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ABSTRACT cDNA for rat a-lactalbumin has been cloned in
bacterial plasmid, and its sequence has been analyzed. The DNA
sequence analysis shows that rat a-lactalbumin has 17 extra res-
idues beyond the COOH terminus of the a-lactalbumin isolated
and sequenced to date from other species. The predicted COOH-
terminal sequence is hydrophobic and proline rich and bears some
resemblance to #-casein sequences.

a-Lactalbumin (a-LA) is a mammary gland-specific protein in-
volved in lactose synthesis. It is a modifier protein that changes
the substrate specificity of galactosyl transferase, an enzyme
normally involved in the biosynthesis of glycoproteins. Specif-
ically, it promotes the binding ofglucose, otherwise a poor sub-
strate, to galactosyl transferase, thereby permitting synthesis
of lactose (for review, see refs. 1 and'2).

The complete amino acid sequences of human (3), bovine
(4), goat (5), guinea pig (6), and rabbit (7) and the partial se-
quence ofkangaroo (8) a-LA are known. These a-LAs are single
polypeptides of 123 amino acid (except rabbit a-LA, which has
122) residues that have sequences somewhat similar to that of
lysozyme (1, 2). a-LA from rat has been shown to be a glyco-
protein (9, 10) and was separated on a DEAE-cellulose column
into two molecular species (9). One of these has been shown by
sedimentation analysis to have a higher molecular weight than
any other known a-LA (9).

For studies of hormonal regulation of milk protein genes in
normal and neoplastic tissue, we have fractionated individual
RNA species from the total poly(A)+RNA of the lactating rat
mammary gland and have identified and characterized rat a-LA
mRNA (11, 12). It is difficult to obtain pure RNA absolutely free
of other RNA species by conventional fractionation techniques.
However, this problem can be resolved if a cDNA clone con-
taining sequences complementary to the corresponding mRNA
can be obtained. We now report the isolation of cDNA clone
of rat a-LA gene sequences and present its nucleotide
sequence.

This sequence encodes part of the known partial sequence
for rat a-LA protein. From the DNA sequence, the remainder
of the rat a-LA polypeptide sequence can be deduced; it is ho-
mologous with the other known a-LA sequences but contains
a COOH-terminal 17-residue extension that has a sequence re-
sembling that of a casein.

MATERIALS AND METHODS
Synthesis of Double-Stranded cDNA. Rat mammary gland

poly(A)+RNA was prepared from 5-day lactating Sprague-Dawley

rats as described (12). cDNA was synthesized from 100 ,g of
poly(A)+RNA by using 600 units of reverse transcriptase (RNA-
dependent DNA nucleotidyltransferase, avian myeloblastosis
virus, a gift of J. W. Beard, Life Sciences, St. Petersburg, FL)
in a 1.2-ml reaction mixture of50 mM Tris HCl, pH 8.3/6 mM
MgCl2/1.5 mM dithiothreitol/40 mM KCI/400 ,uM each
dATP, dCTP, dGTP, and dTTP containing oligo(dT)12_18 (12.5
,Ag/ml), actinomycin D (300 ,ug/ml), and 0.4 mCi of
[3H]dATP (15 Ci/mmol; 1 Ci = 3.7 x 1010 becquerels) (12). The
yield of single-stranded cDNA was =18 ,Ag. The DNA was frac-
tionated on the basis ofsize by using an alkaline 10-30% sucrose
density gradient containing 0.9 M NaCl/0. 1 M NaOH and cen-
trifuged in an SW 41 rotor at 40,000 rpm for 24 hr at 5oC (13).
Fractions containing 300- to 850-nucleotide-long cDNAs (6 jig)
were pooled and considered enriched in a-LA cDNA sequences.

Double-stranded (ds) DNA was synthesized from the cDNA
fraction by using 50 units of DNA polymerase I in a 200-,ul in-
cubation mixture of 30 mM Tris HCl, pH 7.2/4 mM MgCl2/
0.5 mM dithiothreitol/1 mM each dCTP, dGTP, dATP, and
dTTP containing 10 ,Ci of [a-32P]dATP at 25°C for 3 hr (13).
The hairpin loops of the ds DNA (5 ,ug) were clipped and made
blunt ended by using nuclease S1 (50 units) in a 1-ml incubation
mixture of 3 mM ZnSOJ30 mM sodium acetate, pH 4.5/300
mM NaCl for 2.5 hr at 40°C. The sample was extracted with
phenol/chloroform (1:1) and passed through a Sephadex G-75
column. The final yield of ds DNA was -4 ,g.

