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The proteasome is a multicatalytic proteinase composed of a number of non-identical subunits. A Xenopus pituitary cDNA was isolated and found

to code for the f-subunit of proteasome. The amino acid sequence deduced from the open reading frame consisted of 215 amino acid residues with

a calculated molecular weight of 23 979. A comparative structural analysis indicated that the proteasome subunits can be divided into two groups

with the same evolutionary origin. One group consists of subunits with an N-terminally blocked residue and includes components €2, C3, C8 and
C9, while the second group of non-blocked proteins includes component C5 and the S-subunit.
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1. INTRODUCTION

The proteasome is a symmetrical, cylinder-shaped
particle which is present in both nucleus and cytoplasm
of a variety of eukaryotic cells [1]. This particle with a
sedimentation coefficient of approximately 20 S (molec-
ular mass about 750 kDa) is composed of a character-
istic set of at least 13 non-identical polypeptide sub-
units with molecular masses between 20 and 35 kDa
[2-4]. The individual subunits may each have a unique
catalytic property, i.e. cleavage of peptide bonds on the
carboxyl side of basic, hydrophobic or acidic. amino
acid residues [5]. The cellular function of the protea-
some is, however, still unknown although recent evi-
dence suggests that this highly-conserved particle is a
multifunctional proteinase involved in the degradation
of proteins (and possibly also RNA) in a non-lysosomal
pathway [6-8]:

For the elucidation of the role of the proteasome it
is important to determine the primary structures of all
subunits of this proteinase complex. Recently, cloning
and sequence analyses of cDNAs revealed the structures
of a number of subunits of human, rat, Drosophila,
yeast and archaebacterial proteasomes [9-17]. Here we
report the cloning of a Xenopus pituitary' cDNA en-
coding another component, the f-subunit, of the pro-
teasome.
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2. MATERIALS AND METHODS

A cDNA library in the vector AZAFP-1I (Stratagene) was constructed
with RNA isolated from intermediate pituitary glands of black-back-
ground-adapted Xenopus laevis. From this library single plaques were
picked at random and the recombinant pBluescript SK-phagemids
were rescued from the bacteriophage (AZAP) clones by in vivo exci-
sion according to the instructions of the manufacturer. Sequencing on
both strands and with pBluescript subclones was performed with sin-
gle-stranded and double-stranded DNA using T7 DNA polymerase
and the dideoxy chain termination method [18). For Northern blot
analysis, poly(A)* RNA was isolated from Xenopus liver with guanidi-
neisothiocyanate and oligo(dT) cellulose, and RNA samples (10 gg)
were fractionated on a 1.2% agarose gel in 2.2 M formaldehyde. After
transfer [19], the filter was hybridized in standard hybridization buffer
[20] in the presence of 50% formamide with insert DNA of ¢cDNA
clone X7355 32P-labelled by random priming to 5 x 10° cpm/ug DNA.
Homology searches were performed with the CAOS/CAMMSA com-
puter facility of the University of Nijmegen which includes the se-
quence alignment program Clustal [21],

3. RESULTS AND DISCUSSION

3.1, Cloning and sequence analysis of pituitary cDNA
encoding the B-subunit of Xenopus proteasome

The prohormone proopiomelanocortin (POMC) is
expressed to very high levels in the melanotrope cells of
the intermediate pituitary of Xenopus adapted to a black
background [22]. During our search for proteins co-
expressed with POMC we isolated from a Xenopus in-
termediate pituitary cDNA library a ¢DNA clone
(X7355) with an insert of about 900 bp (which includes
a poly(A)-tail of 35 nucleotides) (Fig. 1). A putative
polyadenylation signal (ATTAAA) is located 29 nucleo-
tides upstream from the polyadenylation site. The lon-
gest open-reading frame of clone X7355 codes for a
protein of 215 amino acids, giving a protein with a
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5/ =~GAATTCCGTGAATCTGCTGGCCC 22

GGGGGACCGC'TCCTGGAGAGCTGCACTGTTTCCCCGGGGCGGGTCCGGTCAGRCACACACTGAACCCT 90

1 10

Met val Thr Gly Thr Ser Val Leu Gly Val Lys
ATG GTG ACG GGA ACC TCT GTG CTG GGA GTG ARA

30

Asp Met Leu Gly Ser Tyr Gly Ser Leu Ala Arg
GAC ATG CTG GGC TCC TAT GGG TCG CTG GCG AGA

50

Val Ask Glu Asn Thr Ile Leu 6ly Ala Ser Gly
GTG AAT GAG AAC ACT ATT CTG GGG GCA TCT GGA

70

Gln Val Ile Asp Gln Met val Ile Asp Glu Glu
CAG GTC ATT GAT CAG ATG GTC ATC GAT GAG GAG

90

Pro Lys Ala Ile His Ser Trp Leu Thr Arg Val
CCA AAG GCC ATT CAC TCA TGG CIG ACC CGG GTC

110

Pro Leu Trp Asp Thr Val Vval Ile Gly Gly Phe
CCC CTG TGG AAC ACC GTC GTT ATT GGG GGT TTC

