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Abstract 

The human K-casein-encoding gene, Kca, was cloned and sequenced. The structural gene consists of five exons ranging from 33 
to 496 nucleotides (nt) separated by introns ranging from 1146 to 2942 nt, and extends over 8821 nt. All intron/exon splice 
junctions conform to the GT/AG rule. The gene organization is similar to that of the bovine gene. The 5'-flanking region contains 
an A+T-rich sequence; TTTAATT, close to where the TATA motif is found in most other genes, a CAAT box, and an AP-1 
consensus sequence. In addition, one Alu repetitive element was found in the second intron. 
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1. Introduction 

The caseins are the predominant proteins in the milk 
of most mammalian species. The stage and tissue specific 
expression pattern of the casein genes, e.g. during lacta- 
tion in mammary glands, is regulated by various hor- 
mones (Devinoy et al., 1988; Jahn et al., 1989; Groenen 
and Van der Poel, 1994). Human milk casein is com- 
posed of two casein species, 13- and K-casein, of which 
K-casein represents less than 10% of the casein fraction. 
Human K-casein with an apparent molecular weight of 
35 kDa, is heavily glycosylated. The carbohydrates con- 
stitutes about 50-60% of its molecular mass (Kunz and 
L6nnerdal, 1989). 

Sequences of ~:-casein, Kca, cDNAs have been 
reported for rat (Nakashi et al., 1984), cow (Stewart 
et al., 1984), guinea-pig (Hall, 1990), pig (Levine et al., 
1992), human (Bergstr6m et al., 1992), goat (Coll et al., 
1993) and rabbit (BOsze et al., 1993). In addition, the 
bovine Kca gene (Alexander et al., 1988), and Y-flanking 
regions from the goat (Coll et al., 1995) and sheep (Spira 
et al.: Genbank No. L31372) are described. The accumu- 
lation of knowledge about Kca gene organization and 
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sequence information from various species, intraspecies 
variants (Schild et al., 1994) and expression studies of 
recombinant Kca genes in transgenic models (Persuy 
et al., 1995), are all prerequisites for the dissection of 
the complex regulation of Kca gene activity. In this 
study, the human Kca gene is analyzed and described. 

2. Experimental and discussion 

2.1. Postulated structure of the human kca gene 

By comparison of the human Kca cDNA sequence 
(Bergstr6m et al., 1992) to the bovine Kca cDNA 
sequence (Stewart et al., 1984) and to the genomic 
sequence and organization of the bovine Kca gene 
(Alexander et al., 1988), putative exon/intron boundaries 
were postulated for the human Kca gene. In order to 
map the positions of the introns, a set of oligonucleotides 
to be used as PCR primers, complementary to sequences 
of the different exons (Table 1), were designed. The 
results obtained in these PCR experiments, using human 
DNA as template, indicated that the size of intron-1, -3, 
and -4 is about 2.1 kb, 1.1 kb, and 1.8 kb, respectively. 
The size of intron 2 could not be determined in these 
experiments. 
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Table 1 
PCR primers used to map  the introns 

A. Edlund et aL/Gene 174 (1996) 65-69 

Primer Location Sequence Direction Nucleotides 

SYM 2707 Exon 1 G A G A G A A G A T C T G A C T G G C A C G A G G A A A G G  5'-3' 8 
SYM 2921 Exon 2 A G G C A G G G T T A A T G C C A G G G  3'-5' 92 
SYM 3273 Exon 2 C A A T A A T G A A G A G T T T T C T T C  5'-3' 40 
SYM 2922 Exon 3 T G C T G G T T G T T T C T G G T T T  3'-5' 121 
SYM 3255 Exon 3 C T G T G G A G G T T C A A A A C C  5'-3' 100 
SYM 2430 Exon 4 ACATAATACATTGGGACATA 3'-5' 196 
SYM 2767 Exon 4 CACCAAGGAAATATCAAAG 5'-3' 597 
SYM 2272 Exon 5 A A G G A G A G T G T G A A G T A G T A  3'-5' 665 

