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Abstract
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Biopolymers represent a major alternative to petroleum-derived
plastics, with poly-3-hydroxybutyrate (PHB) being the most common.
To reduce the cost of production and expand the use of such
biopolymers, our research focused on identifying microorganisms with
effective PHB-producing capabilities. Through standard
microbiological procedures, we isolated six different samples and used
Sudan Black B colony staining to determine their PHB-producing
capabilities. The Crotonic acid method revealed a 90.1% yield of PHB
in the sample. Biochemical, morphological, and molecular analyses -
including 16S rRNA gene sequencing - confirmed the bacterium as
Bacillus cereus. FTIR analysis was also used to confirm the polymer as
PHB. Furthermore, the ability of Bacillus cereus to use various carbon
sources, coupled with gentamycin encapsulated in PHB polymer sheets
to effectively demonstrate its antimicrobial properties, and a cell
viability analysis to show its biocompatibility, highlight this
microorganism as an effective candidate for large-scale industrial
production of bacterial polyhydroxybutyrate.

Copy Right, 1JAR, 2023,. All rights reserved.

Introduction:-

Biodegradable materials with plastic-like properties have been gaining traction from researchers around the
world due to a range of factors, such as the growing awareness of environmental issues caused by plastic waste,
the microplastic crisis, strict regulations regarding plastic use and disposal, and the constant increasing amount
of greenhouse gas emissions leading to global warming and climate change. Furthermore, as fossil fuels are
being depleted, research in biodegradable materials has become increasingly important. One such polyester
made up of microbial storage compounds with plastic-like properties is Polyhydroxyalkanoate (PHA), which is
considered a major solution to these pressing issues. PHA production is achieved through renewable resources
and biological catalysis under in vivo conditions by the action of living prokaryotic cells (Narodoslawsky et al.
2015).

Polyhydroxyalkanoates (PHAS) are a type of biodegradable, biocompatible thermoplastic stored in bacteria as
intracellular inclusions. They have many desirable properties, such as being hydrophobic, impermeable to gases,
non-toxic, and piezoelectric. PHAs are also enantiomerically pure, meaning that they have a high degree of
polymerization with molecular weights ranging from 20,000 to 30 million Daltons.Enhanced synthesis of PHAs
occurs when bacteria are grown in rich carbon mediums with inadequate concentrations of other nutrients. This
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production of PHAs makes them attractive for a broad range of uses, from packaging to medical devices. For
example, PHAS can be used to create drug-releasing medical implants or as a biodegradable packaging material.
They can also be used to create bulk items such as plastic plates and cutlery, as well as in 3D printing and fabric
coatings. Additionally, PHAs can be used to produce green solvents, surfactants, and lubricants, or as a raw
material for the synthesis of biodiesel (Muller and Seebach 1993; Andreeben et al. 2010; Chen et al. 2010). The
core focus of biopolymer research is to develop economically viable approaches to the large-scale production of
biopolymers with superior quality. To achieve this, researchers are currently working on enhancing the
properties of biopolymers to make them more suitable for their intended applications. This includes improving
their mechanical properties and thermal stability, while at the same time maintaining biocompatibility.
Furthermore, researchers are also working on methods to reduce the cost of production and make biopolymers
more accessible to a wider range of end users. Overall, biopolymers offer many advantages over traditional
polymers and have an array of potential applications. With ongoing research and development, biopolymers are
set to become an even more important part of our future. (Muller and Seebach 1993; Steinbuchel and
Fuchtenbush 1998; Poli et al. 2011).

