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1. Introduction 
1.1 Epigenetics 
The process of expression of a gene consists of step like transcription of the archival DNA to 
a less stable messenger RNA and the translation of this messenger RNA to protein which is 
then folded and modified into its functional state that leads to a phenotype. Changes in gene 
expression generally happens when there is a change in DNA sequence. Epigenetics refers to 
both heritable changes in gene activity and expression (in the progeny of cells or of 
individuals) and also stable, long-term, alterations in the transcriptional potential of a cell that 
are not necessarily heritable [1] without a change in the DNA sequence. The major 
mechanisms by which these changes occur are: 1. DNA methylation; 2. Non-coding RNA 
mediated mechanisms; 3. Histone modifications brought about by chromatin modifying 
enzymes. 
 
The above mechanisms are known to influence gene expression at the stage of transcription. 
This kind of influence of epigenetic mechanisms on gene expression is the major way of 
regulation during highly controlled events of organismal development [2,3]  diseases [4,5]  
and in important processes like X chromosome inactivation amongst others. Non-coding RNA 
mediated mechanisms occur during the process of genomic imprinting where some on the 
genes are expressed only from one of the alleles in a parent of origin manner. This happens in 
the case of developmental phenomenon like X chromosome inactivation mediated by Tsix 
non coding RNA at the Xist gene [6], as also in the case of kcnq1ot1 mediated silencing at the 
Kcnq1 locus, the deregulation of which is a cause of Beckwith Wiedemann syndrome [7]. 
Post translational chemical modification of histone proteins which include acetylation, 
phosphorylation, methylation, etc., are key steps in the conversion of euchromatin to 
heterochrmatin and vice versa, which also has a major influence on gene expression. 
 
1.2 DNA Methylation: 
Addition of methyl (CH3) group at the 5' carbon atom of the cytosine residues in DNA is an 
important way of regulation of gene expression in most eukaryotes. The figure below shows 
the structure of  5-Methylcytosine (5mC) 
 

 
Figure 1 : 5-Methylcytosine 
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This modification occurs majorly at the cytosine residues in a sequence of CpG (cytosine-
phosphate-guanine) [8]. Cytosine residues in the DNA are regularly deaminated, and hence 
CpG's are present in low numbers in the  DNA sequence. Deamination of cytosine residues 
gives uracil, which is recognized by the cellular machinery as a mutation and is replaced. On 
the other hand, deamination of 5-methylecytosine gives thymine, which is not replaced [9]. 
Lot of CpG's sequences (approximately 50 - 200 CpG dinucleotides long) are the promoter 
regions and are called as 'CpG islands'. These elements were defined as, 200 or more base pair 
long DNA elements which have a G + C content of more than 50% [10]. Methylation or the 
lack of it at CpG islands, has a major influence on the gene expression in a cis manner (i.e 
near the site of methylation). 
 
1.3 Obesity 
The World Health Organization (WHO)  defines obesity as abnormal or excessive fat 
accumulation that presents a risk to health. WHO has placed obesity as the 5th largest health 
risk in the world with over 2.8 million adults dying each year due to being overweight or 
obese. Also certain disorders like diabetes, ischemic heart problems and certain types of 
cancers are caused by obesity to a magnitude of 44%, 23% and 7-41% respectively [11]. 
 
1.4 DNA Methylation and Obesity: 
Obesity and other eating disorders have traditionally been considered as psychological 
disorders. This view has undergone tremendous change in the last few decades owing to our 
advances in the field of molecular biology. Differences in the susceptibility of individuals to 
obesity and related disorders point to the fact that something more than environmental factors 
contributes to these disorders. 
A couple of genome wide association studies (GWAS) have associated certain genes and their 
common variants to obesity and other related disorders. The common variants of the fat mass 
and obesity related (FTO) gene have been shown to be significantly associated with increased 
body mass index (BMI) [12-14]. Previous studies from our lab have also achieved similar 
results [15]. DNA methylation at a certain 900 base pairs (bp) (chr16:52,378,500-52,379,399) 
region in the intron 1 of the FTO gene was found to be significantly associated with common 
variants of that gene [16]. We focus our study on this 900bp area within the FTO gene intron 
1, and try to find an association of methylation in this region with rs8050136 for which our 
samples have been typed and try to find a link of both methylation and polymorphism in this 
region with obesity related phenotype, like BMI.  
 
1.5 Methodology: 
The flowchart below describes the steps used to process the sample and retrieve the necessary 
data and this section on the whole describes the logic and principle behind the experiments 
carried out. 
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Figure 2: Schematic representation of the experimental flow intended for this project 

 
1.5.1. Bisulfite Conversion and Cleanup 
As discussed earlier, DNA methylation patterns can unveil the various mechanisms of 
important biological processes. Thus studying changes in DNA methylation can be very tricky 
and very important simultaneously. There are various ways in which DNA methylation can be 
detected and  analyzed. The figure 3 explains the ways in which DNA methylation can be 
analyzed. 
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1.5.2. Methylation Specific PCR 
Development of conversion of DNA by its treatment with Sodium Bisulfite has been a major 
advance with respect to studying DNA methylation. Treatment with sodium bisulfite, converts 
the unmethylated cytosine residues to uracil while having no effect on methylated cytosine 
residues. This process generates two different sequences and this difference in the sequence 
can be exploited to study the methylation pattern at a particular site. The figure below 
illustrates the effect of treatment with sodium bisulfite on DNA sequences. 

DNA methylation 
detection 

Global  
detection 

•Cytosine extension. 
•Bisulfite sequencing 
of repeats. 

Locus-specific 
detection 

Genome-wide 
detection 

Array based  
detection 

•Antibody based assay. 
•Restriction enzymes based 
assay. 

Non array based 
detection 

•RLGS 
•Digital karyotyping 
•Library and sequencing. 

