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Abstract: Poly (hydroxy alkanoic acid) (PHA) polymers are synthesized by numerous microorgamsms. These
compounds have similar properties to synthetic plastics with excellent biodegradability. Here we report
identification and cloning of phaC, and phaC, genes of type 1T PHA synthase gene from the Tranian isolate of
P. aeroginosa PTCC 1310 bacterium. The sequences of both genes were 1solated using PCR amplification with
specific primers and cloned into pTZ57R cloning vectors as pTZPHACT and pTZPHAC2. The correct sequence
of the cloned genes was confirmed by restriction digestion followed by partial sequencing. The vectors could
be used for future sub-cloning and expression analysis purposes.
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INTRODUCTION

During the past years the use of petroleum based
plastics has complicated the problem of disposal of solid
wastes (Salehizade and Van Loosdrecht, 2004). Inn order to
solve the problem, world-wide programs for efficient
management of used-plastic materials such as recycling,
source reduction and incineration have been started.
Another solution to reduce plastic wastes 15 the use of
biodegradable plastics. Among the different candidates
for biodegradable plastics, the poly(hydroxy alkanoic
acid) (PHA) polymers have been the focus of
extensive research and commercial interest. This is
mainly due to their similar properties to synthetic plastics
and their potential use as biodegradable thermoplastics
(Agus et al., 2006a; Steinblchel, 2005; Braunegg et al.,
1998).

PHAs are natural storage compounds, which are
synthesized and intracellularly deposited by numerous
microorganisms when m the presence of excessive carbon
source, encounter nutritional deficiencies like lack of
nitrogen, phosphorus, sulfur, oxygen or magnesium
(Agus ef al., 2006a; Sclaiman and Ashby, 2005; Kessler
and Witholt, 1999). PHAs can be classified mto three
groups depending on the number of carbon atoms in the
monomer umts, I) Short-Chamm-Length (SCL) PHAs, which
consist of 3-5 carbon atoms; 1) medium-chain-length,
which consist of 6-14 carbon atoms; 1i1) scl-co-mcl PHA
with repeat unit monomers containing 3 to 14 carbon

atoms (Rehm, 2003; Solaiman and Ashby, 2005, Ramsay
and Ramsay, 1999). PHA synthases (PHASs) are enzymes,
which are responsible for the polymerization of
hydroxyacyl-CoA monomers into the PHA polymers.
Based on their structural properties and substrate
specificity, these enzymes are classified into four classes
I, T, TIT and TV. The gene clusters that code for the
synthesis of each class of the PHAs have different
genetic orgamzations (Agus ef al., 2006b; Rehm, 2003;
Sudesh et al., 2000). To date, more than 250 different
microorgarnisms are known to synthesize and accumulate
various PHAs (Salehizade and Van Loosdrecht, 2004).

Most Pseudomonas strains are able to accumulate
polyhydroxyalkanoic acids as medium-chain-length
PHAs. These strains belong to tRNA homoelogy group I
containing y subdivision Proteobacteria and produce
class IT PHA synthases (Q1 ef al., 1997; Hemn et af., 2002).
The enzymes are enceded by type Il pha loci, which
consists of three genes namely phaC,, phaC, and phaZ.
The phaZ gene 13 located between phaC, and phaC, and
encodes for PHA depolymerase (Hoffmann and Rehm,
2004; Solaiman, 2000, Zhang et al., 2001 ; Brandl et al.,
1988).

Several 1solates of Pseudomonas aeroginosa (e.g.,
PTCC 1310 and PTCC 1740) have been previously
reported  from  Iraman Molecular
characterization of these isolates using a PCR-based
identification method (Solaiman et al., 2000) demonstrated
that only the PTCC 1310 contains type II pha synthase

TesOUrces.

