC L > ThiLZ D5 Z &, @ KRE5 #Efs+

ORBIMFENZ L > TER A RV ARFEI NS Z L, X512, ® C.glabrata TiX, ER

A RVRIZXKT D UPR ICHNLY T L T F AR > TWAA[REMENRH 5 Z & %

ST LTz, £ ZTIRIZ, o A7 Funs KRES FBEIIHNZME S CWI IEMAL

EEDL VAL CWENEHEND D2, vy ==2—1U UHER FK-506

Z AW THET L7z, S.cerevisiae IZBIT A F U AAMEEEEFDH>H, ER A ML

AR IOV UPR EZMICHEINDIELEFTHD N-T2F LT ah I ViR

a— R9% CHSL, BLO, FF v AARRKOREERMESRE 2 — K95 GFAL IZ&H

L 7= (Munro et al. 2001; Lagorce et al. 2002), FK-506 LRt Fickit 2 2 biEix

FORFENE L= Z A, tet-KRES ££Tld DOX BHMALEE|Z T, KV iRWEE

EME A BIER Sz (Fig. 9A), WKIC, FK-506 ALHL T2 31) 5 MiflneE 5 L& & 4

ELTZE 2 A, CHSL, GFAL i&fs DI EIEMELTCHE & AHBS LT, DOX BAARALERIZ

EERTESHIZ25% FF o a&0n8nL7- (Fig. 9B), 7= 4@V 12, FK-506 ALHLI

BL6 J N U EBEIZIZE ST R L 2o 7= (Fig. 9C), & 512, Slt2p I N Hoglp
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DY UL~V ERIE LTI 2 A, FK-506 JLERIC K-> CTE HIZiWY kD TT

HENRFRD BTz (Fig. 9D), 26D Z &5 KRES FETMHNCHE S CWITEMALI.

Ny =a—U T IR —H R SN TWD Z &R ST, BLRENZ

LT, DOX AL L 7= tet-KRES5 #R12 & 512 FK-506 Z L4~ % & . DOX H AL |-

SN MR DEEEDS  MITERE N A — R E L THE SN D Z &b - Tz (Fig.

9E), F£7-. FK-506 & DOX % HLALEE L7=8HE, AMROE GRS KIEZED LTnd

ZEmbirols (Fig. 9F), Z OFEHRIL, /MR A b U AFFESEM T2 D AIELE,

BLOAEFIC, Iy =a—Y U T FANUETHLZ LRl TV,
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Fig. 9. Calcineurin inhibitor FK-506 upregulated cell wall chitin synthesis by accelerating Slt2p
phosphorylation. (A) Relative mRNA levels of CHS1 and GFA1 were calculated from the ratio of the signal
intensities of GFA1 and CHS1 mRNAs compared with that of PGK1 mRNA, which was used as a reference. Values
are represented as an average of three independent experiments, and error bars indicate S.D.; *, p < 0.05, compared
with DOX-untreated tet-KRE5 cells (Student’s t-test). (B and C) Cell wall composition of C. glabrata strains is
shown. Alkali-insoluble chitin (B) and -1, 6-glucan (C) contents in C. glabrata cells were measured as the quantity
of glucosamine or glucose substituted for the standard curve. Data shown represent the results of at least three
independent experiments. Error bars represent standard deviations; *, p < 0.05; n.s, not significant. (D)
Phosphorylation of SIt2p and Hoglp was determined by performing western blotting analysis with antibodies against
p-Slt2p and p-Hoglp, respectively. Anti-Pgklp antibody was used as the loading control. Representative data are

shown of independent experiments is shown.
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(Following) Fig. 9. Calcineurin inhibitor FK-506 upregulated cell wall chitin synthesis by accelerating
Slt2p phosphorylation. (E) Microscopic analysis of tet-KRE5 cells. A representative image of three
independent experiments is shown; scale bar: 10 um; white arrow, disrupted C. glabrata cells. (F) Relative cell
viability analysis of tet-KRE5 cells by counting Trypan blue stained-cells. A value of 100% corresponds to the
incorporation of untreated HETS202. Data shown represent the results of at least two independent experiments.

Error bars represent standard deviations; *, p < 0.05, n=3.
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RIZ, T T FE TITBIE ST CWI ~DZ8E) . C. glabrata @ Krebp & > /37 E i

BEOEWNZ LD DN E ) EmFI Lz, 3725, S. cerevisiae KRE5 (SCKRES) &

fav%ZENT5HZ LT, C.glabrata ™ KRE5 i&{x 1 (CgKRES) D /KHE & 2 UM TR B

H 2t C& D EREN DT, £, SCKRES %27 n—=127 L C.glabrata 3~

Z 2 3 K pGRB2.2 IZ#7iA:, pGRB2.2-SCKRES Z {E#L 7=, Zh % ™7 T L LBk

C. glabrata NAU3 FRIZE A L72&% & T, CgKRES I 1D/ v 7 T v Mkl & 2

4. CgKRES 15 1 & KT DA 2 K3 2545 7= (Fig. 10A), &kIZ, CgKRES

FEIMHE OFFHEBRDOT=DIT, tet-KRES ¥k & 5-7 /v A Ao F U UL, 77 v

JVELRME tet-KREDS (tet-KRE5 AURA3) #1572, Z @ tet-KRE5 AURA3 (Z pGRB2.2-

SCKRES % h T Vv A7 —A L, S5 7=8k% DOX, CR, CFW IZ&FELT-L = A,

PGRB2.2-SCKRE5 % #HAJA A 72 tet-KRES (%, DOX 377 FToh->TH, CR, CFW /&

MR RS e o T (Fig. 10B), ZH B D Z L7, CgKRES 13 SCKRES CHIfT 2

ZEMARETHDLZ ENbhoTz, T72b5, ScKredp & CgKrebp Dl A A piti

FRlZ BT HHREIL. D E b HE—DELEF - XX 7EL L TIIEE LTS Z

& DRI ST,
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Fig. 10. Complementation of CgKRES5 knockdown/knockout by expressing ScKre5p. (A)
Homologous recombination with CgKRES5 gene disruption cassette was performed under ScKre5p
expressing mutant. A ScKre5p expression vector pGRB2.2-ScKRE5 or an empty vector pGRB2.2
was transformed in C. glabrata strain NAU3. CgKRES5 gene disruption cassette was then
transformed in these strains and observed whether transformants were obtained. (B) Spot dilution
assay was performed using ScKrebp expression tet-KRES5 mutant,
tet-KRE54URA3 pGRB2.2-SCKRE5. Empty vector pGRB2.2 was also transformed in
tet-KRE5AURA3 (tet-KRE54URA3 pGRB2.2). Five-microliter suspensions at an OD of 0.1 and
serially diluted (1: 5) cells were spotted on SC URA™ plates with the indicated concentration of

reagents incubated at 37°C.

48


http://journals.plos.org/plosone/article/file?type=supplementary&id=info:doi/10.1371/journal.pone.0161371.s002

AT, KRES B - HBUINHI & B 7 EHT X - T, KRES HAZF O J B

R SI2 U U A UTc CWIRRBSTE ML & MIfalE S 2 EOMME bl 63 2 &

[ARFIZ UPR BB R T DS BIEMEAL 2585 5 Z L 2 6T L, 772 65 KRES

BAR T OFRBIMENC X - T Z 5 SIt2p OIEMHALZ £F 5 & F o ASBIEM b, fi

BERE 25| S SPTICERA FLAZFHETIHITMIC L - THFEINL 2 Enb,

FRBER N L RZEKRT D E WD K0 G, MERIZEITS ER A L ADER E UPR

=~

RTEMALIZHEE L TWD REM 2 RIR L TV 5, BEI &2 L, ERA ML A

WLk TEZ DN T L7 798 KRES s F-FEMENLE 9 CWI IEMEL

BB LTWbHZ &, EBlZ, Iy ==2—Y 7Ol L > T CWIIEME

{bAEFICHET DL EBbHLMNIR -T2, 2D Z L%, C.glabrata (2B W TiEH Ly

VALY TF U T BERA LA &S L CWIFAEIC —¥BBI G- L T 2 lRed: & "

LTW5,

PLEDRERZ F & &, KRES Ba FIEBUNHICAE © MilaBEREIE 2 L & CWI RIS ME

{LDARGRE T V% Fig. 11 (233, Krebp [3/MEMIZ/HIE L. Cnelp & i L Chif #

LR E O WEE LA HH - T 0 (Taylor et al. 2003)., Ml e BE BT BR AL HI I EE 4 & Rk
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FEF Oftfs 208 LT, ER B E R 2T > TWH L& X BN D (Fig. 11A),

PL6 7T TIEH IRAAARE B 7L T 8 DREEEIC A DIEE TH Y | 77> Krebp 13

BLE VN H AR EE B IR T D Z L 25 (Levinson et al. 2002), Kre5p D&#E

BB TNV RS E R ERE L NIET, —J7. Krebp HEERH° TM D255

WK LTI AT 4 — /L RE NI EBENT 5 &, ER A NV AEZFET D L4

IR v A A DR L (Krebs et al. 2015), MIfRE Ly =2 — U %

IR LN T LT T U IPEMACT D, B 7V AR TR L 7oA

ARV AL ER A FUAIL, HIFANES SIt2 MAP J-—¥ 24 L7~ CWI £ 2 &ML

L. ¥F U AL BEEE T CHSL = GFAL # i EiEMA b5 2 & T F 4S80

HEET, Flo B =a— U AT SIt2p CWI R DOIEMEAL L ~UL % B2

HHVIIMBERNCHEETT A 2 & T, MR F UAREZIE L TWD DO TRV

EHEE SN D (Fig. 11B), t»> T, FK-506 X° EGTA IZ L » CHIRN IV o By 7o)

Uo7 %EES D Z & T, C. glabrata D IER 72 CWI Z48EL L. MR OEESCIE R £

B & KIEIZHE X2 (Fig. 11C),

—J7. Krebp ORERECHEI DEEA D & Fig. 11 \Z/R9E 7 /WL, KRES B{E1 D

FEENH DO A7 T IZDOBE & X7 OB ORI L > THRNLT 5 ATHE
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WRH D L ERIBEL TS, Kredp £, < OEZAEWIZIE VT UGGT & L THEE

LTEBY ., DRF AR NTE LW LT /NN ORE 2 >3 7 S E A B

ZfH > TV 5% (Meaden et al. 1990; Taylor et al. 2003, 2004), 771 /V % % 3 13/ MaRIZ &

ET DX ThHY, 74 —IVT 4 T PNIEFITAL L hso T 285k 2

WIBEDY T —NT 4 T HFITT D, —F. Krebpl UGGT 1%, ZMEdE» "8

\CHESE & 7 PN A& 28 L, ZOWRIII LV REF T T L D - e lonA

T D (Taylor et al. 2003, 2004), D Z &b, KreSp OIFEFIMFICHEER 21T, &

VAR RS NI B LT MY R T =T 4 TR O B

OO TZENEZICTREINSN, T KRES B +OFRBMMEIZ L > T ER

ARNVA—I—ORREANBRINEERELE LI T 5 (Fig.8), T7bb,

AWFTETRIER SNTCHRA KRES BAGFICRHERIRBR 2 D0 HDWE, xR

XV n v DORERE CEoTHLTHEINLION, IIT-F7-. ¥EX 7B,

BHEHAEREICL > THEIND LHRBRRONE T 2121, R D2ME0N0nE

ThH D,

F o ARE TIE, KRES B THIBMNHNILE 5 CWI ARG LIZRT T2 s T Ay

TV T OREFEDRERF Lic, LLRRS, RERET /WIZHE D 26X, /Maik
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BAIE L HMET D72 0ICHE R — R LRDIEAS I,
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Fig. 10. A model showing the roles of the CWI and calcineurin pathway in response to

CgKRES repression.

(A) During normal cell growth, Kre5p serves as a chaperone cycle member for the proper folding

of N-linked glycoprotein required for the cell wall synthesis in ER. (B) CgKRES5 repression induces CWI

and UPR. The calcineurin pathway acts as a coordinating role for maintaining an appropriate chitin content

in CgKREDS repression-mediated CWI. (C) FK-506 prevents the calcineurin pathway and induces an

imbalance in cell wall structure.
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B_E
/MR- TV OAR- 3 W RS B ELR S T DRI K W FE S h D/ ek

A L RR%& & Candida glabrata ol fRBELR 2 RIS (I BB 3 5 fighT

FH—E

B v v EERFOMEEE S F L AE SRR EIE, &b LI <BIE SN D CWI KUE
DOEDThHD, =F ) F v 7 4 2 RER O SITHMAREE BL,3- 7V 71 & kB
FKOHFTH Y, C.glabrata (Zxf L TR BRILEE T THERT 5 & MifubEx
F UG AR S5 2 L EE X TV D (Chamilos et al. 2007; Shields et al.
2011), BHBRIZRWNZ & IZ, /NER- TV ARSI BT BL6-7 L v DA I B
HAMREMED & HBIRF DV DT, TORBICE > THRF U EROMME £ 729 2
EMMH BTV D (Boone et al. 1990; Shahinian et al. 1998), Z ® XL 9 72 F U AEERK
TEPEIL IR, BRSBTS & o Y —Wsclp <> Wsc2p 723 B-7 /L 71 i i B g 2 Jidin L
72T, Pkclp R SIt2p 72 £ MAP S+ —F DU V(b2 L TR Z D5 Z E N o T

% (Jung and Levin 1999; Jin et al. 2013; Kock et al. 2015), —J7. /IMafk-= /L k-45

WRRES LTI, MUIBE S HE S R B I 2 IR RS ISR . 7 D DN M BE BT BIR (4R 203 A=
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BRIND, T BITHEE/ M > TR, MIZEE, H25VEA~Y 77T X AR

(ZH Rk S A, s THEBERR > GENC B 5 L T\ D, 1> T /MaR-= L R4

WHREFED + T 7 4w 7 BT IEHSMEBEAESRUICERREE L 52, oIk

FAA9~ 2 729012 CWI RRESTEME(L S FFE SN D Z L3RG TSN D, F—EO®E

V. ANERIC TREY X VBB PR AE D 3 v 2 Krebp D FEELE mRNA L

AL TS & L ER A b L AZFER CWI DML & 5| & 2 Z 9-(Tanaka et al. 2016),

KreSp (3, /MERIZISWTHEY X7 - 970 HAREE BRI A BRI I SR D

AR A ERICAEST-OD IRy Xa v A 7L LTS, 2D

ElE, Krebp OFRBINHIZ K - T, IAXXFT VA 7 VOEF M E DBREIND

Z LT, © MIRBERTERAROIER 72 G ik L Ok 2 80 U, MEr0 e fiflakE 2 - L

AEFHEETLH, £ @ MREAERA NV AZEREITNE LT, UPRZFHFETLH, L)

ODOHBNREFFICEE TWDHZ ENRNEZOBND, — 7. KRES B FRBEMENLE S

FF UAEERIER LS., FiE O oL LICERLTCHEINLIDON, HDHWVIT G

Krebp DOIEBLMENC A RAY R BIG 2 DN DWW TORFHIA 0 Th o 7,

2 CARETIE, Krersp EHi L TR F YA 7V EFKLT % Cnelp & 23—

R4 % CNEL a5 B L THT 21T > 72, Cnelp IZ/MEICRIET 505 F 2 v 2
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2 ThHY, KrebpRRRot2p D as yXa LG L ThHALRFT A7 0%
R L. NMEERNIZIS T 282 R ERIBMED ) 7 4 — VT 1 v T & E > TV D
(Herscovics 1999; Molinari et al. 2004), S. pombe TiX, ZEi(230% & OFEL /X7 H N
ANEZFX LA TN E ST T H—NT 4 7 INDHEZER LTS (Parlati
etal. 1995), = ® Z L6 CNEL & {5 7D KL, KRES BA& - OIS &[RRI,
ANFHXT A T VOKEEREE ER A NV AOEEEEZTEE2 01508, C
glabrata |Z31F % CNEL a1 E - o> TV Rhoiz, §E-> T, CNEL Einf
RAERR (cnelA) I2361F 2% ER A b L AEHE, MIlWBEREE  CWI TEME(L OFLEE 2 JI7E L,
T™M Z W3 FIME ER A L AARHIC KD L I L3S, DTy oA

7 VDS C. glabrata 0 CWI I M IE 382 O 5 & 7l 7 7=,
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B_E Hik
& Ry B RS
Candida glabrata @ #£7 Cnelp (Candida Genome Database ID: Cagl0d00242gp).
Saccharomyces cerevisiae @ Cnelp (Calnexin Cnelp, Saccharomyces cerevisiae Genome
Database ID: SO00000054)., Candida albicans @4 & Cnelp (Candida Genome Database ID:
C4_04090cp_a). F3 L U* Schizosaccharomyces pombe ¢ Cnx1 (Calnexin Cnx1, Pombase ID:
SPAC3C7.11c) @ 7 X / BAELHI1E # 1L NCBI »» 5 AT L. T-COFFEE ver. 11.00

