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Abstract - Chitin is a naturally occurring polymer composed of two monomeric units and 

exists in three forms, namely α-, β-, and γ-chitin, which differ in their structural arrangement. 

Chitinolytic enzymes, known as chitinases, degrade chitin into low-molecular-weight 

products called chitooligomers. Extremophilic chitinases have attracted considerable interest 

due to their ability to function under extreme environmental conditions, making them 

advantageous for various industrial and biotechnological applications. In this study, an in-

silico analysis was performed to identify putative extremophilic candidates of GH18 

chitinases at various aquatic environmental adaptations, including halophilic, thermophilic, 

psychrophilic, and piezophilic characteristics, were considered during BLASTp screening. 

Five putative candidates were selected for further analysis: Colwellia sp. D2M02 

(WP_215980056.1), Thalassomonas viridans (WP_084724197.1), Bacillus thuringiensis 

(WP_09832960.1), Brevibacillus formosus (WP_21966082.1), and Bacillus toyonensis 

(WP_098644165.1). To investigate the relationships among these candidates, analyses 

including primary structure characterization, multiple sequence alignment and protein 

domain prediction, and phylogenetic tree construction were performed. Physicochemical 

analyses provided insights into their chemical properties. Secondary structure prediction was 

carried out using RaptorX, while tertiary structure models were generated using SWISS-

MODEL, RaptorX, and I-TASSER. The generated 3D models were subsequently validated 

using PROCHECK and Verify3D to determine the most reliable structural models. Overall, 

the selected putative candidates are expected to be promising for industrial-scale chitinase 

production due to their ability to withstand multiple extreme environmental conditions, 

indicating their potential as polyextremophilic enzymes. 
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1. Introduction 

Chitin is a biopolymer derived from aquatic organisms. In nature, there are three polymorphic forms of chitin, namely α, 

β, and γ, that are differentiated by the arrangement of the polymeric chain. Chitin is a polysaccharide made up of N-

acetyl-β-glucosamine that is fibrous and structured. In chitin, β (1–4) linkages connect the monomeric units of N-acetyl-

d-glucosamine. Chitin is biodegraded by bacteria, insects, and plants that secrete chitinolytic enzymes. In terms of sources, 

it can be found in various aquatic organisms belonging of phylum Arthropoda, Porifera, Bryozoa, Molluscs, and 

Bacillariophyta. To date, chitin is the second most abundant biopolymer in the world next to cellulose [1]. Chitinolytic 

enzymes, commonly known as chitinases (E.C 3.2.2.14), are glycosyl hydrolases that cleave N-acetyl-d-glucosamine 

residues at the β-1,4 linkages. Exochitinases and endochitinases are the two most common types of chitinases. 

Exochitinases can be divided further into two subgroups based on the nature of the released product. The first is 

chitobiosidases (EC 3.2.1.29), which catalyse the non-reducing end of chitin microfibrils, releasing di-acetylchitobiose. 

The second one, 1-4-β-glucosaminidases (E.C. 3.2.1.30), involves cleaving the oligomeric products of endochitinases and 

chitobiosidases to generate monomers of GlcNAc. Chitinases are classified into glycosyl hydrolase families 18 and 19 

based on amino acid similarity and catalytic properties. The extremophilic chitinolytic enzyme can withstand extreme 

conditions such as high salt concentration, high temperature, low temperature, and high pressure without denaturing the 

protein. This can be known as halophilic, thermophilic, psychrophilic, barophilic, and piezophilic [2]. Extremophiles are 

not limited to being tolerant, but they can have more than one, which can be known as a polyextremophile. They can be 

a great advantage for industrial applications, as they are resilient in many harsh environments and can replace enzymes 

modified to withstand extreme conditions. The chitinolytic enzyme has a broad range of applications that can improve 

human life, owing to its properties.  From this, it is best for industries to use these as value-added products. Numerous 

industries, such as food, cosmetics, biomedical, agriculture, and waste management, have successfully utilised the 

chitinolytic enzyme.  

