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Abstract—Polyhydroxybutyrates (PHBs) are macromolecules synthesized by bacteria. PHBs are the most
promising type of bioplastic; they are nontoxic, biodegradable and biocompatible and have properties similar
to those of conventional plastics. In the present study, an attempt was made to screen of different bacterial
isolates accumulating PHB from soil samples collected from Istanbul, Turkey. A total of 86 different bacterial
isolates were isolated from soil samples and a total of 32 isolates were suggested to be PHB producer when
stained with Sudan Black B, a preliminary screening agent for lipophilic compounds. 13 bacterial isolates
were selected as PHB producing isolates by using the Nile blue A dying technique. 16S rRNA gene sequences
analysis showed that PHB producing 13 isolates belonged to Pseudomonas, Arthrobacter and Bacillus genera.
The PHB from the isolates was extracted using the dispersion method of the hypochlorite and chloroform
method. The highest PHB production and percentage productivity were obtained from Pseudomonas pleco-
glossicida M9 (0.94 PHB g/L; 78.8% PHB) and Pseudomonas baetica Y6 (0.81 PHB g/L; 74.3% PHB) respec-
tively.
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INTRODUCTION

Petroleum based plastics are not biodegradable and
are causing serious environmental problems. The
resistance of these chemicals to biodegradation is
quite high and thus they remain persistent in soil for a
long time (Reddy et al., 2003). Therefore, there is
increasing demand to new methods for synthesis of
biodegradable polymers.

These biodegradable polymers or plastics are con-
sidered the best solution for solving the environmental
pollution problems by replacing conventional plastics
industries (Gabr, 2018). Among the various types of
biodegradable plastics, polyhydroxyalkanoic acids
(PHAs) are drawing much attention. PHAs are the
most well-known, being recognized as completely bio-
synthetic, biodegradable composted or burned with-
out producing toxic by-products (Phanse et al., 2011).
Because of their biological nature, PHAs completely
hydrolyzes into water and carbon dioxide by different
soil microorganisms (Gabr, 2018). Plastics produced
from PHAs are regarded as eco-friendly useful polyes-
ter overcoming the problem of pollution caused by
non-degradable plastics (Reddy et al., 2003; Prasanna
et al., 2011).

Polyhydroxyalkanoic acids (PHAs) are very prom-
ising materials because they can be used as fully biode-
gradable and bioresource-based alternatives to petro-
chemical polymers since the mechanical and techno-
logical properties of PHAs are similar to those of some
polymers produced from petrochemical resources.
However, several limitations currently exist when
polyhydroxybutyrate (PHB) is produced on an indus-
trial scale. The high costs of production, low yield,
susceptibility to degradation, and technology com-
plexities including extraction difficulties are among
the challenges faced in PHB production (McAdam
et al., 2020). Because of these limitations, industrial
production of PHB is still not well established. This
means it is unable to compete with conventional plas-
tics in the commercial market. To reduce the costs of
production and achieve economic viability in compe-
tition with the current low costs of manufacturing
petroleum plastics, a series of new emerging bacterial
fermentation processes are being evaluated. They have
the potential to accentuate the kinetics of microbial
growth and PHB accumulation to the levels necessary
for profitable process engineering and production
serving the plastics value chain stakeholders (Perni-
cova et al., 2020).
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The PHBs content and its composition are influ-
enced mainly by the strain of the microorganism, the
type of substrate employed and its concentration, and
other growth conditions such as pH, time and tem-
perature. Therefore, much research is needed to dis-
cover and identify novel species with vastly superior
production capacity and optimization of conditions
for maximal synthesis of PHB (Thapa et al., 2018).

Many microorganisms can accumulate PHB as
intracellular energy and carbon storage inclusions
when the amount of carbon substrate is greater than
that of nitrogen, sulfur, phosphorus, or oxygen
(Naheed et al., 2011). Among the microbes like bacte-
ria, fungi, yeast, algae, etc., bacteria-based biopoly-
mer fabrication has gained more attention due to its
ease of control, maximum biomass, simple down-
stream processing, greater gene modification possibil-
ities, etc. (Narayanan et al., 2020).

