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A B S T R A C T

Background: Colorectal cancer (CRC) is the most diagnosed cancer in men and the second most common cancer in 
women and remains associated with high morbidity and mortality in Saudi Arabia. The current understanding of 
genetic heterogeneity of CRC biology encourages the identification of the genetic causes of CRC in the Saudi 
population.
Methods: In this study, we obtained 89 CRC patients’ tumor samples from Saudi Arabia and investigated the 
molecular alterations of the NRAS proto-oncogene, GTPase (NRAS) gene in the collected CRC tumor tissue 
samples to identify gene mutations using DNA sequencing using an automated DNA sequencer ABI 3730xl. The 
impact of mutations was analyzed using different bioinformatics tools including SwissModel, Missense3D, mo-
lecular dynamics simulations using YASARA DYNAMICS and Protein Variation Effect Analyzer (PROVEAN) tool.
Results: We identified a novel mutation c.40 G > T, in one patient in whom valine was replaced by phenylalanine 
(V14F). Notably, we also identified another mutation in the same codon c.40 G > A where valine is replaced by 
isoleucine (V14I). Our in-silico analysis revealed that this novel mutation alters the binding affinity of the NRAS 
gene substantially, and as a result, could have lethal consequences on the downstream signaling genes and 
pathways including MAPK and PI3K involved in regulating CRC growth and progression.
Conclusions: These findings provide insights into the molecular etiology of CRC in general and particularly in the 
Saudi population. Thus, these findings in NRAS mutation testing may also guide further treatment modalities, 
and more personalized therapy may be optimized.

1. Introduction

Colorectal cancer(CRC) is the third most common cancer in humans 
worldwide and ranks second for the most leading lethal malignancy 
(Siegel et al., 2019, Arnold et al., 2017). Unfortunately, approximately 
20 % of CRC are initially diagnosed when they have already metasta-
sized to other organs (Arnold et al., 2013). According to the World 
Health Organization (WHO) statistics the CRC is the third leading cause 
of death in Saudi Arabia aged less than 70 years of age group and is 
responsible for one in eight deaths due to the CRC related malignancies 
(Bray et al., 2018, WHO 2014).

The study conducted by Peeters et al., on five-year survival of CRC 

patients demonstrated that the possibility of survival with stage I is 90 % 
as compared to stage IV patients who showed only 10 % survival, and 
thus overall five-year survival appears to depend on the CRC stage 
(Peeters et al., 2015). Notably, the Saudi CRC patient’s overall survival 
(OS) rate was lower than the internationally reported survival rates 
based on tumor stage (WHO, 2010).

Despite the availability of various treatment modalities to attenuate 
CRC development and progression, early diagnosis and correct identi-
fication of cancer stages appear to be the most effective strategies to 
reduce mortality rates, alteration in bowel movements, sudden weight 
loss, abdominal and pelvic pain, and anemic conditions (Ahnen et al., 
2014). These symptoms are considered key indicators for clinicians to 
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start an early and thorough investigation to rule out any possibility of 
CRC; moreover, patients must also be educated to take such symptoms 
seriously and report clinicians to be diagnosed perfectly in earlier stages 
of the disease (Lucente and Polansky, 2018).

From this perspective, there is an indispensable need to implement 
effective and accurate early-stage screening and monitoring programs to 
detect malignancies. The adaptation of reliable diagnostic tools of 
prognostic significance will not only enable the diagnosis of the disease 
as early as possible but can also be beneficial in predicting chemother-
apeutic response outcomes effectively in CRC patients. The in depth 
understanding and advent of modern molecular tools and techniques 
have led us to further understand the etiology of cancers at the molec-
ular level. The deep advancement in the knowledge of cancer develop-
ment and progression has further enhanced our understanding of cancer 
biology at the molecular level, especially the genetic and epigenetic 
events that are involved in tumorigenesis; thus, it enables researchers to 
focus on key signaling pathways involved in the development of cancer, 
which may be beneficial to reveal novel targets with therapeutic sig-
nificance (Clarke and Kopetz, 2015).

