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INTRODUCTION 
 
Rice (Oryza sativa) production is mostly in tropical and sub-
tropical environments as dominant cereal. The importance of rice 
as diet can never be overemphasized and varies among nations 
[1]. The cereal is a starch source of food, serving as a staple diet 
for numerous communities more especially in Asia and Africa 
nations. Kole [2] reported that rice seeds provide more than 20% 
of the world calories in form of starch. Thus, its accounts for over 
70% of the daily calories’ intake in many Asian countries. The 
rice seeds bran is a raw material for oil extraction by cosmetics 
and healthcare industries. Interestingly, the crop is measured as 
the most essential crop with close relation to other cereals and 
prototypical species for enzyme analysis through molecular 

studies such as protein engineering, mutagenesis and protein 
function [3.4].  
 

Naturally, starch is produced in the plastids of higher plants 
which represents the most abundant storage polyglucan, then, 
functioning as a short- and long-term reserve carbohydrate. It is 
synthesized via coordinated acts of multiple starch-branching 
enzymes (SBEs) isoforms which are shown to have strong 
influence in glucan structure generation [5]. This starch is made 
up of linear α-1,4-linked glucans synthesized by starch synthases 
(SS, E.C. 2.4.1.21), a group of ADP-glucose-dependent 
transferases and α-1,6-linked branches. SBEs stimulates starch 
structure formation by catalysing the α-1,6-branch points at 
different frequency and branch chain length [6]. Many have 
reported on SBE IIa and b as most abundant protein in endosperm 
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 ABSTRACT 
Starch-branching enzymes (SBE) serves as the only enzyme generating glucan branches in green 
plants and consequently plays a significant role on the resulting starch final structure. Research 
on rice (Oryza sativa) SBE1 (OsSBE1) structural biology remain untapped. Therefore, there is a 
necessity for research on the enzyme molecular structure which could lead to the protein function 
annotation, starch production and energy booster drug design. Analysis of OsSBE1 secondary 
structure, domains and their interactions, enzyme 3D structure prediction and validation based on 
C-score were carried out. The OsSBE1 primary sequence was retrieved from GenBank and its 
secondary structure was predicted to be; α-helix (27.68%), extended strand (22.78%) and higher 
random coil (949.54%). Enzyme domains were found to be carbohydrate-binding module (CBM) 
48 (isoamylase N-terminal domain), α-amylase catalytic domain and α-amylase C-terminal all-
beta domain with active sites important amino acids asparagine and glutamic acid. From the five 
3D models generated, model 3 displayed best prediction. The Ramachandran refinement has 97.3 
amino acids residues in favoured region and 0.4 C-score. This bioinformatics study has elucidated 
on the OsSBE1 molecular model and first to report on its domain interaction. 
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amyloplast which influence the starch structure toward 
facilitating nocturnal degradation in maize [7], barley [8], 
Arabidopsis [9] and expression in E. coli [10].  
 

The existing studies on Oryza sativa SBE1 (OsSBE1) has 
failed to elucidate on the phenotypic and molecular nature of the 
enzyme structure, leaving behind its role as starch synthesizing 
protein a rather open question [11]. Moreover, the analysis of the 
protein deficiency with inefficient α-amylase digestion of the 
starch reserves in the seed is also incompletely understood. 
Therefore, the selection of the OsSBE1 in this bioinformatics 
study appears to impact on the protein molecular nature, 
functional sites and future transformation to overexpress as 
advantage associated with seedling vitality, potency and fitness. 
In fact, this is among the major reasons that makes rice a model 
monocot plant for seed biology studies and genomics analysis. 
The plant is currently studied at transformed levels using 
histological, cytological, physiological, biochemical, genetic and 
molecular biology tools, for example bioinformatics software. 
Until now, several reports have been shown molecular modelling 
of some enzymes from Oryza sativa. To the best of our 
knowledge, no reports are available in literature for molecular 
modelling of starch-branching enzyme from Oryza sativa. 
Therefore, the purpose of this research constitutes the first ever 
successful and complete molecular modelling of Oryza sativa 
starch-branching enzyme. 

