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 Polyhydroxyalkanoates (PHA) producers have been found in a variety of ecological 

niche’s that are naturally or unintentionally exposed to high organic matter or growth 

limiting substances such as dairy wastes, hydrocarbon contaminated sites, pulp and paper 

mill wastes, agricultural wastes, activated sludges of treatment plants, rhizosphere, and 

industrial effluents. Few of them also create extracellular byproducts such as 

rhamnolipids, extracellular polymeric compounds, and biohydrogen gas. These microbes 

can use waste materials of various origin as substrates while producing valuable 

bioproducts such as PHB. As a result, these microbes are industrially important 

candidates for production; Implementation of an integrated system to separate their by-

products (intracellular and extracellular) could be an economical method. In this study, 

we reviewed several microorganisms that live in diverse environmental situations and are 

stimulated to collect carbon as polyhydroxyalkanoates granules, as well as variables that 

influence their production and composition. Ultimately, the current cost of bioplastic 

manufacture from stored PHA granules can be decreased by investigating capabilities 

such as dual generation of microorganisms and utilization of wastes as renewable 

substrate under optimal growth conditions in either a batch or continuous process. 
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1. INTRODUCTION 

 

Feasibility, concerns related to environment as well as the 

design of chemical products and processes that reduce the use 

or generation of hazardous substances in the coming years 

have played a vital role in developing a newer generation of 

processes, products as well as materials. There has been a 

steady decline in the petroleum assets and landfill space due to 

the tenacity of different plastics in the environment. A need 

arises to develop polymers that are biodegradable from the 

renewable resources due to the damage the toxic gases cause 

during the ignition process. To replace petroleum feedstock a 

renewable resource i.e., agricultural and biomass feedstock 

have been found to have potential to be used in eco-efficient 

packaging [1]. Biopolymers that are acquired from marine 

prokaryotes both Bacteria and Archaea have showed 

promising material possessions and commercial aspects. From 

various studies it has been understood that during severe stress 

conditions many marine microbes pile upon poly-β-

hydroxybutyrate particles that are intracellular because these 

particles are the reserves for carbon and energy inside the cells. 

One of the potent materials for biodegradable plastics is 

polyhydroxyalkanoates even though they play an entirely 

different role in prokaryotes they are an effective base material 

for the production of biodegradable plastics. 

The PHB can be synthesized under stressful conditions like 

limited nitrogen source and excess of carbon hence can be 

used for industrial exploitation. But under incredibly stressful 

conditions like sodium chloride stress, stress of heat and 

chilling as well as under insufficient conditions of calcium, 

magnesium and potassium negative effects are seen for the 

collection of PHB.  

The accumulation of PHB up to 29% dry cell weight was 

seen by studies with Synechocytis sp. PCC 6803, when in 

phosphate and gas exchange limitation as well as with a 

presence of 0.4% acetate and glucose [2]. The accumulation of 

PHB has been boosted to 43% dry cell weight in Nostoc 

muscorum by the supplementation of 0.4% acetate, under 

chemoheterotrophy. 65% dry weight of PHAs in bacterial 

strain Haloferax mediterraneiin phosphate limiting conditions 

and glucose or sucrose as best carbon source was achieved by 

Garcia Lillo and Rodriguez-Valera [3-5]. Many products that 

range from adhesives to emulsifiers are made by exploiting the 

features like exopolysaccharides, Polyhydroxtbutyratye and 

melanins that are the reason for the survival of marine 

organisms [6-12]. 

 

 

2. CHEMICAL COMPOSITION AND PHYSICAL 

PROPERTIES 

 
PHAs are one of the best contenders in biodegradable plastics 

due to their ample biodegradability and similarity to the 

commercially produced plastics [13]. PHA is 

Polyhydroxtbutyratye (PHB) it’s one of the most commonly 

used polymers and its metabolic pathway can be explained in a 

brief [14]. A relation between PHB properties to various 

synthetic plastics including polypropylene was shown. 

