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ABSTRACT 
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Type 2 Diabetes Mellitus (T2DM) is a metabolic disorder of global concern that is 

primarily characterized by insulin resistance, relative insulin deficiency, and hyperglycemia. G- 

Protein Coupled Receptors (GPCRs), important mediators of cellular signaling responses, have 

been prime targets of drug discovery efforts in various therapeutic areas. Human G-Protein 

Receptor 40 (HGPR40) is highly expressed in the pancreas and has been implicated in the 

regulation of glucose metabolism and pathophysiology of T2DM. For effective control of 

diabetes, combination therapy is being considered because no single drug can completely control 

diabetes and its associated complications. This necessitates the identification of novel drug targets 

including HGPR40 which might permit development of drugs which function differently from 



 

 

existing drugs. This project focused on the construction of two chimeric receptor proteins named 

HGPR40.1-715_43.709-1013 (Chimera I) and HGPR40.1-431_43.389-1013 (Chimera II) which 

were made by exchanging domains within trans-membranes regions 6 and 4, of HGPR40 and 

HGPR43 DNA, homologous receptors which vary in amino acid sequence but which have the 

same three-dimensional structure. After PCR amplification of sufficient quantities of the desired 

gene fragments they were ligated together to form the desired recombinant chimeric proteins 

which were cloned into the expression vector pcDNA3.1 in two successive cloning steps. The 

vector contains CMV promoter, multiple cloning sites, neomycin resistance gene etc for high-

level expression in a wide range of mammalian cells. The two full-length chimeras were designed 

to be 6452 bp and 6483 bp by exchanging either the first or the first two external domains of 

HGPR40 with those of HGPR43. The creation of the correct chimeras was verified by both 

agarose gel electrophoresis and PCR analysis. Then chimeric DNA was transformed into 

Escherichia coli to obtain sufficient amounts of DNA for sequencing verification of the desired 

construct. Upon verification, the cloned DNA was to be transfected into cultured mammalian 

kidney (HEK293) cells for expression of the chimeric proteins. A (FLIPR) Fluorometric Imaging 

Plate Reader analysis by our collaborators at Eli Lilly would have been used to measure the 

extent of Ca
2+

 efflux from the endoplasmic reticulum testing a variety of stimulatory molecules to 

obtain an indication of which would activate the receptor. Activation would initiate the internal 

(second messenger cascade) G-protein signaling pathway and result in the secretion of insulin. 

However, transformation of the chimeric membrane receptors into E. coli resulted in altered 

sequences which could not be used for the FLIPR analysis. Expression of membrane proteins in 

E. coli can lead to such gene rearrangements. These experiments will be repeated in the future 

using another type of competent cell designed to prevent genetic re-arrangements. Construction 

of stable clones will permit us to test numerous potential ligands to aid in development of novel 

therapeutic drugs targeting HGPR40 to aid in combating diabetes.  
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INTRODUCTION 

 

 
Diabetes is a disease in which the body does not produce or properly use insulin. Insulin 

is a hormone (signal molecule) needed to stimulate cell receptors to initiate metabolism of 

glucose and glucose rich food products to generate energy. When insulin is not produced or the 

body is unable to utilize insulin present this can lead to accumulation of high levels of glucose in 

blood which can cause macro- and micro-vascular complications and morbidity (American 

Diabetes Association, 2006). Besides being an important factor in hardening and narrowing of the 

arteries (atherosclerosis), leading to stroke, coronary heart disease, and other large blood vessel 

diseases, diabetes has the potential of causing blindness, kidney failure and nerve damage (ADA, 

2008). The exact cause of diabetes continues to be an unsolved mystery, although both genetics 

and environmental factors such as obesity and lack of exercise play roles. Diabetes is one of the 

most prevalent and devastating diseases, causing tremendous loss of health, life and economy, 

globally.  

Two types of diabetes, type 1 and type 2, have been reported. Type 2 Diabetes Mellitus 

(T2DM) is the most common form of diabetes and is found more frequently in middle-aged 

adults. T2DM is an increasingly prevalent disease throughout the world, with dramatic 

consequences in terms of individual well-being, public health and economic costs to society.  



 

 

 Given the increase in the worldwide patient population affected by T2DM, there 

is a need for novel treatment therapies which are effective with minimal bad side effects 

(Kahn, 2006). This necessitates the identification of novel drug targets which might 

function differently compared to address with existing drugs. 

Because G-protein-coupled receptors (GPCRs) are important mediators of cellular 

signaling responses, they have been a prime target of drug discovery efforts in various therapeutic 

areas (Rayasam, 2007). GPCRs are key regulators of numerous physiological functions in a cell, 

including mediation of the release of insulin from beta pancreatic cells. The GPCR receptors have 

a highly conserved structure such that all display seven, transmembrane segments predicted to 

span the lipid bilayer of the cell membrane. GPCRs have the N terminus and three loops external 

to the membrane while there are three intracellular loops and a carboxy (carbon) tail that 

constitutes the cytoplasmic domain of these receptors (Ahumada, 2002). A specific molecule 

binding a GPCR receptor via the external loops and/or pockets of amino acids within the 

membrane stimulates an internal signaling pathway.  Then an internal G-protein is activated by 

binding GTP and initiates chain of events leading to an increase in cytoplasmic calcium. In the 

case of HGPR40, the result is secretion of insulin into the blood (Briscoe, 2003). There are many 

different GPCRs which bind a variety of molecules such as inorganic ions, peptides, and fatty 

acids but the ligands (binding molecules) for many of the GPCRs are unknown.  

Though there are hundreds of GPCR‟s this research will focus on two important human 

G-protein coupled receptors called HGPR40 and HGPR43. HGPR40 has been implicated in 

T2DM disease and is a potential drug target because of its role in Free Fatty Acid (FFA)-

mediated enhancement of insulin release. The HGPR40 families of receptors are encoded on 

genes without introns located in tandem on chromosome 19q13.1. HGPR40, which is 

preferentially expressed in pancreatic beta-cells, mediates the majority of the effects of FFAs on 
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insulin secretion (Rayasam, 2007). HGPR43 activates a different family of cellular G-proteins but 

is a member of the same homologous family of orphan (not well characterized) GPCRs including 

HGPR40, HGPR41, and HGPR43 that are tandemly encoded at a single chromosomal locus in 

both humans and mice (Brown, 2003). These receptors share 30-40% amino acid sequence 

identity and have all recently been shown to be activated by FFAs (Rayasam, 2007). GPR40 

responds to medium- and long-chain fatty acids while 41 and 43 respond to short-chain fatty 

acids.  

This project will focus on the construction of several chimeric receptor proteins made by 

exchanging domains of HGPR40 and HGPR43 while maintaining the same three-dimensional 

structure. Studies have focused upon three regions of the receptors, namely the outer membrane 

face, the trans-membrane regions, and the cytoplasmic domains. For many receptors that bind 

peptide/protein ligands, the external domains including both the loops and the membrane pockets 

are critical to ligand binding (Ahumada, 2002). However, it is important when making chimeras 

to retain uncharged amino acids in the transmembrane regions and the correct protein length to 

insure appropriate folding and function of the chimeric protein (Gelling, 1997). Thus, 

conservative mutagenesis must be employed to maintain overall structure. 

Previous studies on GPCRs, found that the ligand binding involves the extracellular N-

terminal region of the glycoprotein receptors and trans-membrane domains (Gelling, 1997).  

Genetic manipulation or exchange of genes has been extensively used technique to delete specific 

genes in the insulin signal transduction pathway and the results of such types of studies has 

provided invaluable outcomes to understand the molecular mechanism and biochemical pathways 

of human type 2 Diabetes Mellitus (Grosse, 2006). The use of orphan GPCRs as targets to 

identify new transmitters may provide insights into new avenues for therapeutic use (Bjenning, 

2004).  
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Modifications of the gene at the nucleotide level continue to provide significant insights 

into the structural elements critical to gene and protein function (Heckman, 2007). Site-directed 

mutagenesis generates targeted changes including single or multiple nucleotide 

insertions, deletions or substitutions, generally via the use of an oligonucleotide primer 

that introduces the desired modification. However, site-directed mutations often inactive 

the whole receptor if a significant residue is targeted.   

The chimeric approach has evolved to become a much more powerful and 

practical approach to address several challenges in the study of the biology and 

pharmacology. Chimeras can be created to bypass limitations in the biological activity of 

a receptor agonist, to study the real mechanics of HGPCRs, to identify valuable ligands 

that may be coupled to receptors of interest that are orphans. This approach has 

previously lead to creative strategies in new drug discovery by linking well understood 

ligand-binding domains to unique downstream signaling outputs (Ahumada, 2002). 

Although the chimeric approach has evolved to become a powerful and significant approach to 

combat several problems in the study of biology of GPCRs, it has some limitations too. Due to 

the problems in folding following construction of chimeras, some receptors may not function 

properly (Yin, 2004). 

It is not advisable that to simply cut off portions of HGPR40 in order to look at 

ligand binding because resulting partial length receptors might not even be integrated into 

the membrane. It is a better approach to replace portions of GPR40 with another GPCR 

(GPR43) that is similar, but does not respond to the same ligands.  This will maintain a 

full length receptor that ends up in the membrane. For this project we opted to switch the 
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transmembrane domains 4 & 6 between GPR40 and GPR43.  This will potentially impact 

the ligand binding more directly and significantly and amino acids in the third 

transmembrane loops of receptors are known to play critical roles in G-protein coupling 

(Ethan, 1996). 