Due to its abundant availability, resulting from the slow biodegradation of crustaceans’ shell waste, a large 

accumulation has raised major concerns for the seafood processing industry. The annual natural production rate of chitin 

is estimated to be around 1011 tonnes worldwide [3]. In fact, improper management of these wastes can harm the 

environment [4].  Therefore, an eco-friendly way to utilise this material can help address issues related to industrial waste 

and the environment. Therefore, this study aims to identify putative candidates of extremophilic chitinase that encompass 

the ability to function under extreme environmental conditions, making them advantageous for various industrial and 

biotechnological applications. 
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2. Materials and Methods 

2.1 Template selection and Screening of Putative Candidates 

Well-studied marine chitinolytic bacteria were identified through previous journal publications. The identified bacterial 

strains were searched in UniProtKB to obtain reviewed protein entries and in the NCBI Protein database to retrieve protein 

sequences in FASTA format. These well-characterised bacterial sequences were used as template sequences for 

subsequent analyses. The selected templates were Pseudoalteromonas piscicida (Accession number: P32823) [5] and 

Bacillus subtilis (Accession number: AAC23715.1) [6]. BLASTp analysis was subsequently performed using the template 

sequences to screen for potential chitinase candidates in glycoside hydrolase family 18 (GH18). The search was conducted 

against the non-redundant protein sequence (nr) database. Putative GH18 candidates were selected based on sequence 

similarity ranging from 50% to 70% relative to the template sequences. Candidate sources were restricted to aquatic-

related environments, including marine, freshwater, sediment, and other aquatic habitats. Additionally, the selected 

candidates were required to exhibit extremophilic characteristics such as psychrophilic, thermophilic, halophilic, 

piezophilic, or barophilic adaptations corresponding to their environmental origins. All selected putative candidates were 

identified as unreviewed protein entries.  

2.2 Multiple Sequence Alignment 

Multiple alignment of both templates (P32823 and AAC23715.1) was performed together with putative candidates using 

Clustal Omega for comparative purposes. The conserved motif regions of DXDXE and SXGG reported by [7] were 

manually examined. The ‘show colours’ option was selected to ease the examination of the motif.  

2.3 Prediction of Domain 

Domain prediction of the putative GH18 chitinase candidates was performed using InterPro. Upon completion of the 

analysis, the domains of each putative candidate were examined, with emphasis placed on InterPro entries. Information 

related to the identified domains was subsequently analysed. 

2.4 Phylogenetic Tree Analysis 

Offline software was downloaded and used, namely ‘Mega11’ (64-bit) for Windows users. To study the relationship and 

connection between potential candidates and the used templates: Pseudoalteromonas piscicida (P32823) and Bacillus 

subtilis (AAC23715.1). Protein sequence alignment was performed, and phylogenetic trees were created using the 

neighbour-joining method with the p-distance model and complete deletion of gaps/missing data treatment [8], [9], [10]. 

2.5 Physico-Chemical Analysis 

The physicochemical analysis was performed using ProtParam. The parameters computed by ProtParam included 

molecular weight, theoretical pI, instability index, grand average of hydropathicity (GRAVY), and the total number of 

positively and negatively charged residues. From the five putative candidates,  the best candidate was selected based on 

the three criteria: an instability index below 40 (where lower values indicate greater stability), the highest aliphatic index, 

and the lowest GRAVY value. Subsequent analyses were performed only on the selected best chitinase candidate. 

2.6 Secondary and Tertiary Structure Prediction 

The secondary structure, including helices and sheets, of the chitinase candidate sequences was predicted using RaptorX. 

This step was crucial for understanding the protein's structural features. RaptorX achieves higher accuracy in predicting 

protein structure and solvent accessibility in the input sequence. The proportions of α-helix, β-sheets, and coiled structures 

in the sequences were also included in the evaluation results [11]. For 3D structure prediction, two modelling web tools 

were used: I-TASSER and Swiss-Model [11], [12], [13].  

2.7 Validation of the Predicted 3D Models 

The 3D models generated by two modelling tools (SWISS-MODEL and I-TASSER) were then validated using the 

Qualitative Model Energy Analysis (QMEAN) tools. An atomic model's compatibility with its own amino acid was 

investigated using the Verify3D analysis tool, and a high Verify3D score indicates that the protein model is of good 

quality [15], [16]. The stereochemical properties of the 3D structures were checked using Ramachandran plot analysis 

with the PROCHECK tool. The stereochemical characteristics derived from high-resolution structures were compared 

with the activity of residues in the best putative GH18 chitinase candidate [17]. Lastly, the selection of the three models 

from three different protein structure prediction tools was done by comparing the result of PROCHECK and Verify3D. 

3. Results and Discussion 

3.1 Selection of Putative Candidates 

Five putative chitinase candidates were identified using BLASTp searches against the databases, as shown in Table 1. 

