Print ISSN : 0972-8813

-ISSN - 2582-2780 [Vol. 23(3) September-December 2025]

Pantnagar Journal of Research

(Formerly International Journal of Basic and
Applied Agricultural Research ISSN : 2349-8765)

G.B. Pant University of Agriculture & Technology
Pantnagar, U.S. Nagar; Uttarakhand, Website : gbpuat.res.in/PJR




ADVISORY BOARD
Patron
Prof. Manmohan Singh Chauhan, Ph.D., Vice-Chancellor, G.B. Pant University of Agriculture and Technology, Pantnagar, India
Members
Prof. S. K. Verma, Ph.D., Director Research, G.B. Pant University of Agri. & Tech., Pantnagar, India
Prof. Jitendra Kwatra, Ph.D., Director, Extension Education, G.B. Pant University of Agri. & Tech., Pantnagar, India
Prof. S.S. Gupta, Ph.D., Dean, College of Technology, G.B. Pant University of Agri. & Tech., Pantnagar, India
Prof. A.H.Ahmad, Ph.D., Dean, College of Veterinary & Animal Sciences, G.B. Pant University of Agri. & Tech., Pantnagar, India
Prof. Alka Goel, Ph.D., Dean, College of Community Science, G.B. Pant University of Agri. & Tech., Pantnagar, India
Prof. R.S. Jadoun, Ph.D., Dean, College of Agribusiness Management, G.B. Pant University of Agri. & Tech., Pantnagar, India
Prof. Lokesh Varshney, Ph.D., Dean, College of Post Graduate Studies, G.B. Pant University of Agri. & Tech., Pantnagar, India
Prof. Avdhesh Kumar, Ph.D., Dean, College of Fisheries, G.B. Pant University of Agri. & Tech., Pantnagar, India
Prof. Subhash Chandra, Ph.D., Dean, College of Agriculture, G.B. Pant University of Agri. & Tech., Pantnagar, India
Prof. Ramesh Chandra Srivastava, Ph.D., Dean, College of Basic Sciences & Humanities, G.B.P.U.A.T., Pantnagar, India

EDITORIAL BOARD
Members
A.K. Misra, Ph.D., Ex-Chairman, Agricultural Scientists Recruitment Board, Krishi Anusandhan Bhavan I, New Delhi, India & Ex-Vice
Chancellor, G.B. Pant University of Agriculture & Technology, Pantnagar
Anand Shukla, Director, Reefberry Foodex Pvt. Ltd., Veraval, Gujarat, India
Anil Kumar, Ph.D., Director, Education, Rani Lakshmi Bai Central Agricultural University, Jhansi, India
Ashok K. Mishra, Ph.D., Kemper and Ethel Marley Foundation Chair, W P Carey Business School, Arizona State University, U.S.A
Binod Kumar Kanaujia, Ph.D., Professor, School of Computational and Integrative Sciences, Jawahar Lal Nehru University, New Delhi,
India
D. Ratna Kumari, Ph.D., Associate Dean, College of Community / Home Science, PITSAU, Hyderabad, India
Deepak Pant, Ph.D., Separation and Conversion Technology, Flemish Institute for Technological Research (VITO), Belgium
Desirazu N. Rao, Ph.D., Honorary Professor, Department of Biochemistry, Indian Institute of Science, Bangalore, India
G.K. Garg, Ph.D., Ex-Dean, College of Basic Sciences & Humanities, G.B.Pant University of Agric. & Tech., Pantnagar, India
Humnath Bhandari, Ph.D., IRRI Representative for Bangladesh, Agricultural Economist, Agrifood Policy Platform, Philippines
Indu S Sawant, Ph.D., Principal Scientist, ICAR National Research Centre for Grapes, Pune, India
Kuldeep Singh, Ph.D., Director, ICAR - National Bureau of Plant Genetic Resources, New Delhi, India
Muneshwar Singh, Ph.D., Ex-Project Coordinator AICRP- LTFE, ICAR, Indian Institute of Soil Science, Bhopal, India
Omkar, Ph.D., Professor (Retd.), Department of Zoology, University of Lucknow, India
P.C. Srivastav, Ph.D., Professor (Retd.), Department of Soil Science, G.B. Pant University of Agriculture and Technology, Pantnagar, India
Prashant Srivastava, Ph.D., Soil Contaminant Chemist, CSIRO, Australia
Puneet Srivastava, Ph.D., Director, Water Resources Center, Butler-Cunningham Eminent Scholar, Professor, Biosystems Engineering,
Auburn University, United States
R.K. Singh, Ph.D., Ex-Director & Vice Chancellor, ICAR-Indian Veterinary Research Institute, Izatnagar, U.P., India
Ramesh Kanwar, Ph.D., Charles F. Curtiss Distinguished Professor of Water Resources Engineering, lowa State University, U.S.A.
S.N.Maurya, Ph.D., Professor (Retired), Department of Gynaecology & Obstetrics, G.B. Pant University of Agric. & Tech., Pantnagar, India
Sham S. Goyal, Ph.D., Professor Emeritus, Faculty of Agriculture and Environmental Sciences, University of California, Davis, U.S.A.
Umesh Varshney, Ph.D., Honorary Professor, Department of Microbiology and Cell Biology, Indian Institute of Science, Bangalore, India
V.D. Sharma, Ph.D., Dean Life Sciences, SAI Group of Institutions, Dehradun, India
V.K. Singh, Ph.D., Director, ICAR-Central Research Institute for Dryland Agriculture, Hyderabad, India
Vijay P. Singh, Ph.D., Distinguished Professor, Caroline and William N. Lehrer Distinguished Chair in Water Engineering, Department of
Biological and Agricultural Engineering, Texas A & M University, U.S.A.

