nnovare International Journal of Pharmacy and Pharmaceutical Sciences

Academic Sclences ISSN- 0975-1491 Vol 7, Issue 3, 2015

Original Article
CHARACTERIZATION OF POLYHYDROXYBUTYRATE SYNTHESIZED BY BACILLUS CEREUS

A BRINDA DEVI, C. VALLI NACHIYAR¥*, T. KAVIYARASI, ANTONY V. SAMROT

Department of Biotechnology, Sathyabama University, Tamil Nadu, Chennai, India.
Email: vnachiyar@gmail.com

Received: 12 Dec 2014 Revised and Accepted: 24 Dec 2014

ABSTRACT

Objectives: To characterize the Polyhydroxybutyrate (PHB) produced from Bacillus cereus using various instrumental methods and reduce them to
the nanoscale which can be used as drug carrier

Methods: The isolated bacterium was identified by 16S rDNA analysis. PHB produced by the bacterium was extracted by a process using
boiling chloroform followed by methanol which selectively precipitates PHA. The polymer produced was analyzed using various
instrumental techniques like FTIR, GC-MS, 'Hand 13C NMR, XRD and FESEM. This biogenic PHB has been reduced to nanospheres which were
analyzed by FESEM.

Results: A bacterium with the ability to produced PHB was isolated from the cloth used to smear oil on pan cake pan which was identified
as Bacillus cereus by 16S rDNA analysis. The organism was capable of accumulating 1.19 g L-* of PHA corresponding to 49.7% of its dry
weight after 48 h of incubation. The polymer produced was analyzed using various instrumental techniques which identified the polymer as

PHB.

Conclusion: The organism seems to be a potential candidate for the biogenic synthesis of PHB which can find application as drug carrier.
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INTRODUCTION

Plastics have become a part of human life. Plastics have become
indispensable as it can be found everywhere and everything. Many
industries will become non-existent in the absence of plastics. Their
uses in the medical field further reiterate their importance. They are
key components of modern prosthetic devices, surgical gloves,
contact lenses, disposables which prevent infections [1]. Further
they serve as a wound dressing material, surgical pins, sutures and
swabs, and as carrier for long term dosage of drugs [2]. Many of
today's most innovative medical procedures are dependent on the
use of plastics.

More than 50% of plastics consumed in India land up as landfills
posing deep threat to the environment as they are non
biodegradable and highly inert nature. Vast application and usage of
plastics in packaging is also a barrier to put a full stop on the usage
of same. Plastics are now depicted as an ineluctable burden on
mankind as these are difficult to recycle and properties of these
plastics deteriorate after recycling [3].

Bioplastics or Green plastics are plastics which have their origin
from biological sources such as vegetable fats and oils, corn starch,
pea starch or microorganisms. Polyhydroxyalkanoates (PHA), a
family of biopolyesters with diverse structures, are the only
bioplastics completely synthesized by microorganisms [4].
Polyhydroxyalkanoates (PHAs) are natural, thermoplastic, aliphatic
biopolyesters that fully comply with requirements like biobased,
biodegradable, compostable or biocompatible to qualify them as
Green plastics. Among all bio-based plastics, they are unique by
being entirely produced and degraded by living cells naturally and
completely to CO2 and H20 under natural environment [5].

Several heterotrophic and autotrophic aerobic bacteria synthesize
and accumulate PHA as carbon and energy storage materials under
the condition of limiting nutrients in the presence of excess carbon
source [6-10]. Bacillus species were studied by number of
researchers for their ability to synthesize PHA. In one of the study,
29 Bacillus species have been isolated and screened for their ability
to produce PHB in which Yilmaz et al. [11] have reported that
Bacillus brevis followed by Bacillus cereus accumulated appreciable
amount of PHB qualifying them as a potential candidate for

industrial application. Wu et al. [12] have reported that Bacillus sp.
JMa5 strain accumulated 25-35%, (w/w) PHB during sucrose
fermentation. Bacillus cereus studied in this work has the ability to
produce appreciable amount of PHA. The PHB production by Bacillus
cereus increased from 34.9% to 52.4% (1.2 g of PHB ') (w/w) after
optimization [13].

