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Abstract  Original Research Article 
 

Optimization of PCR is very important as it is a time taking hectic procedure which once done can save a lot of important 

time and confusion in genetic studies involving gene amplification using PCR. The CTLA-4 gene has been found to be 

associated with many autoimmune diseases including rheumatoid arthritis [1].  The present study was performed to 

optimize the Polymerase chain reaction (PCR) amplification of CTLA-4 gene from genomic DNA isolated from 

rheumatoid arthritis patients. The conditions were optimized for different parameters such as Taq DNA polymerase 

concentration, dNTPs concentrations, Primer concentrations, MgCl2 concentration and different enhancing agents. The 

results obtained were used to develop the protocol for amplification reaction. The study can be useful for researchers 

looking for quick amplification of the gene under study using the optimized conditions without going through the 

complex procedures. 
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INTRODUCTION 
The polymerase chain reaction (PCR) is one of 

the most powerful and essential techniques in molecular 

biology research where amplification of DNA is done by 

using a DNA template, Nucleotide triphosphates 

(dNTPs), DNA Polymerase enzyme and some chemical 

reagents [2]. The use of PCR technique has massively 

expanded among molecular scientists because of its 

ability to amplify target regions of template DNA in a 

much shorter time which can be of great help in detecting 

the presence of a particular gene for molecular 

diagnostic purpose or identifying multiple regions on 

genome for forensic use or isolating and preparing a 

gene insert for cloning experiments by the repetition of 

typically 30-50 replication cycles that double the target 

DNA molecules at each cycle [3]. A typical PCR 

consists of three stages: 1) a denaturation stage (1-2 

min); 2) a primer annealing (hybridization) stage (1-2 

min), and 3) an extension stage (1-2 min) for several 

cycles [4]. 

 

Because a PCR involves multiple components 

like PCR buffer, Taq polymerase, dNTP mix, MgCl2, 

Primers and enhancing agents; which cause complex 

interactions among the components of PCR and due to 

wide variety of its application, it is very unlikely that one 

set of amplification conditions would be optimal for all 

situations [5]. Several changes can be made to the PCR 

composition in order to optimize the reaction [6]. Some 

parameters that should be of concern in order to facilitate 

the optimization process are chemical concentrations 

(MgCl2, dNTP mix, PCR buffer, and Taq polymerase), 

primers used and PCR conditions that include the highest 

annealing temperature, optimal cycle number and 

amplification duration [7, 8]. 

 

Rheumatoid arthritis (RA) is a complex 

autoimmune disorder, characterized by a chronic T-cell 

response that has evaded normal control mechanisms 

[9]. Therefore, the genes involved in the regulation of 

T-cell responses may be primary determinants of 

susceptibility to RA. CTLA-4 is a key negative regulator 

of T-cell activation [10] and is considered a candidate 

gene for autoimmune diseases including RA [1]. Type 1 

diabetes, as well as autoimmune thyroid diseases 

(AITDs) such as Graves’ and Hashimoto disease, is said 

to be a T-cell–mediated autoimmune disease [11-15]. 

Because CTLA-4 is an important gene having its role in 

RA as well as many other autoimmune diseases 

Therefore, the main aim of the present study was to 

optimise the concentrations of Taq polymerase, dNTPs, 

MgCl2, Primers and enhancing agents for the PCR 

amplification of CTLA-4 gene. 
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MATERIALS AND METHODS 
Sample collection 

The blood samples were collected by Dr. 

Lakshmi Kanth of Steel Plant Hospital in sterile 

collection tubes. A total of 18 diseased samples were 

collected from persons suffering from rheumatoid 

arthritis. The samples were transferred to the lab 

immediately after collection. 

 

Sample storage 

The blood samples were stored at -20
0
C until 

further process. For DNA isolation, the samples were 

thawed at room temperature and used. The samples were 

further stored at 4
0
C. 

