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Ruminants, mammals that belong to suborder ruminantia and have four chambered stomach, produce aspartic 
proteases and proteins belonging to the prolactin (PRL) family as placental peptides. Placental lactogen (PL), placental 
growth hormone (GH), and prolactin-related proteins are all members of the prolactin family. Pregnancy associated 
glycoproteins (PAGs) include aspartic proteases. The mononucleate cells (MNCs) and binucleate cells (BNCs) of the 
placental trophoblast are responsible for producing and releasing these placental peptides, in the form of glycoproteins, 
into the fetal and maternal vascular circulation. The placental lactogen released in fetal part of placenta may assist in 
regulating maternal intermediary metabolism that may help in nourishment of fetus and also in fetal growth regulation. 
The 23rd chromosome contains the genes for placental growth hormone and the prolactin family of proteins, according 
to proteomic research. In this experiment, recombinant E. coli BL21 with pET expression system was used to 
manufacture recombinant bovine placental growth hormone in a bioreactor under regulated environmental conditions. 
Optimization was tested using varying concentrations of several parameters, such as the concentration of antibiotics 
(ampicillin) and lactose (as an inducer), as well as physical parameters like temperature. An SDS-PAGE examination 
revealed that altering reaction conditions and concentration changes the expression. 
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INTRODUCTION 

Animals belonging to the suborder Ruminantia have 
two toes, a four-chambered stomach, and reduced or 
absent upper incisors. The food that has been swallowed 
is first softened and broken down into little bits by 
enzymatic action before moving on to the second chamber 
of the stomach, where microorganisms, or microbial 
degradation, partially break down the cellulose. When 
these mammals are at rest, the partially digested food is 
carried back to the mouth where it is combined with saliva 
and mechanically digested in order to fully digest the 
cellulose contents of the food (Figure 01). 

Ruminants have homogeneous, large placental 
structures that are connected to the maternal and foetal 
circulatory systems in several tiny locations. The placenta 
is made up of these foetus and placenta of the mother's 
associated vascular regions (Figure 02) (Bowen., 2000) 

 
Figure 1:Ruminants Digestive System;Mammal of the 
suborder Ruminantia having a four-chambered 
stomach, two-toed feet, and reduced or partially 
missing upper incisors(Bowen. 2000) 
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Figure 2: Placental Structure of Ruminants;The 
placental structure of ruminants is uniform and gross 
based on many small areas of connection between 
fetus and maternal vascular systems(Bowen., 2000) 

There is no uniformity in the size and number of 
placentomes, therefore they can range in number and size 
from 6-150 in different ruminants. Binucleate cells (BNC), 
which are a constant in all ruminants, are found in their 
trophoblast. The placental lactogen (PL) hormone and 
other glycoproteins are produced in part by these 
binucleate cells. Through tight connections, these 
binucleate cells typically merge with uterus epithelial cells 
to generate feto-maternal hybrid trinucleate cells (TNC). 
(Wooding et al. 1997)The placental lactogen released in 
the fetal part of the placenta may assist in fetal growth 
regulation. As the gestation period increases, the 
placental lactogen released by the placenta decreases in 
concentration in the fetal part of the placenta and this is 
vice versa for the maternal part of the placenta as it 
increases in this part in the last days of pregnancy. 
Studies also show that placental lactogen may also help in 
regulating maternal intermediary metabolism that may 
help in the nourishment of the fetus. (Byatt et al. 1992) 

The genomic examination of the bovine placenta 
revealed the presence of numerous genes in ruminants' 
genomes that are structurally related to aspartic 
proteinases. In the placenta, only 22 mRNAs can be 
translated. Pregnancy-associated glycoproteins (PAGs) 
are placental aspartic proteinases. There are two 
categories of PAGs for the placenta: ancient and modern. 
While modern PAGs have entirely lost enzymatic function 
and their products fall under BNCs of trophoblasts, ancient 
PAGs still have aspartic proteinase activity and are 
produced by MNCs and BNCs of trophoblasts. Modern 
PAGs' diminished activity could be caused by placental-
associated chemicals that function in tissue remodelling. 
Both of these kinds of PAGs currently have unknown 
biological functions. In addition to being simpler than rectal 
palpation, an immunological detection assay can also be 
used to diagnose pregnancy in other ruminants. 
(Takahashi, Hayashiet al. 2013) 

In order to achieve cellular and enzymatic 
immobilisation and the production of desired products 
under controlled circumstances, aerobic microorganisms 

are cultivated in a huge vessel known as a bioreactor 
(Najafpour 2015). Bioreactors are very important for any 
biochemical process as these are specially designed to 
acquire controlled environmental conditions of 
temperature, pH, dissolved oxygen concentration, and 
other parameters necessary for microbial growth to 
achieve the optimum yield of biological products. Various 
expression systems including enzyme, mammalian, 
microbial, and plant cell systems can be used for diverse 
production of biological products. (Najafpour 2015)  

(Alban et al. 2003) investigated the proteins related to 
early pregnancy in the bovine placenta by using the 
comparative proteomic analysis technique named 2-
dimensional fluorescence difference gel electrophoresis 
(2D DIGE). About 1500 proteins were identified by this 
assay. This data helped identify the proteins related to 
pregnancy and can be used to develop pregnancy-
associated markers for detecting early pregnancy in 
bovine serum. 

