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Abstract 

The ability of Moloney murine leukemia virus to accelerate lymphomagenesis in E#-myc transgenic mice 
is frequently associated with proviral integration within a locus denoted bmi-1. This locus contains not 
only the bmi-1 gene implicated as a collaborator with myc in lymphomagenesis but also just upstream an 
unknown gene denoted bup. The nucleotide sequence reported here for bup cDNA and flanking genomic 
sequences reveals that this widely expressed gene comprises at least 7 exons and potentially encodes a 
polypeptide of 195 amino acid residues. Computer searches with this polypeptide sequence revealed no 
close homolog in the databases, nor any conserved motifs, and it is unrelated to the product of the reel-13 
gene, which lies just upstream from the bmi-1 homolog reel-18. 

Insertional mutagenesis with retroviruses has 
proven to be a powerful approach for identifying 
genetic loci involved in tumorigenesis [ l, 2]. The 
rationale for this approach is that retroviruses 
that lack an oncogene, such as Moloney murine 
leukemia virus (Mo-MLV), promote tumor devel- 
opment primarily by inadvertent integration 
within or near a cellular oncogene, altering its 
structure or augmenting its transcription. The 
application of insertional mutagenesis to tumor- 
prone trangenic mice [3-6] is of particular inter- 
est, because it provides a means to identify genes 
that can collaborate with the transgene in tumor- 
igenesis. 

In a search for cellular genes that could col- 
laborate with the myc gene in lymphomagenesis, 
Mo-MLV was used to infect Ep-myc transgenic 
mice, which carry a transgene expressed through- 

out the B lymphoid lineage [7]. Development of 
pre-B and B lymphomas was markedly acceler- 
ated by Mo-MLV infection and half the resulting 
lymphomas contained proviral inserts in a novel 
locus denoted bmi-1 [4, 5]. 

The btni-1 locus (Fig. 1) proved to be complex. 
We identified two genes, one denoted bmi-1 and 
another just upstream designated bup ~rni-1 
u_12stream ) [4]. The expression of the bmi-1 gene, 
which encodes a novel type of zinc finger protein, 
was markedly stimulated by proviral insertion 
(arrows in Fig. 1) and bmi-1 presumably repre- 
sents the gene that collaborates with rnyc in 
lymphomagenesis, although no direct evidence 
for cooporation has yet been reported. The bup 
gene is widely expressed in normal tissues and 
hematopoietic cell lines as a 1.3 kb mRNA [4]. 
The level of bup expression was elevated in some 
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Fig. 1. Structure of the bmi-1 locus and the bup gene. On the map of the brni-1 locus (top), a solid line delineates the cloned region 
and a broken line the region inferred from genomic blots. Arrows denote the position and (where known) orientation of proviral 
inserts. Boxes denote exons and filled areas indicate the coding region. On the enlarged map of the bup gene, the sequenced region 
is indicated by a solid line, probe e is marked and restriction sites are shown for Hind III (H3), Eco RI (RI), Sac I (S) and Barn HI 
(B). 

tumors bearing Moloney inserts in the bmi-1 
locus, but overall the elevation did not correlate 
well with viral insertion or with the level of bmi-1 
expression [4]. Nevertheless, the close proximity 
of bup and bmi-1 and their shared transcriptional 
orientation suggest that they might have a shared 
function or partly coordinated expression. There- 
fore we have determined the bup nucleotide se- 
quence. 

Fig. 1 shows that the bup gene comprises 7 
exons. Its poly A addition site lies only about 
0.7 kb from the start of bmi-1 transcription. The 
cloning of bup cDNAs using fragment e (Fig. 1) 
as a probe was described previously [4]. Here we 
present the nucleotide sequence of bup (2020 bp). 
The sequence includes the longest cDNA se- 
quence we obtained (from nucleotide 16 to 882) 
and flanking 5' and 3' genomic sequences 
(Fig. 2). A consensus polyadenylation signal re- 
sides 23 bp 5' to the poly A tract (nucleotide 
882). 

