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cDNA cloning of a new type of subunit of mammalian proteasomes 
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The primary structure of a new type of subunit (RN3) of rat proteasomes (multicatalytic proteinase complexes) has been determined from the 
nucleotide sequence of the cDNA. The cDNA encodes a protein of 232 amino acids but the directly determined N-terminal amino acid sequence 
suggests that the subunit is post-translationally processed to a M, = 24k form. Sequence alignments reveal a similarity of RN3 to other proteasome 
subunits. It can be designated a B-type proteasomal subunit but is not closely related to the/l subunit of the archaebacterial proteinase or to other 

members of the B group. 
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1, INTRODUCTION 

Proteasomes or multicatalytic proteinase complexes 
are high molecular mass cylindrical particles which are 
found in all types of eukaryotic cells (see [l-4] for re- 
views). They are localized in both the nucleus and in the 
cytoplasm [5] and seem to play a major role in non- 
lysosomal pathways of protein turnover. Purified mam- 
malian proteasome preparations give rise to a compli- 
cated pattern of up to 25 spots on two-dimensional 
polyacrylamide gels and many of the polypeptides are 
antigenically distinct [6,7]. A related proteinase with 
only two different types of subunit, a and p, has been 
found in archaebacteria. 

cDNAs for many subunits of proteasomes, including 
several rat subunits [S-13], have been cloned and their 
sequences found to be related to those of the 
archaebacterial subunits [ 151. Proteasome subunits can 
be divided into two groups, A and B, depending upon 
whether they show the characteristics of the a or p 
archaebacterial subunit, respectively [ 1,151. Most of the 
cloned cDNAs are of A-type subunits. A-type subunits 
share a highly conserved region at their N-terminus [l] 
and at least some of them are N-terminally blocked. 
B-type subunits, on the other hand, often have an un- 
blocked N-terminus and have more variable sequences. 
Seven sequences have been obtained by direct N-termi- 
nal sequence analysis of rat proteasomes [14]. 

Using N-terminal amino acid sequence data for rat 
(sequence 3) [14] and human (J subunit) [ 161 pro- 
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teasomes, we have cloned the cDNA for one of the 
B-type subunits of the rat proteasome which we have 
named RN3. The results provide new information 
about sequences of the mammalian B-type proteasome 
subunits. 

2. MATERIALS AND METHODS 

Since cells transformed with Rous sarcoma virus have greatly en- 
hanced levels of proteasomal mRNAs [I 71, a cDNA library of Rous 
sarcoma virus transformed rat-l fibroblasts (ts LA29 cells) was con- 
structed in the ZAP expression vector (Stratagene) using a Stratagene 
cDNA synthesis kit. The sequence of the RN3 subunit cDNA was then 
determined using the polymerase chain reaction method of Walker et 
al. [18]. Degenerate oligonucleotides corresponding to the protein 
sequences TQNPMV and VIAADM (obtained from the N-terminal 
protein sequence of the rat and human subunit [14,16]) were used as 
PCR primers. These oligonucleotides had the following sequences: 

Forward: Y-CCCGGGGAATTCAC(N)CA(A/G)AA(T/C)CC- 
(N)ATGGT-3’ 

EcoRI - 

Reverse: S-CCCGGGAAGCTTCAT(A/G)TC(N)GC(N)GC(M 
T)AT(N)AC-3’ 

Hind111 - 

The 102 nucleotide product of the PCR reaction was identified by 
Southern blotting using a degenerate probe based upon part of the 
intervening protein sequence GVKFEG [16] and having the following 
sequence: 

5’-GG(N)GT(N)AA(A/G)TT(T/C)GA(A/G)GG-3’ 

The probe was radiolabelled using polynucleotide kinase and 
[y-j*P]dATP. The PCR product was cut from the agarose gel, purified 
using the Stratagene Geneclean II kit and then cloned into M 13 mp19 
for sequence analysis using the dideoxy chain termination method [I 91. 
The sequence was as follows: 

