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ABSTRACT

Excessive uses of polymer plastics in boundless spheres have resulted in waste accumulation. There is an urgent 
need for switching over to compostable and biodegradable plastics that too from renewable resources. Polyhydroxy-
butyrate (PHB) is a unique biopolymer which is biodegradable and most close to plastics which is miscible with the 
conventional plastic. The adaptation and commercialization of PHB depend upon its ready availability in a pocket-
friendly manner. The following presentation attempts to discuss economic strategies to reduce the production costs 
of PHB as well as its expeditious production from Agri-byproducts and its applications in various fi elds. Various 
sources like microorganisms, genetically modifi ed bacteria, plants and different methods are being looked into, so 
that quality, quantity and fi nancial side of PHB production can be controlled. It is presented here that PHB production 
is a natural capability of microbes exploited recently. This potential in the form of new technology is contributing to 
fulfi l the need of plastic along with the environmental beauty and cleanliness. Novel bacterial fermentation strate-
gies of polyhydroxybutyrate production, for improved productivity and quality of PHB for commercial production 
are summarized here.
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INTRODUCTION 

The demand of plastics is increasing with the increas-
ing population and synthetic plastics provide a range 
of utilities in the civilization of mankind, at the same 
time accumulation of these non-degradable plastics in 
the environment is a menacing drawback. Plastic is a 
synthetic polymer with several advantages because its 
structure can be operated chemically to have varied 
shape and durability. But microbes in the environment 
are not able to degrade plastic because of chemical com-
plexity and large molecular size (Atlas & Bartha, 1993, 
Andrady, 1994; Zheng et al., 2005; Mueller, 2006; Tok-
iwa et al., 2009, Andrady, 2015; Barth et al., 2016; Wei 
et al., 2017). 

Recently, plastic industries of many countries are tak-
ing interest in the replacement of non-biodegradable by 
degradable plastics so that environmental issues can be 
fi xed. Because of resistant and elastic in nature, bioplas-
tics are used in various studies, disposable commodities 
and as a packing material. The most studied is polyhy-
droxybutyrate (PHB), an eco-friendly, green plastic and 
a striking alternative to petrochemical plastic. Although 
lots of outlooks have been tied up with bioplastic but a 
lot has to be improved to make it commercially avail-
able. Most important among all is cost feasibility and a 
production cycle or the time taken by the bacteria for 
PHB production (Grothe, 1999; Gurieff, 2007; Cesário, 
2014; Haas 2015). So, there is an urgent need to develop 
a cost effective and expeditious protocol for maximiza-
tion of PHB production. With the advancement of sci-
ence, it is suggested that this trouble can be swamped by 
using natural substrates like molasses and simple pro-
duction procedures rather going for complex ones. This 
article reviews brief introduction about PHB and novel 
fermentation strategies for isolation and screening of 
effi cient and important PHB producing strains. Also, 
some explanation about tools and technique for PHB 
optimization and identifi cation are given. After that, 
molecular characterization of PHB genes is described. 
The present communication Present communication 
reviews the application, future trends and expression of 
PHB in alternative host. 

Polyhydroxybutyrate (PHB), a family of bio poly-
esters with diverse structures, is the only bio plastics 
completely synthesized by microorganisms. These are 
natural, thermoplastic, aliphatic biopolyesters that com-
pletely meet the terms like bio based, biodegradable, 
compostable or biocompatible to qualify them as Green 
plastics. All bioplastics have a unique property of being 
completely degraded to CO2 and H2O by PHA hydrolases 
and PHA depolymerases (Jendrossek & Handrick 2002; 
Choi et al., 2004). PHA production is mainly based on 
renewable resources (Braunegg et al., 2004, Bharti & 

Shweta 2016; Chandani, 2018). Agricultural biproducts 
are used for fermentative PHA production (Gasser et al., 
2009; Hamiesh et al., 2015; Getachew & Woldesenbet 
2016). Biosynthesis and degradation of PHA is entirely 
attuned to carbon cycle (fi g. 1). These are the only poly-
mer plastic miscible and industry compatible products 
which do not necessitate the creation of any additional 
machining capabilities.