These candidates were further screened based on their source habitats to assess potential extremophilic characteristics. 
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Table 1. The five putative chitinase candidates and their templates 

Species Identical Percentage Accession Number 

Template 1: Pseudoalteromonas piscicida  P32823 

Colwellia sp. D2M02 65.71% WP_215980056.1 

Thalassomonas viridans 62.66% WP_084724197.1 

Template 2: Bacillus subtilis AAC23715.1 

Bacillus toyonensis 53.03% WP_098644165.1 

Brevibacillus formosus 61.42% WP_21966082.1 

Bacillus thuringiensis 52.75% WP_09832960.1 

 

 

Figure 1. Sequence alignment of five putative chitinase candidates together with the templates Pseudoalteromonas 

piscicida (P32823) and Bacillus subtilis (AAC23715.1)  

3.2 Multiple Sequence Alignment 

Based on the multiple alignment analysis, all putative chitinase candidates contained the catalytic acid motif DXDXE, a 

conserved region of the GH18 family (Figure 1). D1 and D2, which represent Aspartate in DXDXE, are involved in 

hydrolytic processing [18]. D2, which is the nearest to E (Glutamate), assists in the charge stabilisation of the oxazolinium 

ion intermediate and the nucleophilic attack on the anomeric carbon during interaction with the N-Acetylglucosamine’s 

(GlcNAc) N-acetyl group. Meanwhile, D1 will assist in the protonation stabilisation of D2. Glutamate (E) in DXDXE is 

known as the catalytic acid/base domain consensus. By contributing a proton in the first phase of the reaction, it enhances 

leaving group departure. After the departure, it serves as a base in the second phase of the reaction [19]. This gives the 

name DXDXE motif to the catalytic acid. The other motif, SXGG, where Serine (S), Glycine (G), and the X in the middle, 

which can be any hydrophobic amino acid, corresponds to the substrate-binding site in the GH18 family [20]. Serine in 

the motif is a highly conserved residue that can equally be used for the diagnostic motif. Serine will interact with the first 

Aspartate, D1, which is in the β-barrel relatively deep 'down' [19]. When D2 is protonated toward Glutamate, adjustment 

of Serine will occur with 2 consequences. Firstly, the space left by D2 will be partly filled with the adjusted side chains 

of Serine. Second, but perhaps more importantly, because of these changes, both residues now act as donors in strong 

hydrogen bonds with D1, partially compensating for the latter's negative charge. 

3.3 Prediction of Domain 

All putative chitinase candidates contained a Glycoside Hydrolase family 18 (GH18) catalytic domain with a conserved 

(β/α)8 TIM-barrel fold, consisting of eight parallel β-strands alternated with eight surrounding α-helices [21]. This domain 

overlaps with the glycoside hydrolase superfamily, which shares the conserved TIM-barrel catalytic framework across 

GH families [22], and the chitinase insertion domain (CID) superfamily, comprising five to six antiparallel β-strands and 

a single α-helix inserted between the seventh β-strand and α-helix of the TIM barrel. The conserved active-site motif 

DxxDxDxE is essential for GH18 activity, where the terminal Asp residue functions as a catalytic proton donor and 

stabilizes substrate distortion [21]. The CID domain further extends the substrate-binding cleft, forming a structural wall 

that increases cleft depth in subfamily A chitinases [23]. Additional annotations indicate functional diversity in substrate 

recognition. Chitinase II shows overlapping glycoside hydrolase and CID superfamily features, suggesting ligand 

recognition via a β-sandwich fold enriched with aromatic residues (tyrosine and tryptophan) involved in binding. 

Carbohydrate-binding module 2 (CBM2) belongs to subfamilies 2a and 2b, distinguished by surface-exposed tryptophan 

residues, and overlaps with CBM2/CBM3 and related carbohydrate-binding domain superfamilies. Fibronectin consists 

of repeating type I, II, and III domains and overlaps with the fibronectin type III superfamily. In chitinase A, the N-

terminal region adopts a fibronectin type III–like β-strand-rich fold. Carbohydrate-binding modules 5 and 12 display a 
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three-stranded meander-sheet core with multiple aromatic residues important for substrate binding, consistent with their 

assignment to the CBM5/12 superfamily. 

