
  
 

 

 

 

Thesis 

Association of PKC Gamma Missense SNP with HCV Induced 

Hepatocellular Carcinoma   

 

 

 

By  

TALHA IQBAL 

Reg NO. 00000317897 

MS Healthcare Biotechnology 2019-2021 

Supervisor  

Dr. MARIA SHABBIR 

Attar-UR-Rahman School of Applied Biosciences, National University of 

Sciences & Technology, Islamabad, Pakistan 

2021 

 



  
 

 

 

 

Declaration 

I hereby declared that except where Specific reference is made to the work of 

others, the content of this dissertation is original and have not been submitted in 

whole or in part for consideration for any other degree or qualification in this or 

any other University. This dissertation is the result of my own work and includes 

the outcome of the work done. 

 

 

 

 

Talha Iqbal 



  Table of Contents 

 

 

 

Table of Contents  ................................................................................ v 

List of tables .......................................................................................... vi 

List of figures ........................................................................................ vii 

List of abbreviations ............................................................................. viii 

 

Table of contents 

Abstract ................................................................................................. 1 

1 INTRODUCTION ............................................................................. 2 

1.1 Single Nucleotide Polymorphism (SNP) .......................................... 2 

1.2 Liver Cancer ..................................................................................... 3 

1.3 Maytansine ....................................................................................... 4 

2 Literature Review .............................................................................. 6 

2.1 Cancer ............................................................................................... 6 

2.2 Protein Kinase C ............................................................................... 8 

2.3 Maturation ........................................................................................ 9 

2.4 Activation ......................................................................................... 9 

2.5 Role of Calcium Ions Fatty Acids .................................................... 10 

2.6 Protein Kinase C Gamma ................................................................. 10 

2.7 Role of PKC Gamma in Cancer ....................................................... 12 

2.8 PKC Gamma Signalling ................................................................... 16 

2.9 PKC gamma and its interacting partners  ......................................... 16 

2.10 PKC Gamma Inhibitors .................................................................. 18 

   2.10.1 Enzastaurin ............................................................................... 18 

   2.10.2 Staurosporine ............................................................................ 19 



  Table of Contents 

   2.10.3 Bisindolylmaleimides ............................................................... 19 

   2.10.4 Midostaurin .............................................................................. 19 

3 Methodology ...................................................................................... 21 

3.1 Structure Prediction of PKC gamma ................................................ 22 

3.2 Uniqueness and Localization ........................................................... 22 

3.3 Retrieval & Identification of Pathogenic snps ................................. 22 

3.4 Structural and Functional Analysis .................................................. 23 

3.5 Molecular Dynamic Simulations ...................................................... 24 

3.6 Protein Docking ................................................................................ 24 

3.7 Primer Designing .............................................................................. 25 

3.8 Genomic DNA Extraction ................................................................ 25 

3.9 Polymerase Chain Reaction ............................................................. 26 

3.10 PCR Steps and Conditions ............................................................. 27 

3.11 PCR Mixture Preparation ............................................................... 27 

3.12 Gel Electrophoresis ........................................................................ 27 

3.13 Agarose gel preparation  ................................................................ 28 

3.14 ALT/SGPT Test ............................................................................. 28 

3.15 Viral RNA Extraction……………………………………………. 29 

3.16 qRT-PCR………………………………………………………….29 

4 Results ................................................................................................ 31 

4.1 Structure of PKC Gamma ................................................................ 31 

4.2 Phylogenetic Tree and Subcellular Localization .............................. 32 

4.3 Damaging SNPs ............................................................................... 33 

4.4 Effect Of nsSNPs on PRKCG Structure and Function .................... 35 

4.5 MD Simulation Results .................................................................... 37 

   4.5.1 RMSD Analysis .......................................................................... 37 

   4.5.2 RMSF Analysis .......................................................................... 38 



  Table of Contents 

   4.5.3 Radius of Gyration ..................................................................... 39 

   4.5.4 Number of Hydrogen Bonds ...................................................... 40 

4.6 AdmetSAR Analysis of a Drug ........................................................ 41 

   4.6.1 Lipinski’s Rule of Five ............................................................... 41 

   4.6.2 Regression Analysis  .................................................................. 41 

   4.6.3 ADMET Properties  ................................................................... 42 

4.7 Interpretation of Protein-ligand Interaction  ..................................... 43 

4.8 Genotype Data of HCC And Control Samples ................................. 45 

   4.8.1 Data Based on Gender  ............................................................... 46 

   4.8.2 Age Group Data ......................................................................... 47 

4.9 Analysis of ALT In Patient vs Control ............................................. 48 

4.10 Viral Load Analysis of Patients with Different Alleles ................. 49 

5. Discussion  ......................................................................................... 50 

   5.1Conclusion ...................................................................................... 53  

References ............................................................................................. 55



 List of Tables 
 

List of Tables 

 

1. Different PKC inhibitors, their structures, mechanism of action, half maximal 

inhibitory concentration (CI50) along with the references .................... 20 

2. List of different computational tools that were used to predict pathogenicity of 

nsSNPs, their scoring criteria and classification. ................................... 23 

3. Pathogenic nsSNPs based on six different tools. ............................... 34 

4. Filtered nssnps after applying filters. ................................................. 35 

5. I-Mutant Effect of nsSNPs on protein stability .................................. 36.  

6. List of possible alteration in the protein when lysine is changed with arginine 

at 359 position and their P-values estimated by mutpred2. .................... 36 

7. Physio-chemical properties of the drug and their values predicted by 

AdmetSAR. ............................................................................................ 41 

8. Regression properties predicted by AdmetSAR ................................. 42 

9. Pharmacokinetic properties of the drug.............................................. 42 

10.  CB Dock table representing possible interaction score and cavity size.43 

11. Genotype Data of Patient and Control ............................................. 45 

12. Allelic Data Based on Gender .......................................................... 46 

13. Allelic Data of Different Age Groups .............................................. 47 



 List of Figures 

List of Figures 

 

1. Different steps in cancer metastasis three main process i.e., Intravasation 

(Released of tumor form its primary site and intravasate blood stream), Escape 

form immune surveillance and finally extravasation of tumor cells to other sites

 ................................................................................................................ 7 

2. Schematic diagram of PKC gamma representing different domains of the 

protein i.e., PE/DAG domain, C2 domain and kinase domain and their functions

 ................................................................................................................ 9 

3. Diagrammatic representation of cPKC maturation and Activation. (i) Shows 

newly synthesized protein with exposed Pseudosubstrate site at N-terminal, (ii) 

Hsp90 dependent phosphorylation of kinase domain via mtorc2/PDK-1 (iii) Ca2+ 

dependent translocation to plasma membrane (iv) binding of protein with DAG 

and downstream signaling (v) re-prephosphorylation of protein to sustain its 

singling lifetime ...................................................................................... 12 

4. Schematic diagram of PKC signaling shows the role of cpkc and nPKC in 

different types of cell processes i.e., Cell proliferation, differentiation, apoptosis, 

and cell polarity, etc ............................................................................... 15 

5.  Schematic representation of PKC signaling, its interaction partners i.e., 

proteins of MAPK pathway, NF-Kβ beta pathway, etc. And its role in gene 

regulation……. ....................................................................................... 18 

6. Flow chart of different in-silico methods that were followed in this study….21 

7. Workflow of In-vitro methodology .................................................... 21 

8. Model 3 of PKC gamma predicted via I-TASSER with C-score (-0.53). The 

protein structure is colored in green, and domains are highlighted in different 

colours. DAG domain (red color), C2 domain (blue), kinase domain (yellow) and 

AGC kinase (magenta)  .......................................................................... 30 

9. Localization route of the PKC gamma protein along with the probability score. 

The red line shows the path of localization ……………………………32 

10. Represents the Phylogenetic Tree of the PKCs proteins. All the PKCs are 

originated from common root and then evolute into three different classes i.e., 

cPKCs, nPKCs and aPKCs……………………………………………..33 

 

11. Graphical representation of PRKCG SNPs ...................................... 34 



 List of Figures 

12. Lysine on the right side which in mutated to arginine located on the left side. 

The size of arginine is larger from lysine as two extra NH groups attachment….

 ................................................................................................................ 37 

13. 11 RMSD graph representing the significance difference in the deviation 

pattern between wild and mutated protein over the time ....................... 38 

14. Amino acid residues of both wild and mutated protein was plot on x-axis 

against RMSF values on y-axis to analyse the difference in the fluctuation of both 

proteins from the reference point ........................................................... 39 

15. Radius of gyration of both wild and mutated protein shows the compactness 

of protein in a dynamic setting as the simulation proceeds .................... 40  

16. Represents the difference in the number of hydrogen bonds between wild and 

mutated protein ....................................................................................... 40 

17. Shows the drug binding pocket of the receptor in surface form and the 

attached ligand in sticks and balls format .............................................. 44 

18A.Protein-ligand bonding and molecular interaction. Amnio acid with 

hydrophobic interaction, Hydrogen bonding, covalent bonding ligand and non-

ligand, distance of hydrogen bonding are shown in semi-spiked circle, green 

doted lines, orange, and purple lines, angstrom (3.13 & 2-91) and carbon, 

nitrogen and oxygen molecules are represented in black, blue, and red circles

 ................................................................................................................ 44 

18B. 3d representation of protein-ligand bonding via pymol ................ 45 

19. Comparison of ALT concentration in patients and control .............. 48 

20. Correlation of viral load and Genotype ............................................ 49 



  List of Abbreviations 

 

List of Abbreviations 

 

 

AD                           Accessory Domain        

ADMET                  Absorption Distribution Metabolism Excretion and Toxicity 

AFP                         Alpha Fetoprotein 

ALT                         Alanine Transaminase 

AMPK                     AMP-activated Protein Kinase 

aPKC                       Atypical Protein Kinase C 

ARMS                     Amplification-refractory Mutation System 

ATP                         Adenosine Triphosphate 

AXL                         AXL Receptor Tyrosine Kinase 

CADD                      Combined Annotation Dependent Depletion 

CASP                       Critical Appraisal Skills Programme 

CI                             Confidence Interval 

cPKC                        Conventional Protein Kinase C 

CT                            Cycle Threshold 

DAG                        Diacylglycerol 

DNA                       Deoxyribonucleic Acid 

EDTA                     Ethylenediaminetetraacetic Acid 

EGFR                     Epidermal Growth Factor Receptor 

EMT                      Epithelial–Mesenchymal Transition 



  List of Abbreviations 

 

