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Results are presented of cloning cDNA of procine growth hormone, analysis of its 
primary structure, and creation of a construction capable of expression of this 
cDNA in Esqheriahia coti cells. It is shown that in the population of mRNA cod­
ing porcine growth hormone, heterogeneity is noted which is manifested not only 
at the level of the nucleotide sequence, but also is reflected in the amino acid 
sequence of the mature hormone. 

Growth hormone, or somatotropin, belongs to a numerous group of peptide hormones syn­
thesized in the adenohypophysis of vertebrates. It is initially synthesized in the form of 
a prehormone containing a leader .. (or signal) sequence which is detached in the process of 
secretion of the polypeptide into blood. 

Growth hormone displays species specificity, although in a number of cases, somato­
tropin of one species manifests biological activity in relation to several species standing 
at a lower level in the evolutionary order. 

At the cellular level the mechanism of effect of growth hormone has been studied in in­
adequate detail. At the level of the whole organism, somatotropin manifests a pleiotropic 
effect expressed in accelerated growth of the skeleton, increase in weight of animals com­
puted on the same consumption of food, and change in metabolism of glucose and lipids 11). 
Because of this physiological effect, growth hormone is important for intensification of 
agr icul ture. 

Advances in genetic engineering now permit proteins previously not easily accessible to 
be obtained in large quantities using microorganisms. The first step along the path toward 
biotechnological production of porcine growth hormone is construction of the gene coding this 
protein and suitable for expression in cells of microorganisms. Results are presented in 
this article of the cloning and determination of primary structure of cDNA of porcine growth 
hormone and the construction of such a gene on its basis. 

EXPERIMENTAL 

Matrix RNA was isolated from swine hypophyses frozen in liquid nitrogen according to 
Chirgwin et al. [2), using guanidine thiocyanate and subsequent centrifugation through a 1 
CsCl carrier. Residues of RNA were suspended in guanidine hydrochloride, washed with ethano , 
and then reprecipitated twice with ethanol from 0.3 M sodium acetate •. Yield of total RNA 
constitute 10-30 mg from 5-10 g of' tissue. 

The RNA containing poly(A)'was separated from other RNA by chromatography on o1igo(dT)­
cellulose (Sigma). 

Synthesis of cDNA and cloning was conducted according to a method described previously 
[3]. Revertase was obtained from V. Kavsan (Institute of Molecular Biology and Genet~cs(PL 
Academy of Sciences of the Ukrainian SSR, Kiev). An inhibitor of ribonuclease, RNAaz1n 
Pharmacia), was used in synthesis of the first chain. 
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Fig. 1. Restrictase maps of insertion from plas­
mid pPGH2 (a) and cDNA of· porcine growth hormone 
according to Seeburg, et al. [10] (b). Arrows de­
signate direction of coding chain of cDNA from 5'­
to 3 '-end. Localization of codons corresponding 
to certain amino acids (aa) are given in numbers 
designating the position of the given amino acid 
in porcine growth hormone~ Numbering proceeds 
from the first amino acid of mature protein; 
amino acids of the, signal peptide are noted with 
negative numbers. 

Strain HBlOl of Escherichia ooli was used for transformation. Colonies were hybridized 
with a 32P-labe1ed probe according to a known method [4J. 

The E. co!i DNA-polymerase I, large fragment of DNA-polymerase I, and DNA-ligase of phage 
T4 were obtained from Amercham; HindIII, EcoRI, BamHI, Sau3AI, XmaI, and Eco47l restrictases 
were obtained from Ferment non-governmental organization (Vil'nyus), ApaI restrictase from 
Biolaboratories, AccI restrictase from Amer sham , and SI nuclease from Sigma. 

Plasmic DNA was cleaved in buffer containing 10 mM MgCl 2, 10 mM Tris-HCl, pH 7.5, 1 mM 
dithiothreitol, and NaCl, the con~entration of which varied from 0 to 150 mM depending on 
restrictase used. 