MATERIALS AND METHODS
Materials

The chemicals used for preparation of reagent, solutions and
microbiological growth media were purchased from Hi-Media
Laboratories Pvt. Ltd. Mumbai, India and SISCO Research laboratory,
Mumbiai, India. Solvents used in the studies were of AR grade and
were purchased from Merck Pvt. Ltd.

Microorganisms

Bacillus cereus showing appreciable PHA production was isolated
from oil amended clothes (used to smear oil on pan cake pan). The
bacterium was identified based on their biochemical and molecular
characterization. The PCR amplification and DNA sequencing of the
16S rDNA gene fragment of the bacterial strains were carried out by
isolating genomic DNA from the pure culture pellet. The ~1.4kb
rDNA fragment was amplified using high - fidelity PCR polymerase.
The PCR product was sequenced bi-directionally using the forward,
reverse and internal primer. The sequence data was aligned and
analyzed to identify the bacterium and its closest neighbors [14, 15].

Culture conditions

The mineral salt medium used in the initial screening studies for
PHA production was of the following composition (g/L) 2.5 KzHPO4,
2.5 KH2POy4, 5 glucose, 2 yeast extract, 0.2 MgS04.7H:0, 0.01 FeSO.4.
7 H20 and 0.007 MnSO4. 7 H20. The pH of the medium was adjusted
to 7.5. The medium without glucose was sterilized at 121°C for 20
min. Glucose was sterilized separately and added to the medium.

PHA extraction and quantification

The bacterial cells after 48 h of incubation were harvested by
centrifugation at 5, 000 rpm for 10 min and were dried. The dry cell
weight was taken as an index of biomass (CDW). The dried cells



Nachiyar et al.

were treated with boiling chloroform to dissolve the PHA along with
lipids. This solution was filtered using Whattman No.1 filter paper to
removed the cell mass. The filtrate was treated with methanol which
selectively precipitates PHA from the solution [16]. This solution
was further subjected to centrifugation at 12, 000 rpm for 10 min to
precipitate the PHA and was air dried. The dried PHA was weighed
and stored for further studies.

Instrumental analyses

FTIR: The sample in chloroform was applied as a smear over the
NaCl block and was analyzed using Perkin Elmer RX1 FTIR
spectrophotometer. The FTIR spectrum of the sample was obtained
at the wavelength in the range of 450-4000 cm.

GC-MS: GC-MS analysis of the sample was carried out after
methanolysis of PHA [17]. For methanolysis of PHA, polymer sample
was suspended in 1 ml chloroform and 1 ml methanol containing 2.8
M H2S04 in a screw capped tube, and then incubated at 100°C for 2
h. After cooling, 0.5 ml demineralized water was added, and then the
organic phase containing the resulting methyl esters of 4-
hydroxyalkanoic acids were analyzed by using GC-MS-QP 2010
[SHIMADZU] MS spectrometer. The column used was VF-5ms, 30 m
x 0.250 mm dia with the film thickness of 0.25 pm and the column
oven was programmed between 70 and 300°C at the rate of 10°C per
minute with the injection temperature of 240°C. Mass spectra were
recorded under scan mode in the range of 40-1000 m/z.
Compounds were identified using NIST11. L Library.

NMR: Nuclear Magnetic Resonance spectrum ([13]C) of biogenic
PHB (40 mg/ml) was recorded at 100 MHz using CDCl3 as solvent
and the H-NMR spectrum was recorded at 400 MHz at 24°C using
Bruker Spectrometer.

SEM: SEM analysis was carried out to understand the size and
morphology of Bacillus cereus, the PHB synthesized and the
microspheres using Field emission Scanning electron microscope
(Carl Zeiss, Germany).