ERK                     Extracellular signal-regulated Kinase 

FASTA                FAST-All 

FATHMM           Functional Analysis through Hidden Markov Models 

GP73                   Golgi Protein 73 

GWAVA            Genome Wide Annotation of VAriants 

HCC                   Hepatocellular Carcinoma 

HCV                  Hepatitis C Virus 

HOPE                Have Our Protein Explained 

iCCA                 Intrahepatic Cholangiocarcinoma 

IL-28B               Interleukin 28B 

I-TASSER         Iterative Threading ASSEmbly Refinement 

KIF1B               Kinesin Family Member 1B 

LEDGF             Lens Epithelium-derived Growth Factor 

MAPK              Mitogen-activated protein kinase 

MD                   Molecular Dynamics 

MDM2             Mouse double minute 2 

MDR                Multi-Drug Resistance 

MICA               MHC Class I Polypeptide-Related Sequence A 

MM                  Multiple Myeloma 

mTORC2          Mammalian Target of Rapamycin Complex 2 

NF-Kβ             Nuclear Factor Kappa Light Chain Enhancer of Activated B   cells 



  List of Abbreviations 

 

nPKC               Novel Protein Kinase C 

NSCLC            Non-small Cell Lung Cancer 

OR                   Odd Ratio 

P53                  Protein 53 

PCR                Polymerase Chain Reaction 

PDB                Protein Data Bank 

PDG                Phosphogluconate Dehydrogenase 

PDGFR           Platelet-Derived Growth Factor 

PDK-1             Phosphoinositide-dependent Kinase-1 

PE                    Probole Ester 

PKC                 Protein Kinase C 

PLC                 Phospholipase C 

PNPLA3          Patatin-like phospholipase domain-containing protein 3 

PS                    Phosphoserine 

RACK             Receptor for activated C kinase 

RI                    Reliability Index 

RMSD            Root Mean Square Deviation 

RMSF             Root Mean Square Fluctuation 

RNA               Ribonucleic Acid 

RR                  Relative Risk 

RTK               Receptor Tyrosine Kinase 



  List of Abbreviations 

 

SDF               Standard Data Format 

SDS               Sodium Dodecyl Sulphate 

SFTP             Secure File Transfer Protocol 

SGPT            Serum Glutamic Pyruvic Transaminase 

SMILES       Simplified Molecular Input Line Entry System 

SNP             Single Nucleotide Polymorphism 

TAE            Tris-acetate-EDTA 

TE               Tris-EDTA 

TGF-β-1     Transforming growth factor beta 1 

UBE4B      Ubiquitination Factor E4B 

UV             Ultraviolet 

 

 

 

 

 

 

 



  Abstract 

1 
 

 

 

Association of Missense SNP in PKC Gamma with HCV 

Induced Hepatocellular Carcinoma    

 

Abstract 

The primary liver cancer also referred as Hepatocellular carcinoma (HCC), is a lethal disease 

accounts for approximately 90% of liver cancer worldwide. The major problem with HCC 

is early diagnosis. PKC gamma a member of conventional PKC involved in many cancers 

type but in context of single nucleotide polymorphism the protein was not much explored. 

The in-silico investigation of PKC gamma SNPs via edictSNP, 2021, CADD, DANN 

identify missense pathogenic mutation (K359R) rs1331234028. The AA variant of this 

genotype shows strong association with HCC. The odd ratio (OR) and relative risk (RR) for 

this variant was 5.194 and 2.287 respectively, having 0.0001 P-value. In-silico structural and 

functional analysis predict that upon this mutation the protein stability may decrease. For 

therapeutic purpose Maytansine was docked with PKC gamma which shows promising 

results and can be used as inhibitor of PKC gamma. The genetic variation in PKC gamma 

can be helpful in the early diagnosis of the hepatocellular carcinoma. 
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Chapter 1 Introduction 
 

1.1 Single Nucleotide Polymorphism (SNP) 

Human genome possesses various types of variation, but the amplest among these variations 

are single nucleotide polymorphisms (SNPs). There are roughly about 3-10 million SNPs 

which comprises almost 1% of the whole genome (Wright, 2001). Non-synonymous SNP 

(nsSNPs) /missense SNPs residing in the coding region are very crucial and accounts for 

residual change which may have neutral or deleterious effect on protein (Capriotti & Altman, 

2011) (F. S. Collins, Guyer, & Chakravarti, 1997). These variations may account for some 

damaging effects i.e. protein structure destabilization, aberrant gene regulation (Barroso et 

al., 1999), alteration in protein hydrophobicity, proteins charge disturbance, change in 

protein geometry (Petukh, Kucukkal, & Alexov, 2015), altered stability, dynamics, 

translation, protein-protein interactions (Chasman & Adams, 2001) (Kucukkal, Petukh, Li, 

& Alexov, 2015) and loss of protein integrity (Thomas et al., 1999). SNPs are present in 

almost every region of the gene and can act as susceptibility or causative factor in cancer. 

Polymorphism in the genes of cell cycle regulation, DNA repair system, genes involve in 

immune regulation and metabolic associated genes can lead to cancer development (Devilee 

& Rookus, 2010) (He et al., 2015; Jing, Li, & Yuan, 2012). Genetic analysis determined the 

association of SNPs with HCC development. Genome wide association study (GWAS) 

identified thousands of SNPs in different genes i.e., IL-28B, PNPLA3, 

KIF1B, PGD, UBE4B, MICA, MDM2, P53 and several other genes that were found to be 

associated with hepatocellular carcinoma (HCC) (Yoon et al., 2008) (Balagopal, Thomas, & 

Thio, 2010) (Kumar et al., 2011) (Nahon & Zucman-Rossi, 2012). 
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1.2 Liver cancer 

The primary liver cancer also referred as Hepatocellular carcinoma (HCC), is a lethal disease 

accounts for approximately 80% of liver cancer worldwide with high prevalence in Asia and 

Africa (Jemal et al., 2011) (S Darvesh, B Aggarwal, & Bishayee, 2012). Life expectancy of 

HCC is stage dependent ranges from few months to almost five years as at which stage the 

cancer is diagnosed. Poor prognosis in HCC just like any other cancer is largely because of 

the late diagnosis at advanced stages when traditional chemotherapy become no more 

effective (Forner, Llovet, & Bruix, 2012) (Y. R. Liu et al., 2015). Intrahepatic 

Cholangiocarcinoma (iCCA) another types of primary liver cancer accounts for 

approximately 10% of all the Cholangiocarcinoma and arise in every 2-3 individuals per 

100,000 in west and occurs a bit more in men than women. In Asia it is more common in 

People’s Republic of China and Thailand with 10 and 71 cases per 100,000, respectively 

(Shin et al., 2010) (Tyson & El-Serag, 2011) (Khan, Toledano, & Taylor-Robinson, 2008). 

The aberrated cascade of complex signaling is involved in progression of 

hepatocarcinogenesis. The genetic standpoint of the disease will be heterogenous if it occurs 

because of incrimination of several signaling pathways.  

Other major types of liver cancer are bile duct cystadenocarcinoma, combined hepatocellular 

and cholangiocarcinoma, hepatoblastoma and undifferentiated carcinoma. All these types of 

cancer are categories based on the tissue they originate. The major problem with Liver cancer 

especially hepatocellular carcinoma is the diagnosis of the disease in early stage. In majority 

cases of hepatocellular carcinoma diagnosed patients it was found that the cancer has already 



Chapter 1  Introduction 

4 
 

been metastasized and resistant to therapy (Chedid et al., 2017). Several dianostic 

biomarkers i.e., Alpha fetoprotein (AFP), AXL Receptor Tyrosine Kinase (AXL),  

Thioredoxin, Golgi protein 73 (GP73) and Annexin A2 has been used for the diagnosis of 

hepatocellular carcinoma but the is unable to solve the problem of early cancer detection 

(Chia, Wong, & Luk, 2019).  

The genetic polymorphism involved in PKC gamma affect its protein structure and hence its 

function. Missense SNPs in the PKC gamma may increase the likelihood or susceptibility of 

hepatocellular carcinoma progression or development. The main aim of this study is to 

identify and analysis the most pathogenic non-synonymous SNPs in PKC gamma which has 

direct impact on protein 3D structure. The SNPs identified were further analyzed to establish 

the association of those damaging SNPs with the liver cancer. The role of PKC gamma in 

the development and progression is well establish. Several studies determined that the PKC 

gamma is associated with cancer at different stages i.e., glioma, kidney cancer, colon cancer 

and liver cancer etc. However, all those studies established the role of PKC gamma 

progression, development, its differential expression in various cancers but these studies do 

not provide sufficient information about the role of genetic polymorphism and its association 

with carcinogenesis. PKC gamma a member of PKC family located on chromosome 19 at 

position 19q13.2-q13.4. The activation of PKC gamma depends on calcium and 

diacylglycerol (DAG) (Lisa Coussens et al., 1986). The information gathered in this study 

about the polymorphism in PKC gamma, structural and functional analysis of the missense 

SNP and In-vitro study can help us to determine new potential genetic marker and drug target 

site for therapeutic intervention. 

1.3 Maytansine  
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Maytansine, an alcoholic plant extract isolated from Maytenus ovatus, has been found to had 

potential cytotoxic and anticancer activity. The discovery of Maytansine’s anticancer 

activity grab the attention and seeking for its new sources was prompted. The initial results 

of Maytansine as anticancer drug were not promising, but later the conjugation of the drug 

with different antibodies i.e., C242, CD19 and He2 has shown high efficacy and improved 

safety in different cancers.  
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Chapter 2 Literature Review 

2.1 Cancer 

Cancer, a group of disease cause due to the mutation in DNA, RNA or protein which results 

in deregulated cell division and in turn tumor formation and escape from the primary site 

and invade other cells as well. Cell cycle in normal cells is tightly regulated at different 

checkpoints which ensure that cell is ready and there is no defect in it to move from one 

phase to another. The disruption of these regulators can leads to cancer development, 

uncontrolled proliferation and invasion (G. I. Evan & Vousden, 2001). The evolutionary 

analysis of the cancer provides a deep insight regarding tumor development and 

tumorigenesis. These studies show the rarity of cancer cells, approximately 1 in 2× 

107 mutation per gene cell division (Oller, Rastogi, Morgenthaler, & Thilly, 1989). The huge 

repertoire of genes that are involved in the regulation of cell division from their early 

development to maturation and then expansion and statistical analysis that revealed that 

cancer may occur 1 in 3 lifetimes shows the significant role of anti-tumor mechanism and 

also demonstrated that defect in these mechanism can leads to cancer (G. Evan & Littlewood, 

1998). In the cancer development two categories of genes are very much important, one is 

oncogenes and second one is tumor suppressor genes. These Proteins of these two categories 

work in an antagonistic manner i.e., oncogenes’ product is involved in the induction of 

cancer while the tumor suppressor proteins play role in tumor suppression. These proteins 

are of different nature as they maybe a growth factor or their receptor, second messenger 

proteins, DNA binding proteins or maybe some other proteins (Klein, 1988). As it is seen in 

many cancers that they do not remain benign rather invade other cells and tissue away from 

the primary tumor site and become malignant via metastasis. Metastasis is a multistep 
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process depends on the microenvironment of tumor, invasion, motility, angiogenesis and 

colonization etc. (Gupta & Massagué, 2006).  