36 
73 
60 
113 
117 
177 
615 
646 

2.2. Isolation of the human Kca gene 

The human Kca gene was cloned from two unrelated 
human genomic libraries, one constructed from human 
placenta DNA and the second from human female 
leukocyte DNA. Both libraries were cloned into 
~.EMBL-3 (Clontech, Palo Alto, CA, USA). From the 
human placenta library two genomic clones containing 
transcribed sequences of the human Kca gene were 
isolated using the previously cloned Kca cDNA as a 
probe (BergstrOm et al., 1992). The two plaques were 
subjected to several re-screening experiments and recom- 
binant phage DNA was purified (Sambrook et al., 1989), 
digested with SalI, and fragments of about 18 kb and 
17kb were isolated by agarose electrophoresis and 
cloned into SalI linearized pUCI9 plasmid, resulting in 
plasmids pS457 and pS459. A third clone was isolated 
using the 2.1-kb intron-1 fragment obtained from the 
PCR experiment described above as a probe. As a result, 
DNA fragment of about 15 kb was isolated and cloned 
as above and the resulting plasmid was designated 
pS767. 

The genomic leukocyte DNA library was screened as 
described and four positive plaques were isolated. One 
plaque was obtained with the 2.1-kb intron-1 probe and 
three plaques were obtained with the full length cDNA 
probe. Inserts derived from the isolated plaques were 
cloned into pUC19 plasmid as above and designated 
pS768, pS809, pS810, and pS811. The DNA fragments 
were about 12 kb, 14 kb, 17 kb and 17 kb, respectively. 

2.3. Characterization and sequence analysis of Kca 
genomic fragments 

Restriction mapping showed that the isolated frag- 
ments overlapped and that they covered about 35 kb of 
human genomic DNA (Fig. 1). Two plasmids, pS457 
and pS459, showed a partly different restriction pattern 
suggesting that there were some rearrangements during 
the cloning of these two fragments. 

In order to facilitate nt sequence analysis restriction 
fragments were derived from the plasmids and the inserts 
were subjected to nt sequence analysis. The complete 
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Fig. 1. Gene organization and restriction map  of the human  Kca gene. 
Exons are shown as solid boxes. Seven overlapping Kca genomic 
clones, pS459, pS457, pS768, pS767, pS809, pS810, and pS811 are 
shown in the 5'-to-3' orientation. Numbers  given beside the arrows 
indicate the length of additional DNA in the genomic clones. The 
dotted lines show the rearranged regions observed in two clones. 
Restriction enzymes used are indicated as follows: E, EcoRI; H, HindIII; 
X, XbaI. 

sequence of all subclones was determined using T7 
sequencing kit (Pharmacia, Uppsala, Sweden) on double- 
stranded templates. The analyzed human Kca genomic 
nt sequence consists of 9844 bp, and contains the com- 
plete exon and intron structure of the gene (Fig. 2). The 
human Kca gene consist of 5 exons separated by 4 
introns and the transcribed region extends over 8821 nt. 
The translational start is localized in exon-2, and the 
translational stop in exon-4. 

For unknown reasons experiments performed in order 
to define the tsp of the human Kca gene have not been 
successful. However, several observations indicate the 
position of the tsp. First, upon comparison with the 
bovine Kca gene (Alexander et al., 1988) extensive 
homology in this region is observed. Second, sequence 
information from a number of independent cDNA clones 
does not indicate the existence of a longer 5'-UTR. 
Third, the size of Kca mRNA is in agreement with the 
proposed tsp. Fourth, a TATA like A + T-rich sequence 
is found at positions - 3 2  to -26. 

The exons are relatively small, size range is between 
33 and 496 bp, and the introns range in size from 1146 
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aagctttatgagtgatgactctacatccttctctgcatttcttttttattttattttattttattttattttat•ttatttttattatactttaagttttagggtacatgtgcacattgtgcaggttagt -232 
tacatatgtatacatgtg~catg~tggtgcactgcacccactaact~gtcatctag~attaggtatatc~g~tatccctccccactccccccaccccacca~agactga~caaaggtgaccct -102 

EXON i 
gctatcatcatctt~ttgggtaaaaagtaggagggaaatagaatagc~aggtacta~tacc~gg£Cttcagttattttt~ttgggtcTTCTCTACAGCTGACAGGCCAACTCAACC 29 