 

DNA isolation 

Genomic DNA from whole blood was extracted 

using RBC lysis buffer with proteinase K followed by 

purification using Phenol Chloroform Isoamyl alcohol. 

Finally DNA was precipitated using ice cold 95% 

ethanol, centrifuged and then resuspended in Tris EDTA 

Buffer. The genomic DNA was confirmed by 1% 

agarose gel electrophoresis (Process explained under 

analysis of PCR products). 

 

Primer designing for Polymerase Chain Reaction 

The sequence of human CTLA-4 gene was 

retrieved from the website of National Center for 

Biotechnology Information (http://www.ncbi.nlm.nih.gov/). 

The primers for polymerase chain reaction were 

designed by using WEBPRIMER 3.0 software. The 

software requires the gene sequence in FASTA format 

and other parameters details like Tm value, GC content, 

self-annealing temperature, etc. 

 

Following was the primer sequence hence 

obtained which would give a PCR product of 6199 base 

pairs length: 

 

Forward-Primer CACGCAAGCTTTCTATTCAAG Reverse-Primer GGAAAACGACCACCACAGATT 

 

Reaction conditions for PCR 

Initial denaturation  Denaturation  Annealing  Extension  Final extension  Hold 

95°C  94°C  56°C  72°C  72°C  4°C 

2 min  30 sec  30 sec  30 sec  2 min   

                       35 cycles   

 

Analysis of PCR products 

The PCR products were confirmed and 

analysed using 2% agarose gel electrophoresis. Before 

loading of the samples gel loading buffer containing 

bromophenol blue as tracking dye was added. DNA 

fragments were labelled by adding ethidium bromide in 

the gel which allows visualization of the DNA bands 

under UV light. 

Effect of Taq DNA polymerase concentration 

The effect of different concentrations of Taq 

DNA polymerase on the amplification of CTLA4 gene 

was evaluated using PCR. The amount of Taq DNA 

polymerase varied from 1.0-2.5 Unit per 50µl reaction 

mixture. 

 

Table-1: Reaction mixture for optimising Taq Polymerase concentration for PCR amplification of CTLA-4 gene. 

Template DNA 2 µl 

Forward primer 2 µl 

Reverse primer 2 µl 

dNTPs 2 µl 

Taq DNA polymerase assay buffer (10X) 5 µl 

Taq DNA polymerase Diluted accordingly to make concentrations 1.0,1.25,1.5,1.75,2.0 

&2.5 U in 6 different tubes 

PCR grade water To make up total volume up to 50 µl 

 

Effect of Deoxynucleotide Tri- Phosphates (dNTPs) 

The concentrations of dNTPs used in a reaction 

mixture were determined by the affinity of Taq DNA 

polymerase for dNTP as substrate. Thus only dNTPs at a 

minimum required concentration would be able to 

amplify the gene under study to an amount sufficient to 

give rise to a visible band. 
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Table-2: Reaction mixture for optimising dNTP concentration for PCR amplification of CTLA-4 gene 

Template DNA 2 µl 

Forward primer 2 µl 

Reverse primer 2 µl 

dNTPs Sufficiently diluted to make final concentration up to 200-1000 µM 

Taq DNA polymerase assay buffer (10X) 5 µl 

Taq DNA polymerase 1 µl 

PCR grade water To make up total volume up to 50 µl 

 

Effect of Primer concentration 

Very low primer concentration does not 

succeed in producing enough amplicons to give a visible 

band. On the other hand too high primer concentration 

gives rise to non-specific bands 

 

Table-3: Reaction mixture for optimising Primer concentration for PCR amplification of CTLA-4 gene 

Template DNA 2 µl 

Primer mix (both forward and 

reverse) 

Sufficiently diluted to make concentrations 0.125, 0.25, 0.5, 1.0 & 

1.5M in 5 different tubes 

dNTPs 2 µl 

Taq DNA polymerase assay buffer 

(10X) 

