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ABSTRACT

Chicken conalbumin double-stranded cDNA (con-dscDNA) was
synthesized from a laying hen oviduct mRNA preparation enriched
for conalbumin mRNA (con-mRNA). The dscDNA was inserted by blunt-
end ligation into the SalI site of plasmid pBR322 which had been
repaired with DNA polymerase I to create TaqI sites on each side
of the inserted fragment. After bacterial transformation, one
hybrid recombinant, pBR322-conl, which contains the largest in-
serted dscDNA (about 2350 bp) was shown to hybridize specifi-
cally to the RNA which is translated into conalbumin. Electron
microscopic examination of hybrid molecules between con-mRNA and
pBR322-conl DNA indicate that the inserted con-dscDNA is an al-
most full-length double-stranded transcript of conalbumin mRNA.

INTRODUCTION

In the chicken oviduct the synthesis of the egg white pro-
teins ovalbumin, conalbumin, ovomucoTd and lysozyme, is control-
led by steroid hormones at the level of transcription (1-7). A
comparison of the structural organization of the DNA within and
around these genes should be helpful in understanding the mole-
cular mechanisms involved in this hormonal control. The analysis
of the structure of ovalbumin gene is well advanced (8-12). Com-

parison of the structure of the ovalbumin and the conalbumin
genes should be very informative because, although both genes
are induced by the presence of the steroid hormones oestradiol
and progesterone, there are subtle differences in their respon-
ses. For example, the level of conalbumin messenger detectable

in chicken oviduct mRNA increases very rapidly after administra-

tion of oestradiol whereas there is an apparent lag in the re-

sponse of the ovalbumin gene (7,13). In addition, the ovalbumin
gene is almost unexpressed in the liver (14) whereas the conal-
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bumin gene is expressed constitutively (7) [the protein trans-

ferrin is the name given to the product of the "conalbumin" gene

in the liver (7, 15)]. It is obvious that the complete analysis

of the structure of the conalbumin gene can only be performed
after its purification by molecular cloning. As a first step

towards this goal we report here the cloning, identification and

characterization of a plasmid recombinant which contains an al-
most full-length double-stranded cDNA copy of conalbumin mRNA.

MATERIALS AND METHODS

1. Enzymes.

Highly purified reverse transcriptase from avian myeloblas-

tosis virus (AMV) was obtained from Dr. Beard (Life Sciences Inc.,

St. Petersbourg, USA). E.coli DNA polymerase I [15,000 poly dAT
units/mg] was generously supplied by Dr. A. Kornberg and Dr. D.

Brutlag. Endonuclease-free nuclease Si from Aspergillus oryzae

was purified according to Vogt (16). Bacterial alkaline phospha-

tase (BAPF) bought from Worthington (USA) was dialyzed against

Tris-HCl 10mM, pH 7.5, NaCl 10 mM, and heated for 30 min at 80°C
before use. T4 DNA ligase (3,300 units/ml using blunt-end DNA)

was obtained from New England Biolabs (Beverly, USA). E.coli exo-

nuclease III was purchased from liles (U.K.). EcoRI, Bam Hi and

HindIII restrictions enzymes were prepared according to the pro-

cedure of SUmegi et al. (17), Wilson and Young (18) and Humphries

et al. (19), respectively. Other restriction enzymes were obtained from New

England Biolabs or Bethesda Research Laboratories (Rockville, USA).
Restriction endonuclease digestions were carried out as described
in the New England Biolabs booklet. Labelled deoxyribonucleoside
triphosphates were purchased from Amersham (U.K.).

