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ABSTRACT

In this study, bioinformatic and in silico structural analysis of uracil-DNA glycosylase from Staphylococcus aureus (SaUDG) 
was performed, leading to identification the amino acid residues Y61, F72 and H180 as potentially important for the catalytic 
activity of the enzyme. Based on the obtained data, SaUDG Y61S, F72N and H180Q mutant variants were constructed. The 
results of the enzymatic analysis revealed the absence of detectable catalytic activity in SaUDG F72N and H180Q mutants, 
whereas the Y61S substitution led to a significant reduction in activity.

These data indicate the key role of the F72 and H180 amino acid residues in the catalytic mechanism of SaUDG and 
highlight the functional importance of the Y61 residue for maintaining enzymatic activity. Overall, these results provide 
further insight into the structure and mechanism of action of SaUDG and are consistent with previous data on the conserved 
organization of the active site in first-family UDG enzymes.

Keywords: Staphylococcus aureus, DNA repair, base excision repair, uracil-DNA glycosylase, site-directed mutagenesis, 
mutant variant.

INTRODUCTION

Staphylococcus aureus is an opportunistic pathogen that 
colonizes the anterior nasal passages, skin and mucous mem-
branes in approximately 30% of the human population [1]. 
Through breaches in host barriers or impaired immune de-
fenses, S. aureus can cause a wide range of infectious diseases 
from mild skin lesions (furuncles) to more severe infections 
(pneumonia, endocarditis, osteomyelitis, septic arthritis, and 
bacteremia) [2]. According to epidemiological studies, S. au-
reus bacteremia has a mortality rate of 15-30% and accounts 
for approximately 300,000 deaths annually worldwide [3]. 
Treatment of infections caused by the pathogen S. aureus is 
complicated by the spread of antibiotic-resistant strains and 
their continued evolution. In 2017, the World Health Organi-
zation first published a list of bacterial pathogens that pose a 
serious threat to human health due to their resistance to anti-
microbial agents. This list comprises 12 families of bacteria, 
and S. aureus was included in the high-priority category [4]. 

Infections caused by methicillin-resistant S. aureus 
(MRSA) are of particular concern. Published data indicate 
that the proportion of MRSA among S. aureus isolates is about 
25%, reaching 50% or more in certain regions [5]. MRSA is 
characterized by a high incidence of severe infections and lim-
ited therapeutic options. According to the data of the Centers 
for Disease Control and Prevention (USA), more than 70,000 
severe cases of MRSA infections are registered annually, ac-
companied by more than 9,000 deaths [6]. A similar trend has 
been observed at the regional level: following the COVID-19 
pandemic in Kazakhstan, the proportion of MRSA increased 
from 11.8% to 35% [7]. Antibiotic resistance in S. aureus re-
mains a major global public health concern.

In recent years, DNA repair systems have attracted atten-
tion as potential therapeutic targets; inhibition of individual 
DNA repair enzymes reduces the ability of S. aureus to de-
velop resistance and increases its susceptibility to antibiotics 
[8, 9]. It is well established that base excision repair (BER) 

plays a key role in the survival of pathogenic bacteria under 
genotoxic stress induced by drug exposure and immune re-
sponse factors. DNA damage arising from oxidation, deami-
nation and alkylation of nitrogenous bases is repaired by BER 
enzymes [10].

BER is initiated by the recognition of the damaged base 
by DNA glycosylases, which cleave the N-glycosidic bond, 
forming an apurinic/apyrimidinic (AP) site. As a result of the 
action of monofunctional DNA glycosylases, AP sites are gen-
erated and subsequently processed by AP endonuclease and 
dRPase to prepare DNA for synthesis. Bifunctional glycosy-
lases additionally cleave the AP site, forming an aldehyde res-
idue that is further processed by AP endonuclease. Next, DNA 
polymerase inserts the missing nucleotides, and DNA ligase 
seals the break, restoring the original sequence. In bacteria, 
BER proceeds via the short-patch pathway (replacement of 
a single nucleotide) or the long-patch pathway (synthesis of 
several nucleotides with removal of a fragment of the paren-
tal strand) [11, 12].

