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Abstract Polyhydroxyalkanoates (PHAs) are biodegradable and environmentally
friendly natural polymers. In this study, we isolated a bacterium strain capable of
synthesizing PHAs from the aerobic sludge of a sewage treatment plant. The bacte-
rium was identified as Burkholderia cepacia via physiological and biochemical tests
as well as 16S rDNA sequence analysis. Strain WN-H41 produced PHAs, which was
identified as P3HB. These PHAs have a number average molecular weight of 2.6×
104 Da, a polydispersity index (PDI) of 2.4, and its thermal properties include a glass
transition temperature of 1 °C, a melting temperature of 171 °C, and a decomposition
temperature of 280 °C. These properties indicate that P3HB produced by WN-H41 has
a high purity and good thermal stability.

Keywords Poly(3-hydroxybutyrate) (PHB) . Isolation . Burkholderia cepacia . Biodegradable
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Introduction

Plastic is widely used in the various fields because it is lightweight, noncorrosive,
functionally diverse, and cold formed. Based on the report consumption of global
plastic products, 240 million tons of plastic was produced in 2011 [1]. However,
petrochemical-based plastics composed of polyethylene or polystyrene with a stable
molecular structure and good anti-aging properties are difficult to degrade under
natural state, thereby causing environmental pollution. Polyhydroxyalkanoates
(PHAs) are a kind of water-insoluble polymer stored in the cell cytoplasm as carbon
and energy storage materials [2]. In addition, PHAs have become a popular material
used to solve the problem of “white pollution” [3]. PHAs can be degraded into H2O
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and CO2 in nature by microorganisms. To date, PHAs have been found to be
incorporated by approximately 150 different monomers, such as 3-hydroxybutyrate,
4-hydroxybutyrate, 3-hydroxyvalerate, and 3-hydroxyhexanoate [4, 5]. Monomers can
form all kinds of short-chain length (scl) and medium-chain length (mcl) PHA,
including typica l P3HB, polyhydalera te , poly(3-hydroxybutyra te-co-3-
polyhydroxyvalerate), and poly(3-hydroxybutyrate-co-3-poly-hydro-xyhexanoate) via
physical blending and block copolymerization. The use of physical blending and
block copolymerization results in the formation all various PHAs with different
molecular structures, which provide different properties and functionalities, such as
biocompatibility, piezoelectricity, low oxygen permeability, and good physical proper-
ties. These properties are important in the application range of PHAs in the medical
industry [6].

PHAs can be produced by wild type strains, recombinant strains, or plants. At present, pure
bacterium fermentation is the major source of PHAs. Thus far, researchers have isolated PHAs
produced by more than 300 bacteria strains, but only a few of them, such as Alcaligenes,
Pseudomonas, Bacillus, and Ralstonia, can synthesize PHAs with a high concentration and
high yield rate [7–9]. For most PHAs-producing microorganisms, the monomer structure of
PHA depends on the use of the carbon source. Particular special structures of PHA share
similar precursor structures, which require exogenous carbon sources [10]. As such, the cost of
raw materials increases, which results in the limited commercialization of PHA.

Screening wild strains from various environments is one of the strategies to reduce the
production cost of PHAs. Our study aims to screen PHA-producing strains from activated
sludge and to study the growth characteristics of the screened strains. To determine the
compositions and properties of the PHAs, Fourier-transform infrared (FTIR), nuclear magnetic
resonance (NMR), gel permeation chromatography (GPC), and thermogravimetric analysis
(TGA) were performed. This study will enrich our knowledge on PHA-synthesizing strains to
lay the foundation for further research.

Materials and Methods

Isolation and Purification of Bacterial Strains

The strains were isolated from aerobic sludge that was collected from a sewage treatment plant
at Shihezi. One gram of activated sludge with little sterile glass beads was combined with
20 mL of sterile normal saline. After shaking the culture at 100 rpm min-1 and 30 °C
for 30 min, 0.5 mL of the homogeneous suspension was serially diluted and spread
onto an isolation medium (glucose 20 g/L, beef extract 10 g/L, peptone 10 g/L, NaCl
5 g/L, agar 15 g/L, and Nile red (0.5 μg/mL) at pH 7.0±0.2) to separate and screen
the PHA-producing strains. After incubation for 48 h at 30 °C, the plates were
observed under UV light (312 nm) [11]. Positive colonies with orange fluorescence
were purified, and its extracts were further analyzed via FTIR. Finally, the target
strain was obtained.

