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Abstract Acetyl-CoA carboxylase (ACCase) has a very important regulatory role in controlling plant fatty acid biosynthesis,
thereby affecting lipid biosynthesis. The ACCase gene was amplified from Jatropha curcas by using PCR with two degenerate
primers, and the 1250 bp amplicon was cloned and sequenced. Sequence analysis revealed that the sequence obtained was similar to
Jatropha curcas, Ricinus communis, Camellia sinensis and Phaseolus vulgaris acetyl cocoa, with 75% similarity. The full length of
the gene was sub-cloned into a prokaryotic expression vector and the induced recombinant Escherichia coli was grown on 0.2% (w/v)
sodium oleate. The cell metabolite was analyzed using thin-layer chromatography and HPLC. This analysis revealed that the cell
metabolite consisted of a mixture of esters, mainly consisting of oleic acid (0.7 g/L) plus minor amounts of palmitic acid, linoleic
acid and stearic acid. Fed-batch cultivation of E. coli was conducted at the specific growth rates of 0.15 and 0.1 h™' for constant and
exponential strategies, respectively. A high cell density of 20 g/L with an overall biomass yield of 3 g/L was achieved.

Keywords Acetyl Co-A carboxylase gene; Jatropha curcas; Biodiesel, oleic acid; Palmitic acid; Linoleic acid; Stearic acid

Background
The use of biodiesel as a substitute fuel for the most of

used in Biodiesel production because their fatty acids

have good characters more valuable when compared

diesel engines is becoming attractive due to retreating with the petroleum diesel (Krawczyk, 1996).

petroleum assets and the environmental cost of

. o . . Estrification for the Plant oils must be carried out
exhaust gases from engines. Biodiesel, which means it

. using the short-chain alcohols which could be used as
is produced from many renewable sources mostly,

consists of alkyl esters of fatty acids. It is considered a source of preferred green energy which should better
for engine performances than fossil oil (Peterson,
1995). Jatropha curcas is probably the most highly

promoted oilseed crop at present (Fairless, 2007).

as a potential prospect fuel, biodiesel has to be able to

compete with petroleum diesel fuels, biodiesel has

to be able to complete with petroleum diesel fuels on ) o
. . Much of the hype is reminiscent of that a few decades

the economic level and on the environmental level as o

ago when many naive investors were separated from

their by of

jojoba, which was trumpeted as a crop that could grow

well. Veljkovic and his colleagues proposed that one

capital investing in plantations

way of tumbling biodiesel creation costs is less
expensive compared with the by product of feedstocks
. . o . . in th ith fertili

contains fatty acids such as inedible oils, animal fats, in the desert without water and fertilizer and produce

and waste food oil (Veljkovic et al., 2006). an oil that could replace sperm (whale) oil. In fact,

both jojoba and Jatropha can grow in the desert

Vegetable oils of inedible plants produced by
seed-forming trees and shrubs and can be substituted
by Jatropha curcas which grows across the
developing world (Openshaw, 2000). This tree
Jatropha curcas has no competing food uses. It can be

without water and fertilizer, but not at commercial
yields. High yields are only obtained after fertilizer
and water inputs. The properties of Jatropha biodiesel
was compared to those of diesel based on the
American and European standards (Tiwarib, 2007).



=4

http://gab.sophiapublisher.com

Genomics and Applied Biology, 2013, Vol. 4 No.2 8-14

PLQQJ_GQC

BioPublisher”

The Enzyme acetyl-CoA carboxylase (ACCase, EC
6.4.1.2) play an important role in regulation of plant
fatty acid biosynthesis. the
ATP-dependent carboxylation of acetyl-CoA to
produce malonyl-CoA (Samols, 1988). The ACCase
of eukaryotes (rather than plant) is comprised of

ACCase catalyzes

multimers of a single polypeptide has multi-functional
processes and it was isolated from different plant
species (Kannangara, 1972). It is well known that the
ACCase play an important role in several biochemical
reactions and pathways in plants mainly in fatty acid
synthesis and elongation (Harwood, 1988).

ACCase is multiple subcellular locations such as
plastid and in the cell plasma membrane lipids
(Cahoon, 1991). Fatty acids which synthesized outside
the plastid considred as long chain fatty acids and
their chains may contains more than 16 or 18-carbon
atoms. Moreover, the malonyl- CoA which presented
in the cell the cytosol is directed for fatty acids
elongation reactions (Harwood, 1988). Malonyl-CoA
is existing with different quantities according to the
time and tissue (Post-Beittenmiller et al., 1993). In
floral tissue, malonyl-CoA catalyze the chalcone
synthase reaction which responsible to synthesize
flavonoid pigments (Goodwin, 1983). In some tissues
and under cretin circumstances such as the exposure
of the UV lights, malonyl-CoA was transformed into
in fatty acids which for membrane synthesis and
maintenance (Ebel and Hahlbrock, 1977).

