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Abstract

Palm wine is a very important alcoholic beverage whose consumption is limited because it spoils easily. The study was

designed to isolate Acetobacter aceti from palm wine, then extrace, purify and characterize alcohol dehydrogenase (AD) from

the A. aceti. Muller Hilton agar was used as medium for the growth of 4. aceti for 48 h. The cells were harvested and subjected

to ultrasonication using 500 watt ultrasonicator. Enzyme assay was carried out in both the supernatant and pellet. The enzyme

was precipitated by polyethelene glycol 6000 while gel filtration was used for purifying the enzyme. The effects of pH,

temperature and substrate concentration on AD were evaluated. The isolated A. acesi was gram negative, rod shaped, catalase

positive, oxidase negative and was able to oxidize acetic acid to CO and H,O. Triton X-100 (0.3%) was the most effective

concentration in solubilizing the protein (AD), while 15% polyethelene glycol 6000 was the most effective concentration for

the precipitation of AD. An optimal pH of 5 was obtained with an optimal temperature of 50 °C. The most appropriate to
solubilize and precipitate AD were 0.3% triton X-100 and 15% polyethelene glycol 6000 respectively, while AD activity was
reduced under acidic pH, as well as for low and high temperatures.
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Introduction

Palm wine is an important alcoholic beverage resulting from
the spontaneous fermentation of the sap of pﬁs, process that
has been attributed to yeast and bacteria (Onwuka, 2011). Fresh
palm wine is sweet, clear, neutral, colourless and contains
minimal amount of sugar (less than 0.5%), while it has valuable
composition of protein, gums and minerals (Opara ez al, 2013).
In traditional African societies, the palm wine plays a significant
role in customary practices, especially the distilled product from
the palm wine, a potent gin called by various names in West
Africa (Amoa-Awua ez al,, 2006), where over ten million people
consume palm wine in West Africa (Onwuka, 2011).
Traditionally, it is believed that when taken by nursing mothers,
palm wine stimulates lactations and has also diuretic egect. Palm
wine has been used to enhance potency in men due to yeast cell
concentration. It is used in African medicine particularly in the
treatment of measles and malaria (Onwuka, 2011).

Despite all these good qualities of palm wine, it is a highly
perishable sap due to f%rmentation which starts soon after the sap
is collected and within one-two hours becomes reasonably high
in alcohol (up to 4%). If palm wine is allowed to continue to
ferment for more than 24 hours, it starts turning into vinegar.
This makes it unacceptable for consumers and creates losses to
the food service industries. Fermentation of palm wine is possible
because it constitutes a good growth medium for numerous
microorganisms, especially for yeast, lactic acid and acetic acid
bacteria (Bechem ¢z 4/, 2007). Bacteria induce the conversion of
alcohol into vinegar (Onwuka, 2011).

Opara ¢z al. (2013) had isolated Acezobacter from palm wine

and these bacteria are believed to be responsible for souring of
palm wine, which is not acceptable by many consumers. Acetic
acid bacteria, Acetobacter and Gluconobacter, also known as
vinegar producers, are able to oxidize ethanol to acetic acid by
two sequential catalytic reactions of alcohol dehydrogenase and
aldehyde dehydrogenase, which are located on the periplasmic
side of their cytoplasmic membrane (Abolhassan ez 4/, 2007).

Many unsuccessful actempts have been made to control palm
wine spoilage at microbial level (Ojimelukwe, 2002; Enwefa ez
al., 2004). With increasing availability of modern methods,
efforts were directed towards the use of chemicals and
pasteurization. Attempt to preserve palm wine using sulphite
failed because the concentration of sulphite required to suppress
microfloral activities would be excessive for human
consumption. Morcover, the use of chemical preservatives is
discouraged due to the danger of cancer promotion
(Ojimelukwe, 2002).