(Ushizawa et al. 2007) determined the cDNA 
sequence of two prolactin-related proteins (PRPs) of 
caprine by comparing it with the known sequence of 
bovine prolactin-related proteins. They also investigated 
the localization and quantitative expression of these 
prolactin-related proteins in the placenta. Prolactin-related 
proteins of caprine named cPRP1 and cPRP6 were 
hybridized with two known sequenced bovine prolactin-
related proteins named bPRP1 and bPRP6 for 
comparative analysis to determine the cDNA sequence of 
unknown caprine prolactin-related proteins. It was 
observed that caprine prolactin-related protein cPRP1 
showed 72% similarity with bovine prolactin-related 
protein bPRP1 genomic sequence. On the other hand, in 
caprine prolactin-related protein cPRP6, 74% homology 
was observed with bovine prolactin-related protein 
bPRP6.Detection of proteins of both these ruminants was 
done in RT-PCR.  

 
 
Figure3: Phylogenetic Tree of Prolactin and Placental 
Prolactin of caprine and bovine(Lacroix et al. 1996) 

Molecular sizes of both these proteins were 
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determined by western blotting and it has been observed 
that the size of cPRP1 was 33kDa and that of cPRP6 was 
45kDa (Figure 03). Both of these proteins were FLAG-
tagged in their size estimation experiment via western 
blotting. 

(Lacroix et al. 1996) investigated that placenta is 
associated with the expression of proteins that are related 
to growth hormone (GH) in many other species. Studies 
showed that growth hormone stimulating protein in sheep 
(ovine) placenta was chorionic somatomammotropin. The 
role of this protein in placental growth is still under 
investigation. The presence of some other peptides 
related to growth hormones in the ovine placenta was the 
main objective of their study. The experimental extracts of 
the early months of the placenta showed growth hormone 
immunoreactivity. The molecular size of protein extracts 
showing immunoreactivity determined by SDS-
polyacrylamide gel electrophoresis was 22kDa and 
28kDa. The proteomic analysis of ovine placental RNA 
was done by northern blotting and it has been observed 
that growth hormone hybridized transcripts travelled the 
same distance as growth hormone of pituitary mRNA. 
Three growth hormone mRNAs were reported by genomic 
analysis of ovine placental extracts. These GH mRNAs 
were named GHPI, GHPB, and GHPS. The first one has 
similarities with pituitary growth hormone mRNA and has 
the coding ability of a protein of 22kDa molecular size. 
The other two GH mRNA also can encode a protein of 
22kDa size with a difference of four amino acids. The 
expression of growth hormone genes and immunoreactive 
proteins was checked in this investigation study. 

(Beagley et al. 2010) did the comparative proteomic 
analysis of bovine fetal retained membrane (FRM) with 
normal bovine maternal placental tissues clarify the 
pathogenic capability of the fetal retained membrane that 
may have harmful effects on the health of dairy animals. 
(Mavromati et al. 2014) stated that there are largely 
structural and functional differences between small 
ruminants (goat and sheep) and large ruminants (cow) 
and due to these differences the health of small ruminants 
cannot be compromised by extracting information about 
diagnostic markers from large ruminants only? 
Identification of separated and purified polypeptides was 
done by sequencing methods. The sequencing analysis 
showed the presence of 3 pregnancy-associated 
glycoproteins differing in amino acid sequences and 
having variable molecular sizes. These identified caprine 
PAGs were named PAG62, PAG59, and PAG55with 
respect to their molecular sizes i.e 62kDa, 59kDa, and 
55kDa. These purified PAGs were similar in sequence 
with each other and also with PAGs separated from 
various other species. Temporal N-glycosylation sites 
were present at terminal residues of each purified PAG. 
(Nakaya and Miyazawa 2015) identified the presence of 
endogenous retroviruses (ERVs) envelope proteins in the 
placenta of many ruminants. (Chae et al. 2011)did a 
comparative functional analysis of regulatory proteins in 

pregnant and non-pregnant placental samples of 
mammals by using 2D electrophoresis and western 
blotting techniques. Differential expression of proteins in 
both tested samples showed the presence of functionally 
regulated proteins. In a proteomic analysis of placental 
tissues, 820 spots were identified.(Hou et al. 2014) 
checked the immune activity of immunoregulatory 
peptides of the caprine placenta by producing them in a 
fermenter using recombinant culture of A.niger. They 
checked the immune activity of placental peptides of goat 
placenta by optimizing fermenter parameters that involved 
carbon contents, pH, and fermentation time by applying 
the technique of response surface methodology (RSM). 
They obtained a stimulation index value of 23.51% by 
keeping the parameters in optimizing conditions. They 
applied the technique of ultrafiltration to separate 
fermentation broth from immunoregulatory peptides and 
observed that those peptides that have a size greater than 
10kDa showed immune activity properties.  
 
