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ABSTRACT

In the rapid development of material economy in modern life, our demand for
new energy is also increasing. As the preferred raw material for the preparation of
fuel ethanol, lignocellulose provides a good idea to solve the current social problems
such as resource exhaustion, environmental pollution and greenhouse effect.
Saccharomyces cerevisiae has the characteristics of high sugar, high ethanol
tolerance, clear genetic background and high ethanol yield, making it the first choice
in lignocellulosic ethanol fermentation strain. The complex chemical structure of
lignocellulose prevents it from being directly used by microorganisms. Instead, it
needs to be pretreated and hydrolyzed to produce monosaccharides before it can be
used in fermentation production.

However, after pretreatment and hydrolysis of lignocellulose, in addition to
fermentable monosaccharides, a variety of small molecular compounds can be
produced to inhibit the growth and metabolism of microorganisms. Acetic acid is
one of the most typical small molecule inhibitors, which is highly contained in
lignocellulosic hydrolysate. It can directly cross the cell membrane through passive
transport, affect the physiological and biochemical reactions of cells, and inhibit cell
growth. Histone modification mainly occurs in lysine and serine residues of histones.
Common histone modification types include methylation, acetylation, ubiquitination,
and cassinization, etc., which can directly or indirectly affect physiological and
biochemical processes such as gene expression, DNA replication, DNA repair, etc.

In this experiment, we first constructed a mutant strain of histone H3K36, mutated



lysine (H3K36) at the 36th position of histone H3 into glutamine, and glutamine
residues could simulate the acetylation of histones, so as to detect the influence of
H3K36 simulated acetylation on acetic acid tolerance of Saccharomyces cerevisiae.
The final results showed that the growth of H3K36Q strain was consistent with that
of the wild strain without significant differences, and its acetic acid resistance was
not significantly improved compared with that of the wild strain. These results
indicated that H3K36 simulated acetylation did not affect acetic acid tolerance of
Saccharomyces cerevisiae.

The object of the work is H3K36-mutant Saccharomyces cerevisiae.

The subject of the work is influence of H3K36 simulated acetylation on acetic
acid tolerance of Saccharomyces cerevisiae.

The aim of the work is to study influence of H3K36 simulated acetylation on
acetic acid tolerance of Saccharomyces cerevisiae.

The tasks of the work are to construct a mutant strain of histone H3K36 and
to detect the influence of H3K36 simulated acetylation on acetic acid tolerance of
Saccharomyces cerevisiae.

Key words: Saccharomyces cerevisiae, point mutation, fuel ethanol, acid

resistance, H3K36
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INTRODUCTION

In modern life, where material development is rapid, our need for energy is
increasing. Brewer's yeast has a very important role in the production of ethanol
fermentation but is often affected by various factors during the fermentation process,
acetic acid produced during the hydrolysis of lignocellulose being one of these
factors that can have a negative impact on yeast fermentation. There are also issues
that need to be addressed regarding the inability of yeast to use xylose directly and
the resulting depletion of resources. This study focuses on further research to analyse
yeast resistance to acetic acid by point mutating histone sequences and thereby
obtaining yeast acetic acid resistance, the use of resources and the reduction of other
wastage due to contamination from phage !. It is of great practical importance as well
as strong scientific value.

Content: A brewer's yeast histone H3K36(Q point mutant strain was
constructed, cultured and then studied for the effect of the point mutation on yeast
acetic acid tolerance.

Technical route: Mutation is the basis of biological evolution, and with the
rapid developments achieved by human research on genes, for mutations can be
viewed as two types, spontaneous and induced mutations®. A gene in a histone of
brewer's yeast is induced to produce a mutation without deletion or insertion, and a
successful point mutation is made to phenotypically ferment and study yeast acetate

tolerance after the mutation.
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At the end of the experiment, the strain with the point mutation grew
significantly better than the control under the same conditions by shaking the flask
with acetic acid, and there was no major change in the fermentation week, indicating

that brewer's yeast acetic acid resistance was not related to the point position.

10
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CHAPTER I
INTRODUCTION

1.1 The industrial value of fuel ethanol

1.1.1 The need for ethanol to replace fossil fuels

Fossil fuels, also called ore fuels, are non-renewable mixtures of hydrocarbons
or derivatives of hydrocarbons that are combined together. Fossil fuels produce
energy in the process of combustion, thus providing power for production. However,
fossil fuels produce carbon dioxide during combustion, which contributes to the
greenhouse effect and global warming. In addition, the non-renewable nature of
fossil fuels puts mankind at risk of running out of resources. Therefore, the search
for a renewable, environmentally friendly, efficient, safe and economical energy
source has become a major goal for countries around the world?>.

