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ABSTRACT

Polyadenylated RNA Isolated from porcine pituitary neurolntermediate
lobes was used to construct a cDNA library. The library was screened with
a rat genomic DNA fragment specific for pro-opiomelanocortin sequences.
Two positive clones, pJA-19 and pJA-20,containing respectively 850 bp and
550 bp were characterized. Sequence analysis of the cDNA Inserts revealed
the complete structure of the porcine pro-opiomelanocortin mRNA. This
mRNA would include 129 5'-untranslated nucleotides, 801 nucleotides coding
for the 267 amino acids precursor and 162 3'-untranslated nucleotides.
Comparison with pro-oplomelanocortIn mRNA sequences from other species
shows regions of high homology not only In the coding sequences but also
In the 51 untranslated region where the first 50 nucleotides are over 60%
purines.

INTRODUCTION

Adrenocorticotropic hormone (ACTH), B"lipotropic hormone (B-LPH) and

B-endorphin (B-END) are synthetlzed in the pituitary gland from a common

glycoprotein precursor called pro-opiomelanocortin (POMC). This was first

suggested from "pulse" and "pulse-chase" experiments performed in the rat

pars intermedia and in the mouse pituitary tumor cell line AtT-20 (1-3).

These results were confirmed when Nakanishl et al. (it) deduced the complete

amino acid sequence of the bovine precursor from the nucleotlde sequence of

a cloned cDNA. This work also revealed the presence of a MSH-like sequence

in the N-terminal portion of the precursor and the presence of pairs of

basic amino acid residues at the processing sites in the precursor. Clon-

ing of genomic DNA fragments showed that the gene coding for POHC is formed

of three coding regions (exons) Interrupted by two large Intervening se-

quences (Introns) (5-10).

We report in this paper the nucleotlde sequences of two cDNA clones

encoding the porcine POMC precursor. These two clones overlap In such a

way that the complete structure of the porcine POMC mRNA could be deter-
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mined. This work confirms the protein sequences of the N-termlnal peptide

(11) and of the "joining peptide" (12) that we recently published and shows,

once more, the strong homology of the POHC N-terminal peptide between differ-

ent species. This important sequence conservation suggests a biological

role for the N-terminal glycopeptide of POMC.

METHODS

Poly(A)RNA purification

Total cellular RNA was isolated from porcine pituitary neurolntermedla-

te lobes essentially as described by Chlrgwin et al. (13) and the poly(A)

containing species purified on oligo(dT) cellulose (P.L. Biochemicals) as

detailed by Aviv and Leder (lA).

cDNA synthesis

Single stranded cDNA (sscONA) was synthetlzed using AMV reverse

transcriptase. A standard reaction mixture contained: 50 mM Tris.HCl pH

8.3, 60 mM KC1, 8 mM MgCl., 0.5 mM DTT, 1 mM each dATP, dGTP and dTTP, 0.5

mM dCTP, 30 uCI (32p) dCTP (New England Nuclear) and 50 ug/ml each of poly

(A+) RNA and olIgo (dT)1__.Q (Collaborative Research). The reaction mixture

was heated at 68°C for 2 mln and rapidly quenched on Ice. The synthesis was

started by the addition of 2.5U of AMV reverse transcriptase per yg of poly

(A+) RNA and proceeded at '•2°C for 90 mln. The reaction was stopped with 20

mM EDTA, the mixture extracted with an equal volume of phenol/chloroform and

the sscDNA precipitated with ethanol.

The sscDNA was dC-talled at Its 3' end with terminal deoxynucleotidyl

transferase (Boehringer Mannheim Co.) in the presence of CoCl. as described

by Deng and Wu (15) and the second strand was synthetized using DNA poly-

merase large fragment (Bio Labs) and olIgo(dG)i^-ift (Collaborative Research).

A typical reaction mixture contained: 50 mM K2H P0^ pH J.k; 6.5 mM MgCl2;

180 yM each of dATP, dCTP, dGTP and dTTP; 1 mM DTT; 50 uCi of (32p) dCTP;

20 yg/ml each of olIgo(dG)]2-)8
 and dc-tailed sscDNA previously heated to

90 C and quenched on Ice. Second strand synthesis was initiated by the

addition of 10U DNA polymerase large fragment per vg of dC-talled sscDNA.

The reaction was stopped with 20 mM EDTA and extracted with phenol/chloroform.

The dscDNA was precipitated with ethanol and Its 3' ends were dC-tailed as

described above.

Cloning of the cDNA and Isolation of the POMC clones.

The dC-tailed dscDNA was annealed to an equlmolar amount of Pstl-cut

pBR327, dG-tailed in the presence of MnCl. (15) and the hybridization
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mixture used to transform E. col 1 DH-1 strain (16). Recombinants were

selected on tetracycline and screened by colony hybridization (17) using

as probe (18) the 1.6 kb Xhol-HInd III fragment containing the rat POHC

exon 3 (7)- Positive clones were isolated and their plasmid DNA purified

(19). The cDNA inserts were sequenced (20-23) as outlined in Figure 1.

