W1 HE D R IEEE R T O Bk & Zn g P
IZd A
MVB sorting pathway T @i~

@ MVB cargo Ok ElEd 52

SN, BERED /N T 20— BN A
THTVWBIREMNEZRLTER,

ITAETIE. TD/NF72— btk
M, 8T 3= MR R TR E TR O,
FNEHNTA-FENLE O D
WinoRRELTHECSMIEA L
AREICXA2HORONERFET S
&, NTa— ~UACERIEA R L
A5 2 BTN T DIk ZNE/R
AL 7-., MVB sorting pathway 124
B4 5RTEOH M S, Stp22, Vps4,
Vps27 O KIERE D, BE
K, t—TFIE Fo)btF R
AFTA L, DT RICRT Dk
REN R R Bl it

FOHEH, stp22A, vpsdA, vps27
Ald, Thn 4 FROSANTHE LTk
S ERT ENHEM LTSI,
O R A~ 5. MVB sorting
pathway 2B 5.9 % K1 O K AHEF R
=S AS e Bl Y NIRRT
MR U THMEMNZRTIEN
Mmxins, Lizd-oT. MVB
sorting pathway 2387 HHEAO
MVB cargo Ofi:%A%, BLA N LA

R LT W B P HEPE AR < RIS
7= (Fig. 9).

ZZTHWEEANL, £7. ROS

O —FiTdH Dbk (H202)T
H5D, MEAKEZ BBEENSD
WA ARRICEE L T s ROS T,
BTN 2 Qi Wi TEDH T ENA
%3’1”@35[1]0 DT &73“9 Pl
ALK M BOET mdk . RN
’JBW%) ROS | cl:éf/m,'f%%)tb\
Z A, MEEAKFITE L TR, stp22
A, vpsdA, vps27ADNTIUI BN
THRFREOMZIEZRT I EMG,
MV B sorting pathway (21857 %4
i"%@")(atféi-”otlﬂ N TO ROS
WA EEITEE D EERD
ns,

KW R, BEEowL

WA, t- 7FIE Ro)bA
K (-BOOH) T# 5. t~-BOOH
VL. BB PEASE W DI ENE L

LA B L A RET H5BAMTH
4307, t-BOOH 26 LT, stp224,
vps4A, vps27 A D& IR NS
NBHEREOEZZRUIEN, €
UF E et <amo/z, LI
o Ty WRADEIITN T D8
DF#3, MVB sorting pathway T
D~ MVB cargo Dkl
XEFEFEERLVO TG LR EED
na,

3 FENCH O, TR
i O ’ayr-"-i’-’@‘é%ﬂ“/ﬁ'/f‘%éo
AFTFA R FLUMEEEST
Bo, WELEF /NI F



SNV IETELEND LI
£, O, BMET LT ENAENT
WB[1], AFIF AT LT, stp22
A, vpsdA, vps27 A O REREEET
WITNLEBREORZMEZERL, K
7 stp22 AL T, O RIAE
BLOEmnwEEtEz,RLE, 20O
Stp22 A DENESZMEE, NZ 22— T
DIXZHETHEEE N,

FA—IF (-SH)ZEEL T 5 IEH
THE2ZPTIRICDWTERHFET
oit. PTIROMEHELT, I%HJ]"U
NOD )5 FF 2 OREP & IHE
AT A /9&%0)&41:73%%3‘1”(:}5
V31, MHER IRz A b L
AERET, P72 RICHL T, stp22
A, vps4A, vps27 A D IKIERERHL
WEINHRFBIEOBZEERL.,
W2 ostp22 AVRE LT, AP UA s
ERER, MORBERID & 0T
PeERLE, LEN2TIT IR
KB, TIIFEBEOHRLE
FDOWADD,
ICR ST 5 NT ORE

MV B sorting pathway
0, BERE

IS E S T WA a[RRYENE X
Y g
/o, DEO#RNML, MVB

sorting pathway 2 B4 5 K11
ORBIZEDIHEEINA/NT 2 b
HEL, O, FEA DRI I NS
LA LA EBEDOTH S [t
Ve < TRME X T