Candidate gene 
detection 

Quantitative 
detection 

•Quantitative real-time 
Methylation Sensitive PCR 
(MSP) 

Sensitive detection 

•Bisulfite cloning and 
sequencing 
•Direct bisulfite sequencing 

Figure 3: The above tree diagram shows the various methods of analyzing DNA methylation. The boxes in 
blue show the way in which methylation is to be detected and the boxes with a green background give the 
names of the technique used (figure modified from) 
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Figure 4: The above figure shows the effect of Sodium Bisulphite treatment on a DNA 
fragment. Depending on whether it is methylated or unmethylated the C in a CpG sequence 
shown in red remains as C (Cytosine) or is converted to a U (Uracil) 

 
Different primers can be created for the two sequences shown above and they can be analyzed 
by sequencing, quantitative real-time PCR, microarray and many other techniques to find out 
the relative or absolute levels of methylation in that region. There are softwares like 
Methprimer [17], where we can input the sequence for which we need primers and it is 
automated to find CpG's predict the bisulfite converted sequence and generate primers for 
methylation specific PCR (MSP) and bisulfite sequencing PCR (BSP).  
 
1.5.3 Bisulfite Sequencing PCR 
Correct primer designing forms an essential part of the MSP, BSP and other similar methods 
which include primer based amplification to study DNA methylation. The primers required 
for BSP have specific requirements so that they can efficiently irrespective of whether the 
DNA is methylated or unmethylated. Some of these features are as follows: 
• The DNA is in single stranded state due to lack of complementarity between its strands 

following bisulfite conversion. Thus, majority of the available softwares, in our case 
'methprimer',  designs primers for the sense strand. 

• Primers must not contain CpG sites within their sequence. This will again help them 
eliminate the bias between methylated and unmethylated DNA that would occur if the 
primers contained CpG sites. 

• Primer pairs must span maximum CpG sites so that methylation at the locus can be 
efficiently analyzed. 

 

AACACGCTAGCG 
(Initial Sequence) 

AACACGCTAGCG 
(Final Sequence for methylated 

Cytosine residue) 

AACAUGCTAGCG 
(Final Sequence for unmethylated 

Cytosine residue) 

Sodium Bisulfite 
Treatment 

Sodium Bisulfite 
Treatment 
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Apart from the above mentioned parameters, all constraints that apply to primers designed for 
a normal PCR reaction also apply for primers designed for BSP [17]. 
 
1.5.4 Primer optimization using quantitative PCR 
Quantitative Polymerase Chain Reaction (qPCR) is a variation of normal PCR wherein the 
nucleic acid molecule can be amplified and quantified simultaneously. This is done by the 
introduction of a fluorophore to the  PCR reaction. This fluorophore for example, SYBR 
green, binds to double stranded DNA and can be measured continuously as the PCR reaction 
progresses. This is easy, as the fluorescence of the fluorophore increases on binding to 
double-stranded DNA and this increase can be measured against the background. Initially 
ethidium bromide was used in this reaction [18] but was later replaced by better compounds. 
A standard qPCR graph is shown in the figure below: 
 

 
Figure 5: This is an ideal qPCR graph. The X-axis shows the cycle number and the Y-axis 
shows the fluorescence. The green curve determines the cycle threshold (Ct) value. 

 

The amount of DNA initially present in the sample can be precisely calculated by the Ct value. 
This value is represented by the green curve in the graph and denotes the cycle in which the 
fluorescence goes over background fluorescence level. The Ct value is inversely proportional 
to the amount of target nucleic acid present in the sample i.e. a lower Ct value is indicative of 
a high amount of target nucleic acid in the sample. The process used to measure the amount of 
nucleic acid in the sample is to create a standard graph using samples with increasing 
quantities of nucleic acid which is plotted against the respective Ct value and then using this 
graph to extrapolate the amount of nucleic acid for a sample with known Ct. 
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One also needs to analyze the melt curve of the sample for eliminating the possibility of 
primer dimers or unwanted products being created as a result of nonspecific binding to a 
different region in the target. Both of these can lead to failure in the qPCR reaction and are 
highly possible if the primers are not designed properly. A melt curve also helps us to 
differentiate between the methylated and the unmethylated product (in case MSP) . The below 
figure shows a standard melt curve.  

 
Figure 6A: The blue curve indicates the unmethylated product with a lower melting 
temperature and the red curve indicates the methylated product with a higher melting point. 
The black curve is the non-template blank for the primers for methylated DNA and the pink 
curve is for the non-template blank for the primers for unmethylated DNA. 

 



10 
 

 
Figure 6B: The colours indicate the same samples as figure 6A. Here the graph shows the 
exact temperature at which the product starts melting. 

 
The unmethylated  DNA sample has a lower GC content than the methylated DNA and hence 
a lower melting temperature. The primer dimers have a lower temperature when compared to  
both the samples and also show binding as indicated by the double peaks. When comparing 
the red and the blue curves in figure 6a, we see that the red peak is higher than the blue and 
this shows that the DNA is more methylated.  This kind of primer optimization is necessary as 
there are lots constraints imposed on the design of primers required for MSP. 
 
1.5.5 Sanger sequencing 
Sequencing of the DNA sample is necessary to verify the methylation patterns. A very basic 
method of sequencing is the Sanger method or the chain-terminator  method of sequencing is 
used to sequence the DNA samples [19]. A key ingredient in the reaction mixture for this 
method is the dideoxynucleotide (ddNTP). This particular entity blocks the PCR reaction once 
it is added to the 3' end of a growing chain. This terminates the PCR reaction at that particular 
point as the there is no 3' oxygen to participate in the phosphodiester bond formation with the 
incoming dNTP. Only one of the 4 ddNTPs (one from ddATP, ddGTP, ddTTP, ddCTP) is 
added to each reaction mixture. The ddNTPs are labeled with a fluorescent dye such that the 
product released when the particular ddNTP is added gives a signal. Different dye is liked to 
each of the four different ddNTP so that we can differentiate between them. An ideal 
sequencing chromatogram is as follows:  
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Figure 7: An ideal chromatogram where peaks of different color represent different bases. 

 
The above figure is an ideal sequencing chromatogram wherein each base gives a clear signal. 
However most of the times this is not the case as we get smaller peaks for other bases as well. 
In such situations the base that gives the highest peak is considered. 
 
