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ABSTRACT 

 
Dependence on conventional plastics and their boundless usage have resulted in waste accumulation and greenhouse 

gas emissions. From a biotechnological point of view, the biodegradable property makes them a desirable substitute 

for petrochemical-based plastic, an environmental pollutant. In the present study the sewage sludge soil sample 

collected from Municipal sewage Dump yard of Chinna Kakani, Guntur, AP. From the collected soil sample, 10 

bacterial isolates were screened. From the 10 isolated colonies, 5 were observed as PHB accumulators with Nile 

blue A stain. These colonies were grown and further quantified for PHB production by using spectrophotometry 

method. The production levels ranged from 0.028 to 0.197 g/100 ml of cell culture. Out of 5 isolates DYCK3 

produce higher PHB (0.197 g/100 ml) than others. The high yielded DYCK3 strain was further molecular 

characterized and analysed as Staphylococcus spp. Based on the high yielding capacity and its biotechnological 

applications, this isolate can be industrially exploited. 
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INTRODUCTION 

 
Plastics are of a wide range of synthetic or semi 

synthetic moldable organic solids. Almost all aspects 

of daily life involve plastics. Plastics play vital role in 

transport, telecommunications, clothing, footwear 

and as packaging materials that facilitate the transport 

of a wide range of food, drink and other goods
1
. 

These plastics are non-degradable and cause waste 

disposal problems leading to environmental 

pollution. Bioplastics considered as good substitutes 

for petroleum derived synthetic plastics because of 

their similar physical and chemical properties such as 

polypropylene
2, 3, 4, 5, 6

. 

 

Bioplastics are the plastics derived from various 

biomass sources like vegetable fats and oils, corn 

starch, peastarch or microbiota
7
. Poly (β-

hydroxybutyrate) (PHB) was first discovered in 

bacteria
8
. Out of all Poly (3-hydroxybutyrate) (PHB) 

is the most prominent member of the bacterial 

polyhydroxyalkanoates (PHA). The PHA’s are more 

osmotic neutral reservoirs of carbon and energy and 

are synthesized when more carbon sources are 

available than can be consumed by the bacteria
9
. In 

the absence of a suitable exogenous carbon source, 

bacteria reutilize these PHA to enhance their 

survival. PHB is synthesized from acetyl-CoA using 

three enzymatic steps. The 3 enzymes involved in 

PHB biosynthesis are β- thioketolase, acetoacetyl 

CoA reductase and PHB synthase. Bio plastics have 

thermoplastic or elastic properties with melting-

points ranging from 40°c to 180°c. These are 

degraded in microbe active environments in 5-6 

weeks. In degradation process, carbon dioxide and 

water are released, which are environmentally 

friendly byproducts. Bioplastics can be produced 

from renewable carbon resources, as long as there is 

fuel shortage & rise in crude oil prices. These are 

biocompatible materials and hence are suitable for 

medical applications; these can be implanted in the 

body without causing inflammations. Their 
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biocompatibility and a low oxygen permeability 

which allow further applications for the production of 

films and coatings and special biomedicals (patch 

materials, stents, bone implantats, drug delivery 

systems and scaffolds for tissue engineering). 

 

The present study is on isolation and molecular 

characterization of PHB accumulator from the soil 

sample collected from Municipal sewage Dump yard. 

From the bacterial isolate the molecular marker was 

developed and used as a biomarker for the 

assessment of Bioplastic production. 

 

MATERIALS AND METHODS 

 

All the chemicals were obtained from Aldrich (USA), 

Lancaster (USA) and S.D. Fine Chem. Limited 

Mumbai. All the glassware is of borosilicate grade. 

Chemicals for extraction of DNA were procured from 

Qiagen USA. Enzymes, dntp’s and other Molecular 

markers like low and high molecular weight are 

procured from New England Biolabs, USA. The 

purity of the PHB was ascertained by TLC on silica 

gel-glass plate. Characterizations of synthesized PHB 

were done by spectral studies.  

 

Sample collection 

Sewage sludge sample was collected from Municipal 

sewage Dump yard of Chinna Kakani, Guntur, AP 

and kept in plastic bags and marked with collection 

details and remained protected from the light and 

refrigerated at 4ºC. 