MATERIALS AND METHODS 

SECTION A 

Bacterial Strain 
The recombinant E.coli strain BL21 was used for high-

level production of recombinant protein with pET system in 
this research work. The recombinant culture was provided 
in the lab of Punjab University, Lahore. 

Culture Growth  
The culture of recombinant E.coli strain BL21 was 

grown on LB Agar media plates by streaking and 
spreading methods. Ampicillin, an antibiotic, was also 
added in LB Agar media as this recombinant strain 
E.coliBL21 was the amp. resistant and growth occurred in 
presence of amp. in media. 100ml of LB agar media was 
prepared by adding 1g tryptone, 0.5g yeast extract, 1g 
NaCl, and 2g agar in 60ml of distilled water. the pH of the 
media was set at 7.0. After setting pH volume was set to 
100ml with distilled water.4 Petri plates were taken, 2 Petri 
plates were streaked and 2 were spread with recombinant 
E.coli BL21 strain. Then these plates were placed in the 
incubator overnight at 37ºC. 

Primary Inoculum Preparation 
The primary inoculum was prepared in 10ml LB Broth 

media in a shake flask.10ml of LB broth media was 
prepared in a shake flask by adding 0.1g tryptone, 0.05g 
yeast extract, and 0.1g of NaCl in 5ml of distilled water. 
After setting pH to 7, the final volume was set to 10ml. A 
loopful of culture from above overnight incubated Petri 
plate was picked and added into shake flask LB Broth 
media. Further ingredients that are necessary for 
recombinant E.coli BL21 growth were also added 
including 20% Glucose (25µl), 50% Glycerol (100µl), 0.5M 
Lactose (200µl), Inducer for recombinant E.coli BL21and 
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10% Ampicillin (10µl). pH of the medium was set at 7.0. 
Then this flask was placed in a shaking incubator for eight 
hours at 37ºC 

Secondary Inoculum Preparation 
Secondary Inoculum was prepared in 100ml X-media. 

100ml of X-media was prepared by adding 4g of tryptone, 
2g of yeast extract, and 2g of NaCl in 60ml of distilled 
water. pH was set to 7 and the final volume was set to 
100ml with distilled water. Inoculum for secondary 
inoculum culture preparation was taken from 8 hours 
incubated primary culture (1ml culture inoculum) and 
added into X-media and ingredients including 20% 
glucose (250µl), 50% glycerol (1ml), 0.5M lactose (2ml) 
and 10%Ampicillin (100µl) were also added as necessary 
ingredients. Then the flask was placed in a shaking 
incubator overnight at 37ºC. 

 Bioreactor Processing 
High-level production of recombinant proteins using 

recombinant E.coli BL21 requires expression of 
recombinant culture at a large scale in a 
bioreactor/fermenter. For this purpose, 
electrolabbioreactor/fermenter was used for production at 
a large scale. 800ml X-media was used in 
bioreactor/fermenter to which calculated amounts of 
necessary ingredients as used for primary and secondary 
inoculum were added. Bioreactor conditions i.e., 
temperature, 37ºC, pH7.0, dissolved oxygen concentration 
1 atm pressure, agitation rate first hour 500 rpm then for 
remaining 7 hours 800 rpm were maintained during 
bioreactor processing. Mustard oil was used as an 
antifoaming agent. Bioreactor media was inoculated with 
100ml secondary inoculated culture and sampling was 
done each hour during processing by injecting a sample 
with help of injection into the centrifuge tube. Two sets of 
samples were taken each hour and labelled as sample A 
and sample B and a total of 16 samples were taken at the 
end of bioreactor processing. The absorbance of each 
sample/hour was done at 600nm (OD600) in a 
spectrophotometer and their absorbance values were 
noted down. The temperature, pH, and oxygen 
concentration of the bioreactor media were regularly 
checked and maintained to optimal conditions of the 
reactor if necessary. Then samples were centrifuged at 
13000 rpm for 10 minutes and a pellet was formed. The 
supernatant was discarded and the pellet was 
resuspended in 300µl of phosphate buffer, pH 7. Then 
SDS-PAGE analysis of these samples was conducted and 
the results were recorded. 

