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Abstract

Long-term exercise is known to mitigate type 2 diabetes, although the molecular basis

for this is not entirely known. Previous studies have investigated changes to the entire

genome after exercise to investigate possible links between it and type 2 diabetes. It

was then shown that the genes MAPK6 and PTEN were down-regulated after exercise,

but their function is not known. The aim of this study is to determine if they have a

role in metabolism or differentiation. This was done by silencing the genes using small

interfering RNA, after which the total RNA was isolated. qPCRs which amplified different

genes involved in metabolism and differentiation markers were then performed. Their

abundance in the silenced sample was then compared to a control scramble and the effect

of the silencing could be determined. The results indicated that PTEN may be involved

in the regulation of the level of glucose metabolism compared to fatty acid metabolism,

but indications of other trends were also found. Similarly, MAPK6 could be involved in

the differentiation between fast and slow twitch muscle, although other tendencies were

also identified. However, no conclusions could be made due to the sample size was not

being sufficiently large. The study is based on preliminary data and once the full results

have been acquired it may be possible to state a conclusion regarding the function of

MAPK6 and PTEN.



Acknowledgements

I first need to thank my mentor Dr. Julie Massart at Integrative Physiology, Karolinska

Institutet for helping me with this project and thereby letting me glimpse into the world

of sciencentific research and molecular biology. My lab partner Sofie Ohlsson has also been

great, her cooperation and hard work has made this project a lot of fun. Serhat Aktay

and Beatrice Häggendahl deserve gratitude for their feedback on the drafts of this paper.

Thanks to all the supervisors at Rays - for excellence, in particular Jenny Angelin. Lastly,

I am very grateful towards Hampus Gummesson Svensson as well as the rest of the Rays

- for excellence team and their partners Europaskolan and AstraZeneca for organising

this experience.



Contents

List of Abbreviations 1

1 Introduction 3

1.1 Previous Research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.2 Genetic Markers Measured to Find the Function of Genes . . . . . . . . . 4

1.2.1 Function of Measured Metabolic Genes . . . . . . . . . . . . . . . 4

1.2.2 Skeletal Muscle Differentiation and Differentiation Markers . . . . 5

1.2.3 The Use of Reference Genes . . . . . . . . . . . . . . . . . . . . . 6

1.3 Polymerase Chain Reaction . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.4 Aim of Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2 Method 7

3 Results 8

3.1 Effect of Silencing PTEN . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3.2 Effects of Silencing MAPK6 . . . . . . . . . . . . . . . . . . . . . . . . . 10

4 Discussion 11

4.1 Implications of the data . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

4.1.1 Implications from Silencing PTEN . . . . . . . . . . . . . . . . . 12

4.1.2 Implications from Silencing MAPK6 . . . . . . . . . . . . . . . . 13

4.2 Possible Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.2.1 Statistics of Small Data Sets . . . . . . . . . . . . . . . . . . . . . 14

4.2.2 Problems with High Ct Values . . . . . . . . . . . . . . . . . . . . 14

4.2.3 Possible Contaminations . . . . . . . . . . . . . . . . . . . . . . . 15

References 17

A Full Sized Graphs 20



B Primers 23

C Melt Curves 24

D Spectophotometry data 27

E Ct Values 28

F Gene expression 29

G Statistical data 30



List of Abbreviations

-RT Control Without Reverse Transcriptase

DES Desmin

GLUT1 Glucose Transporter 1

GLUT4 Glucose Transporter 4

GUSB Glucuronidase Beta

HK2 Hexokinase 2

MAPK6 Mitogen-activated protein kinase 6

MYF5 Myogenic Factor 5

MYH1 Myosin Heavy Chain 1

MYOG Myogen

PDK4 Pyruvate Dehydrogenase Kinase 4

PTEN Phosphatase and Tensin Homolog

RPLP0 Ribosomal Protein Lateral Stalk Subunit P0

TBP TATA-box Binding Protein

cDNA Complementary DNA

Ct Cycle Threshold

DNA Deoxyribonucleic Acid

mRNA Messenger RNA

NTC No Template Control

PCD Pyruvate Dehydrogenase Complex

PCR Polymerase Chain Reaction

qPCR Quantitative PCR
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RNA Ribonucleic acid