2. Materials and Methods 
This section gives a detailed description of all the methods used in this project along with the 
materials used in order to carry them out. All the methods explained here have been obtained 
after thorough optimization and extensive troubleshooting. This section however,  discusses 
the final optimized protocol and the process of optimization along with troubleshooting have 
been dealt with separately in the discussions section of the report. The starting material was 
human blood DNA samples (a total of 47 different patient samples) obtained from Biomedical 
Centre, Riga. 
 
2.1 Primer Designing 
Primers were designed for the 900bp (chr16:52,378,500-52,379,399)  region in the intron 1 of 
the FTO gene using the Methprimer software [17]. Two primer pairs were designed and 
considered for optimization and the best suited pair of the two was supposed to be used for 
sequencing. The details of the conditions used to design primers are not mentioned here. The 
primers were as follows: 
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• Original Sequence 
CTCGGGAGGCTGAGGCAGGAGAATTGCTTGAACCCAGGAGGCAGAGGTTGCAGT
GAGCCAAGGTCGCACCACTGCACTCTAGCCTGGGCAACAGAGTGAGACTCCTTCT
CAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGAAAAAGAAACACCATCCTT
GTAAAGAGAGCGCATACACCTTCAATTTCTAGGGCAGCAGCGTTTGCTTTACAAC
TTCTATGTCTTGGTGGGAGTAGCACTATCTATCACCTTATGGGCCAAAGGGAAAA
GTCCAGTGAAAATGGCTCTGATGTTGTTGGAAGTGGGAAAGCAGGTTAATAGGTT
CTTCTTAATGGAAAATGCAGCCAATATTGGCCAACTTACTTTGATTTCGGTAGTCA
TAACACCACCCTGGAAGGCACCCTAGATAGAGGTCACTTGCTACCACTCATTTTC
AGATCAGGATACTAAGGATTTTCCTGATTTTAAGCATTAAGTATGGATATCCCTGT
TGGTTGAAGTTAAATTGGTCAACTAGAATTTAAAAGCAAAAATTAAAAAAAAAT
TATTTTGTATTAGGTTTCAAAGGAATTGTTGTCAGTAGGAGAAGCCTGATTGTTCC
TTTTACGCTGACTCATACAGTTTCAGCAGATTACATTTGAGGCCTAATGTTGAAAT
CTCATCTGTAAGTCTGGTATATCTAACTAATCATATAAACATCTTTCATCTTAGAC
TGTGTAGCATGTCCCTAGTAGACCAGGTGGGCCAAATGACATTATAGTTAAATCA
AGCCAATAAATATATGAGAAAGAAGGCAAATGAGCGTAGACTCCATAGTGAATG
ATGGAGGTTCCGACGAGTCAAAGACACTGAACTATTCATTGCTATTGGTTTATGG
AAGAGCAAACCCAGATATGTGTTATGCTGATTCTGTGTGATTGGCTACTTCCAGG
ATTGACCCTGTTCTCCTGTCCTGCTCAAGTCTCCTTCCTTCACTTAACCATATATTG
TGGGTAC 
 

• Bisulphite Converted Sequence 
TTCGGGAGGTTGAGGTAGGAGAATTGTTTGAATTTAGGAGGTAGAGGTTGTAGTA
GTTAAGGTCGTATTATTGTATTTTAGTTTGGGTAATAGAGTGAGATTTTTTTTTAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGAAAAAGAAATATTATTTTTGTA
AAGAGAGCGTATATATTTTTAATTTTTAGGGTAGTAGCGTTTGTTTTATAATTTTT
ATGTTTTGGTGGGAGTAGTATTATTTATTATTTTATGGGTTAAAGGGAAAAAGTTT
AGTGAAAATGGTTTTGATGTTGTTGGAAGTGGGAAAGTAGGTTAATAGGTTTTTT
TTAATGGAAAATGTAGTTAATATTGGTTAATTTATTTTGATTTCGGTAGTTATAAT
ATTATTTTGGAAGGTATTTTAGATAGAGGTTATTTGTTATTATTTATTTTATAGATT
AGGATATTAAGGATTTTTTTGATTTTAAGTATTAAGTATGGATATTTTTGTTGGTT
GAAGTTAAATTGGTTAATTAGAATTTAAAAGTAAAAATTAAAAAAAAATTATTTT
GTATTAGGTTTTAAAGGAATTGTTGTTAGTAGGAGAAGTTTGATTGTTTTTTTTAC
GTTGATTTATATAGTTTTAGTAGATTATATTTGAGGTTTAATGTTGAAATTTTATTT
GTAAGTTTGGTATATTTAATTAATTATATAAATATTTTTTATTTTAGATTGTGTAGT
ATGTTTTTAGTAGATTAGGTGGGTTAAATGATATTATAGTTAAATTAAGTTAATAA
ATATATGAGAAAGAAGGTAAATGAGTGTAGATTTTATAGTGAATGATGGAGGTTT
CGACGAGTTAAAGATATTGAATTATTTATTGTTATTGGTTTATGGAAGAGTAAATT
TAGATATGTGTTATGTTGATTTTGTGTGATTGGTTATTTTTAGGATTGATTTTGTTT
TTTTGTTTTGTTTAAGTTTTTTTTTTTTATTTAATTATATATTGTGGGTAT 
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Table 1: Details of the primers are shown. The forward primers which are shown in Red are 
the same hence only 3 primers need to be ordered. 

       
2.2 Primer Optimization 
Primer were optimized for melting temperature (Tm)  and  efficiency in amplifying the target  
using qPCR. The details of the program used are as shown in table 2 
 
Table 2: qPCR program used to optimize primers. The blue cells indicate the step in which 
the picture is taken and the pink step indicates the melt curve 

Cycle Repeats Step Temperature (°C) Time 
(minutes) 

Cycle 1 1 1 95 3:00 

Cycle 2 40 
1 95 0:20 
2 50 - 60 0:30 
3 72 1:30 

Cycle 3 1 1 72 5:00 
Cycle 4 81 1 55 (+1 / repeat) 0:10 

 
A gradient of 50°C - 60°C was used for each primer pair. This range of annealing temperature 
was decided based on the Tm values calculated by the software and on the Tm value given by 
the manufacturer (Thermo Scientific) in the data sheet. Maxima hot start taq polymerase from 
Fermentas (Sweden) was used to carry out the qPCR reactions. The composition of the PCR 
reaction was as represented in table 3. 
 