STRUCTURE OF POLYHYDROXYBUTYRATE (PHB)

Polyhydroxyalkanoates (polyesters) are formed by lin-
ear polymerization of hydroxy acyl units. The 2-, 3-, 
4-, 5- or 6- hydroxy acidsjoin to form homo-polymers 
or copolymers (Chen, 2010). On the basis of number of 
carbon atoms present in the monomeric form of poly-
hydroxyalkanoates (PHAs) these are classifi ed as short 
chain, medium chain (3 to 5 carbon atoms) and long 
chain (6 or more) PHAs (Pan and Inoue, 2009). The third 
main class of P(3HA)s is the SCL/MCL-P(3HA)s, which is a 
copolymers made up of SCL and MCL-3HA monomers con-
sisting of 3–14 carbons. LCL–PHAs have properties in 
between the SCL-P(3HA)s and MCL-P(3HA)s depend-
ent on the mole ratio of SCL to MCL monomers, but 
the nature and proportion of these monomers are being 
infl uenced by the type and relative quantity of car-
bon sources supplied to the growth media. In spite of 
a large number of polyhydroxyalkanoatepolymers, only 
a few of them are employed for large scale production 
which includes: P(3HB); poly-(3-hydroxybutyrate-co-3 
hydroxyvalerate) and poly-3-hydroxybutyrate-co-3-hy-
droxy hexanoate (Asrar & Gruys, 2002; Chanprateep, 
2010; Chandani, 2018).

POLYHYDROXYBUTYRATE PRODUCER

Microorganisms, as well as transgenic plants, are used 
for PHB production (fi g. 2). Among the more than 250 
different natural PHA-producers, only a few bacteria 
have been engaged for the biosynthesis of PHB. They 
include hydrocarbon degraders, halophiles, photosyn-
thetic bacteria, plant growth promoting bacteria etc. as 
shown in fi g. 2. C. necator has been the most exten-
sively studied and commonly used bacterium for PHB 
production. Imperial Chemical Industries (ICI plc) fi rstly 
used this bacterial strain for the production of PHBV 
copolymer with a trade name was Biopol. In recent 
times, Metabolix Inc. (USA) obtained the Biopol pat-
ents. For industrial purpose, it is wanted to grow strains 
that can attain high fi nal cell density in short period 
of time and high PHB production from undemanding 
and inexpensive substrates. Thus, genetic engineering 
serves as a powerful tool in the development of micro-
bial strains that can produce PHA from cheap renew-
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FIGURE 1. Life cycle of polyhydroxybutyrate

FIGURE 2. Different plants and bacteria capable of Polyhydroxybutyrate production

able resources effi ciently. Transgenic plants are also 
very good alternative host for the production of PHB. 
But nowadays, the research on halophilic bacteria for 
PHB production has attracted scientist because these 
bacteria have advantage of unsterile and continuous 

fermentation process. However, few reports have been 
published to explore the potential of PHB production 
using marine bacteria and seawater as nutrient sources 
(Liu et al., 2016).
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GENERAL PROPERTIES OF PHB

PHB a poly-3-hydroxybutyric acid homo-polymer has 
a melting point of 179 0C and is extremely crystalline 
(80%) in nature. Temperature above melting point leads 
to degradation of PHB. Some of the properties of PHB 
are similar to polypropylene with three unique charac-
teristics: thermoplastic process ability, complete water 
resistance and complete biodegradability (Hrabak, 
1992). General properties of PHB are: water insoluble, 
relatively resistant to hydrolytic degradation, good oxy-
gen permeability, resistant to UV, susceptible to acids 
and bases, soluble in chlorinated hydrocarbons includ-
ing chloroform, non-toxic, biocompatible, high tensile 
strength (40MPa), sinks in water facilitating anaerobic 
biodegradation and less sticky when melted making it 
potentially good material for clothing in future. PHA 
polymers with different subunit compositions and hence 
different physical and thermal properties can be tailor-
made using novel PHA synthase for specifi c applications 
(Sharma et al., 2017)P. putida LS46123, was able to syn-
thesize polyhydroxyalkanoate (PHA.

IMPORTANCE OF PHB TO MICROBES

PHB is very important for microbes. Under nutrient 
stress, intracellular accumulation of PHB accumulates up 
to a level of as high as 90% of the dry cell weight (Madi-
son & Huisman 1999). When the availability of nutrient 
sources like nitrogen and phosphorus is less and carbon 
is in excess, PHB acts as energy storage house. PHB act 
as a redox regulator within the cell and in some bacteria 
like Ralstonia eutropha and Rhodospirillum rubrum, it is 
involved in pyridine nucleotide dependent reduction of 
acetoacetyl-CoA. (Senior & Dawes, 1973; Steinbüchel, 
1991). Encystment of Azotobacter cells is also associated 
with PHB accumulation. During starvation, presence of 
PHB protects the cellular components like RNA and pro-
teins (Vinet & Zhedanov 2010) and it plays an important 
role in sporulation. Obruca et al., (2016which permits 
unrestricted use, distribution, and reproduction in any 