5. MVB sorting pathwayv g
2 BNT O MRS DA
MVB sorting pathway O EKIN T
ERBIEEBERE XZO-FIC
B AT 2 LS. MVB sorting
pathway O#EEZLE T2 &ITX
ST, BRO/NTO— MEZENE
WY BN EZ NS B3,
L L, MVB sorting pathway @
RN T A RIET B EIC K HEH
t¥. MVB cargo Ok H % 0)59’@1
BRWBABMONTVWS, #lAE
Vps27 L. MVB sorting pathway
DR 5 L. MVB cargo 2.
E+:F &ML T RY
U7 )—bTBIENAENTND,
Linl, Vps27 ZRETH T &L
0, NVB sorting pathway T @i
~AD MVB cargo OEmEMNAES
BEVTRS, TR —L0EDN
PIRE OFNE D ES, WIBNIED
J ok REE e EAVEE T 5 [32],
Vps27 2 iE UIM  (ubiquitin-
interacting motif) & MEEI 5 L < R
FENTERAA N 2 DEMLT S
(Fig. 10), UIMiE Vps27 &1L EF
FUOMBEETHDICEELR RAA
T UIM ORFIPICEH £415 270 &
H&313FHDEY 291 MVB cargo
ERET o0 EERRHERLL
TWdZEMNMoNTWE, 20
vps27 @ 270 HFH & 313 FEHOZY

— IR



CHERTVANTF OBICEERAIE
BATIE. MVB sorting pathway T
DN ~D MVB cargo O¥iEAK
E<HEINBICHEMMDST, T
PR —=AETNIHRIEOEDH
R VI INIE D BBLOD A1 B B H TR
I5n, FIT, NT - ME
& MVB cargo 0)*&{* DB A 5
M T Az, UIM £RAICHE T
BINT 2 bEEANORBE ARG L
7o
FOFE, Vps27DUIMZ RANHEY:
id, Vps27/KRERERT E TR WA,
JNT O Mz E R U (Fig.
1D, BURZEN D &0, Vps27IZfH4:
TE2DOUIMOSE, EH 501D
WA AN (Vpe27s27h |
Vps275t) [ZBIF B /8T 21— bz
PEVEE RS T, UIME2D B4
R BERE (Vps2752100-55530) ) b
GTHEL Vpe275th  Vps273 T I
AT, FHANT A~ SRR L
7r. TR S . MRHIVDES2TD
FiD, MVB cargo®idilge It
B LMo T, NI 2—MIHEL
TR VB ERTIENY M E
oz, ZORRMS,. MVBsorting
pathway 17 & %L~ DMVB cargo
DRI K OB LA B L AR S
NTHd I ENREIN,

6. Vps27 RAHE R Ol N

e e AT

MVB sorting pathway D HEEHN T
ERIBTAHIEIIED. BRGNS
D—hEENERDM,. TORNE
L T. MVB sorting pathway 28}
LZEEE DN EORE TH
BT EMNETREENS, T IT.
MV B sorting pathway 2 & 2 ¥~
@D MVB cargo Dk HET S
ik, B A b L AL BuE
BT HNBEOOTIRAENWDES
Z. Vps27 REWEZAWNT, /NF

ot I N = - | S Al 101 | o)\
ﬁh®,mMWT®%ﬂ@%ﬁ®M

*'?%i%'itc?ifco
EYEEE R A RN T HHDEIRE T H
% DCFH-DA % J1n T, B OUOL
SR AW LR NS O —
W3 ). EldoMBR LK S st 3
3T BEERIZIEANTT, Vps27 R
%ﬁﬁ%Vf@%WﬂNﬁﬂW&%qvi A
FicEmWiiER L (Fig. 12 £l
Fig. 13). W48k TO G ASL IR O
BRI NEEE R E 100%E Lz & &,
Vps27 RERHETIZ. 10 mM /55
O— R EEEE, E41E 2 mM OEEE L
KERBICLD. B 200% F THIM
W R a0 LABR s, &
DFREHEW. BB O A~ L
AN ESEINB LI LEMNTF TR
Vps27 ERB\TAHIEICL0. Al
PN DT P L D W TR B AN 2



