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ABSTRACT

Polyhydroxyalkanoates (PHAS) represent a
naturally occurring class of biopolyesters
composed of (R)-3-hydroxy fatty acids. PHA
primarily serves as carbon and energy
reserves, produced by numerous bacteria in
response to environmental limitation (e.g.
lack of macro elements such as phosphorus,
nitrogen, trace elements, or lack of oxygen)
and the excess supply of carbon sources. The
type of polymer produced depends on the
carbon sources available, the flexibility of
the organism’s intermediary metabolism, and
the substrate specificity of the PHA
biosynthetic enzymes. Cupriavidus necator
(formerly known as Ralstonia eutropha) was
found to be capable of producing the P(3HB)
homopolymer from even carbon numbered n-
alkanoates while odd-carbon numbered n-
alkanoates resulted in the accumulation of
copolymers of 3HB and 3HV. Biosynthesis of
PHA requires three important enzymes,
ketothiolase, acetoacetyl-CoA reductase, and
PHA synthase. The main objective of this
study was to develop an understandings-of
ketothiolases in C. necator.
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INTRODUCTION

PHAs are synthesized and deposited in
diverse bacteria as spherical water-insoluble
cytoplasmic inclusion bodies containing an
amorphous  hydrophobic  polyester core
surrounded by a phospholipid monolayer and
associated embedded proteins (Rehm BH,
2007). PHB (Polyhydroxybutyrate), the most
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commonly found and isolated form of PHA
from bacteria was detected in 1926 by Maurice
Lemoigne as an intracellular compound of
Bacillus megaterium (Girdhar et al., 2013).
Accumulation of PHAs proceeds under
unbalanced cultivation conditions when a
carbon source is available in excess and if
another macroelement like phosphorus,
nitrogen, trace elements or oxygen is limiting
growth at the same time (Jain et al., 2010)

The PHA operon of C. necator
comprises three genes encoding (&
ketothiolase (phaA), an acetoacetyl-CoA-
reductase (phaB), and a PHA synthase (phaC)
which participate in biosynthesis of PHB
(Madkour et al., 2013). IrC. Necatoy two
acetyl-CoA moieties are condensed to
acetoacetyl-CoA by a R-ketothiolase (PhaA).
The product then undergoes reduction by an
NADPH-dependent reductase (PhaB) which
produces the (R)-isomer of 3-hydroxybutyryl-
CoA. Finally, the PHA synthase (PhaC)
polymerizes the 3-hydroxybutyryl moieties of
3HB-CoA to poly(3HB). Besides 3HB, more
than 150 different PHA constituents are
currently known as components of microbial
polyesters (Rehm BH, 2007).

In general, theB-ketothiolases/acetyl-
CoA acetyltransferases belong to the family of
transferases or acyltransferases which transfer
groups other than aminoacyl groups. A
ketothiolase catalyzes the acetylation of acetyl-
CoA to acetoacetyl-CoA while one molecule of
CoA is released. In addition to the fatty acid
and PHA  metabolism, B-ketothiolases
participate in other pathways as such as
ketogenesis, sterol synthesis, and propanoate
and butanoate metabolism as well as in the
degradation of some amino acids like valine,
leucine, and isoleucine. Interestingly it was
reported that many PHA-accumulating bacteria
harbor more than one B-ketothiolase
homologue in their genomes (Lindenkamp et
al., 2010).
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C. necator (formerly known as

Ralstonia eutrophaor Alcaligenes eutrophiis
was famous as a potential single cell protein
(SCP) in the 1970s and remained in the
limelight as a producer of PHA (Kunasundari
et al., 2013); a material that resembles
commodity plastics such as polypropylene.
Although tremendous achievements have been
attained in the past few decades in the efficient
production of PHA, but the protein structure is
not fully understood. The main objective of
this study was to develop an understanding of
B-ketothiolases in PHA metabolism €.
necator

