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Abstract. There are a few PHA-producer bacteria that can uptake glycerol to produce this biopolymer. 
Among them, Bacillus megaterium LVN01 has demonstrated to be able to grow up using glycerol as a carbon 
source. Glycerol dehydrogenase (GD) plays a key role in the synthesis of PHA from glycerol. In this study, 
the improvement of glycerol uptake by a recombinant strain of B. megaterium carrying pHT01-bmgd was 
evaluated in order to enhance PHA production. The biomass and PHA production were evaluated and 
compared to wild-type. It was determined that the PHA produced by both strains was PHB and the highest 
improvement in PHB yield was 226% at 30 h. 
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INTRODUCTION 

 

During the last decades, biofuels have been 
considered as important alternatives to stop 
global warming, however, this endeavor contrasts 
with waste glycerol production, which has 
emerged as an important contaminant byproduct 
(Kalia et al., 2016; Mohapatra et al., 2017). 

A few wild-type bacteria are able to synthesize 
PHA from glycerol as the sole carbon and energy 
sources, such as Bacillus (Okwuobi and Ogunjobi, 
2013), Burkholderia (Rodríguez-Contreras et al., 
2015), Cupriavidus (Campos et al., 2014), Halomonas 
(Kawata and Aiba, 2010), Novosphingobium (Teeka 
et al., 2012), Pseudomonas (Pappalardo et al., 2014; 
Ashby et al., 2015) and Zobellella (Ibrahim and 
Steinbüchel, 2010). 
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Polyhydroxyalkanoates are macromolecules 
synthesized by many bacteria, and it is 
accumulated as intracellular granules to levels as 
high as 90% of cell dry weight (Reddy et al., 2003). 
It is stored in those microorganisms under 
conditions of nutrient stress in the presence of an 
excess carbon source (Reddy et al., 2009; Bhuwal 
et al., 2014). It has been demonstrated that Bacillus 
megaterium is able to produce different kinds of 
PHA from many feedstocks (including glycerol), 
such as poly(3HB-co-3HV) and PHB (Moreno et 
al., 2015; Porras et al., 2017). 

Glycerol is converted into PHA by an 
oxidative pathway via the NAD+-dependent 
enzyme glycerol dehydrogenase that catalyzes the 
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conversion of glycerol to dihydroxyacetone. The 
glycolytic enzyme dihydroxyacetone kinase 
phosphorylates this ketone, which is then 
incorporated into the glycolysis pathway, and 
eventually transformed to pyruvate (da Silva et al., 
2009; Zhu et al., 2013). The pyruvate 
dehydrogenase transforms pyruvate to acetyl-
CoA. Then two molecules of acetyl-CoA are 
condensed by β-ketothiolase (PhaA) into 
acetoacetyl-CoA. The acetoacetyl-CoA reductase 
(PhaB) reduces acetoacetyl-CoA to (R)-3-
hydroxyalkyl-CoA. Finally, PHA synthase (PhaC) 
polymerize 3-hydroxyalkyl-CoA to PHA (Figure 
S1). 

Bacillus megaterium is a well-known PHA-
producer bacterium able to convert different 
carbon sources into short-chain-length (scl)-
polymers (e.g. poly(3-hydroxybutyrate)) or scl-
copolymers (e.g. poly(hydroxybutyrate-co-
hydroxyvalerate)) (Możejko-Ciesielska and 
Kiewisz, 2016). The classical approach to improve 
the PHA production by conventional 
fermentation strategies is not good enough in 
order to achieve yields suitable for industrial 
purposes. For instance, modifications of the C/N 
ratio or dissolved oxygen could induce forming 
endospore, which reduces the yield of PHA 
production (Koller et al., 2016). 

Nowadays, metabolic engineering is one of 
the most powerful tools among the strategies 
implemented to increase yield in biotechnological 
processes, and in this case, it is implemented 
either to enhance the use of the substrates 
(Povolo et al., 2010) or to avoid the degradation of 
the PHA, once it is synthesized (Povolo et al., 
2015). 