Terminal Transferase Reaction and Construction of a Re-
combinant cDNA/pBR322 DNA. Terminal transferase homo-
polymer addition was carried out as described (14). The restric-
tion endonuclease Pst I was used to linearize the pBR322
(Bethesda Research Laboratories, Rockville, MD). The linear
plasmid DNA and ds cDNA were elongated with dGTP and
dCTP, respectively, by using terminal deoxynucleotidyltrans-
ferase (Bethesda Research Laboratories). Approximately 18-20
nucleotides were added to each 3' end of the ds DNA. The
oligo(dG)-tailed plasmid DNA and the oligo(dC)-tailed ds DNA
were hybridized in a 1:1 molar ratio at 65°C in 10 mM Tris HCl,
pH 7.5/100mM NaCVl1 mM EDTA for 2 hr. The reaction tubes
were left at room temperature for 6 hr and then kept at 4°C until
used for transformation of Escherichia coli.

Transformation and Colony Filter Hybridization. All pro-
cedures were conducted in accordance with the National In-
stitutes of Health guidelines for recombinant DNA research.
Hybrid plasmid was used to transform E. coli LE392 in the
presence of CaCl2 by a described procedure (15) and selected
for tetracycline resistance and ampicillin sensitivity. The colo-
nies containing a recombinant plasmid were grown in 2.5 ml

Abbreviations: LA, lactalbumin; ds, double stranded; bp, base pair(s).
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of L broth containing tetracycline (12.5 Ag/ml). After 18 hr of
incubation, 0.5 ml of culture was transferred to an Eppendorf
tube and DNA was extracted and denatured (16). The DNA
solutions were adjusted to 0.75 M NaCV/0.075 M Na citrate and
spotted on nitrocellulose filters under suction. Filters were hy-
bridized according to the Grunstein-Hogness procedure (17).

32P-Labeled cDNA to Enriched a-LA mRNA. Poly(A)+RNA
was fractionated on a neutral sucrose gradient and a-LA mRNA
fractions were identified by an in vitro translation system and
immunoprecipitation with a-LA antiserum (11, 12). cDNA was
synthesized from this enriched a-LA mRNA fraction as de-
scribed (12).

Positive Hybrid Selection for Identification of cDNA
Clones. The positive-hybrid selection procedure followed was
a modification of similar procedures reported earlier (18-20).
Cultures were grown to an OD at 590 nm of 0.7/ml and incu-
bated overnight with chloramphenicol (100 tkg/ml). Cells from
100-ml cultures were centrifuged, -suspended in 2 ml of 15%
sucrose/50 mM Tris HCl, pH 7.5 containing lysozyme at 5 mg/
ml and incubated at 220C for 10 min. The cells were lysed by
adding 2 ml of 50 mM Tris HCl, pH 8.0/62.5 mM EDTA/
0.4% Triton X-100 and centrifuging at 19,000 rpm for 1 hr at
40C. The supernatant was removed and extracted once with
phenol, and DNA was precipitated with ethanol and dissolved
in 3 ml of 10 mM Tris HCl, pH 7.6/1 mM EDTA. The solution
was boiled for 10 min, treated with an equal volume of 1 M
NaOH for 20 min at 22°C, and then with 35 ml of 1.5 M NaCl/
0.15 M Na citrate/0.25 M HC1/0.25 M Tris HCl, pH 8.0. DNA
was immobilized on nitrocellulose filters and hybridized to 5
,.g of poly(A)+RNA in 300 ,lI of 65% formamide/0.4 M NaCl/
0.2% NaDodSOJ30 mM Pipes, pH 8.5, containing 50 ,ug of
tRNA at 50°C for 2 hr. The filters were washed 10 times at 650C
with 25 ml of SET buffer (0.15 M NaCV/0.01 M Tris HCl, pH
7.6/0.001 M-EDTA) containing 0.5% NaDodSO4 and twice
with 25 ml of SET buffer alone. The filters were transferred to
siliconized Eppendorf tubes and washed once with 300 ,ul of
SET buffer diluted 1:10 at 65°C, and the supernatant was dis-
carded. The hybridized RNA was eluted in 300 ,ul ofwater con-
taining 20 ,ug ofwheat germ tRNA at 100°C for 1 min. The eluate
was extracted first with phenol and then with chloroform and
then RNA was precipitated with ethanol. The mRNA obtained
was translated in a wheat germ cell-free system in the presence
of [3S]cysteine as described (11, 12) with two modifications:
(i) the wheat germ extract was treated with micrococcal nuclease
(21) and (ii) the concentration of creatine phosphokinase was
increased from 4 to 32 ,ug/ml. These changes increased the
efficiency of translation (22). Aliquots of the resulting labeled
products (2 x 105 cpm) were immunoprecipitated with rat a-
LA antibody (9) in the presence-and absence of 1 ug ofunlabeled
rat a-LA. The total proteins' synthesized in the cell-free system
and the immunoprecipitates were examined on 11.25% poly-
acrylamide gels (23).