 

Isolation and purification of bacterial strains that 

produce PHB 

The sample collected from sewage sludge was 

subjected to serial dilution
10

 and 10
-5

 and 10
-6 

dilutions were plated on nutrient agar medium 

(peptone 5g/l, NaCl 5g/l, yeast extract 1.5g/l, beef 

extract 1.5g/l, agar 20g/l, pH at (25ºC) 7.4±0.2) by 

spread plate method. The isolated bacterial colonies 

were sub cultured in Nutrient broth and pure cultured 

on Nutrient agar medium. 

 

Preliminary identification of PHB producing 

bacterial strains 

 

Nile blue A staining 

The isolated colonies were cultured in 10ml Luria 

Bertani (LB) medium (Casein enzymatic hydrolysate 

10g/l, Yeast extract 5g/l, Sodium chloride 10g/l pH at 

7.5+0.2 (25
o
C) ) containing appropriate carbon 

source (1% glucose) at 37ºC with reciprocal shaking 

at 150rpm for 3 days. From the serially diluted 

sample, the bacterial cells were subjected to 

centrifugation at 3000rpm for 10min at 4ºC. The cells 

were resuspended in 1ml of sterile ditilled water. 

From the bacterial suspension 60 ul was spread on 

LB agar plates aseptically and stained with 1% Nile 

blue A for 10min and were observed at an excitation 

wavelength of 254 nm
11

. 

 

Detection of PHB production by bacterial isolates 

using thin layer chromatography 
TLC was carried out on glass plate (20×10 cm

2
) 

coated with silica gel using a spreader. The 5 

overnight grown bacterial cultures were treated with 

propanalysis solution (50% dichloroethane, 10% 

HCL, 40% 1-propanol). 50µl of the propanolysed 

organic phase of the samples were spotted on the 

TLC plate. Then the plate was placed in a pre-

saturated chromatographic chamber containing the 

solvent system of ethyl acetate and benzene (1:1) 

mixture for 40min. For staining, 50ml iodine (hi-

media) solution was vapourized in water bath at 80-

100ºC. TLC plate was kept over the beaker 

containing iodine solution for 5-10min in order for it 

to get saturated with iodine vapour. After 10min 

spots indicated the presence of PHB. The Rf 

(Retardation factor) value was measured and 

compared with the standard
12

. 

 

PHB extraction and quantification 

PHB extraction was done by using the dispersion 

method of sodium hypochlorite and chloroform
13&14

 

with minor modifications. The overnight grown 

culture was taken into an eppendorf tube and 

centrifuged at 15,000rpm for 10min at room 

temperature followed by a wash in phosphate 

buffered saline (PBS). The cell pellet was air dried 

for 20min at room temperature and weight of the 

pellet was determined. Chloroform and 6% sodium 

hypochlorite were added to the cell pellets according 

to the following ratio-12.5μl chloroform to 12.5μl of 

6% (v/v) sodium hypochlorite per mg of pellet 

weight. The tubes were incubated at 30°C for 

overnight. Then sample was centrifuged at 8,000rpm 

for 10min at room temperature resulted in a three 

phase solution with the bottom phase of chloroform 

containing the PHB. The chloroform phase solution 

was carefully transferred to a fresh tube and its 

volume measured. 5X volume of methanol and water 

(7:3 v/v) mixture was added to the chloroform 

solution. The solution was centrifuged at 15,000rpm 

for 10min at room temperature and 0.1ml of 

concentrated sulfuric acid was added to the pellet. 

The contents were transferred to glass tubes. Then the 

mixture was boiled for 20min at 100°C and cooled. 

PHB content in this mixture was quantified by 

measuring the absorbance at 235nm with UV Visible 

spectrophotometer of Shimadzu 1700, USA. PHB 

concentration was normalized over cell pellet 
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weights. Standard curve for PHB was prepared using 

poly (3-hydroxybutyric acid) from Sigma as the 

standard to determine PHB content. Stock solution of 

the standard was 200μg of PHB/ml of chloroform. 

 

Isolation of Genomic DNA 

Genomic DNA was isolated using the method 

described by Krsek and Wellington (1999) with some 

modifications. 1.5ml of the overnight grown culture 

was suspended in 2 ml of a lysozyme solution 

(150mM NaCl, 100 mM EDTA, 5 mg/ml lysozyme). 

