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1. Introduction  

Mitochondria are one of the important organelles that present inside the eukaryotic cells and are 

also responsible for generating cellular energy. The structure of mitochondria depicts that, it is 

surrounded by a double membrane and also carries its own genome. The major role of 

mitochondria is to react with nutrients and break it down into several small particles. After that, it 

can produce energy or an "adenosine Triphosphate” molecule for the usage of cells. The 

mitochondrial DNA presents within the body of individuals is generally made up of 37 genes that 

are mainly responsible for coding two “rRNA”. The mtDNA has a “double strand structure” with 

“13 polypeptides” and “22 tRNA”. The study will shed light on the role of Burkholderia 

cenocepacia Cytidine Deaminase in repairing the mitochondrial genome. 

Burkholderia Cenocepacia is commonly known as a “gram-negative” bacteria species, that is 

available in water and soil environment.  The bacteria are mainly responsible for pathogenesis in 

the case of both humans and plants. Therefore, the study will clearly illustrate the working 

capability of Cytidine deaminase to prevent disease by repairing the mitochondrial genome. The 

enzyme “cytidine deaminase” has the ability to recycle and then synthesize the DNA and RNA. 

On the other hand, it can be observed that a lack of “cytidine deaminase” can lead to generating 

“replicative stress”. Hence, the usage of CDA can enable the effectiveness of some therapies such 

as “deoxycytidine analog-based therapies” and “deaminate cytidine therapies”. The major 

responsibility of “Cytidine Deaminase” is to participate in different reactions and help in 

recycling activities of “free pyrimidines”. The ubiquitous enzyme CDA is mainly responsible for 

the “pyrimidine Salvage Pathway”, that mainly helps in synthesizing nucleotides, which are related 

to DNA and RNA. In addition, after anlysing the benefits of CDA, multiple scientists have shown 

their interest to use CDA as a chemoresistant in cancer therapy. 

The enzyme “Cytidine deaminase” can generate “cytidine” and “deoxycytidine”, hence after the 

reaction it can convert into “uridine and deoxyuridine”. The CDA also has the capacity of binding 

zinc and it belongs to the “deoxycytidine and cytidine” family. On the other hand, it can be 

observed that Burkholderia Cenocepecia are known as “human pathogens” that mainly lead to 

generating different symptoms.  This bacterium can cause “nosocomial infection” and also affect 

on the body of individuals who are suffering from Cystic fibrosis. In addition, after infecting with 

this bacteria, individuals may experience fatal “Cepacia syndrome" that result from the failure of 

the respiratory system. In this context, it can be observed that, after affecting with this kind of 
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pathogen, the mutation in DNA can be observed inside the body. Due to mutation, the cell cycle 

hampers and the working of other organelles become disrupted. After some years, scientists 

have found that the use of Burkholderia Cenocepecia become an opportunistic and useful 

pathogen. Due to the mimicking characteristics of this Burkholderia Cenocepecia, scientists have 

been using it for a few years.  The study helps to understand that, the utilisation of “Cytidine 

deaminase” can provide an error-free repairing system of DNA. 

 

Aim and Objectives  

Objectives of the research are as follows 

● To understand the role of Burkholderia cenocepacia Cytidine Deaminase in editing the 

mitochondrial genome. 

● To evaluate the flexibility of the CRISPR-Cas system in the Mitochondrial DNA base 

editing system. 

● To find out different diseases occurring in the mitochondrial genome and its further 

progress in research.  

●  To measure the impact of DNA deaminase on a specific population, that suffers from 

mutagenesis activity in the mitochondrial genome 

  



5 

 

2. Literature review 

Significance of different diseases occurrences in the mitochondrial genome and its further 

progress 

The “mitochondrial genome” is known as the genetic material that contains 37 genes, these genes 

are essential for operating the normal mitochondrial function and act as the powerhouse of the 

cells. This genetic material relates to a range of heritable disorders that causes a causative mutation 

in both the inherited mitochondrial DNA and genes encoded by the nuclear DNA. Nuclear DNA 

plays a significant role in the occurrence of “mitochondrial diseases” that reflect protein products 

targeted into the various subpart of the mitochondria (Li and West, 1995). It has been seen that 

animal medina is used for collecting more information about targeting the DNA-manipulating 

enzymes of the mitochondria. The usage of animal mitochondrial DNA assists in developing 

genome engineering technologies to generate animal models in DNA-related rare diseases 

(Lee et al. 2022). The mutation of this genome is based on the partial duplication of mtDNA 

sequences that leads to the condition of heteroplasmy in mtDNA-derived disorders. This 

heteroplasmy causes due to high relative mutation that is known as the mitochondrial threshold 

effect.  

 

Figure 1: Mitochondrial genome process 

(Source: Frick et al. 2021) 

The “mitochondrial genome” research process used mice as animal models to learn more about 

the trend of easing the “CRISPR-based nuclear genome” editing techniques in the manipulation 

process of DNA. The usage of this model shows that “Surfreit Locus protein 1(SURF1)” knocked 

out mice showcased the mild complex IV deficiency, it activates different mitochondrial stress 

response pathways (Stewart, 2021). This factor causes disputes in the observation process; 

however, big mice are used for the SURF1 technologies due to their similarity to the human model. 
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The usage of the mice model presents muscle weakness, highly reduced lifespan, and 

neuropathological disruption that causes disputes in the central nervous system development. 