 

Figure 1. A phylogenetic tree of putative chitinase candidates with the selected chitinase templates. Both chitinase 

templates are selected in blue colour 

3.4 Phylogenetic tree analysis 

Based on the constructed phylogenetic tree shown in Figure 2, the templates and putative chitinase candidates are divided 

into two clades. The root of the phylogenetic tree is Pseudoalteromonas Piscicida (P32823), indicating that both clades 

share a common ancestor. The first clade is of Bacillus subtilis (AAC23715.1) ancestry, and the second clade is of 

Thalassomonas viridans (WP_084724197.1) ancestry. Bacillus toyonensis (WP_098644165.1) and Bacillus thuringiensis 

(WP_09832960.1) are sister groups since they have a common recent ancestor (located at the tips of the phylogenetic 

tree), namely Bacillus subtilis (AAC23715.1). The same goes for Colwellia sp. D2M02 (WP_215980056.1) and 

Brevibacillus formosus (WP_21966082.1) share the same common recent ancestor, which is Thalassomonas viridans 

(WP_084724197.1). 

3.5 Physico-chemical analysis 

The best putative chitinase candidate was selected based on three key parameters: instability index (protein stability in 

vitro), aliphatic index (indicator of thermostability), and GRAVY value (protein solubility in water). The instability index 

reflects protein stability, where values below 40 indicate stable proteins [24]. All candidates (shown in Table 2) were 

stable, with values <40, suggesting suitability for in vitro and in vivo handling. Among them, Bacillus toyonensis 

(WP_098644165.1) showed the lowest instability index (21.60), followed by Bacillus thuringiensis (21.76), 

Thalassomonas viridans (22.43), Colwellia sp. D2M02 (22.88), and Brevibacillus formosus (23.54). Stable proteins are 

often enriched in residues such as glycine, lysine, and asparagine, which contribute to structural stability. The aliphatic 

index (AI), defined by the relative content of isoleucine, leucine, valine, and alanine, is associated with the thermostability 

of globular proteins [25]. A higher AI suggests greater thermal stability. Colwellia sp. D2M02 exhibited the highest AI 

(79.02), followed by T. viridans (76.01), B. formosus (72.44), B. thuringiensis (68.89), and B. toyonensis (68.31). The 

relatively lower AI values in B. toyonensis and B. thuringiensis are consistent with their psychrophilic nature, as cold-

adapted proteins typically show reduced thermostability [26], [27]. GRAVY values indicate protein hydrophilicity, where 

lower (more negative) values reflect higher solubility in water [28]. B. toyonensis showed the lowest GRAVY value (-

0.563), followed by B. thuringiensis (-0.541), B. formosus (-0.346), T. viridans (-0.322), and Colwellia sp. D2M02 (-

0.155), indicating that all candidates are generally hydrophilic, with B. toyonensis being the most soluble. Based on these 

combined criteria, Bacillus toyonensis (WP_098644165.1) was selected as the best candidate due to its highest stability 

(lowest instability index) and highest solubility (most negative GRAVY value), despite its moderate aliphatic index. Its 

psychrophilic nature further supports its potential functional efficiency at low temperatures, as cold-adapted enzymes 

typically exhibit increased structural flexibility, which enhances catalytic activity under such conditions [29].  

 WP 098644165.1 glycosyl hydrolase family 18 protein Bacillus toyonensis

 WP 098329601.1 glycosyl hydrolase family 18 protein Bacillus thuringiensis

 AAC23715.1 chitinase Bacillus subtilis

 sp|P32823|CHIA PSEO7 Chitinase A OS=Pseudoalteromonas piscicida OX=43662 GN=chiA PE=1 SV=1

 WP 084724197.1 glycosyl hydrolase family 18 protein Thalassomonas viridans

 WP 215980056.1 glycosyl hydrolase family 18 protein Colwellia sp. D2M02

 WP 219660825.1 glycosyl hydrolase family 18 protein Brevibacillus formosus
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Figure 3. Three-state secondary structure prediction of Bacillus toyonensis 

3.6 Secondary structure prediction 

β-sheets and α-helices are the main structural components of proteins and their fold [30]. Based on the secondary structure 

prediction (Figure 3), it is shown that β-sheets are the most prevalent structure in the chitinase putative candidate Bacillus 

toyonensis (WP_098644165.1). Although it is less common than β-sheets, α-helix is also present in the structure. Proline, 

bends, and unstructured areas between secondary structures are common locations for certain amino acids that are likely 

to be found in these two structures. Similarly, amino acids like tryptophan, tyrosine, and phenylalanine, which have large 

ring structures in their R groups, are usually found in β-sheets. When compared to all possible combinations of alpha/beta 

secondary structure, the typical TIM barrel design of (β/α)8 is extremely repetitive [31]. 