Many remarks have indicated that the ACCase is the
sole enzyme responsible on oilseed fatty acid
synthesis (Post-Beittenmiller et al., 1993). The main
aim of this study was to produce biodiesel on a
semi-industrial scale using recombinant E. coli. This
work was the first attempt to produce oleic acid and
increase the lipid contents in E. coli as a result of
cloning the acetyl CoA carboxylase gene isolated from
Jatropha plants. The lipids were extracted from
recombinant E. coli grown in Erlenmeyer flasks and
from E. coli grown on a semi-industrial scale using a
biofermentor. The lipid contents in the cell were

quantitatively and qualitatively analyzed by TLC and

gas chromatography, and different extraction methods
were investigated in order to maximize the yield in

biodiesel.

Biodiesel considred as an interesting alternative
energy source and to achievethis goal a novel
approachs for establishing the biotechnology using
recombinant organisms such as bacteria (Gu et al.,
2011) different genes which encodes different subunits
of the heteromeric ACCase were isolated, cloned and
characterized Jatropha plant (accA, accB1, accC and
accD). It well known that the ACCase also play a vital
role in fatty acids biosynthesis in most of organism
especially plants and algae (Gu et al., 2011). It was
observed that there is a link between lipid deposition
and ACCase enzyme activity in the mature seeds of oil
crops (Deerberg et al., 1990).In mature
of the castor bean both of the ACCase activity and the
of BC and BCCP were
correlated with oil product (Roesler et al., 1996).

seeds

expression levels

1 Results

The acetyl CoA enzyme was amplified from the
Jatropha plant and fragments of about 1200 bp were
obtained. Sequence alignment showed that a high
level of similarity was observed when compared with
the other acetyl CoA genes amplified from Jatropha,
Ricinus, Camellia and Simarouba (Figure 1).

Phylogenetic construction of the acetyl CoA genes and
the other eight CoA genes showed a high degree of
similarity between the DNA sequence obtained and
DQ632745 and DQ987702 (isolated from Jatropha),
with an identity of 95%, similar to DQ632744 and
FJ468293 with an identity of 99% (Jatropha and
Simarouba, respectively) and 91% with 255545641
(Ricinus) (Figure 2; Figure3).

The Camellia and Phaseolus genes showed a low
degree of similarity with all the obtained genes.
Jatropha curcas is a tropical shrub that belongs to
family Euphorbiaceous (Openshaw, 2000), Jatropha
seeds high amount of oil ranged from 43~59% of the
seed dry weight (Gubitz et al., 1999). Both of saturate
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CTCGAAGGCTGOGCAAGGACAGTTGTCACAGGAAGGGCAAAGCTTGGAGG

3128

M Acyt gb|EF423762Canellia
gb|DQ366599Camellia CTCGAAGGCTGGGCAAGGACAGTTGTGACAGGAAGGGCAAAGCTTGGAGE 707
gil 255545641 835Ricinus CTGGAAGGGT GGG CAAGGACTGTTGTGACTGGACGEGCAMAACTTGGAGG 5695
gb|DQ6327447 atropha CTGGAAGGCT GGG CAAGGACAGTTGTGACAGGAAGGGCAAAGCTCGGAGG 350
gb| FI4662935inarouba CTGGAAGGCT GGG CAAGGACAGTTGTGACAGGAAGGGCAAAGCTCGGAGE 351
gb|D0632745J atropha CTGGAAGGCT GGG CAAGGACAGTTGTGACAGGAAGGGCAAAGCTC GGAGE 350
¢b|DQ987702J atropha CTGGAAGGCT GGG CAAGGACAGTTGTGACAGGAAGGGCAAAGCTCGGAGG 3008
gb| 603956307 atropha CTGGAAGGCT GGG CAAGGACAGTTGTGACAGGAAGGGCAAAGCTCGGAGE 260
¢117839251Phaseolus CTGGAGGGATGGGCTAGAACAGTTGTTACAGGAAGGGCAAAGCTTGGAGG 136
T T TT TXXET TXT XX XXTEXT XX XXX XXRXXTTET XX TETETE
gb|EF423762Canellia AATCCCGGTTGGAATAGTTGCTGTTGAGACTCAGACTGTGATGCAAATTA 3176
gb|D0366599Canellia AATCCCGGTTGGAATAGTTGCTGTTGAGAC TCAGACTGTGATGCARATTA 757
2000 bp gil255545641835Ricinus AATTCCTGTCGGAGTAATAGCTGTTGAGACACAAACTGTAATGCAAGTGA 5743
1200 bp |gpipos327447atropha ARTCCCTGTTGGAGTAATAGCTGTTGAAACTCAAAC TGTGATGCAGGTGA 400
1000 bp gb| FI468293Sinarouba AATCCCTGTTGGAGTAATAGCTGTTGAAACTCARACTGTGATGCAGETGA 401
gb|DQ632745T atropha AATCCCTGTTGGAGTAATAGCTGTTGAAACTCAAACTGTGATGCAGGTGA 400
gb|D09877027 atropha AATCCCTGTTGGAGTAATAGCTGTTGAAACTCAAACTGTGATGCAGGTGA 3058
gb|GQ395630Jatropha AATCCCTGTTGGAGTAATAGCTGTTGAAACTCAAACTGTGATGCAGGTGA 310
¢il 7639251Phaseolus AATCCCTGTGGGAATTGTTGCTGTAGAAACACAGACAGTAATGCAAATAR 156
500 bp XX XX XT XXT %X T XXXTET XX XX XT XX T ETXXXR * %

