
  

Chemical and Environmental Science Archives (2023) Vol. 3 (2), 24-28 

24 

 

  

                                                                                                                                           

https://doi.org/10.47587/CESA.2023.3201 

                                                            
Three-dimensional structure and functional studies of neopullulanase from 

Thermus brockianus 

 
Hassana Abubakar1,2 , Yakubu Ndatsu1 , Achimugu Dickson Musa1,2 , Fatima Gogo 

Mayaki1 , Salihu Abdullahi Baba1 , Vincent Tochukwu Balogu3  and Cyril Ogbiko4✉  

 
1Department of Biochemistry, Faculty of Natural Sciences, Ibrahim Badamasi Babangida University Lapai, P.M.B 11, Lapai, 

Niger State, Nigeria 
2Trans-Saharan Disease Research Centre, Ibrahim Badamasi Babangida University Lapai, P.M.B 11, Lapai, Niger State, Nigeria 

3Department of Microbiology, Faculty of Natural Sciences, Ibrahim Badamasi Babangida University Lapai, P.M.B 11, Lapai, 

Niger State, Nigeria 
4Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Madonna University, P.M.B 05, Elele,   Rivers State, Nigeria 

Received: Apr 16, 2023/ Revised:  May 10, 2023/ Accepted: May 11, 2023 

(✉) Corresponding Author: cyrilogbiko@gmail.com 

 
Abstract 

 
The structural guided-rational design has been suggested to meet the demand for pullulanase in starch industries. 

Neopullulanase (EC 3.2.1.135), a pullulan hydrolase type I belonging to the alpha-amylase family that hydrolysis α -1,4-glucosidic 

bonds in pullulan to produce panose is one such enzyme that can be manipulated. Therefore, this study aimed at modeling three 3-

dimensional structures of neopullulanase from Thermus brockianus, a thermophilic bacteria belonging to the thermus genus. The 

multiple sequence alignment was carried out with Clustal Omega while the domain and 3D structure of this enzyme was predicted 

with Pfam and four different modeling servers. Model validation was done using SAVES 06 based on the Ramachandran plot and 

VERIFY3D analysis. YASARA was employed to minimize the energy of the model. PyMOL software was employed to visualize 

and superimpose the model with the template. The conserved residues and alpha-amylase domain were identified in this enzyme. 

The RaptorX model was found to be the best with 93.1% residues in the most favoured region based on the Ramachandran plot. 

The model energy was reduced to -281707.5 kJ/mol with 95.03% of the residues having an average score of 3D-1D score >= 0.2 in 

the VERIFY3D analysis. TIM barrel active site fold and the three important catalytic residues; Asp329, Glu360 and Asp431 were 

also identified. This structure prediction will be helpful in the improvement of neopullulanase for large-scale industrial use. 
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Introduction 

Pullulanase (EC.3.2.1.41) is an essential debranching enzyme 

that cleave the α-1,6 glucosidic linkages in pullulan, 

amylopectin, starch, and associated oligosaccharides. In 

saccharification, these enzymes produce small fermentable 

sugars from the complete degradation of branched 

polysaccharides (Hii et al., 2012). Pullulanase and the majority 

of starch-hydrolyzing enzymes are classified as glycosyl 

hydrolase family13 (GH13) based on sequence classification 

(Janeček et al., 2014), while according to their substrate 

reaction end products and specificity, they are grouped into 

either pullulanase type I and II or pullulan hydrolase type I, II, 

and III. pullulanase type I cleave α-1,6 glycosidic linkages but 

cannot cleave α-1,4 glycosidic linkages whereas pullulanase 

type II (amylopullulanase) hydrolyze both α-1,4 and α-1,6 

linkages in pullulan, starch, and associated oligosaccharides.  

Pullulan hydrolase type I and II cleaves α-1,4 glycosidic 

linkages in pullulan but cannot cleave α-1,6 glycosidic 

linkages in this substrate.  These hydrolases produce panose 

and isopanose as end products respectively. Pullulan hydrolase 

type III is unique as it can cleave both α-1,4 and α-1,6 

linkages in pullulan and produces a mixture of panose, 

maltose, and maltotriose (Hii et al., 2012; Niehaus et al., 2000; 

Nisha & Satyanarayana, 2013; Nisha, 2016). 
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Neopullulanase (EC 3.2.1.135) (pullulan 4-D-

glucanohydrolase) is a pullulan hydrolase type I belonging to 

the alpha-amylase family. This enzyme hydrolysis α -1,4-

glucosidic bonds in pullulan to form panose (6-alpha-D-

glucosylmaltose) (Imanaka & Kuriki, 1989; Roy et al., 2003). 

Thermophiles are organisms that thrive at high temperatures 

between 41°C and 122°C having most species with 80°C as 

their optimal growth temperature (Madigan et al., 2006).  

