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The molecular docking of lectins as biosorbents for textile dye removal from 

wastewater media is a topic of great significance in the fields of environmental 

and health science. Textile dyes are highly toxic and persistent, posing a serious 

threat to aquatic ecosystems and human health. Therefore, finding an effective 

and sustainable method for their removal is crucial. Lectins, which are proteins 

found in plants and animals, have been extensively studied for their ability to 

bind with specific sugar molecules. This unique property makes them potential 

candidates for biosorption applications. Molecular docking techniques allow 

scientists to study the interaction between lectins and textile dyes at the 

molecular level, providing valuable insights into their binding affinity and 

efficiency. By understanding the molecular interactions between lectins and 

textile dyes, researchers can design more efficient biosorbents that can 

selectively remove these harmful compounds from wastewater media. In 

addition, molecular docking studies can help optimize the conditions under 

which this process occurs, such as pH levels or temperature. Three textile dyes 

were docked on the lectins of Cupressus sempervirensto to evaluate the 

binding affinity of these drugs. The least binding energies between the lectins 

and bemacid blue, brilliant green and black acid 60 were - 8.7, -5.0, and -5.7 

Kcal/mol, respectively, with the identification of several bending sites of our 

biosorbent. In conclusion, the results showed that Cupressus sempervirens 

could be advantageously used as a low-cost biosorbent for the removal of our 

dyes in wastewater treatment. 
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1   Introduction 
 

Textile dyes have been used for centuries to add vibrant colors and patterns to fabrics. However, the effects of 

these dyes on both human health and the environment are a growing concern. The chemicals used in textile 

dyes can have detrimental effects on both (Gadipelly et al., 2014; Dias et al, 2015). 

Firstly, the health implications of textile dyes cannot be ignored. Many of these dyes contain toxic 

substances such as heavy metals, carcinogens, and allergens. These chemicals can be absorbed through the 

skin when wearing dyed clothing or through inhalation when working in dyeing factories. Prolonged exposure 

to these toxins has been linked to various health issues including skin allergies, respiratory problems, and 

even cancer (de Jong et al., 2016; Altintig et al., 2017; Ahmad et al., 2015; Tsuboy et al., 2007; Metin et al., 

2013). 

Furthermore, textile dyeing processes contribute significantly to environmental pollution. The wastewater 

generated during dyeing contains high levels of toxic chemicals that are often discharged into rivers and lakes 

without proper treatment. This not only contaminates water sources but also affects aquatic life and 

ecosystems. Additionally, the energy-intensive processes involved in dyeing contribute to greenhouse gas 

emissions and climate change (Yaseen & Scholz, 2019; Nandi et al., 2009; Ghaedi et al., 2011; Geissen et al., 

2015; Djebbari et al., 2022). 

To mitigate these negative effects, the textile industry must adopt more sustainable practices. This 

includes using natural or organic dyes that are free from harmful chemicals and implementing eco-friendly 

wastewater treatment systems. Consumers also play a vital role by choosing products made from 

environmentally friendly materials and supporting brands that prioritize sustainability. 

The use of textile dyes has significant consequences for both human health and the environment. 

Manufacturers must prioritize sustainable practices to minimize these negative impacts. By doing so, we can 

ensure a healthier future for both ourselves and our planet (Chandarana et al., 2021; Dahri et al., 2015; Brillas 

et al., 1998; Liang et al., 2005; Ferreira et al., 2006; Ibrahim et al., 2018; Flórez-Castillo et al., 2020). 

The use of lectins for the removal of metals and dyes has gained significant attention in recent years due to 

their unique properties and potential applications in environmental remediation. Lectins, a class of proteins 

found abundantly in plants, can bind specifically to carbohydrates. This property makes them ideal candidates 

for the removal of heavy metals and dyes from contaminated water sources (Małecki et al., 2012). 

Lectins can be immobilized onto various solid supports such as activated carbon, silica gel, or magnetic 

nanoparticles. Once immobilized, they can be easily separated from the solution after metal or dye-binding 

occurs. The binding mechanism involves lectin-carbohydrate interactions, where lectins recognize specific 

carbohydrate moieties present on metal ions or dye molecules. 

