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Abstract — The increased concern for the security of the oil supply and the negative impact of fossil fuels on the envi-
ronment, particularly greenhouse gas emissions, has put pressure on society to find renewable fuel alternatives. Com-
pared to the traditional biofuel, ethanol, higher alcohols offer advantage as gasoline substitutes because of their higher
energy density and lower hygroscopicity. For this reason, microbial fermentation is known as potential producers for
sustainable energy carriers. In this study, bacterial responses including cellular and molecular toxicity were studied in
three different microorganisms, such as Escherichia coli, Clostridium acetobutylicum, and Saccharomyces cerevisiae. In
this study, it was analyzed specific stress responses caused by ethanol and buthanol using four different stress respon-
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sive genes, i.e. fabA, grpE, katG and recA. The expression levels of these genes were quantified by semi-quantitative
reverse transcription-PCR. It was found that four genes have shown different responsive patterns when E. coli cultures
were under stressful conditions caused by ethanol and buthanol, respectively. Therefore, in this study, the stress respon-
sive effects caused by these alcohols and the extent of each stress response can be analyzed using the expression levels

and patterns of different stress responsive genes.
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2-1. AFRE 2 % ZE=

B Ao AR T 5 SRR Escherichia coli BL21 (DE3)
= Novagen Chemicals Inc(Germany)°llA] 21817 Luria-Bertani ¥
A] (Yeast extract 0.5%, tryptone 1%, NaCl 0.5%; w/v)E Erlenmeyer
flaskES ARE-E}0] 37 °CollA 160 rppm O 2 5714 07 ujoksh= =
O % 33l

Saccharomyces cerevisiae W303a(MATa ade2-1 can1-100 his3-11
leu2-3, 112 trpl ura3-1 GAL.):= YPDH|A] (Yeast extract 1%, peptone
2%, glucose 2%; w/v)E Erlenmeyer flasks AF&-3}0] 37 °Col| A
160 rpm O & 714 0 7 wljofal= 2710 ® Sgict.

Clostridium acetobutylicum ATCC 824+ Reinforced Clostridial
Medium(peptone 1%, beef extract 1%, yeast extract 0.3%, dextrose
0.5%, NaCl 0.5%, soluble starch0.1%, cysteine HCI 0.05%, sodium
acetate 0.3%, agar 0.05%)% anaerobic vialE ARSI 3004 &7]
20w wjailek. #7174 2315 218l RCviAloll 4TS =
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Table 1. PCR primers used in the analysis of the fabA, grpE, katG, and recA from E. coli. rrnH was used as internal standards for E. coli

Species Primer Description Sequence
rrnH-f Forward primer of rrnH 5’- CTACACACGTGCTACAATGG -3’
rrH-r Reverse primer of rrnH 5’- CCTACGGTTACCTTGTTACG -3’
fabA-f Forward primer of fabA 5’- CGGTATAGATCAGACGACCA -3’
fabA-r Reverse primer of fabA 5’- ATGTTGAAGCAGAACTGGAT -3’

E coli grpE-f Forward primer of grpE 5’- TAATGCCCAGTACGITACCT -3’
grpE-r Reverse primer of grpE 5’- GTCGTCGTACTGAACTGGAT -3’
katG-f Forward primer of katG 5’- CGAGTCACTGCTGATTGATA -3’
katG-r Reverse primer of katG 5’- GCAGGACAGAGITAGAACCA -3’
recA-f Forward primer of recA 5’- GTTGGACTGCTTCAGGITAC - 3’
recA-r Reverse primer of recA 5’- AGGTAAAACCTGIGCGTTTA -3’
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Relative expression levels of fabA, grpE, katG and recA selected

from E. coli after exposure to (A) 1% and 2% of ethanol,

and (B) 0.5% and 1% of butanol. All data was reported rel-
ative to the expression level of the rrnH gene.

Table 2. Analysis of growth rate and final cell density of E. coli, S. cerevisiae and C. acetobutylicum treated by various concentrations of ethanol

. E. coli S. cerevisiae C. acetobutylicum
Ethanol concentration - - -
Growth rate Cell density Growth rate Cell density Growth rate Cell density
0% 0.456 2.630 0.381 4.243 0.160 1.892
1% 0.353 2.440 0.239 2.507 0.103 1.212
2% 0.275 2.220 0.122 1.258 0.081 0.733
3% 0.176 1.783 0.040 0.863 0.068 1.030
4% 0.110 1.358 0.007 0.558 0.056 0.838

Table 3. Analysis of growth rate and final cell density of E. coli, S. cerevisiae and C. acetobutylicum treated by various concentrations of buthanol

. E. coli S. cerevisiae C. acetobutylicum
Butanol concentration - - -
Growth rate Cell density Growth rate Cell density Growth rate Cell density
0% 0.439 3.203 0.339 4.907 0.201 1.122
0.2% 0.377 2.570 0.112 1.893 0.166 1.342
0.4% 0.285 2.140 0.059 0.923 0.161 1.248
0.6% 0.174 1.657 0.020 0.359 0.124 1.510
0.8% 0.066 1.030 0.009 0.196 0.096 0.721
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