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ABSTRACT: 

The KRAS-driven Lung Adenocarcinoma remains a major therapeutic challenge in the field of Oncology. This is due to 

the poor drug ability and shallow binding pockets present in the KRAS, which made them undruggable for decades. Due 

to this, to target the KRAS present in the MAPK pathway, the targeting is being done through an indirect way, i.e., 

through upstream regulators of KRAS. Based on the literature evidence we focused on targeting the upstream regulators 

such as SOS1, SHP2, and the chaperone PDE6D. To regulate this, a promising antitumor potential bioactive compound, 

Berberine chloride, was chosen. Despite being well focused target drug, Berberine’s interaction with KRAS is 

underexplored. Hence, this was focused on in our paper as a research gap. This will be further carried to wet lab 

validation in our future research. 

 
Objective: To validate the best binding protein that can be targeted through Berberine chloride, to regulate the KRAS 

mutations using In Silico approaches. 

Methods: Ligand structure was obtained using the PubChem database. Protein structures were retrieved using the Protein 

Data Bank. Docking was performed using Schrodinger software. MD simulations were carried out using Desmond. 

pkCSM was used to carry out ADMET profiling. 

Results: Berberine chloride exhibited favourable binding affinities with all the docked upstream regulators of KRAS and 

chaperone PDE6D. MD simulation, which was carried out after docking, exhibited a stable ligand-protein complex with 

low structural deviations and persistent interactions throughout the duration of the simulation. The ligand’s structural 

stability and its limitations were also analysed through RMSD and RG analyses. The ADMET profiling resulted in 

acceptable and drug limitations in some of the subject criteria is to be seriously addressed. This is to be validated through 

a wet lab in the future. 
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Conclusion: The overall results give a clear-cut insight into the future wet lab validation. PDE6D chaperone has shown a 

better affinity in all the studies, and Berberine has exhibited better binding affinity. The ADMET exhibits and shows the 

limitations of the drug that are to be further addressed in the wet lab. Overall, this data gives a solid foundation for the 

wet lab mechanistic approaches. 
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Abbreviations: 

1. KRAS- Kirsten Rat Sarcoma Viral Gene 

2. NSCLC- Non-Small Cell Lung Cancer  

3. LUAD- Lung Adenocarcinoma 

4. NRAS- Neuroblastoma Rat Sarcoma Viral Oncogene 

5. HRAS- Harvey Rat Sarcoma Viral Gene 

6. GTP- Guanosine Triphosphate 

7. GDP- Guanosine Diphosphate 

8. GAPs- GTPase-activating proteins 

9. MAPK- Mitogen-Activated Protein Kinase 

10. ERK- Extracellular Signal-Regulated Kinase  

11. EGF- Epidermal Growth Factor  

12. EGFR- Epidermal Growth Factor Receptor 

13. FTIs- Farnesyl Transferase Inhibitors  

14. SOS1- Son of Sevenless homolog 1 

15. SHP2- Src Homology 2 domain-containing protein tyrosine phosphatase 2 

16. ECOG- Eastern Cooperative Oncology Group  

17. PDE6D- Phosphodiesterase 6 Subunit Delta 

18. RTK- Receptor Tyrosine Kinase 



 Computational Investigation of KRAS regulatory targets through Berberine chloride in 
Lung cancer: Targeting upstream regulators of the MAPK Pathway 

 

IJDDT, Volume 16 Issue 40s, 2026 Page 764 

 

Introduction: 

Non-small cell lung cancer (NSCLC) is the 

most common kind of lung cancer and the 

primary cause of cancer-related deaths 

globally. One of the most prevalent and 

thoroughly researched histological subtypes 

is lung adenocarcinoma (LUAD). Over the 

last decade, the development and 

authorization of immune checkpoint 

inhibitors and targeted medications have 

significantly enhanced treatment options and 

improved patient outcomes, complementing 

standard therapeutic approaches such as 

surgery, radiation, and chemotherapy. 

However, therapy results still vary in a broad 

range, even with the individualized treatment 

alternatives offered. Thus, recognizing the 

importance of genetic co-alterations and their 

impact on treatment responses is crucial, 

among other things. 

Kirsten rat sarcoma viral oncogene homolog, 

or KRAS, is important for the initiation and 

spread of many malignancies, including non-

small cell lung cancer. Approximately 25% of 

cases have mutations that constitutively 

activate KRAS signaling pathways, 

promoting unchecked cell growth and 

survival [1,2]. 

