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					ABSTRACT  

					ARTICLE INFO  

					Current treatments for Chronic Obstructive Pulmonary Disease (COPD) focus on alleviating  

					symptoms, slowing disease progression, and enhancing patients' quality of life. However,  

					existing COPD medications are associated with significant side effects, particularly during long-  

					term use. Natural compounds are increasingly explored as alternative therapies for COPD due to  

					their potential for reduced adverse effects. Laminaria japonica, a brown seaweed species, has  

					attracted attention for its bioactive compounds and health-promoting properties. This study aims  

					to identify key target proteins in COPD and evaluate bioactive compounds from Laminaria  
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					japonica as alternative therapeutic agents through differentially expressed gene (DEG) analysis  

					Galley Proof  

					and molecular docking. Critical COPD-associated genes were identified by analyzing DEGs to  

					map gene-pathway relationships and assessing Laminaria japonica compounds computationally.  

					The F2 (coagulation factor II) and BDKRB1 (bradykinin receptor B1) genes exhibited  

					significant upregulation (log2 fold change >1), highlighting them as potential therapeutic targets.  

					Pathway enrichment analysis revealed that complement and coagulation cascades, platelet  

					activation, and inflammatory pathways play central roles in COPD pathogenesis. Among 47  

					compounds screened for interactions with F2 (PDB ID: 1A2C) and BDKRB1 (PDB ID: 7EIB),  

					docosatrienoic acid demonstrated the strongest binding affinity (MolDock score: -15598; Rerank  

					score: -11868 for F2; MolDock score: -14639; Rerank score: -11296 for BDKRB1). These  

					findings suggest that docosatrienoic acid, a compound derived from Laminaria japonica, holds  

					promise as an inhibitor of F2 and BDKRB1, offering potential therapeutic benefits for COPD.  
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					reproduction in any medium, provided the original  

					author and source are credited.  
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					The disease is strongly associated with tobacco exposure, including  

					both active and passive smoking, and manifests through symptoms  

					Introduction  

					COPD refers to a group of progressive lung disorders characterized by  

					persistent airflow limitation. Common symptoms include shortness of  

					breath, chronic cough with sputum production, and wheezing. COPD  

					primarily encompasses two overlapping conditions: chronic bronchitis  

					(airway inflammation and mucus hypersecretion) and emphysema  

					(alveolar destruction).  

					such as dyspnea (difficulty breathing), persistent cough, and recurrent  

					respiratory infections. As a severe and debilitating condition, COPD  

					significantly diminishes the quality of life. It predisposes patients to  

					severe complications, including cardiovascular disease, lung cancer,  

					respiratory failure, and heightened susceptibility to infections such as  

					COVID-19. Additionally, COPD is linked to increased mortality risk  

					due to these comorbidities.1 Globally, COPD affects approximately  

					10% of individuals aged 40 and above, with prevalence estimates  

					ranging from 7% to 19% worldwide. As the third leading cause of  

					death globally, COPD accounted for 3.23 million fatalities in 2019. In  

					Indonesia, COPD prevalence is estimated at 3.7%, affecting  

					approximately 9.2 million individuals.1,2 Current COPD management  

					strategies aim to alleviate symptoms, slow disease progression, and  

					enhance quality of life. These include bronchodilators, anti-  

					inflammatory agents, pneumonia vaccinations, and combination  

					therapies.3 However, existing treatments are limited by side effects  

					such as headaches, nausea, and dizziness, as well as variable efficacy  

					across patients. Moreover, research into complementary therapies  
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					(e.g., natural compounds or phytomedicines) for COPD remains  