medium, provided the original author and source are 
credited.Accumulation of polyhydroxybutyrate (PHB) 
investigation suggested the potential protective mecha-
nisms of PHB when bacterial cells are exposed to freez-
ing and thawing. Pavez et al., (2009) studied that PHAs 
apply a protective effect against freezing in Sphingopyxis 
chilensis. Several PHA-producing bacterial strains have 
also been isolated from Antarctic freshwater and Ant-
arctic soil which indicates that PHA accumulation is a 
common metabolic strategy adopted by many bacteria 
to deal with cold environments and other stresses (Galia, 
2010; Nielsen et al., 2017) (fi g. 3). 

GENES AND ENZYMES INVOLVED IN 
BACTERIAL PHB SYNTHESIS PATHWAY

Different genes are involved in PHA biosynthesis in var-
ious pathways and in some bacteria, they occur together 
as clusters. The organization of the genes involved in 
PHA biosynthesis is varied among the organisms and 
the difference in gene organization makes the different 
PHA operon. Molecular genetic studies have expanded 
the knowledge available since 1987 about the various 
metabolic, biochemical and physiological processes tak-
ing place in PHB synthesis. Various microorganisms 
have been characterized depending upon the genes and 
enzymes they utilize for PHB synthesis and degradation. 
Now it is clear that several pathways for PHB formation 
have been evolved by nature according to the require-
ments of a particular niche. Three different enzymes 
are involved in PHB biosynthesis pathway (fi g. 4). New 
phaC genes that encode PHA synthase enzymes, produce 
PHAs with novel monomer compositions, have been iso-
lated from different bacteria in various environments 
(Sasidharan et al., 2016; Ling et al., 2011; Ng & Sudesh, 
2016)Malaysia. It is a rod-shaped, gram-negative bacte-
rium with high sequence identity (99%. DNA extracted 
from a soil microbial community was used to construct 
metagenomic libraries, which were then screened for 
novel phaC genes (Cheng et al., 2014).

FIGURE 3. PHB formation under stress and its importance for bacteria
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FIGURE 4. Biosynthetic pathway of PHB

SCREENING AND IDENTIFICATION METHODS 
FOR PHB ACCUMULATION IN BACTERIA

Screening of a broad collection of bacteria in short 
period is very crucial. Several methods given below 
are on hand for screening the PHB producing bacte-
ria. Staining and microscopic visualization methods 
include the use of different stains like Sudan Black 
B and Nile Blue A, specifi c for detecting PHB gran-
ules. For the rapid screening, viable colony staining 
technique has been recommended. Sudan black B was 
fi rst advocated by Hartman (1940), for use as bacte-
rial fat stain. Later on, Burdon revised the procedure 
for identifying bacterial intracellular fat in 1942. They 
prepared Sudan B stained bacterial slides, counter-
stained with safranin but it is considered as the pre-
liminary test. Ostle & Holt, (1982) and Spiekermann 
et al., (1999) suggested another procedure. 

Nielsen et al., (2010) studied a combination of 
fl uorescence in situ hybridization (FISH), with stain-
ing techniques for cell viability, PHB accumulation 
and polyphosphate in microorganisms. A number of 
Spectrophotometric and analytical methods have been 
developed to determine the PHB content in the microbial 
cells. A method developed by Williamson & Wilkinson, 
(1958) measures the turbidity of PHB produced by the 
digestion of microbial cells with sodium hypochlorite 
solution. Jüttner et al., (1975) told about Infrared Spec-
troscopy which is based on the information that the 
PHB molecule gives a strong carbonyl absorption peak 
at 1728 cm-1 in the infrared spectrum. PHB is extracted 
from dried cells with chloroform and its content deter-
mined from the absorbance of carbonyl bond. Hong 
et al., (1999) introduced Fourier transform infrared 