The deregulation of the mitogen-activated 

protein kinase/extracellular signal-regulated 

kinase (MAPK/ERK) signaling pathway in 

cancers is caused by a variety of biomolecular 

alterations. Lung cancer is among the many 

malignancies that have been linked to 

overexpression of epidermal growth factor 

(EGF), EGF receptor (EGFR), as well as 

activating mutations in its intracellular kinase 

domains. Intermediaries that transfer EGFR 

signals to rat sarcoma virus (RAS) proteins 

include growth factor receptor binding 

proteins, son-of-sevenless (SOS), and a 

guanine nucleotide exchange factor (GEF) [3-

4]. The three RAS genes' proteins—Kirsten 

RAS (KRAS), neuroblastoma RAS (NRAS), 

and Harvey RAS (HRAS)—transmit 

extracellular signals from membrane-bound 

receptors to downstream mediators and 

effectors [5]. About 33% of human neoplasms 

are caused by activating mutations affecting 

all the RAS genes, which have been found in 

malignancies. 86% of instances of mutant 

RAS are caused by KRAS mutations, which 

are by far the most prevalent. The frequency 

of KRAS mutations in Black and White 

Americans is comparable. RAS proteins 

belong to the G-protein superfamily of 

proteins that bind guanine nucleotides. They 

function as molecular switches, switching 

between the active GTP-bound and the 

inactive GDP-bound states. The intrinsic 

GTPase activity mediated by GTPase-

activating proteins (GAPs) stops signaling in 

the active states [6-7].  

Until recently, cancers caused by mutated 

RAS proteins were thought to be incurable. 

Because of the micromolar amounts of GTP 

in cells and its picomolar dissociation 

constants from RAS proteins, it has long been 

difficult to design compounds that can 

competitively displace GTP from RAS. Since 

the C-terminal farnesyl cysteine was shown 

to be crucial for RAS membrane localization 

and function, previous attempts to create anti-

RAS medications focused on the manufacture 

of farnesylation inhibitors. However, 

geranylgeranylation was developed to 

circumvent the effects of farnesyl transferase 

inhibitors (FTIs), making success with this 

strategy challenging. The FTIs were also 

quite hazardous. The creation of kinase 
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inhibitors that target the downstream 

mediators of RAS signaling, including RAF, 

MEK1/2, and ERK1/2, was an indirect and 

slightly more effective approach to 

addressing the RAS dilemma. In order to 

allosterically limit and disrupt oncogenic 

signaling, chemists have lately been 

designing small compounds that fit into tiny 

nooks on KRAS. These chemicals target 

certain mutant RAS protein subsets and react 

chemically with them [8-10].  

The previous literature evidence shows that 

direct targeting of KRAS mutations has been 

drugged with Adgarasib and Sortarasib 

effectively.  So, with these evidences, we 

focused on targeting this target indirectly 

using a less-toxic bioactive compound, 

Berberine chloride. Before taking it into the 

wet lab validation, we intended to validate it 

through an in-silico approach. To date, the 

research evidence shows up for sub-mutations 

of a few KRAS, such as G12C and G12S. But 

it still goes on with clinical trials.  

In this study, we clearly address the research 

gap of targeting the chaperone PDE6D and 

upstream regulators SOS1 and SHP2 through 

literature evidence. The MAPK pathway was 

selected based on confirmation with the 

KEGG database.  

  

 

Figure 01: Canonical representation of the 

MAPK pathway. 

Based on this reference MAPK pathway, 

KRAS was targeted. As it cannot be targeted 

directly, due to its shallow pocket, the 

upstream indirect targets were chosen, such 

as SOS1, SHP2, and the chaperone PDE6D.  

Introduction to Berberine chloride: 

Chemotherapy, immunotherapy, targeted 

treatment, radiation therapy, and surgical lung 

tumor excision are now used to treat lung 

cancer [11]. The main disadvantages of the 

synthetic drug compounds now on the market 

for chemotherapy are their low bioavailability 

and off-target effects. On the other hand, 

phytoconstituents produced from natural 

products are becoming more and more 

popular as a potential therapy target for LC. 

The stems, bark, and roots of plants of the 

genus Berberis contain large amounts of 

berberine, an isoquinoline alkaloid that is 

well-known for its anti-cancer and anti-

inflammatory qualities [12-13]. It has been 

demonstrated that berberine inhibits the 

development of non-small cell lung cancer 

(NSCLC) by repressing DNA repair and 

replication, inducing apoptosis, and inhibiting 

proliferation and colony formation ability 

[14]. The main disadvantages of berberine 

and many other plant-derived active 

principles include poor bioavailability and 

restricted bio-absorption, which restrict their 

in vivo efficacy and therapeutic application 

despite their promising anti-cancer activity 

and immense potential [15-16]. The absence 

of efficient detection and treatment methods 

is one of the main causes of the rising number 

of lung cancer occurrences. Controlling 

carcinogenesis and metastasis may be 
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facilitated by understanding the molecular 

processes underlying lung cancer 

pathogenesis and developing methods to 

block specific pathways at the molecular 

level [17]. 

Based on this literature evidence, Berberine 

chloride, which is a promising anti-cancerous 

phyto constituent, was used as the drug of 

interest in our study. As KRAS-mutated non-

small cell lung cancer is the most mutated 

oncogenic driver, though its mechanism is 

well known, the therapeutic strategy for this 

protein is still underexplored.   