Presently, more than 300 bacterial species are
known that are able to produce these polymers but
only a few species can produce PHB at a high concen-
tration, e.g., Alcaligenes latus, Pseudomonas oleovo-
rans, and Cupriavidus necator (Motamedi et al., 2015).

Among the members of PHA family, the PHB is a
preferable one due to high thermoplastic like tradi-
tional polymers and possesses most suitable physical,
mechanical, immunological properties, which pro-
motes this PHB is suitable alternate for traditional
polymers (Narayanan et al., 2020). These PHBs are
accumulated intracellular membrane enclosed up to
90% of the cell dry weight under conditions of nutrient
stress and act as energy reserve material (Bhuwal et al.,
2013).

The present study involved the screening of differ-
ent bacterial isolates accumulating PHB from oil-pol-
luted soil samples collected from Istanbul, Turkey.

MATERIALS AND METHODS
Isolation of Bacterial Strains

Soil samples were collected from the 3–4 cm upper
layer and used for isolation of bacteria. This process
was performed with oil-contaminated soil from four
districts (Yeniköy, Maltepe, Kartal, and Buyukcek-
mece) in Istanbul.

Two methods were used for the isolation of bacte-
ria. In the first, a 1.0 g soil sample was weighed and
99 mL of distilled H2O was added to it. The suspension
was then homogenized and diluted 10–1, 10–2, 10–3,
10–4, 10–5, and 10–6 in 9 mL of distilled water; 1 mL
from each dilution was spread on nutrient agar (beef
extract 3 g, peptone 5 g, and agar 15 g per liter, adjusted
to pH 7.0) plates. The plates were incubated for 24 h at
30°C. In the second method, 1.0 g soil was added to
f lasks containing 100 mL of nutrient broth medium.
The flasks were incubated at 30°C with rotary shaking
(150 rpm, 24 h). After incubation, 1 mL of the super-
natant was taken and serial dilution was performed in
distilled water as stated above. Next, 1 mL of the dilu-
tion samples was spread on nutrient agar plates and
incubated for 24 h at 30°C. After incubation, a large
number of colonies formed on each petri dish. The
morphology of the bacterial colonies was examined
and 86 colonies (in total) with distinct features were
selected. Bacterial isolates were obtained from
Yenikoy district (29), Kartal district (23), Maltepe dis-
trict (20), and Buyukcekmece district (14). These iso-
lates were encoded by letter and number for Yenikoy
district (Y 1–29), Kartal district (K 1–23), Maltepe dis-
trict (M 1–20), and Buyukcekmece district (B 1–14). All
selected colonies were subcultured until they were con-
firmed to be pure. Glycerol stocks of the 86 isolates
were prepared and stored at –20°C (Inan et al.,
2011a).

Screening of PHB-Producing Isolates

For the rapid detection and isolation of PHB-pro-
ducing bacteria, all the isolates were qualitatively
screened using Sudan Black B dye. The isolates were
grown on nutrient agar medium containing 1% glu-
cose and incubated at 30°C for 48 h. After incubation,
ethanolic solution of Sudan Black B (0.05%) was
spread over the colonies and the plates were left undis-
turbed for 30 minutes. Finally, the plates were washed
with ethanol (96%) to remove the excess stain from the
colonies (Desouky et al., 2014). The dark blue colo-
nies were regarded as proof of PHB production.