Notably, the role of RAS family genes in carcinogenesis has been well 
investigated in CRC, and its oncogenic potential often arises due to the 
alteration of genes that play a significant role as key mediators as well as 
in inducing early tumorigenesis in these models. Numerous studies have 
reported that KRAS proto-oncogene, GTPase (KRAS) and NRAS muta-
tions seem to arise early in the process of colorectal carcinogenesis and 
thus exert their effect on regulating constitutive signaling and activation 
of downstream effectors such as mitogen-activated protein kinases 
(MAPK) and phosphoinositide 3-kinases (PI3K) dependent pathways 
(Yoon et al., 2014, Ebi et al., 2011), and hence, act as a significant 
contributor to cancer progression along with other altered genes (Barbie 
et al., 2009). Multiple studies have demonstrated that, KRAS and NRAS 
mutations account for 45 % and 5–8 % of CRC cases respectively 
(Rodriguez-Salas et al., 2017). The majority of mutations in KRAS and 
NRAS were mainly reported in codons 12 and 13 (90 %) as compared to 
other codons such as 59, 61, 117, and 146, where they occur less 
frequently in both KRAS and NRAS genes. However, among the RAS 
gene family NRAS is the foremost oncogene identified to play a role in 
melanoma and these NRAS mutations account for almost 20 % of all 
melanomas (Cancer Genome Atlas Network, 2015). Frequent NRAS 
mutations were primarily reported at position 61 where amino acid 
substitution occurs from glutamine (Q) to arginine (R), lysine (K) or 
leucine (L) (Fedorenko et al., 2013). These mutations have been found to 
be involved in blocking NRAS into a GTP-bound state, leading to 
impaired GTPase activity (Simanshu et al., 2017). Furthermore, a 
deleterious mutation, glycine (G) to aspartic acid (D), has been reported 
at codons 12 or 13 and comprises 20 % of all NRAS mutations in the 
amino acid change form (Fedorenko et al., 2013). These functional 
mutations have been demonstrated to be involved in preventing the 
association of GAPase-activating proteins (GAP) with NRAS and are 
more frequently observed in mucosal melanoma than in cutaneous 
melanoma (Simanshu et al., 2017). Once the NRAS gene is mutated, 
cascade events occur in the cell signaling pathway, and a series of ac-
tivations occurs on MAPK signaling as compared to mutations in 
PI3K–AKT pathways, where they hardly exert such effects on MAPK, 
indicating that NRAS could be involved in modulating this pathway 
effectively (Hodis et al., 2012). Alterations in these pathways lead to 
subsequent dysregulation of the cell cycle and cell proliferation signals 
(Mendoza et al., 2011).

Hence, in this context, the aim of this research was to study the NRAS 
gene at the molecular level and define the genetic alterations in the 
Saudi population to determine the genetic heterogeneity associated with 
CRC malignancies and better understand the disease manifestation. In 
this study, we analyzed mutations in the NRAS gene in a Saudi popu-
lation using automated DNA sequencing and found a novel mutation 
associated with CRC. At codon 14 valine is substituted with Phenylala-
nine (V14F) in the NRAS protein. We identified a previously reported 

V14I mutation in another patient. To understand the functional conse-
quences of the newly identified novel mutation, we carried out in silico 
modeling studies to establish its impact on cell signaling, especially 
NRAS downstream effector molecules involved in tumorigenesis.

2. Materials and Methods

2.1. Sample collection and DNA extraction

In this study 89 tumor samples were collected from patients with 
CRC undergoing surgery at King Abdulaziz University (KAU), Jeddah. 
Before collecting the tumor and control samples, ethical approval was 
obtained from the ethical committee of the Center of Excellence in 
Genomic Medicine Research (CEGMR), KAU. Written Informed consent 
was obtained from all the recruited patients included in this study. The 
clinical history of the patients was collected from their medical records. 
After collection, tumor samples were immediately transported under 
refrigerated conditions to the CEGMR biobank for further molecular 
analysis. Genomic DNA was isolated from all tumor tissues following the 
protocol provided by the DNeasy® Blood & Tissue Kit (QIAGEN). The 
quality of the extracted DNA was assessed using agarose gel electro-
phoresis. The quantity and purity were estimated using NanoDrop® ND- 
2000 from Thermo Scientific Inc.

2.2. Sequencing and analysis of NRAS gene

Exons 2 and 3 of the NRAS gene were PCR amplified using exon-2 
Forward 5ʹ- AAAGTACTGTAGATGTGGCTC-3ʹ and Reverse 5ʹ- GTGA-
GAGACAGGATCAGG-3ʹ primers (233 bp) and exon-3 Forward 5ʹ- 
GCATTGCATTCCCTGTGG-3ʹ and Reverse 5ʹ- TAA-
TATCCGCAAATGACTTGC-3ʹ primers (244 bp) respectively (Schulten 
et al., 2011). The amplified products were subjected to DNA sequencing 
using an automated DNA sequencer ABI 3730xl. The generated elec-
tropherogram was analyzed using BioEdit Sequence Alignment Editor 
Version 7.2.5 to read sequencing peaks and interpretation of results.