 
EXPERIMENTAL 
 
Rice Starch-branching Enzyme1 (OsSBE1) sequence 
retrieval  
Rice SBE1 open reading frame (ORFs) was obtained from the 
National Centre for Biotechnology Information (NCBI) 
(http://www.ncbi.nlm.nih.gov/). The full-length sequence was 
further analyzed using BLASTp algorithm and predicted the 
nucleotides from the amino acid sequence using tool provided by 
ExPASy (http://web.expasy.org/translate/). 
 
Secondary structure prediction and analysis of domain 
The secondary structure of the OsSBE1 was predicted using 
NPS@: GOR4 tool by information theory algorithm. To compare 
and confirm the presence of the enzyme domains, Pfam 
(http://pfam.sanger.ac.uk/) tool was used for the query protein 
domains and position of important amino acids. The relationship 
and interaction(s) between the domains were also determined 
using NPS@: GOR4. 
 
Tertiary structure 3D modelling and validation  
The 3-dimensional (3D) model structure of the enzyme was 
generated using I-TASSER (Iterative-Threading / ASSembly / 
Refinement). The modeller gave a prediction of the structures 
based on protein sequence. Important amino acids of the enzyme 
were detected using UniProt (https://www.uniprot.org/) software 
from NCBI. The best 3D model was used for quality validation 
analysis and assessment of stereochemistry in RAMPAGE 
SAVES for Ramachandran plot. 
 
RESULTS AND DISCUSSION  
 
OsSBE1 secondary structure and domains 
In this bioinformatics analyses, the OsSBE1 primary sequence 
was retrieved from GenBank, while its secondary structure 
prediction was performed using NPS@: GOR4 tool as shown in 
Fig. 1. The secondary structure results showed alpha-helix 
(27.68%), extended strand (22.78%) and higher random coil 
49.54%. Enzyme domains were identified by using Pfam tool 
(Fig. 2). The protein N terminal consists of domain belongs to 

carbohydrate-binding module (CBM) 48 (isoamylase N-terminal 
domain) like class (alignment region 57-140). Followed by 
alpha-amylase (α-amylase) catalytic domain (alignment region 
228-301) found in the middle and alpha-amylase (α-amylase) C-
terminal all-beta domain (alignment region 592-692). Equally, 
active sites important amino acids of the enzyme were further 
predicted as shown in Fig. 2 (black line with pink headed). They 
were at position 344-asparagine as nucleophiles and 399-glutaric 
acid as proton donor. 
 

 
Fig. 1.  The result of OsSBE I secondary structure prediction using 
NPS@: GOR4 

 
Fig. 2. Domains found on OsSBE1. The Pfam tool algorithm predicted 
the 3 main enzyme domains as; carbohydrate-binding module (CBM) 48 
(isoamylase N-terminal domain) (first in green colour), α-amylase 
catalytic domain (middle in red colour) and α-amylase C-terminal all-beta 
domain (last in blue colour) with interfering important amino acids (black 
line with pink head). 
 

The protein structures were comprehensively scrutinized for 
relationship and quality selection. Examined toward determining 
its secondary structures includes alpha, beta and loops. As well, 
the diverse enzyme domain and their functions were analysed and 
elucidated [12]. The relationships between family domains in a 
clan are determined as shown in Fig. 3 (denote the domains in 
red colour). They are deemed to be closely located as the E-value 
is less than 10-3. The strong relationships are indicated with a 
solid line, whereas less closely related family pairs (E-value of 
between 10-3 and 10-1) are shown with a traced line (Fig. 3). 
Using the Pfam family box, the E-value for each pair either 
closely or partially related families were shown succeeding to the 
line connecting the families.  

 
 

 
 
Fig. 3.  The relationship between OsSBE1 domains; solid lines indicated 
the strong relationship, while the lighter lines shown the partial 
relationship. 

