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SUMMARY 

 

Ruyun Fan. Analysis of the effect of ATG34 gene overexpression on acetic 

acid tolerance of Saccharomyces cerevisiae – Manuscript.  

Qualification thesis on the specialty 162 «Biotechnology and 

Bioengineering». – Kyiv National University of Technologies and Design, Kyiv, 

2024.  

At present, global energy security continues to face threats, in order to ensure 

sustainable energy and improve energy efficiency, to alleviate global warming, the 

transformation from traditional fossil fuels to clean energy has been vigorously 

promoted. The second generation of fuel ethanol is derived from lignocellulosic 

biomass by microbial fermentation, which has the advantages of low cost, 

renewable and environmental protection. Lignocellulose is composed of 

hemicellulose, cellulose and lignin. Its complex structure can not be directly utilized 

by microorganisms, so it needs to undergo pretreatment and hydrolysis process to 

generate fermentable monosaccharides before they can be utilized by 

microorganisms. However, lignocellulose produces a large number of small 

molecule compounds during the pretreatment process, which inhibits the 

fermentation process of microorganisms. Among them, acetic acid is a common 

inhibitor in a variety of lignocellulosic biomass hydrolytic components, which 

inhibits the growth and metabolism of yeast cells during fermentation, leading to 

ATP starvation and oxidative stress, which in turn leads to poor production of 

lignocellulosic biomass fuels and chemicals. Therefore, the acetic acid tolerance of 

microorganisms will directly affect the production efficiency of second-generation 

ethanol from lignocellulose. Saccharomyces cerevisiae is the preferred strain for 

producing second-generation ethanol because of its high sugar, high ethanol and low 

pH tolerance. However, the bacteria had a weak tolerance to small molecule 

inhibitors produced during lignocellulosic pretreatment. A histone point mutant with 

high acetic acid tolerance was screened in the previous laboratory work. 



 

 

  

Transcriptome sequencing analysis showed that the expression level of ATG34 gene 

in the histone point mutant was significantly increased. In order to verify the effect 

of ATG34 gene on acetic acid tolerance of strains, we overexpressed the ATG34 

gene of the parent strains, and found that the acetic acid tolerance of strains 

overexpressed by ATG34 was significantly improved through the growth curve. The 

results provided an effective reference for the construction of the second generation 

ethanol production strains with high acetic acid tolerance. 

Key words: Saccharomyces cerevisiae; Acetic acid tolerance; Histone 

modification; Second generation fuel ethanol; Transcriptome analysis  
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INTRODUCTION  

 

The relevance of the topic is at a time when global energy security continues 

to face threats, the transition from traditional fossil fuels to clean energy has been 

vigorously promoted in order to mitigate global warming, ensure energy 

sustainability and improve energy efficiency. Due to the limitations of natural 

geographical conditions, renewable energy is still in its infancy, and there are 

fluctuations and instability, which increases the supply pressure. Therefore, in the 

short and medium term, the world is still difficult to get rid of its dependence on 

fossil energy. In this context, the second-generation fuel ethanol as a new type of 

clean energy has been vigorously promoted. 

The purpose of the study is the overexpression of ATG34 gene by gene 

editing to improve acetic acid tolerance of saccharomyces cerevisiae. Due to the 

pretreatment of lignocellulose, some inhibitory components are generally formed 

that hinder the development of microorganisms. Acetic acid is the main toxic by-

product, which has a strong effect on inhibiting the growth and metabolism of yeast 

cells during lignocellulosic fermentation. Inhibiting the growth of saccharomyces 

cerevisiae leads to ATP starvation and oxidative stress, which leads to poor 

production of lignocellulosic biomass fuels and chemicals, as well as accumulation 

of ROS, which leads to oxidative damage. Therefore, to study the molecular 

mechanism of acetic acid tolerance of saccharomyces cerevisiae, it is helpful to 

improve the fermentation performance and save the energy required for 

fermentation through gene editing. 

The objectives of the study is Analysis of the effect of ATG34 gene 

overexpression on acetic acid tolerance of Saccharomyces cerevisiae. 

The object of the study is Saccharomyces cerevisiae.Saccharomyces 

cerevisiae is the most frequently used and widely used strain in yeast. Guided by 

human activities and after long-term domestication and adaptation, Saccharomyces 

cerevisiae has obtained unique genetic characteristics related to alcohol fermentation, 



 

 

  

and has been widely used in renewable biomass, especially in the production of 

second-generation fuel ethanol from lignocellulose. 

The subject of the study is ATG34 gene and Saccharomyces cerevisiae 

Research methods is 1. gene overexpression: The target gene is cloned into 

the corresponding plasmid or viral vector, and a large number of genes can be 

transcribed and translated under artificially controlled conditions by using 

regulatory elements constructed on the vector skeleton, so as to achieve the 

overexpression of the target gene. 

2. Primer design principles: 

1 Primers are specific in the conserved region of DNA sequence 

2 The length of the primer is generally between 15-30 bases 

3 The GC content is between 40%-60%, and the amplified fragment is 

preferably between 40%-60% GC content, which is easier to expand; Primer Tm 

value range is 55-65℃, upstream and downstream primer Tm value should not be 

too different, it is best not to exceed 5 degrees. 

4 The 3 'end of the primer can not choose A, it is better to choose T 

The base should be randomly distributed, especially the 3 'end should not 

exceed 3 consecutive G or C 

There should be no complementary sequence between the primers themselves 

and primers to prevent the formation of hairpin structures 

3. Drug resistance screening: Using the difference in cell sensitivity to drugs 

to screen fusion cells. In this experiment, the medium containing ampicillin was 

used to screen Escherichia coli to obtain the Escherichia coli successfully introduced 

by the plasmid. 

The scientific novelty the tolerance of Saccharomyces cerevisiae to acetic 

acid is extremely urgent in industrial production  

The practical significance of the results obtained is Overexpression of 

ATG34 gene can improve the tolerance of Saccharomyces cerevisiae to acetic acid 
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CHAPTER 1  

LITRATURE REVVIEW 

 

1.1 Industrial value of lignocellulose conversion to fuel ethanol  

Currently, global energy security continues to be under threat, and clean 

energy transformation as well as market development has been specifically 

introduced to ensure energy sustainability and increase energy utilisation to 

mitigate global warming. Although clean energy has grown rapidly, it is still 

unable to meet global energy demand. Fossil fuels still occupy the top spot in the 

global energy supply ranking, with oil being the most consumed. Renewable 

energy is still in its infancy and is subject to volatility and instability due to 

physical and geographic constraints, adding to the pressure on supply. Therefore, 

in the short to medium term, it is still difficult for the world to get rid of its 

dependence on fossil energy [1]. Against this background, ethanol, a very good new 

clean energy source, comes into view. 

