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ABSTRACT

In mammals, alcohol dehydrogenase (ADH) and acetaldehyde
dehydrogenase (ALDH) constitute the main oxidation channels of ethanol
metabolism, which are the main limiting factors of ethanol metabolism in the body.
ADH mainly catalyzes the production of acetaldehyde from ethanol and is the first
step in the oxidized process of ethanol in various organs and tissues of humans and
animals. Therefore, it is of great significance in relieving alcoholism and
preventing liver damage caused by ethanol. Alcohol dehydrogenase has been found
in animals, plants, microorganisms, eukaryotes, and prokaryotic bacteria, which is
widely presented in microorganisms. Modern research has proven that the brewing
of vinegar is carried out by cell membranes of acetic acid bacteria binding enzymes
that complete acetic acid fermentation through the oxidation of alcohol-by-alcohol
dehydrogenase and the oxidation of acetaldehyde-by-acetaldehyde dehydrogenase.

The fermentative ability of acetic acid bacteria is related to the activity of
these two enzymes, especially the former. Therefore, isolating strains with high
ADH production from vinegar is of great research which is significant for
establishing a probiotic library for detoxifying alcohol and protecting the liver.

This article enriched and screened well-known vinegar mash samples in China, and
obtained Acetobacter D2 with ADH activity reaching 4.288x10 >U. Furthermore,
its activity was improved to 8.254x10 2U through UV mutagenesis.

The object of the work is Acetobacter D2 with ADH activity. The subject of
the work is ADH activity of isolated from vinegar Acetobacter D2.

The aim of the work is screen and isolate effective Acerobacter produced
alcohol dehydrogenase. The tasks of the work are to isolate from vinegar ADH
active strain of Acetobacter, obtain the ADH activity, and improve ADH activity
with UV mutagenesis.

Key words: Alcohol dehydrogenase; Acetobacter; Screening; UV

mutagenesis, enzyme.
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INTRODUCTION

Acetobacter is a genus of bacteria that can be involved in various biological
processes, including the production of acetic acid during fermentation. However,
it's important to note that alcohol dehydrogenase (ADH) and acetaldehyde
dehydrogenase (ALDH) are enzymes that are more commonly associated with the
metabolism of alcohol in humans and some other organisms, rather than
Acetobacter.

ADH is responsible for the conversion of alcohol (ethanol) to acetaldehyde,
while ALDH converts acetaldehyde into acetic acid. These enzymes are crucial in
the breakdown of alcohol in the body, specifically in the liver. They play a vital
role in alcohol metabolism and the detoxification of acetaldehyde, which is a toxic
compound.

In acetobacter, the main enzyme involved in the conversion of ethanol to
acetic acid is ethanol dehydrogenase (EDH), rather than ADH. EDH catalyzes the
oxidation of ethanol to acetaldehyde, which is then further oxidized to acetic acid
by acetaldehyde dehydrogenase. This process is an essential step in the production
of vinegar, as acetobacter bacteria convert ethanol to acetic acid through these
enzymatic reactions.

So, while acetobacter bacteria do possess enzymes involved in the oxidation
of ethanol, they are not specifically referred to as alcohol dehydrogenase and
acetaldehyde dehydrogenase like in humans and other organisms. Instead, they

have their own specific enzymes for the conversion of ethanol to acetic acid.



CHAPTER1
LITERATURE REVIEW

1.1 Introduction to the ADH

Ethanol dehydrogenase (ADH) is a zinc containing enzyme, which Can
catalyze the oxidation of ethanol into acetaldehyde and the coenzyme NADH.
Ethanol-producing dehydrogenases are found in many microorganisms, including
certain bacteria, fungi, etc. With a wide substrate specificity range (with high
affinity and selectivity for specific substrates), it belongs to the first subclass of
oxidoreductases. As a key enzyme in the metabolism of short-chain alcohol in
organisms, it plays a very important catalytic role. ADH is an intracellular enzyme,
and it also exists in cells of animal and plant. Both Ethanol dehydrogenase (ADH)
and acetaldehyde dehydrogenase (ALDH) are the main enzymes in the pathway of
ethanol metabolism. Alcohol dehydrogenase transforms ethanol to acetaldehyde,
while acetaldehyde dehydrogenase further converts acetaldehyde to acetic acid

The main single chain alcohol metabolism is the main speed limiting factor
of ethanol metabolism in the body, so ADH is needed to convert ethanol into
acetaldehyde enzyme, from a medical point of views, ethanol dehydrogenase has
important significance to human, which has been widely used in medical field,
such as the preparation of anti-alcohol drugs and determine the amount of alcohol
methods etc. Moreover, ethanol dehydrogenase can be used for the detection of
ADH in the human liver and it is important to prevent hangover and
ethanol-induced liver injury. In addition, ethanol can be used for microbial
fermentation. The aroma molecules of some artificial spices are also produced by

ADH by oxidizing alcohol in fruits, herbs and flowers.