Nucleotide sequences of DNA were determined according to MaXam and Gilbert I5J and 
Sanger et al. [6], as modified by Rattori and Sakaki [7]. Oligonucleotides for the 5' -ter­
minal part of porcine growth hormone were synthesized chemically [8]. 

Treatment of oligonucleotides with kinase and ligase was conducted in the following 
way: 5 ).Ig of each preparation were incubated with kinase (4 units) 15 min at 37°C in buffer 
containing 50 mM Tris-HC1, pH 7.5,. 5 mM MgC1 2 , 5 mM dithiothreitol[y-S2p]ATP with a radio­
activity of 5 llCi. Then, "cold" ATP was added to a final concentration of 0.5 mM and incu­
bated another 30 min at 37°C. Ligation of oligonucleotides was conducted for 12 h at 4°C 
in the same buffer with DNA~ligase of phage T4 (50 units). Ligase mixture was treated with 
EcoRI and ApaI restrictases and the synthetic fragment was separated from 8% polyacrylamide 
gel. 

RESULTS AND DISCUSSION 

The matrix for synthesis of cDNA used was RNA from swine adenohypophysis purified on a 
column with oligo(dT)-cellulose and containing poly(A). Double-stranded cDNA, after treat­
ment with Sl nuclease and attachment of HindIII or BamHI linkers, was fractionated by elec­
trophoresis in 5% polyacrylamide gel. Fragments 500-900 basepairs (b.p.) in size were eluted 
and inserted into plasmid pBR322 cleaved at the appropriate section. After trans·formation in 
strain HB101, recombinant clones were selected according to sensitivity to tetracycline. 

Clones containing cDNA of porcine growth hormone were chosen by hybridization of colon­
ies, Using cloned cDNA of bovine growth hormone as the probe [9]. 

As a result, two clones were chosen: pPGHl, carrying an insertion 500 b.p. in size, and 
pPGH2, with an insertion ,of 760 b.p. 

Analysis of the nucleotide sequence of cDNA from clone pPGHl and comparison of it with 
the structure of porcine growth! hormone cDNA published previously (10) showed that the inser-
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Fig. 2. Self-complementary section of 
cDNA of porcine growth hormone. Num­
bering of codons is the same as in 
Fig. 1. 

Fig. 3, Reconstructed nucleotide and amino acid sequence 
of cDNA of porcine growth hormone. 

tion is an incomplete copy of the mRNA of porcine somatotropin and begins from the codon cor­
responding to the 66th amino acid of the mature protein, The insertion contains two-thirds 
of the coding region of growth hormone mRNA, the entire 3'-untrans1ated region (105 b.p.), 
and terminates with a sequence of poly(A) (18 b.p.). 

When sequencing the insertion from clone pPGH2 it was found that it contains the entire 
, ide cDNA sequence of mature growth hormone and, in addition nine codons of the signal pept • 

, i the Further, it turned out that serious reorganizations occurred in cDNA from clone pPGH2 n 
process of cloning Which disrupted the structure of the cDNA coding section (Fig. 1). 

Analysis of the nucleotide sequence in the region located next to the section in which 
reorganization occurred revealed a very extended zone of complementation between the 5'­
terminal sequence of mRNA (codons .from the -11th to the -6th amino acid) and middle section 
of mRNA (codons of amino acids 13.0-136) of porcine growth hortru?n~ (~~g._ 22.~ __ ... ~uch strong 
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Fig. 4. Plan for reconstruction of complete and accurate 
sequence of cDNA coding mature porcine somatotropin with 
six codons corresponding to section of signai peptide. 
Lower horizontal arrow indicates direction of coding cDNA 
chain. 