spectroscopy (FTIR) which is a speedy method for 
detecting bacterial polyhydroxybutyrate in intact cells. 
Ion-exclusion high-pressure liquid chromatography 
(HPLC) was used by Karr et al., (1983) to quantitate 
PHB in different microorganisms like Rhizobium and 
japonicum bacteroids. Isotope dilution mass spectrom-
etry was used by Alvarez et al., (2017) to quantify PHB 
in prokaryotes at microscale level. The gas chromato-
graphic (GC) determination of PHB in microbial cells 
was fi rst described by Braunegg et al., (1978). NMR 
techniques have been applied fruitfully to resolve the 
composition of the hydroxybutyrate units in a copoly-
mer (Bloembergen et al., 1986as determined by NMR, 
ranged from 0 to 47 mol % /3-hy- droxyvalerate (HV; 
Caballero et al., 1995; Gross et al., 1989). Srienc et 
al., (1984) used fl ow cytometry to clearly demon-
strate potential advantage of single cell light scatter-
ing measurement by fl ow cytometry for analysis and 
control of fermentation processes. Flow cytometry cell 
sorting technology should fi nd signifi cant application 
in strain improvement and mutant selection. Takeuchi 
et al., (2016)natural seawaters were cultured in nutri-
ent-rich medium for purple non-sulfur photosynthetic 
bacteria, and twelve pink- or red-pigmented colonies 
were picked up. Gas chromatography mass spectrom-
etry analysis revealed that four isolates synthesized 
PHA at levels ranging from 0.5 to 24.4 wt% of cell 
dry weight. The 16S ribosomal RNA sequence analysis 
revealed that one isolate (HM2 isolated pigmented bac-
teria under nutrient-rich conditions as PHA-producing 
purple non-sulphur photosynthetic bacteria from natu-
ral sea waters. Low cost substrates were used by Taksh-
shi et al., (2017) to produce PHA from selected marine 
strains.
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SUBSTRATES AND GROWTH CONDITIONS FOR 
PHB PRODUCTION

Nutrient limitation directly increases PHB produc-
tion but high nitrogen state leads to augment biomass 
growth with no PHB production (Albuquerque et al., 
2010). 66% of PHB on dry weight basis was produced 
by Pseudomonas sp. when feed on methanol as primary 
carbon source (Suzuki et al., 1986). Carbon/nitrogen 
(C/N) ratio is a very crucial variable to be considered 
during PHB production. When C/N ratio increased to 
28.3, PHB production also increased by 1.8-folds, where 
sucrose was carbon source, ammonium sulphate was 
nitrogen source, optimum pH of 6.5, and temperature 
of 33 °C were provided in batch culture of Alcaligenes 
latus ATCC 29713 (Grothe et al., 1999). It was found 
that decrease in dissolved oxygen content, decreases 
biomass accumulation and PHB production. Apart from 
it, Study by 13C NMR spectroscopy showed that feed-
ing strategy greatly affects the monomers compositions 
and production of PHB produced (Ivanova et al., 2009). 
HV contents of PHA increased by 8% when fermented 
molasses as source of VFAs was fed continuously (Albu-
querque et al., 2011). Increase by 4.8-fold was reported 
when whey, a dairy waste product rich in sugars, as sub-
strate was fed intermittently with ammonium sulphate 
in fed-batch culture of Methylobacterium sp. ZP24 
under oxygen limiting conditions (Nath et al., 2008). 
Gumel et al., (2014) suggested that the monomer com-
position of the PHA ranges from C4 to C14, and were 
strongly infl uenced by the type of carbon substrate fed. 
Interestingly, an odd carbon chain length (C7) monomer 
was also detected when C18:1 was fed. Polymer showed 
melting temperature (Tm) of 42.0 (0.2) °C, glass transi-
tion temperature (Tg) of -1.0 (0.2) °C and endothermic 
melting enthalpy of fusion (Hf) of 110.3 (0.1) J g-1. The 
molecular weight (Mw) range of the polymer was rela-
tively narrow between 55 to 77 kDa. PHB output from 
Methylobacterium SPV-49 was studied byGhatnekar 
et al., (2002).  They studied various carbon sources and 
found that PHB accumulation was highest when glu-
cose was the carbon source. PHB accumulation was 
also there when sucrose and lactose was used as carbon 
source. Sudan black B was used to isolate 37 mutants of 
Azotobacterchroococcum for PHB production (Parshad 
et al., 2001). PHB production was maximum with 2% 
glucose and 15mM/l ammonium acetate at 36 and 48 
hours of growth under submerged and stationary culture 
respectively. They also found that sucrose and commer-
cial sugars were better carbon source than glucose and 
mannitol as PHB accumulation was higher with sucrose 
and commercial sugars. Growth culture parameters for 
R. eutropha NRRL814690 were optimized by Khanna & 
Srivastava, (2005b) to reduce PHB production cost. In 

