
 
Rahman and Shahjahan,  J Adv Biotechnol Exp Ther. 2019; 2(1):04-09 www.bsmiab.org/jabet 

 
4 

Insilico analysis of γ- aminobutyric acid transaminase (GABA-T) of 

Brassica napus (Rape) 

Shahidur Rahman1*
 and Md. Shahjahan1 

 
1Bangladesh Livestock Research Institute Regional Station, Baghabari, Shahjadpur, Sirajganj-6770, Bangladesh  
 

*Corresponding author: Mr. Shahidur Rahman, Bangladesh Livestock Research Institute, Regional Station, Baghabari, Shahjadpur, Sirajganj-

6770, Bangladesh, Email: shahidur.blri@gmail.com 

 

Academic Editor: Dr. Md Mahmodul Hasan, Erciyes University, Turkey. 

Received: 11 September 2018; Accepted: 26 November 2018; Published: 05 January 2019.  

 

 ABSTRACT: γ- aminobutyric acid (GABA) is an essential metabolite which plays a crucial role in signal 

transmission, stress metabolism, and some other activities also reported.  Although the actual function of 

GABA shunt is not clearly understood. Three key enzymes, gamma aminobutyric acid transaminase 

(GABA-T), succinic semialdehyde dehydrogenase and succinic semialdehyde reductase are involved in 

GABA shunt mechanism en route from glutamate to the tricarboxylic acid cycle (TCA)which could pave 

the way of GABA shunt action. The enzyme gamma aminobutyric acid transaminase (GABA-T) could 

also play a key role in GABA shunt action by converting GABA to succinic semialdehyde (SSA).In this 

study, the protein sequence of γ-aminobutyric acid transaminase of Brassica napus (Rape) was retrieved 

from UniProt protein database and analyzed GABA-T enzyme using different bioinformatics tools and 

servers to analyze the physiochemical properties, amino acid composition, conformational states, and 

3D structure. We found that our experimental protein sequence was very unstable, and the graph of 

Local Quality Estimate showed that the sequence was porn to mutation and value of Z score was above 

two in comparison with a non-redundant set of PDB structure. In addition, the phylogenetic tree revealed 

that GABA-T of Dendrobium officinale, Phoenix dactylifera, Oryza sativa, Arabidopsis thaliana and 

Brassica napus evolved from a common ancestor gene. 
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INTRODUCTION 

γ-aminobutyric acid (GABA) is a ubiquitous, non-

protein amino acid involved in the metabolism of stress 

and transmission of signal in plants [1]. It is found in 

both unicellular and multicellular organisms and is 

involved in many aspects of plant life cycle [2]. It first 

discovered in plants over half a century ago [3]. This 

molecule has been intensively investigated in mammals 

in which it acts as a neurotransmitter in the central 

nervous system [4]. Besides neurotransmission, it may 

work in carbon: nitrogen metabolism and responding 

during stress.  However, much less is known about the 

role of GABA and its transport across the plasma 

membrane in plants [5]. In plants, the enzyme gamma 

aminobutyric acid transaminase (GABA-T) involves in 

catalyzing for the conversion of GABA to succinic 

semialdehyde (SSA) [6]. The catabolism occurs in the 

mitochondrial matrix of multi-cellular organisms by the 

action of GABA transaminase (GABA-T; EC 2.6.1.19) 

[2].  Two branched pathways may catabolize this 

succinic semialdehyde (SSA): first case, it uses SSA 

dehydrogenase (SSADH; EC 1.2.1.16) to form succinate 

and enters into tricarboxylic acid cycle, and second case, 
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to form α-hydroxybutyric acid [7]. In this study, we 

focus on the activity of gamma aminobutyric acid 

transaminase. The result from Renault et al. (2013) 

showed that GABA-T deficiency during salt stress 

causes root and hypocotyl developmental defects and 

alterations of cell wall composition of Arabidopsis [4]. 