In an attempt to control palm wine spoilage at enzyme level,
researchers’ attention was drawn to alcohol dehydrogenase, one
of the enzymes in Acetobacter responsible for deterioration of
palm wine by converting alcohol, the most wanted component
of palm wine, into acetic acid. This entails that the enzyme can be
isolated, purified and characterized, and that the effects of
parameters such as pH, temperature and ethanol concentration
and their influence on the activity of alcohol dehydrogenase
should be investigated.

The present study was therefore designed to isolate
Acetobacter aceti from palm wine, extract alcohol dehydrogenase
from the A. aceti and then partially purify and characterize the

enzyme.
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Materials and Methods

Preparation of liquid broth and mass production of Acetobacter
aceti

Muller Hilton agar (38 g) was dissolved in 1,000 ml of
water and the mixture was allowed to settle. The containing
agar settled to the bottom of the conical flask used. The
mixture was filtered and che filtrate was autoclaved for 20 min
at 15 psi pressure, 121 °C, in conical flasks. After cooling, pure
A. aceti isolated from the palm wine, according to Maal and
Shaifee (2010), was aseptically transferred from the medium
onto the liquid broth, well covered and allowed to grow for 48
hours.

Cells harvesting

Bacteria cells were harvested by centrifugation at 4,000 *g
for 10 min and washed with cold water. The cell pastes were
suspended in 0.01 M potassium phosphate buffer, pH 6.0 (1 g
of wet cell/10 ml of buffer) (Adachi ez 4/, 1978).

Homogenization of cells

The harvested cells (already suspended in 0.01 M potassium
phosphate buffer, pH 6.0) were subjected to ultrasonication
using 500 watt ultrasonicator for 3 phases (10 min each). The
ultrasonicated mixture was centrifuged at 4,000 *g for 6 min.
Enzyme assay was carried out on both the supernatant and pellet,
according to the method of Adachi ez 4/. (1978).

Determination of the triton X-100 percentage suitable for
solubilization of alcobol dehydrogenase from the membrane
fraction

The membrane fraction was suspended in 0.01 M buffer,
pH 6.0. Triton X-100 was added in different concentrations of
0.05%, 0.1%, 0.2%, 0.3%, 0.4% and 0.5% to different test tubes.
The suspensions were gendy stirred for 3 h at 0 °C and
centrifuged at 16,000 *g for 60 min. The supernatant was
obtained as a solubilized enzyme based on Albolhassan e 4/.
(2007) protocol. Protein concentration and enzyme activity
were determined on each of the solubilized enzyme. The
percentage of triton X-100 that gave the highest enzyme
activity was used for mass solubilization of the enzyme from
membrane fraction following the same procedure described by

Albolhassan ez al. (2007).

Alcohol debydrogenase assay

The particulate alcohol dehydrogenase was assayed iz vitro,
in the presence of potassium ferricyanide as an electron
acceptor and ethanol as the substrate. The rate of ferricyanide
reduction to ferricyanide gives a quantitative amount of
ethanol oxidation (Adachi ¢ 4/, 1978). The reaction mixture
contained 0.1 ml potassium ferricyanide (0.1 M), 0.6 ml
Mcllvaine buffer (0.1 M, pH 4.0), 0.1 ml triconX-100 (10%),
0.1 ml ethanol (1 M); thus the enzyme solution had a total
volume of 1 ml The reaction was carried out at 37 °C by
addition of ethanol solution and stopped by adding 0.5 ml of
ferric dopanol reagent. Thereafter, 3.5 ml of water were
further added to the reaction mixture and well mixed. The
resulting stabilized Prussian blue colour formed was measured
by spectrophotometer at 660 nm after standing for 20 min at
37 °C. One unit of the enzyme activity is defined as the
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amount of the enzyme catalyzing the oxidation of 1 pmol of
ethanol per min under the assay conditions.