XRD: To get an insight into the structure of PHA produced by the

organism, powder XRD patterns were recorded using an X-ray
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diffractometer (Rigaku, Japan) using Cu K-beta (30 kV, 100 mA)
radiation. Data were recorded in 26 range of 10°-80° under
continuous scan mode using the scan rate of 4°/min

Synthesis of PHB Nanoparticles

Large PHB nanoparticles were synthesized using this biogenic PHB
using the method described by Xiong et al. [18]. Briefly, 50 mg of
hydrophobic polymers was added into 1 ml dichloromethane, and
the mixture was stirred to ensure that all materials were dissolved.
20 ml of 1% PVA (w/v) was sonicated for 1 min and was slowly
added with 1 ml of organic solution. Ultrasonication (Vibra cell V
501, Sonics, USA) was continued for 10 min. The mixture was gently
stirred for 3-5 h at room temperature. The nanoparticles were
collected by centrifugation at 1.5 x 10* x g for 10 min, followed by
washing twice with deionized water.

RESULTS AND DISCUSSION
Identification of Microorganism

The bacterium showing appreciable amount of PHA production was
isolated from an oil dipped cloth used to smear oil on pan cake pan.
The bacterial isolate was initially characterized using various
microbiological and biochemical tests and was identified to be gram
positive Bacillus sp.

This was further confirmed by 16S rDNA analysis. Since the 16S
rRNA gene sequences contain hypervariable regions that can
provide species-specific signature sequences useful for bacterial
identification it has become the most reliable technique for bacterial
identification.

BLAST program was used to compare the 16s rDNA sequence of the
isolate with the database sequences to obtain the sequences that
displayed maximum similarity with that of the query. All the
sequences reported by BLAST revealed that the isolate showed high
percentage of similarity (95%) with the sequence of Bacillus cereus
with a reasonably high score and e-value being zero. The 16s rDNA
sequence and the phylogenetic tree that was constructed for these
possible homologs using neighbor joining method are showed in fig. 1.

AAAGTE G EEAATTAANGA AGCTTTTG CTTCTTATGAAL GTTAGE GOECHCACGOO TOAGTALACACG TGO TAACCTOOC
CATAAGAC TG GA TAACTCCH GO AAACCE GEGCTAATAC COGAT AACATTTTGAA COGCATG G TIC GAMATT G AAAGDE
COGCTICGGC TG TCACT TATGOAT GOACC OO UG TCGCATTAGC TAGT TGO TOA GO TAACGH CTCAC CAA GOCAMCTAT G
CETAGCCGACCTCAGAGE GTEGATCGGCCACAC TGS CACTGAGAC ACGG CCCAGACTCCTACGGGAGG CAG CAGTAG
GAATCTTCCGCADN TECACCAAAG TCTCACGEAGCAACGC COCE TOAGTCATCAAG GCTTT COGOTCGTAAOANCTCT GT
THTTA GG G AGTAL CALGT GUTAG TTGAL TAASFCT G5 CAC CTTGAC G GTAC CTAAL CAGAAM GUC AL FOCTAM CTACGT
GCCAGC AGIC GOG GTAATACGTAGH TG G AAGEGTTATC COHGAATTATTG GO CGT AAAGCGCGEGCAGOG TGGTTTC TT
AAGTETGATG TEAAAGCCCAC GG O TCAACCHF TG FAGGG TEAT TG ALMAC THFGGAGACTTHFAG TGO AGA AGAGGAL AG
THEAATTCCAT BTG TAGCHE T GAMAT GO G TA GA G A TAT FEAGEA A LA CCAG THEGAL GG CHACTTTC THTCT G TAAC T
ACACTOATOCGCO AAGC TG GO A CAACA CATTAGATACCTG TAG TCCACGCOTAACCGAT CATOGC TATGTAGAMAGT TT
COCCTTTAATGCTOAGT TAAGCATAGCACTCGCTGGFA THACGFCCCAG TCTHAT TAAGACT GACAG GCCGLAAGC GG T