2.3. Homology modeling of NRAS mutants (V14F and V14I) using Swiss- 
Model server

Template searches for target sequences (NRAS mutants V14F & 
V14I) using BLAST and HHblits were performed against the SWISS- 
MODEL template library (Waterhouse et al., 2018) (SMTL, last upda-
ted: 2022-04-13, last PDB version included: 2022-04-08). The target 
sequences of the NRAS mutants (V14F and V14I) were screened against 
the primary amino acid sequence contained in SMTL using BLAST. An 
initial HHblits profile was generated for both mutants (Steinegger et al., 
2019), followed by iteration of HHblits against Uniclust30 (Mirdita 
et al., 2016). The obtained profiles were then matched against all SMTL 
profiles. NRAS V14F and V14I mutant models were built based on the 
target template alignment using ProMod3 (Studer et al., 2021). The 
insertions and deletions were remodeled using fragment libraries. The 
side chains were subsequently rebuilt. Finally, the geometry of the 
resulting model was normalized using a force field. The global and per- 
residue quality of the models was assessed using the QMEAN scoring 
function (Studer et al., 2021, Studer et al., 2020) and the quaternary 
structure quality estimate (QSQE) score was calculated based on the 
method developed by Bertoni et al. 2017 (Bertoni et al., 2017).

2.4. Molecular docking of GTP with NRAS (Wild Type), NRAS V14F and 
NRAS V14I

The SwissDock web server was used to investigate the binding af-
finity of GTP (Zinc Entry: 60094177) with wild-type NRAS protein, 
NRAS V14F and NRAS V14I. In SwissDock, the protein–ligand docking 
algorithm EADock DSS was used, which generates multiple binding 
modes centered in a virtual box (local docking) or near docking cavities 

M. Rasool et al.                                                                                                                                                                                                                                 Journal of King Saud University - Science 36 (2024) 103477 

2 



(blind docking) (Grosdidier et al., 2011). Protein-ligand binding en-
ergies were assessed using a CHARMM-based scoring function, and the 
poses with the lowest energy were selected and clustered (Naseer et al., 
2016).

2.5. Molecular dynamics simulation studies

Molecular dynamics simulations (MD) for the complex of NRAS (wild 
type), NRAS V14F, and NRAS V14I bound to GTP were performed in 
triplicate using YASARA DYNAMICS (YASARA Biosciences GmbH, 
Vienna, Austria) and followed the in-silico protocol described previously 
(Krieger et al., 2014). Briefly, the hydrogen bonding network was 
optimized (Krieger et al., 2012) to increase solute stability, and pKa 
prediction was performed to normalize the protonation states of the 
protein residues at the selected pH of 7.4. At physiological concentra-
tions of 0.9 percent sodium chloride (NaCl), ions with excess Na or Cl 
were added to neutralize the cell. Energy minimization was performed 
along with a geometric correction of the structure. Conformational stress 
was eliminated through ‘a short steepest descent minimization”, as also 
described in the YASARA-based methodology followed by other authors 
(Shakil et al., 2021). Simulated annealing was employed with a time step 
of 2 fs. The simulation was run for 46, 39, and 37.75 ns for the complexes 
of NRAS (wild type), NRAS V14F, and NRAS V14I bound to GTP, 
respectively. The simulation used the AMBER14 force field (Maier et al., 
2015) for the solute, GAFF2 (Wang et al., 2004) and AM1BCC (Jakalian 
et al., 2002) for the ligand, and TIP3P for water. The cut-off value for the 
van der Waals forces was 8 Å (default used by AMBER). The ’Particle 
Mesh Ewald Algorithm’ was used without a cut-off value for electrostatic 
forces. Based on the previously defined algorithms, integration of the 
equations for the motions was performed with a multiple time step of 
2.5 fs for bound interactions and 5.0 fs for unbound interactions at a 
temperature of 298 K and a pressure of 1 atm (Krieger and Vriend, 
2015). Snapshots were captured every 250 ps. A total of 185, 159 and 
152 snapshots were retrieved for the complexes of NRAS (wild type), 
NRAS V14F, and NRAS V14I bound to GTP, respectively. High- 
resolution images were obtained for the RMSD plots.

