
                       

 

1540                                                                                                                           

 

 

Khan et al  

Published 26.04.2024 
Official Website 

www.thescienceworld.net  

thescienceworldmagazine@gmail.com  

April 2024 Vol.4(4), 1540- 1545 

 

 

 

 

 

  

    

 

 

Noah N. Khan1, Ashutosh Singh2*, Rakesh Kumar2, Rajesh K. Singh2, Sharwan K. Shukla2, 

Lalit Thakur3  
1C. S. Azad University of Agriculture and Technology, Kanpur 208002, U.P., India  

2R. L. B. Central Agricultural University, Jhansi 284003, U.P., India 
3Dr. Y. S. P. University of Horticulture and Forestry, Solan 173230, H.P., India  

https://doi.org/10.5281/zenodo.11096430  
 

Overview 

GABA shunt pathway is the metabolic pathway of the γ- aminobutyric acid biosynthesis in plants. 

GABA synthesized in plants plays major role in the mitigation of drought stress. GABA tends to have 

protective effect against water deficit conditions through accelerating turgor potential and osmolytes. 

GABA may also reduce oxidative damage through antioxidant regulation. Therefore, GABA–induced 

stomatal conductance has gained attention in regulating drought-responsive elements by leading as a 

plant signaling molecule. We summarized GABA–induced signaling to increase the drought tolerance 

mechanism in the plants.  

 

1. Introduction   

Drought is one of the most important constraints of the plant growth and productivity across 

the world. The amplitude of drought stress has increased in recent years due to anthropogenic 

activities. Drought stress has been identified as one of the most damaging stressors among other 

abiotic stresses (Vanani, et al., 2020). However, identifying mechanisms to counteract drought stress 

is the strategies to maintain the growth and development of plants under harsh water deficit conditions. 

Recent investigations have shown that the GABA shunt pathway may prove to be an important 

mechanism to reduce the effect of drought stress by targeting oxidative damages, reactive oxygen 

species (ROS), turgor potential, and stomatal conductance (Noctor, et al., 2018). In this article, we 

summarize and critically assess the role GABA plays in plant growth and development involved in 

the regulation of physiological and biochemical processes in the plant under drought stressed 

condition. We also describe the recent success in the development of drought tolerance in crop plants 

γ- aminobutyric acid (GABA) Shunt Pathway in Regulation of Drought 
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employing GABA–induced signaling and their manipulation to accelerate drought tolerance in plants.  

2. γ- aminobutyric acid (GABA) 

γ- aminobutyric acid (GABA) is the non–protein part of amino acid discovered in potatoes and 

found in almost all prokaryotic and eukaryotic species (Steward, 1949). GABA plays an important 

role in amino acid biosynthesis and a majority of the nitrogen metabolism. In addition, it also acts as 

a signaling molecule in the growth and development of plants by interfering with physiological and 

biochemical processes in the plants (Li, et al., 2021). Rather than the growth and development of the 

plants, it is quickly accumulated in the abiotic stress-affected plant tissues to reduce the effect of 

abiotic factors like drought, high temperature, and salinity. Hence, exogenous applications of GABA 

have to increase the antioxidant activity as well as glyoxylate mechanism in response to methylglyoxal 

(MG) detoxification (Rashmi, et al., 2018).   

3. GABA biosynthesis in plants 

The GABA shunt pathway is the rout of GABA biosynthesis in plants. Apart from GABA 

biosynthesis, the GABA shunt pathway would like to optimize the GABA level in plants (Clark, et al., 

2009). GABA biosynthesis through GABA shunt may catalysed by the cytosolic enzyme glutamate 

decarboxylase (GAD), succinic semi-aldehyde dehydrogenase (SSADH), and one more mitochondrial 
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enzyme GABA transaminase (Akihiro, et al., 2008). During GABA biosynthesis, GAD catalyses α-

decarboxylation of glutamate to GABA. In the next step of the GABA biosynthesis, GABA is 

transformed to succinic semi-aldehyde employing GABA transaminase (GABA-T) which alternately 

is transformed to succinate by SSADH. The next step is the production of the alanine and glycine 

through GABA-T as amino acceptor with the help of pyruvate and glyoxylate (Shelp, et al., 2012).  

A critical study revealed that GABA-T prefers 2-oxyglutarate to pyruvate for GAD response 

in the plant system. However, succinate enters the TCA cycle involve in electron transportation as an 

electron donor or releases succinate from SSADH and enters the TCA cycle (Priya, et al., 2019). Later, 

SSA converted to γ-hydroxy-butyrate (GHB) with the help of the enzyme GHB dehydrogenase. The 

mechanism of GABA biosynthesis is well illustrated in the figure. 

