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Abstract We report here isolation and analysis of PCR
amplified phbC gene from Pseudomonas spp. strain
phbmbb15-B3. This strain was previously developed from
mutations of landfill isolates and found to be an efficient
Poly Hydroxy butyrate (PHB) producer. The fragment was
cloned into pTZ57R/T cloning vector and then the gene has
been sequenced and submitted to GenBank (Accession
Number KT933807). The sequence results confirmed the
clone to be phbC homologue and the ORF was 910 base
pairs long and coded for 303 amino acids, which shared
92-99% amino acid sequence identity with the available
bacterial sequences in Gene Bank. We could also predict
the primary and secondary structural features of the
expected phbC protein. Phylogenetic analysis also revealed
its similarity with several pseudomonads. The results of the
present study shall provide a stable foundation for further
research on modeling studies of PHB synthase and devel-
oping PHB a commercial technology.
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Introduction

For cost effective Polyhydroxybutyrate (PHB) production,
availability of an efficient bacterial strain and access to its
genetic determinants is a prerequisite for its commercial
exploitation. The Polyhydroxybutyrate (PHB), a kind of
Polyhydroxyalkanoate (PHA) being biodegradable poly-
mer [1-4], has thermoplastic properties similar to chemi-
cally synthesized polymers (polyethylene or
polypropylene) and has great potential for industrial and
medical applications [5-9]. PHB is commonly found in
various bacterial genera such as Azotobacter, Bacillus
Cupriavidus, Pseudomonas, Ralstonia, and Rhizobium
[10-18]. Although certain bacterial species can accumulate
PHA up to 80% of their cell biomass, however, the major
issue is the high cost of production and downstream pro-
cessing. To reduce the cost of PHB production, efforts are
being directed to genetically engineer microbes, plants and
use renewable resources as feed [19-26].

PHB is synthesized in three steps involving B-ketoth-
iolase (phbA), acetoacetyl-CoA reductase (phbB), and PHB
synthase (phbC). phbC is the most important gene in the
pha operon for PHB production [27-29]. Different strate-
gies have been found useful to make out PHB synthase
genes involved in PHB biosynthesis. Primary structure of
44 different PHA synthases and their nucleotide sequences
are available [30-32]. PHB biosynthesis genes were also
cloned from two Pseudomonads [33]. These studies
revealed the existence of diversity in these genes among
bacteria. Here, we explored indigenous bacterial cultures
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for PHA production especially phbC genes of Pseu-
domonas involved in PHB synthesis.

Materials and Methods

Pseudomonas spp. phbmbb15-B3 strain with maximum
PHB yield using fructose as a carbon source in combina-
tion with mustard cake and yeast extract as a nitrogen
source was used here based on our previous study [33].
Strain (phbmbb15-B3) was used for cloning, sequencing
and investigating its structural and functional characteris-
tics using various bioinformatics tools.

Isolation of Genomic DNA and PCR Amplification

Genomic DNA from Pseudomonas spp. phbmbbl5-B3
strain was isolated using CTAB method. Qualitative and
quantitative estimation of DNA was done by using agarose
gel electrophoresis using A DNA marker. A total of nine
different sets of gene specific primers were designed using
diverse phbC sequences available in database to amplify
phbC gene through the Primer Quest software of IDT-DNA
Inc. US. All primer sequences and amplicon information
are listed in Table S1. PCR reactions were performed using
standard procedures using Biorad thermocycler. Elec-
trophoresis on 1.2% agarose gel was carried out to resolve
the amplified PCR products.

Cloning and Sequencing of phbC Gene

The desired fragment of phbC gene was excised and eluted
from the gel using the MDI micro purification kit, India.
The purified fragments were taken and ligated into the
cloning vector pTZ57R/T using standard protocol. The
correct recombinants were sent to ABI, Gurgaon for
sequencing.