These animal models aid in monitoring mitochondrial pathology in identifying potential new 

diseases by screening the molecular pathway of mitochondrial disorders. The recent research work 

presents that mtDNA mutation assists to manipulates the mitochondrial replication machinery in 

targeting the potential DNA for modification.  The targeting process of potential DNA allows for 

monitoring the nuclear genetic background for encoding the disease mutation properly. 

The application of the “mitochondrial genome” highlights the germ cells of “Drosophila” among 

the mice that participate in the transfection process of animal mitochondria.  This factor focused 

on the usage of “gene guns” to attack the DNA-coated projectiles for delivering the transgene into 

the mitochondria. The deliberation of transgene leads to mitochondria-dependent pathways that 

destructing the cell bearing in the treating process of mitochondria. The observation of 

mitochondrial genomes allows for the development of the efficiency of recombination for 

presenting the rare phenomenon in animal mtDNA. The modification of nuclear DNA aids in 

developing the usage of nuclease-driven genome-editing technologies in detecting specific 

problems (Falkenberg and Hirano, 2020). The effectiveness of mitochondria is increased by 

importing CAS12a for mammalian mitochondria cells and colocalizing the gRNAs. The 

localizing process of gRNAs introduces the possibility of observing negative cell phenotypes 

due to the lack of a specific cutting process for mtRNA. This factor caused dramatic 

mitochondria issues in importing the CAS9 into the mitochondria for direct repairing DNA repair 

pathways in the genome editing process of the nucleus.  

The implementation of “Drosophila” reflects success in targeting the restriction enzymes for 

developing the recombination in heteroblastic files for recovering the recombinant mtDNA. The 

recombinant mtDNA helps to differentiate tissue-specific for the characterization of recombination 

in the germline in generating the mtDNA deletion model for targeted manipulation effectively. 

The characterization of a bacterial toxin deaminase in presenting the Gram-negative “Burkholderia 

cenocepacia” for activating induced “cytidine deaminases proteins”. The replicating process of 

postmitotic tissues guides the development of the repairing process of mtDNA that modifies the 

limited base-excision repair system (West, 2000). The splitting process of the DddA constructs 

with the two separate tales that aid in employing ZFN-directed methylation of mtDNA. These tales 

assist to offset mutation for screening that helps to observe heteroplasmy levels in the editing 
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process of the mtDNA system. This factor reflects the engineering process of developing the model 

on mitochondrial diseases by removing the unwanted mtDNA mutation in the development 

process of iPSCs. 

“The flexibility of CRISPR-Cas system in the Mitochondrial DNA base editing” 

The editing technology of the genome is one of the revolutionary methods in the biological 

research system. In this context, it can be observed that the CRISPR/Cas-based system is one of 

the acceptable methods in mitochondrial genome editing. The major characteristics of the 

CRISPR/Cas-based system are flexibility and simplicity (Bacman and Moraes 2020). Therefore, 

the Cas-based system can tolerate the combination of huge protein molecules and also enable the 

quick recognition property of damaged DNA. As a result, the base editors can be produced after 

the fusion of “nucleoside deaminase” and that can leads to the formation of “prime editors and 

base editors”. The process can be induced the change in the case of a single nucleotide and it can 

determine the availability of protein factors for the reaction. The reagents that cause the genome 

editing are always dependent on "the transcription activators" in the mitochondrial cell. The 

“genome editing technology” can be considered as one of the most advantageous that help in 

sequencing nucleases and also help in the modification of a targeted region. The CRISPR/CAS 

system can recognised DNA with the help of the "base pairing" method. In that case, the repairing 

of mutated DNA can be possible with the help of  “CRISPR/CAS system” and it can be utilised 

by most of the scientists to edit the genome. 

 The CRISPR/CAS system can work on a small sequence of DNA after breaking the double strand 

of DNA with the help of editing reagents. In the case of eukaryotic cells, it can be observed that, 

there are mainly three pathways are present. Those include, “Homologu direct repair”, “non-

homologous end joining” and “microhomology-mediated end joining". On the other hand, it can 

be observed that the “MME” and “NHE” are more suitable, however, the prediction of error-free 

DNA repairing cannot be possible for scientists. The repairing mechanism of "double strand break" 

always depends on two major pathways and as a result it can produce “deletions”, “insertion”, “ 

translocation” and “arrangements of DNA” at the location of cleavage (Falkenberg and Hirano 

2020). The “Cas 9 single guide RNA” has the capability to find out the target region in the 

"genomic DNA" and it can be denoted as a complicated mechanism. The protein Cas9 can cleave 

both DNA strands with the assistance of "HNH”and “RuvC” nucleases. In the case of eukaryotic 



8 

 

cells, it contain most of the important genetic material. In addition, the “smaller genome” encoded 

most of the important information within the DNA organalles. 

In this context, it can be observed that, the “CRISPR/Cas9” can generate a natural defense system. 

