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ABSTRACT:
High tolerance to ethanol is a most desirable characteristic for ethanologenic strains. Zymomonas mobilis
possess many desirable industrial characteristics because of its special Entner Doudoroff pathway, as a
candidate microorganism for converting cellulosic biomass into ethanol. Z. mobilis is one of the best ethanol
producers which produce ethanol with the help alcohol dehydrogenase (ADH) encoded by adh II gene. In this
study ethanol stress was used to induce the ADH1 gene expression and determined by Real Time PCR. The
ethanol tolerance of the strain was tested by supplementing the ethanol (5%) into the growth medium. RNA was
isolated and Reverse transcription (RT) followed by the polymerase chain reaction (PCR) is used to analyze
mRNA expression. The SYBR Green fluorescence dye is used for detection of newly synthesized PCR products
in real-time PCR. The comparative Ct method is used to calculate changes in gene expression as a relative
difference between experimental samples. Z. mobilis grown in ethanol stress caused an extensive
reprogramming of ADH1 gene expression and metabolism. In our results sucrose consumption rate correlates
with ADH1 expression.
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[I] INTRODUCTION
At present most of the fuels are made from
petroleum, which is irreversibly being depleted
[1, 2]. The plant cellulose biomass conversion
to ethanol by microbial fermentation is the
significant area of research. The major
challenge in this area is to use industrially
suited microorganisms for the cost-effective
biofuel production. Biomass conversion to
ethanol
requires
development
of
microorganisms capable of fermenting a wide
range of carbohydrates and capable of high
ethanol tolerance [3]. Zymomonas mobilis
possess
many
desirable
industrial
characteristics because of its special Entner-

Doudoroff
pathway,
as
a
candidate
microorganism for converting cellulosic
biomass into ethanol [4]. High tolerance to
ethanol is a most desirable characteristic for
ethanologenic strains However; ethanol is
generally toxic to microorganisms and inhibits
cell growth and metabolism due to intracellular
and extracellular accumulation so ethanol
becomes
major
stress
factor
during
fermentation [5, 6].
Ethanol acts as inhibitor of cell growth and
metabolism in Z. mobilis, thus resulting in
decrease in the rate of sugar conversion to
ethanol [7]. Bacteria normally produce less
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ethanol; because of their poor efficiency in
converting pyruvate to ethanol hence ethanol
producing bacteria could be developed by
transferring genes that encode for the ethanolfermenting enzymes [8]. Z. mobilis is one of
the best ethanol producers which produce
ethanol by two essential enzymes pyruvate
decarboxylase
(PDC)
and
alcohol
dehydrogenase (ADH) encoded by pdc and adh
II genes, respectively. During fermentation
PDC
catalyzes
the
nonoxidative
decarboxylation of pyruvate to acetaldehyde
and carbon dioxide, whereas ADH catalyzes
the reduction of acetaldehyde to ethanol [9-11].
Alcohol dehydrogenases (ADHs) are family of
oxidoreductases that catalyze the NAD(P)Hdependent inter conversion between alcohols
and the corresponding aldehydes or ketones
[12]. These enzymes PDC and ADH are
adequate to convert intracellular pool of
pyruvate and NADH to ethanol [13]. A deeper
understanding of the molecular mechanisms
underlying ethanologenic strains tolerance of
ethanol stress may guide the design of rational
strategies to increase process performance in
industrial alcoholic fermentation. In this study
ethanol stress was used to induce the ADH1
gene expression and determined by Real Time
PCR.
[II] MATERIALS AND METHODS
2.1 Stress Conditions:
The Z. mobilis was ordered from MTCC. The
ethanol tolerance of the strain was tested by
supplementing the ethanol (5%) into the
medium.
Then ethanol production was
estimated for different sucrose concentrations
5, 10 and 15 %.
2.2 RNA Extraction:
Overnight grown culture (2ml) was centrifuged
at 3000 rpm for 5 min. To the pellet 1 ml of
GuTC RNA extraction buffer was added and
incubated at 60 °C for 30 min, then added
phenol, chloroform: isoamyl alcohol (25:24:1)
and centrifuged at 10000 rpm for 10 min. Then
supernatant was collected and added equal
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volume of isopropanol and centrifuged at
12000 rpm for 10 min. To the pellet 100 µl of
sterile water was added. The RNA was
quantified by Nanodrop spectrophotometer.
2.3 RT-PCR
For the reverse transcriptase PCR (RT-PCR)
cDNA was synthesized using a reverse
transcriptase (M-MLV) according to the
manufacturer’s recommendations. Reverse
transcription was carried out at 45°C for 40
min. Double-stranded DNA was synthesized
by PCR using both reverse and forward
primers. The PCR was performed as follows:
denaturation for 15 sec at 94°C and annealing
and extension for 30 sec at 60°C.
[III] RESULTS AND DISCUSSION
First the ethanol production was estimated and
then ADH1 gene expression was determined.
Reverse transcription (RT) followed by the
polymerase chain reaction (PCR) is the
technique of choice to analyze mRNA
expression derived from various sources. Realtime RT–PCR is highly sensitive and allows
quantification of rare transcripts and small
changes in gene expression. The simplest
detection technique for newly synthesized PCR
products in real-time PCR uses SYBR Green
fluorescence dye that binds specifically to the
minor groove double-stranded DNA. The
fluorescence data was showed in figure 1 and 2.
Figure 1: Raw fluorescence data
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Figure 2: Fluorescence Quantification data