1.2 Research status of ADH application

ADH has catalytic characteristics, and it has a corresponding role in science,
brewing and other fields. People can use its characteristics to make biosensors. It
can be said that the technology in this aspect has entered the mature stage. In

addition, There are currently several aspects of research on ADH.

1.2.1 Bioelectrode and ethanol sensor

Bioelectrodes are electrochemical sensors that design and construct using
biological architecture and function. The ethanol sensor is a bioelectrode capable
of measuring the ethanol concentration. It uses ethanol dehydrogenase (ADH) as a
bioelectrocatalyst to convert the concentration of ethanol into electrical signal
output. Such sensors have the advantages of fast, accurate, reproducible, good
selectivity, and high sensitivity, so they are widely used in industry, medical, and
life sciences. The most important part of the ethanol sensor preparation process is
the preparation of the bioelectrodes. There are three types of common biological
electrodes: enzyme-based electrodes, Cell electrodes, and tissue electrodes. Among
these, enzyme-based electrodes are the most commonly used one. There are many
methods of preparing ethanol sensors, and the common method is to fix the
enzyme or cell on the electrode surface. During the preparation, our attention is
needed to select the appropriate enzyme, materials and reaction conditions to
optimize the sensitivity and selectivity of the sensor. The preparation process of
sensor generally includes the preparation of biological electrode, sensor assembly,
sensor testing and data processing etc. In the preparation of bioelectrodes, ethanol
dehydrogenase was immobilized on the electrode surface to form an ethanol
dehydrogenase electrode. In the assembly of the sensor, the electrode is connected
to the electronic circuit to form the complete sensor. In the test of the sensor,
different concentrations of ethanol solution are added to the sensor, and the size of
the electrical signal is measured to obtain the ethanol concentration data, calculate

and analyze the data to obtain the final ethanol concentration results. Ethanol
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sensors are widely used in alcohol production, medical diagnosis, environmental
monitoring, and food safety. In alcohol production, ethanol sensors can be used to
monitor the alcohol concentration and ensure the quality and taste of the wine. In
medical diagnosis, ethanol sensors can be used to detect ethanol concentrations in
the blood and help doctors diagnose and treat diseases such as alcohol poisoning,
and to detect ethanol concentrations in the driver's blood and determine problems
such as drunk driving. In environmental monitoring, ethanol sensors can be used to
monitor the ethanol concentration in the air and assess the environmental risks of
industrial production. In food safety, ethanol sensors can be used to detect the

ethanol content in food to ensure the quality and safety of food.

1.2.2 Application of ADH in industry

Ethanol dehydrogenase (ADH) is an enzyme that catalyzes the oxidation of
ethanol to acetaldehyde and plays a very important role in green chemistry due to
its efficient catalysis. However, ADH is less stable in the free state and is often
limited in practical applications. Therefore, scientists work to find ways to stabilize
this enzyme to facilitate its development. A commonly used approach is using
vehicle to fix ethanol dehydrogenase in order to improve its stability and loss of
activity. Gelatin is a commonly used carrier to immobilize ethanol dehydrogenase
by cross-linking before preparation, which greatly improves the catalytic efficiency
of the enzyme. In addition, many other carriers, such as nanoparticles, magnetic
microbeads, are also used to immobilize ethanol dehydrogenase to improve its
stability and activity. ADH also plays an important role in ethanol production, and
using genetic engineering techniques can greatly improve the ethanol yield. For
example, Lu Jian et al. constructed a genetically engineered strain with directional
function, where glucose and xylose produced 21 and 5 times higher yields,

respectively.
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1.2.3 Application of ADH in food and drug fields

Moderate drinking is conducive to health, long-term drinking or heavy
drinking will damage the nerve center, light nausea and vomiting, heavy lead to
life threat. The World Health Organization shows that the global traffic accidents
caused by drunk driving account for 50~60%. In recent years, people have also
been aware of the harm of wine, and began to focus on the decomposition process
of wine. Through the initial decomposition of the wine in the stomach (this process
is metabolized) process understanding, ADH acts as a catalyst that can be used for
the synthesis of specific drug molecules. These drugs can be directed designed to
be exploited through metabolic pathways after entering the human body to achieve
the desired potency. Liquants are currently in the United StatesQummoka!
HcTounuk ccbiiiku He HaligeH. The field is developing rapidly, and its products
can deliver ADH into the body through oral administration, which can increase the
concentration of ADH in the body, and ultimately improve the efficiency of alcohol
solution.