Fuel ethanol, as an alternative to fossil fuels, has gradually developed into a
new green industry with a global annual production capacity of over 80 million
tonnes*. Ethanol is a safe energy source, and its renewable and low-emission
advantages have been widely studied at home and abroad®. A major problem in
bioethanol production is the availability of raw materials for production®.

At present, China's fuel ethanol is developing at a very fast pace and has
become the world's third largest producer and user of ethanol after the United States
and Brazil, and with the multiple contributions of the fuel ethanol industry in the
economy, society and the environment, the better use of ethanol has become a very

11
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important research direction. Fuel ethanol is based on lignocellulose as a fuel, it can
use agricultural household waste, solve some problems regarding environmental
pollution and at the same time reduce greenhouse gas emissions, the advantages of
all aspects indicate that fuel ethanol is the optimal alternative to oil’. Guiding the

economy towards green and low-carbon development?®.

1.1.2 Advantages of fuel ethanol production from lignocellulose

It was only after the outbreak of the first world oil crisis that attention began
to be paid to the production of bioethanol®. Today, the technology for ethanol
production from lignocellulose is becoming increasingly sophisticated, Therefore,
more and more research is focused on the degradation of wooden cellulose by
microorganisms, and researchers have constructed microorganisms with high
degradation capacity of wooden cellulose!®. Pre-treated!! brewer's yeast can be
manipulated by physical and chemical methods to disrupt the tight arrangement of
lignocellulose to a certain extent, increasing the effective contact area between the
enzyme and the substrate and thus improving the catalytic efficiency.

As the most well studied and widely used microorganism, the tolerance of
brewer's yeast as a chassis cell to inhibitors during lignocellulose hydrolysis has
become a hot topic. Fuel ethanol is now recognized as the most promising renewable
energy source, and brewer's yeast has a high ethanol tolerance and ethanol
fermentation capacity in fermentation for ethanol production '?. Decarboxylation

produces acetaldehyde and carbon dioxide, and finally acetaldehyde is used by the

12
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enzyme ethanol dehydrogenase to produce ethanol, a process known as the Crabtree
effect !>. Fuel ethanol can relieve the pressure of energy shortages and is
environmentally efficient, with low emissions, and can be used to improve people's
quality of life, providing food, clothing and shelter. Expanding the production and
use of fuel ethanol is becoming an inevitable trend!®. It is a low carbon alcohol with
excellent combustion characteristics and has the advantage of being highly

oxygenated, widely available and renewable, offering a wide range of applications'.

1.2 Brewer's yeast in lignocellulosic ethanol production

1.2.1 Current status of brewer's yeast

Brewer's yeast is an indispensable microorganism in human's daily life, and
has great use value in food fermentation and drinking beverages. Brewer's yeast is
already in use for industrial production!®.The global use of brewer's yeast
fermentation products of ethanol reached 99 billion L, China's production of about
9.2 billion L, the world's third, after the United States and Brazil !”. Brewer's yeast
1s an important microorganism for fuel ethanol production, people have a profound
history of research on brewer's yeast, and the utilization of brewer's yeast is very
efficient. The production of ethanol from lignocellulosic fermentation has received
much academic attention and the production of fuel ethanol can take a great deal of
pressure off the oil supply. The development of fuel ethanol is limited by the
presence of high levels of acid inhibitors in the lignocellulosic hydrolysate. This has

led to further exploration and research.
13
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1.2.2 Physiological properties of brewer's yeast

Brewer's yeast is a eukaryotic micro-organism that grows mainly in acidic
environments and is ovoid or spherical in shape, with a double-layered cell wall.
Brewer's yeast is a microorganism that is often used in the fermentation process and
has a very high tolerance and fermentation capacity, making it a beneficial
microorganism that is closely related to humans. Brewer's yeast is rich in nutrients
and contains a range of proteins, vitamins, dietary fibres and fats'®. Brewer's yeast
has a short metabolic cycle, is safe, reproduces quickly! and is easy to produce on
a large scale®®. Brewer's yeast has been the focus of much research and is used in
brewing, feed processing, food and drink?!, as well as in medicine and
pharmaceuticals®’. As a microorganism that has been utilised by humans since early
times, the culture conditions of brewer's yeast have been extensively studied,
including culture time, inoculum size, temperature and speed, with temperature
being an important factor in brewer's yeast fermentation?. Brewer's yeast can readily
produce ethanol from the fermentation of glucose in a process that involves two
major biological processes: the enzymatic involvement of glucose fermentation to
pyruvate and the degradation of pyruvate to ethanol. However, brewer's yeast lacks
access to xylose and can only use xylose isomers rather than xylose directly, and it
is clearly affected by acid inhibitors, so improving the acetic acid tolerance of

brewer's yeast has become a key research area.