Several studies have demonstrated the effectiveness of biosorbents (Druzian et al., 2021; Fabbricino et al., 

2016; Gautam et al., 2020) in removing heavy metals like lead, cadmium, and mercury from aqueous solutions. 

The high affinity and selectivity of biosorbents toward these metals make them efficient sorbents for water 

treatment processes. Similarly, biosorbents have also shown promising results in removing synthetic dyes 

commonly used in textile industries (Gonzalez et al., 2015; Kazemi et al., 2020). 

Furthermore, lectin-based approaches offer several advantages over conventional methods such as low 

cost, ease of regeneration, and eco-friendliness. Lectin-based adsorbents can be regenerated by simply 

washing with appropriate solutions without losing their binding capacity. Additionally, the use of natural 
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materials like plant-derived lectins reduces the reliance on synthetic chemicals that may pose environmental 

risks. 

The liquid-solid extraction by lectins for the removal of metals and dyes presents a promising approach 

towards sustainable environmental remediation. Further research is needed to optimize their performance 

and explore their potential applications on a larger scale. Nonetheless, this emerging field holds great promise 

for addressing water pollution challenges effectively while minimizing adverse impacts on ecosystems. 

 

 

2   Materials and Methods 
 

Dyes 

 

The bemacid blue (BB), brilliant green (BG) and black acid 60 (BA) are used as dyes. They were supplied to us 

by the textile factory (SWATEX) located in Tlemcen, Algeria. Their molecular structure is given in Scheme. 1. 

 

 
Scheme. 1: Chemical structure of Ligans prepared for Molecular Docking: Bemacid Blue (BB) (a), Brilliant 

green (BG) and Black acid 60 (c) 

 

Docking analysis of dyes 

 

The principle of docking molecular is a fundamental concept in the field of computational chemistry. It 

involves predicting the binding affinity and orientation of a small molecule, known as a ligand, to a larger 

macromolecule, such as a protein or DNA. This technique plays a crucial role in drug discovery and design. 

Docking molecular relies on algorithms that simulate the interaction between the ligand and 

macromolecule. These algorithms take into account various factors, including electrostatic interactions, 

hydrogen bonding, and hydrophobicity. By analyzing these interactions, we can predict how well a ligand will 

bind to its target macromolecule. 

One of the key challenges in docking molecular is accurately representing the three-dimensional structure 

of both the ligand and macromolecule. This requires sophisticated modelling techniques that consider 

flexibility and conformational changes. 

The results obtained from docking studies can provide valuable insights into drug-target interactions. They 

can help identify potential lead compounds for further development or optimize existing drugs by predicting 

their binding affinity and suggesting modifications. Despite its immense potential, docking molecular has 

limitations. The accuracy of predictions heavily relies on the quality of input data and force fields used in 

simulations. Additionally, it may not capture all aspects of complex biological systems accurately. 

The docking molecular is an essential tool in computational chemistry for predicting ligand-

macromolecule interactions. Its applications range from drug discovery to understanding biological processes 

at a molecular level. Continued advancements in this field will undoubtedly contribute to significant 

breakthroughs in pharmaceutical research and development. 

Molecular docking studies were performed to establish the plausible binding interfaces of ligands with the 

active sites of our biosorbent's enzymes and to validate experimental results. Lectins were previously 

synthesized in our biosorbent by Necib et al. (2015).  
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The AUTODOCK 4.2 program was used to conduct docking studies (Morris et al., 2009; Kausar et al., 2021; 

Bensegueni et al., 2019). Lectins' structure was obtained from the Protein Data Bank. Bemacid Blue's 3D 

structures in PDB format were created using the ChemDraw database and AutoDock Tools, which inserted 

polar hydrogen atoms into the amino acid residues and eliminated water molecules. Next, the AUTOGRID tool 

was run with the protein in PDBQT format as an input. Blind docking was used to accomplish rigid ligand 

docking. Discovery Studio Visualizer was used to display the results (Lee et al., 2020; El-Shwiniy et al., 2022; 

Bensegueni et al., 2019). 