RT-PCR Reverse Transcription PCR

SEM Standard Error of the Mean

siRNA Small Interfereing RNA
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1 Introduction

Type 2 diabetes is a widespread disease in the developed world, there being the 8th most

common cause of death. It is caused by abnormal cell metabolism and the main identifiers

are insulin resistance and hyperglycemia. Exercise has been shown to improve the blood

glucose level in type 2 diabetes patients, seemingly because of the metabolic changes it

causes. Long-term exercise also changes the insulin action, suggesting that it may cause

changes in gene expression. [2] Among the first cells to show insulin resistance are those

in skeletal muscle, presumably since they absorb large quantities of blood glucose [3]. The

gene expression in these cells is therefore of particular interest, especially after exercise.

1.1 Previous Research

Studies investigating skeletal muscle cells after exercise both short-term and long-term

have found that there are changes in the proteome [4, 5, 6]. However, because of the nature

of proteome analysis, only selected, known proteins were examined [6]. Since changes were

found in these, it is possible that the level of other, unknown proteins was also changed.

The genome codes for the proteins and therefore, gene expression could be examined as a

substitute to protein level analysis. It could be measured by finding the abundance of the

corresponding messenger ribonucleic acid (mRNA). An analysis of the expression of the

whole genome was conducted on cells taken both before and after 14 days of exercise. This

was to find the genes that were expressed differently after exercise, including those with an

unknown function. 1 Changes were found, both in genes with a known function and genes

without a known function. Two of the genes that were down-regulated after exercise were

mitogen-activated protein kinase 6 (MAPK6 ) and the phosphatase and tensin homolog

gene (PTEN ). The following experiments were therefore designed to further investigate

the function of these genes.
1Unpublished research by the Integrative Physiology research group at Karolinska Institutet.
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1.2 Genetic Markers Measured to Find the Function of Genes

To find the function of a gene, one method is to silence the gene in question and measure

the effect on other genes. A gene is silenced by adding a specific type of small interfering

RNA (siRNA) which binds to the mRNA in question and disrupts its function. The

level of expression of other genes with known functions are then compared to a scramble

sample, which was treated with siRNA which does not silence any gene. The effects of

the down-regulation of the concerned gene and processes where that gene is involved can

then be identified. [7]

1.2.1 Function of Measured Metabolic Genes

Hexokinase 2 (HK2 ), glucose transporter 1 (GLUT1 ), glucose transporter 4 (GLUT4 ),

and pyruvate dehydrogenase kinase 4 (PDK4 ) are metabolic genes. HK2, GLUT1 and

GLUT4 are directly invovled in cell metabolism, while PDK4 is a regulatory protein.

[8, 9]

GLUT1 and GLUT4 are glucose transport proteins. GLUT1 is the permanent trans-

porter, found at the cell membrane. It works through passive transport diffusion caused

by a glucose concentration gradient between the cell and the blood. GLUT4, on the other

hand, uses active transport to move glucose into the cell. It is normally in a vesicle within

the cell, but moves to the cell membrane in response to different stimuli including insulin

and contraction of the muscle. [8]

HK2 catalyses the phosphorylation of glucose once it is in the cell, which is the first

step of glycolysis. This is also the rate determining step, and it makes it impossible for

the glucose to leave the cell. The product of the reaction is glucose 6-phosphate. [9]

When PDK4 is active it phosphorylates part of the pyruvate dehydrogenase complex

(PCD). PCD is thereby inhibited from producing acetyl coenzyme A, which is a protein

that is needed in glucose metabolism. When PDK4 is more abundant, there is thus a

preference towards fatty acid metabolism. Likewise, when it is less abundant, there is a

preference towards glucose metabolism [10]. PDK4 is also over-expressed in patients with
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type 2 diabetes. [15]

1.2.2 Skeletal Muscle Differentiation and Differentiation Markers

To study muscle cells in vitro, a biopsy is taken after which satellite cells are isolated and

grown in solution. They are a type of mononucleic stem cells in skeletal muscle which

develops into structures that resemble skeletal muscle tissue when cultured. In the body,

these are activated after injuries to repair existing fibres. Myoblasts are satellite cells

at the proliferating stage. They divide and fuse to form more fibre like myotubes. [11]

At every stage, there is an abundance of specific proteins which have therefore become

standard differentiation markers.