Regarding the therapeutic relevance of GPCRs, a research lead by Gilchrist and 

his colleagues (2008) found that the final selection and screening of GPCR targeted drug 

discovery approach depends on the end goal of the drug. An article by Bond (2006) 

summarized different aspects of the impact of constitutive receptor activity on their 

therapeutic potential for the drug-discovery process, including such aspects as: use in 

orphan receptor assays, improving the link with pharmacogenetics and genomics, and 

supporting the relevance for currently prescribed drugs. Brady (2002) described the 

therapeutic relevance of GPCR-interacting proteins with the potential to enhance or 

disrupt target cell-specific events for medical advantage. 

An extensive study by Stadel (1997) described strategies for converting one large 

class of novel genes, orphan G protein-coupled receptors (GPCRs), into therapeutic 

targets which have great potential for pioneer drug discovery. Onuffer (2002) describes 

the therapeutic significance of the discovery of small-molecule antagonists of chemokine 

receptors which are part of the G-protein-coupled receptor family functioning in acute 

and chronic inflammation, angiogenesis and angiostasis, and which act as co-receptors 

for the cellular entry of HIV as well. 

Considering the significant role of β-cell dysfunction in the production of insulin, the 

research focus of premier pharmaceutical companies including Eli Lilly has shifted towards 
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developing novel drugs which can stimulate insulin secretion. We are collaborating on this 

project with Eli Lilly with a goal to ultimately develop novel therapeutic drugs for treating 

T2DM. This research collaboration represents a great opportunity for me to interact and work 

with a researcher at a premier biotechnology company. It is hoped that the results of the project 

will provide additional information on the regions of the receptor stimulated by specific 

molecules that can lead to the development of a new drug to aid in fighting diabetes. 

We plan to construct several chimeras of full-length receptors with portions of both 

HGPR40 and HGPR43 by exchanging domains of HGPR40 with those of HGPR43. This will be 

done using the Polymerase Chain Reaction (PCR), a technique used to amplify designated regions 

of DNA in vitro. After amplification to produce sufficient quantities of the desired fragments they 

can be ligated together to make recombinant chimeric DNA. The chimeric DNA will be cloned 

into a plasmid vector (pcDNA3.1) which permits initial work in bacteria (E. coli) but which can 

later be transfected into cultured mammalian cells for expression of the chimeric proteins. To 

assay the resulting constructions, we will work at Eli Lilly and use previously identified ligand 

molecules to measure their ability to activate the chimeras. This analysis will be performed by a 

fluorometric imaging plate reader (FLIPR) analysis which quantifies activation by measuring the 

extent of Ca
2+

 efflux from the endoplasmic reticulum. In pancreatic β-cells the Ca
2
+ released into 

the cytoplasm will result in secretion of insulin from the cell. 
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REVIEW OF THE LITERATURE 

 

 

The History and Prevalence of Diabetes 

 Diabetes as a disease was first described in 250 BC by Aretaeus as “the melting 

down of flesh and limbs into urine”. The word „diabetes‟ was derived from the Greek verb 

„diabainein‟. The prefix dia means “across”, and the verb bainein is „to walk, or stand‟.  This term 

described the disease symptoms – “one that straddles” or “a siphon”, referring to the excessive 

urine output.  Around 1425 diabetes was first recorded in an English medical text, in the form of 

“diabete” (http://www.thefreedictionary.com/diabetes). After that, in 1675, Thomas Willis added 

the word “mellitus”, from the Latin meaning „honey‟, a reference to the sweet taste of the urine 

which was known to attract ants. This (honey) sweet taste had been noticed in urine by many 

people throughout the world. Then, in 1776, Matthew Dobson linked the disease diabetes with 

these symptoms (Nabipour, 2003).  

 Avicenna (AD 980 to 1037) was the first to recognize two types of diabetes and named 

them primary (type 1) and secondary (type 2). He also described diabetes insipidus very 

precisely, but it was later described by Johann Peter Frank who differentiated between diabetes 

mellitus and diabetes insipidus (Patlak, 2002). It was in 1936 that the distinction between type 1 

diabetes and type 2 diabetes was first lucidly described by Harold P. Himsworth. Banting and 



 

 

MacLeod received the Nobel Prize in Physiology/Medicine in 1923 for their path breaking work 

in diabetes treatment through insulin injection (Himsworth, 1936).  

 In 1922 the first person received insulin injections to treat diabetes and Eli Lilly began 

the mass manufacture of insulin (http://www.diabetes.ca/Section About/timeline.asp). In 1980, 

the U.S. biotech giant Genentech developed human insulin for the first time for commercial use 

(Department of Health, Malta, 1972). In 1982 Eli Lilly used recombinant DNA to develop the 

first synthetic human insulin – humulin (http://www.diabetes.ca/Section_About/timeline.asp).   

 In 2000, according to the World Health Organization, at least 171 million people suffered 

from diabetes or 2.8% of the world population (Wild, 2004). It is estimated that by the year 2030, 

the number will almost double (Wild, 2004). Diabetes mellitus occurs throughout the world, but 

type 2 is more common in the developed nations (Narayan, 2003). Currently, diabetes is a 

chronic metabolic disorder affecting around 5% of the population in developed nations 

(ADA, 2008). Severe reduction in insulin secretion due to autoimmune destruction of 

pancreatic β cells is responsible for type 1 diabetes mellitus. The most prevalent is type 2 

Diabetes Mellitus (T2DM) which accounts for more than 90% of cases (ADA, 2008). 

The pathogenesis of T2DM is complex, involving progressive development of insulin 

resistance and a relative deficiency in insulin secretion (ADA, 2008).  

 In the future, a higher prevalence rate is expected to occur in Asia and Africa 

(Wild 2004, and Narayan, 2003). The expected higher incidence of T2DM in developing 

countries is due to the trend of urbanization, lifestyle changes, and a western-style diet 

system (Narayan, 2003).  The ADA predicts that 1 in every 3 Americans born after 2000 

will develop diabetes during their lifetime (ADA, 2006). Currently 23.6 million people in 

8  
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the United States have diabetes but only 17.9 million have been diagnosed.  

Approximately 5.7 million people are unaware that they have pre-diabetes symptoms 

(ADA, 2008). Gestational diabetes can occur in late pregnancy. Around 5% of all pregnant 

women in the United States each year and 5-10% of women with gestational diabetes have T2DM 

(ADA, 2008). 

Major Symptoms and Types of Diabetes 

Symptoms of diabetes include: Frequent urination, extreme hunger, excessive thirst, 

unusual weight loss, and blurry vision. Some complications frequently associated with diabetes 

include: high blood pressure, heart disease and stroke, kidney disease, sexual dysfunction, 

blindness, nervous system damage and collapse, complications in pregnancy and coma 

(DCCTRC, 1993). 

Type 1 diabetes is an autoimmune disease in which the insulin-producing cells of 

the pancreas are permanently destroyed and the body fails to produce insulin. It often 

develops early in life and requires the injection of insulin or the disease is fatal. Approximately 5-

10% of Americans who are diagnosed with diabetes have type 1 diabetes (ADA, 2008). 

 Type 2 diabetes (T2DM) is seen in people of all ages and races, but some groups have a 

higher risk.  For example, T2DM is more common in African Americans, Latinos, Native 

Americans, Asians, and in older people. T2DM individuals are characterized by defects in insulin 

secretion or insulin resistance and abnormalities in glucose uptake. T2DM is serious, but with 

proper treatment people with diabetics can live long and healthy lives (ADA, 2008). In T2DM the 

body becomes resistant to the effects of insulin presumably because of defects in the insulin 

signaling pathway (Bjenning, 2004). T2DM is strongly associated with obesity, which is 

characterized by hyperlipidemia and elevated circulating free fatty acids (Xu, 2005).  
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Insulin 

Insulin is the principal hormone that regulates uptake of glucose from the blood into most 

of the tissues, primarily muscle and fat tissues (Vella, 2000). Insulin is essential for maintaining 

glucose homeostasis and regulating carbohydrate, lipid, and protein metabolism (Xu, 2007). 

Therefore, deficiency of insulin might play a central role in all forms of diabetes mellitus.   

In the history of T2DM, the ongoing interaction between insulin secretion and insulin 

resistance has been well described. About 20-25% of individuals are severely resistant towards 

insulin or shows a minimum level of insulin sensitivity (Lawrence, 2008). Several findings have 

suggested that decreases in insulin receptor number may cause down-regulation in response to 

hyperinsulinemia in tissues from T2DM patients (NIDDK, 2007).  

Fig. 1,- describes GPCR-mediated amplification of insulin secretion, showing how 

glucose metabolism raises the internal ATP/ADP ratio which ultimately causes secretion of the 

insulin. In this figure the increase in the ATP/ADP ratio first closes ATP-sensitive potassium 

channels (KATP channels) and then depolarizes the cell membrane which further activates 

voltage-gated calcium channels (Ca
2
+ channels). Finally it results in a calcium influx into the 

cytoplasm, which triggers the insulin secretion. Several extracellular signals can stimulate this 

process through the activation of GPCRs. These include receptors for glucagon like peptide-1 

(GLP1), glucose-dependent insulinotropic polypeptide (GIP), free fatty acid (FFA), acetylcholine, 

and the receptor GPR119 activated by lyso-phosphatidyl-choline/oleoyl-ethanol-amide 

(LPC/OEA). These receptors couple to various downstream signaling pathways in the cell leading 

to an increase in cyclic AMP levels and/or intracellular calcium and converge to amplify glucose 

stimulated insulin secretion (GSIS) (Endocrinology, 2007 June; 148(6):2598-2600). 