Polyesters like polyhydroxyalkanoates (PHAs) are accumulated 

by bacteria under unhinged growth conditions of carbon 

substrate as well as other nutrients like sulphur, nitrogen, 

phosphorus or oxygen [15]. Elastomeric polyesters (polyoxo 

esters) of R-hydroxyalkanoic acid (HA) monomers are PHAs. 

Based on the structure polymers can be classified. The number 
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of carbon atoms range from 4-14. Another way to classify 

polymers is based on the type of monomer, either producing 

homopolymers or heteropolymers. PHAs with 3-5 carbons are 

short chain length PHAs (scl- PHAs). Examples of this class 

include Poly (3- hydroxybutyrate), P (3HB) and poly (4- 

hydroxybutyrate), P (4HB) [16]. Medium chain length PHAs 

(mcl- PHAs) are the PHAs with 4-14 carbon atoms. Examples 

are Poly (3- hydroxyhexanoate), P(3Hx), poly (3- 

hydroxyoctanoate), P(3HO) and heteropolymers like P(3HHx-

co-3HO). The PHAs that have more than 15 carbon atoms are 

called long chain length (lcl- PHAs). The medium chain length 

PHAs and short chain length PHAs differ in the physical 

properties including poly (3- hydroxybutyrate) (PHB) which is 

crystalline and stiff material due to their structural differences. 

However, medium chain length PHAs show elastomeric 

properties. The long chain saturated and unsaturated monomers 

have different properties where the double bonds clinch the 

opportunity for more chemical alterations due to inherent 

biocompatible and biodegradable nature of the PHAs they 

contain. One of the best studies polymers belonging to the PHA 

biopolymer family is the polymer polyhydroxybutyrate. PHB 

has a linear structure that displays 60-70% crystallinity, as a 

homopolymer. Due to robust intermolecular interaction, the 

high melting temperature results in the variation between the 

two temperatures. When compared with commercial polymers, 

polymerization with comonomers can eradicate these 

problems with pure PHBs [17]. Under antagonistic 

environmental conditions, the survival of microbes can be 

augmented by the accumulation of PHA [18]. Due to the high 

assorting and perplexing environments microbial strains can 

be used as a source for isolating the novel PHA [19]. Only a 

little information was found on the on the microorganisms that 

produce PHA until recently [20]. Among the commensally 

heterotrophic bacteria, vibrios were said to be assertive. 

Improvement of several PHA accumulating strains can be 

aided by the marine ethnic environment. The PHA 

accumulating strains may contain species other than vibrio 

[21]. Intensive studies have been conducted by both 

researchers and industrialists on petrochemical polysters due 

to their similarity of PHAs. PHAs are therefore, considered to 

be good candidates for elastomers as well as biodegradable 

plastics [22]. 

 

 

3. BIOSYNTHETIC PATHWAY OF BIOPOLYMER 

PRODUCTION 

 
Lemoigne discovered homopolymer PHB in the year 1920s 

in the bacteria Bacillus megaterium. In prokaryotic cells the 

Polyhydroxyalkanoates (PHA) act as carbon and energy 

reserves [16]. When excess of carbon is provided during the 

inqdequate growth nutrient availability a variety of bacteria 

accumulate them [23, 24]. PHA synthase (PhaC) is a 

requirement for synthesizing PHA.B-hydroxyacyl-coenzyme 

A substrates is used by the enzyme PhaCfor the 

polymerization process. Such substrates are produced in 

various pathways using the enzymes b-ketothiolase (encoded 

by phaA) and acetoacetyl-CoA reductase (encoded by phaB), 

b-oxidation, and de novo synthesis of fatty acid pathway [25, 

26]. Using a diverse number of bacteria more than 20 different 

varieties of PHA synthesis operons have been cloned and 

analysed. A divergence has been noticed when the proteins 

were analyzed which play a vital role in the biosynthetic 

pathways. The synthesis of PHA takes place in three steps with 

the reaction initiated by two acetyl-CoA from tricarboxylic 

acid cycle (TCA). b-thiolase (PhaA) enzyme, then condensed 

to acetyl-CoA acetoacetyl-CoA. NADH-

dependentenzymeacetoacetyl-CoAreductase (phaB) reduces it 

at position 3 as shown in Figure 1. Polymerase (PhaC) 

esterifies the monomers to the PHB polymer in the step. The 

only place this step takes place is in the granular surface. The 

intracellular mediation of acetyl-CoA controls the formation 

of PhaB. Without restricting any nutrients the pool of CoASH 

is enhanced in growth conditions during the exponential 

growth phase. However, PHB synthesis is favored when the 

growth is restricted for nutrients e.g. CoASH level condensed 

by phosphate or ammonium. Under oxygen limitation, a high 

PHB content was found and implicated as a substitute electron 

sink for tumbling equivalents [27].  