2.1.6. SDS-PAGE Analysis 

2.1.6.1. Sample Preparation  
Above collected samples were centrifuged and the 

pellet was resuspended in phosphate buffer. We took 9µl 
of sample and 3µl 0f 4X loading dye (1:3) in the PCR tube 

to prepare the samples for SDS-PAGE. Then these 
samples were heated in a water bath at 90ºC for 15 
minutes. After heating, samples were vortexed to ensure 
complete mixing of sample protein and dye 

2.1.6.2. Gel Preparation 
Gel preparation involves Resolving gel preparation 

and stacking gel preparation. We used 12% resolving gel 
for our sample running. 10ml of resolving gel was 
prepared in a falcon tube by adding 3.3ml distilled water, 
4ml of 30% acrylamide stock solution, 2.5ml of 1.5M Tris 
buffer with 8.8 pH, 0.1ml (100µl) of 10% SDS, 0.1ml 
(100µl) of 10% APS and 0.006ml (6µl) of TEMED.5ml of 
stacking gel was prepared by adding 3.3ml of distilled 
water, 0.83ml (830µl) 30% acrylamide stock solution, 
0.63ml (630µl) of 0.5M Tris buffer of pH 6.8, 0.05ml (50µl) 
of 10% SDS, 0.05ml (50µl) of 10% APS and 0.005ml (5µl) 
TEMED in falcon tube.APS and TEMED both were added 
in the last in both gels when leakage of gel casting plates 
was checked and then first resolving gel was poured in gel 
casting plates and left for polymerization and then above 
resolving gel, a layer of stacking gel was placed with a 
comb inserted in between plates. The leakage of the gel 
casting apparatus was checked by pouring water. Then 
resolving gel was poured into gel casting plates for 
polymerization. Above resolving gel, a layer of butanol 
was added to prevent any bubble formation and uniform 
layered resolving gel polymerization. After polymerization 
of the resolving gel, a layer of butanol was removed, and 
stacking gel was added above polymerized resolving gel. 
Then apparatus was placed in a hot oven at 55º C to 
polymerize the stacking gel. Comb was also inserted in 
stacking gel for wells formation that was later used for 
sample loading. After polymerization of stacking gel, the 
running buffer was added and the comb was removed and 
wells were formed and sample preparation was loaded 
into wells. 12µl of the sample was loaded in each well. A 
ladder of size between 10 kDa and 175kDa was used. 

2.1.6.3. Electrophoretic Run 
Then gel was run at 100 voltages for 2 and half hours. 

Then the power supply was stopped and the gel was 
taken out from the plates. 

2.1.6.4. Staining of Gel 
After the gel was taken out from the plates, a staining 

solution was added to it for 45 minutes. 

2.1.6.5. Destaining of Gel 
After staining, the destaining of gel was done 

overnight with continuous shaking for a clear vision of 
bands. Then gel was examined for expression of 
recombinant proteins. 

2.1.7. 2nd Bioreactor Processing 
For the second Bioreactor processing, 800ml of X-

media was prepared and added to the bioreactor. 
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Secondary inoculum culture of 100ml was used as 
inoculum for fermenter media. Fermenter conditions were 
maintained as above explained and mustard oil was used 
as an antifoaming agent. The temperature was maintained 
at 37ºC and the pH was 7.0. Glucose, glycerol, lactose, 
and ampicillin were also added to fermenter media in 
appropriate concentrations. Samples were taken every 2 
hours of processing and their absorbance was measured 
at 600nm (OD600). Then samples were centrifuged at 
13000 rpm for 10 minutes to discard the supernatant. 
Pellet was dissolved in 300µl of phosphate buffer of pH 7. 
Then SDS-PAGE analysis of these collected samples was 
done. Samples were prepared in 1:4 i.e., 10µl of dye and 
40µl of the sample were mixed for each sample 
preparation and the expression of recombinant proteins 
was examined from bands that appeared on the gel. 

2.1.8. 3rd Bioreactor Processing 
The fermented media used was X-media and the 

sample inoculum for fermenter media was the same as for 
the above-described fermented reactions. This time 
bioreactor processing was monitored for 16 hours. The 
same conditions of temperature, pH, and oxygen 
concentration were maintained. Samples were taken after 
8 hours of processing. The absorbance of samples was 
measured at 600nm in a spectrophotometer. The samples 
collected were centrifuged at 13000 rpm for 10 minutes. 
The supernatant was discarded and the pellet was 
dissolved in 100µl of phosphate buffer of pH 7. Then SDS-
PAGE analysis of these collected samples was done. 
Sample preparation for SDS-PAGE was the addition of 
10µl of dye in 40µl of the sample (1:4) and 30µl of the 
sample was loaded in wells. Then gel was examined for 
expression of the recombinant protein product. 

2.1.9. Optimization of Product  
The optimization of the recombinant product was 

checked by varying the concentration parameters of 
added ingredients including ampicillin and lactose 
concentration and also by changing physical parameters 
i.e temperature. The culture was grown at different 
concentrations of ampicillin and lactose and different 
temperatures for optimization of the product. 