					sparse, highlighting the need for further investigation into safer and  

					more effective alternatives.2 Alternative therapies with fewer side  

					effects and greater efficacy are urgently needed. Natural compounds  

					and herbal medicines are increasingly explored as complementary  

					approaches for COPD management. For instance, red ginger (Zingiber  

					officinale var. rubrum) has demonstrated therapeutic potential in  

					alleviating COPD symptoms, as evidenced by significant  

					improvements in COPD Assessment Test (CAT) scores among  

					patients treated with red ginger extracts.4 Other herbal candidates  

					include thyme (Thymus vulgaris), which exhibits bronchodilatory and  

					antimicrobial properties, enhancing ciliary motility to facilitate mucus  

					clearance;5 ivy (Hedera helix), known to suppress cough in respiratory  

					infections;6 and ginseng (Panax ginseng), which improves lung  

					function and quality of life in COPD patients.7Laminaria japonica, a  

					brown seaweed species rich in bioactive compounds, has garnered  

					scientific interest for its health benefits, traditionally used in Chinese  

					medicine to prevent iodine deficiency.8 This seaweed is a potent  

					source of polysaccharides with robust antioxidant activity. Structural  

					analyses of these polysaccharides suggest their antioxidant effects  

					arise from unique molecular configurations.9 Additionally, Laminaria  

					japonica contains phenolic compounds, terpenoids, and fatty acids  

					linked to anti-inflammatory, antimicrobial, and antioxidant properties,  

					highlighting its potential as a therapeutic agent for COPD.10 Advances  

					in genetic research have identified multiple genetic variants associated  

					with COPD susceptibility, impaired lung function, and disease  

					progression. Integrating genetic data with multi-omics approaches  

					(e.g., transcriptomics, proteomics) and detailed phenotypic profiling  

					could unravel the functional mechanisms of these variants, deepening  

					our understanding of COPD pathogenesis. Such insights may catalyze  

					innovative strategies for disease management and treatment.11 Despite  

					promising findings, herbal therapies for COPD require rigorous  

					investigation to elucidate their mechanisms of action and efficacy  

					against specific disease targets. To address this critical gap, our study  

					pioneers the integration of gene expression profiling and  

					computational drug discovery to systematically evaluate Laminaria  

					japonica's therapeutic potential for COPD, an approach not previously  

					applied to this seaweed in the context of COPD. Using the Gene  

					Expression Omnibus interactive tool (GEO2R), we identified  

					differentially expressed genes (DEGs) between smokers with COPD  

					and healthy controls, pinpointing key COPD-associated biomarkers.  

					Subsequently, molecular docking simulations were employed to assess  

					interactions between Laminaria japonica's bioactive compounds and  

					these disease targets. This dual approach identifies critical COPD-  

					related proteins and prioritizes the most potent phytochemicals  

					in Laminaria japonica as potential therapeutics, bridging the gap  

					between traditional herbal medicine and modern computational  

					precision. By combining these methodologies, we provide a novel  

					framework to accelerate the discovery of safer, evidence-based  

					alternatives for COPD management.  

					Hub Gene Identification and Pathway Mapping  

					Protein-protein interaction (PPI) networks were constructed using  

					Cytoscape v3.10.3 (National Human Genome Research Institute,  

					2025) to identify hub genes within COPD-related KEGG pathways.13  

					Genes directly linked to COPD mechanisms were prioritized for  

					molecular docking studies.  

					Molecular Docking Analysis  

					The 3D structures of target proteins F2 (PDB ID: 1A2C)  

					and BDKRB1 (PDB ID: 7EIB) were obtained from the Protein Data  

					Bank. Non-standard residues (e.g., water molecules, ions) were  

					removed, and hydrogen atoms/partial charges were added using  

					Molegro Virtual Docker (MVD v.7.0.0, Molexus Aps, 2019, free  

					trial).14 Forty-seven bioactive compounds from Laminaria japonica,  

					sourced from PubChem and prior studies, were converted into Mol2  

					format. Ligands were energy-minimized using the MMFF94 force  

					field to optimize geometries.15 Molecular docking was performed with  

					Molegro Virtual Docker using the MolDock search algorithm (grid  

					resolution: 0.30 Å). Binding poses were evaluated based on docking  

					scores (MolDock Score and Rerank Score), with the lowest-energy  

					conformations selected for further analysis.  

					Result and Discussion  

					This study used data from the article Ezzie et al. reported in 2014.  

					They reported the expression of microRNA and mRNA genes from  

					the lungs of smokers without COPD (normal samples) and smokers  

					with COPD (COPD samples). The data was retrieved from  

					GeoBrowser with the accession number GSE38974, platform  

					GPL4133.16,17 In this study, only mRNA gene expression data was  

					used. The results showed that many genes had significant changes in  

					expression between normal and COPD conditions, both in terms of  

					increased or decreased expression. A volcano plot (Figure 1) showing  

					the comparative gene expression analysis results between normal and  

					COPD samples. The genes colored in red are those that are  

					upregulated in COPD with a p-value < 0.05. The genes colored in blue  

					are downregulated in COPD with a p-value < 0.05. Meanwhile, the  

					genes colored in black do not show significant differences in  

					expression (p-value ≥ 0.05). The genes in the red and blue areas can be  

					candidates for further studies related to their roles in the development  

					of COPD.  

					Materials and methods  

					Differentially Expressed Gene (DEG) Analysis  

					Gene expression data were retrieved from the GEO database  

					(Accession: GSE38974  

					(available  

					at  

					https://www.ncbi.nlm.nih.gov/geo), Platform: GPL4133), comprising  

					mRNA profiles from lung tissues of 23 smokers with COPD and 9  

					healthy smokers (controls). DEGs were identified using a significance  

					threshold of adjusted p-value <0.05, calculated via the Benjamini-  

					Hochberg false discovery rate (FDR) correction. Statistically  

					significant genes were retained for downstream functional analyses.  

					Figure 1: Volcano Plot of Differential Expression Gene Data  

					between normal and COPD samples  

					Functional and Pathway Enrichment Analysis  

					A total of 11,441 genes significantly differed between normal and  

					COPD conditions, while the total number of genes did not show  

					significant differences was 33,779. This data is presented in a Venn  

					diagram using the limma method with p-value adjustment (padj) <  

					0.05 (Figure 2). This Venn diagram clearly illustrates the number of  

					genes differentially expressed between normal and COPD samples.  

