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Autosomal dominant polycystic kidney disease (ADPKD) is a common heritable disease affecting over 1:1000 of the 
population worldwide. In Arabian Gulf nations, the frequency of cystic kidney disease is 4.81%. ADPKD is caused by 
mutations in the PKD1 or PKD2 genes, which encode for the polycystin-1 and polycystin-2 proteins, respectively. It is 
characterized by increased cell proliferation, the perturbation of the extracellular matrix, and altered cellular polarity. The 
outcome of these changes is the formation of cysts. Mutations in the PKD1 gene are responsible for 85% of ADPKD cases. 
Polycystin-1 contains a number of well-defined protein motifs in its extracellular region. It has been previously shown that 
LRR and the lectin-like region in the extracellular domain of polycystin-1 interact with extracellular matrix components. In this 
study, we investigated the molecular expression mechanisms and predicted the molecular structure of the GPS domain that 
could interact with extracellular matrix proteins to assess its potential importance in the etiology and future treatment of 
ADPKD. To achieve this goal, GPS were amplified from genomic DNA and cloned into the expression vector PET 21-α as a 
His-fusion protein. The cloning and expression were successful, and we achieved high similarity between our cloned GPS 
domain and the theoretical sequences of the GPS domain in humans. 
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INTRODUCTION  

Polycystin-1 (PC1) is a fundamental membrane 
protein, found to be localized to the primary cilium on the 
apical surface of epithelial cells. PC1 is a glycoprotein with 
a molecular weight of approximately 460 kDa that consists 
of 4302 amino acids. The transmembrane protein consists 
of 11 domains with a large N-terminal extracellular region 
as well as a G protein-coupled receptor (GPCR) 
proteolytic site (GPS) motif. The N-terminal cleavage of 
PC1 at the GPS motif endorses the creation of various C-
terminal fragments or tails (CTFs or CTTs), which function 
in controlling several signaling pathways through 
translocation to the nucleus (Kwak et al. 2018).Polycystic 
kidney disease (PKD) is caused by mutations in the PC1 
and PC2 genes. The family of monogenic illnesses known 
as PKD is characterized by the growth of many fluid-filled 
kidney cysts. The most prevalent form of the condition is 
autosomal dominant polycystic kidney disease (ADPKD), 
which affects close to 12 million people globally and has a 
gene frequency of 1 in ~800 births (Grantham. 2008). In 
the nations of the Arabian Gulf, the frequency of cystic 
kidney disease is 4.81% (Hassanien et al. 2012). ADPKD 
leads to renal failure, which require dialysis or renal 

replacement therapy. In ADPKD, cysts develop in all 
nephron segments; however, most of the cysts in the end-
stage kidney seem to originate from the collecting ducts 
(Boletta et al. 2003). The PKD1 gene is involved in the 
regulation of epithelial cell population development (Kim et 
al. 2004), migration (Nickel et al.2002), differentiation 
(Aguiari et al.1998), and apoptosis (Boca et al .2006) and 
is the cause of 85% of instances of ADPKD. However, 
research has shown that PC1 is vital for the regulation of 
the cell cycle by the activation of Ca +2 via the regulation of 
GPS (Delmas et al.2002). Disrupted intracellular Ca2+ 
homeostasis and cAMP buildup are associated with the 
separation of PC1 from the N-terminal fragment (NTF) or 
CTF, which results in aberrant cell proliferation and the 
development of many cysts (Yamaguchi et al. 2006). The 
JAK-STAT pathway is deactivated as a result of the 
missense mutations in the GPS, which interfere with the 
cleavage of PC1. In this work, we cloned the whole region 
of the GPS gene and expressed the GPS as a fusion 
protein in BL-21 E. coli cells in order to study the 
mechanism of interaction between the GPS protein and 
the extracellular matrix (ECM) proteins, with the aim of 
understanding its role in the pathogenesis of ADPKD. 
Such protein–protein interactions may underlie its 
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potential to engage in multiple ECM connections, thereby 
impacting its function with regard to ADPKD. 