Polyhydroxyalkanoates (PHAS) are a diverse group of biopolymers found within a variety of microbial species,
including bacteria and archaea. PHAs are energy-efficient, sustainable, and biodegradable materials that have
high commercial potential. They can be used for a variety of applications, including food packaging,
construction materials, wound dressing, and drug delivery. Prokaryotic microorganisms are the major sources of
PHAs, with the highest accumulation capability being observed in the Gram-positive bacteria Bacillus,
Clostridium, Corynebacterium, Nocardia, Rhodococcus, Streptomyces, and Staphylococcus. Gram-negative
bacteria such as Cupriavidus and Pseudomonas also demonstrate PHA accumulation capabilities, as do certain
archaeal strains such as Halobacterium, Haloarcula, Haloquadratum, and Haloferax. Of all the microbial species
that produce PHAs, Bacillus spp. isthe most notable. Bacillus spp. are capable of accumulating poly-3-
hydroxybutyrate (PHB), which is the most prevalent and simplest form of PHA found in bacteria. As such, PHB
has become the most researched biopolymer and has a wide range of commercial applications, from food
packaging to drug delivery and construction materials.

The present study aimed to identify a bacterial strain with the highest potential for polyhydroxybutyrate (PHB)
production from a specific region, as well as to determine the effect of changing carbon sources on polymer
accumulation. Furthermore, a time course analysis of polymer accumulation was conducted, and the
biocompatibility and other characteristics of the produced polymer were evaluated.

Materials And Methods:-

Sampling, isolation, and maintenance of bacterial strains

Soil samples were collected from the banks of an irrigation canal from Kalliyoor (8.431777° N 77.017019°E),
Thiruvananthapuram district, Kerala, India. Bacterial strains were isolated on nutrient agar medium (5 g of
peptone, 5 g of sodium chloride, 1.5 g of beef extract, 1.5 g of yeast extract, and 15 g of agar per liter at pH 7.4)
by serial dilution method and incubated at room temperature (30°C) for 48 h. Based on colony morphology and
pigmentation, bacterial isolates were selected, and pure cultures were prepared and maintained on nutrient agar
slants and stored at 4° C (Shrivastav et al. 2010; Singh et al. 2015).

Screening of isolates for PHB production

Initially, the PHB-producing strains were screened by direct colony staining method on bacterial isolates grown
on half-strength nutrient agar (2.5 g of peptone, 2.5 g of sodium chloride, 0.75 g of beef extract, 0.75 g of yeast
extract, and 15 g agar per liter at pH 7.4) supplemented with 20 g/L glucose, after 48 h of incubation at room
temperature (Liu et al. 1998). The bacterial colonies on Petri plates were flooded with Sudan Black B solution
(0.03% in ethanol) and kept undisturbed for 30 min. The excess stain was washed out by sterile saline and the
dark blue coloured colonies were identified as PHB positive. The PHB-producing strains screened were further
confirmed by microscopy.

Staining for PHB accumulation and microscopy
48 h old bacterial cultures grown in basal medium (1.5 of peptone, 1.5 g of yeast extract, 1 g of Na2HPO4and
0.2 g of MgSO4-7H20 per liter, pH 7.2) supplemented with 20 g/L glucose at room temperature were taken for
staining and microscopic analysis. Sudan Black B stained smear was observed under 100X oil immersion
objective lens of a light microscope (Burdon 1946).
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Evaluation of bacterial strains for PHB production

From the isolates, strains producing a considerable amount of PHB granules were inoculated in 1000 mL basal
medium with 20 g/L of glucose and incubated at room temperature for 48 h at an agitation rate of 150 rpm. The
cells were harvested and washed with sterile normal saline. The biomass obtained was dried overnight and the
cell dry mass (CDM) was calculated. The polymer was extracted from the dried cells, weighed, and estimated
the yield was in percentage (w/w) (Shi et al. 1997; Aneesh et al. 2016).

