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SUMMARY 

The entire human P-casein-encoding gene, Bca, was cloned and sequenced. The gene consists of eight exons ranging 
from 21 to 531 nucleotides (nt) in length and extending over 10466 nt. Exon-2 contains the translational start, the entire 
signal sequence and the codons for the two first amino acids of the mature protein. This corresponds to the organization 
found in other species. The translational stop is localized to exon-7. Exon/intron boundaries are in accordance with 
the AG/GT rule and conform to suggested consensus sequences. Splice junctions are located between coding triplets. 
In all other species analyzed, BCL~ has been found to consist of nine exons; however, within intron-2 of the human gene. 
a sequence omitted from human mRNA, but corresponding to exon-3 of other known Bca genes, was revealed. 

INTRODUCTION 

Casein genes which expression is temporally and spa- 
tially regulated by various hormones (Devinoy et al,, 
1988; Jahn et al., 1989) encode the major milk proteins 
in most mammals. Human milk casein is composed of 
two species, p- and K-casein, of which /3-casein is the most 
abundant. Human p-casein is a 25-kDa protein which is 
present in several isoforms representing various degrees 
of phosphorylation (Greenberg et al., 1984; Hansson 
et al., 1993). Diverse biological effects have been ascribed 
to p-casein, but aside from enhancement of calcium ab- 
sorption the experimental evidence for these effects is rel- 
atively weak (for review, see Miller et al., 1990). 

Complete Bca cDNAs have been cloned and sequenced 
from eight different mammalian species; human 
(Liinnerdal et al., 1990), mouse (Yoshimura et al., 1986), 
rat (Blackburn et al., 1982), cow (Stewart et al., 1987), 
rabbit (Schaerer et al., 1988), sheep (Provot et al., 1989), 
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pig (Alexander and Beattie, 1992) and kangaroo (Collet 
et al., 1992). The Ben gene structure and sequence have 
been described for mouse (Yoshimura and Oka, 1989), 
cow (Bonsing et al., 1988), rat (Jones et al., 1986) rabbit 
(ThCpot et al., 1991) and goat (Roberts et al., 1992). 
Partial characterization of the human Bca gene structure, 
focusing on the sequence corresponding to the third exon 
in the gene of other mammals which is located in the 
second intron, have indicated that exon-skipping is re- 
sponsible for the deletion of a 9-aa sequence present in 
@casein from other species (Martin and Leroux, 1992; 
Menon et al., 1992). 

RESULTS AND DISCUSSION 

(a) Isolation of the human Bca gene 

The human Ben gene was cloned from a human geno- 
mic library, constructed from human placenta DNA in 

@casein; bp, base pair(s); cDNA, DNA complementary to mRNA: kb. 

kilobase or 1000 bp: nt. nucleotide(s); oligo, oligodeoxyribonucleo- 

tide: ORF. open reading frame; PCR. polymerase chain reaction: tsp, 

transcription start point(s). 
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IEMBL-3 (Clontech, Palo Alto, CA, USA). A genomic 
clone containing the entire transcribed sequence of the 
human Bca gene was isolated using the previously cloned 

human Bca cDNA as a probe (Lijnnerdal et al., 1990). 

Approx. 6 x lo5 individual plaques were analyzed. One 

plaque hybridizing to the S- and 3’-sequences of the 

cDNA was detected and isolated. After several 

re-screening experiments, the recombinant phage DNA 

was purified (Sambrook et al., 1989). The purified DNA 

was digested with SulI and a fragment of about 14 kb of 

genomic DNA was isolated by agarose electrophoresis. 

and cloned into SnEI linearized pUC19 plasmid. The 

resulting plasmid, called pS358, was characterized by 

restriction enzyme mapping (Fig. la). 

(b) Structure and sequence of the human Bcu gene 
The exons were mapped by comparing the genomic 

sequence with the sequence of the human cDNA. The 

restriction map and the location of the exons and introns 

are presented in Fig. la. The approximate positions of 

the exons, and the approximate size of the introns were 

analyzed by PCR amplification using primers comple- 

mentary to various sequences of the cDNA. The results 

from the analysis of plasmid pS358 were compared to 

results obtained with the same PCR primers using human 

genomic DNA as template. The results obtained with the 

two different templates were identical (data not shown). 

