FE_EOKFE LY. EGFP-AoVam3p (X. late endosome/prevacuolar
compartment KEHEIE L RIBEICRET S Z LA L IR o7, LvL late
endosome/prevacuolar compartment ##&3E (2 HTET 5 EGFP-AoVam3p DHEIE I
BN &\, KRSy EGFP MMM E KB L T\ D B X b D,
ZOZEnb, Y0 BERE LizERIZ EGFP-AoVam3p % AV TR OB E
FIRETH D L flr L7,

PESR D RIRE DIRIRBE R Tlk. 6-carboxyfluorescein diacetate (CFDA)
% {K(Shepherd et al., 1993a, b; Cole et al., 1997; Cole et al., 1998; Ashford, 1998;
Uetake et al., 2002)°#fEESR & EGFP O & # > /%7 B (Ohneda et al., 2002)% H
WBZLIZL o THERZFRIEL TV D, ZORDBEBOKENRBITEZ O
NTH., FHAFBRIBEL IO, THEANEIIBETHLZ LMD
fluorescein IZ & 58 GIIHE S, K SRERNRZFEET LI L b3EY
BEOEBHLEL . REMOBEIIE Loz, Zhicx L EGFP-AoVam3p i
BHRBELTRILLTWS Z b, XS REERRT S & L bITI VRS
ELBEBEARETHD LFRINT, 2D £ EGFP-AoVam3p % £ S K
B VBETSI LT, HABERBORBHLBELTo T, ERENRE
g BEMEEEOEECBVELAERICETIBRRLBE L, b4k
FRECTIPE LR L VOB RERRICHIEROBERbODOETHEL
7o

W LS SRMEE S B\ o IR EEN R D fRAT

BEEDOBERIBVD CRBIEOLEBEKL LTBRESND, L)
Lonb DL DBMOBETEHET L, BHL., SHIHEPIREE
b A8 %57 LT (Fig. 3-1a), ISV ERICBWTEF 2 — 7 ROE
fanBEsns, ZOEROERITIL VSN T, PEMOBEII>THLED
B X 2 R CHERN A (Fig. 3-1b), 72K X Rk %/ MaK Ok s 8 < #kF(Fig.
3-1b, KX R, RORHEE ISR E %2 8) < B F(Fig. 3-1b, /NS 2RE),
EHIZEFINOERENTF 2 — 7 RiEMFg. 3-1b, REDMER L, E£< DOF
BLEEREBAETAIBEFLBE IR, ILIZERMOERIZI W TITRIR
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DOHEEFig. 3-1c, RE)DERDOEUZZ > 7281& 2 LTV, LIELSRITED
BETICF o — 7 WRIEN(Fig. 3-1c, REMDBIEREND Z EBPBEShT,

Fig. 3-1a TH/H 542, EGFP-AoVam3p DRETHEROBIZIR 5T
BY ., BERNE~OBERALRRY, LLEEE2 BV 3 BRBROE
HRICIT A EBOBE RO T, RROB Tt < WEEIZ EGFP 30E1 8
£ X 7= (Fig. 3-2a), WA F 237 BIZRBWVWTEGFP X7 X/ RimizAmaEh T
WA, REEOMERICEET S Z ENTFRIND, 1> T EGFP OH
FE~DOBITIZIL, BEBORE~OHFELELEL TS, ZhbDERIZBWT
TS HIEDIZIEREE EHDIIFLECHZEL WD D, I 72t —F
7 7 O—IZ X BB RS DRI ~DOB Y AR & | ZIUTHE D RIARORIE
~OBITHERZ > 1= RENSTRREND, IDICINDLORBIZF = —7 RO
WHa(Fig. 3-21, RENIC L > TEE SR TV 22 &b, DREMHTF =2 —TK
WRENA LTI FA 7 AERNTVBAEE LB OIS, EEHOBERITE
W AR R U C B/ D S RIS E FEL TV AERF HEE SN
7-(Fig. 3-2b),