Molecular identification of the most potent PHB-producing bacterial strain

Genomic DNA isolation 1.5mL of one-night bacterial culture was taken and pelleted by centrifugation at 14000
rpm for 1 min. The supernatant was discarded without disturbing the pellet. Resuspended the pellet in 600uL of
lysis buffer containing lysozyme, incubated at 37°C for 1 h, and added an equal volume of phenol: chloroform
(1:1) or phenol: chloroform: iso amyl alcohol (25:24:1). The components were mixed well by inverting followed
by centrifugation at 14000 rpm at room temperature for 5 min. A white layer was formed at the interface
between phenol: chloroform and aqueous phases. The upper aqueous phase was carefully transferred to a new
tube. The steps were repeated until protein precipitation stopped. To remove phenol equal volumes of
chloroform were added to the aqueous layer. Mix well by inverting and centrifuging at 14000 rpm at room
temperature for 5 min. The aqueous layer was transferred to a new tube and add chilled (-20°C) absolute ethanol
(2.5-3 vol) was added to it. The tubes were kept at -20°C for 30 min or overnight for maximum yield. After the
incubation period, centrifugation was repeated at 14000rpm for 15 min at 4°C. The supernatant was discarded
and rinsed with 1 mL of 70% ethanol at room temperature and centrifuged at 14000 rpm for 2 min followed by
discarding the supernatant. The pellets were air-dried and then resuspended in nuclease-free water.

Bacterial 16S rRNA gene- PCR

The PCR reaction mixture used for the experiment comprised 300 ng template DNA, 10 X PCR buffer, 25 mM
MgCI2, 10 pmol of both forward (27f) and reverse primers (1492r), 1U Taqg polymerase, 1ImM dNTPs and
deionized distilled water (Hall, 1999). The PCR was done with the following cycling conditions

Initial Denaturation  Denaturation

94°C 94°C Extension : Final Extension
: : 72C | 72°C
10 min : 30 sec Annealing 5 ,
: 549C 45 sec ; 10 min Hold
: H B
: 45 sec : e
: : %

«——— 35 Cycles ——

3.6. PHB production process optimization (Belal and Farid, 2016)

Effect of different carbon sources

To detect the effect of carbon sources, a nutrient broth medium was prepared and supplemented with different
carbon sources at the optimum culture conditions (pH 7 and 30°C). The carbon sources included sucrose,
glucose, maltose, and starch. After 48 h the PHB vyields were extracted and quantified using the sodium
hypochlorite-chloroform method.

pH and temperature optimization

To determine the optimum pH, experiments were carried out at pH 3, 4, 5, 6, 7, and 8. Cultures were incubated
on a rotary shaker at 30°C and 150 rpm for 48 h. To determine the effect of temperature starch medium with pH
7 was incubated at 25, 37, and 45°C under 150 rpm for 48 h. After 48 h, PHB yields were extracted and
quantified as described before.
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Optimization of incubation time

To determine the effect of the incubation period, the inoculated starch liquid medium were incubated at 30°C
and pH 7 at 150 rpm under different incubation period (12, 24, 36, 48, 72, 84, and 96 h). The optical density
was read at 600 nm at these time intervals. PHB yields were extracted and quantified as described before.

Effect of different C: N ratios on PHB

Different C: N ratios such as 1:1, 1:2, 1:3, and 1:4 using the best C and N sources were done after inoculation
and incubated on a rotary shaker (150 rpm) at 30°C. After 48 h, PHB yields were extracted and quantified as
described before.

Biocompatibility studies of PHB

MTT assay is a simple colorimetric assay to measure cell cytotoxicity, proliferation, and viability (Mansur and
Costa, 2008). Cytotoxicity effects of PHB polymer sheets were investigated on cultured Chang liver cells. 100
pl of appropriately diluted cells were seeded into each well of the 96 well plates and incubated the plates for 24
h. Extracted and purified PHB from the bacterial isolate was surface sterilized with 70% ethanol and inoculated
into the wells (20 mg/well). The plates were incubated for 24 h at 37° C in a CO2 incubator. After incubation,
the media was discarded from the well plate. 50 pL of serum-free media and 50 puL of MTT (1 mg/ml) solution
were added to each well and incubated at 37° C for 3 hours. After incubation, 150 puL of MTT solvent (100%
DMSO) was added to each well. Followed by incubation at 37°C for 10 minutes, the absorbance was read at
570 nm. The percentage of cell viability was calculated by comparing it with the control.