48 hours 3.25g/l of biomass was produced with 1.4g/l 
of PHB concentration and fructose and ammonium sul-
phate were used as carbon and nitrogen source respec-
tively. Alcaligeneseutrophus MTCCC1285 was used to 
study the effect of pH on yields of PHB (Kumar & Praba-
karan, 2006). Two pH levels viz. 6.9 and 8.0 were used 
to study PHB production. At pH 6.9 the amount of PHB 
produced was 0.8, 0.5, 0.4 and at pH 8.0 it was 1.1, 
0.65, 0.55 and 1.0 g/ml-l in glucose, sago, thippi and 
molasses substrate based media respectively. Wei et al., 
(2011) shown that the production of PHB is maximum at 
pH 7.0 and temperature 30˚C. Operational condition at 
neutral pH 7 resulted in PHB accumulation up to 25% 
of CDW when compared to basic pH 9 (8.5%) and acidic 
pH 6 (15%). Acetic acid and propionic acid mixture in 
different proportion was used as carbon substrate to 
enrich the culture with organic load of 8.5 g COD L−1 day 
maintained at pH ranging from 7.7 to 9.5. Enriched cul-
ture showed high production rate and yields (389 mg 
PHA g−1 of nonpolymeric biomass) in SBR if maintained 
at pH of 7.5 with Lampropedia hyalina as dominant bac-
terial species (Villano et al., 2010). Growth of bacterial 
strain and PHB production is also determined by agita-
tion rate. Agitation rate of 150-200 rpm is best for PHB 
production and production decreases as the rate exceeds 
200 rpm (Wei et al., 2011). Different agitation rates were 
opted by different scientists according to the type of 
microorganism and culture conditions (Castillo et al., 
2016; García-Torreiro et al., 2017). 

OPTIMIZATION OF CULTURE CONDITIONS 
FOR MAXIMUM PHB PRODUCTION USING 
STATISTICAL TOOLS

Fermentation has to be optimised to increase the yield 
and productivity of various bioprocesses. Convention-
ally, one component change was used to optimise fer-
mentation but this is time consuming (Khanna & Sriv-
astava 2005a). In recent years statistically optimised 
methods have been used to replace this technique. Pan-
dian et al., (2010)it was suggested that strain SRKP-3 
was similar to Bacillus megaterium. A four-factor cen-
tral composite rotary design (CCRD isolated a gram-pos-
itive bacterium SRKP-3 similar to Bacillus megaterium 
that potentially accumulated polyhydroxyalkanoates 
(PHAs). A four-factor central composite rotary design 
(CCRD) was employed to optimize the medium and to 
fi nd out the interactive effects of four variables, viz. 
concentrations of dairy waste, rice bran, sea water and 
pH on PHB production and a yield of 6.37 g/L of PHB 
dry weight was achieved by the optimized medium at 
pH 9. Muralidharan and Radha adopted a two-stage 
cultivation strategy for PHB production. Culture condi-
tions for Bacillus subtilis MTCC 9763 were optimised 
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carbon, N2 source, temperature, pH and incubation time. 
55.0 mg PHB/g cell weight was obtained with glucose 
as carbon source, 17.2 mg/g cell weight with peptone 
as N2 source, pH 7 yielded 35.43 mg/g cell weight and 
350C yielded maximum production i.e. 52.2 mg/g cell 
weight (Muralidharan & Radha, 2014). Batch kinetics 
can be used for model development, which will make 
possible simulation of nutrient limited cultivation(s) for 
over accumulation of PHB (Aswathy 2015). 

