2 kH I horseradish peroxidase
conjugated anti-mouse IgG (Cappel) %
Fni=,

6. Cdc34 EEBIT LD XA F ) K BHHERE
#BIhIs70F 7V — AEEDREE

FNFNOERD single colony # SD
(-lew) £3ih 2 mlICHEE L 30°C T—HiHRE
BRURE. ZORREETOTTYV—4
FE H Fil T & 3
carbobenzoxyl-leucinyl-leucinyl-leucin
al (MG132 ., Affinitd) (100 £ E O
dimethyl sulfoxide (DMSO. Nacalai) &
WEUTHE) ZR&EE 0. 50, 100uM
&1 SD (Flew) 5T 1x10° cells/180 1l
I EDWHRU 2 MG132 13 BFETIE,
B OMBERZBETERWEDIZ, R
T, BOEREE®D 5720 ergosterol
BRS¢ 28K ERG6 (USED iHnT
DRI ZE Wz,

TOFTV— LERED A F )R EKE
P13, control £k TH B WCG4a &. O
F 7 —Ah® subunit TdHhHH PREI O
missense mutant TZ7 05 7 — AN
W W WCG4-11la (University of
Stuttgart @ W. Heinemeyer tfi4-d: 0 {i
Han) 2HEAFIVAKE (finall, 3u
M) 4% YPD ZEXREFHIICAMAR LS 5x10%
5x103, 5x10%/5 112725 &SI spotting
L., 30CT 72 FFfAEBESE S T &EIZKY

5 A AN

7. Northern blotting

B2 2 ml @O YPD BRizAiE L 30C
TR EEIE L =12, 5x10° cells/ml
#40ml O YPD Bz L. 30T T 3k
PIfREEEE IR U e, RICHIAE A F VKR
(final 0~100 nM) Z ML T 90 53fEIE3E
L7281z, 2,300xg, 4°C T 5 @O Uiz,
S5 NI 10 ml OWEEAERKEIN
ZTHRELUEH%IC, 2,300xg, 4 CTT5H
MEOLU T E UTER L. JOHRE
2 MR L TELSNZEEIZ, RNA
extraction buffer, glass-beads B LU
phenol/chloroform (1:1) ZiNZ. #WL <
BRL /=, 15,000xg. 10 2RIELLT
EiERER, ZOLEE ethanol 12k o T
YWE X W, total RNA &l L7z, RNA (25
w g I sample buffer (6.4%
formaldehyde. 48% formamide., MOPS
buffer (20 mM 3-(N-morpholino)
prophanesulfonic acid (pH7.0). 5 mM
NaOAc., 1 mMEDTA) ZHiZ. 65C. 15
SEAVEPE X BRI, agarose )b (1.2%)
ZRWTHSIKII 2T o7z, KIHE TR,
10 x SSC (150 mM NaCl. 150 mM
sodium citrate) # A \» Nytran nylon
membrane (Scheicher & Schuell)
transfer L 7z,

Z @ membrane %*
hybridization buffer (7% sodium
dodecylsulfate (SDS). 50% formamide,
2% blocking reagent (Boehringer). 0.1%
sodium N-lauroylsarcosylate. 57.7 mM
Na,HPO,. 42.3mM NaH,PO,. 5x SSC)



T, 50T, 1 Rz, DIG Bkl /-
DNA probe /1A T, 50C. 12 Kfl#E
L7z. ZT® membrane % 0.1% SDS #&
22 x SSCHTISA, E5HI20.1%SDS
ZE10.5xSSC AT 50T, 1MEHIkEL
THe¥F L /=, KIZ. membrane % blocking
Y&k (0.15 M NaCl, 0.1 M maleic acid
(pH7.5). 1% blocking reagent) T, 30
53[E incubate UJz#2iZ, 0.075 U/ml @
anti-digoxigenin-alkalyne phosphatase
Fab fragments (Boehringer) # &
blocking ¥A#EHT T 30 43l incubate L 7=,
Membrane % ¥ buffer (0.3% tween20,
0.15 M NaCl, 0.1 M maleic acid (pH7.5))
BT 30 A iREE %, CDP-Star (Boehringer)