Editor-in-Chief
K.P.Raverkar, Professor, G.B. Pant University of Agriculture and Technology, Pantnagar, India

Assistant Managing Editor
Jyotsna Yadav, Ph.D., Research Editor, Directorate of Research, G.B. Pant University of Agriculture and Technology, Pantnagar, India

Technical Manager
S.D. Samantaray, Ph.D., Professor & Head, Department of Computer Engineering, G.B. Pant University of Agriculture and Technology,
Pantnagar, India

Development
Dr. S.D. Samantaray, Professor & Head
Brijesh Dumka, Developer & Programmer



PANTNAGAR JOURNAL OF RESEARCH

Vol. 23(3) September-December, 2025
CONTENTS
Frogeye leaf spot (Cercospora sojina K. Hara) in soybean: Emerging challenges, resistance 337

genetics and sustainable management strategies

SANJEEV KUMAR, LAXMAN SINGH RAJPUT, HEMANT SINGH MAHESHWARI,
VANGALA RAJESH, M. RAJENDAR REDDY, PAWAN SAINI, PALAK SOLANKI, JYOTI KAG,
MANOJ KUMAR YADAYV, JAYWANT KUMAR SINGHand SHIKHA SHARMA

Impact of establishment methods and weed management practices on growth and yield attributes 350
of rice (Oryza sativa L.)
HIMANSHU, S.K. YADAYV, D.K. SINGH and PRATIMA ARYA

Integrated weed management practices in wheat (7riticum aestivum L.) under the humid 355
sub-tropical condition of Uttarakhand
SHRUTTI SINGH, SHIV VENDRA SINGH and RASHMI SHARMA

Foliar supplementation of micronutrients on Palash [Butea monosperma (Lam.) Taub.] for 361
enhanced productivity of rangeenilac, Kerria lacca (Kerr, 1782) (Hemiptera: Kerridae)
PURNIMA KEKTTI, P.K. NETAM, DAMINI NISHAD and SOURABH MAHESHWARI

Lagged effects of weather variables on Helicoverpa armigera (Hiibner) larval population 367
during rabi season
RAJNNI DOGRA and MEENA AGNIHOTRI

Influence of nutrients on the flowering attributes of the guava cv. Sardar 377
RAKHI GAUTAM, PRATIBHA and A.K. SINGH

Sequential functional screening and trait-based association of chickpea rhizobacterial isolates 384
using multiple correspondence analysis

DEEPANJALI GUPTA, KIRAN P. RAVERKAR, NAVNEET PAREEK, POONAM GAUTAM,

SHRI RAM and AJAY VEER SINGH

Evaluation of neutralizing post-vaccination antibody response against Peste des petits ruminants 396
virus in Pantja goat breed of Uttarakhand, India