STWBI ERRLTND, LIz
- T, Vps27 KRB THE TN
J$T 0 — RS OB E 2 ILnEE
{7k B2 YO BRI M N O
HEEEEOHEFLBNNRHEET LW
BN E Z 5D,

L Laahs, Vps27RHEIZ K51
ORI 0 5 SR L IR PR 1
FHRO LR E L TWA etk
HEFSTHEHEETERN, 50&Z
AV P27 REUT L B BERF O IR RIT
PEEE BBEOEINZ DV TOFEL W A
AZALNIEEAHTHO, MVB
sorting pathway OHEAEILFICL 5
INT O— MR R R O M RS
MHF 21213, S ST 21rd e
WiNh B EEZ NS,

B 54
Iz kAT — BEE

7. MVB sorting pathwav Z
% REEE DB E
D A
MVB sorting pathway (%, LK
HA4 b= AELBHERBRIIHD Z
EMB N TS, £f-. MVB sortig
pathway IZ&L-> T FY—ALRA
iR MVB cargo i, TR
ARG TS5 LTk
Tﬁ%W«tﬁ@ﬂ%oﬂwyW@
5 MVB cargo AEIEN T < 5 FH 4l
HA BN THO[36], MVB sorting
pathway V. k& 725 I Rl %5 2K
WEEENITI N NTNnS

(Fig. 14 , = 2 T. MVB soting
pathway & ORHMAIR#HIN TS
fill O R PN TR L AR B /NS O — bk
ZH I EEEKITL, MVB sorting
pathway &SRB L TEEED /N T 21—
RIS ERBRIE TS AREEEE
Z. MIMRAERCEEE RIFTRE
BT, NS O— MESEMHEITAT
HEBERMNLUE, M, T2 RY1
= ZDMRKIZEG T B2 REOR
& L C. ENDS, ENTI, ENTZ,
SIA1, SLAZ, £7z13 ARKI, PRKI
DFEREEER . BRET2 RY—L4
EOEMBEICEGTARNT LT,
VAMS3, VAM7, YPT7 D% R IERERE,

Sl NDRET R — L
D EOREKITHE ST 2HRT & LT,

VACI, VPS45 O& RIEMRZ I n»
T, izt -7z,

I RYA = AOMKIL. Fig.
15 T L& 5. End3, Panl,
Slal, Sla2 THiEL = 1% complex &
Entl, Ent2, Panl, yAP1801/2 Tk
X3S complex 128 THlE N
TWaB I EMMENTNAI38, 39,
End3/Panl/Slal/Sla2 complex iZ
BT, slalA, slaZ2AZBE L T
NZ 22— FERTET HEEIT
Mo 7=h, end3ATEL T
INT A— MIEZMEZE,R L2 (Fig. 16
B LN Fig. 17). End3 3. MVB
cargo ME3 & U THI SN TS Rspb



EREMEH L, END3 REIZE
Rspb DRHNLEALT S5 &ﬁff}ﬁ&%é
NTWT40], END3 D/RAEIC
JNTa— bmﬁ@iﬁ&MOﬁim
NTa—- ka8 5 MVB
sorting pathway &I FH4 hb—
DR EEREASTEFERND ERD
TREME R 6N D,

=3 R End3/Panl/Slal
complex OfgEx L ZTRTF &L T,
Ark/Prk kinase family MH 5N T
W A[37]. Ark/Prk kinase family
Td 5 Arkl, Prkl i3, Slal & Panl

) BT ALK D.
End3/Panl/Slal complex 7 fi# i =
. M IR FY A b—
PAORWEIERITEEINTL
%(Fig. 18) [41], ARKI* PRKI @
R LD, T RY A b=
AWM EZINH I ENALSN TS
ZEMmB. ARKI % PRKI ORI
S0, BMENRLFYA b= A%
HZDRT <IRBINEITE D & HEH
L. Arkl F7=13 Prkl ORERHTE T,
JNT A MRS RS Lz, L
L. arkl A, prkl1AWE. #1853

Wit L7200, WSO

INT A— NEZ I ENE SRS
famolz(Fig. 18) o 7272 UAGSCT
WL Thinagt, #a)  OR»
5. Ark/Prk kinase family &—2
ELTEZOSNTVWS AKIL 2 RIHT

BIECELD. BHBENTZO—- R
O E A L 7z, Akl 2% Ark/Prk
kinase family ®—2Tid#H 5D D,
TRYA4 b= A< ENIHE
= 5 AL B T AR 72 (38,
{17 Akl A% Ark/Prk kinase family
O—DTHAdRhsE, T FHAk
— A DWEM S MVB sorting
pathway ~DAT v 7H/X7 23— b
AT AT AR E S &
Abi5,

WL T R — A& DRE R,
Fig. 19 {Z/9 K D1Z. FT SNARE
EIENAEAEICE > THHNT
Wa, Gk LEZRTFTHS.
Vam3, Vam7, Ypt7 @55, Vam?

