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ABSTRACT: The study was conducted to isolate diverse group of bacteria capable to produce ecofriendly 

biopolymer from root nodulating plants collected at Thanjavur district. 25 colonies were isolated from five 

different nodules plants namely Crotalaria albida, Aeschynomene indica L, Vigna trilobata, Vigna mungo L and 

Phyllanthus amarus respectively from the family of Apocynaceae, Fabaceae and Euphorbiaceae. Aeschynomene 

indica, Crotalaria albida and Phyllanthus amarus showed maximum Colony forming unit than Vigna trilobata L 

& Vigna mungo. Colonies on Yeast extract mannitol salt agar are morphologically diverse and showed different 

characteristics. It was observed that most of the colonies were puncti and circular, colourless to light pink, 

convex, entire and rhizoidal rod shaped, aerobic, non-spore forming and few were cocci and pleomorphic. 

Screening of Polyhydroxy butyrate (PHB) method reveals that Fluorescent and Sudan black B satin methods are 

effective. Out of 25, 11 isolated strains were found to be PHB Producers by acridine orange satin. Direct 

screening and Carbol fuchsin methods were found to be ineffective.  Of these PHB producers, majority of 

isolates were found to be Gram negative in nature. 
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I. Introduction 
The largest and most widely distributed angiosperm is Legumes, which plays significant role in 

ecological microbial community structure (Sprent, 2001). Studies on interaction of living organism with native 

plant and their geographical distribution are relatively scare (Weir et al., 2004). Legumes and symbiotic 

interaction associated bacterial community restricted into two important groups namely alpha and beta 

proteobacteria. Isolates of Azorhizobium, Rhizobium, Bradyrhizobium, Sinorhizobium (Ensifer), Devosia, 

Phylobacterium and Methylobacterium are belongs to α-proteobacteria. Similarly Species of Genera 

Burkholderia, Cupriavidus, Ralstonia, Ochrobacterium and Herbaspirillum  are grouped under β proteobacteria 

(Martens et al., 2007; Chen et al., 2001; Vandamme et al., 2002; Trujillo et al., 2005; Zakhia  and deLajudie, 

2001). Secretion of root exudates and Plant growth promoting bacteria facilitate the attachment of bacteria to 

host (Hayat et al., 2010). Bacteria tolerate micro aerobic environment only adopt the root system and can induce 

nodulation. Microbe’s associate or exhibit symbiotic relationship with Legumes play a critical role in 

biogeocheical cycle on earth. The diverse group of microorganism constitute about 60% of the earth’s biomass 

and soil sustains about 4–5 × 10
30

 microbial cells (Singh et al., 2009). In soil ecosystem, microorganism plays 

vital role in soil structure formation, recycling of minerals, decomposition of complex organic matter, 

modulating biogeochemical cycle. Thus, the entire organism in the biosphere directly or indirectly depends on 

microbial activities (Garbeva et al., 2004). Recently, Sy et al. (2001) reported M. nodulans, a facultative 

methylotrophic and only species of that genus to form nodule and fix nitrogen in the legume Crotalaria sp. 

Blastobacter spp. is a common aquatic (freshwater) budding bacteria that form nodules in flood tolerate legumes 

(Van Berkum and Eardly, 2002). Bacteria are isolated from root nodules are documented as good 

Polyhydroxyalkanoates (PHA) producers. Polyhydroxybutyrate (PHB) is the most frequently isolated PHA and 

widely used for the production of bioplastic. PHB produced intracellularly by many microbes such as 

B.megaterium, R.eutrophus, Azatobacter spp, Rhizobium   sp, Alcaligens eutrophus  and Pseudomonas spp 

(Khanna, et al., 2005; Koller et al., 2008; Kuniko et al.,1988; Anderson et al., 1990). These bacteria’s can 

accumulate more than 70% of PHB under nitrogen starvation with high Carbon (Philip et al., 2007). PHB are 

completely degraded in to CO2 and H2O under natural environment by different microorganisms (Mercan, 

2002). The higher cost of industrial production of PHB limits the commercial application of bioplastic. It’s well 

understood that the cost of production of microbial product can significantly reduced by the optimization of low 

cost media. Therefore it’s necessary to isolate bacteria capable to compete the cost wise production as compared 

to synthetic polymer. With this challenge the present work is designed to isolate PHB producers from different 

selected legumes plats. 
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II. Materials and method 
2.1. Collection and identification of legume plants 

Root nodule producing legume plants were collected from Tanjure district, Tamilnadu, INDIA during 

September 2013 and the herbarium was submitted at Botany department, Saint Joshep College, Tiruchirapalli 

for identification. 