Nile blue A staining was carried out as a second
screening method to determine the PHB-accumulat-
ing ability of the microbial strains isolated. Mineral
salt medium (MSM) agar was prepared for Nile blue
screening. Each liter of MSM contained 15 g agar,
6.7 g Na2HPO4·7H2O, 10 g NaCl, 1.5 g KH2PO4, 0.1 g
NH4Cl, 0.2 g MgSO4·7H2O, 0.01 g CaCl2, 0.06 g fer-
rous ammonium citrate, and 1 mL trace elements
(Ramsay et al., 1990; Berlanga et al., 2006). MSM
agar was supplemented with 2% (w/v) glucose and
0.5 μg/mL Nile blue A (Sigma) (dissolved in dimeth-
ylsulfoxide) as the final concentration (Van and Thi,
2012). Positive staining isolates with Sudan Black B
dye were streaked on MSM agar. The petri dishes were
incubated at 30°C for 3 days. After Nile blue A stain-
ing, the agar plates were exposed to UV light to detect
PHB-accumulating colonies (Fig. 1). The isolates that
were f luorescent orange were selected as PHB accu-
mulators (Buhuwall et al., 2013).
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PHB Extraction and Quantitative Analysis

PHB-producing isolates were grown in 50 mL of
MSM medium containing 2% (w/v) glucose and incu-
bated at 30°C with rotary shaking at 150 rpm for 48 h.
After incubation, the bacterial cells were collected by
centrifugation at 8000 rpm for 15 min. The pellet was
resuspended in 10 mL of 4% sodium hypochlorite and
incubated at 50°C for 1 h for cell lysis. The whole mix-
ture was centrifuged at 12,000 rpm for 30 min and the
supernatant discarded. The cell pellet containing PHB
was washed sequentially with distilled water, acetone,
and ethanol. Finally, the polymer granules were dis-
solved in 10 mL of chloroform and incubated over-
night at 50°C, and then left to evaporate at room tem-
perature. Next, 10 mL H2SO4 was added to the poly-
mer granules and placed in water bath for 10 min at
100°C. The addition of sulfuric acid converts PHAs
BIOLOGY BULLETIN  Vol. 50  No. 3  2023

Fig. 1. (а, d) Fluorescent Nile red staining of PHB pro-
ducer isolates on agar plates; (b, c) Fluorescent Nile red
staining of Non-PHB producer isolates on agar plates.

(a) (b)

(c) (d)
into crotonic acid, which is brown. crotonic acid gives
maximum absorbance at 235 nm, the absorbance was
read at 235 nm against a sulfuric acid blank. PHB
(Sigma Aldrich) was used as standard to create a stan-
dard curve. By referring to the standard curve, the
quantity of PHB produced was determined (Law and
Slepecky, 1961; Lee et al., 1995; Singh et al., 2011;
Buhuwal et al., 2013).

For the quantitative analysis of PHB, the dry cell
weight (DCW) was determined. A cell culture was
grown as described above and 10 mL of the culture was
centrifuged at 10,000 rpm for 15 min in a pre-weighed
centrifuge tube. The pellet was washed with 10 mL of
distilled water, centrifuged, and dried at 105°C until
constant weight was obtained. The centrifuge tube was
weighed to estimate the DCW in g/L (Du et al., 2001;
Zakaria et al., 2010; Buhuwall et al., 2013). The PHB
content (%) was calculated from the DCW.
( ) ( ) ( )PHB % Dry weight of extracted PHB g L 100% DCW g L .= ×

Phenotypic Features of PHB-Producing Isolates nonstaining procedure using the KOH lysis test (Gre-
All phenotypic tests were conducted in duplicate
and repeated if inconsistent results were first observed.
The colony morphology of isolates was observed
under a light microscope as described by (Inan et al.,
2016). The cell morphology and motility were exam-
ined by light microscopy of native preparations. Gram
staining was carried out using the standard Gram’s
reaction (Savas et al., 2009) and was confirmed by a
gersen, 1978). The formation of spores was deter-
mined by microscopic observations at different incu-
bation periods, both in liquid cultures and in single
colonies of isolates.