 
 
 
 
 
 

No Primer 
Type 

Start Size Tm 
(°C) 

GC% 'C's Sequence 

1 Left 37 26 58.15 61.54 4 GGAGGTAGAGGTTGTAGTGA
GTTAAG 

Right 941 25 58.04 48.00 4 CAATCCTAAAAATAACCAATC
ACAC 

2 Left 37 26 58.15 61.54 4 GGAGGTAGAGGTTGTAGTGA
GTTAAG 

Right 961 25 57.78 56.00 9 ACAAAACAAAAAAACAAAAT
CAATC 
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Table 3: qPCR reaction mixture. 

No Component Volume (µl) 
1 Buffer 02.00 
2 MgCl2 01.60 
3 dNTP 00.20 
4 Primer 1 00.05 
5 Primer 2 00.05 
6 DMSO 01.00 
7 SYBR green 00.50 
8 Hot Start Taq  00.30 
9 Water 09.30 

10 Template 05.00 
 Total 20.00 

 
In the above reaction mixture the template DNA was Epitect Control DNA  (Human), 
methylated and bisulfite converted, from Qiagen (Germany). 
 
2.3 Bisulfite Conversion and Cleanup 
Epitect bisulfite kit catalogue number 59110, from Qiagen (Germany) was used for bisulfite 
conversion  and  cleanup. Manufacturer's instructions were followed while storing the buffers 
and processing samples. The protocol begins by setting up a bisulfite conversion reaction, the 
components of which are mentioned in the table below:   
 
Table 1: Bisulfite reaction mixture. 

No Component Volume (µl) 
1 DNA protect buffer 35 
2 DNA template (50 

ng/µl) 
20 

3 Bisulfite Mix 85 
 Total 140 

 
The above components were mixed in exactly the same order as mentioned in the table above. 
The amount of DNA in the above sample cannot exceed 2 µg in 20 µl of volume. The above 
reaction  mixture was prepared and the samples were placed in a normal PCR machine i.e. 
Thermal Cycler UNO catalogue number 732 - 1200p on a Standard gradient block catalogue 
number 732 0 1203p. The program used for conversion  which is provided by the kit 
manufacturer is as shown in table 5. 
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Table 2: Bisulfite conversion protocol. 

Step Time 
(minutes) 

Optimized 
Temperature (°C) 

Denaturation 5 95 
Incubation 25 60 

Denaturation 5 95 
Incubation 85 60 

Denaturation 5 95 
Incubation 175 60 

Hold Indefinite* 20 
 
(*Above DNA, once converted can be kept overnight at hold without any loss of activity. But 
it should not be kept for any longer as it may lead to degradation of DNA samples.) 
 
Once converted these samples were purified using the same kit as mentioned above. This 
purification was necessary in order to remove the remaining bisulfite salt, which may degrade 
the DNA sample. Vacuum manifold method for purification was preferred over the 
centrifugation (Qiagen suggests both). Vacuum manifold method was preferred as this has 
method had been used in our lab previously and worked well and was more economical. The 
manifold is connected to a vwr two-stage vacuum pump from vwr article number 765-0317 
and this is connected to a vacuum regulates which regulates the pressure and a manometer to 
measure the pressure. This pumps creates a vacuum which provides the force required to  
sucks the buffers out of the bottom of the 96 well coloumn plate. 
 
2.4 Sample Enrichment and Sequencing  
A standard PCR with the optimized conditions was performed for samples. Sequencing could 
not be performed for reasons explained in the results and discussions section. 
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3. Results 
3.1 Primer Optimization: 
The graph below indicates the qPCR graph obtained for each of the two primer pairs 
mentioned in table 2. 

 
Figure 8a: qPCR quantification graph for primer optimization. 

 

Figure  8b: qPCR melt curve for primer optimization. 
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Both the pictures above display only the optimized temperature from the range of 50°C - 
60°C. Thus the above graph displays the data for 52.1°C. The best results for both the primer 
pairs were obtained at this temperature. In the figures 8a and 8b, blue line represents primer 
pair 1, red line represents primer pair 2 and the lighter shades of each color represent the non-
template control for the respective primer pair. 

As we can see, the non-template control in both the cases give products with low melting 
temperature (from figure 8b) and the amount of product obtained is low. So both the primer 
pairs work efficiently at 52.1°C. But when compared to primer pair 1, the primer pair 2 
showed higher efficiency in terms of the amount of product and the coverage of product. Thus 
primer pair 2 was selected for further experiments. 

3.2 Bisulfite conversion  
Bisulphite conversion and cleanup was carried out and the samples were stored at -20°C for 
approximately 2.5 months. This time was used to optimize the primers. 8 samples were 
selected randomly before enriching the sample to assess their quality using qPCR. The results 
were as follows: 
 

 
Figure 9a: qPCR quantification graph for sample quality determination. The pink curve is for 
the positive control (standard methylated and bisulfite converted DNA, Qiagen) and the dark 
blue line is for the non template control. 
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Figure 9b: qPCR melt curve for sample quality determination. The pink curve is for the 
positive control (standard methylated and bisulfite converted DNA, Qiagen) and the dark blue 
line is for the non template control. 

As we can see in the above graph only one out of 8 samples (represented in blue) gave a 
detectable  product. The pink line indicates the positive control wherein the Epitect Control 
DNA from Qiagen was used. The reason for this could be degradation of samples. 

3.3 Sample enrichment and Sequencing 
As the samples seemed to be degraded and only 1 out of eight tested sample gave a detectable 
product, we decided not to go ahead with sequencing. 
 