2ERELUTHENSHE, Lumi Fim

(Boehringer) IZ8Y6U THEIHHL /=,

8. Human CDC34 (tCDC3D D
cloning

HEK (Human Embryonic Kidney)
293 Mifd @ total RNA 2 L. TNz
R E B % (Moloney murine leukemia
virus reverse transcriptase, Gibco) #&
ORISR P T 42°C, 1 FR incubate L
T—4§ cDNA 2Bk, ZO cDNA
% template & L, PCR #{7o /., PCRIE
'3 pTargeT vector Z YT TA cloning
Z2{To 721, insert 13HIFREEE Kpnl/Xhol
TUIWr L. mammalian 88 vector TH 5
pcDNAS3.1-hygro vector I subcloning
LU7z. TA cloning # hCDC34 OFFELEEH)]

% sequence IZ L DFEEL /=

HEK293 ffifigld. Dulbecco's modified
Eagle medium (DMEM. B K=K Iz
0.06% L~glutamine, 100 U/ml penicillin

G sodium (Gibco) . 100 x¢ g/ml
streptomycin sulfate (Gibco) BL10%
fetal bovine serum (JRH Bioscience) %
TN L 255 E fnT, 37C. 5% CO2 7
R THELE,

8 T cloning U7z pcDNA3.1-hCDC34
B L UZE vector TH S pcDNA3.1 %
TransIT™ (Mirus) %MW T HEK293 #
fe o d AL &, & transfectant I3
hygromycin (500 yg/ml) T selection §
LHCETEVERLE, INSsoMiEhs
Isogen (Nippon Gene) % il W T total
RNA Z#iiH L T. Roche diagnostics DIG
system {2 & U Northern blotting {7,
hCDC34 mRNA ORBIZHEE L 7=,

10. hCdc34 mFEBHMICHIT 2 XF)
ZRERIZ X T B RS2

HEK293#fiia Dstable transfectant %
5x102 cells/90 ul/welliz72 5 LD 12
96-well plateliZ &, 37°C. 5% CO2{ETE
T T24KRF[EIFAE R, HE A FIVKER (final
0~2uM) ZEOUDMEM#Z10 ul/welld™D
HMLTESITRRMERL 2, B3R 7L,
Alamar Blue (TREK Diagnosis Systems)




%10 pl/wellliin L., 37°C, 5% CO&EHE R

T3Mflincubate L 7= #1c, A¥¢plate

reader (Spectra Max Gemini XS,
Molecular Devices) THEZRFEL =

| (excitation, 544 nm; emission, 590 nm).

(i ERE ~ DECAE)

KIS T EIERAE T, EHhel
THROHRZRANDS, LizA-> T, mEm
NORREBEE LN,

C. ¥R &%
1. Cdc34 EREIINERIO AF )L KEBIZ AT
B

Cdc34 EIETRIEZ A FI)VAKE (final
50 nM) 2 S FEREGHITHI KA 5x10%,
bx10%, 5x102, 5x10Y/5ul IZ/ka X SIC
spotting LTHEEZI®H I EICEDAFIV
REBITSH T DREZE Rz, T OREER,
FERBEHIZB W TS Cde3d EREIANHRT
2e vector ¥ A U 7= control #RIZ EE R THH
SMRIMEZRT I EAMER TN (Fig.
2)a

AFIKREBUAN DKL S KD
HEEITHT S Cde3d BRIEBRORZ
% pRS425 OHZEA LR Z I &
UTHE L7z, ZD#HR, Cdc34 BT R
FREOK S S T db 5 HEHOKERS pCMB B
FUVEGRRTHBH RITLICH LU THHE
#xrUE (Fig.3). 51, EERBRERTD
—DTH DIEHLKECEILA N A EFE
MY ANT2— M LUTHMEZERLZ

(Fig. 4, UL, Cde34 EmREFRIT
alkyl LI TRBAMEME TH H % methyl
methanesulfonate % superoxide anion
4T 5 menadione, BEREERIGL T
alkylperoxyl radical % hydroperoxide %
ARk 9 % AAPH (Fig. 4) 5/ (data
not shown) IZHF L TR ZRE 72
Mo, —H. Fi& OHNARNCHT 5%
SRR EZ A, DNA ICERBEBRKT
% cisplatin, EBF2Z2 ERT S
peplomycin, alkyl{L# T d® 2 mytomycin
C. nucleotide R HEMH TH 3
5-flucrouracil 33 &~ DNA iZ intercalate
9% adriamycin IZ% U TH Cdc34 B RE
FRREEAEIMEE RS Mo 7= (Fig.
5). ZHDOFEHMSE, Cded4 BHRBIRHE
WKBIEEHPRH RE UL EVWS EHER
BLOERMEKERL/T - e S OB
A PV AFEHICHL TRHEZRT DD E
b,