Preparation of Plasmid DNA. Cells were grown in LB broth
containing tetracycline (12.5,ug/ml) to an OD at 590 nm of 0.8/
ml and harvested to prepare ar clear lysate (24). DNA was ex-
tracted from the lysate with phenoVchloroform (1:1) and pre-
cipitated with ethanol. The supercoiled DNA was purified free
of RNA and linear DNA by centrifugation three times in a CsCl
gradient (p = 1.5732) containing ethidium bromide (100 ug/
ml) in a VTi 50 rotor (Beckman) at 48,000 rpm for 12 hr.

Restriction Endonuclease Analysis. Plasmid DNA and Pst
I inserts labeled at 3' ends were digested with restriction en-
zymes, and the resulting fragments were analyzed by agarose
or polyacrylamide gel electrophoresis (25).

3' and 5' End Labeling of DNA Fragments. Pst I inserts
were labeled with [a-32P]-3'-dATP (cordycepin) by using ter-

minal deoxynucleotidyltransferase by a modification of the
method described earlier (14). The reaction mixture of 100 mM
sodium cacodylate/l mM CoCl2/0. 1 mM dithiothreitol con-
taining DNA to be labeled (50-150 jug/ml), 250 units of ter-
*minal deoxynucleotidyltransferase (P-L Biochemicals), and 0.5
mCi of 3'-[ac-32P]dATP (3000 Ci/mmol, New England Nuclear)
at pH 6.9 was incubated at 370C for 1 hr, and reaction was ter-
minated by the addition of 500 Al of 10 mM TrisHCl, pH 7.8/
10 mM EDTA/200 mM NaCl containing 20 jig of tRNA. Re-
striction fragments with 5'-protruding staggers were labeled
with [y-32P]ATP (3000 Ci/mmol, Amersham) by using polynu-
cleotidylkinase (P-L Biochemicals) as described by Maxam
and Gilbert (26).
DNA Sequence Analysis. End-labeled DNA was digested

with the appropriate restriction enzyme. The fragments were
separated on 6% polyacrylamide gels, eluted out of the gel, and
subjected to base modification and cleavage as described by
Maxam and Gilbert (26). Samples were subjected to electro-
phoresis on 0.4-mm polyacrylamide/8.3 M urea gels.

'RESULTS
Construction of Recombinant Plasmids. cDNA was synthe-

sized from the total poly(A)'RNA of lactating rat mammary
gland, which had at least 10% of a-LA mRNA activity (11, 12).
The yield ofcDNA was 20% of the RNA used. The DNA was
fractionated according to size on an alkaline sucrose gradient.
Rat a-LA mRNA has been shown previously to be =800 nu-
cleotides long (12). Thus, the cDNAs ranging from 300 to 850
nucleotides in length were combined and considered enriched
for a-LA cDNA. Second-strand DNA was synthesized with E.
coli DNA polymerase I by using the hairpin portions at the 3'
terminus of the cDNA as primer. This DNA was blunt ended
by nuclease S1 treatment, and an average of 15-20 dCMP res-
idues were added at the 3' terminus by terminal transferase.
Similarly, plasmid pBR322 was cleaved at its single Pst I site,
and an average of 18 dGMP residues were added to the 3' ter-
minus. Dimeric plasmids resulting from the hybridization of the
tailed DNAs were used to transform E. coli LE392, and the
transformants were monitored for their ability to grow in the
presence of tetracycline (15). Ninety-five tetracycline-resistant
ampicillin-sensitive transformants were isolated with a trans-
formation efficiency of4.5 x 103 transformants per ug of vector
DNA. The transformants were grown in small volumes, and
DNA was extracted and spotted on nitrocellulose filters. The
filter was hybridized (17) with a 32P-labeled cDNA probe syn-
thesized from a mRNA fraction that was only 35% enriched
for a-LA mRNA as judged by translation and immunoprecipi-
'tation. Thirty-seven clones hybridized with this cDNA probe.

