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THE ROLE OF DNA GLYCOSYLASES IN MAINTAINING GENOME STABILITY

Abstract: Genome stability is fundamental to cell viability, the evolutionary stability of organisms, and
the preservation of their functional integrity. Endogenous damage, particularly the oxidative modification of
nitrogenous bases resulting from cellular metabolism, is one of the main factors disrupting DNA structure. To
prevent the accumulation of mutations, cells utilize a base excision repair (BER) system in which DNA
glycosylases play a pivotal role. These enzymes recognize and remove damaged or mismatched bases,
thereby initiating a cascade of repair reactions.

Adenine DNA glycosylases belonging to the MutY/MUTYH family are unique in that they do not directly
remove damaged bases, but rather correct replication errors arising from oxidative damage to guanine. In
bacteria, this function is performed by the MutY enzyme, whereas in eukaryotes it is performed by its
homologue, MUTYH. These enzymes prevent G:C — T:A transition mutations from becoming fixed, thereby
significantly reducing the level of spontaneous mutagenesis.

This review discusses the role of DNA glycosylases in maintaining genomic stability, focusing on the
molecular mechanisms of adenine DNA glycosylase function, their place in the BER system, evolutionary
conservation, and their significance in biotechnology, molecular genetics, and applied research.
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Introduction

Maintaining genomic stability is essential for preserving cell viability and the integrity of
genetic information. In aerobic organisms, DNA is constantly exposed to damaging endogenous
factors, including reactive oxygen species, byproducts of cellular metabolism, and spontaneous
chemical reactions [1, 2]. Consequently, continuous nitrogenous base modifications occur in the
genome, despite the absence of gross DNA structural damage. These modifications have a
pronounced mutagenic potential [3]. The base excision repair (BER) system effectively eliminates
such damage, with DNA glycosylases playing a central role [4].

DNA glycosylases are a class of enzymes that recognize damaged or abnormal bases in the
DNA double helix. They hydrolytically cleave the N-glycosidic bond between the nitrogenous base
and deoxyribose, forming an apurine or apyrimidine site — a universal intermediate product of BER
[5]. The direction and effectiveness of the entire repair process are determined at the stage of DNA
glycosylase action, since each enzyme has a strictly defined substrate specificity [6].

Modern research reveals that DNA glycosylases are not only «repair» enzymes, but also act
as sensors that can detect even slight distortions in the DNA structure. This is achieved through a
process known as base flipping, where the enzyme temporarily removes a potentially damaged base
from the double helix to the active site for chemical identification [5, 7]. This strategy enables even
damage that does not result in significant changes to DNA conformation to be recognized. Thus,
DNA glycosylases act as the main «decision makers» who determine which modifications of
endogenous bases will be transferred, restored, or transformed into mutations [8].

Among the many DNA glycosylases, which are enzymes that protect the genome from the
effects of oxidative stress, some occupy a special place. Oxidative damage to guanine, resulting in
the formation of 8-oxo-7,8-dihydroguanine (8-o0xoG), is considered one of the most common and
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biologically significant types of endogenous DNA damage [9]. The ability of 8-oxoG to form a stable
pair is associated with its mutagenic potential, not only with cytosine but also with adenine. This
leads to the fixation of G:C — T:A transitions during replication [10].

Cells have a specialised system for preventing oxidative-induced mutagenesis, which is key
to preventing such mutations. This system involves MutY/MUTYH family adenine DNA glycosylases
[10]. Most glycosylases directly remove damaged bases, but these enzymes are different. They
recognise and remove unmodified adenine that has been mistakenly incorporated opposite 8-0xo0G.
Therefore, adenine DNA glycosylases perform the unique function of post-replicative DNA quality
control, eliminating potential mutations before they are incorporated into the genome [11, 12].

Prokaryotes have a MutY enzyme that performs this function as part of the GO system. In
eukaryotes, its functional homolog is MUTYH [10]. Despite differences in genome and chromatin
organization, these enzymes show a high degree of structural and functional conservation,
underscoring their importance in maintaining genomic stability. The human MUTYH gene is
expressed both in the nucleus and in the mitochondria, where it protects the genomes of these
compartments from errors that occur during oxidative replication [13]. In addition, experimental
studies show that MUTYH can function as a molecular switch linking oxidative DNA damage with
programmed cell death, thereby contributing to tumor suppression under conditions of severe
oxidative stress. [14].

Adenine DNA glycosylases function closely with other components of the BER system,
including AP endonuclease APE1, DNA polymerase B, and DNA ligase. The coordinated action of
these enzymes ensures the highly accurate replacement of mispaired adenine and the restoration
of the original nucleotide sequence. The accumulation of mutations, increased sensitivity of cells to
oxidative stress, and increased genomic instability are all caused by disruption of this interaction [3,
13, 15, 16].