3. PX (phox) RAS &L, T
>R = AT S PIP &k
RINICEGTAZEAAISN. T2
By —AEHIOMEIINET 5
WA ZEMRINTNA42], Vam3,
Ypt7 ®E L <. T2 B — A &l
EORIGIIHETHENIW|RIENDH
5043, 44], INSWFITDWTNT
A— MEZHE DR EZ
A, WITNORBMETH/NNT I —
Nz LTz & ) U 7= (Fig. 20),
IO E R 5 0 MVB sorting
pathway M S~ MVB cargo %
WRFETORED., O/ —
NEMICEEE S 2 TS el gk
AR X N,



TR E L 2 By — L O ix
LT AR T I DWTIE, LI
S AY -7 T, RCYI &
PEP12 HRHIC L D EEEHIC/NZ O —
MNEZMNZELSZ HEETELTRES
NTWiz, LEM-T, TR
T2 RY— AMOEEN, BERED N
FaA— hFEECRETESE S WD A
2BWTH, MVB sorting pathway
EREEN S B REMEMNE L s i,
Lol AR THGLE VACI,
VPS45 OXREEERNE, RETHZ

R ORREDES ﬁ*?ﬂl’hﬂéﬂtﬁ_
®\N73—h:%y%ﬁkoﬂﬂ
Wi DR T &5 - 7= (Fig. 21D,

L EDFSEMN S, MVB sorting
pathway i & # Il ~OMVB cargo®
W T ORERD, BFRHZB VTN
T 2— MR B L TS lHET
MEZ SIS, MVB sorting
pathway &, #lldE T FY—Ah&
O)hﬂl OO HEEMFTT B E,

SITIRMT AN BT H 5,

BELE
D KBS, MR
(1988) T4

TR

2) Ohi MD, Link AJ, Ren L,
Jennings JL., McDonald WH,
Gould KL. (2002)
analysis reveals stable

Proteomics

3)

4)

multiprotein complexes in both
fission and budding yeasts
containing Myb-related
Cdchp/Ceflp, novel pre-mRNA
splicing factors, and snRNAs.

Mol. Cell Biol. 22(7), 2011-
2024
Ito T, Tashiro K, Muta S, Ozawa

R, Chiba T, Nishizawa M,
Yamamoto K, Kuhara S, Sakaki
Y. (2000) Toward a protein-
protein interaction map of the
budding veast: A
comprehensive system to
examine two-hybrid
interactions in all possible
combinations between the
yeast proteins. Proc. Natl.
Acad. Sci. US A. 97(3) , 1143~
1147,

Entian KD, Schuster T,
Hegemann JH, Becher D,
Feldmann H, Guldener U, Gotz
R, Hansen M, Hollenberg CP,
Jansen G, Kramer W, Klein S,
Kotter P, Kricke J, Launhardt H,
Mannhaupt G, Maierl A, Meyer
P, Mewes W, Munder T,
Niedenthal RK, Ramezani Rad
M, Rohmer A, Romer A, Hinnen



5)

6)

7)

A, etal. (1999) Functional
analysis of 150 deletion
mutants in Saccharomyces
cerevigiae by a systematic
approach. Mol Gen. Genet.
262 (4-5) , 683-702.

Gross C, Kelleher M, Iver VR,
Brown PQ, Winge DR. (2000)
Identification of the copper
regulon in Saccharomyces
cerevisiae by DNA microarrays.
J. Biol. Chem. 275{41) , 32310~
32316,

Ohkuni K, Okuda A, Kikuchi A.
(2003) Yeast Napl-binding
protein Nbp2p is required for
mitotic growth at high
temperatures and for cell wall
integrity. Genetics. 65(2) ,

517-529.

Carole.E, Cramer,
Rowland.H.Davis (1978)
Screening for amino acid pool
mutants of neurospora and
veasts : Replica-printing
technique. J. Bacteriol. 137(3) ,

1437-1438.