2. Synthesis of complementary DNA (cDNA) and double-stranded
cDNA (dscDNA) from partiaZZy purified conalbumin mRNA.

Nucleic acids were extracted from laying hen oviduct by
proteinase K (Merck) digestion in the presence of SDS, phenol-
chloroform extraction, and ethanol precipitation (7). After

dissolution in water, high molecular weight RNA was precipitated
by addition of 2 volumes of 3 M Na acetate, 5 mM EDTA pH 7.0
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The precipitated RNA was then washed with 3 M Na acetate, dis-
solved in 0.5 M NaCl, 0.1% SDS, 4 mM EDTA, and 10 mM Tris-HC1
pH 8.0 and applied to an oligo(dT)-cellulose column (Colla-
borative Research) as described elsewhere (7). After elution,
the polyA-containing RNA was heated at 65°C in 1% SDS, 5 mM EDTA,
10 mM Tris-HCl pH 7.5 and sedimented on 5-20% sucrose gradients
in the same buffer for 8 h at 280,000 g in a Beckman SW41 rotor.
Fractions were assayed for both ovalbumin and conalbumin mRNA
using cDNAs specific for each mRNA as previously described (7).
The peak fractions of conalbumin mRNA (con-mRNA) were pooled and
the mRNA further purified by two additional sucrose gradient cen-
trifugations.

Conalbumin cDNA (con-cDNA) was synthesized from the parti-
ally purified con-mRNA using reverse transcriptase as previously
reported (7). In the preparation which was used for con-dscDNA
synthesis, actinomycin D was not added and [3H]-dCTP (280 cpm/
pmole) was used as the radioactive label. The con-cDNA prepara-
tion which was used as hybridization probe, was synthesized in
the presence of Actinomycin D and [3H]-TTP (100 Ci/mmole) as
radioactive label.

Con-dscDNA was prepared as follows. cDNA molecules larger
than about 1500 nucleotides were selected by centrifugation
through alkaline sucrose gradient (20). 0.16 to 0.20 vg of these
cDNA molecules was incubated for 1 h at 37°C with 18 units of
E.coli DNA polymerase I in 30 mM Tris-HCl pH 8.0, 4 mM MgCl2,
10 mM S-mercaptoethanol, 200 pg/ml DNase-free bovin serum albu-
min (21), 0.2 mM [32P]-dCTP (200 cpm/pmole) and 0.2 mM of dATP,
dGTP and TTP. The dscDNA was phenol-extracted, ethanol-precipi-
tated and treated for 90 min at 37°C in 500 pl of 30 mM sodium

acetate pH 4.5, 3 mM ZnCl2 and 0.3 M NaCl with 100 units of Si nucle-
ase (16) to cut the hairpins. After phenol extraction and ethanol

precipitation the dscDNA was centrifuged in a neutral 5-25%

sucrose gradient (SW56, 31,000 rpm, 15 h at 200C). Fractions con-

taining molecules which on the average were longer than 1500 bp
(about 120 ng) were pooled and ethanol-precipitated using E.coli
tRNA (10 pg/ml) as a carrier. Finally, the extremities of the
dscDNA were made perfectly flush (blunt) by incubation with
E.coli DNA polymerase I as described by Seeberg et al. (22).
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3. Construction of recombinant DNA plasmids.

a) Preparation of a pBR322 vector with TagI sites at its

extremities. The extremities of 8.5 pg of pBR322 linearized with

SalI restriction enzyme were repaired to create TaqI sites by

incubation for 20 min at 14°C with 15 units of E.coli DNA poly-

merase I in 250 P1 of the same reaction mixture as above (22).

The 5' terminal phosphates of the vector DNA were removed by

treatment (15 min at 65°C) with 1.5 units of bacterial alkaline

phosphatase (23). After phenol extraction, ethanol precipitation

and ligation, 1 pg of such a treated vector yielded about 1000

transformant colonies, whereas 1 pg of untreated pBR322 DNA

yielded 2.106 transformant colonies.

b) Ligation. 50 ng of pBR322 DNA treated as described above

and 20 ng of dscDNA were "blunt-end" ligated by incubation (in

10 pl of 50 mM Tris-HCl pH 7.5, 10 mM MgCl2, 10 mM s-mercapto-
ethanol and 1 mM ATP) for 18 h at 120C in the presence of 1 PI
of T4 ligase (24).

