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Abstract

Polyhydroxyalkanoates (PHAs), biodegradable polymers, naturally produced by many micro organisms accumulate as
energy reserves under abundant carbon and limiting nitrogen source. In this study, bacterial isolates from dairy effluent,
oil dipped cloth, local mess food and oil wastes and few type cultures were screened for PHA production. The bacteria
isolated from oil dipped cloth produced maximum concentration of PHA and this was later identified as Bacillus cereus
by 16S rDNA analysis. Maximum production of PHA (48.39% of dry cell weight) was noticed when the bacteria was
grown in Minimal medium 7 (Mm 7) containing 2% glucose and 1% ammonium sulphate as carbon and nitrogen sources
respectively. Growth and production followed a specific pattern in which PHA production started on 4t day reaching its
maximum on day 5. Accumulated PHA granules were characterized by Sudan black staining and the FTIR spectra showed

bands characteristic of Polyhydroxybutyrate (PHB).
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I. INTRODUCTION

Growth in the human population has led to the
accumulation of huge amounts of non-degradable
waste materials across our planet. The accumulation of
plastic waste has become a major concern in terms of
the environment. Conventional plastics not only take
many decades to be decomposed in nature, but also
produce toxins during the process of degradation. For
this reason, there is a special interest in producing
plastics from materials that can be readily eliminated
from our biosphere in an “environmental friendly”
fashion (1).

Bioplastics are natural biopolymers that are
synthesized and catabolized by various organisms and
these materials do not cause toxic effects in the host
and have certain advantages over petroleum-derived
plastlc . Bacterial plastic is usually defined as an
exciting new area of research, where naturally
synthesized bacterial polymer, such as, the lipid
storage material PHA is being used as raw materials
for plastic based packaging materials (3). The most
widely  produced  microbial  bioplastics  are
polyhydroxyalkanoates (PHAs) and their derivatives (4-
6).

Several bacteria synthesize and accumulate PHA
as carbon and energy storage materials under the
condition of limiting nutrients in the presence of excess

carbon source (7). PHA has also been found in
numerous heterotrophic and autotrophic  aerobic
bacteria, photosynthetic anaerobic bacteria (8), gliding
bacteria (9), actinomycetes (10), cyanobacteria (11)
and many other prokaryotes.This biodegradable
polymer can be produced from relatively cheaper
substrates such as, carbon dioxide or ethanol and also
by microbes from renewable resources (12).

The main advantage of this type of polymer is
that since they are of biological origin, they degrade
naturally and completely to CO, and H,O under natural
environment by the enzymatic activities of microbes.

The compositon of PHA depends on the
micro-organisms and nature of the carbon source
allowing the formation of the new polymers with
different physicochemical properties; hydrocarbons,
short or mid-chain fatty acids, or hydrophilic carbon
sources such as glucose have been supplied (5,13).

IIl. MATERIALS AND METHODS

A.  Microorganisms

Microorganisms for PHA production were isolated
from different sources like dairy effluent, oil dipped cloth
and local mess food and oil waste. Type cultures were
also purchased from MTCC and they include
Pseudomonas  fluorescence  and  Pseudomonas
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aeruginosa. The selected isolate producing high
concentration of PHA was selected for further studies.

B.  Molecular characterisation of the PHA producing
bacteria

The sequence of the 16s rRNA gene has been
widely used as a phylogenetic marker to study genetic
relationships between different strains of bacteria. The
analysis of this gene can therefore be considered as
a standard method for the identification of bacteria at
the family, genus and species levels (14,15) and has
in fact been included in the latest edition of Bergey’s
Manual of Systematic Bacteriology (16). Genomic DNA
was isolated from the pure culture pellet and the
approximately 1.4 kb fragments corresponding to 16s
rRNA was amplified using universal primers, high —
fidelity PCR polymerase. The PCR product was
sequenced bi-directionally using the forward and
reverse primer. This sequence was compared with the
16s rDNA sequence data from strains available at the
public databases (Genbank, EMBL and DDBJ) using
BLASTN sequence match routines (17, 18).

The PHA producing bacterium was identified as
Bacilli sp using the standard microbiological and
biochemical tests. This was further characterized by
16s rDNA analysis. The bacterial DNA was isolated and
the 16s rDNA sequence was amplified and sequenced.
The 16s rDNA sequence of the PHA producing
bacterium obtained was compared with the
non-redundant BLAST database to obtain the
sequences that displayed maximum similarity.