8) D.J.Katzmann,, G.Odorizz,

9)

10)

11)

12)

S.D.Emr, (2002) Receptor
downregulation and
multivesicular body sorting.
Nat. Rev. Mol. Cell Biol. 3,
893-905.

Carmnilla Raiborg, Tor Erik
Rusten and Harald Stenmark
(2003) Protein sorting into
multivesicular endosomes.
Current Opinion in Cell Biol. 15,
446-455

Jonathan D. Shaw, Kellie
B. Cummings, Gregory Huyver,
Susan Michaelis and Beverly
Wendland (2001) Yeastasa
Model System for Studying
Endocytosis. Experimental Cell
Reserch 271, 1-9

Reggiori F, Pelham HR
(2001) Sorting of proteins into
multivesicular bodies :
ubiquitin-dependent and -
independent targeting. Nat.
Cell Biol. 4, 394-398.

Patricia S. Bilodeau,
Jennifer I.. Urbanowski,
Stanley C. Winistorfer and
Robert C. Piper (2002) The



13)

Vps27p-Hselp complex binds
ubiquitin and mediates
endosomal protein sorting.
Nat. Cell Biol, 4, 534-539.

Naomi Bishop, Alistair
Horman and Philip Woodman
(2002) Mammalian class E vps
proteins recognize ubiquitin
and act in the removal of
endosomal protein—-ubiquitin
conjugates. J. Cell Biol. 157 ,
91-101.

Shih, S.C., D.J.Katzmann,
1.D.Schnell, M.Sutanto,
S.D.Emr, and L.Hicke. (2002)
Epsins and Vps27p/Hrs contain
ubiquitin-binding domains that
function in receptor
endocytosis. Nat. Cell Biol. 4,
389-393.

Saurav Misra and James H.
Hurley (1999) Crystal
Structure of a
Phosphatidylinositol 3-
Phosphate-Specific Membrane-
Targeting Motif, the FYVE
Domain of Vps27p. Cell. 97,
657-666.

Vijay G. Sankaran, Daryl E.
Klein, Mira M. Sachdeva, and
Mark A. Lemmon (2001)
High-Affinity Binding of a
FYVE Domain to
Phosphatidylinositol 3—-
Phosphate Requires Intact
Phospholipid but Not FYVE
Domain Oligomerization.
Biochemistry. 40, 8581-8587

D. J. Katzmann, M. Babst
and S. D. Emr (2001)
Ubiquitin—dependent sorting
into the multivesicular body
pathway requires the function
of a conserved endosomal
protein sorting complex,
ESCRT-1. Cell106, 145-155.

Babst, M., Katzmann, D. J.,
Snyder, W. B., Wendland, B.,
and Emr, S. D. (2002)
Endosome-associated complex,
ESCRT-II, recruits transport
machinery for protein sorting
at the multivesicular body.
Dev. Cell 3, 283-289.

Hemmo H. Meyer,
Yanzhuang Wang and
Graham Warren (2002) Direct



binding of ubiquitin conjugates
by the mammalian p97 adaptor
complexes, p47 and Ufd1-Npl4.
EMBQ J. 21 , 5645-5652.

20) Babst, M., Katzmann, D. J.,

Estepa-Sabal, E. J., Meerioo, T.,
and Emr, S. D. (2002) Escrt-
[II: an endosome-associated
heterooligomeric protein
complex required for mvb
sorting. Dev. Cell 3, 271-282.

Babst, M., Wendland, B.,
Estepa, E. ]., and Emr, S. D.
(1998) The Vpsdp AAA
ATPase regulates membrane
association of a Vps protein
complex required for normal
endosome function. EMBO J.
17, 2982-2993

Yeo, S. C., Xu, L., Ren, J.,
Boulton, V. J., Wagle, M. D., Liu,
C., Ren, G., Wong, P., Zahn, R.,
Sasajala, P., Yang, H., Piper, R.
C., and Munn, A. L. (2003)
Vps20p and Vtalp interact with
Vpsdp and function in
multivesicular body sorting and
endosormal transport in
Saccharomyces cerevisiae. J.

26)

Cell Sci. 116, 3957-3970.