In order to facilitate nt sequence analysis, 21 restriction 

fragments derived from pS358 were isolated and sub- 

cloned into pUC19, resulting in pS361-pS381 (Fig. lb). 

The orientation of the subcloned fragments was deter- 

mined by PCR analysis. The inserts in the 21 plasmids 
pS361-381 were subjected to nt sequence analysis. The 

complete sequence of all subclones was determined using 

T7 sequencing kit (Pharmacia, Uppsala. Sweden; US 

Biochemical, Cleveland, OH, USA) on double-stranded 

templates. Synthetic oligos complementary to pUC19 or 

Ben sequences were used as primers for sequencing reac- 

tions. The analyzed human Bca genomic nt sequence con- 

sists of 10 600 bp ( Fig. 2) and contains the complete exon 
and intron structure of the gene. The human Bca gene 
consists of 8 exons and 7 introns (Fig. 3), and the tran- 
scribed region extends over 10466 nt (Fig. 2). The trans- 
lational start is localized in exon-2, and the translational 
stop in exon-7. The exons are relatively small, size range 
is between 21.--531 bp, and the introns range in size from 

9554670 bp (Fig. 3 1. 

As can be noted from Table 1, exon/intron boundaries 

are in accordance with the AG/GT rule and all but one 

splice junction conform well to the consensus sequence 

suggested by Mount et al. (1982). No coding triplets are 

disrupted by splicing sites. This integrity of codons seems 

to be well conserved among Bca genes from different 

species. No exception from this organization has been 

reported. 

Sequence analysis of human Bcu cDNAs from various 

libraries (obtained from Clontech; and cDNA libraries 

prepared from mammary epithelial cells from lactating 

Swedish women) has indicated a variation with respect 

to the presence or absence of a triplet (CAG) coding for 

a. 
1 kb 

pS358 
HXAXH &xl?+XX_I xx XA A EA AHEE A H 

J WC19 
IY I ti I 

b. 

E 
pS361 

E E 
I pS3 63 ;pS3 62~~ pS362 I 

H H 3TS3H 
ps3741 [ ~5372 

H H H 
I I ps375 I ps371 1 

PS 
X X 

pS366 379 pS367 f pS368 ppS369,’ ps365 I 
x x 

X P pS X H 
1 pS378 I377 1 1~8376 

x pSA ps ApS X 
1 3811 380 13791 

Fig. 1. Exon intron structure and restriction map of the human Bcu gene. (a) A map of the .%/I fragment isolated from the isolated AEMBL3 phage 

and cloned into pUCl9, resulting in plasmid pS358. The exons are shown as solid boxes. (b) Map of the 31 restriction fragments subcloned into 

pUC19 used for sequencing and restriction mapping of the gene. Two of the .YhuI sites are Dam methylated and therefore not cleaved in these 

experiments. E. ENRI: H, HindIll; X. Xhal: A. Accl: P, PsrI and K, Kpnl. 
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TABLE I 

Intron splice junctions of human Bca gene 

Intron Conserved 

nta 

Exon Intron Exon Conserved 

nta 

1 719 AACG 

2 719 GGAG 

3 819 TGAG 

4 819 CAAG 

5 719 AGAG 

6 719 TACT 

7 719 TTTG 

Consen& MAC 

GTAAGA 

GIATGT 

GTAAGT 

GTAAAT 

GTAATT 

GTAAGT 

GIAAGT 

GTRAGT 

.TTTCTACATTCACzAG 

.TTTTTTTTCCCACAG 

.TATATTTTTCTGT.AG 

.ATGATATATCTTT.AG 

.TTTCCTTCTTTCC/%G 

CTGTTTATTTTTAAG 

.CTCTCTATTCCAC.AG 

.YYYYYYYYYYYNYAG 

GACT 13/15 

ACCA 14115 

GAAT 13/15 

CAGA 9115 

GATG IS/l5 

GTCT lZ/lS 

AATT 13/15 

G 

aFraction of nucleotides conserved relative to Mount consensus sequence 

‘M, A or C; R. A or G; Y. C or T; N. A or C or G or T. 

a Gln residue at position 19 in the mature protein (unpub- 

lished data). To explore whether this sequence variation 

reflects genetic polymorphism or stage-specific splice 

variants, Bca mRNA prepared from samples of human 

milk from different stages of lactation were sequenced. 