PHB production using food waste

Two hundred grams of banana and tapioca peels each were washed thoroughly, peeled, sliced, and chopped into
small chunks. Distilled water was added and the extraction process was carried out through the use of a
centrifuge at different speeds (1000, 2000, 4000) rpm for different periods (5, 10, and 15 min). Thereafter, the
centrifuged samples were filtered using Whatman no. 1 filter paper and the supernatant was neglected to obtain
wet starch (Altemimi, 2018). The wet starch was dried at room temperature for 5 h, then crushed into a fine
powder and used as a substrate for PHB production.

PHB polymer characterization by FTIR

The PHB extracted from the strain PHB2 was analyzed by FT-IR spectroscopy. The presence of different
functional groups in PHB was checked by FTIR. Extracted PHB (2 mg) was dissolved in 500 pl of chloroform.
After evaporation of chloroform, PHB polymer film was subjected to FTIR under the spectral range of 4000-
400 cm™ to confirm the functional groups of the extracted polymer.

Results:-

Biodegradable plastics are becoming increasingly important as a sustainable alternative to regular plastic, which
is highly resistant to natural breakdown and is causing a major environmental crisis. However, their production
costs remain high, posing a major problem for their widespread adoption. To combat this, scientists have been
searching for bacterial strains that can produce these plastics in higher quantities and more efficient ways.
Additionally, they have been attempting to optimize the culture conditions to further reduce the cost of
production. These approaches can provide a more economical solution to environmental protection by allowing
more widespread use of biodegradable plastics.

Isolation and screening of PHB-producing isolates

From the soil sample collected, a large number of white and ivory-coloured colonies were isolated on the
nutrient agar plates by serial dilution spread plate method (Figure 1A & B). Based on colony morphology and
characteristics, 15 colonies were selected for downstream study (Figure 1C). Based on colony staining results,
six isolates were found to be PHB accumulating (Figure 1D) and were designated as PHB 1-6. These isolates
were further confirmed by microscopy for their PHB accumulation by Sudan black B staining (Figure 1E).
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PHB2 PHB3

PHB4 PHBS5 PHB6

Figure 1:- Bacterial colonies from environmental samples (A) 10 dilution; (B) 10 dilution;
Morphologically different colonies isolated (C); Six isolates (D); Sudan Black B Staining (E).
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For quantification of PHB produced by different bacterial strains isolated crotonic acid method was used. A
standard crotonic acid curve was generated (Supplementary Figure 1). The PHB-producing capacity of
different bacterial strains isolated was depicted in Supplementary Table 1. The strain PHB 2 was found to be
the most potent one and the downstream workwas done in it. Morphological and biochemical characterization of
the isolate PHB 2 is given in Supplementary Table 2. The strain PHB 2 was found to be starch-utilizing which
depicts itspotential to use agricultural waste as a substrate for PHB production.

The present investigation was focused on isolating a large number of bacterial colonies, to find those that
accumulate polyhydroxyalkanoates (PHA). The colony staining method was used as a simple and speedy way to
detect and isolate PHA-accumulating bacteria from environmental sources. After the screening, 6 colonies were
identified as having PHA accumulation potential. Secondary screening of these isolates revealed that the
bacterial isolate PHB 2 had much higher polyhydroxybutyrate (PHB) accumulation potential, with results from
the crotonic acid method showing 90.10% PHB production. This isolate was found to be more efficient at PHB
accumulation than the other strains, and thus could be used to produce polyester polymers with great efficiency.

Molecular identification of the strain PHB2

The genomic DNA from strain PHB 2 was isolated using the phenol: chloroform: isoamyl alcohol extraction
method. The genomic DNA integrity was checked by agarose gel electrophoresis (Figure 2A). The purity of the
DNA was analyzed using spectrophotometrically.

Figure 2:- Genomic DNA isolated from strain PHB2 (A); 16S rRNA gene amplified from the strain PHB 2 (B).
A260/A280 was found to be 1.91 (1.8 for pure DNA) and was found to be compatible with downstream

molecular biology works. The 16S rRNA gene was amplified successfully from the DNA (Figure 2B) and was
given for sequencing for strain identification.
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PHB extraction and sheet production

The selected isolate was screened for PHB production. The production of PHB granule was confirmed by Sudan
Black staining. After 48 h of incubation, the PHB granule was extracted using chloroform. A thin PHB sheet
was formed after the chloroform was completely vaporized. Different stages of PHB polymer extraction and
sheet production was depicted in Figure 3.