gb|EF423762Canellia
gb|IDQA366599Canellia
gi|255545641835Ricinus
gb|D0632744Jatropha
gb| FI4682935 inarouba

TCCCTGCAGACCCGGGGCAGCTTGATTCCCATGAAAGGGTTGTACCTCAA
TCCCTGCAGACCCGGGGCAGCTTGATTC CCATGAAAGGGTTGTACCTCAA
TTCCTGCTGACCCAGGACAGCTTGATTC CCACGAGAGGGTAGTCCCTCAG
TTCCTGCTGACCCAGGACAGCTCGATTCTCATGAGAGGGTTGTTCCTCAG
TTCCTGCTGACCCAGGACAGCTCGATTCTCATGAGAGGGTTGTTCCTCAG

3228
807
5793
450
451

TTCCTGCTGACCCAGGACAGCTCGATTCTCATGAGAGGGTTGTTCCTCAG
TTCCTGCTGACCCAGGACAGCTCGATTICTCATGAGAGGGTTGTTCCTCAG
TTCCTGCTGACCCAGGACAGCTCGATTCTCATGAGAGGGTTGTTCCTCAG
TACCTGCTGATCCCGGTCAGCTCGATTCTCATGAGAGGGTTGTTCCTCAA

T OAEEEET XX AT T AT EEAALT AT EY AAATET TR AAAEDY
A B

Figure 1 PCR amplification and comparative nucleotide DNA sequence analysis of the acetyl CoA gene

Note: A: PCR amplification of the acetyl CoA gene from the Jatropha curcas plant; M: DNA marker and lane; Acyt: the amplified

acetyl CoA gene; B: Comparative nucleotide DNA sequence analysis of acetyl CoA genes isolated from Jatropha, Camellia, Ricinus

and Phaseolus plants
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Figure 2 Phylogenetic tree showing the relationships between the nucleotide sequences of the acetyl CoA genes isolated from
different plant genomes

Note: The neighbour-joining method (Saitou et al., 1987) was used to construct the tree; The numbers on the branches represent
bootstrap support for 1 000 replicates; Names refer to the accession numbers of the nucleotide sequences that encode the
corresponding reverse transcriptase genes

100 gb|DQ987702jatropha
9 2b|DQ632745jatropha
gb|GQ632744jatropha
100JL op|gi255545641835Ricinus
95 gb|EF423762Camellia
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gb|F1468293Simarouba
gb|gi783925 1 Phaaseolus
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{ I

Figure 3 Phylogenetic tree showing the relationships between the amino acid sequences of the acetyl CoA genes isolated from
different plant genomes

Note: The neighbour-joining method (Saitou et al., 1987) was used to construct the tree; The numbers on the branches represent
bootstrap support for 1000 replicates; Names refer to the accession numbers of the nucleotide sequences that encode the
corresponding reverse transcriptase genes
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and unsaturated fatty acids were founded in the
jatropha with different concentrations and constituents
(Augustus et al., 2002).