The choice of cloning method is important as proteins 
are varied in their behavior, which makes it impossible to 
predict whether a protein of interest will express well, be 
soluble, easy to purify, possess activity, or crystallize. For 
example, in our laboratory, the GPS-His fusion protein 
was well behaved but insoluble. Therefore, a particular 
vector, affinity purification tag, or expression host may 
occasionally cause post-translational modifications that 
lead to changes in protein behavior and might not give the 
appropriate results. This paper will describe how cloning 
technologies can expedite the manipulations that are often 
required to obtain pure and active recombinant proteins. 

  
 MATERIALS AND METHODS 

Oligonucleotide Primer Selection for the Generation of 
the GPS Fragment  

Based on the sequence obtained from Gen Bank 
(accession number AAC37576.1), primers were built for 
the 5′ and 3′ ends of human genomic  DNA. The forward 
primer(5′AATTGGATCCTACACGTCCCTGTGCCAGTAC-
3′) included a BamH1 site.  

whereas the reverse primer 
(5′AATTCGAGGCTTGGGGGCACGAAGAGGCT-3′) 
contained an Xho1 site. These markers were used to 
amplify the GPS-encoding nucleotides from genomic DNA 
via PCR. 

Amplification of the GPS Gene Coding Sequence  
The PCR amplification reactions (Mullis et al.1987), 

were performed as described previously with 
modifications. The PCR (Labnet, Edison, USA) reaction 
solutions included: primers (1 µg, w/v), master mix (25 
µL), nuclease-free H2O (22.9 µL), and genomic DNA (0.1 
µL). The amplification conditions were as follows: 5 min at 
96 °C, followed by 32 cycles at 94 °C for 30 s, 51 °C for 
30 s, and a final extension at 72 °C for 1 min. The PCR 
products were electrophoresed using a 0.5% (w/v) 
agarose gel in 1X TPE buffer (90 mM Tris-phosphate, pH 
8.2, and 2 mM EDTA). Ethidium bromide (0.5 µg/L) was 
used to stain the DNA on the agarose gel. Electrophoresis 
was performed at 80V. The PCR products were visualized 
using an αimager (Ultra-Violet Product Ltd, Trinity Hall 
Farm Estate, United Kingdom).  

Oligonucleotide Sequencing  
The purification of the GPS gene product was 

performed using a QIAquick PCR Purification Kit (Qiagen 
GmbH, Hilden, Germany) according to the manufacturer’s 
instructions. The purified GPS gene was sequenced at 
King Fahad Research Laboratory (Jeddah, KSA). The 
sequencing was performed using a 3500 genetic analyzer 
(HITACHI, Tokyo, Japan).  

The GPS sequence product was analyzed using the 
FinchTV software (V1.4.0). Then, it was compared with a 

theoretical GPS sequence via the European 
Bioinformatics Institute (EMBL’s) database. 

Molecular Cloning of GPS  
BamH1 and Xho-1 restriction enzymes (BioLabs, 

Ipswich, MA, USA) were used to cleave the amplified GPS 
gene and the PET-21α expression vector. T4 DNA ligase 
(Gene Direx) was then used to ligate the purified GPS 
gene into the PET-21α expression vector (Figure 1). The 
transformation of the recombinant DNA was performed 
using competent BL-21 E. coli cells, (Promega, Madison, 
WI, USA). Then, the competent E. coli cells BL-21 
containing GPS-PET-21α were spread onto Luria–Bertani 
(LB) plates containing 100 μg/ ml ampicillin and grown 
overnight at 37 °C. The colony PCR technique was used 
to confirm the insert size by selecting different single 
colonies. Colony PCR was performed using the T7 
promotor as a forward primer(5′ 
TAATACGACTCACTATAGGG 3′) and the T7 terminator 
as a reverse primer  

 (5′ GCTAGTTATTGCTCAGCGG 3′) (Macrogen, 
seoul, Korea). The positive colonies selected for PCR 
screens were used as templates to amplify the 
recombinant GPS-Pet21α. The PCR products that 
contained the recombinant GPS-Pet21α were sequenced 
at the King Fahad Research Center (KSA). The 
sequencing results were examined using FinchTV 
(V1.4.0), then the sequence alignments were achieved 

using BLASTat EMBL’s database. 