Protein concentration estimation

Protein concentration was determined by the method of
Lowry et al. (1951). The reaction mixture contained 0.0 — 1.0
ml protein stock solution (2 mg/ml Bovin Serum Albumin) in
test tubes arranged in triplicates. The volume was made up to 1
ml with distilled water. For the test mixture, 0.1 ml of the
enzyme solution was mixed with 0.9 ml of distilled water. In
either case, 5 ml of solution E (1:50 mixture of alkaline sodium
carbonate solution and copper tetraoxosulphate (vi) solution)
were added to each tube and allowed to stand at room
temperature for 10 min. Next, 0.5 ml of solution C (dilute
Folin-Ciocalteau phenol reagent) was added with rapid mixing
After standing for 30 min, absorbance was read at 750 nm
using a UV spectrophotometer. Absorbance values were
converted to protein concentration by extrapolation from the
protein standard curve.

Determination of percentage polyethelene glycol 6000 suitable
for precipitation of alcohol debydrogenase from solution
To the solubilized enzyme solution, polyethelene
glycol 6000 was added in different concentrations of 0%, 5%,
10%, 15%, 20%, 25% and 30% to different test tubes
containing the same volume of enzyme solution. After 30 min
of stirring in an ice bath, the enzyme solution was centrifuged
at 4000 *g for 1 h. The precipitate was suspended in the
volume of 0.01 M potassium phosphate and enzyme activity
was determined for each of the concentration values. The
concentration that gave the highest activity was used for mass
precipitation of the enzyme.

Sephadex G-50 column chromatography

To the solubilised enzyme solution, polyethylene glycol 6000
(15%) was added to mass precipitate the enzyme. After 30 min
of stirring in an ice bath, the enzyme solution was centrifuged at
4,000 *gfor 1 h. The precipitate was suspended in 0.01 M buffer
pH 6.0 and the thick suspension was introduced onto sephadex
G-50 column for desalting. The enzyme was introduced onto
sephadex G-50 packed column (14 x 61.50 cm) pre-
equilibrated with 0.01 M potassium phosphate buffer, pH 6.0.
The packed column was washed with 1 L of the same buffer to
remove non adsorbent materials. The protein was eluted with
0.02 M potassium buffer, pH 6.0. The fractions with hi?h
alcohol dehydrogenase activity were pooled together for
subsequent purification stage. Alcohol dehydrogenase activities
from each of the eluted fractions were monitored at absorbance
of 660 nm and protein absorbance read at 280 nm.

Sephadex G-200 gel filtration

Sephadex G-200 column was prepared after swelling of 10
g of the gel in 500 ml of water, for 48 h. The pooled enzyme
from the preceding stage was introduced onto sephadex G-200
packed column (1.4 x 61.50 cm) pre-equilibrated with 0.01 M
potassium phosphate buffer, pH 6.0. The packed column was
washed with 1 L of the same buffer to remove non adsorbent
materials. The protein was eluted with 0.02 M potassium buffer,
pH 6.0. The fractions with high alcohol dehydrogenase activity
were pooled and designated as the partially purified alcohol
dehydrogenase.
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Characterization of partially purified alcohol debydrogenase

Effect of pH on alcohol debydrogenase activity

The optimum pH for enzyme activity was determined using
0.05 M sodium acetate buffer (pH 3 - 4), 0.1 M Mcllvain buffer
(pH 5 - 7) and TrissHCI buffer (pH 80 - 10.0). Alcohol
dehydrogenase activity was determined using 0.6 ml of each of the
buffers as earlier described in the assay method (Adachi ez 4/,
1978).

Effect of temperature on alcohol debydyogenase activity

The optimum temperature was determined by incubating
the enzyme with alcohol solution at temperatures between 30
and 90 °C, for 20 min and at pH = 5 using 0.1 M McIlvain
buffer. The activity was then assayed by using the method
described earlier in assay method (Adachi ez 4/, 1978).