2. AFIKEMiEICEESTS Cde3d
domain OB I MRMINTOIEFF
ACEOEEDEE

AF IV KERIHEIZ A F 2 domain ZH5%E
T 5720, Cde3d Otkx BEREZ GRS
THEREERL. TNORREOAFIVK
SRIZHHE BIRSEMEE IRz, Cde34 259
TE2WEEETZ77IV—2EKLTHY,
ETOE2IZBWTII Fig. 6 KRT&LIR
catalytic domain BMERHFEEINTVWS, 2D
catalytic domain #iZid. I EFF LD




thioester &5 &I HE R cysteine WFEET
5, RITET, ZEFF UHETITS
5 cysteine % alanine IZiE# L 7= mutant
EEBMLZEZA, CZOBERIEIATFIVKE
IR U TlitER RS o= (Fig. 7a).
DT EME, Cde34 A EFF 2 EDES
B AF I KERHEIZSLE TH D RTREMEN
EZiohb,

Ll G5 L~ECde3a DA FF
AWM TH S cysteine 7 —DRAF
WKEBBR Ty TanT, sz —
DAFIVKBLEENFE DL, TOREEL
TAFNKBOBRERBEIATEND &0
SAEMEBEETER N, Cde3d NWE2 &
LTIEFRF UrmBEREZRITZDITE
E3 tDOHENBATHO. Cdc34 @
171-209 aa (Fig. 6) MEOREEEIRICH
Mg %, F/o. uniqueinsert PicHB=D
D7 3 /B (glutamate 109, aspartate
111. glutamate 113) % Cdc34 @ E2 &
L TOWEIIHEEINTNWS, FIT.
AVYFF RSO cysteine ERFFL.
E3 #&& e RIEX 87 mutant., 50
3 unique insert PO=DD7F I JEET
~UT alanine (ZEHL S B 72 mutant (Fig. 6)
PN TNERRAIY S EAWTAF
VKBTS B ERSZ TNz, T DR,
WITNO mutant ZEREE IS A

FILKRGNTH L Ttz im & /e o 72 (Fig.

7a), LLEDFERIE, Cde34 gFBFIzXLD
AFILKEBMHEIT, Cde3d B FF o
BLUES LEERTAIENMNETHDT

EERLTHYD, Cdc3d D E2 ELTOHE
BETHDILEFF ARB RIS A FIVKE
ML HREHTH D EEZLEND,

RIZ, 06 OFFR: KD a5
# L, multiubiquitin specific antibody %
AWz immunoblotting 12 & 0. #RAT
AEFFALINZEAEOBEEAEL
7. TORR, Cdc34 ARENMATIIZY
FF ALEREEN control BERHCH AT
ELL<@hol=m, AFIVKEITH LTt
EZRREaho /= Cde34 @ mutant & &5
BRERBRTRIEFF eEALRN
control BRI EFEALEREETH- =

(Fig. 7). ZOf5HES, Cdc34 D E2 &
LTOEMT RS, 2AEFF UV RBRIG
DTFLHENRERNC A F IV K EBTiMEE 5 2 B 7]
REMEZR<EHELTVWS, B, 2E+F
YYATLATIE E2 PAMCHEEOERNE

(E1l. E3) 2BAE L TWAMN, KSR
id, Cde34 WERBIT 52 TaEFF
{ERISIPMBIEES NS Z & ERLTWS,

3. DVFFIAF AMRATOEIEE
B D A F I KERIZ3g 2 R

Cde34 29 HERABOIEFF LIz
3. E1 Tdh 3 Ubal BLX U ES g &EKD—
DT H5 SCF (Skpl. Cdcs3/cullin,
F-box protein) A& L, ZOE3I#EEHK
1Moo subunit (Cde53. Skpl. Hrtl.
F-box protein) W55 ZENMENT
W3 (Fig.1). £ T, ZOBRHOAH
PR T DM FEBRIBRER O A F )V KEBRAZ M




THZBRERRN L. TOEER. E2 L
HOBEFOPTIE.E1 THS Ubal 2%
Bl BBEOANAFIVKEBIZH L TE
FiftE2rL=D 0D, MORTOERES
WSO AFINKEMEIZIZEALEER
Hxlrho7 (Fig. 8a). IS0
BRNOEAEOIEFF AR ZRANIZ &
ZA, E2 TH5 Cde34 2EHEBLTWVWS
BEROL T, HE 2 EENED sz (Fie.
8b).

