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SUMMARY 

Double-stranded DNA complementary to partially purified 
uteroqlobin messenger RNA was synthesized using reverse transcri- 
ptase. Integration into the pBR 322 plasmid was accomplished by 
the oliqo dG-dC tailinq3procedure. Bacterial clones were selected 
by hybridization with ( P) DNA complementary to uteroqlobin 
mRNA. After amplification, the integrated DNA was isolated by Pst 
I digestion and was shown by partial sequencing to contain 
regions coding for uteroqlobin. 

INTRODUCTION 

Rabbit endometrium has been widely used to test the bioloqi- 

cal activity of proqestative hormones (1). To elucidate the 

mechanisms of action of a steroid hormone at the molecular 

level, it is necessary to follow the induction of a specific 

protein and of its messenger RNA. Uteroqlobin (2), also called 

blastokinin (3), is a good subject for such studies since it is 

a protein secreted in large quantities by the rabbit endometrium 

under the influence of progesterone. The messenger RNA for 

uteroqlobin has been translated (4-6) and purified (4). A comple- 

mentary DNA has been obtained (7,8). In this report, we describe 

the cloning of this cDNA in E. coli. 

MATERIALS AND METHODS 

1. Enzymes 
Reverse transcriptase was the kind gift of Drs J.W. Beard 

and M.A. Chirigos [Office of Program Resources and Logistics. 
Viral Cancer Program. Viral Oncology. Division of Cancer Cause 
and Prevention. National Cancer Institute (Bethesda, M.D. 20014)]. 
Pst I and Alu endonucleases I were obtained from Biolabs, (Bever- 
lYr Ma.). Terminal tranferase and S 
F. if 

nuclease were a gift of Dr. 
Rouqeon (Institut Pasteur, Paris 
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2. Synthesis of double stranded cDNA 
The messenger RNA (6 1-19) prepared as previously described 

(4), was incubated for 50 min. at 42'C with 50 units of reverse 
transcriptase in 250 ~1 of Tris-HCl 50 mM (pH 8.2) buffer contai- 
ning KC1 75 mM, dithiothreitol 10 mM, MgC12 10 mM, (cx~~P) dCTP 
0.125 mM, dGTP, dATP, dTTP 0.25 mM, sodium pyrophosphate 4 mM, 
oligo dTk2-18 5 i-Jg/ml. cDNA synthesis was terminated by cooling 
the incu ation mixture and adding 10 ~1 of a 0.25 M solution of 
EDTA. RNA was hydrolyzed by incubation for 2 h. at 50°C in 0.3 M 
NaOH. After neutralization, the cDNA was chromatographed on 
Sephadex G-75. Fractions eluting in the void volume were ethanol- 
precipitated and used as a template for the synthesis of double- 
stranded cDNA. This double-stranded cDNA was prepared by incuba- 
tion for 2 h. at 37'C under the same conditions as above but in 
the absence of oligo-dT and pyrophosphate. Non-radioactive dCTP 
was used at a 0.25 mM concentration. The total volume of incuba- 
tion was 200 ~1. Incubation was terminated by cooling and addi- 
tion of EDTA to a final concentration of 10 mM. 

After extraction with phenol-chloroform (1 : 1 volume/ 
volume) the cDNA was chromatographed on Sephadex G 75 and the 
void volume fractions precipitated with ethanol. S1 nuclease 
digestion was carried out for 60 min. at 37'C in 1 ml of a 
sodium acetate 50 mM (pH 4.5) buffer containing zinc sulfate 1 
mM, potassium chloride 300 mM and glycerol 5%. For 1.8 ug of cDNA 
9 units of S nuclease were used. 

khe 
After extraction by phenol- 

chloroform, double-stranded cDNA was ethanol-precipitated and 
centrifuged 5 h. at 20°C on a S-20% sucrose gradient in Tris 0.01 
M (pH 7.4) buffer containing EDTA 1 mM, NaCl 1 M (rotor SW 50.1, 
49,000 rpm). Fractions corresponding to the faster-migrating two- 
thirds of the radioactive peak were recovered and ethanol-precipi- 
tated. 