 

 

Figure 1 Represent different steps in cancer metastasis Three main process i.e., Intravasation 

(Released of tumor form its primary site and intravasate blood stream), Escape form immune 

surveillance and finally extravasation of tumor cells to other sites (Zhong et al., 2020).  
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2.2 Protein kinase C 

Protein kinase c (PKC), a serine/threonine specific kinase, is family of proteins unlike other 

Protein kinases activated independent of cyclic nucleotide with dynamic functions ranging 

from cell signaling, proliferation, differentiation, and memory to carcinogenesis (Takai, 

Kishimoto, Inoue, & Nishizuka, 1977) (Murray, Baumgardner, Burns, & Fields, 1993) 

(Ashendel, 1985) (Alkon, 1989) (Cutler Jr et al., 1993). To date 10 isoforms of PKC has 

been discovered that are categorized into three different categories i.e., conventional PKC 

(cPKC), novel PKC (nPKC) and atypical PKC (aPKC) and this division is based on the 

process of their activation and the required cofactors.  Ca2+ and DAG is required for the 

activation of cPKC, while aPKC does not required Ca2+ and DAG, and the activation of 

nPKC DAG but not Ca2+. PKC proteins contain four conserved regions separated by five 

variable regions with lower homology among them. The regulatory and catalytic domains 

are present at N-terminus and C-terminus respectively. A common phosphatidylserine (PS) 

binding domain is present in all isoforms of PKC which enable them to interact with plasma 

membrane after their activation and translocation from the cytosol (Webb, Hirst, & 

Giembycz, 2000).  
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Figure 2 Schematic diagram of PKC gamma representing different domains of the protein 

i.e., PE/DAG domain, C2 domain and kinase domain and their functions. 

2.3 Maturation 

The PKCs required two steps to be fully functional. First their maturation and priming and 

second their activation. The maturation of PKCs involved phosphorylation, at different site 

which stabilized their catalytic domain, along with mammalian target of rapamycin complex 

2 (mTORC2) and heat shock protein-90 (HSP90) required for priming and maturation of 

PKCs (Parker & Parkinson, 2001) (Gould, Kannan, Taylor, & Newton, 2009; Guertin et al., 

2006). The interaction/binding of HSP90 and Cdc37 to the kinase domain of the cPKC and 

nPKC was suggested to be the initiative step in their maturation (Gould et al., 2009) and 

alteration in this mechanism was identified to be involved in different diseases i.e. cancer 

(Akamine et al., 2003).   

2.4 Activation 

The activation of cPKCs involved four different interactions and the translocation of PKCs 

from cytosol to the plasma membrane where they are attached with the specific binding 
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domain. The four basic interactions are Ca2+ dependent interaction of inactive PKC isoform 

with membrane, association of C1 and C2 domain with membrane at two distinct site, PKC 

conformational change via membrane interaction and DAG/phorbol diester dependent 

conformational changes in membrane bound PKCs (Webb et al., 2000). The activity of PKC 

is compartmental, RACK an anchorage protein, annexins and other cytoskeletal proteins’ 

dependent (Mochly-Rosen, 1995). The association/penetration into the cell membrane of 

PKC (cPKC & nPKC) and their activation is DAG dependent (Bell & Burns, 1991; Lester, 

Doll, Brumfled, & Miller, 1990).  

2.5 Role of Ca2+ and fatty acid 

Intracellular level of Ca2+ and phosphatidylserine (PS) are crucial regarding cPKCs 

activation. The elevation in Ca2+ upon stimulation of the receptor and mobilization of Ca2+ 

to sufficient level has very critical role in the translocation of cPKCs and subsequently their 

activation (Zidovetzki & Lester, 1992). The electrostatic attachment of PS as cofactor to the 

Pseudosubstrate binding site in PKC play important role in PKC activation and hydrophobic 

interaction with membrane is also required to counter the impact of unsaturated fatty acid 

chain length in DAG and PS (Brumfeld & Lester, 1990; Lapetina, Reep, Ganong, & Bell, 

1985; Mosior & McLaughlin, 1991).  

2.6 Protein Kinase C Gamma 

Protein kinase C gamma isoform is an enzyme belongs to the large family of PKC proteins, 

a serine-threonine specific protein kinases, encoded by PRKCG gene located on 

chromosome 19 at position 19q13.2-q13.4. (L. Coussens et al., 1986), (Johnson et al., 1988). 

During the course of different studies scientists have find out that activation of protein kinase 
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C depends on calcium ions along with diacylglycerol (DAG) rather than cyclic nucleotides 

unlike other protein kinases thus named as Protein kinase C and later on different isoforms 

of this proteins have been identified (L. Coussens et al., 1986; Y. Takai et al., 1979; Takai, 

Kishimoto, Kikkawa, Mori, & Nishizuka, 1979). PRKCG protein is 697 amino acid long 

contain 18 exons (Asai et al., 2009). The structural alignment of PKC alpha, PKC beta and 

PKC gamma revealed that PRKCG has 4 conserved domains involved in regulatory and 

catalytic activities and 5 variable regions. The conserved domains are preserved in all the 

three isoforms of PKC, but comparatively PKC gamma is more variable from the remaining 

two (Adachi et al., 2008), (L. Coussens et al., 1986). The expression of PRKCG protein has 

been identified in various organs but is most abundant in brain and spinal cord and especially 

the hippocampus cerebral cortex and cerebellum (Saito & Shirai, 2002). The 

phosphorylation of DAG kinase gamma (DGKγ) at Ser-776 and Ser-779 by PKC gamma at 

AD domain in the presence of Ca2+ and phosphatidylserine (PS) activate and translocate 

DGKγ. The activated DGKγ in turn metabolized Diacylglycerol (DAG) to phosphatidic acid 

and act as negative regulator of PKCγ. Both PKC gamma and DAG kinase gamma 

translocate to the membrane after their activation, but the activation of DAG kinase gamma 

is PKCγ dependent. The overall process shows the regulated activation and expression of 

both PKCγ and DGKγ (Yamaguchi et al., 2006). In the context of gap junction 

assembly/disassembly the PKC gamma was found to positively regulated by Lens 

epithelium-derived growth factor (LEDGF). The analysis of protein-protein interaction 

reveals the phosphorylation of Connexin 43 by PKC gamma was enhanced and in turn 

decrease the activity of gap junction and plaques of gap junction (Nguyen, Boyle, Wagner, 

Shinohara, & Takemoto, 2003).  

https://www.sciencedirect.com/topics/medicine-and-dentistry/lens-epithelium-derived-growth-factor
https://www.sciencedirect.com/topics/medicine-and-dentistry/lens-epithelium-derived-growth-factor
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Figure 3 Diagrammatic representation of cPKC maturation and activation. (i) Shows newly 

synthesized protein with exposed Pseudosubstrate site at N-terminal, (ii) Hsp90 dependent 

phosphorylation of kinase domain via mTORC2/PDK-1 (iii) Ca2+ dependent translocation 

to plasma membrane (iv) binding of protein with DAG and downstream signaling (v) re-

prephosphorylation of protein to sustain its singling lifetime (A. C. Newton, 2018).  

2.7 Role of PKC gamma in cancer 

The role of PKC gamma in the development and progression is well establish. Several 

studies determined that the PKC gamma is associated with cancer at different stages i.e., 

glioma, kidney cancer, colon cancer and liver cancer etc. However, all those studies 

established the role of PKC gamma progression, development, its differential expression in 

various cancers but these studies do not provide sufficient information about the role of 

genetic polymorphism and its association with carcinogenesis. PKC gamma a member of 

PKC family located on chromosome 19 at position 19q13.2-q13.4. The activation of PKC 

gamma depends on calcium and diacylglycerol (DAG) (Lisa Coussens et al., 1986).  
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Several studies on PKC proteins has established their role in regulation of cell growth, 

proliferation, differentiation, migration and apoptosis etc. (A. R. Black & Black, 2012). The 

role of PKC gamma has been implicated in many cancer types i.e. glioma, colon cancer, 

osteosarcoma etc. but there was found to be differential expression of PKC gamma not only 

in cancer type but also in different cell lines (SW480, Lovo, HT29, Coco2 and IEC-18) of 

the same cancer type (colon cancer), which also confer the role of PRKCG in the colon 

cancer (Garczarczyk, Szeker, Galfi, Csordas, & Hofmann, 2010). Another study also 

indicates the role of PKC gamma in colon cancer, which revealed the up-regulation of PKC 

gamma in almost half of the sample implicating its role in tumor development and the 

experiment was validated by the inhibition of the gene via siRNA which remarkably reduce 

cell migration and thus tumorgenesis (Dowling et al., 2017). A study of mouse xenograft 

models identified the role of fascin, an actin-bundling protein, in migration and tumorgenesis 

in different cancers. It also determined the role of Rac1 as the regulator of PKC gamma and 

fascin interaction in the colon cancer and were found to be over expressed and colocalized 

in the cancerous cells. Phosphorylation of Fascin, active Fascin and PKC gamma are three 

major contributors in this whole phenomenon. Furthermore, the study also ruled out the role 

of cdc42 as Fascin and PKC gamma’s regulator (Parsons & Adams, 2008). The 

phosphorylation of Myosin IIB by PKC gamma upon activation by EGF shows that over 

expression of PKC gamma can lead to aberrant phosphorylation and cell motility and may 

involve in prostate cancer (Rosenberg & Ravid, 2006). The analysis of paraneoplastic 

cerebellar degeneration (PCD) and non-small cell lung cancer (NSCLC) has determined the 

role of PKC gamma in NSCLC. The study identified that there may be a correlation between 

the PCD and PKC gamma expressed in tumor cells (Sabater et al., 2006). One of the 
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comparative genomic study shows the increased copy number of PKC gamma as well as 

some other isotypes of PKC genes in ovarian cancer which implicates the potential role of 

the PKC gamma in tumor (L. Zhang et al., 2006). The differential protein expression of 

Conventional PKC (cPKCs) exhibits the role of these proteins and their expression in gastric 

cancer and multiple drug resistance (MDR). The protein analysis shows an up-regulation of 

PKC gamma in gastric cell line SGC7901 as well in the SGC7901/VCR a drug resistance 

cell sublines but there was no remarkable difference in the expression profile of PKC 

gamma, but still it determined its role in the development of gastric cancer (Han et al., 2002). 