Milk samples, collected via a breast-pump, were obtained 

from healthy Swedish women. Milk from each donor 

(50 ml) was centrifuged to collect the free cells, which to 

a part are epithelial cells originating from the lactating 

mammary gland. Total RNA was extracted from the pel- 

leted cells as previously described (Chomczynski and 

Sacchi, 1987; Puissant and Houdebine. 1990). The pre- 

pared total RNA was used for reverse transcriptase and 

PCR amplification. The amplified DNA fragments were 

then subjected to sequence analysis and the obtained re- 

sults showed that these five females produced Bca mRNA 

containing the codon for the Gln19 residue. This aa resi- 

due was also reported by Greenberg et al. (1984), and 

the codon for this glutamine is included in the mRNA 

sequence submitted to GenBank (accession No. X17070) 

by R.S. Menon. The conclusion that this is the most 

abundant variant is further supported by the observation 

that Bca sequences obtained from mammary gland 

cDNA libraries prepared from Scandinavian females en- 

codes this variant. At the gene level this difference can 

be explained by alternative splicing. The Gln codon, 

CAG, is located in the 5’ end of exon-5. In the Gln19 

variant exon-5 starts with the sequence 5’-CAG AAA 

GTT-3’, whereas in the variant lacking Gln19 exon-5 

starts with 5’-AAA GTT GAG-3’. In both variants the 

exon-5 splice sites conform to the Breatnach (GT/AG) 

rule and to the Mount consensus sequence (Mount et al., 

1982). When the exon sequences obtained from the geno- 

mic clone were compared to the previously published 

cDNA derived sequence (Lonnerdal et al., 1990), only 

one additional difference was observed; while the nt 285 

in exon-8 is C in the genomic sequence it is a T in the 

cDNA (Fig. 2). However, this position is located down- 

stream from the Bca ORF. 

To map the tsp of the human Bca gene, primer exten- 

sion analysis was performed using total RNA prepared 

from lactating human mammary gland. The result indi- 

cated that the tsp is 48-bp upstream from the first intron 

(Fig. 4). Based on sequence similarities, a TATA-box was 

found 30-bp upstream from the tsp (Fig. 2). Furthermore, 

a sequence showing a high degree of homology to the 

previously reported ‘D’ consensus sequence (Roberts 

et al., 1992) was found 33-bp upstream from the TATA- 

box (Fig. 2). 

An analysis of the human Bca gene resulted in identifi- 

cation of several conserved intron sequences similar to 

those reported by Yoshimura and Oka (1989). In addi- 

tion, long direct repeats of about 200 bp were identified 

located in intron-1 and 6 (Fig. 2). 

(c) Comparison to other &a genes 

The Bca gene organization has been described for 

mouse (Yoshimura and Oka, 1989) cow (Bonsing et al., 

1988), rat (Jones et al.. 1986). rabbit (Thepot et al., 1991) 

and goat (Roberts et al., 1992). The Bca gene from all 

these species have nine exons and range in size from 

6.8 kb to 9.9 kb. Despite the finding that the human gene 

consists of only eight exons, it is longer than other charac- 

terized Bca genes. In particular, the first intron is longer 

than what was found in other species (Fig. 3). 