GPCRs 

G-protein-coupled receptors (GPCRs) are the largest and most diverse group of trans-  
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Fig. 1: GPCR-mediated amplification of insulin secretion. (Adapted from: 

Endocrinology, 2007 June; 148(6):2598-2600) 
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Fig. 2:  Diagram of GPCR; 7 transmembrane helices divide the protein into three 

domains, the cytoplasmic, the transmembrane and the extracellular domains. 
(Adapted from: http://en.wikipedia.org/wiki/G_protein-coupled_receptor) 
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membrane proteins involved in signal transduction. They are comprised of seven trans-membrane 

(TMS) segments, making a hepta-helical receptor embedded in the lipid bilayer as is show in Fig. 

2. The seven transmembrane helices divide the protein receptor into three domains, the 

cytoplasmic, the transmembrane and the extracellular domains. The trans-membrane 

regions are composed of 20 residues of hydrophobic amino acids which are α-helical in nature. 

The human genome encodes about 865 GPCRs (Rayasam, 2007). 

Since 1988 chimeric receptors have been in used to determine which regions of a GPCR 

are responsible for ligand binding, to follow the activation of the receptor in the signaling 

pathway, and to determine how this signal is propagated to the downstream process (Doronin, 

2002).  Figure 3, shows the initial ligand binding and the subsequent activation and splitting of 

the G-protein which will initiate the downstream signaling. This might be a good spot to mention 

that two different G-protein types are stimulated by HGPR40 versus HGPR43. 

There are 614 different GPCRs, stimulated by diverse ligands such as biogenic amines, 

amino acids, peptides, glycoproteins, phospholipids, nucleotides, and Ca
2+ 

(Flamez, 1999). Since 

GPCRs respond to diverse extracellular ligands, many commercial therapeutic drugs have been 

developed to modulate their activity (Tan, 2003).  

 Surprisingly, there are many orphan GPCRs (>100) that provide novel drug 

targets and that are involved in metabolic regulation and glucose homeostasis, including 

the GLP-1 receptor, the glucagon receptor, and the adiponectin receptor. Currently free 

fatty acids (FFAs) have been demonstrated as ligands for some orphan GPCRs and play a 

critical role to maintain physiological glucose homeostasis. HGPR41 and HGPR43 are 

activated by short-chain FFAs where as HGPR40 and GPR120 are activated by medium  

and long-chain FFAs (Brown, 2003). HGPR40, activated by medium and long-chain fatty  
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Fig. 3: Activation cycle of G-proteins by GPCR. (Adapted from: 

http://en.wikipedia.org/wiki/G_protein-coupled_receptor) 
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acids, has been shown to regulate insulin secretion at the beta-cell, and it is assumed to participate 

in the detrimental effects of chronic fatty acid exposure on beta-cell function. Some studies  

 showed that HGPR41 and HGPR43 are responsible to stimulate leptin release and adipogenesis, 

respectively, through activation by short-chain fatty acids which play significant roles in 

metabolic diseases (Briscoe, 2003). 

HGPR40 

Recently, the ligands responsible for binding and stimulating HGPR40 (which is shown 

in Fig. 4) have been identified as FFAs and HGPR40 is also known as FFAR-1. The HGPR40 

mRNA is mainly expressed in the pancreas, brain and monocytes. It was previously believed that 

the intracellular metabolism of the malonyl COA pathway was responsible for fatty acids 

enhancement of glucose stimulated insulin secretion but later several studies demonstrated that 

fatty acids might trigger glucose stimulated insulin secretion (GSIS) by acting on HGPR40 

(Brown, 2003 and Sum, 2007). GSIS also is modulated by a number of hormones and 

neurotransmitters (Thorens, 1992). 

Sum et al. (2007) and Tikhonova et al. (2007) have used a synthetic agonist, GW9508, 

(developed by Garrido et al.) in mutagenesis experiments to examine HGPR40 activation.  

HGPR40 is primarily Gq coupled and ligand binding results in the activation of phospholipase C 

with subsequent increase in ctytoplasmic free calcium. It was shown that HGPR40 also inhibits 

the activity of potassium channels through a cAMP-dependent pathway (Tikhonova, 2007). 

HGPR40, also known as free fatty acid receptor-1 (FFAR1), as a receptor for medium 

and long chain fatty acids. FFAs were used as ligands for HGPR40 activation by using 

intracellular calcium signalling assays to activate cAMP pathways. Both saturated (12-16 carbon 

units) and unsaturated fatty acids (18-20 carbons) act as ligands for HGPR40. The C- terminals                                    
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Fig. 4: Adapted and expanded from: http://expasy.org/cgi-bin/ft_viewer.pi?Q76JU9 
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(carboxy group) of the fatty acids are important for activation of the receptor. HGPR40 is also 

activated by short chain fatty acids (SCFAs) as shown by the study conducted on heterologous 

expression of mouse HGPR40 in Xenopus laevis oocytes (Brown, 2003). 

HGPR40 plays an indirect role in the pancreas causing overexpression of HGPR40 in β-

cells which ultimately leads to the upregulation of PPARα and downregulation of PPARγ through 

altering the expressing of peroxisome proliferator-activated-receptor (PPARs). HGPR40 not only 

regulates insulin but also glucagon (Sum, 2007 and Tikhonova, 2007). HGPR40 also plays a 

critical role in the cascade of events linking obesity and T2DM and also leads to the activation of 

mitogen activated protein kinase (MAPK) pathway (Rayasam, 2007). 

HGPR43 

HGPR43 activates a different family of cellular G-proteins which work in a distinct 

fashion but it is a member of the same homologous family of orphan GPCRs (Brown, 2003). 

HGPR43 is coupled to both Gi/o and Gq. The receptor shares about 35% amino acid sequence 

similarity and is activated by FFAs (Rayasam, 2007). This receptor is shown in Fig. 5, which is a 

similar seven trans-membrane receptor. 

The optimal carbon length for ligands varies with different receptors. The optimal length 

is 2C-3C for HGPR43 while it is 3C-5C for HGPR41. Propionate is the most important agonist 

for both HGPR43 and HGPR41, whereas acetate is selective for HGPR43. The inositol-1,4,5-

triphosphate pathway is activated by HGPR43 which includes ERK1/2 (Extracellular signal 

regulated kinases) activation, inhibition of cAMP accumulation, and release of intracellular Ca
2+

 

(Rayasam, 2007). 

Previously murine homologue of HGPR43 was also identified as a leukocyte-specific STST-

induced GPCR (LSSIGPCR). HGPR43 and LSSIG expression was induced in haematopoietic 

tissue and leukemia cells whereas high levels of expression was found to be in lymphatic tissues                                    
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Fig. 5: Adapted and expanded from: http://expasy.org 
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mammalian epithelial cells through the mitogen activated protein kinase (p38MAPK) pathway 

(Rayasam, 2007). 

FLIPR 

Fluorescence Imaging Plate Reader (FLIPR), was first discovered in the 1990‟s and 

provides a rapid and convenient tool for detecting GPCR activation through changes in 

intracellular calcium level as is shown in Fig. 6. The figure shows the FLIPR™ instrument and its 

typical kinetic tracings. So, stimulation and activation of GPCR can be assessed and quantified 

through the use of calcium-sensitive dyes and a fluorescent plate reader by coupling receptors to 

Gq proteins which when activated stimulate an intracellular calcium change. The FLIPR 

instrument collects a signal from each well of a multi-well plate at sub-second intervals by using 

its cooled CCD camera. Some research findings on HGPR43 expression in MCF 7 breast cancer 

cell line suggests that HGPR43 might be responsible in mediating the short chain fatty acids 

(SCFA) signalling in to capture and record a kinetic tracing of the calcium flux response. The 

FLIPR instrument allows one to distinguish between agonist, antagonist and allosteric modulators 

after successive additions of the same sample to the particular well (www.ncgc.nih.gov). 

HEK 293 Cells 

HEK293 (Human Embryonic Kidney) cells are a cell line originally derived from an 

embryonic human kidney. HEK cells have been grown and extensively used in tissue culture for 

many years. The HEK293 cells are very easy and fast to grow, transfect readily so they are used 

widely in research to produce therapeutic proteins and viruses for gene therapy commercially 

(Graham, 1977). The extensive and widespread use of this HEK293 cell line is due to its extreme 

transfectability by getting efficiencies up to 100% by calcium phosphate (CaPO4) method (He, 

1998). 
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Fig. 6: Diagram of a FLIPR™ instrument and typical kinetic tracings. (Adapted 

from: www.ncgc.nih.gov) 
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In the early 1970s, HEK 293 cells were produced by transformation of cultures of normal 

HEK cells with sheared adenovirus 5 DNA in the laboratory of Alex Van der Eb in Leiden, in 

Holland. They are called HEK for human embryonic kidney, while the number 293 comes from 

his 293rd experiment (Louis, 1997). For many years it was believed that HEK 293 cells were 

generated by transformation of different cells that are abundant in kidney. But recently Graham 

and coworkers found that HEK 293 cells possess properties of immature neurons, which indicates 

that the adenovirus was taken up by the cell (Graham, 2002). 
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MATERIALS AND METHODS 

 

Cloned Receptors: 

The HGPR40 gene cloned in vector pcDNA3.1 (5428 bp, Invitrogen, Carlsbad, CA)) was 

prepared by Eli Lilly and provided to us. The fragment contains a 903 bp nucleotide sequence 

cloned into the Hind III/Xho I sites in the multiple cloning site of the vector. The accession 

number for this receptor sequence is NM_005303. The DNA was solubilized in molecular grade 

water at a concentration of 100 ng/ul. 