14
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1.2.3 Advantages of brewer's yeast for lignocellulosic ethanol production

In recent years, the production of fuel ethanol from lignocellulose has become
a research hotspot in the development** and utilization of biomass resources®. With
increasingly sophisticated biotechnology, point mutation techniques are also
becoming more sophisticated. Brewer's yeast was the first eukaryotic cell to be fully
sequenced®®. Brewer's yeast has been most completely studied in molecular biology
and cell biology. At the same time, Saccharomyces cerevisiae has a good ethanol
tolerance to new products, which also makes it an excellent choice?’. Point mutation
of Saccharomyces cerevisiae spots to observe changes in their traits is a convenient
and safe method, and can greatly improve the utilisation of Saccharomyces
cerevisiae, making it less susceptible to external factors when cultured, shortening
the fermentation cycle and providing more environmentally friendly energy by

producing more fuel ethanol from fermentation.

1.3 The importance of improving the resistance of brewer's yeast

to acetic acid

1.3.1 Pretreatment of lignocellulose

In the industrial production of ethanol from lignocellulose, pretreatment is a
very important step. Due to the very tight internal arrangement of the lignocellulose,
the efficiency of enzyme catalysis is less than 20% and the process is very slow
without pretreatment. Therefore, pretreatment is essential in the brewer's yeast
fermentation process. In pretreatment, the tightly arranged structure of the

15
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lignocellulose can be disrupted by chemical reagents or pressure temperature?®,
resulting in a significant reduction in the degree of polymerisation's and crystallinity
and thus a larger contact area between enzyme and substrate, increasing the
enzymatic efficiency 2°. The main acid and alkali treatments are used in the chemical
pretreatment. Acid treatment is generally pretreated with dilute acid, taking into
account instrument corrosion and acid recovery. The average degree of
polymerisation of lignocellulose decreases with acid treatment and the reactivity is
strong, and acid treatment is the most commonly used pretreatment method. There
1s also steam blast treatment, where the material is placed in steam that is at high
temperature and pressure, and then the pressure is reduced to atmospheric pressure
for a very short period of time, thus achieving a pretreatment effect. Lignocellulosic
pretreatment needs to be selected depending on the material. Today there are
multiple research methods for lignocellulosic pretreatment, but each method has its
own advantages and disadvantages, so it is necessary to choose the method that suits

the intended material.

1.3.2 Effect of acidic inhibitors on brewer's yeast

Although the cell growth of brewer's yeast is inhibited in an acidic

t30

environment™”, when fewer sugars are available, brewer's yeast metabolises acetic

acid to acetyl coenzyme A in the medium, thus providing more energy and
metabolites through the tricarboxylic acid cycle®!. And these acids can inhibit the

t32

growth of weedy bacteria to some extent’”. However, at too low a pH, acetic acid

16
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inhibits the metabolism of brewer's yeast, resulting in a longer fermentation cycle.
Brewer's yeast plays an important role in the production of ethanol fermentation, but
is often affected by various factors during fermentation®’, one of which is the
production of acetic acid during the hydrolysis of lignocellulose, which can
adversely affect yeast fermentation. Acid inhibitors are usually divided into
inorganic and organic acids, and acid inhibitors are also divided into strong and weak
acidity in aqueous solutions*, and the acid resistance of yeast is divided into several
categories. Both formic acid and acetic acid are weak electrolytes and both affect the

fermentation process of brewing yeast.

1.3.3 Means of improving acetic acid tolerance in brewer's yeast

Acetic acid is a simple monocarboxylic acid and an organic weak acid that
has relatively strong antibacterial properties and is often used as a preservative to
inhibit the growth of miscellaneous bacteria in various fields such as the food
industry. During the fermentation of acetic acid by brewer's yeast, high
concentrations of acetic acid have a strong inhibitory effect on the production of

135

ethanol””. Under certain conditions, acetic acid can also lead to programmed death

t36. Current research still does not have a characterisation

or ageing of brewer's yeas
of the development of acetic acid resistance in brewer's yeast, but some studies have
shown that brewer's yeast may be able to enhance acetic acid tolerance through

single gene overexpression or knockout techniques. In addition, the mechanism of

acetic acid toxicity refers to the accumulation of acetic acid due to the breakdown of

17
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acetic acid by lignocellulose, followed by intracellular diffusion, and the inhibition
caused by acetic acid differs from that caused by simply lowering pH with acid?’,
with the inhibition caused by organic weak acids such as acetic acid having a greater
impact. It has been shown that acetic acid inhibits the use of sugars by brewer's
yeast®®, thereby inhibiting brewer's yeast fermentation. All of these studies suggest

that there is still much room for development of yeast acetic acid tolerance studies.