% —# EGFP & AoVam3p ORME ¥ L /37 BERAWItFRa B EREIRITD
B REDBLE
RNTHEFRFIIBIIEBRODELBEL-, DEFFT
EGFP-AoVam3p (2 & B HITRIR H 5 WITBEROBEE L L TBIE S/ (Fig.
33,0 hr-1 hr), HEE#% 2 s BERB TS L. DEFORBICHE > THEFRIZ
R - EENEE SN AR o T-(Fig. 3-3, 2 hrs~), HEFROEIRILE HIZ
REYST. BEOCRES 2RI LEEFICBOTUIEEER 2um UL ED
BRAEEES ENIBICRoTe, ZOBRITEKEYE, DEFREFIZEBNTAL
POREIEZE > TV BABEEEZTRLTVDLDMNE LIV,
WIZEPEARCBIT DR EOBRE LR+ 72, EGFP-AoVam3p (Z X
AEMED RGO ED—2iF, BWIRAETIIRJEIBETE LI LICL
VOB EZRCT VI L THHN, bHI—20F AL LTREDLER
RN ERBITOND, ZOTDREROREEBIZE > TIBE TE o 7o
[CEE L TV ARVWRTFE AR CORBIBELBRETE L) IZeoT
KPERICB T IEEEELBRE T, SHERORLIZE-
TERINT-DEFHRBEIEsh et al., 2005) K E L., Fig. 34T L%
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FEREABER L, 22mmx22mm DB /A—H 7 X EIZ#) 1emxl cm DR E ST
Yo 7=E & 1 mm D 2% agar AV EBRIEHZ O, £ OREICHEF ZHHE L
oo FOLIZEBIZ2mmx22 mm DA NR—H T AENSEHZ LIZXY | BX%
BEFEICORBETIEC L, ZhE2BLELFLVALTEANTLY ¥ —
LI AL, 30°C T2-3 Big#tk. BRMSEBEICH LT,

I OERGETEE LR, BHRND WIS EOBEBEOERE ., KR
CELTWARWIEEOBEA L W OBEBMIICER 2 ZBEOBEAPREI N,
FBEIELTOARVELD Y b—2/3@E ORI VETHS, V7 AKRE
DIFEALERERTOLT L RLBEINLZLNL, HTARBEZE->TW
PEATHDLELEZLNT-, bH—DF 10 um ATEBEOEREZFEL, U7 ARME
DHEAEERELPLERTNIFBREBEN Dol b, [FEXRTHD
T enbhots, UT., BiEE2 N7 AREER, BELZITER &S, EGFP
EFRBELRVBFAKICBOTH IO OFER, BICKPERTHREES D VT
FRRGBE 23R\ B FH & o TV 2 (Fig. 3-5d, 6d), Z D7D LA T DOERIZEB T,
MRETORKITT R CEHFHE L LMW LT, 7= EGFP Z R LV BHAK
IZEBWTITHBEANO A NVT X T EBENRREER L TWD Z Lo/ (Fig.
3-5d, 6d),

H 5 AREEARCEO CHRITEE /DS, EE2um UL EOXKE K
R X e h o T=(Fig. 3-52), 724 7 AREHEARICBNTEF 2 —7T R
RSBV R CTTETE L(Fig. 3-5b). —EROBEAR TIHEBERIZRZ 513E8F 2 —7
R E N FEE LTV -(Fig. 3-5¢), [P EARICBWTHRRICERRIZ/NE 72
RORHEE & L CBE S (Fig. 3-6a), Fa—7RELITMEROBRLEELL
(Fig. 3-6b), —ERDRHERITE WV TITHE LRI b B S /- (Fig. 3-6¢), ¥
Yl FOEBBICBRE SNBOTHRLE OB TOMSRIZ, ZThbD3k
BLRBRORE REE)ITW - < Y LEREHRG RN DRICBE L TV,
T LHBRARGE < ISR T IR S R KRBT e oo, I L IR
LORZELFEBREZETAIERIAY KB EESTVWEHENREL ., EED
KHEARLVZDENEIDIEIEE TERY, BRE#MOPH D VIIREIIBW
TILBEE OEEEMET L RIS, B2 EGFP H X4 F T 5i#kka(Fig. 3-Ta), T =
— 7 WRIERI(Fig. 3-7b). PIFELAS EGFP ¥t Tl 7= S 7 #RAa(Fig. 3-7¢) A3 B
Shi-,
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ZE