Ethanol dehydrogenases are enzymes that catalyze the conversion of ethanol
to acetaldehyde. In the food industry, ethanol dehydrogenase is widely used in the
brewing and alcoholic beverage production process to promote the fermentation of
alcohol and improve the alcohol of products. Specifically, ethanol dehydrogenase
can help brewers better control the amount of alcohol produced during the brewing
process, thus affecting the taste and quality of the final product.

When brewing beer, the brewer can add a certain amount of ethanol
dehydrogenase to promote the conversion of glucose in the wort, thus realizing the
alcohol content and taste control of the beer. In the wine brewing process, ethanol
dehydrogenase can help the wine fermentation speed faster and more stably, thus
improving the product quality and yield. In addition, ethanol dehydrogenase can
also be applied in the production of food additives and flavoring agents. For
example, some beverages and tobacco products contain natural and artificial spices

added with ethanol dehydrogenase to enhance their taste and aroma. Artificial
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spices are usually made chemically together, but they also contain many natural
substances, such as fruits, herbs and flowers. Some of these natural substances
contain alcohol, requiring the use of ADH to oxidiit to acetaldehyde, creating more
complex aroma molecules. In industrial production, ADH is usually extracted from
yeast or bacteria and then used to make artificial spices. In conclusion, ethanol
dehydrogenase has wide applications in the food industry and can provide more
choices and better product quality control means for food producers. In addition,
ADH also plays an important role in the growth and development of animals and

plants. ADH also has important applications in the field of diet biology.

1.2.4 Applications in the biological sciences

For ethanol metabolism, ADH oxidizes ethanol to acetaldehyde and
integrates NAD "Reduction to the NADH. This process is the primary pathway for
ethanol metabolism in many organisms. In humans, ADH is mainly found in the
liver and stomach, so the study of ethanol metabolism is mainly focused on these
two organs. By studying the expression and function of ADH in these organs, we
can better understand the biological mechanisms of ethanol metabolism, thus
providing new ideas and approaches for the treatment of ethanol
metabolism-related diseases.

In addition, ADH also much attention in human gene polymorphism. There
are seven alleles in the human ADH gene (ADH 1 A, ADH 1 B, ADH 1 C, ADH 4,
ADH 5, ADH 6 and ADH 7), and polymorphisms in these genes are closely related
to differences in ethanol metabolism.

For example, the ADH 1 B * 2 allele is more prevalent among Asians, and
this gene is associated with faster rates of ethanol metabolism and is therefore
important for the regulation of ethanol metabolism and differences in ethanol
metabolic capacity between individuals. In some studies, the ADH gene
polymorphism has also been closely related to the occurrence of ethanol-related

diseases, such as alcohol abuse and alcoholism.
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Overall, ADH has extensive research value in the field of biological sciences
and genetic polymorphisms. As technology continues to evolve and research

deepens, we believe that more important discoveries will emerge.

1.2.5 Application in bioengineering research

ADH is widely found in various organisms and can catalyze the conversion
reaction of alcohols to aldehydes. ADH is widely used in the field of
bioengineering, which can be discussed from the aspects of basic scientific
research, medical chemistry, diet biology, environmental protection and so on. In
basic science research, ADH is an important research object. By targeting the ADH
isoenzyme gene polymorphism.

The in-depth study of ADH enzyme activity and structure is helpful to better
understand its role in the biological metabolic process and the related issues in life
science. For example, studying the structure and function of ADH can help us
better understand its role in metabolic processes and the therapeutic effects of
specific inhibitors targeting the structure of ADH enzymes for some diseases.
Moreover, exploration based on ADH enzyme activity can provide a better
understanding of biological metabolic processes and provide an important basis for

the regulation of metabolic pathways.

1.3 Introduction to the ADH-producing strains

The ADH of organisms is generally dimeric, with a few being tetraploid .
SsADH is an ancient bacterial enzyme of the medium chain ADH family, and its
three-dimensional structure has been deeply understood by scientists. ADH
producing strains refer to strains that can produce ethanol dehydrogenase (ADH),
and there are many types, including yeast, lactic acid bacteria, thermophilic
bacteria, etc.