(http://tcoffee.crg.cat)y T7 7 A A Mg L7z, HFbhlc7 — &1, ESPript 3.0

(http://esprint.ibcp.fr/ESPript/ESPipt) % FH\ T ALER L7~

fE FERR T & OE RSl

AREBRIZAE A L7 FRRIE Table 31278 L7z, &K HEMKIL YPD 5 2% 7 v =a— =&

2% X7 b, 1% FREEERET X R) HDHUVNESD B (2% = — A 0.17% yeast

nitrogen base, 0.5% i7" > & =17 A 2% drop out Mix) DIRIEEEHS 2 VN XFEEKES

HilZ T 37°C THEEE LT,
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B TFERKS X UMK OER

FEfE A RRIL, KUEL0O BEZ 8k E L., PCRIEICE VW/ERIL 7= DNA k& >~ k

DOBIEEANEFHFRFAABZ I L > THER L 72, W7 94 ~—¢& 7T A3 g%

NE Table 4, 5127~ L7z, 77 A3 K pHIS906 (Nakayama et al. 1998) % #5751 & L,

BB REKREERST 720D 7T 4 ~—7 (CAGLOD00242g, pl12880F &

p12880KR; CAGLOK06963g, pl0532F & pl0532KR; CAGLOMO04169g, pl2957F &

p12957KR; CAGLO0108855g, p12038F & p12038R) % VT PCRIEICCHAME L7=, 55

7= DNA W H ZWie ) F 7 AEIC T KUELIOO fRIC R T v A7 4 —A— gL, b

AF D ARIREEMIC Can =— 2B S Y-, AEL O AL, PCR HEIC THER

L7,

CNEl &Efx FHflitkIx., BB LB T2 A L7 C. glabrata BH 77 2 I K

pGRB2.2 Z#3# A L C/ERL L 7=, C.glabrata 33 XU S. cerevisiae ® CNEL i&{x 1% Z 4

AU PCRIETHINE L, #5407 DNA B % Sall 35 X O Xbal CiE b L. [AIERICTHAL

L7 pGRB22 L7 AF—varLiz, BoNTTT7AI FEERY T 7 LIAICT

KUE100 f#RIC F T v A7 —A =g L, U7 /WEREMICCan =— %2R &

w7,
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MRNA fliH 35 & O gqRT-PCR

(B—F5 _mcHEd s, /o, FHLET 94 ~—1X Table4 I~ L7=,)

BET VA U AEMEE S OFREES X U REEE R AT

(B — 5% HIcHES 5,)

YA 'V =— R ERR

TE I O Fikk & PBS IZIE¥ L C OD=1.0 & L. & 5I(Z Zymolyase 100-T % #ix

IR 1mg/mL L7 X912z, 37°CI2 T 1 FEEIRE 5 L7, FRRERGE Z &

BB

BRI & —E Y | RRRFAYIZ OD ZIIE L7z,

ARy b T vEA

37°C I CHEEEE LT-EE%E 2.0 x 108 mL ICFS L. X512 5 AR5 % 4 5

FCERIL, R LU7-ERZ 5 pb 995 YPD ZEREGH B AR > L, 37°C I T

48 HFfH A v 3 2N — MBI LT, b, LBEITNC T, T oA 2z 2o

BETHUI L7z, 200 pg/ mL CFW; 200 pg/ mL CR; 100 ng/ mL FK-506; 1 mM EGTA
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Y Cn RS

SHHOHIEI O &1k % YPD 5 HIIZARE LT OD =01 & L, MEARRIEA & IRE TN
Z7c BT 37°C TARRMRE L S Lic, BB EREL, 4% T HRLVLAT AT E R
IR L7, 4°C T 16 Bl A % 2 _— |k L7z, 57K {Kk% Permafluor
(Thermo scientific) ZHWTA T A RHZAZEELTZDOH, 1 M KOH #&#k & CFW
Wiz LT > ARy U TE AL, oy FHEmEE BX-53 (Olympus, Japan) (2 CT#l

2 LT,

v REVTav T 4T

(B — &% HICHES 25,)

TH—F A FRARY—

(B — 5 HICHES D)
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NEHERZERR

PUEL R MR BR 1T, WERHEEL T DP 54 (Eiken Chemical Co., Japan) % Fiu»

T WO~ =2 7 THEN WOREEEIC TIT o=, T7hbb, 1 7o bhizb 1x10°

fEoEE=EZTrb DL L, 35°C 12T 24 FrESE%ICBZE L7, 7A2Kx7 U2 B D

MIC |% 100%EFFHE (MICi0) % . ZHLLISDHEAIIT 50% A FHE (MICs) % fEiE

E L7,
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Table 3. Strains used in Chapter 2

Strain Parent Genotype or description

Reference

(Candida glabrata strain)

CBS138 - C. glabrata type strain, for genome project
KUE100 2001H Cghis3::Scura3 FRT-YKU80
cnelA KUE100 Cghis3::Scura3 Cgcnel(CAGL0D00242g)::Cghis3
Cghis3::Scura3 FRT-YKUB80 Cgcnel::Cghis3
cnelA::CNE1 cnelA
Cghis3::hphMX-Cgcnel
cnelAura3A cnelA Cghis3::Scura3 Cgcnel::Cghis3 ura3
rot2A KUE100 Cghis3::Scura3 Cgrot2 (CAGLOK06963g) ::Cghis3
krelA KUE100 Cghis3::Scura3 Cgkrel (CAGLOMO041699g)::Cghis3
Cghis3::Scura3 Cgkrell (Cgtrs65,
krellA KUE100
CAGLO0I1088550)::Cghis3
mnn2A KUE100 Cghis3::Scura3 Cgmnn2 (CAGLO0104532g)::Cghis3
mnn1lA KUE100 Cghis3::Scura3 Cgmnnll (CAGL0G07491g)::Cghis3
hoclA KUE100 Cghis3::Scura3 Cghocl (CAGLOF00297g)::Cghis3

(Dujon et al. 2004)
(Ueno et al. 2007)

This study

This study

This study
This study

This study

This study

(Ito et al., under
revision)
(Ito et al., under
revision)
(Ito et al., under

revision)

(Saccharomyces cerevisiae strain)

BY4742 - MATa his341 leu240 met1540 ura340

SccnelA BY4742 MATa his341 leu240 met1540 ura340 Sccnel::Schis3

(Brachmann et al.
1998)

This study
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Table 4. Primers used in Chapter 2

Primer name Target  Sequence (5'->3")
Cgcnel  AGATTCAAAATTTAGAATAATACTCACACTTTAGTACTATTGTTTAA
p12880F
5'UTR TCTATCGAT(ggccgctgatcacg
Cgcnel  ATAATACCAAGGTGATCAGAGCATCTTGTAGGGCGTCTCATTGTGAT
p12880KR
3'UTR ATATGTTTAcatcgtgaggctgg
Cgrot2 TGTAGCTATCGCGAATCCAAAGTGTGGTAAACTCCTGAATAATCCAT
p10532F
5UTR GCAAAGAAGGGCCGCTGATCACG
Cgrot2 AATGTGCATAAACTAATTATAATGATCATACTAATTCATAATAGCTG
p10532KR
3UTR TTCAATTCACATCGTGAGGCTGG
Cgrot2
p105320rfF CGTGACCGCTTTCGCAGATT
ORF
Cgrot2
p105320rfR GCAGACAGAGTACCTGAACTATC
ORF
Cgkrel GCGCGTATATAAAGAAAGGATAAGTCAACACCGGGGGCCAATAGGT
p12957F
5'UTR ATCTACTACCGGCCGCTGATCACG
Cgkrel GCGGGAAGTGAAATGTGTGTCTCTCTGTGGTGAGTTAAATAATGAAT
p12957KR
3UTR GCAACGGCGCATCGTGAGGCTGG
Cgkrel
p12957orfF GTACCACCACGGGTACTACT
ORF
Cgkrel
p129570rfR GCGGCTGCAGGGTCAACA
ORF
Cgkrell CTGTAACACTACCACTGAGTAAAACTGGGTTACGCCTTCGGAATTGA
p12038F
5'UTR GTGAGGTCTGGCCGCTGATCACG
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p12038R

p12038orfF

p12038orfR

CgPGK1
593Fw
CgPGK1
769RV
CgKAR2
945Fw
CgKAR?2
1086Rv
CgBAG7
115Fw
CgBAG7

341Rv

CgYPS1 554Fw

CgYPS1 790Rv

Cgkrell
3'UTR
Cgkrell
ORF
Cgkrell
ORF
Cgpgkl
CDS
Cgpgkl
CDS
Cgkar2
CDS
Cgkar2
CDS
Cgbag?
CDS
Cgbag7
CDS

Cgypsl

CDS

Cgypsl

CDS

CCTTCTTATGAGTATATTCCTATATAAAAATGCAAAGAGAGATGTAT

ATATAGTGCCATCGTGAGGCTGG

GAGACAGTTCTGACGATGAAATGCTG

GTGCCGTATTTCGAAGCCTCA

CTTTGGAAAACCCAACCAGA

CGAAGATGGAGTCACCGATT

CGACTCCTTCGTTGATGGTATCG

GATGTCCTTCTTCTCCAAGCCG

GACGACTCGGAGAAGACAGG

AGGTACCGCTTGAGCAAAGA

CTAATGGCGCAAGAGCTACC

GAAGACCGATACCCAGGACA
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Table 5. Plasmids used in this study

Plasmid name  Description

Reference

Expression vector for C. glabrata, which has PGK1 promoter

pGRB2.2

from S. cerevisiae
pGRB2.2-

CDS of S. cerevisiae CNEL1 has introduced into pGRB2.2
ScCNE1
pGRB2.2-

CDS of C. glabrata CNEL1 has introduced into pGRB2.2
CgCNE1

(Zordan et al. 2013)

This study

This study
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B KR

72 BRECH KRR OFE S, Saccharomyces cerevisiae, Candida albicans, 38 & 08,
Schizosaccharomyces pombe OB /LR F ] IV LT 4 F 2 ) UHEX R TE, 7%
B Cnelp/ Cnxlp EAH[FEIMED EWWESIZ 22— K9 5851 CAGLOD00242g 73 [AE
Si7-, C.glabrata ® CNEL1(CgCNELl) &EFHR L= Z OB 1T, 382 7 I/ gkt
MBS A N7 CoCnelp # 21— K95 Z EB3HEE S 7z (Fig. 12), U, dofx
FED Cnelp (ZH~T2 720 %y (S. cerevisiae Cnelp X 502 #& %k, C. albicans
C4_04090C I% 581 74L&, S. pombe Cnx1p 1% 560 #&%) & D, N KEMANZIZL 2 F
BREEI A . 2D C REGMICHENT T 2 DOmEMET I/ Befkkk, 175D & 285D
EHLTWD Z ERbhhote (Fig 12, #REARRE LOEREKH), 2 bixhrrxy
VERZ R BIZ LS RFENTWAHETH D, — . CgCnelp 1T v ~m 5N
CHBELE SNA T e Yy FREEL (Fig. 12, ~ P ZAPH#R) 2 REELTWH I L

HihmoT,
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20 40
CAGLOD00242g veesees s HIPINS TYKTNEDLKE
CNE1 LIF|L VEGIT o o« o o o4 o o SIULSNV AYTNTKHLNQE]
C4_04090C_A A LV 1 ehvnatll, . . c e ees s YVMPEFDK YPSL,..NSS
SPAC3C7.11c LCSLYIVRGSLADPESEQEPLVENP ('} AT WSE
59 60 70
CAGLODD0242g| H .. .VIDEHGR.KLFPASEKTFaNED. . yvssu
CNE1 I W be RL..QGSAWD .
C4_0409%0C_A | 0 STSKYPGLE D| SYKLPHEVT
SPAC3C7.11c | T EESSGP . GALKGE! SYEFDE. ..
30 140 1350
CAGLOD00242g FHNM.YLESLTNYDR. KAGV&I;D--
CNE1 %scrnwcuu HYA. PDTEGVt,
C4_04090C_A LDSSPSG. . .. . YKFENSETRYQI?
SPAC3C7.11c LAEP .[OH.....GEM.SNSIDYRI
160 0 210
CAGLOD00242g] LP AEW ‘ EKE o} AR D LGNKIL
CNE1 P .1 : ESAUSE
C4_04090C_A G SiEl. ] IR E K| <H ; 1 SNIJIDF
SPAC3C7.11c GV . FE H K ! { NERRY MUK . PDOTE
230
CAGLOD00242g Ds.....I?.IT,..,T;..}.'......'. n .. L[]
CNE1l EDKKKVNF :L 1{Pf {EA VXL SE
C4_04090C_A NP P| NDDK-’["DF WDIDRAY/TPMFrNVEE
SPAC3C7.11¢ FiIP PVL] P ED T PAD WIVIDE P E\I PI§FNAV KP DL
CAGLODO00242g] ..|.......0L.. Jolele FleF e R ol o[ e
CNE1l ROER.DPLMIPHFDGTE p ¥ T{LD PNAQIK F| i CTA
C4_04090C_ A | Y LKHEYPQIRD? % PIDAVIK P ‘ £ BN VK A
SPAC3C7.11c | WIED.APRMIPD} ‘ LF.AQJ, £ID G DM TES ELL TN PRI E
D 250
CAGLOD00242g] . .[. ... | R e A ans [l.[1. [isFToTHens .[[IsEr v r s[i)
onel ERE CNPAKIYK : 1IN ey :J mm n:', 3P LY YE EQHPILRT ENVIT]
C4_04090C_A THDY T : i 'owxr"rc:ewxp”
SPAC3C7.11c 0 DD HEISHF . GPILY|
300
CAGLODO0242g ¢ L.xt..wl......u 1L KL KPS
CNE1 Wi NViTEERQ ¢ MEDRAFRGS]! ‘GPr:erwmswLGm.
C4_0409%0C A Wi ILF IR NS TAERNE 1] FRIRYELE. .ADQ. . ... RRENXP RVK
SPAC3C7.11c I I IS I ERI FLPKLKAE. . RE. . . . . . LUSKQE SME
CAGLOD00242g “LF»XL......................F" "
CNE1 TTFHN.... ‘ R
C4_04090C_A |NEPVAPPR, .er.r IIRDOQIIS FLI,..FIKLFWLKQYVQLKDFY Bl
SPAC3C7.11c  [KIOSMHV........ B EKFLDVYDIIKAKLPPNVAEKVDYYVET! ‘x:rps_
350
CAGLOD00242g =1 Ls'_f:ju'-'—’rmv.‘mr LY LA —1
CNE1 ... LEQPf 'rm*\r ers.nccvv P e I L e e Ot
C4_04090C_A  CLIMANP! -rr‘ wv'\r .FSFTZ“FGPASf !IMFLLQGGE AFGSSSSITTTTTTDSNRKN
SPAC3C7.11c LGSLTANIUTC. . . YIFYSFASSISIPA . SLSTGTTEAEKEQQEKFKQETETEKID
CAGLODO0242g ... ...vuvu'un AEMKKRIRTEDI.VEINK

C4_04090C A VLTAEEIEMPSN: VQK!EILDBOIK\IRORK
SPAC3C7.11c¢ VSYAPETESPTAR

Fig. 12. Sequence analysis of C. glabrata CNE1.

Red box, white character indicates strict identity, red character indicates similarity within a group, and blue
frame indicates similarity across groups. Green box indicates the lectin-like domain and magenta box
indicates the proline-rich domain that is required for certain molecular chaperone activities. Black arrows
indicate two acidic, negatively charged amino acid residues required for sugar-binding activity. GenBank
accession number: Candida glabrata CAGL0D00242g (CgCNE1): XM_445424, Saccharomyces cerevisiae
cnel; NM_001178200, Candida albicans C4 04090C_A; XM _712011 and Schizosaccharomyces pombe
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CgCnelp DRENHNEMEIZ ER 2 b L ZDERERL UPR 22 2401 & 9 I Z i
%7, CgCNE1L K4EFE (cnelA) 35 XL TN CgCNEL fRA#i#k (cnelA:CNE1) Z/EflL T
AT U7z, F7z, /MR N U AFHEA] TM 2 0B L 72 pitt= > har— & LT
MWz, ZOFRER. cnelA IX TM ALEREE & [FERIC, AFRA7Z2 UPREERI TH 5 KAR2,
BAG7. YPS1 ® mRNA MEEIHEMEL LTV 5 Z & MNbino7z (Fig. 13), £72.
cnelA:CNEL TlX 2 b DERGIEMEILAIEH Sz, 2o Z &b, CYgCNEL BisF

DORFIZEV, ERANVADERESLUPRNBEX S Z Enbirot,
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Fig. 13. CgCNEZ1 disruption induces ER stress in C. glabrata.