 
Carbohydrate-binding module (CBM) domain is found in 

carbohydrate-active enzymes. Majority of such domains can 
perform carbohydrate-binding activity in starch producing plants 
including rice, while some were found 
on cellulosomal scaffolding proteins. The diverse CBM were 

http://www.ncbi.nlm.nih.gov/
http://web.expasy.org/translate/
http://pfam.sanger.ac.uk/
https://en.wikipedia.org/wiki/Carbohydrate
https://en.wikipedia.org/wiki/Cellulosome
https://en.wikipedia.org/w/index.php?title=Scaffoldin&action=edit&redlink=1
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earlier known as cellulose-binding domains and classified into 
many families based on their amino acid similarity(s) and precise 
role. Recently, about 64 families of CBM were confirmed using 
CAZy database [13,14]. For example, microbial glycoside 
hydrolases CBMs plays a vital role in photosynthetic fixed 
carbon recycling pathway through binding to a specific plant 
structural  polysaccharides. It equally recognises both amorphous 
and crystalline cellulose forms, associated with enzymes active 
in plant cell wall hydrolysis. Some CBMs were identified 
by amino acid multiple sequence alignment, nonetheless, only 
few have experimentally shown carbohydrate-binding function 
[15]. 
 

The CBM48 of SBE1 was specifically found in enzymes 
containing glycosyl hydrolase family 13 as catalytic domain. It 
was found in a range of enzymes function on branched substrates 
including branching enzyme, isoamylase and pullulanase. 
Isoamylase hydrolyses 1,6-α-D-glucosidic branch linkages in 
amylopectin, glycogen and dextrin; 1,4-α-glucan branching 
enzyme, then play a role in the formation of 1,6-glucosidic 
linkages of glycogen. The CBM 48 binds glycogen which serves 
as system in plant species. Evenly, α-amylase is present in the 
plant different organs serving as food preservative. The enzyme 
functions by hydrolysing the bonds of larger α-
linked polysaccharides such as glycogen and starch yielding 
maltose, fructose and glucose [16,17]. It also catalyses hydrolysis 
of 1-4-α-D-glucosidic linked polysaccharides in order to remove 
successive α-maltose residues from non-reducing ends of starch 
to maltose conversion [18,19]. Likewise, α-amylase, C-terminal 
all-beta domain was classified as glycosyl hydrolases mostly 
containing the enzyme active site. It is a calcium binding domain 
bulging between α-helix and β-strand [20,21]. 

 
OsSBE1 3D structure and validation of refinement model 
The OsSBE1 3D structure prediction was done by using I-
TASSER of threading method. Five (5) molecular models was 
generated by the server, all having good quality and resolution. 
Fig. 4a showed the best model which was selected based on C-
score. The C-score measurement determine the quality of 
resulting models and demonstration of their correlation quality 
[22]. From the results, model 3 display best predicted OsSBE1 
3D structure at 97.3 model quality and 0.4 C-score as tabulated 
in Table 1. The active sites important amino acids, their 
respective names (asparagine and glutaric acid) and position (344 
and 399) was determine as shown in Fig. 4b.  
 
 

 
A 

 
B 

 
Fig. 4.  (A) OsSBE1 predicted 3D (model 3) model. (B) The enzyme 
model showing the 2 important amino acids. 
 
 
 

Table 1.  C-score and quality of the OsSBE1 3D models predicted using 
I-TASSER. 