The isolation and screening of ADH producing strains are usually carried out

through laboratory technology. The commonly used method is to screen bacterial
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communities using substrates sensitive to ADH, such as alcohol or acetaldehyde.
Identify the genomic information of ADH producing strains through genomics
research to determine their characteristics and functions. By studying the
characteristics and functions of these strains, their biocatalytic effects can be better

utilized to promote the development of production and environmental protection.

1.3.1 Overview of Acetobacter sp

Acetobacterium (Acetobacter) is a Gram-negative bacteria that usually live
in oxygen-rich environments, including wine, vinegar, fruit, flowers, and soil. And
acetetobacter is a typical acetate fermentation bacteria, its metabolic pathway can
oxidize ethanol to acetic acid, and produce a large amount of energy. Acetobacter
is characterized by a high degree of redox capacity and acetic acid tolerance. Its
cell walls are mainly composed of polysaccharides and proteins, with certain
toughness and elasticity, allowing them to survive and reproduce in an
oxygen-enriched environment. In addition, they can also be used in environmental
governance areas such as biological control and remediation of soil pollution.
Acetobacter are also an important model organism in molecular biology studies
because they have certain genome stability and easy manipulation, and are one of
the ideal model organisms for studying gene expression and metabolic pathways.
The genome size of Acetobacter, about 3-4 Mbp, with high GC content and
relatively stable gene number and structure, can be used to study biological issues
such as gene expression, metabolic pathways and cell signaling. Furthermore, the
genome of Acetobacter has been fully sequenced, including plasmids and chimeric
vectors available for gene conversion and gene expression, etc. Acetobacteria form
an indefinite rod, typically 0.3 — 1.0 umx1.0-3.0 p m, with unipolar or bipolar
flagella, and capable of moving in an oxygen-rich environment at a rapid rate. In
addition, Acetobacter can also form cell groups and colonies, which can appear
yellow, red, brown and other colors on its surface. The metabolic pathways of

Acetobacter are very diverse, including sugar metabolism, acid metabolism, fatty
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acid metabolism and nitrogen metabolism. The most typical one is the metabolic
pathway of ethanol oxidation to acetic acid, which is one of the reasons why
Acetobacter plays an important role in vinegar production. This metabolic pathway
mainly includes the action of ethanol dehydrogenase (ADH), acetaldehyde
dehydrogenase (ALDH) and acetate dehydrogenase (ACDH).

In addition to its applications in the food industry, environmental governance
and molecular biology research, Acetobacter has some other applications, such as
the production of plastics and biofuels, which can produce acetic acid and
polyhydroxyalkane ester compounds through the metabolic pathway, with potential

applications.

1.3.2 Application and research status of Acetobacter sp

At present, people's research on acetic acid has penetrated into various
fields, and Acetobacterium has a wide range of applications and value in food
industry, biomedicine, skin care, environmental governance, ecological agriculture,
synthetic biology and other fields. With the continuous progress of science and
technology and the continuous expansion of its application, the application
prospect of Acetobacter will continue to expand and deepen.

With people's attention to health and the pursuit of traditional food, the
market demand for natural fermented food and vinegar products is also growing, as
the key microorganism in the production of vinegar and other natural fermented
food, it is expected to gain more extensive application and commercial value in the
future market competition.

Acetobacterium 1s the key microorganism in vinegar making, which can
ferment alcohol into acetic acid. Its fermentation products are not only widely used
in condiments and food additives, but also have the functions of antibacterial,
preservation and acid increase, which can extend the shelf life of food, so it is
widely used in the food industry.

In addition to making vinegar, Acefobacter can also be used in the
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production of naturally fermented foods. For example, the application of
Acetobacter and other microorganisms such as yeast and Streptococcus
thermophilus to make natural fermented foods such as yogurt, pickled cabbage and
pickles, can not only improve the taste and nutritional value of the food, but also
increase the content of its probiotics, which is beneficial to human health.

Acetobacter 1s also widely used in medical diagnosis. Acetobacterium can
produce acetaldehyde by oxidized ethanol to turn the acetaldehyde on the medium
to red, a property applied to the diagnosis of tuberculosis. In the diagnosis of
tuberculosis, doctors can use urine, sputum and other samples to determine
whether the patient is infected with tuberculosis bacteria by cultivating
Acetobacteria and observing the color change of acetaldehyde on the culture
medium.