They have been isolated from different environments with 

high temperatures such as deep-sea hot vents, hot springs, 

volcanic eruptions, deep-sea hot vents etcetera and produce 

thermozymes, enzymes with superior conformational structure 

and adaptive tools due to the presence of a small number of 

extra hydrogen bonds, hydrophobic interactions, and 

electrostatic interactions. These enzymes play a significant 

role in biotechnological, chemical, food, pharmaceutical, pulp, 

paper and waste-treatment industries (Bruins et al., 2001; 

Kumar et al., 2019; Sharma et al., 2019; Schäfers et al., 2017). 

Researchers have isolated and described the activities and 

structures of neopullulanases from thermophilic bacteria such 

as Geobacillus stearothermophilus TRS40 (Kuriki et al., 

1992), Bacillus stearothermophilus (Ece et al., 2015; Hondoh 

et al., 2003; Kamasaka et al., 2002; Kuriki et al., 1988). and 

Desulfurococcus mucosus DSM (Jafari et al., 2022). However, 

just few of their three-dimensional structure have been 

reported and none have been reported for Thermus brockianus. 

This organism is also a thermophilic,  aerobic, gram-negative 

bacteria belonging to the thermus genus (Williams et al., 

1995). 

Recently, there is an increased application of pullulanase in 

starch industries particularly in the production of glucose and 

the natural microbial pullulanase production is not sufficient 

to meet this demand (Hii et al., 2012). Structural guided-

rational design is one of the genetic modification techniques 

proved to effectively enhance enzyme yield, catalytic 

efficiency and thermostability. Enzyme structural information 

is a requirement for successive structure-guided rational 

design (Han et al., 2019). In this study, we reported the 3D 

structure of neopullulanase of Thermus brockianus which will 

be helpful in the improvement of neopullulanase for large-

scale industrial use. 

Methods and material 

Sequence retrieval, analysis and domain prediction 

The amino acid sequence of Neopullulanase from Thermus 

brockianus was retrieved from Uniprot (Boutet et al., 2016) 

and BLAST against Protein Data Bank (PDB) (Altschul et al., 

1997). Multiple sequence alignment was carried out between 

the query sequence and other sequences in the PDB using 

Clustal Omega (Sievers et al., 2011). The sequence was 

further submitted to the Pfam server (Bateman et al., 2004) for 

domain prediction. 

 

 

Homology modelling, validation and visualization 

The three-dimensional structure of the Neopullulanase was 

modelled employing SWISS-MODEL, RAPTOR X, PHYRE2 

and I-TASSER modelling server (Arnold et al., 2006; 

Källberg et al., 2012; Kelley et al., 2015; Zhang, 2008). The 

Protein Data Bank (PDB) files generated from the modelling 

serves were submitted to PROCHECK (Laskowski et al., 

2006) for the Ramanchandran plot. The best model from the 

Ramanchandran plot analysis was submitted to YASARA 

server energy minimization (Krieger et al., 2009) and further 

analyzed using VERIFY3D (Eisenberg et al., 1997). The 

model visualization, superimposition with the template (PDB 

ID: 5OT1) and catalytic residues identification was carried out 

with PyMOL software (DeLano, 2002). 

Results and Discussion 

Sequence retrieval, analysis and domain prediction 

The blast of the sequence against the protein data bank 

showed the highest identity of 46.25% with the pullulanase 

structures in the gene bank. The multiple sequence alignment 

of the query sequence and eight other sequences (PDB ID: 

3WDJ, 1WZL, 1WZK, 1WZM, 1JF6, BVZ, 1JF5 and 5OT1) 

selected from the blast result is shown in figure 1. Some 

residues are absolutely conserved (*), some are conserved (:), 

and some are semi-conserved (.) Residues are probably 

conserved in a protein family as they are concerned with 

structural stability or protein function (Rebehmed et al., 2013). 

The absolutely conserved residues D, E & D (highlighted in 

blue color) have been identified as the active site residues in 

the previous studies of this class of enzymes (Guo et al., 2018; 

Xu et al., 2014). 

 

 

 

Fig. 1 Multiple sequence alignment of the query sequence 

of Thermus bronkianus with eight other sequences from 

the blast result. Symbols: absolute conserved (*), 

conserved (:) and semi- conserved (.). The active site 

residues are highlighted (blue). 

 

 

http://www.cae.sciencearchives.org/
https://en.wikipedia.org/wiki/Enzyme_Commission_number
https://enzyme.expasy.org/EC/3.2.1.135
https://en.wikipedia.org/wiki/Alpha-amylase


 

Chemical and Environmental Science Archives (2023) Vol. 3 (2), 24-28 

26 

 

 

Fig. 2 shows the Alpha-amylase domain found in this enzyme 

which starts from residue 175 and ends at residue 476 (in 

green color). This result confirmed that this enzyme belongs to 

the Alpha-amylase family. This family also known as glycosyl 

hydrolase family 13 is made up of a large number of starch 

hydrolases and associated enzymes. This family is and 

consists of about twenty different enzyme specificities sharing 

numerous common features. They are widespread having 

bacteria, fungi and plants as the major sources. Examples of 

these enzymes include Alpha-glucosidase, Neopullulanase, 

Trehalose-6-phosphate hydrolase, Cyclomaltodextrinase, 

Alpha-amylase and etcetera (Janecek et al., 1997; Kuriki & 

Imanaka, 1999; Reddy et al., 2003). 