Ethanol is a renewable energy source, not only an excellent fuel, but also an 

excellent fuel product additive. As an excellent property of fuel, ethanol is 

excellent in oxygenation and can be used as an oxygenator for gasoline to increase 

its internal oxygen content and promote fuller combustion, thus achieving the dual 

goals of energy saving and environmental protection. Ethanol can cost-effectively 

reduce aromatic and olefin content, thereby reducing refinery modification costs to 

comply with new gasoline standards. Bioethanol is ethanol obtained from biomass 

through biofermentation and other means. Bioethanol for automotive use can be 

manufactured by blending denatured bioethanol with gasoline in a certain ratio. 

Two of the second generation fuel ethanol production technologies, first generation 

and second generation, are more widely used [2]. 

In recent years, due to the volatility of oil prices, fuel ethanol consumption 

growth has accelerated. China's fuel ethanol industry started late, but it is 

developing rapidly, and fuel ethanol has broad prospects in China. With the further 



 

 

  

increase of domestic oil demand, the energy supply diversification strategy 

represented by alternative energy such as ethanol has become a direction of China's 

energy policy. China has become the world's third largest biofuel ethanol producer 

and application country after Brazil and the United States. The National 

Development and Reform Commission issued the Guiding Opinions on Promoting 

the Healthy Development of the Corn Deep Processing Industry, requiring that no 

new fuel ethanol projects with corn as the main raw material should be built, and 

vigorously encouraging the development of fuel ethanol with non-food crops as 

raw materials. Fuel ethanol has moved towards the road of non-food ethanol 

development, and has been rapidly developed. 

Fuel ethanol has clean, renewable and other characteristics, which can 

reduce carbon monoxide and hydrocarbon emissions in vehicle exhaust. In the 

future, the focus of China's fuel ethanol industry is to reduce production costs, 

reduce government subsidies, to develop biofuel ethanol production process 

consumption control standards, and product quality technical standards, unified 

fuel ethanol production consumption quota standards, including material 

consumption, water consumption, energy consumption, etc., is a powerful means to 

reduce costs and increase efficiency. 

There are mainly two kinds of fuel ethanol production technology: the first 

generation and the second generation. The first generation of fuel ethanol 

technology is based on sugar and starch crops as raw materials to produce ethanol. 

The process is generally divided into five stages, namely liquefaction, 

saccharification, fermentation, distillation and dehydration. The second generation 

of fuel ethanol technology uses wood fiber quality as raw material to produce 

ethanol. Compared with the first generation technology, the second generation fuel 

ethanol technology first needs to be pre-treated, that is, to remove lignin, increase 

the porosity of raw materials to increase the contact between various enzymes and 

cellulose, and improve the efficiency of enzymes. After the raw material is 



 

 

  

decomposed into fermentable sugars, it goes into fermentation, distillation and 

dehydration. 

 

1.1.1 Defects of first generation fuel ethanol 

Fermentation of first-generation bioethanol uses sugar or starch as feedstock, 

and the grains are first dry milled, i.e., they are ground and liquefied. This is 

followed by hydrolysis or saccharification, which breaks down the sugar (e.g. 

glucose) into monomers. Finally, the sugar monomers are converted into carbon 

dioxide and ethanol by yeast fermentation. Once fermentation is complete, the 

fermentation broth is distilled to purify the ethanol, which is then dehydrated to 

over 99.7% for use as a fuel. This process has been in industrial practice for 

decades and has low technical, feedstock and market risks. However, there is an 

ethical controversy arising from the use of potential human food as a feedstock, the 

so-called "food versus fuel" debate, with a wide divergence of views[3]. Therefore, 

although the first generation of bioethanol technology in the market has certain 

advantages but can not stop the rise of second-generation fuel ethanol. 

1.1.2 Second Generation Fuel Ethanol 

In response to the above problems as well as increasing global energy 

demand, greenhouse gas emissions and climate change, second generation biofuel 

ethanol production from lignocellulosic biomass in the form of organic residues 

has been introduced in search of sustainable, environmentally friendly, renewable 

and economically sustainable alternative energy sources [4]. On the other hand, 

large-scale production can apportion and reduce the unit cost, and given the limited 

global resources of starch and sucrose, it has become inevitable that the feedstock 

of fuel ethanol will expand from food to non-food feedstocks when scaling up the 

production. Second-generation ethanol based on lignocellulosic feedstock has 

made technological breakthroughs in pretreatment, enzymatic digestion and 

pentose/hexose co-fermentation, and has entered the industrial demonstration stage 

[5]. 



 

 

  

Second-generation fuel ethanol utilises lignocellulose - mostly biowaste such 

as straw and domestic waste. Lignocellulose, a major component of plant cell 

walls, is a natural polymer consisting of intertwined microfibres of three different 

polysaccharides [6] Lignocellulosic biomass material has the advantages of being 

widely available, abundant and conflict-free with food and arable land, making it 

one of the richest renewable resources on earth. Relying on the characteristics of 

its abundance and renewability, it is rapidly and widely utilised and has become 

the trend of the industry. Therefore, the improvement of its bio-application is 

crucial for the long-term development of society and sustainable biorefining. 

1.1.3 Bottlenecks faced by second-generation biofuel ethanol 

Lignocellulosic biofeedstock contains cellulose and hemicellulose however 

the available lignocellulose accounts for a relatively small proportion of the 

lignocellulose, due to the structural complexity and recalcitrance of lignocellulosic, 

its conversion into biofuels or other high value products requires special techniques 

and technologies and harsh conditions, and different sources of lignocellulosic 

feedstocks (e.g., agricultural wastes, forestry residues, etc.) have significant 

differences in their chemical composition and structure The chemical composition 

and structure of lignocellulosic raw materials from different sources (e.g., 

agricultural waste, forestry residues, etc.) vary significantly, making it difficult to 

unify pretreatment and hydrolysis conditions. The hydrolysis of lignocellulose to a 

variety of sugars accumulates non-sugar inhibitors (e.g., phenols, furfural, formic 

acid, acetic acid, etc.) in the hydrolysate that may interfere with the metabolic 

pathways of the yeast, resulting in a reduced ability to synthesise ethanol, which 

may also affect ethanol yield and purity. Secondly, the production cost of second-

generation fuel ethanol is usually higher than that of fossil-fuel ethanol, mainly due 

to the high cost of processes such as feedstock pre-treatment, hydrolysis, 

fermentation and product separation and purification leading to the market 

competitiveness of second-generation bioethanol remaining limited. Finally, 

biofuel technology is still immature in some areas and still requires greater 



 

 

  

investment in R&D to drive technological progress in the industry. Therefore, 

efficient fermentation of renewable sugars remains an important challenge for the 

economically viable production of biofuels and biochemicals [7]. 

