
A new bacterial strain, capable of degrading poly(3-hydroxybutyrate) (PHB) was isolated from soil. This
organism, identified as Streptoverticillium kashmirense AF1, secreted PHB depolymerases both on solid
as well as in liquid mineral salt medium containing poly(3-hydroxybutyrate) as sole carbon source. The
optimum production of PHB depolymerase was observed at pH 8 and 7, at 45 °C, 1% substrate concen-
tration and in the presence of lactose as an additional carbon source. The extracellular PHB depolymerase
was purified by gel permeation chromatography using Sephadex G-75. The Streptoverticillium kash-

mirense AF1 produced two types of PHB depolymerases having molecular weights of about 37 and 45
kDa as determined by SDS-PAGE. The difference in dry cell mass and amount of CO2 evolved in the test
and control calculated gravimetrically through Sturm test indicated the degradative capabilities of
Streptoverticillium kashmirense AF1.
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INTRODUCTION

Biodegradable plastics have attracted much attention due to their environmental
compatibility. A variety of biodegradable polyesters have been developed in order to
obtain useful biomaterials and to reduce the impact of large-scale accumulation of
non-degradable waste plastics on environmental pollution. Microbial polyhydroxy-
alkanoates (PHAs) are one of the largest groups of thermoplastic polyesters which
are receiving much attention as biodegradable substitutes for non-degradable plastics
[26]. Poly(3-hydroxybutyrate) PHB and its copolymers poly(3-hydroxybutyrate-co-
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3-hydroxyvalerate (PHBV) are examples of microbial polyhydroxyalkanoates
(PHAs) with properties similar to petrochemical based thermoplastics. Complete
degradation of biodegradable plastics in the soil is a slow process. It takes about
2–4.3 years. The accumulation of biodegradable plastics and their intermediate prod-
ucts in soil may have negative effect on the ecological system. Therefore, research
on the mechanism and rate of in situ degradation of biodegradable plastics is neces-
sary in order to formulate guidelines regarding their appropriate use [24]. Although,
various PHB-degrading microorganisms and PHB depolymerases have been studied
and characterized, there are still many groups of microorganisms and enzymes with
varying properties awaiting various applications [26].

Biodegradation of PHB and PHBV has been investigated in different natural envi-
ronments, such as soils [11], composts [19], natural waters [13] and sludges [2] as
well as under laboratory conditions [12]. Manna et al. [10] studied the ability of some
Streptomycetes from soil to degrade PHB in solid-plate assay. The consumption of
oxygen (respirometric test) or the formation of carbon dioxide (Sturm test) are good
indicators for polymer degradation, and are the most often used methods to measure
biodegradation in laboratory tests [19]. Several extracellular PHB depolymerases
from Alcaligenes, Comamonas and Pseudomonas have been isolated, purified and
characterized [26]. However, little information is available on PHB depolymerase
from Streptomyces [7]. To our knowledge, PHB degradation by Streptoverticillium
kashmirense has not been reported so far.

In this study, we have isolated and characterized a novel PHB-degrading bacteri-
al strain, Streptoverticillium kashmirense AF1, studied the effect of different cultur-
al conditions on PHB degradation and purified extracellular PHB-depolymerase.

MATERIALS AND METHODS

Source of polyester

The poly(3-hydroxybutyrate) (PHB) was obtained from Aldrich Chemie, GmbH &
Co, Steiheim, Germany.

Isolation and identification of PHB degrading microorganisms

Poly(3-hydroxybutyrate)-degrading microorganisms were isolated from soil, by
inoculating on mineral salt medium (MSM) [17] supplemented with 0.2% (w/v) of
PHB as a sole source of carbon source. PHB suspension was prepared by sonicating
PHB in a flask, containing MSM for 20 minutes in ultrasonic water bath (35 KHz,
285W). The isolates were differentiated on the basis of their colony morphology,
staining and biochemical tests [5].



Inoculum preparation

Arginine glycerol salt medium (AGS) (g/l): Arginine 1, glycerol 12.5, K2HPO4 1,
KH2PO4 0.2, NaCl 1, CaCl2 0.01, MgSO4 · 7H2O 0.5, FeSO4 · 6H2O 0.01,
CuSO4· 5H2O 0.001, ZnSO4 · 7H2O, 0.001, MnSO4· H2O 0.001, agar 15, pH 7.0, was
employed for preparing inoculum to be used for optimization experiments and
enzyme production.