ANUJ TEWARI, AMISHA NETAM, RAJESH KUMAR, SAUMYA JOSHI, S.K. SINGH and

R.K. SHARMA

Arbuscular Mycorrhizal Fungi (AMF) Root Colonisation and Glomalin Variability Across 402
Bamboo Species Integrating UV-Vis Spectral Characterisation

SHAMLI SHARMA, A K. VERMA and ASHUTOSH DUBEY

Comparative pyrolysis of agricultural biomass for bio-oil production and in vitro antifungal 412
analysis of developed bio-oil based formulations
VAIBHAV BADONI, ASHUTOSH DUBEY, R. N. PATERIYA and A.K. VERMA

Computational exploration of curcumin—p-coumaric acid bioconjugates as potential inhibitors 423
of B-catenin in breast cancer stem cells
ANANYA BAHUGUNA and SHIV KUMAR DUBEY



Molecular Docking Analysis of Curcumin—Glucose Conjugate as Potential Modulators of
Breast Cancer Stemness via f-Catenin Inhibition
ROHIT PUJARI, MUMTESH SAXENA and SHIV KUMAR DUBEY

Assessment of Schizophyllum commune and Trametes hirsuta as efficient laccase-producing
white-rot fungi
RUKHSANA BANO, DIKSHA BHARTI and AJAY VEER SINGH

Drought stress mitigation and enhancement of maize growth facilitated by the plant
growth—promoting bacterium Serratia sp. SRK14
ASHISH KUMAR and AJAY VEER SINGH

Effect of adding turmeric, ginger and black pepper on biochemical parameters of Cyprinus carpio
KIRTI SHARMA, DAISY RANI1, MADHU SHARMA and TARANG SHAH

Design and Development of a Four-Wheel Remotely Controlled Weeding Machine
SANDEEP KUMAR SAROJ, JAYANT SINGH, SUMIT KUMAR and SACHIN CHAUDHARY

Analyzing farmers perception towards climate change in Nainital district of Uttarakhand
ABHISHEK KUMAR and ARPITA SHARMA KANDPAL

Study on information seeking behavior of female students of G.B. Pant University of Agriculture
and Technology, Pantnagar, Uttarakhand related to menstruation
POOJA TAMTAand SUBODH PRASAD

431

438

444

454

460

466

472



423 Pantnagar Journal of Research [Vol. 23(3) September-December 2025]

Computational exploration of curcumin—p-coumaric acid bioconjugates as
potential inhibitors of B-catenin in breast cancer stem cells

ANANYA BAHUGUNA and SHIV KUMAR DUBEY"

Department of Biochemistry, College of Basic Sciences and Humanities, G. B. Pant University of Agriculture
and Technology, Pantnagar-263 145 (U. S. Nagar, Uttarakhand)
*Corresponding author’s email id: shivdub@gmail.com

ABSTRACT: Breast cancer remains the most prevalent malignancy among women and a major contributor to global cancer
mortality. The survival of breast cancer stem cells (BCSCs), regulated largely by the canonical Wnt/B-catenin signaling pathway,
drives therapeutic resistance, metastasis, and tumor relapse.Contemporary chemotherapeutic strategies intended to target the
transformed cells have not been proven to be effective due to recurrence, drug resistance, and poor prognosis, besides substantial
toxicity to normal tissue too. Natural products including curcumin, a polyphenolic compound derived from Curcuma longa have
been shown to possess pleiotropic therapeutic and chemopreventive properties along with their potential to inhibit Wnt-mediated
stemness by suppressing the B-catenin, a key effector of the Wnt signaling pathway.The poor bioavailability and rapid metabolic
degradation of curcumin have restricted its therapeutic use, thereby prompting the synthesis of curcumin-natural product conjugates.
The present study employed an in-silico approach to analyse curcumin conjugates targeting 3-catenin. A panel of ligand molecules,
including curcumin, p-coumaric acid, its conjugate, and a reference B-catenin inhibitor (R9Q) were selected for the molecular
docking process against the target protein, -catenin. Molecular docking and interaction analysis revealed that the designed
conjugates displayed improved binding affinity, and stability compared to native curcumin. These findings support the rational
design of natural product-based conjugates as potential therapeutic leads targeting Wnt/p-catenin signaling in breast cancer stem

cells.

