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Fig. 1. Ubiquitin-proteasome system. Ubiquitin is activated initially by ubiquitin-activating
enzyme (E1) via formation of a thiolester bond with this enzyme. The activated ubiquitin is then
transferred to one of a large number of distinct ubiquitin-conjugating enzymes (E2s} by
transthiglation. The E2 enzymes then catalyze the ubiguitination of substrate proteins either
directly or in conjunction with one of a number of distinct ubiquitin-ligases (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 10 MeHg.
Yeast strains carrying pRS425 (control) or pRS425-CDC34 were grown on a plate of agar-
sofidified SD (-leu) medium for 3 days with or without MeHgCl.
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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 (-leu} medium that
contained methylmercuric chloride (MeHgCI}, mercuric chioride (HgCle), p-chlore-mercuribenzoate
{pCMB), copper chloride (CuCk), zing 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 vatue and 8. 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. 4. Sensitivity of yeast cells that overexpressed Cdc34 to various oxidative-stress inducing
agents. Yeast cells carrying pRS425 (control} or pRS425-CDC34 (p1P1-F2) were grown in 3D (-leu)
medium that conlained 2,2-azohis(2-amidinopropane)dihydrochioride (AAPH), hydrogen peroxide,
paraquat, methyl methanesulfonate (MMS), 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 culiures. The absence of a bar indicates that the S. D. falls within

the symbol.
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Fig. 5. Sensitivity of yeast cells that overexpressed Cdc34 to various anticancer drugs. Yeast
cefls carrying pRS425 (control) or pRS425-CDC34 (p1P1-F2) were grown in SD {-leu) medium that
contained B-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
vatue 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. 6. Structural domains of Cdc34 and construction of muiant proteins. Cdc34 has only
one cysteine moisty, located at position 85, 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 (control), pRS425-
CDGC34, pRS425-cde34 c9s8, pRSA25-cdc34 £108 D115 EN13A or pRS425-cde34 170 2 were grown in
SD {-leu) 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 8.D, of
results from three cultures. The absence of a bar indicates that the S.D. falls within the symbol. b,
Lysates of these celis were subjected to immunoblotting analysis with multiubiguitin-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. 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-CDC53, pYES2- SKP1 or pYES2-HRTT were cultured in SG (-ura) mediuym 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 S.D. of results from three cultures. The
absence of a bar indicates that the S.D. falls within the symbol. b, Lysates of these cells were subjected
fo immunoblotting analysis with multiubiguitin-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), Ubed, Ubeh or Ubc7 on sensitivity to MeHg
and ubiquitination of proteins. a, Yeast cells carrying pYESZ2, pYES-CDC34, pYES-UBC4, pYES-
UBCS5 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 results from four cuttures. The absence of a bar
indicates that the S. D. falls within the symbol. b, Lysates of ihese celis were subjecied to
immuncblotting analysis with multiubiquitin-specific antibody. Staining with Coomassie biue (lower
panel) is shown as an indication of the amount of fotal protein loaded.
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Fig. 10. Effects of MeHg on the ubiquitination of proteins. Yeast cells carrying pRS425
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antibody. Staining with Coomassie biue (lower panel) is shown as an indication of the amount of
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Fig. 11. Effects of MG132 {proteasome inhibitor) on Cdc34-mediated MeHg resistance in yeast
cells. Yeast ergé cells that harbored pRS425 (control) or pRAS425-CDC34 ware grown in SD (-leu)
medium, with or without the proteasome inhibitor MG132, 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 vaiue 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. 13. Effects 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 (MeHgCI) for 90 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. Eftects of overexpression of human Cde34 (hCde34) in HEK293 cells on the sensitivity
to MeHg. a, Morthern biofting analysis of hCDC34 mRNA. HEKZ293 cells were transfected with
pcDNA3.1-hCDC34 or the pcDNA3.1 empty vector. Three clones of hCDC34 iransfectants (hCDC34-1
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the amount of total RNA loaded. b, Sensitivity of each transfectant io MeHg. Each transfectant was
cultured for 7 days in the presence of various concentrations of MeHgCL Each point and bar represent
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Tablel As(INTHE TSR E RO —H T AR

- AsR1 chromosome XV 34000-34500bp
ER(ACGIO - - - triplet codon-amino acid adaptor(iRNA)
YOLCdela9
SLGHHCSTTWSC)YORO0BC) « + + osmotic Tespanse elc.
YORO08C-A * + - mitomycin C resistance

- AsR2 chromosome X 175000-182000bp

PBS2 (HOG4,8F84,55K4, YJL128C) - - - MAP kinase kinase:osmosensory signaling pathway

YiLI27W-F.A
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oo TIT. INHOTIAZ RERERL
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R 115 R £ 5780001F 5 40 & 596 kbp @D
B THDZ EAHBALZ, £z, L&D
FeHR—=ZERANEZEICED, E0&
IRBETHFENENDYT / LW —
RENTNWELERNZ, TOR/RIT,
Table AR L7 TH O, AsRIBIN
AsR4iZi3. BIHIOE EBiHEEE T & L
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THO. AsRI2OER K UL EZRL
7Ze

(3) ASRIBEUN T F 7 A bIZEEL

~ASROVH O 7 T T A o - OE A B
DR
HEERERNT &/ LDNAB AR AT
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