Optimization of culture conditions for the production of PHB
depolymerase 

The effect of incubation time, pH (5–9), incubation temperature (30, 37, 40, 45,
50 °C), substrate concentration (1–4%) and additional carbon source (glucose, fruc-
tose, lactose, sucrose), on the biodegradation of PHB, in terms of production of PHB
depolymerase enzyme, was investigated and statistically analyzed by applying analy-
sis of variance (ANOVA) to the results.

Batch culturing for the production of PHB depolymerase

PHB degrading isolate, identified as Streptoverticillium kashmirense AF1, was cul-
tured aerobically on a rotary shaker (120 rpm) in 250 ml Erlenmeyer flask, contain-
ing 150 ml of MSM broth, 1% (w/v) PHB and 1% lactose at pH 8. The medium was
inoculated with 5% (v/v) seed culture, grown in arginine glycerol salt medium, and
incubated at 45 °C for 15 days.

PHB depolymerase assay

PHB depolymerase activity was assayed according to the method described by
Kobayashi et al. [8]. PHB (0.3%) was suspended at  in 50 mM Tris-HCl, pH 8.0. The
suspension was prepared as described earlier, prior to dilution to 0.03% in the same
buffer. Cell free supernatant (0.1 ml) was added to 0.9 ml of the substrate suspension
and incubated for 24 h at 30 °C. Activity was measured as the decrease in turbidity
of PHB suspension at OD650 against substrate buffer blanks. One unit is defined as
the activity resulting in decrease in OD650 per 24 hours.

Purification of PHB depolymerase

Following incubation, the cell free culture broth was used as crude enzyme extract
for purification. The precipitated (0–100% of ammonium sulfate) enzyme, dissolved
in 50 mM Tris-HCl buffer (pH 8.0), was purified on Sephadex G-75 column. Each
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fraction (3 ml) eluted from the column was analyzed for total protein by taking
absorbance at 280 nm, protein estimation by Lowry’s method and PHB depoly-
merase activity according to the method described by Kobayashi et al. [8]. The spe-
cific activity (enzyme activity/total protein, U/mg) of each fraction was also calcu-
lated. The fractions with high specific activity were pooled, concentrated and used
for relative molecular mass determination by SDS-PAGE on a 12% gel according to
the method of Laemmli. Gel was stained with Coomassie brilliant blue R-250 and
calibrated with molecular mass markers (14.4–97.4 kDa).

Analysis of biodegradation of PHB by Sturm test

CO2 evolution as a result of PHB biodegradation was determined by Sturm test [16].
CO2 evolved as a result of degradation of polymeric chain was calculated gravimet-
rically both in test and control was observed.

RESULTS

Isolation and identification of PHB degrading microorganisms

PHB-degrading bacterium was isolated from soil and identified as Streptoverticillium
kashmirense AF1, on the basis of morphological and biochemical tests. Biodegrada-
tion of PHB was indicated by the formation of clear zone around the microbial
growth on the agar plate after 30 days of incubation (Fig. 1).

Optimization of culture conditions for the production
of PHB depolymerase

The degradation of PHB on solid medium was greatly influenced by incubation tem-
perature. Streptoverticillium kashmirense AF1 was much proficient in degrading
PHB at 45 °C (p > 0.05) (Fig. 2). The organism was able to degrade the polymer with-
in a wide range of pH, as evident by the formation of clear zone of hydrolysis, but
the maximum zone of hydrolysis representing the maximum degradation of PHB was
observed at pH 8 (p > 0.05) followed by pH 7 (Fig. 3). Biodegradation of poly(3-
hydroxybutyrate) decreased with increase in polymer concentration in the medium.
The optimum substrate concentration required for the degradation of the polymer
was reported as 1% (w/v) (p < 0.05) (Fig. 4). Degradation of PHB was affected sig-
nificantly when the polymer-containing medium was supplemented with easily con-
sumable carbon sources. Glucose, fructose and sucrose supplementation lowered the
extent of degradation, while not much affected when lactose was present in the me-
dium (Fig. 5).
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Fig. 1. Degradation of poly(3-hydroxybutyrate) by Streptoverticillium kashmirense AF1 on PHB
containing mineral salt agar, shown by clear zone of hydrolysis after 4 weeks of incubation

