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Abstract  

Plant Growth Promoting Rhizobacteria (PGPR) play an important role in agricultural 
systems, especially as biofertilizer. Previously, we screened one bacterial isolate as indole acetic acid 
(IAA) producer on the basis of IAA colorimetric assay. Based on morphological, physiological and 
biochemical characteristics presented in Bergey's Manual of Systematic Bacteriology and on 16SrRNA 
homology, this isolate identified as Pseudomonas fluorescens (accession # JQ809429). Pseudomonas 
Fluorescens, like other PGPR isolates, produced IAA in the presence of tryptophan, thus genes for IAA 
production (iaaM and iaaH) were detected in the present study. Moreover, the overexpression of 
Synechocystis PCC 6803 glutaredoxin- 2 (ssr2061) in Pseudomonas fluorescens cells significantly 
enhance the growth of the recombinant cells on LB media supplemented with different concentration of 
NaCl. The recombinant strain was able to produce IAA under 2% of NaCl in the medium. While, the 
wild type strain failed to produce IAA under same condition. Additionally, effect of the salt on the 
growth of recombinant and wild type cells was studied by pot culture experiments by using sterilized air 
dried soil supplemented with 0.5 M or 1 M NaCl. Interestingly, the cell density of the recombinant cells 
markedly increased even after 6 days from the irrigation with the salt water over the wild type cells. 
These results suggest that theglutaredoxin-2proteincould play a major role in regulating abiotic 
tolerance against salt stress in Pseudomonas fluorescens cell. 

Keywords: Luria-Bertani (LB), salt stress, Plant growth promoting rhizobacteria Glutaredoxins 
(GRXs), Synechocystis PCC 6803, recombinant enzyme. 
 
1. Introduction 

Excess use of chemical fertilizer is undesirable because (i) production of chemical 
fertilizer is a costly process, (ii) most of the energy is provided by consumption of non-
renewable fossil fuel, (iii) considerable pollution is caused through both the production and 
use of mineral N- fertilizer (MAI & al. [1]; DESHWAL & al. [2]). Therefore, scientists are 
searching new alternative of chemical fertilizer. Internationally, biofertilizer has been 
accepted as an alternative source of chemical fertilizer. Plant growth promoting rhizobacteria 
(PGPR) represent a wide variety of soil bacteria which actively colonize in plant root and 
increase plant growth by production of various plant growth hormones, P-solubilizing 
activity, N2 fixation and biological activity (DESHWAL & al.[3]; DESHWAL & al. [4]).  

Various species of bacteria like Pseudomonas, Azospirillum, Azotobacter, Klebsiella, 
Enterobacter, Alcaligenes, Arthrobacter, Burkholderia, Bacillus and Serratiahave been 
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reported to enhance the plant growth (KLOEPPER & al. [5]; GLICK [6]; RODRIGUEZ & 
FRAGA [7]; MISKO & GERMIDA [8]; JOSEPH & al. [9]). Very recently, SHEN & al. [10] 
reported that Pseudomonas chlororaphis, P. fluorescens, P. aeruginosa, P. stutzeristrains 
were PGPRs. Also, NOORI & SAUD [11] mentioned that Pseudomonas fluorescens bacteria 
encourage the plant growth through their diverse mechanisms. During the past thirty years, 
the use of PGPR for sustainable agriculture has increased greatly in various parts of the 
world. Extraordinary remarkable raises in growth and yield of agronomical important crops in 
response to inoculation with PGPR have been repeatedly reported (KLOEPPER & al. [12]; 
CHEN & al. [13]; AMARA & DAHDOH [14]; CHANWAY [15]; BISWAS & al. [16]; 
ASGHAR & al. [17]; VESSEY [18]; GRAY & SMITH [19]; FIGUEIREDO & al. [20]; 
BHARUCHA & al. [21]; DESHWAL& KUMAR [22].  