In a hazardous environment, the biological feature of "CRISPR/Cas9 '' can provide protection by 

reducing the invading activities in the cells of the body. In that case, the damaged DNA  should be 

properly targeted by the RNA component and initiate the pairing method of DNA. The RNA 

component is made up of two “small RNA molecules” such as, “CRISPR RNA” and “trans 

activating crRNA". The study also helps to know that, the trans activating crRNA” helps in the 

maturation process of Cr RNA. These dual type RNA can be easily modified into “single guide 

RNA”, hence this activity can simplify the function of this system after specifying new targets 

(Mok et al. 2022). The protein Cas9 is made up of different types of domains, that includes 

"HNH and Ruv C”. Both of the domains initiate the cleave activities of the double strand 

DNA in a few steps. After detecting the damaged DNA, the Cas9 immediately targeted its 

working location and then initiate the cutting activities of the previously selected DNA 

portion. As a result, it can be observed that the entire system can produce an "R loop" formation, 

and also cleavage can be seen on the both “Cas9 nuclease domain”. 

 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7381381/
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Figure 2:  Cas9 and Genomic DNA 

(Source: Mok et al. 2022) 

Role of Burkholderia cenocepacia Cytidine Deaminase in editing the mitochondrial genome 

The “Burkholderia cenocepacia” assists cytidines to uracil in apolipoprotein in the mRNA editing 

process in the specification of double-stranded DNA for replicating the postmitotic tissues of the 

cells. This factor guides the specific cutting process of DNA in targeting the process of 

mitochondria in repairing the process of uracil bases to develop the editing process efficiently. 

These editing activity guides in observing the heteroplasmy levels in demonstrating the good 

TALE specificity in the specification process of mtDNAs to develop the understanding of 

mitochondrial diseases (de Moraes et al. 2021). The mtDNA mutation in the cell modification 

process allows for removing the necessity of obtaining the cells bearing genetic rare diseases for 

controlling the cell mutation process. The construction of proper TALE nucleases aids in 

developing the presence of other mutable bases in the editing process of mitochondria genes. This 

editing process leads to identifying the species-specific differences in pathogenic substitution of 

mutation in the modification process of genome cells. This factor assists the nuclear DNA to 

encode the mitochondrial protein for developing the independent chromosome. 

 

Figure 3: Mitochondrial editing process 

(Source:Qi et al. 2021) 
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The “cytidine deaminase” works as the main enzyme in the pyrimidine pathway for maintaining 

the pyrimidine supply in the recycling and synthesizing process of DNA or RNA. This factor 

presents that the activation process of  “cytidine deaminase” assists the lg somatic hypermutation 

and class switch process to switch regions of lg genes. The editing process reflects those diseases 

causing mutation happened due to the level and tissue distribution of heteroplasmy for determining 

the phenotypic manifestations (Frick et al. 2021).  Genome editing aids to correct the mtDNA 

mutation process by using the base editor from the derived cytosine base editor in the direct editing 

process. This factor helps to bind the DNA sequences in the building process of a transcription 

activator-like effector (TALE) for forming an active deaminase. It has been seen that the 

determination of C to U in the mtDNA leads to the construction of the Uracil glycosylase (UG) 

base pair to prevent the repair machinery process. This prevention leads to the development of CG 

and TA base pairs in the editing process of mtDNA appropriately.  

The harness of the cytidine deaminase assists in detecting specific sites for converting the 

manipulation process of mtDNA sequences in the conversion process. The identification of  

“Burkholderia cenocepacia”  aids to determine the interabacterial toxins for the cytosine process 

through thymine in modifying double-stranded DNA (Mok et al. 2020).  The domination of DddA 

leads to toxicity in the two inactive halves that help to establish programmable DNA-binding 

proteins in fusing the protein binds. The fusion of the protein binds causes in reactivation process 

of targeted sites for modifying the double-stranded mtDNA for conversion of targeted C to uracil 

in the editing process of DNA. The pathogenic mutation in mtDNA aids to gather more information 

about the mutation in the nuclear genes in the editing process of mtDNA. “Burkholderia 

cenocepacia” plays an important role in templating process of mtDNA replication for replacing 

the uracil with T in the base editing process and formation of TA. The off-targeted alteration leads 

to a low target effect on mtDNA in generating the mtDNA mutations in the cell lines to develop 

the editing process of “the mitochondria genome” (Cho et al. 2022).  The editing process of 

mtDNA base pairs assists to know correctly about the pathogenic mtDNA variants from editing 

cytosines with thymine.  

The editing process of mtDNA helps to overcome the challenges in the gene-delivery system for 

treating mtDNA diseases effectively. The replication process of mtDNA requires efficient base 

editing in developing the postmitotic tissues at the low level of the mtDNA replication process for 

efficient base repair (Riepsaame, 2020). The understanding of mtDNA assists to develop the 
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quality of the treatment process in primary mtDNA mutation disorders in preventing cellular 

dysfunction and mitochondria diseases. The development of the editing process guides to focus on 

treating the mutation process mtDNA in controlling the impact of mitochondria diseases (Hua et 

al. 2022).  This factor assists to modify the monitorization process of heteroplasmy levels for 

disrupting the mutant mtDNA copies appropriately.  