The bup sequence contains a single long open 
reading frame. Translation probably commences 
with the ATG at nucleotide 1, since its context 
fits well with the consensus initiation sequence 
[8 ] and there is an in-frame stop codon upstream 
(bolded in Fig. 2). The intervening region con- 
tains two non-ATG potential initiation codons, 

CTG at -349 and GTG at -244 (underlined in 
Fig. 2), but their context is likely to reduce their 
efficiency as initiation codons [8]. Assuming that 
the ATG initiates translation, the predicted bup 
polypeptide is 195 residues long. A search of the 
available data bases with the FASTA program 
[9] revealed no close homolog and did not 
highlight any structural or functional domains. 
Thus, at present little can be said about possible 
functions of the widely expressed bup gene. 

The shared transcriptional orientation of bup 
and brni-1 raise the possibility that transcripts 
initiated at a bup promoter might occasionally 
read through the normal bup polyadenylation 
signal and generate a bup-bmi-1 precursor RNA 
from which novel bup-bmi-1 mRNA might be 
spliced. Obviously such RNA potentially could 
encode bup-brni-1 fusion polypeptides. A hint 
that such transcripts may occasionally arise is 
that we previously found one cDNA clone in- 
volving sequences from both genes; it involves a 
fusion from bup exon 6 to brni-I exon 2 and 
places the brni-1 sequences out of frame. How- 
ever, an in-frame fusion protein could be gener- 
ated by other hypothetical splicing events, for 
example from bup exon 3 to bmi-1 exon 2, or by 
other cryptic splicing events. In any case, any 
fusion transcripts are likely to be rare. A screen 
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C~GCTTTCAAATTCTTTT~TTA~TGCCT~TGTGTCTTACTTACTTTGGGGTTTTCTT~CAAAG~CTATTCTTGTCCTCCTAAAC~CTCGTATTA~ 

