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Abstract
The Caatinga biome in Brazil is home to unique plant species with significant bioactive potential, such as
Cereus jamacaru (Mandacaru). Historically used in traditional medicine for treating kidney issues,
diabetes, and cardiovascular conditions, this plant contains macromolecules, which may play a role in
therapeutic applications. Here, we integrate transcriptomics, molecular docking, and molecular
dynamics approaches to explore the potential of C. jamacaru proteomics to binding to triacylglycerol
molecules, particularly targeting triacylglycerol formed by lauric, myristic, and palmitic acids.
Transcriptome analysis identified 128,942 transcripts, with 14,739 homologous proteins screened for
binding affinities. Molecular docking highlighted an isoform of Banyan Peroxidase as a versatile
candidate, exhibiting strong binding energies across all triacylglycerols, particularly palmitic acid (-7.632
kcal/mol). Xyloglucan Endotransglycosylase demonstrated specificity for myristic acid (-7.752 kcal/mol),
while Non-specific Lipid-Transfer Protein showed exceptional structural stability in dynamic simulations.
The molecular dynamics simulations, performed over 100 ns, revealed key insights into protein stability
and ligand interactions. Banyan Peroxidase displayed moderate flexibility, enhancing its adaptability to
diverse triacylglycerol substrates. Conversely, Xyloglucan Endotransglycosylase exhibited compact
stability, making it a strong candidate for targeted new applications. These findings highlight the
untapped potential of C. jamacaru as a source of bioactive proteins, bridging traditional knowledge with
advanced computational methodologies.

1. Introduction
Brazil has a rich floral diversity, with the Caatinga biome being particularly notable for its variety of plant
species adapted to water scarcity, such as cacti. This region provides valuable resources for local
communities, especially in the food and herbal medicine sectors, due to the nutritional and bioactive
potential of regional plants [1]. Among these species, the genus Cereus Mill. (Cereeae; Cactaceae),
particularly Cereus jamacaru D.C., known as Mandacaru, stands out. Native to Brazil's semi-arid region,
this plant is rich in macromolecules, with its spines and stems containing unsaturated fatty acids, such
as oleic and linoleic acids, as well as saturated fatty acids like palmitic and stearic acids [2]. For
decades, the root and stem of Mandacaru have been used in infusions and teas by the populations of
northeastern Brazil to treat a broader range of conditions, including diuresis, kidney issues, diabetes, and
worm infections. It has also been employed as a laxative, antihypertensive, and anti-rheumatic agent [3,
4].

With advancements in omics sciences, research on the medicinal properties and macromolecular
composition of natural sources like Mandacaru has increased [5]. The bioactive compounds found in
plants form the basis for discovering pharmaceuticals and industrial enzymes through innovative
techniques. This aligns with traditional practices of plant prospecting, which have long been integral to
cultures worldwide, observing their medicinal, cosmetic, and culinary properties. It is estimated that 80%
of the global population relies on traditional medicine, with 85% of this dependence rooted in the use of
plants and their bioactive compounds [6, 7]. Mandacaru, with its diverse applications and bioactive
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potential, exemplifies the intersection of traditional knowledge and modern scientific exploration,
reinforcing the importance of its study for both local and global health solutions.

Recently, approaches to facilitate the bioprospecting of biomolecules have relied on computer-assisted
(in silico) strategies, such as molecular docking, due to their advantages of quick access and low cost,
allowing for large-scale application [8, 9]. Inverse virtual screening (IVS), which is based on molecular
docking methods, involves predicting the binding mode and affinity of a ligand with a receptor. During the
IVS process, molecular docking is used as a search step within a protein database. In this context,
computational methods for protein modeling and molecular docking are highlighted. Both methods aim
to predict protein structures and energetically assess the affinity between the protein and its substrate
[10].