C. Culture Conditions

Screening studies for PHA production were
carried out in duplicate in 250 ml flasks containing 50
ml nutrient broth. The medium was inoculated with 2%
inoculum precultured for 12 h. The inoculated media
were incubated in an incubator shaker at 150 rpm at
32°C. Cells were harvested everyday for 5 days for
PHA quantification by taking 10 ml of culture media
and centrifuging at 10,000 rpm for 10 min. The bacterial
growth was monitored by taking the dry weight of
lyophilized cells.

Ten different minimal media (namely Mmf1,
MmM2 to Mm10) containing the following components
and 10 ml/l of trace element solution (25) respectively
were designed for optimizing the production of PHA by
the isolated Bacillus cereus.

D. PHA Quantification

PHA in the bacterial cell pellets was extracted
and quantified by the methods described by Kessler et
al 2001(5) and Law & Slepecky 1960 (22) respectively..
The pellets obtained after centrifugation were pretreated
with acetone and diethyl ether to remove impurities and
to make the pellets dry. To this 2 ml boiling chloroform
was added followed by filtration using Whattman No1
filter paper. The dissolved PHA in the chloroform was
precipitated using methanol. This solution was
centrifuged at 4500 rpm for 15 min and the precipitated
obtained was redissolved in hot choloroform and
evaporated to dryness using a water bath. 5 ml of
Conc. Sulphuric acid was added to the tubes and were
kept for boiling at 100°C for 10 min and cooled. The
absorbance was measured at 235 nm against Conc.
H,SO,4 as blank.

E. Characterization of PHA granules accumulation
by Sudan black staining

The pure strains were screened for the presence
of Polyhydroxybutyrate granule using Sudan black
staining method and analysed (21). The Sudan Black
powder (0.3g) was separately weighed and mixed
with100ml of 70% ethanol. Safranin powder (0.5g) was
separately weighed and mixed with 100ml of distilled
water.

A thick smear was prepared from the culture
suspension in a clean glass slide. A few drops of sudan
black solution was placed on the fixed preparation and
allowed to react for 10 minutes. The smear was
washed with distilled water and then allowed to react
with safranin solution for 10 seconds. The smear was
then rinsed with distilled water and air dried. The smear
was then observed under oil immersion objective for
dark purple colour granules and pink colour cytoplasm.
The positive cultures showing dark purple colour PHB
granules were maintained separately in nutrient agar
slants and used for further studies.

F. FTIR Analysis

To identify the type of PHA that was produced
by the bacteria FTIR analysis was carried in Perkin
Elmer IR Spectrophotometer. The sample in chloroform
was applied as a smear over the NaCl block and was
analysed
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Table 1. Components of Minimal media

Media Trial
Media Components (g/l)
Mmi | Mm2 | Mm3 | Mm4 | Mm5 | Mm6 | Mm7 | Mm8 | Mm9 | Mm10

K,HPO, 10.5 0.5 1.5 05 0.1 1.0 3 105 | 2.65 | 2.65
KH,PO, 45 | 05 - 05 | 04 - - 45 - -
MgSO, 0.1 0.2 0.4 - - - - 0.1 0.2 0.2
NaCl - 0.2 - - 0.1 - 0.5 - - -
CaCl, - o004 | - - - - - - 7.8 -
CH;COOH - - 20 - - 2.0 - - - -
Yeast extract - - - 2.0 0.4 - 10 - - 10
(NH4),S04 - - - 0.8 - - - 3 - 5
MgS0,.7H,0 - - - 0.02 0.2 0.4 0.2 - - -
CaCl,.2H,0 - - - 0.053 - - - - - -
Mannitol - - - - 10 - - - - -
(NHg), HPO, - - - - - 0.75 1 - - -
Na;HPO, - - - - - - 6 - 3.8 5
Casein - - - - - - 5 - - -
NH,CI - - - - - - - - 0.5 -
FeCly - - - - - - - - 0.97 -
NiCls - - - - - - - - 0.118 -
CuS0,.5H,0 - - - - - - - - 0.15 -
Peptone - - - - - - - - - 10
Fructose (C-source) 20 20 20 20 20 20 20 20 20 20
(NH;),SO,(N-Source) 10 10 10 10 10 10 10 10 10 10

ll. RESULTS AND DISCUSSIONS

Biodegradable Plastics are new and very
interesting because of their actual utilization by
bacteria. Bacterial plastic is usually defined as an
exciting new area of research where naturally
synthesized bacterial polymer such as lipid storage
materials PHB is being used as raw material for plastic
based packaging material (23).