METHODOLOGY

Data base search

B-Ketothiolase genes were searched
among various data base i.e. NCBI, EMBL-
EBI etc. and protein sequences were
downloaded for further study. Multiple
sequence alignment was carried out using
ClustalW whereas motifs were searched using
KEGG SSDB (Sequence Similarity Data
Base).
Homology modelling

SWISS-MODEL was used for the
homology modelling of protein 3D structures.
Template search with Blast and HHBIits was
performed against the SWISS-MODEL
template library (SMTL). The target sequences
were searched with BLAST against the
primary amino acid sequence contained in the
SMTL. An initial HHblits profile was built
using the procedure outlined by Remmert et
al., followed by 1 iteration of HHblits against
NR20. The obtained profile was then searched
against all profiles of the SMTL (Biasini et
al., 2014 Arnold et al., 2006 et al., Benkert et
al., 2011; Altschul et al., 1997).
Template selection

For each identified template, the
template's quality was predicted from features
of the target-template alignment. The
templates with the highest quality were been
selected for model building.

Model building
Models were built based on the target-
template  alignment using  Promod-II.

Conserved coordinates between the target and
the template were copied from the template to
the model. Insertions and deletions were
remodelled using a fragment library. Side
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chains were then rebuilt. Finally, the geometry
of the resulting model was regularized by
using a force field. The global and per-residue
model quality was assessed using the QMEAN
scoring function.

Model building
Models were built based on the target-
template  alignment using  Promod-II.

Conserved coordinates between the target and
the template were copied from the template to
the model. Insertions and deletions were
remodelled using a fragment library. Side
chains were then rebuilt. Finally, the geometry
of the resulting model was regularized by
using a force field. The global and per-residue
model quality was assessed using the QMEAN
scoring function.
3D structure analysis

3D structure analysis was carried out
using PDBsum database that provides an
overview of the contents of each 3D
macromolecular structure deposited in the
Protein Data Bank (de Beer et al., 2013).

RESULTS AND DISCUSSION

Reputed public databases such as
NCBI, EMBL etc. consist millions of unique
protein sequences and number are growing
rapidly. Eight p-Ketothiolase genes irC.
necatorwere reported among these databases
(Table 1).

These genes were categories as bkitB,
thlA, phaA, phaAl, and phaA2. Protein
sequences for these genes were downloaded
from NCBI and all sequences were aligned
using multiple sequence alignment tool
ClustalW to get pairwise alignments score
(Table 2), whereas motifs were searched using
KEGG SSDB that contains the information
about amino acid sequence similarities among
all protein-coding genes in the complete
genomes (Kanehisa et al., 2002) (Table 3).

Highest sequence similarity was
reported between Gene ID: 4248815 and Gene
ID: 10917862. Further motif search (de Beer
et al., 2013) revealed functional relation
among these genes as all genes except Gene
ID: 10918233 were found to possess common
Thiolase, N-terminal domain, Beta-ketoacyl
synthase, N-terminal domain and Thiolase, C-
terminal domain. Multiple sequence alignment
and motif search both indicated difference
between Gene ID: 10918233 and rest
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polymerase  than j-

ketothiolase.