Screening for a-LA cDNA-Containing Plasmids. Since the
ds cDNA used for transfection was not pure and the 32P-labeled
cDNA probe used to light up the clones was only 35% pure, we
screened the clones for a-LA cDNA with the positive transla-
tion analysis (18-20). For such analysis, we pooled the plasmid
DNA in sets of nine from the clones that hybridized with our
32P-labeled cDNA probes. The DNA was fixed on nitrocellulose
filters and then hybridized with total poly(A)+RNA under R-
loop conditions. The RNA was eluted and translated in vitro by
using [35S]cysteine. If the translation product was immunopre-
cipitated by rat a-LA antiserum and immunocompeted by pure
rat a-LA antigen, the plasmid DNA was considered to have the
a-LA cDNA sequences. The pooled plasmid DNAs that were
positive by this assay were then individually analyzed by the
same assay. Fig. 1 B and C shows the polypeptides synthesized
when the cell-free translational system was programmed with
mRNA selected by hybridization to the recombinant DNA
(plasmids p18 and p58) immobilized on nitrocellulose mem-
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FIG. 1. Autoradiographs of 11.25% polyacrylamide gels showing
[36S]cysteine-labeled polypeptides synthesized in wheat germ cell-free
system programmed with poly(A)+RNA (A), RNA selected by hybrid-
ization to p18 DNA (B), and to p58 DNA (C). Tracks: 1, lactoproteins;
2 and 3, immunoprecipitates and immunocompetitions (with 1 ,.g of
rat a-LA) of the translation products, respectively; M, "4C-labeled
markers.

branes. The in vitro-synthesized protein was immunoprecipi-
tated by a-LA antiserum and immunocompeted with pure rat
a-LA. Total poly(A)+RNA from the lactating gland synthesizes
several [3S]cysteine-labeled lactoproteins (22) (Fig. 1, track 1),
but only one of these was immunoprecipitable with a-LA anti-
serum and immunocompeted by pure rat a-LA (Fig. 1 B and
C). For some as yet unknown reasons, the sharpness of the in
vitro-synthesized a-LA protein band varies from one gel to an-
other. Five out of 95 recombinant plasmids, pl, p5, p17, p18,
and p58, were identified as positive clones by this assay and
contain a-LA cDNA sequences.

Restriction Endonuclease Mapping. The plasmids p18, p17,
and p58 when cleaved with Pst I and analyzed on a polyacryl-
amide gel were found to contain a-LAcDNA inserts of630, 300,
and 280 base pairs (bp), respectively. The DNA inserts ofpl and
p5 were of 280 bp and their restriction maps were the same as
that of p58. The 630-bp insert ofp18 contains cleavage sites for
the restriction enzymes Ava II, Alu I, EcoRI, HinfI, Hha I, Msp
I, Sst I, and Xba I (Fig. 2). Many restriction enzymes did not
cleave the insert, including BamHI, Bgl II, HindII, HindIII,

Pst I Ava Il Hlnf I Alu I
I I 1t

Pati

Hinf I Ai I
I I

AIu I Hha IMip ISst I Eco R

Kpn I, Sal I, and Xho I. The insert ofp17 was cleaved by EcoRI
and Sst I but not by Xba I. Similarly, the insert of p58 was
cleaved by Xba I but not by EcoRI and Sst I. DNA sequence
analysis of each of these clones established the restriction map
as shown in Fig. 2.
DNA Sequence Analysis. DNA sequence analyses of p18,