DNA glycosylases, and adenine DNA glycosylases in particular, are key elements in the
molecular mechanisms that protect the genome. Their function extends beyond merely «repairing»
DNA damage, encompassing the active prevention of mutations, coordination with replication and
transcription, and adaptation of cells to oxidative stress. Understanding these processes is of
fundamental importance for both fundamental molecular biology and biotechnological and
biomedical applications. However, repair errors can also lead to mutations and contribute to genomic
instability [1, 2, 13].

Despite the growing body of literature on base excision repair (BER) and DNA glycosylases,
several key questions remain unresolved and warrant detailed consideration in this review. Firstly,
the regulatory hierarchy that governs glycosylase activity in vivo, particularly under conditions of
concurrent oxidative and alkylating stress, is not well understood. Secondly, the extent to which
glycosylase functional redundancy is truly compensatory rather than merely partial is a subject of
active debate. Single knockouts often exhibit mild phenotypes, whereas double knockouts lead to
synergistic genomic instability, suggesting that redundancy masks rather than eliminates
vulnerability [1, 17]. Thirdly, the role of post-translational modifications (phosphorylation, acetylation,
and SUMOylation) in regulating the substrate specificity of glycosylases and their interactions with
the replicative apparatus is not well characterised.

The purpose of this review is to summarize current data on DNA glycosylases and critically
evaluate the prevailing patterns of fiber organization in vivo. We argue that the traditional linear view
of BER, largely based on biochemical analyses of exposed DNA, does not take into account the
context of chromatin, the dynamics associated with replication and transcription, or the competition
between enzymes in common lesions [18]. We also emphasize that the apparent excess of
glycosylases may mask the fragility of the basic repair network, especially under combined oxidative
and alkylating stress. Finally, we will discuss why simple knockout phenotypes do not always
accurately reflect the true biological role of these enzymes [19].

DNA glycosylases are key initiators of base excision repair

Base excision repair (BER) is a fundamental mechanism for maintaining genomic stability,
ensuring the elimination of minor chemical modifications of the nitrogenous bases of DNA. Unlike
bulk damage, changes such as alkylation, oxidation, and deamination of bases, as a rule, do not
cause significant distortion of the double helix, but they have a high mutagenic potential. Their
accumulation poses a serious threat to the integrity of the genome, especially in actively dividing and
metabolically active cells [12, 13].
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It is estimated that several thousand base damages occur daily in mammalian cells due to
the action of reactive oxygen species, endogenous methylating agents, and spontaneous chemical
reactions such as hydrolytic deamination [13]. These lesions need to be repaired quickly and
specifically before replication, as their fixation leads to the accumulation of point mutations and the
formation of genomic instability [15].

The BER process is initiated by DNA glycosylases, enzymes that recognize and cleave the
N-glycosidic bond between a damaged base and deoxyribose. These enzymes can do this because
they recognize abnormal bases in intact DNA double helices. This stage is crucial to the entire repair
process, as it is at the level of DNA glycosylases that the substrate is selected and further repair is
directed [16].

Despite the extreme variety of chemical damage to bases, about eleven DNA glycosylases
have been identified in the mammalian genome. Collectively, these enzymes recognise most
endogenous damage. These enzymes are divided into several structural superfamilies, which reflect
both their evolutionary origin and their catalytic features. These include uracil DNA glycosylases
(UNG, SMUG1 and TDG); glycosylases of the helix-hairpin-helix (HhH) family (OGG1, MUTYH,
NTH1, and MBD4); 3-methylpurine DNA glycosylase (MPG); and NEIL family enzymes, which are
structurally related to bacterial endonuclease VIII (Table 1) [5].

Table 1 — Human DNA glycosylases involved in excisional base repair (BER)

DNA The structural family The main Functional role in BER Key
glycosylase substrates references
UNG Uracil-DNA glycosylase | U:G, U:A Uracil removal prevents C—T [4, 5]
transitions
. Uracil, Repair of uracil and oxidized
SMUG1 Uracil-DNA glycosylase 5-hydroxyuracil pyrimidines [4, 15]
BER and active DNA
TDG Uracil-DNA glycosylase | T:G, 5-fC, 5-caC demethylation, epigenetic [4, 7]
regulation
. Removal of 8-oxoguanine:
OGG1 HhH-glycosylase 8-0x0G:C prevention of G—T transversions [9, 13]
MUTYH HhH-glycosylase A:8-0x0G Adenine removal from erroneous | ;5 4 4)
pairs, anti-mutation protection
) Thymine-glycol, Elimination of replication-blocking
NTH1 (NTHL1) HhH-glycosylase 5-hydroxycytosine damages [5, 13]
T:G B CpG . .
MBD4 HhH-glycosylase (after deamination Repair of deaminated methylated [4,17]
cytosines
of 5-mC)
MPG (AAG) Helix-2Turn-Helix 3-meA, 7-meG, €A, Repair of alkylated and exocyclic [5, 18]
Glycosylases eC bases
NEILL NEIL (Endo Viilike) | ©Xidized purines Repair in replication forks [12, 14]
and pyrimidines
. Oxidized -
NEIL2 NEIL (Endo VIlI-like) T Transcriptionally-related BER [14, 17]
pyrimidines
8-oxoG and other
NEIL3 NEIL (Endo VllI-like) oxidized bases in Repair in proliferating cells [7,12]
SSDNA