					Out of the total number of genes analyzed, 11,441 genes showed  

					significant differences, indicating that many genes play a role in  

					Significant DEGs were annotated and functionally enriched using the  

					Enrichr web server (https://maayanlab.cloud/Enrichr/).12 Gene  

					Ontology (GO) terms—including molecular functions, biological  

					processes, cellular components, and Kyoto Encyclopedia of Genes and  

					Genomes (KEGG) pathways were analyzed to elucidate the biological  

					roles of DEGs in COPD pathogenesis.  
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					COPD compared to normal conditions. These genes could be targets  

					for further studies  

					role in the difference between normal and COPD conditions. Other  

					pathways, such as platelet activation and inflammatory mediator  

					Table 1. Significant Gene of Differential Expression Gene  

					Gene Symbol Gene Title  

					Log2(Fc)  

					protein phosphatase 3 regulatory  

					PPP3R1  

					CLU  

					subunit B, alpha  

					Clusterin  

					-1.418  

					-1.225  

					transient  

					receptor  

					potential  

					cation channel subfamily  

					member 1  

					V

					TRPV1  

					F8  

					-1.064  

					-1.030  

					-0.832  

					coagulation factor VIII  

					clusterin associated protein 1  

					CLUAP1  

					coagulation factor II thrombin  

					receptor  

					Figure 2: Venn Diagram of Differential Expression Gene Data  

					between normal and COPD Samples  

					F2R  

					HRH1  

					F5  

					0.613  

					0.844  

					0.864  

					histamine receptor H1  

					coagulation factor V  

					amyloid beta precursor protein  

					binding family  

					B

					member  

					1

					APBB1IP  

					interacting protein  

					Rho-associated  

					0.865  

					coiled-coil  

					ROCK2  

					F2  

					containing protein kinase 2  

					coagulation factor II, thrombin  

					integrin subunit beta 2  

					1.000  

					1.052  

					1.062  

					1.091  

					1.125  

					1.165  

					1.237  

					1.295  

					1.558  

					ITGB2  

					BCL10  

					SERPIND1  

					ITGA2  

					BDKRB1  

					IL1B  

					B-cell CLL/lymphoma 10  

					serpin family D member 1  

					integrin subunit alpha 2  

					bradykinin receptor B1  

					interleukin 1 beta  

					Figure 3: UMAP Plot between normal samples and COPD  

					related to the molecular mechanisms of COPD and the potential for  

					new biomarkers or therapeutic targets. Genes with significant  

					differences between normal and COPD conditions were also analyzed  

					using the UMAP (Uniform Manifold Approximation and Projection)  

					plot method (Figure 3). Samples with similar gene expression will be  

					grouped close to each other. The plot shows that the normal samples  

					(green) cluster in one area while the COPD samples (purple) cluster in  

					another. This indicates a clear difference in gene expression between  

					these two groups. However, some overlap exists where one COPD  

					sample (purple) was near the normal group (green). This might  

					indicate some variation in the data due to other factors or  

					heterogeneity within the samples. The UMAP plot shows that the  

					UMAP method successfully separates normal and COPD samples into  

					two distinct groups, although with some overlap. This separation  

					confirms significant differences in gene expression between normal  

					and COPD conditions, which can be identified with further analysis.  

					From the many significant genes, a small subset of highly expressed  

					(upregulated) genes associated with COPD pathways, with a log2 fold  

					change of less than 2, were selected, as shown in Table 1. The genes  

					in Table 1 were further analyzed for KEGG pathway enrichment and  

					GO, including biological process, cellular component, and molecular  

					function, using the Enrichr webserver, as shown in Figure 4. Figure 4a  

					shows the pathway analysis results aimed at identifying biological  

					pathways significantly involved or altered in the GSE38974 dataset.  

					Each bar represents a biological pathway identified in the analysis.  

					The length of each bar indicates the significance level of pathway  

					involvement. The longer the bar, the more relevant the pathway. The  

					results show that complement and coagulation cascades are the most  

					significant pathways in this analysis, possibly indicating their essential  

					MAPK13  

					mitogen-activated protein kinase 13  

					between normal and COPD  

					The genes in Table 1 were further analyzed for KEGG pathway  

					enrichment and GO, including biological process, cellular component,  

					and molecular function, using the Enrichr web server, as shown in  

					Figure 4.  

					regulation of TRP channels, also show high significance, indicating  

					their involvement in COPD-related biological processes. Pathways  

					related to Tuberculosis and Pathogenic Escherichia coli infection  

					might reflect a connection between immune response or infection and  

					the development of COPD.  

					Meanwhile, regulating the actin cytoskeleton and C-type lectin  

					receptor signaling pathways shows roles in cell structure and immune  

					response, which are also relevant in COPD. Based on the GO analysis  

					results in the biological process category related to COPD, these  

					processes overall show involvement in chronic inflammation, ion  

					regulation, and cellular adaptation to environmental and chemical  

					factors, all of which are relevant to the pathophysiology of COPD  

					(Figure 4b). The most pertinent biological process is the positive  

					regulation of interleukin-6 production. IL-6 is a pro-inflammatory  

					cytokine that plays a vital role in the chronic inflammation occurring  

					in COPD. Increased IL-6 production may contribute to persistent lung  

					inflammation.18 Another biological process relevant to COPD is the  

					positive regulation of calcium ion transmembrane transport. Increased  

					calcium ion transport can play a role in airway smooth muscle  

					contraction and other cellular responses involved in the  
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					pathophysiology of COPD.19,20 A crucial biological process in COPD  

					is the positive regulation of response to stimulus. Increased response  

					to stimuli, including inflammatory or oxidative stress stimuli, can play  

					a significant role in the pathogenic  

					(a)  