An alignment of the human l3-casein deduced aa se- 

quence with the corresponding p-casein aa sequences de- 

rived from other species, i.e., cow, sheep, rabbit, rat and 

mouse, shows extensive homologies over the entire pro- 

teins. Recently, it was shown that exon-3 is omitted in 

the human mature Bca cDNA (Martin and Leroux, 1992; 

Menon et al.. 1992). In these studies it could not be ex- 

cluded that exon-3 is under the control of alternative 

splicing and that only variants lacking exon-3 were se- 
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EXON 1 IWI'RON 1 
gatcttatttcalatcacaaaattaotototcattaaatatag ~CaaacagtcaCagaagctgatggaccATCATCCATCCAGCACTACCTTCACTTCTCTTCRACGgtaagaatt 
ttagatacaaatttgttgtdtcttctcctaaccatgtatttcaaagtagcttgagctatagaaggaacgtagttacttaaaatatagtgtttgaaataaaagtatttaaggtagtactgagattattttt 
aacacttaggctaaaaadgatagaagtgcccagaagaatttggtaaaaaaaattgcaatgacatatagccttcatgagtttaagaaaatataatagctaattttatgcatatatatatatatatatatat 
atagtatgaggctagttcatagttaatattaaaaggagattcatttttttaattaatcttccaatttgatttagcatatcacagttataaaaagaattatacttcaattatagtatgggtagataaataa 
ttactggaaaagctttgtccagcaggtagtttacagcagtagcatactgagttgagaaatggagggaatggtatgggggcatttactactttaaatgtttataaacaatgtttttagaagagtttactca 
tcaaacttgtctagagcctcaaacttcccagtttattatctagtttgtaatatttcaaaacaatattaaaatgagacagaaatacagaattaagtaaaaaagaaacaatgtggtttactttgtaagaaaa 
ttcttaatggggtagaaaagacttggaaaccataaacaaagataatagatgatataaaagaaaaagtagcttagagtgtaccagttgataatgaagctctggcttaaaaattagtatataaaagtatact 
agtafgtdgtatatttdtagtatagaaatgagtataaaaactagtataattagtattagtatatattagtatattagtatataaattagcattgtaattatacattcgtatataaaattattatatatat 
tagtagattagtaataaaactagtaaagtttatattacttataaaatatagaaaatgctgtgggatcttccctatgtgtaattatatataatagagtgttatattctgtttctgaaccctgacataaaaa 
tttgggaacttatagtggtcttaggcaagtaaaatcaattaataaaaacttaattaacattcataaaaaatctagaaaaaatatttgttttctgtaatagaattatgttcaaccttcaaatattgaaaagaac 
dtctctcadataaattadagacttttttgatgaagtattttagttcaaaaatttagttcaaaaattgagtttcaatatctgagaatgaagatttgagtggcgagtaatattgtggcacaaacattatttt 
gaaataaattacaaaaaaatgtaagaacacataacaaggagatgatttagtatattttggtcaaaaatattaacatatatttcacaagaagaggtagtcccaagcttagcagtgggcaagaggctctgac 
Ccctfggcggatcatcaagagaatcgtgtgtacatttcaataaagagaagagaagaagcctagtgtacaatatctaaagtcatgtggcataaaggagaacagacattattagctatgtggggaagatgaa 
tataaacggagaagaaacaaactcaatagtccaataaagtctctggatagtgacacaaataaggaaagtgttaaaatgaaaacctcagtcttattggaaatgaggagaaataaactaaaatagtcatggt 
aaccgtttagtgaaaagaaaaaaggtaaaaataaaatgtgacttttttgtacacattttcttgatcagtctcttccagtagaactgaggctccatgagggagtaatatcaggactgtaatattttgttca 
ttgctgcggtcctggtccctagacagtgtctggcaagaacagattctaaagaaatatttttaagttaatgaataaatctttttttaaattttatttgtctttttaaatt~~?~~~~~~S~~~~~aag.~~ 