The advantages of using a PHA producer 
such as B. megaterium are an absence of toxic 
lipopolysaccharides (biologically safe) (Stewart et 
al., 2006), and high PHA yield and broad spectra 
of synthesized biopolymers from many sources 
(Kumar et al., 2013). Likewise, metabolic 
manipulation in B. megaterium has been reported, 
such as engineered recombinant strains with easy 
PHA recovery by self-disruptive mechanism 
(Hori et al., 2002), tailored PHA producers (Singh 
et al., 2015), or obtaining functional intracellular 
materials (Grage et al., 2017), among others. 

In this study, we report the obtaining of a 
recombinant clone B. megaterium BmGD capable to 
accumulate PHA and grow up faster than the 

wild-type, using glycerol as the carbon source. 
This recombinant strain is suitable for industrial 
application since it is able to use a cheap and 
contaminant carbon source, while it displays an 
improved PHA-production in a short period of 
time. 
 
 

MATERIALS AND METHOD 
 
 
Bacterial strains, plasmids and growth 
conditions. Bacillus megaterium LVN01, Colección 
Española de Cultivos Tipo (CECT) 9345 
(Sánchez et al., 2012), Escherichia coli DH5α (F– 
Φ80lacZΔM15 Δ(lacZYA-argF) U169 recA1 endA1 
hsdR17 (rK

–, mK
+) phoA supE44 λ– thi-1 gyrA96 

relA1), and the plasmid pHT01 (Ampr, Cmr, ori 
ColE1) were used in this study. Bacillus megaterium 
LVN01 was used as the bacterial host and for 
expression. Escherichia coli DH5α was used as the 
host for plasmids and constructions. The vector 
pHT01 (MoBiTec GmbH) was used in all 
transformation experiments. Bacillus megaterium 
LVN01 and E. coli DH5α cells were grown in LB 
medium consisting of 1% bacto-tryptone 0.5% 
yeast extract and 1% NaCl, and incubated at 30°C 
and 37°C, respectively. Solid media contained 
1.75% (w/v) agar. Transformants of B. megaterium 
obtained by electroporation, and from E. coli 
obtained by heat-shock were resuspended in LB 
medium. Antibiotics were supplemented as 
required at the following concentration: for B. 
megaterium BmGD chloramphenicol 5 µg mL-1 and 
for recombinant clones of E. coli ampicillin 100 µg 
mL-1. 

 
Construction of recombinant B. megaterium 
LVN01 strains. Plasmids were isolated using the 
PureLink® Quick Plasmid Miniprep Kit (Life 
Technologies). The DNA was analyzed by 
electrophoresis in 0.8% (w/v) agarose gel slices 
mixing with GelRed Nucleic Acid Gel Stain 
(Biotium) and GeneRulerTM 1 kb Plus DNA 
Ladder (Thermo Scientific) used as the marker. 
All DNA fragments were isolated from agarose 
gel using the GFX PCR DNA and Gel Band 
Purification Kit (GE healthcare). Restriction 
enzymes (BamHI and SmaI) and T4 DNA ligase 
(New England BioLabs) were used according to 
instructions provided by the supplier. The bmgd 
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gene (1.13 kbp) PCR product was amplified from 
the chromosomal DNA of B. megaterium LVN01 
(GenBank: QJGY00000000.1). The PCR product 
was subsequently purified and digested by 
restriction enzymes. Thereafter, bmgd was cloned 
in pHT01 (7.96 kb). The ligation product was 
transformed in E. coli DH5α for amplification. 
The mutant plasmid was isolated from E. coli 
transformants, and it was finally transformed in B. 
megaterium LVN01 by electroporation. 