The cloned HGPR43 gene (1013 bp) was obtained by Eli Lilly (Origene, Rockville, MD) 

and inserted into vector pcDNA 3.1 in the Hind III/Xho I sites. The accession number for this 

receptor sequence is AF024690. This DNA also was solubilized in molecular grade water at 100 

ng/ul. 

Isolation of Plasmid DNA Containing the Receptor Genes: 

  The cloned receptors were transformed into α- Select competent E. coli cells, Gold 

efficiency (Bioline, Taunton, MA) using their protocol. Large quantities of plasmid DNA were 

isolated from transformants using a Pure Link Hi Pure Plasmid Midiprep Kit (Invitrogen) and 

their protocol.  

 



 

 

Identifying Specific Receptor Domains to Exchange:   

Sequence information for both receptors was provided by Eli Lilly. The two sequences 

were aligned using Vector NTI software (Invitrogen) to identify regions of similarity and 

dissimilarity to plan the domain switches desired. It was anticipated that 2-3 reciprocal domain 

switches would be made giving a total of 4-6 mutant receptor forms which included increasing 

amounts of HGPR40 DNA or HGPR43 DNA at the amino termini of the chimeric receptors if 

sufficient sequence overlap was present to permit cloning the chimeras in a single step using a 

PCR-driven overlap extension method (Heckman and Pease 2007). However, sequence alignment 

failed to identify sufficient homology between HGPR40 and HGPR43 to permit the use of this 

method. Therefore, it was necessary to clone the individual portions of each receptor DNA 

sequentially. 

The chimeric receptors were designed in such a way that HGPR40 DNA fragments were 

inserted at the 5‟ end of the chimeras and were followed by segments of HGPR43 DNA 

fragments at the 3‟ end. Amino acid alignment was performed while designing chimeric receptors 

so that the domains of the receptors were maintained. While cloning the first fragment into the 

Hind III/EcoR V sites of the vector, special consideration was taken to construct PCR primers 

that would ensure that the HGPR40 DNA PCR-amplified fragments began with a Hind III 

restriction site and ended with nucleotides GAT which would keep the EcoRV restriction site 

intact after ligation. Maintaining the 3‟ Eco RV site facilitated subsequent insertion of the second 

fragment into the vector at the Eco RV/Xho I sites as shown in the simplified diagram below:  
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Designing the Primers: 

For the amplification of HGPR40 and HGPR43 fragments, primers were designed using 

primer design software Primerquest (www.idtdna.com/primerquest). First HGPR40 and HGPR43 

amino acid residues were aligned using VectorNTI software. The nucleotide and amino acid 

sequences were obtained by basic local alignment search tool (BLAST) using accession numbers 

for HGPR40 and HGPR43. The 5‟ end of the HGPR40 DNA primer sequence was flanked by a 

restriction site for Hind III and the 5‟ end of the HGPR43 DNA primer sequence was flanked by a 

restriction site for Xho I to facilitate ligation into vector pcDNA3.1. The primers included a few 

random nucleotides on the termini of the Hind III and Xho I ends to provide sufficient length for 

restriction digestion prior to ligations. No additional sequences were added to the internal primers 

since the Eco RV restriction site yields blunt ends following digestion. Primer uniqueness and 

specificity was confirmed with the online computer program BLAST. They were synthesized by 

Integrated DNA Technologies (IDT, Coralville, IA) at www.idtdna.com. The primers were 

analyzed for GC content and melting temperature (Tm). Primer sequences were also analyzed for 

the primer-dimer and hairpin-loop structure formation. Special considerations were taken to 

maintain GC content of the primers in the range of 40%-60% and melting temperature of the  

primers below 70°C.  
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PCR Amplifications and Gradient PCR Conditions Set-up: 

The DNA sequences were amplified by using a high fidelity mastermix, AccuPrime
TM

 

Supermix II (Invitrogen). First, gradient PCR was run to determine the conditions which would 

optimize PCR yield using a gradient Thermocycler (Mastercycler ENA, Westbury, NY). In this 

procedure, the variations were based on three different Tm values which were 5, 7, and 10 

degrees C below the melting temperatures of the primers used for HGPR40 and HGPR43 DNA 

amplification. The gradient PCR conditions were set up for the amplification of HGPR40 and 

HGPR43 DNA. The gradient PCR conditions were set up as show in Table 1 below: 

Table: 1 Gradient PCR Conditions Set-up  

1. Initial denaturation temperature               

a.    Denaturation temperature 

b. Annealing temperature  

c. Extension temperature  

 

94
0
C for 2 min 

 
94

0
C for 30 s 

 
55

0
C for 30 s                 

 
68

0
C for 1 min 

2. Go to a-c  

 

Repeat 35 Cycles 

3. Final extension temperature 68
0
C for 2 min 

4. Hold 

 

4
0
C @ ∞ 

 

Gradient PCR Reactions Set-up: 

Tables 2 and 3 shown below provide the reaction components for gradient PCR amplification of 

HGPR40 and HGPR43 DNA samples using three different annealing temperatures 5, 7, and 10 
o
C 

below the primers‟ original Tm. The average Tm values for HGPR40DNA and HGPR43DNA   
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were 64
o
C and 62

o
C, respectively. The gradient temperature block was set-up for both the 

samples. The gradient temperature block for HGPR40 DNA and HGPR43 DNA (shown below 

each table) was set-up by varying the block temperatures (1-12) from 50.1
o 
C-60.4

o 
C which was 

within approximately 5° C above and below the 55
o 
C annealing temperature in both cases.  

Table: 2 Reaction Components for Gradient PCR Amplification of HGPR40 

Tube I II III 

Melting Temperature (Tm) 59
0
C 57

0
C 54

0
C 

DNA 0.5 µl 0.5 µl 0.5 µl 

Primer Forward 0.5 µl 0.5 µl 0.5 µl 

Primer Reverse 0.5 µl 0.5 µl 0.5 µl 

Accu Prime Supermix II 12.5 µl 12.5 µl 12.5 µl 

PCR H2O 11.0 µl 11.0 µl 11.0 µl 

Final Volume 25.0 µl 25.0 µl 25.0 µl 

 

Gradient Temperature Block 

Block 1 2 3 4 5 6 7 8 9 10 11 12 
(

0
C) 50.1 51.3 52 52.9 53.6 54 55.4 56.8 57.7 59.2 60 60.4 
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Table: 3 Reaction Components for Gradient PCR Amplification of HGPR43 

Tube I II III 

Melting Temperature (Tm) 57
0
C 55

0
C 52

0
C 

DNA 0.5 µl 0.5 µl 0.5 µl 

Primer Forward 0.5 µl 0.5 µl 0.5 µl 

Primer Reverse 0.5 µl 0.5 µl 0.5 µl 

Accu Prime Supermix II 12.5 µl 12.5 µl 12.5 µl 

PCR H2O 11.0 µl 11.0 µl 11.0 µl 

Final Volume 25.0 µl 25.0 µl 25.0 µl 

 

Gradient Temperature Block 

Block 1 2 3 4 5 6 7 8 9 10 11 12 
(

0
C) 50.1 51.3 52 52.9 53.6 54 55.4 56.8 57.7 59.2 60 60.4 

 

Running Agarose Gel Electrophoresis: 

PCR amplified fragments of HGPR40 and HGPR43 were separated on a 2% agarose 

(Amresco, Solon, Ohio) gel by electrophoresis in a 1X Tris-Phosphate EDTA, (TPE) buffer 

(Sigma, St. Louis, MO). PCR products were first mixed with 4 µl of 5x loading buffer (Bioline, 

Taunton, MA). Gels were run at 70 v for 45 min. Hyperladder IV (Bioline) was used as molecular 

marker. Following agarose gel electrophoresis the gel was photographed under UV light using the 

ChemiImager (Bio-Rad, Hercules, CA). Quantity One software was used to take the pictures 

using the Gel Doc XR program.  

Excision of DNA bands from the Agarose gel: 

DNA bands of HGPR40 and HGPR43 DNA separated in the agarose gel were visualized 
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on a UV light box and each band was separately excised using a sharp, clean, and sterile scalpel   

to cut out the narrow bands to avoid excessive agarose. Special care was taken not to over-expose 

the DNA to UV light and excision was performed wearing a UV face mask. Excised gel portions 

containing DNA bands were transferred into a clean and sterile polypropylene tube. The tubes 

which had been previously weighed empty were again weighed with the gel bands to estimate the 

weight of the gel containing bands of DNA. This was done to determine the amount of reagent to 

use for the elution of DNA fragments. 