Table 1.B-ketothiolases/acetyl-CoA acetyltransferaseSuipriavidus necator

Name/ NCBI- Organism name Description Location
Gene ID
bktB Ralstonia beta-ketothiolase Chromosome 1,
ID: 4248815 eutropha H16 NC_008313.1 (1565652 to
1566836)
thlA Cupriavidus acetyl-CoA acetyltransferaseNC_015724.1 (129331 to
ID: 10920220 necator N-1 ThIA 130515)
bktB Cupriavidus acetyl-CoA acetyltransferaseChromosome 1,
ID: 10917862 necator N-1 BktB NC_015726.1 (1485802 to
1486986)
phaA Ralstonia acetyl-CoA acetyltransferase Chromosome 1,
ID: 4249783 eutropha H16 NC_008313.1 (1559207 to
1560388)
phaA Cupriavidus acetyl-CoA acetyltransferaseChromosome 2,
ID: 10921806 necator N-1 PhaA NC_015723.1 (1406745 to
1407953)
phaA Cupriavidus acetyl-CoA acetyltransferase NC_015727.1 (1151@86 t
ID: 10916079 necator N-1 1152964, complement)
phaA2 Cupriavidus poly(3-hydroxyalkanoate) = Chromosome 1,
ID: 10918233 necator N-1 polymerase PhaA NC_015726.1 (1901422 to
1903230)
phaAl Cupriavidus acetyl-CoA acetyltransferaseChromosome 1,
ID: 10917857 necator N-1 PhaA NC_015726.1 (1479937 to
1481118)
Table 2. ClustalW pairwise alignments
SegA NCBI-Gene Length SeqB NCBI-Gene Length Score
ID ID
1 4248815 394 2 10920220 394 68.78
1 4248815 394 3 10917862 394 98.98
1 4248815 394 4 4249783 393 52.16
1 4248815 394 5 10921806 402 45.94
1 4248815 394 6 10916079 392 35.71
1 4248815 394 7 10918233 602 6.6
1 4248815 394 8 10917857 393 52.16
2 10920220 394 3 10917862 394 68.27
2 10920220 394 4 4249783 393 50.89
2 10920220 394 5 10921806 402 47.72
2 10920220 394 6 10916079 392 37.76
2 10920220 394 7 10918233 602 9.14
2 10920220 394 8 10917857 393 51.15
3 10917862 394 4 4249783 393 51.91
3 10917862 394 5 10921806 402 45.94
3 10917862 394 6 10916079 392 35.46
3 10917862 394 7 10918233 602 6.6
3 10917862 394 8 10917857 393 51.91
4 4249783 393 5 10921806 402 45.04
4 4249783 393 6 10916079 392 46.68
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4 4249783 393 7 10918233 602 6.62
4 4249783 393 8 10917857 393 99.75
5 10921806 402 6 10916079 392 33.42
5 10921806 402 7 10918233 602 7.21
5 10921806 402 8 10917857 393 44.78
6 10916079 392 7 10918233 602 5.61
6 10916079 392 8 10917857 393 46.68
7 10918233 602 8 10917857 393 6.36
Table 3. Motif in variou€upriavidus necatop-ketothiolases
NCBI-Gene ID Motif id From To Definition E value
pf:Thiolase_N 3 263 Thiolase, N-terminal domain 3.50E-95
Beta-ketoacyl synthase, N-
4248815 pf:ketoacyl-synt 63 122 terminaBI/ doymain 0.0003
pf: Thiolase_C 271 393 Thiolase, C-terminal domain 1.70E-46
pf:ACP_syn Il C 302 390 0.24
pf:Thiolase N 4 262 Thiolase, N-terminal domain 2.10E-90
pf:ketoacyl-synt 81 122 Beta—ketqaqlll dsynthase, N- 0.0076
10920220 terminal domain
pf:ACP_syn Il 85 129 0.31
pf:Thiolase C 271 393 Thiolase, C-terminal domain 1.20E-45
pf:ACP_syn Il C 302 390 0.24
pf:Thiolase_N 3 263 Thiolase, N-terminal domain 5.80E-95
Beta-ketoacyl synthase, N-
10017862 PPketoacylsynt 63 122 termina}’ doymain 0.00046
pf:Thiolase C 271 393 Thiolase, C-terminal domain 1.10E-46
pf:ACP_syn Il C 302 390 0.24
pf:Thiolase_N 1 262 Thiolase, N-terminal domain 5'121075
pf:Ketoacyl- 19 51 Beta—ketqacyl synthase, C- 0.79
synt C terminal domain
) Carboxymuconolactone
4249783 pf:CMD 32 62 decarboxylase family 0.27
pf:ketoacyl-synt 77 119 Beta-ketoacyl synthase, N- - 55534
terminal domain
pf: Thiolase_C 270 392 Thiolase, C-terminal domain 8.30E-55
pf:ACP_syn Il C 301 388 0.13
pf:Thiolase N 1 267 Thiolase, N-terminal domain 7.60E-73
pf.ketoacyl-synt 80 146 Beta—ketqaqlll dsynthase, N- 0.00051
10921806 terminal domain
pf:ACP_syn Il 86 121 0.05
pf:Thiolase C 274 401 Thiolase, C-terminal domain 7.70E-44
pf:Snoal 4 300 366 0.087
pf:Thiolase_N 6 262 Thiolase, N-terminal domain 1.70E-86
) _ Beta-ketoacyl synthase, N-
10916079 pf-ketoacyl-synt 82 128 terminal domain 0.00024
pf:Thiolase C 269 389 Thiolase, C-terminal domain 5.70E-43
pf:ACP_syn Il C 300 383 0.13
. Poly-beta hydroxybutyrate i
10918233 pf:PhaC_N 117 286 polymerase (PhaC) N-terminusG'60E 62
pf:Abhydrolase 6 282 523 Alpha/beta hydrolase family 1.00E-06
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pf:Abhydrolase_1 292 530 alpha/beta hydrolase fold 7.30E-15
pf:Thiolase_N 1 262 Thiolase, N-terminal domain 7'17106E'
pf:Ketoacyl- 19 51 Beta—keto_acyl synthase, C- 0.79
synt C terminal domain
) Carboxymuconolactone
10917857 pf:CMD 32 62 decarboxylase family 0.27
pf:ketoacyl-synt 77 119 Beta-ketoacyl synthase, N- 55433
terminal domain
pf:Thiolase C 270 392 Thiolase, C-terminal domain 8.30E-55
pf:ACP_syn Il C 301 388 0.13