INTRON i 
TACTGC~AACCAAGACCTGACTGGCACGAGGAAAGgtaatgctgctgaaacacttggagaaagtgatccttttcacagtagttag~tgggacatcaccatagttatttcagaatcacattttcttccttt 159 
tagttattgttaagtttgaatatgacctagcatcactttaaaat~aatttctaacctaaacctaagttctggatggtg~tat~ttcaaatttatttttaac~ttact~tgggttccagtcaaattctgat 2S9 
accaa~taaatcatagcagccattgtgaa~tccgaacaagaaggcgtttaacgtattcctacagacaaatgttgag~gttaa~t~tacaggaagttgggc~catgataataat~gcaattaaccccttaa 419 
ttactttcaaattttatttctataaaagtcataattttatttgt~atggaataattatttttt~aaa~catgtttttcaaatattcatgaaagctggataattctaccatttcacgaattattt~ttctt 549 
ac~aagtgatgagggcaaatgcaaatgtagctgatacgcaaagtatggtcttatctctgtgattttt~tttgtgc~aa~aggaaat~actatcattttata~aatattttcttttgtt~acatatcattt 679 
tactgtgtgaactgataaggggtctgtga~tcatcataaaaacattttcagtctataatcctaaaagatca~tagcaagtgaagcattaataaggagcttcatcccacttaaagaaatatgagtgtgctt 809 
agattgttcaaattgattccaaatgagttccatcaaatggaaatttga•gacatcgta•gggcagttttgaagtcac•ttagtagacagccttcctaatcattattgcctgagaatcagacgctaatgga 939 
gt•cagtgggctttcc•tcccctatctgaggctttaattctgtgaatcttttttgcgaagttcaactttgtagtgattcaagtttatatgagtgtgtcaataacaatagctgcaacaagatgaagttagt 1069 
aattacttcctaaacataatatatacttaaatataaaaagtttggggtatcatatattattagtctaa•aagatgatttattaaaaatcaaataagcaagtatgacactgtatatactcttttagaaaaa 1199 
taaggctaatgtatttctttaaatattttagtcaaagccactgtaattgtcatctctatacttcttattaaaacaatcaagttaatcatatcagttatgattactggagaagtatgttataaagaaaaca 1329 
gtctcataaccctccacttcc•attccatcctacatacttctgttggattgatcatggaattatagaat•ttagaaatctctaagttcaaaccctggttttacaggtaagaaaatgtaaagc•caggaaa 1459 
gggaaatcacttgat•aaagttacagaggtagagataaggcctggtctagaattcagt•ctc•aaaaaatgtatagt•atacacttt•tagtc•aaaaa•act•aattgttttctgttgtttataaagcc 1589 
atgcctagctttttaac~catcattatcttaaaggtgt~tactttttctgctctaaactttccttcc~atcttatatttcccttctcata~aagattccaatcaaatgt~catggcgattctcaagactt 1719 
tctcctctacttgaaatatttctct••ctgttamatactg•ataggcaagcc•catctatatgtcattttt•ccaCacaaagactgctgcttctcttaactgaaacttttatt•atagaaaaccactt•t 1849 
gtggcat•ttctactttttttccct•ttacagttgtttttcagtatatgttt•aacactcttcctaaaattga•gctact•attggcaaggcctgtatcatatttacattgataat•tcaacatttgaca 1979 
tagtaatgataatttgataattccgttaatattgtcaaaaattaaattcagaaatttttactccaagtttgagtttttacattcttttgttaaaataaatttttcacat•ggctaaatctacctgtaaat 2109 

EXON 2 
ctggcttttttt~ttaatcaaggaaacattgtattcaagtcactcctaaatttctagtaacaaattcttttaaat~aatttttttttaaattta~ctttagGTGCAATAATGAAGAGTTTTCTTCTAGT~ 2239 

INTRON 2 M K S F L L V 7 
GTCAATGCCCTGGCATTAACCCq~CCF~F~r1~gtaagttaatttcatctaaccagattgtactgactttaagaaaattttgtttaagggctttaactatgcaaacttctaaatacaattatgcttcata 2369 
V N A L A L T L P F L  18 