Eluting DNA from the Agarose gel: 

               DNA was eluted from agarose using the Manual GelElute Extraction Kit (5 PRIME, 

Gaithersburg, MD). First, three volume of GX1 buffer (based on the weight of the excised 

fragment) was added to the tube containing the excised gel. Then 10 µl of GelElute solution was 

added to the tube for elution of DNA from the agarose. The tube was incubated at 50° C for 10 

min to solubilize the agarose. The tube contents were mixed well and vortexed every 2 min to 

keep the GelElute in suspension. Following incubation the mixture was centrifuged at 13,000 rpm 

for 30 s. The supernatant was discarded by carefully pipetting it off. The pellet was washed once 

with 500 µl of buffer GX1, followed by two washings with 500 µl of buffer GE. Each washing 

step was followed by vortexing to mix the pellet and centrifugation at 13,000 rpm for 30 s. The 

supernatant was discarded and the pellet was air dried for approximately 30 min until the pellet 

became white. The air dried pellet was resuspended in 20 µl of molecular grade H2O and mixed 

by vortexing. The mixture was centrifuged for 30 s at 13,000 rpm and the supernatant, containing 

the purified DNA, was carefully pipetted out into a clean and sterile tube.  

Restriction Digestion of PCR amplified fragments HGPR40 and HGPR43 DNA: 

PCR amplified fragments eluted from the gel were restriction digested to generate restriction sites 
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for ligation into the vector pcDNA 3.1. HGPR40 fragments were digested using Fast Digest Hind 

III (Fermentas) and HGPR43 fragments were digested using Fast Digest XhoI (Fermentas). The 

restriction digestion reactions were set up as show in Table 4 below: 

Table: 4 Restriction Digestion Reactions of PCR amplified HGPR40/43 DNA 

Reagents Volume 

Water, nuclease-free 7 µl 

10X Fast Digest buffer 2 µl 

DNA (100 ng/µl) 10 µl 

Fast Digest Enzymes: Hind III /or Xho I 

 1 FDU/µl (Fast Digest Unit) 

1 µl 

Total 20 µl 

 

The restriction reaction was mixed and centrifuged to consolidate all components. The 

tubes were incubated at 37° C in a heat block for 30 min. The restriction enzymes were heat 

inactivated by heating at 80° C for 5 min. 

Restriction Digestion of Vector pcDNA3.1: 

 pcDNA3.1 vector was also digested to open the vector to insert HGPR40 DNA 

fragments. A double digest was performed with Fast Digest Hind III and Eco RV, generating a 

sticky and a blunt end, respectively, within the vector. The following digestion reaction was used 

(see Table 5). The reaction was mixed and spun down before incubating at 37° C for 5 min. The 

enzymes were heat inactivated by heating at 80° C for 5 min. The digested vector fragments were 

separated by 1% agarose gel electrophoresis in which buffer using the same procedure mentioned 

above PCR amplified fragments of HGPR40 and HGPR43 receptors.  
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Hyperladder I (Bioline) was used as a molecular marker.  

Table: 5 Restriction Digestion Reaction of Vector pcDNA3.1 

Reagents Volume 

Water, nuclease-free 14 µl 

10X Fast Digest buffer 2 µl 

DNA (100 ng/µl) 2 µl 

Fast Digest Enzyme Hind III 

(1 FDU/µl)  

1 µl 

Fast Digest Enzyme Eco RV 

(1 FDU/µl) 

1 µl 

Total 20 µl 

 

QIAquick Nucleotide Removal: 

The QIAquick Nucleotide Removal Kit (Qiagen, Valencia, CA) was used to remove 

excess nucleotides following restriction digestion of HGPR40 DNA, HGPR43 DNA, and the 

pcDNA3.1 vector.  In this protocol, 5 volumes (100 µl) of buffer PN was added to one volume 

(20 µl) of reaction sample and mixed thoroughly. The QIAquick spin column was placed in a 2 

ml collection tube. The sample was applied to the QIAquick spin column and centrifuged for 1 

min at 6000 rpm at room temperature to bind the DNA. The flow-through was discarded and the 

QIAquick column was placed back into the same tube. Buffer PE (750 ul)) was added to wash the 

column which was centrifuged for 1 min at 6000 rpm. The flow-through was discarded and the 

column was placed back into the same empty tube. The column was centrifuged for an additional   
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1 min at 13,000 rpm at room temperature and QIAquick column was placed in a clean 

microcentrifuge tube. DNA was eluted by adding 30 µl of elution buffer to the center of the 

QIAquick membrane, allowing the column to stand for 1 min, then centrifuging for 1 min at 

13,000 rpm. The purified DNA was collected in a clean, sterile microcentrfuge tube and stored at 

-20
0
C for further use. Running agarose gel electrophoresis for verification of the product was 

done as before with minor changes. Hyperladder I was used as a DNA molecular marker to 

identify and quantify the amplified and digested DNA fragments of the pcDNA3.1 vector on a 

1% agarose gel. Hyperladder IV (Bioline) was used as a DNA molecular marker to identify and 

quantify bands of amplified, digested DNA fragments of HGPR40 and HGPR43 DNA on a 2% 

agarose gel. The gel running time for both gels was 45 min at 70 v. 

Ligation: 

Restriction digested HGPR40 DNA fragments were ligated to the double-digested 

pcDNA 3.1 vector using T4 DNA ligase enzyme (Bioline). Their blunt end ligation protocol was 

followed using 1 unit T4 DNA ligase. The reaction was incubated at 14° C for 24 h. Table 6 

shows the specific conditions of ligation for HGPR40 DNA into pcDNA3.1 vector.  
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Table: 6 Ligation Reaction Conditions Set-up 

Reagents Concentration 

5 X Liagase Reaction Buffer 4 µl 

Insert : Vector Molar Ratio 3:1 

Total DNA 0.1 -1.0 µg 

T4 DNA Ligase (1 unit/µl) 1.0 unit 

Autoclaved distilled water  to 20 µl 

Temperature 14° C 

Time 16-24 h 

 

Prior to ligation to construct the desired chimeras, amplified bands of both GPR40 and 

GPR43 DNA were excised from two agarose gels, the agarose was removed by the Gel Elute kit, 

and the DNA obtained was air dried with a speed vac to concentrate the DNA for ligation. 

Calculations were performed to determine the amount of vector and insert needed to insure 3 

times more insert molecule ends compared to vector ends while keeping the total DNA in the 

ligation to less than 1 µg for optimal results (see Table 6). 

Ligation Reaction for HGPR40 DNA+ pcDNA3.1: 

The conditions shown below in Table 7 are somewhat different from those in Table 6 to 

keep the insert to vector molar ratio about 3:1 and total reaction volume to 20 µl. The 

concentrations of insert and vector were calculated after running agarose gel electrophoresis on 

the QIA quick nucleotide removal restriction digested sample.  

Transformation:  

The HGPR40 DNA fragments cloned into pcDNA 3.1 vector were transformed in to α-   
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select competent E. coli cells, Gold efficiency and the manufacturer‟s protocol was followed. 

First, for optimal transformation, the ligation reaction was diluted fivefold, to at least 100 µl. The 

vial containing the ligation reaction was briefly centrifuged and placed in on ice. One 50 µl vial 

(for the ligated sample) and other two vials containing 25 µl (for positive and negative controls) 

of competent E. coli cells were aliquoted for each transformation. Five ul of each ligation  

Table: 7 Ligation Reaction for HGPR40 DNA+ pcDNA3.1 

Reagents  Volume 

Vector (pcDNA3.1) 9 µl ( 81 ng) 

Insert (HGPR40DNA 

fragments) 

6 µl (36 ng) 

T4 DNA ligase (1 unit/µl) 1 µl 

5X Ligase buffer 4 µl 

Final Volume 20 µl 

Temperature 14° C 

Time 16-24 h 

 

reaction (i.e., the plasmid DNA containing the fragment of interest) was added to the tubes 

containing competent cells, mixed by tapping gently, and incubated in ice for 30 min. The cells 

were heat shocked by placing them in a water bath at 42° C for 45 s. The cells were then 

immediately transferred into ice and incubated for 2 min. After adding 950 µl of S. O. C. medium  

the cells were incubated on a shaker at 37 °C for 1 hr. Positive and negative control tubes were 

included which had 2 µl of pUC19 DNA (Bioline) and water, respectively, in tubes containing 25 

µl competent E. coli cells.  

The transformed cells were plated on LB-agar (MP Biomedicals, Santa Ana, CA) plates 

to grow colonies of transformed cells. Prior to plating the cells, LB agar plates were treated with 
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20 µl ampicillin (50 mg/ml) and placed in the incubator for 30 min. The transformed cells and 

negative controls were plated on four different plates by spreading 25 µl, 50 µl, and 100 µl of the 

samples with sterile hockey sticks. Five µl of the positive control sample was plated. Cells were 

incubated overnight at 37° C upside down.  

Selecting Colonies from Transformation plates: 

Individual colonies of bacterial cells were selected from the LB agar plates to grow in L-

Broth (MP Biomedicals) to screen for the plasmid of interest. Three bacterial colonies were 

selected from each plate and picked up with the help of sterile tips and used to inoculate 5 ml of 

L-Broth. Prior to this, 5 µl of ampicillin (50 mg/ml) was added to the 5 ml of L-Broth. The tubes 

were incubated at 37° C in a shaking incubator at 225 rpm for 16 h.  