2.6. Mutation analysis of NRAS (Wild Type), NRAS V14F and NRAS 
V14I

The structural effects of replacing phenylalanine and isoleucine with 
valine at position 14 of the NRAS protein (PDB ID: 6ZIZ) were investi-
gated using Missense 3D software (Ittisoponpisan et al., 2019). Sec-
ondary structure change, buried charge exchange, buried proline 
insertion, buried H-bond breakage, cavity change, buried/exposed 
change, allowed phi/psi, disulfide bond breakage, buried charge 
change, collision, buried hydrophilic residue insertion, buried salt 
bridge rupture, buried charge insertion, buried glycine replacement, and 
glycine in a bend were calculated to assess the structural effects of these 
two mutations in the NRAS protein (Rasool et al., 2021). In addition, the 
Protein Variation Effect Analyzer (PROVEAN) tool (Choi et al., 2012, 
Choi et al., 2015), which predicts the effects of the substitution or indel 
of an amino acid in a protein structure on biological function, was used 
to evaluate the substitution of phenylalanine and isoleucine with valine 
at amino acid position 14 in the NRAS protein.

3. Results

To investigate and validate the NRAS gene mutation spectrum and its 
functional correlation with disease susceptibility and treatment outcome 
in patients with CRC originating from Saudi Arabia, we first amplified 
exons 2 and 3 of the NRAS gene with a specific pair of primers. After 
purification of the amplicon cycle, sequencing was performed, and all 89 
tumor samples were subjected to DNA sequencing. We identified a novel 
NRAS mutation (V14F) in a patient with CRC. The identified mutations 
are depicted in the representative chromatograms in Fig. 1. At codon 14, 

valine is replaced by phenylalanine (V14F). Notably, we also identified a 
previously reported mutation in the same codon, where valine is con-
verted into isoleucine (V14I).

Homology models for the mutant NRAS proteins (V14F and V14I) 
were generated using the SWISS-MODEL web server. A total of 11,249 
and 11,290 templates were found for NRAS (V14F) and NRAS (V14I), 
respectively. The crystal structure of the NRAS protein (PDB ID: 6ZIZ) 
was used as a template to create NRAS (V14F) and NRAS (V14I) ho-
mology models (Fig. 2). Docking studies of GTP binding with wild-type 
NRAS protein (6ZIZ), NRAS V14F and NRAS V14I using the SWISSDOCK 
web server showed differences in free energy change (kcal/mol) of 
− 14.03, − 5.16 and − 5.80, respectively. The three-dimensional mo-
lecular structures of NRAS protein (6ZIZ), NRAS V14F and NRAS V14I 
bound with GTP, and the two-dimensional structures representing the 
interaction of amino acids to GTP are shown in Figs. 3, 5 and 7. In the 
MD simulation experiments (each repeated three times) for the com-
plexes of NRAS (wild type), NRAS V14F, and NRAS V14I with GTP, the 
contacts (protein–ligand) were plotted against simulation time to un-
derstand how the binding forms evolved over the course of the simu-
lation. Hydrogen bonds, hydrophobic contacts and ionic interactions are 
indicated by red, green and blue dots, respectively. The ’Solute RMSD 
from the starting structures’, namely NRAS WT, NRAS V14F and NRAS 
V14I with GTP, plotted against the simulation times. The RMSDs for 
Calpha [RMSDCa], backbone [RMSDBb], and all heavy atoms 
[RMSDAll] plotted against simulation time for NRAS WT, NRAS V14F, 
and NRAS V14I with GTP are shown in Figs. 4, 6, and 8, respectively. In 
addition, analysis of the effects of the mutations on biological function 
using the PROVEAN web tool revealed that the V14F mutation was 
deleterious (PROVEAN score: − 4.267), whereas the V14I mutation was 
classified as neutral (PROVEAN score: − 0.830). However, mutation 
analysis using Missense 3D software did not reveal any structural 

Fig. 1. Chromatograms of the two patients with heterozygous mutations c.40 
G > T (V14F), c.40G > A (V14I) and control sample.
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changes or damage caused by amino acid substitutions in the NRAS.