gaacaaaatatccacatagttgttacatttttaaggttaatttttttaatatttat~tctattatgaaa~c~aagt~atgttct~ttggatatccatt~agttctgtgaattaagaaatcacacttaatc 2499 
atgtaca•gaaacttttaaaattctcatgctatagagaaaatacattcaggggaaaaacaatac•gaaaacattttaaaattgtaaatgcattaaggataattcagaaagaataaatacagaaatcatag 2629 
tctgggaatcagaaattattttaattaagttcctgtctcacccagactccaatctctttatggaaacaaaatccttcaaaggtcaactttggttaagctttttcacaagtttcaaagaccttgatacttc 2759 
tgcctttaatatttgaatcattaacttttgttatattcttc~ccattatgtcaattgactgacccctttccagggatcaatggttataaacagcttgaaggc~tgcaggcattatcttgaattatatgca 2889 
atgttttaaggctactggacttagaa~aaggttctgttttt~tcttttaattttttgacttgtttttattgttgttttg~ctattgcctctttttattttcttgttcatctgg~tattc~aggcactgac 3019 
aaaggaggcaagcataaataatggtatatgtcctcctcctagattgtaaaattttgaaggaacactagtcctcgttctg~gaatctctgtaatatttattta~tattaagtttagag~tgcttttaag~t 3149 
aacatctattaattaattctattacctgca~gttgtgcttgKgtataacatgtccattaattcta~taggtcaattctt~gagtcaaaattaccttttaaaa~tttgagttctacaactcaatactttgt 3279 
ggtca~ctgaa~atttggaacttaggttgtctctttgagtaatag~cttaaagtttaaatcatgaaatgatctacaaa~ccctg~tg~atag~aac~t~tt~ctgagctac~tgagccggattcgcttt 3409 
caaacattccttcccattttcacaaaggcttcaggcctcaggg•catgaacaaatat•cagaaaaaaaaaaatttattgattttaccattcaatcttatgagtagtcaaattt•tacaaattaaaacatc 3539 
aatgtgatacc•tgttatatgtactattttatcccttcccc•aaaataaaaatagttagataatatttta•tagcacttatgcactaaactgcataaacacatagcctattggtgacattataatttg•c 3669 
acaacttttctataccacaatttcataatt•ctatcaaagaatcaaatctcatttgtgaaaaatcattttaaggtattaacgaaaattattaaaaaggccactggtatacagatgttaatcatcactctg 3799 
~ttata~ttaaaattttatcttaatagataacgat~agaaataaacatttcatgac~taatcattgatcacttagttat~aactataaaaatgt~act~tgaacctatgatataaat~aaaaaaagag~c 3929 
~ccacattt~ctataaaaagcaggatactt~ttagacaagcatataccaggaatacataacataggttgatatcgcattaaqgtatctagattgtcagaattttttaaagtatactttctacaatattca 4059 
tattacttc~.~t~A~.~9.~g.ag~9Ag@g.~q~sq~sgD~q9~Agg~.~gg~s~g9.ag~gsq~A~k~gg~.t~g~A~¢gAq~g.q~9.qq~g~A~g;~A~Q.~9;.~q@g~.q 4189 

.qt9p.qtgP.q9a9Stg~.t@g~a~t9.q9~qt~9~9g9.tqt~qqg~q9t~a~atta~tt~tttaCattttaaa~taatgatttaatat~tttaaagaaaag~aagt~tttgtctcaaagcaa~gaaacttt 4449 
atta•cttctcaattttctgattttctatactca•ac•ttccaaaaggtttctagagtcatttta•acc•aaggaata•atgtgtaatgt•ctaaaacagaactgtcaatttaaaaatatttaatattat 4579 
acctcctttcaaaagtttctaaaag~tttggagtttttagttttataaa£atgtgtccataaaaattg~tttctca~t~ctqattctctaaatatgtcacaatccaaaactaagaaaa~cactataaaaa 4709 
caaatgaaagatggtattaaaaacactatt~tttatatgttaagtttatgcaagaggcaatattttaaatcttctaagtaaaccttatgaatcatcttagtatgagagcagagaaaggaaaaaaggctca 4839 
atgctcctctaatttttaacaatctaacaatgta~atttaataaaaactaaatagaaattattcatatttttcatttaag~at~tttgttggcatgggagtcagatgact&gatttttc~cacagtgact 4969 
ttttcattctaggtggtgatgtttaaagacaatataaacatgcag~ttattattactaatcagttagactactgttgcttc~taagtagtccatagg~c~atagat~act~at~aaaaatgttttaaaa 5099 

EXON 3 
aataaaaagaaaacatattttgtctttaaca~aaaagatt~tttt~actgatttaagtactttttttttcttttttaacttatttctcattatttcttcttc~ggaactccccagGCTGTGGAGGTTCAA 5229 