The PCR amplification of B. megaterium 
glycerol dehydrogenase (bmgd) gene was 
performed using a PCR program in the MJ Mini 
Gradient Thermal Cycler (BioRad). Denaturation 
at 95ºC for 5 min, followed by 30 cycles of 
denaturation at 95ºC for 1 min, annealing at 
53.6ºC for 1 min and elongation at 72ºC for 2.5 
min. A final elongation at 72ºC for 15 minutes was 
carried out. 

The primers used were BmGD1 5'-
TCCCCCGGGGGATTATATTAACCTCTTC-
3', BmGD2 5'CGGGATCCCGATGAGGAAAG 
CATTTATTAG-3', BmGD-Nt 5'-CATCGAAA 
GCACCCTCTGGT-3', and BmGD-Ct 5'-GTGG 
ATTAGCTGGCGCACAT-3'. 

 
PHB production. For PHB analysis, Bacillus 
megaterium strains were inoculated in Minimal Salt 
Medium (MSM), which contains 20.0 g L-1 
glycerol, 1.0 g L-1 yeast extract, 1.5 g L-1 KH2PO4, 
3.6 g L-1 Na2HPO4, 0.8 g L-1 (NH4)2SO4, 0.2 g L-1 
MgSO4·7H2O, and 1.0 mL of trace element 
solution. The trace element solution contained: 
10.0 g L-1 FeSO4·7H2O, 2.25 g L-1 ZnSO4·7H2O, 
1.0 g L-1 CuSO4·5H2O, 0.5 g L-1 MgSO4·5H2O, 2.0 
g L-1 CaCl2·2H2O, 0.23 g L-1 Na2B4O7·10H2O, 0.1 
g L-1 (NH4)6Mo7O24 and 10.0 mL 35.0% HCl (Kim 
et al., 1994). Chloramphenicol (5.0 µg mL-1) was 

supplemented when necessary. When the OD600 
of the culture broth was equal to 1.0, the 
expression of BmGD in the bacterium was 
induced with 1.0 mM IPTG and further incubated 
at 30°C. That moment was considered as t0 = 0 h, 
and at different time were collected samples for 
analysis. 

 
Analytical procedures. 
Determination of biomass and PHA extraction. 
Samples of 50 mL of culture broth were taken and 
centrifuged in pre-weighed plastic screw cap tube 
for 15 min at 8000 xg at 4°C. Pellets were frozen 
and lyophilized and gravimetric difference against 
empty tube was calculated. PHA extraction was 
carried out in centrifuged cells by the method of 
Jacquel et al. (Jacquel et al., 2008) with some 
modifications. For each 20 mg of biomass 1 mL 
of chloroform and 1 mL of hypochlorite (5% v/v) 
were used, the mixture was incubated at 35°C for 
2 h. The mixture was centrifuged (10000 xg, for 
10 min at 20°C), the supernatant was discarded, 
and the dissolved polymer in chloroform was 
recovered by solvent evaporation. 
 
PHA Quantification. 
The PHA quantification was carried out by 
crotonic acid method with some modifications. 
For each 0.1 mg of PHA recovered from biomass, 
1 mL of 98% sulfuric acid was added and heated 
at 100°C for 10 min. The absorbance was 
measured at 235nm in a UV-VIS 
spectrophotometer. Poly(3-hydroxybutyric acid) 
(Sigma-Aldrich) was used for the standard curve. 
The PHA yield was calculated using a calibration 
curve (Fig. S2), and the improvement in the 
production was calculated as follows: 

 
 

PHA yield (mg L-1) = (A235 – 0.0604)/0.1885     (1) 
Improvement (%) = [PHA in BmGD (mg L-1) / PHA in LVN01 (mg L-1)] * 100% (2) 

 
 
Fourier Transform-Infrared Spectroscopy (FT-IR). 
The polymer extracted from B. megaterium LVN01 
and B. megaterium BmGD, as well as the 
commercial PHB (Sigma-Aldrich), were analyzed 
by FT-IR. Spectra were recorded using a 
Spectrum Two FT-IR spectrometer 
(PerkinElmer). For each measurement, 32 scans 

were acquired and averaged in the range of 4000 
to 400 cm−1 with a spectral resolution of 4 cm−1. 