A

Figure 3:- PHB extraction different stages; A- PHB granules inside the cell- Sudan black B staining; B- PHB
extracted with chloroform; C- Solvent evaporation to form PHB sheet; D- Dry PHB sheet.

The PHB sheet produced was used in downstream works such as drug encapsulation and biocompatibility
studies.

Process optimization for PHB production using the strain PHB 2

The PHB production process with PHB 2 was optimized with different carbon sources, pH, temperature,
incubation time, and different starch concentrations. The results were summarized in Figure 4.
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Figure 4:- Effect of carbon source (A); C/N ratio (B); pH (C); temperature (D) and incubation time (E).

Antibacterial study

The inhibitory effect of PHB films incorporated with gentamycin was tested against bacterial strains using an
agar diffusion assay (Figure 5). The antimicrobial activity of gentamycin against bacteria is dependent on the

time of exposure, concentration, and target organism.
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Figure 5:- Antibacterial activity of drug-conjugéted PHB sheet against (A) E. coli (B) S. aureus.

The drug encapsulation results are promising which reveals the potential of PHB 2 to be developed as a drug
delivery system.

PHB biocompatibility study in Chang liver cell line

To check the biocompatibility of PHB sheets produced by the strain PHB-2, an MTT assay was performed in a
normal liver cell line (Chang's liver). The PHB sheets did not show significant cytotoxicity towards thenormal
liver cell lines. This indicates the potential of biopolymers in biomedical applications. The biopolymer
developed in this study is highly biocompatible, as evidenced by the results of the MTT assay. This viability
assay revealed no significant reduction in cell viability when PHB sheets derived from the strain PHB 2 were
administered to the normal human liver cell line, Chang liver cell line. This indicates that the developed
compound is not cytotoxic to normal human cells and is thus fit for use in humans. The findings of this study
also highlight the importance of using high-quality biopolymer materials for drug delivery systems, as
biocompatibility is an important factor for ensuring in the safety of any medical application. Additionally,
further studies should be conducted to evaluate the biocompatibility of other biopolymers and delivery systems
to ensure their safety and effectiveness when used in clinical applications.

PHB production with natural starch

The PHB produced with natural starch as the substrate is visualized by Sudan black B staining (Figure 6). The
PHB production yield is summarized in table 2.
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Figure 6:- PHB production with natural starch extracted from food waste (24 hours).

Table 2:- PHB production with starch extracted from food waste.

Tapioca/Banana Cell Dry Absorbance at PHB yield PHB vyield Percentage

peel weight 235 nm (Hg/ml) (g/L) PHB vyield
(9/L)

1:1 0.048 0.77 38.5 0.039 81.25

The results are promising and depicted the potential of the strain PHB 2 to utilize low-cost agricultural and food
waste as a substrate for PHB production. The strain PHB 2 has been identified as a potential source for
producingpolyhydroxybutyrate (PHB). It can utilize starch from agricultural waste as a major substrate for PHB
production. This can help to reduce the cost of polymer production. The optimal conditions for maximum PHB
production have been identified as a C/N ratio of 5:1, a pH of 7.5, and a temperature of 30°C within 24 to 36
hours. The PHB sheets produced by this strain have been studied for biomedical applications such as drug
encapsulation and biocompatibility tests. The results of these tests have shown the promising potential of PHB
sheets as a drug delivery system. Overall, the strain PHB 2 has been identified as a reliable source of PHB with
various potential applications in the healthcare industry.

Molecular Identification of the bacterial strain PHB 2

Based on the 16S rRNA gene sequence, the strain PHB2 was identified as Bacillus cereus. The sequence is
given in Figure 7. The quality of the sequence is depicted in Fig 10. Only the high-quality bases were selected
for further analysis after quality trimming.

GAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGG AAGA
ACAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGTACCTAACCAGAAAGCCACGG CTAA
CTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTG GGCG
TAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGT GGAG
GGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCG

Figure 7:- 16S rRNA gene sequence from PHB2.
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Polymer CharacterizationThe summary of the FTIR analyses of PHB extracted from the strain Bacillus cereus
PHB 2 was depicted in Figure 8.
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Figure 8:- FTIR analysis of PHB polymer extracted from strain PHB 2.

The characteristic peaks of PHB at 1723 cm™ corresponding to the bond C=0 and 1271 cm™ corresponding to
the functional group —CH were identified which beyond doubt confirms that the extracted polymer is PHB. The
other peaks identified and relevant bonds in the PHB monomer. All these results depict the potential of the
strain PHB 2 as a good source for the production of PHB.

Conclusion:-

Bacillus cereus is a Gram-positive bacterium known for its ability to produce polyhydroxyalkanoates (PHAS)
such as polyhydroxybutyrate (PHB). PHB is a biopolymer that has been studied extensively for its potential to
be used as a replacement for petroleum-derived plastics. Studies have shown that PHB produced by Bacillus
cereus has promising antibacterial properties and higher levels of biocompatibility. These properties indicate
that it could be used in medical and other allied areas. Furthermore, the cost of producing PHB from Bacillus
cereus is relatively low, which is an important factor when considering its use as a replacement for petroleum-
based plastics. Therefore, further exploration into PHB produced by Bacillus cereus could result in it becoming
a major substitute for plastics derived from petroleum.

Declaration of Competing Interest
The authors declare no competing interest.

References:-

1. Altemimi A (2018) Extraction and Optimization of Potato Starch and Its Application as a Stabilizer in
Yogurt Manufacturing. Foods 7(2):14.

2. Aluru RR (2020) Screening and Biochemical Characterization of PHB Producing Bacterium Isolated from
Costal Region of Andhra Pradesh. Environ Earth Sci 7:116-120.

3. Alvarez HM, Kalscheuer R, Steinbichel A (1997) Accumulation of storage lipids in species of
Rhodococcus and Nocardia and effect of inhibitors and polyethylene glycol.Eur J Lipid Sci Tech
99(7):239-246.

4. Andreeben B, Lange AB, Robenek H, Steinblichel A (2010) Conversion of glycerol to poly(3-
hydroxypropionate) in recombinant Escherichia coli. Appl Environ Microbiol 76(2):622—626.

1684



ISSN: 2320-5407 Int. J. Adv. Res. 11(05), 1674-1686

5. Aneesh BP, Arjun JK, Kavitha T, Harikrishnan K (2016) Productionof short chain length
polyhydroxyalkanoates by  BacillusmegateriumPHB29  from  starch  feed stock. Int J
CurrMicrobiolAppSci5(7):816-823.

6. Bai T, Lian LH, Wu YL, Wan Y, Nan JX (2013) Thymoquinone attenuates liver fibrosis via PI3K and
TLR4 signaling pathways in activated hepatic stellate cells. Intimmunopharmacol 15(2):275-81.

7. Belal EB, Farid MA (2016) Production of Poly-B-hydroxybutyric acid (PHB) by Bacillus cereus. Int J
CurrMicrobiol ApplSci5:442-60.

8. Burdon KL (1946) Fatty materials in bacteria and fungi revealed bystaining dried, fixed slide preparations.
J Bacteriol52(6):665-678.

9. Chen GQ (2010) Plastics completely synthesized by bacteria: polyhydroxyalkanoates. In:

10. Chen GQ, ed. Plastics from Bacteria: Natural Functions and Applications, Microbiology

11. Monographs. Berlin Heidelberg: Springer-Verlag; 17-37.

12. Fernandez-Castillo R, Rodriguez-Valera F, Gonzalez-Ramos J, Ruiz-Berraquero F (1986) Accumulation of
poly (B-hydroxybutyrate) by halobacteria. Appl Environ Microbiol 51(1):214-6.

13. Hall TA (1999)BioEdit: a user-friendly biological sequencealignment editor and analysis program for
Windows95/98/NT. Nucl Acids SympSer41:95-98.