PKC gamma overexpression was also found to play a significant role in ER-negative breast 

cancer and PKC gamma transfected immortalized murine mammary epithelial cells 

(NMuMG), as it shows with PKC gamma shows high rate colony formation, epithelial-

mesenchymal transition (EMT) via up-regulation fibronectin, integrin and down-regulation 

of E-cadherin and motility, etc. which are the hallmarks of tumorgenesis (Mazzoni, Adam, 

de Kier Joffe, & Aguirre-Ghiso, 2003), (Morse-Gaudio, Connolly, & Rose, 1998). The 

regulation and translocation of Heat shock protein (Hsp90α) is mediated by PKC gamma 

and PLC signaling and was found to bind with the vesicle present on the cell surface of 

tumor cells and play key role in tumor invasion. As the Hsp90α is regulated by PKC gamma, 

the overexpression of it can mediate cell motility, invasion and metastasis (Yang et al., 

2014). Genetic analysis of PKC gamma presents that single nucleotide polymorphisms 

(SNPs) may involve in osteosarcoma ether as a susceptibility factor as a causative agent. 

PKC gamma variants i.e. rs454006 and rs454006, identified to have different allele 

frequency and were significant between patients and healthy individuals, with implicates 

that there is the potential role of PKC gamma polymorphism in osteosarcoma development 
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and tumorgenesis (Y. Zhang et al., 2014), (Lu et al., 2015). The glioma cell line (U-251 MG) 

were transfected with PKC gamma and PKCδ and up-regulates their expression in U-251 

MG, but the overexpression of these protein exert contradictory effect on the cells as PKC 

gamma overexpression induced by epidermal growth factor (EGF) elevate DNA synthesis, 

proliferation and invasiveness, interestingly there was one other study which implicates that 

the overexpression PKC gamma in different cell lines of glioma U87 and U251 reduced 

proliferation, cell motility, invasion and shows suppressive effect on glioma, so this 

opposing role of PKC gamma in different glioma cell lines maybe due to some cell milieu 

which needs to further sort out (Mishima, Ohno, Shitara, Yamaoka, & Suzuki, 1994), 

(Finniss et al., 2006). The examination of neuroblastoma samples and their cell lines 

established the role of cPKCs i.e., PKCα, β and PKC gamma. The up-regulation of these 

proteins increased growth rate and proliferation of the tumor cell, but when inhibited a 

significant decline in proliferation and increased apoptosis was observed which validates the 

role of cPKCs in neuroblastoma development and survival (Zeidman et al., 1999). 

Investigation of B-cell lymphoma suggested that PKC gamma can be used as prognostic 

marker (Kamimura, Hojo, & Abe, 2004).  
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Figure 4 Schematic diagram of PKC signaling shows the role of cPKC and nPKC in different 

types of cell processes i.e., Cell proliferation, differentiation, apoptosis and cell polarity, etc 

(Gallegos & Newton, 2008).  

 

2.8 PKC gamma signaling  

Conventional PKCs signaling pathways and their activation is almost the same, but their 

expression level is different in different tissues and sometimes paly contradictory role in 

different cell lines. Just like other cPKCs, PKC gamma is activated by DAG and calcium 

ions downstream of receptor tyrosine kinases (EGFR, PDGFR), which is activated upon 

ligand (growth factor) binding and become dimerized and in turn activates phospholipase c 

(PLC) (M. R. Smith, DeGudicibus, & Stacey, 1986), (Margolis et al., 1989). Subsequently 

the dimerization of receptor tyrosine kinase (RTK) also creates binding site for 

phosphoinositide 3-kinase (PI3k) due to auto phosphorylation of its tyrosine residues in 

cytoplasmic domain (Vivanco & Sawyers, 2002), which then hydrolyzed 

phosphatidylinositols (PtdIns) and generation of DAG and  inositol phosphates (IPs). After 



Chapter 2  Literature Review 

17 
 

that IPs induced release of Calcium ions, activation and translocation of cPKC from cytosol 

to plasma membrane and activation and secretion of Hsp90α occurs (Wang et al., 2012), 

(Nishizuka, 1992; Peters et al., 1992).   

2.9 PKC gamma and its interacting partners 

Several studies have shown the regulation of growth rate, invasion, metastasis and 

metabolism, thus controlling tumor development via AMP-activated protein kinase (AMPK) 

activity (Shackelford & Shaw, 2009). Another study demonstrated the negative regulation 

of PKC via the activation of AMPK which inhibit its function (Kong, Liu, Yu, Lu, & Zang, 

2012). The inhibition of Hsp90α via the activation AMPKα1 by metformin and one other 

studies revealed that only PKC gamma is involved in the phosphorylation and translocation 

of Hsp90α across the membrane which mediates tumorgenesis and metastasis (Yang et al., 

2014). One other study shows that tissue plasminogen activator (tPA) induced activation of 

PKC gamma can leads to Raf-MEK pathway signaling transduction, without the 

involvement of Ras protein, thus leads to cell proliferation and differentiation (Takahashi, 

Ueno, & Shibuya, 1999). The inhibition of ΔNp63α a positive regulator of miR-320a 

reduced the level of miR-320a and in turn up-regulate PKC gamma and elevated 

phosphorylation of Rac1 at Ser71, leading to increased proliferation and invasion, which 

confirm the role of PKC gamma role in cell cycle regulation and its upstream regulators and 

it also suggest the interaction of PKC gamma and Rac1 (Aljagthmi et al., 2019). Another 

study shows the negative correlation of PKC gamma with expression level of transthyretin 

and also determined that ethanol treatment can reversed the expression of transthyretin and 

down-regulate the protein in PKC gamma null mutant mice but have no effect on wild type 

(A. M. Smith, Bowers, Radcliffe, & Wehner, 2006). The role of PKC gamma has also been 
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established in the differentiation of 3T3‐L1 and 3T3‐F442A adipocytes. The expression of 

PKC gamma was found to be elevated during the process of differentiation but reduced in 

the mature adipocytes (FLEMING et al., 1998). PKC gamma and PKCε both are activated 

during oxidative stress and were found to have interaction with gap junction protein 

connexin 43 (Cx43) in heart and neural tissue and also protect these tissue from ischemia 

(Barnett, Madgwick, & Takemoto, 2007).  

                

Figure 5 Shows the schematic representation of PKC signaling, its interaction partners i.e., 

proteins of MAPK pathway, NF-Kβ beta pathway, etc. and its role in gene regulation (Adrian 

R Black & Black, 2013). 

 

2.10 PKC gamma inhibitors 

Considering the role of PKC gamma in cancer, scientist searched for compounds that can 

inhibit PKC activity and are also specific to isozymes. Different approaches were used in 
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the development of inhibitors based the target site i.e., C1 domain, ATP binding site and 

RACK interactive regulatory region, etc. some of those drugs are listed in Table 1.   

2.10.1 Enzastaurin  

Enzastaurin (LY317615.HCl) a potent inhibitor of PKC and was found to inhibit the activity 

of PKC by binging to its ATP binding domain as both ATP and Enzastaurin compete for the 

same site and act as inhibitor of multiple myeloma (MM). It was also determined that 

Enzastaurin can also inhibit the phosphorylation of PKC at Thr-514 and blocked the release 

of active PKC from the plasma membrane to the cytoplasm and in turn the inhibition of 

molecules downstream of the PKC. The half maximal inhibitory concentration IC50 of 

Enzastaurin for PKC gamma is 83 nM and the drug is still in phase 2 clinical trials (Podar et 

al., 2007).  

2.10.2 Staurosporine 

Staurosporine another inhibitor of the PKC which was found to interaction the Ca2+ binding 

domain of PKC and block the site. This blocking results in the inhibition of PKC activity as 

Ca2+ is required for the activation PKC. The required IC50 of staurosporine was determined 

to be 32 nM (Wilkinson, Parker, & Nixon, 1993). 

2.10.3 Bisindolylmaleimides  

Drugs belong to bisindolylmaleimides i.e., Ro 31-8220, Ro 31-8425, Ro 31-8425, and Ro 

32-0432 also act in the similar manner as staurosporine does. These drugs also interact with 

the cation-binding site and as result block the binding of calcium ion needed for PKC 

activation. The IC50 of Ro 31-8220, Ro 31-8425, Ro 31-8425 and Ro 32-0432 for PKC 

gamma inhibition is 27 nM, 13 nM and 37 nM respectively (Wilkinson et al., 1993).  
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2.10.4 Midostaurin  

Midostaurin (PKC412; CGP 41251) is derived from the previously identified PKC inhibitor, 

staurosporine and act as broad spectrum anticancer and antiproliferative agent. The IC50 

required for PKC inhibition is 24 nM and the drug is in clinical trials and in different phases 

in various pharmaceutical companies (Fabbro et al., 2000).   

 

Table 1 shows different PKC inhibitors, their structures, mechanism of action, half 

maximal inhibitory concentration (CI50) along with the references. 

Drugs Structures Mechanism of 

Action 

CI50 References 

Rottlerin 

 

Apoptosis and 

autophagy via 

a PKCδ-

independent 

pathway 

5.3 

µM 

(Gschwend

t et al., 

1994) 

Bisindolyl

maleimide 

VIII 

 

DR5-

mediated 

apoptosis 

through the 

MKK4/JNK/p

38 kinase 

195 

µM 

(Zhou et 

al., 1999) 

Gouml 

6983 

 

Ca2+ mediated 

inhibition of 

PKC 

6 nM (Young, 

Balin, & 

Weis, 

2005) 

HBDDE 

 

Caspase-3 

induced 

apoptosis 

50 

μM 

(Kashiwad

a et al., 

1994) 
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Chapter 3 Methodology 

 

 

Figure 6 Flow chart of different in-silico methods that were followed in this study.   