 
Nuclear Magnetic Resonance (NMR). 
In order to know the chemical structure of the 
PHA obtained from B. megaterium BmGD, and 
compare this compound with the commercial 
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PHB, an analysis was carried out by one-
dimensional nuclear magnetic resonance of 
proton (1H) and carbon (13C). The spectra were 
taken on a Bruker 300 NMR spectrometer at 300 
MHz, using tetramethylsilane (TMS) as the 
internal standard. For each measurement, 5 to 10 

mg of sample was taken and dissolved in CDCl3. 
 
 

RESULTS 
 
 
Bacillus megaterium LVN01 genome. Bacillus 
megaterium LVN01 is a Gram-positive bacterium 
able to produce PHA. Its draft genome was 
obtained from a shotgun library constructed and 
sequenced using Illumina Hiseq 2000 Instruments 
(Macrogen Inc., Korea). The genome comprises 
5.22 Mbp with 37.8% G+C content, obtaining 
4169 contigs from 1.5 x 107 reads by Newbler 
2.5.3. Twenty-one RNA genes (4 rRNA and 17 
tRNA) and 4846 coding sequences (CDS) were 
detected by RAST (Aziz et al., 2008). Regarding 
CDSs, 1758 were assigned with putative functions 
and 1715 were classified as hypothetical proteins, 
including at least 22 enzymes that could play 
important roles in the biological generation of 
PHA (data not shown). According to antiSMASH 
(Medema et al., 2011), this genome contains at 
least 6 clusters associated with siderophores, 
terpenes, polyketide synthases (T3PKS) and 
phosphonates biosynthesis. Despite the average 
value of cluster in B. megaterium is 11, it is 
important to point out that the estimation is 6, 
according to the assessment of complete genomes 
of this strain (Liu et al., 2011; Eppinger et al., 2011; 
Johnson et al., 2015). Table S1 shows the genomic 
features of B. megaterium LVN01 in comparison to 
different strains of B. megaterium reported in public 
databases (last update: 29-11-2018). 

Furthermore, genome analysis of B. megaterium 
LVN01 using RAST detected 472 subsystems 
related in the metabolism of carbohydrates, 32 
directly related with glycerol metabolism and 149 
with fatty acids and lipids, among others (Figure 
S3). 

As was expected, the comparison of its 16S 
rRNA gene-sequence with other conserved 
sequences available in NCBI database indicated 
that this strain is taxonomically close to other B. 
megaterium strains (Figure S4). Similarly, it was 

possible to detect in B. megaterium LVN01 draft 
genome similar genes that belong to this strain, 
such as spore coat (CotB, CotD, CotE, CotF, CotH, 
CotJA, CotJB, CotJC, CotP, CotR, CotS, CotX, 
CoxA, GerQ, SafA, YaaH, YmaG, and YxeE), 
genes involved in gas vesicle biosynthesis gvp, 
operon I (gvpBRFGLSKJ) and operon II 
(gvpAPQBRNFGLSKJTU) (Eppinger et al., 2011). 
 
Glycerol dehydrogenase-encoding gene 
(bmgd) from B. megaterium LVN01. The 
sequence of bmgd-encoding gene was detected and 
analyzed by BLAST from NCBI through 
comparison with glycerol dehydrogenases (GD) 
from other Bacillus megaterium (Figure S5). The 
bmgd-encoding gene has a size of 1134 bp, GC-
content 37.9%, and it is located within the contig 
167 (GenBank: QJGY01000167.1). Further 
analysis of B. megaterium LVN01 glycerol 
dehydrogenase (BmGD) sequence displays that it 
has 97% of identity with the GD from B. 
megaterium WSH-002 (Liu et al., 2011) and high 
identity (99%) with the GD from B. megaterium 
QM B1551 (Eppinger et al., 2011) and B. 
megaterium JX285 (Johnson et al., 2015).  

