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Abstract

Beta galactosidase (TBG-7) is a fruit softening related
enzyme and eliminates terminal non reducing beta
residues in p-gals by hydrolysis. Beta-(1,4)-galactans
play a vital role in cell wall growth and inhibition
during ripening. Beta-galactosidases (fgals) (EC
3.2.1.23) have been found in different number of plant
species. Tomato p-galactosidase 7 (A2JGX1) is
responsible for fruit softening through the degradation
of p-(1,4)-galactans. The present study represents
prediction of secondary structure of the protein using
PSIPRED, most of the structure occupied by coils. The
3D structure of protein prediction is through
Homology modelling and Docking (Auto dock 4.2)
studies. The predicted protein model validated and
evaluated through Ramachandran plot PDBSUM and
RAMPAGE analysis revealed that 91.9% and 93.3%
were in favoured region providing support for quality
and accuracy respectively.

The ligands CME and BMA are used for in silico
docking reaction with the A2JGX1(TBG-7) enzyme and
successfully docked in the binding sites of TBG-7 of
tomato. Once the binding sites are predicted then
Autodock4 performed to docking the TBG-7. The
binding site pocket ID- 1 VAL™, PRO™, ASN*, GLY%,
PRO3, SER™ TYR!, GLY™? PHE* residues are
used to study the ligand interactions. Predominantly
this process is significantly useful for increase in
tomato fruit firmness.

Keywords: Docking, RMSD, Homology modelling, f-
galactosidases.

Introduction

Beta galactosidases are glycosidic hydrolases (GH) existent
in several types of micro-organisms, plants and animals.
These hydrolases grouped into different families of 1,2,35
and 424, TBG-7 belong to GH35 which includes several

genes. Among them plant BGALS’, especially in tomato,
seven BGALs genes were shown to expressed during the
fruit ripening stage. These enzymes have major role in cell
wall growth, degradation and turnover of signalling
molecules. These enzymes catalyse the hydrolysis of
terminal non-reducing B-D-galacgtosyl groups related to
carbohydrates, galacto lipids and glycol proteins?®,

Plant BGALSs are focused more due to disassembly of pectin
during the fruit ripening®. TBGs are responsible for fruit
softening during plant developmental stage by break down
of B -(1,4)- galactans (Figure 1) in the pericarp cell wall. The
increased activity of beta —galactosidase and relatively the
pectin solubility (loss of galactoses) enhance fruit ripening
in many plant species?.

The enzyme has been involved in plant physiological
processes like developmental stages of plants including fruit
ripening. These enzymes exist in many plant species and
their organs and tissues but these protein functions are not
yet characterised®. Fruit ripening related proteins were
isolated from the tomato fruits®, apple!®, mango*and also
identified their biochemical properties. Present study
represents the BGAL protein TBG7 involved in fruit
ripening of tomato.

To know the structural characterisation, we performed the
sequence alignment, Protein modelling and docking of
Target-template alignment structure or model. We used
different ligands to define the enzyme catalytic activity
during fruit ripening. To study mechanism of enzyme (TBG-
7) action, it is required to determine the 3D structure. To
decrease the activity of TBG7, the substrate CME and BMA
(Table 1) were used to increase the fruit firmness. Around
24 different sequences related to BGALS were used for
construction and phylogenetic analysis (Figure 3).

Material and Methods

Sequence information: Target sequence beta galactosidase
enzymes are used as source for sequence search. A2JGX1
protein sequence information is available in NCBI
Reference ID NP_00123430.2.

B-p-Galactoside galactohydrolase (EC 3.2.1.23)
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Fig. 1: Mechanism of beta galactosidase enzyme (http://www.toyobousa.com/images/gah201_chemical_formula.gif)
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A2GJIX1 related to GH35 family of Beta galactosidase gene
group. The FASTA sequence of Template sequence for the
query was retrieved from NCBI.

Secondary Structure prediction: PSIPRED server was
used for secondary structure prediction of TBG-7(Figure 9).
It is a highly accurate protein structure prediction method.

3D structure prediction: Modeller software was used for
3D structure prediction of A2JGX1(TBG7) protein. Target
sequence submitted in BLAST-P was based on Multiple
Sequence alignment template sequence based on percentage
of identity and similarity of sequence.

Ramachandran Plot: The allowed regions in
Ramachandran plot!? (Figure 7) are showing residues of
phi/psi torsion angles in tomato. Beta galactosidase-7
protein was detected by using PDB sum (PROCHECK).
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Docking Analysis of TBG-7 Ligand and receptor
interaction well studied in Auto dock software 4.2 version
and Auto dock tools include MGL and Python software®.