SACCCAGAATCCGATGGTGACTGGGACATCCGTACTA- 
GGGGTGAAGTTCGACTGCGGAGTGGTGATAGCCGCGG- 
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The underlined portion of the sequence was used to design a for- 
ward primer for a second PCR reaction: 

S’CCCGGGAATTC ACTGGGACATCCGTACTA-3’ 
EcoRI - 

in which the reverse primer was: 

5’-CCCGGGAAGCTT(T),8-3’. 
Hind111 - 

The PCR product (820 base pairs) was identified by Southern blotting 
using a nondegenerate probe (S-TGAAGTTCGACTGCGGAGTG- 
33, excised from the agarose gel and cloned into the pBluescript vector 
for DNA sequence analysis. 

The 5’ cDNA sequence was obtained by PCR using a forward 
primer based on a pBluescript sequence immediately 5’ to the cDNA 
insert and a reverse primer based on internal RN3 cDNA sequence. 
The product was identified by Southern blot, excised from the agarose 
gel and cloned into pBluescript for sequencing. Radiolabelling of 
probes, Southern blotting and subcloning were all carried out by 
standard methods [20]. 

3. RESULTS AND DISCUSSION 

The N-terminal PCR approach used here has been 
used very successfully by Walker et al. [ 181 to determine 
the primary structure of a large number of mitochon- 
drial inner membrane proteins and of subunits of 
NADH:ubiquinone oxidoreductase. N-Terminal amino 
acid sequence was determined for only seven of the 
more than twenty rat proteasome polypeptides [14] and 
some of these correspond to subunits such as RC5 and 
RING12 which have already been cloned [10,21]. The 
success of the PCR approach using a rat cDNA library 
with degenerate primers designed partially from human 
protein sequence is not surprising in view of the high 
degree of identity between proteasome subunits from 
different animal species. 

The nucleotide sequence of the RN3 cDNA and the 
deduced amino acid sequence are shown in Fig. 1. The 
lack of complete identity of the N-terminal region with 
the rat N-terminal sequence 3 [14] may be due to se- 
quence errors since the subunit was not isolated for that 
study. The conclusion that the ATG located at nucleo- 
tide position l-3 is the initiation codon is based upon 
the fact that it is the first ATG from the 5’ end to encode 

1 

Pstl HaeIIl Hind111 AvaI Ha III 

1 t 1 tk 699 

5' 3’ 

““,- 
loA 

S'GGCACGAGTGACTAAGATGGAAGCGTTTTGGGAGTCACGGAC -61 
TGGCCACTGGGCGGAGGTCCGGGGCAGTTTTACCGGCGTCCCGTCACCCCCAGCTGCCTC -1 
MDPMSAPARSITRTONP"~T20 
ATGGATCCGATGTCTGCGCCTGCGAGGTCCATCACTCGGACCCAG~TCCGATGCTGACT 60 
RTSVL GV KF D C G VV I AAD M L 40 
GGGACATCCGTACTAGGGGTGAAGTTCGACTGCGACTGCGGAGTGGTGATTGCTGCAGACATGCTG 120 
GSYGSLARFRI I s RI M R V N D 60 
GGCTCCTACGGCTCCCTGGCTCGTTTCCGCATTATCTCTCGTATTATGCGAGTC~CGAC 180 
S TM L G A S G D Y A D F E Y L K E v L 80 
AGCACTATGCTAGGTGCTTCAGGAGACTATGCTGATTTCCAGTATTTG~GC~GTTCTC 240 
GEM" I DE E L F G D G H S Y S P R A 100 
GGCCAGATGGTGATTGATGAGGAGCTGTTCGGAGATGGACATAGCTATAGTCCTAGAGCT 300 
I H S W L T R A" Y S R R S KHN P L" 120 