tt?g~.~aF~~~9f~~~~?~ag.~~~~~g.~~.~g~.~~~~~a~g~.~.~a~.~~s.~~~~a~g~.~g~~g~s.~~s~a~~~?.~~~~~?~afsaf.~~.~~~~.~~.Asafa~.?~~.ffirfaafscfa~.~~f*~~~sa~.~fi~~~~~ 
ACFsW.~aRF~~FSSM~zFg~s~~g.~~.~s~~.~~.~~~SfBf.~F.9.f9fgtf.fFcattgttcaattccca==t=tgagtgagaacatgtggtgtttggtttttttgtccttgcgatagtttgctgagaatg 
atggtttCCagCttCatCCatgtccctacatgaactcatcattttttatggctgcatagtattccatggtgtatatgtgccacattttcttaatccagtctatcattgttggacatttgggtt 
ggttccaagtctttgctattgtgaatagtgccgcaataaacatacatgtgtatgtgtctttatagcagcatgatttataatcctttgggtatatacccagtaatggatggctaggtcaaatggtatccta 
gctctagatccctgaggaatcgccacactgacttccacaatggttgaactagtttacagtcccaccaacagtgtaaaagtgttcctatttctccacatcctctccagcacctgttgtttcctgacttttt 
aatgatcgccattctaactggtgtgagatggtatctcattgtggttttgatttgcatttctctgatggccagtgatgatgagcattttttcatgtgatttttggctgtataaatgtcttcttttgagaag 
tgtttgttcatatcctttgcccactttttgatggggttgtttgttttttcttgtaaatttgtttgagttcattgtagattctggatattagccctttgtcagatgagtagattgcaaaaattttctctca 
ttctgcaggttgcctgttcactctgatggtagtttcttttgctgtgcagaagttctttagtttaattagatcccatttgtcaattttggcttttgttgccattgcttttggtcttttacacatgaagtcc 
ttgcCcatgcctatgtcctgaatggtattgcctaggttttcttctagggtttttatggttttaggtctgacatgtaagtctttaatccaccttgaattaatttttgtataaggtgtaaggaagggacccg 
gtttcagctttctacatatggctagccagttttccagttttcccagcaccatttattaaatagggaatcctttccccattgcttgtttttgtcagctttgtcaaagatcagatagttgtagacatgcggcattatttc 
tgagggctctttcctgttccattggtcttggtatcagttttggtaccaagtaccatgctgttttggttactgtagccttgtagtatagtttgaagtcaggtagcatgatgcctccagctttgttcttttg 
gcttaggatttacttggcadtgtggcctcttttttggttccatatgaactttaaagtagtttttttcaattctgtgaagaaagtcattggtagcttaatggggatggcattgaatctataaattaccttg 
ggcagtatggccattttcatgatattgattgattcttcctacccatgagcatggaatgttcttcc~tttgtttgtatcctcttttatttcattgagc~gtggtttgtagttctccttggagaggtccttctcat 
cccttgtaagttggattcctagggattttattctctttgaagcaattttgaatgggagttcactcatgatttggctctctgtttgtctgttattggtgtatatgaatgcttgtgatttttgcacattgat 
tttgtatcctgagactttgctgaagttgcttatcagcttaagg~gactttgggctgagacgatggggttttctagatacacagtcatgtcatctgcaaacagggacaatttgacttcctcttttcct~~t 
tgaatgacctttatttccttctcctgcctaattgccctggccagaacttccaacactatgttgaataggagtggtgagagagggcatccctgtcttgtgccaatttttaacgggaatgcttccagttttt 
gtccattCagtatgatattggctgtgggtttgtcatagatagctcttattattttgagatatgtcccatcaatacctaaattattgagagtttttagcatgaagtgttgttgaattttgtcaaaggcctt 
ttctgcatctattgagataatcatgtggtttttgtctttggttttgtttatatgctggattacgtttattgattttcgtatgttgaaccagccttgcatcccagggatgaagcccacttgatcatggtgg 
ataagctttttgatgtgttgcataaatctttctttccatacatatttataacttctttatgccttttgaaaaattcaatactgtaaatgggacttttttaaaagtggggatagagttgttagctgaaaaatctg 
aatagctggcaatg~agtttggaattttgagaaa~tgagaatcgcaagccagaatggattttgacctccttcatgtgatataacttctatttagtatttattctatttattttctaaatgcagatatttttg 