 

 

Fig. 2 Alpha-amylase domain (green) found in 

Neopullulanase of Thermus brockianus 

Homology modeling, validation and visualization 

The stereochemical quality of the models was checked 

through Ramachandran plot. Ramachandran plot results of the 

models from RaptorX, Swiss-Model, Phyre2 and I-Tasser 

have 93.1%, 87.6%, 86.0% and 78.0% residues in the most 

favored regions respectively. RaptorX model emerge the best 

as it has > 90% residues in the most favored region (Fig. 3). 

YASARA energy minimization server reduced the energy of 

the initial model from 2.65966911963981e+20 kJ/mol to -

281707.5 kJ/mol., naturally, flexibility and function of most 

proteins is associated with their lower energy profile 

(Hendlich et al., 1990).  

Further validation of this end model from the YASARA with 

the VERIFY3D server confirmed that 95.03% of the residues 

have an average score of 3D-1D score >= 0.2 (Fig. 4). This 

high score result indicates the accuracy of the model. 

 

Fig. 3 Ramachandran plot showing the number of residues 

in the favored, allowed and outlier regions. 

 
 

Fig. 4 VERIFY3D result confirming the quality of the 

model with over 90% of the residue scoring >= 0.2 in the 

3D/1D profile. 

          

Fig. 5a Cartoon view of the model (b) Surface view of the model with catalytic residues in (red). 

                                                                                                                                                                                                                                                 

                               (a)                                                (b) 

Fig. 6 (a) 3D structure of the model (yellow) superimposed with the template (cyan) 

(b) Superimposition of catalytic residues of the model and template 
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Fig. 5a displays the cartoon view of the three-dimensional 

structure of Thermus brokianus Neopullulanase. It consists of 

mostly alpha-helices, TIM-barrel fold, some β-strands and 

loops. The catalytic domain of pullulanase have been reported 

to adopt a TIM-barrel structure (Guo et al., 2018; Xu et al., 

2014). The proteins of the α-amylase family have been mostly 

observed to have a catalytic (β/α)-8 barrel (Janecek et al., 

1997; Kuriki & Imanaka, 1999; Reddy et al., 2003). 

 

Generally, α-helices have been reported to improve protein 

structure stability and rigidity more than β-strands and loops. 

In thermozymes, helices favor arginine and avoid cysteine and 

histidine in comparison with mesophilic enzymes (Kumar et 

al., 2000). Arginine guanidinium side chain can form salt 

bridges that stabilize proteins (Russell et al., 1997). 

 

The surface view of the model with Pymol is shown in Fig. 5b 

having the catalytic residues highlighted in red color. The 

superimposition of the model with the template as well as their 

catalytic residues is shown in Fig. 6a, 6b respectively. The 

template with PDB Id: 5OT1 was selected in this study due to 

its appearance in all the modelling servers as template. This 

template was found to be well aligned with our model having 

the catalytic residues Asp503, Glu534 and Asp601 (Guo et al., 

2018) aligned with Asp329, Glu360 and Asp431 of our model 

(Fig. 6b). Xu et al. (2014) also found Asp413, Glu442 and 

Asp526 as catalytic residues in pullulanase of Anoxybacillus 

sp. LM18-11. These three residues have been discovered to 

catalyze pullulan hydrolysis to panose in the active site of 

neopullulanase. The first protonation of glycosidic oxygen is 

done by the glutamate residue carboxyl group via generic acid 

catalysis. The nucleophilic aspartate residue then attacks the 

C1 of pullulan while the second aspartate residue carboxylate 

group deprotonates an adjacent H2O molecule to produce a 

hydroxide ion that hydroxylates at the C1. Total loss of 

enzymatic activity was observed when these three amino acid 

residues were mutated in neopullulanase (Svensson, 1994). 

These three particular residues are important in neopullanases. 

 

Conclusion 

 

The conserved residues and alpha-amylase domain identified 

in this enzyme prove the belonging of this enzyme to the 

alpha-amylase family. The model from RaptorX is the best 

model in this study as proved by the model validation tools. 

The TIM barrel active site fold and the three important 

catalytic residues in this class of enzymes; two aspartates and 

a glutamate were also identified. This structure of 

neopullulanase from Thermus brokianus is one of the few 

predicted so far that can be used in structural guided-rational 

design to enhance the enzyme’s yield, catalytic efficiency and 

thermostability which will in turn improve this class of 

enzymes for a large-scale industrial use.  
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