Indole-3-acetic acid (IAA), one of the most physiologically active auxins, has been 
involved in regulating a variety of developmental and cellular processes in plants, such as cell 
division, shoot growth, apical dominance and roots develop (DAVIES [23]). IAA is produced 
through L-tryptophan metabolism by plants and many of soil micro-organisms such as 
bacteria, fungus and algae (SARWAR & KREMER [24]). Indole-3-Pyruvic acid, Indole-3- 
Acetaldehyde and Indole-3-Acetonirile are pre-substances of IAA which have a feeble virtue 
of auxines. There are five observed paths to produce IAA from tryptophan but the bacteria use 
only three ways of IAA metabolic synthesize (LAMBRECHT & al. [25]; COSTACURTA & 
al. [26]). One of them is Indole-3-acetamideIn (IAM) path. In IAM path, two enzymes are 
engaged in IAA production. Tyrptophan-2-mono oxygen is the first enzyme, encoded by 
iaaM gene, which catalyzes the changing L-tryptophan to indole-acetamides. The second 
enzyme is indole-acetamidehydrolyase, encoded by iaaH gene, which change IAM to IAA 
(BEYELER & al. [27]). The second path is using indole-3-pyrovic acid (IPYA). This path is 
depending only on indolepyruvate decarboxylase enzyme, encoded by ipdc gene, which 
catalyze the indolepyruvic acid to produce IAA (ARSHAD & FRANKENBERGER [28]). 

Many microbes produce IAA. Recent literature suggested that Pseudomonas strains 
produced plant growth hormones. DESHWAL& al. [29] reported that 75% Pseudomonas 
strains produced IAA and improved plant growth in soybean. BHARUCHA & al. [21] 
isolated nine IAA producing rhizobacteria from the rhizospheric soil of alfalfa (Medicago 
sativa). DESHWAL& al. [2] demonstrated that IAA generating from Pseudomonas 
aeruginosa MR-9 enhanced maximum plant dry weight, plant height, nodule per plant, nodule 
fresh weight of Mucunapruriensplant by 184, 124, 139, 180% respectively as compared to control 
plants. PAUL & NAIR [30] stated that the saline areas under agriculture are increasing every 
year across the world. Additionally, TANK & SARAF [31] demonstrated salinity as one of 
the main anthropogenic as well as environmental stresses that reduced plant growth.  

Salinity badly affects plant growth and development because rising salinity in the soil 
reduced plant growth, photosynthesis, stomatal conductance, chlorophyll content and mineral 
uptake compared to soil without salinity (HAN & LEE [32]). SHUKLA & al. [33] detected 
that salinity adversely affects plant growth and development. Similarly, AHMAD & al. [34] 
reported that salinity stress remarkably reduced plant growth, while that inoculation with 
PGPR containing 1-aminocyclopropane-1-carboxylate (ACC) deaminase and rhizobia enhanced 
plant growth, thus reducing the inhibitory effect of salinity. Moreover, UPADHYAY & al. 
[35] supported that salt-tolerant PGPR can participate an important role in reducing soil 
salinity stress during plant growth. 

Glutaredoxins (Grxs) are ubiquitous small heat-stable disulfide oxidoreductases that 
play an important role in cell development and response to oxidative and abiotic stresses. 
Previously, we demonstrated that the over-expression of the protein of Synechocystis PCC 
6803 Grx2 or Grx1, encoded by ssr2061 or slr1562 respectively, in E. coli cells showed high 
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tolerance to NaCl compared to cells transformed with the vector alone (GABER & al. [36]; 
GABER & EL-ASSAL [37]). Moreover, tomato glutaredoxin gene SIGRX1 was found to be 
induced by oxidative, drought and salt stresses and the over-expression of SIGRX1 in 
Arabidopsis plants significantly increased resistance of plants to oxidative, drought and 
saltstresses (GUO& al. [38]).All the above literature suggested that salt is one of the major 
problems in agriculture and soil micro-flora.  