“Impact of DNA deaminase on a specific population, that suffers from mutagenesis” 

Mitochondrial diseases are mainly known as "heterogenic disorders" with different types of 

features that can lead to the inappropriate function of "respiratory organs". The disorder can cause 

mutation in genes and also affect "mitochondrial DNA" and "nuclear DNA”. Both DNA can 

encode the components of “oxidative phosphorylation” (Nogueira et al. 2021). In order to treat 

disease, it is required to find out alternative mechanisms. Hence, the entire system required new 

therapies to conduct DNA repairing mechanisms. There are more than 250 diseases that can be 

found that are related to mitochondrial disease and these kinds of bacteria can cause the formation 

of severe disorders. The mutations seen in the mtDNA are naturally distinct from other “autosomal 

disorders”. The affected mtDNA within the cells shows the presence of both “pathogenic variants” 

and “ normal variants” (Stewart, 2021). Therefore, it can be observed that one small copy of 

mtDNA includes lots of DNA genome. In this context, scientists have made lots of efforts to 

introduce new therapies that have the capability to reduce the effect of pathogens. Some enzymes 

have been "genetically engineered" to make multiple copies of mtDNA.Some of those genetically 

engineered enzymes are “transcription activator-like effector nucleases", “Cytidine Deaminase" 

and "Zing finger nucleases". Another approach has been detected to change the properties of the 

nuclear genome and it is known as  CRISPR/Cas system. It can be observed that the advanced 

technological system CRISPR/ CAS incorporates “a guide RNA” and “ long DNA and RNA” 

strands to edit damaged DNA. 
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Figure 4: Impact of Deaminase 

(Source: Stewart, 2021) 

In this context, the manipulation can be observed in the case of the mtDNA sequencing process 

and tools can help in proceeding with this process. The enzyme cytidine deaminase can effectively 

convert the particular portion of “mtDNA” and this factor has already revealed a new technology 

that can effectively identify the impact of “Burkholderia cenocepacia cytidine Deaminase” (DddA) 

(Nakazato et al. 2022). The main function of the enzyme is the formation of an "interbacterial 

toxin” that helps in the deamination of “cytosine” in the “double strand portion" of DNA. In that 

case, scientists can generally split the toxicity level that is present in the DddA domain into two 

different inactive portions. Those inactive domains are interrelated with "programmable DNA 

binding protein". After occurring the binding activities of the “fusion proteins” with the two 

relevant sites of mtDNA, the split ends of toxic DddA become together. As a result, it activated 

the deaminase in the targeted DNA sites and these binding proteins have been programmed in such 

a way, by which double strand mtDNA adhered with the target C portion. In this process, the 

“deaminase cytosine" is altered into the "Uracil" and then U gradually binds with Adenine.  

In the next phase, after the edit of DNA, it can be further utilised in the replication of mtDNA, 

hence A can be inaugurated at the opposite part of U. As a result, it can be observed that the 

basepair named CG can gradually be altered into "UA base pair". Finally, the "cellular Repair 
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pathway" can deliberately alter the U with T, hence the formation of TA can be observed after 

completing the "base editing" (Lim et al. 2022). During the invasion of bacterial cells inside the 

body, the toxins components become released. In that case, the recipient cells can obtain long term 

benefits and the intoxication activity of DddA can be observed. with the help of the type "VI 

secretion system" , "a cytosine deaminase” of Burkholderia cenocepacia can be delivered easily. 

Apart from killing, multiple bacteria have the capacity to resist DddA and also reduce the chances 

of mutation. The study helps to further investigate that the “mutagenic activities” are ordinary 

characteristics of the proteins and also work on the single stranded DNA”. In this way, the study 

help in the better understanding of different variants of mtDNA and also about the disease that 

occurs due to the mutation of DNA.  

The study helps to know that DddAtox is one of the essential base editing components and it helps 

to gain a "non-toxic full length" variant. There are two types of different methods are observed 

after doing the research properly. Those include, "site directed mutagenesis" and "structure based 

mutagenesis". In the primary phase, the reduction of affinity towards the DNA material can be 

noticed. As a result, it gradually decreases the activity of  DddAtox and also reduction of catalytic 

activities takes place in the experiment. Then the entire system gradually fused with the variants 

of  CRISPR- Cas 9. The formation of a new editor base can be observed and the entire process can 

be considered as an appropriate target for "C to T" in the eukaryotic cell of the body (Gallagher et 

al. 2021). In the end, the DNA system is generally responsible for synthesizing and encoding 

different variants of DddAtox and these variants gradually moved towards binding with the 

"negatively charged DNA" to eliminate the toxicity. From the previously discussed information, 

it can be stated that mutation can be recognized at the part of coding. The plasmids located inside 

the DNA become isolated after the reaction. The discussion part demonstrates that the “Full 

length DddAtox” can be further used to edit mt DNA present in the body of a Human (Bottani 

et al. 2020). Different variants were used in the experiment, and it can be observed that only 

“GSVG and E1347A" have the capability to fuse with the mitochondrial genome. 

On the other hand, it can be observed that mtDNA generally cause the formation of different types 

of disease in the body of human being. Hence, multiple scientists felt the immediate prevention of 

this kind of disease. Therefore, the study provided alternative ideas or solutions to transport RNA 

inside the mitochondria. The study also clearly depicted the role of the "CRISPR-associated 

protein" system to treat damaged DNA. The cells inside the body inaugurated a huge number of 
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mtDNA copies which can be denoted as mutant or wild type(Emanuela et al. 2020). The research 

also helps to evaluate the manipulation occurring inside the mtDNA sites and as a result, the entire 

process fused in the signaling system. The breakdown of double strand DNA can be observed and 

the rapid degradation of linearized mtDNA results in the shift of mtDNA. The study also illustrates 

that the enzyme cytidine deaminase is specifically utilised to detect toxins in mtDNA (Vivarelli et 

al. 2019). With the assistance of The “cytidine deaminase" enzyme, an RNA-free and 

"CRISPR-free" base editor system can be introduced that can effectively be fixed within the 

sites of mutation. The reaction within the mtDNA is related to "The C.G-to-T.A conversion 

method and the modern approach do not require the breakdown of double strand DNA into a single 

strand. Therefore, it can be observed that the strain of B. Cenocepacia has a reduced amount of 

DddA and also portrays some defects after cultivating with the wild-type gene. 