 

2.2. Isolation of bacteria from nodules 

Root samples were thoroughly washed with running tape water and then rinsed twice with 70% ethanol. Healthy 

root nodules were sterilized with 3 % hydrogen peroxide. About 10 g of root nodules were crushed and mixed 

with 100 ml of autoclaved distilled water. The mixture was serially diluted with sterile distilled water until it 

reached 10
-9

. A modified Yeast extract mannitol agar supplemented with bile salt (0.01 g/L) and congo red 

(0.001g/L) was used for isolation of bacteria.  About one ml of 10
7
 samples was used for pour plate technique. 

Plates were incubated under 35 degree Celsius for 72 h. colonies with distinct colony morphology were selected 

at end of every 24 h incubation. 

 

2.3. Culture condition for PHB production  

To determine the growth pattern of various isolates, cultures were grown in Yeast Extract Mannitol (YEM) 

broth (yeast extract 0.5g/L, Mannitol 10g/L, K2 HPO4 0.5g/L, KH2PO4 0.5g/L, MgSO4 0.7H2O 0.2g/L, NaCl 

0.1g/L, CaCl2 . 2H2 O 0. 06g/L) at 30ºC  for a period of 48h in a shaker incubator at 150 rpm. A sample of 1mL 

was withdrawn after 48 h interval to check the PHB accumulation. 

 

2.4.1. Direct screening  

For the rapid detection and isolation of PHB producing bacteria, 0.02% alcoholic solution of Sudan black B was 

applied to strain of bacterial colonies on YEMA plates and the plates were kept undisturbed for 30 min. The 

excess dye was then decanted and plates were rinsed gently by adding 100% ethanol. Colonies unable to 

incorporate the Sudan black B appeared white, while PHB producers appeared bluish black 

 

2.4.2. Microscopic method 

2.4.2.1. Carbol fuchsin staining  

Carbol fuchsin staining was performed to determine the intracellular production of PHB by the isolate. A thin 

smear of all the isolated were stained with carbol fuchsin stain for 45 s. The isolates capable of producing PHB 

showed dark colored granules of PHB. 

 

2.4.2.2. Sudan black stain (Hartman, 1940). 

Thin smear of bacterial cultures was prepared and stained with 0.3% sudan black stain for 10 minutes. The 

slides were destained   with xylene and then air dried. The stained slides were examined under 1000x 

magnification using Nikon photomicroscope  

 

2.4.2.3. Fluorescent staining 

Cell pellets were mixed with 0.2% of acridine orange for 30 m and the centrifuged at 7000 rpm. The pellet was 

resuspended in 50 µl phosphate buffer and smear was examined under inverted fluorescence microscope under 

400 X. 

III. Results and Discussion 
3.1. Isolattion of root nodule associated bacteria 

The collected plant samples were identified accseesd as Crotalaria albida Heyne ex Roth 

(SJCBOT2101) Aeschynomene indica L (SJCBOT 2102), Vigna trilobata L (SJCBOT2103) Phyllanthus amarus 

Schum&Thonn (SJCBOT2104) and Vigna mungo L (SJCBOT2105) respectively, and deposited at Dept.of. 

Botany, St.josheph’s College, Tiruchirapalli, Tamilnadu, INDIA. Nodules were surface sterilized to ensure that 

soil bacteria would not interfere with future analysis of the nodules. Nodules varied in mass and size; the 

smallest of the nodules had an approximate mass of 1.4 mg and diameter of 8 mm. The largest nodules had a 

mass of 80 mg and diameter of 70 mm.  A total of five root and 25 bacterial colonies were obtained from nodule 

of collected plants on YEMA medium. The frequency of isolates among the plant samples were 6 ≥7≥3≥5≥4. 

The color of colony and Grams reaction were given in table 1.  The dominant colony morphology had a circular 

form with a smooth edge and was whitish cream in color. Most of the colonies were opaque, umbonate and 

glistening surface texture. All the isolates were stained with Gram’s reagents for detection of their Gram 

reaction. Out of 25, 60 % isolates were found to be Gram negative, 24 % isolates comes under Grams variable 

rod and 16 % were Grams’s positive. Among these isolates, four were Gram’s positive rods, six were Gram’s 

variable slender rod, nine were Gram’s negative rod, five of isolates were Grams’s negative cocci and one is 

Gram’s negative pleomorphic in nature. Crotalaria albida and Aeschynomene indica L showed maximum 
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number of isolates on YEMA plates. Similar report were also reported Malina  singha and  Sharma during 2013. 