 
Figure 1: Cloning and production of the plasmid 
PET21α- GPS (not to scale). A 150 bp PCR product 
obtained using genomic DNA as a template was 
ligated into the PET21-α expression vector to produce 
the GPS-PET-21α recombinant plasmid. (The Figure 
created in Bio Render). 

Expression of Recombinant Protein GPS-Pet21α  
A single colony was picked from the LB agar plate, 
inoculated in 5 mL of LB medium, and incubated at 37 °C 
in an orbital shaker at 220 rpm overnight. The next day, 
0.5 mL of overnight BL-21 E. coli culture was used to 
inoculate 50 mL of LB medium, which was left in the 
orbital shaker at 37 °C and 220 rpm until the OD550–600 

reached 0.2–0.3 units. The expression was induced using 
isopropyl-1-thio-β-D-galactopyranoside (IPTG) (Solarbio, 
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50 mg/mL). The BL-21 E. coli cultures were placed in 50 
mL Falcon tubes and centrifuged at 6000 rpm ,4 °C for 10 
min to remove cellular debris. Then, they were 
resuspended in lysis buffer (50 mM NaH2PO4, 300 mM 
NaCl, and 10 mM imidazole) and disrupted by sonication 
using 30 × 10 s cycles at 200–300 W. The lysate was 
centrifuged at 6000 rpm for 10 min at 4 °C. The inclusion 
bodies were then separated and solubilized using 
denaturing lysis buffer containing 100 mM NaH2PO4, 10 
mM Tris-HCl, and 6 M urea, and aliquots from the 
supernatant and pellet were electrophoresed using 20% 
(w/v) sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) to determine the molecular 
weight of the expressed GPS-His fusion protein. 
 
RESULTS  

PCR amplification 
The presence of a ~150 bp band on the agarose gel was 
indicative of the GPS gene, where amplification is clearly 
shown in lane 1, 2, and 3 of Figure (2)  
 

 
 

Figure 2: Analysis of product generated by PCR 
amplification. M, 100 bp ladder; lane 1, positive 
control; lanes 2,3, genomic DNA. 

Sequencing and Alignment of GPS 
The PCR amplification product (GPS genetic sequence) 
was determined using the Finch TV software (Figure 3). 
The GPS genetic sequence that was compared with the 
theoretical human GPS sequence from EMBL’s database 
is shown in Figure 4. The sequences corresponding to the 
GPS domain in the human PKD1 gene contained ~50 
amino acid residues. There was a significant similarity 
(97%) between theoretical recombinant GPS and the PCR 
product sequence.  
 
 
 

 
  
Figure 3: Example of section of output from the Finch 
TV software (V1.4.0) used to anal the forward DNA 
primer sequence. 

 
  
Figure 4: Part of the alignments between the 
theoretical GPS sequence and the sequence obtained 
from PCR. Matches are marked with (*) and 
differences with (.). 

Digestion of PET-21α Expression Vector 
The 150 bp fragments were ligated into the digested PET-
21α expression vector and transformed into BL 21 E. coli. 
GPS-PET-21α recombinant DNA was identified following 
extraction and restriction (Figure 1).  