GAACATEGGTATATTCGAL
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TTFGGHGCGTAMAL GOGCF CGEAGG T TT TCTTAAG TE TOATGTGRAA AGCCCACGGCTCAACCGT G GA GG GTCATT GG
AAACTEEFAGACTICAG TG CAGAAGACGG AL AT EAATTCCATE TETAFCGETCAANAT GO TAGMGATAT GEAG A D
CACC AGT G OCFAS GOCHFACTITC TGO TC T GTAACT GACA CTGAG 5 COC BAMA AL COT G0 B0 AG CAS L CAGGA TTAGATA
COCTGO TAGTCCAC GOCGTAAACGATGAG TG CTAAG THT TAGAG GG TTTOCGCCCT TTAGTGC TGAA GTTAACGCAT TA
AGCACTCCGOOTG GEGAGTAC GHCCGCAMAGHC THAAACT CAMAG GAATTGA G GEGCCCGCACAAGOG T GO AG OO0
THTGGTTTAAT TC 5480 GUAACE COAMGAACC TTACCAG GTET THACA TCCTCT GAC A0 CCC TAGAD ATAGGGCTTCTCC
TTC G GEAGCAGAG TEAC AGGTHE THCATGG TTH T OO TCAGCTCGTE TEGTHAGAT BT T B0 T TAAGTCC CGC A C AT
GCAACCCTTOATCTTAGTT GCCATCATTCAGTIG GG CACT CTALAAGTFACT GCCO T A CA AACCE AL GAAG TE GOG
GATGACG TCAMAT CATCATG CCCCTTATCACC TG GG CTACCCACG TGO TACAATEGEACC GG TACAN CAGC TG CAAGAC
COCGAG G TO GO AG GCTAL TOTCA TAMA A GG TTOCTCAG TTOGGAT GO TAGCTOCACTOGCCTACTGAAD CTEGGALT
CCGCTAG TAATTCG COGATCAGC ATHCCCCG GTHAATACOTCOG GCAT THT TAACA COCGC OO TTCACCAC TG AGAT TG
TTACCCCGAGTEGTGCTAC ATTHFGACGA CGCCCTAGH TFACCA LA GTAT THGG GTAGE

=0S523_396

CEGEGE TTTGTTAACAALATTCTTCGTGE TTHG GMC GG GOG GTETETAD MA G GG COG GHAMACGTATTCACC GOGGCAT
GUTHATCECBOGAT TACTAANGATTOOCUGE TTOATGTALAGE AL TTO CAG O TA CAA TUOGA AT AAANBGTTTTATG
AANATTAACTCCAC CTECCGGTETT GCAGE TETTTE TAC COT CCAT TG TAAC AL GT G TG TAGEC G AAG TCATAN GG G5 CA
TEATGATTTOEACGTCATCCCCACC TTCCTCCGG TT TG TCACC G CAGTCACCT TAAAATGCCC AN CTEHAA TG AT G HFEAN
CTOAMNTCAAGGEG TTGCGCTCGTIGCGE GACTTAACCCANCA TCTCACGAC ACCALACTTGAC AL AMCCATGCACCACCT
GTCACTC TGO TOC O CAAAG A AN AN COCTA TCTCTAGG G TT O TCAG A MG ANG G CAAGACCTO OTAAA GG TCTTCCCGTTS
CT A TTAACCCCATGCTCCACCOCT TGO OO OO GCCCCCO TC AATTCCTTTCAG TTTCARACCCTOGCGC COGTACTCD
CCCAGOGGOAATGCTTAATGCCTTAAC TTCCCCCTAAAGG GGG ARMMC COTCTAA CACT TAG CAA TCATCGTT TACG GC
TGEAAC ACCA GG ATCTA ACCCGGTTGCTCCCCACGC TTTCGGCCTCATG TCATTC AGAAC AL AAL TTCCCTTCGOCAC
COGTHTTCCTCCTATC TETACG CAT TTCACG CTACCT GO AR ATCCACT T TCCTE TTC TGA C TCAG T CTCCC AGTT TCA AT G
ACCCTCCACGTOAACCO TOO GG CTT TCAATCOACTTAAG AN CCACCTTOCOGCGCOCTTITAFCCC AAAATTCCOATALGD

ATGCACCTAGCATATCTCGGCTGOTGOGE AGTAGATTATEGCC G

Aligned data:

AAAGTGOGHAATTAAAGA AGCTTTTGCTTECTTATGAAAGTTAGE GOCHGACGOG THAG TAAC ACGH TG GO TAACCTGCC
CATAAGACTEECA TAACTCCE oA A CEEE GO TAATAC COGAT AACATTTTRAN COGCATCETICFAMATTCAA LG
COGECTTEGGCT G TOACT TAT GG AT GEACC COCGTEGE ATTA GE TA GT TOG T GA G5 TAACGE CT CAC CAS GHCAMCEATG
COTAGCCOACCTOAGA G GTHATC O CCACAC TG FACTFAGAC ACGO CCCAGACTCCTACG GOA GO CAG CAG TAG &
GAATCTTCCGCAN THRGACGAA AG TCTGACGHFAGCAACHC COCG THAGTEA TEAAG GCTTTCGGGTCGTALAALACTCT GT
TETTAGCGGAAGAN CANGTGCTAG TTCAL TAMGC T GG CAC CTTCACG GTACCTAACCAGAAAGCCACGGCTALCTACGT
GCC AGC AGCE GG GTAA TACGTA G0 T GO AAG CGT TATC CHEAMT TATT G G0 CHT AL BC 50 G0 GCAGE TG GTTTC TT
BAAGTCTGATG TEAAAGCCCACGHOCTCAACCHFTOFAGGE TCAT TG AMAC TGO AGACTT FAG TOCAGA AGA G GAM &G
TEEAATTCCATGTG TAGCEFTEGAMLTG CHTAGAGATATGGAGGANCACC AGTFECFALGGCHFACTTITCTHG TC THT AN
CITCRA O AN T G0 UG AL AGEOTHOGGAGE AAACAGHATTABATACCE TGN TAGTECANGCOGTA AACGATGAG TOOT
AACGTET TAGAGGG TITCC OO CTTTAG TOC TOAA G T TAA COCATTAAGCACTCCOCCTOO CUAGTACGOUCO CAAGOCT
GAAACTCAAAGGAATTGACGOO G GLCOG CACAAG CHGTOOAGCATG TGO TTTAATTCGAAG CAARGOG AR GAALC TTA
CCAGGTCTTGACA TCCTCTGACAN COCTAGAGATAGGGCTICTCC TTCGE GAGC AGAGTGACAGG TGGTGLATGGT TGT
COTCAGCTCGTGTCG THAGAT GT THG GT TAAGTCEC G AL CGA GEGCAACCC TTHATC TTAG T TG CCATCAT TOA GT T
GOCACTCTAMAGTOAC TG CCOO THACAAACCOOAG CAAGTOOOD CATCACG TCAAATCATCATGC CCCTTATGACC TG
GOCTACCCACGTGCTACANTGGACCHFG TACAAGAGCTFCAAGACCGLGA GG THHEFAGGCTAATCT CATAARACCG GTT
CCTCAGTTCCGATGE TAGCTG CACTCGCC TAC TEAAGCTECCAATCCGC TAG TAATTCGCG CATCAGCATECCCCGGTS
AATACGTCCG GOA TTG TTAAC ACCCGCCGT TCACCACTHAGAT THT TACC CCGAGT CGTHC TACAT TG GACFACGEC CT

AGGTHACCA AN TA TTG GG GTAGC
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Basillus sereus 165 ribossmal RNA gere, partisl squense

Bacillus cereus sirmin SUL6 165 ribosomal RINA gene. partisl sequence

Bacilius cereus strain KW 7 165 ribosomal RMA. pene. partial saquence

Bacillus sp. PPB 165 ribosomal RMNA gene, pamial soquence

7 Baciilus sp. XIDRS gene for 165 rRINA. partis] sequence

Bacillus sp. YRIZ gene for 165 rRNA, panisl sequence

Dacilius cereus stmin HC23a 165 ribosomal RIA gene. partial sequence

Fig. 1: The 16s rDNA sequence and Phylogenetic tree depicting the relation between the 16s rDNA sequence of the isolate with its possible
homologous sequences

Growth and PHA production

The bacterial growth and PHA production by Bacillus cereus was
followed simultaneously and the results are given in fig. 2. The
bacterial growth and PHA production by Bacillus cereus were
followed simultaneously and the results are given in fig. 2. Growth as
well as PHA production increased up to 48 h of incubation reaching
a maximum of 3.4 g 11 and 1.19 g I respectively after which they
started to decrease.