Homology models were built based on
the target-template alignment whereas the
templates with the highest quality were
selected on the basis of various parameters
such as GMQE (Global Model Quality
Estimation), QMEAN (Qualitative Model
Energy Analysis), sequence identity, sequence
similarity and coverage etc. (Guex et al., 1997;
Sali et al.,, 1993). Three-dimensional (3D)
models for all genes are illustrated in Figure 1.

General approach for prediction of a
model depends on the various parameters and
analysis of identified template structures.
Parameters for target-template alignment used
to build suitable models are given in Table 4.
PDBsum database summaries 3D structures of
proteins and provide detailed structural
analysis of each protein chain. Significantly
much duplication of redundant information has
been removed in this database therefore only a
representative chain is described in details
(Laskowski et al., 2009). Common sequence
variation can be seen in Table 5-7.

SWISS-MODEL homo-oligomeric
structure of the target protein was predicted
based on the analysis of pairwise interfaces of
the identified template structures. For each
relevant interface between polypeptide chains
(interfaces with more than 10 residue-residue
interactions), the QscoreOligomer was
predicted from features such as similarity to
target and frequency of observing this
interface in the identified templatesThe
prediction was performed with a random
forest regressor using these features as
input parameters to predict the probability
of conservation for each interface. The
QscoreOligomer of the whole complex
was then calculated as the weight-averaged
QscoreOligomer of the interfaces. The
oligomeric state of the target is predicted
to be the same as in the template when
QscoreOligomer was predicted to be
higher or equal to 0.5 (Mariani et al.,
2011).

Table 4. Parameters for target-template alignment

NCBI-GenelD Oligo-State Ligands GMQE QMEAN4
4248815 Homo-tetramer None 0.79 -3.95
10920220 Monomer None 0.80 None
10917862 Homo-tetramer None 0.79 -3.77
4249783 Homo-tetramer None 0.84 -1.03
10921806 Homo-tetramer None 0.75 -4.10
10916079 Homo-tetramer None 0.77 -2.97
10918233 Homo-tetramer None 0.22 -71.67
10917857 Homo-tetramer None 0.84 -1.00
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I 10221806 ID: 102160759