4. Transformation and identification of recombinant clones.

E.coli C600 rkmk rec B C was transformed with half of the

hybrid plasmid DNA as described in Humphries et al. (25). Trans-

formed ampicillin-resistant and tetracycline sensitive colonies

were selected (see Result section) and replated. The plasmid DNA

of each colony was then analyzed for its size essentially as described by

Telford et al. (26). A part of each selected colony was suspend-
ed in 20 pl of 50 mM Tris-HCl pH 8.0, 5 mM EDTA, 0.5% SDS and

incubated for 2 h at 370C with 50 pg of proteinase K. The lyzed
material was brought to 1% sucrose, 0.01% bromophenol blue, mixed

with 20 pl of 0.8% agarose and run on 0.8% agarose slab gel at

50 volts for 6 h in 40 mM Tris-acetate pH 7.8, 1 mM EDTA buffer.

The colonies containing the longest hybrid plasmid DNA molecules

were grown in 10 ml of L broth, and their plasmid DNA

was amplified by chloramphenicol (see below). The DNA was ex-

tracted and hybridized to conalbumin [3H]-TMP-labelled cDNA as

previously described by Humphries et al. (25) for ovalbumin.
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5. Preparation of plasmid DNA.

Cultures were grown to the logarithmic phase before ampli-
fication by addition of 200 pg/ml of chloramphenicol (27). Ex-
traction and purification of plasmid DNA was achieved essentially
by the cleared lysate technique of Clewell et al. (28) followed
by two successive ethidium bromide-ClCs equilibrium gradients.

6. Orientation of the inserted conalbumin dscDNA.

The method of Cohn et al. (29) was followed. 2.5 pg of
purified pBR322-conl DNA (see Result section) was linearized
with HindIII restriction enzyme and treated (220C, 100 pl) with
20 units of exonuclease III in 66 mM Tris-HCl pH 8.0, 90 mM NaCl,
5 mM MgCl2 and 5 mM dithiothreitol. Aliquots containing 0.625 pg
of plasmid DNA were taken over a period of 2 h, diluted five
times with 1 mM EDTA and 50 mM Tris-HCl pH 8.0, hybridized with
[3H]-TMP-labelled cDNA either before or after heat-denaturation,
and the percentage of the O3H] counts resistant to nuclease Si
digestion was determined.

7. Purification of conalbumin mRNA by hybridization with pBR322-

conl DNA immobilized on filters.

Wild type pBR322 DNA, pBR322-conl DNA (see below) and pCR1-
Ov2.1 DNA (25) were immobilized on nitrocellulose filters as fol-
lows. DNA in 2 M NaCl, 0.2 M NaOH was heated at 1000 for 1 min,
cooled, and spotted on 7 mm diameter Sartorius filters at a con-

centration of 1-2 pg per filter. The filters were baked for 2 h
at 800C, washed thoroughly in 0.3 M NaCl, 2 mM EDTA, 0.1% SDS,
10 mM Tris-HCl pH 7.5 and allowed to dry at room temperature.

The hybridization reactions (60 pl) were prepared in 5 ml
polypropylene tubes (Falcon) and contained 50 pg/ml of partially
purified mRNA up to the first sucrose gradient (see above) in
30% formamide, 0.5 M NaCl, 0.4% SDS, 2 mM EDTA, 50 mM Pipes pH
7.5, and one of each filter type. The reaction was overlaid with

light paraffin oil and incubated at 470C for 2 h with gentle
shaking. The reaction was stopped by dilution with 10 volumes of
0.1 M NaCl. After hybridization, the filters were washed several
times in 15 ml of 0.3 M NaCl, 0.1% SDS, 2 mM EDTA, 10 mM Tris-
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HCl pH 7.5, by shaking in a 450C water bath, and subsequently

they were washed several times in the same solution without SDS

at 40C. The filters were then placed individually in polypropy-

lene tubes containing 30 pl of 5 mM KCl, and heated for 1 min in

a boiling water bath to elute the hybridized RNA; the tubes

were then immersed in ice water and the filters removed as quick-

ly as possible.

8. Translation of purified conalbumin mRNA.

Aliquots of the solution into which the mRNA had been elut-

ed were translated in a cell-free, mRNA-dependent, lysate derived

from rabbit reticulocytes. Translation was essentially as de-

scribed (30) and included [35S]-Cysteine and ribonuclease-free anti-

body to conalbumin at 46 Pg/ml. At the end of the incubation period,

aliquots of the translation mixture (2-10 pl) were diluted to

30 pl with distilled water and added to an equal volume of gel

sample buffer, 40% glycerol, 4% SDS, 1% 0-mercapthoethanol, 0.1

M Tris-HCl pH 6.8. The samples were boiled for 1 min, cooled,

and electrophoresed on a 10% polyacrylamide/SDS slab gel by the

method of Studier (31). Electrophoresis was for 5 h at 25 mA.