2.1.9.1. Optimization of Antibiotic Concentration  
Optimization of ampicillin was checked by applying 

different concentrations of ampicillin in a shake flask 
fermented at 37ºC and 150rpm overnight. 7 shake flasks 
were prepared for optimization of antibiotic concentration 
by adding 5µl, 10µl, 20µl, 30µl, 40µl, and 50µlof ampicillin 
in each flask including for 1 control shake flask sample 
without ampicillin.10ml of X-media was added to each 
shake flask and 100µl of primary culture was inoculated in 
media. Other necessary ingredients including 20% 
glucose (25 µl), 50% glycerol (100µl), 0.5M lactose 
(200µl), and 10% ampicillin (10µl) were also added. Then 
these shake flasks were placed in a shaking incubator 

overnight at 37ºC. Samples were taken from each shake 
flask containing different ampicillin optimized products and 
their absorption was measured at 600nm (OD600). Then 
these samples were centrifuged at 13000 rpm for 10 
minutes. The supernatant was taken in separate 
Eppendorf and the pellet was resuspended in 80µl of 
phosphate buffer pH 7. Then by SDS-PAGE analysis of 
these samples, results were recorded.500µl of 
supernatant from each centrifuge tube was taken in a 
separate centrifuge tube and 1ml of Acetol was added to 
that supernatant to check whether our product is present 
in the supernatant (extracellular) or not. Then these 
centrifuge tubes were placed in the refrigerator for 10 
minutes at -4ºC. These samples were then centrifuged at 
13000rpm for 10 minutes. Pellet obtained was dissolved in 
80µl of phosphate buffer pH 7 and SDS-PAGE was also 
done on these samples to check extracellular product 
optimization by ampicillin. 

2.1.9.2. Optimization of Lactose Concentration 
Lactose was used as an inducer for recombinant 

E.coli BL21 strain and by changing the concentration 
parameters of lactose, optimization of the product was 
measured. Two sets of experiments were done in 10 
shake flasks separately. First, 5 shake flasks with 10ml of 
X-media in each flask were taken. One control shake flask 
with no lactose and others with 25mM, 50mM, 75mM, and 
100mM lactose concentrations respectively. Other shake 
flasks contained the same 10ml of X-media and a control 
shake flask with no lactose and remaining with 5mM, 
10mM, 15mM, and 20mM lactose concentration. Other 
ingredients were added in the same amounts as above 
and primary culture was inoculated in these flasks these 
shake flasks were placed in a shaking incubator at 37ºC 
temperature and 150rpm overnight. Then samples were 
taken from each flask and their absorbance was 
measured at 600nm. Separate samples were taken in 
centrifuge tubes and centrifuged at 13000 rpm for 10 
minutes. The supernatant was discarded and the pellet 
was dissolved in 70µl phosphate buffer of pH 7. Then 
samples were prepared for SDS-PAGE analysis and 
results of optimization of lactose concentration were 
measured. 

2.1.9.3. Optimization of Temperature 
Optimization of temperature was checked by the 

growing recombinant culture at different temperatures i.e., 
at 37ºC, 40ºC and 42ºC. For this purpose, 3 shake flasks 
were taken with 10ml of X-media in each shake flask. 25µl 
of 20% glucose, 100µl of 50% glycerol, 200µl of 0.5M 
lactose, and 10µl of 10% ampicillin were added to these 
shake flasks. The primary culture was used as inoculum in 
these shake flasks and then these shake flasks were 
placed overnight in shaking incubators of the varying 
temperatures of 37ºC, 40ºC, and 42ºC respectively, and at 
a constant agitation rate of 150rpm. Samples from each 
shake flask were taken in cuvettes and their absorbance 
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was measured at 600nm. These samples were 
centrifuged at 13000 rpm for 10 minutes. The supernatant 
was discarded because our product was not present in the 
supernatant and the pellet was dissolved in 100µl of 
phosphate buffer of pH 7. Samples were prepared for 
SDS-PAGE analysis and gel was run to check the 
optimization of the product. 

Section B 

Genomic DNA Extraction from Ruminants 

Sample Material 
The genomic DNA was extracted from the blood of 

buffalo and goat liver. Sample materials were taken from 
butcher’s shops from PC shopping centre, Punjab 
University and from Ayubia market, Lahore respectively 
(Figure 04 & 05). 

 
Figure 4: PC shopping centre 

 
Figure 5: Ayubia market 

 

Sample Preparation 
Sample material was collected and preserved in 

refrigerator at 4ºC to prevent from degradation from 
DNAses and RNAses. As liver is vascular organ so blood 
was taken by making cuts with sterile blade and collected 
in centrifuge tube. These centrifuge tubes were labelled as 
B and G for buffalo and goat liver blood samples 
respectively. 