1.1.4 Pretreatment of lignocellulose 

The optimal pretreatment process should have low energy consumption and 

economy, minimise the destruction of active ingredients in the feedstock, while the 

pretreated product is easy to handle and free from substances that inhibit the 

decomposition of carbohydrates. Currently, a wide range of methods are used for 

the pretreatment of wood fibre biomass, including physical, chemical, biochemical 

and biological methods. Among the biological methods, microbial pretreatment, as 

an efficient and low-cost pretreatment technology, is widely used because of its 

gentle process, low energy consumption, low use of chemical additives, and high 

chemical utilisation. 

Microbial pretreatment selectively degrades lignin in lignocellulose with the 

help of extracellular lignin-degrading oxidative enzymes such as cellobiose 

dehydrogenase, lignin peroxidase, laccase, and other enzymes secreted by 

microorganisms themselves [8]. Studies have shown that fungi play a dominant role 

in this process, and white-rot fungi are the microorganisms of choice for 

lignocellulosic biomass, relying on their strong lignin-degrading ability. However, 

some white-rot fungi can degrade both lignin and polysaccharides, which may lead 

to the loss of carbohydrates. 

Numerous studies have now demonstrated the significant effect of 

combining biological pretreatment with chemical pretreatment to improve the 

degradation rate and sugar yield of lignocellulosic fibres. The chemical 

pretreatment method involves the hydrolysis of some of the chemical bonds of 

lignocellulose with the help of chemicals in order to accelerate the decomposition 

process. Although this method is effective, it produces moderately toxic 

intermediates and results in the loss of some active ingredients, and the 

pretreatment cost is relatively high. However, factors such as fungal species, 



 

 

  

cultivation conditions, biomass type, degree of chemical pretreatment, and 

pretreatment sequence all have an impact on component content and sugar 

production[9]. Therefore, the cultivation of efficient and high-quality strains 

through genetic modification screening will become an important direction for the 

development of microbial pretreatment technology in the future. 

1.1.5 Research status at home and abroad 

1.1.5.1 International situation 

Favorable regulations, policies, investments or funding provided by 

governments in North America and Europe have facilitated the development and 

commercialization of biofuels, while also driving the growth of biofuel sales. The 

global second-generation biofuels market is expected to grow at a compound 

annual growth rate of 49.4% between 2014 and 2020, and is expected to reach a 

total market value of $23.9 billion by 2020. Geographically, the second generation 

biofuels market is segmented into North America, Europe, Asia Pacific, and Latin 

America. Due to strong regulations and government financial support in developed 

countries - North America and Europe, these regions have historically had several 

market shares in 2013, but this situation will change by 2020. In order to pursue 

opportunities in the second generation bioethanol market, many companies are 

building plants. 

1.1.5.2 The domestic situation 

The key to the development of cellulosic ethanol, in addition to production 

technology, is to have sufficient raw material supply. With the rapid and healthy 

development of agricultural and forestry production in China, it is expected that the 

amount of crop straw available for use will continue to increase every year. This is 

a large amount of biomass raw material resources, in addition to the development 

of cellulosic ethanol, we should also develop biomass jet fuel and biomass diesel. 

China has not made fundamental breakthroughs in the production technology of 

cellulase and the construction of pentose fermentation strains, etc. At present, the 

raw material consumption of each cellulosic ethanol in the pilot study of various 



 

 

  

units is more than 6 tons, and the production cost is estimated to be more than 

5000-6500 yuan/ton of ethanol, which is not suitable for industrial production. It is 

reasonable to estimate that the large-scale production of cellulosic ethanol in China 

will take at least 3-4 years. At present, for cellulose ethanol should be more 

scientific research efforts rather than industrial development efforts. 

1.2 Toxic side effects of acetic acid 

Acetic acid, also called acetic acid, is an organic compound, chemical formu

la CH3COOH, is an organic monic acid, the main component of vinegar. Pure anh

ydrous acetic acid (glacial acetic acid) is a colorless hygroscopic liquid with a freez

ing point of 16.6 ° C (62 ° F). After solidification, it becomes a colorless crystal, w

hich is weakly acidic and corrosive in its aqueous solution. It is strongly corrosive t

o metals, and the steam is irritating to the eyes and nose.Pretreatment of lignocellul

ose generally results in the formation of some inhibitory components that can hind

er the development of microorganisms. Since lignin and hemicellulose are highly a

cetylated, they will produce acetic acid during pretreatment and appear in the hydr

olysis products, so acetic acid tolerance is very important in industrial yeast strains 

used for second-generation bioethanol production [10], and in first-generation starch

 hydrolysates, acetic acid inhibits the growth and metabolism of yeast cells very str

ongly during lignocellulosic fermentation, and it also leads to intracellular Acidific

ation. Inhibition of the growth of Saccharomyces cerevisiae leads to ATP starvatio

n and oxidative stress, which results in poor production of lignocellulosic biomass 

fuels and chemicals[11], and also leads to accumulation of ROS (reactive oxygen sp

ecies), which can lead to oxidative damage[12]. Therefore, investigating the molecul

ar mechanisms of acetic acid tolerance in Saccharomyces cerevisiae could help in t

he selection of superior strains and could contribute to the improvement of ferment

ation performance and the saving of energy required for fermentation. Although se

veral genes for acetic acid tolerance have been identified in laboratory yeast strains

 and are included in the database (http://www.yeastgenome.org/observable/resistan

ce_to_acetic_acid/overview), the genes that are naturally present in some strains of



 

 

  

 Saccharomyces cerevisiae are also known to be responsible for high acetic acid tol

erance. The genetic basis of high acetic acid tolerance remains unknown. Previous 

experiments have demonstrated that acetic acid tolerance in yeast strains used for s

econd-generation bioethanol production can be improved by precise genome editin

g, thereby minimising the risk of negative effects on other yeast properties[13] . 