In particular, BmGD has 377 residues, a 
molecular mass of 40.15 kDa, and a predicted 
isoelectric point of 4.72. The secondary structure 
of BmGD predicted by PredictProtein (Yachdav et 
al., 2014) displays 52.52% of helix, 9.02% of 
strand and 38.46% of loops. 

Regarding its catalytic pocket, it has been 
reported the crystal structure of Bacillus 
stearothermophilus glycerol dehydrogenase 
(GlyDH), and it has D39, S127, L129 and Y133 
as residues in the binding site for NAD+, and 
D123, D173, H256, H274 as amino acids in the 
glycerol binding site (Ruzheinikov et al., 2001). 
The protein alignment with BmGD shows that its 
binding site for NAD+ could be formed by D40, 
S123, S125, and Y129, whereas D119, D169, 
H264, and H281 are part of its glycerol binding 
site (Figure S6). 

The bmgd gene was amplified and cloned in 
pHT01 plasmid between SmaI and BamHI 
restriction sites. This shuttle vector was employed 
to obtain the recombinant strain B. megaterium 
BmGD, which overexpress BmGD. The mutant 
plasmid was corroborated by PCR and agarose 
gel, and the recombinant strain by colony PCR. 



AsPac J. Mol. Biol. Biotechnol. Vol. 27 (3), 2019   PHA production by recombinant B. megaterium 68 

The BmGD expression band was also visualized 
by SDS-PAGE (Figure S7). 

 
Microbial growth using glycerol as carbon 
and energy source. The growth and PHA yield 
of B. megaterium LVN01 and B. megaterium BmGD 
were compared using glycerol as the carbon 
source. The dry-weight comparison between both 
strains using glycerol highlights that the 
recombinant strain is producing more biomass in 
less time than wild-type (Figure 1). Similarly, the 
PHA content in the recombinant clone displays a 
clear improvement of the PHA yield in 
comparison to the wild-type during the evaluation 
under the operating conditions (Figure 2). The 
PHA yield reached the highest improvement 
(226%) between 24 h and 30 h. 
 

 
Figure 1. Dry weight cell of B. megaterium LVN01 
(solid line) and B. megaterium BmGD (dotted line) 
in waste glycerol (C/N ratio 44.9 mol mol-1; 30ºC, 
pH 7.0). 

 

 
Figure 2. Poly (3-hydroxybutyric acid) yield of B. 
megaterium LVN01 (black) and B. megaterium 
BmGD (gray) in glycerol (C/N ratio 44.9 mol mol-
1; 30ºC, pH 7.0). The dotted line represents the 
improvement of the process at different times. 
 
A similar approach was carried out regarding the 
PHA content (Table S2). This analysis highlighted 
that the recombinant clone is not only able to 

grow fast (Figure 1) and obtain higher PHA yield 
(Figure 2), but it also contains a higher amount of 
PHA into the cells in comparison to the wild-type 
(Figure 3). This improvement is more evident 
after 30 h of incubation, and it remains higher 
thereafter. 
 

 
Figure 3. Poly (3-hydroxybutyric acid) content in 
B. megaterium LVN01 (black) and B. megaterium 
BmGD (gray) in glycerol (C/N ratio 44.9 mol mol-
1; 30ºC, pH 7.0). The dotted line represents the 
improvement in the accumulation at different 
times. 
 