COST EFFECTIVE AND EXPEDITIOUS PHB 
PRODUCTION PROTOCOL- NEED OF THE HOUR

The high cost of PHB production is the major limiting 
factor for its commercial use. The factors behind the 
increased cost is the substrate used and downstream pro-
cessing. This high cost can be reduced by use of cheaper 
carbon sources. The precursor molecules for PHB pro-
duction are volatile fatty acids which can be obtained 
from various sources including municipal waste, banana 
pseudo stem, spoiled cereals, pea covering, apple pom-
ace, effl uents from vegetable oil mills, potato peels, rice 
bran, groundnut oil molasses, cotton and mustard cake. 
Lower volatile fatty acids are utilized by several bacteria 
like A. utrophus, B. megaterium, P. oleovorans, R. bejjer-
inckia and Nocardia to produce PHB (Kalia et al., 2000). 
Various agricultural and dairy wastes have been used 
to produce PHB with or without ammonium sulphate 
supplementation. Valentin & Dennis, (1997) accounted 
that genetically modifi ed E. coli was effi cient of using 
molasses as carbon source to produce PHB. The net dry 
cell mass, PHB concentration and effi ciency of PHB pro-
duction were 39.5 g/l/h, 80%, (w/w) and 1g/l/h respec-
tively. Among all the waste used, anaerobically treated 
waste gave the maximum PHB production. Kumar et al., 
(2004)the production of biodegradable plastics using the 
sludge has been proposed. Storage polymers in bacte-
rial cells can be extracted and used as biodegradable 
plastics. However, widespread applications have been 
limited by high production cost. In the present study, 
activated sludge bacteria in a conventional wastewa-
ter treatment system were induced, by controlling the 
carbon: nitrogen ratio to accumulate storage polymers. 
Polymer yield increased to a maximum 33% of biomass 
(w/w used sludge from waste water treatment plants to 
produce bioplastic. They found that when C:N ratio was 
raised from 24 to 144 the polymer yield was increased to 
a maximum of 33% of biomass (w/w). Mayeli et al., 2015 
used petrochemical wastewater as the source of carbon 
for the production of polyhydroxyalkanoates (PHA) in 
an effort to decrease its cost of production. Getachew & 
Woldesenbet, (2016) isolated Bacillus sp. which can be 
used for feasible production of PHB using agro-residues 
especially sugar cane bagasse. These protocols were able 

to solve two big environmental problems, fi rst were the 
utilization of industrial waste and second were reduced 
cost of PHB production.

PHB EXTRACTION AND RETRIEVAL

In addition to maintenance of pure culture, PHA retrieval 
process and high substrate cost are some other factors 
that add to the high cost of PHB production. Several 
retrieval processes have been looked into and studied, 
over the past years to develop an economical protocol 
for large scale PHB production. PHB. Chloroform extrac-
tion method was depicted in 1990 (Doi, 1990). Hot chlo-
roform was used to extract PHA in a Soxhlet apparatus 
and PHA so obtained was sorted from lipids by salting 
out with (C2H5)2O, C6H14, CH3OH or C2H5OH. At last, PHA 
was purifi ed by re-suspending in CHCl3 and by salting 
out with C6H14. PHA was retrieved from R. eutrophia 
by digesting with hypochlorite pre-treated with sur-
factant (Ramsay et al., 1990). Three different chlorin-
ated solvents (CHCl3, CH2Cl2 and C2H4Cl2) were used to 
retrieve PHA and it was found that biomass pre-treated 
with acetone was best to retrieve PHA (Ramsay et al., 
1994). A system for retrieving PHB from E. coli express-
ing lysozyme gene from T7 demonstrated by (Fidler 
& Dennis, 1992). Lysozyme causes the release of PHB 
granules by penetrating the cells and causing cell lys-
sis. The cells are harvested and suspended into chelating 
agents like EDTA at the end of accumulation phase. This 
leads the release of PHA granules through cell disruption 
by the activated lysozyme. Dispersion with NaClO and 
CHCl3 method was advocated by Hahn et al., 1995. They 
claimed the removal of almost all of the cellular compo-
nents from PHA during hypochlorite digestion (Hahn et 
al., 1995; Gamal et al., 2013). 

MOLECULAR CHARACTERIZATION OF PHB 
GENES FOR THE MAXIMUM PHB PRODUCTION

The introduction of molecular techniques has boosted 
the biopolymer research that has enabled to understand 
various regulations in the PHA synthesis in vivo to pro-
duce PHB in an effi cient way. The isolation of the genes 
involved in PHA biosynthesis resulted in heterologous 
expression of the cloned PHA genes in suitable host 
organisms and metabolic engineering for higher and 
safer productivity. Different strategies have been applied 
to identify and isolate PHA biosynthesis genes from 
various natural microorganisms. Colony PCR and semi-
nested PCR techniques were used by Sheu et al., (2000), 
to screen polyhydroxyalkanoates (PHAs) producers, iso-
lated from different environments. Multiple sequence 
alignment was used to design degenerate primers for use 
in PCR to identify PHA synthase genes. For Ralstonia 
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eutropha the sensitivity limits of colony PCR were 1 x 
105and the results advise the use of this PCR in identi-
fi cation of PHB fabricators from environment. Bacterial 
strains isolated from varying environment were stud-
ied for the presence of PHA synthase using colony PCR 
(Sujatha et al., 2005)totally biodegradable plastics. The 
cost of these biopolymers is 25% more than the syn-
thetic polymers that prevents their usage in wider range 
of applications. In order to reduce the cost, much effort 
has been made to screen the promising indigenous PHB 
producing strain in the present study. As a fi rst step, 
among thirty scl (Short-Chain-Length.