1.4 Overview of research on histone modifications

1.4.1 Concepts of epigenetics and histone modifications

Epigenetics is a rapidly developing discipline in the life sciences in recent
years. Epigenetics is the phenomenon whereby gene expression and expression
patterns occur in an organism that can be passed on to offspring while the gene
sequence remains unchanged. It is primarily the way in which gene expression and
cell survival patterns are affected by modulating the external environment of genes,
and these effects may result in certain genes showing different expression patterns
in different cells or tissues, resulting in different cell types and characteristics. Such
alterations are largely based on the interaction between external environmental
changes and internal genetic information and can be passed on to offspring through
mitosis or meiosis. Epigenetics and traditional genetics are closely related and
interact with each other to form the genetic traits of the offspring. This type of
research is involved in microbial and plant and animal growth and development,

crop risk resistance levels, disease defence and more. Histone octamers are
18
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composed of four classes of two molecules of each histone proteins®. Histones are
the main structural proteins of chromosomes and can be classified according to the
nature of gel electrophoresis into HI, H2A, H2B, H3 and H4. The H3 and H4
proteins are evolutionarily extremely conserved*, for example, the H3 of bovine
thymus differs by only four amino acids compared to the H3 amino acid sequence
of pea*!, and play a crucial role in the structure of nucleosomes. Current studies on
histone H3 have focused on post-translational modifications such as methylation,
acetylation, phosphorylation and glycosylation*?, which are closely related to DNA
replication and DNA repair®®, and such modifications occupy a very important
position in genetics. These modifications interact with each other to form a complex
system called the histone code*. In addition, the sequence-induced mutations in
brewer's yeast, which cause changes in the intensity of tolerance to acetic acid,

provide some value for subsequent studies of various types of brewer's yeast.

1.4.2 Effect of histone modification on the physiological metabolism of

brewer's yeast

Epigenetics is the branch of genetics that can be genetically altered by genes.
Histones play a very large role post-translationally and more than 60 amino acid
residues have been detected to undergo modifications®. The modifications mainly
include methylation, acetylation, ADP glycosylation, phosphorylation, and
ubiquitination*®, Under the action of a range of enzymes, these modification sites
can interact with corresponding biochemical moieties and are thus covalently

modified*’.Such a variety of modifications can exhibit a greater variety of regulatory
19
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information, thus creating a greater number of histone codes. Multiple modifications
can also be carried out simultaneously, resulting in the expression of a variety of
traits. University professor V. Allfrey first isolated histones by chromatographic
separation and then determined the degree of histone acetylation modification by
radioactivity assay, and finally found extensive acetylation of histones H3 and H4%,
Histone H3 is the most modified histone, and this modification plays an important
role in balancing transcriptional output®.The correlations between the modifying
effects of histones in yeast are not only linear but also non-linear’’, and the
correlations between groups of modifications are stronger. The post-translational
regulation of histone modifications at the transcriptional level plays a crucial role,
and it is also important to use the study of histone modifications in brewer's yeast to

better identify the role of growth in the environment.

1.5 Purpose of the experiment

This article focuses on the construction of a histone H3K36Q point mutant
strain using strain PSPZ001 as a vector with transfer fragment and plasmid, and a
series of experimental operations including PCR amplification, yeast transformation,
Ura dropout, DNA purification and phenotypic fermentation using template S288C
as a template, the determination of its growth curve, the analysis of the growth cycle
of the point mutant brewer's yeast compared to the control, and thus the analysis of

the degree of acetic acid resistance in brewer's yeast.

20
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Summary of the chapter I

1. Lignocellulosic production of ethanol is very important,.Ethanol can be
used as a green energy source.

2. Brewer's yeast is very well established in culture and propagation
techniques and is very advantageous in the production of ethanol from
lignocellulose.

3. The hydrolysis of lignocellulose produces acids which are inhibited by
brewer's yeast and it is important to develop acid resistance in brewer's yeast.

4.  Point mutations in histones can make a difference in brewer's yeast

acetate resistance

21
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CHAPTER 11
EXPERIMENTAL MATERIALS

2.1 Experimental apparatus

EP tubes, ultra clean table, pipette gun, ventilated kitchen, glass beads, vortex
mixer, centrifuge, centrifuge tubes, PCR instrument, PCR tubes, agarose gel
electrophoresis instrument, gel imager, electrophoresis gel observer, microwave
oven, constant temperature water bath, autoclave, pH meter, temperature-controlled

shaker, constant temperature incubator, spectrophotometer.

2.2 Plasmids and strains
Strain;: BSPZ001

Stencil: S288C

2.3 Primers’

The list of primers is shown in Table 1.