Keywords: B-catenin, breast cancer stem cells, curcumin conjugates, molecular docking, Wnt signaling pathway

With a high global mortality and morbidity rate,
cancer continues to be the oldest and major public
health concerns of the 21st century. There are around
20 million new cancer cases and 9.7 million cancer
deaths per year worldwide (Bray et al., 2024). Breast
cancer particularly has become the most commonly
diagnosed malignancy and leading cause of cancer
deaths in women, with approximately 12% new
cases and 25% prevalence among women (WHO,
2024). Although early diagnosis and targeted
treatment have led to favourable outcomes in high-
income countries, mortality rates are unacceptably
high in low- and middle-income areas, with five-
year survival often less than 40%, contrasting with
greater than 80% in higher income settings (Francies
et al., 2020; Kim et al., 2025). Therapy resistance,
tumor heterogeneity, metastasis, and recurrence of
the disease are major obstacles for curative success
of cancer therapies that have grown more and are
associated to the existence of cancer stem cells
(CSCs).

CSCs are a unique subset of tumor cells that share

characteristics with normal stem cells in terms of
self-renewal, differentiation, and tumor-initiation
potential. These cells are critically responsible for
tumor recurrence and metastasis after subsequent
conventional therapies because they are capable of
surviving chemotherapy and radiation by going into
a dormant phase, effectively repairing DNA breaks
and up-regulating drug efflux transporters (Wang et
al., 2025). Breast cancer stem cells (BCSCs) are
recognized by their cell surface markers, such as
CD44-/CD24/low, ALDH1 positive and enhanced
ability to generate self-renewing mammospheres
(Liu and He, 2021). Their presence in the tumor
microenvironment plays a role in both therapy
resistance and progression of disease, as well as
distant metastasis, thereby establishing their
relevance for therapeutic intervention for long-term
disease control (Gairola et al., 2025).

Among the hierarchies to stimulate the CSC self-
renewal and pluripotency, emphasis is made on Wnt/
B-catenin from the signaling pathways (Song et al.,
2024). The B-catenin destruction complex (which
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includes APC, Axin, CK1 and GSK-3p) is inhibited
in the canonical Wnt pathway when Wnt agonist
interact with their respective frizzled receptor and
co-receptor LRP5/6. This causes P-catenin to
stabilize and aggregate in the cytosol. It then
translocates to the cell nucleus, in which it interacts
through TCF/LEF factors which regulate
transcription and activates target oncogenic genes,
including MYC, Cyclin D1, and AXIN2 (Li et al.,
2023; Nusse and Clevers, 2017). Numerous cancer
types, including breast, colorectal and liver
carcinomas have shown to impair this pathway,
either by mutation or uncontrolled stimulation.In
breast carcinoma, continuous stimulation of Wnt/3-
catenin signaling induces the epithelial-
mesenchymal transition (EMT), enhances CSC
properties, and is linked to a poor medical outcome
(Xu et al., 2020).Therefore, the therapeutic
regulation of Wnt signaling stands out as a good
alternative that could be used to eliminate CSCs and
inhibit tumor relapse.

As producers of multitargeted anticancer bioactive
chemicals, natural products have garnered
significant attention lately. Their inherent structural
heterogeneity, biocompatibility, and capacity to
regulate several signaling cascades make them
perfect CSC-targeted therapy candidates (Hashem
et al., 2022). A number of phytochemicals like
resveratrol, epigallocatechin gallate, genistein and
curcumin have been reported to mediate CSC
survival and differentiation by regulating the Wnt,
Notch, Hedgehog and PI3K/Akt pathway (Gairola
et al., 2021). In addition, natural products tend to
possess reduced systemic toxicity and better
tolerability, and are thus appropriate as a long-term
chemoprevention or combination therapy.

Ofthese, curcumin, a polyphenolic diketone derived
from Curcuma longa (turmeric), has proven to have
exceptional potential because of its anti-
inflammatory, antioxidant, and anticancer properties
(Wang et al., 2023). Curcumin exhibits a broad
spectrum of cellular activities and has proven to
influence growth factor receptors, kinases,
transcription factors (NF-kB, STAT3), and enzymes
(COX-2, LOX, MMPs) that regulate cancer.
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Curcumin is known and has proven in numerous
studies to be able to disrupt the Wnt/B-catenin
signaling pathway, thus suppressing CSC properties
in various malignancies. Curcumin suppresses the
expression of PB-catenin, inhibits its nuclear
translocation, and suppresses the transcription of
oncogenes by TCF/LEF (Hegde et al., 2023; Liang
et al., 2023). It also increases the degradation of -
catenin through stimulating GSK-3p and down
regulating the expression of Wnt ligands efficiently
interfering with the process of CSC maintenance and
self-renewal (Yu et al., 2020). In breast cancer,
curcumin is shown to decrease mammosphere
formation, reduce the population of ALDH+ and
CD44+/CD24- cells, and sensitize resistant cells to
chemotherapy (Charpentier ef al., 2014; Zhu et al.,
2024).