Morphological and Biochemical Characterization

The morphological identification of the strain was performed according to the procedure by
Prasanna et al. [12] with minor modifications. The biochemical characterizations of the isolates
were performed by the Guangdong Detection Center of Microbiology.
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Amplification of 16S rDNA and Phylogenetic Analysis

The genomicDNAof the strain was isolated using a TIANampBacteria DNAKit (TiangenBiotech
Co. Beijing). 16S rDNA gene was amplified via polymerase chain reaction (PCR) with universal
primes 27 F [13] and 1492R [14]. PCR was carried out according to the procedure used by Kung
et al. [15]. The PCR conditions were as follows: pre-denaturing DNA at 94 °C for 5min, 30 thermal
cycles of 94 °C for 30 s, 54 °C for 45 s, and final extension at 72 °C for 1 min.

Highly similar 16S rDNA sequences were obtained from the National Center for
Biotechnology Information (NCBI) in the GenBank database by using the nucleotide
BLAST command [16]. The phylogenetic tree was generated by the MEGA5.05
software, where a neighbor-joining program was used based on the bootstrap test of
1000 replicates [17].

Extraction and Characterization of PHAs

Polymer extraction was performed as described previously [18]. The cells were recovered via
centrifugation (8000g, 10 min at 4 °C), washed twice with distilled water, and lyophilized
(0.2 mbar, 12 h). PHAs were extracted from the lyophilized cell by using a methanol-
chloroform mixture (v/v=1/2) at 80 °C for 5 h in a Soxhlet apparatus. After filtration through
a 0.45μm fiberglass filter, the filtrate was concentrated via rotary evaporation. The PHAs were
precipitated with 10-fold volume quantities of cold ethanol (v/v) and centrifuged (5000g,
10 min at 10 °C). The precipitate was dried using a vacuum dryer until a constant weight.

The infrared spectra for the sample were obtained using a Nicolet Avatar 360 FTIR
spectrometer (NICOLET, USA) with wavenumbers ranging from 4000 to 400 cm−1. All
spectra were recorded with a total of 32 scans at room temperature [19]. For sample
preparation, potassium bromide (KBr) was squeezed under pressure to form KBr pellets,
and a polymer drip was dissolved in the pellet capillary.

About 20 mg of the samples were dissolved in 1 mL of deuterochloroform and combined
with tetramethylsilane, which was used as the internal standard. 13C and 1H NMR spectra were
obtained using Varian Inova-400 M (Varian, USA).

Weight average molecular weight (Mw), number average molecular weight (Mn), and
polydispersity index (PDI) (PDI=Mw/Mn) were measured via GPC (Waters Alliance 2695,
WATERS, USA). The operating temperature was 40 °C, and a PL gel 5 μm mixed-C column
was used. THF was used as the eluent with a flow rate of 0.3 mL/min [5].

The thermal stability of the polymer was determined using an STA449F3 thermo-
gravimetric analyzer (NETZSCH, Germany). The conditions were patterned to the
study of Lau et al. [19]. Approximately 10 mg of the sample was heated at 30 to
900 °C at a heating rate of 10 °C/min in a nitrogen atmosphere of 30 mL/min. The
temperature at 5 % weight loss of samples was defined as the decomposition
temperature (Td) [20].

The glass transition temperature (Tg), melting temperature (Tm), and crystallization
temperature (Tc) were determined via differential scanning calorimetry (DSC200F3,
NETZSCH, Germany). Approximately 5 mg of the sample was placed in standard
aluminum pans and heated at −60 °C to 180 °C at a heating rate of 20 °C/min under
nitrogen atmosphere of 30 mL/min. The testing temperature was maintained at 180 °C
for 1 min and quenched to −60 °C at a rate of 20 °C/min. Subsequently, the sample
was reheated from −60 to 180 °C at a heating rate of 20 °C/min. Tg was taken as the
midpoint of the total change in heat capacity. Tm and Tc were determined from the
DSC spectrogram [5, 21].
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Results and Discussion

Isolation and Identification of the Bacterial Strains

In this study, the strain was isolated from an aerobic sludge. The sludge sample was
inoculated into an isolation medium containing Nile red (final concentration of
0.5 μg/mL), a kind of dye that can distinguish PHA accumulation in cells. Intense
orange fluorescence can be observed in PHA-producing cells under UV light at
312 nm. Through fermentation, a bacterial strain that can synthesize PHA was
extracted and named as WN-H41. Strain WN-H41 is gram-negative and produced
small faint yellow colonies (0.2–0.5 mm) on nutrient agar after 24 h of incubation.
The semitransparent colonies were smooth, moist, circular type, and edge tidy. The
morphological and biochemical characteristics of WN-H41 are summarized in Table 1.