Figure 1: The abundance of the differentiation markers MYF5, MYOG, and DES during the
differentiation of skeletal muscle, an overview. Applicable when cells are cultured from satellite
cells.

Myogenic factor 5 (MYF5 ) is highly expressed in myoblasts, but decreases during

differentiation. Myogen (MYOG) and desmin (DES ), on the other hand, are more ex-

pressed in later stages of differentiation. MYOG increases first, with DES becoming more

abundant shortly afterwards [12, 13]. This is illustrated in Figure 1.

Another type of muscle differentiation is that between the development of fast and

slow twitch muscle. Fast twitch muscles are more efficient at using glucose while slow

twitch muscles are normally more developed towards fatty acid metabolism. Myosin heavy

chain 1 (MYH1 ) is more expressed in fast twitch muscles, and its abundance can indicate

5



whether the cell uses glucose or fatty acids more efficiently. [14]

1.2.3 The Use of Reference Genes

Although the concentration of RNA in a sample can be measured using methods such as

spectrophotometry, reference genes are normally used when measuring gene expression.

These are genes which expression are assumed to not change after different treatments,

such as with siRNA. They are therefore used as a measure of total RNA in a sample,

since the proportion of their RNA to the total amount is assumed to stay constant. By

normalising the amount of another type of RNA to the reference genes, different samples

can be compared without the extraneous variable of different RNA concentration. How-

ever, using only one reference gene is not enough since they are only assumed to be stable.

Instead, the geometric mean of the concentration of several reference genes are often used.

Three genes that can be used as reference are glucuronidase beta (GUSB), TATA-box

binding protein (TBP), and ribosomal protein lateral stalk subunit P0 (RPLP0 ). [16]

1.3 Polymerase Chain Reaction

Polymerase chain reaction (PCR) is a technique used for different stages of DNA and

RNA analysis. There are different types, two being reverse transcription PCR (RT-PCR)

and quantitative PCR (qPCR). Both are based on the polymerase enzyme, which adds

nucleotides to RNA or denatured DNA. Primers, short strands of nucleotides, need to

bind to the nucleic acid before the enzyme can start adding nucleotides to it. [17, 18]

RT-PCR creates complementary deoxyribonucleic acid (cDNA) from RNA by adding

complementary nucleotides, thus making it double stranded. This makes the RNA more

stable, but does not increase the amount of RNA present in the sample. Random primers

that can bind to any RNA are used as to not discriminate between genes. [18]

To determine the amount of RNA present in a sample, qPCR can be used. It is

run in cycles, where in each cycle every copy of a specific type of cDNA is duplicated.

Fluorescence is emitted when a copy is created. In the case of SYBR green, the machine
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detects fluorescence every time a nucleotide is added. Other types emit light when a primer

binds, however, then self designed primers cannot be used. The amount of fluorescence is

then measured and from that the expression of a gene can be compared between samples

through the use of a fluorescence threshold. The cycle at which the sample reached that

threshold is called the cycle threshold (Ct). A higher Ct means that the initial amount

of cDNA was lower. [17, 19]

1.4 Aim of Study

The aim of the study is to investigate the effect of silencing MAPK6 and PTEN, re-

spectively, with regards to the expression of different genes with known function. The

genes in question are the metabolic genes PDK4, HK2, GLUT1, and GLUT4 along with

the differentiation markers MYF5, MYOG, DES, and MYH1. The general function of

MAPK6 and PTEN could then be deduced.

2 Method

Satellite cells were extracted from biopsies and cultured until they developed into my-

otubes. siRNA was added, silencing either MAPK6 or PTEN. For each sample, a corre-

sponding scramble was created with non-silencing siRNA. Once fully differentiated, the

cells were collected in 1 mL of TRIzol and stored at −80 ◦C.

