
ABSTRACT
When some bacteria grown in increasing concentrations of carbon, a polymer called Poly β- hydroxyl butrate (PHB) was produced and 
accumulated inside the bacterial cell up to 70% of the cell dry weight. This material can be used safely in different modern application 
to replace plastic which has negative effects on man, animals and environments. This study aimed to isolate some actinomycetes for 
PHB degradation and optimization the growth conditions for maximum degradation.  Contaminated soil samples were collected from 
industrial area of Jeddah and used for actinomycete isolations. The isolated bacteria were screened on medium containing PHB as a 
carbon source and presence of cleat zone on solid agar medium around the bacterial colonies mean PHB degradation. Out of thirty 
isolates, eight isolates were the most active in PHB degradation.  After growth in liquid medium, these isolates were identified and 
characterized using morphological, physiological and chemical methods. Using molecular methods, they were belonging to different 
genera of actinobacteria. The most active isolate was Streptomyces sp. MM21.The effects of some growth factors on growth and PHB 
degradation was determined. Growth was measured by dry weight (g/l) while PHB degradation was detected by depolmerase assay 
(U/ml). It was clear that addition of 2.5 g/l of yeast extract and 1 g/l glucose enhanced both growth and PHB degradation. Similarly, 
adjusting medium at pH 7.0 and incubation temperature at 25°C for 7 days lead to maximum PHB degradation. The maximum growth 
was in medium containing 0.5 g/l of PHB. In conclusion, PHB degradation was detected by actinobacteria and was affected by some 
physical and biochemical factors. It was noticed that optimization of growth conditions enhanced both growth and degradation process 
by the selected Streptomyces isolate.
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INTRODUCTION

Different used materials in our homes and factories are from 
petro-based plastics which have a variety of serious harmful 
effects on human health and aquatic environment due CO2 
releases, ingestion of plastic and bis-phenol accumulation 
(Gervet, 2007, Halden, 2010). The worldwide annual 
production of synthetic polymers was many billion tons 
and now the disposal of these materials was of big concern. 
The decrease of plastic materials is urgent and developing 
biodegradable plastics as an alternative material is the 
solution (Shimao 2001, Sabapathy et al., 2021, Müller-
Santos et al., 2021).
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Pranamuda et al. (1995) reported that poly hydroxyalkanoic 
acids (PHA) and poly β-hydroxybutyrate (PHB) are 
biodegradable materials with properties similar to 
conventional plastics and can be used safely in our life. 
Biodegradable alternative polymers are environmentally-
friendly obtained from renewable resources and most 
ecological studies were focused on PHB biodegradation. 
The distribution of bioplastic degrading bacteria in the 
environment has been investigated and the diversity or 
abundance of these microorganisms were recorded. The 
most active microbial population must be transferred from 
the lab. to the environment to enhance degradation process 
(Sabapathy et al., 2021).

Time is needed to utilize biodegradable plastics and maintain 
the health of the environment. Looking for microorganisms 
convert bio- polymers to monomers using effective eco-
friendly methods is urged. Poly β- hydroxyl butrate is a 
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polymer produced by many genera of bacteria up to 75% of 
the cell dry weight. These polymers were used by bacteria as 
reserved food but can be extracted, characterized and used 
in many countries as safe and eco-polymer.  Biodegradation 
of these polymers has been investigated in soils, composts 
and natural waters by bacteria and fungi which contained 
PHB depolymerases (Mergaert et al., 1994, 1995, Oda et al., 
1997, Sharma et al., 2019) and rate of degradation depend 
on the properties of the polymers.  PHB depolymerases are 
responsible for extracellular PHB degradation (Jendrossek 
and Handrick, 2002, Alhazmi et al., 2018, Alves et al., 
2020).

recently from a dumping yard rich in plastic wastes, 
Stenotrophomonas sp. rZS7 was isolated, characterized 
and grown for PHB depolymerase production during 
its growth. This enzyme was extracted and purified by 
ammonium salt precipitation, column chromatography 
and solvent purification (Sayyed et al., 2020, Alves et al., 
2020). This study aimed to isolation and identification 
of actinobacteria from contaminated soil for degradation 
of PHB and optimization the degradation conditions for 
maximum activities.