EXON 2 
ttatatattatctctcttttttttttgttttataaaaagtaaccttacctacataagaaagtatatccdattgaccaatCttccaccattCcattttttctacattcacagGACTTAGTAGCC~ 

MetLysV 
INTRON 2 

~CCTGCCTGGTGGCTCTC~GCTC~~M~GAGgtatgtgcacaagaaaaaattCCt~~dCaatCaataaatagtggaCt~tatgCttatttgtagagaataaCatCaCCaaCattttt 

alLeuIleLeuAlaCysLeuValAlaLe"AlaLeuAlaArgGlu 

51 
187 
317 
447 
577 
707 
837 
967 
1097 
1227 
1357 
1487 
1617 
1747 
1877 
2007 
2137 
2267 
2397 
2527 
2657 
2787 
2917 
3047 
3177 
3307 
3437 
3567 
3697 
3827 
3957 
4087 
4217 
4347 
4477 
4601 

4737 
2 

4867 

17 

4997 

5127 
5257 
5387 
5517 

agaag~aggtgagatttttagtdadattCtCtaatg=tCtag=~g=ttt~g=tggttgtcaatttttttttcccacagA 5647 

T 
EXON 3 INTRON 3 
CCATAGRAAGCCTTTCRAGCAGTGAGgtaagttaacattctacccaattttagaacagtaaaatcctgtgctatttttctatggtgttacatcatggcagttaagctaatgcagctatgttaatgacata 
hrIleGluSerLeuSerSerSerGlu 
taagttctagtacatatttcttttatgtgtgtttaaggacaataagtatctggataatacaacattctagaactttgtaaattggcttgctacttgaaattgtgttattttgcttcttttttttttaatg 
aaccatattgtcctgttttctgccttgaactctctttactctgaacttattcaccttaagcatatactgacggccttctatgggtcagacattgactaggagctgtggtacaaactgaaaagttagagat 
gccagtgatagttaagagcttgctaagtagtaggtaggcagacgtgcaaaaaggacacattttataattacaatagccactttagtaaataagcgagatttagtgtagtcctaaatttacctgagagagt 
caggtagatatttattcttacaccactcttcttgggtgtgtgatcacttgataagtaaatggtacatcaatagattctgtctcttcagaaaggttatatgatccttaagggaagtgtttaactcttatga 
ttcatttgaagtgatcataatgtatcaattgttattagaatatattttcaatgagtatttctttttttaaaaatcagatggggttttagatatcatttgttgtcagggaatgagcatggtggtagagaga 
aaattagcatctattaattgcttttttttgtaccatgtccttcttgactgcattcatctgactttcttttacataaccagctcatatagaacagtttaatacataagtttaatgattatacaaagttatt 

EXON 4 INTRON 4 
gatgatattatCaaagaattaatgcctttatttCctgatttatattgCadagtaagaattgttaaaactaaaCctaattttatatttttctgtagGMTCTATTACAG~TAC~~tdaattttcacat 

GluSerIleThrGluTyrLys 
EXON 5 

ttdaaatgtaCacattttCaaaattttCctCCttttaatctttacagatggtaacatatCtttatatatgatatatctttagCAG~GTTGAG~GG~~CATGA~ACCAGCAGC~GGAGAGgtaa 