					(b)  

					(c)  

					(d)  

					Figure 4. KEGG Pathways and GO Enrichment Analysis (a) KEGG Pathways (b) Biological Process (c) Cellular Component (d)  

					Molecular Function  

					Figure 5: The relationship between significant genes related to COPD and biological pathways  
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					affect other genes and lead to changes in biological pathways. Denser  

					or more complex relationships indicate potentially more important or  

					more regular interactions in the context of the disease. This gene  

					network analysis helps identify key genes and biological pathways  

					involved in the differential expression between normal and COPD  

					samples. Central and highly connected genes, such as F2 and  

					BDKRB1, are potential targets for further research. The major  

					pathways indicate biological processes that may be disrupted or  

					altered in COPD, providing insights into disease mechanisms and  

					potential therapeutic targets.  

					Table 2: Result of Validation Method Molecular Docking  

					Using Native Ligand  

					Native Ligand  

					Moldock  

					Score  

					Rerank  

					Score  

					RMSD (Å)  

					Aeruginosin  

					-188.66  

					-108.65  

					0.00  

					mechanisms of COPD. Oxidative stress is a crucial factor in the  

					pathogenesis of COPD. It is caused by an imbalance between the  

					production of reactive oxygen species (ROS) and antioxidant  

					defenses, leading to cell damage and inflammation. Cigarette smoke  

					and other pollutants can enhance oxidative stress, increasing the  

					inflammatory response.21 Figure 4c shows the results of GO analysis  

					in the cellular components category involved in COPD. The platelet  

					alpha granule lumen and platelet alpha granule are the most  

					significantly contributing cellular components. These cellular  

					components contain essential proteins involved in blood coagulation,  

					inflammatory response, and wound healing. In COPD, these  

					components may be associated with systemic inflammatory response.  

					Overall, cellular components involved in immune response,  

					coagulation, and protein transport play significant roles in COPD.  

					Coagulation factors are known for their role in blood clotting, but  

					certain coagulation factors can influence lung inflammation and tissue  

					repair. For instance, thrombin and fibrinogen can modulate the  

					inflammatory response and contribute to the pathogenesis of COPD by  

					promoting airway fibrosis and remodeling.22 Coagulation components  

					can interact with immune cells, affecting their behavior and overall  

					inflammatory response. This interaction can exacerbate the chronic  

					inflammation observed in COPD.  

					Lastly, the GO analysis of the molecular function or molecular activity  

					category most relevant to COPD is amyloid-beta binding (Figure 4d).  

					Binding to amyloid-beta may be relevant in the context of  

					neurodegenerative diseases. However, the systemic inflammation  

					associated with COPD may also affect this pathway. Additionally, the  

					activity of calcium release channels and calcium ion transporters plays  

					a crucial role in regulating calcium signaling within cells. Changes in  

					this activity can affect airway smooth muscle contraction and  

					inflammation in COPD.23 Overall, the molecular activities identified  

					in this data indicate the involvement of various signaling pathways  

					and mechanisms that can impact COPD pathogenesis, particularly  

					through regulating inflammation, ion homeostasis, and cell-matrix  

					interactions.  

					Furthermore, hub gene analysis was conducted using Cytoscape to  

					understand the relationship between significant COPD genes and other  

					interrelated biological pathways. Hub genes and their connections  

					with biological pathways are presented in Figure 5. The figure  

					represents a gene network that illustrates the relationships between  

					various genes and biological pathways in the GSE38974 dataset.  

					Yellow nodes are at the center of highly connected pathways with  

					other nodes, indicating the importance of these genes in the pathway.  

					The lines connecting two nodes represent interactions or functional  

					relationships between these genes or proteins in biological pathways.  

					These pathways can show direct or indirect relationships in various  

					biological processes. The text in the middle of the cluster of nodes  

					indicates the name of the biological pathway or process involved, such  

					as "Platelet activation," "Complement and coagulation cascade,"  

					"Inflammatory mediator regulation of TRP channel," and others. The  

					genes in yellow, such as F2 and BDKRB1, are highly connected and  

					may have significant roles in several analyzed biological pathways.  

					These genes could be key targets for further studies due to their  

					involvement in many interactions. Pathways like "Platelet activation"  

