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1. Introduction

he carbon dioxide levels in the atmosphere elevat-

ed 2,2 — 3,2 ppm every year, since the fossils was

combusted. Although carbon dioxide in air was
in minor level (between 0,01-0.036 %) it’s concentration
elavated significantly in municipal metropoullitan areas
and industrial regions. The carbon dioxide level in the air
increase 2,2 — 3,2 ppm in every year due to utilisation of
fosil fuels as heating. The carbon dioxide concentrations
in the organized fabriks was measured as high as 600-
700 ppm . 86 % of carbon dioxide in the air generated
from the utilization of fuels (petrolium, coal and metha-
ne gas). 19 % of the carbon dioxide present in air coming
from the humans, from the air pollutants and from the
microorganisms by cleaving the complex organics. The
contamination increase since petrolium, coal and methane
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The aim of this study, is 1-butanol production using CO, with S. elongatus
PCC 7942 culture. The yields of 1-butanol,ogced/COsyiiiea have been cal-
culated. The maximum concentration of produced 1- butanol is 35.37 mg/
L and 1-butanol ;,g,ced/COsyitizeq efficiency is 92.4. The optimum operational
conditions were 30°C temperature, 60 W intensity of light, pH= 7.1, 120
mV redox potential, 0.083 m3/sn flow rate with CO, and 0.5 mg/1 dissolved
O, concentration. Among the enzymes on the metabolic trail of the produc-
tion of 1-butanol via using S. elongatus PCC 7942 cyanobacteria. At max-
imum yield; the measured concentrations are 0.016 pg/ml for hbd; 0.0022
png/ml for Ter and 0.0048 pg/ml for AdhE2. The cost analyses necessary
for 1-butanol production has been done and the cost of 1 liter 1-butanol has
been determined as 1.31 TL/L.

gas were continously utilized. The experimental studies
aim to decrease the carbon dioxide concentrations to
the lower level (400 ppm) by decreasing the CO, emis-
sions 60-85 % in year 2055. The green energy source
1-butanol is an candidate in the utilisation as fuel in the
comparison to gasoline and methane. It can be produced
by the wastes, it can be used as a source for heat, as car
and motor fuel. By attaining the gasoline’s place, 1-butanol
is considered as an alternative to the potential fuel. The
energy density of 1-butanol is 27 MJ/L. When compared,
it has an energy density which is close to gasoline (32 MJ/
L) and higher than ethanol (21 MJ/L) ¥, Besides, the CO,
emission from the gasoline used for vehicles and deriva-
tives exhausts and this constitutes a great threat for global
warming. As the carbon in 1-butanol is obtained from S.
elongatus PCC 7942’s segmenting the carbon dioxide in
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the weather, burning 1-butanol does not cause a signifi-
cant increase in carbon dioxide in the Earth’s atmosphere.
In the comparison of the costs of gasoline, the cost of
1-butanol is 3,8 times cheaper. Nowadays, the cost of 1 li-
ter of gasoline is 4, 98 TL/L. The maximum cost of 1 liter
of 1-butanol was found to be 1, 31 TL/L in this study.
Therefore, 1-butanol, as an alternative source to to gaso-
line will both reduce the cost and be used sustainably and
widely as a renewable energy source.

Nitrogen, phosphorus and inorganic carbon it is im-
portant growth parameters for generation of S. elongates.
Inorganic carbon source CO2 in the polluted industrial
regions at high levels stimulates the growth of S. elon-
gates . Atsumi et al., found that S. elongates grow at
very high rate in regions containing high CO2 levels
compared to clean district areas . It was determined
that elevated CO2 levels improve the photoshynthesis in
these bacteria. As aforementioned S. elongatus PCC 7942
Cyanobacteria types decrease the carbon dioxide per-
centages in the polluted air and can be fixing easily from
the oceans, lakes and rivers. 1-butanol is a primary alco-
hol with a four carbon structure and its e chemical formu-
la is C,H,OH. Its molecular weight 74.1216 g/mol, is co-
lorless and have the same density as water. 1-Butanol can
be accepted as a candidate energy source and can be used
as energy instead of gasoline. The energy efficiency of
1-butanol (27 MJ/L) is higher than that of ethanol (21 MJ/
L) and equivalent to that of gasoline (32 MJ/L) In addi-
tion, its hygroscopicity and compatibility also provide
its excellent utilisation as energy source . 1-butanol
can be synthesized by butyryl-CoA from acetyl-CoA in
Calvin cycle. 1-butanol production occurs by the exis-
tance of five enzymes: acebe cotyl-CoA acetyltransferase
(AtoB), 3-hydroxybutyryl-CoA dehydrogenase (Hbd),
crotonase (Crt), trans-2-enoyl-CoA reductase (Ter) and al-
dehyde alcohol dehydrogenase (AdhE2) !, Recent studies
showed that Cyanobacteria produce isobutyraldehyde, iso-
butanol ¥, ethanol ™, ethylene ', isoprene "', sugars ),
and lactic acid . The extensive synthesis of isobutanol
and isobutyraldehyde from CO, indicates the feasibility
of 1-butanol. Furthermore, CO, emissions which were the
main pollutant source in the industralized districs and in
the villages can be converted to a helpfull tool '"**.