Among DNA glycosylases, uracil-DNA glycosylases 
(UDG, UNG) are particularly important enzymes that remove 
uracil from DNA arising either from spontaneous cytosine de-
amination or from incorporation of dUTP during replication. 
In this case, U:A pairs are not premutagenic, whereas U:G 
pairs, formed after cytosine deamination, can lead to C→T 
transition mutations in the next replication cycle, posing a sig-
nificant threat to genome integrity [13]. Experimental studies 
have demonstrated that UDG is essential for genomic stabil-
ity and bacterial viability: reduction of UDG activity in Pseu-
domonas aeruginosa and Mycobacterium smegmatis is ac-
companied by a 7-8-fold increase in the mutator phenotype, 
growth suppression and decreased survival in a macrophage 
infection model [14, 15].

The body of available data indicates the important role of 
uracil-DNA glycosylases in maintaining genetic stability and 
the adaptive potential of microorganisms and points to their 
possible use as targets for the development of antibacterial 
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agents. At the same time, despite the considerable amount 
of research on DNA glycosylases, uracil-DNA glycosylase 
from S. aureus (SaUDG) remains insufficiently characterized, 
which limits the understanding of its structural and functional 
features. In this regard, the aim of the present study is to an-
alyze the role of individual amino acid residues in the activ-
ity of SaUDG.

MATERIALS AND METHODS

2.1. Strains, vectors and media
E. coli DH5α strain was used for plasmid cloning, and E. 

coli Rosetta 2 (DE3) for recombinant protein expression. The 
plasmid construct pET11a/SaUDG from the laboratory col-
lection served as the template for site-directed mutagenesis.

Low-salt Luria-Bertani broth (1% tryptone, 0.5% NaCl, 
0.5% yeast extract) was used for cultivation of E. coli strains. 
SOC medium (2% tryptone, 0.05% NaCl, 0.5% yeast extract, 
2.5 mM KCl, 20 mM MgSO₄, 20 mM glucose, pH 7.5) was 
used for incubation of transformed cells. The concentration 
of ampicillin in the media was 100 µg/mL.

2.2. Oligonucleotides
The following oligonucleotides were used for site-directed 

mutagenesis of SaUDG:

Codons substituting the original codons in the forward 
primers and the complementary triplets in the reverse prim-
ers are bold.

The following oligonucleotides were used for Sanger se-
quencing:

To determine repair activity, 22-mer oligonucleotides (Eu-
rogentec, Belgium) were used: 5’-TAMRA-d(CACTTCG-
GAUTGTGACTGATCC)-3’ with a fluorescent label at the 
5’-end and its complementary strand 5’-GGATCAGTCA-
CAGTCCGAAGTG-3’, containing guanine complementary 
to uracil. To generate the double-stranded substrate, oligonu-
cleotides were incubated in a buffer containing 20 mM Tris-
HCl, pH 8.0, 50 mM KCl, at 65°C for 5 minutes, followed by 
cooling to room temperature at a rate of 1°C/min. As a result, 
the U•G DNA duplex was obtained.

2.3. Transformation by heat-shock
100 ng of plasmid DNA were added to 50 µL of E. coli 

DH5α cell suspension and incubated on ice for 30 minutes. 

After incubation, the cells were heat-shocked (+42°C, 45 sec-
onds) in a water bath and then cooled on ice for 2 minutes. 
Subsequently, 200 µL of SOC medium were added, and the 
culture was incubated in a thermostatic shaker at +37°C with 
shaking at 180 rpm for 1 hour. The culture was then plated on 
solid nutrient medium containing the appropriate antibiotic at 
working concentration and incubated at +37°C for 16 hours.

2.4. Transformation by electroporation
Plasmid DNA (100 ng/µL) was added to 50 µL of electro-

competent E. coli Rosetta 2 (DE3) cells and transformed using 
a MicroPulser electroporator (Bio-Rad, USA) in electropora-
tion cuvettes with a 2 mm gap (Bio-Rad, USA). After elec-
troporation, 950 µL of SOC medium was added to the trans-
formed cells, which were then incubated at +37°C, 180 rpm 
for 1 hour. The culture was subsequently plated on solid nu-
trient medium with the appropriate antibiotic and incubated 
at +37°C for 16 hours.