Fatty acids play a critical role in cardiovascular health, particularly long-chain saturated fatty acids such
as myristic and palmitic acids, which are associated with elevated Low-Density Lipoprotein cholesterol
(LDL-c) levels and increased cardiovascular risk. This risk arises through mechanisms like cholesterol
esterification [11]. A significant association exists between reducing LDL-c levels and lower rates of
cardiovascular events, including cardiovascular death, acute myocardial infarction (MI), coronary
revascularization, and stroke [12]. LDL-c is generated via the chylomicron pathway [13]. This pathway
begins with the digestion of triacylglycerols by gastric lipase in the stomach and pancreatic lipase in the
intestine, followed by the absorption of fatty acids and the subsequent production of chylomicrons by
enterocytes [13]. Lipase, an enzyme central to this process, is targeted by pharmacological agents such
as orlistat, which binds to the enzyme's active site [14]. This strategy promotes the elimination of
triacylglycerols through the intestinal tract before digestion, thereby reducing cardiovascular risk.
However, this approach indiscriminately eliminates all types of triacylglycerols, including beneficial
unsaturated ones. To date, no strategy directly and specifically targets triacylglycerols for human health.

Recent epidemiological and genetic studies have established that triacylglycerols are among the primary
contributors to atherosclerotic cardiovascular disease (ASCVD; [15]). Obesity is a key underlying risk
factor for ASCVD, as it facilitates other risk factors such as hypertriglyceridemia and insulin resistance,
both of which can trigger ASCVD. This constellation of factors constitutes metabolic syndrome, also
referred to as metabolic risk factors [16]. The bioactive composition of C. jamacaru, positions this plant
as a promising source for therapeutic proteins capable of modulating triacylglycerol digestion. This
unique biochemical profile, coupled with its historical use in traditional medicine, underscores its
potential for addressing contemporary health challenges.

Thus, this study integrates transcriptomics and in silico methodologies to investigate the therapeutic the
hypothesis of triacylglycerol binding capability to C. jamacaru proteins, which might be used to affected
triacylglycerol availability and metabolism and, consequently, impact cardiovascular health. Here, we
explored molecular docking and molecular dynamics to uncover the therapeutic potential of C. jamacaru
proteins in mitigating triacylglycerol-related health risks. By identifying candidate proteins with high
binding affinities to triacylglycerol, it bridges traditional knowledge with modern computational
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techniques. The findings lay the groundwork for cost-effective therapeutic strategies aimed at
addressing metabolic disorders and cardiovascular diseases. Moreover, this research highlights the
untapped potential of C. jamacaru as a source of bioactive proteins, leveraging advanced in silico
methods to target triglyceride metabolism and cardiovascular health.

2. Materials and Methods

2.1. Data collection and transcriptome assembly
The transcriptome data from the roots and epidermis of C. jamacaru were previously generated [17].
Sequencing was performed using the DNB-Seq platform (BGI Americas) in paired-end mode. De novo
transcriptome assembly was carried out using the Trinity software (version 2.5.11; [18]) and its
associated packages. After assembly, transcripts were translated into amino acid sequences using the
TransDecoder program.

2.2. Inverse Virtual Screening
The inverse virtual screening (IVS) analysis was performed using an automated workflow, BioProtIS
pipeline ([19]; available at https://github.com/BBMDO/BioProtIS), developed in our laboratory. This
pipeline employs a set of Python programs to integrates "omics" data and stands out in the analysis of
plant transcriptomics, detailed above:

2.2.1. Three-dimensional protein structure modeling
The modeling process of the three-dimensional protein structures was carried out using the Modeller
v.10.4 [20]. Subsequently, the identification of known three-dimensional structures in the PDB to be used
as templates was performed. For this purpose, the predicted protein sequences from the transcriptome
were compared to the protein sequences available in the PDB using the locally Blastp program. Proteins
from Cereus with less than 50% homology to the template were promptly excluded, as low identity can
also result in low-quality modeled protein structures. After identifying the model proteins in the PDB, the
batch_download.sh script (available at: https://www.rcsb.org/scripts/batch_download.sh), developed by
the PDB itself, was applied for the automated download of tertiary structures, resulting in 3,847 proteins.
Using the protein sequences of C. jamacaru and the tertiary structure of the model sequence, the
Modeller program and its Python scripts were employed to perform sequence alignment between the
target protein and the selected homologous protein. Based on this alignment, the initial model of the
target protein was generated using the known structure of the homologous protein as a reference.