Genomic DNA Extraction 
The DNA from these blood samples was extracted by 

GeneJET Genomic DNA Extraction Kit method including 
the steps: 

200µl of each blood sample of buffalo and goat was 
taken in centrifuge tube and labelled respectively.400µl of 
lysis buffer and 20µl of Proteinase K was added in both 
samples separately. Then samples were homogenized by 
vortexing/pipetting and placed in an incubator for 
incubation at 56ºC for 10 minutes. Samples were also 
occasionally homogenized during incubation.200µl of 96-
100% ethanol was added in above lysed blood samples 
and again homogenized by pipetting/overtaxing. Then 
clear lysate of both samples was transferred to purification 
column along with collection tube and centrifuged at 
6000rpm for 1 minute. Collection tube containing flow-
through was discarded and new collection tube was 
placed with purification column.500µl of wash buffer 1 was 
added in both samples. Samples were again centrifuged 
at 8000rpm for one minute. Flow-through was discarded 
and collection tube was placed back to purification 
column.Then 500µl of wash buffer 2 was added in above 
purification columns and again centrifuged at 13000rpm 
for three minutes. Additional centrifugation for one minute 
at maximum speed (13400rpm) was done to remove any 
remaining residual liquid. Collection tubes containing the 
residual supernatant were discarded and new 1.5ml 
centrifuge tubes were placed with purification columns. 
110µl of elution buffer was added in both samples and 
placed for incubation at room temperature for 3 to 5 
minutes.Then samples were centrifuged at 8000rpm for 1 
minute.Purification column was discarded and extracted 
DNA was stored at -20ºC for further genomic analysis. 

Agarose Gel Electrophoresis 
Nucleic acid molecules (DNA and RNA) can be 

separated on basis of size by agarose gel electrophoresis. 
The principle states that separation occurs in presence of 
electric field where migration of negatively charged 
molecules occurs towards anode and separation occurs 
on basis of molecular weight. Smaller molecular weight 
molecules travel larger distance whereas larger molecular 
weight molecules travel less distance due to resistance 
offered by gel matrix. Ethidium bromide is commonly 
added in gel for visualization of bands under UV 
illuminator. Ethidium bromide is an intercalating agent that 
binds with strands of DNA or RNA molecules and bands 
can be easily viewed under UV illuminator. (Yılmaz, Ozic 
et al. 2012).Agarose gel electrophoresis was performed to 
check whether DNA extracted from buffalo and goat was 
present or not. 1% agarose was used in agarose gel 
electrophoresis. Procedure involved in gel electrophoresis 
was sample preparation and gel preparation and running. 

Sample Preparation 
Samples were prepared for gel electrophoresis by 

mixing extracted DNA samples with loading dye. 5µlof 
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each sample was mixed with 1µl of 10X loading dye (5:1). 
Total volume of each loaded sample was 6µl. DNA marker 
of size ranging between 200bp to 10000bpwas used. 

Gel Preparation 
1% agarose gel was used in gel electrophoresis. Gel 

was prepared by adding 0.4g agarose in 40ml of TAE 
buffer of pH 7. Agarose was dissolved by continuous 
pulsing in an oven until bubble formation started and clear 
solution appeared. 2µl of ethidium bromide was added in 
gelupon cooling of gel in order to visualize the gel under 
UV illumination. Gel was placed in gel casting apparatus 
to solidify for 30 minutes.Comb was inserted in gel. Comb 
was removed after adding 1X TAE buffer (running buffer) 
and wells were formed. Sample was loaded in two wells 
containing buffalo DNA sample and goat DNA sample 
respectively.  

Electrophoretic Run 
Gel was run at 100V for 60 minutes. Power supply 

was stopped when samples travelled ¾distances in gel. 
After one hour gel was examined under UV illuminator and 
Gel Documentation System using Gene Snap software 
under UV vision. Bands appeared on gel. The presence of 
bands showed that DNA has been extracted from blood 
samples of both buffalo and goat liver. Further PCR of 
these samples was done to amplify the extracted product. 

Polymerase Chain Reaction (PCR) 

Reaction Mixtures Preparation 
4 PCR reaction mixtures were prepared on basis of 

primer utilization, 3 for buffalo samples and one for goat 
sample. P3 and P4 primers (forward and reverse) were 
used during preparation of reaction mixtures. One buffalo 
sample contained P3 primer, other one containing P4 
primer and third one contained both P3 and P4 primers in 
its reaction mixture. The goat sample contained both P3 
and P4 primers in its reaction mixture. These reaction 
mixtures were labelled as BP3, BP4, BP and G for buffalo 
and goat samples as according to addition of P3, P4, 
P3P4 primers respectively in all sample mixtures. BP4 
reaction mixture contained 1µl of reverse primer P4 
instead of forward primer. Similarly, BP reaction mixture 
contained both forward primer, P3 (1µl) and reverse 
primer, P4 (1µl) and 13µl of nuclease free water. Total 
volume of each reaction mixture for buffalo and goat 
samples was 25µl.  