The editing technology aids to apply the Cas-based method for increasing the flexibility in 

the mtDNA mutation process  This base method plays an important role in the recognition 

of the deranged DNA property for modifying the base editor in controlling the editing 

technology. The base editor assists to produce the fusion of the nucleoside deaminase in 

constructing the primary and base editor of the mtDNA mutation process (Mok et al. 2022).  This 

factor helps to identify the presence of protein factors for completing the reaction process that 

creates a dependency on the transcription activitors in determining the targeted region. The 

determination of the targeted region allows identifying of the DNA with the application of base 

pairing methods for fulfilling the objectives in the reapraing process of mutated DNA.  The 

“CRISPR process” act as the cause of breaking double stranded DNA in the small parts for 

developing the editing process of mtDNA.  This editing process follows paths in the repairing 

process of damaged DNA for developing the prediction process in the arranging process of DNA. 

The above literature presents that “Cytidine Deaminase” works as the main component in the 

transformation process of cytidine to uracil for developing the approach towards the editing 

process. The development of an approach assists the modification process to put light on the 

importance of uracil acid in the repairing process of mutated DNA in developing the quality of the 

treatment process (Lee et al. 2022). The usage of “Burkholderiacenocepacia” allows in use of 

SURF1 technology in identifying the disputes in the mutated DNA that enhances the replication 

process of DNA. The development of the replication process improves the quality of the tales 

separation process of double-stand DNA in the modification process of the treatment process of 
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mitochondria diseases effectively. The pathogenic mutation process aids the editing process of 

mtDNA in the class-switching process for binding the DNA sequences to modify the editing 

process of mtDNA (Nakazato et al. 2022). The fusion process of tale binding guides to reactivating 

the targeted regions in the manipulation process of mutant mtDNA for getting better results in the 

monitorization process of heteroplasmy levels of DNA.  

The previous literature discussed the mtDNA modification process assists to control the 

spontaneous appearance in presenting the mtDNA mutation in the cell culturing process. The 

disrupting membranes help to create temporary pores by using electroporation to deliver 

transgenes in releasing “cytochrome c” from the mitochondria. The liposome-based methods 

allow for the development of the exogenous DNA in the mitochondria that helps to replace the 

mtDNA in the integration of transgenic oligonucleotides (Silva-Pinheiro and Minczuk, 2022). This 

factor assists the integration process of the transgene in editing the nuclear-driven genome for 

targeting the restriction enzymes. The targeting process of restricted enzymes allows for releasing 

CRISPR for increasing the efficiency of CAS12a in associating the mitochondrial membranes in 

the disease identification process. The manipulation of CRISPR in the mitochondria guides to 

modification of the cutting process of mtDNA that represents the RNA-independent DNA by 

developing the matrix in targeting the CAS9 (Qi et al. 2021). This factor leads to repairing the 

DNA in breaking the double strand for mammalian mtDNA for recirculation of mtDNA that helps 

to gather information about the germline transmutation process.   

The intern bacterial toxins assist to promote the production process of organisms in monitoring 

recipient cells for leading the activity in cellular lysis that represents cell death in the editing 

process of mtDNA (Ledford, 2020). This factor allows for determining the amount of pore-forming 

toxins that lead to cell death and interrupted the mtDNA modification process. However, it has 

been seen that the deliberation of toxins helps the DNA to develop the transient benefits in 

controlling the modification process to provide immunity determinants for developing the 

production of protein. The determination of protein catalyzes aids to build the base form of 

the nucleotides and nucleic acids for contributing to the cellular homeostasis process. This 

factor allows for the development of the RNA targeting process for enhancing the contribution of 

tRNA maturation in the editing process of DNA and RNA. 
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Process of culture of Bacteria:  

DNA determination is one of the essential factors through the visualisation process and essential 

DNA components should be purchased from the market. Diamination buffer was purchased from 

the market and 6-FAM fluorophore added in that. Other types of indicators are also used to find 

out the concentration of DNA. Some of those indicators are DddAtox '' and “APOBEC3A”. An 

incubator was also used for this process and the entire solution was kept inside the incubator at 

least for 1 hour. As the Burkholderia Cenocepacia is sensitive in temperature, therefore a minimum 

37 degree C was maintained. 

For this study, the laboratory cultured bacteria have been utilised and it can be observed that 

bacteria were kept at a temperature of 37 degree C. "Lysogeny Broth “ is the most commonly 

known culture system that has been beneficial for culturing bacteria at the laboratory. In the next 

step, the "Lysogeny Broth" medium became solidified with the help of 1.5% "agar". Another 

supplementation was done by providing some chemical components, those includes, "IPTG in  80 

μM”, “Carbenicillum at the rate of 150 μg ml−1”, “Chloramphenicol at the rate of 10 μg ml−1”, 

“gentamycine at 15 μg ml−1”, and “tetracycline” (“For E.coli bacteria, it is 20 μg ml−1 and in case 

of B.Cenocepacia, the mount taken was 120 μg ml−1 ) (Di Donfrancesco et al. 2022). In the case 

of maintaining “protein expression”, “toxicity and mutagenesis”, and also “plasmid expression”, 

it is required to use the strain of B.Cenocepacia. This kind of strains can be easily derived from 

the clinical isolation of “cystic fibrosis” from H111. On the other hand, for obtaining a better result, 

"a detailed bacterial strain" and "plasmids" were selected to use in this study method. 