Table 1

List of primers used in study

51%% 5195

P1 GGAGCCATTTGTTAATATACCG
Ura CTTGACTGATTTTTCCATGG
Ura-2 CCCTTCCCTTTGCAAATAG

22
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Continuing of table 1

P3 CTTGGTACTAATTCCGGAAG

P4 GTGGTGGATTTTGGAAGG

P6 CTGGAGTAATTTTGAGATTGCGC
P8 GGGGAGATATACCGTAGCAG

2.4 Medium configuration

(1) 5-Fluoroorotic acid medium: Add 0.4g of 5-Fluoroorotic acid and 200ml
of distilled water at 50°C to a wide mouth flask. Conduct a water bath to heat it up
to melt it.

(2) LB liquid medium: 1% peptone, 0.5% yeast powder, 1% sodium
chloride.

(3) YEPD liquid medium: 2% peptone, 1% yeast powder, 2% glucose plus
2% agar (solid medium).

(4) Yeast complete synthesis medium (SC): Yeast basic short source (YNS)
1.7g/L, ammonium sulphate 5g/L., CSM-URA 0.77g/supplement plus uracil to a
final concentration of 20mg/L.

(5) Complete synthesis medium for uracil deficiency (SC-URA): yeast basic
nitrogen source (YNB) 1.7g/L, ammonium sulphate 5g/L, CSM-URA 0.77g/L,
plus 2% agar.

After configuration of the medium adjust the pH, using a pH meter. YEPD

medium was adjusted with HCI, others with NaOH, pH adjusted to 6.0-6.5.

23



Sterilised at 115°C for 30min.

Summary of the Chapter 11
1. The use of experimental equipment in the course of experiments
1S very rigorous.

2. Materials, strains and media must be selected accurately

24
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CHAPTER III
EXPERIMENTAL METHODS

3.1 Extracting the genome of yeast

1) Take ten EP tubes and add 200 ul of DNA extraction solution to each.

2) After sterilisation, transfer to an ultra-clean table and transfer the ten
bacteria into the EP tubes with the tip of a pipette, mixing the colonies with the
DNA extraction solution.

3) Add 0.4g of glass beads and place them in a ventilated kitchen for Smin.

4) Take the DNA extract 2 and add 200uL of the lower clear solution to each
of the EP tubes, taking care to protect it from light.

5) Place in a vortex mixer, level off and then start the work, and remove after
90s.

6) At the end of the process, the centrifuge is replaced, the leveling is started
and centrifuged at 1300r for 10min.

7) At the end of centrifugation there is a white shell of dead cells in the
middle layer, aspirate the supernatant with a pipette and transfer to a new EP tube
with 1 ml of anhydrous ethanol, turn upside down and leave to stand.

8) The tubes were loaded into a centrifuge and leveled and centrifuged at
1300 r for 10 min. After centrifugation, the liquid was poured into a waste jar and

dried, followed by the addition of 35 pL of dd water and mixed and stored.

25
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3.2 Yeast PCR amplification

1) Prepare 4 EP tubes and place a single colony in each one, add 50uL
NaOH and mix well with the single colony.

2) Fix the EP tubes in the float and place them in a boiling water bath for 10
min.

3) After removal from the water bath, leave to stand until room temperature
and centrifuge at 6000r for 1min in a leveling machine, at the end of which the
supernatant is aspirated.

4) After removing the supernatant, the enzyme 1 pL. KOD, 5 pLBuffer, 1.5
uL primer, 31 pL ddH20, 2 pL ANTP, 2.5 pL. LGSO4, 2.5 uL. DMSO were added

simultaneously to the PCR instrument for the on-board reaction.

3.3 Agarose gel electrophoresis

1) Firstly, prepare the gel in a triangular flask by weighing 0.2 g of agarose
and adding 25 ml of 1 x TAEBuf buffer.

2) Then melt in a microwave oven, bring to a boil and repeat three times,
shake well until the gel is clear and free of impurities.

3) Shake well and add 2.5 uL of nucleic acid dye and mix well.

4) The comb is fitted correctly and the glue is poured evenly into the glue
plate and left to set for 20min.

5) When the gel is completely solidified, transfer the gel bath with the gel in
it to the electrophoresis bath and add 1xTAEBuf buffer to submerge the gel plate.

6) Mix 2uL of 10xDANIloading Buffer with the DNA sample to be tested,
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and then use a pipette gun to evenly punch it into the sample wells along the edge
of the gel wells, trying not to break the loop of gel and being fast, while pointing
Marker DNA in the first well.

7) Connect the positive and negative poles to the electrophoresis tank and
the electrophoresis instrument, turn on the power, set the time and voltage and start
electrophoresis running.

8) After electrophoresis, remove the gel with gloves and transfer the gel to

the gel imager to observe the results.

3.4 Purification of DNA

1) The gel containing the target fragment is cut out and transferred to an EP
tube. The total weight is weighed on a balance and the Binding Buffer is added
until the concentration reaches 0.1 mg/pL.