Acetobacter can use cholic acid and bile salt as a carbon source and energy
source to synthesize deoxycholic acid through the metabolic pathway. Acetobacter
hydrolyzes bile salts by bile salt hydrolase, breaking them into bile acids and
choline. Then, cholic acid undergoes through a series of metabolic reactions, which
is converted into methylmalonic acid, formic acid, pyruvate and other compounds,
and then is synthesized as deoxycholic acid.

Deoxycholic acid is a bile acid derivative with various biological activities,
including antibacterial, antiviral, cholesterol lowering and other biological
applications in medicine and health care. The synthesis of deoxycholic acid
through the metabolic pathway of Acetobacter can not only achieve the mass
production of deoxycholic acid, but also control the synthesis efficiency and
quality of deoxycholic acid by regulating its metabolic pathway.

Since Acetobacter belongs to the family Lactobacilli (Acetobacteraceae), it
can grow and reproduce in a variety of environments, but the most suitable
conditions for growth are 25-30°C and pH 4.5-6.0, Enough oxygen. Under such
conditions, Acetobacter can produce acetic acid through oxidized ethanol or other

carbon sources for metabolism and growth. In practical application, the growth
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conditions and media composition of Acetobacteria are usually adjusted, in order
to improve the efficiency of acetic acid production.

For example, adjusting the temperature and pH allows Acetobacter to grow
and produce acid in different environments. Adjusting the ratio of carbon and
nitrogen sources can also affect the metabolism and acid production efficiency of
Acetobacter. In addition, there are some auxiliary culture conditions, such as
ventilation, and agitation, which can also affect the growth and metabolism of

acetobacilli.

1.3.3 Feasibility of ADH production by Acetobacter sp

Acetobacter itself can produce ethanol dehydrogenase. Alcohol
dehydrogenase is an essential enzyme during their metabolism, so they naturally
produce this enzyme. For example, the large-scale application of Acetobacterium
in the vinegar industry can produce acetic acid through organic matter, because the
ethanol dehydrogenase and acetaldehyde dehydrogenase in its membrane work
together, so that the organic layer are degraded to get acetic acid. Studies have
found that ADH is mostly located in the cell membrane, and its amount and
activity will be correspondingly increased under the action of alcohol induction.
Therefore, we can use this property to explore under which conditions Acetobacter
reproduces the fastest and produces the most ADH, and then screen to obtain the
target strain. In addition, Acetobacter is a very easy to obtain bacterial species,
which provides great convenience for the development of the experiment, and the

experimental method is simple, and it has a high feasibility.
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1.4 Research content and significance of this paper

1.4.1 The content of the study

First, the fermented vinegar grains were diluted and enriched, and the
cultured strains were transferred into solid medium containing different alcohol
concentrations to continue coating and culture. The growing colonies were picked
for single colony crossed culture, and the single colonies with strong growth
capacity were selected from the crossed culture for enrichment culture. Then, the
activity of each ethanol dehydrogenase and the activity of ADH were measured,
and the strains with high activity were identified morphologically and
biochemically to confirm the selected Acetobacteria. We then further obtained the

mutant strain with higher ADH activity.

1.4.2 The significance of the study

After we drink alcohol, about 10-20% of the alcohol is absorbed through the
stomach and 75-80% in the small intestine. Most (90%) of the alcohol absorbed
through the stomach is metabolized through the liver, and the rest is excreted
through breath and urine, about 5% each. Alcohol is metabolized in the liver, first
from ethanol (alcohol) to acetaldehyde under the action of ethanol dehydrogenase,
acetaldehyde to acetic acid under the action of acetaldehyde dehydrogenase, and
finally to carbon dioxide and water discharged from the body.

In mammals, ethanol dehydrogenase (Alcohol dehydrogenase, ADH) and
aldehyde dehydrogenase (Acetaldehyde dehydrogenase, ALDH) constitute the
main oxidation channel of ethanol metabolism, is the main rate limiting factor of
ethanol metabolism in the body, ADH mainly catalytic ethanol to produce
acetaldehyde, is the first step in human and animal organs and tissues, therefore in
alcohol and prevent liver damage caused by ethanol.

Alcohol dehydrogenases have been found in animals, plants,

microorganisms, eukaryotes, and prokaryotic bacteria, and they are widely found
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in microorganisms. Modern studies have proved that the brewing of vinegar is
performed by the cell membrane-bound enzyme by ethanol dehydrogenase (ADH)
that oxidizes acetaldehyde and acetaldehyde dehydrogenase (ALDH) which
reoxidizes acetaldehyde to acetic acid. The fermentation capacity of acetic acid
bacteria is related to the activities of these 2 enzymes, especially the former.
Therefore, the isolation of high-yield ADH strains from vinegar is important for the

establishment of a probiotic library for liver protection.
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CHAPTER 1I
EXPERIMENTAL MATERIALS AND EXPERIMENTAL METHODS

2.1 Experimental reagents and consumables
Four different grains of fermented vinegar were classified as (A, B, C, D),
glucose, yeast powder, ethanol, agar powder, calcium carbonate, absolute ethanol,

and distilled water.

