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Abstract 

Brassica crops require substantial sulfur for synthesizing glucosinolates and stress-protective 

compounds. This research examined sulfur assimilation pathway responses to drought and salinity 

stress in Brassica juncea and Brassica napus. Experiments conducted at Bangkok Institute of Applied 

Sciences from October 2023 to February 2025 measured sulfate uptake, assimilatory enzyme activities, 

and sulfur-containing metabolite concentrations under controlled stress conditions. Results showed that 

drought stress increased ATP sulfurylase activity by 2.3-fold and cysteine content by 67% in B. juncea, 

while salinity elevated glutathione levels 2.8-fold. The sulfur assimilation pathway was upregulated 

under both stresses, with serine acetyltransferase activity increasing 1.9-fold. B. juncea demonstrated 

superior stress tolerance correlated with higher basal sulfur metabolite pools. These findings reveal 

sulfur metabolism as an important component of abiotic stress adaptation in Brassica species with 

implications for crop improvement. 
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Introduction 

How do plants integrate nutrient metabolism with stress responses to survive challenging 

environments? Sulfur assimilation provides a compelling example, as this essential pathway 

produces both structural amino acids and specialized protective metabolites. Brassica species 

have particularly high sulfur demands due to their abundant glucosinolates, sulfur-rich 

secondary compounds with roles in defense and human nutrition [1]. 

The sulfur assimilation pathway begins with sulfate uptake through specialized transporters, 

followed by activation to adenosine 5'-phosphosulfate by ATP sulfurylase. Sequential 

reduction yields sulfide, which combines with O-acetylserine to form cysteine through the 

action of O-acetylserine thiol-lyase [2]. Cysteine serves as the precursor for methionine, 

glutathione, and various sulfur-containing secondary metabolites. 

Under abiotic stress, plants increase production of glutathione and other thiol compounds 

that function as antioxidants and redox buffers. Drought and salinity both generate oxidative 

stress requiring enhanced antioxidant capacity [3]. The sulfur assimilation pathway must 

therefore respond to both nutritional demands and stress-induced requirements for protective 

metabolites. 

This research compared sulfur metabolism responses to drought and salinity stress between 

two Brassica species with different stress tolerance characteristics, aiming to identify 

metabolic features associated with adaptation [4]. 

 

Material and Methods 

Material 
Research was conducted at the Department of Plant Science, Bangkok Institute of Applied 

Sciences, Thailand, from October 2023 to February 2025. Seeds of Brassica juncea cv. Pusa 

Bold and Brassica napus cv. Westar were germinated and grown hydroponically in 

controlled environment chambers. Plants were maintained at 25 °C day/20 °C night with 16-

hour photoperiod and 400 μmol/m²/s light intensity [5]. 
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Methods 

Drought stress was imposed by adding polyethylene glycol 

6000 to achieve water potential of -0.5 MPa. Salinity stress 

used 150 mM sodium chloride. Treatments began at the 

four-leaf stage and continued for 14 days. Enzyme activities 

were measured in leaf extracts using established 

spectrophotometric assays. Cysteine and glutathione were 

quantified by HPLC with fluorescence detection after 

monobromobimane derivatization. Sulfate content was 

determined by ion chromatography [6]. 

 

Results 

 
Table 1: Sulfur Metabolite Concentrations under Control and Stress Conditions 

 

Species/Treatment Sulfate (μmol/g FW) Cysteine (nmol/g FW) Glutathione (nmol/g FW) Total Thiols 

B. juncea Control 8.4 ± 0.9 42 ± 5 245 ± 28 312 ± 31 

B. juncea Drought 5.2 ± 0.7 70 ± 8 398 ± 42 502 ± 48 

B. napus Control 7.8 ± 0.8 35 ± 4 198 ± 22 254 ± 26 

B. napus Drought 4.1 ± 0.5 52 ± 6 312 ± 35 387 ± 39 

 

Drought stress decreased leaf sulfate content by 38% in B. 

juncea and 47% in B. napus, indicating enhanced sulfate 

assimilation. Concurrently, cysteine increased by 67% and 

glutathione by 62% in B. juncea. B. napus showed smaller 

increases of 49% for cysteine and 58% for glutathione. Total 

thiol content rose significantly in both species [7]. 

 

 
 

Fig 1: Relative activities of sulfur assimilation enzymes under drought stress compared to control conditions in two Brassica species. 

 

 
 

Fig 2: Time course of glutathione accumulation in Brassica species during salinity stress treatment. 

 

Discussion 
The coordinated upregulation of sulfur assimilation pathway 

enzymes under both drought and salinity demonstrates the 

integration of this pathway into general stress response 

networks [8]. ATP sulfurylase, catalyzing the first committed 

step, showed the largest increases, consistent with flux 

control principles predicting that early pathway enzymes 

often exert greatest control over pathway output. 
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The superior stress tolerance of B. juncea correlated with 

both higher basal sulfur metabolite levels and stronger 

induction responses. This species maintained 23% higher 

glutathione concentrations than B. napus throughout the 

salinity treatment, potentially providing greater antioxidant 

buffering capacity [9]. The genetic basis for these differences 

could inform marker-assisted breeding for stress tolerance. 

The decrease in sulfate pools concurrent with increased 

reduced sulfur compounds indicates genuine pathway flux 

increase rather than simple metabolite accumulation. This 

metabolic reallocation prioritizes synthesis of stress-

protective compounds over storage forms [10]. Understanding 

the signaling mechanisms controlling this shift could enable 

targeted interventions to enhance stress tolerance. 

 

Conclusion 

This research demonstrates that sulfur assimilation pathway 

upregulation represents an important component of abiotic 

stress adaptation in Brassica species. Both drought and 

salinity stress induced enzyme activities and increased 

accumulation of cysteine and glutathione. B. juncea 

displayed stronger responses correlating with superior stress 

tolerance compared to B. napus. These findings identify 

sulfur metabolism as a potential target for improving stress 

tolerance in Brassica crops through breeding or 

biotechnological approaches. Enhanced sulfur assimilation 

capacity may contribute to developing climate-resilient 

varieties for agricultural sustainability. 
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