 

1.3 Advantages and disadvantages of Saccharomyces cerevisiae yeast  

Saccharomyces cerevisiae (Saccharomyces cerevisiae) is the most frequently 

used and versatile strain of yeast [14], guided by human activities, and after a long 

period of domestication and adaptation, Saccharomyces cerevisiae has acquired 

unique genetic properties associated with winemaking and is widely used in the 

production of biofuels and biochemicals from renewable biomass, especially 

lignocellulosic feedstocks. As a Gram-staining positive bacterium, it has a short 

growth cycle, rapid reproduction, easy to be cultivated on a large scale, and has 

significant economic benefits. Saccharomyces cerevisiae is a parthenogenetic 

anaerobic microorganism that can survive in low or anaerobic environments, and 

can produce ATP through glycolysis and the tricarboxylic acid cycle under aerobic 

conditions, as well as alcohol and carbon dioxide through glycolysis under 

anaerobic or anoxic conditions. In addition, Saccharomyces cerevisiae is a typical 

eukaryotic model organism with complete genome sequencing and mature 

molecular genetic manipulation technology. In industrial production, 

Saccharomyces cerevisiae has a highly efficient sugar conversion ability, 

producing second-generation fuel ethanol so that the yield rate is close to the 

theoretical value, and also has a strong environmental adaptability to adapt to a 

variety of stressful conditions during the fermentation process, such as high sugar, 

high ethanol, low pH, anoxic conditions, etc., and the nutritional requirements are 

relatively low, requiring only glucose, ethanol, and a small amount of nitrogen 

source to carry out fermentation, which helps to reduce the cost of raw materials. 



 

 

  

The role of Saccharomyces cerevisiae in alcoholic fermentation was 

analysed in depth through the biological properties, fermentation kinetics, and 

genetic engineering modification of Saccharomyces cerevisiae. Under aerobic or 

anaerobic conditions, Saccharomyces cerevisiae breaks down glucose into ethanol 

and carbon dioxide through glycolysis. Specifically, glucose is first converted to 

pyruvate, and then pyruvate loses a carbon atom catalysed by decarboxylase to 

produce acetaldehyde. Acetaldehyde is reduced to ethanol by the enzyme alcohol 

dehydrogenase. This process produces two ATP molecules for every glucose 

molecule broken down, providing energy for the growth and reproduction of 

brewer's yeast. 

With global warming, the growth of some brewer's yeasts has been affected. 

Therefore, it has become particularly important to develop strains of 

Saccharomyces cerevisiae that can work effectively at higher or lower 

temperatures. With advances in molecular biology and genetics, our knowledge of 

Saccharomyces cerevisiae will become deeper and deeper, allowing us to better 

understand its metabolic pathways and gene regulatory mechanisms, and thus 

develop more efficient and distinctive Saccharomyces cerevisiae strains. In 

addition, studies on the ecology and evolution of Saccharomyces cerevisiae will 

also help us to better manage and utilise this valuable natural resource [15].  

1.4 Histone modification regulates gene overexpression  

The metabolic pathway of Saccharomyces cerevisiae is very complex and 

involves the interaction of many genes and enzymes. Through genetic engineering 

techniques, we can make targeted modifications to the metabolic pathways of 

Saccharomyces cerevisiae to improve its ability to ferment specific substrates, 

increase the production of by-products, or reduce the production of by-products. 

Histone modification is an important aspect of epigenetics, which focuses on 

covalent modifications that occur on histones in chromatin that can affect the 

structure of chromatin and thus regulate gene transcription and expression. The 

structural proteins of chromosomes include histones and non-histone proteins, 



 

 

  

which bind to DNA to form nucleosomes, which are further folded and compressed 

to form chromatin [16]. The amino-terminal tails of histones protrude from the 

nucleosome and are targets for a variety of enzymes that can undergo a number of 

different covalent modifications, including complex regulatory networks that can 

act individually or in concert with each other and that can affect chromatin 

structure and function, such as acetylation, methylation, glycosylation, 

phosphorylation, and so on. They are involved in a variety of biological processes, 

such as development, differentiation, and dealing with environmental changes. 

These modifications can act individually or collaborate with each other to form a 

complex regulatory network that can affect chromatin structure and function, 

thereby regulating gene expression and participating in a variety of biological 

processes such as development, differentiation, and dealing with environmental 

changes. The Saccharomyces cerevisiae used in the experiment is a modification of 

histone H3, i.e., simulating continuous acetylation to change the 23rd lysine (K) 

mutation A of histone H3 to arginine (R), acetylation is usually associated with 

gene overexpression, and transcriptome analysis was used to identify the 

differences in the expression of genes between the histone-modified strains and the 

normal strains under the same conditions, which led to the acquisition of several 

overexpressed genes. The transcriptome analysis was used to identify the 

differences in gene expression between histone-modified strains and normal strains 

under the same conditions, resulting in several overexpressed genes. Since 

epigenetic regulation, such as histone acetylation, is highly conserved among 

different yeasts, it was hypothesised that overexpression of the ATG34 gene might 

disrupt its epigenetic regulation, which in turn affects the ability to tolerate acetic 

acid. In this thesis, engineered yeast was applied to construct strain BSPZ001-Nat-

pJFE3-XIH-(pJFE3-Kan-ATG34)-1, and impact analysis was performed to assess 

the acetic acid tolerance, which verified the expected speculative results. 

Posttranslational modification of histones has great influence on histone 

expression level, chromatin structure, gene expression, DNA replication and DNA 



 

 

  

damage repair. Histone methylation is the methylation of n-terminal lysine or 

arginine of histones H3 and H4 under the action of histone methyltransferase. 

Histone methylation plays an important role in promoting DNA methylation, 

regulating gene expression and maintaining genome stability. Histone acetylation 

can reduce the positive charge of histone, weaken its ability to bind DNA, and 

cause nucleosome depolymerization, thereby regulating the initiation and extension 

of chromatin transcription. Histone H3 is the most modified histone, and 

modification plays a role in balancing transcriptional output. By studying the 

specificity of epigenetic marks and the dynamic changes of histone modification, it 

is helpful to analyze the metabolism-related changes and stress responses of 

organisms in response to environmental signals. Saccharomyces cerevisiae is a 

typical model organism. The study of its response to environmental stress is an 

important part of eukaryotic cell biology, and transcriptional activation plays an 

important role in this process. Therefore, using Saccharomyces cerevisiae as a 

model organism, it is of great significance to study the role of epigenetic 

modification in environmental stress. 

In order to regulate acetic acid tolerance of saccharomyces cerevisiae more 

effectively, it is necessary to further reveal the regulatory mechanism of yeast 

acetic acid. The acetic acid production of Saccharomyces cerevisiae is a 

quantitative trait controlled by multiple genes, which is the result of the interaction 

between genes and genes, and between genes and environment. Each gene has a 

complex expression regulatory network, which poses a challenge to the analysis of 

the molecular mechanism of low acetic acid production. Therefore, it is more 

convenient and feasible to improve acetic acid tolerance of saccharomyces 

cerevisiae. 

