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Abstract: Poly hydroxyl butyrate (PHB) can be used as anceffe thermoplastic, and has many
characteristics similar to those of standard cororakrplastics like polypropylene. PHB-based plastic
substitutes are less flexible than traditional féas they are completely biodegradable and leaat@nol no
residue. In this present study high PHB producitngirss were isolated from sewage soil sample. Bairs
were showing PHB granules with Sudan Black B st@gniThe six strains were named as strain 2, 4, %19
and 16. The six strains were morphologicall andclivéonically characterized. Growth profiles have been
studied for all the strains and the polymer waglpced after 48 hrs at 37°C. PHB producing growtldiome
was used for production of PHB. Strain 11 was shibWwigh PHB production among the six strains. The
medium used for PHB production showed high yielthef product was of less cost effective.
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INTRODUCTION

Plastic materials have become an integral partun lide as a basic need but they are causing seriou
environmental problems due to their non biodegriitiab They are widely applicable in packaging films,
wrapping materials, shopping and garbage bagshictpt fluid containers, toys household and indasktri
products and building materi&fs These materials are resistant to degradation rangins as waste on
landscape for several years. The recycled plaatiesnore harmful to the environment than the viggioducts
due to mixing of color, additives, stabilizersnfia retardants etc. Due to environmental and waateagement
problem, alternative is the biopolymer. Biopolymare polymers produced by living organisms. These a
biodegradable and converted by microorganisms 60, water and humic material. Mostly used
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biodegradable polyesters, are poly hydroxyl alkée®a(PHAS), polylactides, aliphatic polyesters, and
polysaccharidés

The PHA types are polyhydroxybutyrate (PHB), polgtoxyvalerate (PHV), polyhydroxyhexanoate (PHH)
and polyhydroxyoctanoate (PHO)Among these types PHB is the main biodegradabligmer. This PHB can
be used as an effective thermoplastic, and has rohasacteristics similar to those of standard coroiak
plastics like polypropylene. While PHB-based plastibstitutes are less flexible than traditionalspts, they
are completely biodegradable and leave behind salue. A number of bacteria producing PHAs are
Alcaligenes eutrophus, Alcaligenes latus, Azotobacter vinelandii, Rhizobium sps’, Bacillus sps’, methylotrophs,
pseudomonads, and recombinanEscherichia coli®. Recent advances in molecular biology, understandi
metabolism and genetics of the PHA synthesizingdoec allowed the construction of various recombina
strains that were able to synthesize more amouPRtH#. In economical point of view genetically enggmed
plants harboring the bacterial PHA biosynthesisegare also developged

The PHAs are classified according to the numbecasbon atoms in their monomers. Polyhydroxybutyrate
(PHB) and polyhydroxyvalerate carbon numbers of omoers are 3 to 5. Conversely, carbon numbers in
medium chain-length PHA monomers range from 6 to The PHB identified inB.megaterium was
characterized by its large accumulations of PHBHA’s are particularly important because of itsog
biodegradability, biocompatibility, thermoplastiatare used in drug delivery systems.

PHB production is increased by excess of carborcecand limiting the nutrients such as nitrogerggptorus,
sulfur, magnesium, iron, oxygen, and potas&iunit is an intracellular polymer accumulated undeess
conditions but with excess carbon source. It igdpced by fermentation process of microorganismé sisc
Bacillus megaterium andRalstonia eutropha. In this study several PHB producing bacteria wsoéated from
sewage soil sample and morphological and biochérproperties were identified. The growth curve getfof
pH and NaCl concentration on growth was studiedthrdsolates were characterized for the quantiinaof
the PHB.

MATERIALSAND METHODS

All chemicals were purchased from s d fine chersieald were of analytical grade

1. Sample collection and isolation of pure cultures:

Sewage soil sample was collected in sterile bothie dump yard at outscuts of Guntur, Andhra Prades

One gram of soil sample is dispensed in 10ml aflstdistilled water. This is mixed vigorously addl from
this is taken and added to another tube with 9mnilstdistilled water to get a dilution of 10This serial
dilution is repeated to get dilutions of 3010° 107, 10° 10° 107, 10® and 10. For the isolation of
organisms, 0.1ml of each dilution was plated ontougrient rich medium by spread plate method fa th
propagation of microbial growth. The plates wereulmated at 3@ for 48 hours. Colonies with different
characteristic features were maintained as putares| on nutrient agar slants and stored at 4°C.