2) Place the EP tube in a water bath at 60°C. Turn the tube upside down
every 2 min to dissolve the gel more rapidly until it is completely dissolved, then
add the entire solution to the column.

3) Place in a centrifuge at 10,000r for 1min, discard the supernatant and
repeat.

4) Add 300 pL of the binding buffer, level again in a centrifuge at 10,000 r
and centrifuge for 1 min, discard the supernatant.

5) Add 700 uLL Wash Buffer, level and centrifuge at 10,000 r for 1 min and

repeat once.
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6) Transfer the adsorbent column to a new EP tube and leave to stand for
2min.

7) Add 35uL ddH2O to the central band, level and centrifuge at 12,000r for

Imin, discard the supernatant, then centrifuge again to obtain purified DNA.

3.5 Yeast transformation

1) Culture colonies for 12h, select yeast spots to be coated on plates and add
fresh culture solution for 6h.

2) Transfer the yeast solution into a centrifuge tube, level in a centrifuge and
centrifuge at 4000r for 2min, with the yeast centrifuged underneath the liquid.

3) Wash in water in an ultra clean table, discard the medium, add 5ml of dd
water for internal use, level in a centrifuge and centrifuge at 4000r set for 2min.

4) After centrifugation the supernatant is removed and the dd water used is
diluted tenfold.

5) Suspend with ImL of 0.1M mol/L LiAc, dispense in an EP tube, mark
with the bacterium number, level the EP tube in the centrifuge and centrifuge at
5000r for 1min.

6) Remove the supernatant with a pipette and add 240ul PEG and 36ul 1.0M
mol/L LiAC.

7) Remove -25°C fish sperm DNA (ssDNA) in the fridge into boiling water
for Smin and wait for it to cool in the water.

8) Transform PCR product fragment at -4°C, transfer to the bottom of an EP
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tube and label.

9) Add 3.5ul of fish sperm DNA and mix in a vortexer until evenly
distributed.

10) Incubate in a water bath at 30°C for 30min. then in a hot water bath at
42°C for 25min.

11) Transfer to a centrifuge for leveling and centrifuge at 5000r for 1min.

12) Remove the supernatant and coat the plates in SC-Ura-Nat.

13) After coating the plates are placed in a thermostatic incubator at 30°C to

grow single colonies.

3.6 E. coli transformation

1) Place the sensory cell chamber on ice for 3 min, add 1 pL of plasmid to it
and leave it on ice for 30 min.

2) Place in water at 42°C for 90 s and place on ice for another 3 min.

3) Add 1 pL of LB culture medium to it and transfer to a constant
temperature incubator at 37°C for 1h.

4) At the end of the incubation the plates are coated (LB+100uLAmpicillin).

5) Afterwards place in incubator at 37°C and incubate for 24h.

6) After the growth of single colonies, a number of bacteria were picked out

for verification.
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3.7 Extraction of plasmids

1) Pick out a single colony and place it in SmLLB+Amp medium and
incubate at 37°C for 12-16 h at 200rmp.

2) Transfer the cultured bacteria into an EP tube, level it in a centrifuge,
centrifuge at 12000r for 1min, discard the supernatant and collect all the bacteria.

3) Add 250 pL of Solution I (RNase I was added in advance and stored at
4°C 1n the refrigerator) and shake repeatedly to suspend the bacteria in the liquid.

4) Add 250 pL of Solution II to the solution and invert up and down several
times (8-10 times) until the liquid becomes clear.

5) Add 350 pL of Solution III and invert up and down several times until a
flocculent precipitate appears, centrifuge at 12000 rmp for 5 min.

6) Transfer the supernatant obtained after centrifugation to the collection
tube of the adsorbed plasmid using a pipette, centrifuge at 12000 rmp for 1 min
and discard the clear liquid in the collection tube.

7) Add 500 pL of Buffer HBC to this and centrifuge at 12000r for 1min.

8) Add 600 uL of DNA Wash Buffer, centrifuge at 12,000 r for 1 min and
discard the clear solution from the collection tube, repeat at the end.

9) Continue centrifuging at 12,000r for 2min in the centrifuge.

10) Open the cap and leave the tube for Smin while maintaining the room
temperature until the ethanol has evaporated completely.

11) Add 600puL of sterile water, leave for 2min, centrifuge at 12000r for
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Imin, discard the supernatant, add sterile water and centrifuge again at 12000r for
I min.

12) Finally, check the concentration of the plasmid.

3.8 Shaker fermentation
The brewer's yeast is transferred to a triangular flask containing the culture
solution, placed in a shaker and fermented by shaking incubation in a shaker at a

constant temperature of 30°C and incubated overnight.