Corresponding Author: Dr. Daryoush Abedi, Department of Pharmaceutical Biotechnology, Faculty of Pharmacy,
Isfahan University of Medical Sciences, Isfahan, Islamic Republic of Iran
Tel: +98 311 792 2606 Fax: +98 311 668 0011



Biotechnology 6 (4): 497-504, 2007

genes (Abedi et al, 2004). To date there is no report on
the cloning of type IT PHA synthase gene from Tranian
1solate, Pseudomonas aeroginos PTCC 1310. In this study
phaC, and phaC, genes of type 1I pha synthase gene
from P. aeroginosa PTCC 1310 were isolated and cloned
into cloning vectors and the sequence of the genes was
confirmed by partial sequencing. The vectors could be
used for future sub-cloning and expression analysis

purposes.

MATERIALS AND METHODS

Bacterial strains, plasmid and growth conditions:
Pseudomonas aeroginosa PTCC 1310 was obtained from
Persian type culture collection (PTCC), Tehran, IR Iran
and was cultivated i nutrient broth at 30°C. Escherichia
coli XI.1 blue was used as competent cell and was
cultivated at 37°C in Luria-Bertanmi (I.B) (1% w/v tryptone;
0.5% w/v yeast extract; 0.5% w/v NaCl) medum. In
order to maintain the stability of the plasmids ampicilline
was added to the medium at a final concentration of
100 pg mL~". pTZ57R vector included in TA cloning
system was purchased from Fermentas, Germary.

Genomic DNA extraction, PCR amplification and
cloning: Genomic DNA from Pseudomonas aeroginosa
PTCC 1310 was 1solated using High Pure PCR template
preparation kit (Roche, Germany) following the
manufacturer's recommendations. The sequences of
phaCl and phaC2 genes were isolated by PCR
amplification using specific primers. The primers were
designed agamst the available sequences of phaCl and
phaC2 genes of Pseudomonas aeroginosa PAO1
(Accession number AFE004919, AE004091) using
WDNASIS 2.6 software (Hitachi Software Eng. Co, Ltd,
Japan). Primer pawrs for PCR amplification of phaCl
(N-terminus: 5'-dGCC GAT GAG TCA GAA GAA C-3,C-
terminus: 5°-dCTT TTC ATC GTT CAT GCA C-3") and
phaC2 (N-terminus: 5'-dGTC CAT GCG AGA AAA GCA
(G-3'; C-termmnus: 5'-dATC TTT CAG CGT ATA TG-3")
genes were obtained form Fazapajoh Company (Tehran,
TR Tran).

The PCR reaction cycles consisted of an mitial
denaturation at 94°C for 5 mmn followed by 35 cycles of 1
min at 94°C, 2 min at 55°C and 3 min at 72°C and a final
extension of 10 min at 72°C. The PCR reaction was
performed m 50 pL volume contenning 1 umit of Tag DNA
polymerase (Biotools, Spam) and 20 pmol of each primer
in a PCR reaction buffer provided with Tag DNA
polymerase using Bio-Rad thermal cycler (Bio-Rad, TISA).

The PCR products were analyzed using agarose gel
electrophoresis. Then the DNA fragments were extracted
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using QIA Quick Gel extraction kit (Qiagen, Germany) and
cloned into pTZ57R cloning vector of the T/A clone™
system (Fermentas, Germany). Plasmid preparation was
performed using a standard alkalme lysis procedure as
reported previously (Sambrook et al., 2001).

RESULTS AND DISCUSSION

Genomic identification and PCR amplification of phaCl
and phaC2 genes: In this study phaCl and phaC2
sequences of type Il poly (hydroxyalkanoic acid) (PHA)
synthase gene cluster of Pseudomonas aeroginosa were
1solated and cloned. This cluster contains three genes
namely phaCl, phaZ and phaC2 genes. As shown in
Fig. 1, both phaCl and phaCZ sequences have
approximately similar sizes. In order to isolate and amplify
the phaCl and phaC2 gene sequences, two pairs of
primers were designed against the flanking sequences of
the genes. The primers were used to amplify the genes
from the genomic DNA, which was extracted from the
Tranian isolate of aeroginosa PTCC1310. Since the
genomic sequence of this Tranian isolate is not known vet,
the genomic sequence of the known isolate of
Pseudomonas aeroginosa PAOL, with accession number
AE004919 and AE004091, was used as the template
sequence for designing the primers. Following preparation
of the primers, the PCR condition was optimized and the
best annealing temperature was determined. As shown in
Fig. 2, amplification of the PHA genomic cluster using
both pair of primers, resulted in two approximately similar
bands of about 1700 bp long (lane a and b). The size of
the bands correlates with the size of the genomic length
of the phaCl and phaC2 genes (Fig. 1).