The gel was stained with Coomassie brilliant blue, destained,

and prepared for fluorography by the method of Bonner and Laskey

(32).

Aliquots of the translation mixture were also precipitated

with 5 vg of unlabelled conalbumin and excess anti-conalbumin

serum (30); the immunoprecipitates were collected, resuspended

in sample buffer, and electrophoresed as described above.

9. Electron microscopy.

Heteroduplex molecules between pBR322 and pBR322-conl were

formed by hybridizing, at 250C for 30 min in 70% deionized for-

mamide, 300 mM NaCl, 10 mM Tris-HCl pH 8.5, and 1 mM EDTA, 2 9g/

ml of each DNA linearized with Hind III and heat-denatured. RNA-

DNA hybrid molecules were obtained by incubating purified con-mRNA (3 ig/ml)

and heat-denatured pBR322-conl DNA (3 pg/ml) linearized with

HindIII at 590C for 4 h in 70% deionized formamide, 300 mM NaCl,

10 mM Tris-HCl pH 8.5 and 1 mM EDTA. Samples were mounted for
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electron microscopy at a concentration of about 0.3 pg/ml of
DNA as previously described (33).

10. Biohazards.

Biohazards associated with the experiments described in
this publication were examined previously by the French National
Control Committee, and carried out according to the rules fol-
lowed by this Committee (Le Progres Scientifique, N° 191, Nov/
Dec 1977), under L3-B1 conditions.

RESULTS

I. Construction and selection of hybrid plasmids containing
conalbumin double-stranded cDNA.

Conalbumin mRNA was purified from total nucleic acids of
laying hen oviduct by oligo(dT)-cellulose chromatography and
three centrifugations through sucrose gradients (Materials and
Methods). This purification yields an mRNA fraction highly en-
riched in con-mRNA which contains less than 1% of ovalbumin
mRNA when assayed by hybridization with ovalbumin cDNA (7). The
partially purified con-mRNA preparation was then used as a tem-
plate for AMV reverse transcriptase in the absence of actinomy-
cin D to increase the proportion of molecules with hairpins
(Materialsand Methods). As shown in Fig. 1, such a cDNA prepara-
tion contains about 50% of sequences complementary to con-mRNA
and 50% of sequences synthesized from contaminating minor mRNA
species.

The longest con-cDNA molecules were selected by centrifuga-
tion through a sucrose gradient and converted to double-stranded
cDNA (con-dscDNA) with E.coli DNA polymerase I (Materials and
Methods). After treatment with nuclease S1 to cleave the hairpin,
the longest molecules were again selected by sucrose gradient
centrifugation and incubated in the presence of E.coli DNA poly-
merase I to obtain perfect blunt ends.

The con-dscDNA molecules were inserted by blunt-end liga-
tion at the SalI site of plasmid pBR322. Before ligation, the
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Fig. 1 : [3H]-TMP labelled
cDNA was hybridized with lay-
ing hen polysomal RNA (clos-
ed circles) or with pure
con-mRNA (open circles) as
described by Lee et al. (7).
After hybridization the
samples were treated with
nuclease Si and the acid-
insoluble radioactivity was
counted.
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SalI linearized plasmid was first treated with E.coli DNA poly-

merase I to generate one TaqI site on each side of the inserted

sequence, and then with alkaline phosphatase to prevent self-

ligation (Materials and Methods). In addition, since the SalI site

is located within the tetracycline-resistance gene (34), a double

screening, first on ampicillin and then on tetracycline plates,

allows one to eliminate wild type pBR322-containing colonies

which are both ampicillin and tetracycline-resistant.
120 ampicillin-resistant and tetracycline-sensitive colonies

were obtained as described in Materials and Methods. These colo-

nies were analyzed for the size of their plasmid DNA by agarose

gel electrophoresis. The 10 colonies which contain the largest

recombinant plasmids were grown in 10 ml cultures, "amplified"