(GABA-T) GABA is a metabolite en route from 

glutamate to the TCA cycle, which provides succinate 

and NADH to the respiratory machinery [8]. The way 

from glutamate to succinate is known as the GABA 

shunt [3]. The activity of GABA shunt is induced by 

both abiotic and biotic stress [8]. The GABA and the 

GABA shunt necessary for regulation of cytosolic p
H
, 

nitrogen storage and metabolism, protection against 

oxidative stress, development, and deterrence of insects 

[7, 9, 10]. Interest in plant GABA increased mainly 

following observations of rapid elevation of its levels 

under abiotic stresses. Nevertheless, the roles of GABA 

under these conditions are not clear [3]. It is postulated 

that due to the presence of stimuli or abiotic stress, 

accumulation of GABA is increased which enables in 

attachment of cell surface binding site that generate 

transient Ca
2+

 increase and transport into cells via high 

affinity GABA transporters (e.g., GAT1;) [5], which 

may activate glutamic acid decarboxylase enzyme via 

Ca
2+

/ calmodulin complex [11]. GABA rapidly 

accumulates under various stress conditions such as low 

temperature, mechanical stimulation, and oxygen 

deficiency [9]. In this research, the insilico analysis of 

the gamma-aminobutyric acid transaminase (GABA-T) 

may be helpful in understanding the molecular 

mechanism of underlying the γ-aminobutyric acid 

(GABA) action or any future genetic manipulation for 

their target application.  

 

MATERIALS AND METHODS 

 

Data retrieval 

The protein sequences were retrieved from the web 

server UniProt (Universal Protein Resource, a database 

of protein sequence and functional information) which is 

a freely accessible database of protein sequence. Our 

target protein sequence was gamma-aminobutyric acid 

transaminase (GABA-T) of Brassica napus (Rape), a 

crucial enzyme of GABA shunt. The sequence was 

retrieved as FASTA file using accession code number 

A0A0H4AKW3. The protein sequence of Gamma-

aminobutyric acid transaminase of Malus domestica 

(UniPort accession code J9XGP8), Solanum 

lycopersicum (UniPort accession code Q84P54), Oryza 

sativa (UniPort accession code (Q6ZH29) and 

Arabidopsis thaliana (UniPort accession code Q94CE5) 

and another 16 GABA-T sequences retrieved to 

construct phylogenetic tree using UniPort.  The T-coffee 

[12] (Tree based Consistency Objective Function for 

alignment Evaluation) multiple sequence alignment tool 

was used to generate phylogenetic tree. 

   

Prediction of primary structure  

The analyses of primary structure and physiochemical 

properties were performed using ProtParam [13] tool 

from ExPasy (Expert Protein analysis system). Using the 

ProtParam   tool, which allows the computation of 

various physical and chemical parameters for a given 

protein stored in Swiss-Prot or TrEMBL or for a user 

entered protein sequence.  The total number of amino 

acids, molecular weight and atomic composition, total 

number of atoms, total number of negatively charged 

residues and total number of positively charged residues, 

extinction coefficients, estimated half-life, aliphatic 

index, instability index and grand average of 

hydropathicity (GRAVY) is computed.  

  

Prediction of secondary structure  

 The secondary structure of a protein is predicted using 

SOPMA [14] (Self- Optimized Prediction Method with 

Alignment) tool from PRABI Rhone-Alpes 

Bioinformatics Center (https://npsa-prabi.ibcp.fr/cgi 

bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html). 

This tool evaluates the percentage of alpha helices, 

extended strand, beta turn and random coils. It uses 

homology methodology. According to percentage 

secondary structure is predicted. Number of 

conformational states can be given as either 4 (helix, 

sheet, turn, coil) or as 3 (helix, sheet, coil) [15]. The 

SOPMA shows two graphs, the first graph of SOPMA 

result anticipates the prediction and the second graph 

consist of outcome curves for all of the predicted states.  