					and "Complement and coagulation cascade" stand out in the network,  

					indicating that the genes in these pathways play significant roles in the  

					differences between normal and COPD conditions. Pathways like  

					"Inflammatory mediator regulation of TRP channel" and "MAPK  

					signaling pathway" are also displayed, indicating their involvement in  

					inflammation regulation and cellular signaling. Interactions between  

					these genes can show how changes in the expression of one gene can  

					COPD is characterized by the activation of several pathways,  

					including the complement and coagulation cascade, calcium signaling  

					pathway, platelet activation, and inflammatory mediator regulation of  

					TRP channels. These pathways are interconnected and contribute to  

					the complex pathophysiology of COPD, leading to chronic  

					inflammation, airway remodeling, and a high risk of cardiovascular  

					complications. The complement and coagulation cascade pathways are  

					heavily involved in COPD pathogenesis. These pathways are activated  

					in response to various stimuli, including inflammation and tissue  

					damage, which are hallmarks of COPD. The complement system  

					contributes to the inflammatory response by generating  

					anaphylatoxins (C3a and C5a) that recruit inflammatory cells and  

					activate the coagulation system. This activation leads to platelet  

					aggregates and fibrin deposition, exacerbating lung inflammation and  

					damage.24–26 In COPD, the complement system is activated, leading to  

					increased levels of C5a in the induced sputum of patients. This  

					activation is associated with impaired lung function and contributes to  

					the pro-inflammatory and pro-coagulant conditions characteristic of  

					COPD.24,26 The coagulation cascade is also activated in COPD,  

					resulting in a prothrombotic environment. This is evidenced by  

					elevated markers of hypercoagulability, such as thrombin-  

					antithrombin III complexes (TAT), fibrinopeptide A, and plasminogen  

					activator inhibitor type  

					1

					(PAI-1). This hypercoagulability is  

					particularly evident during acute exacerbations of COPD, contributing  

					to cardiovascular complications and increased mortality.24,26  

					The calcium signaling pathway plays a crucial role in COPD  

					pathophysiology. Calcium ions are essential for various cellular  

					functions, including muscle contraction, neurotransmitter release, and  

					gene regulation. In COPD, dysregulation of the calcium signaling  

					pathway can lead to impaired cellular responses, contributing to  

					excessive pulmonary muscle contraction, mucus hypersecretion, and  

					impaired lung function. This dysregulation occurs due to chronic  

					inflammation and oxidative stress, which are characteristic of COPD.  

					It can cause excessive calcium levels in pulmonary muscles, leading to  

					over-contraction and airway constriction. Also, calcium signaling  

					pathway dysregulation can affect epithelial cell function, impairing  

					mucociliary clearance and hypersecretion.8 Platelet activation is a key  

					process in COPD pathogenesis. Platelets are activated in response to  

					various stimuli, including inflammation, oxidative stress, and hypoxia.  

					Activated platelets release pro-inflammatory mediators and contribute  

					to the formation of platelet aggregates, which can block blood vessels  

					and exacerbate lung inflammation. In COPD, platelet activation is  

					increased due to factors such as smoking, hypoxia, and inflammation.  

					Activated platelets contribute to pulmonary elastin degradation,  

					platelet plug formation, and modulation of hypoxia signaling  

					pathways. This activation is associated with  

					a

					high risk of  

					cardiovascular complications and exacerbations in COPD patients.27  

					The Transient receptor potential channels (TRP channels) are an ion  

					channel family vital in regulating cell calcium levels. In COPD,  

					inflammatory mediators such as prostaglandins and leukotrienes can  

					modulate the activity of the TRP channel, which disrupts the calcium  

					signal pathway and interrupts cellular response. This deregulation can  

					contribute to the hypersensitivity response of the airways, mucous  

					hypersecretion, and disrupted lung function. In COPD, inflammatory  

					mediators can activate the TRP channel, which causes an increase in  

					calcium flow and disrupted cellular response. This can cause excessive  

					pulmonary muscle contractions, mucous hypersecretion, and disrupted  

					mucus smoothness. TRP channel regulation by inflammatory  
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					mediators is a key mechanism in the development and progression of  

					COPD.8  

					The gene network in the results shows that the F2 and BDKRB1 genes  

					are potential central genes for further analysis. The relationship  

					between the two genes regarding COPD can be discussed further. The  

					F2 gene plays a role in the metabolism of arachidonic acid, a precursor  

					of prostaglandins and thromboxane. Prostaglandins and thromboxane  

					are  

					(a)  

					(b)  

					Figure 6: Visualization of 2D (left) and 3D (right) Docosatrienoic acid compounds on (a) F2 (b) BDKRB1  

					(a)  

					(b)  

					Figure 7: Visualization of 2D (left) and 3D (right) Formoterol as Positive Control on (a) F2 (b) BDKRB1  

					important in the signal pathway that regulates smooth muscle  

					pathway that regulates smooth muscle contraction and platelet  

					aggregation. In COPD, BDKRB1 activation can affect the metabolism  

					of Arachidonic acid, which is regulated by the F2 gene. Therefore, it  

					can be concluded that the F2 and BDKRB1 genes play a role in the  

					interconnected signal path contributing to COPD pathogenesis.  

					In synthesis, the F2 and BDKRB1 genes play a role in the signal  

					pathway that regulates smooth muscle contraction and platelet  

					aggregation and contributes to COPD pathogenesis. Although the two  

					have no direct relationship, they play a role in the interconnected  

					signal path contributing to the disease's symptoms. Based on this, F2  

					contraction and platelet aggregation. BDKRB1 (Bradykinin Receptor  

					1) is a receptor that regulates inflammatory responses and smooth  

					muscle contractions. BDKRB1 has been found to play a role in COPD  

					pathogenesis. Bradykinin binds to BDKRB1, can induce smooth  

					muscle contraction, and activate the signaling pathway that regulates  

					inflammation. In COPD, BDKRB1 activation can worsen  

					inflammation and contraction of smooth muscle, contributing to the  

					disease's symptoms. Although there is no direct relationship between  

					the F2 and BDKRB1 genes in COPD, both play a role in the signal  
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					and BDKRB1 are further analyzed by molecular docking. Docking  