The presence of catalase and oxidase was investi-
gated as described by (Inan et al., 2015). The bacterial
isolates’ need for atmospheric O2 was detected after
they were incubated in brain heart infusion agar. The
temperature and pH range for growth were determined
following incubation of the strains in Lysogeny broth
(LB) at different temperatures (25–50°C) and pH
(4.0–11.0) with 5°C and one-unit intervals, respec-
tively. The NaCl requirement for growth was also
tested in LB containing 1.0–8.0% (w/v) NaCl.
Growth was determined by visual observation after
three days of incubation (Inan et al., 2012).

Biochemical characteristics of isolates were
screened by Analytical Profile Index (API) 20E® test
strip (bioMérieux, France) according to the manufac-
turer’s instructions with some modifications. In the
API 20E test strip, the plastic strip contains 20 test
mini-chambers (wells) containing dehydrated media
with chemically defined compositions for each test.
The following 21 tests were performed in the wells:
β-galactosidase production (ONPG test); lysine
decarboxylase; ornithine decarboxylase; urease pro-
duction; citrate utilization; deamination of phenylala-
nine; malonate utilization; aesculin hydrolysis; fer-
mentation of arabinose, xylose, adonitol, rhamnose,
cellobiose, melibiose, sucrose, trehalose, raffinose,
and glucose; production of indole; production of ace-
toin; and production of cytochrome oxidase. Bacterial
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isolates were grown on nutrient agar overnight at

30°C. After incubation, several colonies of identical

morphology were taken from the overnight cultures

grown on nutrient agar. These colonies were sus-

pended in 3 mL of a saline solution (NaCl 0.9%, w/v)

in order to achieve turbidity of McFarland Standard

No. 1 and 200 μL of suspension was transferred into

each well of the API strips. The strips were put into a

plastic container, the bottom of which was filled with

sterilized water to minimize evaporation, and then

incubated at 37°C. The API strips were observed at 4,

8, 16, and 24 h. During incubation, bacterial metabo-

lism produced color changes that were either sponta-

neous or revealed by the addition of reagents. The

reading of these reactions (positive or negative) was

done according to the variations in colors.

Genomic DNA Isolation of Bacterial Isolates

DNA isolation was performed using a Genomic

DNA Mini Kit (Invitrogen) according to the instruc-

tions provided by the manufacturer. These isolated

DNAs were stored at –20°C for further studies.

Gene Amplification, Cloning, and Sequencing
for Phylogenetic Studies

PHB-producing isolates were identified based on

16S rRNA gene sequence analysis. Extracted DNA was

used as a template for 16S rRNA gene amplification.

The 16S rRNA genes were selectively amplified by

using oligonucleotide primers designed to anneal to

conserve positions in the 3' and 5' regions of the bacte-

rial 16S rRNA genes. The forward primer UNI16S-L

(5'ATTCTAGAGTTTGATCATGGCTTCA) and the

reverse primer UNI16S-R (5'-ATGGTACCGTGT-

GACGGGCGGTGTTGTA) were used (Bektas et al.,

2016). The PCR conditions were as described by Inan

et al. (2011b); PCR products were cloned into pGEM-T

vector systems according to the manufacturer’s

instructions (Promega).

The DNA sequences of the 16S rRNA gene were

determined with a high throughput Applied Biosys-

tems 3730XL sequencer using a 23 ABI 3730XLs

sequencing kit (Macrogen, Netherlands). Sequences

consisting of about 1400 nt of 16S rRNA gene were

determined. The results of 16S rRNA gene sequencing

were analyzed using the EzTaxon server

(http://www.eztaxon.org/) (Chun et al., 2007). The

16S rRNA gene sequences of related taxa were

obtained from the EzTaxon-e server and edited using

the program BioEdit (Hall, 1999) and multiple align-

ments were performed with the program CLUST-

AL_X (Thompson et al., 1997). Phylogenetic analyses

were performed by the neighbor-joining (Saitou and
Nei, 1987) algorithm with MEGA version 6.0

(Tamura et al., 2013). Evolutionary distances were cal-

culated using Kimura’s two parameter model

(Kimura, 1980). Bootstrap analysis based on 1000 rep-

licates was also conducted in order to obtain confi-

dence levels for the branches (Felsenstein, 1985).

