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ABSTRACT 
Rhizobium spp isolated from root nodules of Cicer arietinum plant was transformed using GFP 
(Green Fluorescent Protein) isolated from the aquatic jelly fish, fluoresces green in the UV 
range. The aim of this work is to simplify the studies based on Rhizobium spps. GFP gene 
obtained from plasmid of GFP cloned E. coli DH5α used as reporter gene to transform isolated 
Rhizobium spp to study its life cycle, mode of nutrition and survival rate without the use of the 
conventional radioactive reporters. The transformed strain was ampicillin resistant, the character 
which is by virtue of the plasmid pUC18 that it possessed. This eliminated the competitors when 
that antibiotic is applied at a certain level. Survival studies of the transformed Rhizobium spp in 
the soil environments showed that the organism survived well at 4oC as well as at 25oC, but not 
at 40oC. The root and shoot lengths of plants which were inoculated with transformed Rhizobium 
spp were more than that of uninoculated control plants. Nodule formation was observed only in 
the plants inoculated with transformed Rhizobium spp with mean number of nodules being 13.8. 
The organism reisolated from the nodules of the test plant showed characteristics similar to that 
isolated from Cicer arietinum plant from the field. The transformed Rhizobium spp was effective 
in nodule formation in Cicer arietinum plant and thus can act as a bioinoculant reporter in soil 
environment.  
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INTRODUCTION 
The role of a particular micro-organism in 
ecosystem or community function can be 
determined only if knowledge of both its 
abundance and activity in a natural habitat is 
known. For this reason there has been 
considerable effort to develop methods to 
selectively isolate and quantify micro-
organisms from natural environments. These 
studies have resulted in the development of 
selective media useful for the isolation of 
particular groups of micro-organisms as well 
as genetic markers for either the selective 
isolation or the specific identification of 
individual microbial strains. Recombinant 
DNA techniques have been very useful in the 
study of microbial ecology.1 The most 
common use of molecular genetics techniques 
has been in the introduction of genes to impart 
phenotypes that permit the direct selection of 
strains   or   which   confer   unique and readily  

scored phenotypes. Genes which have been used 
to confer direct selection, via antibiotic 
resistance, include amino glycoside phosphotrans 
-ferase (NPKLL), chloramphenicol acetyltrans-
ferase (CAR), puromycin acetyltransferase 
(PNC) and  tetracycline resistance (FET).2 The 
Green Fluorescent Protein (GFP) is used to select 
the strains showing fluorescence.   Rhizobium 
leguminosarum is potentially a particularly 
suitable species for use in genetical studies of 
symbiotic nitrogen fixation as it is the partner of 
a legume, the pea (Pisum). However, though 
there have been reports of transformation, 
transduction and conjugation in various species 
of Rhizobium, no suitable method of genetic 
analysis exists for R. leguminosarurn.3 The gene 
for GFP has been isolated and has become a 
useful tool for making expressed proteins 
fluorescent by creating chimeric genes composed 
of different color variants of the GFP gene, 
linked  to    cDNA   encoding   proteins    of   
interest.4 *Author for correspondence 
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Survival of Escherichia coli was monitored 
with the Green Fluorescent Protein (GFP) 
gene. This approach allowed enumeration of 
GEMs by both plating and microscopy. Use of 
the GFP-marked GEMs revealed that E. coli 
persisted in stream water at higher densities as 
determined microscopically than as determined 
by CFU enumeration. The GFP gene did not 
negatively impact the fitness of the host strain.5 
Plasmids used in this study, were prepared 
according the method of  Vincze Eva et al.6 
and were isolated from plasmid of GFP cloned 
E. coli DH5α.7 The E.coli were grown to 
logarithmic phase in Luria broth8 and 
transformed into from Rhizobium spp isolated 
from Cicer arietinum according to the 
procedure of  Xuemei Liu et al.9,10 Reporter 
genes can also be used as marker genes, but 
their use is often solely to obtain information 
related to the activity of particular genes.  

AIMS AND OBJECTIVES 
The focus of this research is on the use of 
reporter genes in micro-organisms after they 
have been re-introduced into natural habitats. 