—H E2IREEBET7 73 )—2EBR LT
B, HEFEFETRAFIVKEHERTF &
LTRHLUAE Cde3d DSz B, 12 D E2
B ETAREINTVWS, TIT 1w
OO E2 O THREREIIS MR
ERL., IS ORERZEAWTAFIVKE
W26 BT AT, T DR, Cde34
(Ubc3 &BIFEN D) Z2EFEB B2
BLDHZOEEETSSH DD, Ubcd, 5,
7T OEERIZE>TH. AFIVIKEBHHEN
LN (Fig. 9a). I TRHBENE
HEE D%, Be<& E2 HTHOREH
HEEOEERMLTNWADbDEHEZ LN
5, IHIT, TNSOERRAOILERTF
{LEABERERRZETA, AFIVKEEIC
U THERR LR E2 OO TREERED
SEEERIIBWTHIEFF ILERE
mOMMMRED 5N (Fig, 9b). BLLOD
FERIT, E2 N TF ALRISOHREEA
HTHEUEEZADTRETLHDTH
D, E2 OREAISHENICBTSEAED
IEFFAZRESES I EICES T,

AFJVRBFEITH U THEHSITER T3
LDEFALND,

4, AFIKBIC LBHMIATOIESXF

5 B D2 B

AFIKERIT SH £ & D#EEGHENM <,
FRZ SH BERIBAFIKBIZE - TH<HE
EANDTERHMENTVS, LN T,
SHE;FEDO—DTH 2 Cde3d DAEFF 2
RIS TED A FILRBIC & - THE{EMIZR
BINDEWIAEEDEETERN, Z
DHE. Cde34 BRBEFTIX Cde34 1
PR EIND DITHER AT I KRBT
7 control MR TE S A5 DIzt
HERIRT ZEITRD, £IT, AFIVKE
DI MMFRRNTOERLDOLEFF 4L
BICBIETEREIODWTHRMLEEZ A,
control B4RFE O Cde34 W& B REREEIT
HENOIEFF ALERAERIZAFIVK
WHEMC K-> TEAT B &1z, L
AEMIEMUZE (Fig. 10). ZOiEEM
547 < &b, AFIIIKEIL Cde3d 25T
E2 o1 EFF rimBiEEeEELTVD
DEHBEILBND,

5. AFINKEBITHT DMitEEFETOT
7 )= LIEEE DG

LEFF AL E N R A RN R
W7 OF 7YV —ARBHE I N TESNIZ S
fREND, TIT, 7OF7V—AIZL3
SYPRD A F LK SR T A MHERFIZ K
TEEERHNE, £Y. JT0FT7YV-A0




ZHTH D MG132 2T, Ja5x7y
— LK BN Cde34 EmHERITES A
FNIKEMHER BB T TEEEHRFL
&I A, MGL132 IEFFHEF T, Cde34
O FBENE RN A F VKMt = 5 2 7=
%, B0 M EH~IEL 100 M D MG132 YLE
IZ& o T, Cde34 ORFEBITE B AFILK
RENRD sz <7zok (Fig. 11).
T 5IZ, TaF TV —AEEMEVELR
(WCG4-11a) &= H W T AFIVKEIT T
HPEZEEHANRNE, TCTHWE
WCG4-1laf%id 7 05 7 —A® subunit
T&H 5 PRE1 ® missense mutant TH Y,
K777V —LBEERERTIENAS N
TWw3, TORR. control BRI TH 3
WCGAatRiTlE~NTWCG4A-11atkiI AF )
KBITEBRZEER LU (Fig.12), 2DZ
EMS, Cde34 ERBIC K 5 A F )Lkt
HIcR o057V —Alck 22 EFF 4L
BRAHOHXMIBATH D EEI5ND,
X7z, Cde3d AHETHIEFF-T O
FT =LY AT LI AF KBTS
B & U THE BRI ZR/IZLTNWS
AIREMEAURR & Nz,