SREIZR T D 2 ZHEFEOHEND, Fa—TREEOFERLFR
e 72 RS O ASBA & AT 72 o T & 7=(Shepherd et al., 1993a, b; Cole et al.,
1997; Cole et al., 1998; Ashford, 1998; Ohneda et al., 2002; Uetake et al., 2002), L 2>
LD TFEDEARITOBNNS, TOROHERHE > TV LOBERT
o5

EE IS FAEMFHFIENEATRER A. oryae VD Z L THRINE
DIEMHESRBET - L2 B L L, HERER Vam3p OMEEY V7K
AoVam3p &AWV 5 Z LI Lo TE TIRIED AIR{LZ1T o7z, EGFP-AoVam3p
IXPENRD 6-carboxyfluorescein diacetate (CFDA)#5HE & (Shepherd et al., 1993a, b;
Cole et al., 1997; Cole et al., 1998; Ashford, 1998; Uetake et al., 2002)*<° CMAC (Cole
et al., 1998; Ohneda et al., 2002). CPY-EGFP (Ohneda et al., 2002) % fi\ /< #i i AT 1R
bF L R VEREL R TE D200, BIREOBBLHEMIC. BFEE
ECHETS I LNTED R Lo, ERPRARETILENRVATHET
b, HEH L EEELTOARVKTEASH 7 AREE R IR T SEAPED
PO THLNITHZ LN TET,

ABIOHEN D, BEISRREONL., BEOBBRTHLNOREE
HoTWA I ERRBENT, —2RSETFRFEIV TRIEOER{LSEZ
BLVWHIBRERTHD, Colletotrichum graminicola \ZRVNT, HETFRFITE
o TCH@ERA— R 7 7 O—I2 & o TR~V AT, ZHUlfEo THERR
DOEFEHAERT 5 Z LB BTV S (Schadeck et al., 1998; Schadeck et al.,
2003), ¥ 7= Magnaporthe grisea DI ERERICB VT H MBS A— 7 7 ¥V —
X DR~ IAEND Z L3 STV B(Weber et al., 2001), fH&3RE
EWEICBAT L DICLERWES, 7V o —LOERIL>TEBLT
U\ 5(de Jong et al., 1997), = D7 DIV AL N hiES SR, REIhD
Tt E TV Er— NIl EN D ATREE bR I TV S (Weber et al,,
2001), 7V o — VidnEFOREFERIZLLETSH SH(Witteveen and Visser,
1995), ZhHLDMRERETHE . PETORIITHB R EZMYALI LT
REL, THICE>THELB Y Eu—ABoETOREICEEL TS0
b L, E-ERE SFEY B CRREABOREICEE L T I eh
& (Dolan and Davies, 2004), KD FEEIZ L > THIREOKBELEMSEDLZ &
R BEFOMBEEIT>THD00b L,
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BEIKEOBORMIBENRA LT EGFP-AoVam3p TH 54, 23 H
BRSO ER OB RO TILERMNEES EGFP #XEIZ X > THizEh TV D
TEBBEIN, BMEY 7 EITBWT EGFP IR ORRE AR
51320 T, EGFP DEMANIE~DOBITIITRRBEONE~DHFERLET
bb, 2HHDERICEBWTIERAHROKEE EHDIFIECHEELTVD
Zlnh, MEERSPERAN~BYAENTZERTFRIND, ZOZ LN
HEMOBEARICBNTIZIZ ot — 7 7 ¥V—IZ K 2 HRE T O ~DE
DiIAZE . FRICEIKIRBEORNE~DBITREZ »TWH EEZILND, B
FHLBERDEBENE > TEREN B ONBRVWEIBOE R IV T,
TEALNXE—RHEBE L THREEXRD X SEH I VT, B/PROLMIEENIZT
PITOBICARELRMBRERSY . ANHT R T 525 L THNDDTIXRNIES 5 b,
EHICINLDOENEITTF 2 — 7T RIEBIC L o TEKE SR T2 &b, 7R
EHTHAET I BRI Y VERF 2 —TRERE N L THDO /83— F X
VENUHFALINERTHBHREREDLEZE X DN D,