2.2.2. Preparation of inputs for molecular docking
After obtaining the models we used the Openbabel 3.1.1 software [21] to prepare the protein structure.
This included removing hydrogens, adding atomic types, establishing interactions and bonds, and
centralizing the molecule to define the search grid (grid box). These operations were performed using
the pdb2gmx and editconf functionalities, as proposed by Senra & Fonseca [9]. Additionally, the
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Openbabel 3.1.1 software [21] was applied to prepare the structures of triacylglycerol formed by lauric
acid, myristic acid, and palmitic acid (CIDs: 10851, 11148, and 11147, respectively).

2.2.3. Molecular docking
With the protein structures and their ligands prepared, we proceeded to the docking analysis, conducted
using the blind docking strategy. In blind docking the three triacylglycerol target substrates were virtually
positioned within the docking grid without prior information about their binding sites, utilizing the
AutoDock Vina program [22] with default parameters. This method enabled the exploration of different
conformations and orientations of the compounds within potential binding cavities of the target protein.
This approach is particularly relevant as it allows the investigation of flexible conformations, the
identification of allosteric binding sites, and functional implications in a more comprehensive manner
[23]. As a result, proteins were selected based on their lowest binding energy (kcal/mol), indicating
strong interactions between the protein and the substrate. This process aimed to identify potential
targets for the functional and metabolic annotation of the pathways of interest.

2.3. Functional annotation
To obtain information about the function and metabolic pathways of the target proteins of C. jamacaru,
functional annotation was performed using a combination of tools and public databases, including the
blastp program and the KEGG, NCBI-nr, and UniProt databases. Protein sequences were submitted to
Prosite and InterProScan online tools to identify functional domains, protein families, and catalytic or
binding residues. The data were analyzed to correlate structural properties with potential biological
functions.

2.4. Molecular dynamics
The molecular dynamics simulation aimed to understand the binding potential and explore the structural
and dynamic properties of the complex. This analysis was conducted using GROMACS v.2023 [24] in a
multi-parallel setup to leverage computational efficiency. Initially, the protein and ligand files, commonly
outputted from docking software in PDBQT format, were converted to PDB format using Open Babel. The
ligand topology was then prepared using ACPYPE v.2023.10.27 [25] with the GAFF2 force field, which
assigns parameters tailored for small molecules, ensuring an accurate representation of the ligand’s
geometry and electrostatic properties for reliable simulation results.

For the protein topology, the OPLS-AA force field and TIP3P water model were employed to describe
system interactions, both selected for their robust performance in simulating biomolecular systems. A
dodecahedron simulation box was generated around the protein with a buffer of 1.0 nm from the protein
to the box edges, providing adequate space for solvation and interactions [24]. The system was solvated
using the SPC216 water model, which balances computational efficiency and accuracy, and ions were
added to neutralize the system and maintain a physiological ionic concentration of 0.1 M.

Following solvation and neutralization, the system underwent energy minimization to resolve steric
clashes and bad atomic contacts. Equilibration was then performed in two phases. First, the system was
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equilibrated under constant volume and temperature (NVT ensemble) at 300K, using a V-rescale
thermostat. Next, equilibration was conducted under constant pressure and temperature (NPT
ensemble) using the Parrinello-Rahman barostat to maintain thermal and pressure equilibrium at 1 bar.
These steps were critical to achieve thermodynamic stability and prepare the system for production
dynamics.

The production molecular dynamics simulation was run for 100 ns (50,000,000 steps) with a 2 fs time
step, recording energy, coordinates, and velocities every 50,000 steps. Long-range electrostatic
interactions were calculated using the Particle Mesh Ewald (PME) method. Periodic boundary conditions
(PBC) were applied in all directions to simulate an infinite system and prevent edge effects. Bond lengths
involving hydrogen atoms were constrained using the LINCS algorithm, and the Verlet scheme was
utilized for neighbor searching with a 1.0 nm cutoff for Coulomb and Van der Waals interactions. In the
final stages of analysis, the Root Mean Square Deviation (RMSD) was calculated to assess the structural
deviation of the protein over time.

3. Results

3.1. Transcriptome assembly and modelling
The transcriptome assembly of C. jamacaru yielded a total of 128,942 transcripts, which were translated
into protein sequences. The IVS analysis of the C. jamacaru proteomic data began with ~ 120,000
translated aminoacids sequences. Using the BioProtIS pipeline, the protein primary structures were
screened for homologous sequences in the PDB, resulting in 14,739 proteins with identified similarities.
This extensive dataset served as a foundational step for subsequent structural and functional analyses,
enabling a robust exploration of the C. jamacaru proteome.