1-butanol which is used as biofuel will be the alternati-
ve to the gasoline in next days in the world. Compared to
gasoline, 1-butanol is more economical and eco-friendly
[101L121 g elongatus PCC 7942 is obtained by splitting the
CO, in the air so the carbon burned in 1-butanol doesn’t
cause an increase in earth’s atmosphere """, With this
reason, in order to prevent the increase of CO, in the at-
mosphere, the utilization of 1-butanol will be a strong
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alternative for energy source in the future "'*'*. The cy-
anobacteria genus were extensively used in biofuel and
energy productions due to its non-expensive cost, and the
casily fixing reasons from the oceans, lakes, sediments,
river and sea-sides !'>"*). They convert the CO, to 1-butanol
using their photosynthetic properties.

1-butanol production from CO, with S. elongatus PCC
7942 culture was performed, in this study. The yields of
1-butanol,,;gucet/COsyiiies and the 1-butanol concentrations
have been calculated.

2. Materials and Methods

The studies were carried with the optimum parameters
which are 30°C temperature, 60W light intensity, pH =
7.1, 120 mV redox potential, 0,083 m’/sec debit together
with 0,5 mg/l CO, and dissolved O, concentration. The
S. elongatus PCC 7942 cultures used in the test were
pure (ATCC 33912) and were isolated from the coasts
of Foca Sea, a district of Izmir, a spring in the estate of
Foca Balaban Mountain, estate of Reis Dere in Tahtali
Baraj Lake (reservoir), in Izmir-Turkey. The S. elongatus
PCC 7942 was grown in BB-11 broth at 37°C which has
an OD,,, level of 3.9-4.2 at 610 nm wave lentgh in an
Spectrophotometer . In each study, the concentrations
of 3-hydroxybutyryl-CoA dehydrogenase (hbd), trans-
2-enoyl-CoA reductase (Ter) and bifunctional aldehyde
alcohol dehydrogenase (AdhE2) enzymes were measured
in an Agilent HPLC with an C-18 column. 1-Butanol
and CO2 emissions in the samples was measured in an
Agilent GC-MS 7890-A system with flame ionization de-
tector and DB-FFAP capillary column. The column flow
was 3 ml/min and the retention time of 1-butanol was
2.485 min.

3. Results

The studies were carried with the parameters which are
30°C temperature, 60W light intensity, pH = 7.1, 120 mV
redox potential, 0,083 m?/sec debit together with 0,5 mg/
1 CO, and dissolved O, concentration. The S. elongatus
PCC 7942 cultures used in the test were pure (ATCC
33912) and were isolated from the coasts of Foga Sea,
a district of Izmir, a spring in the estate of Foca Bala-
ban Mountain, estate of Reis Dere in Tahtali Baraj Lake
(reservoir), in Izmir. In each study, the concentrations of
3-hydroxybutyryl-CoA dehydrogenase (hbd), trans-2-
enoyl-CoA reductase (Ter) and bifunctional aldehyde al-
cohol dehydrogenase (AdhE2) enzymes which are among
the ones exist on the metabolic pathway, were measured
in spectrophotometer.

The maximum concentration of produced 1- butanol
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is 35.37 mg/L and 1-butanol ,g,cea/ COsyinizea €fficiency is
92.4%. The maximum yields have been achieved under
the optimum operation parameters which are 30'C tem-
perature, 60 W intensity of light, pH= 7.1, 120 mV redox
potential, 0.083 m’/sn flow rate with CO, and 0.5 mg/
1 dissolved O, concentration. Among the enzymes on the
metabolic trail of the production of 1-butanol via using S.
elongatus PCC 7942 cyanobacteria. At maximum yield;
the measured enzyme concentrations were 0.016 pg/
ml for hbd; 0.0022 pg/ml for Ter and 0.0048 pg/ml for
AdhE2, respectively. The cost analyses necessary for
1-butanol production has been done and the cost of 1 liter
1-butanol has been determined as 1.31 TL/L.

In Calvin Chain 3-phosphoglyserate production pro-
vided by the rubisco enzym which i precursor in the
binding of CO2 to ribuloz-1,5 biphosphate. Ribuloz-1,5
biphosphate reduce the acetil-CoA’to CoA’yaand as re-
sult 1-butanol was produced(Lan and Liao, 2012). In our
study it was found that 1- butanol is produced via hbd
enzym. This enzym oconvert the acetoacetil-CoA to-hi-
droksibutiril-CoA resulting in 1- butanol production as the

final product "'*"".

4. Conclusions

Due to limited energy sources in Turkey the lowering
of conventional energy souces like coal, fuel, and termic
and some problems in the recovery of the energy sources
necessitates the extensive utilization of the wind and sun
energyes as clean-green technologies. THerefore in this
study we suggest the utilization of 1- butanol in the cars
as alternative to gasoline. This will decrease the cost and
it will be used as an new recyclable energy source.
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