Accumulation of the lipid in the Acinetobacter baylyi
strain ADP1 performed by the wax ester
synthase/acyl-coenzyme A (Vaneechoutte et al., 2006).
This enzyme able synthesizes wax esters and TAGs
bycatalyze either long-chain fatty acids or diacylgly-
cerols (Kalscheuer et al., 2003). It was remaked that
this enzyme has a broad substrate range including the
short chain lengths and the very long chain ones
(Kalscheuer et al., 2003; Kalscheuer et al., 2004;
Stoveken et al., 2005; Uthoff et al., 2005).

The expression of WS/DGAT in recombinant hosts
has shown that the promiscuity of this substrate has
already been exploited to synthesize different
molecules of fatty acid ester in vivo. The physiological
background of the expression host regarding
determined the type of fatty acid ester synthesized.
Examples of these fatty acid ester derivatives are wax
esters which produced in the recombinant
Pseudomonas citronellolis (Kalscheuer et al., 2003).
Additionally, fatty acid butyl esters (FABEs) in was
produced by a recombinant Escherichia coli
(Kalscheuer et al., 2006). Moreover, wax diesters and
wax thioesters were produced by the mutant A. baylyi
strain ADPlacrl Km (Kalscheuer et al., 2003; Uthoff
et al.,, 2005). Different types of fatty acids were
produced by the recombinant yeast (In Saccharomyces
cerevisiae) (Kalscheuer et al., 2004).

Fatty acid biosynthesis in E. coli was established by
merging the expression of Jatropha curcas acetyl CoA
carboxylase genes using the pPGEM-T and pPROEX™
HTa plasmids. The biosynthesis of FAEE was
exactingly need to sodium oleate in the cultivation
medium. The FAEEs that produced then gathered
intracellularly, and no indication that an extracellular
lipids were found in the culture filtrate. The HPLC
and TLC analysis of FAEE isolated from E. coli
TOP10 (pPROEX™ HTa) grown in medium
complemented with sodium oleate, resulted in a
mixture of esters that mainly consisted of oleic acid
(0.7 g/L) plus minor amounts of palmitic acid, linoleic
acid and stearic acid (Figure 4; Figure5).

Fed-batch fermentations were carried out in the
previously mentioned medium (Gnansounou et al.,
2005), but with addition of sodium oleate as a sole of
carbon source. Over a similar time period, these
fermentations revealed that the final titers of more

- 11 -

than 3 g/L. Our results are supported by those of
(Stephanopoulos et al., 2007). We can conclude that
our recombinant E. coli was able to produce different
fatty acids, particularly oleic acid, which could be a
substitute for olive seed oil. In fed-batch experiments
carried out under regulated aeration rates (Kalscheuer
et al., 2000), it was found that the highest FAEE levels
were obtained. Optimized biodiesel manufacture by
recombinant microorganisms could present some most
reputable and predictable

important reward over

production processes.

2000
1 500
1 000

500

Figure 4 HPLC analysis of oil produced from the recombinant
E. coli.

Lionlic Acid

Recombinant Oliec Acid Ethyl Oleate

Figure 5 TLC analysis of the purified oil from the recombinant
E. coli compared with the standard ones, Oleic acid, Linoleic
acid and Ethyl oleate

Biotechnological biodiesel production could be
considerably less expensive than usual biodiesel
production if plant products such asstarch or
lignocellulose are used for its production. Plant oils
are not only much expensive than plant polymers but
plant oils are much more abundant, and they are the

main source for biodiesel production regions of the
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world cultivated these plants. Biodiesel produced by
microorganisms (recombinant) is considered as a
completely sustainable biofuel that can be obtained
from renewable resources with evade the use of
methanol which is highly toxic.

2 Conclusion

In this study the team succeeded in producing a
considerable amount of oil via a recombinant E.
coli (transformed by the acetyl CoA synthase gene
isolated from the Jatropha plant). The oil produced
could substitute olive oil. Microbiodiesel is only one
energy solution for the world right now. Because the
discontinuous petroleum considered as a source of
environmental pollution, whenever, the atomic energy
is so dangerous and the world known very well what
happened in Japan the last a few months.

In conclusion, this study provides a basis for
achieving more competitive production costs and
therefore a greater level of petroleum-derived fuel

substitution by biofuels in the future.

3 Materials and Methods

3.1 Plant samples

The plant samples were obtained as shoot systems
from tissue culture explants grown in jars, kindly
provided by the Agriculture Research Center (ARC),
Horticulture Research Institute, Giza, Egypt.

3.2 DNA extraction and PCR and acetyl CoA gene
amplification

Jatropha plant leaves were subjected to DNA
extraction using a Qiagen DNA extraction kit (Qiagen,
Germany). The acetyl CoA carboxylase gene was
amplified using primers we designed ourselves;
forward (ME-75: 5' GTGGACCCATAGTTATGGCA
ACC 3") and reverse primer (ME- 76: 5' AGAAAGCT
TCATCATTCCCCCAAG 3").