Plasmid Minipreps for Isolation of HGPR40 cloned into pcDNA3.1: 

Transformants potentially containing HGPR40 fragments cloned into pcDNA 3.1 

(HGPR40.1-715 and HGPR40.1-431) were screened using a Plasmid Miniprep Kit. Gene Jet 

Plasmid Miniprep Kit (Fermentas). The manufacturer‟s protocol was followed. Five ml of 

bacterial culture grown overnight was centrifuged at 8000 rpm in a microcentrifuge tube for 2 

min at room temperature. The supernatant was discarded by decanting and the entire remaining 

medium was removed. The pelleted bacterial cells were resuspended completely by vortexing in 

250 µl of the resuspension solution until no cell clumps remained. Lysis solution (250 ul) was 

added and mixed thoroughly by inverting the tube 4-6 times until the solution became viscous 

and slightly clear. Then 350 µl of the neutralization solution was added and mixed immediately 

and thoroughly by inverting the tube 4-6 times to avoid localized precipitation of bacterial cell 

debris. The sample was centrifuged for 5 min at room temperature to pellet cell debris and 

chromosomal DNA. The supernatant was transferred carefully into the supplied GeneJet spin 

column by decanting or pipetting and centrifuged for 1 min. Flow-through was discarded and 
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column was placed back into the same collection tube. The wash procedure was repeated twice by 

adding the 500 µl of the wash solution and centrifuging for 1 min. The flow-through was again 

discarded and the tube was centrifuged for an additional 1 min to remove residual wash solution. 

The GeneJet spin column was transferred into the fresh microcentrifuge tube and 50 µl of the 

elution buffer was added to the center of GeneJet spin column membrane to elute the plasmid 

DNA. The tube was incubated for 2 min and centrifuged for 2 min at room temperature. Finally 

the column was discarded and the purified plasmid DNA was collected and stored at -20
0
C for 

further use.   

Restriction Digestion and Agarose gel electrophoresis to Verify Ligation: 

Isolated transformant DNA that had been isolated by the mini-prep protocol and vector 

DNA were digested with EcoRV following the same procedure mentioned (Restriction Digestion 

of Vector pcDNA3.1). The digested fragments were separated through 1% agarose gel 

electrophoresis by following the procedure mentioned above (Running Agarose Gel 

Electrophoresis for PCR Amplified Fragments of HGPR40 and HGPR43 Receptors). 

Hyperladder I was used as molecular marker to estimate the size of the restricted bands. 

Restriction Digestion of HGPR40.1-431 and HGPR40.1-715 for Insertion of 

HGPR43 DNA: 

HGPR40.1-431 and HGPR40.1-715 were digested with EcoRV and XhoI to open the 

vector to clone the HGPR43 fragments downstream in the vector. The double digestion reaction 

is shown in Table 8 below:  
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Table: 8 Double Digestion Reactions of HGPR40.1-431 and HGPR40.1-715 

Reagents Volume 

Water, nuclease-free 14 µl 

10X Fast Digest buffer 2 µl 

DNA (100 ng/µl) 2 µl 

Fast Digest Enzyme EcoRV (1 FDU/µl) 1 µl 

Fast Digest Enzyme XhoI (1 FDU/µl) 1 µl 

Total 20 µl 

 

The reaction was mixed and spun down before incubating at 37° C for 30 min. Following 

the digestion, the enzymes were heat inactivated by heating at 80°C for 5 min. The protocol in the 

QIAquick Nucleotide Removal, section above was followed to remove nucleotides following 

restriction digestion. The digested fragments of HGPR40.1-431 and HGPR40.1-715 were 

separated and quantified by 1% agarose gel electrophoresis using Hyperladder I as a molecular 

marker to quantifiy the bands of DNA fragments. 

Ligation Reaction for Insertion of HGPR43 Fragments:  

PCR amplified and XhoI digested fragments of HGPR43 (389-1013 bp and 709-1013 bp) 

were ligated to the double digested HGPR40.1-431 and HGPR40.1-715, respectively, using T4 

DNA ligase enzyme and a blunt end ligation protocol to make the two chimeras. One unit of 

enzyme was used and the reaction was incubated at 14° C for 16-24 h as shown in Table 9 below: 

 

 

 

36 



 

 

Table: 9 Ligation Reactions for Insertion of HGPR43 Fragments 

Reagents Volume 

Vector (HGPR40 cloned pcDNA3.1) 12 µl (84 ng) 

Insert (HGPR43) 4 µl (20 ng) 

T4 DNA ligase (1 unit/µl) 1 µl 

5X Ligase buffer 4 µl 

Final Volume 21 µl 

Temperature 14° C 

Time 16-24 h 

 

Transformation and Screening:  

Following ligation to make the two chimeras (HGPR40.1-431_43.389-1013 and 

HGPR40.1-715_43.709-1013) the reactions were transformed in to α- Select competent E. coli 

cells, (Gold Efficiency) as described earlier. Transformants were selected, grown in L-Broth 

overnight, and screened by DNA mini-prep as described before. 

Restriction Analysis of Recombinants to Verify Chimera Construction: 

 
The chimeras were restriction digested with EcoRV and XhoI along with the pcDNA3.1 

vector. The digestions were separated by 1% or 2% agarose gel electrophoresis in 1X TBE. 

Hyperladder I was used as a DNA molecular marker. This process was performed to validate the 

construction of the chimeras. Chimeric construction was also verified by the PCR amplification 

and subsequent agarose gel electrophoresis of the amplicons.   

Sequencing Chimeras: 

 
Once the constructions were validated, DNA mini-preps were performed to obtain 

sufficient DNA to send to Eli Lilly for sequencing.  
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RESULTS AND DISCUSSION 
 

 

 

This project focused on the construction of two chimeric receptor proteins made by 

exchanging domains of HGPR40 and HGPR43 while maintaining the same three-dimensional 

structure of the full length receptors. PCR was used to amplify the 5‟ end of HGPR40 and the 3‟ 

ends of varying lengths for the two-step construction.   

Primer Construction:  

 
Two primer sets were designed for amplification of HGPR40 and HGPR43 DNA 

receptor segments for the generation of two chimeric clones named HGPR40.1-715_43.709-1013 

(Chimera I) and HGPR40.1-431_43.389-1013 (Chimera II) (Tables 10 and 11, respectively). 

Gradient PCR Optimization: 

First, gradient PCR was run to determine the conditions to optimize PCR yield for the 

amplification of both HGPR40 and HGPR43 DNA sample using a gradient Thermocycler 

(Mastercycler). The gradient PCR optimization condition for both samples was found to be good 

using  the conditions mentioned in Tables 1, 2, and 3 (shown above).  The results of PCR 

optimization for the both samples was found to be almost same, i.e. all appear to be equally 

amplified in all three different annealing temperatures (5o 
C, 7

o 
C, and 10

o 
C below the 



 

 

primer pairs‟ original Tm values) which were 64
o
C and 62

o
C for HGPR40 DNA and 

HGPR43 DNA, respectively.   

Table 10:  Primer Set I for HGPR40.1-715_43.709-1013 (Chimera I)  

Forward Primer 

DHGPR40F1 

 

Reverse Primer 

DHGPR40R238+1/715 

  

Forward Primer 

DHGPR43F236+1/709 

 

Reverse Primer 

DHGPR43R1013 

 

 
5‟ – ACG TCG 

AAG CTT 

ATG GAC 

CTG CCC C – 

3‟ 

5‟ – ATC CTA CGC 

AGA GCA GCA GCG 

TGA G – 3‟  

5‟ – GTG CTT CGG 

ACC TTA CAA CGT 

GTC C – 3‟  

5‟ – TCG TCG 

CTC GAG AGG 

GAA ACT GCT 

A – 3‟  

Melting 

Temperature 

(Tm): 64.6 °C  

Melting Temperature 

(Tm): 64.5 °C 

Melting Temperature 

(Tm): 61.6 °C  

Melting 

Temperature 

(Tm): 63.1 °C 

GC Content: 

60.0%  

GC Content: 60.0%  GC Content: 56.0%  GC Content: 

56.0%  
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Table 11: Primer Set II for HGPR40.1-431_43.389-1013 (Chimera II) 

Forward Primer 

DHGPR40F1 

(Same as 

Primer set I) 

 

Reverse Primer 

DHGPR40R143+2/431 

Forward Primer 

DHGPR43F129+2/389 

Reverse Primer 

DHGPR43R1013 

(Same as Primer 

set I) 

5‟ – ACG TCG 

AAG CTT 

ATG GAC 

CTG CCC C – 

3‟ 

 

5‟ –ATC CCA AAG 

ACC AGA CCC AGG 

TGA C– 3‟  

5‟ – GTG ATT GCA 

GCT CTG GTG GCC 

T – 3‟  

5‟ – TCG TCG 

CTC GAG AGG 

GAA ACT GCT 

A – 3‟  

Melting 

Temperature 

(Tm): 64.6 °C  

Melting Temperature 

(Tm): 62.4°C  

Melting Temperature 

(Tm): 62.2 °C 
Melting 

Temperature 

(Tm): 63.1 °C 

GC Content: 

60.0%  

GC Content: 56.0% GC Content: 59.1% 

 

GC Content: 

56.0%  

 
Fig 7 shows some of the gradient PCR amplified products of the HGPR40 DNA in lanes 

1-3, using three different annealing temperatures. HGPR43 DNA shown in lanes 5-7, with three 

different annealing temperatures. The products were found to be of the appropriate size in the 

expected range of ~700 bp and ~400 bp, respectively on the 2% agarose gel. The samples were 

amplified by using the first set of primers for the construction of the first half of Chimera I 

(HGPR40.1-715) and the second set of primers for the second half of Chimera I (HGPR43.709-

1013).                                                                                                                                              40 



 

 

This gel shows the PCR products using three annealing values of 5
o 
C, 7

o 
C, and 10

o 
C 

below the primers‟ original Tm values. However, all appear to be equally amplified. The bands 

were compared to the DNA marker Hyper ladder IV (HL-IV) loaded with 5 µl in lane 4, which 

ranges from 100 bp-1,000 bp, with ten distinct bands and each band is multiple of 100 bp. The 

uppermost, 10
th
 band, of HL-IV contains 100 ng of DNA per band whereas 7

th
 and 4

th
 bands 

contain 70 ng and 40 ng of DNA per band, respectively. Comparing the amount of DNA in bands 

near the same size is done to estimate the approximate amount of product made which was 

required for the subsequent ligation. Estimations of the amounts of DNA needed for ligations 

were made based on this gel, but the final amounts needed were estimated again after restriction, 

nucleotide removal, and another gel picture.  