14. Han J, Lu Q, Zhou L, Zhou J, Xiang H (2007) Molecular characterization of the phaECHm genes, required
for biosynthesis of poly (3-hydroxybutyrate) in the extremely
halophilicarchaeonHaloarculamarismortui. Appl Environ Microbiol 73(19):6058-6065.

15. Holt JG, Krieg NR, Sneath PHA, Staley JT, Williams ST(1994)Bergey’s Manual of Determinative
Bacteriology, Williams &Wilkins, Baltimore, Md, USA.

16. Jo SJ, Matsumoto KI, Leong CR, Ooi T, Taguchi S (2007) Improvement of poly (3-hydroxybutyrate)
[P(3HB)] production in Corynebacteriumglutamicum by codon optimization, point mutation and gene
dosage of P(3HB) biosynthetic genes. J BiosciBioeng 104(6):457-463.

17. Labuzek S, Radecka | (2001) Biosynthesis of PHB tercopolymer by Bacillus cereus UWS85. J
ApplMicrobiol 90(3):353-357.

18. Law JH, Slepecky RA (1961) Assay of poly-B-hydroxybutyric acid. J Bacteriol 82(1):33-6.

19. Leamy AK, Egnatchik RA, Young JD (2013) Molecular mechanisms and the role of saturated fatty acids in
the progression of non-alcoholic fatty liver disease. Progress lipid res 52(1):165-74.

20. Legault BA, Lopez-Lopez A, Alba-Casado JC, Doolittle WF, Bolhuis H, Rodriguez-Valera F, Papke RT
(2006) Environmental genomics of" Haloquadratumwalsbyi" in a saltern crystallizer indicates a large pool
of accessory genes in an otherwise coherent species. BMC genomics. 7(1):1-3.

21. Lemoigne M (1926) Products of dehydration and of polymerization of B-hydroxybutyric acid.

22. Bull SocChemBiol 8:770-82.

23. Lillo JG, Rodriguez-Valera F (1990) Effects of culture conditions on poly (B-hydroxybutyric acid)
production by Haloferaxmediterranei. Appl Environ Microbiol 56(8):2517-21.

24. Liu C, Wang H, Xing W, Wei L (2013) Composition diversity and nutrition conditions for accumulation of
polyhydroxyalkanoate (PHA) in a bacterial community from activated sludge. ApplMicrobiolBiotechnol
97(21):9377-9387.

25. Liu M, Gonzalez JE, Willis LB, Walker GC (1998) A novel screening method for isolating
exopolysaccharide-deficient mutants.Appl Environ Microbiol 64(11):4600-4602.

26. Liu M, Gonzédlez JE, Willis LB, Walker GC (1998) A novel screeningmethod for isolating
exopolysaccharide-deficient mutants.Appl Environ Microbiol64(11):4600-4602.

27. Mansur HS, Costa HS (2008) Nanostructured poly(vinylalcohol)/bioactive glass  and
poly(vinylalcohol)/chitosan/bioactiveglass hybrid scaffolds for biomedical applications.Chem Eng.137:72—
83.

28. Mizuno K, Ohta A, Hyakutake M, Ichinomiya Y, Tsuge T
(2010) Isolation of

29. polyhydroxyalkanoate producing bacteria from a polluted soil and characterization of the isolated strain
Bacillus cereus YB-4. PolymDegrad Stab 95(8):1335-1339.

30. Muller HM, Seebach D (1993) Polyhydroxyalkanoates: a fifth class of physiologically important
biopolymer? AngewChemint 32(4):477-502

31. Nachiyar CV, Devi AB, NamasivayamS, Raja K, Rabel AM (2015) Levofloxacin Loaded
PolyhydroxybutyrateNanodrug Conjugate for In-Vitro Controlled Drug Release. Res J Pharm
BiolChemSci6(3):116-9.

1685



ISSN: 2320-5407 Int. J. Adv. Res. 11(05), 1674-1686

32. Narodoslawsky M, Shazad K, Kollmann R, Schnitzer H (2015) LCA of PHA production— Identifying the
ecological potential of bio-plastic. ChemBiochemEng Q 29:299-305.