2.2 Main experimental instruments
Shaaker, incubator, constant temperature water bath, vibration shaker,

pipetting gun.

2.3 Culture medium and buffer solution

Sugar-free medium: (5 portions and 25 mL each): 1g of yeast powder, 2 mL
of ethanol. Sugar-free liquid medium (with 100 mL solution): 1 g yeast powder, 2.5
g agar, 1.5 g calcium carbonate, and absolute ethanol in different amounts as
required.

The above medium was first sterilized in an autoclave cooker for 115°C 30

min, and then cooled to about 40°C.

2.4 Experimental Methods

2.4.1 Enriched culture

Iml of vinegar fermented grains samples were absorbed with a pipette gun
and added to a triangular bottle containing 10 mL sterile water containing sterilized
glass beads with shaking. Then, 2 mL of supernatant was absorbed into sugar-free
liquid culture medium, which was then placed in a constant temperature shaker for
further cultivation. The temperature was controlled at 37°C the speed was 160

r/min, and incubated for 36 h.



2.4.2 Isolation and purification
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1 mL was absorbed from the enriched culture medium and moved to

sugar-free solid medium containing 0%, 1%, 2%, 3%, 4% and 5% ethanol,

respectively. It was applied evenly with coated rods until a uniform rough on the

plate was observed, which were then placed into the incubator and incubated at 37°C

for 72 h. After the incubation, under the sterile operating stage, the growing single

colonies were picked under the sterile operating stage and then further cultured in

the medium with the appropriate alcohol concentration.

2.4.3 Amplified culture

After the growing single colony under the sterile operating stage, the single

colony was removed with the inoculum ring and transferred to 25 mL liquid

culture liquid containing the corresponding alcohol concentration for 72 h, 37°C

and 160 r / min.

2.4.4 Detection of ethanol dehydrogenase activity

ADH enzyme activity will be measured in different alcohol concentrations

using an ADH kit as described below.

Table 2.1

Composition of the reagent box:

Reagent name

specifications

Save conditions

extract

Fluquid 110 mL 1 bottle

2 — 8°C for preservation

Powder one

Powder 1 bottle

2 — 8°C for preservation

Reagent a

Fluquid 20 mL x 1 bottle

2 — 8°C for preservation

Reagent 2

Two powder aphrodites

2 — 8°C for preservation

Reagent 3

Fluid 3 mL x 1 bottle

2 — 8°C for preservation
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(2) Solution preparation:

1) Extract: pour the powder into the extract before use, the solution is
suspension oil, and shake well before use;

2) Reagent 2: Before use, take 1 reagent 2 and add 1 mL of distilled water,
which can be stored in-20 °C parts for 4 weeks to avoid repeated freezing and
thawing. One can be made 100T, in order to prolong the use of the kit, then give
one more.

(3) Product description:

ADH is a key enzyme in the metabolism of short-chain alcohol in living
organisms, which catalyzes the reversible conversion of ethanol and acetaldehyde,
and plays an important role in many physiological processes. Mammalian ADH is
mainly generated in the liver, and liver damage leads to the release of ADH into the
serum. High and low serum ADH activity reflects whether the liver function is
abnormal.

ADH catalyzes the reduction of acetaldehyde by NADH to generate ethanol
and NAD ', and NADHI has an absorption peak at 340nm, while NAD None:
Determine the rate of absorbance decrease at 340nm to calculate the ADH activity.

Acetaldehyde + NADH(340m)—Ethanol+ NAD"

(4) Experimental instruments and experimental supplies:

Ice, cold ache, microplate, 96-well microplate, adjustable pipete, ultrasonic
breaker, distilled water

(5) Operation steps:

1) Cell extraction

Take 5 mL of Acetobacter solution, centrifuged at 4°C, 5000 rpm for 10 min,
discard the supernatant, take precipitation, add 1 mL of extract, break the ice bath
sonication for 3min (power 300 w, sonicated for 3s, 7s, total time 3 min): 16000 g,
centrifuged at 4°C for 20 min, put the supernatant on ice for testing.