A TRIzol RNA extraction was performed based on the TRIzol manufacturer’s proto-

col [20, 21]. A phase separation was created in the sample and the RNA was then isolated

by extracting the top phase. The concentration and purity of the RNA samples were de-

termined by using NanoDrop microvolume sample retention system’s protocol and device

[22]. If the concentration of a sample was found to be higher than 1000 ng µL−1, it was

diluted with 16 µL of water.

cDNA was created from the RNA through RT-PCR. Applied Biosystem’s High-

Capacity cDNA Reverse Transcription Kit was used and its protocol was followed [23].
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The samples, a no template control (NTC) without any sample, and a -RT control without

the reverse transcriptase were examined. At this stage, each sample had a total volume

of 10 µL and an RNA concentration of 50 ng µL−1.

qPCR was performed using self-designed primers for the metabolic genes PDK4, HK2,

GLUT1, and GLUT4 along with the differentiation markers MYF5, MYOG, DES, and

MYH1. The procedure was also done for the reference genes GUSB, TBP, RPLP0, and

TBP. qPCRs that tested the expression of the silenced genes MAPK6 and PTEN were

performed in addition to these. Applied Biosystem’s Fast SYBR Green Master Mix was

used together with its accompanying protocol [24]. The final volume for each sample that

was put in the PCR machine was 10 µL, out of which 2 µL consisted of the RNA solution.

Two technical replicates were made for each sample. Two replicates were also made for

the NTC and -RT control. In addition to these, two controls with the mix and pure water

were made. A ∆∆Ct calculation was performed, which first normalised the Ct results

of the samples towards those of reference genes, then towards those of its corresponding

scramble. This gave the gene expression of the samples compared to their scrambles [25].

3 Results

The results from the ∆∆Ct calculations are shown here. Since the sample size is small,

three samples of MAPK6 and five of PTEN, statistical testS may not be completely

applicable. Therefore, it may be more important to examine if the direction of change is

consistent in all samples. Mean, standard error of the mean (SEM) and significance of all

data can be found in Appendix G, while raw data is in Appendix E.
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3.1 Effect of Silencing PTEN

There is an effect from the silencing on the expression of PTEN, although not as clear as

when MAPK6 was silenced. Only the expression of PDK4 changed among the metabolic

genes, however there were some difference among the differentiation markers.

(a)

(b) (c)

Figure 2: The alteration in gene expression following the silencing of PTEN compared to a
control that was normalised at 1. Each point represents the average of one sample. (a) shows
the efficacy of the silencing compared to the scramble with no silencing. (b) shows the effect on
some metabolic genes, (c) shows the effect on differentiation markers. There are five samples.

The silencing of PTEN was somewhat efficient in all samples, see Figure 2a. The

decrease in expression was 50% (p≤ .01).

The expression of PDK4 was decreased in all samples (54 ± 6 %, p≤ .01), as seen in

Figure 2a, indicating that the silencing of PTEN caused down regulation. The expression

of HK2 was also decreased, although to a lesser extent (13 ± 6%). Furthermore, in one

sample the expression had increased. No consistent changes in GLUT1 and GLUT4 were
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observed, although they both contained one extreme value that may be considered an

outlier.

MYF5 was on average down regulated in every sample by 19%, while MYOG was on

average up regulated by 15% (p≤ .05) (Fig. 2c. The changes in DES were inconsistent.

Full sized graphs can be found in Appendix A

3.2 Effects of Silencing MAPK6

The silencing of MAPK6 was distinct, leading to effects in all metabolic genes. The

expression of the majority of differentiation markers did not change considerably.

(a)

(b) (c)

Figure 3: The alteration in gene expression following the silencing of MAPK6 compared to a
control that was normalised at 1. Each point represents the average of one sample. (a) shows
the efficacy of the silencing compared to the scramble with no silencing. (b) shows the effect on
some metabolic genes, (c) shows the effect on differentiation markers. There are 3 samples.
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The efficacy of the silencing of MAPK6 was 75% (p≤ .01), see Figure 3a. After the

addition of siRNA, the MAPK6 expression decreased greatly in all samples compared to

the control.

The expression of all metabolic genes decreased, as seen in Figure 3b. However, the

decrease was generally less than what is needed for being sure about an effect on protein

level. The average for PDK4 was 26% and HK2 declined with 17%, while for both GLUT1

and GLUT4 the reduction was 18%. For all these genes, all samples changed in the same

direction.

The level of expression in the differentiation markers did not seem to change con-

siderably, see Figure 3c. For both MYOG and DES there are samples which expression

increased and decreased. However, MYF5 was down regulated in all samples on average

by 14% (p≤ .01). The expression of MYH1 increased in all samples on average by 35%,

although the spread was considerable.