SYEABLON T AREEAICBOTHREANHERA R EELRT
ZEBBLMIRoT, WTROBERICBWTHERBIINS. Fa—TRK
MR LTV, TIRATEBREO X O CHER LR L EBEFR~OmEE
REONBEERZNEBDNS A. oryzae IZBWTH IO X 9 F 2 — 7 REKRAH
BETADTHAHh, Fa—TREAPEVEE CRE SN - ZEEOBEAR
DTS ESEE L LTV, DY HEEOLDITITL Y EEHO, il
LELTWABEANODOXRBRELZLELTAHET THD, 0L RIRI
HRATHLEIVIBLEEIDND, XBROFETIHBHATETLTNDH LR
BICEENRZICIRY, FEIEE TS, 0L RBESETFERRL TE
IFRUEED L VWO FELEIIRVA, FHUEEEL RWVWE ZAITERROF
ETAEFBLLEE. DR THD, o TEHADBREZITIBERTHRE
BRERLIFEFOLREIZBEEZELEES. ZORICBVREDD DBFHLHFE
FTEZLEFTOTCEDEELIBREREALHRIEIBELRDHLDOIEAS S, £
LCFa—7RIBIZZ DX ) RBAIT, RELELTORVER~LRER
ETBOBNTNBDTIERNIEAS 5D,

ULOEEREDES L, Fig. 38R LI L D REBWET VHBHER
X5 (Shoji et al., 2006b), HEAFEE LA - EROE RV TII=RLF
— R HEE L THBEOERZITI ONKEDRA RO, A— 77 V—ICE2T
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MBS L ANHTRXT ONEEITH, ITRI/ad— 77 V—DHRL
TWBENR, w7/ at— 77 V—RRBICEZ > TV AL H D, EEN
TOMBIZ L > TELET I VBORY ) VBEVWSTERGFLEWIT. F=
— 7RO E N LRBPBATCEADBELRE LT TV AE R LR~ L
¥EEAND, ZORMIE T3 RERNEBET HAE, EBEESELY
BOBEMN RV Z L (Darrah et al., 2006) &, HIIREOEEHICEEEEX5TH
A EREDY R RBETX 5 Z L Th H(Ashford, 1998), =D K 5 22 #makidss
2. FELESELTCORVERA~ET TEEMNICE. 5, BRERSETh
TAESFALEDITE DD b T LV AR—F —DF X 2L » TR OHIRE~
UYL I END,

EHEIIHRTHH T, KPR RCBIT2HENEEDBRELITo
LD L LTHMUEBESTOND, KTERIDEFERICKLETH DS, AR
BICL > CTEEREETHS, LELINE CRPEATERICEET 5HTFL
L Ti%. hydrophobin # > 737 BHRH G TS IZF E 72V (Talbot, 1997), ZD
—@A & LTIL A. nidulans DBERRBEOEFNLE L THOWOLNTERLZERHDLHD
TIEARVES D 3, A nidulans DRPERITIZ L A LHBRET, SETFRRICE
BEOHAERKTOLAIRTAES IR X DN HRIZ/ H(Adams et al., 1998), i
STAEOBELRRIZLI-—2ODERIL, A oryrae EAVWZ L THD, K
HERILEE OBER E S, BREE— 22 Lo THRERBEVADHDH I LN
AEOBETHLNI R T, ERBELZ2BLTCKPEAT CRENALNR
Motz bbb, KRPERICIIBENFELAZVWAREELH D, ZOXIIIR
FERILEE DB & EAEBEICRERBVLRH Y, BRENEELAELT
WA LBEbIE, 5% A oryrae EAWVWD Z EIZE T, KRFEHRLEWV I —DD
S LT BEOSFHEE, ABNERREEZEITILTWITDOTIIRNESD
D3,
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(1 min. intervals)

10 sec. intervals

10 sec. intervals

Fig. 3-1. Confocal microscopy of EGFP-AoVam3p-expressing strains.