The BER system's functionality is characterized by the partial redundancy of its DNA
glycosylases. Several enzymes can recognize similar types of damage, which increases the
reliability of repair under conditions of expression fluctuations or local changes in the chromatin
structure. Mice with one of these enzymes removed have been used as an experimental model. This
has shown that the loss of a single enzyme rarely leads to death. However, it is often accompanied
by an increase in the number of mutations and an increase in sensitivity to genotoxic stress [20, 21,
22]. These observations indicate that the classical picture of BER is oversimplified. BER is not a
uniformly robust and fully redundant network. This oversimplification does not fully explain tissue-
specific phenotypes observed in vivo.

The effects of DNA damage on living things depend on the chemical nature of the damage
and the structure and catalytic properties of the corresponding DNA glycosylases. Replication can
be effectively blocked by some damages, such as thymine glycol, and these are quickly eliminated
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by specialized enzymes (NTH1). Other modifications do not affect the movement of replicative and
transcription complexes, but they become toxic during the formation of stable DNA-glycosylase
complexes. These complexes create a physical obstacle for DNA polymerases [17, 18].

The BER system is further complicated by the ability of a number of DNA glycosylases to
function in various structural contexts of DNA, including single-stranded regions, loop structures,
replication forks and DNA-RNA hybrids. This is especially important for maintaining the integrity of
actively transcribed regions of the genome and preventing conflicts between the processes of repair,
transcription, and replication. Taken together, these data confirm a model. This model shows that
the BER result is determined not only by substrate specificity. It is also determined by the chromatin
context. And the phase of the cell cycle. And the dynamic redistribution of individual glycosylases
between different DNA structures.

TDG is uniqgue among DNA glycosylases because its function extends beyond the scope of
damage repair. TDG is involved in the active demethylation of DNA by removing oxidised 5-
methylcytosine derivatives, and it plays a critical role in the epigenetic regulation of development.
Genetic studies have shown that TDG deficiency leads to fetal mortality, highlighting the unique
importance of this enzyme for cellular homeostasis [4, 7]. This example illustrates in a broader sense
that many DNA glycosylases act not only as repair factors, but also as regulators of gene expression
and chromatin status, reinforcing the idea of BER as an integrated regulatory network rather than as
a purely economic pathway [23].

Collectively, DNA glycosylases represent the first and most specific level of genome
protection, determining the effectiveness of BER and the prevention of mutations. When there is
oxidative stress, glycosylases are particularly important. These are enzymes that repair oxidised
bases. Two of the most important are OGG1 and MUTYH. Together, they form the basis of the 8-
oxoguanine-induced mutation prevention system [9-11, 17].

One critical point often overlooked in reviews of linear base excision repair (BER) is the
paradox of functional redundancy: if multiple glycosylases can process overlapping substrate
spectra, why does the loss of a single enzyme, such as OGG1 or NEIL1, lead to significant
phenotypic effects in certain tissues? One possible explanation is that redundancy depends on the
context: while enzymes that share substrates function in various in vitro conditions, they operate in
different in vivo chromatin media, cell cycle phases or transcriptional contexts [17, 18]. For instance,
NEIL1 is primarily active at replication forks, whereas NEIL2 is primarily associated with transcription,
indicating a division of labour that is not apparent in vitro. An alternative, more provocative
interpretation, proposed by Dianov and Hubscher, is that the apparent reliability of BER conceals a
«fragile system» that is susceptible to failure when several stress factors coincide [21]. Taken
together, these views challenge the idea of a fully functionally redundant repair network and are
crucial for understanding why heterozygous glycosylase mutations can affect the risk of cancer and
other disease phenotypes [24].

Mechanisms of DNA repair containing 8-oxoguanine

Oxidative DNA damage is considered to be one of the main causes of endogenous
mutagenesis in eukaryotic cells. In conditions of normal metabolism, the body constantly produces
reactive oxygen species (ROS), but exposure to external factors can significantly increase their
levels. Among the numerous products of nitrogenous base oxidation, 7,8-dihydro-8-oxoguanine (8-
0x0G) occupies a special place, which is considered the most widespread and biologically significant
modification of guanine. The increased sensitivity of guanine to oxidation is explained by its lower
redox potential compared to other bases, which makes it a primary target for ROS [25, 26].