3. Elongation of the double-stranded cDNA and of the 
pBR322 plasmid and transformation of E. coli. 

Double-stranded cDNA (50 ng) was elongated by terminal 
transferase (6 units) in 100 ~1 of potassium cacodylate buffer 
200 mM (pH 6.7), containing cobalt chloride 1 mM, 8-mercaptoetha- 
no1 0.1 mM and dCTP 0.1 mM. The incubation period was 4 min. at 
35OC. The reaction was stopped by bringing the mixture to 10 mM 
EDTA and 0.2% sodium dodecylsulfate. Elongated cDNA was ethanol- 
precipitated. 

pBR 322 plasmid (2 pg) was made linear by digestion with Pst 
I (incubation for 2 h. at 37'C with 2.4 units) under the condi- 
tions described by the manufacturer. The plasmid was ethanol- 
precipitated and elongated as described above, with the following 
exceptions : 
CoCl 

dGTP was used instead of dCTP, MgC12 8 mM replaced 

3; 
8-mercaptoethanol was 2 mM and incubation was for 20 min. 

at 3 C. The elongated plasmid (0.1 pg) was ethanol-precipitated 
and annealed to the dC elongated cDNA (25 ng) for 10 min. at 
65'C in 100 1.11 of Tris HCl 20 mM (pH 8.1) buffer containing NaCl 
0.3 M, EDTA 1mM. The incubation mixture was cooled gradually to 
25'C. The chimeric plasmid was used to transform K 12 Escherichia 
coli (DP 50 sup F strain) (9). Clones containing recombinant 
plasmids were isolated by virtue of their resistance to tetracy- 
cline and identified initially by their sensitivity to ampicil- 
lin. 

4. 

( 32 

above). 

Detection and amplification of hybrids containing sequen- 
ces complementary to uteroglobin mRNA. 
P) cDNA was synthesized from uteroglobin mRNA (see 
This cDNA was further purified by molecular hybridization 
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L(7) and (M. Atger, J.F. Savouret, E. Milgrom, submitted for 
publication)] to isolate the 30% most abundant copies which have 
been shown to constitute a homogenous population corresponding to 
uteroglobin messenger RNA. E. coli colonies containing hybrid 
plasmids were transferred onto nitrocellulose filters, lyzed and 
the DNA denatured. Hybridization with ( 32P) uteroglobin cDNA was 
carried out for 16 h. at 68'C as described (10) with 400,000 cpm 
per filter (diameter 8.5 cm). After washing of the filters, 
radioactive colonies were detected by autoradiography. For the 
colonies showing the highest levels of radioactivity, the plas- 
mids were amplified, bacteria lyzed and plasmid DNA isolated 
(11). 

5. DNA sequencing was performed by the method of Maxam and 
Gilbert (12). Each determination was carried out 4 times. 

6. Biohazards. 
Possible biohazards associated with the experiments descri- 

bed in this publication were examined by the French National 
Control Committee. 
tions. 

Experiments were conducted under L3 Bl condi- 

RESULTS 

1. Construction and amplification of hybrid plasmids 

A preparation of messenger RNA, one-third of whose 

sequences corresponded to uteroglobin (4), was utilized. 

Single-stranded cDNA was obtained in high yield using the 

method of Myers and Spiegelman (13) as modified by F. Rougeon 

(personnal communication) : 6 pg of mRNA gave 4.9 ug of 

cDNA. 

The yield of double-stranded cDNA was lower : 0.45 pg 

being obtained with 1.4 pg of single-stranded cDNA. One 

hundred ng of dG-elongated pBR 322 was annealed with 25 ng 

of dC-elongated double-stranded cDNA and the product used to 

transform the bacteria. This gave 159 colonies resistant to 

tetracycline and sensitive to ampicillin. 

Hybridization with purified (32P) uteroglobin cDNA 

revealed 50 radioactive spots, thus confirming that the messenger 

RNA preparation which was used contained about one-third sequences 

corresponding to uteroglobin. Twenty-four of the colonies gave 

very strong signals on hybridization in situ. Eighteen of these 

colonies were amplified and their DNA was purified (11). 