KRAS-Mutated Lung Cancer Incidence: 

The total prevalence of RAS gene mutations 

was 22.58%, with KRAS mutations being the 

most common and frequent kind, according to 

data on RAS mutations in 17,993 cancer 

cases [18]. Most KRAS mutations occur at 

codons 12 and 13 of exon 2 and 61 of exon 3. 

Codon 12 substitution mutations (purine is 

transformed to pyrimidine or vice versa), 

G12C (39%), and G12V (18–21%) are the 

most prevalent mutation subtypes in KRAS-

mutant lung cancer. G12D (14–18%), G12A 

(10–11%), and transition mutations (purine 

being substituted by purine or pyrimidine by 

pyrimidine) come next. 

G12C is the most common mutation in 

smokers (45%), whereas G12D is the most 

common mutation in nonsmokers (46%) [19]. 

Furthermore, the prevalence of KRAS varies 

according to the race of the patient (more 

prevalent in white people than in Asians). 

According to Lee et al.'s analysis of a 

multicenter retrospective cohort study of 216 

Asian KRAS-mutant NSCLC patients, the 

Eastern Cooperative Oncology Group 

(ECOG) physical status scores were mostly 

0–1 (92.1%), the majority of patients were 

male (70.8%), the histological subtypes 

included adenocarcinoma (89.8%), squamous 

cell carcinoma (4.2%), and others (6.0%), and 

KRASG12D was the most common subtype 

(25.5%), mostly in never-smokers, suggesting 

that factors other than smoking may be the 

cause of KRAS-mutant lung cancer in Asian 

patients [20].  

1. Molecular Connectivity of KRAS with the 

targeted Biomarkers: 

The research is the basic foundation of in-

silico analysis and needs understanding for 

the connectivity to the proposed research 

directions. It's important to introduce all the 

checkpoints leading to the research 

conducted.  

3.1. KRAS-SOS1 molecular inhibition 

KRAS-SOS1 inhibition of the guanine 

nucleotide exchange factor (GEF) activity of 

SOS1, which stimulates GDP-to-GTP 

exchange on KRAS, traps the oncoprotein in 

its inactivated GDP-bound form. Small-

molecule inhibitors such as BI-3406 and 

BAY-293 interact with the CDC25 domain of 

SOS1 instead of interacting with the catalytic 

interface between the switch I/II regions of 

KRAS and inhibit allosteric activation. These 

agents utilize a shallow pocket that develops 

around SOS1 residues and KRAS, in which 

any single-atom rearrangements cause a shift 

between activation and potent inhibition 

(IC50 -5 nM) [21]. 

Orthosteric inhibitors also bind the SOS1-

KRAS binding site and stabilize an abortive 

complex, which prevents the release of 

nucleotide, but does not result in dissociation. 
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Simulation of atomic interactions shows that 

GDP extraction occurs in discrete cycles, 

with the initial step being the docking of the 

helix of SOS1 to KRAS switch II, and the 

subsequent steps being the prying of GDP 

through hydrophobic clashes, which are 

blocked by inhibitors through rigidification 

of switch conformations. The potency of 

Allosteric SOS1 modulators is further 

increased by conformational clamping, which 

reduces KRAS-GTP in cells by more than 90 

percent and inhibits MAPK rebounding [22-

23]. 

Inhibitors bind to SOS1 E332 and KRAS T35 

to form H-bonds to imitate GDP and avoid 

hydrolysis. This prevents downstream 

recruitment of RAF and ERK 

phosphorylation and proliferation in KRAS-

mutant NSCLC/CRC cells, synergizing with 

G12C covalent inhibitors by inhibiting wild-

type RAS activation. Preclinical evidence 

shows that SOS1-KRAS antagonists induce 

overcoming resistance in tumors with over 

80% regression in PDX models [21, 24]. 

3.2. KRAS-SHP2 molecular inhibition: 

SHP2 (PTPN11) is an example of a non-receptor 

tyrosine phosphatase that activates KRAS signaling 

by acting upstream (dephosphorylating RTK 

adaptors, e.g., GRB2) to allow SOS1 to recruit and 

then GDP-GTP exchange KRAS. Allosteric SHP2 

inhibitors interact with a helix of the PTP domain, 

stabilizing an auto-inhibited conformation that 

closes the catalytic site, inhibiting p-ERK in KRAS-

mutant cells more than 70% [25].  

These agents disrupt SHP2-KSR1 scaffolding, 

repressing adaptive MAPK activation upon MEK 

inhibition in KRAS-mutant gastric cancer through 

KSR1 stimulation inhibition. SHP2 inhibition in 

KRAS G12C tumors augments GDP-locked 

occupancy of KRAS, which boosts the efficacy of 

covalent inhibitors (e.g., sotorasib) by inhibiting 

RTK feedback and wild-type RAS cycling. Dimers 

can be inhibited by structural clamping of the 

allosteric site to prevent upstream activation of 

RAS regardless of the mutant allele [26]. 