An important feature of 8-0xoG is that it does not significantly deform the DNA double helix
and usually does not directly block replication or transcription (Figure 1). This distinguishes it from
other oxidized bases, which effectively block polymerases. However, the biological hazard of 8-oxoG
is determined by its high premutagenic potential. Due to its structural properties, 8-oxoG can take at
least two conformations: in one it combines with cytosine, and in the other with adenine.
Consequently, during replication, polymerases may mistakenly include adenine, the opposite of
8-0x0G. This, in turn, leads to the fixation of G:C — T:A transversions, one of the most common
types of mutations caused by oxidative damage to the genome. [8, 9, 26].
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Figure 1 — Schematic representation of 8-oxoguanine mating preferences in anti- and syn
conformations (left) and an overview of the GO DNA repair system (right) [19]

The GO-repair system is a specialized and extremely conservative repair mechanism that
has been developed to stop the accumulation of such mutations in cells. This system offers multilevel
control over the occurrence and biological effects of 8-oxoG and is found in organisms across all
domains of life. Three enzymes, OGG1, MUTYH, and MTH1 (NUDT1), each of which functions at a
different level of DNA and nucleotide metabolism, are essential parts of the GO system in human
cells [27, 28].

A DNA glycosylase called OGG1 (8-oxoguanine DNA glycosylase 1) can identify and
eliminate 8-oxoG when it is paired with cytosine. The classical excisional base repair (BER) pathway
is started when OGGL1 binds to the damaged base pair. After the N-glycoside bond is hydrolyzed,
an apurin/apyrimidine (AP) site is created. This site is then further cleaved by APE1 endonuclease,
and DNA polymerase B and DNA ligase help restore DNA integrity.

Nevertheless, when 8-oxoG has already paired with adenine, OGG1's efficacy is greatly
diminished. Adenine DNA glycosylase MUTYH is crucial in stopping mutation fixation in such
circumstances. In contrast to OGG1, MUTYH specifically identifies mismatch 8-oxoG.:A and
catalyzes the excision of adenine instead of removing the oxidized guanine itself. This seemingly
paradoxical process prevents a transient mating error from becoming a stable mutation and sets up
OGG1's reaction, which eliminates 8-0xoG that has already been paired with cytosine.

MUTYH's molecular mechanism of action involves hydrolyzing the N-glycosidic bond,
recognizing a damaged base pair, and extruding adenine from the DNA double helix via the base-
flipping mechanism. According to structural research, MUTYH is a member of the HhH glycosylase
family and has a [4Fe-4S] cluster, which is crucial for preserving the protein's conformational stability
and accurately identifying the substrate. Furthermore, the catalytic activity of the enzyme and the
efficiency of repair have been demonstrated to be impacted by the binding of metal ions [25, 26, 27].

The third part of the GO system is MTH1 (NUDT1). This enzyme works not on DNA itself, but
on the pool of free nucleotides. MTH1 breaks down 8-oxo-dGTP into its monophosphate form. This
prevents the oxidized nucleotide from being added to DNA during replication. As a result, this
enzyme reduces the chance of 8-oxoG formation before any damage occurs in the genome [29].

The functional importance of the coordinated operation of the GO-repair system components
is substantiated by genetic research findings. In mice lacking OGG1 or MUTYH, an increase in the
frequency of G:C — T:A transversions is noted; however, the most pronounced mutational
phenotype, along with heightened spontaneous tumorigenesis, is observed in double OGG1/MUTYH
knockout models [30]. These findings underscore the functional complementarity of the enzymes
and the essential role of the GO system in preserving genomic stability.

Therefore, repairing DNA that contains 8-oxoguanine is a multi-step, tightly coordinated
process that involves controlling the nucleotide pool, removing damaged bases, and fixing replication
mistakes. MUTYH adenine-DNA glycosylase plays a crucial role in preserving genomic stability and
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shielding cells from oxidative stress-related carcinogenesis by blocking the fixing of redox-induced
mutations [28, 29, 31].

Although the above mechanistic picture of 8-0xoG recovery is well-founded, it reveals several
inconsistencies that require recognition upon careful analysis. Firstly, the division of labour between
OGG1 and MUTYH — OGGL1 removes 8-0xoG in combination with cytosine and MUTYH removes
adenine in combination with 8-oxoG — is conceptually elegant. Whereas some authors propose that
MUTYH and OGG1 act in a strictly ordered succession, single-molecule and biochemical studies
suggest that their competition for 8-oxoG-containing substrates can lead to transient trapping of
lesions and even increased mutagenesis if one enzyme is over- or under-expressed. However, the
temporal and spatial coordination of these actions in vivo is much less clear than is suggested by
simplified biochemical models. Recent single-molecule studies show that competition between
OGG1 and MUTYH for access to damage during the S phase can increase the likelihood of
erroneous processing rather than ensuring strictly ordered recovery. [29].

Secondly, although the role of MTH1 (NUDT1) in the GO system is intuitively understandable
from a mechanical point of view, it remains controversial. Pharmacological inhibition of MTH1 was
initially proposed as an anti-tumour strategy, but contradictory results in different tumour models cast
doubt on its universal applicability [28].

These contradictions demonstrate that, despite decades of biochemical research, the GO
system is not as well understood as is often imagined. They also emphasise the importance of
studying the reduction of 8-oxoG under physiologically significant oxidative conditions and in
chromatin-native contexts.

