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Poly(A+) RNA was isolated from lactating cow mam-
mary gland and CDNAwas synthesized by a method
which resulted in a high yield of products containing
complete 5'-terminal mRNAsequences. Transformants
were screened with a HaelU-EcoRl fragment for bovine
asl-casein CDNA[M. Maki, M. Nagao, M. Hirose and H.
Chiba, Agric. Biol Chem., 41, 441 (1983)]. A CDNAclone
was isolated that contained the full length of asl-casein
mRNAand its nucleotide sequence was determined. The
amino acid sequence predicted from the nucleotide se-
quence was in good agreement with that determined with
the purified mature asl-casein. The signal peptide consist-
ing of 15 amino acids was identical to that of ovine asl-
casein. High homology at the nucleotide sequence level in
the signal peptide region and in the 5'-untranslated region
was found between rat a-casein and bovine asl-casein.

The caseins are a family of major proteins in
milk, which are secreted as colloidal particles
called casein micelles after molecular assem-
blage in the presence of calcium.1 ~4) In rumi-
nants caseins account for up to 80%of the
total protein content in milk. Bovine caseins
have been the most intensively studied be-
cause of their importance as the main com-
ponents in a number of dairy products. Bovine
casein micelles consist of four phosphopro-
teins, asl, as2, fi and k. The as- and /?-caseins
are precipitable by calcium, though j8-casein is
less sensitive to calcium. The fc-casein is in-
sensitive to calcium and functions as a micelle
stabilizer through interaction with calcium-
induced aggregates of other caseins. Complete
primary structures of the four bovine caseins
have been reported.5 ~8)

Caseins and other lactoproteins are coor-

dinately synthesized in the lactating mammary
gland under control of several hormones.9)

They are synthesized as precursors with signal
peptides, which are characteristic for secretory
proteins, and then processed by signal pep-
tidase. Further, caseins are subjected to post-
translational modification by phosphorylation
and glycosylation, and subsequently assem-
bled into casein micelles before secretion.
Casein mRNAactivity represents about 50%
of the total mRNAactivity isolated from
lactating mammarytissues.10'U) Thus caseins
have received muchattention as a target for
investigating regulation of protein synthesis

and secretion. Complementary DNAscoding
for caseins of rat,12~14) mouse,15~17) and cat-
tle18'19^ have been cloned in several labora-

tories. Recently restriction enzymemapping
and partial sequencing of the rat y-casein gene
have been reported.20) In this laboratory, clon-
ing of casein cDNAshas been performed with
the final aim of producing animal proteins in
foreign cells such as bacteria and plant cells.
Synthesis of rat C2-casein, which is a-casein
according to the classification by Rosen et
al.10) and a functional counterpart of bovine
asl-casein,21'22) was observed in E. coli trans-
formed with a plasmid carrying C2-casein
CDNA.12) Complementary DNA for bovine
asl-casein has been cloned, but the cloned
DNA lacked the sequence coding the N-
terminal region as well as the 5'-noncoding
region.19) Here we present the isolation and
sequencing of a full-length bovine asl-casein

CDNAclone.

MATERIALS AND METHODS

Poly(A+) RNAs were isolated from lactating Holstein
cow mammarygland by phenol extraction in the presence
of lO mMvanadyl-ribonucleoside complex, to inhibit ribo-
nucleases, followed by chromatography twice on oligo-
(dT)-cellulose as described previously.23) Single strand
cDNAswere synthesized with reversetranscriptase in the
presence of 2 mMmethylmercuric hydroxide and 2 units/jtd
ribonuclease inhibitor from human placenta.240 The RNA-
cDNA duplex products were dC-tailed with terminal
deoxynucleotidyltransferase.25) RNAin the duplexes were
removed by alkali treatment and then double-stranded
(ds) cDNAs were synthesized with reversetranscriptase
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Fig. 1. Restriction Map and Sequencing Strategy of Bovine asl-Casein CDNAClone (paslC228).
Each DNAfragment was labeled (O) and sequenced in the direction of the arrow. The cross-hatched box
represents the mature protein and the blackened box denotes the area corresponding to the signal peptide. The
white boxes indicate the non-coding region. The two white boxes at both ends show the dG and dC tails.

using oligo(dG) as a primer. The ds-cDNAswere inserted
into the Pstl restriction site of pBR322 by dG-dC homo-
polymer extension techniques as described previously.12)
Transformation of E. coli C600 was performed by the
method of Norgard et al.26) Transformants were grown on
L-agar plates containing 10/ig/ml tetracycline and then
tested for sensitivity to ampicillin. Tetracycline-resistant

and ampicillin-sensitive clones were grown on a nitrocel-
lulose filter placed on L-agar plates and processed for

colony hybridization as described previously. The clones
were screened with 5'-labeled 184 base Haelll-EcoRl

fragment (see also Fig. 1) from clone 1 in our previous
paper.19) DNA sequence analyses were performed as
described previously19) according to the method of
Maxamand Gilbert.27) The Ml3 dideoxy sequencing

system (Bethesda Research Laboratories) was also used as
described by the supplier to confirm the sequence data
determined by the method ofMaxam and Gilbert. Cloning
experiments were carried out in accordance with the
P2/EK2 containment guide-lines of the Ministry of

Education, Science, and Culture of Japan.