6. AFIIIKBIZEBDIAEFF AT A
BRI R T O R

A MVARBEICREDLZATORICE. A
ML AL DEBN ERTA2HONEET
BT ENALENTNS, FIT, AEFF
AT ATEDSHFELETORINTT
B AF)IKBOEEE Northern blotting

ICROBR L, ZO/RR. AFIVKIRE
Mz CDC34 (UBC3). UBC4. UBC7
@ mRNA LRV ERT S EANHEIL
7=o 72, E1 Th S UBAI ® mRNA XX
WHAFIIKBERMIIE > TETOLAEZE
~L7% (Fig. 13), ZO#HENS, IEF
FOLVATLAIAFIVKEIZLDA RV R
NS U TR SNSRI EEIS & U THleE
THAEEDEZOSND,

7. hCdc34 EFBIHRID A FIVKIRIZ KT
T AR
EbREDEEBMIIBNTD, X%
<O E2 BETFHAFIET D 2 EMHoNT
Wb, ZZT.BEbD CDC34(WCDC34) #%#
HEK293 fifgizZ& A L, hCdc34 & EM
fREERLE, £7. ZNETNO hCdc34
M FEBMAC BB hCDC34 D HBL %
Northern blotting 5 THEER U &%,
vector @A ZEHEAL MBI H N,
hCDC34 #¥ AL =R T, hCDC34
mRNA OEMMNRD 5N/ (Fig. 14a),
I35 O hCde34 MFEBMRAZ AL, AF
AR KT RS ERF L& 3,
hCdc34 ZERRIVIHBOETHEAF
JVKERICH U TittE &R U7z (Fig. 14b),
IO EMS, EMIBWTH Cde34 A
E4TH5aAEFF-TOUFT7I—LT AT
LIRAFIVKBO FE RN & L TH N
TWBFIREENEZ 5N S,

D. #&



AEFFUEBRHFED—DTH S Cdc34
DEFEBUT K D A FIVKBOHEESHR 2
BEtL, AEFF -7 057V =AY AT
DM AF VKB FEEITNT 2R & L
THERBRINERLTOWAZENID TR
B, AEFF-7aF7V—ATR
F LD 59 B AF I KB OF TR
BLRENTKHT 2SS LTUTO
EDRFEENEZZ S5ND. ThDB, &
ZHOEEREAENAFINAKRBIZEL-T
IS NOENZZI. COEMEATNM
JARICERT 5 2 & ko THIRRESE 5]
FRIEIND, —FH., AFIVKEICE-T
EfMiEZEEREOIEFF ALeNn L
7057 = NTORROEEN ATF )L
IREBFIE T U THAICER T 2, Lz
Mo T, AFIIWKBIZK D RMVEEIN
LDHOBZREETD I &L T, AFI
K ERFIE DFEBAS DRI T E B ATREMEN
HbH, 61T, EOMIREAWEFHERR
WZBENTSH Cdedd M5 T 31 EF:F -
TOFTVI =LA RAFLAMAFNKBOE
PERRIREEAS & U THIW TN B aTREME AR S
Iz LENST, AFINKBIZEST
BHiEZTTIEFF AL INIENEH
AZbE MIBRTRETZ &L T,
bt MZBIT D A FIVKBOMIBNET 5T
MHIEMIZAdDEMFENS,

E. #EGEER
=Y O
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Fig. 1. Ubiquitin-proteasome system. Ubiquitin is activaled initially by ubiquitin-activating
enzyme (E1) via formation of a thiolester band with this enzyme. The activated ubiquitin is then
transferred to one of a large number of distinct ubiguitinconjugating enzymes (E2s} by
transthiolation. The E2 enzymes then catalyze the ubiquitination of substrate proteins either
directly or in conjunction with one of a number of distinct ubiquitin-igases (E3s) which are
composed of multiple proteins. The ubiquitination of a substrate protein is followed by degradation
of the protein by the proteasome.
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Fig. 2. Effects of the overexpression of Cdc34 on the sensitivity of yeast cells to MeHg.
Yeast strains carrying pRS425 (control) or pRS425-CDC34 were grown on a plate of agar-