4. Discussion 
This part of the report contains the a detailed explanation and analysis of the results obtained 
and the troubleshooting undertaken for negative results obtained during the process of primer 
optimization. This section also has a description of the reasons that might have led to 
degradation of samples. 
 
4.1 Selection of the 900bp region 
The aim of this project was to link the methylation pattern in the intron 1 of  FTO gene to its 
common variant rs8050136 and if possible to relate the above two parameters to BMI in the 
cohort of 47 clinical samples available to us. A key paper on which this study was based was 
by Bell C.G. titled "Integrated genetic and epigenetic analysis identifies haplotype - specific 
methylation in the FTO type 2 diabetes and obesity susceptibility locus". This study 
investigated the DNA methylation patterns in relation to type 2 diabetes (T2D) and found that 
certain SNPs within the FTO intron 1 were associated with type 2 diabetes.  
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This study identified that the methylation difference in 7.7kb region within the 14.3kb intron 
1 of the FTO gene was associated with the susceptibility haplotype of T2D. This 7.7kb region 
contained a highly conserved  non-coding element (HCNE) which has been proposed to have 
an enhancer like effect on the neighboring Iroquois Homeobox 3 (IRX3) gene [20] , which is 
a master regulator of neural development. This particular HCNE was approximately 200bp 
upstream of 900bp methylation peak within the 7.7kb region which had 3 CpG creating SNP's 
namely rs7206629, rs7202116 and rs7202296. We know that methylation at 'CpG island 
shores' (2kb region on either side of the CpG island) have more effect on gene expression 
when compared to methylation within the island [21]. If the enhancer shores behaved in the 
same way, the 900bp region was within the 2kb shore of the HCNE and methylation changes 
in this region could affect IRX3 expression. Thus, initially we chose a 3kb region which 
included the 2kb enhancer shore for methylation analysis.  
 
4.2 Primer optimization by qPCR 
Primers were designed for the 3kb region as mentioned above to replicate the findings for 
T2D in obesity. The primers designed for the 3kb region did not yield satisfactory results 
including smaller products, no detectable product and very high amplification in the non-
template control during primer optimization by qPCR. The reasons for this failure which   
were addressed during troubleshooting are: 

• The template (human blood DNA, from the lab) was of low quality i.e degraded after 
bisulfite conversion. 

• Primers were not specific 
• 3kb region being too large to be amplified by hot start taq polymerase. 
Primers were checked for specificity and new primer pairs were to amplify the target. This 
should have eliminated the problems if primer specificity was the issue. But when the 
problem persisted we thought that degradation of  DNA during bisulfite conversion could 
have been the problem [22]. The claimed that the largest DNA fragment after bisulfite 
conversion we around 1500bp and smallest on about 200bp [23]. Hence we decided to design 
new primers just for the 900bp area and base our methylation study on it. 
The qPCR conducted on this 900bp area too failed. But this time the positive controls (target 
size of approximately 300bp) were working. But as we couldn't go below 900bp, we ordered 
standard methylated and unmethylated DNA from Qiagen (Germany) and qPCR conducted 
using this DNA worked as shown in the results. 
 
4.3 Degradation of samples 
The company (Qiagen, Germany) recommends in their bisulfite conversion kit, that the 
samples can be stored, for three months once they have been purified after conversion. All  
our clinical samples were converted and purified on the same day to avoid degradation and 
stored at -20°C for the same reason. Primer optimization took approximately two and a half 
months and within this time frame the samples got degraded possibly due to the presence of 
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some residual bisulfite salt even after purification. This is the reason as to why the project 
couldn't be completed. 
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1. Introduction 

1.1 Cell Membrane 

The cell, a basic functional unit of life, is largely aqueous in nature and need to be defined and 
separated from the external environment in order for it to function efficiently. This is done by 
a structure called the plasma membrane. The figure below is a depiction of the plasma 
membrane as given by Singer and Nicholson in their 'fluid mosaic' model [1]. 

 

 
Figure 1: The fluid mosaic model of cell membrane as given by Singer and Nicolson, 1972. 

In their model, they propounded that the cell membrane as "a two-dimensionally oriented 
solution of integral proteins (or  lipoproteins) in the viscous phospholipid bilayer solvent" [1]. 
In the last few decades, our view of the cell membrane has greatly improved thanks to  
advancement in analytical and imaging techniques. The membrane is now seen as a dynamic 
structure which is more of a mosaic than fluid. It is seen as having proteins distributed 
randomly on it, which together with the lipids form a functional unit [2]. 

There has also been a drastic increase in our understanding of the composition on the cell 
membrane which includes lipids, proteins and carbohydrates. In this report we will be 
concentrating on the protein component of the cell membrane. Proteins form one of the most 
important functional component of the cell membrane and  the complexity of proteins in the 
cell membrane has been studied for a long time [3, 4]. 
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1.2 Membrane Proteins  
Membrane proteins which form the largest part of plasma membrane by weight can be 
broadly classified into two categories namely peripheral membrane proteins and integral 
membrane proteins [4, 5].  

1.2.1 Peripheral Membrane Proteins 

 
Figure 2: The proteins in green and brown are the peripheral membrane proteins. 

These proteins are associated with the cell membrane through integral proteins (shown in 
purple in the above figure) or through association with glycophosphatidylinositol (GPI). Their 
association with the membrane is generally weak as they do not penetrate the membrane. 
Cytochrome c, which is a part of the mitochondrial electron transport chain (ETC) is an 
example of a peripheral protein [5, 6]. 

1.2.2 Integral Membrane Proteins 

 
Figure 3: Integral membrane protein 

Integral membrane proteins, as the name suggests are those proteins which are embedded into 
the core hydrophobic region of the cell membrane. Approximately 70% - 80% of membrane 
proteins are integral in nature. This includes most of the enzymes, transporters, carriers and 
receptors [5]. Proteins that span the entire length of cell membrane are called transmembrane 
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proteins. Transmembrane proteins are one of the most diverse group of proteins with respect 
to structure and function [7]. 

