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 ABSTRACT 
 The aim of this study was molecular cloning of Acipenser persicus growth hormone gene in the vector and expression 
of the recombinant GH protein. For high fidelity two steps cloning of growth hormone (GH) sequence was used in this 
study. At first the GH encoding open reading frame (ORF) was amplified and dA overhang by Tag polymerase and 
cloned in easy to clone 3’dT   vector pTG19-T, transformed into competent E. coli Top 10. Then plasmid was digested 
by BamH1 and EcoR1, and GH gene cloned in His tag express vector pET21a by mean of the same endonucleases, 
and transformed into E. coli strain DE3. For GH synthesis the recombinant E. coli DE3 was grown in LB-broth 
containing ampicillin. Then, IPTG was added into media to induce rGH expression. The highest level of recombinant 
GH expression in E.coli was achieved at the 4 hour after adding IPTG. Western blot (Immunoblot) analysis and SDS-
PAGE gel confirmed that the 22 kDa protein synthesized in the Persian sturgeon growth hormones.  
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INTRODUCTION  

The Acipenser persicus is one of most important 
economically high quality meat and caviar resource of the 
Acipenseridea family that observed in the south of 
Caspian Sea and inters in the Iranian rivers, Sefidrood and 
Gorgan-chai (Pourkazemi et al., 2012; Vajhi et al., 2008). 
This specie is one of the endangered species of the 
sturgeon fishes and recently the capture of this species in 
Caspian Sea has been extremely reduced so its 
propagation is under governmental programming, using 
artificial methods (Vajhi et al., 2008). 

GH is a polypeptide of fundamental importance for 
growth regulation in vertebrates and, together with 
prolactin and somatolactin, constitutes a family of 
pituitary hormones with similar structure and function that 
appear to have originated from a common ancestral gene 
before the evolution of fishes (Kawauchi et al., 1998). 
The importance of the GH as a potential growth 
promoting agent has long been recognized and GH 
administration has been shown brings to intensification of 
fish cultivation process (Boonhiang et al., 2004). GH has 
also been recognized as relevant for the aquatic industry 
due to its role on growth and as immune stimulator. The 
development of recombinant DNA technology has opened 
a new era for protein production. Hence, the cloning, 

characterization, and expression of GH have been the 
subject of extensive research during the last decades 
(Boonhiang et al., 2004). Fish GH gene has so far been 
cloned from about 30 species (Vikas et al., 2001). 
Currently, biologically active recombinant growth 
hormone has been successfully produced in Escherichia 
coli, Bacillus subtilis, Pichia pastoris yeast, and plants 
such as canola (Guillén et al., 1998).  

Within the Acipenseridea family GH cDNA were 
cloned, sequenced and amino acid alignements deduced 
for sturgeons Acipenser gueldenstaedtii, Acipenser 
sinensis and Huso huso (Yom Din et al., 2008). But there 
isn’t information about A. persicus. 

The aim of this study was molecular cloning of A. 
persicus GH gene in the vector, transformation in host E. 
coli and expression of the recombinant GH protein. 

 
MATERIALS AND METHODS  

E. coli DE3 and Top10 strains were used for plasmid 
transformation and gene exoression. The linearized with 
3’-dA overhangs pTG19-T vector used for rapid and 
efficient cloning of PCR products; the His tag plasmid 
vector pET21a for cloning and expression of mature A. 
persicus GH gene.  BamHI and EcoRI restrictases and 
plasmid extraction kit (all from Vivantis Malasya).
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Reverse transcriptase, Taq polymerase and T4 DNA 
ligase were from Fermentas (USA). RNAse (CinaGen, 
Iran). Luria-Bertani (LB) broth and agar were from Merck 
(German). Tris, Trypton, Dodecyl sulfat were from Merck 
(Germany), Isopropyl b-D-thiogalacto-pyranoside (IPTG) 
was from Sinagene (Iran). All chemicals and reagents 
were commercial preparations of analytical grade or of the 
highest purity. 
     cDNA PCR  amplification, cloning and verification 
was performed in 50 μl reactions using 1 unit Taq 
polymerase. The amplified fragments purified by gel 
electrophoresis.Tag PCR amplified from cDNA liberary 
DNA fragments were eluted from agarose gel and directly 
ligated to pTG19-T vector and transformed in calcium 
chloride treated competent cells of E. coli TOP10. Luria-
Bertani (LB) agar plates containing 50 μg/ml ampicillin 
were used to screen the recombinant colonies. Plasmids 
from recombinant colonies were prepared by the alkaline 
lysis method (Sambrook et al 2001). Insertion of the PCR 
product was verified by the PCR using T7 promoter and 
gene downstream primers, agarose gel electrophoresis and 
sequencing.  