solidified SD (-leu) medium for 3 days with or without MeHgCI.
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Fig. 3. Sensitivity of yeast cells that overexpressed Cdc34 to various metal compounds. Yeast
cells carrying pRS425 (control) or pRS425-CDC34 (p1P1-F2) were grown in SD (-eu) medium that
contained methylmercuric chloride (MeHgCI), mercuric chloride (HgCk), p-chloro-mercuribenzoate
{pCMB), copper chloride (CuClz), zinc chloride {ZnClz) or cadmium chloride (CdClz). After a 48-hr
incubation, absorbance at 620 nm was measured spectrophotometrically. Each point and bar represent
the mean value and S. D. of results from four cultures. The absence of a bar indicates that the 8. D.
falls within the symbol,

& = =
w o W

Survlval (Asz0)
E ST & BB R
Survival (Aszo)

e h 28 8 8 @&

0.4 -

Survival (Aszo)
4

02

[ T T T T T
0 20 40 60 80 100 120 140

1 T T T
o 5 10 15

T
0 25

0 05 10 15 20 15 0
AAPH (mM) Hydrogen Peroxide {(mM) Paraguat (mM) —0O— pRS425
—&— CDC34
12 12 12
.
T 107 1 -g 1m0
< 05 < o < 08
g 056 g 0.6 E 1 ’
g 0.4 7 E 0A E 04
D 42 @D g2 @ 42
'] T T ¥ [ 0 +—r—T—T— ‘].' —
) 05 10 15 0 5 10 15 o 2% 0 02 04 06 05 10 12 14
MMS (mM) Menadione (mM} Diamide {mM)

Fig. 4. Sensitivity of yeast cells that overexpressed Cdc34 to various oxidative-stress inducing
agents. Yeast cells carrying pRS425 {control) or pR8425-CDC34 {p1P1-F2) were grown in SD (-leu)
medium that contained 2,2'-azobis(2-amidinopropane)dihydrochloride (AAPH), hydrogen peroxide,
paraguat, methyl methanesulfonate {MMS3), menadione or diamide. After a 48-hr incubation,
absorbance at 620 nm was measured spectrophotometrically. Each point and bar represent the mean
value and S. D. of results from four cultures. The absence of a bar indicates that the S. D. falls within
the symbol.
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Fig. 5. Sensitivity ot yeast cells that overexpressed Cdc34 to various anticancer drugs. Yeast
cells carrying pRS425 {control) or pRS425-CDC34 (p1P1-F2) were grown in SD (-leu) medium that
contained 5-fluorouracil, adriamycin, cisplatin, mitomycin or peplomycin.  After a 48-hr incubation,
absorbance at 620 nm was measured spectrophotometrically. Each point and bar represent the mean
value and S. D. of results from four cultures. The absence of a bar indicates that the S, D. falls within
the symbol.
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= cdc34 E109D111LEN3A

— e ey cde34 -1 aa

T Ubiquitinbinding site (Cys 95}

Fl ¢atalytte domain (1-170 aa)

B CDC34 unique Insert (103-114 aa)
(] CDC53-binding domain {171-209 aa)

Fig. 6. Structural domains of Cdc34 and construction of mutant proteins. Cdc34 has only
one cysleine moiety, located at position 95, and this cysteine moiety is known to be the binding site
for ubiquitin. The altered amino acids are located in a 12-residue segment of Cdc34 that is not
found in most other E2s and might be involved in the unique activity of Cdc34.
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Fig. 7. Effects of overexpression of Cdc34 or its mutants on the sensitivity of yeast cells to
MeHg and ubiquitination of proteins. a, Yeast strains carrying pRS425 (coniro!), pRS5425-
CDC34, pR3425-cdc34 554, pRS425-cdc34 108, D11 E1134 or pRS425-cdc34 1-170 =2 were grown in
SD (-lew) medium in the presence of various concentrations of MeHgCl. After a 48-hr incubation,
absorbance was measured at 620 nm. Each point and bar represent the mean value and S.D. of
results from three cultures. The absence of a bar indicates that the $.D. falls within the symbol. b,
Lysates of these cells were subjected to immunoblotting analysis with multiubigquitin-specific