SHP2 blockade, which combats KRAS, has been 

shown to synergize with KRAS G12C in preclinical 

models, which induces over 90 percent tumor 

regression in PDXs of PDAC versus NSCLC. Phase 

III trials (e.g., KRAS G12C + SHP2 by Jacobio) 

verify PFS in NSCLC, which extends despite 

resistance in the KRAS-amplified GEAs. This 

makes the SHP2 inhibition a crucial approach 

towards MAPK inhibition in 30% of KRAS-driven 

cancers [27-28]. 

3.3. KRAS-PDE6D molecular inhibition: 

The prenyl-binding chaperone PDE6D (PDE6D) 

solubilizes farnesylated KRAS in the cytosol and 

releases the molecule to RAS/RAF activation in the 

plasma membrane by shuttling it out of the 

recycling endosomes. Inhibition interferes with 

KRAS membrane localization by stabilizing it in 

PDE6D complexes or preventing access to the 

prenyl pocket and directing oncogenic KRAS into 

cytoplasm/primary cilia and inhibiting ERK 

signaling [29]. 

Hydrophobic small molecule inhibitors such as 

deltarasin bind to the hydrophobic pocket of 

PDE6D (residues 60-87) and maintain farnesyl-

KRAS in high affinity (IC50 -150 nM) and inhibit 

membrane trafficking. New stabilizers exploit 

KRAS mutations (e.g., G12V, S3I1) to stimulate 

PDE6D binding, thereby redressing the balance 

towards cytoplasmic sequestration and preventing 

proliferation in KRAS-mutant CRC/PDAC cells. 

Sophisticated agents such as Deltaflexin3 are 
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combined with sildenafil to enhance 

solubility/potency, which deactivate p-ERK/S6 by 

approximately 28% through selective KRAS 

displacement [30-32]. 

Crystal structures reveal that inhibitors form π-

stacking and H-bonds at the prenyl site. Inhibitors 

interacting with the prenyl site prevent KRAS 

release but not PDE6D-wild. PDE6D blockade 

specifically inhibits viability/growth in KRAS-

mutant CRC/NSCLC/PDAC lines, associated with 

oncogenic levels of KRAS, and in combination with 

NAMPT blockers reduces tumors. This confirms 

that PDE6D is a surrogate endpoint of 30% cancers 

driven by KRAS [33].  

Our hypothesis states that “Berberine 

chloride (CID:12356), a bioactive drug, can 

modulate the KRAS-driven oncogenic 

signalling in lung adenocarcinoma, inhibiting 

with stable binding affinity towards the key 

upstream regulatory proteins (SOS1, SHP2, 

and chaperone PDE6D) of the MAPK 

signalling pathway”. In this context, targeting 

KRAS using its chaperone, i.e., PDE6D, is a 

novel therapeutic strategy. The in-silico 

approaches based on targeting PDE6D using 

Berberine chloride give the novelty in this 

paper. The proof or review of literature has 

been studied in the following sections to 

understand the connectivity, novelty, and the 

research gap leading to the research 

conducted. 

 

 4. Objectives: 

1. To check the binding affinity of the drug 

Berberine chloride and the upstream 

regulators of KRAS using Schrodinger. 

2. To use Desmond software for 100ns MD 

simulations to verify the structural stability 

of the chosen protein-ligand complexes. 

3. ADMET profile evaluation of Berberine 

chloride using pkCSM software. 

 

5. Materials and Methods: 

5.1. Selection of KRAS upstream targets: 

The upstream key regulators were selected 

based on extensive literature evidence, and to 

confirm, KEGG pathway analysis was used. 

The three primary protein targets involved in 

KRAS activation and signal propagation- 

SOS1, SHP2, and PDE6D were included for 

computational evaluation.  

5.2. Protein structures Retrieval and 

Preparation: 

Selected proteins' three-dimensional structures 

were obtained from the Protein Data Bank (PDB). 

using PubMed literature searches. Proteins were 

imported into the Schrodinger Maestro workspace 

and prepared using the Protein Preparation 

Wizard [34-36]. 

 

Preparations included: 

● Bond order assignment 

● Addition of missing Hydrogen bonds 

● Protonation state optimization at pH 7.0 

● Removal of water molecules 

● Energy minimization  

The selection of these KRAS upstream targets 

was obtained from the Protein Data Bank [34-

36]. 

a. Chain selection (If there are 2 chains in the 

protein, one chain is selected as the protein 

structure can have more than one chain [if 
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duplicate chains are found, then only one 

chain is retained and the other is eliminated]). 

b. The General Resolution parameter is less than 

2.5 Angstroms. Our selected protein structure 

resolution is as mentioned in Table 01. 

respectively. The lower the resolution better 

the quality, and the structure is more 

meaningful. The resolution of the selected 

protein structures are as follows: 

 

 

 

 

Table 01: Details of the target proteins 

and their PDB ID. 