 

3D structure prediction 
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The tertiary structure of the protein sequence was 

analyzed by SWISS MODELING [16], is a structural 

bioinformatics web-server dedicated to homology 

modeling of protein 3D structures. The SWISS MODEL 

is very conservative but reliable. The reliability of a 

model depends on the availability of highly matched 

template and some other factors. The selection of a 

template relies on several parameters like sequence 

identity, oligomeric state, GMQE (Global Quality 

Model Estimate), ligand and QSQE (Quaternary 

Structure Prediction).  It allows FASTA, Clustal, plain 

string, or a valid UniProtKB AC. SWISS-MODEL 

expert system features are  automated modelling of 

homo-oligomeric assemblies, modeling of essential 

metal ions and biologically relevant ligands in protein 

structures, and model reliability estimates based on the 

QMEAN local score function.  Global quality estimates 

based torsion angle, solvation potentiality, all atom 

angles, Cβ deviations, and QMEAN value. After 

building our model, we download as PDB format. This 

PDB data file subjected for PROCHECK analysis in 

PDBsum [17] 

(http://www.ebi.ac.uk/thorntonsrv/databases/cgibin/pdbs

um/GetPage.pl?pdbcode=m957&pdb_type=UPLOAD&

code=174320&template=main.html).  From PDBsum, 

we analyzed and validated our designed model based on 

different parameter like Ramachandran plot statistics, 

ligand, and protein-protein interaction. RAMPAGE [18] 

tool was used to compare PROCHECK data of 

Ramachandran plot.  

 

RESULTS AND DISCUSSION 

Primary structure and phylogenetic analysis 

Our target protein sequence was 498 amino acids long, 

where highest amount of alanine (9.4%) and leucine 

(9.0%), and lowest amount of tryptophan (1.2%), and 

cysteine (1.2%) were presented. We found negatively 

charged residues for (Asp + Glu) and positively charged 

residues for (Arg + Lys) where total number of atoms 

was 7750 including structural formula 

C2482H3879N651O719S19. Extinction coefficients 

were in units of M-1 cm-1 at 280 nm measured in water. 

The stability index was 50.4 which indicated that the 

protein was unstable.  

 

 

 

Table 1. Aminoacid composition of GABA-T obtained 

from ProtPram [13]. 

 

 Aminoacid 
Number of Amino 

acids 
Percentage (%) 

 Ala (A) 47 9.4 

 Arg (R) 19 3.8 

 Asn (N) 15 3.0 

 Asp (D) 21 4.2 

 Cys (C) 1.6 1.2 

 Gln (Q) 15 3.0 

 Glu (E) 37 7.4 

 Gly (G) 12 2.4 

 His (H) 12 2.4 

 Ile (I) 32 6.4 

 Leu (L) 45 9.0 

 Lys (K) 36 7.2 

 Met (M) 13 2.6 

 Phe (F) 24 4.8 

 Pro (P) 29 5.8 

 Ser (S) 37 7.4 

 Thr (T) 29 5.8 

 Trp (W) 6 1.2 

 Tyr (Y) 18 3.6 

 Val (V) 25 5.0 

 

Table 2. The different parameters of a primary structure 

obtained from ProtPram [13]. 

 

In the phylogenetic tree (Figure 1), we found that the 

GABA-T of Brassica napusis was closely related with 

Arabidopsis thaliana where GABA-T of Dendrobium 

officinale was closely related with Phoenix dactylifera. 

The phylogenetic tree revealed that GABA-T of Oryza 

sativa Dendrobium officinale, Phoenix dactylifera, 

Arabidopsis thaliana and Brassica napus were evolved 

from a common ancestor gene. 

 

Figure 1. Phylogenetic tree of GABA-T from soil bacteria and plant sources. 

Parameter Value 

Molecular weight 54952.17 

Theoretical P
I 

8.05 

Total no. of negative residues 53 

Total no. of positive residues 55 

Extinction co-efficient 60195 

Instability index 50.04 

Aliphatic index 84.30 

GRAVY (Grand Average Hydropathy) -0.167 
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Secondary structure prediction 

The secondary structure of protein was predicted using 

SOPMA (Self- Optimized Prediction Method with 

Alignment) tool.  This tool evaluated the percentage of 

alpha helices (43.17%), extended strand (13.65%), beta 

turn (7.43%) and random coils (35.74%). The windows 

output width, similarity threshold and number of 

conformational state were 17, 8 and 4, respectively. 

From PDBsum, we found the numbers of interface 

residues were 70 in chain A, and 68 in chain B, in 

addition, number of salt bridge, number of hydrogen 

bonds and number of non-bonded contracts were 2, 28 

and 424, respectively. The topology of the secondary 

structure is presented in Figure 2, designed by PDBsum.   