RESULTS AND DISCUSSION

Since the asl-casein CDNAin our previous
paper19) was missing at least 200 nucleotides of
the 5' end of the mRNA,isolation of a new
CDNAcovering the full length of the mRNA
was necessary. Poly(A+) mRNAs were iso-

lated from lactating cow mammarygland.
Double-stranded cDNAswere synthesized by
the method of Land et al.,25) which should
allow the cloning of the complete CDNAin-
cluding the 5' region of the mRNA. Trans-
formants were screened by hybridization with

a 32P-labeled Haelll-EcoRl fragment of asl-
casein CDNAfrom clone 119) (see Materials
and Methods and also Fig. 1). Plasmid
DNAs were isolated from 15 positive clones

and screened by digestion with Pstl follow-
ed by sizing on agarose gel to identify large
inserts. Northern analysis of cow mammary
gland poly(A+) RNAs, using the Haelll-
EcoRl fragment as a probe, had suggested
that the mRNA of asl-casein was approxi-
mately 1200~ 1300 nucleotides long, and two
of 15 positive clones were found to have in-
serts of about this size. The inserts from
these two clones were digested with EcoRl and
the resulting fragments were sized with elec-
trophoresis to identify the insert containing the
largest left-hand Pstl-EcoRl segment (see Fig.
1). This strategy assured the isolation of the
cloned CDNAcovering the largest region of
the mRNA.The inserts from two clones, pocsl-
C139 and paslC228, carried 5' Pstl-EcoRl

segments with about 770 and 780 nucleotides,
respectively. Therefore paslC228 was selected
and used for the characterization presented
here.

The restriction map and the sequence
strategy of the clone paslC228 insert is shown
in Fig. 1. Willis et al.18) have reported the iso-
lation of a CDNAclone from bovine asl-casein,
the restriction map of the insert, and its partial
nucleotide sequence (225 bases). Their restric-

tion map differs from ours in two points for
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TCACTTCGACCATCAACCCAGCTTGCTGTTCTTCCCAGTCTTGGGTTCAAGATCTTGACA 60

-15 -1 1

MetlysLeuLeuIleLeuThrCysLeuValAlaValAlaLeuAlaArgProLysHis
ACCATGAAACTTCTCATCCTTACCTGTCTTGTGGCTGTTGCTCTTGCCAGGCCCAAACAT

10 20
ProIleLysHisGlnGlyLeuProGlnGluValLeuAsnGluAsnLeuLeuArgPhePhe
CCTATCAAGCACCAAGGACTCCCTCAAGAAGTCCTCAATGAAAATTTACTCAGGTTTTTT 180

30 40
ValAlaProPheProGluValPheGlyLysGluLysValAsnGluLeuSerLysAspIle
GTGGCACCTTTTCCAGAAGTGTTTGGAAAGGAGAAGGTCAATGAACTGAGCAAGGATATT

50 60
GlySerGluSerThrGluAspGlnAlaMetGluAspIleLysGlnMetGluAlaGluSer
GGGAGTGAATCAACTGAGGATCAAGCCATGGAAGATATTAAGCAAATGGAAGCTGAAAGC 300

70 80
IleSerSerSerGluGluIleValProAsnSerValGluGlnLysHisIleGlnLysGlu
ATTTCGTCAAGTGAGGAAATTGTTCCCAATAGTGTTGAGCAGAAGCACATTCAAAAGGAA

90 100
AspValProSerGluArgTyrLeuGlyTyrLeuGluGlnLeuLeuArgLeuLysLysTyr
GATGTGCCCTCTGAGCGTTACCTGGGTTATCTGGAACAGCTTCTCAGACTGAAAAAATAC 420

110 120
LysValProGlnLeuGluIleValProAsnSerAlaGluGluArgLeuHisSerMetLys
AAAGTACCCCAGCTGGAAATTGTTCCCAATAGTGCTGAGGAACGACTTCACAGTATGAAA

130 140
GluGlylleHisALaGlnGlnLysGluProMetlleGlyValAsnGlnGluLeuAlaTyr
GAGGGAATCCATGCCCAACAGAAAGAACCTATGATAGGAGTGAATCAGGAACTGGCCTAC 540

150 160
PheTyrProGluLeuPheArgGlnPheTyrGlnLeuAspAlaTyrProSerGlyAlaTrp
TTCTACCCTGAGCTTTTCAGACAATTCTACCAGCTGGATGCCTATCCATCTGGTGCTTGG