PCR Reaction 
Each sample's PCR profile included 4 cycles. 

Denaturation was used in the first cycle, extension and 
primer annealing in the second cycle, final extension in the 
third cycle, and final holding of reaction mixtures at 4oC in 
the fourth cycle. PCR profile can be listed as follows in a 
table: 

P3P4 PCR Profile 
Table1: PCR profile  

Cycles Name Temperature Time 

 
1X 

Initial 
Denaturation 

95ºC 5 minutes 

 Denaturation 94ºC 30 seconds 

45X Annealing 60ºC 30 seconds 

 Extension 72ºC 30 seconds 

1X Final Extension 72ºC 5 minutes 

 Hold 4ºC ∞ 

Then again agarose gel electrophoresis of these PCR 
samples was done to ensure the product optimization and 
amplification. 1% agarose gel (40ml) was used with 2µl of 
ethidium bromide added in the gel in order to visualize the 
gel under UV illuminator.6µl of sample was loaded in each 
well with 5µl of sample and 1µl of DNA loading dye 
homogenized with the sample.1X TAE buffer was used as 
running buffer and gel was run at 100V for one hour after 
loading samples. Then gel was examined under UV 
illuminator to record the results. 
 
RESULTS 

3.1.  1st Bioreactor Processing 
The results were obtained in form of absorbance 

curve of each bioreactor processing and electrophoretic 
gel running of these samples in 12% resolving gel and for 
genomic DNA extraction in 1% agarose gel electrophoretic 
run (Figure 06 & 07) 

 
Figure 6:Growth Curve of 1stBioreactor processing 

 
Figuure7:SDS-Polyacrylamide Gel Electrophoresis of 
1stBioreactor processing 

Lane L for Ladder, Lane 1 depicts sample after one 
hour, Lane 2 for sample after two hours, Lane 3 for 
sample after three hours, Lane 4 for sample afterfour 
hours, Lane 5 for sample after five hours, Lane 6 for 
sample after 6 hours, Lane 7 for sample after 7 hours and 
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Lane 8 for sample after 8 hours. 
 
3.2. 2nd Bioreactor processing results 
 

 
 

Figure 7:Growth Curve of 2nd Bioreactor processing 

 
Figure8:SDS-Polyacrylamide Gel Electrophoresis of 

2nd Bioreactor processing 
Lane L for Ladder, Lane C for Control, Lane 1 for sample 
after 2 hours, Lane 2 for sample after 4 hours, Lane 3 for 
sample after 6 hours and Lane 4 for sample after 8 hours. 

3.3.  3rd Bioreactor processing 

 
 

Figure 9: Growth Curve of 3rd Bioreactor processing 

 
Figure 10: SDS-Polyacrylamide Gel Electrophoresis of 

3rd Bioreactor processing 
Lane L for Ladder, Lane C for Control, Lane 8 for sample 
after 8 hours, Lane 10 for sample after 10 hours, Lane 12 
for sample after 12 hours, Lane 14 for sample after 14 
hours and Lane 16 for sample after 16 hours. 

3.4. Optimization of Ampicillin 

 
Figure 11: Growth Curve of Optimization of Antibiotic 

Concentration (Ampicillin) 

3.5. Optimization of Temperature 

 
Figure 12: Growth Curve of Optimization of 

Temperature 

 
Figure13: SDS-Polyacrylamide Gel Electrophoresis of 

Optimization of Ampicillin and Temperature 
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Lane L for Ladder, Lane T1for sample of temp.37ºC, Lane 
T2for sample of temp. 40ºC, Lane T3for sample of temp. 
42ºC, Lane 1 for sample of 5µl amp. concentration, Lane 2 
for sample of 10µl amp. concentration, Lane 3 for sample 
of 20µlamp.Concentration, Lane 4 for sample of 30µlamp. 
concentration, Lane 5 for sample of 40µlamp. 
concentration and Lane 6 for sample of 50µlamp. 
concentration. 

3.6. Optimization of Lactose Concentration 
 

 
Figure 14: Growth Curve of Optimization of Lactose  

Concentration (1) 
 

 
Figure 15:SDS-Polyacrylamide Gel Electrophoresis of 

Optimization of Lactose Concentration (1)  
Lane L for Ladder, Lane C for Control, Lane 1 for 25mM 
Lactose concentration, Lane 2 for 50mM Lactose 
concentration, Lane 3 for 75mM Lactose concentration 
and Lane 4 for 100mM Lactose concentration. 
 

