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Abstract

Aim :

Methodology :

Results :

Interpretation :

The present study aimed to produce and characterize polyhydroxyalkanoates by exploring high

yielding bacterial isolates from fish industrial effluents.

Industrial effluents samples were collected and processed for physico-chemical parameter

and bacteriological analysis. The polyhydroxyalkanoates production efficacies of bacterial isolates were

evaluated using submerged fermentation process and its primary characterization was carried out using

fourier transform infra-red spectroscopy.

Out of thirty three, five bacterial isolates showed accumulation of polyhydroxyalkanoates granule

under Sudan black staining. These bacterial isolates were affiliated to genus (DS1 and DH1),

(DP1 and DI4) and sp. DD5, based on morpho-physiological characterization. Under

optimized condition, sp. DD5 produced 2.2 g l polyhydroxyalkanoate from 3.0 g of dry cell

biomass. The Fourier Transform Infra-Red Spectroscopy primary structural characterization study depict

high intense peak at 1720.50 cm corresponding to ester carbonyl (C=O) stretching vibration of

polyhydroxybutyrate, which is the most common homopolymer of polyhydroxyalkanoates.

This is the first report giving insight on non-growth associated polyhydroxybutyrate

production (2.2 g l ) by sp. DD5 under submerged fermentation process, and further structural

and thermal characterization is highly indispensible for application of polyhydroxybutyrate.
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modified high yielding bacteria can be used for biopolymer
production (Yao ., 2008). In light of the above, the present
study focus towards polyhydroxyalkanoates production by
exploring high yielding bacterial isolates from fish industrial
effluent and its possible biomedical applications.

Industrial effluent including waste-water and sediment samples
were collected from the marine fish processing industries of
Digha, West Bengal. The water and sediment samples were
collected using sterile containers and processed in laboratory for
physico-chemical parameter and bacteriological analysis. The
chemicals and reagents used in the research work were procured
from Sigma-Aldrich and Hi-Media Laboratories Pvt. Ltd. The
aerobic, heterotrophic bacteria were isolated using Zobell marine
agar medium employing serial dilution plate technique. The
colonies of distinct morphological characters were individually
picked up, sub-cultured and preserved in glycerol stock at -80°C
for further use. Prior to screening, the isolates were induced to
accumulate polyhydroxyalkanoates granule in their cytosol using
nitrogen limiting medium (NaCl 3.0, KH PO 1.5, K HPO 1.5,

MgSO .5H O 1.0, glucose 10.0, ammonium chloride 0.5 and agar

agar 15.0 g l ) and incubated at 37°C for 48 hr. Bacterial isolates
were then subjected to Sudan black staining (Schlegel .,
1970) followed by viable colony technique such as Nile-red
staining (Spiekermann ., 1999) for confirmation of
intercellular polyhydroxyalkanoates granule.

The morpho-
physiological characteristics of polyhydroxyalkanoates
accumulating bacterial isolates were investigated by their colony
morphology on Zobell marine agar and Gram's reactions with light
microscopic observations. Bacterial isolates were then
processed for generic level identification by the standard
methods of biochemical, enzymatic, sugar utilization and
antibiotic sensitivity tests as prescribed by Bergy's Manual of
Determinative Bacteriology (Holt ., 1994).

Several growth factors such as culture
medium, pH, temperature, NaCl, carbon source, nitrogen
source and inoculums size were optimized by standard OFAT
method. Briefly, the day old inoculum containing 1.5x10 cells
ml (0.5 McFarland standards) were inoculated to modified
growth medium and phosphate buffer saline medium and
incubated at 37 C for 24 hrs. The biomass production was
compared by taking weight of cell pellets obtained after
centrifugation. Correspondingly, other parameters comprised
pH (4-10), temperature (23-44°C), salt concentration (1-6%
w/v), carbon (glucose, dextrose, glycerol, lactose, sucrose and
arabinose) and nitrogen sources (NH ) SO , NH NO , NH Cl,

urea and yeast extract) in a constant ratio (6:1) and inoculum
size (5-20% v/v). Bacterial biomass was then estimated by
measuring the OD by a UV-Vis spectrophotometer
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Materials and Methods

Isolation and screening of PHAs producing bacteria :

Morpho-physiological characterization :

Optimization of growth parameters using one factor at a time
(OFAT) approach :
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Introduction

Rapid progress in material science technology has
produced plastic products with favorable mechanical integrity
and excellent durability. Plastics have thus become an
imperative part of our modern life style and are being used in
different sectors. These are typically petroleum based non-
biodegradable synthetic polymers accumulated in the existing
ecosystem, which have resulted in a huge burden towards
plastic waste management (Chanprateep, 2010). However, it is
very difficult to stop the use of plastic made items due to their
versatile properties, but it is possible to replace petroleum-
based plastics with an alternative biodegradable polymer that
mimic properties of plastic. Among the various types of well
known biodegradable plastics, polyhydroxyalkanoates are a
type of biosynthetic and biodegradable biopolymer that
decomposes into carbon dioxide and water. The endocellular
polyhydroxyalkanoates are composed of biosynthesized
hydroxy fatty acids and stored as lipid inclusions, when the
carbon source is abundant, however other nutrients such as
nitrogen, phosphorus, oxygen or sulfur are limited.