INTRON 3 A V E V Q 23 
AACCAGAAACAACCAGCAgtaagtctattttaat~acttctgttacaggcatgaactacaaaatatattctgcaaaggtcaattgtattatagatgccttctgtctaaaacctaaatatttcatttccat 5359 
N Q K Q P A  29 
aaaacaatctaataatatttgcaagaaaataatt~cag~aacaggtgatatgaatcaacattgatgttcatc~gaaagttttattttcttatataacccaaatcatgtatctttggttttcatgtatatt 5489 
tagcaata~gagaaaactctttcaacatttcata~tggaaaaaaatgaa~acataagtaaagcttaatattt~ccc~ttccactttttaagacaa~ggaaga~ccttttctgacccatctttgaa~actt 5619 
ctcatacatctatatttacttcccctttcgtttcccaaata~gtttgaatacatttaaatgtgtctcgttttaggagaaatgtttgctttg~agtataattttgtcaatttatt~ctattcatatqgaaa 5749 
ggtctactqacaaattttt~aacagaggcacatagata~agacaattctttatctaatcttttg~gaagaaa~ttaaaccaaaaaaaatccaaaa~ctaaatccaggaatctctccacatcacattatgt 5879 
tactattc~gctatagtttggaaaaaa~aaatg~gctc~ggg~taa~t~ttaaatgaataaaatttgag~ccaat~acaaatatgtggtgagaatacatacgtgtgtgtgcgccattctg~gtg~gtct 6009 
gc~tgttgtgcttgtgtataacatgtcaaagttctcaa~gagatttttctctgtgttgtacctacaatagct~acat~taagatcactttccatat~tgccaatctctgggcaa~atggtttacat~atg 6139 
aataaactcatc~aatttcttgaaacaaatattatat~aatattatcaaaataatatttataatattgaaaatcat~aagtggaaaggcaatgtacaaatcaacatcttataaaataatattgctgctgg 6269 

EXON 4 
gttccatacttc~aatatcttactcaat~gtaaatactatattatttcaaaaaatgcagatttaaggtattt~cacatttgggtctataataataatattctgtataatttatt~tttttgcagTC~CCAT 6399 

C H 31 
GAGAATGATGAAAGACCATTCTATCAGAAAACAGCTCCATAT~TCCCAAT~TATTAT~TGCCAAATAGCTATCCTTATTATC43AACC~TACC~TAGACCA~ATAGC~T~CAT 6529 
E N D E R P F Y Q K T A P Y V P M Y Y V P N S Y P Y Y G T N L Y Q R R P A I A I N N P  74 

ATGTGCCTCGCACATATTATGCAAACCCAGCTGTAGTTAGGCCACATGCCCAAATTCCTCAGCGGCAATACC~3CCAAATAGCCACCCACCCACTGTGGTACGTCGCCCAAACC~GCA~CA~A~AT 6659 
y V P R T Y Y A N P A V V R P H A Q I P Q R Q Y L P N S H P P T V V R R P N L H P S F I  118 
T~CCATCCCCCCAAAGAAAAq~fCAGGATAAAATAATCATCCCTACCATCAATACCATTGCTACT~TI~AACCTACACCAGCTCCTGCCACTG~CC~A~AG~TAG~CAG~ 6789 

A I P P K K I Q D K I I ~ P T I N T I A T V E P T P A P A T E P T V D S V V T P E A F  161 
INT~ON4 

TCAGAGTCCATCATCACGAGCACCCCTGAGACAACCACAGTTGCAGTTACTCCACCTACGGCATAAAAACACCAAGGAAATATCAAAGAACAC~C~AGgtaaattaacagtatataaaatgagtaatt 6919 
S E S I I T S T P E T T T V A V T P P T A *  182 