                

                 

Figure 7 Workflow of In-vitro methodology. 

 

3.1 Structure Prediction of PKC gamma 
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The amino acid sequence of the protein PKC gamma was submitted to I-TASSER (Roy, 

Kucukural, & Zhang, 2010) for structure remodeling and prediction. After that I-TASSER 

predict five models for the target protein. From results page model 3 was selected for further 

analysis. 

The protein amino acid sequence in FASTA format was used as input in InterPro (Blum et 

al., 2021) for computational validation and prediction of the protein family and the domains 

that are present in the it.  

3.2 Uniqueness and Localization 

To predict the localization of the PKC gamma the amino acid sequence of the protein was 

submitted to a web-based tool known as DeepLoc to analysis where exactly the protein is 

compartmentalized in the cell, while for uniqueness the amino acid sequences of all the 

members of PKC family were retrieved and then submitted to a software MEGA-X to predict 

the phylogenetic tree of the protein and its uniqueness. 

3.3 Retrieval & Identification of Pathogenic SNPs 

The Ensemble Genome browser was accessed on 15th November 2020. In search bar human 

and PRKCG was typed and used as input. The SNPs present in the gene were located from 

variant table and only missense SNPs were selected as per our study requirement and 429 

missense SNPs was provided by Ensemble. Fig.3 shows graphical representation of SNPs 

retrieval from Ensemble Genome Browser. These missense SNPs were then subjected to 

different tools i.e, PredictSNP2 (Bendl et al., 2016), CADD (Rentzsch, Witten, Cooper, 

Shendure, & Kircher, 2019), DANN (Quang, Chen, & Xie, 2015), FATHMM (Shihab et al., 

2014), FunSeq2 (Fu et al., 2014) and (Ritchie, Dunham, Zeggini, & Flicek, 2014) listed in 
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table 2,  to analyze the high-risk SNPs among the 405 SNPs retrieved from Ensemble 

genome browser.  

 

 

Table 1 List of different computational tools that were used to predict pathogenicity of 

nsSNP, their scoring criteria and classification. 

 

Tools Score Range Classification 

Neutral Deleterious 

PredictSNP2 0-1 <0.5 >0.5 

CADD 1-99 <20 >20 

DANN 0-1 <0.5 >0.5 

FATHMM 0-1 <0.5 >0.5 

FunSeq2 0-1 <0.5 >0.5 

GWAVA 0-1 <0.5 >0.5 

 

3.4 Structural and Functional Analysis 

To analysis the structural and functional impact of residual change on protein, an in-silico 

tool, HOPE (Venselaar, Te Beek, Kuipers, Hekkelman, & Vriend, 2010) was used. Amico 

acid sequence of protein kinase C gamma was used as input. Substitution and amnio acid 

positions were selected in the subsequent steps. A comprehensive report was generated at 

the end provides information regarding impact of amnio acid change on protein structure 

and hence its function. Two other computational tools I-Mutant (Capriotti, Fariselli, & 
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Casadio, 2005) and MutPred (Pejaver et al., 2017) were also used to predict the impact of 

amino acid change on protein structure and function.   

3.5 Molecular Dynamic Simulations 

The molecular dynamic simulation for both wild type and mutated protein was carried out 

via GROMACS software (Bekker et al., 1993), through which supercomputer was accessed. 

Feeding of data to supercomputer PuTTY was used and for file transfer between 

supercomputer and PC was conducted through WinSCP and SFTP file transfer protocol was 

used. The was to find out the impact of missense mutation in PKC gamma protein on protein 

structure in. So, 20 nanoseconds simulation was run for both wild and mutated protein and 

then analyzed different parameters i.e., Root mean square deviation (RMSD), Root mean 

square fluctuation (RMSF), Radius of gyration and number of hydrogen bonds for 

comparison.  

3.6 Protein Docking 

Protein-ligand docking was performed using CB-Dock (Y. Liu et al., 2020). I-TASSER 

predicted protein structure in PDB format was used as receptor input file and Maytansine as 

ligand in SDF format and the parameters were kept as default. CB-Dock predict five possible 

protein-ligand interactions based on vina score and cavity sized. The interaction with lowest 

energy was selected as it was predicted to be the stable interaction among the five given by 

CB-Dock. To interpret the protein-ligand binding at molecular level LigPlot+ (Wallace, 

Laskowski, Thornton, & selection, 1995)was used. The predicted protein-ligand structure 

from CB-Dock was used as input. LigPlot+ showed the protein cavity to which the ligand 

was bind and chemical bonds i.e., hydrogen bond and hydrophobic interaction between 

amnio acids and ligand. LigPlot+ give the 2D demonstration of protein-ligand interaction 
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and 3D format was visualized via PyMOL. For ligand PubChem (Kim et al., 2021) database 

was accessed. In search bar Maytansine was typed and then 2d structure in SDF format was 

downloaded. To study the properties of the Maytansine its SMILES was copied from 

PubChem and searched in AdmetSAR (Cheng et al., 2012) an online website which provide 

ADMET (Absorption, Distribution, Metabolism, Excretion and Toxicity) properties.  

3.7 Primer Designing 

The PCR primers were designed computationally via Primer1 (A. Collins & Ke, 2012; A. C. 

J. C. r. Newton, 2001) used for tetra ARMS PCR. The genome sequence mapped from 

chromosomal assembly 38.p13. was used as input in the Primer1. SNP position and allele 

difference was selected, and the remaining option were kept as default.  

 

 

3.8 Genomic DNA Extraction  

The blood samples were collected in EDTA tubes. From each sample 750µl of blood along 

with 750µl of solution A was taken using 1000µl pipette in eppendorf tubes. The tubes were 

kept at room temperature for 10 minutes and then centrifuged at 13000 rpm for 1 minute. 

This step was repeated twice as solution A contain lysis buffer so the membrane should lyse 

properly. After that supernatant was discarded and the pellet was resuspended in 400µl of 

solution B, dissolved properly and centrifuged again at 13000 rpm for 1 minute. The 

supernatant was discarded after centrifugation and the nuclear pellet was again resuspended 

in 400µl of solution and 12µl of 30% SDS and 5µl of proteinase k was added as well. The 

samples were kept overnight at 37°C in an incubator.  
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The samples were taken out from the incubator and 250µl of solution C and 250µl was added 

and then centrifuged for 13000 rpm for 10 minutes. The upper aqueous layer having DNA 

was transfer carefully to a new eppendorf tube with picking any particles from the lower 

layer containing protein and cell debris. After that 55µl of 3M sodium acetate and 500µl of 

ice chilled isopropanol was added to the sample and then inverted several times so the DNA 

can be precipitated. The sample was again centrifuged at 13000 rpm for 10 minutes. The 

supernatant was discarded, and DNA was resuspended in 200µl of 100% chilled ethanol and 

centrifuged again at 13000 rpm for 8 minutes. The ethanol was then removed from the tube 

and let the sample air dry so that ethanol can be completely evaporated. The DNA was then 

diluted in 200µl of TE buffer or PCR water. 

 

 

3.9 Polymerase Chain Reaction 

Tetra amplification-refractory mutation system polymerase chain reaction (ARMS PCR) 

was used for the detection of point mutations in the DNA extracted from blood samples. 

Two sets of primers two outer and two inner primers (Outer forward and reverse) and (Inner 

forward and reverse). The purpose of the outer primers was to amplify the whole gene and 

to detect the SNP inner primers were used which was allele specific. 25µl of PCR reaction 

was prepared with 9.5µl of Solis BioDyne® master mix, 1 µl of all the four primers and 10.5 

µl of water. The annealing temperature was optimized at 60°C. The PCR samples were then 

sort spined to mix all the entities properly. After that Gradient PCR machine was used to 
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carry out samples at multiple temperature simultaneously, as each row has different 

temperature. A total of 35 cycles was run which takes approximately 1.5-2 hours. 

3.10 PCR Steps and Conditions: 

Step 1: In first of PCR all the DNA molecules are denatured, and the hydrogen bonds breaks 

between the strands. Initially the denaturation of DNA was performed at 95°C for 5 minutes 

which completely melt the DNA. This step was not repeated in stage two, instead DNA 

denaturation occurred at 94°C for 30 seconds and having 35 cycles. 

Step 2: The annealing of DNA occurs in this step as gradient PCR was used so multiple 

temperatures were set and this step took 30 seconds too. 

Step 3: Polymerization of the DNA occurred right after annealing step at 72°C for 30 seconds 

and finally the DNA was polymerized for 7 minutes at 72°C.    

 

 

3.11 PCR Mixture Preparation 

PCR was performed in a single tube containing 25 µl of reaction volume made up of Solis 

BioDyne® master mix (9.5µl), Forward outer/inner and Reverse outer/inner (1 µl each), 

template DNA (1µl) and ddH2O (10.5µl). 

 

3.12 Gel Electrophoresis 

Gel electrophoresis is a molecular biology technique used to separate DNA fragments 

according to their size. The technique involves the loading of DNA samples into the wells 
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in gel and applying the current. As the DNA is negatively charged molecule that’s why it 

will migrate towards the positive electrode and thus DNA fragments of different sizes will 

be separated as the electrophoretic mobility of each fragment will be different. The DNA 

fragments can be seen as band in gel visualized under UV light. 

3.13 Agarose gel preparation 

Weigh 1 or 2g of agarose powder on digital balance depending on the product to be run on 

gel. Add agarose powder into flask along with 100mL of 1xTAE. Microwave for 3minutes 

until the agarose is completely dissolved and the solution become transparent and after that 

allow it to cool down at room temperature. Add 3-5µl of Ethidium-Bromide (EtBr) to 

agarose. Pour the agarose into a gel tray and place the comb in the gel. The gel is allowed to 

solidify at room temperature for 20-30 minutes. The comb was removed after the gel was 

solidified. The gel tray was placed in tank and the gel was immersed in buffer (1x TAE) 

inside the tank. 