GlnLysVa1GluLysValLysHisGluAspGlnGlnGlnGlyGlu 
INTRON 5 
tttgttaatgataagtatatgtttaaaattattataaagtataatacatacaaaaatatttataatgtgtatgttgattctaaagaatgataataaaataaatgccatatacccaccaaccactttaaaa 
attaaacattgataaagtcaatatattttctaggatatgcatgcatttttaaactcataattaatttctagaatacagactaaatacataatgatattactaatggtatatctgttttcaacaagtacac 
attggtgggaacatttccaggttgggaactatgatcctcttatttccaaggtggatatggtaatgaaaaggtgtatacggctggtaaaaaaacctatgtaaaatttgtcccatattgcctttattcccat 
atggacaacdcaaaatcctgtatttcattaaattacatttatggtgatatgtttacccaattataattttcaattgctttgtgtaccaatgaattgtttggagtcacataaaatatttctaaaatcaaat 
ttaaacaaaaaaattgatgtctcttgaaagactgaagagactatcttctccaagggaaggaatgtaagaatttggccggtgttaaattacttcctgagattagccacaaattaagactgattttcttttt 
catcaaaccaaailcaaaacaaaaataaaccttggaattgtccctctaagtctttttaaactgagtctcttttcactgtacgaaaacaatttggtctactattggcacaactgtgttgaaaagtaaattct 
ctctgaagaccaaagtgtacagctacagctatccaggcaattcaggaaaatgttaaaaaaagtgtttctgaaatatccaaacattgatttcactttggcctgtggagttacccatgaagtgagtggatta 
aaatttttcaacaaacagtttactcatttttcttcgcatgactcaagatactttcttaaccaaaataagtgaaatattttctcctctctttttactcatttatcattgtctaaaagagagaaatgaattc 

EXON 6 
attatgaatggcaattatagCttaatCaaggactcaaagattctttttCcttctttccagGATG~CACCAGGAT~TCTACCCCTCTTTCCA~CACAGCCTCTGATCTATCCATTCG~G~CCTA 

AspGluHisGlnAspLysIleTyrProSerProSerPheGlnProGlnProLeuIle~rProPheValGluProI 
TCCCCTATGGTTTTCTTCCACWCATKTGCCTCTTGC TCAGCCTGCTGTGGTGCTGCCTG~CCTCAGCCTGARATT 
lePro~rGlYPheLeuProGluAsnIleLeuProLeuAlaGlnProAlaValValLeuProValProGlnProGluIleMetGluValProLysAlaLysAspThrVal~rThrLysGlyArgValMe 
GCCTGTCCTTAAATCTCCAACGATACCCCTTTTT~ACCCTC~TCCC~CTCACTGATC~G~TCT~ATCTTCCTCTGCCTCT~~CA~CCTTGAT~AGCAGGTCCCTCAGCCTA~CCT 
tGlnValLeuLysSerProThrIleProPhePheAspProGlnIleProLysLeuThrAspProGluAsnLeuHisLeuProLeuProLeuLeuGlnProLe~etGlnGlnValProGlnProIlePro 
CAGACTCTTGCACTTCCCCCTCAGCCCCCTGTGGTCTG~CCTCA~CC~GTCCT~CTATCCCCCA~~GT~TGCCCTACCCTCAGAGA~TG~CCTG~C~GCCCTTC~TC~CC~G~C 
GlnThrLeuAlaLeuProPrOGlnPrOLeuTrpSerValProGlnProLYsValLeuProIleProGlnGlnValValProTyrProGlnArgAlaVa1ProValGlnAlaLeuLeuLeuAsnGlnGlnGluL 
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Fig. 2. Nucleotide sequence of the transcribed part of the human Bra gene. Restriction enzyme generated fragments derived from pS358 were subcloned 
into pUC19 and sequenced using synthetic primers which were complementary to either pUC or Bcu sequences. Exon sequences are shown in upper- 
case letters. The TAT.&- and the ‘D’ consensus-sequences (Roberts et al.. 1992) in the 5’-untranscribed region are over- and undertined. The positions 
of the PCR primers oscd in the ‘exon-X’ experiment are indicated by underlined sequence. ‘Exon-X” sequences are shown in italicized letters. The 
two tang direct repeat positioned in intron-1 and 6 are marked by dotted lines. The nt substitution in the 3’-untranslated region is marked by a 
double underline. For numbering of the Bca sequence the tsp was assigned nt I. For aa numbering (in italics), the first Met in the signal peptide was 
assigned to position 1. The sequence reported in this article has been assigned the accession No. L10615 by GenBank. 

quenced. Since exon-3 has not been shown to exist in the 
human cDNA, we have denoted this sequence ‘exon-X’ 
in this study. 