Table 1: Calculated ct value from standard curve

[IV] CONCLUSION

Generally two quantification types in real-time
RT-PCR are possible. (i) A relative
quantification based on the relative expression
of a target gene versus a reference gene. The
comparative Ct method is a mathematical
model that calculates changes in gene
expression as a relative fold difference between
an experimental and calibrator sample. While
this method includes a correction for non-ideal
amplification efficiencies the amplification
kinetics of the target gene and reference gene
assays must be approximately equal because
different efficiencies will generate errors when
using this method. The standard curve was
showed in figure 3 and the determined ct value
was showed in table 1.
Figure 3: Standard curve
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The extraordinary sensitivity and virtually
unlimited dynamic range of real-time PCR
makes it the preferred technology for
quantitative gene expression profiling. The Z.
mobilis grown in ethanol causes an extensive
reprogramming of gene expression and
metabolism. In our study sucrose consumption
rate correlates with ADH1 expression.
REFERENCES
[1] Ohara, H, (2003), Biorefinery, Applied
Microbiology and Biotechnology. Vol-62, pg
474-477.
[2] Ragauskas, A.J, et al., (2006), The path
forward for biofuels and biomaterials. Science.
Vol-311, pg 484-489.
[3] Zaldivar, J, et al. (2001), Fuel ethanol
production from lignocellulose: a challenge for
metabolic engineering and process integration.
Applied Microbiology and Biotechnology.
Vol-56, pg 17-34.
[4] Jeffries, T.W, (2005), Ethanol fermentation on
the move. Nature Biotechnol. Vol-23, pg 40–
41.
[5] Ingram, L.O and Vreeland, N.S, (1980),
Differential effects of ethanol and hexanol on
the Escherichia coli cell envelope. J Bacteriol.
Vol-144, pg 481–488.
[6] Stanley, D, et al., (2010), The ethanol stress
response
and
ethanol
tolerance
of
Saccharomyces cerevisiae. J Appl Microbiol.
Vol-109, issue1, pg 13–24.
[7] Osman, Y.A and Ingram, L.O, (1985),
Mechanism of ethanol inhibition of
fermentation in Zymomonas mobilis CP4. J
Bacteriol. Vol-164, issue1, pg 173–180.
[8] Beall, D, et al. (1993), Genetic engineering of
soft-rot bacteria for ethanol production from

474

DETERMINATION OF GENE EXPRESSION OF ADH1 IN Zymomonas mobilis IN RESPONSE TO ETHANOL STRESS

[9]

[10]

[11]

[12]

[13]

lignocellulose,
Journal
of
Industrial
Microbiology. Vol-11, issue3, pg 151–155.
Ingram, L.O, et al. (1987), Genetic engineering
of ethanol production in Escherichia coli,
Applied and Environmental Microbiology.
Vol-53, issue10, pg 2420–2425.
Neale, A.D, et al., (1986), The two alcohol
dehydrogenases of Zymomonas mobilis:
purification by differential dye ligand
chromatography, molecular characterisation
and physiological roles, European Journal of
Biochemistry. Vol-154, issue1, pg 119–124.
Wills, C.P. et al., (1981), Characterization of
the
two
alcohol
dehydrogenases
of
Zymomonas
mobilis,
Archives
of
Biochemistry and Biophysics. Vol-210, issue2,
pg 775–785.
Reid, M.F and Fewson C.A, (1994), Molecular
characterization
of
microbial
alcohol
dehydrogenases. Crit. Rev. Microbiol. Vol-20,
pg 13–56.
Lee, A.T, et al., (2005), Construction and
expression of an ethanol production operon in
Gram-positive bacteria, Microbiology. Vol151, issue12, pg 4023–4031.

Prasad M.P. and Ganesh Rindhe

475