The tube was inverted several times to mix the 

contents and placed in a 37°C water bath for 2hr. 

Subsequently, 500µl proteinase K (2.5mg/ml) was 

added, and the contents of the tube gently mixed and 

placed in a 55°C water bath for 15min. And 

centrifuged at 10,000 rpm for 2 min. From the 

supernatant 500 µl was transferred into a fresh tube to 

that an equivalent volume (0.5ml) of phenol-

chloroform-isoamyl alcohol (25:24:1) was added and 

the mixture gently vortexed for 1 min. To precipitate 

DNA, 0.7 volume (v) cooled isopropanol and 1/10 v. 

3M sodium acetate were added to the supernatant. 

The mixture was gently mixed (5-10 times) and kept 

at -20°C overnight. The sample was centrifuged at 

4100rpm for 10min, and the pellet was washed three 

times with cold 70% ethanol and then resuspended in 

100µlTE buffer 10/0.1 (10 mM Tris-HCl, 0.1 mM 

EDTA, pH 8.0). For visualizing the DNA extract, 

10µl of each extract was electrophoresed on 1% 

agarose gel in 1X TAE buffer, which were then 

stained with ethidium bromide and examined under 

UV light. 

 

Molecular characterization of isolate by 

amplification and sequencing 16s rRNA gene 

The Genomic DNA was isolated from the overnight 

grown bacterial culture was amplified with universal 

bacterial primers. A 25μl of reaction mixture 

contains, 15μl of master mix (NEB, USA) (10x assay 

buffer, dntp’s, Taq polymerease and MgCl2), 1μl of 

forward primer (5'GGCGAACGGGTGAGTAA3'), 

1μl of reverse primer 

(5'ACTGCTGCCTCCCGTAG3'), 2μl of template 

DNA and 6μl of distilled water by using Thermal 

cycler (Corbett Research, Australia). PCR was 

carried out by the thermal cycler under the following 

conditions- An  intialization step at 94ºC for 4min 

followed by 30 cycles of 94ºC for 1min, 52ºC for 

1min, 72ºC for 1.15min followed by final extension 

at 72ºC for 7min and holding temperature at 10ºC for 

5min. The amplified DNA fragments were observed 

by agarose gel electrophoresis in 2% agarose gel and 

sequenced. The unknown bacterium was identified 

using GenBank database. 

 

Partial 16S rRNA sequences obtained from isolates 

were assembled in a contig using the 

phred/Phrap/CONSED program
16&17

. 16S rRNA gene 

sequences determined were aligned along with the 

sequences of the type strains obtained from the 

GeneBank using the CLUSTAL X program version 

1.82 
18

. Distance matrices for aligned sequences were 

calculated by the two-parameter method
19

. A 

phylogenetic tree was constructed by neighbor-

joining method
20

 with the programme PHYLIP 

(version3.64) available 

at.http://evolution.genetics.washington.edu/phylip.ht

ml. Confidence values of individual branches in 

phylogenetic tree were determined by bootstrap 

analysis based on 1000 samplings Felsentein
21

. 

 

RESULTS 

 

Isolation and purification of PHB producing 

microorganisms 

A total of 10 different colonies were observed on 

nutrient agar plates at 10
-5 

and 10
-6 

dilutions and pure 

cultures were used for further studies. 

 

Nile blue A staining 

Poly-beta-hydroxybutyrate granules exhibited a 

strong orange fluorescence when stained with Nile 

blue A. Glycogen and polyphosphate did not stain. 

Nile blue A appears to be a more specific stain for 

poly-beta-hydroxybutyrate. The granules showed 

Orange fluorescence under UV trans-illuminator at a 

wavelength of 254nm. It indicated PHB accumulation 

in bacterial cells. 

 

Out of 10 isolates five isolates (DYCK1, DYCK2, 

DYCK3, DYCK4 and DYCK5) were positive for 

Nile blue A staining.  

 

 
Fig 1: Confirmation of PHB by Nile blue A 

 

Thin layer chromatography 
Bands were observed in TLC plate and Rf value was 

measured by the subtraction of solvent distance and 

solute distance and by solvent distance and 

calculated. The green colour spots in all 5 samples 
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along with standard indicated the presence of PHB in 

the production medium. 