Quantitative real-time reverse transcription-PCR analysis was performed to determine transcript levels of
the ER stress-mediated gene expression. Amplification efficiencies were validated and normalized against
PGK1 levels. The relative transcript levels were calculated as the ratio of the normalized transcript level to
that of PGK1. Values represent the average of three independent experiments and the error bars indicate the
standard deviation (S.D.). Asterisks indicate P < 0.05 compared to KUE100 cells (Student’s t-test).
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BT, cnelA B LN TM ALERREIC IS5 1T B Ml BEripk 2 i~ 7=, £3°. ffusEp 7
N EEENELEE A, BL3 ZAD EBIISEHRBITEN RN o2 D
D BL,6 7 VT BT cnelA TIiE25% FREKT L TWD Z B 6T o 7 (Fig.
14A), —J7. TMALERETIX, Bl6 Z VD EBOEKTIIRD bR oT=, Zhb
DERIZDWT BL1,3 Z /v F—E T % Zymorylase -100T (ZxF7 2 B2 ME A2 N DT
& A, cnelA [T MEZ R L —5 T AR LU TM LFRITIE & A LRk
PeZRE o7 (Fig. 14B), A RS 5 K 51T, cnelA (&, AHfuBES F s
PIEAITH D CFW 2% L TRzt % /R L7z (Fig. 14C), T 5 OFERIT, cnelA T

(MR EE 7 L T S DK RFICEE R BLL6 Z L B E BN R L TR Y |k

=

B-7 NI AEENPHEIME L TWDH Z AR L TWD, HERZ &IT, TMAEEET
X B1,6 7V GBI TIIBEI N oTc, ZTOT LIX, BL6 7V U EHEDIK
TIZER A ML RITER LN & 2R L TWD, fild T, HifukExF & &4
ELTZEZ A, cnelA | TMALEREEL ©12, KRR BIE S 47z (Fig. 14D), =
N EFN LT, cnelA BEL O TM ABERED [ 7 TH F U5 Atk CFW 5 O HifE 23

REEICHN L, om ISR L@ Blg Shvie (Fig. 14E), LU EORERIE, /M
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A b LA 2 F A AR & AR IT . MRIBE 2 | LR L ST L CH

BEINTWDLZ EARBELTND,
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A B

p-1,3-glucan Zymolyase Sensitivity
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g’ = 200 [/ 1.0 4 1 —f
£2 4 -O- KUE100
g é’ 150 § 0.8 —e- CcneilA
g3 100 a 0.6 A~ cnelA::CNE1
c3 I o —— KUE100 +TM
§ ; 0.4 -
53 50 0.2
©
z W 0 : : , :
B'1 ,6-g|ucan 0 15 30 45 60
Time (min)
— n.s.
£g W = C
T 7 SC (control) CFW CR
it |
o= 20
§ b
22 10
<= 0
= % Cell dilution Cell dilution Cell dilution
D chitin E
& 100 * KUE100 cnelA cnel1A::CNE1 KUE100 +TM
E4C)
E’% 75
§2 50
c ®
Z 5 25
OT
= o[ ]
83gE
- 0> +
w < 3
56V o
€758
- w
23
o X

72



Fig. 14. Both cnelA and TM-treated KUEL100 cells exhibit cell wall chitin accumulation, but
B-1,6-glucan is decreased only in cnelA.

(A) Alkali-insoluble B-1,6-glucan and B-1,3-glucan in C. glabrata cells were measured as glucose quantity
substituted for the standard curve. The data shown represent the results of at least three independent
experiments. Error bars represent standard deviations. *P < 0.05, n.s.: not significant. (B) Zymolyase assay
was performed at 37 °C. Turbidity of cell culture (ODggo) was measured at indicated time points. (C) Spot
dilution assay performed using 5 pL suspensions at an OD of 0.1. Serially diluted (1:10) cells were spotted
on agar plates and incubated at 37 °C. A representative example of three independent experiments is shown.
SC; SC medium control. (D) Alkali-insoluble chitin in C. glabrata cells was measured as glucosamine
quantity substituted for the standard curve. The data shown represent the results of at least three
independent experiments. Error bars represent standard deviations. *P < 0.05 (E) Microscopic observation
of KUE100 and cnelA strains. A representative example of three independent experiments is shown. DIC:
Differential Interference Contrast microscopy, CFW: Calcofluor White staining of the C. glabrata strain,

Scale bars =20 um.
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RIZ, ERA MLV ATHEINDFTF U AEGHRIEHLA ED L D A =X LTl

ZHDMN, FEDEIBRBENDDDONEELET 572D, C. glabrata (2R 72

UPR BRI E N AT RIETRESLT T VARG A~DFEL | cnel XIEHEE TM 4L

PRRR & TR L7z, BRI TR L7z bY . Foxid, KRES &fs 1 & B35

ZEICKY, arv=a—) URE TR THIE SN D CWIEREZTEME ks 2 &

ZB BT LTS, —J7, S cerevisiae X° C. albicans Ti%, Krebp & Cnelp 23 il L

T/NRUENE S 7 EREEE A S & STV % (Shahinian et al. 1998; Herrero

etal. 2004), 5D b, C.glabrata IZ351) 5 CNEL i#fs D KIEIX, KRE5 i#

{5 FDOFRBIH & FRORBIZ RO TITRWINEZ 2T, £Z T, cnel X, &

HUVNE TM AR T2 15 ER A b L AFHE . B8 L O CWIHRIETEM LIz I 5 4

Ny ma— ) VRO RE R, BRELT, vy =2—1 UIHEA| FK-506

DIFRIC L 5T, cnel RIHMEB L O TM WHFEOH 5T, FF U ABKO ISR 51

AL BIER S = (Fig. 16A), S HIZ, CWIREOHEZH 5 MAP X+ —ETh 5

Slt2p # > /X7 ED Y UALIZ S HITTLE L TWD Z ENH BT -7 (Fig. 15B),

NS ORERIE, KRES BT OREIIFNC L > TRIEShZHERE —HLTEY

(%6 —%. Fig. 9B, D), cnel B /XHH., BL O, KRES B T-HIMHIZ L D FF
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EARBTEMHEAGIZER A P L AREIC LV FHFE I N D CWIHRRIIEME(LITIKFE T 5 2 &
SHICIN Y =a—U UREZN L THIEI SN TWD Z E DRI L7, £72. cnel
RAEFEFS L OV TM ALBERE X AR IZ T Go/M #lDMIE R D EI S N & 2R
BOBIRICIES . S 612, ZUOAEFICED D RIML FK-506 P L > TX Vi
S 7- (Fig. 15C, D), ZAU 5 OfERIL., KRES BAR TR BMNHNIZfE 5 EFEOIK T
25 FK-506 ZLERIZ L o T S 5 FZRAYFE L FJ§ L2 (Fig. 9F), #E-> T, C.
glabrata X ER A b L AITIGE L TRl A A E L E7- D EE L2V 5 2 & TER
ARLVAZMAEYI ELTEBY, oy =a—) NI NbDE %5 HkE %
LTWbhEEXLND,

F72. cnel KIEHRIZ, EisNTHD N ONDOFIEERK, FFCI V770X
T )V RIEEANT K LT X WKW MIC 27k L7- (Table 6), #lfEE 249 2 EHE D
—HIX N O EEEOEERIEN THH Z L5 cnel B 10 K8 A0 fe BEFSHE

HiE O B 72 525 8 L O 5 FTREME AR STz,
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Fig. 15. Treatment with FK-506 disrupts CWI pathway activation in both cnelA and TM treated
KUE100 cells. (A) Alkali-insoluble chitin in C. glabrata cells was measured as glucosamine quantity
substituted for the standard curve. The data shown represent the results of at least three independent
experiments. Error bars represent standard deviations. *P < 0.05. (B) Phosphorylation of Slt2p was
determined by western blot. The amount of Pgkl in cell lysates was determined using an anti-Pgklp
antibody as loading control. Data representative of three independent experiments are shown. (C) Flow
cytometry analysis was performed using propidium iodide-stained C. glabrata cells treated or non-treated
with TM. A representative example of three independent experiments is shown. (D) Growth curves of
KUE100 and cnelA strains with or without TM or FK-506 treatment. Cells were grown in SC medium at

37 °C until stationary phase. Growth was recorded by taking aliquots at regular intervals.
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Table 6. Drug sensitivity of the cnelA strain

MIC (ng/mL)

Micafu Caspofu Amphot Flucyto Flucona Itracona Voricon Micona

Strain
ngin ngin  ericinB  sine zole zole azole zole
KUE100 0.03 1 1 <0.04 16 1 0.5 0.5
Acnel <0.015 1 0.5 <0.04 8 0.25 0.12 0.12
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KIZ. CNE1l B FOXRBIZCLVEZ ANV =a—1 URIEZ N LTZIRED, C

glabrata (ZRHEHIZRINE 72 DN E D T~ T, AR O@ Y | JdrkxfE S. cerevisiae Tl

“

FUREE 2 R L A L2 UPR & U TIREL-HACL B MEi< Z LN EESRTWAD

23, C. glabrata TIIAAIA HACLI MRNA OEIRIGA 7T A >0 THEMEN KB L TV D

ZENS Do T D (Miyazaki et al. 2013), = Z T, CNE1 & TFOXRBIZE VAT D

MRS E Ny =a— 1 RO 5 % C. glabrata & S. cerevisiae % b L Tz

A5z &k L7, 9. C.glabratacnel KiEiKIZ C. glabrata ™ CNE1 (CgCNEL) %

FEMH L 72Kk, 38 LS. cerevisiae @ CNE1 (SCCNE1) ZAH#f L7-#k& N HAERL L,

CFW & CR Z Z Lol 585 Lo, ZOR5HE. ScCNEL x4 F81# L 7= C. glabrata

PRIZ. CgCNEL A&7 A FEM L7okk & [AARIZ, CFW & CR Z & elsh E TOEFNE

A\ Z[EE L7z (Fig. 16A), F 7z, FK-506 38 X U /L v 7 ARINE S L — A EGTA @

FETICBITA24AF b REEICEE L, 2o iRz, 272 < & C.glabrata i

NTiZ, C. glabrata & S. cerevisiae ™ CNEL & {7 D RMIHERERI 22 22 131F & A

ZEERLTWVWD, AT, C.glabrata (2F1F 5 Cnelp D55 W, vy Xm

EMEICEE 27 v ) )y FHEBRAMETIE RN & &R L TWD (Fig. 12), &I

S. cerevisiae @ cnel s 7 KHEFE (Sceneld) Z/EELL | C. glabrata @ cnel =1 /K18
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Bk cneld #k & bbilk U7-, FK-506 33 L ONEGTA Z & Telzh F COAEF AR L- & 2

5. C. glabrata @ cneld ¥kiZ 2 BIZEZEZ R T DIZX L, Sceneld & FK-506 5

F O EGTA IZHT A MEZITE AL ERS o7 (Fig. 16B), Z D Z &iX, CNEL

BT REBICL > THEINDHZRIZHOWT, C. glabrata & S. cerevisiae T, /v

Voa— U URKBOEFEGENRERDZLERLTND, LEDZ e, C. glabrata

& S. cerevisiae T, CNEL iBfn T DOHEEESCHEENITB L ZRFESNTWVDEHDOD, D

BLEPRBICEDVFEINDIBLRIZIE, BRD5 0 7T VRERENRED> TWH Z &

/AN = RS g
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SC (control) CFW CR

C. glabrata +pGRB2.2 LA
cnelA | +pGRB2.2-CgCNET [\ = = = o

ura3A | 4 DGRB2.2-SCCNET [t dd ot =
Celldilution Cell dilution Cell dilution
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cne1A | + pGRB2.2-CgCNET LI B = 8

urah | 4 bGRB2.2-ScCNE1 R SIS
e —
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B SC (control) FK-506 EGTA

KUE100

C. glabrata cnelA
cne1A::CNE1

S. cerevisiae BY4742
SccnelA

Cell dilution “Cell dilution —Cell dilution

Fig. 16. FK-506 inhibits cell growth of C. glabrata cnelA but not of Saccharomyces cerevisiae ASccnel
cells.

(A,B) Spot dilution assay was performed using 5 pL suspensions at an OD of 0.1. Serially diluted (1:10)
cells were spotted on agar plates and incubated at 37 °C. A representative example of three independent
experiments is shown; SC, SC medium control.
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INFETORFENS, Coglabrata TiX, CNEL & s ORI L W /MaAR kL&

NEZDHZ &, filpRESTTF o GBOMMNEE L2, 2RIy =a—1 U

a2 LU THIE S TWD Z & S cerevisiae TIEH VY =a—U UREOBE23 /)

SWVWZERHLNIR ST, B—FDO@EY . Cnelp & Wil L C/NaikkE & X7 & T

HEHICE < Krebp & 27 HOREBIHNZ L > TH | FROBRPIEE D 2 L0

MmoTND, TITHAIL, X A7 EWEERICED DB/ 2 T EDKR

BIZKY | FRROBIEPBIE TE 5D TIERWD] SAGRANL T, /Mafk-= v k-

SIS FICRTE L. i oRES LR OG- TRt - EE RIS D 2 &3

STWVDHEMLEF DN OMIIHONWT, BinFREHKEZERL THIT L7, £7. /Ma

KIRES R a— RT 5iEnf & LT, Cnelp BL O Krebp & i L T v <

2 YA 7 VIBEICE P D ROT2 i s FI274 H L7z (Herscovics 1999), & b2, =L

VIKRHESR VXV B a— R 58I FL LT, v/ —AEBBRELa— T 5

MNN2, MNN11, HOC1 i#fx¥ % (Neiman et al. 1997; West et al. 2013)., &R #a % (2 B 5

T HBIEF DD B MBS EICBI D D Z & A3 oo T KREL, KRELL (TRS65) &

¥ %= L7= (Booneetal. 1990), Z L5 RIBEEDOMMIEEERERLEL ZHIE LTz & 2 A,

IR v a A I VTERRIC R D ROT2, 3 X ORI IC i 5 KREL,
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KRE11l D4 K4EKE (rot2A. krelA, krellA) X, BHAK LY b3 F U EBVAEICE

W ERHLMNIR 5T (Fig. 17A), —F . SAVIKRIER O Z R0 B h a— B4

% MNN2, MNN11, HOC1 iEfx D4 KR (MNn2A, mnnllA, hoclA) O X F & &

ITEERR L RIFRE CTH o 72, RIT, BERD SIt2 MAP 5+ —F D U gk L~L % |

ELTZEZA, FTFUEEOMBELFHEI L T, rot2A, krelA, krellA ([ZBIT 2V g

L L~V T RIEIZTTHE L TV D Z & 3o 7= (Fig. 17B), —J7. mnn2A. mnnllA,

hoclA DU VAL L ~WIEAERR ERIRREE TH > 7o, MA T, /MaER B LA~ —7

— B TORAEZNE LI Z A, 90TV rot2A, krelA, krellA TlIEWRHES

s L7=—J7. mnn2A, mnn1lA, hoclA TIXBARKE B OO WREHETH DL Z L0135

2o 7= (Fig. 17C), & HIZ, T HDOK%EZ CFW, B X OVFK-506 % & Te5& KigH 1|

L CABLZBIZ LT 2 A, rot2A, krelA, krellA 1% ZMAE R LT — T,

mnn2A, mnnl1lA, hoclA TITEAEMKEITEAEEDLSRWAF 27~ L1z (Fig. 17D),

TREDZ LG RIBIZED ER A P L RAEFET ABELIIREIICSF AL

EM L ZFET DM H D 2 &, S BI/MIR-T/L AR5 W0 O 4 T DR IsF

ZOMEEEODIT TIHEWZ EARAL NI o7,
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Fig. 17. Disruption of the gene involved in quality control of nascent glycoproteins causes UPR and
CWI pathway activation in C. glabrata.