RESULTS

Pig neurolntermedlate poly A RNA (12,5 yg) was used to synthesize

about 1 ug dC-tailed double-stranded cDNA. When 20 ng cDNA was annealed

with 50 ng dG-talled pBR327 and used to transform E. co11 DH1, the 107

transformants obtained were screened by filter hybridisation (17) with a

1.6 Kb Xhol-HInd III rat genomlc DNA fragment containing exon 3 of the

POMC gene (7). Plasmid DNA was prepared (19) from recombI nant colonies

showing strong hybridization and digested with Pstl. The fragments were

electrophoresed on agarose gel and transferred to nitrocellulose paper (24).

Hybridization with the 1.6 Kb POMC probe revealed cDNA inserts of approxi-

mately 850 and 550 bp in two recombinants, pJA-19 and pJA-20, respectively

(not shown).

Preliminary restriction mapping of both Inserts resulted in maps with

more differences than would be expected from two cDNAs overlapping over a

stretch of 550 bp (not shown). These differences could be explained If the

two cDNAs encoded different regions of the porcine POMC mRNA. Further ana-

lysis was done by DNA sequence determination.

The nucleotlde sequence of the cDNA Inserts present In pJA-19 and pJA-20

was determined by both the dideoxy chain termination method (20) using single

stranded DNA templates (21) produced by subcloning In the bacterlophage Ml3

mp8 (22) and the chemical technique of Maxam and Gilbert (23) according to

the strategy depicted In Figure 1. The nucleotide sequences revealed that

clone pJA-19 covers the region of the mRNA from the 5'-untranslated segment

to the y-LPH sequence and clone pJA-20 covers the regions of the mRNA from

the ACTH sequence to the poly(A) tall. The two clones overlap over a stretch

of about 300 nucleotides In the ACTH/y-LPH region. The exact length of the

overlap Is uncertain since neither the 3' end of pJA-19 nor the 5' end of

pJA-20 have been fully sequenced and the boundaries shown in Figure 1 are

approximate. The sequenced portion of both clones Is Identical in the over-

lapping region suggesting that both inserts were synthesized from similar

mRNA templates.

The nucleotide sequence corresponding to the porcine POMC mRNA was
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Figure 1. Schematic representation of cDNA clones pJA-19 and pJA-20 encod-
ing pig POMC. The sequences Included in each clone are represented at the
top of the Figure followed by a map of the restriction sites used for
chemical (23) sequencing (solid arrows) or for subcloning In Ml3 mp8 (21,22)
and dideoxy (20) sequencing (broken arrows). The following symbols are
used for Bgl II ( Y ) , Xhol ( Y ) , Eco RV ( T ) , Apa I ( ? ), Hae III ( ? ),
Alu I ( T ) , FnudD II ( 9 ) and Msp I ( | ) . The major peptldes produced by
processing of POMC are illustrated in the bottom diagram showing their res-
pective position in the protein precursor and mRNA. Double vertical bars
indicate pairs of basic amino acids whereas open and filled-ln lollipops
indicate 0- and N-glycosylation, respectively (12).

deduced from the combined nucleotide sequences of pJA-19 and pJA-20. This

sequence is presented In Figure 2 along with Its translation product. The

porcine POMC mRNA would contain 1092 transcribed nucleotldes divided Into

129 5'-untranslated nucleotides, 801 coding nucleotldes and 162 3'~

untranslated nucleotides. This latter region contains the AAATAAAA sequence

thought to be important for the addition of the poly(A) tail to the 31 end

of the mRNA (25). pJA-20 contains a poly(A) tall of approximately 75 resi-

dues (not shown).

Translation of the nucleotide sequence Into amino acid residues from

the first ATG codon at position 130 reveals an open reading frame ending

with the TGA codon at position 931. This 801 nucleotldes stretch codes for a

267 araino acid long polypeptlde which has the expected structure for pig pre-

POMC Including a 26 amino acids signal peptide. The deduced amino acid

sequence is indeed In complete agreement with those reported for pig POMC-

derived peptides (11-12, 26-28). As in other species (4-10, 29) active
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Figure 2. Combined DNA sequences of pJA-19 and pJA-20 cDNA Inserts. The
complete (± 2 nucieotldes) mRNA sequence Is shown together with It's POMC
translation product. Signal peptlde amlno acids are numbered negatively
and boxed residues Indicate processing sites In the anterior pituitary.

peptldes are linked by the -Lys-Arg- dipeptide except, here, between ACTH and

0-LPH where the sequence Arg-Arg Is found.