 

 
Fig 2: Confirmation of PHB by Thin layer 

chromatography 

 

Table 1: Rf value for the production of PHB from 

sewage sludge sample 

 

S.no Strain 

Rf values (cm) 

Band-

1 

Band-

2 

Band-

3 

Band-

4 

1. DYCK1 0.173 0.304 0.521 0.608 

2. DYCK2 0.182 0.311 0.515 0.602 

3. DYCK3 0.182 0.317 0.539 0.636 

4. DYCK4 0.169 0.297 0.482 0.615 

5. DYCK5 0.192 0.323 0.55 0.602 

6 
PHB 

Standard 
- - - 0.63 

 

PHB extraction and quantification 
PHB was isolated from the production medium by 

solvent extraction technique. The sodium 

hypochlorite digestion process enables in the 

digestion of cells and release of the PHB granules 

outside the cells for easy extraction of PHB. The 

conversion to crotonic acid by hot concentrated 

sulfuric acid proved to be about one-third time more 

sensitive than alkaline hydrolysis of PHB extraction 

and analysis. The PHB production varied from 0.028 

to 0.197 g/100 ml of cell culture. Out of 5 isolates, 

DYCK3 was the highest PHB producer with 0.028 

g/100 ml. The amount of PHB in the extracted 

samples was determined with UV spectrophotometer 

at 235 nm with reference to the standard graph of 3- 

hydroxy butyric acid (Fig 3). 

 

 
Fig 3: Standard curve of PHB 

 

Table 2: Fermentation of PHB in carbon rich LB 

medium after 24 hrs 

 

Bacterial 

strain 

PHB Concentration in 

(g/100ml) 

DYCK1 0.028 

DYCK2 0.050 

DYCK3 0.197 

DYCK4 0.126 

DYCK5 0.090 

 

Genomic DNA isolation 

Total amount of DNA extracted was electrophorised 

on 1% agarose gel with etidium bromide. The bands 

were observed under UV-transilluminator. 

 
Fig 4: Result of isolated genomic DNA from 

sewage sample. Agarose gel electrophoresis of 

genomic DNA. Lanes 1 and 2 were isolated 

Genomic DNA from sewage sample. 
 

PCR amplification of bacterial DNA 

The DNA extraction provided a good yield of DNA, 

which could be used in 16S gene amplification with 

bacterial universal primers (Fig.5). Satisfactory 

amplification products were obtained after adding 

large quantities of Taq DNA polymerase. The 

amplified sample and ladder was electrophorised on 
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2%Agarose gel and compared. The bands were 

observed under UV-transilluminator. 

 
Fig 5: Result of PCR amplification of isolated 

genomic DNA with universal primer pair. Agarose 

gel electrophoresis of PCR products. Lanes: M, 

molecular size marker (λ Hind III digest); 1, the 

desired gene that was amplified. 

 

Phylogenetic tree 

The PCR amplified product of 1388 bp was 

sequenced by using ABI 3600 system and the 

sequence was carried out at MWG Eurofins, 

Banglore. 

 

>seq2 

 