In order te confirm that the amplified fragments
were indeed phaCl and phaC2 gene sequences, a
restriction mapping analysis for the genes based on
the restriction map of the original genomic sequence of

Real Real gy o 1 g

Rsal Rasal 4;']77 4;?01 4543 4585 5386

Kool 1434 Real 3323 (618) (640040 1y 1525)
(616) Rsal 3170

phaCl (1680 bp)

phaZ (858 bp) phaC2 (1683 bp)

Fig. 1. A schematic representation of the orgamzation of
P. aeroginosa pha locus. The locus contains
phaCl, PHA synthase 1 gene;, phaZ, PHA
depolymerase gene, phaC2, PHA synthase 2
gene. The length of the genes (base pair, bp), their
genomic positions and some major restriction sites
are also shown
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Fig. 2: PCR amplification and characterization of phaCl
and phaCZ gene sequences. The phaCl and
phaC2 gene sequences were PCR amplified, lanes
a and b. The sequences were characterizes using
Rsal, lanes ¢ and d. The sequence of phaC2 gene
was further analyzed using BamHI. M represents
the DNA size marker

Pseudomonas aeroginosa PAO] was performed. One of
the diagnostic restriction sites in both genes was Rsal.
This enzyme recognizes two sites at nucleotides 1136 and
1484 in phaCl gene (It should be noted that the start
codon m phaCl of P. aeroginosa PAOL is located at
nucleotide 868 m the given locus) and five sites at
nucleotides 4477, 4501, 4543, 4585 and 5386 in pahC2
gene (Fig. 1). Moreover, BamHI recognizes one site at
nucleotide 4101 in phaC2, but not m phaCl and used as
a further diagnostic site (Fig. 1). As represented n Fig. 2,
digestion of the phaC! PCR product with Rsal resulted in
three bands of 268, 348 and 1064 bp (lane C). Digestion of
phaC2 PCR product with Rsal produced five fragments of
about 24, 42,152, 621 and 802 bp long (lane d). Note that
only the latter two bands are seen on the figure presented.
Moreover, digestion of phaC2 PCR product with BamHI
produced two bands of about 245 and 1438 bp long
(lane e). Therefore, based on the restriction mapping, it
could be concluded that the amplified sequences were
most likely belong to phaCl and phaC2 genes.

Cloning of phaCl and phaC2 genes sequences into
pTZ57R vector: Following amplification and restriction
mapping analysis of the sequences for phaCl and phaC2
genes, the gene sequences were cloned mto pTZ57R
vector at the TA site. Figure 3 shows the map and multiple
cloning site of pTZ57R cloning vector. In order to clone
the phaCl and phaC2 sequences, the PCR amplified
fragments for both genes were extracted from agarose gel
and ligated to the linearized pTZ57R plasmid. This clomng
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was performed with taking advantage of the overhang As
at the 3' end of the PCR products, amplified using the Tag
DNA polymerase enzyme. This could match the 5
overhang Ts in the linearized pTZ57R vector. Following
ligation reaction, the E. coli XI.1 blue bacterial competent
cells were transformed by the recombinant plasmids
containing phaCl and phaC2 genes. The cells were
cultured in the presence of ampiciline for selection and a
nmumber of the resulted colonies were picked and used in
plasmid mini-preparations.