antibody. Staining with Coomassie blue (lower panel) is shown as an indication of the amount of
fotal protein loaded.
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Fig. 8. Effects of overexpression of component proteins of the ubiquitin system on sensitivity to
MeHg and ubiquitination of proteins. a, Yeast cells harboring pYES2 (control}, pYES2-UBA1,
pYES2-CDC34, pYES2-CDCS53, pYES2- SKP1 or pYES2-HRT1 were cultured in SG {-ura) medium in
the presence of various concentrations of MeHgCl. After a 48-hr incubation, absorbance was measured
at 620 nm. Each point and bar represents the mean value and 8.D. of results from three cullures. The
absence of a bar indicates that the S.D. falls within the symbaol. b, Lysates of these cells were subjected
to immunoblotting analysis with muitiubiquitin-specific antibody. Staining with Coomassie blue (lower
panel} is shown as an indication of the amount of total protein loaded.
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Fig. 9. Effects of overexpression of Cdc34 {Ubc3}, Ubc4, Ubc5 or Ubc7 on sensitivity to MeHg
and ubiquitination of proteins. a, Yeast cells carrying pYES2, pYES-CDC34, pYES-UBC4, pYES-
UBCS or pYES-UBC7 were grown in SG (-ura) medium that contained methylmercuric chloride
(MeHgCl). After a 48-hr incubation, absorbance at 620 nm was measured spectrophotometrically. Each
point and bar represent the mean value and 8. D. of resulis from four cultures. The absence of a bar
indicates that the S. D. falls within the symbol. b, Lysates of these cells were subjected to
immunoblotting analysis with multiubiquitin-specific antibody. Staining with Coomassie blue {lower
panel) is shown as an indication of the amount of 1otal protein loaded.
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Fig. 10. Effects of MeHg on the ubiquitination of proteins. Yeast cells carrying pRS425
{control) or pRS425-CDC34 were cultured for 3-hr in the presence or absence of MeHgCl (100
nM). Lysates of these cells were subjected to immunoblotting analysis with multiubiquitin-specific
antibody. Staining with Coomassie blue (lower panel) is shown as an indication of the amount of
total protein loaded.
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Fig. 11. Effects of MG132 (proteasome inhibitor) on Cdc34-mediated MeHg resistance in yeast
cells. Yeast erg6 cells that harbored pRS425 (control) or pRS425-CDC34 were grown in SD {-leu)
medium, with or without the proteasome inhibitor MG132, in the presence of various concentrations of
MeHgCI. After a 48-hr incubation, absorbance was measured at 620 nm. Each point and bar represent
the mean value and S.D. of results from three cultures. The absence of a bar indicates that the S.D.
falls within the symbol.
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Fig. 12. Effects of proteasome activity on sensitivity to MeHg in yeast cells. Yeast WCG4a cells
{control} and WCG4-11a cells {proteasome defective cells) were grown on a plate of agar-solidified YPD
medium for 3 days with or without MeHgCl and then the plate was photographed.
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Fig. 13. Eftects of MeHg on the levels of transcripts of the component genes of the ubiquitin
system. Each lane was loaded with 20 pg of total RNA extracted from yeast cells (W303B) after
treatment with methylmercuric chloride (MeHgCl) for 80 min. The bands of 255 and 185 RNA {lower
panel) provide an indication of the amount of total RNA loaded in each lane.
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Fig. 14. Effects of overexpression of human Cdc34 (hCdc34) in HEK293 cells on the sensitivity
to MeHg. a, Northern blotting analysis of hCDC34 mRNA, HEK293 cells were transfected with
pcDNAZ.1-hCDC34 or the pcDNA3.1 emply vector. Three clones of hCDC34 transfectants (hCDC34-1
o hCDC34-3) and two clones of cells transfected with the pcDNA3.1 empty vector (pcDNA3.1-1 and
pcDNA3.1-2) were established. Each lane was loaded with 20 pg of total RNA extracted from the
indicated transfectant. Bands of GAPOH mRNA and of 285 and 185 RNA are shown as indications of
the amount of total RNA loaded. b, Sensitivity of each transfectant to MeHg. Each transfectant was
cultured for 7 days in the presence of various concentrations of MeHgCI. Each point and bar represent
the mean value and S.D. of results from three cultures. The absence of a bar indicates that the S.D.
falls within the symbol. )
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