Next, the identified homologous sequences were subjected to three-dimensional structure modeling,
generating 3,847 protein structures, which were used for molecular docking analysis. The execution time
for each script was estimated based on the volume of information generated and processed. On
average, the processing pipeline completed all phases, producing results for each protein in
approximately 280 hours. Considering the amount of data used and the methodologies employed, the
cost-benefit ratio is favorable, potentially reducing experimental time in the laboratory.

3.2. Molecular Docking
The binding affinities (kcal/mol) for lauric acid, myristic acid, and palmitic acid substrates indicate the
interaction between the ligands and their respective protein targets. More negative binding energy values
correspond to stronger ligand-protein interactions, while less negative values suggest weaker binding.
The results consistently showed strong binding affinities across all ligands, reflecting robust data quality
and validation according to standard binding score metrics.
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A total of 3,847 proteins derived from C. jamacaru were subjected to molecular docking against
triacylglycerol substrates composed of lauric acid, myristic acid, and palmitic acid (Table S1). Table 1
highlights the top twenty candidate proteins based on their binding energy scores (kcal/mol). These
proteins represent the most promising targets for the identified ligands (Fig. 1). For lauric acid, notable
candidates include Cytokinin Dehydrogenase (T89423), which exhibited the strongest binding energy of
-7.782 kcal/mol, followed by Glycolate Oxidase (T57692) and Cinnamic Acid 4-Hydroxylase (T113801).
The presence of Banyan Peroxidase (T97361) among the top candidates underscores its potential as a
versatile protein for triacylglycerol interactions, a feature also observed for other substrates.

Table 1
C. jamacaru transcripts, their respective binding energies, and annotations for the top twenty

candidate protein targets for triacylglycerol formed by lauric acid, myristic acid, and palmitic acid
(triglycerides), based on blind docking.

Transcripts PDB ID Binding energy (Kcal/mol) Target protein

Lauric acid triglyceride

T89423 2q4w -7,782 Cytokinin dehydrogenase

T57692 1gyl -7,721 Glycolate Oxidase

T113801 6vby -7,673 Cinnamic acid 4-hydroxylase

T97361 4cuo -7,603 Banyan Peroxidase

T64835 5nzv -7,579 Coatomer subunit beta'

Myristic acid triglyceride

T91586 1un1 -7,752 Xyloglucan Endotransglycosylase

T32032 4i94 -7,563 Probable serine/threonine-protein kinase

T38514 4c44 -7,524 2-on-2 Hemoglobin

T97366 4cuo -7,436 Banyan Peroxidase

T6778 7ksc -7,394 Non-specific lipid-transfer protein

Palmitic acid triglyceride

T97361 4cuo -7,632 Banyan Peroxidase

T19750 7vka -7,587 Indole-3-acetic acid-amido synthetase

T62011 7aaq -7,57 Sugar transport protein 10

T97368 4cuo -7,561 Banyan Peroxidase

T97353 4cuo -7,484 Banyan Peroxidase

* RMSD values for all analysis were 0.0
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For myristic acid, the protein Xyloglucan Endotransglycosylase (T91586) displayed the strongest binding
energy (-7.752 kcal/mol), followed closely by Non-specific Lipid-Transfer Protein (T6778). These results
suggest their suitability for interactions with triacylglycerols containing this fatty acid. Palmitic acid, on
the other hand, revealed significant involvement of Banyan Peroxidase, represented by three distinct
transcripts (T97361, T97368, and T97353), with binding energies ranging from − 7.632 to -7.484
kcal/mol. This consistent representation of Banyan Peroxidase across all three triacylglycerol types
reinforces its potential as a key player in ligand binding, making it a prime target for further functional
annotation and experimental validation. These findings provide a strong foundation for subsequent
project phases, which will focus on elucidating the functional roles and therapeutic applications of these
proteins.

To refine the analyses of the binding site potential (allosteric or not) of C. jamacaru proteins, transcripts
that appeared repeatedly in the blind docking results for the three different substrates (lauric acid,
myristic acid, and palmitic acid) were selected. For this purpose, variations in binding energies and the
proteins most frequently observed among the three ligands simultaneously were analyzed (see Table 2
for the top five ligands; for an overview of the table, refer to Table S1). The results revealed a total of 59
proteins that appeared across all three substrates, representing a significant sample of proteins with
potential for exploring therapeutic applications.