 Genomic DNA isolated using Sambrook et al., (1989) 
protocol was used as the template to carry out colony 
PCR using three primers phacF1, phaF2 and phaCR4 to 
detect PHA synthase genes. The PHA operon was fi rst 
characterized in R. eutropha by Peoples & Sinskey, (1989) 
that made available the use of heterologous probe to iso-
late PHA genes from a number of organisms. Most of the 
PHA genes reported are isolated from various bacteria 
through constructing genomic DNA library and screen-
ing with probes. Rehm & Steinbüchel, (1999) cloned and 
characterized the polyhydroxyalkanoic acid synthase 
gene from Chromobacteriumviolaceum (phaCCv). A 6.3-
kb BamHI fragment was found to contain both phaCCv 
and the polyhydroxyalkanoic acid (PHA)-specifi c 3-keto 
thiolase (phaACv). E. coli strains harboring this frag-
ment produced signifi cant levels of PHA synthase and 
3-keto thiolase. Three genes are considered to be essen-
tial in the PHB biosynthetic pathway are phbA (-keto 
thiolase), phbB (acetoacetyl coenzyme A reductase) and 
phbC (PHB synthase), were identifi ed in Azospirillum-
brasilenses Sp7. The phbA, -B, and -C genes were found 
to be linked together and located on the chromosome. In 
order to reduce the cost, much effort has been made to 
screen the promising indigenous PHB producing strain 
Pseudomonas LCD-5. This strain was selected for further 
characterization (Sujatha et al., 2005). 

Preethi et al., (2012) isolated, characterized and 
screened PHA producing bacteria from soil by Nile Blue 
staining method. Screened organisms were subjected to 
fermentation with glucose as carbon source and low-
cost raw material like jambul seed. The strain SPY-1 
showed higher PHA accumulation when compared to 
the other strains and the reference strain R. eutropha.
Berekaa, (2012) designed and applied a pair of specifi c 
PCR primers for genotypic detection of phaC synthase 
gene in eight strains. Approximately, 760 bp DNA frag-
ment was successfully amplifi ed in the eight strains. The 
sequence showed 99% identity to phaC gene for polyhy-
droxyalkanoate synthase of many B. megaterium strains 
deposited in Genbank. While, showed 73% and 72% 
identity to synthases of Bacillus mycoides and Bacillus 
sp. INT005, respectively. The PHB synthases obtained 

from Chromobactariumvoilaceum belongs to class 1 
PHA synthases. This study seeks to investigate the struc-
tural and functional properties of PHB synthase (phaC) 
by predicting its three-dimensional structure using bio-
informatics methods (Blessia et al., 2012; Bresan et al., 
2016). 

PHB PRODUCTION IN ALTERNATIVE HOST 
(HIGHER ORGANISMS)

PHB biosynthesis studies from yeast and insects can be 
used to transform plants for PHB accumulation. PHB syn-
thase gene from R. eutropha expressed in S. cerevisiae 
has been used to manifestate PHB biosynthesis (Leaf et 
al., 1996). A yeast plasmid was constructed using the 
phaCRe gene from R. eutropha, which enabled functional 
synthase enzyme expression in S. cerevisiae. A very less 
amount of PHB (0.5%) accumulation was there in these 
cells (Poirier et al., 2005). Spodoptera frugiperda cell lines 
accumulated PHB upon simultaneous transfection with 
mutant rat fatty acid synthase and PHB synthase from 
R. eutropha. One liter of cultured cells produced 1 mg of 
PHB (Williams et al., 1996). Expressing PHA biosynthesis 
genes in plants is need of hour. PHA biosynthesis genes 
have been expressed in A. thaliana and several agricul-
tural crops like B. napus, G. hirsutum, N. tabacum, S. 
tuberosum and Z. mays (John & Keller, 1996; Hahn et 
al., 1999;retained their catalytic activity, and reacted with 
peroxisomally available precursors because PHB synthesis 
in transgenic plant cells was localized to peroxisomes. Up 
to 2 mg/g fresh weight PHB was produced in suspension 
cultures of Black Mexican Sweet maize cells after biolistic 
transformation with three peroxisomally targeted bacte-
rial genes. An equilibrium effect is proposed to explain 
the unexpected existence of (R Houmiel et al., 19991994, 
Proc Natl Acad Sci USA 91: 12760-12764; Nakashita 
et al., 1999; Steinbüchel, 2001; Bohmert-Tatarey et al., 
2011; Petrasovits et al., 2012).