with chloramphenicol, and their plasmid DNA was extracted and

hybridized to [3H]-labelled con-cDNA as described in Materials

and M4ethods. One clone, pBR322-conl, was found after hybridiza-

tion to protect 45% of the sequences present in the con-cDNA

preparation against nuclease S1 digestion. Since not more than

50% of the con-cDNA sequences were actually conalbumin-specific

(see above and Fig. 1), we concluded that clone pBR322-conl was

very likely to contain extensive conalbumin dscDNA sequences.
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II. Plasmid pBR322-conl contains an almost "full-length" conal-

bumin double-stranded cDNA copy.

1. Translation of the mRNA which hybridizes to the plasmid
pBR322-conl demonstrates that the inserted DNA is

conalbumin-specific.

A partially purified mRNA preparation containing both conal-

bumin and ovalbumin (ov) mRNAs was hybridized to pBR322-conl DNA,

pCR1-ov2.1 DNA (25) and pBR322 DNA immobilized onto nitrocellu-
lose filters (Materials and Methods). The hybridized RNA was then

eluted from the different filters and translated in a mRNA-de-
pendent cell-free lysate. As shown in Fig. 2, the RNA eluted
from the pBR322-conl filter is specifically translated into a

single band (lane 4) which comigrates with a [14C]-labelled con-

albumin standard (lane 6), whereas the RNA eluted from the pCR1-

ov2.1 filter is specifically translated into ovalbumin (lane 3).

The band migrating slightly faster than ovalbumin in lanes 3 and

5 is frequently observed and is immunoprecipitable with anti-

Fig 2 : Fluorograph from 10%
2 3 4 56 7 891011 poTyarylamide/SDS slab gels of

A ^ proteins translated in vitro
Isx from mRNA specifically bound to

filters containing plasmid DNA.
^- _--CON Samples 1 through 5 are productsapplied directly to the gel fol-

lowing translation. Samples 7
through 11 are the precipitates
which result from immunoprecipi-
tation of samples 1 through 5

5 °0V with antibody specific for con-
albumin. Lane 1: Control trans-
lation with no added mRNA.
Lanes 2, 3, 4: Translation pro-
ducts of mRNA specifically bound
to filters containing DNA from
the plasmids pBR322 (2), pCR1-
ov2.1 (3) and pBR322-conl (4).
Lane 5: Translation products
from partially purified mRNA
used in the hybridization. This
represents the total RNA popula-
tion available for binding to
the filters. Lane 6 : t14c]-
conalbumin marker synthesized in

oviduct explants. Lanes 7, 8, 9, 10: Conalbumin specific immu-
noprecipitates of samples 2,3,4,5, respectively. Lane 11
same as 10, four times as much sample.
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ovalbumin; it presumably represents premature termination pro-

ducts. As expected, no translatable RNA was eluted from the

control pBR322 filter (lane 2). That the protein band seen in
lane 4 is conalbumin was confirmed by precipitation with anti-

conalbumin serum and electrophoresis of the precipitated pro-

teins. All of the bands attributed to conalbumin were still pre-

sent after immunoprecipitation (lanes 9 to 11), whereas those

corresponding to ovalbumin were lost after precipitation with

the anti-conalbumin serum (lanes 8 and 10). We conclude from

these results that the dscDNA inserted in clone pBR322-conl is

conalbumin specific.

2. Size, restriction enzyme mapping and orientation with
respect to transcription of the inserted conalbumin

dscDNA.

The size and the restriction enzyme map of the inserted

con-dscDNA were established by digestion with various enzymes

and comparison with wild type pBR322 (the detailed results are

not shown, but are available upon request). For instance, di-

gestion of pBR322-conl DNA with HaeII yielded only one additional
fragment of 2575 bp not present in the pBR322 digest. Since the

SalI site of pBR322 is located within a 227 bp HaeII fragment

(35), we conclude that the inserted con-dscDNA is about 2350 bp
long. Fig. 3 shows the map of pBR322-conl within (a) and around
(b) the inserted con-dscDNA. The TaqI sites (TaqIl and TaqI4)
have been effectively created at the plasmid insertion sites by
repairing the pBR322 SalI site with E.coli DNA polymerase I (see
above). Among the enzymes which cut rather unfrequently the
chicken DNA, the con-dscDNA contains one EcoRI, one BglI, one

BglII, two BamHl and at least two HhaI sites, whereas there are

no sites for HpaI, XhoI, SstI, XbaI, Kpn I, HindIII and PstI

enzymes. In addition to the restriction enzyme sites shown in

Fig. 3, we have found two or more sites for MboII, HpaII, HgaI,
HphI, TacI, HaeIII and AluI.