~G/~A~G/L~AG1u~AG~GA~GGAG~AGTTAAACTTTATACAGGATTTGT~TTTG~GTTATGAGTCGCTb~AG~GT~TTCATTTATACT~GATCTTGCCATTCCT~CC 

GTACTTTAGATGAGTATcTcGTATTTATTTACG~GAcTCTATTGAGT~TT~GCCACGGACTAGTGGAGTTTAGGAGCACAG~TTTATATGCAGAGTGcTTTCGAAAGGTATTTATC 

GGGTAGCATATAAATTTT~TATCTGTCAAATTGTTCATG~T~TTTATT~TCTCCC~TTGTT~CTACCGGG~GTGCACACAC~CG~cTGTGTCCTGCA~ATcA~GCAGAAATCTC 

ATGCCATGTTCCTQ~%AGTGACAAAGA~GGTAAAACTGGTATATTT~GATGTCCT~AGCCTCACAAAAGGGCAGCGCTGCGGTCAGGCTGGCGAGTTAAcACACGCACTCAGTCTCCC 

GTTGTCCCG~GCCCAGCTTCTGGcCACACTCGCGGCGGCGGGTT~CCGCT~CCTGCAcCAGGCC~AGTGGGAcAGAGCTGGTGCGT~CAGGTGAGCGCC~GCGGCGACC~TGGGCTC 

cGCGCTCGCCG~GGCCGAGGCCAG~GCCTcC~AGAC~GTG~GAGAGGCCGG~CGT~C~GCC~GAGGcCGCAGGGCGG~TGAGAcGAGAGGCCCAG~G~cAGCCCGAGcTTCACCCG~C 

CCTCCCG~CCTCC~CGAGGCGTCGCCCCG~CCTcTcCG~CCGTCCCGAGCCGTCGCCG~CCTCcCCGAGCCGGCCCGCCG~GGGTGCGCGCGCCCGATCAG~TGGGCGCGCGCCCC 

M E L S E S V Q R G I Q T L A D P G S F D S N A F A  

GAGTCACGTGGTGTGCGTGTCG~GGTCACGGCGCGcTCA~TGGAGCTCTCGGAGTCTGTGCAAAGAGGCATCCAGACGCTGGcGGATCCCGGTTCcTTTGACTCC~CGCCTTCGcG 
A 

L L L R A A F Q S L L D A R A D E A A L D H P Y L K Q I D P V V L K H C H A A A  

CTTCTCCTCCGGGCGGCTTTCCAGAGCCTGCTGGACGCCCGGGCGGACGAGGCCGCGCTA~TCACCCATACTTGAAACAGATCGACCCAGTGGTTTTAAAGCATTGTCATGCAGCAGcT 

A T C I L E A G K H Q V D K S T L S T Y L E D C K F D R E R I E L F C T E Y Q N  

GC~CTTGCATCCTGGAGGCAGGAAAGCACC~GTTGAC~GTCTACTCT~GCACTTATTTAG~GACTGTAAATTTGACCGAGAG~G~TAG~CTGTTTTGCA~CGAGTATcAG~C 

N K N S L E T L L G S I G R S L P H I T D V S W R L E Y Q I K T N Q L H K M Y R  

~T~G~TTCTCTAGAAACcCTACTGGG~GTATAGGCAGATcTCTCCCTcATAT~CTGATGTTTCTTGGCGCTTGGAGTACCAGATAAAGACC~CC~CTTCAT~GATGTACCGA 

P G Y L V T L N V E N N D S Q S Y P E I N F S C N M E Q L Q D L V G K L K D A S  

CCTGGATATTTGGTGACCTTAAATGTAGAG~C~TGATTCCC~TCCTACCCAGAGATT~TTTTAGTTGC~CATGG~CAGTTACAGGACTTGGTGGGGAAAcTT~GGATGCTTCA 

K S L E R A T Q L  

AAAAGC~TGGAAAGAGC~CTCAGTTGT~TTTGGGGAGGCTGATGACC~CAGGAGCCTAGAGGAAAACCAGACGCGC~TTGTCTCCTGCTGGACCATCGTTCGCGCGAGCTGGATGTCA 

TTTTCAGTGGAAAAAGAGCTAGCACCcTTTTCG~GTGATGCC~ccATC~TTTTGACAcTTTTTTTTAcACATGTGAAATGGTT~GAGGGAGACTCTT~GCATCTGGATTTTCAGT 

ATTACTCTTGCGTTCCTTCTATCTTGAGCGTCTTC~GCCCTATT~AGTATCGTACCCTGAATAAATACGGTGGTATTCC~A~G~GGGCGGCATTCTGTTTGGAGTTTTGTGTGTG 

A~TTTGACGACTGAGTGTGCC~GCACATCTGCCCTGCGTGGGCTCGGACGCCTGCCTTGCCCCAGGTT~GTGTTTCGGGAAAGGTGTGCGGCCGGGCCGT 

Fig. 2. Nucleotide and predicted polypeptide sequences of bup. The beginning and end of the cDNA sequence is marked by 
triangles. In the 5' untranslated region, the inframe stop codon is bolded, and two potential alternative initiation codons are 
underlined. The potyadenylation signal in the 3' untranslated region is also underlined. 

of 60 c D N A  clones from a plasmacytoma c D N A  
library revealed no fusion clones [4]. Moreover, 
northern hybridization experiments with m R N A  
from various tissues and cell lines has not re- 
vealed any prominent species that is likely to 
contain both bup and bmi-1 sequences. 

Recently it has been noted [ 10] that bmi-1 is 
closely related to another murine gene, reel-18, 
which is highly expressed in mouse melanoma 
and other tumor cells [ 11 ]. Within 2 kb upstream 
of the reel-18 gene [ 11] a second small gene was 
found, which was denoted reel-13 (Professor M. 
Taniguchi, personal communication). The strik- 
ing similarity of the genomic organization be- 
tween bup/bmi-1 and mel-13/mel-18 suggested 
that these loci were derived from a common 
ancestor. We therefore compared the bup se- 
quence with that of reel-13 (kindly provided by 
Professor Taniguchi). This analysis revealed no 
obvious similarity between bup and reel-13. 
Hence these two genes probably are not related, 

despite the close similarity between their respec- 
tive neighbors brni-1 and reel-18. 
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