Here we have evaluated the effect of different salt concentration on the growth and 
IAA production of the new P. fluorescensstrain (accession # JQ809429). These have showed 
that the growth level of P. fluorescensstrain was depleted by the addition of 3%, 4% or 5% of 
NaCl in the medium. Whereas, the production of IAA was more sensitive towards 2% NaCl 
in the medium.Furthermore, over-expression of Synechocystis PCC 6803 glutaredoxin- 2 
(ssr2061) gene in P. fluorescensstrain was investigated. Changes in the growth levels and 
IAA synthesis  as a consequence of the addition of salt in the medium with the recombinant 
cells were documented and compared to the effects of the wild-type bacterium. 

 
2. Materials and Methods 

P. fluorescens(accession # JQ809429)was previously isolated from the soil rhizosphere 
samples collected from different agricultural areas of Giza, Egypt (unpublished data). The 
isolate was characterized based on the 16S rRNA partial sequencing using specific primers 
set 16F (5'-GGTCTGAGAGGATGATCAGT-3') and 16R (5'-TTAGCTCCACCTCGCGGC-
3') designed by WIDMER& al. [39] according to the convention of the Oligonucleotide Probe 
Database (OPD), and the expected size is about 1000 bp.Amplification was performed in 
thermo-cycler with following PCR conditions: 35 cycles of 95°C for 1 min, 55°C for 1 min, 
and72°C for 1 min with initial denaturation at 95°C for 5 min and final extension at 72 °C for 
10 min. The isolate was identified as P. fluorescens. P. fluorescenswas routinely grown at 
28°C in LB agar medium (Difco). To check the effect of salt on the growth of  
P. fluorescensstrain, NaCl incorporated into LB agar medium and various concentrations of 
NaCl (0 to 865 mM) were added to the medium and the test bacterial strains were 
streaked.OtherPseudomonas sppwas obtained from Microbial Molecular Biology Laboratory, 
Faculty of Agriculture, and Cairo University. Escherichia coli JM109 strainhave been used 
for the transformation (GABER& al. [36]) and were grown at 37°C LB broth (Difco). 

For the measurement of IAA production, wild-type and recombinant P. fluorescens 
strains were propagated overnight in 5 ml of LB media, and then 20μl aliquots were 
transferred into 5 ml of LB media supplemented with the following concentrations of  2.5 
mML-tryptophan (from a filter-sterilized 2-mg/ml stock prepared in warm water; Sigma). 
After incubation for 45 h, the density of each culture was measured spectrophotometrically at 
600 nm, and then the bacterial cells were removed from the culture medium by centrifugation 
(5,500 Xg, 10 min). A 1-ml aliquot of the supernatant was mixed vigorously with 4 ml of 
Salkowski’s reagent (150 ml of concentrated H2SO4, 250 ml of distilled H2O, 7.5 ml of 0.5 M 
FeCl3·6H2O [GORDON & WEBER [40]) and allowed to stand at room temperature for 30 
min before the absorbance at 535 nm was measured. The development of a cherry red color 
indicated a positive reaction. The concentration of IAA in each culture medium was 
determined by comparison with a standard curve.Authentic IAA (Sigma- Aldrich, St. Louis, 
MO) was used as a standard. 

For theexpression of ssr2061gene in P. fluorescens, thechromosomal DNA was 
isolated from Synechocystis PCC 6803 according to the method described by WILLIAMS 
[41]. One DNA fragment containing the open reading frame of ssr2061was amplified by 
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PCR. The forward primer (5’- AAGCGTTCATATGGCTGTCT -3’) and reverse primer  
(5'- TACGAATAAGATTAGCCAGC -3') were deduced from the nucleotide sequence of 
ssr2061of Synechocystis PCC 6803. Amplified DNA fragment was cloned into a pT7Blue-T 
vector (Novagen, Madison, WI, USA) and sequenced with an automated DNA sequencer 
(ABI310A, Applied Biosystems, Japan). For the construction of the plasmid to express 
ssr2061gene, the plasmid was digested with NdeIand BamH1 and the resultant 0.5-kb DNA 
fragment was cloned into a pET3a vector (Novagen, Madison, NI, USA) digested with the 
same restriction enzymes. The resulting constructs, designated pET:Grx2, was introduced into 
the competent cells ofP. fluorescens strainaccording to HANAHAN[42] with a slight 
modification as follows:Five µl of pET:Grx2(about 5 ng/µl) was added to 50 µl of the 
competent cells in sterile Eppendorf tube. The content of the tube was mixed by gently 
swirling and store in ice for 30 min. The mixture was incubated for exactly 40 seconds in 
water bath, which was preheated to 42˚C, without shaking. Rapidly, the tubes were 
transferred to ice bath.  After 2 min, 500 µl of LB broth was added to the tubes. Then, the 
culture was incubated at 37˚C for 60 min with shaking. A hundred and fifty µl of the 
transformed competent cells were spread sing a sterile bent glass rodonLB solid medium 
supplemented with 50 µg/ml ampicillin. The plate was left at room temperature until the 
liquid was absorbed and incubated in inverted position at 37˚C. Transformed P. fluorescens 
colonies appeared after 16 hours. 