Table 2
C. jamacaru transcripts; binding energies for triacylglycerol formed by lauric acid, myristic acid, and
palmitic acid; and annotation of the twenty best candidate protein targets for the three substrates

mentioned according to blind docking.
Transcripts PDB

ID
Binding energy
Lauric acid
(Kcal/mol)

Binding
energy

Myristic
acid

(Kcal/mol)

Binding
energy
Palmitic acid

(Kcal/mol)

Target protein

T97361 4cuo -7,603 -7,178 -7,632 Banyan Peroxidase

T6778 7ksc -7,475 -7,394 -7,479 Non-specific lipid-
transfer protein

T91586 1un1 -7,102 -7,752 -7,304 Xyloglucan
Endotransglycosylase

T97353 4cuo -7,425 -7,063 -7,484 Banyan Peroxidase

T97368 4cuo -7,386 -6,933 -7,561 Banyan Peroxidase

3.3. Functional annotation
The analyses performed with Prosite and InterProScan, along with the molecular docking results, reveal
that the three identified and studied proteins possess structural and functional characteristics that make
them promising candidates for interacting with triacylglycerols. The nsLTP belongs to a family of
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proteins recognized for their ability to bind and transport lipids such as triacylglycerols. The presence of
the nsLTP1 domain and a signal peptide suggests that this protein is exported to extracellular
environments, where it may play a role in lipid transport and modulation, as corroborated by its affinity
for triacylglycerols form by lauric, myristic, and palmitic acids indicated by docking analyses. The Banyan
Peroxidase, on the other hand, is a plant peroxidase that features conserved domains associated with
calcium and heme binding, essential for its role in redox processes. Interestingly, its ability to interact
with triacylglycerols suggests a possible additional role, potentially modulating or oxidizing
triacylglycerols, which could expand its applicability in metabolic contexts. The Xyloglucan
Endotransglycosylase Protein, known for its role in carbohydrate metabolism and cell wall modification
in plants, exhibited an unexpected capacity to interact with triacylglycerols, which may be related to the
flexibility of its catalytic domain and its predisposition for interactions with nonpolar molecules. These
findings indicate that all three proteins possess functional affinity for triacylglycerols, broadening their
biological roles.

3.4. Molecular dynamics
The molecular dynamics results of the seven analyzed proteins revealed significant differences in
structural and energetic stability, which may influence their potential as therapies for triacylglycerol
binding and removal (Fig. 2). The RMSD analysis demonstrated that T91586 (Xyloglucan
Endotransglycosylase) exhibited the highest structural stability, with an average value of 6.69 nm and
low variation (0.0656 nm), indicating good consistency over time. In contrast, T89423 (Cytokinin
Dehydrogenase) showed higher variability in its RMSD, suggesting structural instability under dynamic
conditions.

The RMSF analysis highlighted that T6778 (Non-specific Lipid-Transfer Protein) exhibited the lowest
residue fluctuations, indicating a compact and stable structure. Meanwhile, T97361 (Banyan Peroxidase)
showed greater flexibility in specific regions, such as loops and termini, which may facilitate dynamic
interactions with ligands. The radius of gyration (Rg) for T6778 was also the most consistent, reinforcing
its global stability. In contrast, T32032 (Probable Serine/Threonine-Protein Kinase) displayed more
pronounced variations, possibly linked to conformational transitions.

Regarding total energy, T6778 (Non-specific Lipid-Transfer Protein) stood out with the lowest average
energy (-2382.10 kJ/mol) and reduced variation, indicating an energetically stable conformation. On the
other hand, T97368 (Banyan Peroxidase) showed the highest total energy (-7359.22 kJ/mol), reflecting a
greater energetic cost to maintain its equilibrium under dynamic conditions. Overall, the molecular
dynamics data indicate that T91586, T6778, and T97361 possess favorable characteristics for
therapeutic applications, either due to global stability or the moderate flexibility needed for specific
interactions.