2.5. Site-directed mutagenesis of SaUDG
The reaction mixture for site-directed mutagenesis: 1× HF 

buffer, 200 µM of each dNTP, 0.2 µM forward primer, 0.2 µM 
reverse primer, 40 ng pET11a/SaUDG and 2 U of Phusion 
DNA polymerase (Thermo Scientific, Lithuania). Amplifica-
tion program: 98°C – 30 s; 25 cycles: 98°C – 10 s, 70°C – 
45 s, 72°C – 5 min; 72°C – 5 min. PCR products were ana-
lyzed by electrophoresis in a 1% agarose gel. The remaining 
volume was treated with 10 U of DpnI endonuclease (New 
England Biolabs, USA) at +37°C for 1 hour.

Then, the reaction mixture was used to transform chemi-
cally competent DH5α cells by heat-shock. Transformed cells 
were plated on LB agar containing the appropriate antibiotic 
and incubated at +37°C overnight. Single colonies were in-
oculated into 5 mL of LB broth with antibiotic and grown for 
+37°C with shaking at 180 rpm for 16 hours. Plasmid DNA 
was subsequently isolated from the resulting culture using the 
Monarch Plasmid Miniprep Kit (New England Biolabs, USA) 
according to the manufacturer’s instructions.

2.6. Sequencing
The presence of the expected mutations was confirmed by 

Sanger sequencing. The reaction mixture for : 150 ng of plas-
mid DNA, 1 µM forward/reverse primer, 1× Sequence Buffer, 
1 µl BigDye® Terminator v3.1 ready-to-use reaction mixture. 
Amplification program: 96°C – 1 min; 25 cycles: 96°C – 10 s, 
55°C – 5 s, 60°C – 4 min. After amplification, the products 
were purified by acetate-alcohol precipitation and analyzed 
on an ABI 3730xl automated sequencer (Applied Biosystems, 
USA). Chromatograms were analyzed by alignment to the ref-
erence sequence using Vector NTI Advance™ v11.0 software 
(Thermo Fisher Scientific, USA).

2.7. Expression and chromatographic purification of 
recombinant proteins

For recombinant protein expression, E. coli Rosetta 2 
(DE3) cells were transformed with plasmids carrying SaUDG 
mutant variants obtained by site-directed mutagenesis, as well 
as wild-type SaUDG. When the optical density reached OD₆₀₀ 
= 0.6, bacterial cultures were induced with 0.5 mM isopro-
pyl-β-D-1-thiogalactopyranoside (IPTG) and incubated at 
+22°C, 90 rpm for 16 hours. Cells were harvested by cen-
trifugation at 6,000×g, +4°C for 7 minutes and resuspended 
in buffer containing 20 mM Tris-HCl, pH 8.0, 50 mM NaCl. 

SaUDG Y61S fw 5’-TTAGGACAAGACCCGTCT-
CATGGTCCAAACCAA-3’

SaUDG Y61S rv 5’-TTGGTTTGGACCATGAGAC-
GGGTCTTGTCCTAA-3’

SaUDG F72N fw 5’-GCACATGGATTAGCAAAT-
TCAGTGCAACCTAAC-3’

SaUDG F72N rv 5’-GTTAGGTTGCACT-
GAATTTGCTAATCCATGTGC-3’

SaUDG H180Q fw 5’-ATTATAAAATCAGTGCAG-
CCTAGTCCACTGTCT-3’

SaUDG H180Q rv 5’-AGACAGTGGACTAGGCTG-
CACTGATTTTATAAT-3’

T7 fw 5’-TAATACGACTCACTATAGGG-3’
T7 rv 5’-GCTAGTTATTGCTCAGCGG-3’
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Lysis was performed using lysozyme (3 mg/mL, 20 min, 
+22 - +25°C) in the presence of 1× protease inhibitor cock-
tail (Roche, Switzerland) and 0.1 mM phenylmethylsulfonyl 
fluoride, followed by additional ultrasonic disruption on ice 
(pulsed mode, 40% amplitude). The lysate was centrifuged 
at 40,000×g, +4°C for 1 hour to isolate the soluble protein 
fraction.

Recombinant protein purification was performed in two 
stages. First, affinity chromatography was carried out on a Hi-
Trap Heparin HP 1 mL column (Cytiva, Sweden) with a NaCl 
gradient (50-1000 mM) using the ÄKTA Go™ system (Cy-
tiva, Sweden). Protein-containing fractions were pooled and 
subjected to ion-exchange chromatography on a HiTrap Q HP 
1 mL column (Cytiva, Sweden) using a similar NaCl gradi-
ent. The purity of the target protein was assessed by electro-
phoresis in 12% sodium dodecyl sulfate-polyacrylamide gel.