Following plasmid DNA preparation, restriction
mapping analysis was performed to confirm the presence
of the phaCl and phaC2 DNA fragments. To quickly
screen for the presence of the insert, the EcoRI site in the
plasmid was used. This site 1s only present in the vector
(Fig. 3), but not in the inserts and can be used as a
diagnostic site to distinguish between the vectors with
and without insert by size difference. The plasmids
containing phaCl and phaC2 genes were first digested
with FcoR1 and analyzed on agarose gel electrophoresis.
As expected, a large band at about 4570 bp, which
corresponds to the vector plus the insert, was observed
for both plasmids. To further confirm the presence of the
sequences for phaCl and phaC2 genes and also to
determine the orientation of the inserts in the pTZ57R
plasmid, the recombinant plasmids were digested with
different restriction endonucleases (Fig. 3). Plasmid
contaiung phaCl gene (PTZPHAC) was digested with
Rsal endonuclease enzyme as a useful diagnostic enzyme.
This enzyme recognizes two sites in phaC'l and also two
sites in pTZ57R plasmid (Fig. 3). Therefore, digestion of
PTZPHAC] plasmid in which the 5 end of the inserts was
near T7 promoter, could show bands with 348, 1066, 1074
and 2078 bp length (Fig. 4, lane a). Note that bands 1066
and 1074 appear at a similar position as single band.

Furthermore, plasmids extracted from bacteral
colonies containing phaC2 gene (PTZPHAC2) were
digested with BamHI restriction endonuclease that cuts
the recombinant plasmid at two positions, one in the
insert and the other n the plasmid (Fig. 3). Therefore, the
PTZPHAC?2 plasmids in which the 5 end of the inserts
was near T7 promoter could produce bands with about
4319 and 250 bp sizes. As shown m Figure 4, digestion of
PTZPHAC?2 plasmid with BamHI gave two bands as
expected (lane C). This not only confirmed the cloning of
phaC2 gene in pTZ57R plasmid, but demonstrated that
the phaC2 gene was cloned with right orientation in the
plasmid.

The correct cloning of the phaCl and phaCZ genes
was further analyzed by sequencing the first half of the
cloned sequence in PTZPHACT and PTZPHAC? plasmids
using general T7 sequencing primers. The primers were



Biotechnology 6 (4): 497-504, 2007

£

Rsal (.

/

Real (628) &
BamH 1 (654)

b laz

Raal (4128 EcoR (615) -
T ap &Q@‘ 7, S g, Rasl (628)
8)‘5;'\ 9 EcoR ®617) ’ E‘d— Rasl (628) N & % Rasl (802)

PTZ5TR gﬂ‘ Hind 111 (654) pTZPHACI
29kb /
Rnsl (1708)

Hind III (2370) Rnsl (2056)

Rasl (4131) FcoR (615)

ol

pTZPHAC2
46kb
¥ Rasl(1603)
(7)645)

Ba.mH(2327) BamHI(2087) "(17")
[+]

Fig. 3: Schematic representation of plasmuds pTZ57R, pTZPHAC] and pTZPHAC?2. A brief restriction map for pTZ57R
plasmid and the derived recombinant plasmids pTZPHAC] and pTZPHAC?2 are presented. The positions of

phaCl and phaC?2 genes in the plasmids are shown

Fig. 4: Restriction

digestion
pTZPHAC2 plasmids.
pTZPHAC?2 plasmids were digested with Rsal
and b,
digestion  of
pTZPHAC? plasmid with BamHI. M represents the
DNA size marker

of pTZPHAC] and
The pTZPHAC]1 and
lanes a

restriction  endonuclease,

respectively. TLane ¢ shows

complement to T7 promoter sequences of the pTZ57R
plasmid, which was present at the upstream sequences
of the phaCl and phaC2 genes m both PTZPHACI
and PTZPHAC2 plasmids (Fig. 3). The sequencing
data were compared with the sequences for phaCl
and phaC2 genes m P. aeroginosa PAOl usmg
the BLAST program (NCBI, NIH). A diagram of

the comparison of our sequence (Query) with the

sequence of phaCl and phaC2 from P. aeroginosa
PAO1 in gene bank (Subject) 1s shown m Fig. 5A and
5B. Blast analysis revealed a high degree of similarity
between the cloned genes and the genes of other
Pseudomonas strains belonging to rRNA homology
group L.

As shown in Fig. 5A, the data demonstrated that the
first sequenced gene corresponded to phaCl gene and
there was approximately a 99% similarity. In fact, the only
difference was a C nucleotide in position 762 mn the
sequenced gene which is T in P. aeroginosa PAO1. This
was a silent mutation which does not alter the coded
amino acid (Serine).