MAterIAl AnD MetHoDS

Sample collection and bacterial isolation and selection: 
Contaminated soil samples (10) from the industrial zone, 
Jeddah, Saudi Arabia were collected in sterile plastic 
bags, air dried and sieved. Different bacterial isolates 
were obtained on Starch nitrate agar after growing for 5 
days at 25◦C and the pure isolates were maintained on 
the same medium in the refrigerator at 4oC until used. 
All isolated bacteria were screened on mineral salt agar 
medium containing PHB as carbon source and the most 
active isolates that showed the highest clear zones were 
selected and identified.

Bacterial identification: The locally isolated bacteria used 
in this study were from contaminated soil samples. The 
used medium for isolation was starch-nitrate agar. This 
medium contained (g/l): starch, 20; KnO3, 2; K2HPO4, 1; 
KH2PO4, 0.7; MgSO4•7H2O, 0.7; agar, 20. The medium pH 
was adjusted to 7. All isolate were purified and preserved 
on the same medium on slants at 4◦C. The selected isolates 
were identified according to International Streptomyces 
Project (Shirling and Gottlieb 1966). DnA was extracted 
and 16SrDnA genes of the active isolates were purified and 
sequenced. The sequence was analyzed and compared to 
16SrDnA genes in the ribosomal Data Project and eMBL-
GenBank databases.

the used polymer: The homo- polymer of PHB was 
obtained as powder from from Biomer Inc., Germany.  
The suspension of PHB (1.0 g/ 100 ml distilled water) was 
sonicated for 15 min (Ultrasonic Homogenizer 4710 series 
ColeParmer Instrument Co. Chicago, Illinois 60648). The 
sonicated solution was autoclaved separately and added 
aseptically as a carbon source to 900 ml of liquefied sterile 
agar medium. The obtained medium was mixed well and 
used.

Screening of the different bacteria for PHB degradation: 
Agar plates were prepared from Mineral salts agar medium   
and each plate contained 10 ml of the previous medium as 
a bottom layer and 6 ml of the medium, contained 0.1% 
of the polymer suspension as the sole carbon source (the 
upper layer). At first all plates had an opaque appearance 
due to the presence of polymer in the top layer.  The plate 
was inoculated with 1 ml of the bacterial suspension (6x106 
CfU/ml), previously grown for one week in starch nitrate 
broth medium at 120 rpm for 4 days. The inoculum was 
spread over the surface of the medium. Incubation was then 
carried out at 25°C. Assessment of degradation activity was 
detected by measuring the mean value of the clear zone 
diameter and the mean diameter of the bacterial colony. 

Detection of PHB degradation on solid and in liquid 
medium: All isolated bacteria were screened on Mineral 
salt agar medium supplemented with (0.10 g/l) as a sole 
carbon source. After incubation for 5 days, clear zone 
diameter was measured for each isolate (Alhazmi et al., 
2018). Also, PHB metabolizing in shake flask experiments 
was conducted in 250 ml erlenmeyer flasks containing 50 
ml of the basal Mineral salt PHB medium which contained 
(g/l): PHB (0.5), KH2PO4 (0.7), K2HPO4 (0.7), MgSO4 
(0.7), yeast extract (2.5), Glucose (1), naCl (0.005), feSO4 
(0.002) and ZnSO4 (0.007). The medium pH was adjusted 
to pH 7. each flask was inoculated with 2 ml of fresh 
prepared bacterial suspension, containing 4x106cfu/ml and 
incubated in shaking incubator at 25oC and 120 rpm for 
5 days. At the end of the growth period, the growth was 
collected by centrifugation at 4,000 rpm for 20 minutes, 
dried at 50°C for 2 days in an oven. The bacterial dry weight 
was determined as g/l. PHB degradation by depolymerase 
enzyme was measured quantitatively in the culture filtrate 
by the decrease in the absorbance using spectrophotometric 
method, according to the method of Kobayashi et al. (1999). 
All experiments were made in triplicate and averages were 
calculated.