5.3. Preparation of Ligand: 

Berberine chloride's chemical structure was 

acquired in SDF format from the PubChem 

database [37]. The ligand was prepared 

using LigPrep [38]. 

The Ligand information is as follows: 

● Compound name: Berberine 

chloride 

● SMILES: 

COc1ccc2cc3[n+](cc2c1OC)CCc1

cc2c(cc1-3)OCO2 

● PDB Name: BER 

● Pub chem ID: 12456  

● Atomic mass: 336.371 au 

● Charge: +1 

● Molecular Formula: C20H18NO4 

● No. of Fragments: 1 

● No. of Rot. Bonds: 2  

Counter Ion/Salt Information: 

 

Figure 02: 2D chemical structure 

of Berberine chloride. 

5.4. Molecular docking to examine the 

interaction between proteins and ligands: 

Molecular docking was carried out with 

Schrodinger's Glide module [39]. 

Grid Preparation: 

For grid preparation, the active site 

literature served as the primary source of 

evidence [40]. 

 

Docking procedure: 

Standard precision docking was performed for initial screening. 

The top-ranked poses were selected based on their glidescore, interaction stability, and hydrogen-bonding 

patterns. 

 

Sl. 
No 

Name of the 
Protein 

PDB ID Resolution 
(A) 

1. SOS1 6SFR 2.5 
2. SHP2 4JEG 1.8 
3. PDE6D 5ML2 2.15 

Type Number Concentration 
[mM] 

Charg
e 

Sodium 8 57.041 +8 
Chloride 7 49.911 -7 
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5.5. Molecular Dynamics Simulations: 

MD simulations were carried out using the Desmond module [41]. 

Simulation Parameters: 

● Simulation Time: 100 ns 

● Ensemble: NPT 

● Thermostat: Nose-Hoover chain 

● Barostat: Martyna-Tobias-Klein 

● Time step: 2 fs 

● Trajectory recording: 10 ps 

 

Analysis done using MD: 

● RMSD- Root Mean Square Deviation 

● Protein Ligand Interactions 

● Binding Stability over time 

● Ligand Stability and its properties, such as SASA, Rg, and others. 

 

5.6. ADMET Prediction: 

To check the pharmacokinetic and drug likeness properties, pkCSM software was used [42]. 

The parameters assessed are as follows: 

● Lipinski’s rule of Five 

● GI absorption 

● Water Solubility 

● P-gp substrate 

● Cytochrome P450 inhibition 

● Bioavailability Radar  

6. Results and Discussion: 

6.1. Docking results: 

The docking results are presented in Table 02 for all the selected proteins. 

 

 

 

Sl. 
No 

Name of the 
Protein 

PDB 
ID 

Docking 
Scores 

1. SOS1 6SFR -3.4 
2. SHP2 4JEG -4.8 
3. PDE6D 5ML2 -7.9 
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Table 02: Representation of the obtained docking score data. 

The proteins were subjected to MD simulations for further precision. 

 

Figure 03: 2D imaging of Ligand-Protein Contacts for SOS1 (6SFR). 

The above image, Figure 03, represents the protein ligand interaction of Berberine chloride with the target 

protein SOS1 (6SFR). This image gives a representation of hydrophobic interaction and solvent exposure. 

The docking score is -3.4, which is not a better binding score. Hence, this is to be subjected to MD 

simulations to check its binding stability. Isoleucine and Phenylalanine are the two amino acids that this 

protein binds to the ligand. 

 

Figure 04 represents the strong binding between Berberine chloride and the target protein chaperone 

PDE6D (5ML2). The amino acids Isoleucine, Glutamine, and Tryptophan bind with the Ligand to form 

stability. This binding combination has the highest docking score with -7.9, which can be considered as the 

better score for taking it further for wet lab validation. It was taken for MD for further analysis. 
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Figure 04: 2D imaging of Ligand-Protein Contacts for PDE6D (5ML2). 

             

The Figure 05. represents the 2D imaging of Ligand protein interaction between SHP 2 and Berberine 

chloride. This exhibits low binding affinity due to the compact allosteric pocket of SHP2. As docking 

suggests limited direct inhibition, it was subjected to MD simulations to check for the transient stabilization 

due to the conformational adjustments. 

 

Figure 05: 2D imaging of Ligand-Protein Contacts for SHP2 (4JEG). 

As we considered only 3 protein structures for analysis. In spite of getting low docking score we tend to 

check for its stability hence subjected it for MD simulations. 

6.2. Molecular Dynamics (MD) Simulations Result: 

6.2.1. Protein Structure Simulation: 
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The structural properties were aligned with stable parameters for simulation, and MD studies were subjected 

to 100 ns.  

6.2.1.1. Protein Structure Information of SOS1 (6SFR): 

Tot. Residues Prot. Chains Res. In Chains No. of Atoms No. of Heavy Atoms Charge 

480 ‘A’ ict_values [480] 7964 3973 0 

 

 

 

Figure 06: Amino acid Sequence of the protein SOS1 (6SFR)- Chain A. 