130

Val Asp Lys Lleu Gly Val Ala Tyr Glu Ala Pro
GTG GAC AAA CTG GGC GTG GCC TAT GAN GCA CCA

150

Leu Ala Gln Pro Leu Leu Arg Glu Val Thr Glu
CTG GCA CAG CCG CTG CTG AGA GAA GTA ACC GAG

170

Ala Arg Gln Leu Val Asp Arg Cys MHet Lys Val
GCT CGG CAG CTT GTA GAT CGT TGC ATG AAA GTT

190

Ash Arg Phe Glu Lle Thr Thr Val Thr Glu Ser
AAT CGG TTT GAG ATC ACC ACG GTA ACA GAA AGC

210

Ser Glu Thr Asn Trp Glu Ile Ala His Leu Ile
TCA GAA ACC AAC TGG GAA ATC GCT CAC CTG ATC

20
Phe Asp Gly Gly Val Ile Ile Ala Ala
TTT GAT GGG GGA GTG ATT AIT GCG.GCG . 150

40
Phe Arg Asn Ile Ser Arg Ile Met Lys
TTC CGC AAC ATC TCC AGG ATA ATG AAA 210

60

Asp Tyr Ala Asp Tyr Gln Tyr Leu Lys
GAC TAC GCG GAT TAT CAG TAT CTC AAG - 270

80
Leu Val Gly Asp Gly His Asn Tyyr Ser
CTG GTG GGG GAC GGA CAC AAT TAC AGC 330

100
Met Tyr Asn Arg Arg Ser Lys Met Asn
ATG TAC AAC CGG AGG AGC AAG ATG AAC 390

120
Tyr Asn Gly Glu Ser Phe Leu Gly Tyr
TAT AAT GGA GAG AGT TTC CTT GGA TAC 450

140
Thr Ile Ala Thr Gly Phe Gly Ala Tyr
AcC AT GCT ACG GGC TTIT GGC GCA TAC 510

160

Asn Lys Ala Thr Leu Ser Lys Glu Glu
AAT AAA GCG ACT CTG AGT AAG GAA GAG 570

180
Leu Tyr Tyr Arg Asp Ala Arg ser Tyr
CTG TAT TAC AGA GAC GCC CGC TCA TAC 630

200
Gly Val Glu val Glu Gly Pro Leu Ser
GGA GTG GAG GTT GAA GGG CCT CTG. TCA 690

Ser Gly Phe Glu ww¥
AGC GGC TTC GAG TGA TCCCGGCGTCACGTT 753

TCTGCTCCTTCTTCTYCATCATCAG T I TTCT TATTG TT T T CTTGCTTATGTAATGGCACTTCTGTTTTCTAAATGAAC 832
ATTMACTGGGAGACAMTGGGICGMACMCAMMMMMMAMMMMMMMMACGGMWC*-3 f 910

Fig. 1. Nucleotide sequence and deduced amino acid 'sequence of pituitary cDNA encoding the f-subunit of Xenopus proteasome. The putative
signal for polyadenylation (ATTAAA) is overlined.

calculated molecular weight of 23 979. A computer ho-
mology analysis at the protein level (NBRF protein
database; release 28) revealed that the N-terminal 24
amino acid residues of this protein are nearly identical
(92% identity) to the N-terminal region that has been
sequenced for the B-subunit of proteasome isolated
from human erythrocytes [23] (Fig. 2); no significant
identity with any other protein was found. A database
search at the nucleotide sequence level (EMBL nucico-
tide database; release 27) showed no significant identity
with any nucleotide sequence. We conclude that clone
X7355 encodes the f-subunit of Xenopus proteasome,
Northern blot analysis of Xenopus liver poly(A)” RNA
with clone X7355 as a probe revealed only one hybrid-
izing band of about 1050 nucleotides (data not shown),
indicating that X7355 is a nearly full-length cDNA
clone.