enzyme assay: Depolymerase enzyme was responsible 
about PHB degradation and its activity was predictable 
from the decrease in turbidity of PHB at 37°C (Klingbeil 
et al. 1996). The best conditions for maximum PHB 
depolymerase production: for maximum production of 
PHB depolymerase, growth conditions were optimized. The 
degradation of PHB was performed using 50 ml of Mineral 
salt medium (pH 7.0) with 0.1 % PHB as a carbon source 
in250 ml erlenmeyer flasks. All flasks were incubated at 
120 rpm for 5 days. The effect of different concentrations 
of yeast extract (0.5, 1.0, 1.5, 2.0) and 2.5 g/l or different 
concentrations of glucose (0.5, 1.0, 1.5, 2.0 and 2.5 g/l) 
on growth and depolymerase activity were determined. 
Similarly, the effects of different pH values (6, 6.5, 7.0, 
7.5and 8.0), incubation temperature (20, 25, 30. 35, 40 and 
45°C), incubation period (3, 4, 5, 6, 7, 8, 9 and 10 days) 
and different concentrations of PHB (0.25, 0.5, 1.0, 1.5, 2.0 
and 2.5 g/l) were determined. At the end of growth period, 
growth and depolymerase activity were assayed. After 
incubation, bacterial growth (dry weight) and depolymerase 
production was detected as described before.
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Statistical analysis: Statistical analyses were performed 
using the statistical Package for Social Science (SPSS for 
windows, version 16) (SPSS Inc., Chicago, IL, USA). The 
result was expressed as mean ± standard deviation and 
significant difference between samples was determined 
using t-test. Significant results were recorded when 
P<0.05.  

RESUlTS AND DISCUSSION

Soil samples were collected from contaminated area in 
the industrial zone in Jeddah, Saudi Arabia and different 
bacteria were isolated on Starch nitrate Agar using dilution 
plate method. All plates were incubated at 25°C for 7 days. 
About 30 isolates with different color were obtained and 

isolates were Gram positive.  All the isolates were screened 
on MSA medium containing 0.5% PHB. The degree of 
growth was determined, and diameter of the clear zone 
was measured.  Out of thirty isolates, eight isolates were 
the most active in PHB degradation on solid medium (Table 
1).  Moreover, after growing in liquid medium, growth and 
PHB were determined for the eight active isolates which 
have different colonies characters and colors (figure 1). All 
Bacterial isolate degrades PHB in liquid and solid media 
with different percentages (Table 2). The percentage of PHB 
degradation was ranged from 20 to 50 %. The isolates MM7, 
MM14 and MM21showed the best growth (++++) using 
PHB as carbon source and the biggest clear zones which 
were ranged from 20 to 25 mm. The lowest growth and the 
smallest clear zone were recorded for isolates MM1, MM5, 
MM11, MM27 and MM30.

Bacterial Bacterial  Aerial Substrate  Diffusible
isolate shape  mycelia   mycelia  Growth pigment 

MM 1 filamentous White Gray  +++ +ve
MM 5 filamentous Brown  yellow  ++ +ve
MM 7 filamentous Blue yellow ++ +ve
MM 11 filamentous Black Gray  ++ +ve
MM 14 filamentous White yellow ++  +ve
MM 21 filamentous Pink Brown  +++   +ve
MM 27 filamentous Gray   Black  ++   +ve
MM 30 filamentous Gray yellow +   +ve

+++: high growth, ++: moderate growth, +: little growth, +ve: positive result

table 1. the isolated Gram-positive bacteria, color of aerial and substrate 
mycelia, growth and diffusible pigment production

Bacterial Clear Growth
isolate zone (Dry weight,
 diameter g/ l)  PHB Degradation 
 (mm)
   A235 (U/ml) % of
     degradation

MM 1 17± 1.8 0.12±0.04 0.064 0.161±0. 06 32
MM 5 21± 3.8 0.13 ±0.06 0.064 0.160±0. 08 32
MM 7 29± 3.7 0.13 ±0.07 0.088 0.229±0. 07 44
MM 11 21± 3.0 0.12 ±0.07 0.044 0.118±0. 09 22
MM 14 33± 2.1 0. 19±0.09 0.080 0.205±0.01 40
MM 21 38± 2.9 0. 15±0.09 0.104 0.257±0.04 50
MM 27 20± 3.3 0. 11±0.02 0.058 0.145±0. 08 28
MM 30 22± 3.1 0. 15±0.07 0.056 0.140±0. 03 28

table 2. the detection of PBP by the selected actinomycete isolates

These isolates were identified and characterized using 
morphological, physiological and chemical methods. 
Taxonomic identification by morphology of each isolate 
was mainly based on many identification keys. Using 
molecular methods, they were belonging to different genera 
of actinobacteria.  The selected isolates were belonging 