Different oligonucleotide primers (Table 1) specific to IAA production related genes 
in P. fluorescens (iaaM and iaaHgenes) andin P. putida(ipdcgene)weredesignedto span the 
entire open reading frame using Applied Biosystem 380A Automated DNA Synthesizer with 
reagent and conditions supplied by the manufacturer.PCR reactions were carried out in a total 
volume of 50μlcontaining 1X PCR buffer, dNTPs, 2.5 units of Taq DNA polymerases, 100 
pmol of each primer and the DNA template, which released from the bacterial cells by boiling 
in a water bath for 5 min to lyses the cells and then the tubes were spun briefly to collect the 
condensate (CAROZZI& al. [43]). PCR conditions was: 94ºC for 3 min; 35 cycles of 
denaturation at 94ºC; annealing at 52ºC; and extension at 72ºC for 2 min each, followed by 7 
min extension at 72ºC. Amplification products (10 μl) were analyzed on 1.5% agarose gels, 
detected by ethidium bromide staining and photographed under UV light.PCR products were 
sequenced with an automated DNA sequencer (ABI, Gene line DNA sequencing, New York) 
and the sequence was analyzed by using the algorithms BLAST (National Center for 
Biotechnology Information [http://www.ncbi.nlm.nih.gov]) and ClustalW (EMBL 
[http://www.ebi.ac.uk]). 

 
Table 1. Oligonucleotides used in this 

 
To determine whether P. fluorescenscan produce IAA in saline soli or not, cultures of 

recombinant P. fluorescens and wild type isolates were grown overnight from single colonies 
in 5 ml of LB media without tryptophan. After approximately 24 h, 50 µl of each culture was 

Gene Encoding for Primer Sequence Expected size (bp) IAA pathway 

iaaM tryptophan 
monooxygenase 

F:5'-ATGGATGACCATTTTAATTCACCCAC'-3 
R: 5'-CTAATAGCGATAGGAGGCGTTAA-'3 1670 Indole-3-

acetamideIn (IAM) 

iaaH 
indole-3-
acetamide 
hydrolase 

F:5'-ATGCGCGAAATGATCACACTTGAATCG'3 
R:5'-TTAATACTTTCTACTATAAGACTCACG-'3 1340 Indole-3-

acetamideIn (IAM) 

ipdc 
indole-3-
pyruvate 

decarboxylase 
F: 5'-ATGGATGACCATTTTAAATTTTGTACG-'3 

R: 5'-CTAATAGCGATAGGAGGCGGGTTG-'3 1650 indole-3-pyrovic 
acid (IPYA) 
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transferred to 5 ml of LB media medium and incubated for an additional 6 h. When the OD600 
of the cells reached 0.4 – 0.8, the bacterial cells were sprayed in sterilized soli pouch 
(0.5 gram).  Three soil pouch were placed in aseptically place and were irrigated day by day 
for six days with distilled water supplemented with 0, 0.5 and 1 M of NaCl.The pouches were 
placed upright in metal racks, with one treatment per rack to prevent cross-contamination and 
covered loosely with plastic wrap to prevent dehydration. At the end of each day the soil 
samples were diluted three time with distilled water and the turbidities of the cultures were 
measured spectrophotometrically at 600 nm. 