For many years, a limited number of bacterial species were believed to be nitrogen fixers, but in the last 30 

years nitrogen fixation has been shown to be a property with representatives in most of the phyla of bacteria and 

also in methanogenic Archaea (Young, 1992). The nitrogen fixing methylotrophic bacteria Methylobacterium 

nodulans was frequently isolated from the nodules of Crotalaria juncea and Sesbania aculeata (Madhaiyana et 

al., 2009). Leguminous plants are most frequently symbiotically associated with the rhizobia and less frequently 

by nonrhizobial (Glick, 1995; Willems, 2006) nodule-associated bacteria (NAB). Of these 25 colonies, a total of 

seven colonies belong to Rhizobium sp produced colorless gummy colonies on YEMA media plates and rest of 

the colonies are differing from Rhizobium colonies.  Gram negative bacteria’s are most frequently isolated from 

root nodule among several environmental conditions (Hungria and Vargas, 2000). Many leguminous plant 

species can enter into a symbiotic relationship with a-subclass of Proteobacteria (α-rhizobia). However, some 

tropical legumes are nodulated by strains of Burkholderia and Ralstonia species belonging to the β-subclass of 

Proteobacteria (Chen et al. 2003). These finding supports the cooperative interaction between rhizobia and other 

plant root colonizing bacteria and their role in nodulation and N2 fixation in legume plants. Occurrence of Gram 

positive bacteria also reported in many studies. The occurrence of Bacillus species as endophytes has been 

reported from different plants such as pigeon pea, wheat, and soybean nodules (Oehrle et al., 2000; Ryan et al., 

2008). They have been shown to benefit to their hosts by promoting nodulation and growth. 

 

3.2. Screening of PHB producers 

Although, previous research has shown that a large number of bacterial species, both Gram positive and 

negative, produce PHBs under limited nitrogen condition (Verlinden et al., 2007), not much work has been done 

with Root nodule associated non rhizoidal colonies. In the present study, attempts were made to screen PHB 

from root nodule associated bacterial species.  To distinguish PHB producers from non-producers, Sudan black 

B, carbol fuchsin and Acridine orange were used and compared. Among the methods, Fluorescent stain was 

found to be very effective method followed by Sudan black microscopic stain. It was found that nearly 11 of the 

isolated were detected as PHB producers. Of these 11, five were Gram two isolates were Gram positive and four 

isolates were Grams variable rods. This staining permits to detect even the small size of PHB which are 

accumulated in cell (Fig1). Upon staining with carbol fuchsin, three gummy colonies were found to have dark 

colored granules of PHB which comes under Grams negative rods (Fig 2). Further Sudan black screening 

reveals that, five of isolates showed dark black to purple granules (Fig 3) were confirm the production of PHB 

which includes three Gram’s negative rod and two Gram’s positive rod. In this screening direct screening 

reveals that three out of 25 colonies were positive. The lipophilic staining with Sudan Black B (SB staining) 

reportedly has high sensitivity in PHA screening (Burdon, 1946). In the present work, 0.3% solution of Sudan 

black B in 60% ethanol (w/v) was used and PHB was observed as dark black to purple granules against pink 

background when counterstained with safranin. Eventhough there are more than 250 different microorganisms 

synthesizing PHAs, only several of these, such as Alcaligenes eutrophus (Kim et al., 1994), Alcaligenes latus 

(Yamane et al., 1996), Azotobacter vinelandii (Page and Knosb, 1989), Methylotrophs (Kim et al., 1996), 

Pseudomonas oleovorans (Brandl et al., 1988) and recombinant Escherichia coli (Lee et al., 1997) are widely 

used for the production of PHAs to a high concentration with high productivity. Screening of less explored 

microbes like nodule associate bacteria’s may help to increase the productivity and efficient screening methods 

like fluorescent screening may permits to screen novel bacterial isolates. Some investigators (Dhingra, 2012) 

have emphasized that the optimum temperature varies somewhat with the composition of the medium for the 

enhanced occumulation of intracellular PHB. The limiting factor for PHB production is high cost of substrate 

used and its downstream processing. Various carbon and nitrogen sources such as molasses and corn steep 

liquor, whey (Khanafari et al., 2006), banana pseudostem (Kalia et al., 2000), damaged food grains, pea shells,  

starch (Lillo and Valera, 1990) and dairy wastes like cheese whey (Yellore and Desai, 1998) has been used for 

PHB production. Therefore further analysis optimization fermentation for PHB production is required to 

evaluate the efficacy of root nodule associated isolates. 

Conclusion 

A wide number of bacterial isolates from more than 90 genera have been documented as PHA producers. These 

bacteria have been reported from various environments, but only a few from the root nodule associated 

symbionts. This study concludes the occurrence of PHB producing symbionts in root nodule of legumes 
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Table 1: Colony morphology and physiochemical characters of root nodule isolates 

 

 
 

 

 

 
Figure 1.Carbol fuchsin stain of PHB 
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                          Figure 2. Sudan black B stain of PHB       Figure 3.  Acridine orange staining of PHB 
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