The role of MUTYH in maintaining genomic stability and biotechnological aspects

MUTYH plays a crucial role in maintaining genomic stability and biotechnological aspects.
After removing 8-oxoguanine with OGG1, adenine DNA glycosylase MUTYH corrects mismatches
A:8-0x0G that occur after DNA replication [9-11]. MUTYH removes adenine from the faulty pair,
creating an AP site that is then processed by classical BER enzymes such as APE1l, DNA
polymerase B, and DNA ligase. This process hinders the fixation of G:C — T:A transversions,
ensuring genomic stability [19, 20].

Structural investigations have indicated that the presence of a [4Fe-4S] cluster and a HhH
domain, which stabilize the enzyme and direct adenine extrusion from the double helix, ensures
MUTYH identification accuracy [32]. The cooperation of MUTYH and OGG1 allows for several error
correction opportunities: if 8-oxoG is originally paired with cytosine, OGG1 removes the damaged
base, and if adenine is wrongly introduced, MUTYH prevents the mutation from fixing [10, 25, 33].
However, the elegant functional separation often depicted in schematic models does not fully reflect
the complexity of their interactions in vivo. In the cellular context, OGG1 and MUTYH may compete
for access to 8-oxoG-containing lesions, particularly in replicating chromatin, where DNA
accessibility is subject to dynamic regulation. Their relative activity is likely influenced by the cell
cycle phase, local chromatin structure and the assembly of replication-associated protein
complexes. These factors collectively determine lesion accessibility and the outcomes of their
processing.

The functional significance of MUTYH has been confirmed by genetic modelling. Mice with a
double knockout of OGG1 and MUTYH exhibit a pronounced mutator phenotype and spontaneous
tumour formation. In contrast, a MUTYH-only knockout results in a more moderate increase in the
frequency of G — T transversions. Furthermore, MUTYH interacts with replication-associated
proteins, such as PCNA and the 9-1-1 complex. These proteins facilitate the recruitment of base
excision repair (BER) factors to replication forks and coordinate repair with DNA synthesis [10, 31].
Together, these findings imply that the 8-oxoG repair network exhibits buffering capabilities, yet is
not entirely redundant. Consequently, impairments in the activity of individual enzymes or the
efficiency of their recruitment can alter the equilibrium between precise repair and mutagenic
processing.

From a translational point of view, particular interest is also held for MUTYH because
germline mutations in this gene underlie MUTYH-associated polyposis and colorectal cancer risk is
increased, whereas the impact of monoallelic variants remains controversial. Furthermore, given that
MUTYH and other BER components process intermediates generated by base editors, it is probable
that their activity exerts a significant influence on the efficiency and fidelity of CRISPR-based genome
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editing. This suggests that the controlled modulation of MUTYH could become a tool for optimising
editing outcomes in the future.

DNA glycosylase disorders: clinical and biotechnological implications

DNA glycosylases are the primary initiators of base excision repair (BER). They detect and
eliminate a wide variety of DNA base lesions. Malfunction of these enzymes can lead to the
accumulation of lesions, increased genomic instability, and the development of numerous diseases.
What is particularly important to note is that defects in individual glycosylases are linked to specific
biological phenotypes. This indicates that, even within BER, there is functional overlap which is
incomplete and highly dependent on the cellular context.

UNG and SMUG1 remove uracil as part of the spontaneous cytosine deamination pathway.
UNG deficiency causes more C—T transitions in the genome, indicating an inability to fix uracil-
containing mispairs. It also leads to decreased immune system functions, such as somatic
hypermutation of B cells. Such abnormalities are linked to an elevated risk of cancer and
immunodeficiency phenotypes. SMUGL1 partially compensates for UNG loss, but a twofold defect
causes uracil buildup and increased mutational load, highlighting the necessity of the BER system's
redundancy [5].

TDG (thymine DNA glycosylase) removes T:G proteins and oxidized derivatives of
methylated cytosine (5-fC and 5-caC), making it vital for both damage repair and epigenetic
remodeling. Mutations or TDG deficiency in animal models cause embryonic death, developmental
abnormalities, and oxidative stress reactions, demonstrating its vital role in gene development and
regulation [34, 35].

MUTYH eliminates adenine that was accidentally implanted opposite 8-0xoG after replication
to ensure quality control. MUTYH genetic variations enhance the risk of colorectal cancer and cause
MUTYH-associated adenomatous polyposis (MAP), indicating a loss of BER antimutation defense.
These conditions are especially important in the diagnosis of genetic predispositions and in biological
cancer research.

Oxidized pyrimidines and other oxidized bases are eliminated by NTHL1 and NEIL1-3, which
are members of the HhH/Nei glycosylases family. Hereditary NTHL1 syndrome, which is
characterized by a higher risk of colorectal and other cancers, is linked to NTHL1 mutations. Impaired
NTHL1 expression can result in genomic instability and replication stress, which has been linked to
carcinogenesis in many human and animal models and studies. The study also demonstrates that
an imbalance in NTHL1 levels (both deficit and overexpression) might lead to genomic instability and
cellular transformation, highlighting the importance of precise regulatory control over BER
components [18-21].