fn an attempt to investigate if alternative splicing 
affects exon-X, total RNA was prepared from cells har- 
vested from human milk collected at various stages of 
lactation as described above. The prepared RNA was 
separated on a 1% polya~rylamide gel and subsequently 
blotted onto Hybond-N filter (BBga ,et al., 1985; 
GSransson et aI., 1990). Three identical filters were ob- 
tained and these filters were hybridized to three different 
[32P]ATP-iabelelled oligus. One oligo probe was compie- 
mentary to a sequence within exon-X (S-CAGA- 
GGATGCATTGGATTGTTC), another was an exon- 
4-specific probe (S-CTTGTATTCTGTAATAGATTC). 
The third probe was complementary to a sequence with- 
in intron-2 (~-AGTGACTAGCAGCACATTGGTG)~ 
and was used as a negative control. Hybridization was 
performed at 45°C. A band apprnx. 1100 nt in size hybrid- 
ized to the exon-4-specific probe. This corresponds well 
to a mature Ben transcript. No signaf was obtained with 
the exon-X or the intron-2 probes. This confirms the ob- 
servation that the human Bca gene seems to lack one of 
the exons present in all other species examined (Martin 
and Leroux, 1992; Menon et al.. 1992). However, we 
cannot yet exctude that a very small portion of the Ben 
transcripts carries exon-X. The presence of low levels of 
a exon-X containing mRNA is supported by PCR re- 
verse-transcriptase experiments using the RNA prepara- 
tions described above. The generated cDNA was used for 
PCR amplifications performed with one primer comple- 
mentary to exon-X and the other primer specific to a 

sequence within exon-6 (for positions of the primers, see 
Fig. 2). The amplified fragment had the expected size for 
a transcript where exon-X has been spliced to exon-3. 
The cause for this splice anomaly has been assigned to a 
defective polypyrimidine tract (Menon et al., 1992). To 
test whether this exon-skipping is species related or not, 
the human Bca gene has recently been injected into 
mouse embryos. 

Similar to all other species analysed, the translational 
start is localized in cxon-2. The position of the transla- 
tional stop in exon-7 is also conserved. The stop codon 
is preceded by a single Val codon in the same exon. This 
structure is similar to that of al1 other Bm genes exam- 
ined. A comparison of the murine, bovine, rabbit and 
human Bca gene sequences reveals that highest degree of 
homology is found in exon-2, which encodes the entire 
signal peptide and the first two aa of the mature protein. 
For exon-2 the homology between human and rabbit is 
92.1% and between human and mouse 88.9%. respec- 
tively. The homologies between human exon-3, encoding 
the main part of the multipIe phosphorylation sites Ser- 
Ser-Ser-Glu-Glu, and the corresponding fourth exon of 
other species are relatively high to goat ( 88.9O/,) and cow 
(85.2%) but surprisingly low to other species: 63.0% to 
mouse and 70.4% to rabbit, respectively. 

(d) Conclusions 
(f ) The transcribed region of the human &a gene con- 

sists of eight exons. This is one exon fess than found in 
other species. A sequence corresponding to the missing 
exon was located within intron-2 of the human gene. The 
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Fig. 3. Comparison of the structure of human, bovine, rabbit and mouse Bcu genes. The genes are aligned from the 3’end of the last exon. Exons are 

numbered IIVIII and introns are numbered l-7 for the human gene (H ). for mouse, rabbit and bovine (M/R/B) genes the exons are numbered I-IX 

and the introns l-8. respectively. Tables below the genes list exact sizes, in bp. of the exons and introns of the four genes. 
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sequence of this missing exon is homologous to exon-3 ported by Symbicom AB and the Swedish Medical 

of other species. Research Council (16x-07922; 19x-05708). 

(2) Despite the lower number of exons, the human gene 

is longer than other known Ben genes. 

(3) The 226-aa ORF extends from exon-2 to exon-7. 

(4) No coding triplets are disrupted by splice junctions. 

(5) Alternative splicing of exon-5 may explain the pres- 

ence of two Bcu mRNA sequences which differ with re- 

spect to a GInI codon of the mature protein. Of these, 

the variant containing the GInI residue seems to be the 

most abundant. 
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