p17, and p58 were undertaken to establish whether or not these
plasmids contained DNA coding for rat a-LA. The strategy used
in determining the complete nucleotide sequences of the Pst
I inserts is shown in Fig. 2. Inserts ofthe plasmids were labeled
with terminal transferase and [a-32P]dATP (cordycepin) and the
3'-terminal Pst IlEcoRI or Pst I/Xba I fragments were se-
quenced by the method of Maxam and Gilbert (26). Plasmids
were also digested with EcoRI/Xba I, and the fragments were
labeled with polynucleotide kinase and [y-32P]ATP. The 5'-ter-
minal EcoRI/Pst I or Xba I/Pst I fragments were then se-
quenced. The sequence was determined on both strands and
with different clones to ensure accuracy. The complete nucleo-
tide sequence of the coding strand of the p18 insert is shown
in Fig. 3. The cDNA insert is 623 nucleotide long, which in-
cludes the G-C tails and sequences of the Pst I site. The 3' end
of the coding strand is oriented toward the EcoRI site of the
pBR322. On the contrary, 3' ends of the p17 and p58 inserts
are oriented in the opposite direction with respect to the EcoRI
site ofpBR322. The nucleotide sequence ofthe p17 insert aligns
with the sequence of nucleotides 195-452 of the p18 insert
whereas the sequence of the p58 insert aligns with the sequence
of nucleotides 405-596 ofp18 (Fig. 2). The p58 insert has, after
nucleotide 596, a sequence G-T-C-T-C followed by an A32 tail
at the 3' end. All these inserts are flanked by G-C tails of 15-20
bp at the 5' and 3' ends.

Nucleotides 28-129 correspond to amino acid residues 25-58
of rat a-LA, whose sequence has been determined by Prasad
and Ebner (27), with the exception ofthe nucleotides at residues
39 and 44. The amino acid sequence from position 58 onward
to the COOH-terminal end of rat a-LA, unknown so far, has
now been derived by reading the nucleotide sequence in trip-
lets from the arginine codon at position 58 (Fig. 3). The protein
sequence extends to 140 residues, well beyond the 123 or 122
residues normally assigned to other a-LAs. The termination
codon, UAA, is located next to the codon that encodes proline
as the COOH-terminal residue ofthe 140-residue protein. This
17-amino acid COOH-terminal extension contains five prolines
and nine hydrophobic residues.

DISCUSSION
Rat a-LA is a glycoprotein (9, 10) and separable into two mo-
lecular forms that show differences in their molecular weights
by both sedimentation and polyacrylamide/NaDodSO4 (Laemm-
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FIG. 2. Restriction endonuclease map and sequence strategy for p18, p17, and p58 cDNA inserts. Pst I inserts were labeled at the 3' ends (0)
and digested with EcoRI. EcoRI/Xba I-digested plasmids were labeled at the 5' ends (o) and then again digested withPst I. The lengths of the arrows
show the extent of sequence determined for a particular fragment. In p18, the coding sequence is 5' to 3' toward the EcoRI site of pBR322, but in
p17 and p58, the coding sequence is in the opposite direction. For comparison, all here are shown as 5' to 3', according to mRNA sequence.
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cDNA/p-18
Protein
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5' GG. GGGTGCTT GAA TGG ACC TGT GTT TTA TTC CAC ACC AGT GGC TAT GAC TCA CAA GCT ATC GTC AAG AAC AAT GGC AGC ACA G
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AG TAT GGA CTC TTC CAG ATC AGT AAC AGA AAT TGG TGC AAG AGT AGC GAG TTC CCC GAG TCA GAG AAC ATC TGT GAC ATC TCC TGT GAC AAG TTC CTX GA
u Tyr Giy Lou Ph. Gin Is sf Asn Arg Asn Trp Cys Lye Ser Ser Glu Phe Pro Glu Ser Glu Asn Il. Cys Asp le Ser Cy Asp LsPhe Leu As
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p Asp Glu Lou Ale Asp Asp Its Val Cys Ale Lys Lys le Vai Ale Ie Lys Gly le Asp Tyr Trp Ly Al His Lys Pro Met Cy Ser GuLysLeu
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GAA CAG TGG CGC TGT GAG AAG CCG GGA GCT CCT GCC CTT GTT GTC CCT GCC CTG AAT TCA GAA ACA CCT GTT CCC TAA GGCTACCTCAGTTTGGCTCMCTATC
Glu Gin Trp Arg Cys Glu Lye Pro Gly Ale Pro Ale Leu Val Val Pro Ale Lou Asn Ser Glu Thr Pro Val Pro End
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GTGAAGATGATCTGTCTCTGAGCCTrGTATCCTGTAGTGACACCATCGGACTCTAGAGGACTTTTwGTTCAACAGGAGTGCGACTGGCACACTGGACTGCAAACCCTTGCTTAGTGACG