Both single-stranded DNA structures and actively transcribed areas are shielded by NEIL
glycosylases. For instance, NEIL1 is involved in the removal of oxidized bases in replication forks,
and its lack may lead to the build-up of untreated damage, which is linked to greater susceptibility to
oxidative stress and neurodegenerative phenotypes. Research indicates that inflammatory and
infectious processes (e.g., in tissue infected with H. pylori) lower NEIL2 expression, which leads to
the buildup of DNA damage and carcinogenesis. These examples show that disease symptoms are
due not only to damage that has not been repaired, but also to the way in which a glycosylase usually
copies or writes itself [36].

BER and particular DNA glycosylase disorders can present with a range of clinical symptoms:

Oncology. Defects in MUTYH, NTHL1, MBD4, and OGGL1 raise the risk of both sporadic and
inherited tumor disorders, such as leukemia, colorectal cancer, and other neoplasms. For instance,
germline variations of MBD4 are linked to a higher risk of polyposis and acute myeloid leukemia;
however, systematic studies of unselected patient cohorts indicate that the contribution of
heterozygous variants is heterogeneous and not yet fully defined.

Immune regulation. A lack of UNG increases the likelihood of immunodeficiency, lymphomas,
and somatic hypermutation diseases.

Epigenetic diseases. TDG abnormalities can impact the control of gene expression
throughout development and differentiation by impairing active demethylation.

Neurodegenerative and aging-related syndromes. The pathophysiology of the central
nervous system, including accelerated aging and the advancement of neurodegeneration, is
intimately linked to the buildup of oxidized bases and compromised BER. According to review data,
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BER deficiency is linked to a variety of ilinesses, including inflammatory diseases and age-related
ailments (Table 2) [37].

Table 2 — DNA glycosylase disorder: clinical and biotechnological consequences

DNA Major damage/ - Biotechnological
Clinical consequences
Glycosylase substrates consequences
Immunodeficiency, increased Increased mutation load in
UNG Uracil (C—U) risk of lymphomas, disorders of cell lines
somatic hypermutation of B cells
Partial compensation of UNG
SMUG1 Uracil, deficiency, with double Potential genome instability
5-hydroxyuracil deficiency, and accumulation of | in cultures
mutations
Fetal mortality (mouse models), | Violation of the accuracy of
TDG T:G, 5-fC, 5-caC epigenetic regulation disorder, epigenetic models, increased
and oncogenic potential risk of errors in DNA editing
Increased spontaneous rDee?irCea%soendaf:?;ggi t?rz
0oGG1 8-0x0G:C mutations, carcinogenesis in the P lati f 9
intestine and Iungs accumulation o 8-0x0G in
cell lines
Familial adenomatous polyposis I_n)crrgzsterzaolnf\czgsljiggg%nof G:C
MUTYH A8-0x0G E;I\élfg rpe)(,:tlglccr:ZiiZ? risk of cultures, decreased CRISPR
accuracy
NTH1 Thymine-glycol, 5- _Heredltary NTHLl syndrome, Genomic instability in cellular
: increased risk of colorectal and .
(NTHL1) hydroxycytosine other cancers models, replication stress
T:G B CpG (after Increased risk of leukemia and Violation of the accuracy of
MBD4 deamination of 5- tumors. CoG mutations epigenetic models and
mCQC) P induced mutations
i i Hypersensitivity to alkylating Reducing the effectiveness
MPG (AAG) gcmeA, 7-meG, eA, agents, carcinogenesis by of controlled alkylating
chemical exposure mutagenesis
Oxidized purines and Metabolic syndrome, Accumulation of oxidized
NEIL1 rimidineps hypersensitivity to oxidative bases in cell lines, reduced
Py stress, tumor transformation replication stability
Damage to actively transcribed Violation of fidelity of
NEIL2 Oxidized pyrimidines | genes, increased risk of transcriptionally-related BER,
mutations and cytotoxicity risk of editing errors
8-0xoG and other Repair in proliferating cells; Irr;ﬁ%;?ig:t% t?ll(llszatlon of
NEIL3 oxidized bases in deficiency may increase the risk ac%umulation of,dama e in
SsDNA of tumor transformation : o 9
rapidly dividing cells

In biotechnological practice, genome stability and replication fidelity are extremely important

1. Editing genomes. BER violations increase the likelihood of errors and spontaneous
mutations during base editing or CRISPR/Cas editing, which lowers the precision of genetic
manipulations and makes it more difficult to understand the outcomes.

2. Cell line stability. In iPSC models, embryonic cells, and industrial lines, deficiencies in BER
components can result in unanticipated phenotypes and increase the diversity of cell cultures.

3. Controlled mutagenesis. In some areas of biotechnology, the temporary change in BER
activity can be used to increase the mutation rate during directed enzyme evolution or the
optimization of biocatalysts. At the same time, the likelihood of off-target mutations and unintended
genomic instability can also be increased by disruption of BER function. This necessitates the careful
control of experimental conditions and adherence to biosafety measures.