Schu, P. V., Takegawa, K.,
Fry, M. J., Stack, J. H.,
Waterfield, M. D., and Emr, S.
D. (1993) Phosphatidylinositol
3-kinase encoded by veast
VPS34 gene essential for
protein sorting. Sciernce 260,
88-91.

Stack, J. H., Herman, P. K.,
Schu, P. V., and Emr, S. D.
(1993) A membrane-
associated complex containing
the Vpslh protein kinase and
the Vps34 Pl 3-kinase is
essential for protein sorting to
the veast lysosome-like vacuole.
EMBQO J. 12, 2195-2204.

Piper, R. C., Cooper, A. A.,
Yang, H., and Stevens, T. H.
(1995) VPS27 controls
vacuolar and endocytic traffic
through a prevacuolar
compartment in
Saccharomyces cerevisiae. J.
Cell Biol. 131, 603-617.

Wiederkehr, A., Avaro, S.,
Prescianotto—Baschong, C.,
Haguenauer-Tsapis, R., and



27)

Riezman, H. (2000) The F-box

protein Reylp is involved in
endocytic membrane traffic
and recycling out of an early
endosome in Saccharomyces
cerevisiae. J. Cell Biol. 149 ,
397-410

Odorizzi, G., Babst, M.,
and Emr, S. D. (1998) Fablp
PtdIns(3)P 5-kinase function
essential for protein sorting in
the multivesicular body. Cell
95, 847-858.

Howard, T. L., Stauffer, D.

R., Degnin, C. R., and
Hollenberg, S. M. (2001)
CHMP1 functions as a member
of a newly defined family of
vesicle trafficking proteins. J.
Cell Sci. 114, 2395-2404.

Gerrard, S. R., Levi, B. P.,
and Stevens, T. H. (2000)
Pepl2p is a multifunctional
yeast syntaxin that controls
entry of biosynthetic,
endocyvtic and retrograde
traffic into the prevacuolar
compartment. Trafficl, 259~
269.

30) Sunday O. Awe, Nina L.

Tsakadze, Stanley E. D'Souza
and Ayotunde S. O. Adeagbo
(2002) tert-Butyl
hydroperoxide-mediated
vascular responses in DOCA-
salt hypertensive rats. Vascul
Pharmacol. 40(1) , 51-57.

Babiyvchuk E, Kushnir S,
Belles-Boix E, Van Montagu M,
Inze D. (1995) Arabidopsis
thaliana NADPH
oxidoreductase homologs
confer tolerance of yeasts
toward the thiol-oxidizing drug
diamide. J. Biol Chem. 270(44),
26224-26231.

Bilodeau, P. S.,
Urbanowski, J. L., Winistorfer,
S. C., and Piper, R. C. (2002)
The Vps27p Hselp complex
binds ubiquitin and mediates
endosomal protein sorting.
Nat. Cell Biol. 4 , 534-539.

Shih, S. C., Katzmann, D.
J., Schnell, J. D., Sutanto, M.,
Emr, S. D., and Hicke, L. (2002)
Epsing and Vps27p/Hrs contain
ubiquitin-binding domains that



34)

35)

function in receptor

endocyvtosis. Nat. Cell Biol. 4,
389-393.
Gavin, A. C., Bosche, M.,

Krause, R., Grandi, P.,

Marzioch, M., Bauer, A., Schultz,

J., Rick, J. M., Michon, A. M.,
Cruciat, C. M., Remor, M.,
Hofert, C., Schelder, M.,
Brajenovic, M., Ruffner, H.,
Merino, A., Klein, K., Hudak,
M., Dickson, D., Rudi, T., Gnau,
V., Bauch, A., Bastuck, 5.,
Huhse, B., Leutwein, C.,
Heurtier, M. A., Copley, R. R.,
Edelmann, A., Querturth, E.,
Rybin, V., Drewes, G., Raida,
M., Bouwmeester, T., Bork, P.,
Seraphin, B., Kuster, B.,
Neubauer, G., and Superti-
Furga, G. (2002) Functional
organization of the veast
proteome by systematic
analysis of protein complexes.
Nature 415, 141-147.

Katzmann, D. J., Stefan, C.

J., Babst, M., and Emr, 5. D.
(2003) Vps27 recruits ESCRT
machinery to endosomes
during MVB sorting. J. Cell
Biol. 162, 413-423.