4. Discussion

Currently, one of the research priorities is to identify the key sig-
nalling pathways associated with tumorigenesis, as well as to analyse 
potential drug resistantmutant phenotype variants in cancer cells. It 
would be promising for personalized medicine in terms of evaluating 
and correlating the drug response in individual phenotype variants with 
distinct sets of genetic alterations might be beneficial in adopting suit-
able chemotherapeutic strategies effective for the management of such 
diverse phenotype-related CRC patients (Rasool et al., 2021; Rasool 
et al., 2024). The recently proposed model by Fearon and Vogelstein for 
CRC is a multistep genetic process and is considered a benchmark for 
elucidating the involvement of multiple genes in the development and 
progression of carcinogenesis, particularly in solid tumours (Fearon and 
Vogelstein, 1990). According to this model, the initiation of carcino-
genesis occurs with the rise of adenomatous polyposis (APC), a tumor 
suppressor gene that is inactivated and consequently leads to alterations 
in the KRAS gene. Furthermore, many consequential mutations in the 
TP53, PIK3CA, and TGF-β pathways that lead to changes in the 

downstream signalling network are more often correlated with malig-
nant transformation and, as a result, the development and progression of 
cancer (Samuels and Velculescu, 2004). Although the above-mentioned 
model described seven distinct mutations that play a vital role in the 
development and progression of colorectal carcinoma, modern ad-
vancements in molecular techniques, especially single-cell sequencing, 
have revealed more than 80 genes in a single CRC cell (Samuels and 
Velculescu, 2004). Despite this, recent findings have confirmed the 
involvement of only 15 genetic mutations as leading drivers associated 
with carcinogenesis (Wood et al., 2007, Leary et al., 2008).

SwissDock is an integrated in silico tool that can be effectively used 
for docking simulation studies via a web interface (Grosdidier et al., 
2011, Naseer et al., 2016). In this study, we performed docking simu-
lations with the NRAS protein structure (6ZIZ) and mutant structures 
(V14F and V14I) using the SwissDock web tool. The replacement of 
valine at amino acid position 14 with phenylalanine or isoleucine in the 
NRAS protein decreased the binding affinity of these proteins to GTP. 
Molecular docking studies also confirmed that although both mutations 
caused structural instability, the V14F interaction with GTP was more 
unstable than that with V14I. Based on PROEAN and missense 3D web 
tools, we found that the V14F mutation was deleterious compared to 

Fig. 2. NRAS Protein Structure. (A) Wild type NRAS (B) NRAS (V14F), and (C) NRAS (V14I). The amino acid at the 14th position in NRAS (WT), NRAS (V14F), NRAS 
(V14I) are shown in as space-filling [(Calotte or Corey, Pauling, and Koltun (CPK)] models and visualized using CLC Drug Discovery Workbench 4.0.

Fig. 3. Structure of NRAS-GTP Complex (A) The three-dimensional structure of NRAS (WT) with GTP (B) Two dimensional (2D)-diagram of binding interactions for 
the complex between GTP and NRAS (WT).
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V14I, but neither mutation caused structural damage in the NRAS pro-
tein; however, they both functionally damage the protein and resulted in 
impaired efficiency.

5. Conclusion

Currently, there are no significant efforts to understand the treat-
ment approach for various genetic mutation backgrounds affecting 

individual CRC patients with altered NRAS genes. Near-term treatment 
strategies will include combining MEK inhibitors with inhibitors of key 
intracellular signaling pathways (either involved in RAS signaling or 
not) or other drugs that disrupt cell cycle checkpoints or epigenetics. To 
develop personalized therapies, it is important to understand in detail 
the molecular etiology of each patient. In this study, we investigated the 
NRAS gene at the molecular level and identified a novel mutation, V14F, 
in a Saudi patient. This mutation disrupts structural affinity as evaluated 

Fig. 4. Solute RMSD from the starting structure (vertical axis) as a function of simulation time. The Calpha [RMSDCa], backbone [RMSDBb], and all-heavy atom 
[RMSDAll] RMSDs were plotted against the simulation time for NRAS WT interactions with GTP.

Fig. 5. Structure of NRAS (V14F)-GTP Complex (A) The three-dimensional structure of NRAS (V14F) with GTP (B) Two dimensional (2D)-diagram of binding in-
teractions for the complex between GTP and NRAS (V14F).
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using in silico modeling. Further studies with more patient samples and 
animal models are needed to reach a consensus for therapeutic in-
terventions based on this novel mutatoin in CRC patients.
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