In Silico Analysis of phbC Gene
phbC Gene Structure and Protein Sequence Analysis

Position of coding region of phbC gene sequence was
marked through FGenesh software (http://linux1.softberry.
com/berry.phtml?topic=fgenesh&group=programs&subgro
up=gfind). The phbC gene sequence was translated using
Expasy tool and the resulting protein sequence was used as
a query in BLASTp analysis at NCBI to retrieve its similar
sequences. Primary structural analysis of phbC protein
sequence was performed using ProtParam tool (http://web.
expasy.org/protparam/; whereas secondary structural anal-
ysis was performed through Sopma (npsapbil.ibep.fr/cgib-
innpsa_automat.pl?page=/NPSA/npsa_sopma.html)  tool.

PFP tool was used to perform phbC protein functional
analysis. Furthermore, CCD analysis was done to identify
the conserved domains in phbC protien (http://www.ncbi.
nlm.gov/structure/cdd/wrpsb.cgi).

Phylogenetic Study

Phylogenetic analysis using amino acid sequence of phbC
protein and its related sequences available in the database
was performed with the help of MEGAG6 software [34]. Un-
rooted phylogenetic tree was constructed using Neighbour-
Joining Method that uses distant matrix with a bootstrap of
1000 iterations.

phbC Protein Structure Analysis

3D structures of phbC gene was generated using its amino
acid sequence employing Swiss-Model [35] and Phyre
server and the generated models were further justified
through Structure Analysis and Verification Server
(SAVES) that uses both geometric and energy minimiza-
tion method (http://nihserver.mbi.ucla.edu/SAVES)
employing VERIFY3D [36] and ERRAT [37]. programs
and Swiss-Model server using structure assessment tool.
Energy calculations were done using ANOLEA (Atomic
Empirical Mean Force Potential) [38] and Ramachandra
plot analysis using (Phi/Psi) RAMPAGE program was
carried out to evaluate the backbone of both the models
[39]. Ligand binding site analysis for phbC gene was per-
formed using software 3DLigandSite (http://www.sbg.bio.
ic.ac.uk/3dligandsite) [40].

Result and Discussion

Amplification, Cloning and DNA Sequencing
of the phbC Gene

The phbC gene was amplified from the genomic DNA
using a specific primer pair (F-ATCCCGATGCCCT-
GAAATG; R-TGCTTGCTGGTGGGTTAAT) (Table S1)
and a fragment of approximately 1000 bp was obtained
(Fig. 1). The amplified product was purified and cloned
into pTZ57R/T cloning vector prior to transformation into
E. coli DH5a cells. Luria-bertani (LB) agar plates com-
prising X-gal/IPTG and ampicillin were used to check the
cloned target sequence (Fig. 2) and was further confirmed
by colony PCR (Fig. 3) and restriction enzyme (EcoRI and
BamHI) digestion (Fig. 4) prior to sequencing. After
sequencing, the sequence has been submitted to GenBank
(Accession Number KT933807).

@ Springer
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Fig. 1 a Gel showing PCR amplification by Primer psdPHB15
specific for phbC gene in strain Pseudomonas phbmbb15-B3. b Gel
showing DNA fragments resolved for elution and to be cloned later

Fig. 2 Transformed colonies of E. coli with psdPHB15 amplified
fragment of phbCgene

Fig. 3 Colony PCR of transformants for authentication of cloned
product
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Fig. 4 Restriction enzyme digestion of recombinant plasmid vector
authentication of cloned product

In Silico Analysis of phbC Gene and Protein
Sequence

Cloning and DNA sequencing results indicated that the
open reading frame (ORF) of phbC gene consisted of
910 bp and was found to be GC rich (58.24%). The
translated phbC protein sequence consisted of 303 amino
acids. CDD analysis showed that the phbC protein has two
domins: the first one belongs to phaC_N superfamily (2-50
aa) and the second is abhydrolase_1_catalytic domain
(55-293). Protparam tool computed molecular weight,
theoretical pl, instability index, aliphatic index, grand
average of hydropathicity (GRAVY) and extinction coef-
ficient at 280 nm of phbC protein sequence to be 34.151
KD, 6.35, 39.05, 101.39, — 0.048 and 57,870 (assuming all
pairs of cysteine residues form cystines) — 58245 (as-
suming all pairs of cysteine residues are reduced)
M~ em ™', respectively. Moreover, number of negatively
charged residues (29) was found to be higher than the
positively charged residues (26). Further, SOPMA tool
predicted that the translated protein sequence had 31.02%
alpha helix, 23.76% extended strand, 8.58% beta turn and
36.63% random coil in phbC sequence. Kyte-Doolittle
hydrophobicity analysis predicted that phbC protein is
hydrophobic in nature which is evident from its graph
where regions of the protein below the 0.0 line are
hydrophilic whereas regions above the 0.0 line are
hydrophobic in nature. It was found through PFP tool that
molecular function of this protein is related with trans-
ferase activity in the cytoplasm and this protein is mainly
involved in polyhydroxybutyrate biosynthetic process.
Similar results were shown by Edkie and prasad [41] in
which they studied the regulatory functions of bacillus
PHB synthase.
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Multiple Sequence Alignment