IT: 10918233 ID: 10217857

Figure 1. Models for B-ketothiolases in Cupriavidus necator

Table 5. Beta sheets @upriavidus necatoPHB depolymerases

NCBI-Gene No. of
D Sheet strands Type Barrel Topology
. 03X 1X-2X-1-2X-3X1X111-2X-
4248815 A 20 Mixed N 1X -1X 2X 1 2X 3X -1X -1
B 8 Antiparallel Y 1-2X-1-2X1-2X-1
C 2 Antiparallel N 1
. 03X 1X-2X-1-2X-3X1X111-2X-
A 20 Mixed N 1X -1X 2X 1 2X 3X -1X -1
10920220 B 8 Antiparallel N -12X12X-12X1
C 2 Antiparallel N 1
D 2 Antiparallel N 1
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: 03X 1X-2X-1-2X-3X1X 111 -2X -
10917862 A 20 Mixed N 1X -1X 2X 1 2X 3X -1X -1
B 8 Antiparallel Y 1-2X-1-2X1-2X-1
C 2 Antiparallel N 1
: 03X 1X-2X-1-2X-3X1X 111 -2X -
A 20 Mixed N 1X -1X 2X 1 2X 3X -1X -1
4249783 B 4 Antiparallel N -12X1
C 2 Antiparallel N 1
D 2 Antiparallel N 1
: 03X 1X-2X-1-2X-3X1X 111 -2X -
10921806 " 20 Mixed N 1X -1X 2X 1 2X 3X -1X -1
B 8 Antiparallel Y 1-2X-1-3-12X1
. 03X 1X -2X -1 -2X 10X -2X -1X -1X
A 14 Mixed N oX 1 92X
10916079 B 4 Antiparallel N -12X 1
C 2 Antiparallel N 1
D 4 Mixed N -3X 1X 1
A 7 Mixed N -2 1X -2X -1X -1X -1X
10918233 B 2 Antiparallel N 1
. 03X 1X-2X-1-2X-3X1X 111 -2X -
A 20 Mixed N 1X -1X 2X 1 2X 3X -1X -1
10917857 B 4 Antiparallel N -12X1
C 2 Antiparallel N 1
D 2 Antiparallel N 1
Table 6. Beta-alpha-beta units@Qupriavidus necatop-ketothiolases
NCBI- Strand 1 Strand 2 No. No. of residues
Gene ID Start End Length Start End LengtH)f helices Loop Helix
4248815 His 51 Gly 55 5 Ala83 Asn 87 5 1 27 11
Val 314  Ala 317 4 Tyr 374  lle 381 8 3 56 40
10920220 His 52 Gly 56 5 Ala84  Asn 88 5 1 27 11
Val 314  Ser 317 4 Tyr 374  lle 381 8 3 56 40
10917862 His 51 Gly 55 5 Ala83  Asn 87 5 1 27 10
Val 314  Ala 317 4 Tyr 374  lle 381 8 3 56 40
4249783  Glu 50 Gly 54 5 Ala81 Asn85 5 1 26 10
Leu 313 lle 316 4 Lys 373 lle 380 8 3 56 40
10921806 Asp 50 Ala 54 5 Gly81 Asp85 5 1 26 10
Leu 317 Leu 320 4 Gly 383 lle 389 7 3 62 37
10916079  Ala55 Gly 58 4 Ala85  Ser89 5 1 26 10
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Val 310 lle 315 6 Arg 372 Leu 379 8 3 56 33
10918233 Pro 260 Val 264 5 GIn 292 lle 295 4 1 27 9
Val 333  Ala 338 6 Val 360 Met 366 7 1 21 12
Lys 486 Gly 491 6 Arg 512 Ser 518 7 1 20 10
10917857 Glu 50 Gly 54 5 Ala81 Asn85 5 1 26 10
Leu 313 lle 316 4 Lys 373 lle 380 8 3 56 40