Full sized graphs can be found in Appendix A.

4 Discussion

Exercise has beneficial effects on patients with type 2 diabetes, such as decreased blood

glucose levels and improved insulin action. MAPK6 and PDK4 have previously been

shown to be down-regulated after long-term exercise. The aim of determining the function

of MAPK6 and PDK4 in skeletal muscle could not be fully reached due to the small

sample size. No definite conclusions can be made, since statistical analyses to determine

significance require a larger sample set. It is due to the fact that this is preliminary data,

so once more data has been collected trends may be confirmed.

4.1 Implications of the data

Both PTEN and MAPK6 were successfully silenced, although the silencing of PTEN was

less efficient. The results gained from silencing both genes showed some relationships that
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could be worth investigating further. Silencing PTEN may lead to a preference towards

glucose metabolism, or possibly increased differentiation. By down regulating MAPK6,

on the other hand, apoptosis, or programmed cell death, may be triggered. It may also

be involved in the differentiation between muscle fibre types.

4.1.1 Implications from Silencing PTEN

PTEN was silenced by 50% (Fig. 2a, compared to the 75% silencing of MAPK6. One

reason for this effect could be that PTEN may be highly expressed in cells. Then, even

though many replicates of the mRNA would be silenced, many may bot have been silenced

and active. Other siRNA should possibly be designed that could be more effective.

The results from the silencing of PTEN show two main trends. The decrease in expres-

sion of PDK4, illustrated in Figure 2b, show that there may be an increased preference

of glucose metabolism and oxidation over fatty acids. Since the same gene is up regu-

lated in type 2 diabetes patients and PTEN has been shown to be down regulated with

exercise, it is possible that this may be one part of a molecular explanation of why type

2 diabetes is mitigated with regular exercise. The fact that these results were significant

to p≤.01 suggests that this effect may deserve more investigation. However, more studies

with larger samples are needed to make any conclusions.

The second trend in that of a possible increase in differentiation. The expression

of MYF5, the marker for undifferentiated and proliferating cells, decreased. At the same

time, the expression of MYOG, the marker for cells that are differentiating, increased. This

suggests that the few myoblasts that remained among the myotubes after culturing the

cells may have begun to differentiate faster when PTEN was silenced. The other marker

for late stage differentiation, DES, did not increase. This could however be explained

by the fact that it becomes more expressed at a later stage than MYOG, meaning that

even if the myoblasts had begun to differentiate, they had not completed it [12, 13].

Besides, both the decrease in MYF5 and MYOG were significant, to p≤.01 and p≤.05

respectively. Meanwhile, the results regarding DES were non-significant. However, the
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change in expression for either gene was minor, so protein abundance should be assessed

to investigate if these changes persist at the protein level.

4.1.2 Implications from Silencing MAPK6

The silencing of MAPK6 was effective, with a decrease in level of expression by 75%

(Figure 3a). The trends shown due to that silencing was, however, not as pronounced as

those caused by the silencing of PTEN.

The only trend with statistical significance was in the expression of MYF5, which

decreased. However, neither the expression of MYOG nor that of DES was changed.

Thus, it is unlikely that the myoblast differentiated into myotubes and that decreased

the expression of MYF5. Instead, one explanation could be that the myoblasts underwent

apoptosis in response to the decreased expression of MAPK6. The decrease was, however,

modest, meaning that whether there is an effect on a protein level can be questioned, and

further studies to determine whether that is the case are needed.

There is another trend which, although without statistical significance, may be worthy

of more studies. When silencing MAPK6, the expression of MYH1 decreased. This implies

that the silencing may have caused an increased development of fast-twitch type muscles,

if the cells had been allowed to develop into muscle tissue. They could then mean that

they became more efficient at glucose metabolism. However, since no markers for other

types of muscle fibres were investigated, it is not possible to say whether it is a trade

off between fast- and slow-twitch muscle, if the amount of slow-twitch stays constant, or

if both types increase. Further studies with a focus on the effects of MAPK6 on muscle

fibre type development are encouraged.