Fig. 2. Effect of temperature on the poly(3-hydroxybutyrate) depolymerase activity shown by
Streptoverticillium kashmirense AF1 measured as zone of hydrolysis in mineral salt agar
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Fig. 3. Effect of pH on the poly(3-hydroxybutyrate) depolymerase activity shown by Streptoverticillium

kashmirense AF1 measured as zone of hydrolysis in mineral salt agar

Fig. 4. Effect of substrate concentration on the poly(3-hydroxybutyrate) depolymerase activity shown
by Streptoverticillium kashmirense AF1 measured as zone of hydrolysis in mineral salt agar

Fig. 5. Effect of carbon sources on the poly(3-hydroxybutyrate) depolymerase activity shown
by Streptoverticillium kashmirense AF1 measured as zone of hydrolysis in mineral salt agar
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Fig. 6. Specific activities (U/mg) of all the fractions obtained by gel chromatography of crude PHB
depolymerase

Fig. 7. SDS-PAGE analysis of the purified PHB depolymerase from Streptoverticillium kashmirense

AF1. Lane A: Purified PHB depolymerase. Lane B: Molecular mass standards (KDa); β-galactosidase
116, Bovine serum albumin 66.2, Ovalbumin 45, Lactate dehydrogenase 35, REase Bsp 981 25,

Lysozyme 14.4
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Purification of PHB depolymerase

Streptoverticillium kashmirense AF1 was used to produce enzyme under optimized
conditions and was further purified. Maximum amount of protein was precipitated at
80% of ammonium sulfate. The precipitates dissolved in minimal quantity of buffer
were used for further purification. PHB depolymerase was purified to electrophoret-
ic homogeneity from the culture supernatant of Streptoverticillium kashmirense AF1
by gel permeation chromatography (Sephadex G-75). The fractions showing the
maximum specific activity (fraction numbers; 3, 4, 5, 11, 12 and 13) (Fig. 6) were
analyzed by sodium dodecyl sulfhate-polyacrlyamide gel electrophoresis (SDS-
PAGE). The SDS–PAGE results showed the presence of two bands with relative mol-
ecular mass of about 37 and 45 kDa approximately (Fig. 7).

Analysis of biodegradation of PHB by Sturm test

Gravimetric analysis of CO2 produced during breakdown of polymer, through Sturm
test, showed that the amount of CO2 evolved in test (6.09 g/l) was more as compared
to that in control (2.99 g/l) (Table 1). The dry cell mass was also more in case of test
as compared to the control.

DISCUSSION

A novel PHB-degrading actinomycete, “Streptoverticillium kashmirense AF1” was
isolated from soil, on the basis of producing clear zones of hydrolysis on PHB con-
taining agar plates. The formation of clear zones around the colonies is an indication
that the polymer is hydrolyzed by the enzyme into water-soluble products [17]. Imam
et al. [6] have reported a Pseudoalteromonas sp. strain NRRL B-30083 isolated from
water. Few species of marine bacteria, including Acinetobacter johnsoniae,
Comamonas testosteroni, Flavobacterium johnsoniae, Vibrio ordalii and Zoogloea
ramigera [15], Pseudoalteromonas haloplanktis [14] and Alcaligenes sp. [18] have
been identified as PHA-degraders. Mergaert et al. [11] have isolated various PHB
and PHBV degrading microbial strains from soil, including; Bacillus strains,

Table 1

Dry cell mass and gravimetric analysis of CO2 evolution during
breakdown of poly(3-hydroxybutyrate) by Streptoverticillium

kashmirense AF1 as determined by Sturm test

Total increaseSamples
in dry cell mass (g/ml)

Amount of CO2 produced (g/l)

Test 0.062 6.02

Control 0.043 2.99



Streptomyces, Aspergillus fumigatus, Penicillium strains, Gram-negative bacteria
including Acidovorax facilis and Variovorax paradoxus. Ghanem et al. [4] have iso-
lated PHBV and PHB degrading Nocardiopsis aegyptia from marine seashore envi-
ronment.