to two genera and many species. They were identified as 
Amycolatopsis sp., Sreptomyces mutabilis, Sreptomyces 
coenleonbidus and the least 5 isolates belong to genus 
Streptomyces and identified as Streptomyces sp., (Table 3, 
figure 2). In case of growing the 8 isolates in MSB medium 
contained 0.5% PHB as carbon source, they will grow and 
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degrade PHB by secretion of depolmerase. All isolates grow 
well in the previous medium but with different degrees. 
It was found that the isolate Streptomyces sp. MM21 
with accession number GU980133.1 grow strongly after 
hydrolyzing PHB by producing depolymerase enzyme. The 
enzyme concentration for this isolate was measured asU/ml. 
The highest growth and PHB degradation were recorded 
for Streptomyces sp. MM21.

Isolate MM21 was the most active isolates for PHB 
degradation, thus it was selected for more detail studied. 
It was grown in medium containing PHB as a carbon 
source and at the end of incubation period, growth and 
PHB degradation were measured.  Addition of yeast 
extract at different concentration from 0.0 to 2.5 g/l to 
medium containing PHB as a carbon source was studied. 
After 5 days, the growth and PHB degradation were 
measured. from the results, it was clear that presence of 
yeast extract in growth medium enhanced both growth 
and PHB degradation. Maximum growth measured by 
dry weight (g/l) was in medium containing 2.5 g/l of yeast 
extract. Similarly, the highest PHB degradation, measured 
by enzyme activity (U/ml) was obtained in MSB medium 
containing 2.5 g/l of yeast extract. The lowest growth and 
PHB degradation were observed at control which contained 
0.0% yeast extract (figure 3).

Figure 1: Some Gram-positive bacterial isolates grown on 
starch nitrate agar for 14 days at 25◦C

Isolate no. Accession Closest genus  Similarity 
 number (AC) or species (%)
   
MM 1 eU570625.1 Streptomyces mutabilis 99
MM 5 Kf991647.1 Streptomyces coeruleorubidus 99
MM 7 KP262516.1 Streptomyces sp. 99
MM 11 KP262516.1 Streptomyces sp. 97
MM 14 Kf479186.1 Amycolatopsis sp. 99
MM 21 GU980133.1 Streptomyces sp. 98
MM 27 GU980133.1 Streptomyces sp. 99
MM 30 GU980133.1 Streptomyces sp. 100

table 3. the identified actinomycetes selected for PHB degradation

Figure 2: Phylogenetic tree of the eight bacterial isolates 
that degrade PHB and most related genera.

Figure 3: effect of different concentrations of yeast extract 
on growth and PHB degradation (U/ml) by the selected 
isolate Streptomyces sp. MM21.

Similarly, the isolate MM21 was grown in medium 
containing PHB as a carbon source in addition to different 
concentration of glucose, 0.5 to 2.5 g/l to enhance the 
growth. After 5 days, the growth and PHB degradation 
were measured. from the results, it was clear that presence 
of glucose in growth medium enhanced both growth and 
PHB degradation and the maximum growth measured by 
dry weight (g/l) was in medium containing 1.0 g/l glucose. 
Similarly, the highest PHB degradation, measured by 
enzyme activity (U/ml) was obtained in MSB medium 
containing glucose (1.0 g/l). The lowest growth and PHB 
degradation were observed at control which had no glucose 

(figure 4). from the previous results, maximum growth 
and PHB degradation by the bacterium isolate MM21 was 
recorded in medium containing PHB as a carbon source in 
addition to 2.5 g/l yeast extracts and 1.0 g/l glucose.

After 5 days of incubation at different temperatures, 20 to 
45°C, the growth and PHB degradation were measured. 
from the results, it was clear that increasing temperature 
enhanced both growth and PHB degradation up 25°C, and 
then the growth and PHB degradation were decreased 
by increasing incubation temperatures. from the results, 
maximum growth and PHB degradation was recorded at 
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25°C after 5 days of incubation whereas the lowest growth 
and PHB degradations were at incubation temperature 
20 and 45°C (figure 5). The medium was prepared at 
different pH values, pH 6.0- pH 8.0. The inoculated flasks 
were incubated at 25°C for 5 days and growth and PHB 
degradation were measured. from the results, it was clear 
that adjusting the initial pH of the medium at 7.0 enhanced 
the growth, but maximum PHB degradation (U/ml) was 
recorded at pH 7.5as shown in figure 6.