The inserted con-dscDNA sequence was oriented with respect
to transcription by digestion with E.coli exonuclease III and

hybridization with con-cDNA according to Cohn et al. (29).
pBR322-conl linearized by digestion with HindIII (Fig. 3b) was
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Fig. 3 Restriction enzyme mapping of pBR322-conl DNA. (a) Re-
stri.ction enzyme map of the con-dscDNA segment inserted in
pBR322-conl DNA. The heavy and the dashed lines represent the
con-dscDNA and pBR322 vector DNA sequences, respectively. The
restriction enzyme sites found in the pBR322 DNA are between
brackets. There might be an additional HhaI site between BglII
and TaqI4 sites. (b) Orientation of the con-dscDNA segment with-
in the p8 R322 vector DNA. The lower lines represent pBR322 DNA
linearized with HindIII endonuclease, whereas the upper lines
represent the con-dscDNA sequences inserted at the SalI site of
the vector DNA.

digested with E.coli exonuclease III. Aliquots were taken at in-

creasing lengths of time and hybridized with [3H]-labelled con-

cDNA before and after heat-denaturation. We found (Table 1) that
with increasing time of digestion, an increasing proportion of

the cDNA was hybridized by the non-denatured samples, up to the

value obtained with the denatured ones. From these results we

concluded that the strand complementary to the cDNA (and there-

fore not coding for the mRNA) is not digested by exonuclease III

and that the orientation of transcription is as indicated in
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Fig. 3, with the TaqI1-EcoRI region of the transcribed strand of

DNA coding for the 5' end of con-mRNA.

3. Electron microscopic studies reveal that the inserted
con-dscDNA is almost "full-length".

Electron microscopic examination of heteroduplex molecules

between pBR322-conl and pBR322 DNAs linearized with Hind III con-

firmed that the length of the inserted con-dscDNA is actually
about 2350 bp. The length of the con-dscDNA loop (Fig. 4, A and

B) is 2290 ± 182 nucleotides, in excellent agreement with the

length determined by agarose gel electrophoresis. That this

length is very close to that of con-mRNA was shown by hybridizing

pBR322-conl DNA with con-mRNA under conditions which favor the

formation of DNA-RNA hybrids (Fig. 4, C and D). No RNA tails were

seen at the 5' and 3' ends of the hybrid region (2200 ± 264 bp).
Since a 100 nucleotide-long tail could be detected under these

electron microscopic conditions (F. Perrin, unpublished results),

we conclude 1) that the 3' poly A tail of con-mRNA is on the

average shorter than that of ovalbumin mRNA which can be visua-

lized by electron microscopy (33), and 2) that the con-dscDNA

present in pBR322-conl is an almost full-length copy of con-mRNA

which, at most, could lack the sequences corresponding to the

first 5'-terminal 100 nucleotides of con-mRNA.

Fig. 4 : A) and B) : Electron micrographs of heteroduplex mole-
cules between pBR322 and pBR322-conl DNAs linearized by HindIII
restriction enzyme. A single-stranded DNA loop, 2290 ± 182 nu-
cleotides long is located at 655 ± 74 bp from one extremity and
at 3870 ± 298 bp from the other one. C) and D) : Electron
micrographs of hybrid molecules between purified conalbumin mRNA
and heat-denatured pBR322-conl DNA linearized with Hind III endo-
nuclease. A double-stranded, thicker RNA-DNA segment of 2200 +
264 bp lies at 740 ± 144 nucleotides from one DNA end and 3820 ±
514 nucleotides from the other one. 5' and 3' arrow-heads refer
to the corresponding ends of con-mRNA. The bar represents 0.1 im.