530 540 550 560 570 590 580 596 619
GCGAGGGTCTTGATGGTGGTTTTACTAATGCAAGAGAACCCTCTCCTGTCCCAJE2CGGGCCCAAMGAC.....C 3'

FIG. 3. Complete nucleotide sequence of the coding strand of p18 a-LA cDNA insert. Nucleotides 1-5 and 619-623 represent sequences cor-
responding to the Pst I site. The 3' end is toward the EcoRJ site of the pBR322. The nucleotide sequences of the cDNA inserts, p17 and p58, are
identical to the sequences of p18 for nucleotides 195452 and 405-596, respectively. A translational frame was chosen that aligned the nucleotide
sequence 28-129 with the known partial protein sequence of rat a-LA at residues 25-58 (27). Conserved amino acids are underlined; amino acids
present only in some a-LAs are underlined with a dotted line.

li) gel analysis (9). It has been proposed (9, 22) that the higher
molecular weight form of a-LA could be larger than the 123-
amino acid-long rat a-LA (10). Our present data, based on DNA
sequence analyses oftwo cDNA clones (p17 and p18), now con-
firm the previously proposed higher molecular weight form of
rat a-LA (9, 22) and show it to be 17 residues longer than 123
amino acids (10, 27). DNA sequence analysis of the 630-nu-
cleotide insert ofthe recombinant plasmid p18, containing gene
sequences complementary to rat a-LA mRNA, showed that the
insert encodes residues 25-140 ofthe a-LA protein. The amino
acid sequence of first 58 residues of rat a-LA is known (27).
Nucleotides 27-129 of the p18 insert correspond to amino acid
residues 25-58 of rat a-LA (Fig. 3), with the exception of res-
idues 39 and 44, which by protein sequence analysis have been
assigned as glutamine and asparagine (27). The DNA sequence
in this region clearly established these residues as glutamine
and asparagine. This minor discrepancy is probably due to an
incorrect amino acid assignment made during the protein se-
quence analysis, possibly due to deamination. We have now
derived the remaining protein sequence from the cDNA se-
quence, which shows that rat a-LA is 17 residues longer than
the usual length of a-LA [rabbit a-LA is only 122 residues long
(7)]. The sequence up to residue 122 of rat a-LA is comparable
with that of a-LAs from other species-human, bovine, goat,
guinea pig, and rabbit. The same amino acids have been con-
served in all other species (Fig. 3). Of these, phenylalanine-31,
histidine-32, tyrosine-50, and tryptophan-104 and -118 are con-
sidered essential for the activity ofa-LA (28, 29). The 17-residue
COOH-terminal extension in rat a-LA is unique in that it is
proline rich and hydrophobic.

Based on the DNA sequence of the inserts of p18 and p58,
the a-LA mRNA contains 226 nucleotides in the 3'-noncoding

region (Fig. 3). The p58 cDNA insert has a sequence G-T-C-T-
C after nucleotide 596 that is then followed by a 32-nucleotide-
long poly(A) portion. The A-A-U-A-A-A sequence, which is
present in most of the eukaryotic mRNAs (30), is thus 19 bases
before the poly(A) site. The length of a-LA mRNA, including
the poly(A), would be estimated to be at least 735 nucleotides
containing 226 3'-untranslated nucleotides, 477 nucleotides of
coding sequence that include the codons for 19 amino acids that
comprise the signal peptide (31) of rat a-LA. The length of
mRNA as observed by hybridization of the nick-translated p18
probe to the poly(A)+RNA by reverse Southern analysis (un-
published results) is at least 850 nucleotides. This would mean
that a-LA mRNA has -120 5'-untranslated nucleotides. It is
interesting to compare the a-LA mRNA sequence with the
chicken lysozyme mRNA sequence, which has been shown to
be 620 nucleotides long [including a 33-nucleotide poly(A) se-
quence; ref. 32]. Since the a-LA protein sequence of various
species shows homologies to the antibacterial glycosidase en-
zyme lysozyme, it has been proposed that the two have evolved
from the same ancestral gene (33). Comparing the protein se-
quence of rat a-LA derived here from cDNA clones with that
of chicken lysozyme (33) between amino acids 25-123, we find
35 residues in corresponding positions that are identical in the
two proteins; 32 ofthem are between residues 25 and 100. Com-
paring the nucleotide sequences, we find pronounced homolo-
gies within this region of the two mRNAs. These homologous
residues in the chicken lysozyme are coded by the 2nd and 3rd
exon of the lysozyme mRNA (32). The least homologous region
is beyond residues 100-105, which encode the COOH-terminal
part of the two proteins. This part of the lysozyme is coded by
the 4th exon ofthe mRNA, which also shows the least homology
with the corresponding part of the a-LA mRNA.