2. Characterization of the inserted sequences 

The DNA from the hybrid plasmids was digested by Pst I and 

analyzed by polyacrylamide gel electrophoresis (Fig. 1). In all 

cases a single DNA fragment was observed in addition to the pBR 

322 plasmid. This demonstrated the absence of Pst I sites inside 
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Fig. 1 : Electrophoretic analysis of inserted DNA in hybrid 
plasmids. 
DNA, from plasmids shown by molecular hybridization to 
contain uteroglobin mRNA sequences, was treated with 
Pst I and analyzed by polyacrylamide (8%) gel electro 
phoresis. Lines 1, 6 and 10 show migration of markers 
(910, 659, 655, 521, 403, 281 and 257 base pairs etc...) 
obtained by digestion of pBR 322 by Alu I. Clones UGL 3 
(line 21, UGL 4 (line 31, UGL 11 (line 4), UGL 12 (line 
5), UGL 13 (line 13), UGL 14 (line 8) and UGL 15 (line 
9) are also shown. 

the inserted sequences. Two of the inserts were larger than 400 

base-pairs (435 and 455 respectively) ; seven were of a size 

between 300 and 400 base-pairs. 

3. Partial sequencing of the inserted DNA 

Sequencing studies were performed on clone UGL 15 (350 base- 

pairs long). Preliminary experiments indicated that the inserted 

sequence was cleaved by Alu I into two fragments, one of 230 and 

one of 120 base-pairs. These fragments were partially sequenced 

in order to identify without ambiguity the inserted DNA as corres- 

ponding to uteroglobin mRNA (Table 1). In the smaller fragment 60 

nucleotides were identified. These corresponded to aminoacids 32- 

51 of uteroglobin. Identification of nucleotides in the gel 

started approximately 5 nucleotides behind the migration line of 

Xylene Cyanol. This marker migrates on electrophoresis as a 

fragment of about 35 base-pairs. Thus the smaller fragment extends 

about 40 base-pairs in the 5' direction. The last nucleotides of 

this fragment should thus correspond approximately to aminoacid 

19. 
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The larger fragment started with dC residues corresponding 

to the region of double-stranded cDNA elongated by terminal 

transferase. The next 35 nucleotides were identified : 17 were 

dA, followed by a non-coding sequence of 18 nucleotides. The 

larger Alu I fragment thus corresponds to the 3' end of the 

messenger. The region for which the sequence of deoxynucleotides 

has been determined does not code for the protein. At positions 

12-17 after poly A a sequence of AATAAA is found which has pre- 

viously been described to be in the 3' non coding regions of 

various messengers (14). 

4. Construction of plasmids containing "full length" cDNA. 

We have recently prepared new hybrid plasmids. Using 

clone UGL 15 as a probe, we have identified 50 plasmids 

containing uteroglobin cDNA sequences. One of them has a 

length of 575 base-pairs and thus contains the entire or almost 

the entire uteroglobin cDNA (messenger size s 600 nucleotides). 

DISCUSSION 

Hy!brid plasmids were constructed using double-stranded cDNA 

obtained from a RNA preparation containing uteroglobin messenger 

RNA. In,serted sequences were identified by hybridization with 

t3'P) uteroglobin cDNA and by sequencing. 

Since sequencing studies were aimed primarily at identifying 

the inserted DNA, a plasmid of 355 nucleotides (clone UGL 15) was 

selected to increase the probability of observing nucleotides 

coding for the protein at either end [The aminoacid sequence of 

uteroglsobin is known (15,16)]. This was, in fact, achieved, since 

20 amin'oacids corresponding to positions 32-51 were identified. 

The previously published aminoacid sequence was thus confirmed 

with a single exception : the aminoacid residue 46 given as Asp 

(15) or Asx (16) is shown here actually to be Asn. 

The inserted sequence in clone UGL 15 extends from the 3' 

end up to the region corresponding approximately to aminoacid 19. 

It lacks nucleotides coding for the remaining 39 aminoacids 

(including 21 aminoacids of the signal peptide) and nucleotides 

for the 5' non-coding region. The largest inserted sequence (575 

base-pairs) should contain all (or almost all) of the nucleotides 

represented in uteroglobin messenger RNA. 

We are presently trying to detect, in a library of rabbit 

chromosomal fragments (17), DNA sequences hybridizing to uteroglo 
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bin structural gene. Studies of progesterone receptor interaction 

with sequences present in the genomic clone(s) would be of 

interest. 
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