CTTCTCTGATGTTAGCGGCGGACGGGTGAGT

AACACGTGGATAACCTACCTATAAGACTGGG

ATAACTTCGGGAAACCGGAGCTAATACCGGA

TAATATTTTGAACCGCATGGTTCAAAAGTGA

AAGACGGTCTTGCTGTCACTTATAGATGGAT

CCGCGCTGCATTAGCTAGTTGGTAAGGTAAC

GGCTTACCAAGGCAACGATGCATAGCCGACC

TGAGAGGGTGATCGGCCACACTGGAACTGAG

ACACGGTCCAGACTCCTACGGGAGGCAGCAG

TAGGGAATCTTCCGCAATGGGCGAAAGCCTG

ACGGAGCAACGCCGCGTGAGTGGATGAAGG

TCTTCGGATCGTAAAACTCTGTTATTAGGGA

AGAACATATGTGTAAGTAACTGTGCACATCT

TGACGGTACCTAATCAGAAAGCCACGGCTAA

CTACGTGCCAGCAGCCGCGGTAATACGTAGG

TGGCAAGCGTTATCCGGAATTATTGGGCGTA

AAGCGCGCGTAGGCGGTTTTTTAAGTCTGAT

GTGAAAGCCCACGGCTCAACCGTGGAGGGTC

ATTGGAAACTGGAAAACTTGAGTGCAGAAGA

GGAAAGTGGAATTCCATGTGTAGCGGTGAAA

TGCGCAGAGATATGGAGGAACACCAGTGGC

GAAGGCGACTTTCTGGTCTGTAACTGACGCT

GATGTGCGAAAGCGTGGGGATCAAACAGGA

TTAGATACCCTGGTAGTCCACGCCGTAAACG

ATGAGTGCTAAGTGTTAGGGGGTTTCCGCCC

CTTAGTGCTGCAGCTAACGCATTAAGCACTC

CGCCTGGGGAGTACGACCGCAAGGTTGAAAC

TCAAAGGAATTGACGGGGACCCGCACAAGCT

GGTGGAGCATGTGGTTTAATTCGAAGCAACG

CGAAGAACCTTACCAAATCTTGACATCCTTT

GACAACTCTAGAGATAGAGCCTTCCCCTCCG

GGGGACAAAGTGACAGGTGGTGCATGGTTGT

CGTCAGCTCGTGTCGTGAGATGGTGGGTTAA

GTCCCGCAACGAGCGCAACCCTTAAGCTTAG

TTGCCATCATTAAGTTGGGCACTCTAAGTTGA

CTGCCGGTGACAAACCGGAGGAAGGTGGGG

ATGACGTCAAATCATCATGCCCCTTATGATTT

GGGCTACACACGTGCTACAATGGACAATACA

AAGGGCAGCGAAACCGCGAGGTCAAGCAAA

TCCCATAAAGTTGTTCTCAGTTCGGATTGTAG

TCTGCAACTCGACTACATGAAGCTGGAATCG

CTAGTAATCGTAGATCAGCATGCTACGGTGA

ATACGTTCCCGGGTCTTGTACACACCGCCCGT

CACACCACGAGAGTTTGTAACACCCGAAGCC

GGTGGAGTAACCTTTTAGGAGCTAGC 

 

 

DISCUSSION 
 

Many previous research data has shown that a large 

number of bacterial species, both gram positive and 

gram negative (Verlinden et al., 2007), algal and 

fungal strains produce PHBs as well as degrade them 

(Mergaert and Swings, 1996), the sheer diversity of 

the microbial world calls for the identification of 

bacteria capable of producing large amounts of PHB. 

High production costs have not enabled the full 

commercialization of bioplastics although, a number 

of strategies such as  the  use  of invitro mutations, 

recombinant  microbial strains, more efficient 

fermentation processes and recovery/purification 

protocols and the use of inexpensive substrates have 

been adopted to bring down the production costs 

(Verlinden et al., 2007). At the same time, the vast 

potential to screen for novel bacterial species capable 

of producing high levels of PHB remains untapped,  

although,  some  reports  have  examined  the  

presence of PHB producing bacteria in diverse 

environments such as marine microbial mats present 

in cannery waste streams (Lopez-Cortes et al., 2008), 

oil contaminated soils in oil fields (Yao et al., 1999), 

activated sludges from pesticide and oil refineries 

effluent treatment plants (Porwal et al., 2008) and 

salty waters (Rehm,  2003).  

 

The present research sewage samples were collected 

from Municipal sewage Dump yard of Chinna 

Kakani, Guntur, AP, India for isolating the PHB 

producers. Bacteria were isolated on nutrient agar 

medium by serial dilution, purified and preserved on 

nutrient agar slants for further use. Primary 

identification of PHB accumulation was carried out 

on Nile blue A stain and thin layer chromatography.  