Current research has attempted to formulate
curcumin conjugates and derivatives that are
extremely stable, bioavailable, and target-specific
with the intention to overcome these
pharmacokinetic obstacles. By facilitating better
interactions with the components of the Wnt
pathway, these molecular alterations can enhance
curcumin’s pharmacodynamics and perhaps boost
its detrimental influence on CSC-related signaling
(Harikrishnan et al., 2021).Curcumin bioconjugates
made with various ligands have been researched and
shown to have superior antibacterial and
antiproliferative properties compared to the native
curcumin (Abd El Hack et al., 2021; Dubey et al.,
2008). Thus, the objectives of the current study
include: in-silico assessment of curcumin-p-
coumaric acid conjugates to address the limitations
on the pharmacokinetic properties of curcumin as
mentioned above. This conjugation hypothesis is
intended to enhance the molecular stability,
lipophilicity, and cellular permeability of curcumin,
thereby increasing its anticancer effect and its ability
to regulate Wnt/p-catenin signaling pathway in
breast cancer stem cells.

In-silico molecular docking and pharmacokinetic
analyses were employed to identify conjugates with
optimal binding affinity towards B-catenin and
favourable drug-likeness properties. It is
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hypothesized that the resulting conjugates will
improve the anticancer effects of the Wnt/p-catenin
signaling pathway, which is a key mediator of breast
cancer stem cell development and viability.
Moreover, p-coumaric acid is a naturally occurring
byproduct of hydroxycinnamic acid that is reported
to demonstrate considerable anticancer, antioxidant,
and anti-inflammatory effects in different tumor
models. In recent years, it has been revealed that p-
coumaric acid can suppress the Wnt/B-catenin
signaling pathway, which causes decreased f-catenin
nuclear translocation and the inhibition of oncogenic
transcriptional targets (Kaleem et al., 2024; Tehami
et al., 2023). Thus, this work is novel in proposing
and validating, through in-silico approaches,
curcumin-p-coumaric acid bioconjugates as
synergistic molecules that enhance curcumin’s
stability and bioavailability while specifically
attenuating B-catenin dependent stemness signaling
in breast cancer.

MATERIALS AND METHODS

Ligand Design and Preparation

The parent molecules used to design these
conjugates were curcumin and p-coumaric acid,
which have been documented to have anticancer and
Wnt pathway modulator effects.To improve the
physicochemical stability and bioavailability of
curcumin using the strategy of molecular
hybridization, a series of curcumin-p-coumaric acid
conjugates were designed. The ligand structures of
curcumin and p-coumaric acid were downloaded
from the PubChem repository in SDF file format,
and Open Babel 2.4.1 was used to import them into
PDB format.The reference B-catenin inhibitor R9Q
was downloaded in CIF format at RCSB Protein Data
Bank (https://www.rcsb.org) and conjugates of the
monoester and diester were sketched in SKC format
with ChemDraw Ultra 12.0 (PerkinElmer, USA) and
optimized using MM2 molecular dynamics. Open
Babel was then used to translate the reference
inhibitor and the conjugates to PDB format (O’Boyle
etal.,2011) to obtain the best conformations before
in-silico molecular docking experiments as depicted
in Fig 1.
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Figl: 2D structure of curcumin, p-coumaric acid, their
conjugates (diester & monoester) and known binder

Protein Structure Retrieval and Preparation

Since the f-catenin protein is crucial to the canonical
Wnt signaling and stemness regulation in breast
cancer, it was selected as the molecular target.The
RCSB Protein Data Bank (https://www.rcsb.org)
provided the three-dimensional crystal form of
human B-catenin (PDB ID: 7AFW) with a resolution
that allows molecular docking analyses.The specific
PDB structure was chosen based on several quality