170 180
TyrTyrValProLeuGlyThrGlnTyrThrAspAlaProSerPheSerAspIleProAsn
TATTACGTTCCACTAGGCACACAATACACTGATGCCCCATCATTCTCTGACATCCCTAAT 660

190 199
ProIleGlySerGluAsnSerGluLysThrThrMetProLeuTrp
CCCATTGGCTCTGAGAACAGTGAAAAGACTACTATGCCACTGTGGTGAAGAGTCAAGTGA

ATTCTGAGGGACTCCACAGTTATGGTCTTTGATGGGTCTGAAAATTCCATGCTCTACATG 780

TCGCCTCATCTACATGTCAAACCATTCATCCAAAGGCTTCAACTGCTGTTTTAGAACAGG

GCAATCTCAAACTGAGGCACTCCTTGATGCTCTACTGTATTTTAGATAGTGTAACATCCT 900

TAAGTGAAATTGTCCTAACAGCTTGTTACCTAAATTCCAGTAGTATCATGCTGGTATAAA

GGCCACTGAGTCAAAGGGAATTAAAGTCTTCATTAAATTTCTGTATGGAAAATGTTTTAA 1020

AAGCCTTTGAATCACTTCTCCTGTAAGTGCCATCATATCAAATAATTGTGTGCATTAACT

GAGATTTTGTCTTTCTTCTTTTCAATAAATTACATTTTAAGGCAAAAAAAAAAAAAAAAA 1140

AAAAAAAAAAAAAAAAAAAAA (

Fig. 2. Nucleotide Sequence of the asl-Casein CDNAInsert and the Predicted Amino Acid Sequence.

unknownreasons; one of the three Haelll sites
found in our insert, located nearest the 5' end,
is not present in their insert, while they found
another Rsal site located in the 3'-noncoding

region, which site was not found in our insert.
The nucleotide sequence and the predicted

amino acid sequence are presented in Fig. 2.
The insert contains 1161 bases including a 38
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UCA-CUUC--GACCAUCAACCCAGC UUGC UGUUC UUCCC-AGUC UUGGGUUCAAGA
.U UU--U UC-- ---C-'-A U-C

-15

Met Lys Leu Leu lie Leu ThrCys Leu Val Ala
UCUUGACAACC AUG AAA CUU CUC AUC CUU ACC UGU CUU GUG GCU
à"à"à"à"AG U C C --C

-1

Val Ala Leu Ala
GUU GCU CUU GCCà"C- à"à"à" U

Ala

Fig. 3. Comparison of Bovine asl-Casein and Rat a-Casein 5'-Untranslated and Signal Peptide mRNA
Sequences.

The sequences were aligned for maximumnucleotide identity. The sequence of rat mRNAis from Hobbsand
Rosen.13) The nucleotide sequence for bovine caseinls fully described and the nucleotides for rat casein are
indicated when they differ from those of bovine casein. Identity of nucleotides is shown with dots, and
deletions with solid lines. The amino acid substitution observed in the rat signal peptide is underlined.

poly(dA) sequence and contains one open

reading frame coding for 214 amino acids. The
predicted amino acid sequence from 1 to 199 is
in good agreement with the sequence5'6) de-
termined using purified asl-casein except for
position 30 at which Gin has been assigned.5)
The mature peptide is preceded by 15 amino
acids which would construct the signal peptide
(residues -15 to -1). The sequence of this

signal peptide is identical to that of ovine asl-
casein determined by translating ovine mam-
mary mRNAs.28) The nucleotide sequence

AATAAA,thought to be a polyadenylation
signal or a signal of RNAcleavage preceding
polyadenylation,29) is found 14 bases before

the y poly(A) tail.
It has been pointed out that there are three
specific areas showing a high degree of ho-

mology in the nucleotide sequences of mRNAs
of rat a-, /?- and y-caseins and mouse e-casein;
they are the sequences encoding the signal
peptides, the phosphorylation sites, and the 5'-
untranslated region.13) The homology between
any pair of signal peptides of these four caseins
ranged from 73 to 82% at the nucleotide
level.13) Comparison of the sequences between
rat a- and bovine asl-caseins showed 87%
homology (Fig. 3). Thus conservation of the
sequence with respect to signal peptides of
calcium-sensitive caseins appears to be un-
usually high at the nucleotide level as well as
the amino acid sequence level. Further we here

emphasize the substantial homology of the 5'-
untranslated region between rat a- and bovine
asl-caseins (Fig. 3). The homology of 77% is

much greater than the 50~65%13) found be-
tween the three pairwise combinations of the
rat a-, /?- and y-caseins.
Cloning of CDNAcovering a full length of
the coding region in mRNAhas been reported
with mouse e-casein17) and rat /?-casein14) but
this is the first paper that presents the isolation
of the full length CDNAfor ruminant casein.
Our ultimate goal would be to use this for
producing casein in foreign cells and also for

isolating the genomic clone to characterize the
gene structure fully.
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