In the line drawings, the solid line represents the linea-
rized single-stranded pBR322-conl DNA, the dotted line represents
the linearized pBR322 single-stranded DNA, and the dashed line
represents the mRNA.
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TABLE 1

Orientation of the inserted conalbumin ds-cDNA in pBR322-conl.

Experimental conditions

Time of
incubation (min)

0

30

S1 - resistant

3 :[ H]-cDNA
(in percent)

Heat
denaturati on

+

2.5
100

41
98.5+

60 80
101+

120

See Materials and Methods. 1150 cpm of [3H]-TMP labelled cDNA
were used in each assay. 100% correspond to 550 cpm (see Fig. 1).

DISCUSSION

Starting from partially purified con-mRNA we have prepared

a dscDNA conalbumin clone. The approach which we used, and which

is generally applicable, was to blunt-end ligate the dscDNA with

the plasmid pBR322 in a manner which retained TaqI restriction

sites at the extremities of the integrated DNA. By hybridization

studies we showed that the plasmid which we called pBR322-conl

corresponded to the major component present in the partially pu-

rified con-mRNA. An unequivocal demonstration that the dscDNA

cloned in this recombinant plasmid is specific for con-mRNA was

obtained by the in vitro translation of the RNA purified by hy-

bridization of laying hen oviduct RNA with the plasmid pBR322-

conl. The product obtained was the same size as conalbumin and

was immunoprecipitated by antibodies to conalbumin. Furthermore,

preliminary DNA sequence analysis (R. Hen, personal communica-
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tion) of the cloned dscDNA also shows that the 5' terminal re-

gion of the dscDNA contains the sequence coding for the NH2-

terminal amino-acid sequence of conalbumin which has been recent-

ly established by Thibodeau et al. (30).

The electron microscopic results suggest that the cloned

dscDNA present in pBR322-conl is an almost full-length transcript

of con-mRNA, since no RNA tails were visible at either the 5' or

the 3' ends of the DNA:RNA hybrid region (Fig. 4). There are in-

dications (R. Hen, personal communication) that indeed only the

first 20 nucleotides coding for con-mRNA are lacking at the 5'

end of the dscDNA. We do not know at present whether any mRNA-

coding sequence is missing at the 3' end of the inserted dscDNA.

Nevertheless the length of such a putative missing sequence can-

not be longer than 50 to 80 bp in view of the absence of a vis-

ible tail at the 3' end of the hybrid region, in spite of the

presence of the 3' terminal poly(A) in this region.

Since the inserted dscDNA is about 2300-2350 bp long as

determined- by agarose gel electrophoresis or electron microscopy

of heteroduplex molecules, the actual length of con-mRNA should

be about the same size. This size is significantly lower than

the previous estimation of Lee et al. (7), who reported that

conalbumin mRNA is about 3200 nucleotides long, as determined

from sedimentation and polyacrylamide gel electrophoresis under

non-denaturing conditions. This discrepancy is most likely re-

lated to the secondary structure of con-mRNA, since determina-

tion of the size of con-mRNA by agarose gel electrophoresis under

fully denaturating conditions in the presence of methyl mercuric

hydroxyde (36), yields a value of about 2400 nucleotides (M.

LeMeur and A. Krust, unpublished results) in keeping with the

value found for the inserted dscDNA.

It appears therefore that the 5' and 3' terminal non-

coding regions of con-mRNA must be short, since conalbumin,

which has a molecular weight of approximately 77,000 daltons

(37) requires a coding region of about 2300 nucleotides. Sequen-

cing studies are in progress to determine the exact length of

those untranslated regions. In any case, it is already very

likely from our present results that the con-dscDNA present in

pBR322-conl contains most, if not all, of the sequence coding
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for the conalbumin amino acids.
It is clear that the pBR322-conl plasmid will be very use-

ful. It is obviously an invaluable tool for studying the orga-

nization of the conalbumin gene and the regulation of its ex-

pression. It could also be used to determine the complete amino

acid sequence of conalbumin and to study the synthesis of a

large eukaryotic polypeptide in heterogeneous prokaryotic or

lower eukaryotic environments.
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