3.7 Tertiary structure predictions 

Computational methods were used to predict the 3D structure of Bacillus toyonensis (WP_098644165.1). SWISS-

MODEL and I-TASSER were used to predict its tertiary structure. The best protein model was selected after validating 

the predicted 3D structures generated by these two prediction tools. Based on comparative modelling using templates, the 

SWISS-MODEL server was used to simulate the 3D structure of Bacillus toyonensis. Chitinase ChiA74 from Bacillus 

thuringiensis (6bt9.1) was selected as a template for model building. It has a resolution of 2.3 Å and shares 94.39% 

sequence identity with Bacillus toyonensis. The 3D models predicted using SWISS-MODEL and I-TASSER are shown 

in Figure 4 and Figure 5, respectively. The α-helices, β-sheets, and the coil structure cause it to take the shape of a globular 

protein, where it is folded into a compact structure due to hydrogen bonding and side-chain interactions.  

 

Figure 4. The 3D model of a putative GH18 chitinase candidate from Bacillus subtilis, namely Bacillus toyonensis. 

Respectively, the blue, green, and white colours of protein strands represent α-helix, β-sheets, and coils 
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Figure 5. The best model generated by I-TASSER, model 1. The fuchsia, yellow and white colours indicate α-helix, β-

sheet, and coil, respectively 

Table 2. Physicochemical characterization of the five putative chitinase candidate 

Parameters 

Putative chitinase candidates 

Colwellia sp. D2M02 

(WP_215980056.1) 

Thalassomonas viridans 

(WP_084724197.1) 

Bacillus toyonensis 

(WP_098644165.1) 

Brevibacillus formosus 

(WP_21966082.1) 

Bacillus thuringiensis 

(WP_09832960.1) 

Number of amino 

acids 

874 884 674 729 674 

Molecular 

weight (kDa) 

92.74092 95.1544 74.20453 77.99639 74.15353 

Theoretical pI 4.41 4.46 5.77 4.74 5.67 

Instability index 22.88 22.43 21.60 23.54 21.76 

Aliphatic index (AI) 79.02 76.01 68.31 72.44 68.89 

Grand average of 

hydropathicity  

(GRAVY) 

-0.155 -0.322 -0.563 -0.346 -0.541 

Total number of 

negatively 

charged residues  

(Asp + Glu) 

100 113 73 71 72 

Total number of 

positively charged 

residues (Arg + Lys) 

51 61 66 49 64 

3.8 Assessment and Validation of the Predicted 3D Model 

QMEAN4 and Z-score values are the two parameters used to determine the structural validity of Bacillus toyonensis 

through QMEAN-Z score analysis. The Z-score is determined by comparing the modelled structures with template 

structures from the database obtained by high-resolution X-ray crystallography. The validity of modelled structures is 

assessed by the QMEAN4 score, which ranges from 0 to 1. Z-scores are considered acceptable if they fall within the dark 

zone, indicating a good model.  The QMEAN Z-score of the model generated by SWISS-MODEL was in the dark zone, 

with a value less than 1 (Figure 6). The reported QMEAN value was 0.92, indicating that the modelled structure is valid 

and reliable. The local quality estimate showed residue scores ranging from 0.8 to 1.0, within the graph’s range of 0.3 to 

1.0, further supporting the model's reliability. In the Ramachandran plot analysis, 90.8% of the amino acid residues were 

in the most favoured regions, while 9.2% were in the additionally allowed regions. No residues were found in the 

generously allowed or disallowed regions. Therefore, 100% of the residues were located within acceptable regions, 

indicating that the protein structure predicted by SWISS-MODEL possesses excellent stereochemical quality. In addition, 

the model passed the Verify3D analysis, with 96.64% of the residues having an averaged 3D-1D score greater than or 

equal to 0.2. 

In contrast, the Z-score of the I-TASSER model fell outside the dark zone, indicating a value greater than 2 and 

suggesting that the model was less acceptable (Figure 6). The reported QMEAN value was -2.84. A lower QMEAN value 

indicates that the model falls outside the acceptable range, suggesting lower validity and reliability. The local quality 

estimate for the I-TASSER model ranged from 0.2 to 1.0, with most residues scoring between 0.6 and 0.9. The 

Ramachandran plot analysis showed that 79.5% of amino acid residues were in the most favoured regions, 18.6% in the 

additionally allowed regions, 1.6% in the generously allowed regions, and 0.3% in the disallowed regions. Overall, 98.1% 

of the residues were located within the most favoured and additionally allowed regions, suggesting that the model 

possessed high stereochemical quality. Furthermore, the model passed the Verify3D analysis, with 93.18% of residues 

having an averaged 3D-1D score greater than or equal to 0.2. 
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Figure 6. QMEAN score analysis of a) 3D model predicted by SWISS-MODEL a) 3D model predicted by I-TASSER 

