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In eukaryotes, the intracellular degradation of pro-

teins is a precisely controlled process. This controlis

ensured partly by an enzyme system capable of selec-

tively marking proteins intended for rapid intracel-

lular degradaticn by the covalent attachment of ubi-

quitins, and partly by a multicomponent ATP-depen-

dent protease, the 26S proteasome which clusively

degrades ubiquitinated proteins [1-5]
.

Target specificity within the ubiquitin pathway is

determined by two recognition steps [6, 7]. The hrst

selects appropriate substrates for ubiquitination.

The second step in defining the specificity of ubiquitin

-dependent proteolysis involves the recognition of

multiubiquitinated proteins by the 26S proteasome

Substrate selection by the 26S proteasome is presum-
ably mediated by the interaction of specific compo-
nents of the 19S/PA700 regulatory complex with

multiubiquitinated proteins. Although little is known
for this essential step, a subunit of the human 19S/

PA700 regulatory complex, designated S5a, that can
bind ubiquitin-lysozyme conjugates in vitro was
recently identified L6]. The corresponding gene was
subsequently identified in Arabidopsis thaliana [7].

Sequence analysis revealed that homologs to this

gene, designed AtMBPI for A. thalialla multiubiquitin

-binding protein, are present in a wide variety of other

eukaryotes as well, including Saccharomyces cer-

evisiae. Drosophila melanogaster. Coenorhabditis

elegans, rice and caster beans [7].

Multiubiquitin chain binding is one of the key func-

tions of the 26S proteasomal-selective degradation

process. We tried to clone and analyze a full length

CDNA encoding a subunit of proteasome, a
homologous to A. thalialea MBP1, from rice (Oryza

sativa L.
, cv. N ipponbare) ,

which is a

monocotyledonous plant.
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Our large-scale sequencing of randomly chosen rice

CDNAS has produced many CDNAS Which exhibit

significant sequence similarities to previously estab-

lished sequences [8]. Among them, a CDNA clone

from 8-day-old rice seedling mRNAS, OsS5a (Oryza

sativa Subunit 5 a)
,
exhibited strong homology to A.

thaliana MBP1.
It is likely that the cDNA insert represents the

complete coding region of the gene. The clone con-

tains an ORF from an ATG codon located at position

71, until a stop codon at position 1279, followed by a
256-bp 3' untranslated region with a poly(A) tail.

The ORF encoded a protein of 402 amino acids.

Using the Smith and Waterman homology search [9],

significant homology was observed with potential

products of ORFS from A. thalia,ea MBPI (64.9%

identity) L71, human S5a (42.1% identity) [10], D.

melanogasler S5a (38.3% identity) [1l] (Fig. 1).

This amino acid sequence had a highly conserved N-
terminal region and had some characteristic motifs.

We detected a nuclear localization signal (NLS)

sequence, as well as ,~!-type proteasomal subunits

[12]. Recentry it was shown that the highly conser-

ved region (residue 213 to 242) with a GVDP motif

and a repeated hydrophobic sequence (LALAL/
VorL) was necessary for the multiubiquitin chain

binding [13, 14]
.

This region in Rice OsS5a was also

highly conserved, and thus it is likely that rice OsS5a

functions also as a multiubiquitin binding protein.

But rice OsS5a had a DVDP motif instead of the

GVDP motif in this region although second GVDP
motif (residue 366 to 369) which was not considered

as a significant motif vvas well conserved [13]. It will

be required to investigate the ability of multiubiquitin

chain binding of rice OsS5a. Rice OsS5a possessed

an alanine (A) -rich region starting at residue 200,

similar to A. thaliana MBPl. It may be a character-

istic of plants because neither human nor D.

melan,ogaster had this region [10, 1l]. The C-termi-

nal region was more poorly conserved than the N-
terminal region. But interestingly, it had a KEKE-
like motif in the C-terminal region similar to human
S5a [lO] and the KK at the C-terminus was especially

well conserved. These KEKE motifs are present in
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Fig. I The alignment of the amino acid sequence of the rice OsS5a subunit

With those of equivalent proteasome subunitS of other species, Arabidopsis

MBPl, human S5a, and Drosophila S5a subunits. The asterisk (* )shows
the nuclear lOCalization signal (NLS) Box I indicates the alanine (A)

rich region A significant region for multiubiquitin chain binding was
reported [13, 14]. Box 11 indicates the corresponding region in rice

OsS5a. The crosses and double underlineS indicate G (or D) VDP motifs

and a hydrophobic region, respectively. Box 111 indicates the KEKE-1ike

sequence. Dots (.) indicate identical amino acid residues to the corre-

Sponding rice sequence, and dashes (-) indicate blanks introduced to

achieve maximum similarity.

PA28a, a-type subunits of the 20S proteasome, non-
ATPase subunits of the 19S/PA700 complex, and

other proteins such as chaperonins. Thus, these

regions have been believed to be involved in the for-

mation of protein complexes [15, 16]. Amino acids

of rice OsS5a lvas larger than its homalogs of other

species. A thaliana MBPl, exhibited the higher

homolog_v vvith rice OsS5a, was 16 residues shorter

than the rice OsS5a. Amino acid components of this

product provided isoelectric point (pl) of about 4.-?.

It is likely that this pl value, Iike human S5a, was
lcwer than those of other 19S/PA700 regulatory

subunits of rice Ll71.

Genomic Sourthen hybridization under high-strin-

gency conditions revealed that the gene for rice OsS5a

as well as its homologs ~vas a single copy (Fig. 2) L7,

10, 1l]. This gene was deduced to have at least 1
intron, because ECORI digestion caused the formation
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Fig.2 Result of Southern

blot analy.-is of rice

genomic DNA probed

with the full length

OsS5a CDNA (about l
5kbp) Genomic DNA
was digested with the

following restriction

enzymes: Bgl 11 (lane

1)
.
ECORI (1ane ~-)

,
Hin.d

III (lane 3). Xba I (1ane

4)

of 2 bands and cDNA for OsS5a has no ECORI site.

Under low-stringency conditions, several additional

faint bands could be detected (data not shown) This

result indicates that there are additional sequences
similar to this gene in the rice genome.

RNA blot analysis revealed that its mRNA was
expressed in both suspension cultures and rice seed-

lings (Fig.3)
.

The mRNAexpression was especially

high in suspension cultures that ~vere proliferating

rapidl_v. Ten-day-old seedlings are fully expanded

cotyledons. T~~~enty-day-old seedlings develop true

leaves and the cotyledons begin to turn yellow-green.

In this 20-day-old seedlings, the mRNA w'as present

at the lowest level These results suggest that this

subunit plays a role in cell proliferation or cell cycle

progression.
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