PDK4 also decreased in response to the silencing of MAPK6, however the effect was

neither significant or as apparent as when PTEN was silenced. This could mean that the

cells prefer glucose metabolism over fatty acid metabolism, which fits well with the effect

of the increase of MYH1. Similarly, HK2 and both glucose transporters was seemingly

down-regulated, however the effects were small and non-significant. Nevertheless, if they
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indicate a true effect, it would imply that the glucose uptake would be decreased, while a

decreased PDK4 expression would mean an increased glucose oxidation. While seemingly

contradicting, it could be possible, however the activity of the proteins would have to be

examined.

4.2 Possible Limitations

Although the methods used were according to standard protocols, there may still have

been limitations in the results. The most significant would be the low number of samples.

4.2.1 Statistics of Small Data Sets

Although having been discussed in relationship to the results, the importance of the

statistical significance of the data should not be over exaggerated. While significance is

still interesting and an indication of the importance of the results, non-significant data

should not be immediately disregarded. The t-test, which was used to find the significance,

assumes a normal distribution of data and thus requires a sufficiently large data set to

give correct conclusions. Three and five data points, respectively, are not enough.

Similarly, a small data set is vulnerable to outliers. One outlier can change the mean

considerably, as in the case of the measurement of GLUT4 when PTEN was silenced.

One sample had an increase of 159%, which increased the mean considerably. However,

due to the small sample size, it could not be excluded.

This report does only contain preliminary data and more samples will be tested. Thus,

these problems will be mitigated.

4.2.2 Problems with High Ct Values

Another problem with the GLUT4 values are their high Ct values, between 32 and 34.

The exact values can be found in Appendix E. This indicates that the initial concentration

of the mRNA was low. A small difference in amount, as could result from the pipetting or

otherwise, would lead to a relatively large percentage change. Any changes in expression
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that were found could thus have been exaggerated. The results gained from investigating

the expression of GLUT4 should thus be analysed with some scepticism.

Similarly, the Ct values for PDK4 and GLUT1 were higher than what would be ideal.

Although, not as high as the GLUT4 values, the Ct being between 30 and 32 is still fairly

high. GLUT1 did not show any considerable changes at any rate, however PDK4, did

give results from which conclusion could possibly be drawn, if more data was available.

4.2.3 Possible Contaminations

Something else that could make the results less valid is contamination, for example from

DNA, proteins or unwanted chemicals. With the method used there are two main ways

to detect contamination, firstly, the 260/280 nm and 260/230 nm ratios that were gained

from the spectrophotometry can be examined, see Appendix D. Secondly, the melting

curves created after the qPCR can be analysed.

No significant protein contamination can be found when analysing the spectrophp-

tometry. The 260/280 nm are nearly all above 1.80, with the exception of two which had

a ratio of 1.79. As the ratios should be close to 2.00 or at least 1.80, this indicates little

contamination. However, it does not exclude the possibility of some contamination, yet

it would likely be so limited that the effect would be negligible.

Similarly, the 260/230 nm largely shows little chemical contamination. For most sam-

ples, the value was higher than 1.80, and for some it was higher than 2.00. However,

for two samples of PTEN it was 1.70 and 1.41 respectively. This indicates that there

was some contamination in these samples, likely produced by the pipetting during the

RNA extraction. However, because of the type of tests done on the RNA, the chemical

contamination was unlikely to contribute to any errors in the data. The melting curves,

most of which for these samples looked normal, supports this idea.

The melting curve shows other types of contamination, such as DNA contamination.

If any amplification was shown in the -RT control, it would likely be due to DNA that

contaminated the samples during the RNA extraction. Most melting curves looked nor-
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mal, such as the one for DES found in Appendix C, Figure 7. However, the melting curves

for HK2 and MYH2, seen in Appendix C, Figure 8 and Figure 9 respectively, showed

amplification in the -RT. The amplification of RNA in all samples could thus have been

exaggerated, as the PCR machine cannot distinguish between DNA and RNA amplifica-

tion and shows them both in the amplification curve. To remove this extraneous variable,

DNase can be added to the samples to remove any DNA.
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A Full Sized Graphs
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Figure 5: Full sized version of Fig 2
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Figure 6: Full sized version of Fig 3
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B Primers

Table 1: Primer sequences used for qPCR. Fw: Forward primer. Rev: Reverse primer.