In this context, it can be observed that plasmid construction is another essential factor and for this 

PCR mechanism can be detected as a suitable option. Cloning can be considered as one of the best 

processes for the formation of plasmid. The DNA sequencing tool can be further used for this 

process to avoid any type of manipulation. The role of cytidine deaminase can be seen in case of 

alternation of mt DNA and this type of technology can reveal the impact of  Burkholderia 

cenocepacia. A programmable Dna binding protein can be easily used to divide and differ the level 

of toxicity. 
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The particular method is useful for finding the fitness of bacteria that have been selected for 

conducting the study. In this method, different strains of “recipients” and “donors” were kept 

together for the entire night. The ratio of the mixture of “receiver” and “donor” DNA was 10:1 

basis. In the next phase, the overnight cultured cells were kept at 600nm concentration and then 

the mixture can pour into the LBA. After that, the incubation process occur at least for six hours, 

and 37 degree C temperature was selected for this method. After the incubation method, those cells 

were gradually scraped from the surface of the membrane. 

The modification of double stranded DNA can be further detected in this process. The toxins 

present in the body of bacteria can be easily determined for the cytocine process and the thymine 

can convert the DNA through the editing process. Further replication occur inside the T base pair 

of DNA and Uracil is also attached with that base pair to produce TA. The editing method of the 

genome can foster the mutation of DNA at the binding location. The enzyme cytidine deaminase 

mainly maintains the pathy named pyrimidine to conduct the recycling process of DNA. 

For proper construction of the plasmid, the PCR mechanism was done after the utilisation of “ 

Phusion U green Multiplex PCR Master Mix”. Different types of DNA polymerase were chosen 

for conducting the research, those include "Phusion U Green Hot Start DNA polymerase” and “Q5 

Hot start High Fidelity DNA polymerase”. For this study “USER  cloning method” can be taken 

as a beneficial approach for the formation of plasmid (Bottani et al. 2020). In order to construct 

gene blocks, the “mitoTALE” and “DddAtox” were properly synthesized for obtaining codons. 

The cloning activity has been done with the help of the plasmid BE4max and as a result, it can 

obtain the plasmid named BE2max. 

The mutation in double stranded DNA help cytidine in mRNA editing process and the modification 

can be noticed at the post mitotic tissue. On the other hand, the role of CRISPR/Cas 9 can form a 

barrier system within the body and also prevent to enter any foreign materials inside the body,  The 

DNA damage mainly trigger the process of pairing by the RNA after targeting DNA 

compounds.Activation of Cas RNA can leads to detect the dual type of RNA into a single one. 

With the help of editing of nucleoside diaminase the further generation of editora can facilitate the 

entire process. 
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In the crystallisation process, “the selenomethionine” is the derived product from the component 

“hexahistidine-tagged DddAtox". For the continuation of the process the 15mM "Crystallization 

buffer" was selected and gradually mixed with another solution at the ratio of 1:1. In this entire 

process the pH should be maintained at 7.5 and 150 mM NaCl was added (Velázquez Muñoz 

2022). After the five day observation, it can be found that crystals grew at the rectangular 

shape to 400 × 200 × 100 μm. Therefore after the proper observation, the crystals of 

“selenomethionine DddAtox" were obtained as an asymmetric unit also with the additional four 

dimers. 

In order to find out the expression of bacteria, a western blotting system can be taken as one of the 

appropriate approaches. The major characteristics of western blotting are its “chemiluminescent” 

property and “Azure biosystems”. Different types of antibodies have been prepared to use in the 

western blotting method, those antibodies are “anti-VSV-G” and “anti-RNAP” (Tan et al. 2022). 

For conducting the western blot mechanism properly, the selected cells are required to be lysed in 

a "150 μl iced cold” buffer solution. After that protease inhibitor needs to be mixed with the 

solution and the entire solution will transfer in an incubator at least for thirty minutes. The solution 

must be kept at 4 degree C inside the incubator. 

The materials for the vizualisation of RNA were purchased from the market. For this research, 

each “RNA substrate” and “oligonucleotide" was used for the detection of RNA in the buffer 

solution. For the determination of RNA, 10μl of "Buffer solution" was taken, and "1 μM of 

DddAtox" was mixed properly with the solution (Porto et al. 2020). Different proportions of 

substrate concentration were mixed and the entire solution was kept in the incubator for the 

incubation process at least for one hour. During this process, the temperature was maintained 

at 37 degree C and then the synthesis of DNA was initiated in a "10-μl reaction" of 

Transcriptase. 

