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Abstract 

 

Salinity stress is the worldwide loss adversely affecting the growth and productivity of living 

organisms.  For understand the mechanism of stress tolerance, there is a need for salinity stress 

tolerant  species to mitigate the  affect of salinity stress  that helps in production of compatible 

solute which resumes the normal hemostatis under salt stress conditions. Identification of genes is 

the primary diagnosis for molecular studies involved in the production of  compatible solutes. This 

review emphasize on different studies of salt stress tolerant  mechanism from different halophilic / 

halotolerant microbes and plants. 

 

Introduction 

Deposition of salt in agricultural land leads to damage the soil fertility. According to Yeo, 1999,  

20% of the irrigated land is presently affected by salinity.  Use of novel genes for the identification 

of beneficial traits has developed for sustaining the food production. With the aid of biotechnology 

technique, It becomes accessible to deploy genes in target species. For instance crystal protein gene 

from the soil bacterium Bacillus thuringiensis in cotton (Jenkins et al. 1991). Therefore, it is 

imperative to explore the elite and meticulous type of organism including microbes which are 

having important genes for enhancing the agricultural production. 

Osmoregulation  

Osmoregulation is process of maintenance hemostasis under either high salt concentration or low 

salt concentration in organisational fluid (Solomon and Martin, 2002). With time, the bacteria has 

evolved osmoconformation to the changing osmotic balance between cellular fluid and external 

environment (Wood, 2011). During the course of time microbes has continue to develop a complex 

stress tolerant machinery to survive the change in external environment. These extremophillic 

microorganism has now been considered as good source for biotechnology and commercial 
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significance. Greater metabolic diversity are seen in halophilic or halo-tolerant eubacteria 

(Margesin and Schinner, 2001).  

Microorganism is been classified in to slight halophiles that can tolerate 3% w/v NaCl in sea water, 

 

moderate halophiles can tolerate 3-15 % NaCl, extreme halophiles at 25% w/v NaCl and borderline 

extreme halophiles at 12 % w/v salts (Kushner, 1988).  

Several characterization has been carried out for salt tolerance in microbes (Das et al. 2015) 

identified and characterize bacteria Staphylococcous epidermidis to vary salt concentration where as 

Bacillus cereus can survive up to 20 % salt concentration (Behera et al. 2013a, 2013b).  (Behera et 

al. 2015a, 2015b) reported isolates from east indian sea coast which are resistant to high salt 

concentration generally belongs to fermicutes and proteobacteria group.  

Compatible solutes and salinity tolerance 

Compatible solutes are low molecular weight, highly water soluble sugar, other alcohols, amino 

acids or their derivatives known to be osmotically active substances make bacteria and plants 

tolerant to high salinity condition (Ventosa et al. 1998). It prevent the cell from plasmolysis under 

salt stress condition (Kempf and Bremer, 1998). During stress compatible solute induce change in 

dynamics properties of protein rather than going change in itself. 

Compatible solute act as a stabilizer of biomolecule such as DNA, enzyme, membrane and whole 

cell. It also act salt antagonestic, stress protective agent. Increase freshness of food by stabilising 

component. These osmolyte helps in protein folding during salt stress hence make cell tolerant to 

above stress and could be useful to agriculture and xeriscaping (Roberts, 2005; Detkova and  

Boltyanskaya, 2007).  

Ectoine and salinity tolerance 

Trehalose, is a non reducing sugar, occures in various type of organism such as bacteria, fungi, 
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archea, invertebrate and plants. It is synthesized by two gene namely ost A and ost B (Elbein et al. 

2003). Terhlose is a major constitute of insert shell of the Middle East (Richards et al. 2002). 

Trehlose also help in maintaining metabolic hemostasis and stress tolerance in many organism 

(Turan et al. 2012). It is also a constituent of various food stuff like bread, wine, beer, vinegar and 

honey. Trehlose is highly hydrophilic, chemically stable, non-hygroscopic with no internal 

hydrogen bond formation. A part as a carbon for bacteria, it is also extensively used as compatible 

solute to avoid osmotic stress (Argüelles, 2000). It has also been utilized for freeze drying of 

molecule for cryopreservation. It is also used in long term storage of microbes as it help in retaining 

intact membrane structure (Empadinhas and Costa, 2008).  

Glycine betaine and salinity tolerance 

Glycin betaine (N, N, N- trimethyl glycine) is an ammonium compound synthesized by choline 

oxidase found in haemophilic archaebacteria, bacteria, invertebrates, mammals and plants during 

dehydration and under adverse hyper osmotic environment (Kempf and Bremer, 1998; Turan et al. 

2012; Hussain ET AL. 2013; Chen and Murata, 2002). Roessler et al.. 2001,  has reported the first 

ABC type transporter gene cluster of compatible solute glycine betaine in Methanosarcina, a 

methanogen species. 

Two gene BetP and EctP  encoding secondary carrier for uptake of glycine betaine Na-coupled 

system which prefer ecotine to glycine bataine. These two gene encode high affinity secondary 

carrier (Peter et al. 1998; Boscari et al. 2002). 

Na + and H + antiporters and salinity tolerance 

Na+ and H+ is involved in various cell functioning whose extreme high and extreme low bring 

malfuctioning of cell (Padan et al. 2001). Cell adopt various mechanism for maintaining homeotic 

balances by enhancement of K+ Uptake, removal of surplus Na+,  sequestration of Na+ ions in to 

intracellular compartment such as vacuole and production of compatible solute in cytoplasm. In 
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prokaryote generally five classes of Na + /H+ antiporters is found (Krulwich et al. 2009), among 

them NhA is the most extensivly studied Na+ /H+ antiporter present in plasma lemma and tonoplast 

of E. coli (Volkmar et al. 1998). 