Target Gene Primer Sequence

RPLP0 Fw TGGAGAAACTGCTGCCTCAT
Rev GATTTCAATGGTGCCCCTGG

TBP Fw TTCGGAGAGTTCTGGGATTG
Rev GAAAATCAGTGCCGTGGTTC

GUSB Fw CAGAGCGAGTATGGAGCAGA
Rev ACTCTCGTCGGTGACTGTTC

MAPK6 Fw CATTGACATGTGGGCTGCAG
Rev GCTCCTGACGATCTTCCTCA

PTEN Fw TCTGCCATCTCTCTCCTCCT
Rev CGCCTTCAAGTCTTTCTGCA

MYF5 Fw CCACCTCCAACTGCTCTGAT
Rev GCAATCCAAGCTGGATAAGG

MYOG Fw CTCCTGCAGTCCAGAGTGG
Rev AGGTTGTGGGCATCTGTAGG

DES Fw CTGGAGCGCAGAATTGAATC
Rev GGCAGTGAGGTCTGGCTTAG

MYH1 Fw CCAGACTGTGTCTGCTCTCTTCAG
Rev CAGGACAAGCTCATGCTCCAT

HK2 Fw CAAAGTGACAGTGGGTGTGG
Rev GCCAGGTCCTTCACTGTCTC

GLUT1 Fw GGCCAAGAGTGTGCTAAAGAA
Rev ACAGCGTTGATGCCAGACAG

GLUT4 Fw ATCCTTGGACGATTCCTCATTGG
Rev CAGGTGAGTGGGAGCAATCT
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C Melt Curves

Figure 7: Example of a normal qPCR melt curve of DES. X-axis represents temperature, y-axis
represents fluorescence. Each line represents one sample. Horizontal blue lines are controls.
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Figure 8: Melt curve of from the amplification of HK2. X-axis represents temperature, y-axis
represents fluorescence. Each line represents a sample. Yellow line shows the -RT control.
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Figure 9: Melt curve of from the amplification of MYH2. X-axis represents temperature, y-axis
represents fluorescence. Each line represents a sample. Yellow line shows the -RT control.
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D Spectophotometry data

Table 2: Average concentration and ratios showing purity of samples, gained from a NanoDrop
microvolume sample retention system.

Sample Concentration [ng µL−1] 260/230 nm ratio 260/280 nm ratio

1 Scramble 639.79 2.11 1.89
1 MAPK6 604.83 2.01 1.90
2 Scramble 711.06 2.00 1.88
2 MAPK6 731.84 1.83 1.89
3 Scramble 282.73 1.89 1.81
3 MAPK6 371.26 1.97 1.84
4 Scramble 422.08 1.85 1.83
4 PTEN 454.91 1.90 1.83
5 Scramble 396.46 1.97 1.85
5 PTEN 436.09 1.80 1.85
6 Scramble 606.52 2.00 1.85
6 PTEN 708.79 1.78 1.87
7 Scramble 358.67 1.80 1.79
7 PTEN 353.76 1.70 1.79
8 Scramble 352.37 1.84 1.82
8 PTEN 394.65 1.41 1.85

27



E Ct Values

Table 3: Average Ct values from qPCR for each pair of technical replicates of the sample.Vertical
indicates silenced gene, horizontal gene for which the specific primer was used. Geomean indicates
the geometric mean of the three control genes TBP, RPLP0, and B2M

Sample Geomean MAPK6 PTEN MYF5 MYOG DES

1 Scramble 25.48 25.81 25.26 27.90 25.55 21.68
1 MAPK6 25.42 27.94 25.29 28.05 25.67 21.64
2 Scramble 25.66 26.34 25.29 26.74 25.20 20.83
2 MAPK6 26.84 29.05 26.63 28.19 26.17 21.85
3 Scramble 24.96 25.45 24.43 26.96 24.54 20.14
3 MAPK6 24.74 27.57 24.33 26.92 24.65 20.04
4 Scramble 24.94 N/A N/A 27.38 25.18 20.16
4 PTEN 24.87 N/A N/A 27.56 24.72 20.00
5 Scramble 24.64 24.88 24.21 26.97 24.79 20.97
5 PTEN 24.56 25.18 25.03 27.39 24.65 21.20
6 Scramble 25.46 25.73 24.90 28.11 25.50 20.84
6 PTEN 24.85 25.28 24.99 27.71 24.67 20.34
7 Scramble 25.56 25.09 25.03 26.78 24.31 19.18
7 PTEN 25.05 25.13 25.99 26.77 23.54 18.92
8 Scramble 25.14 25.38 24.83 26.35 24.86 20.44
8 PTEN 24.48 24.82 25.19 25.81 24.15 19.85