RESULTS AND DISCUSSION

Isolation of Bacterial Isolates and Screening 
of PHB-Producing Isolates

For the rapid detection and isolation of PHB-pro-
ducing bacteria (86 totally) were screened on MSM
agar medium with Sudan Black B, for lipophilic com-
pounds. A total of 32 isolates were stained with Sudan
Black B. The 32 isolates obtained from the preliminary
screening were then re-cultivated on MSM agar
medium containing Nile blue A, a specific dye for the
staining of PHB granules. Thirteen bacterial isolates
exhibited f luorescence and were selected as PHB-pro-
ducing isolates (Fig. 1).

Conventional Analysis of PHB-Producing Isolates

Thirteen bacterial isolates producing PHB were

subjected to conventional tests to characterize them

and the results are shown in Table 1. These tests indi-

cated that all of the isolates were aerobic and motile.

10 isolates were catalase positive, 6 were oxidase posi-

tive. All isolates screened for temperature tolerance

were able to grow between 25 and 45°C, with variation

among strains. It was noted that all isolates grew at

30°C for 24 h to 2 days. Salt was not required for

growth since all the strains were able to grow in the

salt-free medium. The isolates tolerated salt concen-

trations in medium supplemented with 1 to 6% NaCl

(w/v). None of the strains were able to grow in

medium supplemented with 7% NaCl (w/v). In addi-

tion, the pH values tested ranged from 4.0 to 11.0. All

strains grew at pH ranging between 6.0 and 8.0.

Biochemical Characterization

The API 20E profiles of the isolates demonstrated

biochemical diversity (Table 2). All strains were nega-

tive for reduction of nitrates and lysine decarboxylase.

The utilization of carbohydrates varied; positive

assimilation results for D-glucose and D-mannitol

were obtained for all strains. The carbohydrate assim-

ilation test was positive for 8 strains on L-arabinose, 6

strains on sucrose, and 4 strains each on inositol and

sorbitol. Only 1 strain assimilated amygdalin. The

number of positive tests displayed by the isolates

ranged from four to ten.
BIOLOGY BULLETIN  Vol. 50  No. 3  2023
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Table 1. Physiological characteristics of bacterial isolates

Isolate Catalase Oxidase

Growth temperature, °C Growth pH Tolerance

to NaCl

(% w/v)range optimum range optimum

B6 – – 25–30 25 6–10 8 2

K2 – – 25–35 30 5–9 7 1

K3 + + 25–40 30 6–10 8 4

K9 + + 25–40 30 5–9 7 7

M5 + – 25–40 35 6–8 7 4

M8 + – 25–40 35 6–8 7 4

M9 + + 25–40 30 6–9 7 5

Y1 + + 25–35 30 5–9 7 4

Y2 + + 25–35 25 6–9 7 3

Y3 – – 25–30 25 6–10 8 2

Y6 + + 25–40 30 6–9 7 6

Y7 + – 25–40 35 6–8 7 4

Y9 + – 25–45 40 6–9 7 2

Table 2. Biochemical characterization of bacterial isolates (B6), evaluated using the API 20E test strip (API 20E, Analytical)