4. Discussion
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The therapeutic potential of natural products has been widely recognized, but transitioning traditional
knowledge into modern applications poses challenges [26]. While current therapies for
hypertriglyceridemia and cardiovascular diseases are often limited by accessibility and affordability,
computational approaches like molecular docking present a cost-effective avenue for exploring plant-
derived proteins as potential therapeutic agents. Despite extensive studies on well-known medicinal
plants, there is a notable gap in the proteomic exploration of native species from underrepresented
ecosystems such as the Caatinga. The unique adaptations of C. jamacaru to its environment likely yield
specialized bioactive proteins, which remain largely untapped.

The molecular docking was employed in this study to evaluate, for the first time, the binding interactions
between triacylglycerols composed of myristic, lauric, and palmitic acids and proteins from Cereus
jamacaru. Notably, significant binding energies were observed, suggesting strong interactions between
these triacylglycerols and the identified proteins. Functional annotation through the Prosite and
InterProScan databases further supported the molecular docking findings, indicating a potential
interaction of these proteins with lipids. This integrated approach demonstrated that the three main
identified proteins exhibit structural and functional properties consistent with interactions with
triacylglycerols—a feature not previously attributed to these candidates.

Banyan Peroxidase was first purified from the latex of Ficus benghalensis and underwent
crystallographic analysis in 2012 [27]. While its crystallographic structure has been resolved, its specific
biological functions remain largely unexplored, including any potential lipid-binding capabilities. This
protein is generally recognized for its role in oxidative stress responses and the detoxification of reactive
oxygen species in plants. Xyloglucan Endotransglycosylase has been intensely studied since its
crystallization in 1992 [28] across several plant species. Its primary known function is the cutting and
rejoining of interfibrillar xyloglucan chains, facilitating wall loosening required for plant cell expansion
[28]. Despite its extensive study, no lipid-binding capacity has been demonstrated for this enzyme. This
protein is primarily associated with plant growth and structural dynamics of the cell wall. The Non-
specific Lipid-Transfer Protein was crystallized in 1995 from maize seedlings [29], and homologs have
been identified in numerous plant species. In tobacco, this protein has been proposed to transfer
phospholipids, contributing to plant defense against bacterial and fungal pathogens, and promoting cell
wall extension [30]. It is widely recognized for its involvement in lipid transport and signaling within plant
tissues, as well as its role in stress responses.

The strategy allowed for the evaluation of the affinity of the modeled proteins for these substrates,
providing a deeper understanding of their molecular interaction and functions. The results from this
automated approach demonstrated effectiveness in identifying and modeling the proteins with the best
binding energy models for the substrates. The discovered proteins may serve as potential targets for the
development of future biotechnological production of pharmacological drugs for the treatment of
obesity and cardiovascular diseases.



Page 11/17

Fatty acids are classified according to the length of their carbon chain and the number and configuration
of their bonds. These chemical characteristics are associated with the plasma concentration of
cholesterol and its distribution in lipoproteins. Fatty acids can be divided into saturated and unsaturated
[11]. Long-chain fatty acids are found in solid form at room temperature, with the main ones being lauric
(12:0), myristic (14:0), palmitic (16:0), and stearic (18:0). Different saturated fatty acids may have
diversified effects on the lipid profile and cardiovascular risk factors. Nonetheless, the definitive effect of
a diet enriched for a specific fatty acid is still under investigation and debate.

The primary sources of dietary fat include butter fat and animal fat, which are rich in palmitic acid, as
well as vegetable oils such as soybean oil and palm oil. The latter contains a low concentration of
myristic acid but is high in palmitic acid [31, 32]. Due to the stronger cholesterol-raising effect of myristic
acid, attributed to the length of its carbon chain, earlier conclusions suggested that palmitic acid could
serve as a favorable dietary substitute in some cases [33]. However, more recent studies indicate that
palmitic acid derived from palm oil may not be entirely beneficial, as it has been associated with an
elevation in LDL-c levels [34]. A proposed mechanism for this effect involves a decrease in hepatic LDL
receptor activity combined with an increased production rate of LDL cholesterol [35]. Nevertheless, a
systematic review reported that the overall effect of palm oil on lipid profiles remains inconclusive [36],
potentially due to its additional effect of raising HDL-c level. This HDL-c-raising effect may
counterbalance the LDL-c-raising effect, resulting in a neutral overall impact on cardiovascular health
[37].