ccgacaagaagcatggatttatgaatacaacCa~aa~ttcta~aatagt~caaatagataa~taagtgtgttacagaagcagacaaaaca~ggtacttacagttttaccttggtaaacccatagcattg 7049 
a~acaccagattctgttccaactagaaatttaaaataattttatttgacanagtgaa~ata~ttggcaa~ttcattatcaaact~ttttctgacaattgggacactc~tagaatgtaa~agt~ttatttc 7179 
atccttattcacacacaaac~atgacagtagagtaaaacagc~agtaacattttcatgatatttcaaaaataatttttagaagaagttatatagaatatgagtttgagtaaattttaattctgtaacaat 7309 
tctcttgcactctcattgtagtatgaacagagtaaaa~gaaa~gatatgc~tccatgcatttctt~atttcagacatca£ttccaaaatgattcatgaagttaagcc~ctcaaatttctcctattctaag 7439 
ataaacccatggaaga~ttataatgcttaacttgaaaaacacataaatattaaaaggatactttc~gaacacaatgtgatgcaaagtgttactatttattacttgga¢caa~ggataatggcagaatata 7569 
aaataatttgaaacttatga~aagaatttaaacaaagagaatgattaataaagtggaaaatatccaaagagtgtaaaataatttggggagaaagttgcaaaatgtggagtttcttt~caacaaata~ttt 7699 
cagtccatcagatgtctacatgttttatgatctaaaataccagacaatgg~ctgtgatatcatgggactaccattagccc~aa~aggttgcttctttcatctgcttgcctaatgaccataggctagtca 7829 
ttact~tctctgaactttta~tttctcataattctggtt~ctataagactcaagagagaatgcacatgggaaa~gattttaaaaactgatcaatctgtaaaatgtcatgtat~ggaaaagat~aag~aaa 7959 
attcataccagtatcctaagtctccactaaa~gataaaaaccgtacataa~tatgtctgttgattcccatagtaaccatatgaaaca~tatta~tcctatctcaaattta~ggataaaaaccagtagga 8089 
ctgaggacattaagtaaattatcacagctagaaattgcaaat~ggaggcaaaccaaacctgtttatttcagatagtg~ggt~taattactatgtcatttatttttatatgggctgtctaacttgctgaaa 8219 
aacagggaaaatacactgtgatttccttagactagcatatgggtaaattg~gttgtttagttgctgttcaacaqgatatccattaagaaaaagagaacaagagctggttaa~cagctggcttattatatt 8349 
ttggagaacaaaataagaaa~ttaataaaga~aacatgaa~g~aag~t&t~taataagtagtta~tat~ttactgatg~aaaacataaagaagcatgtaaaagagttttt~ctgtaaatatta~ataat 8479 
gtcta•tattttcagtttactatatgcctatttta•atatttaagtttaaatatgtaatctgattgacttattg•atacagacatgaaagaaaaattgtggaagctaaata&atatatatca•gagaact 8608 

EXON 5 

gttaacatactatgaataaa~ttc~aaactat~at~att~tttat~gGACTTGCTGAAACCAAATTACTACTTCA~ACTCTCCTTCAGCCATTTGTCTGCCTTCAGTCAACAGAAAAT~TGA~ACA 8739 
GATTCAGCTCTTCTCTCCTTACATTTTACATTCATC~CACATTCAATATTTTGATTCTTGCACAATAAAGCCAACTGATT~Caactgattctttgagaggagtt~gcaaaggtacctcagggatc~ctga 8869 
~actttgaaacgctatgacaaatttagtgtgagtt~gagtac~ca~attt~cct~aaggcagtgctcatagtttcatcaggttctcaaagtggttcatggtctgacactaagaatttctcctctaggatg 8999 
~cactgggaccagagaaaagccaagccatagtgttCcaatccag~gaccacagagtgactcttgagagccatggga~ctc~agattattcctgagagcaaattc~gggca~aggcaaa~tacaaatgtc 9129 
cagaactacaaacacagatacgttgcaaaattatagatgttgacagagactctaaa~at~catgaccagatt~ccccacactggactcc~agt~t¢acatctgttcaaac~cacacacaccccca~acc 9259 
acccacccacccacacacacacacacacatcacacaccagaaagcttctggaat~caggtattccagtttggaaaaactcgtgaatattcaaggtccaaggataggacatagttg~tttcttaaacaaat 9389 
attgcaaggaaaatcag~tcacctttgtgcttggt~catatttaacacatcatg~agaaaaaataaaatt~a~tcagc~cttacaaaatg~tt 9483 