Also, MM21 was grown in medium containing PHB as a 
carbon source, yeast extracts and glucose. All flasks were 
incubated at 25°C for 3, 4, 5 ,6, 7, and 8 days. At the end of 
the growth period, the growth and PHB degradation were 
measured. from the results, it was clear that incubation at 
6 days enhanced growth but maximum PHB degradation 
was measured in the broth medium after 3 days of growth 
at 25°C. The lowest growth and PHB degradation were 
observed after1 and 2 days of growth (figure 7). from the 
results, it was clear that presence of PHB in growth medium 
enhanced both bacterial growth and PHB degradation 
and the maximum growth was in medium containing 
0.5 g/l of PHB.  Similarly, the highest PHB degradation, 
measured by enzyme activity (U/ml) was obtained in MSB 
medium containing 0.5 g/l of PHB. Increasing the PHB 
concentrations showed no clear effect on both growth and 
PHB degradation. The lowest growth and PHB degradation 
were observed 2.0- 3.0 g/l of PHB as carbon source  
(figure 8).

Figure 4: effect of different concentrations of glucose on 
growth and PHB degradation (U/ml) by the selected isolate 
Streptomyces sp. MM21.

Figure 5: effect of different temperature   on growth and 
PHB degradation (U/ml) by the selected isolate Streptomyces 
sp. MM21.

Figure 6: effect of different pH value on growth and PHB 
degradation (U/ml) by the selected isolate Streptomyces 
sp. MM21.

Figure 7: effect of different incubation period on growth and 
PHB degradation (U/ml) by the selected isolate Streptomyces 
sp. MM21.

Figure 8: effect of different concentrations of PHB on 
growth and PHB degradation (U/ml). by the selected isolate 
Streptomyces sp. MM21.

In this study, out of 30 Actinomycete isolates, 8 isolate 
(27%) were able to degrade PHB in solid and liquid 
medium. Higher percentage of actinomycetes that can 
degrade PHB were recorded.  Hoang et al., (2007) isolated 
Actinomycetes from Touchien river in Taiwan and screened 
them for the ability to degrade poly (ethylene succinate), 
poly (caprolactone) and/or poly(b-hydroxybutyrate) (PHB) 
by the clear-zone method. About 135 isolates out of 305 
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were PHB-degraders (44.2%), 83 isolates were PCL 
degraders (27.2%), and 64 isolates (21.0%) were PeS 
degraders. furthermore, 46 isolates could degrade both PHB 
and PCL (15%), 39 isolates could degrade both PHB and 
PeS (12.8%). Based on the appearance of isolates, the most 
important isolates (91.9%) were identified as Streptomyces 
sp. while Micromonospora genus was represented by 
8.1%. In this study, we have evaluated the degradation of 
poly-hydroxybutyrate by genus Streptomyces (87%) and 
Amycolatopsis (13%). The isolate MM21, obtained from 
contaminated soil with oil wastes was the most active isolate 
in PHB degradation and was identified as Streptomyces sp. 
MM21.

The maximum ability of the previous bacterium to degrade 
PHB was observed on solid and in liquid media containing 
the polymer as the sole carbon source. Degradation process 
was increased with increasing period of incubation and 
maximum degradation was obtained after 7 days. The 
degradation of the polymer was determined on solid medium 
by measuring the clear zone diameter and in liquid medium 
by measuring the decrease in the absorbance. On contrast, 
Mabrouka and Sabryb (2001) used two other methods to 
detect degradation. The over layer plate method was applied 
as an approach to determine the PHB degradation by the 
tested strain. In contrast to bacteria, fast colonial growth of 
the Streptomyces strain covered the medium in plates and 
interfered with reading the clear zone formed. Therefore, 
the use of test tubes proved to be more advantageous for 
assaying degradation activity. The synthesis of Streptomyces 
sp. MM21 depolymerase seems to be highly regulated.