Results and Discussion

Multiple alignment: Protein sequence of 3-galactosidase-7
of tomato was retrieved from NCBI®. PSI-BLAST was used
for selection of homologous sequences of proteins. Highly
conserved sequences were found in tomato B-galactosidase
enzymes. Phylogenetic tree reveals that the hypothetical
cladogram of tomato Beta galactosidases using Clustal
Omega is shown in figure 2. The plant BGALS is evolved
from bacteria.?

Secondary structure of TBG-7 protein: The secondary
structure of TBG7 (Figure 4) contains highest percentage
around 56.1% coils, 18.8% helix and 24% strands.

CLUSTAL 2.1 multipie sequence alignment
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Fig. 2: Multiple sequence alignment using Clustal W
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3D structure Prediction using Modeller: The protein
structure (3D) was modelled and generated using modeller
9.22. The sequence alignment (Figure 5) is between target
and template visualised by Clustal Omega. The best model
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lowest discrete optimized protein energy (DOPE) score from
model number 1 to 10 score. These ten different DOPE
values were executed through modeller. The finest model-3
was selected on the basis of lowest DOPE value -88953.

was carefully chosen for evaluation studies which has the
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Fig. 5: Sequence alignment of TBG-7 with Template (PDB code:6ik6) the conserved regions are indicated by “*
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The model is used for further docking studies. The
developed protein model (target and template proteins) by
homology modelling is schematically represented here in
figure 6 using Chimera software by match maker.

Validation and evaluation of Model

Ramachandran Plot: The validation step using PUBSUM
ensures that 91.9 % in TBG7 lies in allowed region, 6.5%
residues in more allowed region, 1% in generously allowed
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region and 0.6% present in disallowed regions. RAMPAGE
reveals the 93.3% of residues in favoured region and 4.5%
residues are in the allowed region and 2.2% in outlier. The
high number of residues present in allowed region suggests
the best quality of structure having stereo chemical quality to
build model. Errat statistical analysis (Figure 8) indicates that
non —bonded interactions were observed in different atom
types. The present 3D structure of TBG7 shows overall
quality factor 84.68.

Fig. 6: Modelling using Moeller software A2JGX1(TBG7):6iK6
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Fig. 7: Ramachandran plot 3D model of TBG-7(A2JGX1) derived from PROCHECK
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Docking Study of TBG-7: The chemical reaction of enzyme
and substrate complex is useful to study the interactions
between substrate and active sites of enzymes. The Receptor
-ligand complex gives information to understand the
interactions and structural exact fit between the substrate and
active site of an enzyme. The docking process provides
possible confirmation of a complementarity between
receptor and ligand, where generally the receptor is
considered as an enzyme or a protein and ligand is a small
organic molecule?.

In this study, we represented the Auto dock method of
studies for protein model of TBG7 (PDB id: A2JGX1) to
determine the enzyme — inhibitor interactions. The binding
sites on a protein(enzymes) are very specific to substrates or
inhibitors. The binding sites include characteristics of

Vol. 16 (1) January (2021)
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chemical specificity bond strength and type of ligand and its
affinity. The binding pockets for TBG-7 were predicted by
server CASTp (Computer Atlas of Surface Topography of
proteins) analysisé. Protein ligand interaction profiler
(PLIP) is used for the analysis, visualisation and
characterisation of non-covalent bonds in protein and ligand
complexes®®. The pocket -1 with 1469.71 area and 1708 .96
volume was selected for docking process.

The RMSD values of CME and BMA are 90.22 and 71.17
respectively. The molecular docking of TBG7 enzyme to
generate the various feasible poses of ligand is observed in
receptor — binding pocket. Binding energies of TBG7 used
CME and BMA ligands, the best docking scores (-AG)
selected -4.04 and -3.65 respectively based on the enzyme
substrate interactions.

iy

Fig. 8: ERRAT server for validation 3D structure of TBG7

Table 1
Ligand chemical structure.
S.N. | LIGAND NAME FORMULA CHEMICAL STRUCTURE
1 S, S-(2-HYDROXYETHYL) C6H11NO3S2
THYOCYSTEINE(CME)
2 BETA-D-MANNOSE(BMA) C6H1206
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Fig. 9: TBG7-CME and BMA ligand omplexes docking images from PLIP°

Conclusion

The role of enzymes is implicated in the plant developmental
stages specifically fruit ripening. These B-galactosidases are
belonging to same family GH-35 enzymes. The modelled
TBG-7 revealed that the structural domains are very similar
to the 6ik6(TBG-4) protein. The results obtained from above
evaluation and validation methods revealed the homology
modelling of TBG7 satisfactory and the build model used
further docking studies.

The docking studies of B-galactosidases of tomato provided
the interaction of enzyme-substrate and their substrate
specificities. The substrates CME and BMA might be
potential substrates for TBG-7. The present study is useful
for the physiological function of f-galactosidase enzyme in
tomato fruit ripening to enhance the fruit shelf life.
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