3.2. Compavrison between the amino acid sequences of

proteasomal proteins
Purification of the human proteasome from erythro-
cytes revealed the existence of at least' 13 subunits of
different primary structures {23]. Most of these subunits
have been found to be N-terminally blocked [23], a
situation also reported for rat proteasome subunits [10].
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Molecular cloning of ¢cDNAs has revealed the structu-
res of four of the N-terminally blocked proteasome
subunits (components C2, C3, C8 and C9) [9-11,13,14].
In addition, for five of the non-blocked subunits the
N-terminal sequences have been determined by Edman
degradation and these subunits have been named a, £,
¥, ¢ and € in order of their decreasing apparent molec-
ular weights (from 30 to 20 kDa) [23]. Cloning of one
of the non-blocked subunits (C5) [9,12] has indicated
that it corresponds to the y-subunit of the proteasome.
Alignment of the structures of components C2, C3, C5
(%), C8 and C9 has shown that the amino acid sequences
of C2, C3, C8 and C9 are similar while the sequence of
C5 () has diverged markedly from those of the other
subunits, It has therefore been concluded that C5 (y) is
a new type of subunit of the proteasome complex [9,12].
The predicted amino acid sequence of the Xenopus f-
subunit' shows a low but significant identity with all
subunits of human proteasome although the highest
identity is with component C5 (y) (Fig. 2). From the
above it appears that the proteasome subunits form a
multigene family which can be classified into at least
two groups, one group consisting of the a-, -, y- (C5),
J- and g-subunits with a free N-terminus and a second
group including components C2, C3, C8 and C9 with
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10 20 .30 40 50 60 70
Human o XXIA ADITXATXVI
Human & ' XXI MLGADSRTTTGSY T
Human € ‘ XXXLAFK~ VIVAADSRATAGGYF
Human B TQNPMVT—GTSVL%E F AADMLG
Xenopus B: MVT-GTSVL DGGY JLIAADML - - -GSYG- - - -8 LA-
Human ¥ : XF-SP 1 LATAGEDFALVA
Human C5 : MLSSTAMY SAPGRDLGMEPHRAAGPLQLRF - SP ILATAGEDFRIVASDTRIUSEGFS
Human C2 : [MFR--N DW@@IH 1E QGSATVELKSKT—@A
Human C3 : |MAE--RQYSFSLITFSASAKLVAT GGAPS AAN- AT
Human C8 : [MSSIGTGYDLSASTFSEDGH EJQV ENSSTAIGIRCKD-GVVFG
Human €9 : [MSR--R-YDSRIMIFSHEGRLYQV IGHAGTCLGILAND-

8 110 120 0

0 100 1130 14
xB : RF-RNISRI ENTTLGASEDY B voYilKo QMVIDEELVGDGHNYSP H-SWTRVM- - SKM
HC5 : IHTRDSPKCYKLTDKIVIGCSEFHGECLTMTK ITEARL -KMYKHSNNKAMTTGATA - AMLISTIL, - -¥|SRR- - F

1 S

90

SLIGSKTQIBTQR

:?i?gu [BCNFM--ROECLDSRFVEFD 2
IR[VER

HCZ : AHQ“-ﬁI,LHVDN IQI S TR TA

HC3 : DERSV-HKVEPITKHIGLVYSEMCHEVRVEVERA - QYYLVYQEPIHTA RVASVMQH

HC8 : EEGS-NKRLFNVD LL wA;ggADIA---E SNFRSNFGYNIHLKHLUADRVAMYVHAYTLY SAV

HCY - JFFSERITYKLNEDMAC SVAT T SIRANVITNEL - - RYLLQYQEPIHCE ALCDIKQAYTQFGIGK

150 160 170 180 190 200 210

XB BLWNTVVIGGFYNGESFLGYY DK EAPTIA FGAY—LAQPLLREVTEﬂﬂSTLSI EARQLV?SOW

HC5 : FYYVYNI[IGGLDEEGKGAVYSFDPVE- SHORDSF SASA-MIJQPLLDNQVGHRINMQ HVPLSLW-HE

HC2 12d3yD- DMAPHIFRTCPSA - Nr DCREAMSTEARSO YILERHMSEFMEC -~ ~~NLNELVKHGL
HC3 : [Rig ICWNEGRPY -JFQSDPSG- EKNYVNGKIFLEKRYNEDLELEDATHTATL-TLKES

HC8 : Rig FMLGSYSVNDGQAQLYMIDPSGVSHG YW -GCATEKARD EIEKLQM- ~KEMTCRDI - - VKEVAKT

HCco : R v IGWDRHYIGF OISR S G- N ATcIgNNs SMLKQDY - — - KEGEMTLKSALALAIKY

220 230 240 250 260 270 280 299

XB 't RVL--YYRDARSYNRFEITTVTESGVE PLES WEIA HISGFE
HC5 : RLVKDVFISAAERDVYTGDALRICIVIKEG- IREETH- - -~ VSLRK~~D

HCZ : RALRETLPAEQDLTTKNVSIGIVGKDLEFTIY-—DDDDVSPFLECLEERPQMEAQPRQPADEPAEKADEPMEH

HC3 : FE-GQ-MTEDNIEVG-ICNEAGH-==~===w= FRRLUTPTEVKDYLAATA
HC8 : IY-IVHDEVKDKAFELELSWVG-=nm=-mmem—— TNGRHEIVPKDIREEAEKYA--KESLKEEDESDDDNM
HCS : LNKTMDVSK-LSAEKVEIATLTRENGKTV--IRVILKQKEVEQLIKKHEEEE E-~RE~-KKEKEQKEKDK

Fig. 2. Alignment of the amino acid sequences of proteasomal proteins. The one-letter amino acid notation is used. Gaps (-) have been introduced
to achieve maximum homology. Residues are boxed in black if they are identical in all sequences at the respective position. Residues identical
between component C5 and the g-subunit are boxed as are residues identical in all or in all but one of the sequences of components C2, C3, C8
and C9. Sets of four or more identical residues in the N-terminal regions of the o-, -, y-, 8- and g-subunits are also boxed. X indicates residucs
for which identifications were uncertain in the N-terminal amino acid sequencing [23]. The human sequences have been taken from [9,23].
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