The selected isolate showing maximum
production of PHA (Fig 1) was identified as Bacilli sp
on the basis of their morphological and biochemical
characteristics. The organism was found to be gram
positive rod shaped, spore formers (Fig 2).

All the sequences reported by BLAST revealed
that the bacterial species showed a very high
percentage of similarity (99%) with the sequences of
Bacillus cereus, with a reasonably high score and
e-value being zero (Table 3).

Time course of growth and PHA production are
shown in (Fig. 3). The PHA production started from
day 1 but appreciable concentration was obtained from
day 4 reaching a maximum on 5t day. This result is
in accordance with previous reports (24) which stated
that the production of PHA takes place under nutrient
limiting conditions.

The efficiency of Bacillus cereus to produce more
PHA was checked with different minimal media (Mm1,
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PHA production (mg/l)

PHA production by bacterial isolates

Bacterial isolates

Fig. 1. PHA production by bacterial isolates

Fig. 2. a. Quadrant streaked Plate showing Bacillus cereus b. Gram Staining c. Endospore staining.

Table 2. 16s rDNA SEQUENCE SIMILARITY REPORT OF OS,

Accession Description Query coverage | E value | Max identity
NC_003909.8 | Bacillus cereus ATCC 10987, complete genome 97% 0.0 97%
NC_005957.1 |Bacillus thuringiensis serovar konkukian str. 97-27 96% 0.0 97%

chromosome,
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Fig. 3. Time course of PHA production

Mmm2 to MM10) (Table.3.) and the results have shown
that the organism produced more PHA (48.39% of dry
weight) in Mm7 that contained 1% ammonium sulphate
as inorganic nitrogen source, 2% fructose as carbon
source and 1ml of trace element solution (Table.1) (25).

Table. 3. Effect of different minimal media on
PHA production

Minin_1a| Biomass PI'!A PI'!A
SI.No mc.-:dla ) Yeild Yeild
trials (g/) (%)
1 Mm1 22 0.29 9.5
2 Mm2 0.6 0.17 28.3
3 Mm3 - - -
4 Mm4 1.6 0.26 16.25
5 Mm5 0.6 0.12 20.0
6 Mm6 - - -
7 Mm7 0.6 0.21 48.39
8 Mm8 0.4 0.16 40.0
9 Mm9 0.8 0.21 26.5
10 Mm10 0.6 0.22 36.6

Our strain was tested positive for presence of
lipophilic PHA granules. PHA granules were observed
by Sudan Black staining method. PHA granules were
observed dark gray-black in the pink-sole red
vegetative cells (fig.4) by using Sudan black staining
method (26).

Fig. 4. Sudan Black staining for PHA

FTIR analysis of PHA produced by Bacillus sp
isolated from oil soaked cloth showed bands
characteristic of PHB (fig.5). The band found at
172552 cm-1 corresponds to ester carbonyl group
(C=0) which is comparable to PHA being produced
by Pseudomonas aeruginosa, (26) Azotobacter
vinelandii & Pseudomonas mendocina (27) and from
Alcaligens eutrophus (28).

The band found at 1378.91 cm-1 is the equivalent
for CH3 groups and the band at 1271.59 cm-
corresponds to the —CH group. Also bands of minor
relevance, such as those found at 3430cm-1, originated
due to water adsorption onto the sample, are found in
all spectra (28).

100.0,
90,

804308 21 2068.40

704
60 2368.78

504
%NT

40

1378.d1
1271.59
79 1096.47

304

20

10

0.0,

4000.0 3000 2000 1500 1000 400.0
cm-1

Fig. 5. FTIR spectrum of Biopolymer produced by
Bacillus cereus

V. CONCLUSION

In spite of excellent progress made in biopolymer
production, cost effective PHA production appears to
be a realistic goal for the future. In this study, an
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attempt has been made to isolate bacteria capable of
producing PHA which was later identified as Bacillus
cereus and characterized the PHA granule
accumulation by staining and FTIR as PHB. The growth
follows a specific pattern and the appreciable
production of PHB started on day 4 reaching maximum
on day 5. Optimization studies indicated that Mm7
supported maximum production of PHA by Bacillus
cereus.
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