Fourier transform infrared spectra for PHA 
from B. megaterium LVN01. Fourier transform 
infrared (FT-IR) spectra from commercial PHB 
and PHA produced by both B. megaterium strains 
from glycerol were compared (Figure 4). The 
absorption peaks at 1720 cm-1 and 1280 cm-1, 
indicate the ester carbonyl group (C=O) and (C-
O) ester stretching, respectively. The peaks 
between 1450 cm-1 and 800 cm-1 are due to methyl 
(CH3) and methylene (CH2) deformations and 
ester stretching (C-O). In this case, it is possible 
to observe some characteristics bands for PHB, 
such as the bands at 1228 cm-1, 1380 cm-1, and 
1180 cm-1 are CH2, CH3, and C–O–C groups, 
respectively (Sathiyanarayanan et al., 2013). 
 
Nuclear magnetic resonance (NMR). The 
analysis of the NMR spectra corresponding to 13C 
and 1H made it possible to elucidate the structure 
of the biopolymer produced. Figure S8 (I) shows 
the chemical shift of the signals corresponding to 
different types of carbon atoms in the commercial 
PHB structure (C = O δ = 169.20 ppm, CH δ = 
67.65, CH2 δ = 40.81 ppm, CH3 δ = 19.80 ppm), 
which are compared with the PHA spectrum 
produced by B. megaterium LVN01 is confirmed to 
be PHB (Figure S8 (II)). 



AsPac J. Mol. Biol. Biotechnol. Vol. 27 (3), 2019   PHA production by recombinant B. megaterium  69 

These results are comparable with those 
reported in other studies for the PHB produced 
by B. megaterium strains (Doi et al., 1986; López et 
al., 2012; Baikar et al., 2017; Pradhan et al., 2018). 

On the other hand, Figure S9 shows the 1H-
NMR spectra of the commercial PHB and the 
PHB obtained from B. megaterium LVN01. The 
signals at δ = 1.30 ppm (c) indicate the presence 
of the methyl (CH3) group, δ = 2.50 - 2.64 ppm 
(b) for the methylene (CH2) group and δ = 5.28 
ppm (a) for the methino group (CH). These values 
are similar to those reported for the PHB 
produced by B. megaterium strains (Balakrishna 
Pillai et al., 2016; Baikar et al., 2017; Pradhan et al., 
2018). 
 

 
Figure 4. FT-IR spectra for PHB commercial, 
and PHB produced by B. megaterium LVN01 and 
B. megaterium BmGD from glycerol. (––) PHB 
commercial (Sigma-Aldrich), (……) PHB from B. 
megaterium LVN01, and (- - -) PHB from B. 
megaterium BmGD. 
 
 

DISCUSSION 
 
 

The phylogenetic analyses of 16S rRNA gene-
sequence from B. megaterium LVN01 showed that 
this strain belongs to Bacillus megaterium. It was 
confirmed by further analyses based on the 
comparison of different genes that only own B. 
megaterium strains according to Eppinger and co-
workers (Eppinger et al., 2011). For example, 
genes involved in spore coat forming, gas vesicle 
biosynthesis as well as the gene responsible for the 
large size of the cell (ftsZ). All of them were 
detected in B. megaterium LVN01 draft genome. 

Despite the potentiality of B. megaterium for 
producing PHB from many carbon sources, only 
a few recombinant clones displaying better 

performance have been obtained (Hori et al., 
2002; Gerber et al., 2015; Grage et al., 2017). 

The identification and cloning of the bmgd-
encoding gene allowed the obtaining of B. 
megaterium BmGD. It is important to highlight that 
the sequence of BmGD is highly conserved since 
it has more than 94% of identity with all glycerol 
dehydrogenases reported in B. megaterium strains 
(Figure S4). 

Two different pathways in microorganisms 
for PHA production from glycerol have been 
described; an anaerobic process and an aerobic 
one. Under anaerobic conditions, there are 
enzymes such as glycerol dehydratase (GDh) (EC 
4.2.1.30) and propanal dehydrogenase (PD) (EC 
1.2.1.87) that were identified in Klebsiella and 
Salmonella strains, respectively (Meng et al., 2014). 
In contrast, the aerobic process involves NAD+-
dependent glycerol phosphate dehydrogenase 
(EC 1.1.99.5) and a glycerol kinase (EC 2.7.1.30), 
and they have been reported in B. subtilis 
(Lindgren and Rutberg, 1974). As was expected, 
B. megaterium lacks glycerol dehydratase. Instead, 
the strain uptakes glycerol through glycerol 
dehydrogenase - BmGD (EC 1.1.1.6) and ATP-
dependent dihydroxyacetone kinase (EC 
2.7.1.29), and finally, it is incorporated in the 
glycolysis pathway to produce PHA (Figure S1). 