We observed several base differences in phaC2
sequence once compared with the corresponding
sequence m the database (Fig. 5B). The furst base
difference was at site 90, in which a T nucleotide was
located on cloned phaC2 gene while a C nucleotide was
located on phaC2 gene of P. aeroginosa PAOL. This was
a silent mutation not altering the coded amine acid
{(Aspartic acid). The second difference was at site 306, in
which a G nucleotide was located on the cloned gene
while an A nucleotide was located on phaC2 gene of
P. aeroginosa PAOL. This was also a silent mutation
which did not change the coded amino acid (Lysine). The
third difference was at site 430, in which a G nucleotide
was located on phaC2 cloned gene while a T nuclectide
was located on phaC2 gene of P. aeroginosa PAOL. This
mutation altered the coded amino acid from Valine to
Leucm.

It 1s not clear whether these differences are bona fide
mutations or caused by Taq DNA polymerase because of
its non-proof reading activity. Therefore, analysis of more
clones and the repetition of the sequencing would clanfy
the nature of these nucleotide mismatches in the future
experiments.
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Skjct
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Skjct
Query
Skjct
Query
Skjct
Query
Skjct
Query
Skjct
Query
Skjct
Query
Skjct
Query
Skjct
Query
Skjct
Query
Skjct
Query
Skjct
Query

Skjct

868

1043

241

1108

301

1168

541

1408

601

1468

661

1528

721

1588

781

1648

ATGAGTCAGAAGAACAATAACCGAGCTTCCCAAGCAAGCCGCGGAAANCACGCTGAACCTG

FCEEEEEEE e et e et et e e e et e e e e e e e e e ey
ATGAGTCAGAAGAACAATAACGAGCTTCCCAAGC AAGCCGCGGAARACACGCT GAACCTG

AATCCGGTGATCGGCATCCEGEGCAAGGACCTGCTCACCTCCGCGCGCATGETCCTGCTC

FCEEEEEEE et e e et r e e et e e e e e e e e e
AATCCGOTGATCGECATCCGGEGCAAGGACC TGC TCACCTCCGCGCGCATGGTCCTGCTC

CAGGCGETGCGCCAGCLCGCTGC ACAGCGCCAGGCACGTGGCGCATTTCAGCCTGGAGCTG

CEEEEEEE e e e e et e e et e e e e e e e e ey
CAGGCGETGCGOCAGCCECTGCACAGCGC CAGGCACGTGECGCAT TTCAGCC TGGAGC TG

AAGARACGTCCTGCTCGGCCAGT CGGAGC TACGCCCAGGCGATGACGACCGACGCTTTTCC

FCEEEEEEE et e et e e e et e e e et e e e ey
AAGAACGTCCTGCTCGECCAGTCGEAGCTACGCCCAGECGATGACGACCGACGCT TTTCC

GATCCGGCCTGGAGCCAGAATCCACTGTACAAGCGCTACATGCAGACCTACCTGGCCTGG

CEEEEEEE et e e et e e e et e e e et e e e by
GATCCGGCCTGGAGCCAGAATCCACTGTACARGCGCTACATGCAGACCTACCTGGCCTGG

CGCAAGGAGCTGCACAGCTGGATCAGCCACAGCGACCTGTCGCCGCAGGACAT CAGTCGT

CEEEEEEE et e e et r et et e e e e e e e ey
CGCAAGGAGCTGCACAGCTGGATCAGCCACAGCGACCTGTCGCCGCAGGACATCAGTCGT

GGCCAGTTCGTCATCAACCTGC TGACCGAGGCGATGTCGCCGACCAACAGCCTGAGCAAC

CEEEEEEE et e e et e r e e et e e e e e e e e iy
GGCCAGTTCGTCATCARCCTGCTGACCGAGGCGATGTCGCCGACCARCAGCCTGAGCARC

CCGGCGECGETCAAGCGCTTCT TCGAGACCGGCGECAAGAGCCTGCTGGACGGLCTCGGE

CEEEEEEE et e e et e e e et e e b et e e e ey
CCGGOGGCGETCAAGCCCTTCTTCGAGACCGECGECARAGAGCCTGCTGGACGGCC TCGEC