(A) Alkali-insoluble chitin, in C. glabrata cells, was measured as glucosamine quantity substituted for the
standard curve. The data shown represent the results of at least three independent experiments. Error bars
represent standard deviations. *P < 0.05 vs WT. (B) Phosphorylation of Slt2p was determined by western
blot. The level of Pgklp recognized by an anti-Pgklp antibody was used as loading control. Representative
data are shown for three independent experiments. (C) gRT-PCR analysis was performed to measure the
levels of ER stress-activated transcripts. Amplification efficiencies were validated and normalized against
PGK1 levels. The relative transcript levels were calculated as the ratio of the normalized transcript level to
that of PGK1. Values represent the average of three independent experiments and error bars indicate the
standard deviation (S.D.). *P < 0.05 vs WT. (D) Spot dilution assay was performed using 5 pL suspensions at
an OD of 0.1. Serially diluted (1:10) cells were spotted on agar plates and incubated at 37 °C. A
representative example of three independent experiments is shown. SC, SC medium control.
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FIUET H8

REDOFER IS C. glabrata (2B VW TIL ER A b L AFHFE DN lfuBERE &2k & CWI
RRETEMAL 2558 LG5 Z LA LT o 7, KRR, MilkE S F o F &0
ER A MU AERICERLTEZDY., BL6 VNV ARk DOHIfREE 2 L &
TR L7 2 & 3o o, MilREES T G BN & Z ik < Mk, B
FHRIZ BT 5 — B9 722 5 )G CTd % (Martin et al. 2000; Levin 2005), Z L% T,
BL6 7V T1 G B TR O MINEEE 3 F B eI, ~T IS X 2 A BER A &
LT, CWI &EEOHFLEHIBIRE LTIRZ BN TE T/, —F C.glabrata TiE, K
= Fig. 12-14 X° Miyazaki 523/~ L7218 Y | /NMaEA b U AFHEIZ L - T, Ak

BROMMNC, FF U AEA RGBS T CHSL & 2 W T3 7 A G AR I O s B 12
B5-7 5 GRFAL Bifn T ORIN LH 325 Z L 3bhi-7- (Miyazaki et al. 2013), AHF5E

TIEE BT, 29 LexF UVAEABIEHERN DD E D DONICONTELRE LT, B
—FEC/R L7z Krebp (X, Cnelp & L CThEZ > X7 B EEBICEDS v v X v
WA 7 VEFAT 2 (Leach et al. 2002; Molinari et al. 2005), & 52, Fig. 18 2/~ L7=
F DT, AR TV AR RS A T DU FRED O B T DO RIRIZ LV /M

(KA N L AFFE L X F U AEGRHIEME L2 2§ Did, B2 o7 HERK - sl BEb
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HEILFNLETH T, THHDZ &%, rWRtE EICRB T o857 7 BB

DR D T —ATEF UASKRIEMEANFHEIND Z L 2R/EB L TW5D, HilnEE

RERBE B 21 E~ 2 ) T aT A R0 BL6 Z IV UHEEDIE L A LN IRRES B CTA K

SNTWDL—J7, FF U AEGKRO—MPAMIBE, & 25 WIEMEE L TEZITHhh T

52 LD L IR 2 AT LT MBS MR DI D GBI T F AR R

TEMEAL U CHIM L & 5 & T D kAT, C. glabrata OARfRBER V% ff-D ETHERY

ThoHLEEZD,

ABFFERTSRIT. C. glabrata @ UPR 73, UTixHE S. cerevisiae 72 & &L 13 R 52 =—7

TR A2 T D E VO RGRTE T LA SCEEL TS (Springer et al. 2012; Miyazaki et al.

2013), C.glabrata (28T 2 REH UPRIRIE TH DL LR EIN LNy =a— T Uit

BEHETHZLET, ERANLVADEE, HDHVILCNEL ZIX U D E T HHEX N

7B EEPIZED 2 B FHEOXKBIC X 2 W AT 2 KIEISIsld 2 2 & tkiz,

ZDOZEIE, v =a—U UBREA] FK-506 N IEER) b C. glabrata 5. H D W

IIHIEEEEMEAZAETAHAZ L2 RB L TS, T7hbh FK-506 1T EE Ik L TICWI

HEELHE ] E L THRET 52 & T, TNETLIIR R HEERREK A THZ &

N TE D AREMEZ Fh D TU 5, C. glabrata (21X = 415 'non-albicans Candida species |
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F. W< OO T Y — )L RIERERIEIIR L THEREZETH Y | IWERRI LT —

AP IRNZ LD | FRICIIER BRI W TRE L 72 > T % (Pappas et al.

2003; Li et al. 2007), Z 415 @ [non-albicans Candida species| 73/~ 3 HiE B FMHE XIS

E N EM—IETH D . B Z1E C. glabrata <° C. krusei Tix, CWI &= EKE LTT

V=R, T T 4 UREFO MIC BN ERTARINRESN TS, DT,

RIEMEER O CWI 22 EL 3 2 BEEIETR RIS X, WEk#EE L 2>~ 7= non-albicans

Candida species) (2% 2 IBHERIGIZ OV T, RERIICH JI 7038 IR & 72 2 ATRerEn

HHIZA D, FEBIT, BBttt OB A X8 B O TR O 7= O saiemiilF & LT

ANy =a— U URIEAERZEINT 2 Z L3, AT aA FREFAZHNDLEE XD

ST R RGYE, RS X MIEDRIAE Y A7 RS E 5 2 ERHE I TWH

% (Sayer et al. 1994; Moiseev et al. 2016), AMFERERILZ DHEELZZFFTLHDOTH Y |

SFETHREINTWRDo T2 ZOBBOHMFICHEHATH 20H LIV,
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Fig. 18. A model showing the CWI and ER stress induction in response to malfunction of some

genes involving in ER-Golgi-secretion pathway
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B=E
Aspergillus fumigatus {28133 B1,5 HF 7 b7 T ) —REBEER

GfsA @ invivo MIREEH 5 7 h< o F U EESR~DRE

F—H Frim
Aspergillus fumigatus 72 & OSRREIL, ZHECEATEE OEARICEN TR | B
B B8 E BT 5 & L bic, BMZEN O E WL TWD, o, KD D

ZHEI RS E I CHIIEEE & U CTHAE L, 2 < OB, N0 h 0% G R | C 7R 2

B

7ot 2 7 LT 5 (Rhodes 2006), SKIREOMfREE X alp 7V H >, FF o A

TGO NI IHTIE BT h=rFr (GM) 7 & B O RN DR S h

TW% (Bernard and Latgé 2001; Mennink-kersten et al. 2006), Z® 5 5, GM X

-~ /) —ARbo-HTI N NTT ) —A GERMIT I F—R:Galf) "HE D A~T 1

ZHECdh 5 (Bernard and Latgé 2001; Kudoh et al. 2015), A. fumigatus (235317 % Galf I

4 T OBEEREE ORI Y & LTIEL TWD, 7205, N-7 U 1 (Latgé et

al. 1994). O-7'U 7% %1 (OMGM) (Latgé et al. 1994), 'V 2L u oA ) ¥ h—Lt T

R (GIPC) (Costachel et al. 2005), 35 LY, FEAHEAN R 72 OfoR (FEEE:
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FTGM) T®» 5, offp 7V h v, BLOFF ALRIRESCHIERRE, DR 0E

B Il O MEERE R - Ch D DIk L, T2 M 2 T T 7 # (Gravelat et

al. 2013) <° GM [TRIREICRHER 720 T CTh 5, FFIC Galf 1356 E IR 224 Bk

FETHY ., LIXUIEE MR RN & BEAH T 508, BERERENZ DWW T

X EDEMFEIZIBNT S B2 13720 (Tefsen et al. 2012),

ZNDDEWEN T 2 IBAE D HEBEER D% ITHFBERE TR S v, BInF LD

FONTHIEAER LTSz, —J7, SRIREICR AL 2O A G D 2 B I5 T

FEDTE F-CHEREMET IS, R - R LRISH R EOSE TRELHFINTNDICD

B 59, MEESR & OMEMEDIR I CA DY T RO ANFTNREE R EOBH T, R

LEN TV D, 2015 4E, Bamford 51%. A. fumigatus DA T 7 w93 ) BT 7 % &

FICB D 2T & L THIZIZ sph3 B T2 A L. T ORBITHEMEIR T 24 <

Z & & L7 (Bamford et al. 2015), —7J7. Komachi &1%, Aspergillus nidulans 4=i&

BFD L BRERMMNOBEEBIFSE FA A 2RO Z LA RSN DB &2 A7

J—=07 L, BEFERKEAFRST 22 LT 0727 77 7 —ZFUKE OFEE

BFMEME T4 8% A L7= (Komachietal. 2013), ZD 96, b o & HEEERK

JEMAR T 2R L2 R RR DRI BIR T % gfsA 44T, Galf BESHAZG R HEL 28
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XETHHETELTHRE L, L LARNG, GfsA OFEEFZHIME S, A. fumigatus
? invivo GM LG A~D T HIIAHAL T ETH -T2,
Z ZTCARETIE, A fumigatus @ gfsA Eint. T72bb AfglsA 227 m—=271,
Jaredr b GfsA 7 N7 EORBEBERARZER ST D L L BIZ, invitro VT 7
7T ) — ZEBEERTEMEIE R ZEE L, AfGISA " T 7 7 T ) — AW IE M
EHT DS DEMRGE LTz, £, AfgfsA B s - KK LV GM 2% 5 L NMR
R GC-MS % HW =3k 7e GM MEIEMNT 2 320 L. in vivo GM 23 IS A S IZ 31T

% ofsA BImF O EIZHONTEL LT,

91



f5E BRI K UM

B_H ik

ERRIX. Aspergillus fumigatus A1160 #, A1159 & (Da Silva Ferreira et al. 2006). 5

FOZENL ZHIRE UTIERL L 72 AfgfsA 1B a1 RIEE (4AfgfsA). AfgfsA A= 1-HH

& (AAfgfsA::AfgfsA) % Fu N7z (Table 7), BzHiiZ. Aspergillus Minimal Media (1% 2 /v

=— A 0.6% NaNOs;, 5mM MgSO,, 1x Hunter’s trace element, pH 5.8) %z H\ 7z,

Table 7. Strains list in chapter 3

Strains

Genotype

Reference; Source

A. fumigatus A1151

A. fumigatus A1160

A. fumigatus AAfgfsA

A. fumigatus AAfgfsA::AfgfsA

KU80::pyrG

KU80::pyrG, pyrG—

KU80:pyrG, pyrG™, AfgfsA::AnpyrG

KU80:pyrG, AfgfsA:AnpyrG, AAfgfsA::AfgfsA-ptrA

da Silva Ferreira et al. (2006); FGSC
da Silva Ferreira et al. (2006); FGSC
Komachi et al. (2013)

This study

Table 8. Primers list in chapter 3

Oligonucleotide primers

Sequence

pET15-KAI-F
pET15-KAI-R
oligo-dT-18
pET15b-AfGfsA-Ndel-F
pET15b-AfGfsA-Notl-R
ptrA-F

ptrA-R
AfgfsA-complement-1
AfgfsA-complement-2
AfgfsA-complement-3
AfgfsA-complement-4
AfgfsA-complement-7
AfgfsA-complement-8

5'- GCGCGGATCCGCGGCCGCACTCGAGTGAGGCTGCTAACAAAGCC -3’
5'- GCGCGGATCCCATATGGCCGCTGCTGTG -3°

5
S“TITTTTTTITTTTTTTTT -3’

5'- AAAAACATATGCATGCGGCCCTTCGGTTC -3/
S

5'- CATATGTAAATGGCTGTGTCCCG -3’
5-TTTAGCTTTGACCGGTGAGC -3’
5- TACGCCGCTTGCTACTTGG -3’

5= TCGTTACCAATGGGATCCCTTAATGCTGCTTTCTCACAGCATA -3°
5'- ATGCAAGAGCGGCTCATCGCCCTTCAACGCTATCACGCC -3’

5'- AGACATGATGGCGGTTCTCC -3’
5- AAAAGAGGAATTCGCGGGAGG -3’
5- AAGCTGGAAGTGGGATGGCT -3’
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AfGIsA BRI X —F T X3 FOEE

7T AI FERICHW T 74 ~—|X Table 8 (Z/r L7z, £7 . A. fumigatus A1160
BRkA& 128 L. TRIzol Reagent (Thermo scientific) % F\ > CT#a RNA it L T, M-MLV
Reverse Transcriptase (Promega) (ZC cDNA Z{ERLL7-, S 5i7- cDNA 2858 & L,
PET15b-AfGfsA-Ndel-F. 35 & U pET15b-AfGfsA-NotI-R % F\ T DNA Wi )7 % HEilg L 7=,
INERIGERBL T Z A2 F pET15b-KAI @ Ndel 3 LT Notl H MTHLAIAL,
PET15b-AfGfsA #4537-, b= 7 7 A X Ri%, KIFE# BL21 (DE3) HRIZHE stk

L7z,

Jyarvery MU BEORR, BEB I OERIKE

PET15b-AfGfsA % {f:5F L 7= K BL21 (DE3) #k7% LB 5#ih 1L \CFERE L. Acikie
FE 40 pg/mL o7 Y B2 pg/iml 7 a7 A7 ==a—/L&xMZ T,
OD=0.2 L7225 £ THE LI, W\ T, HEREImMM &5 K5I IPTG ZA,
18°C 2T 65 Fpflifik & 9 ¥55& L7z, £ DO E AR A=Y L, Bug Buster Protein Extraction
Reagent (Merck Millipore, United States) %\ C¥EHE &+, Ei&E% 10,000 rpm, 10 5>

L TR L7z, EiEFO GFsA # > X7 B L, His60 Ni Superflow Resin
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(TAKARA) % VTR U 7=, BERVATRIT buffer A [50 mM HEPES-NaOH (pH 7.0). 30

mM KCI, 100 mM NaCl, 1 mM MnCly, 5% 27U o —/] ([ZkLTHENTH52 & T

buffer 2&2#a L. # > /X7 B IR EEIX Qubit Protein Assay kit % FVCHIE L 7=,

Galf-7 U Y Y 8 (UDP-Galf) DRl

UDP-Galf ZFi$l4+ 5 7-0i2, Uz v k UDP-Galp & ¥ —¥ #3814 5 KiGHE

¥k AG1 % 157= (National BioResource Project, Japan) (Kitagawa et al. 2005), £79., 7 &

TALT7z=a—LxEL LB Il T AGL #55#% L, OD=0.2 & 72> 7K T IPTG

ZNA T T18°CIZ T 72 iR & D BB L. fFohc ) e J 2 | UDP-Galp

2% —F 1% His60 Ni Superflow Resin (TAKARA) % FW TR L 7=, BERTAIRIE buffer

A THEMNTT 2 Z & Thbuffer Z23# L, % > 737 BT Qubit Protein Assay kit % 1>

THIE LT,

Bon-U )k UDP-Galp &% —E 2 MW, BESAZE(2,  invitro Galf

BRSOS5BS L 7= (Oppenheimer et al. 2010; Poulin and Lowary 2010), 4725,

250 mM UDP-Galp, 250 mM #i¥F A ) kU v A 1 mM MgCl,, 100 mM Tris-HCI

(pH 8.0), 6% 7'V o —/L)baRAIRIKRIZY =2 B> b UDP-Galp &% —F 27 ng
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ANz, 28N 100l E/225 K5I LA, ZhE 37°C, 6 A v F 2 _— |

L. 7/ —)beZmaaiRbheAf VT I LT )a— Vil Lz BRI LT,

Honlz BT, BBRICE->C, T =4 o~ N5 7 4 —HMH B A CarboPac

PA1 %{if 2 7= HPLC |[ZHt L, ©— 7 Z#FHIE L T, 7 T ARG L5 - NTHRIKR

Z[AIY L7z (Okaand Jigami 2006), 7o35. B@EifH%A 150 mM FEfR T > & = 7 LARETE IR

(pH 4.4), ¥E#Z 0.7 mL/%y & L7 & &, UDP-Galp O£ I% 14.5 4y, UDP-Galf ™

RFFFMIE 18.0 2 ToH o7z, [EIL L7Z B3 (T EAEHOE: L. € ORIKE KT L T

UDP-Galf & L CTfEH L 7=,

P SRS 1A

UDP-Galf, p-nitrophenyl galactofuranose (pNP-Galf), U =z &) | AfGfsA % >/

AR CaE20uL & L.30°C 2T 60 40 A > F 2_X— h L7z, D%, 99°C

\ZC 3MINEA L ClEE & G S, _Bif % HPLC fi#dTicfit L7z, HPLC iX. 7T &

% Shodex Asahipak NH2P-50 4E amino column, &) fH 2 1A 8E A(93% 7 h= K UL,

0.3% FiET > E=" AL (pH7.0) LWEEB (20% 7 F=h VU, 0.3% FEET > E

=L (PHT7.0) OA VI TT 47 7TV ML L, i 0.8 mL/4yiZ TERS
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PR AR THIE U7, & B VT2 OIS EHEIR D LC-MS fi##iTi%, LTQ-OrbitrapXL LC-MS