T~LE 1. Comparison 0f cDNA of Porcine Growth Prehor­
mane Obtained 9Y Different Authors· 

Site of dif-
Variants of cDNA of· porcine growth prehormone 

Seeburg et al. I Movva and 

I I ference [10] Schulz [111 pPOHl pPOfl2 

-2a. <?:\ GGA GGC - GGA 
25 » GCC GCT - GCC 
48 » CAG CAA - CAG 
56 » ACC ACG - ACC 

100 » CrG TTG eTG CTG 
127 » GAA GAG GAG GAA 
134 » GGA GGC GGA GGA 
136 » ATC ATC ACC ATC 
190 » TTC TCC TTC TTC 

44-51 n. GGTGeeCT GACer GACCCT GACCCT 
83-87 » TCCCr TCCT TCCT TCCT 
94-97 » ACCA ACA ACCA ACCA 
~05-107 » TCa rCG TTG TTG .. 
*Sites of differences in coding part of prehorrnone cDNA 
are designated by number of-"codon (c ~) of corresponding 
amino acid. The 3' -terminal untranslated section is num­
bered from the first nucleotide (n.) of the terminal co­
don according to the variant of Seeburg et al. [10]. 
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Fig. 5. ..' and oligonucleotides from which the synthe­
tic fragment was collected during ligation are indicated 
by numbers [sic; part of caption miss:lng in Russian 
original] • 
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Fig. 6. Plan for construction of cDNA of por­
cine growth hormone with replacement of natu­
ral 5'-terminal region with synthetic. 

complementation (16 b.p. out of 20) apparently led to formation of hairpins during synthesis 
of cDNA and ultimately caused reorganization of cloned cDNA. 

Comparison of nucleotide sequences of insertions of cDNA of clones pPGHl and pPGH2 with 
each other and with results published previously [10, 11] showed that the cDNA of pPGHl and 
pPGH2 differ not only from the published cDNA, but also from each other (Table 1). Substitu­
tions affect both the untranslated region and the coding part of cDNA. One such substitution, 
identified in pPGHl in the codon corresponding to the 136th amino acid of mature somatotropin, 
leads to disappearance of one Sau3AI section (absence of Sau3AI section was demonstrated by 
restrictase analysis and during analysis of the sequence of this section). This substitution 
moreover changes the meaning of the codon: instead of isoleucine, threonine appears in the pro· 
tein. This substitution is absent in cDNA from clone pPGH2. It follows from this that in 
the case of porcine growth hormone, polymorphism exists not only at the level of mRNA, but 
also at the level of the protein molecule. 

Using the presence of the unique AccI section in cDNA from clones pPGHl and pPGH2, we 
reconstructed the complete and accurate sequence of cDNA coding mature porcine somatotropin 
(Fig. 3). The plan for reconstruction is presented in Fig. 4. 

It is known from data presented in the literature [10] that cDNA of porcine growth hor-, 
mone, which contains a natural 5'-terminal part of the coding region of mRNA is expressed in 
E. ooti with low effectiveness. Therefore, we replaced the region of cDNA coding the first id 
15 ami~o 'acids of mature protein wi~h·a synthetic region (Fig. 5~;.not changi~g ~he amino ac 
sequence of the hormone and taking into' a~~;'unt optimal ~tiiizati~n- ;{-codons in E. coli and 
supplied by restrictase cleavage sites required for further work in inserting this cDNA int~ 
plasmid with a strong promoter. The plan for construction of cDNA carrying the synthetiC 5 -
terminal region and natural 3'-terminal region is shown in Fig. 6. 
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Hybrid cDNA obtained in this way was c10ned in pUC19, and the correctness of its 
nucleotide structure was tes-ted by determining the nucleotide sequence using a modification 
of the method of Sanger and a double-stranded matrix [6]. 

The authors are grateful to A. A. Shul'ge (Institute of Molecular Biology Academy of 
Sciences of the USSR) for providing the methods for dete~ining sequence of dO~b1e-stranded 
DNA according to Singer using 1abe1ed primers. 
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