S Srilakshmi and CSV Ramachandra Rao  eISSN 2278-1145 

29 

Int. J. Int sci. Inn. Tech. Sec. B, Dec. 2012, Vol. 1, Iss 5, pg 24-31 

 
PHYLIP_1

seq2

gi|371496622|gb|JN652875.1|

gi|371496623|gb|JN652876.1|

841

gi|371496629|gb|JN652882.1|

gi|371496635|gb|JN652888.1|

732

873

gi|359802971|dbj|AB680330.1|

gi|374286781|gb|JQ247719.1|

gi|333973501|gb|JF784041.1|

gi|309400371|gb|HQ260332.1|

767

693

649

 
gi|371496622|gb|JN652875.1| Uncultured Staphylococcus sp. clone C4 

gi|371496623|gb|JN652876.1| Uncultured Staphylococcus sp. clone C6 

gi|371496629|gb|JN652882.1| Uncultured Staphylococcus sp. clone C7 

gi|371496635|gb|JN652888.1| Uncultured Staphylococcus sp. clone C9 

gi|359802971|dbj|AB680330.1| Staphylococcus aureus subsp. aureus  

gi|374286781|gb|JQ247719.1| Staphylococcus aureus strain SR-05-03 

gi|333973501|gb|JF784041.1| Staphylococcus aureus strain CIFRI CH-TSB27 

gi|309400371|gb|HQ260332.1| Staphylococcus aureus strain 06-16607 

 

Fig 6: Phylogenetic relationships based on 16s rRNA sequence of sewage sludge isolate 

 

 

The relative occurrence of PHB accumulating 

microbes from a variety of samples including sewage 

sludge samples of KMF dairy, waste water samples 

of a soft drink industry, activated sludge samples of 

Municipal garbages of a food processing industry and 

from mangrove soil samples were used (Lee 1996) 

PHB producers found in other samples were 

comparatively lower. Similar results were also 

observed by Sujatha et al., (2005). They obtained 

higher PHB producers from tannery effluent and 

sewage sludge samples compared to garden and field 

soil samples.  In the current research, the bioplastic 

producing bacteria was characterized by advanced 

molecular tools. The PHB synthesizing capacity of 

these bacteria was more when compared 

(0.0197g/100ml) with that of the most widely studied 

PHB producing strains such as R. eutropha of 

0.187g/L (Khanna and Srivastava, 2005), P. 

oleovorans (Yao et al., 2009) and B. megaterium 

(Kulpreecha et al., 2009). A number of researchers 

have explored the optimisation of various nutrient 

requirements of some of these strains for high 

amount of PHB synthesis.  Mohamed et al (2012) 

reported that by optimizing the various nutrients, the 

isolate that produce PHB was 0.160 g/100 ml culture.  

 

Similarly, Sujatha et al., (2005) also used LB broth 

with 2% glucose. This favoured PHB accumulation 

due to higher C:N ratio. The PHB production varied 

from 0.028 to 0.187 g/100 ml of cell culture. Out of 5 

isolates, DYCK3-Staphylococcus spp. was the 

highest PHB producer with 0.197 g/100 ml was 

selected.  

 

Our study is the first to report that, the 

Staphylococcus spp. is the first isolate for PHB 

substrate. Based on the PHB assays, the unknown 

bacteria were identified by partial 16S rRNA 

sequencing which indicated the predominant 

presence of gram-positive species, specifically 

Staphylococcus spp. In addition, although, the 

genome of Staphylococcus does contain the genes 



S Srilakshmi and CSV Ramachandra Rao  eISSN 2278-1145 

30 

Int. J. Int sci. Inn. Tech. Sec. B, Dec. 2012, Vol. 1, Iss 5, pg 24-31 

involved in PHB metabolism, this is the first report to 

experimentally show the synthesis of PHB by this 

microbe. The current works strongly supports that 

PHB production capacity by this bacterial stain via 

different fermentation strategies. Although, a large 

amount of experimental work needs to be done 

before this novel organism can be utilized 

commercially, it is nevertheless an exciting finding 

and demonstrates the need to study bioplastic 

producing bacteria further and develop a viable 

economic strategy for its large scale production. 

 

CONCLUSION 
 

Microbial PHAs have emerged as a complementary 

material for petrochemical based plastics. The finding 

leads to the conclusion that, a total of 5 bacterial 

strains isolated from the municipal dump yard soils, 

from that DYCK3 which bares the high amount of 

PHB producer was characterized by partial 16s rRNA 

sequencing. The sequence was deposited in NCBI 

Genbank up to genus and species level by using 

nBLAST homology searching. Further, the 

characterization of PHB like granules by various 

methodologies like Nile staining and their 

comparison with standard PHB as described earlier 

shows that the extracted polymer from the microbial 

isolate posses almost similar properties and was 

finally confirmed to be PHB (Poly-β-

hydrxybutyrate). The isolate was further 

characterized to evaluate as biomarker for bioplastic 

production. 
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