 
 
Figure 5: The digestion of PET21α expression vector 
with BamH1 and Xho1. RM—1 kb DNA ladder; lane 1—
undigested fragment; lane 2—digested plasmid. 
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Electrophoresis was carried out with a 0.5% (w/v) 
agarose gel. 
The plasmid DNA was digested with the restriction 
endonucleases BamH1 and Xho1 prior to electrophoresis 
with a 0.5 % agarose gel (Figure 5).  
Figure 5 shows the undigested PET-21α expression 
vector. In lanes 1, 2, and 3, bands were visualized at 3000 
bp, 5000 bp, and 8000 bp respectively. Lane 1 showed 
the vector in the coiled situation, while lane 2 had only one 
band (5000 bp), displaying the vector in the relaxed 
situation. 
The single colonies that were selected from the LB amp 
plates were screened using clone-specific primers to 
confirm the transformation of the recombinant GPS-PET-
21α vector into BL-21 E. coli. The PCR products were 
~350 bp (lane 1, 3, 5, 7, 8, 17, 19, 20, 21, 23, and 24), 
corresponding to the estimated size of the recombinant 
PET-21α-GPS in some colonies (Figure 6). The other 
unselected colonies were excluded based on size. 

 
 
Figure 6: Confirmation of recombinant PET-21α-GPS 
transformed colonies by PCR screening: M—100 bp 
DNA ladder; lanes 1, 3, 5, 7, 8, 17, 19, 20, 21, 23, and 
24 represent positive colonies. 

Expression of GPS-His Fusion Protein 
The E. coli BL-21 cells transformed with the construct 
were grown in LB media at 37 °C until the OD reached 
0.6; then, GPS-His fusion protein expression was 
performed. The optimal IPTG concentration for protein 
induction was 1 mM. Expression at 1 mM IPTG was also 
corroborated in the time course experiments. Finally, the 
influence of temperature on GPS-His expression was 
tested at 18, 25, and 37 °C. The highest expression was 
reached at 37 °C for 18 h. The results indicated that the 
optimal conditions for the expression of the construct in LB 
media were 37 °C with 1 mM IPTG for 18 h. The 
assessment of GPS-His fusion protein expression in the 
soluble and insoluble cell lysate fractions revealed that a 
significant amount of the fusion protein was distributed in 
the insoluble fraction (Figure 7).  
 

 
 

Figure 7: Expression of GPS-His fusion protein. 
Electrophoresis was carried out using 20% SDS-
PAGE. RM—rainbow marker; lane 1 and 4—native 
(supernatant) induced with 1 mM IPTG; lane 2 and 5—
denatured (precipitate); lane 3 and 6—non-induced. 
 
DISCUSSION  

The GPS motif plays an essential role in the biological 
function of Pc1 and has been shown to be disrupted by an 
increasing number of diseases associated PKD1 
mutations. The GPS domain is an extracellular membrane 
protein. The expression of extracellular proteins holds 
several advantages over intracellular production, such as 
a more oxidative environment for effective protein folding, 
a higher titer of recombinant protein expression, and a 
simpler downstream purification process without cell lysis 
and the subsequent removal of cellular debris (Zhou et al. 
2018). This study aimed to successfully express the GPS 
protein. The expression systems used here allowed for the 
identification of several potential biological roles of this 
domain. 

The coding region of the GPS gene was cloned into a 
pet-21α expression vector and amplified via a PCR 
reaction using primers designed for a specific region of the 
GPS domain. The PCR fragment size was ~150 bp. The 
GPS domain sequenced in this study was compared to 
that of other species, including the mouse GPS protein. 
Kurbegovice et al. 2014 stated that the embryo and adult 
tissues of mice showed a prominent ~140–150 bp band 
corresponding to GPS (Kurbegovic et al. 2014). This 
supports our results and indicates that the size of the GPS 
domain might be similar between species. 

The sequence alignment of the GPS domain identified 
here and the theoretical GPS sequence revealed a 
sequence identity of approximately 97.3%, which shows a 
high rate of success in the methodology. 