TACTICS TO AMEND PHB PRODUCTION

Generally, non-genetically engineered bacterial strains 
are used in PHB production systems but efforts have 
been made to enhance PHB production through genetic 
engineering. Most the modifi cations include changes in 
regulatory systems and transgenic favouring PHB syn-
thesis. Deeper insights into regulatory pathways have led 
to the construction of mutants with improved PHB pro-
duction. Moreover, few transgenic strains have exhib-
ited to produce ample of PHB for mass scale production. 
The growth in fermentation approaches has also exhib-
ited hope for improvement. In general, the exploitation 
of recombinant bacterial strains in combination with 
continuous and multi-stage fermentation techniques 
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and cheaper raw material could be a particular way to 
improve PHB production at mass scale.

APPLICATIONS OF PHB AND CURRENT 
COMMERCIAL STATUS OF BIOPLASTICS

Apart from the common applications such as production 
of poly bags, receptacles, instrumentation and decanters 
for soft drinks and dairy products, drugs can be made 
with the help of bioplastic. With the advancement of 
knowledge and technology, this biomaterial will medi-
ate the manufacturing of products like cellular phones, 
cameras, medical equipments and automobile parts. 
The application of bioplastics in tissue engineering as a 
scaffolding material is presently gaining interest (Misra 
et al., 2006; Luklinska & Bonfi eld, 1997). They  can be 
a replacement of body devices as they are immuno-
logically inert and degraded slowly inside human tis-
sue. These are used by scientist to make medical devices 
like artifi cial bone implants, pacemaker, valves and 
bio-resorbable surgical sutures (Fedorov et al., 2005; 
Rossiiskaia akademiia nauk et al., 1995). They can also 
be used as drug delivery agents for slow and constant 
release of drug inside the body for a longer time period 
(Chen & Wu, 2005; Grage et al., 2009). 

Studies related to use of bioplastics in medical sci-
ence are in preliminary phase and a lot of improve-
ments have to be done. PHB based microcapsules have 
many applications in pharmacology such as a con-
trolled release of water soluble drugs, various types of 
proteins, peptides and nucleic acids. Controlled release 
Methylene green drug is encapsulated with PHB micro-
capsules is an example of biodegradable microcapsules 
(Bonartsev et al., 2007). Since the large-scale produc-
tion of bioplastics at industrial scale is very expensive 
so it has not been used extensively. During 20th cen-
tury, the bioplastics production was mainly dominated 
by the developed countries like North America, Japan, 
and Western Europe etc. Bioplastic market is at its ini-
tial stages of development in South East Asia. In the 
recent years biopolymers are becoming a crucial part of 
Food Science and Technology, Nanotechnology, Chemi-
cal Sciences, Medical and Agricultural Sciences. Nearly 
20% increase in bioplastic production was observed in 
this year. The production of bioplastic has increased for 
1.5 million tons in 2011 to 6 million tons in 2016 (fi ve-
fold increase). By 2020 bioplastic production will touch 
a mark of 12 million tons (International Conference and 
Exhibition on Biopolymers and Bioplastics, 2015).

CONCLUSION AND FUTURE OUTLOOK

As the public concerns are increasing about the hiking 
cost of petroleum and damaging effects of the petro-

leum based plastic materials in the environment, this 
work was focused on the production of biodegradable 
plastics polyhydroxybutyrate from low-cost and easily 
available raw materials. PHB is a biopolymer which can 
be completely degraded into H2O and CO2 by soil micro-
organisms. This review paper was aimed to provide an 
overview of bacterial polyhydroxybutyrate. This review 
covers the characterization, biosynthesis, identifi ca-
tion and quantifi cation, biotechnological strategies for 
improvement of PHB production, and its application in 
different fi elds. Presently their production is pricey and 
laborious, so profi t making from bioplastics is at initial 
stages. Advance investigations on high PHB producing 
novel bacteria novel bacteria, recombinant microbial 
strains, mixed cultures, competent fermentations, recov-
ery, purifi cation and the use of low-cost and economical 
substrates like Agri-byproducts can signifi cantly help to 
trim down the production cost.
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