Characterization
Isolates

B6 K2 K3 K9 M5 M8 M9 Y1 Y2 Y3 Y6 Y7 Y9

ß-Galactosidase + – – + – – – – – + – – –

Voges–Proskauer – – – – – – – – – – – – –

Indole production – – – + – – – – + – – – –

Tryptophan deaminase – – + – + + – – – – – – –

Urease + – – + – – – – – + – – –

Hydrogensulfide production + + – – – – – – – – – – –

Citrate utilization – – + – – – – – – – + – –

Ornithine decarboxylase – + – – – – – – – + – – –

Lysine decarboxylase – – – – – – – – – – – – –

Arginine dihydrolase – – – – + + – – + – – – –

Gelatinase – – + + – – – – – – – – –

D-glucose + + + + + + + + + + + + +

D-mannitol + + + + + + + + + + + + +

Inositol + – + – – – – – – + – – +

D-sorbitol + – – + – – – + – + – – –

L-rhamnose – – – – – – + + – – – + –

D-sucrose + – + + – – – + – + + – –

D-melibiose + – – – – – + – – – – + –

Amygdalin – – – – – – – – – + – – –

L-arabinose + + – – + + – – + + – + +
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Table 3. Identifcation results and GenBank Numbers of bacterial isolates from …..

Isolation Identifcation GenBank Number Similarity rate, %

B6 Arthrobacter oryzae MZ505550 99.34

K2 Pseudarthrobacter oxydans MZ505551 98.75

K3 Pseudomonas moorei MZ505559 99.56

K9 Pseudomonas soli MZ505560 99.93

M5 Pseudomonas plecoglossicida MZ505556 99.85

M8 Pseudomonas putida MZ505557 99.64

M9 Pseudomonas plecoglossicida MZ505558 99.93

Y1 Pseudomonas laurylsulfativorans MZ505552 99.64

Y2 Pseudomonas piscium MZ505553 99.76

Y3 Arthrobacter oryzae MZ505549 99.63

Y6 Pseudomonas baetica MZ505554 99.63

Y7 Pseudomonas plecoglossicida MZ505555 99.85

Y9 Bacillus proteolyticus MZ505548 99.86

Table 4. PHB content of various isolates. * Calculated as from DCW [PHB content (%) = Dry weight of extracted
PHB (g/L) ×100%/DCW (g/L)]

Isolates Identified as Dry cell weight, g/L PHB, g/L PHB, %*

B6 Arthrobacter oryzae 1.16 0.37 32.0

K2 Pseudarthrobacter oxydans 1.58 0.73 46.2

K3 Pseudomonas moorei 1.89 0.95 50.3

K9 Pseudomonas soli 0.54 0.33 61.1

M5 Pseudomonas plecoglossicida 1.44 0.96 66.7

M8 Pseudomonas putida 1.15 0.62 53.9

M9 Pseudomonas plecoglossicida 1.18 0.93 78.8

Y1 Pseudomonas laurylsulfativorans 2.09 0.62 29.7

Y2 Pseudomonas piscium 1.99 1.36 68.3

Y3 Arthrobacter oryzae 1.09 0.34 31.2

Y6 Pseudomonas baetica 1.09 0.81 74.3

Y7 Pseudomonas plecoglossicida 1.04 0.56 53.8

Y9 Bacillus proteolyticus 1.46 0.87 59.6
16S rRNA Gene Sequence Analysis

In order to determine the phylogenetic relationship

between the PHB-producing isolates and the known

types, the 16S rRNA gene sequences were analyzed. A

total of 1400 nucleotides of the 16S rRNA from 13 iso-

lates were aligned and compared to sequences of

related bacteria using EzTaxon; the results are summa-

rized in Table 3. The phylogenetic tree was constructed

using the neighbor-joining method (Figs. 2, 3). On the

basis of the 16S rRNA gene sequence analysis, nine of

the isolates (K3, K9, Y1, Y2, Y6, Y9, M5, M8, M9)

were detected to be strains belonging to Pseudomonas
species at a similarity rate of ≥99%. Further, two of the

isolates (Y3, B6) were related to Arthrobacter species at

a ≥99% rate, and one of them (K2) to Pseudarthro-
bacter species (≥98% rate of similarity); in addition,

one of the isolates (Y9) belonged to Bacillus species at

a rate of ≥99%.

Kim et al. (2014) reached the conclusion that

strains belonging to the same genus that exhibit less

than 98.65% 16S rRNA gene sequence similarity

should be considered members of different species.