Understanding the molecular mechanisms of BER and the activities of each DNA glycosylase
enables us to develop techniques for increasing genetic stability and lowering the risk of mutations
in biotechnological and therapeutic applications. This is critical for both the development of
therapeutic approaches to addressing BER faults and the dependability of genomic technologies.
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The clinical and technological data in general back up the main idea of this review. DNA glycosylases
form a context-dependent and only partially redundant network, whose perturbation can either
promote disease or, in specific settings, be harnessed to modulate genome stability in a controlled
way.

Conclusion

The data presented in this review suggest that DNA glycosylases are part of a complex
genome defense mechanism that involves much more than simply removing damaged bases. At the
same time, a number of aspects of their in vivo biology remain poorly understood and require further
investigation. The accumulated data indicate that base excision repair (BER) is not a simple, linear,
and fully redundant cascade; it is much more accurate to view it as a context-dependent network.
The behavior of this network is determined by the organization of chromatin, the dynamics of
replication and transcription, as well as the competition between individual glycosylases for access
to damaged areas [16].

The main limitation of current models is that they are largely based on biochemical analyses
using «naked» DNA, whereas in eukaryotic cells, DNA is tightly packed into hucleosomes. Cryo-EM
and structural studies show that enzymes such as OGG1 and NEIL1 interact with lesions in
nucleosomal DNA via conformational mechanisms distinct from those observed in solution,
suggesting that in vitro kinetics do not fully reflect the dynamics of repair within the cell [18-21]. The
recently described «triage» behavior of hNEIL1, which can direct damaged bases either to catalytic
removal or to a transitional unproductive state, depending on the dynamics of local interaction,
illustrates how damage recognition can be regulated by chromatin.

The clinical significance of heterozygous variants of glycosylase genes also remains unclear.
Although biallelic mutations in MUTYH and NTHL1 are unambiguously associated with hereditary
cancer syndromes, the risk associated with monoallelic variants is a matter of debate.
Epidemiological studies have yielded contradictory results, and functional studies have not revealed
a stable haploinsufficient phenotype. Solving this problem will require large-scale population
genomic studies combined with careful functional stratification of individual variants.

In addition to canonical repair, glycosylases can perform additional regulatory functions.
Thus, TDG is a key component of active DNA demethylation, and OGGL1 is considered as a potential
transcriptional coactivator due to interaction with NF-kB, although this issue remains a subject of
discussion. Similarly, it is hypothesized that 8-oxoG can function as a context-dependent epigenetic
label, but this concept requires rigorous testing in in vivo models [25-28].

In the context of genomic engineering, BER affects both the efficiency and accuracy of
genome editing. Base editors (ABE/CBE) generate repair intermediates, which are subsequently
processed by UNG, TDG, and other BER-associated proteins, thereby influencing the results of
editing and the range of possible modifications. Thus, modulation of individual glycosylases can
provide a strategy for improving the accuracy and controllability of base editing, although the
consequences of such approaches in vivo remain poorly understood [18-21].
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FEHOM T¥PAKTbIJIbIFbIH CAKTAYAAF bl OHK-TTIMKO3UNA3AJAPObIH POIll

FeHoM  mypakmbinbiFbl  XacywanapObiH — mipwinikke  kabinemminieiHiH,  ope2aHu3mMoepdiH
9801 UUSABIK MYPaKmMbIfbIFbIHbIH XoHe 0apOblH (hyHKUUOHaNObIK mymacmblfbiH cakmaydbiH Heaisi 601birn
mabsinadsl. SHOo2eHdi 3aKkbIMOaHynap, acipece xacywarblKk MemabosnuamM HeomuxeciHOe natida 6onambiH
asommsbl Heais0epdiH mombiFy apKblibl ModugbukauyusnaHysl, [AHK KypbiibiMbiH Oy3ambiH  Heaisei
gakmopnapdbiH 6ipi 6onbin caHanadbl. MymayusnapObiH XuHamnyblH 60n0bipMay YWiH xacywanap
Heei3depldi Kecin anbin macmay apKbliibl XypemiH penapauusi xydeciH (BER) kondaHaldbl, myHda [HK-
efnuko3unasanap wewywi pern amkapaodbl. byn cbepmeHmmep 3akbiMOaHFaH HeMece Kame XXyrnmackaH
Heei3zdepdi maHbin, osiapObl anbin macmay apKblisbl perapayusi peakuusinapbiHbiH KackadbiH 6acmadobi.