2) Determination steps

@ Preheat the microplate reader for 30 min, and adjust the wavelength to



23

340 nm;

(2) Reagent 1 Thermal insulation in 25°C water bath for more than 30 min;

(3) Blank tube: add 20 p L of distilled water, 8 u L reagent 2,152 p L reagent
1 and 20 p L reagent 3 in 96-well plate, determine the change of absorbent value at
340 nm, record 15s and 75s absorbance, respectively, recorded as Al and A2
respectively, A A blank tube =A1-A2;

(4) Measurement tube: add 20 p L of supernatant, 8 L reagent 2,152 u L
reagent 1 and 20 p L reagent 3 in 96-well plate, and the absorbance changes were
measured at 340 nm. The absorbance values at 15s and 75s were recorded as A3
and A4 respectively. A A Measurement of Tube =A3-A4.

The specific determination procedure is shown in the following Figure 2.1
(Appendix A) diagram of the enzyme activity determination of ADH:

(6) Calculation formula of enzyme vitality

Activity unit definition: 1 pmolNADH per minute per ml sample in 25°Cis 1
enzyme active unit.

ADH (U / mL) = [(A A test tube- A A blank tube) &€ dV total 10°]+V
appearance =T

=2.68 (A A test tube- A A blank tube)

€: NADH, 6.22 x103 L/mol / cm; d: 96 well plate optical diameter, 0.6 cm; V
reverse total: total volume of reaction system, 200 p L=210"L; 10°: Unit
conversion unit, 1 mol=110°nw mol; Cpr: protein concentration of supernatant,
mg/mL; W: Sample mass, g; V sample: liquid accumulation in the reaction system,
2 uL=0.02 mL; V Sample: extraction liquid volume, 1 mL; T: reaction time, 1

min; cell number: ten thousand.

2.4.7 Mutagenesis breeding program
(1) Primary screen: Take strain D with high ADH activity, divide the cell
suspension into different tubules through aseptic operation, irradiate with

ultraviolet light for 10min, 15min, 20min, 25min and 30min, then shake well and
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apply 0.2ml on solid medium prepared containing 2% alcohol, and grow for 24 h at
30°C

(2) Rescreening: the growing strains were selected for line culture, 37°C for
24 h. After incubation, the growing colonies were selected and cultured for 5
generations to obtain Acefobacter with stable trait expression.

(3) Enrichment: Put the resulting stable colonies under the sterile operation
stage, dip a few colonies and then inoculate into a liquid culture bottle with 2%
alcohol concentration, 37°C, 160 r/min, and culture on the shaker for 24 h.

(4) Detection of ethanol dehydrogenase activity: take the supernatant after
the enrichment culture for ethanol dehydrogenase activity detection, the method is

the same as above.
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CHAPTER III
EXPERIMENTAL RESULTS AND DISCUSSION

3.1 Isolation and screening of Acetobacter sp

After enrichment culture, the strain A coating in sterile environment,
respectively coated in different alcohol concentration of plate, and then the coated
medium placed in 30°C constant temperature incubator for 36 h, after observe A
strain growth, after comparing the strain in the alcohol concentration of 2% on the
medium, and in the alcohol concentration of more than 2% medium is no growth,
Figure 3.2 (Appendix A) is A strain growth in 2% of the medium. Following Figure
3.2 (Appendix A). Growth of acetic acid bacteria in vinegar fermented grains
sample A in 2% alcohol medium

Of strain B enrichment for 36h, then on the ultranet workbench coating
operation, the enriched B strains in alcohol concentration of 0%, 1%, 2%, 3%, 4%
and 5% of solid medium in 30°C incubator for 36 h, after culture strain B on
different media have different growth (as shown below), can see the strain in the
alcohol concentration of 2%, scattered flora in the medium alcohol concentration
higher than 2%, so we select the two concentrations of the next step, following
Figure 3.3 (Appendix B), Growth of acetic acid bacteria in sample B.

After enrichment culture of C strain, we coated strain C on the super clean
table, the same coating on the solid medium of 0%, 1%, 2%, 3%, 4% and 5% of
alcohol, then placed in a 30°C incubator for 36h, after the cultivation of the strain D
plate at different alcohol concentration, after comparing C strain in the alcohol
concentration of 2% culture plate is very vigorous, appear on the medium higher
than 2% alcohol concentration of scattered flora, following Figure 3.4 (Appendix B)
Growth of acetic acid bacteria in alcohol-containing medium.