The sequences showing 97% minimum coverage, 92%
minimum identity and zero e-value to phbC protein
sequence were retrieved and it was found that phbC
showed maximum similarly to sequences from P. ex-
tremaustralis, P. pseudoalcaligenes, P. aeruginosa, P.
salinarum and P. oleovorans (Table S2). Sequence analysis
of the phbC protein indicated that the amplified phbC
protein sequence is of partial length.

Phylogenetic Analysis

Based on amino acid sequences, a phylogenetic tree
(Fig. S1) was constructed which has two major clusters,
where all the sequences except Pseudomonas sequence
from RIT-PI-q 17 formed a first cluster. The first cluster
was again divided into two sub-clusters. Our phbC protein
sequence showed similarly to sequences from P. sali-
narum, P. USM4-55, P. alcaligenes, P. extremaustralis and
P. oleovorans but formed an out group. Phylogenetic
analysis of Pseudomonas spp. phbmbb15-B3 is in agree-
ment with the analysis of Pseudomonas spp LDC-5 studied
by Sujata et al. [42].

3D Structure Analysis of phbC Protein

SWISS-MODEL Server and PHYRE?2 server were used to
carry out comparative homology modeling of the protein
sequences. 3D models of the aligned protein sequences
were generated from the rigid bodies through SWISS
MODEL. The 3D structures so generated were verified
through Phyer2 server, automated fold identification server
for protein structure and function prediction through
homology modeling. The alignment transformation to a 3D
model was performed using SWISS-MODEL and
PHYRE?2. Both the programs differ in the way in which the
sequences are aligned to build the 3D model [43].

Ligand Binding Site Analysis

The ligand binding analysis identified one-fourteen clusters
for the binding of N-acetyl glucosamine (NAG) but the
cluster having maximum ligands was selected for the pre-
diction of ligand binding in the target sequence. Serine,
proline, glutamate and leucine were identified as ligand
binding amino acid residues at 41, 42, 43, 204, 205 and 206
(last three positions for leucine) positions respectively.
Structural properties as well as catalytic mechanism by
predicting the three-dimensional (3D) model of the Type II
Pseudomonas sp. USM 4-55 PHA synthase 1 also studied
by Wahab et al. [44].

In conclusion, PhbC gene was PCR isolated from
Pseudomonas, it was cloned and sequenced. Analysis of
the sequence was performed and attempts were made to
predict the three-dimensional structure of PHB synthase.
Homology based approaches (SWISS-MODEL and
Phyre2) were used to for structure analysis. Verify3D and
ANOLEA were used to verify the 3D models. Additionally,
to check whether all amino acids lie in the favorable
regions Ramachandran plot analysis was carried out
Z-score and 3D-1D score were used for validation and
verification which showed that SWISS-MODEL is of good
and acceptable quality and was found to be better than
Phyre 2. To use 3PHB-copolymer industrially, it has been
recommended to pick up the enzymatic activities of genes
involved in biosynthesis operon of bioplastic producing
microorganism. Structure analysis and modeling based
design is one of the major strategies to engineer the enzyme
activities. In several studies, enhanced expression of either
PhaC by itself has been reported to increase P(3HB) pro-
duction. It is on the microbial level where the tools of
genetic engineering can be most readily applied. Charac-
terization of these genes homologues involved in produc-
tion of bioplastic will help scientists in modification of
recombinants as per requirements of substrate specificity
and expression of genes.
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