MATERIAL AND METHODS 
The following steps were involved in the 
project - Plasmid isolation from GFP cloned 
E.coli DH5 α, competence induction, 
transformation and screening of transformed 
Rhizobium spp, preparation of bioinoculant 
and study of survival of transformed 
Rhizobium in bioinoculant at different 
temperatures and the field trials.11, 12 
Plasmid isolation 
24-hour-old culture of GFP cloned E. coli 
DH5α (Banglore Genei), sterile Luria Bertani 
(LB) ampicillin agar plates. Reagents used 
were alkaline lysis solution I Glucose Tris 
EDTA Buffer (pH 8.0) [50 mM Glucose; 
Glucose-18 mg, Sterile distilled water-100ml], 
25mM Tris HCl[ Tris HCl-302.85 mg, sterile 
distilled water-100ml], 10mM EDTA; [EDTA-
372.24 mg, sterile distilled water-100ml]. 
Alkaline lysis solution II (SDS-NaOH) 
[100mg-SDS in 10 ml of 0.2N-NaOH], 
Alkaline lysis solution III (Potassium Acetate 
Solution) [5M Potassium Acetate 60 ml, 
Glacial Acetic Acid-11.5ml,  Sterile distilled 
water-28.5 ml], Alkaline lysis solution IV (Tris 

EDTA buffer) [10mM Tris; Tris-121.14 mg, 
sterile distilled water-100ml], 1mM EDTA; 
[EDTA-37.224mg, sterile distilled water-
100ml] and isopropanol. 
Electrophoresis 
Tris Borate EDTA [Tris base-5.4 g, Boric 
Acid-2.75g, EDTA-2ml]. Agarose gel, 
Loading buffer [Bromophenol Blue-25 mg, 
Sucrose-4g, distilled water-10 ml, Ethidium 
Bromide-50 l]. 
Transformation of Rhizobium 
The media used was  sterile YEMB containing 
(gm/l): K2HPO4 -0.05, MgSO4.7H2O-0.02, 
NaCl-0.01, Mannitol-1.00, yeast extract-0.10 
and 1% Congo Red-0.25ml, pH 7-7.5. Sterile 
YEMA-Ampicillin plates.(Ampicillin 
concentration-100 µg/ml). Chilled 150mM 
CaCl2 and chilled 100mM MgCl2.  
Survival studies 
Lignite carrier and polypropylene bags peat 
possesses a privileged position in the 
manufacturing of legume inoculants because of 
many advantages associated with it. However, 
there are no large-scale deposits of peat in 
India and therefore any commercial 
exploitation seems to be a remote possibility. 
Lignite is now regarded as a standard carrier, 
and also adopted for commercial production of 
legume inoculants, as well as for other 
nitrogen-fixing cultures in India.13 The carrier 
material, viz. lignite was sieved through mesh 
of size < 1 mm. The pH of lignite was 
neutralized with 10% CaCO3. The carrier 
material was packed in partially opened, thin-
walled polypropylene bags and sterilized by 
autoclaving for 60 min at 121ºC for three 
consecutive days.  
Pot culture 
Soil sample from the farm located at Chandshi, 
Nashik distrct, was used. Soil was sieved 
(<1mm) and watered to the level of 50% 
moisture holding capacity of the soil and 
sterilized by autoclaving at 121oC for 60 
minutes. The earthen pots were filled with 
sterile soil (2Kg /pot) and allowed to incubate 
for four days. Bioinoculant coated seeds of 
Cicer arietinum were used as test seeds and 
uncoated seeds of Cicer arietinum were used 
as control.14 
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Isolation of GFP plasmid  
The protocol used for plasmid isolation was as 
follows : 
The recombinant E. coli DH5α (E. coli DH5α 
transformed using pUC18 cloned with GFP 
gene from jelly fish, as vector) was streaked on 
Luria Bertani (LB) Ampicillin agar plate and 
incubated at 37oC for 48 hours. The plates 
were kept for 4 to 5 days to obtain good cell 
mass. Dense suspension of the organism was 
prepared in approx. 0.3ml of Glucose Tris 
EDTA Buffer. 0.6 ml of Lysis buffer was 
added and incubated on ice bath for 5 minutes. 
0.4ml of potassium acetate solution was added 
and kept on ice for 10 minutes. The tubes were 
centrifuged at 8000 rpm for 5 minutes at 4oC. 
The supernatant was transferred to fresh tubes. 
This fractionation step separated the plasmid 
DNA from the cellular debris and 
chromosomal DNA in the pellet. 0.5 ml of 
isopropanol was then added. The tubes were 
incubated at room temperature for 2 minutes 
and centrifuged at 8000 rpm for 5 minutes at 
4oC. Then 1ml of ice cold ethanol was added. 
The tubes were mixed by inverting several 
times and centrifuged for 1 min at 8000 rpm. 
The supernatant was discarded. Appendorf 
tube was air dried for 5 minutes. Then 0.3-0.5 
ml of Tris EDTA buffer was added. The 
plasmid sample was ready to use. Then, 
agarose gel electrophoresis was performed to 
check whether the intact plasmid was present 
or not in the sample. Once the plasmid’s 
presence was confirmed, then the sample could 
be stored up to a month at - 20oC.15 
Competence induction 
Overnight growth (106 cells/ml) of Rhizobium 
species was inoculated into 100 ml of LB broth 
and incubated on shaker at 200 rpm for 6–8 h at 
37°C. The cells were harvested by centrifugation 
at 8000 rpm at 4°C and resuspended in chilled 20 
ml mixture of 150 mM CaCl2 and 100 mM 
MgCl2 solutions, 10 ml each, and kept at 4°C 
for10 min. The cells were harvested by 
centrifugation and resuspended in 1 ml mixture 
of 150 mM CaCl2 and 100 mM MgCl2 solutions, 
0.5 ml each, after chilling for 30 mins. 
Transformation of Rhizobium 
1 ml of GFP plasmid preparation in Tris 
EDTA buffer was added to 1 ml                       
of   competence   induced Rhizobium cells. The  