Fig. 2. Nucleotide sequence of the human Kca gene. 9844 nt are shown including 361 bp of 5'-flanking region, 8821 bp exon and intron sequences, 
and 662 bp of 3'-flanking region. Exon sequences are shown in upper case letters, intron sequences are shown in lower case letters, and the amino 
acid sequence are listed below the translated exons using the one letter code under the second nt of each codon. For numbering of the Kca sequence 
the putative tsp was assigned nt 1. For amino acid numbering (in italics), the first Met in the signal peptide was assigned to position 1. The putative 
regulatory elements found in the 5'-flanking region are marked by boxes. The dotted line below the sequence indicates the location of the Alu 
element in intron 2. The sequence reported in this article has been assigned the GenBank accession No. U51899. 
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Table 2 
Intron splice junctions of human Kca gene 

A. Edlundet aL/Gene 174 (1996) 65-69 

Intron Conserved nt a Exon Intron Exon Conserved nt a 

1 ~9  A A A G  GTAATG..,TAAATTTATCTTTAG GTGC 11/15 
2 7/9 TTTG GTAAGT. . .TCTGGAACTCCCCAG GCTG 11/15 
3 6/9 A G C A  GTAAGT..,TTATTTTTTTTGCAG TGCC 13/15 
4 8/9 GCAG GTAAAT..,CATTATTTTTTATAG GACT 13/15 
Consensus b MAG GTRAGT...YYYYYYYYYYYNYAG G 

aFraction of nucleotides conserved relative to Mount consensus sequence. 
b M = A  or C; R = A  or G; Y = C  or T; N = A  or C or G or T. 

to 2942 bp. The results obtained in the initial PCR 
experiments (see Section 2.1)) were confirmed by DNA 
hybridization experiments and sequence data. Moreover, 
at this stage the size of intron-2 was also confirmed by 
PCR experiments. All exon/intron boundaries conform 
to the Breatnach (GT/AG) rule (Breatnach et al., 1978) 
and all splice junctions conform well to the consensus 
sequence suggested by Mount (1982) (Table2). No 
coding triplets are disrupted by splicing sites similar to 
what was observed for the human 15-casein gene 
(Hansson et al., 1994). 

A search of the Kca sequence for the presence of 
repeat elements, revealed one sequence in intron 2 which 
share homology with the Alu element. 

2.4. Comparison of the human and bovine Kca genes 

The bovine Kca gene organization(Alexander et al., 
1988) was compared with that of the human Kca gene. 
The comparison showed that the exon/intron organiza- 
tion of these two genes was highly conserved (Fig. 3). 
Both genes have five exons and four introns, the transla- 
tional start is localized in exon-2, and the translational 
stop in exon-4. At nt level, the highest degree of homol- 
ogy is observed for exon 2: 87%; for exon 1: 81%. 

I II 
HUMAN I I I 

i i 
| • 
i i 

i 

BOVINE i | 

III _ IV V 
2 I ~ '," 4 | 

EXON 

I 
II 
III 
IV 
V 

HUMAN 
64 
62 
33 

496 
165 

BOVINE INTRON HUMAN 

65 1 I 2146 
62 2 I 2942 
33 3 1146 

517 4 1767 
171 

BOVINE 
2500 
5800 
2011 
1850 

Fig. 3. Comparison of the human and bovine Kca genes. The Kca genes 
are aligned from the 5'-end of exon I; introns are numbered 1-4, and 
exons are numbered I-V on the human gene. Tables below the genes 
list the sizes (bp) of the introns and exons in the two genes. 

2.5. Sequence analysis of putative regulatory elements 

A computer-assisted sequence search (MacVector, 
International Biotechnologies Inc.) of the 361-bp 
Y-flanking region of the human Kca gene identified 
some sequences similar to putative promoter and regula- 
tory elements which have been characterized as impor- 
tant in the expression and regulation of eukaryotic genes. 
The A+T-rich sequence, TTTAATT, is found at posi- 
tions - 3 2  to -26 ,  close to where the TATA motif is 
found in most other genes. No CCAAT sequence was 
found in the region approximately 80 bp upstream from 
the transcriptional start. However, a CCAAT element 
was found in the forward direction at -160. Another 
sequence which could be involved in regulation of 
expression of the gene is the sequence TGACTCA which 
begins at -53 .  This is a 7/7 match with the sequence 
which has been shown to be recognized by the transcrip- 
tion factor AP-1 (Lee et al., 1987). AP-1 recognition 
sequences are also present in the Y-flanking region of 
K-casein gene from cow, goat and sheep. 
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