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Abstract 

Salinity stress adversely affects crop plant growth and productivity resulting in 

significant yield losses worldwide. Hence, it is essential to develop stress-tolerant species 

and as well as to understand the mechanisms behind it. The Psp68 is a DNA and RNA 

helicase and it is involved in numerous processes including protein synthesis, maintaining 

the basic activities of the cell, transcriptional activation/repressors, RNA processing, and 

abiotic stress response. This study evidence that overexpression of Psp68 provides 

salinity (NaCl and LiCl) stress tolerance in bacteria Escherichia coli bacterium also. 

Furthermore, the site-directed mutagenesis technique was applied to create three single 

mutants namely K168A, Q286G and R461Q, and their expression was also checked in 

response to the above mentioned stresses. Surprisingly, only the overexpression of single 

mutant R461Q showed high salinity stress tolerance in E. coli. Therefore, this study 

provides a new tool for developing stress tolerant crop plants and bacteria of agronomic 

importance in the field of agricultural biotechnology.  
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Introduction 

The helicases are ubiquitous enzymes that catalyze the unwinding of 

energetically stable duplex DNA or duplex RNA secondary structures (Tuteja, 1997; 

Tuteja, 2000; Tuteja and Tuteja 2004a and b). These enzymes play an essential role in 

DNA replication, repair, recombination, transcription, translation, RNA metabolism, and 

therefore, involved in the basic cellular processes regulating plant growth and 

development (Kammel et al., 2013; Guan et al., 2013).  The helicases play an important 

role in stabilising growth in plants under stressful environment by regulating stress-

induced transcription and translation (Banu et al., 2015; Nidumukkala et al. 2019). The 

p68 is an evolutionarily conserved protein. The human p68 RNA helicase was first 

identified by immunological cross-reaction with the anti-SV40 large T monoclonal 

antibody (Crawford et al., 1982). Human p68 cDNA (DDX5) have high homology with 

eIF4A protein, both have nucleic acid unwinding activity (Scheffner et al., 1989). 
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Previous studies with purified p68 protein have shown that it exhibits ATP binding, 

RNA-dependent ATPase and RNA helicases activities in vitro (Iggo and Lane, 1989). 

The amino acid sequence reveals that p68 protein contains multiple conserved motifs that 

are well known for all DEAD box RNA helicases (Banu et al., 2015). The overall 

properties of p68 suggest that it could be an important multifunctional protein involved in 

protein synthesis, maintaining the basic activities of the cell, transcriptional 

activation/repressors, RNA processing and abiotic stress response (Banu et al., 2015).  

To fight against stresses, plants have develop various unique stress adaptive 

mechanisms however, the basic cellular responses to stresses are almost similar in 

prokaryotes, lower eukaryotes and as well as in plants (Kultz, 2003). Therefore, 

overexpression of the plant stress responsive genes may also provide stress tolerance in 

the bacteria (Joshi et al., 2009; Joshi et al., 2010; Tajrishi et al., 2011). The objective of 

this study was to examine whether overexpression of Psp68 provides salinity stress 

tolerance in E. coli bacterium or not using mutagenesis. Furthermore, the developed 

single mutations in the conserved motifs of Psp68 gene were also overexpressed and 

compared with the growth of the bacteria transformed with mutated and non-mutated 

Psp68 genes. 

Materials and Methods 

Site-directed mutagenesis of Psp68 

The detail of the PsP68 gene (Accession number: AF271892.1) was described 

earlier by Tuteja et al., (2014). The desired point mutations were generated in PsP68 

gene using specific designed forward and reverse primers to develop three mutants viz. 
K168A, Q286G and R461Q. The Quik Change site-directed mutagenesis kit was used to 

create the desired point mutations in the Psp68 gene. The 1.8 kb K168A, Q286G and 

R461Q mutated PsP68 DNA fragments were prepared by PCR using normal Psp68 gene 

(cloned in pGEM-T easy vector) and appropriate primers (K183A- Psp68F, Q286G- 

Psp68F, R461Q- Psp68F or Psp68R) with desired point mutations designed from Psp68 

gene. Finally, the K183A, Q286G and R461Q, mutated 1.8 kb fragments were cloned in 

pGEM-T easy vector and the sequence was confirmed by sequencing.  