 A gel was run for the construction of the first half and second half of Chimera II 

(HGPR40.1-431_43.389-1013) using the second set of primers. Very similar results were found 

(data not shown). 

Agarose Gel Electrophoresis for Isolation of PCR Products:  

 
Another PCR amplification using the optimal conditions was performed to obtain 

sufficient DNA for cloning. The desired fragments were examined by agarose gel electrophoresis 

and cut out of the gel. The amount of DNA needed for subsequent ligation was calculated based 

on this gel picture (data not shown).   

Restriction Digestion and Nucleotide Removal: 

The amplified DNA needed to make Chimera I was pooled and purified by using the 

GelElute Extraction Kit and QIAquick Nucleotide Removal Kit. Fig 8 below shows that the 

concentration of HGPR40.1-715 DNA (5 µl, loaded in lane 2), and HGPR43.709-1013 DNA (5 

µl, loaded in lane 6), were 6 ng/µl and 5 ng/µl, respectively. A similar gel was run for the 

construction of the first half and second half of Chimera II (HGPR40.1-431_43.389-1013) (data 

not shown) and results were found to be very similar.                                                                   41 



 

 

 

 

 

 

 

 

 

 
 

 

Fig. 7: A 2% agarose gel following electrophoresis (45 min, 70 v) of PCR amplified 

fragments of HGPR40 and HGPR43 DNA using three different annealing 

temperatures. Lanes 1, 2, and 3 contain 20 µl (15 µl sample + 5 µl blue juice) of each of 

the HGPR40 PCR reactions run at 59
o
, 57

o
, 54

o
C, respectively. Lane 4 contains 5 µl of 

Hyper-ladder IV (100 bp-1000 bp). Lanes 5, 6, and 7 contain 20 µl (15 µl sample + 5 µl 

blue juice) of each of the HGPR43 PCR reactions run at 57
o
, 54

o
, 52

o
C, respectively.   
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Fig. 8:  A 2% agarose gel following electrophoresis (45 min, 70 v) of HGPR40 DNA 

and HGPR43 DNA after digestion and nucleotide removal. Lane 2 contains 5 µl of 

HGPR40 DNA and lane 6 contains 5 µl of HGPR43 DNA. Lane 4 was loaded with 5 µl of HL-IV 

(100 bp-1000 bp).  
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Digestion of Vector pcDNA3.1: 

The vector was digested in preparation for ligation to make Chimera I. The sample was 

double digested with the HindIII (Fermentas) and EcoRV (Fermentas) to facilitate the insertion of 

the clones.  Fig 9 shows that 5 µl of the digested sample of pcDNA3.1 vector (5,428 bp, loaded in 

lanes 4 and 6) and the standard Hyperladder I (5 µl loaded in lane 5) on 1% agarose gel.  The 

densities of co-migrating bands were compared. The samples loaded in lanes 2 and 7 contained 

20 µl of restriction digested sample and were estimated to be about five times darker than the co-

migrating band 11 of the marker which contains 50 ng of DNA.  

Nucleotide Removal from Digested Vector pcDNA3.1: 

               Digestions (with Hind III and Eco RV) and subsequent nucleotide removal from 

HGPR40 DNA, HGPR43 DNA, and Vector pcDNA3.1 were performed prior to ligation in the 

process of making Chimera I. Fig 10 shows a 1% agarose gel on which the concentration of 5 µl 

of pcDNA3.1 vector (5,428 bp) following digestion and nucleotide removal (lane 6), was 

compared to the concentration of the co-migrating band in the standard HL- I, (lane 8) and 

appeared similar. The 12
th
 and 11

th
 bands contain 60 ng and 50 ng of DNA per band, respectively. 

So, the concentration of pcDNA3.1 was estimated to be 9 ng/µl.  

Ligation: 

          HGPR40 DNA had been digested with HindIII on the 5‟ end and HGPR43 DNA had been 

digested with XhoI on the 3‟ end to facilitate ligation into vector pcDNA3.1. To perform 

ligations, estimations of the concentrations of the fragments were made by comparing band 

density on agarose gels. The concentrations of HGPR40 and HGPR43 DNA were estimated to be 

6 ng/µl and 5 ng/µl, respectively for making chimera I. The ligations conditions for both samples 

(HGPR40 and HGPR43 DNA) were mentioned in Tables 6, 7, and 9 (shown above). 
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Fig. 9: A 1% agarose gel following electrophoresis (45 min, 70 v) of digested 

pcDNA3.1. Lanes 2 and 7 were loaded with 20 µl and lanes 4 and 6 were loaded with 5 

µl digested (HindIII and EcoRV) pcDNA3.1. Lane 5 was loaded with 5 µl of HL-I (200 

bp-10,000 bp).  
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5,000bp 
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Fig. 10: A 1% agarose gel following electrophoresis (45 min, 70 v) following 

nucleotide removal from pcDNA3.1, HGPR40 and HGPR43. Lanes 1and 8 were 

loaded with 5 µl of HL-IV and HL-I, respectively. Lanes 2 and 4 contain 5 µl of 

HGPR40 and HGPR43. Lane 6 contains 5 µl of pcDNA3.1.  
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Transformation:  

 After ligation of HGPR40 DNA fragments into the pcDNA 3.1 vector, transformation 

was performed into α- Select competent E. coli cells. Several isolated colonies were found after 

overnight incubation of the cells at 37° C. The numbers of transformed isolated colonies were 

found to be proportional to the volume of the sample. Then, individual pin-point colonies of 

bacterial cells were selected from the each LB ampicillin agar plates to grow in L-Broth (MP 

Biomedicals) ampicillin tubes. Cultures were found to be turbid after 16 h overnight growth in a 

shaking incubator and were used to screen for the recombinant plasmid of interest. 

Plasmid Miniprep to Verify Cloning of HGPR40: 

Following transformation into E. coli DH5α cells, plasmid miniprep and restriction 

digestions were performed to verify correct cloning. The plasmid DNA samples were double 

digested with EcoRV and XhoI. Figure11 shows that the digested sample of the cloned HGPR40 

fragment (5 µl loaded in lanes 2 and 4) on 1% agarose gel was ~6,000 bp confirming successful 

cloning of the fragment into the pcDNA3.1 vector. The band size was compared with the known 

standard HL-I (5 µl loaded in lane 5). Lanes 1 and 3 were loaded with 5 µl of undigested (uncut) 

sample which migrated further since circular plasmid moves faster and further than does the 

linearized plasmid molecules. Lane 8 and 6 were loaded with 5 µl of vector digested with EcoRV 

and undigested vector, respectively.  

A similar gel was run for the construction of the first half and second half of Chimera II 

(HGPR40.1-431_43.389-1013). Very similar results were found (data not shown). 

Restriction Digestion and Nucleotide Removal from the HGPR40 Clone: 

 Following a plasmid miniprep to verify construction of the HGPR40 clone, the  

DNA was double digested again with EcoRV and XhoI and subjected to nucleotide removal in 

preparation for ligation to HGPR43 to complete the construction of Chimera I. The DNA was 
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Fig. 11: A 1% agarose gel following electrophoresis (45 min, 70 v) of a transformant 

digested with EcoRV and XhoI. Lanes 2 and 4 were loaded with 5 µl of the digested 

HGPR40 DNA cloned into the vector, whereas the lane 1 was loaded with 5 µl of the 

same undigested sample. Lanes 8 and 6 were loaded with 5 µl of pcDNA3.1 digested 

with EcoRV and undigested respectively. Lane 5 was loaded with 5 µl of DNA marker 

HL-I.  
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once again run on a 1% agarose gel to estimate the amount of DNA present to prepare ligations.  

Figure 12 shows that the concentration of the HGPR40 clone to be ~ 7 ng/ul (5 µl was loaded in 

lanes 2 and 6). The band size and concentration of the sample was confirmed by comparing with 

the bands of known concentrations of standard DNA present in HL-I (5 µl loaded in lane 4).  

            A similar gel was run for the construction of the first half and second half of Chimera II 

(HGPR40.1-431_43.389-1013) (data not shown) and the results were found to be very similar. 

Plasmid Miniprep and Restriction Digestion of the HGPR40/HGPR43 DNA Clone:  

           Construction of Chimera I was verified by digestion.  Figure 13 is a picture of a 1% gel 

showing HGPR40/HGPR43 DNA cut with XhoI and cloned HGPR40 cut with HindIII (5 µl 

loaded in lanes 3 and 1, respectively).  Their sizes were ~6,400 bp, and ~6,000 bp, suggesting that 

both fragments of HGPR43 and HGPR40 DNA were successfully cloned into the pcDNA3.1 

vector. Lanes 4 and 2 contain 5 µl each of undigested samples of HGPR40/HGPR43 DNA, and 

HGPR40 alone cloned into pcDNA3.1.  The undigested DNAs migrated further that the digested 

DNA as expected.  Lane 6 and 8 were loaded with 5 µl of pcDNA3.1 digested with EcoRV and 

undigested vector sample was found to be in same size in the first linear ones and migrated 

further in the second circular ones. The band size was confirmed by comparing clones with bands 

in the standard HL-I (5 µl loaded in lane 5).  