Plant has check methods to maintain the ion concentration at low level in cytoplasm. Membrane and 

its ion uptake transporter play a key role in maintaining low ionic concentration to mitigate ionic 

stress (Sairam and Tyagi, 2004). This complex network of ion exchange dynamics is controlled by 

carrier proteins, channels protein, various antiporters and symporters. Cellular regulation of  Na+ 

/K+ homeostasis is a major ditch attempt by the cell to counteract salt stress. Genes from 

arabidopsis such as NADPH oxidases Atrboh and AtrbohF activated in presence of reactive oxygen 

species helps in regulating Na+ /K+ homeostasis under salt stress (Ma et al. 2012). 

High potassium level is required by plant cell in order to carry out cytoplasmic enzyme activity. A 

concentration of 100 mM is considered ideal for cellular enzymatic activity. Vacuole act as a storage 

reservoir of K+ ion in plant cell and act as a key component in maintaining plant cell turgor 

pressure. During salt stress K+ is transported against the concentration gradient with the help of K+ 

transporter and membrane channels. During low concentration of extra cellular K+, high affinity K+ 

uptake is mediated by K+ transporter where as low affinity uptake is carried out by K+ transporter. 

The uptake of K+ ion depend on the concentration dynamics of soil. In order to maintain plant cell 

hemostasis Na+ ion concentration are low in the cytosol. During saline condition in soil there is 

increase in soil Na+ concentration which competes with uptake of K+ ion for the transporter as both 

the ion shares common transport mechanism, there by decreasing the K+ ion uptake ((Sairam and 

Tyagi, 2004; Munns and Tester, 2008). 

Polyamines and Salinity tolerance 

Polyamines are polycationic molecules which play role in growth and development such as cell 

proliferation, somatic embryogenesis, dormancy breaking of tubers, development of fruit and 
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senecesnce (Knott et al. 2007; Gupta et al. 2013; Panicot et al. 2012 and Galston et al. 1997). It is 

synthesised against abiotic stress tolerance such as salinity in plants.  Increase in concentration of 

polyamines are highly linked with stress tolerance in plants (Gupta et al. 2013; Yang et al. 2007;  

Groppa and Benavides, 2008; Kovács et al. 2010). Diamine putrescine (PUT), triamine spermidine 

(SPD), and tetra-amine spermine are most commonly found polyamines in plants ( Alcázar et al. 

2011; Martin-Tanguy, 2001; Kuznetsov and Shevyakova, 2007; Hussain et al. 2011; Shu et al. 

2012). 

Nitric Oxide and Salinity Tolerance 

NO is well known to involved in different plant growth and developmental processes like flowering 

stomatal closer and respiration, cell death and stress response (Delledonne et al. 1998; Lamattina et 

al. 2013; Besson-Bard et al. 2008; Zhao et al. 2009; Crawford, 2005). It is also involved in 

regulation of gene under variant redox potential. It reacts with lipid radicals and helps in removal of 

superoxide radical by formation of peroxynitrite that can be neutralize by cellular processes. The 

antioxidant enzymes such as SOD, CAT, GPX, APX and GR is activated by NO. It has been 

reported that exogenous application of NO on plant is able to mitigate stress (Sung and Hong, 2010; 

Hossain et al. 2010; Xiong et al. 2010). An application of Sodium nitroprusside (SNP) at 

concentrations between 0.1 and 800 μM, act as NO donor and show increase in seed germination 

and root growth in Lupinus lettuce subjected to salt stress (Kopyra and  Gwóźdź, 2003). 

Stress Induced Reactive Oxygen Species 

Salt stress induces production of reactive oxygen species. These species are highly recative and 

damage cellular DNA, RNA , protein and lipid leading to cell death. In stress tolerant plant these 

ROS induced gene expression of certain set of genes such as catalase , peroxidase, superoxide dis 

mutase etc to detoxify reactive oxygen species. Plant requires some amount of ROS to initiate gene 

expression for their vital function and different concentration of ROS will bring different kind of 
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changes in physiology of plant. These type of delicate imbalance in ROS will is optimized by 

efficient working of internal defence system of plant called an antioxidant system. This system may 

comprise of enzymatic and non enzymatic components. Down regulation of antioxidant system may 

lead to cell death due to damage of cellular component by distotered ion hemostasis hence 

anamolies in metabolism (Ahanger et al. 2017). 

Therefore proper mineral nutrition is required during agricultural practices to ensure no stress 

condition. Potassium is a key macro elements involved in proper regulation of hemostasis and 

report in accumulation of of osmolyte and regulation of antioxidant mechanism. Suboptimal soil 

level of K soil status is very important in preventing salt stress. 

Conclusion  

In a changing climatic senerio it is important to develop engineered  microbes and plants tolerant to 

salt stress condition. With above view , there is need to emphasise on halophillic plant and 

microbes. There is also need to understand the genetic mechanism underlying stress tolerance to 

utilize the gene resource in direction to enhance the quality and quantity of product under continous 

stress condition. There is also need to change agricultural practices in order to mitigate stress due to 

salts present in soil. Plant and microbes produces variety of compatible solutes which help in 

maintaining optimal cell hemostasis during salt stress can prove to be promising solution. 

Identification of genes is the primary diagnosis for molecular studies involved in the accumulation 

of compatible solutes.  
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