Cloning of mutated and non-mutated Psp68 in pET28a expression vector 

All the mutated (K168A, Q286G and R461Q) and non-mutated Psp68 genes 

which were cloned in pGEM-T easy vector were digested with specific restriction 

enzymes (NdeI and BamHI).  The digested reaction mixtures were run on the agarose to 

elute the 1.8 kb fallout from the gel. The eluted fall out band was further ligated into the 

digested pET28a vector (NdeI and BamHI). Ligation reactions were further transformed 

in DH5α competent cells. The colonies were confirmed by PCR using the gene-specific 

primers. The recombinant plasmids were again confirmed by sequencing.  

Growth of E. coli and salt stress responses (NaCl and LiCl) of mutated and 

non-mutated Psp68 in transformed cells  

The E. coli (BL21 cells) were transformed with mutated K168A, Q286G and 

R461Q and non-mutated Psp68-pET28a using the standard technique. The transformed 
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BL21 cells were grown to log phase OD600 = 0.5 and the equal amount of cells were 

transferred to sterile culture tubes with 10 ml of LB medium containing 50 μg/ml 

kanamycin, 1 mM IPTG  and 200, 400, 800 mM and 1M NaCl or LiCl. The cells were 

allowed to grow at 37°C and the growth was observed every hour by measuring the 

OD600 using a spectrophotometer. 

Results 

Preparation of single mutants 

The conserved motifs of Psp68 along with their sequence of motif I (GSGK), 

motif II (VLDEADRMLDMGFEPQ) and motif VI (YIHRIGRT) are shown in Fig. 1A. 

On the basis of the characteristics of the conserved motifs, motif I, II and VI were 

selected for substitution in Psp68 to create the desired mutants. By using PCR based site-

directed mutagenesis, amino acid lysine (K) at position 168 of the motif I, glutamine (Q) 

at position 286 of motif II and arginine (R) at position 461 of motif VI were substituted to 

alanine (A), glycine (G) and glutamine (Q) respectively. Finally, the resulted Psp68 

mutants were named as K168A, Q286G, and R461Q. 

 

 

 

 

 

 

 
  

  

 

 
 

Fig. 1 (A-D). Site-directed mutagenesis in three conserved domains of Psp68. A. 

Schematic diagram showing conserved motifs and the sequence of the 

three motifs (I, II and VI) on which mutations have been created, B. 

Schematic diagram of single mutant K168A, C. Schematic diagram of 

single mutant Q286G, and D. Schematic diagram of single mutant R461Q. 

The description of the preparation of single mutants, K168A, Q286G and R461Q 

were given in the materials and method section. The mutated and non-mutated Psp68 

genes were amplified by using specific primers and first cloned in pGEM-T easy vector. 

The sequencing results of the cloned single mutants of Psp68 genes were confirmed the 

substitution of AAG (code for amino acid K) to GCT (code for amino acid A), CAA 

(code for amino acid Q) to GGT (code for amino acid G) and AGA (code for amino acid 

Q) to CAA (code for amino acid Q). Schematic representations of all the single mutants 

were shown in Fig. 1B-D. 
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Cloning and restriction analysis of single mutants in pET28a expression 

vector 

All the single mutants of the Psp68 gene were cloned in NdeI and BamHI 

restriction sites of pET28a expression vector under control of T7 promoter and T7 

terminator (Fig. 2A). Transformed cells containing recombinant plasmids were identified 

by colony PCR (Fig. 2B-D). A single colony was re-suspended in 10 µl of water and then 

boiled for 5 min at 95ºC. After boiling, 2 µl supernatant was used as a template for PCR 

using gene specific primers. Colony PCR positive clones were further confirmed by 

restriction analysis (Fig. 2E-G) using XhoI restriction enzyme (internal cutter of Psp68).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 (A-G). Cloning and restriction analyses of mutants in pET28a. A. Diagrammatic 

representation of Psp68-pET28a construct for expression of Psp68. B-D. 