 

 
 
Figure 1. Biosynthetic pathway of Biopolymer in microbes 

 

 
4. DETECTION AND ANALYSIS OF BIOPOLYMER  

 

The occupancy of PHA is not only limited to intracellular 

assortment in bacteria and granules. Marine bacteria such as 

Bacillus subtilis and Streptomyces lividans which are closely 

related to calcium and polyphosphate ions have been found to 

have PHB with less molecular weight [28]. Studies show that 

cPHB is not only present in eubacteria but also present in 

eukaryotic cells like yeast, sheep (intestine) cat muscles and 

many more. Hence, it can be understood that PHB is 

biocompatible with the animals [29]. By using easy staining 

methods the PHB were detected in the marine microbes. Sudan 

Black staining methods other than Nile blue can be used for 

phenotypic detection of intracellular PHA. These staining 

methods are sensitive but it takes time and is very strenuous to 

screen a lot of environmental isolates [30, 31]. By using Nile 

blue A or Nile red staining the colonies or bacteria growing in 

plates can be fluorescently viewed by using UV illumination. 

Large number of bacterial strains can be stained by using the 

above mentioned colony staining method. Still it is mandatory 

that for accumulation of PHA granules suitable carbon sources 

are required which is followed by lengthy incubation period 

[32, 33]. The double bonds present in monomers of 

monounsaturated 3-hydroxyalkenoic acids can be localized 

and detected by using a new gas chromatography-mass 

spectrometry (GC–MS) technique [34].  

 

 

5. BIOPOLYMER AND MICROBES 

 

Significant and incipient biological resources are exploited to 

marine biopolymers. Made from petroleum, 

Polyhydroxtbutyratye is a biomedical material that is eco 
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friendly and also has the potential to replace plastics. It can be 

used in surgical pins, stapes, blood vessel replacements, bone 

replacements and plates, medical implant and drug delivery 

devices due to its biodegradable and biocompatible nature. 

Numerous marine micro organisms including marine 

actinomycetes, algae and halophilic bacteria synthesize 

polyesters called polyhydroxyalkanoates (PHAs), as mentioned 

in Table 1. 

 

Table 1. PHB production by various bacteria 

 

Microorganism Carbon source PHA 
PHA content 

(%w/v) 
references 

Acinetobacter nosocomialis RR20 Molasses PHB 7.8% [35] 

Cupriavidus necator Glycerol PHA 62% [36] 

Bacillus firmus NII 0830 Rice straw PHB 89% [37] 

Cupriavidus necator Date seed PHB 73% [38] 

Bacillus subtilis NG220 Molasses PHB 51.8% [39] 

Acinetobacter junii BP25 Rice mill effluent PHB 94.28% [40] 

Rhodococcus equi Palm kernel oil PHB 38% [41] 

Ralstonia eutropha ATCC 17699 Rice paddy straw PHB 75.45% [42] 

Vibrio harveyi MCCB 284 Glycerol PHB 72% [43] 

Alcaligenes sp Molasses PHB 76.8% [44] 

 

 

6. MECHANISM OF BIOPOLYMER PRODUCTION 

 