 

6.2.1.2. Protein Structure Information of PDE6D (5ML2): 

Tot. Residues Prot. Chains Res. In Chains No. of Atoms No. of Heavy Atoms Charge 

144 ‘B’ ict_values [144] 2366 1181 0 

 

 

Figure 07: Amino acid Sequence of the protein PDE6D (5ML2)- Chain B. 
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6.2.1.3. Protein Structure Information of SHP2 (4JEG): 

Tot. Residues Prot. Chains Res. In Chains No. of Atoms No. of Heavy Atoms Charge 

118 ‘A’ ict_values [118] 1840 928 -2 

 

 

Figure 08: Amino acid Sequence of the protein SHP2 (4JEG)- Chain A. 

 

6.2.2. Protein Ligand RMSD: 

 

Figure 09: Protein-Ligand RMSD Result of SOS1 (6SFR). 

The Figure 09. represents the RMSD fluctuations between SOS1 and Berberine chloride. The initial 

fluctuations of RMSD occur up to 40 ns, then the complex stabilizes, which confirms the moderate binding 

strength predicted by docking. The ligand remains associated with the protein, but it does not exhibit strong 

conformational restriction. 
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Figure 10: Protein-Ligand RMSD Result of PDE6D (5ML2). 

The Figure 10. represents the MD simulation RMSD fluctuations between the ligand Berberine chloride 

and the protein PDE6D. This exhibits a stable binding through 100 ns with minimal deviation in some of the 

time durations. This reflects high structural stability and confirms this target as the most reliable target for 

Berberine chloride. 
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Figure 11: Protein-Ligand RMSD Result of SHP2 (4JEG). 

 

The Figure 11. represents the RMSD fluctuations between Berberine chloride and SHP2. There is a mild 

fluctuation exhibited with no major drift. This indicates stable binding but not deeply anchored interactions, 

with weak docking affinity.  
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Figure 12: Protein Ligand Contacts of SOS1 (6SFR). 

Figure 12. represents the amino acid interaction between the protein SOS1 and the ligand Berberine 

chloride. This shows sparse hydrophobic interactions with short-lived contacts, which indicates weak 

inhibition potential. 
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Figure 13: Protein Ligand Contacts of PDE6D (5ML2). 

 

Figure 13. represents the information on amino acid interactions between Berberine chloride and PDE6D 

that exhibits strong and long-lasting interactions with the key residues Tryptophan, Glutamine, and 

Isoleucine. This confirms a strong binding and high likelihood of functional inhibition.  
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Figure 14: Protein Ligand Contacts of SHP2 (4JEG). 

The Figure 14. represents the amino acid interactions between the protein SHP2 and Berberine chloride. 

This exhibits intermittent interaction profiling, which suggests secondary regulatory influence rather than 

strong inhibition. 

6.3. Bar-graph representation of Protein-Ligand contacts: 

This representation exhibits the interaction of each target protein with the ligand Berberine chloride, which 

exhibits the affinity between them. 
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Figure 15: Graphical Representation of Protein-Ligand Contacts for SOS1 (6SFR). 

The Figure 15. represents the bar graph of the contact residues between the protein SOS1 and the ligand 

Berberine chloride. This shows the low contact frequency and confirms the moderate affinity. 

 

 

Figure 16: Graphical Representation of Protein-Ligand Contacts for PDE6D (5ML2). 

The Figure 16. represents the bar graph of the contact residues between the chaperone PDE6D and the 

ligand Berberine chloride. These results again confirm the strongest and most stable interaction with high 

and persistent bar heights. 
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Figure 17: Graphical Representation of Protein-Ligand Contacts for SHP2 (4JEG). 

Figure 17. represents the bar graph of the contact residues between the protein SHP2 and the ligand 

Berberine chloride. These results show moderate interactions with fluctuating intensity, which supports the 

weak docking but stable MD behaviour.   

 

6.4. Ligand Properties: 

The Ligand was subjected to a check for its internal properties for a time duration of 100 ns. 

6.4.1. Root Mean Square Deviation (RMSD) of the Ligand: 

RMSD of a ligand in relation to the reference conformation in ns. The frame below is used as the reference, 

and it is regarded as time t=0. 

 

Figure 18 (a). Diagrammatic Representation of Ligand RMSD properties. 

The Ligand RMSD confirms the strong structural retention across all the protein structures as represented in 

Figure 18 (a). 

6.4.2. Radius of Gyration (rGyr) of the Ligand: 

Evaluates a ligand's extendedness and is comparable to its primary moment of inertia. 

 



 Computational Investigation of KRAS regulatory targets through Berberine chloride in 
Lung cancer: Targeting upstream regulators of the MAPK Pathway 

 

IJDDT, Volume 16 Issue 40s, 2026 Page 782 

 

Figure 18 (b). Diagrammatic Representation of Ligand rGyr Properties. 