The 16S rDNA sequence (1436 bp of length) of strain WN-H41 was sent to NCBI, and a
phylogenetic tree based on 16S rDNAwas constructed (Fig. 1) using the MEGA5.05 software.
The phylogenetic tree showed that strain WN-H41 together with B. cepacia 717, B. cepacia
GG4, and Burkholderia diffusa R-15930 can be gathered into a cluster, wherein 16S rDNA
homology are as high as 99.8 %. Combining all these morphological, physiological, and
biochemical evidence, WN-H41 was identified as Burkholderia cepacia.

Chemical Characterization of PHAs

Infrared spectroscopy is a rapid screening tool for PHA-producing microorganisms [22]. The
FTIR spectra of the polymer extracted from WN-H41 are illustrated in Fig. 2. Bands at
2935 cm-1 are attributed to the –CH3 asymmetric stretching vibrations; bands at 1735 cm-1

are attributed to the C=O stretching vibration peak, which is a characteristic peak of PHA [23];
bands at 1596 cm-1 is associated with the stretching vibration of C=C. Taking together the
bands at 1284, 1183, 1135, 1052, and 975 cm-1, the polymer extracted from WN-H41 was
confirmed to be PHA.

In addition, the peaks shown are consistent with those in the report of Hong et al.
[24] about Poly(3-hydroxybutyrate) (PHB); thus, the preliminary polymer was identi-
fied as scl-PHA.

The 400 MHz 13C NMR spectrum (Fig. 3a) of the polymer shows that the polymer
monomer is four carbon compounds. The chemical shifts at 169.27, 67.75, 40.94, and
19.91 ppm are assigned to carbonyl (C=O), methane (CH), methylene (CH2), and
methyl (CH3) groups, respectively, which is in agreement with previous reports on
PHB [25]. The 1H NMR spectrum (Fig. 3b) of the polymer isolated from strain WN-

Table 1 Biochemical characteris-
tics of strains WN-H41

+ positive or can be used, −
shows negative or cannot be used

Characteristics Strains WN-H41

Gram staining −
Semitransparent, smooth colonies +

Oxidase +

Citrate utilization −
Catalase +

Gelatin liquefaction −
Arginine dihydrolase −
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H41 shows the hydrogen signal on the methyl groups near 1.26 ppm. This peak is
split into D peak, which means that its adjacent carbon only had single hydrogen
atoms. Signals at 2.423 to 2.476 ppm are caused by the hydrogen in methylene,
which is linked to the chiral carbon. As such, the two hydrogens on the methylene
are asymmetrically split, thereby making the peak shape more complex. Signals at
5.210 to 5.289 ppm are assigned to hydrogen atoms in methane. Jan et al. [26]
reported that the signal near 5.25 ppm is the characteristic peak of PHB. Based on the
characterization of the polymer via FTIR and NMR, we finally confirmed that the
PHA produced from strain WN-H41 is P(3HB).

Physical Characterization of PHAs

The GPC results showed that the polymer had a number average molecular weight
(Mn) of 2.6×104 Da and a PDI of 2.4. The average molecular weights of particular

Fig. 1 Phylogenetic position of strain WN-H41. The numbers at the branch nodes represent the levels of
bootstrap support based on the analyses of 1000 replicates. Bar 0.005 substitutions per site

Fig. 2 FTIR spectroscopic results of the polymer derived from strain WN-H41
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PHB from wild type strains are 1×104 Da, whereas those of others are as high as 3×
106 Da and PDI of 2 [27]. A low molecular weight PHB was obtained in this
experiment. Studies have shown that PHB with a relatively low molecular weight
has good biodegradability. For example, more quantity of PHB of 100 to 200
monomer polymerization was found in human blood cells [28]. Perhaps PHB in this
size range can be applied to medical treatment as an embedding material of a slow-
release drug.

The thermal stability and properties of P(3HB) were studied via TGA and DSC.
Even the same kind of PHA produced from different microbes has different
thermal properties. In general, Tg of PHB ranges from −5 to 5 °C [7], whereas
the Tg of PHB in this study is 1 °C. The Tm of PHB from Strain WN-H41 is
approximately 171 °C, which is very close to Tm (175 °C) of the PHB standard
sample (Fig. 4a) [29].

Figure 4b shows that the Td of PHB from Strain WN-H41 is 280 °C, which is
significantly higher compared with the PHB of Pseudomonas putida [18]. The signif-
icantly higher Td indicates that this polymer has a good thermal stability.

Fig. 3 NMR studies of PHA polymers derived from strain WN-H41 (a 13C NMR spectrum, b 1H NMR
spectrum)

Fig. 4 DSC and TGA thermograms of the polymer extract from strain WN-H41 (a DSC thermograms, b TGA
thermograms)
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