Table 7. Beta strands @upriavidus necatop-ketothiolases

No. of

NCBI-Gene ID Start End Sheet residues Edge Sequence
Val5 Argl2 A 8 No VVVVSGVR
Glylé  Thrl?7 A 2 Yes GT
His51 Gly55 A 5 No HVVFG
Ala83  Asn87 A 5 No ALTVN
Alall2 Serll9 A 8 No AIGGGAES
Tyrl25 Alal27 B 3 No YLA
Alal39 Aspl43 B 5 No AGLVD
4248815
Val203 Ser205 C 3 Yes VVS
Val212 Phe214 C 3 Yes VTF
Asn252 Glu262 A 11 No NDAAAAVVMME
Ala275 Gly284 A 10 No ARLVSYGHAG
Val314 Ala317 A 4 Yes VIEA
Tyr374  1le381 A 8 No YALVTMCI
GIn385 Glu392 A 8 No QGIAAIFE
lle6 Argl3 A 8 No IFVVGAAR
Glyl7  Thrl8 A 2 Yes GT
10920220 His52 Gly56 A 5 No HVVMG
Ala84  Asn88 A 5 No AFNVN
llell2 Serl20 A 9 No IAIGAGSES
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Tyrl26 Aspl28 B 3 No YFD
Vall43 Aspl44 B 2 Yes VD
His151 Aspl52 C 2 Yes HD
Metl57 His158 C 2 Yes MH
Val204 Val206 D 3 Yes VEV
Val213 Phe215 D 3 Yes VLF
Asn252 Glu262 A 11 No NDGAGAVVLAE
Ala275 Gly284 A 10 No ARLVGYAHAG
Val314 Ser317 A 4 Yes VIES
Tyr374  1le381 A 8 No YALVTMCI
GIn385 Glu392 A 8 No QGIAAIFE
Val5 Argl2 A 8 No VVVVSGVR
Glylé  Thrl?7 A 2 Yes GT
His51 Gly55 A 5 No HVVFG
Ala83  Asn87 A 5 No ALTVN
Alall2 Serll9 A 8 No AIGGGAES
Tyrl25 Alal27 B 3 No YLA
Alal39 Aspl43 B 5 No AGLVD
10917862
Val203 Ser205 C 3 Yes VVS
Val212 Phe214 C 3 Yes VTF
Asn252 Glu262 A 11 No NDAAAAVVMME
Ala275 Gly284 A 10 No ARLVSYGHAG
Val314 Ala317 A 4 Yes VIEA
Tyr374 1le381 A 8 No YALVTMCI
GIn385 Glu392 A 8 No QGIAAIFE
Vald Argll A 8 No VVIVSAAR
Glyl5  Lysl6 A 2 Yes GK
4249783
Glu50 Gly54 A 5 No EVIMG
Ala81  Asn85 A 5 No AMTIN
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lel09 Asnll7? A 9 No IVVAGGQEN
His123 Leul25 B 3 No HVL
Vall40 Aspl4l B 2 Yes VD
Trp149 Aspl50 C 2 Yes WD
Tyrl55 His156 C 2 Yes YH
Val202 Leu203 D 2 Yes VL
Val212 Ala213 D 2 Yes VA
Asn251 Ser261 A 11 No NDGAAAVVVMS
Ala274 Gly283 A 10 No ATIKSYANAG
Leu313 lle316 A 4 Yes LMEI
Lys373 11e380 A 8 No KGLASLCI
Met384 Glu391 A 8 No MGVALAVE
Alad Argll A 8 No AAIVTPLR
Glyls5  Thrl6 A 2 Yes GT
Asp50 Alab54 A 5 No DVVFA
Gly81  Asp85 A 5 No GMQLD
Vall09 Serll? A 9 No VVIAGGVES
Tyrl23 Thrl25 B 3 No YYT
10921806
Vall37 Aspl4l B 5 No VRFFD
Asn255 Ala265 A 11 No NDASAACLIVA
Ala278 Gly287 A 10 No ASLVGWAAAG
Leu317 Leu320 A 4 Yes LVEL
Gly383 11389 A 7 No GLETMCI
GIn393 Glu400 A 8 No QGIAAVFE
Val9 Argl5 A 7 No VIVGARR
Glyl9  Ala20 A 2 Yes GA
10916079 Ala55 Gly58 A 4 No AIMG
Ala85 Ser89 A 5 No ATTIS
Valll3 Serl21 A 9 No VAVAGGMES