					results shown in Table 1 revealed that Gen F2 and BDKRB1 are  

					upregulated because it has a log2 FC value of 1,052 and 1,237. So it is  

					necessary to inhibit the activity of F2 and BDKRB1. These genes are  

					analyzed  

					Table 3: Results of Molecular Docking Analysis  

					F2  

					BDKRB1  

					No  

					Metabolite Compounds  

					Moldock  

					Score  

					Rerank  

					Score  

					Moldock  

					Score  

					Rerank  

					Score  

					Carbohydrates  

					D-(+)-Glucose  

					1

					2

					3

					4

					-85.08  

					-80.81  

					-85.38  

					-108.67  

					-78.36  

					-77.70  

					-78.40  

					-95.82  

					-70.87  

					-67.08  

					-71.74  

					-92.55  

					-65.75  

					-65.06  

					-66.48  

					-89.62  

					Sedoheptulose  

					D-(+)-Xylose  

					4-O-Beta-d-Xylopyranosyl-d-xylopyranose  

					6- O-(Beta-d-xylopyranosyl)-7- Beta-D-glucopyranose  

					5

					-110.67  

					-102.30  

					-105.71  

					-101.67  

					-102.53  

					-96.05  

					-102.63  

					-76.32  

					-99.75  

					-76.99  

					-81.42  

					-83.25  

					-85.57  

					-84.90  

					-84.70  

					-78.31  

					-78.10  

					-65.77  

					-90.61  

					-78.11  

					-79.93  

					-73.59  

					-72.98  

					-60.21  

					6-Acetyl-d-glucose  

					1-O-vanilloyl-beta-d-glucose  

					N-Acetyl-d-galactosamine  

					N-Acetyl-d-glucosaminate  

					6-Deoxy-3-O-methyl-beta-d-galactopyranose  

					Organic Acids  

					6

					7

					8

					9

					10  

					D- (-)-Quinic acid  

					2-Aminoadipic acid  

					Pantothenic acid  

					11  

					12  

					13  

					14  

					15  

					16  

					17  

					18  

					19  

					20  

					21  

					22  

					23  

					24  

					25  

					26  

					27  

					28  

					29  

					30  

					31  

					32  

					-94.01  

					-91.23  

					-86.40  

					-79.07  

					-71.92  

					-75.52  

					-99.68  

					-86.33  

					-94.46  

					-107.07  

					-86.62  

					-77.36  

					-99.91  

					-68.00  

					-91.25  

					-95.69  

					-117.63  

					-100.57  

					-116.54  

					-129.66  

					-135.40  

					-105.88  

					-87.03  

					-79.45  

					-74.30  

					-69.48  

					-62.37  

					-64.74  

					-87.41  

					-73.40  

					-80.28  

					-91.86  

					-75.73  

					-66.95  

					-83.05  

					-57.97  

					-81.33  

					-79.73  

					-90.41  

					-80.68  

					-90.03  

					-98.87  

					-96.95  

					-62.67  

					-72.73  

					-77.94  

					-74.04  

					-54.28  

					-62.48  

					-57.66  

					-82.85  

					-71.29  

					-85.27  

					-75.22  

					-65.89  

					-58.13  

					-78.63  

					-54.35  

					-68.16  

					-72.76  

					-93.72  

					-82.59  

					-94.73  

					-120.66  

					-119.84  

					-92.00  

					-68.34  

					-65.05  

					-65.85  

					-48.35  

					-56.28  

					-49.83  

					-72.67  

					-60.75  

					-76.24  

					-63.46  

					-57.38  

					-54.37  

					-67.25  

					-44.68  

					-60.59  

					-64.89  

					-78.23  

					-67.28  

					-75.45  

					-90.86  

					-92.30  

					-75.53  

					Nicotinic acid  

					dl-Malic acid  

					Succinic acid  

					Isocitric acid  

					Adipic acid  

					Shikimic acid  

					Syringic acid  

					Protocatechuic acid  

					Dehydroacetic acid  

					DL-4-Hydroxyphenyllactic acid  

					Tiglic acid  

					Gallic acid  

					3-Phenyllactic acid  

					Indole-3-lactic acid  

					Isoferulic acid  

					3-Indolepropionicacid  

					Aleuritic Acid  

					Phloionolic acid  

					3-Hydroxytridecanoic acid  

					Fatty Acids  

					Crotonic acid  

					33  

					34  

					-62.90  

					-53.75  

					-49.34  

					-98.25  

					-41.95  

					-81.02  

					2-Oxopalmitic acid  

					-131.17  

					-106.45  
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					35  

					36  

					37  

					38  

					39  

					40  

					41  

					42  

					[FA (18:2)]9Z-11E-octadecadienoicacid (3)  

					-151.82  

					-144.65  

					-134.79  

					-122.24  

					-157.59  

					-155.98  

					-115.93  

					-131.41  

					-114.00  

					-102.57  

					-105.24  

					-94.63  

					-117.91  

					-108.16  

					-111.85  

					-105.13  

					-136.07  

					-146.39  

					-100.35  

					-116.77  

					-86.50  

					-80.80  

					-89.13  

					-80.43  

					-91.80  

					-112.96  

					-82.80  

					-82.49  

					α-Eleostearic acid  

					Oleic acid  

					Hexadecanoicacid  

					Eicosapentaenoic acid (2)  