To improve the tolerance of Saccharomyces cerevisiae, acetic acid-tolerant 

mutant strains could be obtained under the long-term domestication of acetic acid. 

Transcriptome sequencing was performed on the mutant strains and the 

transcriptome was compared with that of wild type strains. Genes with different 



 

 

  

gene expression were screened out, and the recombinant strains were constructed 

by gene editing, i.e. knockout or overexpression. The increased acetic acid 

tolerance in saccharomyces cerevisiae was verified by growth curve 

measurements. Amino acid metabolism is also closely related to acetic acid 

tolerance of saccharomyces cerevisiae. Some studies have shown that the 

absorption of lysine by saccharomyces cerevisiae is related to the resistance to 

oxidative stress. Because amino acid metabolism and protein translation are closely 

related, specific tRNA modifications can be used to improve acetic acid tolerance 

of saccharomyces cerevisiae. 

 

Conclusions to chapter 1 

Hemicellulose, cellulose and lignin are the remaining lignocellulosic 

biomass in agriculture and forestry production. Acetic acid will inevitably be 

produced in the hydrolysis process of glucose and xylose. These toxic by-products 

have a toxic effect on the fermentation production and growth of saccharsacchara 

cerevisiae, and the second-generation fuel ethanol cannot be produced without 

wood cellulose biomass as raw material. High efficiency and stress are required for 

tolerant yeast in industrial production. Point mutation was performed on histone 

H3K23 before the experiment, that is, the 23rd lysine of histone H3 was mutated to 

arginine (R) by simulated continuous acetylation, and it was found that acetic acid 

tolerance of saccharsaccharhia cerevisiae was positively correlated with H3K23 

histone modification. Transcriptome analysis showed that genes ATG34, ATO2, 

TSA2 and DSF1 were overexpressed compared with the control group. Therefore, 

the aim of this study was to overexpress the ATG34 gene in the parent strain of 

BSPZ001-Nat-pJFE3-XIH, The growth rate of SC-URA strain BSPZ001-Nat-

pJFE3-XIH-(pJFE3-Kan)-1 was several times higher than that of BSPZ001-NAT-

PJFE3-XIH -(PJFE3-KAN)-1 in the medium containing acetic acid with a certain 

concentration of acetic acid, which was the main weak acid released during the 

pretreatment of wood fiber. These findings provide a feasible way to improve the 



 

 

  

acetic acid tolerance of BSPZ001-NAT-PJFE3-XIH by overexpression of ATG34 

gene in order to stably and efficiently produce the second generation bioethanol 

from lignocellulosic biomass. 

  



 

 

  

CHAPTER 2  

OBJECT, PURPOSE AND METHODS OF THE STUDY 

2.1 Materials and Instruments  

2.1.1 Experimental Instruments 

Ultra-clean bench, Bio-Gener TECHOLOGY PCR instrument, microwave 

oven, agarose gel electrophoresis instrument, high-performance liquid 

chromatography (HPLC), OD instrument, gel imager, temperature-controlled 

shaking table, electrothermal constant-temperature incubator, benchtop high-speed 

centrifuge, high pressure steam sterilisation kettle LDZX-50KBS, blast drying 

oven, constant-temperature incubator, water bath, enzyme labelling instrument, 

electromagnetic furnace, Pipette gunt. 

2.1.2 Object of the study  

Strain BSPZ001-pJFE3-KIH (laboratory storage) 

Plasmid pJFE3-Kan 

 

Figure 2.1 – Distribution of plasmid cleavage sites 

  



 

 

  

2.1.3 Upstream and downstream primers 

TTTAATTACAAAGGATCCATGAAAATTGCGGTAGAAACG 

TCAATCCTGCAGGTCGACTTATATTTCTTCCCAAGTAAATGGCC 

2.1.4 Culture medium 

LB medium: the prepared system is configured in the ratio of 1% peptone, 1% 

NaCl and 0.5% yeast powder, if configuring solid medium add 2% agar powder. 

For example, in 400ml of the system need to add 4g of peptone and sodium 

chloride and 2g of yeast powder configuration of liquid LB medium; 

YEPD medium: the system is configured according to the ratio of 1% yeast, 

2% glucose, 2% peptone, plus 2% agar powder for the configuration of solid 

medium. For example, 4g of yeast, 8g of glucose and 8g of peptone should be 

added to 400ml system for liquid YPD medium; 

SC-Ura medium (uracil-deficient complete synthesis medium): add 0.77g/L 

CSM-Ura, 1.7g/LYNB, 5g/L (NH4)2SO4 and 20g/L glucose, and then add 8g of 

gelatin powder to make a suitable pH between 6.0-6.5; 

SC (Yeast Complete Synthesis Medium): This formula includes 0.77g/L 

CSM-Ura, 1.7g/L LYNB, 5g/L (NH4)2SO4, 100g/L uracil, 20g/L glucose and 

20g/L agar powder, which needs to be fully dissolved with 180mL deionised water. 

 

2.2 Experimental procedure 

2.2.1 Design primers and amplify PCR 

The principles of primer design are: end with G\C, keep the content of G and 

C as high as possible, and keep the Tm value of the upstream and downstream 

fragments in the similar value range as much as possible. 

PCR amplification of the target gene fragments to make them carry 

homologous sequences, the configuration of 50 μL of the system, including Buffer 

5 Μl, MgSO43 μL, designed upstream and downstream primers each 1.5 μL, KOD 

Plus Neo 1 μL, dimethyl sulfoxide 2.5 μL, water to make up the full. Magnesium 

ions to improve the efficiency of the PCR reaction, reduce the activation energy of 



 

 

  

the enzymatic reaction, improve the activity of taqDNA polymerase and stabilise 

the nucleotides; DMSO (PCR grade) used in the PCR reaction is conducive to the 

high efficiency of GC-rich templates amplification, reduce the denaturation 

temperature of the base dependence can also improve the stability of Taq DNA 

polymerase.Buffer: in the PCR reaction to ensure the stability of PCR reaction. 

Buffer: It acts as a buffer in the PCR reaction to ensure the stability of the PCR 

reaction. 

PCR reaction according to the denaturation, annealing and extension of the 

three steps, according to the different enzymes used to select different running 

procedures, extension time based on the length of the PCR fragments set, because 

15s extension 1kb, so the experiment amplification of the ATG34 gene and the 

primers on both sides of a total of 1739bp set to 26s. 