CACCTGGCCAAGGACCTGGTGAACAACGGCGEGATGCCGAGCCAGGTGGACATGGACGZC

CEEEEEEE et e e et e e e et e e e e e e e ey
CACCTGGCCARGGACCTGETGAAC ARCGECGEGATGCCGAGCCAGGTGGACATGGACGCC

TTCGAGGTGGGCAAGAACCTGGCCACCACCGAGGGCGCCGTGETGTTCCGCAACGACGTG

CEEEEEEE et e et e r e e et e e e e e e e e ey
TTCGAGGTGGGCAAGARCCTGGCCACCACCGAGGGCGCCGTGETGTTCCGCAACGACGTG

CTGGAACTGATCCAGTACCGGCCGATCACCGAGTCGETGCACGAACGCCCGCTGITGET G

CEEEEEEE et e e et e r e e et e e e e et e e e ey
CTGGAACTGATCCAGTACCGGCCGATC ACCGAGTCGGTGCACGAACGCCCGCTGCTGETG

GTGCCGCCGCAGATCAACAAGTTCTACGTCTTCGACCTGTCGCCGGACAAGAGCCTGGCG

FCEEEEEEE et e et e r e e et e e e e e b e e e ey
GTGCCGCCGCAGATCARCARGTTC TACGTC TTCGACCTGTCGCCGGACARGAGCC TGGCG

COCTTCTGCCTOCGCARCCGCGT CCAGACCTTCATCGTCAGC TGGC CCAACCCGACCANG

CEETEEEEr e e e e et e e et et e
CGCTTCTECCTGCGCARCGGCGTGCAGACCTTCATCOTCAGT TGGCGCAACCCGACCARG

TCGCAGCGCCAATGGCOCOCTCGACCACCTATATC 813

CEEEEEEEEE et et e e
TCGCAGCGCGAATGEGECCTGACCACCTATATC 1680

60

327

120

387

180

1047

1107

300

1167

360

1227

600

1467

660

1527

(A)

Fig. 5: Continued
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guery 1 ATGCGAGAARAGCAGGAATCGGCTAGCOTGCCGOTGCCCGCCGAGTTCATGAGTGCACAG 60

FECEEEErrr et e e e e et et e e e et e e e e et e e
Sbjct 3861 ATGCGAGAAAAGCAGGAATCGGGTAGCGTGCCGGTGCCCGCCGAGTTCATGAGTGCACAG 3820

Juery 6l ACCGCCATCGTCGOCCTGCCCOGC ARG GATCTOCTCACCACCOTCCGCACCCTGSCTGTC 120

FEEErrerrrrrerererrererrree et rrre et e e e e e e e
Sbjct 3921 AGCGCCATCGTCGGCCTGCGCGGCAAG GACCTECTGACGACGGTCCGCAGCCTGGCTGTC 3980

guery 121 CACGGCCTGCGCCAGCCGCTGCACACTGCGCGGCACCTGGTCGCCTTCGGAGGCCAGTTS 180

PEEEEEErrr et e e e e e e et e et e e e e et e e
Shjct 3981 CACGGCCTGCGCCAGCCGCTGCACAGTGCECGGCACCTGETCGCCTTCGGAGGCCAGTTG 4040

guery 181 GGCAAGGTGCTGCTGGOCGACACCCTGCACCAGCCGRACCCACAGGACGCCCGCTTCCAG 240

PEEEErrrrr et e e e e e e et e e e e e e et e e
Sbjct 4041 GGCAAGGTGCTECTGGGCGACACCCTGCACCAGCCGARCCCACAGGACGCCCGCTTCCAG 4100

Duery 241 GATCCATCCTGGCGCCTCAATCCCTTCTACCGGCGCACCCTGCAGGCCTACCTGGCGTGE 300

FEEEEEErrr et e e e e e e e et e e e e e e et e e
Sbjct 4101 GATCCATCCTGGCGCCTCAATCCCTTCTACCGGCGCACCCTGCAGGCCTACCTGECGTGE 4160

guery 301 CAGAAGTARCTGCTCGCCTGGAT CGACGARAGC ARCCTCCACTGCCACCATCCCCICCSC 360

FEEer trrrrr et e e e e e e e e e e e e e
Sbjct 4161 CAGAAAAACTGCTCGCCTGGATCGACGARAGCARCCTGGACTGCGACGATCGCGCCCGC 4220

