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Abstract 

Although melatonin has been reported to function as a stress signaling molecule, not much information 
is available on the biochemical and molecular events associated with probable melatonin-hydrogen 
sulfide crosstalk in plants. Present work provides evidence on the role of melatonin in the modulation of 
H2S homoeostasis during NaCl stress in dark-grown tomato (Solanum lycopersicum L. var. cherry) 
seedlings. NaCl stress (120 mM) inhibits hypocotyl elongation, promotes primary root growth and 
enhances electrolytic leakage from tomato seedlings. Treatment with H2S donor (100 µM; NaHS) tends 
to reverse these effects, all the more so (additive effect) in the presence of melatonin. NaCl stress and 
exogenous melatonin (30 µM) treatments modulate endogenous H2S accumulation and positively 
upregulate the activity of L-cysteine desulfhy- drase (L-DES; EC 4.4.1.15; cytosolic). Melatonin has 
been observed to temporally modulate the activity of specific isoforms of H2S biosynthesizing enzyme, 
L-DES in seedling cotyledons. Zymographic analysis of L-DES isoforms in tomato seedling cotyledons 
has provided novel findings in plant system. Melatonin treatment decreases H2S accumulation in NaCl-
stressed seedling cotyledons which is accompanied by a contrasting increase in L-DES activity. 
Melatonin, therefore, regulates endogenous H2S concentration in seedling cotyledons (NaCl treated), 
thus indicating the role of H2S catabolism pathways in H2S homoeostasis. Present findings thus reveal 
that exogenous melatonin modulates early H2S signaling in cotyledons  of tomato seedlings subjected 
to NaCl stress. Furthermore, exogenous melatonin and H2S in combination (additive effect) ameliorate 
NaCl stress-induced growth changes in tomato seedlings. 

Keywords H2S homeostasis · Melatonin · Salt stress · Tomato seedlings · L-cysteine desulfhydrase · 
Long distance salt stress signaling 
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DES L-cysteine desulfhydrase 
MB Methylene blue 
NaHS Sodium hydrogen sulfide 

Introduction 

 
Although melatonin has been reported to function 
as a stress signaling molecule, not much 
information is available on the biochemical and 
molecular events associated with prob- able 
melatonin-hydrogen sulfide crosstalk in plants. 
Kaya and Ashraf (2019b) have suggested the roles 
of melatonin and hydrogen sulfide in combating 
iron deficiency in pep- per plants. However, 
melatonin-mediated H2S homoeostasis, 
modulation of L-DES activity and long distance 
signaling 

   in plant organs subjected to NaCl stress still 
remain to
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Abstract 

Similar to animal systems, plants have been suggested to possess both positive and antagonistic interactions be- 

tween nitric oxide (NO) and melatonin. This review summarizes the current understanding of NO–melatonin crosstalk 

in plants with regard to redox homoeostasis, regulation of gene expression, and developmental changes. It also ad- 

dresses the possible role of N-nitrosomelatonin (NOmela), which is likely to be associated with redox signaling and 

long-distance communication. Localization and quantification of NOmela are expected to add new insights into its 

precise role in plants. Methodological advances in imaging, isolation, and quantification of such a transient molecule 

require further attention. The quest for the biological role of NOmela in plants should lure physiologists to pursue in- 

vestigations to obtain solid experimental evidence. 

 

Keywords: Abiotic stress, melatonin, nitric oxide, N-nitrosomelatonin (NOmela), reactive nitrogen species, redox signaling. 
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A R T I C L E I N F O   

 
Keywords: 

Arsenate 

Soluble carbohydrates 

Molybdenum 

Nitric  oxide Nitrogen 

metabolism 

Photosynthesis 

Chlorophyll 

Wheat 

A B S T R A C T   
 

There is little information available to decipher the interaction between molybdenum (Mo) and nitric oxide (NO) in mitigating 

arsenic (AsV) stress in plants. The present work highlights the associative role of exogenous Mo and endogenous NO signaling 

in regulating AsV tolerance in wheat seedlings. Application of Mo (1 μM) on 25-day-old wheat seedlings grown in the presence 

(5 μM) or absence of AsV stress caused improvement of photosynthetic pigment metabolism, reduction of electrolytic leakage 

and reactive oxygen species (ROS), and higher accumu- lation of osmolytes (proline and total soluble sugars). The 

molybdenum treatment upregulated antioxidative enzymes, such as superoxide dismutase, ascorbate peroxidase and 

glutathione reductase. In addition, the accumulation of nonenzymatic antioxidants (ascorbate and glutathione) was correlated 

with an increase in ascorbate peroxidase and glutathione reductase activity. The application of cPTIO (endogenous NO 

scavenger; 100 μM) reversed the Mo-mediated effects, thus indicating that endogenous NO may accompany Mo-induced 

mitigation of AsV stress. Mo treatment stimulated the accumulation of endogenous NO in the presence of AsVstress. Thus, 

it is evident that Mo and NO-mediated AsV stress tolerance in wheat seedlings are primarily operative through chlorophyll 

restoration, osmolytes accumulation, reduced electrolytic leakage, and ROS homeostasis. 
 