4.1. Integration of molecular docking and molecular
dynamics
The integration of molecular docking and molecular dynamics results provides a comprehensive
perspective on the structural and functional behavior of the proteins analyzed. Docking studies revealed
the binding affinities of lauric acid, myristic acid, and palmitic acid to key proteins derived from C.
jamacaru. Among these, the Banyan Peroxidase (T97361) consistently demonstrated strong binding
energies across all ligands, with particularly high affinities for palmitic acid (-7.632 kcal/mol) and lauric
acid (-7.603 kcal/mol). This versatility suggests its potential as a primary candidate for interacting with
diverse triacylglycerol substrates (Fig. 1). Complementing these findings, the molecular dynamics
analysis showed that the Banyan Peroxidase maintains moderate structural stability during simulations,
indicating that it can retain functional integrity under physiological conditions.

The Xyloglucan Endotransglycosylase (T91586) also emerged as a significant candidate (Fig. 1),
particularly for myristic acid binding, with a binding energy of -7.752 kcal/mol. Molecular dynamics
further supported its candidacy by highlighting its compact and stable structure, as evidenced by low
RMSD values and consistent radius of gyration. This dual evidence of strong ligand affinity and structural
robustness underscores its potential role in therapeutic applications targeting specific triacylglycerol
types. Meanwhile, the Non-specific Lipid-Transfer Protein (T6778), while showing slightly weaker docking
results (Fig. 1), stood out in dynamics analyses due to its superior energetic stability and minimal
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structural fluctuations, suggesting its suitability for scenarios requiring high stability under diverse
conditions.

The integration of these datasets reveals nuanced roles for each protein in triacylglycerol interaction.
Banyan Peroxidase emerges as the most versatile and robust candidate, suitable for general
applications across multiple triacylglycerol types. Xyloglucan Endotransglycosylase excels in specific
interactions with myristic acid, while Non-specific Lipid-Transfer Protein offers remarkable stability for
experimental or therapeutic conditions that demand structural resilience. Together, these results provide
a strong framework for prioritizing proteins for further experimental validation and functional annotation,
bridging in silico findings with practical applications in the reduction of triacylglycerols and cholesterol.

5. Conclusion
The Banyan Peroxidase (T97361) stands out as a versatile candidate for therapeutic applications,
showing consistent binding to all three triacylglycerols analyzed (lauric, myristic, and palmitic acids) and
moderate structural stability, making it a promising option for addressing triacylglycerol-related
metabolic disorders. The Xyloglucan Endotransglycosylase (T91586) exhibited strong specificity for
myristic acid, while the Non-specific Lipid-Transfer Protein (T6778) demonstrated superior energetic
stability, highlighting their potential in targeted therapeutic applications. Possibly, these candidates
might act as scavengers of triacylglycerols if appropriate conditions are offered.

From a global perspective, the increasing prevalence of cardiovascular diseases and obesity
underscores the urgent need for innovative and cost-effective therapeutic solutions. The findings
presented here could contribute to developing affordable treatments that are accessible to broader
populations, particularly in regions with limited resources. Furthermore, leveraging bioactive compounds
from native plants such as C. jamacaru aligns with sustainable and ethical practices, promoting
biodiversity conservation while addressing pressing public health challenges.Experimental validation
remains essential to confirm these findings and advance the therapeutic potential of these proteins for
clinical applications.
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Figures

Figure 1

Three-dimensional structure of the three main proteins with the best binding energy for the three
substrates: T97361 - banyan peroxidase (BP), T6778 - nonspecific lipid transfer protein (NSLT), and
T91586 - xyloglucan endotransglycosylase (XE). A) Docking for the anchoring of proteins with the lauric
acid ligand. B) Docking for the anchoring of proteins with the palmitic acid ligand. C) Docking for the
anchoring of proteins with the myristic acid ligand.
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Figure 2

Analysis of molecular dynamics parameters for candidate proteins, presenting the results for seven
proteins derived from C. jamacaru. The panel include, (A) RMSD over time, showing the structural
stability of each protein; (B) RMSF per residue; (C) radius of gyration (Rg); and (D) total energy, reflecting
the stability and energetic requirements of the protein conformations during the simulation. Each line
corresponds to a protein identified by its transcript code (T), with colors matching the legend provided.
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