ATCCATTCATGGTTGACAAGGGCCATGTACAGTCGCCGCTCC~GATG~CCCTCTGTGG 360 
NT K" I GG YAGG E SF L G Y" D M 110 
AACACCAAGGTCATTGGAGGCTATGCTGGTGGAGRAAGCTTTCTTGGTTATGTGGACATG 420 
L GVA Y E AP S LAT G YGA Y L A E 160 
CTTGGTGTAGCTTATGARGCCCCTTCACTAGCCACTGGTTATGGTGCATACTTGGCTCAG 480 
P L L R E V L E K P P V L S Q T EAR E I.90 
CCTCTGCTTCGAGMGTTCTAGAGAAGCAACCGGTGCTGAGTCAGACAGAGGCCCGAGAG 540 
7." E R C M R V L Y Y R D AR S Y N RF 200 
CTTGTGGAGCGCTGCATGCGAGTGCTGTACGCCGGTTT 600 
QVATVTEKGVEI E G P L S A Q T 220 
C~VLGTTGCTACTGTAACTGAAAAAGGTGTGGTGTGGAAGGACCACTGTCAGCACAGACC 660 

NWDIAHHISGFE’ 232 
AACTGGGACATTGCTCACATGATCAGTGGCTTTGAATGAATGTCCAGA 720 
GTTAAGCTT 3' 729 

Fig. 1. Nucleotide sequence and deduced amino acid sequence of 
subunit RN3. (Upper panel) Restriction endonuclease map of cloned 
cDNA for component RN3 and sequencing strategy. The box shows 
the coding region and the numbers indicate the position of the first 
nucleotide of the putative initiation codon and of the last nucleotide 
of the termination codon TGA. Arrows indicate the sequenced re- 
gions. (Lower panel) Nucleotide sequence of the cDNA and the pre- 
dicted amino acid sequence. Nucleotides are numbered in the Y-to-3 
direction as above. The underlined sequence was that determined 

directly by protein sequencing. 

protein sequence consistent with the directly determined 
N-terminal protein sequence of the RN3 subunit [14]. 
However, the possibility that the initiation codon is at 
position 10-13 cannot be ruled out at this stage. The 
cDNA encodes a protein of 232 amino acids (Fig. 1). 
The molecular mass of the protein coded from amino 
acid position 14 (24 kDa) is similar to that determined 
for subunit RN3 from SDS-PAGE gels [14]. 

Sequence alignment [22] with other proteasome sub- 
units showed a clear relationship but, as for other pro- 

60 
RAT RN3 MDPMSAPARSITRTQNPMLTGTSVLGV~DCGWIAADMLGSYGSYGSLRRFRIISRIMRVND 

XEN BETA 
I:IlIIlllIIII./I:lI/IIIIIIIIIII/I IlIII:Il: 
MVTGTSVLGVKFDGGVIIAADMLGSYGSLARFRNISRIMKVNE 

61 120 
STMLGASGDYADFQYLKQVLGQ~IDEELFGDGHSYSPRAPLW 
.I:IIIIIIIII:IlIIlI::IlIIIlII.IIII.III:IIIIIIIl.II.IIIIIIIIl 
NTILGASGDYADYQYLKQVIDQMVIDEELVGDGHNYSPKAPLW 

121 180 
NTKVIGGYAGGESFLGWDMLGVAYEAPSLATGYGAYLATGYGAYLAQPLLREVLEKQPVLSQTEARE 
II IIll: .lIIlIIIII.IlIIIII/.:III:/IIIIlIIIIII I..:.II..III: 
NTWIGGFYNGESFLGYVDKLGVAYEAPTIATGFGAYLAQPLL~VTEN~TLS~~~Q 

181 232 
LVERCMRVLYYRDARSYNRFQVATVTEKGVEIEGPLSAQTNWDIAHMISGFE 
Il:III:IIIIIIIIIIIIl::.IIII.II/:IIIII.:III:III:IIIII 
LVDRCMKVLYYRDARSYNRFEITTVTESGVEVEGPLSSETNWEIAHLISGFE 