 

 

Contents lists available at ScienceDirect 
 

Environmental Pollution 

journal homepage: 

www.elsevier.com/locate/envpol 

https://doi.org/10.1016/j.envpol.2021.118268
http://www.sciencedirect.com/science/journal/02697491
https://www.elsevier.com/locate/envpol


Journal of Plant Growth Regulation 

1 3 

 

 

Environmental Pollution 290 (2021) 117953 

 

 

 

 

 

 

 
 

 

Molybdenum  and hydrogen sulfide synergistically mitigate arsenic toxicity    

by modulating defense system, nitrogen and cysteine assimilation in faba 

bean (Vicia faba L.) seedlings☆ 

Manzer H. Siddiqui a,*, Saud Alamri a, Soumya Mukherjee b, Abdullah A. Al-Amri a, Qasi 

D. Alsubaie a, Bander M.A. Al-Munqedhi a, Hayssam M. Ali a, Hazem M. Kalaji c, d, 

Shah Fahad e, f, Vishnu D. Rajput g, Om Prakash Narayan h 

a 
Department of Botany and Microbiology, College of Science, King Saud University, Riyadh, 2455, Saudi Arabia 

b 
Department of Botany, Jangipur College, University of Kalyani, West Bengal, 742213, India 

c 
Department of Plant Physiology, Institute of Biology, Warsaw University of Life Sciences SGGW, 159 Nowoursynowska 159, 02-776, Warsaw, Poland 

d 
Institute of Technology and Life Sciences, National Research Institute, Falenty, Al. Hrabska 3, 05-090, Raszyn, Poland 

e 
Hainan Key Laboratory for Sustainable Utilization of Tropical, Bio Resource, College of Tropical Crops, Hainan University, Haikou, 570228, China 

f 
Department of Agronomy, The University of Haripur, Haripur, 22620, Pakistan 

g 
Academy of Biology and Biotechnology, Southern Federal University, Rostov-on-Don, 344090, Russia 

h 
BME Department, Tufts University, Medford, Boston, USA 

 

 

 

 

A B S T R A C T   
 

Hydrogen sulfide (H2S) has emerged as a potential gasotransmitter in plants with a beneficial role in stress amelioration. Despite the various known functions of H2S in plants, not much 

information is available to explain   the associative role of molybdenum (Mo) and hydrogen sulfide (H2S) signaling in plants under arsenic toxicity. In view to address such lacunae in our 

understanding of the integrative roles of these biomolecules, the present   work attempts to decipher the roles of Mo and H2S in mitigation of arsenate (AsV) toxicity in faba bean (Vicia      

faba L.) seedlings. AsV-stressed seedlings supplemented with exogenous Mo and/or NaHS treatments (H2S donor) showed resilience to AsV toxicity manifested by reduction of apoptosis, 

reactive oxygen species (ROS) content, down-regulation of NADPH oxidase and GOase activity followed by upregulation of antioxidative enzymes in leaves. Fluorescent localization of 

ROS in roots reveals changes in its intensity and spatial distribution  in  response to MO and NaHS supplementation during AsV stress. Under AsV toxicity conditions, seedlings subjected 

to Mo + NaHS showed an increased rate of nitrogen metabolism evident by elevation in nitrate reductase, nitrite reductase and glutamine synthetase activity. Furthermore, the application 

of Mo and NaHS in combination positively upregulates cysteine and hydrogen sulfide biosynthesis in the absence and presence of AsV stress. Mo plus NaHS-supplemented seedlings 

exposed to AsV toxicity showed a substantial reduction in oxidative stress manifested by reduced ELKG, lowered MDA content and higher accumulation of proline in leaves.  Taken  

together, the present findings provide substantial evidence on the synergetic role of Mo  and  H2S  in mitigating AsV stress in faba bean seedlings. Thus, the application of Mo and NaHS 

reveals their agronomic importance to encounter heavy metal stress for management of various food crops. 
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Abstract: Potassium (K+) is one of the vital macronutrients required by plants for proper growth and 

blossoming harvest. In addition, K+ also plays a decisive role in promoting tolerance to various stresses. Under 
stressful conditions, plants deploy their defense system through various signaling molecules, including 

hydrogen sulfide (H2S). The present investigation was carried out to unravel the role of K+ and H2S in plants 

under NaCl stress. The results of the study show that NaCl stress caused a reduction in K+ and an increase in 

Na+ content in the tomato seedling roots which coincided with a lower H+-ATPase activity and K+/Na+ ratio. 

However, application of 5 mM K+, in association with endogenous H2S, positively regulated the Na+/H+ 

antiport system that accelerated K+ influx and Na+ efflux, resulting in the maintenance of a higher K+/Na+ ratio. 

The role of K+ and H2S in the regulation of the Na+/H+ antiport system was validated by applying sodium 

orthovanadate (plasma membrane H+-ATPase inhibitor), tetraethylammonium chloride (K+ channel blocker), 

amiloride (Na+/H+ antiporter inhibitor), and hypotaurine (HT, H2S scavenger). Application of 5 mM K+ 

positively regulated the ascorbate–glutathione cycle and activity of antioxidant enzymes that resulted in a 

reduction in reactive oxygen species generation and associated damage. Under NaCl stress,  K+ also activated 
carbohydrate metabolism and proline accumulation that caused improvement in osmotic tolerance and 
enhanced the hydration level of the stressed seedlings. However, inclusion of the H2S scavenger HT reversed 

the effect of K+, suggesting H2S-dependent functioning of K+ under NaCl stress. Therefore, the present 

findings report that K+, in association with H2S, alleviates NaCl-induced impairments by regulating the Na+/H+ 

antiport system, carbohydrate metabolism, and antioxidative defense system. 
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1. Introduction 

Soil salinity is one of the menaces that limits crop production worldwide. 
Excessive accumulation of salts in the soil occurs due to poor irrigation and 
fertilizer management practices combined with high temperature and drought [1]. 
Salinity causes degradation of the soil structure and function that results in the loss 
of 1.5 million ha of arable land 
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every year, which culminates in an annual loss of USD 31 million [2]. Salinity 
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