(Thermo Scientific) % MW TiT- 7=,

AfgfsA BIzFAEMIRR DL

AfgfsA E{n TFEMIE A ER9 2 12H 72V . double-joint PCR £% H\ T, FHIF/EA

a2 DNA It~ F&2/ERLL 7= (Yuetal 2004), £, A. fumigatus %~/ 2 DNA % %

L L., 774 ~— AfgfsA-complement-1 35 J. O AfgfsA-complement-2 % FV Tl 1

ZHEINE L7, VT, 77 A2 K pSH1 (Komachi etal. 2013) Z§l L L, 7T A ~—

AfgfsA-complement-3 35 X OY AfgfsA-complement-4 % FH\CHr R 2 28908 L 7=, &IZ,

77 A X K pPTR-1 (TAKARA) Zl L L, 77 4 ~— ptrA-F B X T ptrA-R &

T 3 & BEME L7, W7 1. TR 2 48 L OWT )T 3 & 9RFn L C 2" PCR [UGICHE L7z,

ORISR ESHME L, 7T A4 ~— AfgfsA-complement-7 35 X OV AfgfsA-

complement-8 % f\ T PCR =17V, FHEHLAHL %2 DNA &~ M & L7z, ofsA K48

MeEBIbkE LT, B0 NT-HHELHZ DNA Tty 2 R T AT —RA—2 g v

L. 10 pg/mL BV F7 2B L0006 M KCl % & 1o s 8 RESHICIERE L=, Bohis

R~ DIAFFLZ A 2 DNA OFffi AL, PCRIEIZ THERS L7,
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B R AT HTE AR

B SR U 72+ % PBS + 0.05% tween 20 (Z0R& L, FEREFHG JL1Z 5L

T L7z, Z4& 30°C (2T 24, 48, 72 BRfEzs% L. BEAMEREZZH L,

DTARE TRy T 4T

2 N7 By OFH I, RN T e b a e —ElE L TTo 70, S0l

T AR BRI L, 30°C T 18 WFffR & 2 BB L=, 5 b/ k{K% Miracloth

(Millipore) (2 TAiE L CEIUX L, HIKFE KT 2 BIPEsk, BORET7EE L, W L-E

AEZLE ML Fv v IS EF2a—TICBL, FHUrE—XZlEEMA, RIKERT

K L7223 5 Fastprep (2C 20 FUREIULEE U ChERE L 72, BRRELTZ B R IKE 2 R0

FhH, buffer [50 mM Tris-HCI (pH 7.5), 1 mM EDTA, 1x Complete (Roche, Switzerland), 1x

PhosSTOP (Roche)] 100 pL (2% L 7= %, 13,000 rpm (2T 10 4y [0 L TR 2 bR

L., BH T ERR STz, K R R IL, XL-Bradford 3 3E(APRO Science,

Japan) Z W72 WG EEEIZ THIE L 7=,

SDS-PAGE BION\wx—2x& T uavyT 471, BEMR AR T a ha/Licit-s T{T-o

7o ¥aZ R EIEE L LT 20 mg/mL (2725 X 9 LI 7 o R 7 BIRIRIZ 2%
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Sample buffer [0.5 M Tris-HCI (pH 7.5), 10% 2- A )V 1 7 s =% / —/)L_ 4% SDS, 10% A

Jsra—A, 001% 7ueE7 =/ — 7 —] #EE&MZ, 100°C T5 71 F a2

— MLl ez "7ELELTIONg 2802k 2128% RUT 7 UAT I RIMITT

774 L, 20 mA TERERIC CTEXIKE 21T o772, KEE THE D7 VD PVDF &

(PALL Life science Japan) (24 > /37 B u2 ¥ I RTIAEIC TG LT, ERE5-,

#i5 5% % Blocking One (Nacalai Tesque) (Zi% L CEIEIZT 30 ZplHEE 9 L%, #t

Galf HLi&(EB-A2, BioRad) . & 5\ X, T DYKDDDDK #if& (Wako, Japan) @ 10 {7

RREICIR U CHRBICTLIREIRE 5 Lz, D%, TBS + 0.05% tween20 T 3 [A]¥E

¥ L. ECL Plus western blotting detection system (GE Healthcare) (Z CTHiHi L7z,

K¥k%& 37°C 12T 18 FFffli ikl L. 15 o7 K% Miracloth TAi L7-%. W

KT 2 [RIe LB e L7z, 15 D VI B Ro i R IR 2 FLek T 0 S5 L, 100 mM

7 T U BRRRER I BRI . 121°C 12T 120 ofElA— 7 L—T LTz, iz m ORE

%, EIEZSTRE L, SASEEE L CfiflaBEm 4y & L7z, 15 5 7o o iasEm oy %

5

AT m ARICTTORR LT, iIaBEE 5 2 3% © & 7 1 USSR L. A& TREE



1% L7225 L) ICARUBEEINZT-%. 10 M NaOH AR Z R~ I FLTpH9.0 & L

;

Too FOIIZIERE A 90% =% / —/L T L. BT R ER ol L CGRlIaEE GM 1845

L7,

BprY IX—Tarick?d FTGM OFRH

FIEEE GM H 325 O O-FEABUBESHOBBE X, ELRKHFETOB =Y I x—Ta v

IZ T o770 1567 MifaEE GM % 0.1 M NaOH/0.5 M NaBH, IBi&ICIAMRE L. iR

T2 A v Fa_X—h L7, ZTO®BBENT L, HEEEL CFTGM H5y & LTz,

BE A F rALSTHT

Wi A T AL T IE 2 W TR SR HT 1. Ciucanu & D HiEEZ W T T 72

(Ciucanu and Kerek 1984), F-4*. ¥kl 2 mg % DMSO (2% L. NaOH ¥y K% Iz

TR Lz, 2223 b AF /L 500l Zhiz., & 522 R L=, 7%

7953 b AF N ZK-7 B i)V LI TRW%, 7 eafRLs Bifed o

AL—hrL,2M VU 7/ A ol LT, 100°C (2T 2 Rl A > F=X— kL

T=o PHEEHAERCIE L 721% ., 1% NaBDy (ZIE L | RIS T 2 BFfE] A o F 2 _X— F LT,
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F D% R E L. MOKEER: Y v =11 IR AN Z T 40°C 12T 3 R v
Fa_—hL7m, TNEZEEEZEL., 7 ML THEXF U7 e L,
GC-MS fi#tTIcfit L7=, GC 1. BEMHA~Y VAL A, x5V —FF L% DB-5

(Agilent, Japan), H-JEZ:f% 5°C/5r & L, IMS-K9 (JOEL, Japan) % FWCHIE L7=,

NMR
NMR FEATICHET D42 71 20 mg % B /K 700 pl (Z¥Ef#E L INM-LAGO0 (JEOL) |
T 45°C THIE L7z, 728, NMR ST ONEHEERE L7 & b 2z, 'H-NMR T

IZ 2.225 ppm. BC-NMR Ti% 31.07 ppm IZH DL 7 F L% L LT,
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B R

A. fumigatus @ gfsA iIE{= 1~ (AfgfsA) 1%, 537 7 I /0B ALD TS & 61.3 kDa
DE NI Eha— KL TS (Fig. 19A), —IRIEERHTOFER, AfGFSA Z /N7
B3 260-262 F HICA B A A #a DXD EF— 7 2o L HEE SN A TN
A 20-42 F BICIEGRAEIR AT LTV D Z &b SIVUIRIIFET 5 1 A 4
VRIVETHDL I EREESNTE, 2OZEND NEKR1I-42FBHOT I JEETE
a— TR E RV E 7 v —="7 L., 3XxFLAG % ZES| %4 LT, KiG
ERFEHLA T 2 — pET15b (CHLAIAATE, KT T AI R RIGWIZ N T VAT 4 — A —
varl, BNV EEEIRLIZOS L FLAG JUEZFHWCTT 7 ¢ =7 ¢ — i
L7iz&Z A, BLZ60kDaDALEIZY Ty R3fgb vz (Fig. 19B), 2l
N KU D> 7 F V"7 F REFI, 36 KON, IRE @ aEk A bR < HEE 5>+ & 58.0 kDa & 1
E—HT D EMnE, 2OV RBAY a2 b 3XxFLAG-AFGIsA % 37 B2 H

RKTLHDTHDL EEX BN,
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A

AfGfsA |:l

S' nal_
ignal sequence
(1-19 aa) 537 aa

Conserved
T™ domain DX motif
(20-42 aa) #97-99 aa {260-262 aa) sk 417-419 aa and 418-420 aa

% N-glycosylation site

CBB

B (kDa)
150
100
75

AfGfsA—+

(58.0 kDa) 50
- 37

Fig. 19. (A) Schematic representation of AfGfsA protein. (B) Recombinant AfGfsA from E. coli was
separated in SDS-PAGE. Gels were stained by CBB. Representative gel image in three indepent

experiments was shown.
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WIZ, HFHT- AfGESA & L /37 '8 % AV T- Galf BEfinfs B 15 E R DR 25K
7=, pNP-B-D-Galf (pNP-Galf) Z#E, BLO, Galf vV U i (UDP-Galf)
RF—& L, AfGFSA OFfF/E F ol &5 Z &, B Galf ARz S 52 158
D Galf B S NTALEWNE DI D INE N E DT, +45r 8D pNP-Galf H£/H
1 mM UDP-Galf RJ—, 1 mM Mn*" Z /i, HPLC fighricfit L7z, ZofHR, U av
B2 b AfGRSA 7 L X B EBEESE TN, BEE K —oe—70
HPBEE SN DITR L, AfGFSA Z + /3 Il <& 7- £ Tik. 18.0 min (product A).
F LN, 215 min (product B) (ZHi7=72 v — 27 AR L7- (Fig. 20A), Tz, HEER
N7 =%z TR LIZE Z A, UDP-Galf ISk DdlEX 7 LA FkGAR, §72d0
5 Galp-7 U Py Y VRS Manp-2 7 =2 U R B LN pNP-Galf LLA D VB
T 725 pNP-Galp X° pNP-Manp % H W\ 725544 Tl Product A 35 X T B DAk TBIER
SN/ oTz (Fig. 20B,C), 2D Z & 726, product A B8 LB IE, AfGfsA Ofiifit <

R BRI AERR SN D SRR TH D Z L3 PRSI,
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1+
— AFGFsA o

al
180 NP--D-Gal @ 5
& PNP-p-D-Galy 150

120 100 I

50

UDP-Gal,

0 5 10 15 20 (min)

(mV) + AFGfsA UDP-Gal,
180
150

" & & &
9() product A = = =
g X ]

(%)
60 \ 150

30 100 I

NP-B-D-Gal
P P Ty product B

0 5 10 15 20 (min) 0

0

Fig. 20. Construction of in vitro assay for galactofuranosyltransferase activity of AfGfsA.

(A) Chromatograms of in vitro assay of galactofuranosyltransferase activity. The galactofuranosyl-
transferase activity of 5 ug of purified AfGfsA protein was assayed using 0.5 mM UDP-Galf, 1 mM Mn?* as
a cofactor, and 1 mM pNP-B-D-Galf. The mixtures were incubated at 30°C for 6 h. Chromatograms indicate
typical results of the assay with heat-denatured (upper panel) and undenatured AfGfsA (lower panel). The
assay without AfGfsA showed no new peaks, but fractions with AfGfsA contained two new products
(termed product A and product B) at 18.0 and 21.5 min. (B) Determination of appropriate sugar nucleotides.
Each assay used 0.1 mM of a sugar nucleotide, pNP-B-D-Galf (1 mM) as the acceptor substrate, and 0.82 pg
of purified AfGfsA protein. The mixtures were incubated at 30°C for 60 min. A value of 100% corresponds
to the incorporation of 2.3 x 10”2 units (nmol/min/ug) of UDP-Galf. Data are presented as mean + SD (n = 3
independent experiments). (C) Determination of appropriate acceptor substrates. Each assay used 1 mM of
an acceptor substrate, 0.1 mM UDP-Galf as the sugar donor, and 0.82 pg of purified AfGfsA protein. The
mixtures were incubated at 30°C for 60 min. A value of 100% corresponds to the incorporation of 3.3 x
10 % units (nmol/min/pg) of pNP-B-D-Galf. Data are presented as mean + SD (n= 3 independent

experiments).three independent experiments is shown.
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FH4L7c Product A B X UNB 28 Galf B8z STk TH D Z L Z2fEND D720
12 BUSHARIRZ N2 OWTEESHIARNT & TH-NMR fdT, 5 2 T /Ao 247
STm, T, BEOPrOMER, pNP-Galf H/Z X 346.1, product A (% 508.1, product B
I 6702 DEEBMILEHEON LA 4L E— 7 MELNT- (Fig. 21A), EEEM L
346.1 1%, pNP-Galf Oy T EEZ XTI TH Y, 508.1 (F/NIRMEN 2 7, 6702 1 3
BRES LB TH D Z ez TS, &I, product A % 'H-NMR
fIEATIZBE L7455, 5.805 ppm & 5.226 ppm D7 2 WV 7 kLR X 7= (Fig. 21B),
Varela &, B L O, Kudoh & O#AIZ L 5 &, 5.805 ppm 1% lGalfpp— BB %,
5.226 ppm % [Galfp—sGalfg—) OZALZ4L FRRED Galf 7LD 1 7' m h 2R
FIANTT R THDLIERGoTWND, S HIT, #E Galf FEHORE AR A &
INCT DT DI HERATF AL %217 572 & Z A pNP-Galf ZEE 13 FEi= 0 A Galf %
#916.36 min O7 T VAL ME—=I RELAT-OIZK L, product A D43 HT Tl
16.36 min |22 T, S5AEHL Galf #33 18.40 min 7 7 7 A v Fe— 7 3T
Bl sz (Fig.21C), ZnuHd Z &2, product A 1 [Galfy—sGalfy—pNP) TdH
HEREESNTZ, ZOZ L, Vared v b AfGIA ¥ X7 ER, Galf i5fiE M

BREOZLEERLTWND, S5HI2, AFGFsA OEEEREREIL TUDP-o-Galf: B-o-Galf #i5f%
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BEsR] & LTI, RO ARE Galf @ 5 (KEEEIZ s LT, 15850 Galf = B 7

Jad NS EOWETHD Z L 2RI L TV D,

A 346.08 [M+HCOO]-
100
+162.05 (Hexose)
80 Y
pNP-B-D-Galf 60 :
0
< H
pddial LY L
»100
g +162.05 (H: )
g® o ¢ exose
=
hisck Z 508.13 [M+HCOO]-
produc 2w
5 2
o
) O] N PR, . ]
100
80 il
670.18 [M+HCOO]-
60
product B 40
20
R | |
300 400 500 600 700 800 900 1000 1100 1200 1300
(m/z)
B pNP-B-D-Gal, Gal-Gal-D--pNP (product A)
2 2
= 5

’ 5.805 ppm

5.226 ppm
/ 5.805 ppm

(ppm) (ppm)
C pNP-B-D-Gal, GalGal-D-B-pNP (product A)
2 2
| Gal,~ (1636 min) B atC(i6d6min

t | 5-Gal,1— (18.40 min)

2 . - 2 22 2 o .
2 (min) 10 13 20 22 24 26 (min)



Fig. 21. Structural analyses of the enzymatic products of AfGfsA using pNP-g-D-Galf as an acceptor.