preparation was incubated at 4°C for 60 min 
and subjected to heat shock at 42°C for 2 
minutes in a water bath. The mixture was then 
incubated on ice for the next one hour. Then, 
the bacteria were inoculated in approx. 1ml of 
sterile YEMB and incubated at 37oC for 1 
hour. This allowed the cells to recover and 
express the protein. Bacteria were then plated 
on LB agar for scoring the total number of 
cells surviving the treatment. Rhizobium 
transformant was selected on LB ampicillin 
agar subsequently confirmed by fluorescence. 
Stability in terms of presence of GFP plasmid 
in transformed Rhizobium was assessed by 
repeated growth of the organism on LB plates 
for successive 12 transfers. 
Preparation of bioinoculant 
Rhizobium transformant was cultured in LB 
with 100 mg/ml ampicillin after growing for 
24 hours at RT on a rotary shaker. The 
bacterial suspension was centrifuged at 7000 
rpm for 20 min and resuspended in sterile 
water. The suspension was mixed with carrier 
uniformly such that the carrier contained at 
least 5 x 109 Rhizobia per gram.16 The 
bioinoculant was stored in a polythene bag and 
incubated at 4°C in the refrigerator, 28°C and 
40°C in the incubator up to 13 weeks. The 
viable count and fluorescence of Rhizobium 
bioinoculant at various temperatures were 
monitored periodically by conventional viable 
plate count method using LB medium with 
ampicillin (100 mg/ml). 
Pot culture preparation 
The soil was loosened, mixed well and 
transformed Rhizobium inoculant coated seeds 
were sown and uncoated seeds were sown as 
control in separate pots. 
Observations of root length, shoot length and 
number of nodules in each pot was made after 
incubation for 7 days, 14 days and 21 days.17 
Coating seeds with the bioinoculant 
For coating seeds, 5 grams of sugar was added 
to 50 ml of water dissolved by stirring. The 
solution was heated for 15 minutes, 20 grams 
of gum arabic was added to the mixture. 
Mixture was then cooled to room temperature. 
15 grams of bioinoculant was added to the 
mixture to form slurry. Sufficient numbers of 
seeds   were   added to  the bioinoculant slurry  
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and mixed properly. The bioinoculants coated 
wet seeds were rapidly mixed with finely ground 
calcium carbonate for 2 minutes until seeds are 
evenly coated. The seeds were then allowed to 
harden for an hour by spreading them on a clean 
surface and sown immediately.  

RESULTS AND DISCUSSION 
Distinct homogenous band of the Plasmid DNA 
was seen on the 0.8% agarose gel as shown in 
Fig.1.The presence of homogenous fluorescent 
band on the gel indicated that the plasmid was 
present in the sample and was in intact condition 
i.e. it was not degraded. Plasmid had been 
isolated, its presence and integrity was confirmed  

by agarose gel electrophoresis. This Plasmid 
DNA containing the GFP gene was used to 
transform Rhizobium. The colony characters of 
the transformed organisms matched with the 
colony characters of Rhizobium. The Rhizobium 
had been transformed by the GFP gene as 
evident from the morphology, colony characters 
and fluorescence of the colony in the UV light. 
The transformed Rhizobium also showed the 
stability for presence of GFP plasmid even after 
the repeated transfers. Competence was induced 
in the wild type Rhizobium that was transformed 
by the GFP gene successfully. The transformed 
Rhizobium confirmed the stability of GFP for 
generations. 