 
Figure 16: Growth Curve of Optimization of Lactose 

Concentration (2) 

 
Figure 17: SDS-Polyacrylamide Gel Electrophoresis of 

Optimization of Lactose Concentration (2) 
Lane L for Ladder, Lane C for Control, Lane 1 for 5mM 
Lactose concentration, Lane 2 for 10mM Lactose 
concentration, Lane 3 for 15mM Lactose concentration 
and Lane 4 for 20mM Lactose concentration 

3.7. Genomic DNA Extraction from Ruminants (Buffalo 
and Goat) 

 
Figure 18: Agarose Gel Electrophoresis of Genomic 
DNA Extracted from Ruminants (Buffalo and Goat) 

Lane L for Ladder, Lane 1 of DNA extracted from buffalo 
and Lane 2 of DNA extracted from Goat. 

 
Figure 19: Agarose Gel Electrophoresis of Amplified 

Genomic DNA Extracted from Ruminants 
Lane L for Ladder, Lane 1 for PCR sample of Buffalo DNA 
with P3 and P4 Primers (BP) and Lane 2 for sample of 
Goat DNA with P3P4 primers (GP) 
 
DISCUSSION 

Placental peptides of ruminants contain different 
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regulatory proteins associated with prolactin and placental 
growth hormone. The placental growth hormone of 
ruminants (cow) was produced in a bioreactor by using 
recombinant bacterial strain E.coli BL21 and the 
optimization of product was checked by varying different 
parameters and results were recorded by SDS-PAGE 
analysis. The size of growth hormone under standard 
conditions applied during first bioreactor processing was 
25kDa. 

In 1stbioreactor processing, expression time in 
bioreactor under maintained conditions of temperature, 
pressure, dissolved oxygen concentration and agitation 
rate was 8 hours and bands appeared on SDS-PAGE of 
size of 25kDa. The major difference between 2nd and 3rd 
bioreactor processing was time (Figure 05 & 06). 

In 2nd bioreactor processing, sample taking time was 2 
hours of each sample taken and other parameters 
including physical conditions of bioreactor media and 
ingredients concentration were same as in first bioreactor 
processing(Figure 07 & 08). 

In 3rd bioreactor processing, time of expression was 
increased from 8 hours to 16 hours and sample taking 
time was same as in second bioreactor processing and in 
SDS-PAGE analysis bands appeared at bottom of the gel 
nearly equal to 10kDa(Figure 09 & 10). The reason for 
decrease in size was prolonged expression time due to 
which peptide bonds were broken and protein migrated to 
bottom of the gel. The increased time period gradually 
denatured the proteins following unfolding of proteins of 
growth hormone and breaking of peptide bonds. 

Optimization of product was checked by changing 
concentrations of added ingredients. The main varying 
ingredients were antibiotic (Ampicillin) and lactose. 
Optimization was also checked by changing temperature 
i.e., by growing recombinant culture at different 
temperatures.The recombinant culture E.coli BL21 is 
ampicillin resistant under specific concentration of 
ampicillin. High concentrations of ampicillin caused toxicity 
leading to death of culture cells that decreased the 
expression and also growth was retarded. At high 
concentration of ampicillin, no bands appeared on SDS-
PAGE that indicated the decreased expression of 
recombinant growth hormone due to toxicity caused by 
excessive ampicillin concentration (Figure 11, 12 & 13). 

Lactose was used as an inducer in expression of 
recombinant product, so optimization of lactose 
concentration was also checked at high concentrations as 
well as at low concentrations of lactose. At high 
concentration (25mM, 50mM, 75mM and 100mM), no 
bands appeared on SDS-PAGE indicating negative 
control.High concentrations of lactose caused toxicity due 
to which bands did not appear on SDS-PAGE. At low 
concentration (5mM, 10mM, 15mM and 20mM), bands 
appeared on gel. The size of these bands was near 
25kDa(Figure 14, 15 16 & 17). 

Temperature was another parameter on which basis 
optimization of product was checked. Expression of 

protein product was checked by growing recombinant 
culture at three different temperatures i.e., 37ºC, 40ºC and 
42ºC. 37ºC was optimum temperature for culture growth 
and bands of appropriate size appeared on gel due to 
optimum metabolic rate and expression rate. Whereas, 
high temperature increased metabolic activity of 
recombinant culture but expression rate was decreased. 
Due to decreased expression rate, bands did not appear 
on appropriate position (Figure 18 & 19).  

CONCLUSION 
Placental peptides, produced by ruminants, are of 
immense importance in terms of their role in regulating the 
maternal intermediary metabolism which in turn is 
responsible for nourishment of fetus and also in fetal 
growth regulation. This study focused on genomic 
characterization and optimization of production of these 
peptides under varying conditions of antibiotic (ampicillin), 
carbon source (lactose) and temperature. It has been 
found that, cellular growth is retarded under high 
concentration of ampicillin leading to no expression. 
Similarly, high lactose concentration causes toxicity by 
inducing sugar stress that results in minimal growth and 
expression. Temperature is very important factor in 
determining cellular growth and metabolic activity and it 
has been found that by increasing temperature above 
optimal growth temperature, metabolic activity of 
recombinant cultures was increased whereas, expression 
was decreased due to heat inducive stress. 
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