These results confirm the steady throughout all simulations, and it maintains a compact and stable 

conformation as represented in Figure 18 (b).  

6.4.3. Intramolecular Hydrogen Bonds (intra HB):  

This indicates how many internal hydrogen bonds a ligand molecule has. 

 

Figure 18 (c). Diagrammatic Representation of Ligand’s Intramolecular Hydrogen Bond. 

This confirms the absence of Intra-HBs, which confirms that the ligand does not undergo internal collapse as 

represented in Figure 18 (c). 

6.4.4. Molecular Surface Area (MolSA):  

Calculate the molecular surface using a 1.4 Å probe radius. A van der Waals surface area is equal to this 

value. 

 

Figure 18 (d). Diagrammatic Representation of Ligand MolSA Properties. 

The stable values of this representation reflect consistent exposure and fit inside the protein pockets as 

represented in Figure 18 (d). 

6.4.5. Solvent Availability Surface Area (SASA): 

This allows a water molecule to access all of a molecule's information. 

 

Figure 18 (e). Diagrammatic Representation of Ligand SASA Properties. 

This shows the minimal fluctuation that indicates a stable solvation environment for the ligand as represented in Figure 
18 (e). 
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6.4.6. Polar Surface Area (PSA): 

Only nitrogen and oxygen atoms contribute to a molecule's solvent-accessible surface area. 

 

Figure 18 (f). Diagrammatic Representation of Ligand PSA Properties. 

This represents the consistent PSA, which predicts the polarity-driven interactions across the trajectory as 

represented in Figure 18 (f). 

 

7. ADMET Results: 

Absorption:  

Model Name Predicted Value Unit 

Water Solubility -3.06 Numeric (log mol/L) 

Caco2 permeability 0.88 Numeric (log Papp in 10-6 cm/s) 

Intestinal absorption (human) 79.298 Numeric (% absorbed) 

Skin Permeability -2.622 Numeric (log Kp) 

P-glycoprotein Substrate Yes Categorical (Yes/No) 

P-glycoprotein I inhibitor No Categorical (Yes/No) 

P-glycoprotein II inhibitor Yes Categorical (Yes/No) 

Table 03: Representation of the Absorption results obtained from the pkCSM software. 

The Absorption in Table 03. exhibits high human intestinal absorption with low solubility and P-gp 

substrate. This predicts bioavailability issues. 

Distribution: 

Model Name Predicted Value Unit 

VDss (human) 0.385 Numeric log (L/kg) 

Fraction Unbound (human) 0.291 Numeric (Fu) 

BBB Permeability 0.241 Numeric (log BB) 

CNS Permeability -1.529 Numeric (log PS) 
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Table 04: Representation of the Distribution results obtained from the pkCSM software. 

 

Metabolism: 

Model Name Predicted Value Unit 

CYP2D6 Substrate No Categorical (Yes/No) 

CYP3A4 Substrate Yes Categorical (Yes/No) 

CYP1A2 Inhibitor Yes Categorical (Yes/No) 

CYP2C19 Inhibitor No Categorical (Yes/No) 

CYP2C9 Inhibitor No Categorical (Yes/No) 

CYP2D6 Inhibitor No Categorical (Yes/No) 

CYP3A4 Inhibitor No Categorical (Yes/No) 

Table 05: Representation of the Metabolism results obtained from the pkCSM software. 

Table 05 represents the metabolism data of pkCSM. This shows potential metabolic interactions as a 

CYP3A4 substrate, and CYP1A2 inhibition was predicted. 

Excretion: 

Model Name Predicted Value Unit 

Total Clearance 1.618 Numeric (log ml/min/kg) 

Renal OCT2 Substrate No Categorical (Yes/No) 

Table 06: Representation of the Excretion results obtained from the pkCSM software. 

Table 06. confirms the normal clearance with no renal transporter risk. 

Toxicity: 

Model Name Predicted Value Unit 

AMES Toxicity Yes Categorical (Yes/No) 

Max. Tolerated Dose (Human) 0.027 Numeric (log mg/kg/day) 

hERG I Inhibitor No Categorical (Yes/No) 

hERG II Inhibitor Yes Categorical (Yes/No) 

Oral Rat Acute Toxicity (LD 50) 2.458 Numeric (mol/kg) 

Oral Rat Chronic Toxicity (LOAEL) 2.155 Numeric (log mg/kg bw/day) 

Hepatotoxicity Yes Categorical (Yes/No) 
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Model Name Predicted Value Unit 

AMES Toxicity Yes Categorical (Yes/No) 

Skin Sensitisation No Categorical (Yes/No) 

T. Pyriformis Toxicity 0.339 Numeric (log ug/L) 

Minnow Toxicity 0.262 Numeric (log mM) 

Table 07: Representation of the Toxicity results obtained from the pkCSM software. 