In the case of DNA extraction, scientists always utilise the overnight cultured DNA samples and 

also use the "DNeasy Blood & Tissue kit”. The DNA extraction process is also done with an 

alternative method named “qubit” (de Moraes et al. 2021). For the proper sequencing method the 

utilisation of “Nextera DNA Flex Library Prep Kit” has been done to obtain accurate results. With 

the help of BWA”the genome mapping” was done properly for this research. 
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In order to conduct in vitro transcription a fragment of DNA became isolated from the solution of 

plasmid. In this context, the purification of DNA plasmid has been done with the help of "SpeI-

HF restriction digestion” and also the utilisation of the "MinElute PCR Purification Kit” was 

beneficial for this study. In this way, the transcription of mRNA was possible with the help of the 

kit. At last, those purified products were stored in a place after maintaining the temperature of −80 

°C. 

  



20 

 

The study helps to know that DddAtox is one of the essential base editing components and it helps 

to gain a "non-toxic full length" variant. There are two types of different methods are observed 

after doing the research properly. Those include, "site directed mutagenesis" and "structure based 

mutagenesis". In the primary phase, the reduction of affinity towards the DNA material can be 

noticed. As a result, it gradually decreases the activity of  DddAtox and also reduction of catalytic 

activities takes place in the experiment. Then the entire system gradually fused with the variants 

of  CRISPR- Cas 9. The formation of a new editor base can be observed and the entire process can 

be considered as an appropriate target for "C to T" in the eukaryotic cell of the body (Gallagher et 

al. 2021). In the end, the DNA system is generally responsible for synthesizing and encoding 

different variants of DddAtox and these variants gradually moved towards binding with the 

"negatively charged DNA" to eliminate the toxicity. From the previously discussed information, 

it can be stated that mutation can be recognized at the part of coding. The plasmids located inside 

the DNA become isolated after the reaction. The discussion part demonstrates that the “Full 

length DddAtox” can be further used to edit mt DNA present in the body of a Human (Bottani 

et al. 2020). Different variants were used in the experiment, and it can be observed that only 

“GSVG and E1347A" have the capability to fuse with the mitochondrial genome. 

On the other hand, it can be observed that mtDNA generally cause the formation of different types 

of disease in the body of human being. Hence, multiple scientists felt the immediate prevention of 

this kind of disease. Therefore, the study provided alternative ideas or solutions to transport RNA 

inside the mitochondria. The study also clearly depicted the role of the "CRISPR-associated 

protein" system to treat damaged DNA. The cells inside the body inaugurated a huge number of 

mtDNA copies which can be denoted as mutant or wild type(Emanuela et al. 2020). The research 

also helps to evaluate the manipulation occurring inside the mtDNA sites and as a result, the entire 

process fused in the signaling system. The breakdown of double strand DNA can be observed and 

the rapid degradation of linearized mtDNA results in the shift of mtDNA. The study also illustrates 

that the enzyme cytidine deaminase is specifically utilised to detect toxins in mtDNA (Vivarelli et 

al. 2019). With the assistance of The “cytidine deaminase" enzyme, an RNA-free and 

"CRISPR-free" base editor system can be introduced that can effectively be fixed within the 

sites of mutation. The reaction within the mtDNA is related to "The C.G-to-T.A conversion 

method and the modern approach do not require the breakdown of double strand DNA into a single 
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strand. Therefore, it can be observed that the strain of B. Cenocepacia has a reduced amount of 

DddA and also portrays some defects after cultivating with the wild-type gene. 

The editing technology aids to apply the Cas-based method for increasing the flexibility in 

the mtDNA mutation process  This base method plays an important role in the recognition 

of the deranged DNA property for modifying the base editor in controlling the editing 

technology. The base editor assists to produce the fusion of the nucleoside deaminase in 

constructing the primary and base editor of the mtDNA mutation process (Mok et al. 2022).  This 

factor helps to identify the presence of protein factors for completing the reaction process that 

creates a dependency on the transcription activitors in determining the targeted region. The 

determination of the targeted region allows identifying of the DNA with the application of base 

pairing methods for fulfilling the objectives in the reapraing process of mutated DNA.  The 

“CRISPR process” act as the cause of breaking double stranded DNA in the small parts for 

developing the editing process of mtDNA.  This editing process follows paths in the repairing 

process of damaged DNA for developing the prediction process in the arranging process of DNA. 

The above literature presents that “Cytidine Deaminase” works as the main component in the 

transformation process of cytidine to uracil for developing the approach towards the editing 

process. The development of an approach assists the modification process to put light on the 

importance of uracil acid in the repairing process of mutated DNA in developing the quality of the 

treatment process (Lee et al. 2022). The usage of “Burkholderiacenocepacia” allows in use of 

SURF1 technology in identifying the disputes in the mutated DNA that enhances the replication 

process of DNA. The development of the replication process improves the quality of the tales 

separation process of double-stand DNA in the modification process of the treatment process of 

mitochondria diseases effectively. The pathogenic mutation process aids the editing process of 

mtDNA in the class-switching process for binding the DNA sequences to modify the editing 

process of mtDNA (Nakazato et al. 2022). The fusion process of tale binding guides to reactivating 

the targeted regions in the manipulation process of mutant mtDNA for getting better results in the 

monitorization process of heteroplasmy levels of DNA.  