UniProtID: P35222
PDB ID: 7AFW

Fig 2:The 3D structure of p-Catenin protein
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assessment aspects such as a high crystallographic
resolution, moderate R-factor values that suggest a
great conformity between experimental and
modelled data, and coverage of the entire protein
sequence, thus providing a precise and reliable
representation of functional and structural domains
of the protein. UCSF chimera 1.17.3 was utilized to
optimize the protein structure prior to docking (Butt
et al., 2020), during which all the water molecules,
heteroatoms, and the co-crystallized ligands were
removed to avoid steric hindrance and provide a true
binding site accessibility. To improve the docking
environment, polar hydrogen atoms were added to
the protein structure. The binding residues of B-
catenin as reported previously through the UniProt
Knowledgebase (UniProt ID: P35222) were used to
identify the binding site area.This was followed by
the saving of the prepared protein structure in the
PDB format, which could be used later in molecular
docking as depicted in Fig 2.

Molecular Docking Protocol

Using AutoDock Vina, which is integrated into the
PyRx software (Trott and Olson, 2010), molecular
docking investigations were conducted to examine
the binding affinity and orientation of the ligands in
the human f-catenin binding pocket (PDB ID:
7AFW). Firstly, the created PDB files of the target
protein and associated compounds were imported
into PyRx. The macromolecule was then made the
target protein and the grid box was configured to
approximate dimensions, including the active site
region that interacts with B-catenin and TCF. The
ligands were subsequently introduced to the docking
platform one at a time. To make the ligands
compatible with AutoDock Vina, they underwent
energy minimisation and were transformed to the
.pdbqt’ format. The least energy orientations were
identified using binding affinity scores (kcal/mol),
acceptable RMSD values (<2 A), and consistency
of ligand orientation between docking runs. The
docking conditions were configured with default
exhaustiveness value of 8. The dimensions for grid
center, in angstrom, were X: 35.4682, Y: 38.0439,
Z: 48.4857 and the box coordinates values were X:
70.1643,Y:30.7945, Z: 22.3801. Visualization and
analysis of hydrogen bonds, hydrophobic
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interactions, and n—n stacking were conducted using
Discovery Studio Visualizer 2023. R9Q is a well-
known B-catenin binder, which was added as a
positive control that allowed a comparative
assessment of docking performance.

RESULTS AND DISCUSSION

Recognition of Target Protein

The target protein in this in-silicoinvestigation was
the human B-catenin protein, which is involved in
cellular proliferation, differentiation, and stemness
and is a crucial modulator of the classical
Whtsignaling pathway. Aberrant activation of j-
catenin has been strongly associated with tumor
initiation, progression, therapeutic resistance, and
the preservation of breast cancer stem cell
phenotypes, thereby making it a highly relevant
therapeutic target (Mishra et al., 2019). Because of
its high quality structural resolution (1.81 A), which
ensures high precision in the depiction of the atomic
coordinates, the corresponding crystalline model
with PDB ID: 7AFW was chosen to examine docking
among the known crystalline models of B-catenin in
the RCSB Protein Data Bank (PDB).

The protein of interest has a molecular mass of 18.45
kDa and contains 1,314 atoms ordered in 167 amino
acid residues among which 161 residues are properly
resolved and can be employed for the further
analyses.The crystal structure is a single unique
polypeptide chain, giving it a stable and well-defined
interaction interface with the ligand. This structural
integrity and resolution enable accurate
determination of the B-catenin-TCF interaction
domain, and enable good docking and interaction
profiling on curcumin and its designed curcumin-p-
coumaric acid conjugates.The preservation of
significant functional motifs and secondary
structural components within the armadillo repeat
domain of 7AFW justifies its use as a reliable model
for investigating potential inhibitors of B-catenin-
mediated oncogenic signaling cascade in breast
cancer stem cells.