3.9 Best Model Prediction 

Based on the validation analyses performed using ExPASy and SAVES Server, the 3D model generated by SWISS-

MODEL was identified as the most reliable among the predicted structures. This conclusion is supported by its Z-score, 

which was close to 0, and its QMEAN4 value of 0.92, indicating good model quality. In contrast, the model generated by 

I-TASSER showed Z-scores outside the acceptable range and lower QMEAN4 values of -2.45 and -2.84, as presented in 

Table 3, suggesting lower reliability of the predicted structure. SWISS-MODEL also outperformed the other predicted 

models in validation on the SAVES Server. The validation results obtained from the SAVES analyses, including the 

Ramachandran Plot and VERIFY3D assessments, are presented in Table 4. More than 95% of the protein residues for all 

models were located within the allowed regions of the Ramachandran plot. Among the models, SWISS-MODEL showed 

the highest percentage, with 100% of residues located in the acceptable regions, followed by I-TASSER with 98.1%, 

making it the second-best model after SWISS-MODEL. In addition, an acceptable G-factor, which represents the overall 

quality of bond angles and covalent geometry, generally falls between -0.5 and 0, with values closer to 0 indicating better 

structural quality. SWISS-MODEL recorded the value closest to 0 at -0.04, indicating excellent covalent geometry. 

Furthermore, SWISS-MODEL achieved the highest VERIFY3D passing score at 96.64%, followed by I-TASSER at 

93.18%. 

Table 3. Analysis of models by QMEAN server 

Software tools Z-scores QMEAN4 

SWISS-MODEL <1 0.92 

I-TASSER Out of range -2.84 

Table 4. Analysis of models by SAVES server 

Software tools Favourable 
Additional 

Allowed 

Generously 

Allowed 
Disallowed 

G-factor 

overall 
Verify3D 

SWISS–MODEL 90.08% 9.2% 0% 0% -0.04 Pass 

I-TASSER 79.5% 18.6% 1.6% 0.3% -0.38 Pass 

4. Conclusions 

In this study, an in-silico approach was successfully applied to identify a putative GH18 chitinase candidate, Bacillus 

toyonensis (WP_098644165), which is seen as a promising chitinase candidate with potential industrial applications due 

to its halophilic and psychrophilic properties. Analysis of the amino acid sequence revealed the presence of two conserved 

GH18 chitinase motifs, DXDXE and SXGG, in which the aspartate (D) and glutamate (E) residues act as important 

catalytic residues of the enzyme. Secondary structure prediction of the Bacillus toyonensis protein indicated the presence 

of α-helices, β-sheets, and coil regions. This finding was further supported by tertiary structure analysis, which showed 

that β-sheets were more dominant than α-helices and coil structures. The predicted 3D structure demonstrated high 

similarity to Chitinase ChiA74 from Bacillus thuringiensis (6bt9.1). In addition, the model generated by SWISS-MODEL 

exhibited the characteristic (TIM)-barrel structure commonly found in GH18 chitinases, further supporting the reliability 

of the predicted model. Overall, the main objective of this study was successfully achieved by identifying and 

characterising a potential GH18 chitinase candidate from Bacillus toyonensis. The predicted enzyme may serve as a 

valuable chitinolytic enzyme with promising potential for various industrial applications. 

https://www.expasy.org/?utm_source=chatgpt.com
https://saves.mbi.ucla.edu/?utm_source=chatgpt.com
https://swissmodel.expasy.org/?utm_source=chatgpt.com
https://swissmodel.expasy.org/?utm_source=chatgpt.com
https://zhanggroup.org/I-TASSER/?utm_source=chatgpt.com
https://swissmodel.expasy.org/?utm_source=chatgpt.com
https://saves.mbi.ucla.edu/?utm_source=chatgpt.com
https://swissmodel.expasy.org/?utm_source=chatgpt.com
https://zhanggroup.org/I-TASSER/?utm_source=chatgpt.com
https://swissmodel.expasy.org/?utm_source=chatgpt.com
https://swissmodel.expasy.org/?utm_source=chatgpt.com
https://swissmodel.expasy.org/?utm_source=chatgpt.com
https://zhanggroup.org/I-TASSER/?utm_source=chatgpt.com
https://swissmodel.expasy.org/?utm_source=chatgpt.com
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