Glycerol dehydrogenase is a key enzyme to 
convert glycerol into PHA by an oxidative 
pathway. According to the performance of this 
enzyme, the process to obtain PHA could be 
successfully achieved. Therefore, the role of this 
enzyme also could be considered as a bottleneck 
in this endeavor. This enzyme is an intracellular 
NAD+-dependent oxidoreductase present in the 
glycerol uptake pathway of many microorganisms, 
and it has been reported as strict dependent on 
zinc for activity (Ruzheinikov et al., 2001). As was 
expected, no signal peptide was detected in the 
sequence, which means that this enzyme is 
involved in an intracellular catalytic step. Glycerol 
dehydrogenase catalyzes the oxidation of glycerol 
to dihydroxyacetone (1,3-dihydroxypropanone) 
with the reduction of NAD+ to NADH. 

In this study, we evaluated the feasibility to 
obtain a suitable B. megaterium recombinant strain 
that could overexpress BmGD in order to raise the 
substrate concentration available inside the cells. 
Simultaneously, high PHA production was 
desirable. Bacillus megaterium BmGD was able to 
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grow up using glycerol as the only substrate. It 
grew up faster than the wild-type under the same 
operating conditions. Bacillus megaterium BmGD 
achieved its maximum biomass production at 30 
h whereas the wild-type required 48 h. Likewise, 
it is notorious the improvement of the yield of 
PHA. Similarly, the recombinant clone contains a 
higher amount of PHA into the cells in 
comparison to the wild-type after 30 h of 
incubation. This performance makes this 
recombinant microorganism suitable for 
industrial applications. 

A comparison of both strains point out that 
the wild-type needs 48 h for obtaining the 
maximum yield and PHB content, and thereafter, 
it reduces drastically both parameters, whereas the 
recombinant clone displays improvement sooner, 
it achieves its maximum performance at 30 h and 
conserves a high PHB content until 48 h. 

Glycerol dehydrogenase and its connection 
with the PHA metabolism have been studied in 
detail (Lopar et al., 2014; Meng et al., 2014; 
Magdouli et al., 2015) Although there are reports 
of recombinants clones with better glycerol 
tolerance and improved PHA production (Nikel 
et al., 2008; Kocharin et al., 2012), up to now, there 
was no evidence that the overexpression of this 
enzyme produces recombinant clones with faster 
growth, higher PHA accumulation as well as 
higher yield. 

A comparison by FTIR and NMR confirmed 
that both B. megaterium strains (wild-type and 
recombinant) were able to produce PHB from 
glycerol. The comparison considered commercial 
PHB, and PHB obtained from the wild-type strain 
incubated under optimal operating conditions. 
Further studies will clarify if the optimal operating 
conditions were altered in the recombinant strain, 
in terms of biomass and PHA production. 

Finally, it is necessary evaluating if further 
enzymes involve in glycerol uptake in B. megaterium 
can be considered also as a bottleneck. Similarly, 
a metabolic engineering approach can help us to 
figure out the real role of glycerol dehydrogenase 
in PHA biosynthesis. Nevertheless, with the 
evidence in this study, it is possible to propose 
that the performance and expression of this 
enzyme could be considered as a bottleneck in 
PHA production from glycerol by this strain. It is 
evident that thanks to this enzyme, it was possible 
to obtain an engineered strain able to accumulate 

a higher amount of PHB, faster and with a higher 
yield. 
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