 
3. Results and Conclusions 

Pseudomonas is a well-known plant growth promoting bacteria.Our new isolate of 
P.fluorescens, tested for their IAA production showed a significant amount of IAA 
production in tryptophan-supplemented medium, whereas a little amount of IAA production 
was observed in the medium devoid of tryptophan(data not shown). The production of IAA 
by the isolates only in the presence of L-tryptophan indicates that the tested strains utilize 
L-tryptophan as a precursor for IAA production during their growth in the medium. To approve 
this hypothesis, degenerate gene-specific primers targeted toward the three genes iaaM,iaaH 
and ipdc (Table 1),were used to amplify thesegenes from P. fluorescensstrain. Electrophoresis 
of the PCR products obtained by using P.fluorescensgenomic DNA as templates revealed 
single band (1670 bp)as expected for iaaM gene and 1340 bpforiaaH gene (data not shown). 
Identification was based on the size of the amplified product from P.fluorescens and was 
visualized on agarose gels. The fragment weighing 1670 bp and 1340 bp are of interest 
because the iaaM and iaaH specified primers were expected to amplify a product of 1670 bp 
and 1340 bp, respectively (Table 1). On the other hand, the amplification product of ipdc 
gene, 1650 bp, was not observedby using P.fluorescensgenomic DNA as templates (data not 
shown). These resultsvalidatethat this strain is P.fluorescens and the PCR primers for iaaM 
and iaaH genes are specific for P.fluorescens and does not amplify non-specifically other 
genes.To confirm these results, we quantify the production of IAA in the presence of 
tryptophan. In the absence of tryptophan supplements, theP.fluorescensstrain produced very 
low levels of IAA (around 0.38 mg/ml). However, when the strain was grown in the presence 
of 2 mg/mlof tryptophan for approximately 45 h, P.fluorescens strain reacted by producing 
higher levels of IAA (around 7 mg/ml). As the concentration of tryptophan in the growth 
medium was increased, IAA production by P.fluorescensstrain increased (data not shown). 

Literature suggests that all Pseudomonas strains tolerated up to 1.25% NaCl in 
medium. But plant growth activity was more affected as compared to growth (DESHWAL& 
Kumar [22]).Our results showed that the P. fluorescens strain produced optimum IAA in 
NaCl concentration from 0 to 0.75% (data not shown). While, as concentration of NaCl 
increased to 2% NaCl in LB liquid medium, Pseudomonas failed to produce IAA (data not 
shown). These results was in agreement with the DESHWAL& Kumar [22]. They studied the 
effect of NaCl on the growth and activity of P. aeruginosa, P. putida, P. cepaciaandP. 
fluorescens. Their results suggested that above 1.75% NaCl concentration in medium, the 
survival number of Pseudomonas was gradually reduced. All strains produced optimum IAA 
in NaCl concentration from 0 to 0.75% but higher concentration of NaCl delayed IAA 
production in Pseudomonas strains (DESHWAL& Kumar [22]). 

Glutaredoxins (Grxs) are found to be involved in cellular responses to various 
abiotic stresses especially oxidative and osmotic stresses (COTGREAVE&GERDES [44]; 
LUIKENHUIS & al. [45]; RODRIGUEZ-MANZANEQUE& al. [46]; ROUHIER& al.  [47]; 
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KIM& al. [48]). Previously, we reported that by the treatment of the Synechocystis PCC 6803 
cells with 200 mMNaCl, the ssr2061 mRNA level was steadily increased with time till 2 hr 
(GABER& al. [36]). Moreover, we documented that the over-expression ofSynechocystis 
PCC 6803Grx1 or Grx2in E. coli cells enhanced the growth levels over than the empty vector 
transformed cells in the presence of different concentrations of NaCl (GABER& al. [36]; 
GABER& EL-ASSAL [37]). 