Odorizzi, G., Cowles, C. R.,
and Emr, S. D. (1998) The
AP-3 complex: a coat of many
colours. Trends Cell Biol. 8,

282-288.

Smythe E, Ayscough KR.
(2003) The Arkl/Prkl family
of protein kinases. Regulators
of endocytosis and the actin
skeleton. EMBO Rep. 4(3),
246-251.

Watson, H. A., Cope, M. J.,
Groen, A. C., Drubin, D. G., and
Wendland, B. (2001)
role for actin-regulating

In vivo

kinases in endocytosis and
veast epsin phosphorylation.
Mol. Biol. Cell 12, 3668~-3679.

Gourlay, C. W., Dewar, H.,
Warren, D. T., Costa, R., Satish,
N., and Avscough, K. R. (2003)
An interaction between Slalp
and Sla2p plays a role in
regulating actin dynamics and
endocytosis in budding veast.
J. Cell 5ci. 116, 2551-2564.

Kaminska, J., Gajewska,



43)

B., Hopper, A. K., and Zoladek,
T.{2002) Rspb5p, a New Link
between the Actin
Cytoskeleton and Endocvtosis
in the Yeast Saccharomyces
cerevisiae. Mol Cell Biol. 22,

6946-6948.

Zeng, G., Yu, X., and Cai,
M. (2001) Regulation of Yeast
Actin Cytoskeleton—-Regulatory
Complex Panlp/Slalp/End3p
by Serine/Threonine Kinase
Prklp. Mol Biol Cell 12,
3759-3772.

Cheever, M. L., Sato, T. K.,
de Beer, T., Kutateladze, T. G.,
Emr, S. D., and Overduin, M.
(2001) Phox domain
interaction with PtdIns(3)P
targets the Vam?7 t~SNARE to
vacuole membranes. Nat. Cell
Biol. 3, 613-618.

Darsow, T. , Rieder, S.E.
and Emr, S.D. (1997) A
multispecificity syntaxin
homologue, Vam3p, essential
for autophagic and biosynthetic

protein transport to the vacuole.

J. Cell Biol, 138, 517-529

44)

45)

46)

47)

Wichmann, H. , Hengst, L.
and Gallwitz, D. (1992)
Endocytosis in yeast: evidence
for the involvement of a small
GTP-binding protein (Ypt7p).
Cell, 71, 1131-1142

Hoshikawa, C., Shichiri,
M., Nakamori, S., and Takagi,
H. (2003) A nonconserved
Ala401 in the veast Rsp5
ubiquitin ligase is involved in
degradation of Gapl permease
and stress-induced abnormal
proteins. Proc. Natl. Acad. Sci.
UJSA100, 11505-11510.

Dupre, S., Volland, C.,
and Haguenauer-Tsapis, R.
(2001) Membrane transport:
ubiquitylation in endosomal
sorting. Curr. Biol 11, R932-
934.

Jenmnifer E. Garrus, Uta K.
von Schwedler, Owen W.
Pornillos, Scott G. Morham,
Kenton H. Zavitz, Hubert E.
Wang, Daniel A. Wettstein,
Kirsten M. Stray, Mélanie Cote,
Rebecca .. Rich et al. (2001)
Tsgl01 and the Vacuolar



Protein Sorting Pathway Are
Essential for HIV-1 Budding.
Cell 107, 55-65.

48) Juan Martin-Serrano,
Trinity Zang, Paul D. Bieniasz.
(2001) HIV-1 and Ebola virus
encode small peptide motifs
that recruit Tsg101 to sites of
particle assembly to facilitate
egress. Nat. Med. 7, 1313-
1319.

49) Lynn VerPlank, Fadila
Bouamr, Tracy J. LaGrassa,
Beth Agresta, Alexandra

Kikonvogo, Jonathan Leis, and

Carol A. Carter. (2001) Tsgl01,

a homologue of ubiquitin-
conjugating (E2) enzymes,
binds the L domain in HIV type
1 Pr55%®  Proc. Natl. Acad. Sci.
USA. 98, 7724-7729.

D. {IgEtse
1. HTEHR
7zl

EPN

RSty KA. ki i B

FEMA R T fF T B gk LR Frel
’£6A7j_b W OB, T A4 —
T2y 2003 @ 4R BRET b F 20
2 —2003.

mwumr KEE—8, ki a5 B
Bl AT A8 TR Frel
:iéﬂy:—%wﬂ¢é%%%ﬂM¢
. 9 42 o] [ ASEF AR IGR R,
2003.