 
Model C-Score Model Quality 
Model I 3.5 83.1 
Model II 0.4 97.2 
Model III 0.4 97.3 
Model IV 6.3 81.1 
Model V 6.0 80.4 

 
Interestingly, the I-TASSER was found to be a better server 

for predicting protein(s) 3D model, albeit, a complex approach 
used in the last two CASP experiments. It is an integrated 
platform for automated protein 3D prediction, modelling and 
determining its function based on sequence-to-structure to 
function paradigm [23]. As the biological function of protein 
molecules is determined by their 3D shape, which prescribe how 
the protein – protein or protein – ligand interacts. Hence, the most 
common motivation for protein 3D molecular structure 
prediction is to use the model information to gain insight into the 
protein’s genetic activities. The OsSBE1 prediction study could 
assist in understanding the molecular function of enzyme as well 
as encouraging further investigation into other rice enzymes, 
proteins or genes molecular analysis, interaction and function. 

 
OsSBE1 enzyme best 3D (model 3) model was evaluated by 

using the Ramachandran plot (Fig. 5) via RAMPAGE server and 
indicated the predicted models high-quality. The refinement 
model was 97.3% that is slightly above that of model 2 (97.2%) 
favoured residues and each protein residue is represented in blue 
dot (Table 1). Previous finding indicated that 80-90% favoured 
regions in the protein measured as high-quality model [24]. The 
validation was for the correctness of fold and structure, error over 
localized regions and stereochemical parameters. In fact, the 
model must satisfy as much restrains as possible prior to any 
validation analysis. The Ramachandran plot discloses the 
backbone dihedral angles ψ (psi) against φ (phi) of amino acid 
residues in the 3D model. 

 

 
Fig. 5. OsSBE1 3D model validation result using Ramachandran plot. 
 
 

https://en.wikipedia.org/wiki/Cellulose
https://en.wikipedia.org/wiki/Amino_acid
https://en.wikipedia.org/wiki/Microbe
https://en.wikipedia.org/wiki/Glycoside_hydrolase
https://en.wikipedia.org/wiki/Glycoside_hydrolase
https://en.wikipedia.org/wiki/Polysaccharide
https://en.wikipedia.org/wiki/Enzyme
https://en.wikipedia.org/wiki/Hydrolysis
https://en.wikipedia.org/wiki/Amino_acid_sequence
https://en.wikipedia.org/wiki/Sequence_alignment
https://en.wikipedia.org/wiki/Enzymes
https://en.wikipedia.org/wiki/Pullulanase
https://en.wikipedia.org/wiki/Dextrin
https://en.wikipedia.org/wiki/Enzyme
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The Ramachandran plot shows the empirical distribution of 
information experiential in any structure which favours 
appearance of theoretical regions. The angles from the kind of 
conformation can possibly be assumed to correlate it to specific 
secondary structures. Therefore, β-sheets and α-helices plus 
loops (to some extent) adopt a limited set of phi-psi angle 
interactions. Whereas, some precise amino acids involving 
proline and glycine have unique plots as they differ from others 
in the structure. Consequently, with the development of more 
technical modeller software, for example ESyPred3D and (PS)2 
(protein structure prediction server) it is now possible to obtain 
the tri-dimensional structure and calculate its disulfide bridge. It 
is two points calculation from the right side of the molecule, 
serving as very important characteristic of protein function. The 
model validation software used in this study ensures that the 
structure obtained is presentable prior to begin a more robust 
analysis.  
 
CONCLUSION 
OsSBE1 secondary structure determination, plus elucidation on 
its domain’s interactions and tertiary model molecular nature is 
of vital importance towards improving the plant starch 
production and reduction. Hence, the assortment of the enzyme 
for bioinformatics study appears to impart on the protein 
molecular nature, domain and their interactions, how to engineer 
and transform soon for overexpression as advantage associated 
with seedling vitality, potency and fitness. The OsSBE1 
structural modelling conducted in this study revealed the 
information about secondary structure, domains and their 
interaction and enzyme active sites. As well, the enzyme tertiary 
structure model was constructed by using I-TASSER as the first 
report. The findings confirmed the 3-main domains and validated 
the 3D model quality based on C-score. This modelled structure 
may favour conduction of protein engineering or mutagenesis 
and energy booster drug design towards enhancing productivity 
of human. As well, wet lab experiment should be conducted to 
verify the in silico of the enzyme.  
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