Comparlson between the nucleotIde sequences of bovi ne (5) and human

(8-10) POMC genomlc DNA and the sequence of the porcine POMC mRNA presented

in Figure 2 suggest that the AA doublet located at the 5'-end of our sequence

is very close if not itself the mRNA capping site. Indeed, as shown in

Figure 3» the homology between these three 5'~non coding segments is very
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Figure 3. Sequence comparison of purlne-rlch stretch In 51-untranslated
region of various POMC mRNAsand postulated secondary structure In pig
POMC 5'-untranslated region. Purlne content In the first 50 or so nucleo-
tldes of each mRNA Is shown at the beginning of each sequence. Asterisks and
dashes Indicate homology and gap in sequences, respectively. The human and
bovine sequences are from ref. 8-10 and 30 whereas the rat sequence Is from
our own work (submitted). The hairpin-loop structures are the most stable
that could be computed (33) for the pig Exon 1 (5'-untranslated) sequence
Presumed intron A splice position and initiator ATG triplet are shown.

good, in particular around the mRNA capping site. This site was precisely

located for the bovine mRNA (30). Furthermore, sequencing of primer extend-

ed reverse transcripts (E. Oates and E. Herbert, personal communication) map

the 5'-end of pig POMC mRNA at this position (± 2 nucleotldes). These re-

sults and the presence of a poly(A) tail In pJA-20 strongly suggest that we

have characterized the entire structure of the porcine POMC mRNA. This

interpretation is in agreement with the size of pig POMC mRNA as determined

by Northern blots (31) and hybridization of pig anterior and neurolnter-

mediate lobes poly A RNA (Figure k).

The sequence of the 5'-untranslated region (which Is largely encoded by

exon 1 in the gene, ref. 5-10) has two noteworthy particularities that are

illustrated in Figure 3- First, nucleotldes 1 to h3 are very rich In purlnes

(86%). Second, nucleotides 50 to 104 could form two relatively stable hair-

pin-loop structures (i G° of -1*1,7 and -23,7 Kcal/mole calculated as in

Ref. 32). Of the different possible base-paired structures that can be
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1
Figure 4. Detection of pig POMC mRNA by
Northern blot (31) and hybridization with
a DNA Insert containing a complete cONA
copy produced by recombination of pJA19
and pJA-20. Pig neuroin termed late (0,5
yg, lane 3) and anterior (2 yg, lane k)
pituitary poly A+ RNA were glyoxylated
and electrophoresed on a 1.1$ agarose gel
(38). Fragment size markers are shown In
lane 1 (Hind Ill-digested X DNA) and lane
2 (Hae Ill-digested fSX 1 Ik DNA: four
larger fragments are 1353, 1078, 872 and
603 nucleotides). The autoradlogram was
exposed overnight at room temperature.

computed (33) for the 5'-untranslated region (exon 1), these close-range

interactions lead to the highest gain in free energy. The comparative

alignment of the first 50 nucleotides of POHC mRNA In Figure 3 is meant to

Illustrate sequence homology between the different species rather than to

Imply that these sequences cannot form secondary structures with other parts

of POMC mRNA.

DISCUSSION

We have presented in this paper the characterization of two cDNA clones

encoding porcine pituitary neurolntermedlate lobe POMC. Sequencing of the

two DNA Inserts lead to the determination of the complete structure of

porcine POMC mRNA. Comparison of the coding sequence with that of other

species (4-10,29) revealed a strong homology In three portions of the pre-

cursor, namely, In the N-terminal glycopeptides, ACTH and (5-MSH/B-endorphln.

In contrast, the regions corresponding to the "joining peptide" and to Y"LPH

have diverged substantially. The sequence of the mRNA encodes eight pairs of

basic amino acids which could be recognized by specific proteases for the

processing of the POMC precursor protein. Purification and characterization

of POMC related peptides from porcine pltuitaries has shown cleavages of the
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peptlde chain at seven of these eight pairs (12,26-28). Only the pair loca-

ted in front of the y-MSH sequence (amino acids 51-61) has not been shown

to be cleaved in porcine pituitaries. However, It has been shown to occur

in the rat pituitary (3*0.

Comparison of the 5' -untranslated regions of POMC mRNAs from various

species (4,10,29) reveals in all of them a purlne-rich (over 80%) stretch of

about 50 nucleotldes and the potential for hairpin-loop formation. These

hairpin-loop structures vary in their stability, their position and their

sequence. They may play a role In mRNA translation efficiency (35) but their

sequence variability across species argues against specificity of sequence

being Involved in this putative role. The 5' purlne-rich stretch Is a

fairly well conserved sequence in the various POMC mRNAs. It Is more con-

served than the remainder of the 5'-untranslated region or the 3' -untranslat-

ed region except for sequence around the AAUAAA. This conclusion might

stand to a larger number of species comparisons and reflect a true selective

advantage but more comparative and experimental data will be needed to

establish It. Similar purlne-rich stretches are not found In the 5'-

untranslated regions of mRNAs encoding other pituitary hormones, other

enkephalin precursors or other steroid-regulated transcriptional units.

These sequences could play a role In regulation of mRNA utilization and/or

turnover; for example, it has been shown a long time ago that the half-life

of the ovalbumln and conalbumln mRNAs Increase after exposure to estrogens

(36,37) but the structural basis for this effect is unknown. Such hypo-

theses have been difficult to approach experimentally but they can now be

tested by directed mutagenesls of a well characterized transcription unit.
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