3.14 ALT/SGPT Test 

An Alanine aminotransferase (ALT) test was performed for both patients and control 

samples to diagnose the effect of vial induced HCC on liver. A kit-based method was used 

for this purpose. Blood samples of both patients and control were collected in empty tubes 

and not anticoagulating was added. After a few minutes the blood clot and then centrifuged 

at 3000rpm for 2 minutes to extract serum which contain ALT enzymes. The kit contains 

two reagents R1 (Alanine tris buffer) and R2 (Alpha keto glutamate). Both the reagents were 

added in 4:1, 400 µl of R1 and 100 µl of R2 was taken in separate tube and 50 µl of sample 

was then added to it, required no incubation period. The ALT concentration was checked 

using Microlab 300 semi-automated spectrophotometer at 340nm.  
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3.15 Viral RNA Extraction 

To analyze the vial load in patient sample, viral RNA was extracted from the blood via 

FAVOREGEN KIT®. 200 µl of blooded was taken in an eppendorf tube and 500 µl of VEN 

buffer was added and vertex for 5-7 seconds. After vertex 500 µl of 75% ethanol was added 

to the tube and again vertex for 5-7 seconds. In the next step spin column was used. The 

sample from the eppendorf was transferred to spin column and centrifuged at 8000rpm for 

1 minute. The collecting tube was discarded, and the filter tube was aging put in a new tube. 

500 µl of wash buffer 1 was then added and again centrifuged at 8000 rpm for 1 minutes. 

The collecting tube was changed and 750 µl of wash buffer 2 was added and centrifuged at 

14000rpm for 1 minute. This step was repeated twice so the filter get dried. Filter tube was 

transferred to eppendorf tube and 50 µl of RNAase free water was added at the end and 

centrifuged again at 8000rpm for 1 minute. The RNA in the sample was transfer from filter 

to the tube and kept at -20°C.  

 

3.16 Quantitative Reverse Transcriptase Polymerase Chain Reaction (qRT-PCR) 

qRT-PCR was used to simultaneously quantity and amplify viral RNA. Reverse transcriptase 

enzyme is used to covert viral RNA into DNA. The quantity is determined by intensity of 

the fluorescent, so for this purpose SYBR green dye was used which attached with the minor 

grove of the dsDNA but do not bind with ssDNA. Over the time the fluorescence changes 

and is recorded against the cycles and plot is generated which shows the amplification 

progress of the PCR. For sample preparation 6 µl of each sample, 43 µl of master mix and 

1.2 µl of reverse transcriptase enzyme is mixed in single PCR tube. Two standards of known 
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concentration one lower and one upper limit was used to determine the viral load of the 

samples. A liner plot is generated after the viral concentration is compared with standard 

curve which provides the starting quantity the template molecule on x-axis against the cycle 

threshold (CT) on Y-axis. The sample with higher starting quantity/copy number will have 

sample CT value compared to sample with smaller copy number.    
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Chapter 4 Results 
4.1 Structure of PKC Gamma 

The 3-dimenstional structure of PKC gamma was predicted via I-TASSER which is the most 

advance and reliable tool which predict protein structure based on multiple threading 

approach. I-TASSER predicted 5 different models. Among the five models’ model 3 was 

selected based on the C-score (-2.53) and protein folding and was then visualized through 

PyMol. The Protein structure was computationally validated via InterPro, an online tool, by 

categorizing proteins in families and predicted different domains in the proteins. InterPro 

predicted four domains in the PKC gamma protein i.e.PE/DAG-bd Domain, C2 Domain, 

Prot_kinase Domain and AGC_kinase C Domain and are shown in red, blue, yellow and 

magentas color respectively. Fig 1 represent PRKCG model predicted by I-TASSER 

 

 

Figure 8 Represent model 3 of PKC gamma predicted via I-TASSER with C-score (-0.53). 

The protein structure is colored in green, and domains are highlighted in different colors. 

DAG domain (red color), C2 domain (blue), kinase domain (yellow) and AGC kinase 

(magenta).  
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4.2 Phylogenetic Tree and Subcellular Localization 

The route of PKC gamma localization is given in figure 9. The red line represents the path 

taken by the protein to localize to its compartment within the cell. The score shows the 

probability/likelihood of the event. So, it is suggested based on the score that PKC gamma 

is localized in the cytoplasm.  The phylogenetic profile of the PKCs is shown in figure 10 

which shows that all the members of PKC gamma are originated from a common ancestor 

protein. The score represents the substitution per site, mean that how much a particular 

protein evolute with the time from its other family members.     

 

Figure 9 Localization route of the PKC gamma protein along with the probability score. The red 

line shows the path of localization.  
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Figure 10 Represents the Phylogenetic Tree of the PKCs proteins. All the PKCs are 

originated from common root and then evolute into three different classes i.e., cPKCs, 

nPKCs and aPKCs.  

 

 

4.3 Damaging SNPs 

The Ensemble genome browser provides a total of 429 non-synonymous SNPs which were 

subjected to six different tools to analyze their impact on protein structure and function. 

Among the 405 nsSNPs 16 SNPs were detected to be pathogenic/deleterious after analyzing 

on six different tools i.e., PredictSNP2, CADD, DANN, FATHMM, FunSeq2 and GWAVA. 

Table 3 represent the detail information of the all the 16 SNPs that were predicted to be 

disease causing. Besides non-synonymous SNPs Ensemble genome browser also provides 

SNPs in intronic region,3 and 5 prime UTRs and synonymous SNPs etc and their data are 

show in fig 11. 
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Figure 11 Graphical representation of PRKCG SNPs 

 

 

 

 

 

Table 3 Pathogenic nsSNPs based on six different tools 

Variant PredictSNP2 CADD DANN FATHMM FunSeq2 GWAVA 

19:53882640, 

G→C 

Deleterious Deleterious Deleterious Deleterious Deleterious Deleterious 

19: 53882648, 

T→A 

Neutral Deleterious Neutral Neutral Deleterious Deleterious 

19: 53889693, 

G→A 

Deleterious Deleterious Deleterious Neutral Deleterious Deleterious 

19: 53889719, 

G→A 

Deleterious Deleterious Deleterious Deleterious Deleterious Deleterious 

19: 53889734, 

G→C 

Deleterious Deleterious Neutral Deleterious Deleterious Nil 

19: 53889743, 

T→A 

Deleterious Deleterious Deleterious Deleterious Deleterious Nil 

19: 53889743, 

T→C 

Deleterious Deleterious Deleterious Deleterious Deleterious Nil 

19: 53889901, 

T→A 

Neutral Deleterious Neutral Neutral Deleterious Deleterious 

19: 53889936, 

T→C 

Deleterious Deleterious Deleterious Deleterious Deleterious Nil 
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19: 53889963, 

G→A 

Deleterious Deleterious Deleterious Neutral Deleterious Nil 

19: 53889963, 

G→T 

Deleterious Deleterious Deleterious Deleterious Deleterious Nil 

 

19: 53898095, 

A→G 

Deleterious Deleterious Deleterious Deleterious Deleterious Deleterious 

19: 53898097, 

G→A 

Deleterious Deleterious Deleterious Deleterious Deleterious Deleterious 

19: 53900612, 

G→T 

Deleterious Deleterious Neutral Deleterious Deleterious Deleterious 

19: 53906342, 

G→A 

Deleterious Deleterious Deleterious Deleterious Deleterious Deleterious 

19: 53906729, 

T→C 

Neutral Deleterious Deleterious Neutral Deleterious Nil 

 

The above SNPs were further filtered out and only those SNPs were selected which were 

predicted to be damaging by all the six tools that were used and their data are given in table 

4.  

Table 4 Filtered nsSNPs after applying filters 

 

 

 

 

 

 

4.4 Effect Of nsSNPs on PRKCG Structure and Function 

The effect of missense SNPs on protein stability, structure and functions were analyze by 

three different tools i.e. I Mutant, MutPred and HOPE. I Mutant results shows that to which 

degree the nsSNPs can change the stability of protein and hence the protein function is 

closely linked with its structure so it may alter its function too. MutPred and HOPE 

demonstrated that amnio acid change at position 359 (rs1331234028) can results in loss of 

Variants PredictSNP2 CADD DANN FATHMM FunSeq2 GWAVA 

19:53882640, 

G→C 

Deleterious Deleterious Deleterious Deleterious Deleterious Deleterious 

19:53889719, 

G→A 

Deleterious Deleterious Deleterious Deleterious Deleterious Deleterious 

19:53898095, 

A→G 

Deleterious Deleterious Deleterious Deleterious Deleterious Deleterious 

19: 53898097, 

G→A 

Deleterious Deleterious Deleterious Deleterious Deleterious Deleterious 

19:53906342, 

G→A 

Deleterious Deleterious Deleterious Deleterious Deleterious Deleterious 
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protein kinase domain interaction with ATP.  Table 5, 6 and figure 12 shows changes in the 

stability, energy, and alteration of other protein functions upon mutation.  

 

Table 5 I-Mutant Effect of nsSNPs on protein stability.  

SNP IDs Residual 

Changes 

Stability RI DDG 

Values 

(Kcal/mol) 

rs758426250 C49S Decrease 3 -0.61 

rs386134164 G123R Increase 1 -0.25 

rs1331234028 K359R Decrease 0 -2.30 

rs386134171 G360S Decrease 0 -1.06 

rs1568764306 R597H Decrease 7 -0.94 

 

Table 6 Shows the list of possible alteration in the protein when lysine is changed with 

arginine at 359 position and their P-values estimated by MutPred2 

Residual change Mechanisms P-Values 

 

 

 

K359R 

Loss of ubiquitination at 

K359 

P = 0.027 
 

Gain of methylation at 

K359  
 

P = 0.0351 

 

Gain of sheets P = 0.0827 
 

Gain of 

phosphorylation at 

S361  

 

0.0876 

 

Gain of MoRF binding  
 

0.1603 
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Figure 12 shows Lysine on the right side which in mutated to arginine located on the left 

side. The size of arginine is larger from lysine as two extra NH groups attachment.   

 

4.5 MD Simulation Results 

After the simulation was run for both wild and mutated protein, several files of important 

data were generated. The data in those files were plot on graphs to interpret simulation 

results. Four parameters were considered i.e., Root mean square deviation (RMSD), Root 

mean square fluctuation (RMSF), Radius of gyration and No. of hydrogen bonds to analyze 

the difference in wild type and mutated protein. 

