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DEFELINRIERBOS . FOEH/IL-T BICHY T (DA—MTa29F5%) 5. %
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BHEBELVIEE) ANz, Gp78 7T/ DA IILA
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DIFIEBRICAWV. 7T/ 71ILADT D RER
SR DFEANTRIHFET T BB F AT R
FYFTFLTF/ 94 L AOFETHEEIZDONT
FEF#®—12 BRICLR—42—¢C LTHAWL:
GFP 7T/ DANRDEREBRET LI LITEK
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B % TH o BT & © & 5
alpha-methyl-DL-Tyrosine (AMPT)® iR #% 5. T
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EL. MBI A EMES L. TUNEL %5 & UEHE
EhANR—€3 ODREZEICTELY To7,
Parkin-/-¥ I RIEITF Y 3% 2 DD lox-P site
TldEENTz PCKneo Bty FTEEHRZ S
ElZk>TER LTz, ORP150-/-T ™2 A, ORP150
FSURD oI IVRIEENREFNEEICK
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FF—NREUOEAZERTHAS I EITES
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FE LD PaelR SRy IIIRADE
BIDEITT Pacl-R DBRIRBHIREMRTO F—
NREUVELEZWMEEIEILEDT—EANEGLATY
Do COKIGIEMND Pael-R DEBIELZOR
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nef BAICKYBEGERLLZEI/IQITYTE, BEFE
BEFOTERE nef ZEALLETHIDTYTICEVNTTF4 77 L
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AUROEERBEERTARFAZIIQT) TOEMEMRITE< B
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HIV AV AR 2 RIS T 5 & MR MR TE Ao 1
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ARV BIEFEIDTYTOESHERICEEY
BEZRELTVWBEBRAOND O . SHRER
SHK. Western blot HBEETHHLTRAET
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[15] Large- and Small-Scale Purification of Mammalian
26S Proteasomes

By Yuko HIRANO, SHIGEO MURATA, and KEuT TANAKA

Abstract

The 26S proteasome is an ATP-dependent protease known to collabo-
rate with ubiquitin, whose polymerization acts as a marker for regulated
and enforced destruction of unnecessary proteins in eukaryotic cells. It is
an unusually large multi-subunit protein complex, consisting of a central
catalytic machine (called the 20S proteasome or CP/core particle) and two
terminal regulatory subcomplexes, termed PA700 or RP/regulatory parti-
cle, that are attached to both ends of the central portion in opposite
orientations to form an enzymatically active proteasome. To date, proteol-
ysis driven by the ubiquitin-proteasome system has been shown to be
involved in a diverse array of biologically important processes, such as
the cell cycle, immune response, signaling cascades, and developmental
programs; and the field continues to expand rapidly. Whereas the protea-
some complex has been highly conserved during evolution because of
its fundamental roles in cells, it has also acquired considerable diversity
in multicellular organisms, particularly in mammals, such as immunopro-
teasomes, PA28, S5b, and various alternative splicing forms of S5a
(Rpm 10). However, the details of the ultimate pathophysiological roles
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of mammalian proteasomes have remained elusive. This article focuses on
methods for assay and purification of 26S proteasomes from mammalian
cells and tissues.

Introduction

The 26S proteasome is a protein-destroying apparatus capable of de-
grading a variety of cellular proteins in a rapid and timely fashion. Most, if
not all, substrates are modified by ubiquitin before their degradation by the
26S proteasome. The covalent attachment of multiple ubiquitins on target
proteins is catalyzed by a multienzyme cascade, consisting of the E1 (Ub-
activating), E2 (Ub-conjugating), and E3 (Ub-ligating) enzymes (Hershko
and Ciechanover, 1998; Pickart, 2001). The resulting polyubiquitin chain
serves as a signal for trapping the target protein, and, consequently, the
substrate is destroyed after proteolytic attack by the 26S proteasome
(Baumeister et al., 1998; Coux et al., 1996). The 26S proteasome is a
dumbbell-shaped particle, consisting of a centrally located, cylindrical 20S
proteasome (alias core particle, CP) that functions as a catalytic machine
and two large terminal PA700 modules (alias 19S complex, or regulatory
particle, RP) attached to the 20S core particle in opposite orientations.

The 20S proteasome/CP is a complex with a sedimentation coefficient
of 20S and a molecular mass of approximately 750 kDa (see a model of
Fig. 1). It is a barrel-like particle formed by the axial stacking of four rings
made up of two outer a-rings and two inner g-rings, which are each made
up of seven structurally similar «- and [-subunits, respectively, being
associated in the order of aq_7061_781_ 701 7. The overall architectures of
the highly ordered structures of yeast (Saccharomyces cerevisiae) and
mammalian (bovine) 20S proteasomes are indistinguishable, as demon-
strated by x-ray crystallography (Groll et al., 1997; Unno et al., 2002). Three
of the B-type subunits of each inner ring have catalytically active threonine
residues at their N-terminus, all of which show N-terminal nucleophile
(Ntn) hydrolase activity, indicating that the proteasome is a novel threo-
nine protease, differing from the known protease families categorized as
seryl-, thiol-, carboxyl-, and metalloproteases. The catalytic 51, 82, and 5
subunits correspond to caspase-like/PGPH (peptidylglutamyl-peptide hy-
drolyzing), trypsin-like, and chymotrypsin-like activities, respectively,
which are capable of cleaving peptide bonds at the C-terminal side of
acidic, basic, and hydrophobic amino acid residues, respectively. Two
copies of these three active sites face the interior of the cylinder and reside
in a chamber formed by the centers of the abutting 3 rings.

PA700/RP contains approximately 20 distinct subunits of 25-110 kDa,
which can be classified into two subgroups: a subgroup of six ATPases,
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F1G. 1. Molecular organization of 26S proteasomes. (Left panel) Averaged image of the
26S proteasome complex of rat based on electron micrographs. The o and (3 rings of the 20S
proteasome are indicated. Photograph kindly provided by W. Baumeister. (Right panel)
Schematic drawing of the subunit structure. CP, core particle (alias 20S proteasome); RP, 19S
regulatory particle (alias PA700) consisting of the base and lid subcomplexes; Rpn, RP non-
ATPase; Rpt, RP triple-ATPase. Note that relative positions of 195 subunits have not been
established. (See color insert.)

numbered from Rptl to Rpt6 (i.e., RP triple ATPases 1-6), that are
structurally similar and have been highly conserved during evolution, and
a subgroup of more than 15 heterogeneous subunits, numbered from Rpnl
to Rpnl5 (i.e., RP non-ATPases 1-15), that are structurally unrelated to
the members of the ATPase family (Tanaka et al., 2005). The PA700/RP
structurally consists of two subcomplexes, known as “base” and “lid,”
which, in the 26S proteasome, correspond to the portions of PA700 proxi-
mal and distal, respectively, to the 20S proteasome (Glickman et al., 1998).
The base is made up of six ATPases (Rpt1-Rpt6) and two large regulatory
components Rpnl and Rpn2, functioning as presumptive receptor(s) of
ubiquitin-like proteins, and the lid contains multiple non-ATPase subunits
(Rpn3-Rpnl5). The base-complex is thought to bind in an ATP-dependent
manner to the outer a-ring of the central 20S proteasome. The six ATPases
in this base-complex are assembled into one ring complex. The main role of
the ATPase ring is to supply energy continuously for the degradation