2. Screening of PHB producing isolates by Sudan Black B staining:

Prepare thin smear on microscope slide and thotpugjh dry. Do not heat fix. Stain with Sudan blaBk
solution and let it stand for 10-15 minutes. Addrenetain if the slide starts to dry out. Wash tldeswith

distilled water and counter stain with safraninI06rseconds. Wash with distilled water and blotwlityr tissue
paper. Examine the slide under oil immersion micopg for PHB granules. Organism shows positivelue-b
violet and shows negative in yellow-brotfin

3. Characterization of PHB producing isolates

PHB producing strains were identified and charazger by morphological and biochemical characteiazat
according to the Bergey’s Manual of Determinatise®riology”.
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3.1 Morphological characterization:

Morphological features were identified by growirg tcultures on nutrient agar media and gram staiwias
performed.

3.2 Biochemical characterization:

Different Biochemical tests were carried out in€ésdIMVIC tests, catalase test, urease test andhstar
hydrolysig?.

3.3 Effect of pH on Bacterial growth:

Nutrient broth medium was prepared and the tubee agjusted with pH 2,4,7,9 and11 respectivelycltate
each tube with the loopful of culture. Incubate thees in shaking incubator at’87temperature for 24hrs.
After incubation observe the growth of culture el tube. Measure the O.D at 640 nm. Plot the gbgph
taking pH on x-axis and O.D on y-axis.

3.4 Effect of salt concentration on bacterial growth:

Nutrient broth medium was prepared and the tubee wdded by Nacl with 0.1%, 0.5%, 2%, 5%, and 10%
concentration respectively. Inoculate each tubéh ilite loopful of culture. Incubate the tubes in kihg
incubator at 3% temperature for 24hrs. After incubation obsehe growth of culture in each tube. Measure
the O.D at 640 nm. Plot the graph by taking saficentration on x-axis and O.D on y-axis.

4. Growth curve studies of isolates:

For the growth and production of PHB the simplifieédium (g/100ml) was used. Glucose - 1g, Peptone -
0.25g, Yeast extract — 0.25g, NaCl — 0.01g,,R8, — 0.05g, MgS® — 0.02g and pH at 7. The medium
containing glucose as sole carbon source was usdld growth curve studies. The medium was prepanel
sterilized at 121°C and 1% inoculum was added thdéask to carry out fermentation. The flasks were
incubated at 37°C for 48hrs. Samples were colleatexh interval of 4 hrs and the cell biomass waasured

at 600nm using spectrophotometer.

5. Cdll dry weight:
After 48hrs incubation at 3, culture medium was collected and centrifugedl®000 rpm for 15min.
Supernatant was discarded and the cell pellet vwies tb estimate the dry cell weight (DCW) in urdofsg/mi*2.

6. Extraction and Quantification of PHB

After 48hrs incubation at 8, culture was collected and centrifuged at 10,00 for 15min and lyophilized.
The lyophilized pellet was digested with 4% sodibypochlorite solution at 3 for 20min. Then pellet was
collected by centrifugation at 10,000 rpm for 15mivashed with water, acetone, ethanol respectifaly
washing and extraction. Finally polymer was disedlin chloroform and kept for complete evaporafiobry
weight of extracted PHB was estimated as g/L. Redidiomass was estimated as the difference betasen
cell weight and dry weight of PHB The percentage of intracellular PHB accumulaimestimated as the
percentage composition of PHB present in the dilywagght.

Residual biomass (g/ml) = DCW (g/ml) — Dry weigfiteatracted PHB (g/ml)
PHB accumulation (%) = Dry weight of extracted Pggnl) x 100 / DCW (g/ml)

RESULTSAND DISCUSSION
1. Isolation of microorganisms:

Microorganisms were isolated from sewage sampleiraiglendent colonies were obtained by serial iditut
A total of 17 bacterial colonies with different mdwological features were selected and the numbers given
to each colony. These colonies were streaked arentiagar plates and preserved for further studhies 1).
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Fig 1: Isolated colonies wer e streaked on nutrient agar plates

2. Screening of PHB Producing Bacteria:

Among 17 colonies, 6 colonies showed positive fad&h Black B staining. These 6 colonies are 2,9, 81
and 16. They were named as strain 2, strain 4ndrastrain 9, strain 11 and strain 16. All theasts except 2
are showing high color intensity with Sudan blackiBe Microscopic pictures were depictedigure 2.