          A similar gel was run for the construction of the first half and second half of Chimera II 

(HGPR40.1-431_43.389-1013) (data not shown) and very similar results were found. 

Verification of Chimera I and Chimera II on a 1% Agarose Gel:  

          After construction of Chimera I and Chimera II, the samples were further verified by 

digestion with different enzymes. Figure 14 shows that lanes 1 and 3 were loaded with 5 µl of 

undigested and EcoRV digested Chimera I, respectively. As expected, the undigested sample   

migrated a bit further than the digested one. Lanes 6 and 8 were loaded with 5 µl of EcoRV  
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Fig. 12: A 1% agarose gel following electrophoresis (45 min, 70 v) of the 

HGPR40 clone following digestion with EcoRV and XhoI and nucleotide 

removal. Lanes 2 and 6 were loaded with 5 µl each.  Lane 4 was loaded with 5 µl 

of DNA marker HL-I.  
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Fig. 13: A 1% agarose gel following electrophoresis (45 min, 70 v) of the plasmid 

miniprep and digestion of HGPR40/43 DNA. Lanes 3 and 4 were loaded with 5 µl of 

restriction digested and undigested samples of HGPR40/43DNA, respectively. Likewise, 

lanes 1 and 2 were loaded with 5 µl of restriction digested and undigested sample of 

HGPR40 DNA, respectively. Lanes 6 and 8 were loaded with 5 µl of digested and 

undigested pcDNA3.1, respectively. Lane 5 was loaded with 5 µl of DNA marker HL-I. 
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digested and undigested samples of Chimera II, respectively. These were also found to be 

in the expected size range. Lanes 2 and 4 were loaded with 5 µl of undigested and XhoI 

digested Chimera I, respectively, to confirm that they are the same size when digested 

with this enzyme. Finally, lanes 5 and 7 were loaded with 5 µl of DNA marker HL-I to 

confirm the appropriate band sizes by comparison with the standard HL-I.  

A similar gel was run for the construction of the first half and second half of Chimera II 

(HGPR40.1-431_43.389-1013) (data not shown) and results were found to be very similar with 

the process of making Chimera I. The chimeric DNA cloned into a plasmid vector (pcDNA3.1) 

can later be transfected into cultured mammalian HEK 293 cells for expression of the chimeric 

proteins and FLIPR analysis to assess the production of the insulin level with the already 

identified ligands at Eli Lilly.  

Verification of Construction of Chimeras on a 2% Agarose Gel: 

Additionally, the samples were digested for the verification of construction of Chimera I 

and Chimera II and run on a 2% agarose gel. The results were not as good as those observed on 

the 1% agarose gel. Figure 15 shows that lanes 1 and 2 were loaded with 5 µl of digested 

(EcoRV) and undigested samples of Chimera I, respectively.  The sizes of the bands on the 2% 

agarose gel were found to be in the expected range and undigested Chimera I migrated little bit 

further than the digested band due to its circular nature. Similar results were found with EcoRV 

digested Chimera II, in lane 7. Lane 6 and 4, containing vector digested with EcoRV and 

undigested vector sample was found to be in same size in the first linear ones and migrated 

further in the second circular ones. The band size was confirmed by comparing with the known 

standard HL-I (5 µl loaded in lane 8). A similar gel was run for the construction of the first half 

and second half of Chimera II (HGPR40.1-431_43.389-1013) (data not shown) and results were 

found to be very similar.                                                                                                                 52 



 

 

 

 

 

 

 

 

 
 

 

Fig. 14: A 1% agarose gel following electrophoresis (45 min, 70 v) for the 

verification of construction of Chimeras I and II. Lanes 1 and 3 were loaded with 5 µl 

of undigested and digested (EcoRV) Chimera I, respectively, whereas lanes 6 and 8 were 

loaded with 5 µl of digested (EcoRV) and undigested Chimera II. Lanes 2 and 4 were 

loaded with 5 µl of undigested and digested (XhoI) Chimera I, respectively. Lanes 5 and 

7 were loaded with 5 µl of DNA marker HL-I.  
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Fig. 15: A 2% agarose gel following electrophoresis (45 min, 70 v) for the 

verification of construction of Chimeras I and II. Lanes 1 and 2 were loaded with 5 µl 

of digested and undigested (EcoRV) Chimera I, respectively, whereas lane 7 was loaded 

with 5 µl of digested (EcoRV) Chimera II. Lanes 4 and 6 were loaded with 5 µl of 

undigested and digested (XhoI) pcDNA3.1 respectively. Lane 8 was loaded with 5 µl of 

DNA marker HL-I.  
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The evidence presented above indicates that the two chimeras were constructed 

successfully. Both 1% and 2% agarose gels were compared for examining the results 

since Hyperladders I and IV (Bioline Inc) were both used. The protocols from Bioline 

clearly stated that Hyperladder I was best visualized in 1% agarose gel and Hyperladder 

IV in 2% agarose gels.  We also found that using different annealing temperatures 

(lowering it 5
o 
C, 7

o 
C, and 10

o 
C below the primers‟ original Tm values) did not seem to 

impact the robustness of our amplicons to any significant degree by gradient PCR.  

During construction we also faced some problems regarding HGPR43 DNA.  

Investigators at Eli Lilly had not been able to stably clone the gene into a plasmid vector 

but they were able to purchase a stable clone. Following chimeric construction minipreps 

were performed to make sufficient DNA to permit them to be sent to Eli Lilly for 

sequencing. However, sequencing results indicated that the chimeras did not have the 

appropriate sequences. In the future the transformations of constructed chimeras will be 

performed using special competent cells developed to permit cloned membrane genes to 

be expressed in E. coli (Lucigen Inc.). 

In general, bacterial expression of membrane proteins may lead to their 

integration into the inner membrane and they may display the biological activity. 

Therefore, often cloning vectors are used which permit only low-level expression. Laage 

(2001) and colleagues found that integral membrane proteins and toxic effects exerted by 

hydrophobic protein domains on the host cells are the crucial factor for low-level E. coli 

expression. Grisshammer and co-workers found that a combination of the use of a low 

copy number plasmid, a weak promoter, and low temperature during expression proved    
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to be the most important factors for integrating functional GPCRs into the E. coli inner 

membrane. On the other hand they found that functional GPCR expression appeared to 

strongly depend on the nature of C-terminal tags too. 

Gether (1997) et al., found that mutations in different regions of GPCR can 

surprisingly enhance agonist-independent receptor activity and even oncogenic properties 

in some cases making the receptor more susceptible to degradation or instability. 

Sorensen (2005), et al., found that successful recombinant protein expression in E. coli 

depends on such factors as the selection of host strain, mRNA stability, codon bias, 

inclusion body formation and prevention, fusion protein technology and site-specific 

proteolysis, compartment directed secretion and co-overexpression technology, etc.  

So, finally we can assume that during the growth of the cells for the minipreps, 

genetic re-arrangements may have occurred. Because these chimeras are membrane 

proteins, it is likely that expression of them in E. coli led to the sequence re-

arrangements. Thus, the two desired chimeras were not constructed. 
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CONCLUSIONS 

 

 

 
In summary, this project focused on the construction of chimeric receptor proteins made 

by exchanging transmembrane domains of HGPR40 and HGPR43, homologous receptors using 

the polymerase chain reaction (PCR). It was anticipated that chimeras could be created to 

overcome the limitations in the biological activity of the receptor-agonist (ligand) interaction, to 

study the real mechanics of GPCRs, and to couple potentially significant ligands to the orphan 

GPCRs receptors including GPR40 and GPR43 (Ahumada, 2002).  

We were able to construct successfully two full-length chimeras: HGPR40.1-

715_43.709-1013 (Chimera I) and HGPR40.1-431_43.389-1013 (Chimera II). Chimera I 

(~6452bp) and Chimera II (~6483bp) exchanged domains within trans-membranes regions 6 and 

4, respectively.  

Expression of the chimeric membrane proteins in α- Select competent E. coli cells may 

led to gene rearrangements so that these experiments will be repeated in the future using another 

type of highly competent cell (Lucigen‟s E. cloni Express Electrocompetent Cells, Lucigen 

Corporation, Middleton, WI) which should not result in altered sequences and also for the high 

efficiency cloning and high level protein expression.  



 

 

As we know that the pancreas contains numerous islets of GPCRs and an abundance of 

orphan GPCRs as well that potentially could emerge as targets for future antidiabetic 

compounds. One of the major problems facing the pharmaceutical industry till date is how to 

establish the function and therapeutic relevance of orphan GPCRs more rapidly and efficiently, 

and some of which may represent novel targets for the discovery of the next generation of drugs 

to effectively treat type 2 diabetes. So it is a part of the study and hoped that this strategy will 

succeed and permit us to find some preliminary novel ideas regarding ligands-receptor interaction 

that ultimately activates GPCRs to aid in combating diabetes by near future.  

Finally, this research is a small part of the holistic approach and this collaboration 

represented a great opportunity for me to interact and work with a researcher at Eli Lilly (a 

premier biotechnology company) and to undertake a significant research project which ultimately 

help us not only find additional information on diabetes but also in terms of its therapeutic 

relevance.  
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