Confirmation of K168A-Psp68-pET28a, Q286G-Psp68-pET28a and 

R461Q-Psp68-pET28a respectively by colony PCR. E-G. Restriction 

analysis of K168A-Psp68-pET28a, Q286G-Psp68-pET28a and R461Q-

Psp68-pET28a, respectively by using XhoI restriction enzyme. 

Salinity stress (NaCl and LiCl) responses of mutated and non-mutated Psp68 

in E. coli  

The E. coli (BL21 cells) containing Psp68-pET28a and three different single 

mutated constructs (K168A-pET28a, Q286G-pET28a and R461Q-pET28a) were 

separately exposed to NaCl salt stress. The cells were grown to log phase OD600= 0.5 and 

then 1mM IPTG was added to the culture medium to induce gene expression. Along with 

IPTG, cells were also induced with 200, 400, 800 mM and 1M NaCl concentrations (Fig. 

3A). At 200 mM NaCl stress, cells containing Psp68-pET28a along with K168A-pET28a 
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and R461Q-pET28a mutants were grown easily while very little growth was observed for 

Q286G-pET28a mutant (Fig. 3A). No cell growths were detected for K168A-pET28a and 

Q286G-pET28a mutants at 400, 800 mM and 1M NaCl stress. It is interesting to note that 

at all the stress treatments (200, 400, 800 mM and 1M NaCl), a high growth was 

observed in the case of R461Q-pET28a mutant (Fig. 3A). The comparison of the growth 

curves of the BL21 cells containing wild type Psp68-pET28a (non-mutated) along with 

mutated Psp68-pET28a showed that the wild type Psp68-pET28a and mutated R461Q-

pET28a were able to help E. coli tolerate to salinity stress. Whereas, the cells containing 

K168A-pET28a and Q286G-pET28a mutated proteins were not able to cope up with 

salinity stress conditions (Fig. 3B). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. High salinity (NaCl) stress response of Psp68 and its mutants in E. coli. A. The 

tubes picture shows the bacterial growth of Psp68, single mutants (K168A, 

Q286G and R461Q), and empty vector after 12 h in the presence of 200 mM, 400 

mM,  800 mM  and 1M of  NaCl. B. Growth curves analysis under salinity stress 

of Psp68 and its mutants in E. coli. 

In another experiment, the E. coli (BL21 cells) containing non-mutated (Psp68-

pET28a) and mutated (K168A-pET28a, Q286G-pET28a and R461Q-pET28a) constructs 

were separately subjected to grow in the presence LiCl salt stress (200, 400, 800 mM and 

1M). The results are shown in Fig. 4, which clearly indicate that the transformed BL21 

cells with mutated (R461Q-pET28a) or non-mutated (Psp68-pET28a) were equally grow 

well in presence of all the LiCl stress treatments. The other two mutants (K168A-pET28a 
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and Q286G-pET28a) also showed some growth in presence of 200 and 400 mM LiCl salt 

stress (Fig. 4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

Fig. 4. High salinity (LiCl) stress response of Psp68 and its mutants in E. coli. The tubes 

picture shows the bacterial growth of Psp68, single mutants (K168A, Q286G and 

R461Q), and empty vector after 12 h in the presence of 200 mM, 400 mM,  800 

mM  and 1M of  LiCl. 

Discussion 

To adapt to unfavourable environmental conditions, both eukaryotes and 

prokaryotes have certain stress tolerance mechanism. Cellular stress response in archaea 

(Macario and Macario 1999), the eubacteria (Hecker and Volker, 2001) and eukaryotes 

(Pearce and Humphrey, 2001) were always connected with protein and DNA processing 

and stability (Ku ltz, 2003). Several sets of homologous/orthologous stress proteins, 

including chaperones, different cell cycle regulators and DNA repair proteins are induced 

by environmental stresses in archaea, eubacteria and eukaryotes. Among the various 

abiotic stresses, the salinity stress adversely affect plant growth and productivity and it is 