In the present study, P. fluorescens was used as a model systemto test whether the 
Synechocystis  PCC6803 ssr2061 genecan circumvent salt stress(Figure1). Such salt stress 
was generated in-vitro by NaCl (0-5%) which is known as salt stress inducer.  As expected, 
overexpressing cells withssr2061grew better than the empty vector transformed cells in the 
presence of 3%, 4% and 5% of NaCl concentrations on the LB solid medium (Figure2).The 
results clearly illustrated that the growth level of the wild type P. fluorescensstrain gradually 
reducedin LB solid medium supplemented with 3% NaCl concentration. While,no strains of 
P. fluorescenswild type survived on medium supplemented with 4% or 5%NaCl (Figure2). 
Interestingly,we found that the growth rate and production of IAA in the transformed P. 
fluorescens were higher than that of the cells transformed with empty vector cells under 2% 
of NaCl in LB liquid medium(Figure 3). Surprisingly, theP. fluorescens transformed cells was 
able to grow in saline clay soil, up to 6 days,supplemented with 0.5 M or 1 M of NaCl 
(Figure4). It may be noted that both the wild type and the transformed P. fluorescens strains 
had endogenous glutaredoxingenes in their chromosomes. However, the normal level of Grx 
was not sufficient in the empty wild typestrainto protect the cells against NaCl mediated 
toxicity and the increased level of tolerance observed in the transformed strain might be due 
to the overexpressed of Grx2 protein.These data were in agreement with EGAMBERDIEVA 
[49].  Hestated that Paureantiaca TSAU22, P. extremorientalis TSAU6 and P. 
extremorientalisTSAU20 significantly produced IAA under salt conditions.Also, KHARE& 
al. [50]elucidated the capability of fluorescent Pseudomonas strain EKi, in production of bio-
control and plant growth promontory metabolites under saline stress. 

 
 

Figure 1. (A) PCR amplification 
of ssr2061gene from the 
recombinant Pseudomonas, lane 1 
is the  plasmid harboring 
ssr2061gene, lane 2 is the 
transformed Pseudomonas, lane 3 
is wild type Pseudomonas and M 
is 100 bp ladder marker.(B)PCR 
amplification of16s rRNA, lane1 
is transformed Pseudomonas, lane 
2 is wild type Pseudomonas 
andM is 1Kb ladder marker. 
 

Figure 2. Evaluation of salt-
tolerance in transformed 
Pseudomonasfluorescens 
expressing ssr2061 gene, A is 
the transformed 
Pseudomonas, B is wild 
typePseudomonas, C is the 
transformed E. coli 
expressing ssr2061 gene and 
D is the E. coli wild type. 
 

 
Figure 3. Effect of NaCl on 
the production of  IAA by 
wild type and transformed 
Pseudomonasfluorescens. A is 
transformed 
Pseudomonasfluorescens 
growing  in LB medium 
containing zero gNaCl, B is 
transformed 
Pseudomonasfluorescens 
growing in LB medium 
containing 20 g /LNaCl andC 
is WT Pseudomonas that 
could not able to grow in LB 
medium containing 20 g 
/LNaCl. 

Figure 4. Effect of NaCl on the growth 
of wild type and transformed 
Pseudomonas fluorescensin soli during 
6 days. 
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In conclusion, the plant growth promoting rhizobacteria (PGPR) isolate Pseudomonas 
fluorescens(accession # JQ809429) have the capacity to produce IAA as a plant growth 
promoting substances. The wild type strain of P. fluorescens was able to survive and produce 
IAA up to 0.7 % NaCl concentration in the medium while that the production of IAA is more 
sensitive towards 2% NaCl in the medium. Interestingly, the expression of the Synechocystis 
sp. PCC 6803 ssr2061gene in the cytoplasm of P. fluorescensplays an important 
physiological role in protection of P. fluorescens cells against salt stress. Surprisingly, 
P. fluorescens cells survived in medium supplemented by 2, 3, 4 or 5% NaCl and showed 
production of IAA under 2% NaCl. The results suggest that a ssr2061 gene/protein is 
essential for adaptation of P. fluorescenscells to salt stress. 
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