Sample MYH1 GLUT1 GLUT4 HK2 PDK4

1 Scramble 21.72 31.55 33.07 28. 33.34
1 MAPK6 21.45 31.82 33.53 28.31 33.43
2 Scramble 22.17 31.60 32.94 29.59 31.83
2 MAPK6 22.91 33.34 34.50 30.89 33.36
3 Scramble 21.06 30.99 33.16 28.22 30.17
3 MAPK6 20.23 30.82 32.96 28.37 31.37
4 Scramble 20.91 30.91 33.69 27.49 29.76
4 PTEN 20.68 31.02 32.74 27.62 30.39
5 Scramble 21.09 30.48 32.84 27.25 32.17
5 PTEN 21.23 30.58 32.97 27.52 33.34
6 Scramble 21.80 30.69 33.03 28.02 31.73
6 PTEN 20.93 29.99 32.89 27.71 31.96
7 Scramble 21.23 31.66 32.77 28.13 29.32
7 PTEN 20.55 31.47 31.39 27.96 30.18
8 Scramble 21.97 30.71 33.16 29.10 31.34
8 PTEN 20.96 28.68 32.56 28.31 32.42
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F Gene expression

Table 4: Comparative gene expression of different genes in every sample in which MAPK6 had
been silenced. 1 is the expression in the corresponding scramble.

Gene tested Sample 1 Sample 2 Sample 3

MAPK6 0.22 0.35 0.20
DES 0.99 1.11 0.92
MYOG 0.88 1.15 0.79
MYF5 0.86 0.83 0.88
MYH1 1.15 1.36 1.53
GLUT1 0.80 0.68 0.97
GLUT4 0.69 0.77 0.99
HK2 0.78 0.92 0.78
PDK4 0.91 0.78 0.54

Table 5: Comparative gene expression of different genes in every sample in which PTEN had
been silenced. 1 is the expression in the corresponding scramble sample.

Gene tested Sample 4 Sample 5 Sample 6 Sample 7 Sample 8

PTEN N/A 0.54 0.62 0.36 0.49
DES 1.06 0.81 0.93 0.84 0.95
MYOG 1.31 1.05 1.17 1.19 1.03
MYF5 0.84 0.71 0.87 0.70 0.92
MYH1 1.12 0.86 1.20 1.12 1.27
GLUT1 0.89 0.88 1.07 0.80 2.59
GLUT4 1.84 0.86 0.72 0.91 0.96
HK2 0.87 0.79 0.81 0.78 1.09
PDK4 0.62 0.42 0.56 0.39 0.30
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G Statistical data

Table 6: Average, SEM and significance of gene expression when PTEN was silenced as com-
pared to a control of 1.

Average SEM Significance
gene expression

PTEN 0.50 0.05 p≤ .01
MYF5 0.81 0.04 p≤ .01
MYOG 1.15 0.05 p≤ .05
DES 0.92 0.05 p≤ .15
MYH1 1.11 0.07 p≤ .20
PDK4 0.46 0.06 p≤ .01
HK2 0.87 0.06 p≤ .10
GLUT1 1.25 0.34 p≤ .60
GLUT4 1.06 0.20 p≤ .80

Table 7: Average, SEM and significance of gene expression when MAPK6 was silenced as
compared to a control of 1.

Average SEM Significance
gene expression

MAPK6 0.25 0.05 p≤ .01
MYF5 0.86 0.01 p≤ .01
MYOG 0.94 0.11 p≤ .65
DES 1.01 0.06 p≤ .90
MYH1 1.35 0.11 p≤ .10
PDK4 0.74 0.11 p≤ .15
HK2 0.83 0.05 p≤ .10
GLUT1 0.82 0.08 p≤ .20
GLUT4 0.82 0.09 p≤ .20
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