UEV1 was grown in glass base dishes for 20 hours and observed with an inverted confocal
laser scanning microscope. (a) Time-lapse images of large vacuoles taken at intervals of 1 min. Vacuoles
changed in size, position, and number over time. (b) Time-lapse images of vacuoles taken at intervals of 10
s. Moving punctate structures (large arrowheads), putative late endosomes/prevacuolar compartments (small
arrowheads), and tubular vacuoles (arrows) that replaced the punctate structures are shown. (¢) Time-lapse
images of a tubular-vesicular cluster taken at intervals of 10 s. Moving punctate structures (arrowheads) and

a tubular vacuole (arrows) that replaced the punctate structures were also observed here. Scale bars
represent 5 um.
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(1 um-distance sections)

1 um-distance sections

Fig. 3-2. Vacuolar morphology of basal region of the mycelium

(a) Distance sections (1 um) of vacuoles in the basal region. The entire lumen was occupied with EGFP
fluorescence. Tubular vacuoles (arrows) interconnected these vacuoles. (b) Distance sections (1 um) of
vacuoles in the basal region. Vacuoles were aligned just behind the plasma membrane. Scale bars represent 5
wm.
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2 hr 3 hr

Fig. 3-3. Vacuolar morphology in germinating conidia.

DIC images (left) and EGFP fluorescence (right) of conidia from TPVEVI at the time
indicated after inoculation into DPY medium. Large vacuoles (>1 um) that eventually developed in swelling
conidia approximately 2 hours after inoculation are indicated by arrows. Fluorescence at the cell periphery
was also detected in a control strain that did not express EGFP, and therefore was judged as
autofluorescence. Scale bars represent 5 um.

42
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\\ // 2
m =

[=
Cover glass three kinds of hyphae

¢ Hyphae in/on agar medium

* Aerial hyphae Hyphae that were not in
e Glass-surface hyphae | contact with nutrients

Fig. 3-4. Schematic illustration of the method for the observation of aerial
and glass-surface hyphae

Conidia were inoculated on the side of approximately 1-mm-thick CD medium containing
2% agar, that was excised as a 1 cmx1 cm square, and hyphae were allowed to grow in lateral directions
for 48 hours. In this method, three kinds of hyphae that grew laterally were observed: hyphae that grew
in/on the agar medium, and two kinds of hyphae that were not in contact with nutrients; hyphae that grew
in the air (aerial hyphae) and hyphae that grew on the cover glass surface (glass-surface hyphae).
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EGFP-AoVam3p

- N
a b c
WT
(autofluorescence)

Fig. 3-5. Vacuolar morphology in glass-surface hyphae of TPVEV4

a. Small vacuoles in a glass-surface hypha. b. Tubular vacuoles in a glass-surface hypha are indicated by
arrows. ¢. In some regions,tubular-vesicular vacuoles were so dense that they showed a rather reticular-like
appearance. d. Autofluorescence in wild type strain. Bars represent 5 pm.
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EGFP-AoVam3p

Fig. 3-6. Vacuolar morphology in aerial hyphae of TPVEV4

a. Small vacuoles in an aerial hypha. b. Tubular vacuoles that extended in the longitudinal direction and had
a reticular appearance. ¢. Large vacuoles were sometimes present in aerial hyphae. These vacuoles flew
toward the hyphal tip (large arrowheads; compare with the DIC image that was taken several seconds later)
while vacuoles that aligned behind the plasma membrane remained immobile (small arrowheads.) d.
Autofluorescence in wild type strain. Bars represent 5 pm.
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Fig. 3-7. Vacuolar morphology in hyphae in/on agar medium in TPVEV4

a. Large spherical vacuoles b. A tubular vacuole is indicated by an arrow. ¢. Large vacuoles whose lumen
was entirely occupied with EGFP fluorescence. A tubular vacuole that interconnected large vacuoles is
indicated by an arrow. Scale bars indicate 5 um.
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Fig. 3-8. Schematic illustration of pleiomorphic vacuoles and their possible involvement in nutrient
recycling

Nutrients such as nitrogen and phosphorus compounds (small black circles) are taken-up by
autophagy in the mature region of the mycelium, and degraded in the large vacuoles. The products such as
amino acids and polyphosphate are delivered to the hyphal tips, especially to the hyphae without nutrients,
via the tubular vacuoles.
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