YAKUGAKU ZASSHI 127(3) 463—468 (2007) © 2007 The Pharmaceutical Society of Japan 463

—Reviews—

AFIIKBICHTIRZHRERFELTCOIAEXFFL - 7OTT7Y) — LS RAT LA
O |

A Ubiquitin-proteasome System as a Factor that Determine the Sensitivity to Methylmercury
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To elucidate the mechanism of toxicity of methylmercury (MeHg), we searched for factors that determine the sen-
sitivity of yeast cells to MeHg and found that overexpression of Cdc34 or Rad23, both proteins related to the ubiquitin-
proteasome (UP) system, induces resistance to MeHg toxicity. The acquisition of resistance to MeHg in Cdc34-overex-
pressing yeast cells requires the ubiquitin-conjugating activity of Cdc34 and the proteolytic activity of proteasomes.
Therefore, it seems likely that certain as-yet-unidentified proteins that increase MeHg toxicity might exist in cells and
that the toxicity of MeHg might be reduced by the enhanced degradation of such proteins through the UP system when
Cdc34 is overexpressed. Unlike Cdc34, Rad23 suppresses the degradation of ubiquitinated proteins by proteasomes.
This activity of Rad23 might be involved in the acquisition of resistance to MeHg toxicity when Rad23 is overexpressed.
Overexpression of Rad23 might induce resistance to MeHg by suppressing the degradation of proteins that reduce the
MeHg toxicity. Moreover, when we overexpressed Cdc34 in normal and Rad23-defective yeasts, resistance to MeHg was
enhanced to almost the same extent in both lines of yeast cells. Thus it is possible that the binding of Rad23 to ubiquiti-
nated proteins might be regulated by a mechanism that involves the recognition of substrate proteins and that the func-
tions of Rad23 might not affect the protein-degradation system in which Cdc34 is involved. Many proteins that reduce or
enhance MeHg toxicity and are ubiquitinated might exist in cells. The UP system and related proteins might determine

the extent of MeHg toxicity by regulating the cellular concentrations of these various proteins.
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Fig. 1. Model for the SCF Complex-mediated Proteasomal
Degradation

Proteins are targeted for degradation by the proteasome through the
covalent attachment of ubiquitin (Ub) moieties. Ub activated by the ubi-
quitin-activating enzyme (E1) is transferred from E1 via ubiquitin-conjugat-
ing enzyme (E2) to the target protein. This final step is catalysed by ubiquitin
ligase (E3). Multi-ubiquitinated proteins are degraded by the proteasome.
Specific target recognition is the function of SCF complex, an E3. The com-
plex is composed of a common core (Cdc53, Hrtl and Skpl) and an F-box
protein.
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Fig. 2. Effects of the Overexpression of Cdc34 on the Sensitivity of Yeast Cells to Methylmercury

a: Structural domains of Cdc34 and construction of mutant proteins. b: Yeast strains carrying pRS425 (control), pRS425-CDC34, pRS425-cdc34C%4,
PRS425-cdc34F109 D111, E1134 or pRS425-cdc34!-17%a were grown in SD (-leucine) medium in the presence of various concentrations of methylmercury. c: Lysates of
each strain of yeast cells, cultured in control medium, 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.



No. 3

465

SBEERMEZED S NLho/z. £z, INnb
BRORIEF T AMALERERED IEE R S FEE
Th-o7=.®

—%, R2I3EETFI77IVU—2FRL THY,
HEFBERE Tl A FOLKERMMERTFE U TRIBL 2
Cdc34 LAt icd, 120D B2 - FRENFEE I N TN
5 10ZZT, ZHH5DOIBEDOWVNL DD B2 D4
THEZEEHT OB ZERL /L5, Cde3d =
EBRHI GBI ZTOREEIISZDDOD,
Ubcd, 5 X3 7 & @ FH S BB S A FILKERT
HEAURL, TNSBMHNOIEFF U LEHEED
EEBRICHRNTEHEZRLE.Y 22TRDOLGN
TR DL, 6 <& B2 5 PO LG R R
DENVIZEDZBDEEZEZ NS, L EOKERNS,
B2 I3 EFF ARG OHEBEHETH D, AiEHE
HOEBBIIMENICBI2EAEOIEFF 1L
EIEESIE D EICE > TAFIVABHEMEICH L T
BiMIERdT 2D EEZ 5N,

AEFF ALEINENEREIIREENICTOT
T = LICRBE SN THEDONII I NS, Cde34
EABUT K2 A FIVKEMEZ T 077 — LAHE
FIEE T CTRED 51T (Fig. 3), £z, BET
BEIZEX > TERTOF 7Y — ATEMNE 2RI BEREDSK
HWEERFIC LR TE WA FIVKBREZEZRT I ED

WEIN=ZENnSG, Cde3d SRKITE B AFILK
Wit 70T 7Y — AL E B I EFF ALEH
BORBNBHETHHEEZEND.

DAL ED#ERMN S, MIEANIIE A FILKEBEMEDH

1.2
= ‘o O pRS425
é:”, ' @ CDC34
s 081 O pRS425 + MG132
E 0.6 1 . CDC34 + MG132
Doa
S 02

0

0 20 40 60 80 100120140
MeHgCI (nM)

Fig. 3. Effects of a Proteasome Inhibitor on the Cdc34-
mediated Resistance of Yeast Cells to Methylmercury
Yeast erg6 cells that harbored pRS425 (control) or pRS425-CDC34
were grown in SD (-uracil) liquid medium, with or without the proteasome
inhibitor MG132 (50 um), which had been dissolved in DMSO, and
methylmercury at the indicated concentration.
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Fig. 4. Effects of a Proteasome Inhibitor on the Hrt3- and
Yir224w-mediated Resistance of Yeast Cells to Methylmer-
cury

Yeast erg64 cells that harbored pKT10 or pKT10-HRT3 (a) or pKT10
or pKT10-YLR224W (b) were grown in SD (-uracil) liquid medium, with or
without the proteasome inhibitor MG132 (50 um) , which had been dissolved
in DMSO, and methylmercury at the indicated concentration.
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Fig. 5. Effects of Overexpression of Mutant Forms of Rad23
on the Sensitivity of Yeast Cells to Methylmercury

a: Schematic representation of the structural domains of Rad23 and the
mutant proteins generated in this study. Rad23 contains a ubiquitin-like
(UbL) domain and two ubiquitin-associated (UBA) domains. b: Yeast cells
that overexpressed FLAG-Rad23 or mutant derivatives were cultured in SD
(-uracil) liquid medium that contained methylmercury at the indicated con-
centrations.
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Fig. 6. Regulation of Methylmerury Toxicity by Ubiquitin-proteasome System
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