33. Philip S, Keshavarz T, Roy | (2007) Polyhydroxyalkanoates: biodegradable polymers with a range of
applications. J ChemTechnolBiotechnol 82(3):233-247.

34. Pillai AB, Kumar AJ, Thulasi K, Kumarapillai H (2017) Evaluation of short-chain-length
polyhydroxyalkanoate accumulation in Bacillus aryabhattai. Braz J Microbiol 48(3):451-60.

35. Poirier Y (2002) Polyhydroxyalkanoate synthesis in plants as a tool for biotechnology and basic studies of
lipid metabolism.Prog Lipid Res 41(2):131-155.

36. Poli A, Di Donato P, Abbamondi GR, Nicolaus B (2011) Synthesis, production, and biotechnological
applications of exopolysaccharides and polyhydroxyalkanoates by archaea. Archaea 693253:1-13.

37. Reinecke F, Steinbiuichel A (2008) Ralstoniaeutropha strain H16 as model organism for PHA metabolism
and for biotechnological production of technically interesting biopolymers. J MolMicrobiolBiotechnol
16(1-2):91-108.

38. Shah KR (2012) FTIR analysis of polyhydroxyalkanoates by novel Bacillus sp. AS 3-2 from soil of Kadi
region, North Gujarat, India J Biochem Tech 3(4): 380-383

39. Shamala TR, Chandrashekar A, Vijayendra SVN, Kshama L (2003) Identification of polyhydroxyalkanoate
(PHA)-producing Bacillus spp. using the polymerase chain reaction (PCR). J ApplMicrobiol 94(3):369-
374.

40. Shi H, Shiraishi M, Shimizu K (1997)Metabolic flux analysis for biosynthesis of poly (B-hydroxybutyric
acid) in Alcaligeneseutrophusfrom various carbon sources. J Ferment Bioeng84(6):579-587

41. Shrivastav A, Mishra SK, Shethia B, Pancha I, Jain D, Mishra S (2010) Isolation of promising bacterial
strains from soil andmarine environment for polyhydroxyalkanoates (PHASs)production utilizing
Jatrophabiodieselbyproduct. Int J BiolMacromol47(2):283-287.

42. Singh M, Patel SKS, Kalia VC (2009) Bacillus subtilis as potential producer for
polyhydroxyalkanoates.Microb Cell Fact 8:38.

43. Singh P, Kim YJ, Nguyen NL, Hoang VA, Sukweenadhi J, Farh ME, Yang DC
(2015)Cupriavidusyeoncheonense sp. nov., isolated from soil of ginseng. Antonie van Leeuwenhoek
107(3):749-58.

44, Steinbuchel A, Fuchtenbush B (1998) Bacterial and other biological systems for polyester production.
Trends Biotechnol 16(10):419-427

45. Valappil SP, Boccaccini AR, Bucke C, Roy | (2007) Polyhydroxyalkanoates in Gram-positive bacteria:
insight from the genera Bacillus and Streptomyces.Antonie van Leeuwenhoek. 91(1):1-17.

46. Valentin HE, Dennis D (1997) Production of poly (3-hydroxybutyrate-co-4-hydroxybutyrate) in
recombinant Escherichia coli grown on glucose. J Biotechnol 58(1):33-38.

47. Van Meerloo J, Kaspers GJ, Cloos J (2011) Cell sensitivity assays: the MTT assay. InCancer cell culture.
Humana Press. 237-245).

48. Volova TG (2004) Polyhydroxyalkanoates: Plastic Materials of the 21st Century: Production,

49. Properties, Applications. New York, USA: Nova publishers Inc.; ISBN: 1-59033-992-4.

50. Wong PAL, Cheung MK, Lo WH, Chua H, Yu PHF (2004) Investigation of the effects of the types of food
waste utilized as carbon source on the molecular weight distributions and thermal properties of
polyhydroxybutyrate produced by two strains of microorganisms.e-Polymers. 4(1):324-334.

1686