3.9 5-Foa Discard Ura

3.9.1 Configuring the culture medium

Prepare the following media:

1 x 5-fluoroorotic acid medium, 1 x YEPD liquid medium, 1 x 200mL yeast
complete synthesis medium (SC), 3 x 1L uracil-deficient complete synthesis
medium (SC-URA), 1 x 400mL uracil-deficient complete synthesis medium (SC-

URA).

3.9.2 Culture media

1) Start by adding 20mL of glucose to the YEPD medium.

2) Take 50mL of YEPD and add 100uL of antibiotics, shake about 20 times
against.

3) Pour 25mL of SC-Ura-N into each of the two media, shake slightly, and
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allow to dry.

4) Add another 250mL of EPD to 12.5mL of glucose and also add 500uL of
antibiotics.

5) Pour one medium for every 25mL.

6) Allow to dry for 15min.

3.9.3 Picking out bacteria

Divide 16 compartments on each 5-Foa medium and paint four areas of the
cultured colonies, with the outer circle delineated as a rectangle and the inner circle
delineated as a triangle. After coating, place all the media in a 30°C incubator and

incubate for 1 day.

3.9.4 Cell breaking

1) Implant the yeast into 100 ml and 200 ml of NaOH with 16 YEPD and 44
SC-Ura-N respectively.

2) Mix the mixture well.

3) After mixing, boil in a water bath for 10 min and leave at room
temperature until room temperature.

4) After leveling in a centrifuge, centrifuge at 6000r for 1min.

Half of the cultured bacteria are coated, transferred to an EP tube and placed
in a boiling pot for 10min.

5-FOA was transferred to a microwave oven to melt, cooled to about 50°C

and transferred to an ultra clean table for extraction. Subsequently, 8ml of bacteria
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were inoculated with YPD, shaken for 15h and then the 5-FOA was coated on the

plate and colonies without Ura grew.

3.10 Measurement of growth curves

1) Do a pre-test by transferring the bacteria to an ultra-clean table that has
been irradiated with UV light.

2) Adjust the concentration of the bacteria to be tested to 0.195-0.199Abs.

3) Divide the bacterial solution into 4 bottles and add 3.6g/mL, 3.8g/mL,
4.0g/mL and 4.2g/mL of acetic acid respectively.

4) Design a control solution of the same environment without acetic acid.

5) Transfer the brewer's yeast to a centrifuge and centrifuge at 4000r for
2min.

6) Measure the yeast concentration with a spectrophotometer and record at
six hourly intervals.

7) After each measurement, transfer the triangular flask containing the yeast
solution to a shaker to continue the proliferation.

8) Select the most appropriate concentration and design three parallel
experiments to record the data.

9) Draw a growth curve of the yeast concentration after spotting.
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Summary of the Chapter III

1. Each experimental step must be completed in an orderly manner.

2. The materials and instruments used in the experimental procedures need
to be precise.

3. Each small step must be completed within the time limit and reagents
and strains must be used appropriately to ensure that each step of the experiment is

correct
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CHAPTER 1V
RESULTS AND ANALYSIS

4.1 H3K36Q point mutant construction scheme

4.1.1 H3K36Q point mutant construction process

Among chromatin modifications, lysine (Lys, K) modification is a common
one and is essential for DNA replication, DNA repair, transcription and translation
in living organisms. However, in the fermentation of brewer's yeast, the yeast is
always exposed to acidic inhibitors such as acetic acid, which prolong the
fermentation cycle. In order to improve the fermentation efficiency of
Saccharomyces cerevisiae, the lysine at position 36 on histone H3 was modified with
a point mutation to glutamine (Gln, Q) and then the mutated fragment was
introduced into strain BSPZ001. The histone H3K36 point mutant strain of

BSPZ001 was constructed as follows (Figure 4.1, Appendix A).

4.1.2 Amplification and transformation of DNA fragments

The HHT2 sequence of histone H3 was located and the HHT2 gene, which
had been subjected to the H3K36 point mutation, was amplified by polymerase chain
reaction PCR using primers P1 and P4, and the PCR product was subsequently
removed for agarose gel electrophoresis (Figure 4.2, Appendix A).

The bands were observed in an electrophoresis gel viewer, using Marker

DL5000 as a control, and bright bands were obtained, similar to the predicted length.
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The gels were cut under UV light and placed in EP tubes, which were stored at -4°C.

4.1.3 Identification of positive clones using PCR

The gene for HHT?2 containing the histone mutation in the recovered gum was
transferred into strain BSPZ001 using PEG lithium acetate and the positive clone
was screened by SC-Ura-N plates (Figure 4.3, Appendix B).

Rounded single colonies were selected on this SC-Ura-N plate.