1.3 Transmembrane Protein 
Based on their structure transmembrane proteins can be classified as alpha (α) helical proteins 
or beta (β) barrel proteins [8]. α helical proteins are more the, common and diverse among  
two classes. Studies have shown that almost 27% of all human proteins are α helical in nature 
[9] which include enzymes, receptors, transporters etc. Transmembrane proteins can  be 
functionally categorized as ion channels, ATP (Adenosine tri phosphate) binding cassette 
(ABC) transporters, pumps, water pumps and solute carriers. Solute carriers (SLC) are the 
second largest family of membrane proteins which fall under the category of membrane 
transporters and have more than 300 members [10]. They are second only to G-protein 
coupled receptors (GPCR's) which is the largest family of membrane proteins with over 800 
members [11].  

1.4 Solute Carriers 
SLC's, the largest family of membrane transporters, include ion driven exchangers, passive 
transporters and coupled transporters amongst others. They have been  classified into over 43 
subfamilies based on their function [12]. The major facilitator superfamily (MFS) include 
more than 10 subfamilies of the SLC. This contains three related families, namely SLC16, 
SLC17 and SLC18. 

Our lab has previously found a new putative solute carrier SLCZ1 which falls in the MFS 
superfamily [10]. SLCZ1 does not show structural similarity to either SLC16, SLC17 or 
SLC18 and differs from them as far as key transmembrane motifs go. It has orthologs in mice, 
rat, zebrafish, C. elegans, D. melanogaster and tetraodon with conserved MFS domains. This 
shows that SLCZ1 could be a novel SLC group with a long evolutionary history. Expression 
studies have shown that SLCZ1 is widely expressed in CNS, which includes cerebellum, 
hippocampus, cerebral cortex and amygdala amongst others.  

Previous work from our lab has found that SLCZ1 has high (7 fold) affinity for glutamate 
using and SLCZ1 over expressing Chinese Hamster Ovary (CHO) cell line. We have also 
shown that SLCZ1 is expressed highly in the neuronal cell bodies of γ-amino butyric acid 
(GABA) neurons almost exclusively. These findings point towards a role SLCZ1 in 
transporting glutamate into the GABA neurons at the GABA - glutamate synapse. Glutamate 
can be then used in these neurons for GABA synthesis. 

1.5 GABA and Locomotion 
GABA was discovered in the nervous system in then 1950s [13] and was established as a 
neurotransmitter by 1970s [14]. GABA is a major neurotransmitter for fast synaptic 
inhibition. GABA is synthesized from l - glutamate in a one step reaction catalyzed by the 
enzyme l - Glutamic Acid Decarboxylase (GAD) [14, 15]. Negative effects of GABA on 
locomotion and co-ordination of locomotory activities is also well established [16, 17]. Thus 
we use locomotion as an indirect way of measuring GABA levels in the brain, specifically in 
the regions involved with reward system. Amphetamine on the other hand is an excitatory 
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drug, which acts mainly as a dopamine agonist [18]. GABA and dopamine function in an 
opposing manner.  

Our lab has been successful in generating a stable SLCZ1 conditional knockout which would 
show reduced GABA levels in the brain in regions where SLCZ1 if  expressed (as in wildtype 
condition) would show normal GABA levels. Thus, combining the above two factors, we 
should see a drastic dose dependant change in locomotory activity in knockout mice in 
comparison to a smaller change in the wildtype mice. Here, locomotory activity is seen as an 
indirect measure of showing the involvement of SLCZ1 in reward circuitry. 

2. Materials and Methods 
This section gives a detailed description of all the methods used in this project along with the 
materials used in order to carry them out. All the methods explained here have been obtained 
after thorough optimization and extensive troubleshooting. This section however, discusses 
the final optimized protocol only. 

2.1 Breeding of Mice 

 
Figure 4: Standard C57Bl6/J mice (Taken from 
http://jaxmice.jax.org/images/jaxmicedb/featuredImage/000664.jpg). 

C57Bl6/J mice were bred under standard environmental condition. 16 breeding cages were set 
up with 2 adult female C57Bl6/J mice and one adult male C57Bl6/J mice (both approximately 
6-8 weeks old and heterozygous for SLCZ1 in nature). These mice were kept in standard 
conditions of 18-21°C,  a 12 hour light/dark cycle and humidity of 50% with access to food 
and water ad libitum. The litter obtained was weaned after 28 days. The male mice from this 
litter were tagged and tail biopsies were taken from them for genotyping whereas the female 
mice were euthanized. 

2.2 Tissue Collection and Genotyping of Mice 
Tail biopsies were collected from all the male mice in the litter (approximately 50 animals) 
for genotyping. DNA was extracted from the tail tissue using the procedure elucidated in 
figure 5: 
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Figure 5: Flowchart of DNA extraction from mice tails. 

 

The composition of the tail buffers 1 and 2 are as shown in table 1: 

Table 3: Composition of tail buffer 1 and 2. 
Tail Buffer 1 

No Component Concentration 
1 NaOH 250mM 
2 EDTA 2mM 

Tail Buffer 2 
No Component Concentration 
1 TRIS HCl (pH 8.0) 400mM 

 

Once extracted this DNA is used for genotyping by PCR. The PCR reaction  is as shown in 
table 2: 

Table 4: Genotyping PCR reaction components. 
No Component Volume 

(µl) 
1 Buffer (10X) 02.50 
2 MgCl2 (50mM) 00.75 
3 dNTP (20mM) 00.30 
4 Primer 1 

(10mM) 
00.25 

5 Primer 2 
(10mM) 

00.25 

6 DMSO 00.50 
7 Taq Pol 

(5U/µl) 
00.40 

8 MQ Water 17.05 
9 Template 03.00 
 Total 25.00 

 

 

 

Bring to room temperature and add 70 µl of tail 
buffer 2 

Add 70 µl of tail buffer 1 
(Incubate at 90 °C for 45 minutes) 
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Table 5: Genotyping PCR program. 