2.2.2 Agarose gel electrophoresis 

The target gene carrying homologous ammonia sequence after PCR was 

subjected to gel electrophoresis, the configuration of medium-sized gel needs to be 

0.4g agarose and 50ml TAE shaking well in the microwave oven to be heated, 

slightly cooled down after adding 5 microlitres of gel dye (used up and put it back 

to the refrigerator), shaking quickly and evenly in a corner of the pouring into the 

mould, and then inserted into the recycling comb, pay attention to the presence of 

air bubbles. After it solidified to determine the positive and negative poles 

correctly put into the electrophoresis tank, TAE did not exceed the gel plate, gel 

electrophoresis for about 15min. 

2.2.3 DNA purification 

1) Cut off the bright stripes observed in the correct position under the gel 

imager into an EP tube, tare and weigh it, then add Binding Buffer to a 

concentration of 0.1mg/μL; 

2) Melt the adhesive strip by heating in a water bath at 60°C and transfer it 

into the adsorption column with a pipette gun; 



 

 

  

3) Strictly levelled and centrifuged at 12000rpm for 1min, discard the fee 

solution;  

4) Add 600 μL Wash Buffer, centrifuge at 12000rpm for 1min, discard the 

waste solution, add 600 μL Wash Buffer again, centrifuge at 12000rpm for 1min, 

discard the waste solution; 

5) Centrifuge the empty tube at 12000rpm for 2min; 

7) Transfer the adsorption column to a new EP tube and leave to dry; 

8) Add 45μLddH2O suspension added to the filter membrane, let it stand for 

2min and then centrifuged at 12000rpm for 1min to obtain the purified DNA, and 

the concentration of the target gene was measured as 23.696ng/ul using an OD 

meter. 

2.2.4 Plasmid construction 

In this study, the plasmid was constructed mainly by using Yeast Tool Kit, 

which was mainly constructed by Golden Gate reaction with the help of restriction 

endonucleases BamH I and Bal I [17]. The constructed plasmids were transformed 

and amplified in JM109. Preparation of E. coli receptor cells and transformation of 

plasmids by chemotaxis [18]. 

2.2.5 E. coli plasmid extraction 

1) Pick the single colony that has been verified successfully in 

5mLLB+Amp medium to complete single colony activation; 

2) Centrifuge at 4000rpm for 5min and discard the clear liquid; 

3) Add 250μL SolutionI solution (add RNaseI in advance and store at 4°C) 

into the centrifuge tube and resuspend the bacterial solution; 

4) Add 250μL SolutionII, gently up and down for about 7 times and let it 

stand for 4min; 

5) Add 350 μLSolutionIII, gently up and down for about 7 times to make it 

mixed into a flocculent, centrifuged at 12000rpm for 10min; 

6) Take the supernatant in the adsorption column AC, centrifuge at 

12000rpm for one minute, discard the waste liquid; 



 

 

  

7) Add 500μLBufferHBC in the adsorption column AC, centrifuge at 

12000rpm for 1min, discard the clear liquid; 

8) Add 600μLWashbuffer (add ethanol in advance) in the adsorption column 

AC, centrifuge at 12000rpm for 30s, discard the clear liquid; 

9)Repeat the operation of (8); 

10) Centrifuge the empty tube at 12000rpm for two minutes to remove as 

much rinsate as possible; 

11) Open the tube cap and leave it for 5 min waiting for the ethanol to 

evaporate completely; 

12) Place the filtered residence in a sterile EP centrifuge tube, add about 60 

μL of ddH2O (warm bath in a water bath at about 70°C in advance), and centrifuge 

at 12000 rpm for 1 min after 2 min of standing; 

13) Detect the concentration and PCR verification. 

2.2.6 Yeast transformation 

1) Inoculate the strain and cultivate it under suitable conditions and then 

activate the transfer. Dispense the obtained bacterial liquid into 40mL and adjust 

its optical density (OD) value between 0.2-0.25; 

2) Transfer the above bacterial solution to a shaker at 30°C and oscillate at 

200 rpm for 4 hours until the OD value reaches about 1.0 when it is ready for use; 

3) Transfer the bacterial solution into a sterile centrifuge tube and centrifuge 

at 4500 rpm for 1 min to remove the supernatant. Subsequently, the organisms 

were gently suspended in appropriate sterile water, centrifuged again to remove the 

supernatant and washed with water 1-2 times; 

4) Add 1 mL of LiAC solution at a concentration of 0.1 mL to the centrifuge 

tube, gently suspend the organisms and mix them well by gentle and gentle 

inversion. This mixture was then transferred to an EP tube and centrifuged for 1 

min also at 4500 rpm to remove the supernatant; 

5) Add 240 μL of PEG solution at a concentration of 50% to the EP tube, 

mix thoroughly, and then sequentially add 36 μL of LiAc solution at a 



 

 

  

concentration of 1 mmol/L, 30 μL of fish sperm DNA (2 mM) (used within 30 min 

of boiling for 5 min and then immediately placing on ice to cool for 30 min), 4 μL 

of deionised water (53 μL if it is a plasmid), and 50 μ L of DNA fragment (1 μL in 

case of plasmid) and mix well; 

6) Place the EP tubes in a 30°C incubator for 30 min, after which they were 

removed and placed on ice for 5 min, and finally placed in a 42°C water bath for 

25 min for heat-excited treatment; 

7) Centrifuge again at 4000 rpm for 1.5 min to remove the supernatant. 

Subsequently, 400 μL of deionised water was added for suspension and gently 

blown with a pipette, and 200 μL of it was taken out for coating the YPD plate, 

while the remaining portion was used for coating the SC-URA-Nat plate; for 

plasmids, 50 μL was to be taken out for coating the SC-URA-Nat plate; 

8) Invert the medium into a 30℃ incubator to cultivate colony growth. 