Table 07. represents the toxicity prediction data in which AMES positive, predicted hepatotoxicity, and 

hERG II inhibition indicate the need for dose control and nano-formulation strategies. 

Discussion: 

The overall discussion suggests that KRAS 

remains one of the most challenging 

oncogenic drivers to target in NSCLC, 

which is mainly due to the absence of deep 

binding pockets and its high intrinsic affinity 

for GTP. Recent therapeutics have given a 

great breakthrough to target the upstream 

regulators of KRAS, which are included in 

our study: SOS1, SHP2, and the chaperone 

PDE6D. To check the target, we 

incorporated docking and MD simulations 

and ADMET prediction to evaluate the 

potential of the drug of interest.  

The docking results revealed the most 

favourable binding partner of Berberine 

chloride PDE6D with a -7.9-docking score, 

binding with amino acids Glutamine, 

Isoleucine, and Tryptophan, which exhibits 

the highest binding affinity by forming 

stable hydrophobic and polar interactions. 

The moderate affinity exhibited by proteins 

SOS1 and SHP2 indicates secondary 

regulatory potential. The MD simulations 

were further strengthened. The PDE6D-

Berberine chloride complex exhibits 

minimal fluctuations and better structural 

stability over 100 ns. Hence, with all these 

validations in the protein target, PDE6D can 

be targeted to regulate KRAS.  

After validating the protein target, the ligand-

based analyses, which included RMSD, rGyr, 

SASA, PSA, and MolSA, demonstrate Berberine 

chloride maintains structural integrity throughout 

the simulation. These analyses give a better 

standard to consider for inhibition development. 

The ADMET analysis of Berberine (BBR) was 

performed using the pkCSM web server. It 

demonstrated full compliance with Lipinski’s rule 

of five, exhibiting a molecular weight of 

371.82Da, LogP value of 0.1003, 4 hydrogen 

bond acceptors, and zero hydrogen bond donors, 

all together indicating drug likeness with no 

violation of the rule. BBR showed adequate 

intestinal absorption of 79.298%, exceeding the 

70% threshold considered predictive of good oral 

bioavailability. BBR was identified as a P -

glycoprotein (P-gp) substrate and gpII inhibitor, 

suggesting that the efflux-mediated mechanisms 

may partially limit its effective oral absorption in 

vivo. The predictive volume of distribution and a 

free fraction of 0.291 indicate moderate tissue 

partitioning with sufficient unbound drug 

available for pharmacological activity. The 

blood-brain barrier (BBB) permeability value of 

+0.241 suggests that blood-brain barrier 

penetration, which may be pharmacologically 
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relevant. The absence of inhibitory activity 

against CYP2C9, CYP2C19, CYP2D6, and 

CYP3A4 isoforms substantially limits the 

broader DDI liability of the compound. From a 

toxicological standpoint, BBR shows a positive 

AMES mutagenicity signal and predicted 

hepatotoxicity, which suggests experimental 

validation is needed before advancing to drug 

development. Basically, AMES toxicity depends 

on the amount and duration of drug intake, which 

is to be optimized through wet lab studies. Even 

Paclitaxel, which is an FDA-approved drug, 

shows AMES toxicity but has been optimized 

through dose and duration.  

8. Future Perspectives: 

The overall results of this paper give 

molecular insights into upstream regulators 

of KRAS that can be targeted through the 

MAPK pathway. The future of our work 

focuses on the reduction of drug usage and 

drug enhancement through nano-formulation. 

However, the in-silico approach gives only 

partial confirmation and cannot be 

completely reliable, as wet lab validation is 

needed for this study. There might be 

changes in the wet lab due to various external 

factors. This can be further considered for 

developing therapeutics for precision 

oncology, as mentioned in Figure 19.  

 

Figure 19. Diagrammatic Representation 

of Future Perspectives. 

9. Conclusion: 

This research work demonstrates that 
Berberine chloride exhibits a strong binding 
affinity and dynamic stability towards the 
key regulatory inhibitor PDE6D, which 
reveals its potential to modulate the KRAS 
activation through indirect upstream 
inhibition. The consideration of MD 
simulations for 100ns and molecular docking 
confirms the stable protein-ligand 
interactions with minimal deviations. Further 
down the studies with support for the ligand 
behavioural analyses, such as RMSD, rGyr, 
SASA, and PSA, followed by ADMET 
profiling, suggest the acceptable drug-
likeness and pharmacokinetic characteristics, 
with limitations primarily related to efflux 
and potential hepatotoxicity. Overall results 
propose the drug Berberine chloride as a 
promising natural compound, which can 
interrupt the KRAS regulatory signalling in 
lung adenocarcinoma through inhibition of 
PDE6D. This validates the PDE6D as a better 
binding target for Berberine chloride to treat 
KRAS-mutated NSCLC. As per our 
knowledge, there is no paper to date that 
potentially studies the interaction of the 
chaperone PDE6D and the ligand Berberine 
chloride. 
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