4. Role of GABA in drought tolerance resistance development in plants 

Drought is one of the devastating abiotic stresses damaging cellular components of plants due 

to overproduction of reactive oxygen species (Jahan, et al., 2021). Some metabolites like GABA, Ala, 

and Glu are associated with GABA shunt in response to ROS generation under stressed conditions. 

Certain reactive oxygen species like hydrogen peroxide (H2O2) may activate signal transduction 

pathways in plant cells and a decrease in the NADPH in the nucleus (Waseem, et al., 2021). Hydrogen 

peroxide (H2O2) may provide strength for the development of safeguard processes against hydrogen 

peroxide toxicity. In addition, ROS promotes mitochondrial glutamate dehydrogenase enzyme activity 

providing Glu as precursor for Ornithine and GABA production (Hasan, et al., 2018). Thus, GABA 

provides a protective role against oxidative stress through osmotic adjustment for the development of 

drought tolerance in plants. 

In several studies, it has been found that sufficient biosynthesis of GABA under drought stress 

efficiently reduces leaf damage by increasing the relative water content and decreasing lipid 

peroxidation. Moreover, over accumulation of amino acids and osmolytes due to excess GABA 

biosynthesis mediates drought tolerance in plants (Yong, et al., 2017). Further studies also revealed 

that GABA helps in downstream signaling molecules of the stress-related transcriptional factors like 

MYB, WRKY, and ZIPs may significantly increases drought tolerance in the plants.  

5. Role of GABA in stomatal conductance under drought stress 

Stomatal regulation through stomatal conductance plays crucial role in the development of 

drought tolerance in plants. The opening and closing behaviour of the stomata is regulated by stomatal 

pores through light and dark signaling may facilitate ion and water transport control across the guard 

cell membrane (Papanatsiou, et al., 2019). Hence, stomatal guard cells responded as a noticeable model 
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system for explicating useful pathways regulating abiotic stress tolerance in plants. GABA has been 

observed in a variety of plants on stomatal conductance under drought stress (Hasan, et al., 2021). The 

GABA in association with the ALMT protein family may alter the stomatal conductance (Meyer, et 

al., 2010). Several ALMT family proteins such as ALTM1, ALTM6, ALTM9, ALTM12, etc. found 

in the plasma membrane may involved in the regulation of stomatal conductance by malate influx and 

efflux (Sussmilch, et al., 2019).  

It has been further reported that some co-factors bind to control the action of ALMT6 protein 

by removing ionic calcium from activated protein and have no or negligible effect on the stomatal 

conductivity. In later reports, it was suggested that cytosolic GABA signaling generated by GAD2 

influences WUE, stomatal opening as well as drought tolerance by negatively controlling the activity 

of ALMTs ( Xu, 2021). On the other hand, ALMT9 assisted the transduction of GABA signaling in 

the cells under both sufficient water and drought conditions. Therefore, the response of GABA on 

stomatal closure is not so clear. Thus, the role of GABA signaling in the regulation of stomatal 

conductance may be caused by light and dark periods.  

6. Role of GABA in plants with polyamines under drought conditions 

Under drought and other stress conditions, polyamines (PAs) increase simultaneously and play 

pivotal roles in several physiological processes. PAs generally found in plant cell are free or in 

conjugated form and synthesized by ornithine and arginine decarboxylation (Hu, et al., 2015). During 

synthesis of PAs in plant cell, enzyme decarboxylase plays an important role. The polyamines with 

GABA catabolized under acute stress condition have been documented in several crops (Xiang, et al., 

2016). It has been documented by the researchers, the enzyme ADC, ODC and SMADC involved in 

the production of PAs and other two enzymes CuAo and PAO involved in the breakdown of PAs that 

may regulate drought stress (Silveira, et al., 2013). Furthermore, it is also documented that GABA 

accelerates PA biosynthesis in plants to develop tolerance of plants under drought stress. Hence, 

accumulations of GABA and PAs in plants under water deficit conditions reduces the damage caused 

by ROS and other oxidative damages to increase tolerance in plants against drought stress (Yang, et 

al., 2013). In crops like soybean, muskmelon, and fava beans, it has been found that GABA along 

with PAs reduces oxidative damages in plants and significantly increases tolerance against drought 

stress. 

7. Conclusion 

γ- aminobutyric acid (GABA) biosynthesized in plants may control the damage caused by 

drought and other abiotic stresses. The GABA shunt pathway of the GABA biosynthesis in the plants 
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boosts endogenous GABA as well as antioxidative enzymes in the reduction of ROS generation under 

drought stress. Furthermore, GABA biosynthesis in plants may also play key role in the stomatal 

conductance under water deficit conditions. Therefore, overall role of GABA mediated drought stress 

regulation in plants have been found very useful in drought stress regulation. Thus, exogenous 

application of GABA in plants under drought stress conditions may increase the GABA supply to the 

plant cell for reducing the effect of oxidative damage. 
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