Cycle Repeats Step Temperature 
(°C) 

Time 
(seconds) 

1 1 1 95 120 

2 40 
1 95 30 
2 60 45 
3 72 30 

3 1 1 72 120 
4 1 1 4 Hold 

 

Two sets of primers are used. One is for SLCZ1 knockout and the other one is for wildtype. 
The primer sequences are as shown in table 4: 

Table 6: Genotyping primer sequences. 
Wildtype Primers Sequence (5' - 3') 

Forward Primer TGA TTT TGA GGC AGG GTT TC 
Reverse Primer GAC GTC GGA ACA TCA CCT TT 

Knockout Primers Sequence (5' - 3') 
Forward Primer CTG AGA AGC AGG CTC AGG TT 
Reverse Primer GGG TAC CGA GCT CGA ATT ACT 

 

Results of the PCR are analyzed using agarose gel electrophoresis. 

2.3 Amphetamine Injections 
Readings 4 different concentrations of the drug were used: 0.5 mg/kg, 1.0 mg/kg, 2.0 mg/kg 
and 4.0 mg/kg of body weight. Amphetamine was administered intraperitonially. Animals 
were left in empty cages for 10 minutes after injections and then were placed in locoboxes for 
analysis of locomotory behavior. (The initial reading were taken with saline injections, which 
was the control) 
 
2.4 Analysis of Locomotory Behavior 
Locomotory behavior is analyzed with the help of specialized boxes called locoboxes. The 
figure below is a picture of the locobox: 
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Figure 6A: Locobox activity cage. 

 

  
Figure 6B: Locobox cage with mice in it. 

The locobox activity cage consist of a wooden box with frames (as seen in figure 6A) of 
photocells around the  walls (as seen in figure 6B). The bottom frame detects the horizontal 
movement, while the upper frame detects the vertical movement. The photocells are placed 3 
cm apart and form a grid across the cage area. These cells send out infrared (IR) photo beams, 
which when interrupted, record movement. Inside the frame there is a transparent acrylic cage 
with smooth floor where the animal is placed. These boxes are covered with a lid which is 
both illuminated and ventilated. After injections and the 10 minute recuperation period, the 
animals were placed in the locoboxes (as shown in figure 5B) for 60 minutes. Readings were 
taken at 5 minute intervals. The parameters recorded are as follows: 

• Horizontal Activity (Ha) 
Increases by 1 whenever the animal interrupts a photo beam in the lower panel, regardless 
of the direction of the movement. 
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• Peripheral Activity (Pa) 
Increases by 1 whenever an animal interrupts an outer photo beam in the lower panel, 
regardless of the direction of movement. Peripheral activity is a fraction of horizontal 
activity. 
 

• Locomotion (L) 
Increased by 1 whenever an animal makes a forward movement, i.e. interrupts a new 
photo beam. 
 

• Rearing Activity (Ra) 
Increased by 1 whenever an animal interrupts a photo beam in the upper panel, regardless 
of the direction of movement.  
 

• Peripheral Activity (Pr) 
Increased by 1 whenever an animal interrupts an outer photo beam in the upper panel, 
regardless of the direction of movement. Peripheral rearing is a fraction of Rearing 
activity.  

• Rearing time (Rt) 
The accumulated time in seconds which the animal has interrupted photo beams in the 
upper panel.  
 

• Corner time (Ct) 
The accumulated time in seconds which the animal spends in the corners, i.e. when two 
outer photo beams (X and Y) are interrupted at the same time.  

The results given by the locobox are recorded in a computer attached to the equipment and 
can be accessed using the Locobox (v5.60) software. The activity files were exported from the 
software in MS excel format and analyzed using GraphPad Prism 5 software. 

3. Results 

3.1 Genotyping of Mice 
The pictures of agarose gel electrophoresis analysis for genotyping PCR with knockout 
specific primers for mice are as presented in figure 7 (Note: sample numbers indicate the 
number on the clips with which the animals were tagged) 
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Figure 7A: Knockout PCR. 
 

 

Figure 7B: Knockout PCR. 
 

 

Figure 7C: Knockout PCR. 

In the order from left to right sample in the picture are: 

7A: 3921, 3923, 3934, 3925, 3926, 3930, 3938, 3940, 3941, 3942, 3943. 

7B: 3947, 3949, 3951, 3952, 3958, 3961, 3982, 3984, 3988, 3989,24090, 24092. 

7C: 24095, 24096, 24097. 
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The pictures of agarose gel electrophoresis analysis for genotyping PCR with wildtype 
specific primers for mice are as follows: 

 

 
Figure 8A: Wildtype PCR. 

 
Figure 8B: Wildtype PCR. 

 
Figure 8C: Wildtype PCR. 

In the order from left to right sample numbers in the picture are: 

8A: 3921, 3923, 3934, 3925, 3926, 3930, 3938, 3940, 3941. 

8B: 3942, 3943, 3947, 3949, 3951, 3952, 3958, 3961, 3982, 3984. 

8C: 3988, 3989, 24090, 24092, 24095, 24096, 24097. 

If a sample showed amplification in both PCR's it is heterozygous. If it is amplified by only 
one of the two sets of primers i.e. either knockout or wildtype, then it is wildtype or knockout 
respectively.  Based on the genotyping PCR the above samples were segregated as shown in 
table 5. 
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Table 7: Genotyping Results 

Knockout Wildtype Heterozygous 

3921 3923 3958 

3924 3925 3984 

3926 3938  

3930 3941  

3940 3942  

3949 3943  

3961 3947  

3982 3951  

24092 3952  

24095 24088  

24096 24089  

24097 24090  

 
The wildtype and knockout mice were considered for further analysis. 
 

3.2 Analysis of Locomotory Behavior 
Data presented over here uses a new term 'Total Activity (Ta)' which is the sum of Ha and Ra 
both of which have been described previously. Only the data of average total activity for 12 
animals per group taken over a period of 60 minutes at intervals of 5 minutes has been 
presented in this report.  

Baseline readings were taken by keeping the animals directly into the locoboxes without 
injections. 
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Figure 9: Locomotion graph for baseline study. 