5 µl 

Taq DNA polymerase 1 µl 

PCR grade water To make up total volume up to 50 µl 

 

Effect of Magnesium Ions 

Magnesium ion concentration is a crucial factor 

affecting the performance of Taq DNA polymerase. It 

exists as dNTP-Mg complexs that interact with the 

sugar-phosphate backbone of nucleic acids. So altering 

the concentration of magnesium ions can lead to one 

primer/template pair behaving significantly different 

from another under identical conditions. Therefore, 

optimizing the concentration of magnesium ions for 

PCR performance is important. To check the optimal 

concentration of magnesium ions to be used in the 

amplification reaction, different concentrations of 

MgCl2 were used. All other factors of PCR were kept 

unchanged. 

 

Table-4: Reaction mixture for optimising MgCl2 concentration for PCR amplification of CTLA-4 gene 

Template DNA 2 µl 

Forward primer 2 µl 

Reverse primer 2 µl 

dNTPs 2 µl 

Taq DNA polymerase assay buffer without MgCl2 (10X) 5 µl 

MgCl2 Sufficiently diluted to produce concentrations from 0.5-3.0mM 

Taq DNA polymerase 1 µl 

PCR grade water To make up total volume up to 50 µl 

 

Effect of enhancing reagent 

A variety of PCR additives and enhancing 

agents can be used to increase the specificity and 

consistency of yield, in PCR reactions. There are number 

of additives that may have beneficial effects on some 

amplification so it is impossible to predict which agent 

will be used in a particular context and therefore they 

must be empirically tested for each combination of 

template and primers. Higher yields can be achieved by 

stabilizing or enhancing the polymerase activity with 

enzyme-stabilizing proteins such as bovine serum 

albumin (BSA or gelatin), enzyme-stabilizing solutes 

such as glycerol, solubility- enhancing solvents like 

dimethyl sulfoxide (DMSO) has been shown to improve 

reaction yield during PCR. 

 

Triton X-100, Tween 20 may increase yield but 

may also increase non-specific amplification. 

Ammonium sulphate affects the denaturing and 

annealing temperature of the DNA, as well as the 

enzyme activity. 

 

RESULTS & DISCUSSIONS 
DNA Isolation 

Very good amount of genomic DNA was 

isolated from most of the blood samples. The same was 

evident on the agarose gel. 
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Fig-1: Genomic DNA isolated from blood samples 

 

Effect of Taq Polymerase 

Different concentrations of Taq polymerase 

were used for PCR reactions using same conditions. The 

2% agarose gel electrophoresis revealed PCR products 

of acceptable intensity in reactions containing between 

1.25-1.75U with maximum intensity in 1.75U. When 

Taq polymerase was used in a concentration higher than 

1.75U, then non-specific bands with overall faint 

intensity were observed. 

 

 
Fig-2: Effect of varying Taq polymerase concentrations on PCR 

amplification of CLTA4 gene (Lane M: 1Kb DNA ladder, Lane1: 

1.0U, Lane2:1.25U, Lane3:1.5U, Lane4: 1.75U, Lane5: 2.0U & 

Lane6: 2.5U) 

 

 

 

 

 

Effect of dNTPs 

Higher concentrations of dNTPs than 200mM 

had inhibitory effects on the PCR reaction. Higher 

dNTPs require higher concentrations of MgCl2. 