4.5.1 RMSD Analysis 

Root mean square deviation (RMSD) shows the deviation of different atoms in protein from 

its mean position. RMSD analysis of the wild and mutated protein revealed that mutated 

protein deviate significantly from its reference position compared to wild type. Within 0.3 

nanosecond the deviation is observed in the mutated protein and the pattern is followed till 

the end with highest deviation 1.39nm at 19 nanosecond as shown in figure 13. 
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Figure 13 RMSD graph representing the significance difference in the deviation pattern 

between wild and mutated protein over the time.  

 

4.5.2 RMSF Analysis   

Root mean square fluctuation (RMSF) shows the fluctuation of individual residues from its 

mean position. RMSF analysis shows the difference in the fluctuation of wild and mutated 

protein residues. The region from 170-267 and 448-656 residues of the mutated protein has 

significance fluctuation from its mean point, which indicates that the protein structure 

expands over the time. The comparison between wild and mutated protein residues’ 

fluctuation is shown in figure 14. 
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Figure 14 Amino acid residues of both wild and mutated protein was plot on x-axis against 

RMSF values on y-axis to analyze the difference in the fluctuation of both proteins from the 

reference point. 

 

4.5.3 Radius of Gyration 

Radius of gyration (Rg) represent the radial distance of an all the atoms present in the protein 

from their common axis. The evaluation of radius of gyration calculated for both wild and 

mutated protein shows a sharp increase in mutated protein peak up to 3.49 nm at 2.3 ns and 

the gradually decrease to 3.3 nm as simulation run for 3.9 ns. From 6.8 to 12.9 nm the 

gyration of mutated protein is seemed to be at a steady phase from there gradual decrease to 

3.1 nm occurs as the simulation reached to 13.3 ns and then radius of gyration become stable 

till 19.2 ns, but at the end a significant decrease is shown. This shows that mutated protein 

loss its compactness at the start of simulation and became more compacted at the end as 

shown in figure 15. The difference in the wild and mutated protein Rg shown here is the 

steady phase of gyration in wild protein that is missing in mutated case.  
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Figure 15 Radius of gyration of both wild and mutated protein shows the 

compactness of protein in a dynamic setting as the simulation proceeds. 

 

4.5.4 Number of Hydrogen Bonds 

The hydrogen bonds number in mutated and wild PKC gamma shows no significance 

difference as only a single amino acid was changed. The lines of both wild type and mutated 

proteins are overlapped over each other as shown in figure 16 shows that there is no mark 

difference. 

                      

Figure 16 Represents the difference in the number of hydrogen bonds between wild and 

mutated protein. 
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4.6 AdmetSAR Analysis of a Drug 

AdmetSAR analysis of the ligand shows the physio-chemical properties of the ligand. The 

AdemtSAR report also provides regression properties, and ADMET (Absorption, 

Distribution, Metabolism, Excretion & Toxicity) properties of the drug, 

4.6.1 Lipinski’s Rule of Five 

The Lipinski’s Rule of five shows the physio-chemical properties the drug and i.e., 

molecular weight, lipophilicity, hydrogen bond acceptor, hydrogen bond donor and rotatable 

bonds present in the drug. The drug is considered an optimum if its molecular weight is less 

than 500 Dalton, hydrogen bonds acceptor is less than 10, less than 5 hydrogen bond acceptor 

and AlogP less than 5 (C. A. Lipinski, Lombardo, Dominy, & Feeney, 2001). The properties 

predicted by AdemtSAR for our drug and their values are given in table 7.  

 

 

Table 7 Represent the physio-chemical properties of the drug and their values predicted by 

AdmetSAR. 

Lipinski's Rule of Five 

S.NO Characteristics Values 

1 Molecular Weight 692.21 

2 AlogP 3.53 

3 H-Bond Acceptor 10 

4 H-Bond Donor 2 

5 Rotatable Bonds 5 

 

4.6.2 Regression Analysis  
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Regression analysis shows that how the drug interacts with biomolecules of the body. 

AdmetSAR report shows the predicted properties i.e., solubility, binding to plasma 

membrane oral toxicity, etc. of the drug along with their values and units. Table 8 shows the 

detail of regression properties.   

 

Table 8 Shows the regression properties predicted by AdmetSAR. 

Regression Properties 

S.NO Properties Values Unit 

1 Water 

Solubility 

-3.723 logS 

2 Plasma Protein 

Binding 

1.313 100% 

3 Acute Oral 

Toxicity 

3.893 mol/kg 

4 Tetrahymena 

pyriformis 

0.392 pIGC50 (ug/L) 

 

 

 

 

5.6.3 ADMET Properties 

AdmetSAR provides the pharmacokinetic properties i.e., absorption, distribution, 

metabolism, excretion, and toxicity of our drug and predicted that it may cross blood brain 

barrier, no carcinogenicity, and category III oral toxicity etc. The detail of these properties 

is given in table 9.  

Table 9 Shows the pharmacokinetic properties of the drug.  

S.NO Properties Values Probability 
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1 Blood Brain 

Barrier 

+ 0.9600 

2 Human Oral 

Bioavailability 

- 0.6571 

3 Subcellular 

localization 

 

Lysosomes 

 

0.5455 

4 Carcinogenicity - 0.8857 

5 Acute Oral 

Toxicity (c) 

III 0.5724 

6 Hepatotoxicity + 0.9000 

  

4.7 Interpretation of Protein-ligand Interaction 

The predicted protein-ligand interactions are given in table 10 and one which was selected 

is highlighted in red and figure 17 shows the protein-ligand binding predicted by CB-dock 

at lowest possible energy. 

LigPlot+ represented ligand-protein hydrophobic interaction (semi-spiked circle) and 

hydrogen bonding (doted green lines), the distance between amnio acids and the interacting 

atoms of the ligand in angstrom. Nine amino acids shown in semi-spiked circle are involved 

in hydrophobic interaction with the carbon atoms present in the ligand. Fig 18A and 18B 

represent the 2d and 3d depiction of receptor and ligand binding.  

 

 

Table 10 CB Dock table representing possible interaction score and cavity size. 

S.NO Vina Score Cavity Size 

1 -9.2 2411 

2 -8.8 1266 

3 -8.4 1277 

4 -8 13287 

5 -6.9 3082 
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Figure 17 Shows the drug binding pocket of the receptor in surface form and the attached ligand in sticks and 

balls format. 

 

                                    

Fig 18A. Protein-ligand bonding and molecular interaction. Amnio acid with hydrophobic interaction, 

Hydrogen bonding, covalent bonding ligand and non-ligand, distance of hydrogen bonding are shown in semi-

spiked circle, green doted lines, orange, and purple lines, angstrom (3.13 & 2-91) and carbon, nitrogen and 

oxygen molecules are represented in black, blue, and red circles. 
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Figure 18B 3d representation of protein-ligand bonding via PyMOL.                                        

 

4.8 Genotype Data of HCC And Control Samples 

After analysis of the HCC genotype data the results showed SNP in homozygous wild form 

(AA) could be highly associated with the disease as compared to homozygous GG and 

heterozygous AG based on odd value and relative risk 5.194 and 2.287 respectively, with P-

value <0.0001. The polymorphism in this allele may reduce the risk of disease occurrence. 

Table 11 shows the genotype data of patients and control.  

Table 11 Genotype Data of Patient and Control  

 

Genotype Frequency Distribution Odd Ratio Relative Risk P-Value 

Patients Control Value CI 95% Value CI 95% 

AG 19% 33% 0.3827 0.2033 to 

0.7236 

0.5885 0.3882 to 

0.8471 

0.0046 

  

GG 11% 31% 0.2751 0.1246 to 

0.5777 

0.4650 

  

0.2675 to 

0.7475 

  

0.0008 
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AA 70.00% 

  

31% 5.194 

  

2.887 to 

9.407 

  

2.287 

  

1.674 to 

3.203 

  

<0.0001 

  

 

 

 

4.8.1 Data Based on Gender                          

The comparison of male/female patient with control replicate the above results mentioned 

in table 12. Homozygous allele AA in both male and female were found to be associated 

with the disease. The OR and RR for was was 6.021 and 2.310 respectively, and that of 

female was 4.737 (OR) and 2.291 (RR). The P-value for male and female having allele AA 

was <0.0001 and 0.0002 respectively which shows the significance of the results. The Allelic 

data for gender is represented in table 12. 

 Table 12 Allelic Data Based on Gender 

Patient-Control Analysis Based on Gender  

Genotyp

e 

Frequency 

Distribution 

Odd Ratio Relative Risk P-Value 

Patients  Control Value CI 95% Value CI 95% 

AG (M) 24.00% 

 

43.48% 

 

0.4105 

 

0.1768 

to 

0.9697 

 

0.631

6 

 

0.3734 

to 

0.9871 

 

0.0528 

 

GG (M) 8.00% 

 

30.43% 

 

0.1988 

 

0.06748 

to 

0.6852 

 

0.376

8 

 

0.1503 

to 

0.7927 

 

0.0078 

 

AA (M) 68.00% 

 

26.09% 

 

6.021 

 

2.551 to 

14.71 

 

2.310 

  

1.527 to 

3.657 

 

<0.0001 

 

AG (F) 14.00% 

 

33.33% 

 

0.3256 

 

0.1298 

to 

0.8953 

 

 

0.514

4 

 

0.2558 

to 

0.9183 

 

0.0237 
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GG (F) 14.00% 

 

 

31.48% 

 

0.3543 

 

0.1408 

to 

0.9082 

 

0.542

6 

 

0.2704 

to 

0.9627 

 

0.0390 

 

AA (F) 72.00% 

 

35.19% 

 

4.737 

 

2.030 to 

10.36 

 

2.291 

 

1.456 to 

3.785 

 

0.0002 

 

 
 

4.8.2 Age Group Data 

The analysis of genotype data based on age group also replicate the same results as in gender. 

The odd values, relative risk and P-values of different age group showed that allele AA has 

strong association with the disease occurrence. The detail information of allelic data is given 

in table 13. 