Query 36l GCCCGCTTCCTCGTCGCCTTGCTCTCCGACGCCOTGGCACCCAGCARCAGCCTGATCART 420

PEEEEErrrr et e e e e e et e e e et e e e e et e e
Shjct 4221 GCCCGCTTCCTCGTCGCCTTGCTCTCCGACGCCGTGGCACCCAGCAACAGCCTGATCAAT 4280

Duery 421 CCACTGOCCETAARCCAACTGTTCARTACCOGCCOCATCACCCTGC TCAATGCOCGTCCSC 480

R R R R R R R AR R R A R AR RN AR R
Sbjct 4281 CCACTGGCGITAAAGGAACTGTTCAATACCGGCGGGATCAGCCTGCTCAATGGCGTCCGS 4340

Duery 481 CACCTGCTCGAAGACCTGOTGCACAACGGCGGCATGCCCAGCCAGCTCGAACARCGARCCGCC 540

PEEEEEErrr et e e e e e e e e et e e e e e e et e e
Sbjct 4341 CACCTGCTCGAAGACCTGGTGCACAACGGCGGCATGCCCAGCCAGETGAACARGACCGCC 4400

Juery 54l TTCGAGATCGCTCGCAACCTCGCCACCACGCAAGGCGC GG TGS TCTTCCGCARCGAGGTS 600

PEEEErrrrr et e e e e e e et e e e e e e et e e
Sbjct 4401 TTCGAGATCGGTCGCAACCTCGCCACCACGCARGGCGCGETGETGTTCOGCARCGAGGTG 4460

Juery 601 CTGGAGCTGATCCAGTACAAGCCGCTGGGCCGAGCGCCAGTACGCCARGCCCCTGCTGATC 660
FEEErrrrrrrerrerrr et e e e e et e e b e e e ey
Sbjct 4461 CTGGAGCTGATCCAGTACAAGCCGCTGGGCGAGCGCCAGTACGCCAAGCCCCTGCTGATC 4520

Query 661  GTGCCGUCGCAGATCAACAAGTACTACATCTTCGA 694
FEEEEETEE Rttt e e e e e e e
Sbhijct 4521 GIGCCGCOGCAGATCAACAAGTACTACATCTTCGA 4556

(B)

Fig. 5: A BLAST search comparison on the sequence of phaCl and phaC2 genes. The sequencing for (A) phaCl and
(B) phaC2 genes from the Tranian isolate of P. aeroginosa (PTCC1310) was compared with the sequences for
phaCl and phaC2 genes in P. aeroginosa PAQO1 using the BLAST program (NCBI, NIH). A diagram of the
comparison data for the sequences from P. aeroginose (PTCC1310) (Query) with: A) the sequence of phaCl
gene, and B) phaC2 gene, from P. aeroginosa PAO1 in gene bank (Subject) are presented
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CONCLUSION

In this study the phaCl and phaC2 genes from an
Iraman isolate of P. aeroginosa (PTCC1310) were
successfully cloned mto pTZ57R clomng vector. To our
knowledge, this was the first tme that these genes had
been cloned form an Iraman isolate of P. aeroginosa.
Restriction digestion of the recombinant plasmids
primarily confirmed the cloned sequences. The preliminary
sequencing which was performed in this study shows that
the cloned sequences were indeed belong to phaCl and
phaC?2 genes. Comparing the sequencing data with the
genes of P. aeroginosa PAO] revealed one nucleotide
mismatch in cloned phaCl and three nucleotide
mismatches in cloned phaC2 gene. Clearly, these
sequencing data could only be served for the purpose of
confirming the correct cloming of phaCl and phaC2
genes. 1t 1s, therefore, necessary that the cloned genes to
be fully sequenced in both directions before using for any
applications in the future.

The cloned sequences could be utilized in studies
analyzing the expression and recombinant production of
polyhydroxyalkanoate synthase, which has important
industrial values in the production of biodegradable
biopolymers.
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