Effect of substrate concentration on alcobol debydrogenase
activity

The effect of substrate concentration on the activity of
alcohol dehydrogenase was determined by incubating the
enzyme with 20, 40, 60, 100, 120, 140, 160, 180 and 200 mM
concentration of ethanol at pH 5.0 and 50°C. The Vi and K,
values of the enzyme were determined using the Lineweaver-

burk plot.
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Results

Isolation of alcohol debydrogenase from Acevobacter aceti

The alcohol dehydrogenase activity observed in the
supernatant was extremely low relative to the amount of protein
present in the crude enzyme sample, while that in the pellet was
high (Fig. 1). Solubilization of alcohol dehydrogenase with 0.3%
triton-X-100 followed the triton X-100 solubi%imtion profile as
shown in Fig 2. In the solubilization profile, 0.3% of triton X-
100 gave the highest alcohol dehydrogenase activity. Alcohol
dehydrogenase activity increased by 475% in the supernatant
after the solubilization with triton X-100.

Partially purified alcohol debydrogenase

The alcohol dehydrogenase activity after precipitation was
more intense at 15% polyethelylene glycol 6000 (Fig: 3). In the
gel filtration using sephadex G-200, the highest peaks for alcohol
dehydrogenase activity were obtained in tubes 19, 21 and 22.

These tubes were pooled together and designated as partially
purified alcohol dehydrogenase (Fig4 and 5).

Effects of pH, temperature and substrate concentration on
alcohol debydrogenase

An optimum pH for alcohol dehydrogenase activity was 5
(pH 5) (Fig 6). The result of temperature studies showed that as
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Fig. 2. Triton X-100 solubilization profile of alcohol
dehydrogenase
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temperature increased from 30 °C to 50 °C, the alcohol
dehydrogenase activity increased and maximum alcohol
dehydrogenase activity of 92.46 umole/min was found at 50°C.
Further increase of the temperature beyond 50°C decreased the
alcohol dehydrogenase activity till the end of incubation (Fig. 7).
Alcohol dehydrogenase activity in this study increased with the
ethanol concentration, until 120 mM (Fig. 8). From this point,
further increase in ethanol concentration did not significantly

alter the activity of alcohol dehydrogenase.

Discussion

The observation of high alcohol dehydrogenase activity in
the pellet e.g. membrane fraction, indicated that the enzyme
was located in the cytoplasmic membrane, thus detergent was
used in solubilizing the enzyme. The importance of detergents
as tools for the study of membrane proteins cannot be
underestimated (Annela, 2004). Integral membrane proteins
that possess hydrophobic surfaces are more stronfly associated
with the bilayer and these intrinsic proteins extend across or are
partially inserted into the lipid bilayer (Ohlendieck, 2004).
Extraction of integral membrane proteins is commonly
accomplished by  solubilizing the protein-containing
membrane fraction using variety of detergents (LeMaire ez al,
2000).

Triton X-100 (0.3%), a nonionic detergent, was the most
suitable in solubilizing the palm wine alcohol dehydrogenase.
Triton X-100 has been reported to be effective and at the same
time does not denature proteins compared to other types of
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detergent used for solubilization (Anncla, 2004). Solubilization
of alcohol dehydrogenase with 0.3% triton-X-100 followed the
triton X-100 solubilization profile as shown in Fig. 2. In the
solubilization profile, 0.3% of triton X-100 gave the highest
alcohol dehydrogenase activity. This result was in agreement
with the finding of Albolhassan ez 4/. (2007) who used triton
X-100 to solubilize alcohol dehydrogenase from Acetobacter.
The low activity of alcohol dehydrogenase observed at higher
concentration of triton X-100 could be due to the fact that the
high concentration of the detergent inhibited the enzyme
activity, probably by binding to the enzyme active site or by
changing the protein conformation generally. In this study,
alcohol dehydrogenase activity increased by 475% in the
supernatant after the solubilization using triton X-100.
Polyethelene glycol 6000 (15%) was most cffective in
precipitating the alcohol dehydrogenase. Polyethelene glycol
6000 is a non-ionic polymer of cthelene oxide of molecular
weight 6000 Dalton. The use of non-ionic polymers for the
precipitation is a method that can help prevent protein
denaturation and assist in removal of detergents. Typically,
larger proteins precipitate at lower concentrations of non-ionic
po%yemers (Harrison, 1993). Polyethylene glycols are the
preferred non-ionic polymers for protein precipitation because
the viscosity of concentrated solutions is lower than other non-
ionic polymers (Harison, 1993). Polyethelene glycol is easily
soluble in water due to the ether oxygen spread along the length
of the polymer, which are strong Lewis bases and form
hydrogen bonds with water molecules. In addition, the
formation and equilibration of precipitates take significantly
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less time with polyethelenuelglycol as the precipitating agent
than with ammonium sulfate or ethanol (Asenjo, 1990;
Deutscher, 1990).