Page | 401 B-Ketothiolase Homologues in Cupriavidus necator



//
p/?g International Journal of Research (IJR) Vol-1, Issue-7, August 2014 ISSN 2348-6848
— IR

His127 Val129 B 3 No HIV
Leuld44 Asplds B 2 Yes LD
Glul53 Aspl54 C 2 Yes ED
His159 Leul60 C 2 Yes HL
Ser250 Met259 A 10 No SDGAAALVLM
Ala273 Arg274 A 2 Yes AR
Ala279 Ala282 D 4 Yes ATRA
Val310 lle315 D 6 Yes VDLYEI
Arg372 Leu379 D 8 No RGLASLCL
Glu383 Met387 D 5 No EAVAM
lle247  Tyr249 A 3 Yes QY
Pro260 Val264 A 5 No PQLIV
GIn292  1le295 A 4 No QVFI
Val333 Ala338 A 6 No VNLHGA
10918233 Val360 Met366 A 7 No VHAATLM
Ala465 Thr466 B 2 Yes AT
His475 Ala476 B 2 Yes HA
Lys486 Gly491 A 6 No KYVLAG
Arg512 Ser518 A 7 Yes RTEFVLS
Vald Argll A 8 No VVIVSAAR
Glyl5 Lys16 A 2 Yes GK
Glu50  Gly54 A 5 No EVIMG
Ala81  Asn85 A 5 No AMTIN
le109 Asnll7 A 9 No IVWVAGGQEN
10917857
His123 Leul25 B 3 No HVL
Vall40 Aspl4l B 2 Yes VD
Trpl49 Aspl50 C 2 Yes WD
Tyrl55 His156 C 2 Yes YH
Val202 Leu203 D 2 Yes VL
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Val212 Ala213 D 2 Yes VA
Asn251 Ser261 A 11 No NDGAAAVVVMS
Ala274 Gly283 A 10 No ATIKSYANAG
Leu313 lle316 A 4 Yes LMEI
Lys373 1le380 A 8 No KGLASLCI
Met384 Glu391 A 8 No MGVALAVE
lle351  Arg369 H 19 28.48 1.53

Ligands present in the template structure are fearesl by homology to the model when the
following criteria are met: (a) The ligands are atated as biologically relevant in the template
library, (b) the ligand is in contact with the madg) the ligand is not clashing with the protefd)
the residues in contact with the ligand are coreskhetween the target and the template (Schwede et
al., 2003). Criteria were not satisfied therefagahds were not included in the models (Schwede et

al., 2003) (Table 4).

CONCLUSION

The results show diversity of PHp-
ketothiolase in C. necator. Thesp--
ketothiolases are known as bktB, thlA, phaA,
phaAl, and phaA2. Pairwise alignments, motif
search, homology models, secondary
structures, beta sheets, beta strands and beta-
alpha-beta units confirms the highest sequence
similarity and homology between Gene ID:
4248815 and Gene ID: 10917862.

Common Thiolase, N-terminal
domain, Beta-ketoacyl synthase, N-terminal
domain and Thiolase, C-terminal domain in all
genes except phaA2 (Gene ID: 10918233)
indicate their functional similarity. phaA2 (ID:
10918233) was found to have more
resemblance with Poly-beta-hydroxybutyrate
polymerase than p--ketothiolase. The
diversity of p--ketothiolase is interesting to
study as it triggers the first step of PHA
biosynthesis, and previous reposts indicates
that various p--ketothiolases are substrate
specific and produce different types of PHAs.
Therefore not only identification of such genes
but also categorization and selection of
microbes and substrate feeding on the basis of
these genes required more focus research.
Interesting study PHA biosynthesis ensures
environment friendly & sustainable production
of PHA based bioplastics and economic
opportunities.

de

Girdhar
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