Mineral salt medium used, supplemented with PHB as a sole source of carbon was
used for optimization studies. Abou-Zeid et al. [1] used an additional carbon source
as co-metabolite such as, yeast extract, glucose, sodium acetate, sodium tri-citrate
and sodium crotonate. In our study the time taken by microbes to degrade PHB in
solid medium indicated a gradual increase in the size of clear zone around the bacte-
rial growth resulted by the release of extracellular PHB depolymerases up to a peri-
od of 4 weeks. Due to inhibition of diffusion of extracellular enzymes, there was no
increase in the size of zone beyond 4 weeks. Manna and Paul [9] reported maximum
zone of hydrolysis after 12 days of incubation.

Most of the PHB degrading microorganisms require different ambient or meso-
philic temperatures for their activity, while, only a few species like Bacillus strain
TT96 [25] and Streptomyces strain MG [26] were reported capable of degradation
at higher temperatures. In the present study, optimum degradation of PHB was
observed at 45 °C. Increased microbial degradation of PHB at 40 °C has also been
reported by Mergaert et al. [11].

The pH of the culture medium influenced the degradation rate of the polymer
(PHA) pieces. In our study, optimum degradation was observed at pH 8 and pH 7.
After purification and characterization of PHB depolymerase, it was confirmed that
there were two types of PHB depolymerases with different molecular sizes, produced
under both alkaline and neutral conditions. PHB depolymerase from municipal
sewage sludge at different pH ranges has already been isolated, at pH 7.5 and pH 8.0
[2], at pH 8 from Pseudomonas lemoignei [23], and at acidic pH from Pseudomonas
pickettii [28].

In our study, PHB depolymerase activity was found to be maximum in the pres-
ence of 1% polymer substrate and decreased with further increase in polymer con-
centration. The decrease in enzyme production at higher concentration of polymer in
growth medium seems to be due to saturation of extracellular depolymerase by the
substrate in the immediate vicinity of the microbial growth. Substrate concentration
above the optimum level as a rule suppresses the activity of the enzyme [9].

According to Manna and Paul [9], degradation of PHB by bacterial strains, isolat-
ed from soil and sewage sludge, was affected significantly when the PHB-containing
medium was supplemented with easily consumable carbon sources. The reduction in
the size of clear-zone as compared to the control indicated the repression of PHB
depolymerase. The extent of such repression appeared to be influenced by the type
of carbon source supplemented in the medium. In our study, the lactose in the medi-
um along with PHB showed increased PHB depolymerase activity. It is important to
mention that carbon catabolite repression (CCR) by lactose was observed for the
organisms which degrade hydroxyalkanoates.

In the present study, the PHB depolymerase was purified by gel permeation chro-
matography on Sephadex G-75, and two peaks having the depolymerase activity
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were obtained (Fig. 6). Two bands of 37 and 45 kDa, isolated through SDS-PAGE
confirm the two peaks obtained by gel permeation. The results suggested the pres-
ence of two different types of depolymerases, having different molecular weights. It
can be stated that two depolymerases are encoded by two different genes, which can
be further sequenced. A PHB depolymerase was purified from Streptomyces sp. MG
by size exclusion chromatography on a Superdex 75 column with molecular weight
of 43 kDa [3]. Romen et al. [22] purified PHB depolymerase about 49.5 kDa from
Schlegelella sp. KB1, a thermotolerant poly(3-hydroxybutyrate)-degrading bacteria
from hot compost. A 35 kDa PHB depolymerase has been reported to be secreted by
Paucimonas lemoignei [21].

CO2 production as a result of PHB biodegradation was determined gravimetrical-
ly by Sturm test. It was shown by the results that the amount of CO2 production in
test was more as compared to control. Sturm test has been used by many researchers
to study the biodegradation of biodegradable polymers [27]. The modified Sturm test
has been carried out using the single isolated strain, an activated sludge or a mixed
soil to measure the rate of mineralization of the compounds into carbon dioxide. The
aliphatic compounds were mineralized more easily than the aromatic compounds [7].

From the results presented here, it can be concluded that PHB plastics can be
degraded by the action of a wide range of microorganisms isolated from soil. The
degradation could be performed either by growing the bacteria in the presence of the
polymer or by incubation of the polymer with the depolymerase enzymes. However,
detailed research on the development and the optimization of suitable biotechnolog-
ical processes is necessary.
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