(A) LC/MS spectra of product A and product B. Product A and product B were collected from 17.5 to 18.5
min and from 21 to 22 min, respectively, as shown in Figure 19A (lower panel), and analyzed using LC/MS
to determine their molecular masses. (B) 'H-NMR analyses of pNP-pB-D-Galf and Galf-Galf-D-p-pNP
(product A). *H-NMR charts for pNP-B-D-Galf (left panel) and product A (right panel). The chemical shift
values of the H-1 position of the underlined Galf residue in the Gal31—benzoic acid and Gal{31—5Galf—
structures are 5.805 and 5.226, respectively, according to previous reports (Varela et al. 1986; Kudoh et al.
2015). The 5.805 ppm signal was detected in the *H-NMR chart for pNP-B-D-Galf. Both signals were
detected in the 'H-NMR chart for Galf-Galf-D-p-pNP (product A). (C) Methylation analyses
of pNP-p-D-Galf and Galf-Galf-D-B-pNP (product A). A 500-pg sample of product A was analyzed. The
retention times for t-Galf—, 5-Galfl— and 6-Galfl— were 16.36, 18.40, and 19.56 min, respectively, under

these analysis conditions.
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Z 2T, AfGFsA & X7 B DAL TFHIMEIZ DWW T invitro THGET L72, ARG
TiE, 1 2=y MNZ 143%729 1nmol @ Galfy—sGalfy—pNP %4k~ 5 AfGFsA

2RO (ug)) EEFR L, £9, BEIREIZOWTHRE L & 2 A, AfGFsA
DEEFIHETEIX, 20°C 225 30°C O#IPH TLETH 7= (Fig. 22A), KIZER pH 2
SfLizE 24, pH7.0 @ 100 MM MOPS-NaOH FEffik 1 T KiEMEZ R LIz b DD,
pH 6.5 725 7.5 OHFPHICEWTH FocmWiE %277 L= (Fig. 22B), RIZEEA 4
VERME R DD T2, T O, Mn® ORI L0 &b E O BEEEENBIZE S,
KNT Ca®t, Mg™, Co®* DIETEWEERIEMEAZ R L7z (Fig. 22C), —J7. Zn* D%
INCIEEERIEMIZIE L A /LN T ZMiliA A% L — MITH 5 EDTA ORI
D, ZOIEMETSERICIEI S, BLEDZ LN AfGIA & 1 /N7 B ITA BRI
IR, pH THRIE  JEMEZFEHE L. 2 OBERITIEICIE M0 Ca R E O &R A 4 %

ERT AR THDLZ ERHALNII R T-,
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(%e) Temperature
120

100
80
60

20
0

5 10 15 20 25 30 35 40 45 50 55 60 65 (°C)

(%e) pH
120

100
80
60

40
20
0

5 55 6 6.5 7 75 & 85 9  95(pH)

(%) Metal cation
120

100 =

Mn?*  Co** Ca®* Mg*  Zn™ EDTA

Fig. 22. Determination of optimal temperature and pH range and the metal cation requirements for
AfGfsA activity. (A) Effects of temperature on AfGfsA enzymatic activity. The buffer used was 100 mM
MOPS-NaOH (pH 7.0). A value of 100% corresponds to the incorporation of 6.0 x 10° units (nmol/min/pg)
at 20°C. Each assay used 1 mM of an acceptor substrate, 0.1 mM UDP-Galf as the sugar donor, and 0.82 ug
of purified AfGfsA protein. The mixtures were incubated for 60 min. (B) Effects of pH on AfGfsA
enzymatic activity. The buffers used were 100 mM MES-NaOH (circles), 100 mM MOPS-NaOH
(triangles), or 100 mM Tris-HCI (squares). A value of 100% corresponds to the incorporation of 3.8 x
102 units (nmol/min/pg) of 100 mM MOPS-NaOH at pH 7.0. Each assay used 1 mM of an acceptor
substrate, 0.1 mM UDP-Galf as the sugar donor, and 0.82 pg of purified AfGfsA protein. The mixtures were
incubated at 30°C for 60 min. (C) Metal cation requirements for AfGfsA activity. Reaction mixtures were
incubated with 1 mM EDTA or 1 mM various divalent metals. A value of 100% corresponds to the
incorporation of 6.3 x 102 units (nmol/min/ug) of manganese. Each assay used 1 mM of an acceptor
substrate, 0.1 mM UDP-Galf as the sugar donor, and 0.82 pg of purified AfGfsA protein. The mixtures were

incubated at 30°C for 60 min. All data are presented as mean * SD (n = 3 independent experiments).
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WIZ, AFGEsA 728 A. fumigatus OFIEEE GM, HFIZ FTGM A2 AT invivo TEIW T

WD NEREDND D12 BIn T2 BER A VT2 GM ST 2 787 72, Komachi & 13,

A. fumigatus @ gfsA JBfsF KIEKE (AAfgfsA) Z/ERL L CTHEMT L7 DD, AfgfsA Eis

FORERZAIT o TR 722 b, ELWERMZFM TE TV E H 7

BERN% S TU7e (Komachi et al. 2013), & 2 TAMFIE Tl AAfgfsA £k & AfgfsA i&

57 FRARE (AAfgfsAz:AfgfsA) Z/ESE L, BFAERE L bififtT -2 2 L2 B L LT,

F9°. BRI CTH /= AAfgfsA &8Ik & L (Komachi et al. 2013), AAfgfsA::AfgfsA D1E

AR AT-, 7/ 5 DNA LV AfgfsA & /a1 OFREREZ 7 n—=>7 L, EUVFT

I VB S O DNA BLAI & Ele L TR, AfgfsA BinF 7 vt — 27—k & &

- RIBIZH = pyrG ~— 1 — DS & T OA L AHERHL 2. DNA B ¥ > b & 1{E

L, AAfgfSA I b T v A7 3 —A—3 a3 L7 (Fig. 23A), SN 7-MAz kX v

77 DNA ZHiH L. PCR M 24T o7~ L 2 A, FAE L4 7 ALEICF IR

ANy FBBRASNTND Z 2R TE 7 (Fig.23B), ZDOZ b, Hbhiz

FAIH 2 ARIT ., AfgfsA BIGF 2 TE TV A Z ERMIR &N D, £ Z TRIZ, AfgfsA

BLE7TORBIZEAREAN FHMKETREIE L TS 02O 7=, Komachi 5%,

AAfgfsA FK1X 50°C D EIRA M VAR FICHB T AEFTMET T2 2 L 2@E LT
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% (Komachi et al. 2013), % Z C., AAfgfsA £k, W ONCARFIRE 2 55 H (246 FE L, 50°C
WICBITOEBFTEBE LI L Z A, AAfgfsA OEFTFIZEAERKICEEXT/AE o201
* U, FEMIR O AT MITER AR & [FIFRE £ CTHIfE L7z (Fig. 23C), 7. #hEho
RAIEE GM DX o X7 BTV O Galf G EZ VAKX 7 vT 7 TR

L= & 2 A, FikRD /X RiX AAfgfsA (TR TEWIRE TH 7= (Fig. 23D), Zh
LD EMD, SO Z KD AfgfsA B D RKIBEMMH TE TCWDLZ &, 7

DA U RSO RS Galf & &K T 72 & ORIV AfgfsA BisF DRI

KIFELTWD Z LD DD BT,
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A —  ARfAP) AnpyrG | afefsarm) f=——
Arfsae) | AfgfsA ptrA AnpyrG
AfgfsA-complement-7 ‘ purA-F
- -
— AffSACP) AfgfsA pirA AnpyrG | afgsam)
- -
ptrA-R AfgfsA-complement-8
“ > B EEE—
2.6 kbp 1.1 kbp
B D
AdfgfsA::AfgfsA
M | 2

(o Temperature
50°C
AIIS]1  AAfgfsA  AAfgfsA:AfgfsA

10 mm

Fig. 23. Construction of the AAfgfsA complementary strain with AfgfsA.

(A) Schematic representation of AAfgfsA complementation with AfgfsA. AfgfsA (P), AfgfsA promoter; AfgfsA
(T), AfgfsA terminator; AfgfsA, open reading frame of AfgfsA; ptrA, pyrithiamine resistance gene, used as a
selective marker. The positions of the primers are indicated by arrows. (B) Confirmation of correct
recombination of the AfgfsA gene using PCR analysis. M, DNA size markers; lane 1, DNA fragment (2.6 kbp)
amplified using PCR and the primers AfgfsA-complement-7 and ptrA-R; lane 2, DNA fragment (1.1 kb)
amplified using PCR and the primers ptrA-F and AfgfsA-complement-8. (C) Colony phenotypic analysis of
strains A1151, AAfgfsA, and AAfgfsA::AfgfsA at high temperature. Colonies of strains A1151 (left),
AAfgfsA(middle), and AAfgfsA::AfgfsA (right) are shown. Conidia were incubated on minimal medium at 50°C
for 3 days. (D) Functional rescue of the AAfgfsA strain with the AfgfsA gene. Immunoblot analysis for
galactomannoproteins (1.7 pg per lane) from strain AI151 (left lane), AAfgfsA (middle lane), and
AAfgfsA::AfgfsA (right lane) using antibody EB-AZ2.
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RIT, AfgfsA SBAn T ORI HIfEE GM ZEA Ak DB O RN 2 R AT, WA
BR. AAfgfsA. AAfgfsA::AfgfsA L 0 2 EHIfLEE GM ZfhiHH L, &% 7w -k Uiz
BICTRBL L 72% . "H-NMR T, 38 KON B A F AL HTIEIC TRENT L T2, 723,

AIETHH L7 GM IZIZOMGM & FTGM N E b L& 2N D720, KRZD
GM Z & EeMl4y% [FTGM + OMGM], & 52 B-= VU 2 32— a3 L L O-ff A TkE
P& S 72 E 5 % TFTGM] & L72, *H-NMR D& 5, AAfgfsA @ FTGM + OMGM
TiX, 5.195ppm 7 I VT RO T FIOVIREE BB AERRIZ LA TGS/ SV 2
Mool (Fig. 24A), E7z. O-fE G HUNESH 2 A =72 FTGM %) T b FERIZ/)
SVWVREETdh o 72 (Fig. 24B),  Shibata &, F LY Kudoh & DA LiviX, 5.195
ppm SEEFICHELT 57 I v 7 M [Galfpr—sGalfpi—sGalfy—. | O FREEICE S
nHE I, BLS Fif Galf AU TR O REEEEAR T Z LR o T D
(Shibata et al. 2009; Kudoh et al. 2015), —J7, 5.0 7°5 5.1ppm (ZF & F > THELT S
SITFNVIEGCM a7 v o EHICHKR L, 5.05 ppm (ZEH Y T UPEHO ol,2
fEA~ v/ — A %39 (Takahashi et al. 2012; Kudoh, Okawa and Shibata 2015), 3725,
5.195 ppm D7 F LB % 5.05 ppm D7 FIOLVIREE TR Z & T, FRAY 7R Galf

PHEEZHET 22N TE S, BEKTIIZOfEIX 41 THo7-DITx L, AAfgfsA
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DEIZ 15 &, = O—RETH-T-, I HIT, AAfgfsA TH 517z 5.195 ppm & 7

FVIREE OFERPI 72K T I, gfsA BAn T OFEMHIC L > TeeE S/ (Fig. 24A,B), =
D L1, AAfgfsA D FTGM Ti, B-15 #ia L TW5D Galf OfFfEtks a7~ F v
BTk U THRAICED L TWA Z E 2R LTV 5, #i T FTGM + OMGM (25
VT BC-NMR BT 24T > 7245 55, X TORKT 107.87 ppm, L%, 108.70 ppm
SNV T MRENENBE SN0, AAfgfsA 1X, B4R L 107.87 ppm D7)

JVERFE S 108.70 ppm DIRFEIZ LR T/hNS v 7= (Fig. 24C), £7=. Z OfHEIAIT FTGM
THREEETH -7 (Fig. 24D), BEHRIZ L V. 107.87 ppm 1% [Galfpa—sGalfpi—sGalfs,

— ], 108.70 ppm ¥ [Galfpr—=eGalfpi—sGalfg— . | O TR OEEIZSHE L TR Y,
Galf A U HESHD B-1,5/1,6 7'V 2 FiE DRSO ELL AR T Z L300 -o
TW% (Kudohetal. 2015), 472> 5. AAfgfsA @ Galf KE851Z. L5 F5E Galf DIFEFE
LER B-1,6 FEGICHARTREAD L TWDE Z L ERBR LTS, LUEOEREZELDD

&, AAfgfsA @ FTGM Tl B-1,5 Galf B &B L UOHEHENBA L TnH Z L 2R L
TW5, IbiT, AR I & OfFE A KV FERICREIT 3 5 72 D1T, B A Fuibksy
HrZz1T -7, FTGM + OMGM % L L 7=t R, BpZERRD b (& Galf 7 77 A |

DEEHIE 18.16 +3.48% Thr - 72 DITH L, AAfgfsA TIE 10. 75+ 4.32% Th-7= (p
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value < 0.05, n=3; Table 9), [FA4kIZ, FTGM Trulk L7=f5 %, B D b L E# Galf ~7
T TR S OERHIT 25.73+1.50% T > 7= D% L. AAfgfsA Tl 4.37+£0.39% T

& o7z (pvalue <0.05 n=3), ZiL5HDHERIX, AfgfsA BEfx 123 FTGM & OMGM 445

RO SFITHERE L TWD Z & IR LTV 5D,
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A 'H-NMR B 'H-NMR

FTGM+OMGM FTGM
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Fig. 24. NMR analyses of purified GMs from the WT, AAfgfsA, and AAfgfsA::AfgfsA strains.

(A) 'H-NMR analysis of FTGM+OMGM. (B) 'H-NMR analysis of FTGM. (C) *C-NMR analysis of
FTGM+OMGM. (D) *°C-NMR analysis of FTGM. OMGM, O-mannose-type galactomannan; FTGM,
fungal-type galactomannan; FTGM+OMGM, total GM (FTGM + OMGM). FTGM was prepared by
B-elimination from total GM (FTGM+OMGM) treated with 0.5 M NaBH,/0.1 M NaOH for 24 h. The signal
at 5.195 ppm of the *H-NMR spectra is the H-1 signal of the C-1 position of the underlined Galf residue in
the Galff1—5 Gal31—5Galfl (B1,5-Galf) structures (Kudoh et al. 2015). The signals at 107.87 ppm and
108.70 ppm represent a C-1 chemical shift of the underlined Galf residue in the Galf1—5 Galf31—5 Galfl
(B1,5-Galf) and Galffl—5Gal1—6Galfl (B1,6-Galf) structures, respectively (Shibata and Okawa
2011; Kudoh et al. 2015). The proton and carbon chemical shifts were referenced relative to internal

acetone at 6 2.225 and 31.07 ppm, respectively.
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FIUET H8

A. fumigatus AMAEEEIZ Galf HESHS L H 4L TH HEEIZ 50 RAFEFRE L T 25, Galf
PFESH D in vivo B EUIZEED 2 BIn F-OMRILFAE SN TWRD o 7o, ABFZETIE,
AfGfsA 73 TUDP-p-Galf: B-o-Galf #5#EEE] & L TOEELZ AL TNDH T & BELUY
OMGM & FTGM [l 5 DG MICEEREEHIZ R L TWDH Z 2 R LT,

oW SO EYREIZE W TIL, Galf IHEEEEICET 2HENBAINS,
Leishmania donovani @ LPG1 = 11% B1,3 Galf EsBEERIEEEZ o2 EM PRI
THY ., MEBEDOEY) VIFE 27 OAEGRICEER@E 2RO L RRESNLTND
(Huang and Turco 1993), /X2 7 U 7 Ti&, #&E%H Mycobacterium tuberculosis 7% Galf
BRI T & LT gfTL gfT2 D2 D& K2 Z E B LT STV 5 (Rose et al.
2006; Belanova et al. 2008), wbbl, wbbO %% #1% #U Esherichia coli K-12 ¥k, Klebsiella
pneumoniae TH-DO7 > 7c Galf IsBER BT ThH V. MIEEEEE OAAMIZEE
7ot &> Tuvd  (Kos and Whitfield 2010), BLERZEV Z 212, AfGFSA (X 2415 DWW
T Galf 5B lEER & T H | 7 X/ BFHFEMEITAR O TR o 72, 20 2 &1, gfsA
23 Aspergillus JEIZ B2 BIRTCTH D Z AR S, F2 iz k- T, MR

72 Galf IrB I R T ML AR R 2R E OB WA T TV D Z E BRI D,
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AR T, LA R L7z pNP-Galf Z v 7= Galf #5/81EMED in vitro Il E % & 1558

L7, A. fumigatus MiIfENIZI T 2 EZFEORLE X, BZ 6L L EHO Galf 4V I

THY ., FLELARINCERH~ TNy I R—= 2G0T TH 5, ARIORE

RTIE HEVICREWGTEDOEHELILEE L LTHNWD ZEIEIARHETH LD,

Z< OWEBHAOLER/NEM TH L HFECREEHLZII v 7 T2 T

PNP-Galf JLE & HW\ T\ 5, 5%, L0 AFSHICITWIEE 2 V7= rERNE

BNV D vE LI,

AR OFEHT OFER, AIGFSA 73 BL5Galf BnElER T o 7= Z & &84 T (Fig. 25A),

GM EARRIZ BT B Ak ERAL % Fig. 25B O BAREIONALE Tld eV EHEE L=, —J7.

NMR AT & B 2 F AL AT OFER, AAfgfsA @ FTGM, OMGM (2%, B1,5 Galf 7%k

DA L TWD Z EnbhoT- (Fig. 24, Table 6), Z D Z L. A. fumigatus 73

AfGfsA D1tz Galf iR B T2 A L TWVWAZ EIF0HNLTWVD, A

fumigatus D7/ LIZIE, AfgfsA & BEEACHIAH PR O m W HEE B AR F 23 ) < D2 LY

INTWD, L AfgfsB, AfgfsC & L. 41T, HEEBIEECHMIaEE GM A5

RT3 1T 2 15 AfgfsA & DEN 72 EIZHOWTHIT L TV PETH D, 21z LV,

A. fumigatus O HIfEEE GM £ S BOBFE % IEMEICEE CTE 5754 9,
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Fig. 25. Schematic repredsentation of the AfGfsA reaction. (A) Schematic repredsentation of the
AfGfsA reaction in the in vitro assay. The AfGfsA protein transfers the D-Galf residue from UDP-Galf to
the C-5 position of the Galf residue in pNP-B-D-Galf via the B-linkage. In brief, AfGfsA protein acts as
UDP-D-Galf: B-D-galactofuranoside p1,5-galactofuranosyltransferase. At least two reactions occur

consecutively. Mn®*, divalent manganese cation. (B) Schematic of the biosynthesis of fungal-type

galactomannan

B1,5-Galf linkage catalyzed by AfGfsA in fungal-type galactomannan biosynthesis. Man, mannose; Galf,

oalactofuranose: Asn. asnaraaine.

in Aspergillus  fumigatus.