Strain 4 Strain 5

Strain 9 Strain 11 Strain 16

Fig2: Strains 2, 4, 5,9, 11 and 16 showing PHB granuleswith Sudan Black B staining

3. Characterization of PHB producing isolates
3.1 Morphological and Biochemical characteristics

Morphological features were observed for PHB prauyictrains. Strain 4 and 11 has bacillus in shemd
strain 2, 5,9,16 were cocci in shape. Strain 2elbow in color and the remaining strains 4,5,9,61yilere
Creamish white in color. Strain 4 is Gram positaved the remaining strains 2,5,9,11 and 16 were Gram
negative to gram staining. Morphological featuresewepresented in Table 1.
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Different Biochemical tests have been performedHBIB producing strains. Strain 9 and 16 are pasitoy
indole and the remaining are negative to indole &fsain 5 is negative to MR and positive to VBtt&trains
2,4,9, 11 and 16 are positive to MR and negatVeéP test. Only strain 2 is negative to citratdization test
and the remaining strains are positive to citrdilzation test. Strain 2and 4 are negative tocttdrydrolysis
test and the remaining strains are positive t@kthydrolysis test. Biochemical tests were depiateiable 1.

Table 1: Morphological and Biochemical characteristics of PHB isolates

| Strain2 | Strain4 | Strain5 | Strain9| Strain 11  Stddin
Morphological characteristics
Shape Cocci Bacillus Cocci Cocci Bacillus Cocci
Color Yellow Creamish | Creamish | Creamish | Creamish | Creamish

white white white white white

Gram staining Gram -ve| Gram +veg Gram -ve Gram veranGve Gram -ve
Biochemical tests
Indole Negative | Negative Negative Positive Negative Paesiti
production
MR Positive Positive Negative Positive Positive iBPos
VP Negative | Negative Positive Negative  Negative Nieg
Citrate Negative | Positive Positive Positive Positive Pusiti
utilisation
Catalase Negative| Negative Negative Negative  Resiti | Negative
Starch Negative | Negative Positive Positive Positive Pusiti
hydrolysis
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Fig: 3 Images of results of various biochemical tests: A) Indole test: Strains 9 and 16 showing positive for
indole and strains 2, 4, 5, 11 showing negativindiole.B) Methyl red: Strain 5 showing negative to methyl
red and 2,4,9,11,16 showing positive to MB) Citrate utilization test: Strain 2 is negative teitrate
utilization. D) Catalasetest: Strain 11 is positive to catalase tds}.Starch hydrolysistest: Strains 5,9,11 and
16 showing positive to starch hydrolysis.
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3.2 Effect of pH on Bacterial growth

A pH variation from acidic to alkaline was carriedt for the influence on growth. The pH 5 was shawi
optimum pH for all the strains and the cell biomass maximum at this pH for all the strains. In #tiealine
pH the cell growth and cell concentration was desed compared with pH 5. The pH profiles were degin
Fig. 4.

3.3 Effect of NaCl concentration on growth

Different NaCl concentrations from 0.1% to 10% wased to check for growth of all the PHB isolat@4%
NaCl concentration was suitable for growth of &lé tPHB isolates and increasing concentration of INaC
resulted in the decrease of the growth. The NaGtenotration profiles were shown in Fig. 5.
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Fig 4: Effect of pH on Bacterial growth
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Fig 5: Effect of NaCl Concentration on Bacterial growth

4, Growth curvestudiesfor PHB isolates

The PHB isolates were growned in biopolymer prodganedia for 48hrs at 32. The optical readings were
taken at 640nm for different time intervals. Growtirve was plotted by taking time on X-axis and @IDY -
axis and the graphs were represented in figure 6.
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Fig 6: Growth curvesfor PHB producing isolates

5. Quantification of PHB

The percentage of intracellular PHB accumulatios estimated as the percentage composition of Pe&ept

in the dry cell weight. Residual biomass was est&d as difference between the dry cell weight @ryd
extract of PHB. The results were depicted in TableFrom these results strain 11 showing high PHB
production whereas the strain 4 showing less PHBymtion compared with other strains. Similar ressbhhve
been showed by with glucose as a carbon sourteimediun’?.

Table 2: PHB accumulation for PHB isolates

Name of the Cell dry weight| Dry weight of| Residual biomass% PHB
Organism (g/ml) PHB (g/ml) (g/ml) Accumulation
Strain 2 0.128 0.048 0.080 37.5
Strain 4 0.152 0.038 0.114 25.0
Strain 5 0.110 0.044 0.066 40.0
Strain 9 0.116 0.046 0.070 39.6
Strain 11 0.122 0.056 0.066 45.9
Strain 16 0.122 0.050 0.072 40.9

CONCLUSIONS

The main aim of this present study was to isolateRHB producing bacteria from sewage sample. Nays d
researchers are focusing on biopolymer producingaarganisms for developing biodegradable plasiic®
medium used for the PHB isolates was simple mediunh less cost effective and the PHB yield from ¢hes
isolates was high compared with the earlier repédmsong 6 isolates the strain 11 is showing momapction

of biopolymer. The PHB produced from this strairl iarther be characterized by analytical technglike
Infra Red spectra and Gas Chromatography analysis.
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