Bacillus cereus exhibited a growth rate of 88 mg h'! by 24 h of
incubation which decreased to 70 mg h? after 48 hl. The rate
decreased slowly upto 34 mg h'! by 96 h of incubation and by 144 h
of incubation it reached 22 mg h-1. With reference to PHA production
rate of production was 24 mg h' by 24 h of incubation which
decreased by 41% after 48 h and by 75% after 120 h of incubation.
The decrease in the concentration of PHA may be due to the
degradation of polymer intracellularly by endogenous PHA
depolymerase [19, 20].
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Fig. 2: Growth and PHA production by Bacillus cereus

Characterization of PHA

The FTIR spectrum of the PHA (fig. 3) has shown prominent peaks at
different ~ wavelengths which are characteristics of
Polyhydroxybutyrate. The strong and broad peak at 3436 cm
clearly indicates the presence of O-H stretching of alcohol whereas
the strong peaks at 2975 and 2932 cm! are due to the C-H stretch of
alkanes. The presence of C=0 and C-O stretch of ester could be
confirmed from the peaks at 1725 cm!and from the series of intense
peaks located at 1101 cm respectively [21-24]. The FTIR spectrum
of the biogenic PHA compares well with the FTIR spectrum obtained
by Oliveira et al. [25] for the standard and sample PHB.

The GC-MS spectra of methanolyzed PHA (fig. 4) showed 5
prominent peaks with RT values of 3.33, 4.625, 10.49, 11.83 and

12.02 min corresponding to different derivatized products of
Butenoic acid confirming the presence of polyhydroxybutyrate. The
m/z signals corresponding to each Rr values and the compound
identified are given in table 1. Kim et al. [26] have confirmed the
presence of 3HB monomer produced by Poly(3-hydroxybutyrate)
depolymerase from a Fungal Isolate, Emericellopsis minima W2 using
GC chromatogram that contained a peak corresponding to the Rr
value of 4.99 min, with ion fragments having m/z values of 43, 60,
71, and 89.

In another study, Nurbas and Kutsal [27] have confirmed the
presence of PHB using GC-MS spectra where a characteristic peak
with the Rr value of 3.61 min with ion fragments having m/z values
of 43,59, 74, 87 and 102.

%T
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4000 3600 3200 2800 2400 2000 1S00 1600 1400 1200 1000 800 600 450

Fig. 3: FTIR spectrum of PHB produced by Bacillus cereus

Table 1: The m/z signals corresponding to each Rt values and
the compounds identified

Rr m/z Compound identified

3.3 117,103, 86, 68, 57, 41 2 Butenoic acid

4.63 96, 86, 68,57, 41 2 Butenoic acid

10.49 117,100, 85, 69, 59, 41 2 Butenoic acid, Methyl ester

11.83 128,103,87, 69, 55, 41 2 Butenoic acid, Methyl ethyl

ester

12.02 136,126,113,103, 87, 69, 2 Butenoic acid, Ethyl ester

58, 41

13C NMR spectrum of the biogenic PHB (fig. 5a) has shown four
important peaks indicating the presence of different types of carbon
atoms (C=0, CH, CH: and CH3) in the PHB. The chemical shift signals
obtained are almost similar with the chemical shift signals obtained
for PHB produced Bacillus megaterium and Cupriavidus necator as
reported by Doi et al. [28] and Oliviera et al. [25] respectively. The
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structure of biogenic PHB was further confirmed from the 1H NMR
spectrum (fig. 5b) which showed prominent peak at 1.2 ppm that
may be attributed to the presence of CHs side chain. A series of
peaks at 2.4-2.6 ppm clearly indicate the presence of CH2 whereas
the peak at 5.2 is due to the presence of CH group.

This spectrum correlates well with the 'H NMR spectrum reported
by Abd-El-Haleem et al. [29]for the PHB synthesized by two
transgenic yeasts S. pombe Q01 and S. cerevisiae INVScl. Wu et al.
[30] have observed the signals attributed to PHB part at 1.27, 2.35-
2.71, 1.5-1.70, 5.21-5.30 and 0.9. The chemical groups and their
chemical shift signals for 13C NMR and 'H NMR spectra are given in
table 2.