Arrows

121

indicate the potential

reaction points of the



FHUE
Aspergillus fumigatus (23175

BN ZWILT F 7 w7 F ) v F—B OBERERRNT

B Friw

A. fumigatus HIfREE GM ORERBECH D Galf 1Z, 77 T/ —A (6 BRI
77 h—A: Galp) OEERMEARTHY . BN FNIARLZEEREE THDH2DIC, B
WECOFELITBD TRV, F72, BRI IZTFAET D Galp &I HREYIC
—EORIRECEME , BIHO LR OHDHETH Y . BH . b M 2T ORILEY
RIZIZRR® By (Tefsen et al. 2012), —J7. AlIEEE O Z @ U RO
(X, PHRBRERIC L DGR T B2 2D K 6T MK ERESR DI LB & BT
TR 7T o AL EMICEZE CTH S (Dichtl et al. 2012), 725 FuEE Galf BEdH
DOREIERE A I = X L% 1E L < BT 57201203, o fRICB b 2 sl s 1 O f) %
IZOWTHEETHLENH S, Kudoh ik, Galf B2 BL5 fEA THET DA
B VEAK T o 20EMAL) HHW0IE T 7 o 20ME ] Thd LIRIBLTE
v | A. fumigatus 5538 G HIZ Galf BESIIK > fiflER (Galfase) 2MFET 5 Z & 2Rz
LTV % (Kudoh et al. 2015), Penicillium J&# (Marifio et al. 2002) <° kU /X YV —=

(Miletti et al. 2003) TIXBEIZ Galfase DFFAE & FERIGTEIZ DWW TENEILIEDN O HILT
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W5 23, A fumigatus @ Galfase IZR[FIE TH V. MR BERTEHECMIQEE i 7 ot

A~DOEEIIRATH D, 72, A fumigatus © GM 1Z. p1,5. BLUBL6 FitA Galf

DHFE LTe~T el v —fEZ o TV b 72 (Latgé et al. 1994; Kudoh et al. 2015)

(Fig. 25B). A. fumigatus ¢ Galfase 3Hi—DFEEE T Z 3L 5 il 5 D& G2 MK 3R T

ELEMZ OO, H DV, EBR DA T LATHIDIMNK S fEEESE O il 2 24

L35 DNNIARHETH D, — 7. Eupenicilium crustaceum OHMIFEE 21X BL5FEA D,

%72, Malassezia pachydermatis (Z1% BL,6 #5E D Galf AEAR U ~—HEENENEINAT

ETDHZ N> TD (Leal et al. 1992; Shibata et al. 2009), = Z T, fiiatEo

Wbz inb2o0Galf AE4) I~—% W5 Z & T, BHEfEL7- Galfase DhN/K5y

EIEPEDS BL5 A5A Galf ICRFRIY7Z2 D), HDHWE BLE FEAITRERIZR D), XL

MBI R EZHETH2ONEENDDLZENTEXLEELX-, 2 THRIZ, A

fumigatus @ Galfase ¥ > /37 & % Hififf - 8 L, Galfase 22— NI 5 BB T ZFE

T 5 &L BIT, BRa IRBESHEE 2 W TR FRTE R E R 2 S U | BRI

TEME 72 & OB FRIAT 21T > T2,
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B Rk

fiE AR K UG e

Fikk & L C Aspergillus fumigatus NBRC33022 #%. Eupenicillium crustaceum NMRC8847
Pk, Malassezia pachydermatis NBRC10064 ¥k % v 7=, 5 & L T Aspergillus Minimal
Media (AMM £5#) (1% 27 /v=— A 0.6% NaNOz, 5 mM MgSO,4. 1x Hunter’s trace
element, pH 5.8). 3 LY, YPD IiHt (1% Fo/@fERko %2, 2% J1a—A, 2%

7R BERERHNE,

VEIREEHIE

Bt ORESG EIX, 7 =/ — URiERIE CTHIE L7z (Taylor 1995), slEHAE#R. & 50
%, AEH KRBT A Y P& T T ZREBREIZ 20 ub D | 5% 7 = ) — LK
100 pL. ¥HiE2 500 pL 2Nz TEF L, 37°C, 30 /A FaX—FL7HE, ~
A7 u7L— kU —%— MPR-A4i (TOSOH, Japan) % FV> T 492 nm (2351 2 WL
BRE Lz, BN E . 7L o — 2 EHERE O 7R RN CUERL L 7- f B

(CARAL, AR ORERE & L7,

Galfase JEHEHIE
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p-nitrophenyl Galactofuranose (pNP-Galf, Toronto Chemical Research, Canada) 1 mg %
DMSO (ZifE L, 20 mM pNP-Galf ik 2 L7z, F7z, RONEKIZ., KO
(ZRCARDZRWNER Y | LT O X ST L, RIS S 7z, #REHA#KIC pNP-Galf ik %
EIREE 1 mM, BETY, 0.1 M FEEEFRENR (pH 4.5) ZHIRE 10 mM & 725 X o2
Z. & 40pL & L7z, 37°C T 24 WA > % = ~_— h L7, 0.1 M NaOH /K¥&i&
160 uL MMz CRIGEEIESHE, v~ 7 a7 L— kU —%— MPR-Adi Z M\ T 405
nm (231 DM ZHIE LT, 15 DALzt B % . pNP AREK O AR SN TR

LB ERRICIRA L, pNPIREZHEH LT,

A. fumigatus & > /X7 HE45 O L Galfase D HBERFR

2 Lo AMM EzHiZ A, fumigatus IRBRAEF-% 1x107 spore/mL & 725 X 5 (G L,
37°C. 3 HMIEs#E Lz, = D%, 277 1 A (Merck millipore) % VW CEA & _LiEHE
IV LT, BRIE. RSELEE L 72 B — KB — & — (lkeda Rika, Japan) % A C
e L. 1x & )7 ERiHE (5 mM EDTA, 20 mM Tris-HCI, pH 7.5) I[ZIFfEL T, A~
TR 5y 2 i DR B, B X7 sy & LT, BIEBESIE, 10x & U378

i 2 110 FEMZ T RIHEHZ 7 Eligr & L,
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Galfase o HAEERSHL X FPLC system (Pharmacia, USA) % v 7z, EiEMHZ o378

W5y % A A 25 H 7 2 Mono Q (5 x 50 mm, Pharmacia) (Zffk L. i 1 mL/4y2>>

0-1.0 M NaCl EBESMETHEE L, 10 mL F 2| L7, [ L7-H4y = & 12 Galfase

EHEZRE Uiz, 1EMEDG O lisr & 7 /v % Z 2 Superdex 200 (10 x 300 mm)

WZHEL ., diE 0.3 mL/Zy T L, 0.3 mL ol L7, FERIC, B L72ES 2

& T Galfase {& 12 HIE L=,

Y IUALT I/ (PA) 1k Galf U I¥EGH DO

Ramli & D ik % —#RekZE L C1T-> 7= (Ramli et al. 1995), E. crustaceum, I3 X%,

171

M. pachydermatis Z YPD BiHiiZ#FfE L, 28°C TO HIfE&E L7-t%. X 77 n 2% H
W, HIRE BiEE LT, EiRE T P ICRIEL CBRER, T h AR
- H L. OREUK 200 mL IZIRE, RN T 121°C, 120 sy IBEVKAhH L7, FRiE %
BrE L7, KT2 HHE@ENT L. £ORETE LI b D% Galf g & Lz, /56
A7e Galf ¥lE sy 10mg % 0.15M K~ U 7L A a FEEE 700 uL (23 L, 100°C, 10 47

BN L 7o, A Z ) — Vv ZINZ TR L. 7V 7 A Bio-Gel P-2 (17x770 mm)

(Bio Rad, USA) THHfEL . AWK 110742 1 @4y & LT, 120 |y £ TREIN L=, &
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W5y & RS L, &% 1 mg (2% L 2-aminopyridine 743 20 pL Iz, 90°C, 1 H¥
MMBAL 72, RT -V ATF AT I UEEERERHW TR 21T 572, 80°C, 35
SRUMEAL 72, T2 28% 7 B =T KK 300 ub, 7 a a2 300 ul &%

THF L&, AR L, PAL Galf AU =fFH & L7z,

HPLC % fHv 7= Galfase {&M:HIE

K& 7= Galfase 100 ug % 1.5mL = — 72V Bt v (PA L Galf 4V ZHE8H 1 mg
EHZ 0.1 M EEFRAEENR (pH 4.5) 500 plL (ZIEME L 7=, 37°C T6, 12, 24, Bk
QA8 Bl A o N— bk LTz, RIS TR, 7= /—/W7 o a kv LR TRS
NGB EIT o T, KEZEZB LT, Tz 0.2um v o7 v 2 —Ti@ L
7= . HPLC f#HTi2fit L7z, HPLC #%51% TOSOH HPLC system (TOSOH), # 7 A%
COSMOSIL ODS 5C1g MS-11 (Nacalai Tesque, Japan), BEhfHILX 0.1 M FEifET »E=v
DAEER (pH 6.0) & V=, FiEIZ 1.0mL4y & L. PA{L Galf 4 U Tkt

IR £ 315 nm, &6 R 400 nm CTiT- 72,
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B R
£, A fumigatus 7% Galfase Z E{RH « FMIFBLL TW5H Z & 24 5 HAYT,
pNP-Galf 58k % Vv /- Galfase IEMERIE R ZAESE L, A. fumigatus BEfA & RiGH o

Galfase {5 M2 HIE LTz, B 72 B O BRI KOV RGN O & X7 Bl o) %

be={111}
ZH]

L, ZhEh% pNP-Galf fFE (K L & H 1T 24 B[], 37°C TIUS SHT- & 2 A, 15k
EEEEEOWHL S > X7 H Wl 5y D& X7 B EKAFHIIC, Galfase 15D HIINAE]
EHENT- (Fig. 26A), £7-. #7378 1mg 472V @ Galfase HLiEMEIL, HIAHE 2y &
T, B2 BIEEIS O N T-9 RV ERH LI o7, Filh T, B R
(WS N5 Galfase DEMEEZ5E L D720, AMM EiHLT 96 FFfi] £ Thi %
L. WREELE®E BT O Galfase 1H1EZREFAOICHIE L7z, B BiEIE. BRI
C—EY TV L, ZoRTEEEREL L, TORRER, HIRTEET 48 K
[FlE CRAFCHIIN L, 48 FEfRR A% O EEILT YT b —IZZE LT (Fig. 26B), —J7. k%

# By T o Galfase JEMEIL. BEaRER OFEICHE > THIIN Leit 7= (Fig. 26C),
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Fig. 26. A. fumigatus Galfase is secreted protein.

(A) Comparison of Galfase activity between the fraction
of culture supernatants and the cell extracts. Galfase
activity was assessed by using the p-nitrophenol-Galf
(pNP-Galf) substrates. Black bars and white bars
represent culture supernatant (Spp.) and cell extracts
(Cell extracts) Galfase activity, respectively. Values
represent the average of three independent experiments,
and error bars indicate the standard deviation (S.D.).

(B, C) Time course of A. fumigatus mycelial wet weight
(B) and culture supernatant Galfase activity (C). A.
fumigatus were grown on AMM media up to 96 h. Values
represent the average of three independent experiments,
and error bars indicate the S.D.



A. fumigatus @ Galfase DA MK FRIGEVE 2 FEIC G 2 72 D1T, 55

=& FyEH O Galfase # > /37 B OB - F A2 72, A. fumigatus |33 % 90 A

DFES T BEJWMLTEY, O AR E LTE, Nk, AIZHFELTWD

ZENHBNTWNWDZ Lvn (Adavetal 2013), A AR~ 777 4 —& T

g7 v~ N7 T 7 4 — A G DT EZ R AT (Fig. 27TA), A fumigatus %

72 Rl L TR bR Bis 2 WM B e LT B A A v/ n~ b T 7 ¢

—HZ W AT v U A AT TR AT 572 & 2 5,0.3 M NaCl #45 (Frd) (2

RV Galfase IEPENTR S H vz (Fig. 27B,C), Fr.d4 %, IO/ VBB Y 7 L7 o~

FNTT T4 L, YA X TN B L TR L E 24, Wik 29 %

THR T 2 H—0 Galfase 1&MEE— 27 & B 72 (Fr. A) (Fig. 27D), Fr. A EIZICH

NWDHH NI B & NE L, SDS-PAGE (2 L7-¢ 2 A, B8X% 90 kDa (2> > 7L

v R E N7z (Fig. 27E), Zh b DOFEFE G, A, fumigatus 28 E RSN 5w 5

Galfase JEMEAMRIL, LEAU5E < &I L7-#190kDa DX 7B ThhHZ LR

e STz, WIT, BJBoieZ X et - KR L, MY 72 H b LT 1% Peptide

Mass Fingerprinting (PMF) fi#tir 217 ->7-& Z A, A. fumigatus catl i&{= 1 (Afu3g02270)

DHEEBRBTEDEBNAAT T—ET 5 Ln3nnoi,
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Fig. 27. Isolation and purification of AfGalfase from culture supernatant.

(A) Strategy of isolation and purification of AfGalfase. (B) Procedure of stepwise elution on an
anion-exchange chromatography. A broken line indicates the NaCl concentration of mobile phase at the
time. “Fr. XX” means fraction number eluted by each NaCl concentration. (C) Galfase activities of each
fraction were determined using pNP-Galf. “Whole” indicates the sample prior to processing on
chromatography. N. D. means “not detected”. Values represent the average of three independent
experiments, and error bars indicate the S.D. (D) Galfase activity profile fractioned by a gel filtration
chromatography. Fractions 25 to 32 from the superdex-200 column were pooled as a Fr.A. (E) SDS-PAGE

analysis of the Fr.A containing protein(s). Representative data are shown for three independent experiments.
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HEE - F5H U 72 Galfase # > /"7 EH & HW T, B#EEE - pH « ERFREMEZBRET L

72 KL LT 5 17z Galfase (AfGalfase) 7 o /X 7 B IR HRE o R 748 B IEME 2 REF L

T2, 3R 2 & I ERE . AfGalfase 2 FIRFAME. AL L CTHW-, 1ADIC

AfGalfase DIRJEMRAFME %2 Mist L7=, pNP-Galf 35 X O AfGalfase % FEfig#% & (pH 4.5)

\ZIRfRE L, 4-100°C DOEC 24 BFEAOG & 8, BERTEMZHIE L=, = DOf55%E., 25°C,

37°C, BLUN, 42°C OFEMHTIX, ENZEIRRRE DR INK S fRIEMEZ 7~ L7 (Fig.

28A), HE< N & Z LT, 4°C.65°C DEMF T TH . 37°C 2B HIHMEE O I X % 50-60%

R DIEMEZ /R L=, 1> T, AfGalfase 1%, LA AEEETL T Galfase 1G22~

LW holo, RIS, pHARIFEIEZME LT, #REHRIEL. pH 3.0-6.0 @ pH fiL 27 =

VIR, pH 6.5-8.0 @ pH kI U BRI VW -, ZOREE, pH 3.0-5.0 ©

Fe -5 BA MR L 2 B WD TIRUWVEMEDS RO H 7z (Fig. 28B), — 5. HMENS5 7040 Y

P TIE < TV, HDHIWNE, E<IEENRR SN o7z, ZORERNG ., AfGalfase

DZEJE pH IZFRMESEITAFAET D 2 LAV Lz, i T, BERRIEIC OV TR L

7=, pNP-Galf |Z/nx, Galp, Z7/v2av"Z /—Z (Glep), 77/ 75 /) —A (Araf) %

i oy SHZ pNP S SR H 2 T iR U, IR fETEZ E L7, € ORER,

AfGalfase 1 pNP-Galp <° pNP-Glcp (Z%f L CofipiitE s R X9, — 5T, Galf &
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AIZFHELT % pNP-Araf FYE 2 K3 D527~ L7z (Fig. 28C), UL EOf5 RN
5. AfGalfase 13 5 BB T 5 Galf =° Araf IZE W HEMZ A L, 6 BEEMHED Galp
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Fig. 28. Enzymatic properties of AfGalfase.