a-LA isolated from other species is 122 or 123 amino acids
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long. It is possible that during evolution, a change has occurred
in this region that has resulted in the extension of rat a-LA. For
example, transversion of T -- G in the termination codon TGA,
possibly present in the a-LA gene ofother species at codon 124,
would result in the GGA codon. This codon codes for glycine,
the amino acid found at position 124 in rat a-LA (Fig. 3). This
single mutation would abolish the termination and allow a read
through of a-LA mRNA up to the next termination codon after
residue 140. It has also been suggested that a single mutation
in a Peucine codon normally present at position 123 in a-LAs
of other species will generate a termination codon, resulting in
the 122-residue-long rabbit a-LA (7). Taken together, these
arguments suggest that the DNA region corresponding to res-
idues 122-124 of the a-LA gene sequence is amenable to more
frequent mutational changes, generating small or large a-LAs.
However, there are other possibilities worth considering. For
example, one possibility is that the 123-amino acid-long a-LA
is synthesized by another a-LA mRNA, for which the cDNA
clone has as yet not been identified. We have, for these very
reasons, analyzed the sequences of the DNA inserts of more
than one plasmid DNA (p17 and p58). The nucleotide sequences
of p17 and p58 are identical to the sequence of p18 for nucleo-
tides 195-452 and 405-596, respectively (Fig. 3). We have also
isolated 12 additional a-LA cDNA clones; none of them shows
any difference in the restriction sites present in the nucleotide
sequence coding for the COOH-terminal extension part of the
protein (Msp I, Sst I, and EcoRI sites in Fig. 3; unpublished
results). Thus, the only class of mRNA detected thus far has a
COOH-terminal extension sequence, which makes the possi-
bility of separate mRNA for the 123-amino acid-long a-LA less
likely. Nevertheless, the possibility of two mRNAs should be
left open. A second possibility is that all a-LAs may well be
synthesized to a length longer than 123 amino acids with the
extensions at the COOH-terminal end as in the rat and that
during the secretory process, the COOH-terminal extension is
cleaved off in a manner similar to a presequence. All the NH2-
terminal presequences of the secretory proteins (signal pep-
tide), including the a-LAs, are hydrophobic (and some are also
proline rich) and are cleaved during the secretory process (34,
35). The COOH-terminal 17-residue extension of rat a-LA is
also hydrophobic and proline rich. In the rat, however, this
COOH-terminal extension somehow escapes cleavage. The se-
quences of a-LA cDNA clones from other species should un-
equivocally answer such questions. The cleavage of prese-
quences (signal peptide) of rat a-LA in the presence of
microsomal membranes from dog pancreas has been studied by
Lingappa et al. (31). In these studies, the sequences of the
COOH-terminal end before and after the treatment with mi-
crosomal membranes was not investigated.

Caseins from all the species sequenced to date are proline-
rich milk proteins. It is worth noting that the COOH-terminal
proline-rich extension of rat a-LA contains sequences 129Val-
Val-Pro and lasPro-Val-Pro, which are also present in ,B-casein
from bovine and ovine sources but at positions 83-85 and
172-174, respectively (36). The sequences of rat caseins have
not yet been analyzed. Rat casein cDNA clones have been iso-
lated in our laboratory, but their sequences have not been
determined.
Now that the sequences of a-LA cDNA clones are known,

it should be possible to probe the molecular mechanisms of the
hormonal regulation of a-LA mRNA synthesis and the genomic
organization of the a-LA gene sequences in normal as well as
neoplastic tissues.
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