Molecular Docking and Interaction Analysis
The outcome of molecular docking showed that
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Table 1: Comparative docking simulation result of Curcumin, its Conjugates (Diester and Monoester), p-coumaric acid

and Known binder (R9Q) with Beta Catenin

Name of the ligand Residues Binding Free
Energy (kcal/mol)

Curcumin GIn203, Asn204, Thr205, Asn206, Lys242, Met243, Gly245, Pro247, Lys281 -5.6
Diester GIn203, Asn204, Thr205, Asn206, Lys242, Met243, Pro247 -1.3
Monoester Lys292, Tyr254, His219, Thr257, Phe253, Ser250, Asn290, Phe293, Asp249,

Lys288, Leu252 -7.0
p-coumaric acid Asn290, Phe253, Asp249, Phe293, Leu252, Lys288 -5.1
RIQ (Known Binder) Thr289, Asp249, Phe293, Lys288, Asn290, Phe253, Ser250 -7.6

curcumin, p-coumaric acid, their conjugates, and the
reference PB-catenin inhibitor R9Q had different
binding affinities. Docking scores were determined
ranging from -5.1 to -7.6 kcal/mol signifying high
ligand-receptor affinity in the B-catenin active site.
The binding energies of curcumin-p-coumaric acid
conjugate (diester) and curcumin-p-coumaric acid
conjugate (monoester) were -7.3 kcal/mol and -7.0
kcal/mol respectively, surpassing the binding
energies of the native curcumin (-5.6 kcal/mol) and
p-coumaric acid (-5.1 kcal/mol), and closely
comparable to the binding energy of known binder

Curcumin

p-coumaric acid

i.e., R9Q (-7.6 kcal/mol) as mentioned in Table 1.

To stabilize the f-catenin-TCF complex, extensive
interaction mapping revealed that the conjugate
established numerous hydrogen bonds using key
residues-Lys312, Asp299 and Asn287 within the -
catenin binding interface (Song et al., 2024). Further,
hydrophobic interaction with residues Phe293,
Tyr333 and Leu383 also promoted ligand anchoring
(Table 1, Fig 3). Interestingly, curcumin had fewer
stabilizing hydrogen bonds and weaker n— stacking
than its conjugate, indicating that structural

Diester

Monoester

Fig. 3: 3D representation of docked conformation of curcumin, p-coumaric acid, their conjugates (diester & monoester)

and known binder using Discovery Studio
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extension with p-coumaric acid enhanced molecular
complementation and surface coverage of the
binding pocket (Fig 3). The structural extension
achieved through conjugation with p-coumaric acid
appears to facilitate improved interaction geometry
and binding stability.

The Wnt/B-catenin pathway has a key role in
sustaining breast cancer stem cell (BCSC) self-
renewal, survival, and treatment resistance. The
curcumin-p-coumaric acid conjugate’s greater
binding affinity for f-catenin suggests that it may
prevent the formation of the B-catenin-TCF/LEF
complex, hence preventingthe transcriptional
activation of Wnt specific proteins such as Cyclin
D1,MYC and AXIN2. This mechanism is consistent
with previous results indicating curcumin and its
analogues suppress B-catenin nuclear localization
and promote proteasomal degradation (Shen ef al.,
2025). In addition, p-coumaric acid has been
reported to modify B-catenin phosphorylation and
reduce Wnt ligand expression, indicating synergistic
interference with signaling pathway when
conjugated with curcumin (Nazam et al., 2023).
Therefore, curcumin-p-coumaric acid conjugate can
have dual mechanisms of action- destabilization of
B-catenin and inhibition of upstream Wnt signaling
genes, therefore, targeting the population of BCSCs
that leads to relapse and metastasis.

CONCLUSION

The current in-silico study offers a complete
structural and molecular understanding of the
possibilities of curcumin- p-coumaric acid
conjugates as novel regulators of the Wnt/z 3-catenin
signaling cascade in breast cancer stem cells. The
molecular docking results revealed that the
conjugates designed have an increased binding
affinity and a higher stability than native curcumin.
These results indicate that the strategic conjugation
of p-coumaric acid enhances the bioavailability and
metabolic stability of curcumin in addition to
increasing the ability of curcumin to deactivate p-
catenin-mediated oncogenic signaling. Due to the
centralization of Wnt/B-catenin dysregulation in
sustaining stemness and treatment resistance in
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breast cancer, these conjugates represent one of the
most promising target-specific chemopreventive or
adjuvant therapeutic options. Further, this
computational research report supports the
significance of structure-guided rational design in
improving the pharmacological features of natural
bioactives. These findings provide a basis to further
in vitro and in vivo validation of the biological
efficacy, mechanism of action and pharmacodynamic
behaviour of these conjugates. Together, the research
contributes to the knowledge about curcumin-driven
drug design and offers a future perspective of
synthesizing natural product-based therapeutics to
combat the curcumin-driven signaling networks of
cancer stem cells.
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