 

 

 

 

 

 

 

 

Fig.1 : Agarose gel electrophoresis of isolated plasmid 

The results for survival of Rhizobium at various 
temperatures are summarized in Fig. 2 and      
Fig.  3. The transformed organism survived well 
at temperature of 4oC and 28oC, (i.e. the counts 
of transformed Rhizobium were in the range of 
108 organisms/gm of lignite carrier), but did not 
survive at 40oC for more than 28 days in lignite 
carrier.18 Similar results were obtained by Saha 
et.al.3 The fluorescence characteristics of the 

Rhizobium showed that the GFP gene was also 
maintained in the active form. The difference in 
mean root length of plants in the Test and 
Control pots after 7, 14 and 21 days of incubation 
was as shown in Table  1 to Table 3,  was 1.02, 
3.24 and 5.08 cms respectively and the difference 
in mean shoot length of plants in the Test and 
Control pots after 7, 14 and 21 days of incubation 
was 1.12, 7.3 and 11.98 cms respectively.  

 
 
 
 
 
 
 
 
 
 

 

Fig. 2 : Comparison of survival of transformed Rhizobium in carrier at 4oC and 28oC 
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Fig. 3 : Survival of transformed Rhizobium in carrier at 40oC 

Table 1 : Root, shoot length in centimeters of five plants from test and control pots after 7 days 
of incubation 

Test Control 
Root 

length in 
cm 

Shoot 
length in 

cm 

S D 
root 

length 

S D 
shoot 
length 

Root 
length in 

cm 

Shoot 
length in 

cm 

S D in 
root 

length 

S D 
shoot 
length 

2.8 3.1 
3.7 
+ 

0.68 

4.06 
+ 

0.65 

1.5 1.8 
2.68 

+ 
0.69 

3.0 
+ 

0.67 

3.4 3.7 3.2 3.5 
4 4.5 3 3.2 

3.9 4.3 3.1 3.3 
4.6 4.7 2.6 2.9 

Table 2 : Root, shoot length in centimeters of five plants from test and control pots after 14 
days of incubation 

Test Control 
Root length 

in cm 
Shoot length 

in cm 
S D root 
length 

SD shoot 
length 

Root length 
in cm 

Shoot length 
in cm 

S D  root 
length 

S D shoot 
length 

22.3 25.4 
22.9 

+ 
0.51 

26.08 
+ 

0.74 

16 18.4 
16.8 

+ 
0.96 

18 
+ 

0.67 

23.2 26.8 16.3 17 
22.8 25.2 18.3 17.3 
23.6 26.7 17.2 18.1 
22.6 26.3 16.2 16.9 

Table 3 : Root, shoot length in centimeters and number of nodules formed in five plants 
from test and control pots after 21 days of incubation 

Test Control 
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0.94 
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+ 

0.78 

14 
+ 
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+ 
0.83 

20 
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The mean number of nodules formed in the 
plants of test pot was 13.8 while no nodulation 
was seen in plants from the control pot. The 
organism isolated from the nodules of the plant 
grown in the test pot was transformed 
Rhizobium. The root and shoot length of plants 
which were inoculated with transformed 
Rhizobium was more than the root and shoot 
length of uninoculated plants. The percent 
increase in the root and shoot length after 
incubation for 7, 14 and 21 days was 38.5, 
35.33, 36.31 and 44.89, 26.11, 67.7 
respectively. Nodule formation was observed 
only in the plants inoculated with transformed 
Rhizobium with mean number of nodules being 
13.8. The organism reisolated from the nodules 
of the test plant showed characteristics similar 
to that isolated from Cicer arietinum plant 
from the field.19 The reisolated organism also 
showed fluorescence on LB agar plate. The 
transformed Rhizobium was effective in nodule 
formation in Cicer arietinum plant and thus 
can act as a reporter in soil environments.20 

CONCLUSION 
The transformed strain was ampicillin resistant 
which is the character by virtue of the plasmid 
pUC18 that it possessed. This eliminated the 
competitors when that antibiotic is applied at a 
certain level. GFP can be used to study the 
survival of the Rhizobium in the various carriers. 
Survival studies of the transformed Rhizobium in 
the soil environments showed that the organism 
survived well at 4oC as well as at 25oC, not at 
40oC. The root and shoot length of plants which 
were inoculated with transformed Rhizobium was 
more than the root and shoot length of 
uninoculated plants. The percent increase in the 
root and shoot length after incubation for 7, 14 
and 21 days was 38.5, 35.33, 36.31, 44.89, 26.11 
and 67.7 respectively. Nodule formation was 
observed only in the plants inoculated with 
transformed Rhizobium with mean number of 
nodules being 13.8. The organism reisolated 
from the nodules of the test plant showed 
characteristics similar to that isolated from Cicer 
arietinum plant from the field. The reisolated 
organism also showed fluorescence on LB agar 
plate. The transformed Rhizobium was effective 
in nodule formation in Cicer arietinum plant and 
thus can act as a reporter in soil environments.  
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