Fig. 2. Amino acid sequence alignment of Xenopus proteasome/3 subunit with rat subunit RN3. The data for putative proteasome subunit Xenopus 
p was taken from the EMBL database. Numbers refer to the RN3 sequence. 
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RAT RN3 
RAT DELTA 
RAT RING12 
RAT RCl 
Ta BETA 

RAT RN3 
RAT DELTA 
RAT RING12 
RAT RCl 
Ta BETA 

RAT RN3 
RAT DELTA 
RAT RING12 
RAT RCl 
Ta BETA 

RAT RN3 
RAT DELTA 
RAT RING12 
RAT 8C1 
Ta BETA 

RAT RN3 
RAT DELTA 
RAT RING12 
RAT Xl 
Ta BETA 

101 
1”SWLTRAMY SRRSKMNP 
AASLFKEMCY RYRE...D 

ASKLLSNMML QYRGM..G 

100 
GQMVIDEELF GDGHSYSPRA 
T.YQLGFHSI ELNEPPLVHT 
A.YQLELHGL ELEEPPLVLA 
A.~~ECRLYYL RNGERISVSA 
K.AELELYRL QRRYNMPIEA 

150 
AYEAPSL 
HVRQSFA 
LIRQPFA 
RLSGQMF 

TAPHVFSIDA A SYEDIYA 

201 232 

GPLSAQT NWDIAHMISG FE’ 
RLAAIQQSG. RQVLLYG DQIPKVTIST LPPP’ 

YLVTITADG. HR”1L.G DELPKFYDE’ 
NMYHM.KKDG W “ESTDVS DLLHKYREAT L’ 
DVAVITRKDG Y LPTDQIE SRIRKLGLIL’ 

Fig. 3. Amino acid sequence alignment of rat B-type subunits with the archaebacterial /I subunit sequence. Numbers refer to the RN3 sequence. 
Boxed regions indicate positions where residues are conserved in at least four of the five sequences. 

teasome subunits, no overall homology was found to 
any other proteins currently in the SWISSPROT pro- 
tein sequence database. The RN3 sequence is 80% iden- 
tical to that of a putative Xenopus proteasome j? subunit 
sequence determined from the nucleotide sequence of a 
cDNA clone (Fig. 2). These observations indicate a high 
degree of conservation of the RN3IB subunit between 
species as found for other proteasome subunits [1,4,24]. 

RN3 has been grouped with the B-type subunits [I] 
because it has an unblocked N-terminus, it does not 
contain the highly conserved N-terminal region of the 
A-type subunits, and its N-terminal region does show 
some obvious homology to the archaebacterial B sub- 
unit. However, like RC5, RN3 is not very closely related 
to the archaebacterial B subunit (Fig. 3) and in fact has 
a similar % identity with both the archaebacterial 01 and 
j? subunits (approximately 22%). This level of identity 
is comparable to that between the CI and /3 subunits 
themselves [15]. RN3 is also 22% identical to RC5 and 
shows similar levels of identity to other rat B-type sub- 
units (Fig. 3). Comparison of the RN3 sequence with 
that of the other rat B-type subunits, which include the 
two MHC-encoded subunits RCl (RINGlO, LMP7) 
[25] and RING12 (LMP2) [21], as well as the DELTA 
subunit [21], is shown in Fig. 3. Although RN3 does not 
share some of the highly conserved regions of DELTA, 
RCl and RING12, there are a number of highly con- 
served amino acid residues between all the known rat 
B-type subunit sequences. The primary structure of 
RN3 is only 20% identical to that of the putative yeast 
proteasome subunit PUP1 [26] which was taken from 
the SWISSPROT database, but these two subunits do 
share a highly conserved region from amino acid posi- 
tion 20 to 38 in RN3. 

The function of the N3 subunit of proteasomes has 
yet to be determined. It does not appear to contain the 
conserved putative nuclear localization signals, clusters 
of acidic amino acid residues or putative phosphoryla- 
tion sites found in some of the A-type subunits [4]. 
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