The presence of readily utilizable carbon sources in 
addition to the polymer in the medium inhibited the 
degradation process compared to the control (medium 
containing the polymer only). This indicates that PHB 
depolymerase expression is repressed in the presence of 
a soluble carbon source that permits high growth rates. 
However, after exhaustion of the nutrients, the synthesis 
of PHB depolymerase is decreased. This regulation has 
been reported in many bacteria (Klingbeil et al. 1996). This 
is consistent with observations of Molitoris et al. (1996) 
on degradation of polyhydroxyalkanoate by Comamonas 
sp. but different from those observed with other bacterial 
depolymerases (nishida and Tokiwa, 1993). examination 
of polymer sheets incubated in sterile medium showed 
that PHB has a mainly smooth surface with many irregular 
pits and lesions. It is assumed that the mycelia growth of 
the bacterium penetrates the lesions and depolymerases 
are secreted. Thus, the hydrolysis products increase. As a 
consequence, the surface area of the polymer accessible 
to degradation increases. It has been demonstrated that 
streptomycetes offer excellent potential for degradation of 
biopolymers in the marine environment (Moran et al., 1995, 
Alhazmi et al., 2018, Alves et al., 2020).

The degradation of biopolymers helps to overcome some of 
the pollution problems associated with the use of petroleum 
polymers. PHB has been investigated for its degradation 
in many terrestrial and aquatic environments (Jendrossek 
and Handrick, 2002). Scientist have traditionally used 

morphology for identifying bacterial species, and even 
nowadays it is still the potential means of species 
identification and the newly emerged DnA sequence-based 
methods have shown higher potentiality for identifying 
species, thus, molecular techniques were used to confirm the 
classification. Many different PHB biodegrading members 
of Bacillus and Streptomyces have been isolated from soil 
(Mergaert et al., 1993). Polyhydroxyalkanoic acids are 
biodegrable plastics that have been extensively studied, 
because of their similarity to conventional plastics, complete 
biodegradability and current market domination (Verlinden 
et al., 2007, Sabapathy et al., 2021).

The biodegradation of plastics proceeds actively under 
different conditions according to microbe properties and 
each microbe has its own optimal growth conditions (Lucas 
el al., 2008). All isolates were screened for depolymerase 
production on medium containing 0.5% PHB as inducer. 
Induction and expression are subjected to a complex 
regulation and depolymerase enzyme is not required for 
balanced bacterial growth and may be synthesized in 
response to energy or nutrient limitation (Lodhi et al., 2011). 
In this work, the tested bacteria (40% of the tested bacteria) 
grow on medium containing PHB as carbon source are 
producer for depolymerase while Aly et al. (2015) reported 
that more than 50% of the screened actinobacteria were 
depolymerase producing. Also, Aly et al. (2017) reported 
that out of 16 fungal isolates, 8 (50%) gave clear zone on 
solid medium containing PHB as carbon source (Sabapathy 
et al., 2021).

Depolymerase enzyme detection was obtained either using 
plate-clearing technique and/or measuring the enzyme 
activity in liquid medium. Plate-clearing technique was 
very simple method to detect polymer degradations in 
agar medium and used to detect the PHB degradation as 
a clear halo zone around the bacterial colonies (Lodhi et 
al., 2011). for bacteria, growth on agar medium is usually 
easier than in broth medium (Choi et al., 2001), thus, no 
further assessment was conducted for isolates that showed 
weakly activity on solid agar medium containing PHB 
as carbon source. The weak or lack of activity in some 
isolates may be due to a loss of trait in the isolate or the 
used culture conditions was not effective in inducing 
the depolymerase enzyme which are extracellular in 
fungi whereas the enzymes are either extracellular or 
intracellular in bacteria.  enzyme assay for these isolates 
indicated the optimal environmental conditions required 
for depolymerase enzyme to induce the highest level of 
biopolymer degradation (Sabapathy et al., 2021).

Among 20 isolates, 8 isolates were proven to biodegrade 
PHB. The isolates were basically characterized at the 
morphological level. The knowledge on the participation and 
role of actinomycetes in hydrolysis of PHB are extremely 
limited and need to be elucidated in further studies. This 
study is important in isolation of some bacterial isolates 
which produce excellent depolymerase enzyme in the 
culture supernatant after growth on PHB as carbon source. 
Although, this enzyme has a wide distribution in bacterial 
cells and in some algal genera, bacterial depolymerase have 
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considerable potential in commercial applications due to 
substrate specificity, resistance to proteolysis and catalytic 
efficiency (Shah et al., 2008, Sabapathy et al., 2021). 