2.2.7 Yeast plasmid small lift 

After the saccharomyces cerevisiae strains were cultured to a stable stage, 5-

10 mL of bacterial liquid was put into a 15 mL centrifuge tube.Centrifuge at 4000 

rpm for 5 min and drain the supernatant. Add 250 µL YP1 (add RNAase A before 

use).After resuspension, the cells were transferred to the cell breaking tube 

containing 0.6 g pickling glass beads for vortex shock breaking.Then add 250 µL 

YP2, upside down 8 times to thoroughly mix the liquid, and let it sit at room 

temperature for 5-10 min You can see the liquid clear; Next, add 350 µL YP3 and 

immediately flip it up and down 6-8 times, paying attention to the movement 

gently, at this point a white flocculent will appear. Then put it into the centrifuge 

and centrifuge at 12000 rpm for 20 min.The supernatant was transferred to the 

adsorption column CP2 placed in the collection tube and centrifuged at 12000 rpm 

for 30 s.Drain the waste liquid from the collection pipe and put it back into the 

collection pipe; Add 500µL of PD Buffer and put it in Centrifuge at 12000 rpm for 

30s, wash off the residual protein in the adsorption column, and pour away the 

waste liquid; Add another 600 µL.PW Buffer with anhydrous ethanol added was 



 

 

  

centrifuged at 12000 rpm for 1 min, and the waste liquid was poured away.Repeat 

the above steps once; Next, centrifuge an empty column at 12000 rpm for 2 min to 

remove the remaining liquid in the tube; The most then the centrifuged adsorption 

column was placed in a 1.5mL EP centrifuge tube, dried for 10 min with the lid 

open, and 50µL was added.ddH2O was placed in the adsorption column, stood for 

3 min, and centrifuged at 12000 rpm for 2 min to obtain a plasmid solution Store at 

-20 ℃ for later use. 

2.2.8 Yeast colony PCR operation 

1) Add 50 μL of NaOH solution at a concentration of 20 mmol/L into a non-

inflamed EP tube and pick out a single colony for thorough mixing; 

2) Heat treat the mixture in step 1 in boiling water for 10 min; 

3) After cooling to room temperature, centrifuge the mixture at 6000 rpm for 

1 minute, and then aspirate the supernatant and set aside; 

4) Take out 1 μL in the supernatant and add it to the prepared PCR reaction 

system (including 5 μL of buffer, 0.2 μLP1, 0.2 μLP2, and 3.6 μL of deionised 

water), followed by PCR reaction. 

2.2.9 Growth curve analysis method 

1) Five millilitres of fermentation cultures were inoculated onto a shaker at a 

temperature of 30°C and incubated continuously at 200 rpm for 12 hours; 

2) The culture was activated and incubated in the same manner for another 

12 hours at constant temperature and speed until its absorbance (OD) reached 0.2; 

3) Remove 35 ml of seed culture from the activated fermentation broth and 

inoculate it into glucose-acetic acid fermented conical flasks with antibiotic G418 

200 mg/ml per 400 ml of medium plus 80 microlitres, forty per cent concentration 

of dextrose, 20 ml of 380 ml of medium plus 20 ml, and acetic acid concentration 

of 3 g/L. Adjust the concentration of the bacterial broth so that the original 

absorbance value (OD sensitivity of 600 nm)at about 0.2; 

4) Place the inoculated fermentation culture at a constant 30°C as well as 

200 rpm for shock incubation; 



 

 

  

5) 1 ml of culture solution was taken from the culture bottle every 1 hour 

and added to a 1 cm colorimetric cup to monitor the fermentation process by 

measuring its absorbance value (OD = 600 nm), three repetitions of the experiment 

were required for each sample and the average value was calculated; if the 

bacterial solution was found to be too thick, appropriate dilution operation was 

required; 

6) According to the relationship between incubation time t and absorbance, 

the growth curve of yeast was plotted graphically. 

 

Conclusions to chapter 2 

In order to determine the effect of ATG34 overexpressed Saccharomyces 

cerevisiae strains on acetic acid tolerance, we first used PCR amplification 

technology to link ATG34 gene amplification with the enzymatically cut plasmid 

and complete the transformation of the large intestine. After activation of a single 

colony of Escherichia coli, a single colony was selected for PCR amplification and 

gel electrophoresis, and the success of gene overexpression was verified by 

electrophoretic gel map. The plasmid in Escherichia coli was extracted, then the 

transformation of saccharomyces cerevisiae was completed, the yeast was 

activated, and the yeast was grown to A certain concentration of bacterial liquid 

and cultured in the medium of SC-URA+G and SC-URA+A, respectively, and the 

concentration of bacterial liquid was measured every few hours, thus the growth 

curve was drawn. The concentration of saccharomyces cerevisiae BSPZ001 with 

the same initial concentration was compared, and it was confirmed that the 

overexpression of ATG34 gene improved the acetic acid tolerance of 

saccharomyces cerevisiae. 

 

  



 

 

  

CHAPTER 3  

EXPERIMENTAL PART 

 

3.1 PCR verification of ATG34 gene 

 

Figure 3.1 – Amplification of ATG34 gene fragments 

 

3.2 Screening of overexpressed ATG34 gene 

In order to screen out the ATG34 gene overexpression E. coli, we firstly, 

introduced the plasmid carrying ampicillin resistance into E. coli to make it 

overexpress the ATG34 gene, and spread the bacterial fluid evenly on the plate 

containing ampicillin. Only strains carrying the ampicillin gene and expressing 

ampicillin resistance could survive on the petri dish, that is, E. coli with successful 

plasmid introduction could survive on this plate. Through this screening, we 

succeeded in obtaining E. coli with successful plasmid introduction. These 

plasmid-carrying E. coli can grow into single colonies at a faster rate, preparing for 

the subsequent plasmid extraction and verification of gel electrophoresis after PCR 

amplification, as well as overexpression of ATG34 gene in Saccharomyces 

cerevisiae.  

 

 

 



 

 

  

 

 

 

Figure 3.2 – Screening for ampicillin-resistant E. coli 

The A figure is the E. coli carrying plasmid, and the B figure is the blank 

control group 

 

Figure 3.3 – Verification of plasmid digestion and ligation  

 

3.3 Screening for overexpression of Saccharomyces cerevisiae ATG34 

gene 

By DNA recombination technology, we transferred the recombinant plasmid 

pJFE3-Kan with ATG34 gene into the parental Saccharomyces cerevisiae strain. 

A B 



 

 

  

This recombinant plasmid with URA4 gene was used as a screening marker and 

was screened using SC-URA plates. Finally, we successfully obtained strains 

overexpressing the ATG34 gene. The acquisition of these strains laid the 

foundation for subsequent studies on the effect of ATG34 gene overexpression on 

acetic acid tolerance in Saccharomyces cerevisiae. 

 

                     

Figure 3.4 – Screening with SC-URA medium 

A: Saccharomyces cerevisiae with ATG34 overexpression  

B: Blank control group. 