 

Table 13 Allelic Data of Different Age Groups 

Patient-Control Analysis Based on Age Group 

Genotype Frequency Distribution Odd Ratio Relative Risk P-Value 

Patients Control Value CI 95% Value CI 95% 

AG 1-19 0.00% 

 

100.00% 

 

0.000 

 

0.000 to 

9.000 

 

0.000 

 

0.000 to 

1.921 

 

>0.9999 

 

GG 1-19 Nil Nil Nil  Nil 0.000 

 

0.000 to 

1.000 

 

>0.9999 

 

AA 1-19 100.00% 

 

0.00% 

 

Infinity 

 

0.1111 to 

Infinity 

 

Infinity 

 

0.5206 to 

Infinity 

 

>0.9999 

 

AG 20-39 18.75% 

 

36.36% 

 

0.4038 

 

0.1644 to 

0.9920 

 

0.6185 

 

0.3377 to 

1.014 

 

0.0654 

 

GG 20-39 10.42% 

 

34.09% 

 

0.2248 

 

0.08391 to 

0.6931 

 

0.4186 

 

0.1838 to 

0.8160 

 

0.0103 

 

AA 20-39 70.83% 

 

29.55% 

 

5.791 

 

2.396 to 

14.43 

 

2.325 

 

1.501 to 

3.805 

 

0.0001 

 

AG 40-59 20.41% 

 

33.33% 

 

0.5128 

 

0.1945 to 

1.334 

 

0.1743 

  

0.3948 to 

1.122 

 

0.1743 
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4.9 Analysis of ALT In Patient vs Control 

The of ALT level of patients were diagnosed to be significantly higher when compared with 

the control sample. The average concentration of ALT in patients were 106.84 U/L which 

were significantly higher from the normal ALT range which is 7-40 U/L. The control sample 

shows that ALT level was under 40. Figure 19 represent the comparison of ALT 

concentration in patient vs control. 

                       

Figure 19 Comparison of ALT concentration in patients and control 
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GG 40-59 12.24% 

 

31.25% 

 

0.3070 

 

0.1065 to 

0.8629 

 

0.5050 

 

0.2388 to 

0.9249 

 

0.0279 

 

AA 40-59 67.35% 

 

35.42% 

 

3.761 

 

1.571 to 

8.402 

 

1.939 

 

1.272 to 

3.087 

 

0.0023 

 

AG 60+ 0.00% 

 

71.43% 

 

0.000 

 

0.000 to 

1.530 

 

0.000 

 

0.000 to 

1.180 

 

0.1667 

 

GG 60+ 0.00% 

 

14.29% 

 

0.000 

 

0.000 to 

31.50 

 

0.000 

 

0.000 to 

6.405 

 

>0.9999 

 

AA 60+ 100.00% 

 

14.29% 

 

Infinity 

 

1.150 to 

Infinity 

 

Infinity 

 

1.321 to 

Infinity 

 

0.0833 
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4.10 Viral Load Analysis of Patients with Different Alleles  

Viral Load of in patients was provided by qRT-PCR. The analysis of viral load against 

genotype Shows significant difference. Average of viral load for genotype AA, GG and AG 

was taken and then analyzed which shows that patients with AG allele has significantly high 

(819438471 cpoies/ml) viral load compared to patients with AA and GG alleles given in 

figure 20 which suggests that there may be a correlation of viral load and genotype.  

 

                   

                    

Figure 20 Correlation of viral load and Genotype 

 

266260609

106876553.3

819438471

0

100000000

200000000

300000000

400000000

500000000

600000000

700000000

800000000

900000000

AA GG AG

V
ir

al
 L

o
ad

Genotype



Chapter 5  Discussion 

50 
 

Chapter 5 Discussion 

The aim of this study was to investigate the association of PKC gamma missense SNP with 

HCV induced Hepatocellular carcinoma. As the major problem with most the cancers is 

the detection of the disease in early stages and HCC is no more different. The genotype 

association of PKC gamma HCC can be used as prognostic marker for the early diagnosis 

of the disease. PRKCG protein model predicted via I-TASSER belong to conventional 

PKC (cPKC) class consist of PKC alpha, PKC beta1 & 2 and PKC Gamma. The mutation 

in PRKCG at position 359 from lysin to arginine falls within the kinase domain which is 

present in all the members of conventional PKC (A. C. J. C. r. Newton, 2001). The model 

we chose was based on the C-score (-2.53) and InterPro prediction. It has been previously 

established that there is 40% similarity in protein sequence between cPKC and protein 

kinase A.  I-TASSER has also been previously used in different studies to predict protein 

3d model i.e., TAGAP, CCR6 and TOX3 etc. (Akhtar, Jamal, Jamal, et al., 2019; Akhtar, 

Jamal, ud Din, et al., 2019; Arshad, Bhatti, & John, 2018). The selection of I-TASSER was 

based on Automated assessment of protein 3D structure prediction in CASP which 

considered various parameters to confer accuracy of the predictor.  

As the target of the study was to correlate the single nucleotide polymorphism with HCC so 

this purpose SNPs in PRKCG was retrieved from Ensemble Genome Browser. Only 

missense SNPs were selected as they have direct impact on protein structure and may alter 

its function to some extent. The retrieved non-synonymous SNPs were subjected to different 

tools i.e., PredictSNP2, CADD, DANN, FATHMM, FunSeq2 and GWAVA to predict the 

impact of single nucleotide polymorphism on protein. 16 SNPs that were selected from large 

pool of 429 missense SNPs were predicted to have deleterious effect by at least 3 tools. The 
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list was then further narrowed down to just 5 SNPs and then one SNP (rs1331234028) was 

selected for further analysis. The correlation of missense mutation at position 463 from 

aspartic acid to histidine PKC alpha a member of conventional PKC with chordoid glioma 

was establishes as it has been studied that the mutated PRKCA can significantly increase the 

level of phosphorylated ERK and can induced cancer (Goode et al., 2018).  

The structural and functional analysis of rs1331234028 (K359R) was performed via I-

Mutant, HOPE and MutPred which predict that mutation at this position may decrease the 

stability of the protein and the DDG value and reliability index (RI) for K359R calculated 

by I-Mutant was -2,30 Kcal/mol and 0. As the two residues differ in size so it was estimated 

by HOPE that it might disturb the function of kinase domain of the protein considering the 

mutation in that region. MutPred predicted that substitution of lysine with arginine at 

position 359 in PRKCG may disturb the function of the protein and my cause Loss of 

ubiquitination at K359 (P = 0.027); Gain of methylation at K359 (P = 0.0351); Gain of sheet 

(P = 0.0827); Gain of phosphorylation at S361 (P = 0.0876); Gain of MoRF binding (P = 

0.1603). All These predictions made by HOPE, I-Mutant and MutPred implicate that the 

impact of single amino acid change is not restricted to that residue but can also affect the 

function of other residues. 

The brief investigation of Molecular Dynamic simulations estimated that the mutation of 

PKC gamma at position 359 from lysine (K) to Arginine (R) may alter the structure of the 

protein. A significance difference was found in the analysis of RMSD, RMSF and Radius of 

gyration between wild and mutated protein. MD simulation also revealed that the impact of 

single amino acid change may not restricted to that specific position as seen simulation 

results. 
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As the in-silico analysis estimated that mutation in PRKCG (K359R) may alter the structure 

and hence the function of the protein, to validates these prediction two sets of primers (two 

outer and two inner) were designed via Primer1 against rs1331234028 to find the correlation 

between allele change hepatocellular carcinoma. DNA extraction followed by tetra ARMS-

PCR was performed for this purpose. The analysis of PCR results revealed that the wild type 

allele AA has strong correlation, OD (5.194), relative risk (2.287) and P-value >0.0001, with 

HCC compared to homozygous GG and Heterozygous AG. The results were also analyzed 

based on gender and age group shows difference in OD and relative risk in male and female 

and suggest that a male with allele AA may have at higher risk compared to female, but no 

clear results were achieved from analysis based on age group because of the sample size. 

The association of polymorphism with genetic disease give us an idea about susceptibility 

and can also be used for early diagnosis as the study of the osteoarthritis in Pakistani 

population revealed that polymorphisms in IL-6, TGF-beta-1 and CALM1 genes were 

associated with the disease (Badshah et al., 2021). 

It has been established that high alanine aminotransferase (ALT) level is linked with hepatitis 

C virus (HCV) hepatocellular carcinoma (HCC) and can lead to the disease rapidly (Tarao 

et al., 1999). So, the ALT test was performed for both patients and control and the results 

shown significant difference in the level of ALT. The average level of ATL for patients was 

106.84 IU/L compared to control 37.05 IU/L.  

The association of viral load with genotype was performed to analyze the link of genotype 

with viral load. Our results demonstrated that patients with genotype AG have high viral 

load followed by AA and then GG. Literature shows clearance of HCV viral RNA in patients 
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coinfected with HCV/HIC having rs12979860 polymorphism CC genotype (Lapiński, 

Pogorzelska, Kowalczuk, Nikliński, & Flisiak, 2013).  

After invitro analysis of the SNP and its association with the disease, docking was performed 

via CB-Dock. Maytansine was used as ligand for PRKCG and was selected based on 

AdmetSAR analysis which estimates the biocompatibility and drugability of the potential 

therapeutic drug. According to Lipinski’s rule of five a drug can be used for therapeutic 

purpose if the molecular wight is less than 500, LogP < 5, hydrogen bond donor < 5 and 

hydrogen bond acceptor < 10 (Christopher A Lipinski, Lombardo, Dominy, & Feeney, 

1997). AdemtSAR results predicted that Maytansine can be used as drug as it fulfills the 

above criteria, and the literature also shows that conjugation of Maytansine with humanized 

C242 antibody has protentional anticancer activity and biocompatible (Gerber, Koehn, & 

Abraham, 2013). Maytansine was docked with PRKCG and the protein ligand binding at 

lower energy was selected as it is a known phenomenon that interaction with lower energy 

is stable. PKC gamma spectroscopic analysis is required to fully revealed the structure of 

the protein. The analysis of change in the proteomic profile of the PKC gamma upon 

missense mutation may further help in understanding the molecular mechanism of the 

protein and its association with HCC.    

5.1 Conclusion 

Missense mutation in PKC gamma protein rs1331234028 variant AA was found to be 

pathogenic and strongly associated with hepatocellular carcinoma. The structure of the 

protein was predicted, and structural and functional analysis shows that the protein overall 

stability was decreased upon mutation. The SNP identified may be used as genetic marker 
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which can help us in the early diagnosis of the hepatocellular carcinoma and potential drug 

target. Maytansine-protein docking was performed to proposed that this protein can used as 

potential therapeutic drug and promising in-silico results were achieved. The expression 

profile of the PKC gamma upon this mutation needs to be explore which may open new 

ways in the cancer therapeutic field.  
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