The PCR reaction was performed in a total volume of
25 pL, containing 2.5 uL10xbuffer with MgCl, 2 pL
2.5 mmol/L dNTPs, 2 uL.10 pmol of each primer, 2 pL.
DNA (100 ng/uL) and 0. 5 pL (5 units/puL) Taqg DNA

polymerase (Qiagen, Germany) and up to 25 pL dH,O.

The PCR program consisted of: one cycle at 94°C for
4 min, then 30 cycles consists of; denaturation step
at 94°C for 40s, annealing step at 52°C for 40 s, and
extension step at 72°C for 1.5 min. The reaction was

-12-

ended by one cycle at 72°C for 10 min. Finally, the
reaction was stored at 4 °C until be used.

3.3 Polymorphism and divergence

Sequence alignment were carried out using
CLUSTALW (1.82) (Thompson et al., 1994). A
bootstrap neighbour-joining tree was constructed
using the program MEGA 2.1 (Kumar et al., 2001)
from CLUSTALW alignments.

3.4 DNA Purification and cloning in the TOPO TA
cloning vector

The PCR amplicone was visulaized on 1% low-
melting-point agarose gel and the DNA band was cut
from the gel using a sterile, sharp scalpel and the
agarose-embedded DNA fragments
transferred to a sterile 2 mL Eppendorf tube. The

were then

DNA purification was performed using an agrose
DNA extraction kit (Qiagen, Germany). The PCR
product was eluted in 30 pL H,O, and 2 pL of the
purified PCR product was transferred into the pCR 2.1
TOPO vector (TOPO TA cloning kit, Invitrogen).
Recombinant E. coli cells were subjected to plasmid
DNA extraction using a mini-plasmid DNA kit
(Qiagen). The full-length Jatropha ACCase was
released from the pCR® 2.1-TOPO® vector using an
EcoRI restriction enzyme; meanwhile, the released
fragment (1.2 kbp) was purified using an
EzWayTMGel Extraction kit (KOMBIOTECH, Korea)
and ligated to the linearized prokaryotic expression
pPROEX HT (Life Technologies, USA), and the
transformation reaction was performed according to
the protocols outlined by Life Technologies
(Invitrogen).

3.5 Bioreactor and feed-batch

Fed-batch cultivations were performed in a 3 L
bench-top bioreactor (Bioflow III, New Brunswick,
NJ, USA) equipped with two 6-bladed disc-turbine
impellers and four baffles and connected to a digital
control unit. The process was automated through a
computer-aided data  bioprocessing  system, the
AFS-BioCommand  multi-process management
program. The set points for temperature 30°C and pH
7, respectively, and the pH level was controlled by the
automatic feeding of 2 N NaOH. Compressed air
was initially supplied at 0.5-1.0 VVM (air volume per
broth volume per min) through a sterile filter. This
could be manually controlled in parallel with the
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agitation speed (150~900 rpm) to maintain the
dissolved oxygen level above 20%. The dissolved
oxygen level and the pH values were controlled and
with  METTLER  TOLEDO
electrodes. Antifoam A (Sigma) was used to eliminate
foaming. A 0.2% (w/v) sodium oleate, 2% (W/v)
glucose, 1 mmol/L IPTG and appropriate antibiotics
was added to the LB medium. The medium was

measured on-line

inoculated with 5% (v/v) of our inoclum.

3.6 Thin-layer chromatography

The TLC analysis was performed for the total lipid
extracted from the recombinant bacterium (E. coli)
according to described (Kalscheuer and Steinbiichel
2003). Lipids were separating by spraying with 40%
(v/v) sulphuric acid and charring. Oleic acid, linoleic
ethyl
Sigma-Aldrich and used as reference substances for
the FAEEs.

acid  and oleate were purchase  from

3.7 HPLC analysis of fatty acids

Fatty acids in the methanol extracts from the oils were
then analyzed by  high-performance liquid
chromatography (HPLC) (Agilent 1100, USA) using a
Capcell Pak C18 column (25 cmin length, 4.6
mm in inner diameter, 5 Im) and an Itraviolet detector
at 220 nm (Tosoh, UV-8024) operated at 30°C with
0.7 mL/min flow rate of 80% acetonitrile solution
containing 20% of 0.1% H3PO, as a carrier solvent.
The sample volume was 20 pL and the peaks were
identified by comparing the reaction times between
the sample and the standard compound.
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