 

3.4 Growth curve 

In the experiment, the concentration of Saccharomyces cerevisiae in 

different media was monitored in real time, and the growth curve of 

Saccharomyces cerevisiae was plotted. The experimental results showed that in the 

first 6 hours the yeast was in the adjustment phase, 6-20 hours in the logarithmic 

phase, and after 20 hours it entered the stabilisation phase. In SC-URA+G medium 

(left panel), the growth rate of the ATG34 gene overexpression strain was not 

significantly different from that of the wild-type strain, and even the growth trend 

slightly decreased after 20 hours. Similarly, in SC-URA+A medium (right panel), 

the growth rate of ATG34 gene overexpression strains showed a higher increase 

compared to the wild-type strain, indicating a significant increase in acetic acid 

tolerance. This indicated that ATG34 gene overexpression had little effect on the 

A B 



 

 

  

normal growth rate of Saccharomyces cerevisiae, but the tolerance to acetic acid 

was significantly improved. In summary, ATG34 gene overexpression significantly 

increased the tolerance to acetic acid in Saccharomyces cerevisiae. This provides 

an important clue for further research on the role of ATG34 overexpression on 

acetic acid tolerance in Saccharomyces cerevisiae. 

 

Figure 3.5 – Growth curve of SC-URA+G medium Growth curve of SC-URA+A 

medium 

(Left) Growth curve of the strain in glucose-sugar medium (Right) Growth 

curve of the strain in acetic acid medium 

 

3.5 Discussion 

In this experiment, we found empty plasmids in the agarose gel 

electrophoresis of the amplified plasmids, which was presumed to be the problem 

of plasmid digestion, leading to the obstacle of the target gene introduction into the 

plasmid, or the problem of the target gene that we amplified, in order to address 

these two problems, we carried out the plasmid re-linking and PCR amplification 

and gel electrophoresis of the plasmid with other gene fragments of similar length 

to the target gene fragment, and found that it still failed to be ligated. After several 

adjustments of the size of the digestion system and the ratio of enzyme and primer, 

we finally got a breakthrough and locked the 15 μL system as the most efficient 

plasmid digestion and target gene ligation system, which provided a large number 

of experimental bases for the ligation of target genes of similar lengths. 



 

 

  

In this study, the ATG34 gene was overexpressed by PCR, and then linked to 

the plasmid and transformed into E. coli for early validation, and the plasmid 

extracted from E. coli was transferred into the genome of BSPZ001 strain by Holle 

transformation, and the ATG34 gene was successfully overexpressed in BSPZ001-

Nat-pJFE3-XIH-(pJFE3-Kan-ATG34). -Kan-ATG34)-1 strain. The strain was then 

cultured in conical flasks containing either acetic acid or glucose medium and the 

concentration of the sap was measured in real time. The growth rate of the ATG34 

strain in acetic acid was much higher than that of the wild type, but the growth rate 

in glucose medium did not differ much from that of the wild type, and even 

declined slightly in the later stages of overexpression, suggesting that the editing of 

the ATG34 gene had a significant impact on the growth of the wild type. This 

suggests that the editing of ATG34 gene has an important role in the enhancement 

of acetic acid tolerance in Brewer's yeast Holes. This provides an experimental 

basis for the in-depth study of the mechanism of the effect of gene editing on the 

tolerance of Breast Acetic Acid. 

 

Conclusions to chapter 3  

The ATG34 gene overexpression strain was successfully constructed by 

using Saccharomyces cerevisiae laboratory strain BSPZ001-Nat-pJFE3-XIH as the 

parental strain through a series of molecular biology experimental operations. 

Specifically, the steps included DNA amplification, purification and sequencing, 

yeast transformation, yeast plasmid extraction, and shake flask culture. By 

measuring the growth curve of the overexpression strain, the effect of ATG34 gene 

overexpression on the growth of the strain in acetic acid was thoroughly 

investigated, and finally, it was verified that the acetic acid tolerance of the second-

generation fuel ethanol was significantly improved. 

 

  



 

 

  

CONCLUSIONS 

Through the above experiments, it was concluded that overexpression of the 

ATG34 gene in Saccharomyces cerevisiae is beneficial to the improvement of its 

acetic acid tolerance. However, since it was found that the xylose metabolism 

efficiency of strains with high acetic acid tolerance was generally low at this stage 

of the study, it is possible to carry out additional gene editing on the basis of the 

BSPZ001-Nat-pJFE3-XIH-(pJFE3-Kan-ATG34)-1 strain in the following further 

study. strain can be further edited with other genes to obtain a high xylose 

metabolism efficiency strain with acetic acid tolerance. Since the ATG34 gene in 

Saccharomyces cerevisiae plays a crucial role in the selective autophagy process. 

Therefore, it was hypothesised that gene editing of it would potentially have other 

effects on Saccharomyces cerevisiae. The gene encodes the Atg34 protein, which 

has a specific function and contains a substrate-binding domain (ABD) similar to 

that of Atg19 that specifically recognises the substrate α-mannosidase. Given this 

recognition ability and the importance of the autophagy process, the Atg34 protein 

works synergistically with Atg19 to mediate the α-mannosidase autophagy 

pathway under starvation [19]. In addition, the ATG34 and ATG19 genes may work 

together to regulate the selective autophagic degradation of α-mannosidase to 

ensure that α-mannosidase is efficiently degraded when necessary. Overall, the 

ATG34 gene bears the burden of specifically recognising α-mannosidase in 

Saccharomyces cerevisiae and participates in the selective autophagy process 

together with Atg19[20]. If the editing of the ATG34 gene results in the loss or 

weakening of the Atg34 protein function, Saccharomyces cerevisiae may not be 

able to properly initiate or complete the autophagic degradation process of α-

mannosidase under starvation or other stress conditions. This would lead to 

intracellular accumulation of α-mannosidase, which may trigger metabolic 

abnormalities or other cellular dysfunctions. Therefore, subsequent experiments 

need to conduct more in-depth and comprehensive testing of the BSPZ001-Nat-

pJFE3-XIH-(pJFE3-Kan-ATG34)-1 strain and cautious editing of the 



 

 

  

Saccharomyces cerevisiae genes with a full understanding of the gene's function 

and regulatory mechanism, in order to anticipate and avoid potential adverse 

effects. 

Currently, the production of second-generation fuel ethanol is still facing 

many bottlenecks, such as cumbersome processing steps, high production costs, 

unstable sources of raw materials and other issues, and the use of fossil fuels is still 

dominated by the use of renewable energy is not popular enough, in order to 

overcome the above problems, it is necessary to increase the research and 

development efforts to promote technological innovation and the industrialisation 

process, in order to achieve the sustainable production of second-generation 

bioethanol and its wide application. In order to overcome the above problems, it is 

still necessary to increase R&D efforts and promote technological innovation and 

industrialisation to achieve sustainable production and wide application of second-

generation bioethanol. 
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