 

 

3   Results and Discussions 
 

Bemacid Blue 
 

Molecular docking allowed us to identify the different active sites of our biosorbent which are: ALA 70, SER 

68, TYR 65, LYS 55 and GLN 57. Bemacid blue was complexed inside active sites of Lectins by showing many 

important interactions as presented in Figures 1, 2 and 3. 

 

 
Figure 1. Details of the interaction between Bemacid blue with the protein's active site of the Lectins 

 

 
Figure 2. 2D of Lectins with Bemacid blue 
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Figure 3. 3D of Lectins with Bemacid blue 

 It formed conventional hydrogen bond interactions with ALA 70 (2.55 ˚A), SER 68 (3.28 ˚A) and TYR 65 (3.04 ˚A) amino acid residues of Lectins. TYR 65 developed π–suplur (5.08 ˚A) interaction with the Bemacid blue. 
LYR 65 residue stabilized the ligand by forming π–π stacked (3.65 ˚A) interactions, the same result was 
observed by Lee et al. (2020). LYS 55 developed π-alkyl bonding (5.21 ˚A). Also, A π–donor hydrogen bond interaction is shown by GNL 57 (2.93 ˚A) contributed to stabilizing the ligand (El-Shwiniy et al., 2022) (Fig. 2 

and 3).  

 

Brilliant green 

 

Brilliant green was complexed inside active sites of Lectins of cypressus by showing many important 

interactions as presented in Figures 4, 5 and 6.  

 

 
Figure 4. Details of the interaction between Brilliant green with the protein's active site of the Lectins 
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Figure 5. 2D of Lectins with Brilliant green 

 

 
Figure 6. 3D of Lectins with Brilliant green 

 

It formed a carbon-hydrogen bond with ASN 109 (3.42 ˚A) and ALA 102 (4.31˚A) amino acid residues of Lectins. ALA 105 (4.04 and 5.13˚A) and ILL 103 (4.04 ˚A) developed alkyl interaction with the Brilliant green. 
VAL 94 residue stabilized the ligand by forming pi-alkyl (4.93 ˚A) interactions (Fig. 5 and 6). 

 

Black Acid 60 

 

As shown in Figs. 7, 8, and 9, Black acid 60 was complexed inside the active areas of cypress lectins by 

exhibiting several significant interactions. 

 
Figure 7. Details of the interaction between Black acid 60 with the protein's active site of the Lectins 
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Figure 8.  2D of Lectins with Black acid 60 

 

Black acid 60 developed eight converted hydrogen bonds (Fig. 8 and 9): ASN 77 (2.67 and 2.63˚A), ASN 61 (2.78 ˚A), ASN 75 (2.48 ˚A), GNL 57 (2.48, 2.05 and 2.90˚A) and ASP 59 (3.26 ˚A) amino acid residues of the biosorbent. ASP 59 developed two π–anion (3.96 and 4.04˚A) interactions with the Black acid 60.  
 

 
Figure 9. 3D of Lectins with Black acid 60 

 

Based on the molecular docking calculation results [Table 1], every examined molecule has significance to the 

biosorbent that is being used. This implies that they could make thermodynamically advantageous up a 

complex (Bensegueni et al., 2019). 

 

Table 1  ΔGbinding values of the tested dyes  

 

Molecule ΔG binding (kcal/mol) 

Bemacid blue (BB) -8.7 

Brilliant green (BG) - 5.0 

Black acid 60 (BA) -5.7 
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4   Conclusion 
 

The use of molecular docking in this context has several advantages. Firstly, it allows for a more targeted 

approach towards developing biosorbents by identifying lectins with high binding affinities towards specific 

textile dyes. Secondly, it provides valuable information about the mechanism of dye-lectin interactions, aiding 

in the design of more efficient biosorption systems. 

In conclusion, molecular docking of lectins as a biosorbent for textile dye removal from wastewater media 

holds great promise in addressing the growing concern over water pollution caused by these toxic 

compounds. By utilizing this technique, scientists can develop more effective and sustainable methods for 

treating industrial wastewater while minimizing its impact on the environment. 
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