 

 
Fig-3: Effect of varying dNTPs concentrations on PCR 

amplification of CLTA4 gene (Lane M: 1Kb DNA ladder, Lane1: 

200mM, Lane2:400mM, Lane3:600mM, Lane4: 800mM & Lane5: 

1000mM) 

 

Effect of primer concentration 

0.125M of primer concentration could not 

yield a visible band. Concentrations 0.25, 0.5 and 1.0M 

resulted in adequate visible bands with maximum 

intensity in 1M concentration. 1.5M primer resulted 

in good amplification but secondary priming was 

observed and prominent non-specific bands were seen. 
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Fig-4: Effect of varying primer concentrations on PCR 

amplification of CLTA4 gene (Lane M: 100bp DNA ladder, 

Lane1: 0.125M, Lane2:0.25M, Lane3:0.5M, Lane4: 1.0M & 

Lane5: 1.5M) 

 

Effect of MgCl2 concentration 

From the results it was very clear that the band 

intensity was maximum in lane 4. It means the optimal 

MgCl2 concentration for PCR of CTLA4 gene was 

2.0mM. Also lower concentration (0.5mM) failed to 

yield visible bands and higher concentrations 

(2.5-3.0mM) yielded result but somewhat less 

amplification product. Bands were also present on 1.0 

and 1.5mM but results were not adequate. 

 

 
Fig-5: Effect of varying MgCl2 concentrations on PCR 

amplification of CLTA4 gene (Lane M: 100bp DNA ladder, 

Lane1: 0.5mM, Lane2:1.0mM, Lane3:1.5mM, Lane4: 2.0mM, 

Lane5: 2.5mM & Lane6: 3.0mM) 

 

Effect of enhancing reagent 

Except gelatin and BSA, none of the enhancing 

agents have any effect on amplification of CTLA4. 

Maximum effect was by addition of gelatin. 

 

 
Fig-6: Effect of varying Taq polymerase concentrations on PCR 

amplification of CLTA4 gene (Lane M: 100bp DNA ladder, 

Lane1: tween20, Lane2:TritonX100, Lane3: DMSO, Lane4: BSA, 

Lane5: Glycerol & Lane6: Gelatin) 

 

CONCLUSION 
Since its existence, polymerase chain reaction 

has always served as one of the most used techniques to 

draw important conclusion in genetic and other relation 

researches involving genomic sciences. In genetics in 

particular, PCR has been exploited as a tool to study 

genetic mutations, roles of genes in important genetic 

diseases, genetic polymorphisms, and detection of 

diseases related ancestral risk factors. Moreover a 

successful PCR reaction always needs a specifically 

optimized reaction mixture. Once optimized for a given 

set of primers in any laboratory, the conclusions can be 

used to establish a result producing protocol for repeated 

PCR reaction without any confusion. 

 

The cytotoxic T-lymphocyte-associated protein 

4, CTLA-4, gene is located on chromosome 2q. Under 

normal circumstances, the CTLA-4 protein acts to 

suppress T-cell activation during normal immune 

response in order to prevent T-cell over activity. 

Decreased or absent CTLA-4 activity permits 

uninhibited T-cell activity and a prolonged, unregulated 

immune response, making CTLA-4 an attractive 

candidate gene for autoimmunity. Indeed, the CTLA-4 

gene has been found to be associated with many 

autoimmune diseases including rheumatoid arthritis. 

Rheumatoid arthritis (RA) is a chronic, systemic 

inflammatory disorder that may affect many tissues and 

organs, but principally attacks flexible (synovial) joints. 

It can be a disabling and painful condition, which can 

lead to substantial loss of functioning and mobility if not 

adequately treated. It is an autoimmune disease in which 

the body's immune system attacks itself.  

http://en.wikipedia.org/wiki/Systemic_disease
http://en.wikipedia.org/wiki/Inflammation
http://en.wikipedia.org/wiki/Synovial_joints
http://en.wikipedia.org/wiki/Pain
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The present study concentrated on optimization 

of amplification of CTLA4 gene from genomic DNA 

isolated from rheumatoid arthritis patients. The 

conditions were optimized for different parameters such 

as Taq DNA polymerase concentration, dNTPs 

concentrations, Primer concentrations, MgCl2 

concentration and different enhancing agents. The 

results obtained were used to develop the protocol for 

amplification reaction. We hope these results will help 

others researchers to quickly amplify CLTA4 genes 

without going through the hectic procedures of 

optimizations in future.  
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