These similarities showed that nine isolates (K3, K9,

Y1, Y2, Y6, Y9, M5, M8, M9) were members of the

genus Pseudomonas, Y3 and B6 belonged to the genus

Arthrobacter, and K2 and Y9 were members of the gen-

era Pseudarthrobacter and Bacillus, respectively.

Three of the isolates (M5, M9, Y7) were detected

to be strains belonging to Pseudomonas plecoglossicida
at a similarity rate of 99%. Further, K3 belonged to
BIOLOGY BULLETIN  Vol. 50  No. 3  2023
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Fig. 2. Phylogenetic tree was constructed on the basis of 16S rRNA gene sequence data of Y1, Y2, Y6, Y7, M5, M8, M9, K3, K9
isolates and other related organisms, using the neighbour-joining method. Bar, 0.002 substitutions per nucleotide positions.
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Pseudomonas moorei, Y1 to Pseudomonas laurylsulfa-
tivorans, Y6 to Pseudomonas baetica, Y2 to Pseudomo-
nas piscium, K9 to Pseudomonas soli, and M8 to Pseu-
domonas putida at a similarity rate of 99%. Further, Y3

and B6 were related to Arthrobacter oryzae and K2 to

Pseudarthrobacter oxydans at a similarity rate of 99%.

In addition, Y9 belonged to Bacillus proteolyticus at a

rate of 99%.
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The 16S rRNA gene sequence analysis showed that

the PHB-producing isolates belonged to the genera

Pseudomonas, Arthrobacter, Pseudarthrobacter, and

Bacillus.

Production of PHB
The PHB-positive isolates selected after Nile blue

A staining were employed to extract PHB after 48 h of
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Fig. 3. Phylogenetic tree was constructed on the basis of 16S rRNA gene sequence data of B6, K2, Y3, Y9 isolates and other related
organisms, using the neighbour-joining method. Bar, 0.02 substitutions per nucleotide positions.
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Pseudarthrobacter polychromogenes (X80741)

Pseudarthrobacter oxydans (X83408)

K2 (MZ505551)

Y9 (MZ505548)

B6 (MZ505550)

Y3 (MZ505549)

100

58

99

86

97

97

84

99

7777

54

68

96

71
incubation. Thirteen isolates reportedly accumulated

PHB granules as reserve material. The PHB from the

isolates was extracted using dispersion in the hypo-

chlorite and chloroform method as described earlier.

Yields of PHB (%) were calculated from the weight of

PHB per dry cell weight extracted (Table 4).

PHB was accumulated by strains M5, M6, M8,

M9, K2, K3, K6, B6, Y1, Y2, Y3, Y6, Y7, and Y9. The

highest PHB production and percentage productivity

were obtained from Pseudomonas plecoglossicida M9

(0.94 PHB g/L; 78.8% PHB) and Pseudomonas baet-

ica Y6 (0.81 PHB g/L; 74.3% PHB), respectively. In

the present study, two strains of Pseudomonas showed

high PHB accumulation as well when compared with

other Pseudomonas sp. strains like Pseudomonas sp.

28/D (66.5% PHB yield) (Reddey and Thirumala,
2012) and Pseudomonas putida CA-3 (59.0% PHB

yield) (Ward and O’Connor, 2005) reported so far.

CONCLUSIONS

Eighty-six bacteria were isolated from oil-contam-

inated soil samples collected from Istanbul, Turkey.

The isolates were screened for PHB production using

Sudan Black B staining and Nile blue A fluorescence

staining. Thirteen bacterial isolates accumulated PHB

as reserve material. Based on the 16S rRNA gene

sequences analysis, PHB-producing isolates belonged

to the genera Pseudomonas, Arthrobacter, Pseudarthro-

bacter, and Bacillus. These bacteria were screened in

terms of PHB production and the maximum was

found in Pseudomonas plecoglossicida M9 (78.8%

PHB) and Pseudomonas baetica Y6 (74.3% PHB).
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These isolates can be regarded as good candidates for

the industrial production of PHB.
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