Temperature is one of the most critical parameters to be 
controlled in any bioprocess. A number of mesophilic 
microbes have been found to be responsible for biodegrading 
PHB in soil and aquatic environments and many the thermo 
-tolerant strains are capable of biodegrading PHB at high 
temperatures ≥ 40°C from soil and compost (Mergaert et al., 
1994, Kim, 2000). Im this study, maximum depolymerase 
production was at 25°C while Bacillus strain TT96 
(Tansengco and Tokiwa, 1998) and Streptomyces strain 
MG (Tokiwa and Calabia, 2004, Pirttilä et al., 2021) were 
capable of degradation at higher temperatures. Aspergillus 
fumigates was able to biodegrade PHB better at 45°C after 
24 h of incubation in liquid medium and little information 
on microbial degradation of PHB at high temperatures was 
available (Lodhi et al., 2011).  Maximum degradation was 
after 5 days and there was a gradual decrease in production 
of enzyme after that. As it is well known, degradation 
in liquid medium was affected with time. On contrast, 
Papaneophytou et al. (2009) reported maximum enzyme 
production by Thermus thermophilus HB8 after 24 h of 
incubation. The gradual decrease in the production of 
enzyme after 5 days was as a result of utilization of substrate 
and other nutrients (Shivam et al., 2009, Kouřilová et al., 
2021).

Moreover, maximum enzyme production was at pH 
7.5 while Aly et al. (2015) used pH 7 for maximum 
degradation of PHB by Streptomyces. Increasing pH more 
than 7.5 affected the charges on the amino acids within the 
enzyme active site. Similarly, in liquid medium maximum 
production of PHB depolymerase by A. fumigates was 
observed at pH 7 after 24 h of incubation (Lodhi et al., 2011) 
and at pH 9.0 at 65ºC by Bacillus megaterium (Takaku et 
al., 2006) and at pH 7.5‒8.0 when sewage sludge was used 
as inoculum (Briese et al., 1994). In the present study, the 
maximum production of PHB depolymerase was found at 
0.5% of PHB concentration while it decreased with further 
increase in polymer concentration which might be due to 
substrate level inhibition (Manna and Paul, 2000). In case 
of Arthrobacter sp., the optimal concentration of PHB was 
0.1% (Asano and Watanabi, 2001). 

Production of extracellular PHB depolymerase by T. 
thermophilus was reported after 24 hr of incubation using 
0.1% PHB (Papaneophytou et al., 2009). In the current 
study, presence of glucose at 1 g/l and yeast extract at 2.5 
g/l in the growth medium along with PHB enhanced activity 
of PHB depolymerases. On contrast, lactose enhanced PHB 
degradation by A. fumigates (Lodhi et al., 2011). According 
to Manna and Paul (2000), degradation of PHB by bacterial 
strains was affected significantly when the PHB containing 
medium was supplemented with easily consumable carbon 
sources. Glucose, fructose and arabinose supplementation 
lowered the extent of degradation. However, after exhaustion 
of the nutrients, the synthesis of PHB depolymerase is 
depressed (Jendrossek and Handrick, 2002, Kouřilová et 
al., 2021, Kamnev et al., 2021). Inoculum size affect growth 
and PHB degradation and increasing the quantity increased 

the growth until certain limit at which there is no increase 
in PHB degradation (Kamnev et al., 2021).

Degradation increased with increasing period of incubation 
(Mabrouk and Sabry, 2001, Hidalgo et al, 2013). In 
accordance with our results are those reported for 
Pseudomonas lemoignei, (Steinbuchel and Hein, 2001). This 
result is in good agreement with a previous investigation 
which demonstrated the importance of carbon sources in the 
growth medium for enzyme production as the rate of polymer 
degradation was influenced by the degree and availability 
of secondary carbon and by the initial carbon source 
(Shivakumar, 2013, Bhagowati et al., 2015). Moreover, a 
PHB biodegrading bacterium Stenotrophomonas sp. rZS 7 
was isolated from Indian soil samples of   municipal area on 
minimal salt medium containing PHB as the only source of 
nutrient. An optimum yield of enzyme was obtained after 5 
days of incubation at 37°C and at pH 6.0 (Wani et al., 2016, 
Kouřilová et al., 2021).

CONClUSION

Maximum PHB degradation was obtained after growing the 
selected Streptomyces isolate in medium containing 2.5 g/l 
yeast extracts, 1 g/l glucose and 0.5 g/l PHB as a carbon 
source at pH 7 and incubation at 25◦C for 3 days. Many 
studied are needed for detecting the important characters 
of depolymerase enzymes which have the main roles in 
PHB degradation.
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