 

Figure 2. Protein topology of the secondary structure 

 

3D structure prediction  

Our target protein sequence found total 1041 templates 

for homology modeling. To reveal the high sequence 

similarity, 50 templates were displayed (Table 3) on the 

screen from SWISS-MODEL Template Library (SMTL). 

The first templates (5ghg.1.A), showed the highest 

sequence identity (50.12) which was aminotransferase 

class-III and used for building target homology 

modeling. This template was found by Basic Local 

Alignment Search Tool (BLAST), for high Sequence 

similarity 0.44. The global quality estimation of the 

resulting model, (GMQE) is 0.71, the value of QSQE of 

the template, is 0.92, and the value of QMEAN is -1.67. 

The 3D structure of GABA-T showed in figure 2 

including ligand. 

 

 

Figure 3. 3D structure of protein and Ramachandran plot:  (a)  

 

In Figure 3. A is the target 3D structure of our protein 

developed by PDBsum, where chain A (green colored), 

chain B (red colored) and yellow colored in the center is 

the ligand (PMP, 4'-Deoxy-4'-aminopyridoxal-5'-

Phosphate, PMP) where figure B. and  C showed the 

Ramachandran Plot before PROCHECK. This plot 

favored 93.4%, which reflects an acceptable homology 

modeling of target protein. After PROCHECK, the 

Ramachandran Plot favored 85.9% in figure D. 

 

Ramachandran plot analyses 

In Ramachandran Plot PROCHECK analyses, we found 

total 854 residues 854 including Glycine ( 66), Proline 

(53), End-residues (excl. Glycine and Proline) (4) and 

other highest number of residues were found in non-

glycine and non-proline residues. The most favored 

Table 3.  The 50 templates from SWISS-MODEL 

Template Library (SMTL) 
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region in Ramachandran plot was 85.9% (Table 3). It 

suggested that the percentage of most favored region 

(above 90%) could be desirable for good modeling.  

 

Table 4. PROCHECK analyses of Ramachandran Plot [19]. 

 

Molprobity statistics 

In MolProbity statistics, we found that the 

Ramachandran plot favoured 93.4% and the residues 

with bad angles were 0.0055 which was below 0.1% and 

values of bad bonds were 0.00029 (near to zero). But the 

C-Beta deviations were quite higher which might be 

zero or near to zero. The value of Ramachandran 

Outliers and Rotamer Outliers were very satisfactory.  

 

Table 5. MolProbity results from Swiss Homology 

modeling using MolProbity in Phenix version 1.13. [20]. 

Parameters  Value  

MolProbity Score 1.8 

Clash Score 6.62 

Ramachandran Outliers 0.71% 

Rotamer Outliers 0.28% 

C-Beta Deviations 7 

Bad Bonds 2 / 6818 

Bad Angles 51 / 9246 

Cis Non-Proline 5 / 826 

Cis Prolines 4 / 52 

 

Assessment ofthe Ramachandran Plot by Rampage 

In  RAMPAGE , we found number of residues in 

favored region  94.1%,  (~98.0% expected) which was 

quite higher from Swiss Modeling and the number of 

residues in allowed region was 5.5%, (~2.0% expected). 

However, in PROCHECK analyses, we found 13.6% of 

residues in allowed region [Combined of additional 

allowed regions (a,b,l,p) and generously allowed regions 

(~a,~b,~l,~p)], and number of residues in outlier region, 

(0.4%). 

 

CONCLUSION 

γ-aminobutyric acid (GABA) is not only a metabolite 

which plays a significant role in  signal transmission, 

stress metabolism, regulation of cytosolic p
H 

 etc. The 

activity of GABA extensively studied in mammals but 

in plants the role of GABA is less known. This insilico 

analysis of the key enzyme gamma aminobutyric acid 

transaminase (GABA-T) could be helpful in 

understanding the role of GABA shunt.  This protein 

sequence was unstable and porn to mutate and 

phylogenetic tree revealed that GABA-Tof Malus 

domestica, Solanum lycopersicum, Oryza sativa, 

Arabidopsis thaliana and Brassica napus were evolved 

from a common ancestor gene. 
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