‘a
PN
== .
Abundance
b
a
00 40
1 5 1030
” 571 J| Al | 17n 1070
AR A Ao e e e A e B b e et B M R At
we> 20 3 40 S 60 7O 80 90 100 110 120 130 140 150 180 170 180 150 200 210
Abundance Scan 181 (4.825 min): T214-042-0004 D'dava s
#o
c
41
s
&0
A ‘I Y 4
S e T e
mz-> 0 30 40 50 60 70 80 0 100 110 120 130 140 150 180 170 180 190 200 210
Abunganze ‘Sean 525 (10,492 mi: 7814-045-0004 Didaea.ms
da
d
00
. [T
o s 20 l l
L I | L, 1271 1859 17a 2070
AR A AL A k) AR M Lt AL b LA AP A A AR WA LA A Ll el
iz 10 20 30 49 50 0 70 80 B0 100 110 120 130 140 150 160 170 180 190 200 210
Abundance Sean B57 (11822 menk 7614-045-0004 Didata s
[ B
e
5000
a1 9 e
J.IJ 11 ] 1280 1841 g3 291 an7p
iz 1020 30 40 50 50 70 £0 GO 100 110 120 130 140 150 160 170 180 150 200 210 220 230 240 250 260
Abungane 520 870 (12,017 min: 7814-045-0004 D'datars
o4

Fig. 4: GC-Mass Spectra of PHB produced by Bacillus cereus (a)
Gas chromatogram and mass spectra for the peak
corresponding to Rt value of (b) 3.33 min (c) 4.63 min (d) 10.49
min (e) 11.83 min and (f) 12.02 min
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Fig. 5: (a) 13C NMR and (b) H NMR spectra of PHB produced by
Bacillus cereus
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Table 2: Chemical shift signals obtained in 13C NMR and NMR
spectra obtained for PHB produced by Bacillus cereus

Group 13C H
CH3 19.77 1.2
CH: 40.80 2.4-2.6
CH 67.63 5.2
C=0 169.16 -

The XRD study was carried out to check crystalline structure of PHB.
The XRD diffractogram (fig. 6a) showed four prominent peaks at
13.69°,17.32°, 22.67°, 25.32 and 44.5°. The presence of intense peak
at 13.69° indicates the crystalline nature of the polymer. The
diffractogram is almost identical with that obtained by Oliveira et al.
[25] for the standard PHB as well as for the PHB produced by
Cupriavidus necator by soild-state fermentation. Similar results for
the diffractogram of PHB were reported previously by few
researchers [31, 32]. The crystalline nature is further confirmed
from the FESEM micrograph (fig. 6b) of PHB produced by Bacillus
cereus.

8 &8 8
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8888 .

]
2-theta (deg)

Fig. 6: (a) X-ray diffractogram and (b) Scanning Electron
Microgram obtained for PHB produced by Bacillus cereus

PHB nanoparticles

PHB nanoparticles with the size ranging 200-350 nm (fig. 7) were
prepared by ultrasonication method. Nanoparticles prepared by
these methods showed smooth surfaces free of major defects similar
to the large nanoparticles synthesized by Xiong et al. [18]. But in
contrast to his report the size was quite larger than the
nanoparticles described by him which was in the range of 150-300
nm. These nanoparticles could be seen as spherical structures
embedded in the PVA matrix. This procedure further requires
modifications which can yield smaller nanoparticles with uniform
size and with lesser PVA matrix.
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Fig. 7: PHB nanoparticles

CONCLUSION

Bioplastics are gaining importance due to their biocompatible and
biodegradable nature which may have a great impact as an
alternative for petroleum based plastcis. The bacterium isolated
from oil soaked cloth was identified as Bacillus cereus and was found
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to produce PHB up to 47.9% of its dry cell weight. The rate of growth
as well as the PHA production increased up to 24 h of incubation
which decreased slowly on further incubation. FTIR, GC-MS and
NMR analyses clearly confirmed the polymer as PHB. The peaks
obtained correlates well with the previous findings. Morphology and
crystalline nature of the biogenic PHB have confirmed using FESEM
and XRD analyses respectively. The organism seems to be a potential
candidate for the biogenic synthesis of polyhydroxybutyrate. Future
plan of work includes the production of PHB using agricultural
wastes such as sugarcane bagasse, sugarbeet molasses etc. which
will make the process cost effective.
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