Accumulation of polyhydroxyalkanoates occurs
adversely affected the microbes residing at different ecological
niches such as estuarine sediments, marine habitat, rhizosphere,
groundwater sediments, waste and sludge. These environments
are often rich in organic content and less richer in nitrogen content
enhances polyhydroxyalkanoates accumulation by microbes to
meet the metabolic energy during carbon
s ta rvas ion cond i t i on (Ko l le r . , 2011) . The
polyhydroxyalkanoates are synthesized by various Gram-
positive bacteria such as , DSM7,

, , PS10, ,
Y6, , , ,

., ., .,

., ., . and
Gram-negative bacteria including ,

, , KT2440,
GPo1, (Tortajada ., 2013; Sharma and Bajaj,

2015 ). Moreover, , and some haloarchea like
. IRU1, ,

(Singh ., 2009; Poli ., 2011) produce
polyhydroxyalkanoates with different physical and chemical
properties. The polyhydroxyalkanoates extracted from various
bacteria are widely used as plastics materials, medical implants,
drug delivery carriers, printing and photographic materials,
nutritional supplements, drugs and fine chemicals (Chen, 2009).
Wide-spread substitution of conventional plastics has been
limited due to their high production cost, which holds back its
successful commercialization (Waltz, 2008).

Thus, more efforts are needed for making this process
economically feasible by analysing inherent mechanism of PHAs
accumulation process and improving its productivity. In
biotechnological terms, exploration of high PHAs yielding
bacteria, inexpensive carbon sources, mutations and genetically

requirement of
e t a l

B. subtilis B. amyloliquefaciens
B. licheniformis B. macerans B. cereus B. circulans B.
megaterium B. coagulans B. brevis B. thuringiensis
Clostridium sp Corynebacterium sp Nocardia sp
Rhodococcus sp Streptomyces sp Staphylococcus sp

Alcaligenes latus Ralstonia
eutropha Aeromonas hydrophila P. putida P.
oleovorans et al

V. harvey V. fischeri
Haloarcula sp Haloarculamaris mortui Haloferax
mediterranei et al et al

1430 S. Maity et al.



O
nl

in
e 

Co
py

Journal of Environmental Biology, November 2017

Polyhydroxyalkanoates production by Zobellella sp. 1431

morphological features and biochemical tests, the bacterial isolates
belonged to genus (DS1 and DH1) and (DP1
and DI4). These bacterial isolates were able to produce different
extracellular enzymes like gelatinase, lipase, amylase, caseinase,
cellulase and pectinase and utilized various sugars used in the
study. Interestingly, the isolate DD5 depicted distinct morpho-
physiological properties such as Gram-negative rods (Fig. 1c), non-
spore forming, motile, facultative anaerobes, oxidase, catalase,
gelatinase, lipase and amylase positive, grew at 30-37 C, pH 7-8,
salt concentration 1-3% (w/v) and able to ferment glucose,
cellobiose, maltose, melibiose, trehalose, starch, mannitol, sorbitol
and found to be the member of genus (Lin and Shieh,
2006). In contrast, to the observations made in the present study,
the polyhydroxyalkanoates producing different species of ,

and have been reported from various
environments such as waste-water, sewage and sludge
ecosystems, respectively (Mohapatra ., 2015; Ibrahim and
Stinbuchel, 2009; Kung ., 2007). Moreover, waste and waste-
waters have high biological oxygen demand and chemical oxygen
demand values as compared to other ecological niches and rich in
organic contents and less in nitrogen and phosphorus (Bhuwal

., 2013). This unbalanced nutrient status (carbon: nitrogen)
creates selective pressures (Mohapatra 2016; Wang and
Bakken, 1998) which may play a major role in accumulation of
polyhydroxyalkanoates granules in thecytosol ofbacteria.