For D strain we take the same culture way, comparing the growth of D in
each medium, D strain under different alcohol concentration growth is uniform, in

the case of 2% alcohol colony morphology is obvious, so we select the alcohol
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concentration of 2% medium growth strain D for the next step of screening,
following Figure 3.5 (Appendix B) Growth of acetic acid bacteria in
alcohol-containing medium.

The samples of different vinegar fermented grains were picked and grown in
different alcohol concentrations, and the colonies with typical colony
characteristics were further plate crossed, and then the single colonies were
selected, and the operations were repeated 5 times. Stable single colonies were
picked for further enrichment culture and ADH enzyme activity was measured.
Underlined culture growth is shown below, following Figure 3.6 (Appendix C).
Single colony culture of acetic acid bacteria in samples of vinegar fermented

grains.

3.3 Preliminary determination of ADH enzyme activity

We can get information from Figure 3.7 (Appendix C) which is about ADH
enzyme activity of acetic acid bacteria in samples of different vinegar fermented
grains. Single colony-enriched solutions grown from various conditions were
identified as described in the ADH enzyme assay. With the sample with distilled
water as a blank tube, the ethanol dehydrogenase activity was measured for single
colony samples A, B, C and D in media with different alcohol concentrations. The
results are shown in Figure 3.2 (Appendix A), and the highest ethanol
dehydrogenase activity of sample D under the culture condition of 2% alcohol
concentration was 4.28810 *U. Although the C sample also grew in the 5%
alcohol concentration, its activity was not too high, indicating that the relationship
between ADH enzyme activity and alcohol tolerance does not necessarily show a
positive correlation. We selected strain D for 16sr RNA identification of

Acetobacter.
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3.4 Results of the mutagenesis culture experiments

After the screening, Strain D was the most active strain of ethanol
dehydrogenase in the medium of 2% alcohol, So the strain D was subjected to UV
mutagenesis, The ment solutions of their strains were placed and irradiated under
UV light for 10min, 15min, 20min, 25min and 30min, Then then were coating
culture on an ultra-clean table, After the incubation, To compare the growth status
of the strains in the respective media, The shorter the UV irradiation time, The
better the growth of the strain, Suggesting that UV has some effects on the strains,
Further determination of ethanol dehydrogenase activity, The results are shown in
Figure 3.8 (Appendix D). Found that the highest ethanol dehydrogenase activity
after 30 min of irradiation. For the 8.25410 °U, the mutagenized strain activity
doubled over the original activity. And we can refer to Figure 3.8 (Appendix D)

The ADH enzyme activity of acetic acid bacteria after mutagenic treatment.
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CONCLUSIONS

According to the experimental results, the ADH enzyme activity of the
cultured strains in sample D in 2% alcohol environment was 4.28810 *U, further
identified as Acetobacter, followed by UV mutagenesis of the most active strain D,
after culture screening for ethanol dehydrogenase activity up to 8.25410 °U variant
strain D, which was obtained after 30 min of UV irradiation, has twice the higher
activity than before mutagenesis.

The experimental results show that we can through artificial method,
through the control variables of high activity ethanol dehydrogenase acetate
screening, we can also through physical or chemical method of ADH activity
artificial intervention, let it produce higher activity strains, the success of the
experiment for high activity ethanol dehydrogenase research has a very important
role.

Due to the time limit and the limitations of some scientific research
conditions, there are still some deficiencies in this paper:

(1) The time of UV-mutagenesis can be further optimized;

(2) Conduct strain mutagenesis by plasma mutagenesis;

(2) The culture medium of ADH-producing Acetobacter can be further

optimized to further improve the efficiency and stability of enzyme production.
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Appendix A

The collected cells were separated
by an ultrasonic disruptor of
300watts ,3 seconds of ultrasound,
and an interval of 7 seconds

Assay tube Blank tube

Y

After adding reagent three ,

press the 15-cecond timer »

,mix well and put into the
instrument within 15 seconds

At 15
second, measure
Al and A3 at 340
nm while pressing

the Lmin timer

—]

Assay at 340 nm at
1min is measured
AZ and Ad

Figure 2.1. Enzyme activity determination of ADH

Figure 3.2. Growth of acetic acid bacteria
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Appendix B

Figure 3.3. Growth of acetic acid bacteria in sample B

Figure 3.5. Growth of acetic acid bacteria in alcohol-containing medium
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Appendix C

Figure 3.6. Single colony culture of acetic acid bacteria in samples of

vinegar fermented grains
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Figure 3.7. ADH enzyme activity of acetic acid bacteria in samples of

different vinegar fermented grains
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Figure 3.8. The ADH enzyme activity of acetic acid bacteria after mutagenic

treatment