For coping with the depleted nutrient conditions different 

marine archae and bacteria which includes various Halomonas 

species accrue poly-b-hydroxyalkanoates (carbon and energy 

storage materials). To avoid molecular impairment caused due 

to cellular freezing and dehydration definitive osmotic 

adaptations are developed in many of the marine strains. The 

approaches comprise of (i) Osmotic pressure balance over 

certain transmembrane exchange of salts and transport 

proteins and (ii) Aggregation of protective compatible solutes 

like betaine or ectaine. The appropriate solutes of Halomonas 

species are accumulated by uptake or by synthesis. Before in 

Haloarculamarismortui, a holoarchaeathe PHA granules were 

seen whereas many halophiles were used for the accumulation 

of PHB [45]. Recently the use of few halophiles for the 

production of PHA and characterization of copolymers was 

studied [46]. The use of marine micro organisms for producing 

PHB has been gaining lot of attention due to their lowering 

fermentation and cost effectiveness [47]. Due to less 

contamination possibility by other microbes due to the 

increased salt concentrations the cost for the sterilization 

process also has decreased. In salt deficient water by using the 

osmotic shock treatment causes lysis of the haloarchae cells 

due to which there is reduction in costs for the recovery of 

polymers. After the fermentation process the concentrated 

residual salt present in the broth can be recycled thereby 

reducing the cost of p-production. This avoids the ecological 

snags that cause the waste product depletion. In Halomonas 

elongate the gene clusters like pha (responsible for PHA 

synthesis), ect. (responsible for ectoine synthesis), phaC 

(coding for PHA synthase) and phaP (coding for phasing) were 

well preserved according to the comparative genomic 

investigations. From the preservation it was understood that 

the adaptable success and colonization competency of the 

Halomonas species maybe due to the selective stress wielded 

on these genes [45]. 

 

 

7. BIOCOMPATABILITY OF BIOPOLYMER 

 

The biocompatible nature of PHA in invitro conditions has 

been demonstrated at various cell cultures like fibroblasts, 

mesenchymal stem cells, osteoblasts, bone marrow cells, 

articular cartilage chondrocytes, endothelial cells, smooth 

muscle cells, etc. The cell cultures isolated from kidneys of 

monkeys, AGMK and FRLK4 which were grown on PHB 

films in the form of scaffolds for 360 days also proved to be 

biocompatible of PHB. During the whole time of incubation 

of cell culture it was found that the growth and cell viability 

was not improved by PHB. The cells did not display any 

polymeric dependent factors such as toxic substance 

deliverance (polymer destruction production), incompatible 

surface of polymer etc. The growth, enlargement and 

migration of cells are not influenced by the cytotoxic nature of 

PHB films at the cell culture. Hence, PHB was found to be 

biocompatible and biologically inert for the isolated cell 

cultures in invitro conditions [48]. PHA is considered to be a 

substitute for synthetic plastics derived from petroleum and 

also has been found to have a wide array of use in aquaculture, 

agriculture, medicine, tissue engineering, antifouling, 

pharmacy, food industry, raw material for enantiomerically 

pure chemicals, and the paint industry as well [49]. One of its 

major limiting factors is the cost production of PHB, which 

constrains its commercial applications. Hence, it has been 

inevitable to use an economical process for the hyper 

producing strains for the development of PHB as ecofriendly 

plastics for commercial use [50-56].  

 

 

8. CONCLUSION 

 

An alternative to petroleum-derived plastics is a 

biodegradable stored substance of microbes known as PHA. 

There is a dire need for an integrated system that facilitates the 

separation of high-valued microbial synthesised products at a 

decreased cost production. Due to the excess presence of 

carbon, under environmental stress some microbes reportedly 

produced PHA intracellularly along with the simultaneous 

production of other metabolites. The effect of PHA production 

on growth kinetics resulted in a stationary phase for most of 

the reported cases. These significantly remarkable by-

product's that are produced biologically require well 

established industrial processes, which in turn lead to an 

increase in the production cost. The onset of research on 

simultaneous production of polymeric substances 

(intracellularly as well as extracellularly) makes a path to a 

new way of understanding the metabolic links and ecological 
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prospects (i.e., defining role, diversity and evolution). During 

the simultaneous production of high valued Endo polymers 

and exopolymers, by using the same organism under optimised 

conditions, we can also use waste (domestic, agricultural, or 

industrial effluents) which will help us resolve issues of 

environmental pollution, decreased cost production and will 

help with commercialisation in the market. Thus, we can 

ponder upon the question: “is waste really useless?” In relation 

to the production of high-value products from the residing 

microbes present in the waste. 
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