In the gel filtration using sephadex G-200, highest peaks for
alcohol de%lydrogenase activity were obtained in tubes 19, 21
and 22. These tubes were pooled together and designated as
partially purified alcohol dehydrogenase. An optimum pH for
alcohol dehydrogenase activiy was 5 (pH 5) (Fig 6).
Occurrence of optimum pH at fairly acidic pH region is
characteristics of this enzyme as vinegar fermenter. Albo]glliassan
et al. (2007) and Adachi ez al. (1978) reported pH optima of 4
for membrane-bound quinon protein, alcohol dehydrogenase
from a native strain of Acetobacter.

The result of temperature studies showed that as
temperature increased from 30 °C to 50 °C, the alcohol
dehydrogenase activity increased and maximum alcohol
dehydrogenase activity of 92.46 umole/min was found at 50°C.
Further increase in temperature beyond 50 °C decreased the
alcohol dehydrogenase activity till the end of incubation (Fig,
7). The decrease in enzyme activity at higher temperature may
be due to enzyme denaturation. The adverse effect of high
temperature on protein denaturation has been widely reported
(Day ez al., 2002).

Alcohol dehydrogenase activity in this study increased as
ethanol concentration increased until 120 mM (Fig: 8). From
this point, further increase in ethanol concentration did not
significantly alter the activity of alcohol dehydrogenase. Thus,
alcohol dehydrogenase active site became saturated at 120 mM
concentraction of ethanol This implied that alcohol
dehydrogenase  obeys Michaelis-Menten  equation  and
suggested that the activity of the enzyme can be regulated by
ethanol concentration. This result is comparable to the studies
made on alcohol dehydrogenase by Abolhassan ez 4/, (2007)
who reported the ethanol saturation concentration of 100 mM
at pH 4. The Michaelis-Menten constant (Kw) and maximum
velocity (Vi) for oxidation of ethanol by the alcohol
dehydrogenase at 50 °C and pH of 5 evaluated using
Lineweaver-Burk plot yielded 36 mM and 90.9 pmole/min
respectively. The Michaelis-Menten constant (Ki) is the
concentration of substrate at which half the active site of an
enzyme is filled. Thus, K. provides a measure of the substrate
concentration required for significant catalysis to occur. The
value of Ka in this reaction (36 mM) was very small. The low
K value suggested high affinity with which alcohol
dehydrogenase binds with ethanol. Irindicated that the
enzyme required small amount of substrate to become
saturated. Hence, the maximum velocity (Vi =909
umole/min) was reached at relatively low substrate (ethanol)
concentration. This may explain why palm wine deterioration
was quick.

Conclusions

In conclusion, the detergent, triton X-100 (0.3%) and the
salt, polyethelene glycol 6000 (15%) respectively were effective
in solubilization of alcohol dehydrogenase from the cell
membrane and precipitation of alcohol dehydrogenase from
solution. The low activity of alcohol dehydrogenase at a low
pH, noted at low and high temperatures, showed that both pH
and temperature of palm wine can be manipulated as such to
modulate the catalytic activity of the alcohol dehydrogenase

and maintain the organoleptic characteristics of the palm wine.
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