 

 

The previous literature discussed the mtDNA modification process assists to control the 

spontaneous appearance in presenting the mtDNA mutation in the cell culturing process. The 
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disrupting membranes help to create temporary pores by using electroporation to deliver 

transgenes in releasing “cytochrome c” from the mitochondria. The liposome-based methods 

allow for the development of the exogenous DNA in the mitochondria that helps to replace the 

mtDNA in the integration of transgenic oligonucleotides (Silva-Pinheiro and Minczuk, 2022). This 

factor assists the integration process of the transgene in editing the nuclear-driven genome for 

targeting the restriction enzymes. The targeting process of restricted enzymes allows for releasing 

CRISPR for increasing the efficiency of CAS12a in associating the mitochondrial membranes in 

the disease identification process. The manipulation of CRISPR in the mitochondria guides to 

modification of the cutting process of mtDNA that represents the RNA-independent DNA by 

developing the matrix in targeting the CAS9 (Qi et al. 2021). This factor leads to repairing the 

DNA in breaking the double strand for mammalian mtDNA for recirculation of mtDNA that helps 

to gather information about the germline transmutation process.   

 

The intern bacterial toxins assist to promote the production process of organisms in monitoring 

recipient cells for leading the activity in cellular lysis that represents cell death in the editing 

process of mtDNA (Ledford, 2020). This factor allows for determining the amount of pore-forming 

toxins that lead to cell death and interrupted the mtDNA modification process. However, it has 

been seen that the deliberation of toxins helps the DNA to develop the transient benefits in 

controlling the modification process to provide immunity determinants for developing the 

production of protein. The determination of protein catalyzes aids to build the base form of 

the nucleotides and nucleic acids for contributing to the cellular homeostasis process. This 

factor allows for the development of the RNA targeting process for enhancing the contribution of 

tRNA maturation in the editing process of DNA and RNA. 
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5. Conclusion 

It can be concluded that the usage of “Cytidine Deaminase” assists to develop the repairing process 

of mtDNA for developing the approach towards mitochondria diseases by editing process of DNA. 

Identifying the mechanism used in the mtDNA combination process assists to modify the 

integration of the transgene in determining the specific problems to regulate the function of 

nucleases. The regulation of the nucleases function helps to observe the mitochondrial matrix 

importation in monitoring the attempt to import nucleic acid for localizing the gRNA. This 

localization process assists to observe the possibilities of determining the negative cell phenotypes 

to modify the cutting process of mtDNA. The development of the cutting process of mtDNA 

creates mitochondrial dysfunction at the time of importing “CAS9” from the mitochondria 

enhancing the approach to the editing process of DNA. This factor modifies the repair process to 

break the doubled strands of mtDNA in identifying the rare genetic diseases root in the treatment 

process.  

The localization process of gRNAs allows the mitochondria for demonstrating the rejoining 

process in constructing the canonical mtDNA deletions for targeting the restricted enzymes 

effectively.  The application of selective regime aids to recover the targeted recombinant mtDNA 

for developing the cell culturing process.   The editing process of the base DNA is modified by 

the application of the “CASsystem” that helps to sequence the nucleases in improving the 

quality of the targeting region. The mutation process of DNA aids in repairing the editing process 

in editing the genome for utilizing the flexibility in the working process of developing the mtDNA 

modification process. The guidance of the editing reagents focused on the eukaryotic cells that 

represent the pathway for modifying the joining process of mtDNA for registering the base editing 

process. The encoding process of the “small genome” assists top gather important information on 

the DNA organelles. This factor helps the modification process to track down the mtDNA pairing 

process by applying an effective pairing process that is initiated by the RNA components for the 

transactivation process.  

This research shows that the initiative of the pairing process allows the observation and the RNA 

components are made of small RNA molecules for the activation process of crRNA. This factor 

aids to simplify the function of the trans-activation system after detecting the new targets in the 

editing process of mtDNA. The formation of the “R-loop” enhances the quality of the editing 

process by predicting the DNA repairing structuring in controlling the process of “Ruv C” 
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nucleases. This factor develops flexibility in the mitochondrial DNA base editing process by 

using the “Cas system” in the development process of base pairing. DNA deaminase assists to 

understand the impact of mutagenesis on the specific population for developing the therapies in 

conducting DNA repair mechanisms. It has been seen that “zing finger nucleases” allow the 

identification of the changes in the elements of the nuclear genome for modifying the strands in 

editing the damaged DNA. This factor aids to the manipulation process in constructing the mtDNA 

sequencing process for analyzing the new technology on the “Burkholderia cenocepacia cytidine 

Deaminase”.  

The application of new technology assists to monitor the formation of “interbacterial toxins” for 

developing the “cytosine” in developing the “double strand portion” of DNA in the fusion 

proteins. The identification of toxicity levels aids in presenting “programmable DNA binding 

protein” in targeting DNA sites in the mtDNA in the DddA domain. The development of the 

quality of the treatment process assists the modification process to focus on the impact of uracil 

acid in the repairing process of mutated DNA in developing an approach. Dramatic mitochondria 

issues aid in importing the CAS9 into the mitochondria for the repairing process of DNA by 

developing repair pathways in the genome nucleus.  The pathogenic mtDNA assists to know 

correctly about the editing process of mtDNA base pair variants from editing cytosines with 

thymine enzymes. The production of uracil acid assists in binding with adenine in the mtDNA 

modification process in controlling the quality of the replication process to develop the approach 

towards the DNA modification process. The “UA base pairing” allows for modifying the “cellular 

repair pathway” by utilizing the replication process of mtDNA in providing treatment for the 

mitochondrial diseases. This factor assists to observe the “base editing” process in controlling the 

modification process of the mtDNA editing process effectively.  
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