The growth parameters play a key role on biomass
production as well as synthesis of polyhydroxyalkanoates .
Optimization study revealed that maximum amount of biomass
was obtained in modified growth medium than phosphate
buffered saline medium. Thus, biomass production of screened
bacterial isolates were optimized in modified growth medium and
observed that pH 8.0, temperature 37 C, NaCl concentration 2%,
carbon and nitrogen source (glucose and ammonium sulphate)
and inoculum size 15% were optimum at P<0.05
level (Fig. 2a, b, c, d, e and f) (Mohapatra ., 2014; Ray et .,
2016). Under optimized conditions, sp. DD5 was found
to produce maximum amount of polyhydroxyalkanoates (2.2 g l )
from 3.0 g dry cell biomass in modified growth medium than other

Bacillus Aeromonas

Zobellella

Bacillus
Zobellella Aeromonas

et al
et al

et
al

et al.,

in vitro

et al al
Zobellella

o

o

-1

significance

Perkin-Elmer).
Polyhydroxyalkanoates production under submerged
fermentation and quantitative analysis :

Fourier transform infrared spectroscopy analysis :

Results and Discussion

Polyhydroxyalkanoates
production was carried out in the modified growth media using
submerged fermentation processes. Under optimized conditions,
one-stage batch cultivation in shake flasks method was
conducted for polyhydroxyalkanoates production using bacterial
isolates. In nutshell, the bacterial isolates were grown in 1 liter of
growth medium for 72 hrs at 37°C. Cell biomass was then
harvested by centrifugation at 10,000 rpm for 10 min and kept for
drying. Subsequently, polyhydroxyalkanoates extraction was
accomplished by sodium hypochlorite digestion and multi-solvent
extraction process. Finally, the polyhydroxyalkanoates were
dissolved in boiling chloroform and subsequent evaporation to
yield polyhydroxyalkanoates. The polyhydroxyalkanoates
production was also quantified by standard formula.

The
presence of func t iona l groups in the ex t rac ted
polyhydroxyalkanoates was determined by Fourier transform
infrared spectroscopy. About 1 mg of PHAs sample was mixed
with 2% (w/w) potassium bromide and compressed into
translucent sample discs and fixed in the Fourier transform
infrared spectrometer (Perkin-Elmer RX I). Scanning was
performed under the following conditions: spectral range,
4000–400 cm ; window material, CsI; 16 scans; resolution 4 cm .
The detection was conducted with a temperature stabilized,
coated FR-DTGS detector.

The physico-chemical parameters of a sampling site
always impose high impact on the bacterial population. Thus pH,
temperature and salinity of waste-water and sediment samples
were analyzed and were found to be 7.82-8.29, 36-39 C and 15.2-
25.4 ppt, respectively. Out of thirty three bacterial isolates, five
bacterial isolates showed accumulation of polyhydroxyalkanoates
granule in their cytosol as confirmed by Sudan black followed by
Nile red staining (Fig. 1a and 1b). Based on the Gram's reaction,

-1 -1

o

Fig. 1 : (a) Sudan black stain (b) Nile red stain (c) Gram stain image of the sp. DD5Zobellella

(a) (b) (c)
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Fig. 2 : Optimization of growth parameter of polyhydroxyalkanoates producing bacterial isolates : (a) (b) (c) NaCl concentrations (d)
Carbon sources (e) Nitrogen sources (f) Inoculum size (g) Polyhydroxyalkanoates production by bacterial isolates under optimized condition and (h) FTIR
analysis of the extracted polyhydroxyalkanoates
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bacterial isolates (Fig. 2g). This is the first report giving insight on
non-growth associated polyhydroxyalkanoates production by

spec ies . However, g rowth assoc ia ted
polyhydroxybutyrate production of 4.30 g l at 5.15 g l dry cell
biomass by MW1 using glycerol as carbon source
has been reported by Ibrahim and Steinbuchel (2010). In addition,
0.413 g l and 0.48 g l of polyhydroxyalkanoates were also
produced by the related genera of such as

and by non-growth associated
mechanism (Ramezani ., 2015; Chien and Ho, 2008). The
pr imary s t ruc tu ra l charac te r i za t ion o f ex t rac ted
polyhydroxyalkanoates showed (Fig. 2h) distinct peak at 1055.06
cm (C-N stretch) and 1276.88 cm (C-C, C-H, O-H stretch).
However, high intense peak was obtained at 1720.50 cm
corresponding to ester carbonyl (C=O) stretching vibration of
polyhydroxybutyrate. The fourier transform infrared spectroscopy
analysis depicted correct insight for the chemical structure of
polyhydroxybutyrate, which is the most common homo-polymer
of polyhydroxyalkanoates. This result is similar to the IR spectrum
obtained at 1720.50 cm corresponding to (C=O) ester carbonyl
group, characteristics of polyhydroxybutyrate produced by

species (Maity ., 2017). Moreover, the presence of
ester carbonyl group at 1721.95 cm , 1634.7 cm and 1720 cm
were also observed in polyhydroxybutyrate extracted from

, and
(Sharma and Bajaj, 2015; Muralidharan and Radha, 2015; Shah,
2012; Preethi ., 2012).

It can be concluded that sp. DD5 produced 2.2
g l of polyhydroxybutyrate under submerged fermentation
process and further structural characterization is highly
indispensible for possible agricultural and biomedical
applications.
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