					Docosatrienoic acid (1)  

					Myristicacid  

					-116.89  

					-118.68  

					-92.08  

					Stearic acid  

					-98.25  

					Amino Acids  

					γ-Aminobutyric acid (GABA)  

					l-Pyroglutamic acid  

					β-Alanine  

					-69.56  

					-69.20  

					-60.12  

					-82.82  

					-92.17  

					-58.92  

					-64.32  

					-50.96  

					-71.35  

					-75.87  

					-54.27  

					-55.77  

					-50.62  

					-72.26  

					-64.37  

					-46.19  

					-51.02  

					-42.73  

					-61.40  

					-55.83  

					44  

					45  

					46  

					47  

					N-Acetyl-l-proline  

					N-Methylisoleucine  

					against Laminaria japonica metabolite compounds, as the expected  

					test ligand can inhibit the F2 gene or BDKRB1, which can suppress  

					excessive expression that causes COPD pathogenesis. Laminaria  

					japonica metabolite profiles are obtained from previous studies. Forty-  

					seven test compounds have been identified through screening  

					In addition, the molecular docking on the control compound were  

					carried out on both proteins. Formoterol was used as positive control.  

					Formoterol is  

					a

					long-acting beta-2 adrenergic agonist (LABA)  

					primarily used to manage chronic obstructive pulmonary disease  

					(COPD). Its mechanism of action involves several key processes:  

					Bronchodilation, rapid onset and prolonged duration, and reduction of  

					inflammation and hyperinflation. One of the significant advantages of  

					Formoterol is its rapid onset of action, typically within 5 minutes after  

					inhalation, comparable to short-acting beta agonists like salbutamol.  

					Additionally, Formoterol has a prolonged duration of action, lasting  

					up to 12 hours due to its lipophilicity, allowing it to form a depot  

					effect in the lung tissues.29,30 This property is effective for immediate  

					relief and long-term management of COPD symptoms. Formoterol not  

					only facilitates bronchodilation but also plays a role in reducing  

					airway inflammation. Inhibiting the release of inflammatory mediators  

					from mast cells and other immune cells helps mitigate airway  

					hyperresponsiveness, which is common in COPD patients.  

					Furthermore, it has been shown to reduce dynamic hyperinflation  

					during exercise, alleviating symptoms such as dyspnea and improving  

					exercise tolerance.30 The results showed that the three test compounds  

					had a higher level of affinity and were more stable than the control  

					compound (Table 3). When compared to each gene, Eicosapentaenoic  

					acid had the best score (Moldoc score: -157.59) followed by  

					Docosatrienoic acid (Moldoc score: -155.98) against Formoterol  

					because it had a much weaker score than the other three compounds,  

					indicating that these compounds have the potential to interact more  

					strongly with the F2 gene than Formoterol. Meanwhile,  

					Docosatrienoic acid had the best score (Moldoc score: -146.39) on the  

					BDKRB1 gene, followed by Eicosapentaenoic acid (Moldoc score: -  

					136.07) compared to Formoterol because it had the lowest score.  

					Eicosapentaenoic acid and Docosatrienoic acid have more potential  

					than Formoterol to interact with the F2 and BDKRB1 targets. If both  

					genes play a role in COPD pathology, these compounds could be  

					alternative or complementary therapeutic candidates to Formoterol.  

					Docosatrienoic acid is superior to BDKRB1, while Eicosapentaenoic  

					acid is superior to F2. Thus, Docosatrienoic acid and Eicosapentaenoic  

					acid compounds have the potential to be better than Formoterol. This  

					is possible because there are differences in the mechanisms of  

					Formoterol on the F2 and BDKRB1 genes. Formoterol works more  

					actively on the ADRB gene in cases of COPD. However, the  

					compounds Docosatrienoic acid and Eicosapentaenoic acid from  

					Laminaria japonica can be used as new candidates in treating COPD  

					through the F2 and BDKRB1 gene mechanisms pathways.  

					metabolites using LC-MS/MS, which consist of  

					4

					groups of  

					compounds, such as carbohydrates, organic acids, fatty acids, and  

					amino acids.15 Molecular docking is done using the Molegro Virtual  

					Docker Ver.6 application. This analysis produces docking scores in  

					the form of a Moldock Score and Rerank Score. Moldock score is an  

					energy score calculated based on the Molegro assessment function to  

					assess the bond affinity between ligands and receptors. This score  

					combines various energy contributions, such as electrostatic energy,  

					hydrophobic interaction energy, and hydrogen interaction energy.  

					While the rerank score is a recalculated score for docking solutions  

					that have been produced using a more sophisticated or different  

					assessment function than those used in the Moldock Score. This is  

					done to improve or increase the accuracy of the assessment of initial  

					docking results. Both of these scores are crucial to identify and  

					confirm ligands with high binding affinity and good complex stability  

					in molecular docking analysis. Molecular docking on the test ligand  

					was performed after validation of the method by re-docking the native  

					ligand on the target protein with satisfactory results. The Moldock  

					Score and re-rank score obtained were negative, and the RMSD value  

					was zero (Table 2). The Table 2 shows that a negative moldock score  

					indicates a high and stable affinity between the ligand and the protein.  