T/A cloning was used, easy to clone pTG19-T vector 
designed for rapid and efficient cloning of PCR products 
with 3’-dA overhangs. The linearized pTG19-T vector 
with 3’-dT overhangs prevent vector recircularization, 
therefore resulting more than 80% high of recombinant 
clones contain the target DNA and low background. For 
rapid clone selection the pTG19-T vector contains: lacZ 
gene for blue/white selection, M13 primer sites for PCR 
screening and sequencing.  

The mature GH gene was recovered from plasmid 
pTG19-Tand subcloned in His Tag vector pET-21a and 
GH expression in E. coli 

 
RESULTS  

 
A. persicus GH gen Tag PCR Amplification and first 
cloning The forward primer 5'- TTTGAATTCATGGCATCAG 
GTCTGCTTCT-3’ and  reverse primer 5’-AAAGGAT 
CCCTACAGAGTACAGTTGCTCTC-3’ including EcoRI 
and  BamHI restriction sites (underlined) were designed 
according to the A. persicus growth hormone cDNA 
sequence. In order to amplify A. persicus growth hormone 
cDNA, PCR was performed in a 50 µl total volume 
containing 1 µg of template cDNA, 1 µM of each primer, 
2 mM µMgCl2, 200 µM dNTP, 5 µM of 10X PCR buffer 
and 1 unit of Taq DNA polymerase. The 30-cycle 
amplification was performed in a thermal cycler system 
with the following program: 94°C for 60 s, 58°C for 60 s, 
72°C for 60 s. A final 5 min extension was performed at 
72°C. The PCR product was analyzed by electrophoresis 
in 1% agarose gel in 1X TBE buffer and visualized by 
ethidium bromide staining on UV transilluminator. The 
agarose gel slice containing the relevant A. persicus GH 
cDNA fragment was excised and purified by gel 
extraction kit according to the manufacturer’s 
recommendation. A. persicus growth hormone cDNA was 
eluted from agarose gel and subsequently cloned into a T-
tailed vector to generate pTG19-T rGH (Figure 1) then the 
recombinant plasmid was transformed in chemicaly 
competent cells of E. coli TOP 10. 

The E. coli TOP 10 harboring the pTG19-T rGH was 
grown in LB broth with 100 µg/ ml ampicilin then the 
vector was extracted using a Plasmid Extraction Kit. 
Insertion of the PCR product was verified by the PCR 
amplification using T7 promoter and the gene reverse 
primer (5’-CTACAGAGTACAGTTGCTC-3’), then 
carried out agarose gel electrophoresis and sequencing. 

The GH bands were extracted from gel by extraction 
kit (vivantis, Malasya) sequenced and confirmed the fact 
of proper cloning of mature GH coding gene. 

 
A. persicus GH subcloning in His Tag vector pET-21a 
and GH expression in E. coli  The mature GH gene was recovered from plasmid 
pTG19-T (GH) with EcoR1 and BamHI restriction 
endonucleases and subcloned in expression his tag vector 
pET-21a by the same endonucleases and transformed in 
chemically competent cells of E. coli DE3. 25 ng of 
plasmid DNA was added to the cells and allowed to 
incubate on ice for 10 minutes. The cells were then heat 
shocked at 42°C for 90 seconds and then immediately 
placed on ice for 2 minutes. 1 ml of LB-broth media (20 
mM glucose) was added to the cells which were then 
cultured at 37°C for 1 hour. 100 μl of cell was plate on LB 
broth with 100 μg/ml ampicillin and at least 10 colonies 
were isolated and grow at 37°C by intensive aeration. 
After 2 hours 100 µl IPTG was added into media and 
sampling was carried out every 2 hours to 8 hours, 
suspended in phosphate buffer and lysed by lyzocim. The 
resulting homogenate was centrifuged at 8000 rpm for 40 
min at 4°C, and the pellet was washed with 20 m1 of 1 m 
sucrose and then with 20 ml of 4% Triton X-100, 20mM 
phosphate buffer, and 1 ml EDTA (pH 7.2) to remove 
soluble components, bacterial cell wall and cell 
membrane, and lipid components. The purified GH 
inclusion bodies (IB) were dissolved in imidazole then has 
loaded in gel and detected by electrophoresis on 15% 
(w/v) sodium dodecyl sulphate polyacrylamide gel (SDS-
PAGE) according to the method of Laemmli and stained 
with AgNo3 and after staining comparative concentration 
of A. Persicus rGH was measured by densitometric 
scanning of SDS-PAGE gel and found that the optimal 
fermentation time is four hours after IPTG induction (Fig. 
3). IPTG induced recombinant E. coli DE3 cells 
harbouring the pET21a showed that the expression of a ~ 
22 kDa protein was triggered. 