As we can see from figure 9,  there is almost no difference between the locomotory activity of 
knockout and the wildtype mice. 

The table 6 shows average normalized Ta of 12 wildtype mice for different doses of 
Amphetamine and saline at every 5 minute interval. The values obtained for each of the doses 
was normalized with values obtained from mice after they were injected with saline. 

Table 8: Normalized average of Ta for 12 wildtype mice. 

Time 
(minutes) Saline 0.5 mg/kg 1.0 mg/kg 2.0 mg/kg 4.0 mg/kg 

5 12.00 221.17 357.73 833.01 24.36 
10 12.00 42.54 1501.58 331.02 1733.46 
15 12.00 289.74 22.96 529.18 635.97 
20 12.00 384.29 349.89 199.71 286.01 
25 12.00 96.23 396.01 234.25 32.77 
30 12.00 192.33 92.82 80.65 338.33 
35 12.00 365.39 20.19 5.47 866.83 
40 12.00 15.24 98.97 402.73 1524.17 
45 12.00 288.42 1279.51 1757.16 277.06 
50 12.00 650.96 192.32 16.48 643.87 
55 12.00 604.99 343.82 380.42 460.99 
60 12.00 53.63 198.80 252.16 135.65 
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A similar table for 12 knockout mice is as follows: 

Table 9: Normalized average of Ta for 12 knockout mice. 

Time 
(minutes) Saline 0.5 mg/kg 1.0 mg/kg 2.0 mg/kg 4.0 mg/kg 

5 12.00 53.63 198.80 252.16 135.65 
10 12.00 127.84 826.13 39.87 98.08 
15 12.00 393.49 683.08 789.92 2098.59 
20 12.00 1001.38 1620.26 1242.37 1344.17 
25 12.00 192.46 221.17 1551.52 4329.99 
30 12.00 469.94 320.80 102.62 37.84 
35 12.00 8.64 1560.66 1237.09 3031.59 
40 12.00 1015.64 191.90 194.42 1311.95 
45 12.00 2112.86 34.74 131.41 2534.09 
50 12.00 56.91 537.14 916.30 2368.81 
55 12.00 472.89 58.38 1416.36 2692.58 
60 12.00 992.81 215.59 103.27 1269.81 

 

The graph obtained from the above two tables is as shown in figure 10. 

 

Final Locomotion data
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Figure 10: Final comparative graph of Wildtype vs. Knockout of average normalized Ta  for 
12 mice/group (X axis shows the doses in milligrams(mg)/kilogram(kg) of animal).w 
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Figure 10 shows a drastic difference in normalized Ta between knockout and wildtype mice at 
a 4 mg/kg dose of amphetamine. 

4.Discussions 
The novel transporter SLCZ1 identified by our lab has high affinity and selectivity for 
glutamate and is found almost exclusively in GABA neurons. Glutamate is a substrate for 
GABA production and is converted to GABA in a one step reaction catalyzed by Glutamic 
acid decarboxylase (GAD) in the GABA neurons. As of now, no specific glutamate 
transporter has been identified on GABA neurons. Glutamate, GABA and their precursors are 
known to be involved in reward seeking behavior, but their exact role in this mechanism is not 
clearly understood. Our hypothesis is that SLCZ1 is involved in glutamate transport into the 
GABA neurons at the glutamate-GABA synapse where, glutamate could be used for GABA 
production. SLCZ1 could prove to be a vital link in understanding and substantiating the role 
of these neurotransmitters feeding and reward seeking behavior. 

GABA, an CNS neurotransmitter and is known to have a inhibitory effect on locomotion. On 
the other hand dopamine another CNS neurotransmitter has an opposite effect. In our study to 
support the above mentioned hypothesis, we have used amphetamine which is a dopamine 
agonist. Administration of amphetamine, should under normal conditions increase locomotory 
activity in a dose dependant manner (as seen in figure 10) in the wildtype mice. As for the 
knockout mice, lack of functional SLCZ1, should lower the GABA production which would 
complement the effect of amphetamine and thus give a drastic increase in the locomotory 
activity in a dose dependant manner. The results obtained were in line with the hypothesis. A 
very drastic increase in locomotion was seen knockout mice at a 4 mg/kg dose in comparison 
to the wildtype mice. This increase is partly due to amphetamine and partly due to the 
conditional SLCZ1 knockout. The change in wildtype is very low when compared to 
knockout and this could point towards the knockout phenotype have a stronger effect.  

Amphetamine is primarily a dopamine agonist. It also effects the serotonin and nor-
epinephrine systems. Most of these neurotransmitters are involved in the brains reward 
mechanisms [18]. Amphetamine is also know to alter glutamate levels in the specific areas in 
the brain like nucleus accumbens. which is again an anatomical component of brains reward 
circuit [19-21]. Increased extracellular levels of glutamate in nucleus accumbens with the 
absence of glutamate transporter could activate glutaminergic pathways in the brain which is a 
major excitatory pathway leading to increased locomotory and reward seeking behavior. 
Thus, increased levels of extracellular glutamate could be another reason for the spike in 
locomotion seen in the conditional knockout mice. Because of the generalized effect of 
amphetamine on the CNS it is difficult to relate the change in locomotion with the conditional 
knockout status of the mice in quantitative manner.  

5. Conclusion 
From the results obtained, it is clear that SLCZ1 has an important role in the glutamate-
GABA system. Though the present study does not definitely conclude its role as transporter of 
glutamate into GABA neurons, it does give us a clear behavioral change (as seen in figure 10) 
which in turn supports the hypothesis. As of now we can state that there is a significant 
change in locomotory behavior of knockout mice in comparison to the wildtype mice for 
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higher doses of Amphetamine, which could be indicative of the role of SLCZ1 in GABA 
synthesis and in turn in the reward mechanism of the brain. In the near future we are planning 
on using specific dopamine uptake blockers which would substantially reduce the effect of 
dopamine and would allow the GABA system to largely dictate the locomotory behavior. This 
would give us a better idea of the role of SLCZ1 in CNS. 
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