The prokaryotic expression system is most commonly 
used for protein expression due to its many advantages. 
Since the genetics of E. coli are well studied, it is relatively 
cheap and simple to work with, has the ability to produce 
high densities, and allows for simple purification strategies 
due to the production of tagged recombinant fusion 
proteins that can be purified using affinity columns 
(Sahdev et al. 2008). These advantages make the E. coli 
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expression system a reasonable first choice for the 
expression of target proteins. In this study, we used PET-
21α as an expression vector for GPS gene cloning, which 
was successfully achieved. E. coli expression systems 
have long been used for the production of recombinant 
proteins either intracellularly or extracellularly. Sibtain et 
al. 2009 reported that E. coli is commonly used for the 
cloning of genes and for the heterologous expression of 
recombinant proteins, including xylanases from fungi 
(Ahmed et al. 2009). In DNA cloning, a wide choice of 
cloning vectors, the overproduction of recombinant 
enzymes, and, in many cases, the secretion of 
heterologous proteins from E. coli into the culture medium 
are used to avoid the difficulties associated with 
purification of the protein from their natural hosts. The 
main limitation of using E. coli as an expression host is 
that not every protein is secreted efficiently.   

The overexpression of recombinant enzymes in E. coli 
allows for the engineering of enzymes for the study of 
structure–function relationships by site-directed 
mutagenesis, as well as for the improvement of enzyme 
properties using recent developments in technology 
(Hartley. 2006). 

The GPS-PET-21 α PCR product was ~350 bp, which 
was also visualized in some of the colonies. Hartley, 2006, 
who used a similar methodology involving the construction 
of a pET-32 α (+) vector for protein expression and 
purification in E. coli, stated that this technique was fast, 
inexpensive, and scalable (Hartley. 2006). On the other 
hand, Lin et al. 2004 succeeded in expressing GPS in 
vitro using the expression vector PEGFP-N1 (Lin et al. 
2004). 

In this study, the optimized conditions for the 
expression of recombinant GPS were found to be at 37 °C 
with 1 mM IPTG. These expression conditions were 
similar to those reported previously for the expression of 
other proteins in the E. coli system (Francis et al. 2010). 
However, we did not find data for specific GPS domain 
expression conditions; data were available only for other 
similar extracellular domains. 

Chauvet et al. 2002 explored the expression patterns 
of the PKD1 and PKD2 transcripts and proteins during 
human embryogenesis and kidney development and 
found that both genes were widely expressed in 5–6-
week-old embryos, mainly in the neural tissue, 
cardiomyocytes, endodermal derivatives, and 
mesonephros. At this age, PKD2—but not PKD1—
expression was observed in the ureteric bud and the 
uninduced metaphors.  

However, it should be noted that Chauvet et al. 2002 
expressed the whole gene, while our study only expressed 
a specific region of the gene. 

The prokaryotic system also has its disadvantages 
when compared with the eukaryotic expression system. 
The properties of proteins vary, and it is difficult to tell if 
the protein of interest will be well expressed, be soluble, 
possess activity, and crystallize (Chauvet et al. 2002). 

Therefore, the choice of expression strategy, including the 
vector and host, should be determined carefully according 
to the requirements for the amount, purity, and activity of 
the protein. 

Our experimental approach and design produced a 
successful fusion protein expression system to address 
our research question involving the interaction between 
the GPS and the ECM.  
 
CONCLUSION   
In conclusion, we successfully cloned and expressed the 
human GPS gene. The production procedure was easy to 
implement and enabled us to produce large quantities of 
recombinant protein with no need for special equipment or 
media. This is a novel research that remarkably 
contributes to the understanding of the molecular 
mechanisms of inherited ADPKD diseases. Our results 
demonstrated a powerful experimental approach to further 
study .the solubility, function, and GPS- ECM interactions 
of proteins and should pave the way to systematically 
characterizing the effects of disease-causing mutations in 
the GPS module of human PC1. 
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