These screened positive clones were painted on the SC-Ura-N and colonies
were grown on the scribed lines (Figure 4.4, Appendix B). DNA from the scribed
colonies was extracted and PCR amplification was performed using P6/Ura-2 and
P8/Ura-3 as primers and the amplification products were used for gel electrophoresis,
with MarkerDL5000 as control, yielding bright DNA bands of similar length to the
predicted DNA, indicating that BSPZ001 had been transferred into the point mutant

gene.

4.1.4 Screening for Ura-deficient histone mutant strains

Histone strains carrying the point mutation gene were coated onto plates of 5-
FoA (Figure 4.5, Appendix C) for screening, and point mutant histone strains with
loss of the Ura gene could be screened by the ability of 5-FoA to kill strains that
synthesise uracil.

To determine this further, DNA was extracted from the strain and PCR
amplified, and the amplified product was subjected to agarose gel electrophoresis

(Figure 4.6, Appendix C), which under UV light showed that the DNA was a
36



37

segment less than its previous length, demonstrating that the mutant strain had lost

Ura.

4.2 Acetic acid tolerance assay for the H3K36Q point mutant

4.2.1 Determination of the growth curve of the strain

In order to determine the acetic acid resistance of the point mutated brewer's
yeast, the group needed to first measure the growth curve of the brewer's yeast in an
acetic acid-free environment. The two types of brewer's yeast, spot mutated and
unspot mutated, were first measured to form a control and propagated by pill bottle
fermentation in a medium containing glucose and the growth curve was plotted as
shown in (Figure 7).

The colonies were in the adjustment period in the first 4h and in the
logarithmic growth period from 4 to 15h. There was no major difference in the rate
between the punctured strain and the control, and after 15h the growth of the colonies
was in the stable period without major changes, and the amount of punctured bacteria
was slightly smaller than that of the control. Figure 4.7 (Appendix D) shows that
histone H3K36Q point mutated Saccharomyces cerevisiae did not differ
significantly from unpoint mutated Saccharomyces cerevisiae in the rate of

multiplication in glucose-containing media.

4.2.2 Growth curve to detect acetic acid tolerance of the strain

The point mutated and unpoint mutated brewer's yeast were re-extracted and
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transferred to a medium containing glucose and 3.8 g/L acetic acid to form a control.
They were placed in a shaker for fermentation and growth curves were plotted as
shown in (Figure 4.8, Appendix D).

The colonies without point mutation were in the adjustment period for the first
12h and grew exponentially after 12h; the colonies with point mutation were in the
adjustment period for 24h and grew exponentially after 24h. Comparing the results
of the two sets of experimental data showed that the brewer's yeast histone H3K36Q
point mutation did not significantly enhance resistance to acetic acid compared to

wild brewer's yeast.

Summary of the Chapter IV

1. First construct the H3K36Q point mutant strain and verify the full length,
and within this process design primers to form the point mutant strain.

2. The mutated genes were transformed and amplified and then screened
for positive clones using PCR techniques.

3. The strains were genetically discarded from Ura and screened, and the
screened strains were used for.

4. The mutated strains were cultured and the growth curves in glucose,

glucose and acetic acid were recorded at regular intervals
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CONCLUSION

1. Acetylation modification of the H3K36 site in Saccharomyces cerevisiae
in order to reduce the inhibitory effect of acetic acid produced by lignocellulose
hydrolysis on the reproduction of Saccharomyces cerevisiae.

2. We successfully obtained the histone H3K36Q point mutation strain
BSPZ001 by inserting a fragment of the H3K36Q point mutation gene of strain
S288C into the genome of strain BSPZ001 by PCR, and constructed brewer's yeast
that may have acetic acid resistance.

3. Inthe measured growth curves, we found that the growth rate of the point
mutant Saccharomyces cerevisiae did not differ significantly from that of the wild
type in glucose; in an environment with 3.8 g/L of acetic acid and glucose, the
growth rate of the point mutant Saccharomyces cerevisiae did not increase
significantly from that of the control wild type strain.

4. This result indicates that modification of the histone H3K36 locus has
little effect on the acetic acid resistance of Saccharomyces cerevisiae and provides
an experimental basis for further research into the mechanisms that increase the

growth rate of Saccharomyces cerevisiae.
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Appendix A
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Figure 4.1 Obtaining BSPZ001 strains with histone point mutations

M12 3 4

Figure 4.2 Electropherogram of PCR products, M: Marker
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Appendix B

Figure 4.3 Transformed positive clone of H3K36Q yeast

Figure 4.4 Delineation of positive clone DNA purification
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Appendix C

Figure 4.6 Agarose gel electrophoresis

51



52

Appendix D
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Figure 4.7 Brewer's yeast growth curve WT: Control

SC-Ura+G+3.8g/L. Acetic acid
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Figure.4.8 Brewer's yeast growth curve in acetic acid environment
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