					In contrast, an RMSD of 0 in this case suggests that the ligand is in an  

					optimal position that is that is very stable. From the Docking Score,  

					compounds that have high potential as inhibitors of F2 and BDKRB1  

					genes regulations, namely Docosatrienoic Acid, Eicosapentaenoic  

					Acid, and [FA (18: 2)] 9Z-11E-Octadecadienoicacid (Table 3). The  

					more negative the value of the Moldock Score, the stronger the bond  

					between the ligand (docosatrienoic acid) and the target protein (F2 or  

					BDKRB1).28 A very negative value, as seen in the docosatrienoic acid,  

					shows high bond affinity, which usually indicates a significant  

					potential biological activity. A very negative value in the Rerakek  

					score also indicates that the bond is most likely stable and  

					significantly biologically. With a Moldock Score -155.98 and Rerank  

					Score -118,682, Docosatrienoic Acid shows a strong bond affinity  

					against F2 protein. This can mean that Docosatrienoic Acid can  

					potentially influence the regulation of the F2 gene, perhaps by  

					inhibiting the activity of prothrombin or modulating the pathway of  

					blood coagulation. Moldock Score -146.39 and Rerank Score -  

					112,964, Docosatrienoic Acid also shows strong bond affinity against  

					BDKRB1. This indicates that these compounds may affect the  

					regulation of the BDKRB1 gene, which is involved in inflammatory  

					responses and pain.  

					The interaction between the target protein and the docosatrienoic acid  

					test ligand and positive control Formoterol is displayed in 2D and 3D  

					visualization in Figures 6 and 7. The interaction between the  
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					Docosatrienoic Acid compound and the F2 and BDKRB1 genes  

					includes the hydrogen bonds indicated by the blue dotted line, and the  

					steric interaction indicated by the red-colored dotted line. The  

					interaction of the Docosatrienoic Acid compound is more shown in the  

					F2 gene compared to BDKRB1. This is comparable to the docking  

					score on F2, which is more negative than BDKRB1. The interaction of  

					compounds against F2 is stronger because there is a hydrogen bond  

					with a 214 amino acid residue; the steric interaction with F2 is greater  

					than that with BDKRB1. Steric interactions on F2 consist of four:  

					LYS 60F, GLY 193, SER 195, and GLU 192. Meanwhile, in  

					BDKRB1, only steric interactions are found in HIS 199, ASP 291, and  

					GLN 295. Docosatrienoic acid is one of the omega-3 fatty acids  

					known to have various biological effects, including anti-inflammatory  

					and roles in cardiovascular health.31 Meanwhile, F2 (Prothrombin) is a  

					gene involved in the blood clotting process. Omega-3 fatty acids,  

					including docosatrienoic acid, are known to have anticoagulant  

					effects, which means they can reduce blood clots.31,32 Omega-3 can  

					modulate signal pathways involved in inflammation and coagulation.  

					They can reduce the expression of genes involved in coagulation, such  

					as F2, through mechanisms that involve inhibition of the NF-κB  

					pathway or through influence on the lipid mediator that regulates  

					inflammation and coagulation.33 BDKRB1 is a gene that encodes the  

					bradykinin receptors involved in the inflammatory response.  

					Activation of these receptors can cause vasodilation, increased  

					permeability of blood vessels, and pain34. Omega-3, including  

					Docosatrienoic Acid, has anti-inflammatory properties and can affect  

					the expression of receptors in the inflammatory response. These fatty  

					acids can modulate BDKRB1 expression by influencing the  

					inflammatory signal pathway, inhibiting the NF-κB pathway, or  

					modifying inflammatory lipid mediators such as prostaglandins and  

					leukotrienes. Although Docosatrienoic acid has the potential to  

					influence the regulation of F2 and BDKRB1 genes through the known  

					anti-inflammatory and anticoagulant mechanisms from omega-3 fatty  

					acids, direct evidence that connects this compound with the regulation  

					of these genes needs to be validated through further research. The  

					search for scientific literature and gene expression data analysis will  

					provide a clearer understanding of this relationship.  
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					Conclusion  

					DEG analysis in COPD patients shows that the F2 and BDKRB1  

					genes are regulated genes with significant changes. Pathway  

					enrichment revealed critical roles for complement and coagulation  

					cascades, platelet activation, and inflammatory pathways in COPD  

					pathogenesis. Molecular docking of 47 bioactive compounds  

					from Laminaria japonica against F2 and BDKRB1 proteins  

					prioritized docosatrienoic acid and Eicosapentoenoic acid as the most  

					potent candidates, exhibiting strong binding affinity and stable  

					interactions (hydrogen/steric bonds with key residues). These findings  

					suggest that docosatrienoic acid, an omega-3 fatty acid derived  

					from Laminaria japonica, holds promise as a dual inhibitor of F2 and  

					BDKRB1, potentially mitigating coagulation and inflammatory  

					pathways in COPD. Further in vivo and clinical studies are warranted  

					to validate its therapeutic efficacy.  
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