MutY/MUTYH mykbimOacbkiHa xxamambiH adeHuHOik [HK-anuko3unasanap 3akbiMOaHraH Heziz0epoi
mikesiel anbin macmamad, 2yaHUHHIH mombify 3aKbiMOaHybl HOMUXeciHoe mybiHOalumblH PernuKkayusisibiK
Kamenepdi my3semyimeH epekweneHedi. bakmepusnapda 6yn kbismemmi MutY ¢hepmeHmi amkapca,
aykapuommapda OHbIH eomonoebi — MUTYH opsiHOaltdbl. byn cepmeHnmmep G:C — T:A munmi
mpaH3uyusnslK MymauyusinapObiH 6ekiminyiHiH andbiH arbir, crioHmaHObl MymazeHe3 OeHzeliH edayip
memeHOemeOi.
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Ocbl wonyda eeHoM mypakmablibifbiH cakmaydarbi [JHK-anuko3unasanapObiH peni KapacmbIpbifibif,
aleHuHOik [JHK-enukosunasaHbIH MONeKynasnbik MexaHu3mMoepi, oHbIH BER ylieciHOeai OpHbI, 3801H0UUSITIbIK
KOHcepeamuseminiegi, coHOal-aKk 6buomexHonoausi, MOJMeKynanblK 2eHemuKka XoHe  KosdaHbarbl
3epmmeynepdeai MaHbI3bl masidaHaobI.

Tyiin ce3dep: [JHK-anukosunasa, 8-okcoeyaHuH, [HK penapauusicei, Heeizdepdi Kecin anbin
macmay apkbinbl penapauus (BER).
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POIb OHK-TMUKO3UNA3 B NOAAEPXXAHUU CTABUITIbBHOCTU TEHOMA

CmaburnbHocmbe 2eHOMa uMeem OCHogorolazaruee 3Haq4eHue O XU3HEeCnoCcobHOCMU Kemok,
98071OUUOHHOU cmabunbHOCMU Op2aHu3M08 U COXpaHeHUs UX (byHKUUOHarbHOU UeslocmHoCcmu.
OHOoeceHHbIe nogpexdeHusi, 8 YacmHOCMU OKUcrumesibHas Moduchukayus a3omucmbiX OCHoO8aHUU,
B03HUKarowWasi 8 pesynbmame K/i1emoyHo20 Memabosnusma, S6rstomcsi 00HUM U3 OCHOBHbIX hakmopos,
Hapywarowux cmpykmypy OHK. UYmobbl npedomepamums HakorsieHue Mymauud, KIemku Ucrosnb3yom
cucmemy penapauyuu akcyu3ueli ocHosaHul (BER), 8 komopol [JHK-anuko3unass! ugparom Kio4esyto posib.
Omu pepmeHmbl pacrio3Haom u yoasisiom Moepexo0eHHbIe Uil HECOOmeemcmeyoujue OCHO8aHUS, mem
cambiM UHUUUUPYS Kackal peaKkyul pernapayuu.

AdeHuH [HK-anukoaunasel, npuHadnexauwue Kk cemeticmay MutY/MUTYH, yHUKanbHbl meM, 4mo
OHU He yOdasisilom ro8pex0eHHbIe OCHOBaHUSI HanpsiMylo, a CKopee Uucrpaesnsiom owubku pennukayuu,
B803HUKaroWue 8 pe3ysibmame OKUCIUMENbHO20 Mospex0eHuUsi 2yaHuHa. Y 6akmepul amy yHKUUI
sbirnonHsem c¢pepmeHm MutY, moeda kak y aykapuom — ez2o eomosioe MUTYH. Omu cpepmeHmbi
npedomepawarom 3akpenneHue Mmymauul nepexoda G:C — T:A, meM cambiM 3HaYUMENIbHO CHUXasi
ypOBEHb CMOHMAaHHO20 MymazeHe3a.

B 0aHHoM 0630pe obcyxdaemcs ponb [JHK-anukosunas e noddepxaHuu 2eHOMHoOU cmabunbHocmu,
ocoboe sHumMaHue ydensiemcsi MONEKYSAPHbIM MexaHusmamM yHKUUOHUposaHuUs adeHuH-[JHK-anuko3unas,
ux mecmy e cucmeme BER, 380510U4UOHHOU KOHCEP8AMUBHOCMU, @ makKXe Ux 3Ha4YeHuUto 8 buomexHooauu,
MOJIEKYAPHOU 2eHemuKe U NpuKiadHbIX uccriedo8aHusix.

Knro4deenie cnoea: [JHK-znuko3unasa, 8-okcoayaHuH, penapauusi HK, penapayus ¢ akcyusueu
OCHOoBaHUU.
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EVALUATION OF MICROBIOLOGICAL SAFETY, QUALITY, AND ORGANOLEPTIC
PROPERTIES OF BROILER CHICKEN MEAT WITH INCLUSION OF GRAPE SEED MEAL
IN THE DIET

Annotation: The study aimed to evaluate the microbiological safety, quality, and organoleptic
properties of broiler chicken meat when grape seed meal was included in the diet. The research was conducted
on two groups of broilers: a control group fed a standard balanced diet, and an experimental group whose diet
was supplemented with grape seed meal as a source of natural polyphenolic compounds and antioxidants.
Microbiological analysis of whole carcasses and livers, collected on the day of slaughter after cooling, showed
lower microbial counts in the experimental group. The total count of mesophilic aerobic and facultative
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