(A) Temperature dependency of AfGalfase was tested in acetate buffer (pH 4.5) for 60 min. Values represent
the average of three independent experiments, and error bars indicate the S.D. (B) pH dependency of
AfGalfase was tested on 37°C for 60 min. Reactions were performed in citrate buffer (pH 3.0-6.0) or
phosphate buffer (pH 6.5-8.0). Values represent the average of three independent experiments, and error
bars indicate the S.D. (C) Substrate specificity of AfGalfase was tested in acetate buffer (pH 4.5) on 37°C
for 60 min. N. D. means “not detected”. Values represent the average of three independent experiments, and
error bars indicate the S.D.
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%12, AfGalfase @ Galf MK FETEME OFE S REEURTFEE 2 st L7z, 2067 ~b

L7z Galf AV I~—%HW\W T, Galf I/KGAIENEDRERZ %2 HPLC THiHT 5

REME LT, TNENOEKN SRS L TR Galf 4 I~ —4&d0t

Wik (PA{L) L. AfGalfase & FEFRFETER (pH 4.5) W C 37 °C, 24 ROt & H 72,

13 BT BUSARIARIZ DWW T HPLC M 24TV 7 o~ 7T A& ik L7z, Galf-B1,5

Galf- PA ¥ A ~—_ BXU Galf- pL,6Galf-PA ¥ A ~—%FHWTHENTLIZEZ A,

FTho Galf AU F<—I(Zx L THIMAKRSMBEIEZR LTZ, (Fig. 29A), T7ebb,

AfGalfase I1Z. PBL5FEE & BLE FEE OIS D Galf #%ILZ MK ME L. FElZ, L6 Galf

H Y T2 — TR DK RRENN 2 LA D N0 T, KIS, BLE ff

AGlf DX A ~—, FN)~—, BXO, T FT7~—L AfGalfase % ix S, IR

A IRAT LT= & =5 WA Y S —T b BRI ORI - .

KOG TFEO/NSNAY Iv—D—7 PIERHELT 5 Z L3R Sz (Fig. 29B),

BRI Z L2, Galf b U ~—Z W Tk, 6 BFMRRIBHZICIT A A ~—2

SNT—TT, B/ ~—I3EN X VENT 24 FEZRICHRE SN, RIS, 7 FF

ZAWIBTTYH . 6 REERIIZS A ~—. 7 F I~ =S DITk L,

£ ~—OmHI 24 B CTholz, TNHDZ &G, AEFHIL, Galf HEEHOIE
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BEICARI D 15T Galf 2400 4 T VAR i) & L CofEEz

BT DI LRI,
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Fig. 29. AfGalfase has exoglycosidase activity toward non-reducing terminal of 1,5 and 1,6 linked Galf

oligomer.

(A) Sugar linkage specificity of AfGalfase was tested in acetate buffer (pH 4.5) on 37°C for 1, 3 and 6 hour.
Galf -dimer derived from E. crustaceum or M. pachydermatis used as B1,5 or B1,6 linked Galf sugar chain,
respectively. Galf -dimer peak area at 0 h was defined as 100% persistence. Values represent the average of
three independent experiments, and error bars indicate the S.D. (B) Kinetic degradations and generations of
each PA-labeled Galf —oligomer. Each point were monitored measured by HPLC at the time point in the
presence of AfGalfase. Arrows represent corresponding Galf-oligomers. Circles represent disappearance of an

indicated molecule. Representative data are shown for three independent experiments.
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FIUET H8
AWFFRIZ LY | AfGalfase 1ZLL T OFFEZ AT 5 Z LA BN -7, O HEKS
WZEZL QWENDLZ NI ETHDHZ L, @ Fi pH HOBERTHLZ &, @ K
i BRI T O I PTEE A R > TV D 2 &L @ Galf I RFEMENE <L D, BL5
fae. BEON BLE A DM T ANKIHETEHZ & (Fig.30), ® =FYRIZY =
VH—EBTHDHI L, ThDORERETFRIREIT, A fumigatus OAETEERICE > T, LA
TORTAMICHEREL TS EHLESND, 77205, A fumigatus [3355 R 4 %
DIZONTHEATIIRE SEF L, LU THA OG- B & EAT D 2
& T, EEH pH ERMELT S Z &b LTS (Latgé 2001; Rhodes 2006; Frisvad et

al. 2009), Mz T, SRREDNFEAREETT 218 CTIE. FER U OMIEED iR & A A

#

RSN, DD, AL — R Th D Z ENEETH D (Dichtl et al. 2010; Valiante et

al. 2015), A. fumigatus 2 AMM E5HETEER T 5 &, BESREBNBEAICR HI2O1 T,

Biih pH MNERMALT 2 Z ERRE BTV (Wallis et al. 2001), AfGalfase =i

pHIEIL pH 4-5 i TH -7 Z Lnn, FRAEFT N EDIZ- DN T Galfase {HMEN R E

. ZNITHEST, GM @ Galf #EEAFRERFHIICZ L L TS LiElbiv s, Galf bEd

X, GM @ o-v> / —AFEHFHIMEHE L TRAE T oE TH 57290 (Kudoh et al.
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2015), Galfase 7% Galf FILAFRET D2 & T, a-~v o/ — A EHEE D MALEE R

BT 52 ERRSICTHIND, ThaXF T 5 K912, oifA Bis T KIEKZ H

W2 CIE, Galf BEBHO RZLIZE VD . A, fumigatus DEARD T T AF v 7 R0H T A

7o EEOKMER I A~OEEDS ER S5 2 LA STV 5 (Schmalhorst et al. 2008),

IO Z L, BEAREBTNEAZLKRAIC Galfase 247w L., Galf BEARET S Z

ﬂ

EM AL AREARRAETC, T - /e CEREEE T OIS (AR 22 K i

ERDAREME A RIZ L TV D, S 51T, A fumigatus 1. o> Aspergillus JBEH# & 52

720 60°C UL EDEIR T CHHEAEBTNTETHS Z L NE<MBN TS (Clayton

et al. 2000; Rhodes 2006), =it C &G M2 7648 T & 5 AfGalfase D L 9 72 Ml B o) il

FEOIFEN, A fumigatus DERAEFIZHIT 2 @it 2 R~ — KL 2> TV D H

REMEDN B D

HPLC Z M 7z Galf A4 U F'~ — DK fREBR DRG0~ 5 | AfGalfase (X, p1,5.p1,6

G AREIT IR BIIT . Ao, Galf BB L & R T AN O I E I T % = %

VRIT ) as B—BThHD I EINRBRINT-, Zit, BRI S 7 AfGalfase

%, A. fumigatus DORIEE GM @ Galf 78k % . FEAREIERFRAITIAK SR TE D 2

EERLTWD, —J7, AfGalfase DEJE pH DMK TH 722 &, £7-. EHXREST
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DT DT AfGalfase FEA BN R L7722 &1, W S 7= AfGalfase O IE M

R, BREET D pH & AfGalfase FEEEIIKAF L TWD Z L Z2RR LTS, bbb,

GM B L O Galf O fiEf L, BRI TR BRERTICHIKFEL TWD 2 L nHEs

Shd,

PMF ittt OfE F. AfGalfase 2 = — N9 5B+ DA & LT catl EInMNEE S

iz, catl BisF1E. A fumigatus o142 h % 7 —E %4 22— N34 % catA Bis 1D

Fnvyua sl LTra—=7 &k (Parisetal 2003), Catl % > /X7E D45y 1-&&iL

FBE% 90 kDa T, —RMEEHFUIT Wy 7 T /VELS], ~ LG, BLO, 2T

—EAER A A L TR, 20 ar v MNERIIN Z T —BEERE AT L2 L

DA I N TWD (Caleraetal. 1997), ZiLE T2, B ¥ 7 —E 0SBESMNAK > fRIGVE %

T A01ZHmoNTE O, AT, Catl & 2 37 EFIIZBEE OBEM KSR R A

A NIROMB W28, Catl # N7 EH &N Galfase iEMEE BT 2D, HDH W

% Catl ¥ /I EBPMMDE R E EEERETRR, D WIE, B L THEET 5

L TIEMEE R T ONEIAATHD, 4%, WX 7 —BIEHHEERET I 7Y —

VI EDFFEIZ L o T AfGalfase JEPENTHIT D050y, £72. catl B EEKE %

TERL L, HfakEE GM, 3 XN, Galf #EgHAEE I L OV IgEE GM #E 12k LT T wE %
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S5 Z & T, EIZ Catl ) Galfase T D 03E 00 HAT 2 L W& n s,

VT, BESHSCE BN &2 5 L7 R AL - DRERE DB A TRV | Rk 72

BEEFROREMK S IRIESR D T A Ty TRECMIT ON LB ETERmE-> TV

%, Komachi &1%. A. nidulans H13k GfsA % L X7 B 2 S3INR|ICEIN T 5 B T

RRBAREPBELTRBY, S5V ar vy k GfsA # U3 7E 78 in vitro T Galf

LRI TE 2 FF O Z & 285 LT\ 5 (Komachi et al. 2013), A CH.H L 7= AfGalfase

. Galf FESHIZIBIED mV—TJ7, BL,5/BL,6 & DO W7 Z MK I3l T & DIEMEZ FiD

LB, GfsA 72 8D Galf FEHsEIESE LllAaHOE 2 2 & T, Hill Galf HEBEH

Z X7 ORI L FEHSZAICRIH TE S REME A2 RO TR Y | M H T B~ DG

AN c& 5, &5IT, Galfase iEMEITEE FETICZ < B S, @IESREHTTH

FELWEHE FIIERD Snehoiz, 6o T, A fumigatus 735503 5 AfGalfase 11,

WERR & 0 S TR & LT, B33 I TR E IS, 2o, BRI

FINTE SR TERLTWD, ARIAWCRA A n< 757 4 — L 7)ViEE

rua~ N7 7 40— A EDE S TIAIL, AfGalfase 2 K&APE LEEICHT DITH

720, HRAT v TOMBILICET 20D EBEIDBND,

AHFFEIC L0 (A fumigatus 2353 Ws3 5 AfGalfase D2 FHIRHE 2N & M2 72 o 72,
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Fig. 30. Schematic representation of AfGalfase reaction.
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HEOMILEEL, BREEA F L ANDLHEFLHI2OORERETH Y | & MR

LHIRTHY . WS ONOFEFEEDIENTELH D, TDX D RN, il

BHEAIRBEDMIEI Z N E TIZZ S OER ZEDTHER, B 7NV 0% TF U HOAE

BRI DB T DL N, IFEAEOBERFHBIRFEIILTWD Z LB yho TE

7= (Shahinian and Bussey 2000; Aimanianda et al. 2009), £7-. CWI ODH#E&Z D D%

FEB ) iy < Dy BERIE S 4T & 7208, 2000 RIS A o T D FRIC HZEBEERE S, cerevisiae

2B D CWI R OFEA BRI X 2GR ICHE A TV D (Levin 2005), % DiafeE T, MAP

X —BRBRTFE2N LI - F oM R L OEFEBICHIRFESNTWND

LMWL NNIRY | BRI E MRIFEMCTIE R KM & BEEM TEAOND L DI

o2 LT, b MRISGERRICBITAHE R E LTO CWI ~OFfFE L, —JEEE

PEEZE LT\ D, — T, BE I & ISR EAY R MRS « $LASCT O FIRIHAS 2 Fr

D —RFESE L RHZE RGP, TR AR EMECBREE X b L AR B 5

+5Z L5 (Stevens et al. 2006; Chamilos et al. 2007), > T, OEE BIZIRIFE S

NIZCWIL TRbb 7N r-%F o fifiz ELSBEMTZ L BLO QD

IR 72 CWI 2B 5 2 &, O FNEETH S,
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B-m, BT, WIFIEREREEER C. glabrata @ CWI, HFI2 T HilEIZ K&

ET/ AR B LA REOEFENDOWTELRE Lz, RFFEORERE, C.glabrata 126

MAP - —XY %/ L7= CWI BT O Miido - TW A EIT T < MO urifE T

HE SN2 TUPR 29 L= T Uil ) DMRFESILTWVD L LI ERHL N -

7z, C.glabrata # 7" / LGOS0 B 08T 5 &0 FIERIRTERERE S. cerevisiae

12t <, M7 Candida FETH 5 C. albicans & 13de L ALY, & 512, C.glabrata

D7) A EIZa— RS TW 5 EE 503, S. cerevisiae L 0 & ETFEA 720N 0 T

72 < ,C. glabrata |ZHRHERY 22 RINBASF I3 E AT 72 720 LA oD 2 & 25 | Roetzer

51%. C.glabrata % S. cerevisiae 7> H W< ONDBEIE & [BI1& 8] LEEXWTH

HEMZBND, LT % (Roetzer et al. 2010), 2009 4E, Scrimale %73 [S.

cerevisiae TlX. IRE1-HACL i & CWIRKENRN /7o A h—2r45 ] ZLE2HEL-4

£, Miyazaki 5%, C.glabrata ® IRE1-HACL1 FREEDHERERIIC DN TND Z L &

B 572 L7c (Scrimale et al. 2009; Miyazaki et al. 2013), 4 [EIDOF~ OHFITIZ L - T,

C.glabrata THIL D /MaAE AR N L RIZSE L2 T UHlIENIRGF SN T2 2 &

C. glabrata | Z IRE1-HACL #& & (2K /789712 UPR BEE(G T A #n 5L T& B 2 &

*7-. S.cerevisiae |[CHERT, IV UL TF U T D UPR ~DHEHEENRKEWNT
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LR DRI &N T, C. glabrata 1235\ T IREL-HACL fRIE A L TWH Y AT LD

ERDMI 722D HOWN TR, WEERFTORNARE D, LrLeRs, Iy ==

— U URRIRBHE A FK-506 (—fix4: % 7 v U L R) ALEZ )L - T, C. glabrata @ UPR 35

JOCWI ZBELTE D o722 CIIRERINHETH 5, Wil 2 X MR BRE

BOTE B 00 7 —7 VR EZ B & 9% Candida JEASSREICHE Z 5720

C. glabrata X° C. krusei |Z&Z [~ T2 EICITERE Z b7 < T b 2w

(Yamazaki et al. 1999; Pappas et al. 2003; Pfaller et al. 2009), % Z C. Saffifk (ZALE S

LHPEMMAIE LT, AT A FRAITRS IV =2 — ) VIHFEARLE Z RS 5 2

& T, EAERY 72 BT Candida {EME NI T . Candida IEDIEEY 27 K TE 5D

TIERWD, EEBEZTWD,

W, EINE T, SRIRE A fumigatus (RO Galf BEBHICEH L, BT

IZEARRIC B o DR R R B a1 & . BT CTIT oA B 2 K ffEE SR & 2

THRAT LT, EORER, ZHE TRE AT -7 TA. fumigatus @ Galf i~ > 7|

D—EBN S DT 72 572, Kudoh i, BEHRFERK pH &4 F T A. fumigatus @ Galf

BEHENR S R 2BR WG LT Y BREA K VAR TIZET 5 Galfase DI

BIOEMHIZOWT T LTV 5 (Kudoh et al. 2015), AWFFEREFR &S &, A

144



fumigatus @ Galf #8512 . GfsA <° Galfase %4 L 7= #r#l D Galf ¥ D CWI FAHi A%

P> TNDEZ L ERBLTWS, %, GsfHHRELE 77 I U —F D kit

T FIMEEEIA LT\ < Z & T, A fumigatus OFEMESS CWI % L 0 B BifiE T&

HEDNTIRBTEA D, BRENZ LI, MIREEC Galf ZFF>EMD > B, R

Mycobacterium tuberculosis @ gIfT1, glfT2 iE{xF, KI5 E Esherichia coli K-12 ££® whbl

BT, iR AEE Klebsiella pneumoniae @ wbbO &{s+ 2N Eh Galf infs s 4 =

—FI 587 L LTRESNTWDD, 2 LB FOEERSIMHEENE, X OE

LA PEW D K X7 E—RIEEMIFEMEIL, A fumigatus @ gfsA %25 Tl LT H ik

L Tm< 720 (Tefsenetal. 2012), £7-. &EAERY TH 5 Galf BEEHOMIEIL, W

Tl AR L NV TEDL TR S TWD, B EDZ LT, ZhE04AY

DZENZNDOHELOBFE T, Galf (FEgH) ZAM A IZES LIZDOTIERWD, EnHrEx

PSS, £, Galf FEEHOERECKSE], Galf fUBHRE IS 23N Al 2 & I8 72 5 Al RE

HREmNHDOETREEIND, 5%, Gaf L~ v OB IRAICHLNTRD Z b

TUEWD Galf FESHATM 2 2 L AMFERPBH SN T Z &2/ 5,
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