Psp68 gene and its mutant confers salinity tolerance in bacteria 23 

 

well known that functionally analogous stress resistant genes exist both in unicellular 

organisms and plants (Serrano et al., 2003). As both the prokaryotes and eukaryotes used 

the similar basic cellular adaptive mechanisms to tackle the stress, it can be assumed that 

plant stress tolerance genes can be functionally screened in simple prokaryotic organisms 

(Joshi et al., 2009; Tajrishi et al., 2011; Xu et al., 2020). This study identified the novel 

function of Psp68 in salinity stress tolerance in bacteria with an unidentified mechanism.  
 

The p68 is an evolutionarily conserved member of the DEAD-box protein family 

of helicases and there are at least five DEAD genes in E. coli also. The member of this 

family has been well characterized by its conserved motifs such as: Q motif, Motif I, Ia 

and Ib and as GG-doublet-  Motif II, III, IV, V and VI (Banu et al., 2015). Each of these 

conserved motifs has important characteristics. The  Q motif is responsible for sensing 

the nucleotide state of the helicase by forming a stable interaction with Walker A box (P-

loop) of other helicase motifs (Strohmeier et al., 2011) while the  motif I is crucial for the 

ATPase and helicase activities by interacting with Mg
2+ 

ion (Shi et al., 2004). Mutations 

in this motif abolish the ATPase activity by reducing the affinity of hydrolysis (Cordin et 

al., 2004). The motif II is also known as ‘Walker motif B’ (Venkatesan et al., 1982) and 

has a role in helicase and ATPase activity (Turner et al., 2007). The DE within this motif 

is highly conserved and plays a role in DNA and RNA replication (Gorbalenya et al., 

1989). The motif VI is important both for ATPase activity and RNA binding (Rogers et 

al., 2002) and mutation of this motif showed leads to defects in the nucleic acid binding 

(Pause and Sonenberg, 1992), negative impact on ATP hydrolysis and ligand induced 

conformational changes in E. coli (Tuteja and Tuteja, 2006). In plants Psp68 has been 

shown to play an important role in salinity stress tolerance (Banu et al., 2015). The aim 

of this study was to check whether the same gene can provide the salinity stress tolerance 

in bacteria or not.  

One of the interesting findings of this study is that overexpression of Psp68 
within the E. coli bacterium significantly enhanced salinity stress tolerance. More 

importantly, the mutation of the gene in motif VI provided more salinity stress tolerance 

than the wild-type E. coli suggesting that overexpression of the Psp68 gene could be 

utilized for the enhancement of salinity tolerance in organisms including the development 

of engineered beneficial bacteria with plant growth promoting traits. A considerable 

genera of plant associated bacteria such as Bacillus, Paraburkholderia Pseudomonas, 

Delftia etc. have been identified as powerful probiotics that significantly promote growth, 

yield and quality of crop plants (Khan et al., 2017;Rahman et al., 2018,). Genetic 

improvement of these natural plant growth promoters for higher salinity tolerance would 

allow them to use in plant growth promotion under higher level of saline soils. 

Salinity stress is one of the most climate change induced abiotic stresses that 

limit plant growth and productivity. Development of salinity stress tolerant crop plant is 

an important target to achieve climate-smart agriculture. Our results suggest that 

overexpression of the Psp68 gene with mutated motif VI in targeted plant could be an aid 

for better adaptation of plants to soil salinity (Banu et al., 2015; Nidumukkala et al. 

2019). Further study is needed to validate this hypothesis by transforming the salinity 

sensitive crop plants through bioengineering or genome editing. 
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Conclusion 

This study provides a direct evidence that overexpression of Psp68 and its mutant 

for motif VI promotes salinity stress tolerance in bacteria. The findings of the current 

study offer a possibility of the development of salinity tolerant crop plant and also plant 

growth promoting beneficial bacteria using bioengineering of Psp68 gene and its motif 

VI. Further studies are needed to validate this hypothesis that is crucial for the mitigation 

of soil salinity problem in a large area of cultivated lands. 
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