R, KE—i. kil o B
s NI SRR T . i M e A
S5O BCRE U B R A 1

ACTESL 124 414, 2004.

TR KRS R T BERE
2B A multivesicular body
sorting pathway (Z&5/823—h

TR OO, [ AN B EE 451 2440253,
2004.

N

éﬁ

E. IR ke o
L,



Oxidative
stess

Superoxide
anion

CH—N/ N~ ncH fﬂz'

AN

e Paraquat

3 ) N — 3

Paraquat free radical

Fig. 1 The mechanism for paragquat
toxicity



0.8 0.8

budi3 A 0.6 1 N oA

0.6 7

0.4 0.4 7

BY4742
¥

Cell growth (Asoo)

0.2 1 0.2 -
0 BY4!742 . | [ 0 ] | . . |
0 5 10 15 20 25 0 5 10 15 20 25
Paraquat (mM) Paraquat (mM)
2 08 0.8
é 0.6 0.6 v 1P
= Fvi0A '
%D 0.4 7 0.4 -
= 0.2 - 021 #
O oiBY4TL2 0 [ BY4742
06 5 10 15 20 25 0 5 10 15 20 25
Paraquat (mM) Paraquat (mM)

\

4 BUDI3 : Protein that may be involved in bipolar and
bud site selection

CRR1 : Sporulation specific protein with similarity to Crtlp
cell wall protein

FYV10 : Protein involved in the degradation of
fructose-1,6-bisphosphatase (FBPase)

NBP2 :Naplp-binding protein involved in cell wall integrity

\ and mitosis elevated temperatures Y,

Fig. 2 Sensitivity of BUDI3, CRRI, FYVI(
or NBP2 deletion mutant to paragquat




Spot yeast cells
on plates

YPAD
“master” plate

Replica

No paraquat Paraquat ImM Paraquat SmM

| ]

Select yeast colonies that inhibit
the growth under paraquat toxicity

I
Candidate for paraquat-sensitive yeasts

Fig. 3 Screening for paraquat-sensitive
yeasts with replica-printing method



0h

No paraquat

Plate : 3-1

Paraquat ImM Paraquat 5SmM

wn| —

- $8Boven

@ @ %@@ &
289
%%

Bo8sy %@E&%l

&%@ @]

" %: Candidate for paraquat-sensitive yeast

Fig.4 Replica prints of yeast



) 1.0
z U BY4742
< 0.8 1 %
<
3 0.6 -
=)
= 0.4
> 2]
c 0
0.0 T T
0 2 4 6 8 10 0 2 4 6 8 10
Paraquat (mM)
)
S 1.0
<
L 08 ¢
= oo BY4742
= |\
S I
504
S 0.2- .
0.0 T T
6 2 4 6 8 10 6 2 4 6 8 10
Paraquat (mM) Paraquat (mM)

A

TK3 : C-terminal domain (RNA-polymerase || CTD) kinab
gamma subunit
DALSI : Transcriptional activator for allantoin, GABA ,and urea
catabolic genes
DBF?2 : Serine/threonine protein kinase
DID4 : Vps factor involved in endosome to vacuole transport,
K component of ESCRT- Il complex /

Fig. 5-1 Sensitivity of CTK3, DALS81, DBF2
or DID4 deletion mutant to paraquat
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DO0A4 : Ubiquitin-specific protease, involved in recycling
ubiquitin from the proteasome and the vacuole

EAF1 :unknown function

FABI : Phosphatidylinositol-3-phosphate 5-kinase

\ FTH]1 : Vacuolar iron transporter with similarity to Ftrl y

Fig. 5-2 Sensitivity of DOA4, EAFI, FABI,
or FTHI deletion mutant to paraquat
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FTRI :Iron permease that mediates high-affinity iron uptake
GAL4 : Transcription factor involved in expression of
galactose-induced genes
HTZ! :Histone-related protein, involved in silencing,
| required for GAL gene induction
\M UPI : High-affinity methionine permrase /

Fig. 5-3 Sensitivity of FTRI1, GAL4, HTZ1,
or MUPI deletion mutant to paraquat