The highest level of rpsGH expression in E.coli was 
achieved at the 4 hour after adding IPTG. Expression of 
PS rGH in IPTG induced E. coli DE3 was investigated 
after four hours fermentation.  After induction, cells were 
harvested, washed with TE buffer (10 mM Tris, 1 mM 
EDTA [pH 8]), and centrifugated. The resultant pellet was 
resuspended in 1 M sucrose, centrifuged, and washed with 
1% Triton X-100 containing 50 mM EDTA (pH 8). The 
pellet was solubilized with 6 M guanidine hydrochloride 
and dialyzed against 167 x ammonium bicarbonate (50 
mM; pH 10) containing 2 mM EDTA overnight at 48°C. 
After centrifugation, the supernatant was continuously 
dialyzed against 30 mM sodium bicarbonate (pH 8.8) 
overnight. rGH was analyzed by gel electrophoresis to 
detect folding. The Huso huso rGH was used as control. 
The results showed that the molecular mass of PS rGH in 
the clear lysate in the presence and absence of the 
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  Fig. 1: The map and multiple cloning site sequence of pTG19-T vector.  

  
Fig. 2: The electrophoresis of amplified PCR product and 
pTG19-T rGH plasmid.  

  
Fig. 3:  Expression of recombinant GH in E. coli cells.    
 

  
Fig. 4: The cloned rpsGH expression in E.coli DE3 obtained by 
SDS-PAGE. 1- negative control, 2- PS rGH, 3- protein ladder, 4- 
Huso huso rGH as positive control. 

reducing agent dithiothreitol were 22 kDa (Fig. 4, lane 2). 
IPTG induced recombinant E. coli DE3 cells harbouring 
the pET21a showed that the expression of a ~ 22 kDa 
protein was triggered. This is in agreement with the actual 
size of their respective cDNA and also matches with the 
size predicted from the amino acid sequence (190 aa) and 
the rGH protein of Huso huso expressed in E. coli.  

DISCUSSION 
 A number of different forms of the GH gene are 

present in several vertebrate species and gene duplication 
and divergence or mutation and allelic variation are 
believed to be responsible for these, in an evolutionary 
scenario of near-stasis periods interrupted by sustained 
bursts of rapid change (Wallis et al 1996).  

Recombinant protein of GH in many species has 
already been expressed, purified then elucidated. For 
instance, Human (Tingyue et al 1995), Domestic Animal 
Species, ovine [Bernardi et al 1993], Water Buffalo 
(Amtul 2006), miss as well as various species of teloest 
fish [Luis et al 2004] And r-protein of GH in some species 
of Acipenseridea family such as Russian sturgeon 
(Acipenser gueldenstaedtii) (Yom Din et al 2008) has 
been expressed and purified but there is the first time that 
th r-protein of A. Persicus expressed. 

Evidence to confirm that, the growth hormone gene is 
very important in the regulation of developmet and 
somatic growth in vertebrates (Yom Din et al 2008; 
Tingyue et al 1995). Hence, the genes coding for GH in 
different fish species have been cloned and expressed in 
yeasts and Escherichia coli cells (Sakai et al 1997).      

We used two step strategy of cloning for high fidelity. 
In first step the GH we amplified and cloned in easy to 
clone 3’dT vector pTG19-T into E.coli Top10, ofter this 
cloning, plasmid digested by BamH1 and EcoR1, and GH 
gene cloned in His tag express vector pET21a by mean of 
the same endonucleases, and transformed into E. coli 
strain DE3. 

We revealed that A. Persicus rGH protein expressed 
in E. coli is not degraded at any stage of expression. There 
was a single protein band in the purified fraction of the 
protein; even in the Western blot analysis, the 
immunoreaction was observed at the expected size of 22 
kDa (Vikas et al 2001) and no smaller fragments could be 
detected indicating the degradation of the protein. These 
observations suggest the proper processing of the protein 
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in the expression system and confirm that the A. persicus 
GH cDNA is intact. 
 
Conclusions In this study we used two step strategy of GH gen 
cloning. At first the GH was cloned in easy to clone 3’dT 
overhang vector then subcloned into His tag expression 
vector pET21a. This approach is enabling avoids time and 
cost consuming monitoring of high frequency 
misclonings.  
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