2.8. Determination of DNA repair activity
Repair activity was measured in a 20 µL reaction mix-

ture containing 20 nM U•G DNA duplex, 20 mM Tris-HCl 
(pH 8.0), 10 mM NaCl, 0.5 mM EDTA (pH 8.0), 1 mM DTT, 
0.1 mg/mL BSA and the enzyme at the specified concentra-
tion (0.25 nM, 0.5 nM, 1 nM for SaUDG WT; 1 nM, 2 nM, 
5 nM for SaUDG mutant variants). The reaction mixture was 
incubated at +37°C for 5 minutes. The reaction was stopped 
by adding 1 M NaOH followed by incubation at +95°C for 
5 minutes, after which 18 mM EDTA (pH 8.0) and 1 M HCl 
were added. Reaction products were purified on hand-made 
Sephadex G-25 (Pharmacia, Sweden) columns under denatur-
ing conditions in the presence of 7.5 M urea.

The reaction products were separated on a denaturing 20% 
polyacrylamide gel containing 7.5 M urea. Reaction prod-
ucts were visualized using the ChemiDoc MP Imaging Sys-
tem (Bio-Rad, USA).

RESULTS AND DISCUSSION

3.1. Selection of amino acid targets for site-directed 
mutagenesis of SaUDG

The uracil-DNA glycosylase superfamily is classified 
into six families depending on substrate specificity. Fam-
ily I (UNG) removes uracil from both single-stranded DNA 
(ssDNA) and double-stranded DNA (dsDNA) with high effi-
ciency and is the most extensively studied representative of 
this superfamily [16]. Family II (MUG/TDG) is specific for 
U:G and T:G mismatches; the enzymes recognize guanine in 
the complementary strand and, as a result, are inactive toward 
ssDNA [17]. Family III (SMUG1) removes uracil in U:G and 
U:A base pairs, as well as 5-hydroxymethyluracil from both 
ssDNA and dsDNA [18]. UDG families IV-VI are found in 
thermophilic and hyperthermophilic bacteria and archaea and 
are characterized by the presence of a specific Fe-S cluster 
[19]. Enzymes of these families are predominantly active to-
ward mispaired U:G and T:G. Enzymes of families IV and 
VI can remove uracil from both ssDNA and dsDNA, whereas 
representatives of family V generally do not exhibit activity 
toward single-stranded substrates [20], [21].

Family I is the most extensively studied in the UDG su-
perfamily, found in a variety of organisms – from prokaryotes 
to higher eukaryotes, as well as in several DNA-containing 
viruses [22]. The high degree of evolutionary conservation 

of UDG is reflected in the preservation of their spatial orga-
nization: the core of the protein structure consists of a four-
stranded parallel β-sheet flanked by two pairs of α-helices 
[23]. Specific recognition and catalytic removal of uracil 
from DNA are provided by five key structural and functional 
motifs of E. coli UNG (EcUNG): the catalytic water-acti-
vating loop (62-GQDPYH-67 EcUNG), the proline-rich 
loop (84-AIPPS-88 EcUNG), the uracil-binding motif (120-
LLLN-123 EcUNG), the glycine-serine loop (165-GS-166 
EcUNG) and the leucine intercalation loop (187-HPSPLS-192 
EcUNG). Individual amino acid residues within these motifs 
form the uracil-binding pocket, the dimensions of which re-
strict access of larger purine bases, thereby ensuring the high 
specificity of the enzyme – Q63, D64, Y66, F77, S88, N123, 
H187 in EcUNG [24].

Comparative analysis of the amino acid sequences of ura-
cil-DNA glycosylase from S. aureus (GenBank: KII22023.1), 
E. coli (GenBank: CAD6006455.1), human (GenBank: 
CAA70211.1), and herpes simplex virus type 1 (GenBank: 
CAA32338.1) suggests that SaUDG contains regions corre-
sponding to known structural motifs: the catalytic water-ac-
tivating loop (57-GQDPYH-62 SaUDG), the pro-rich loop 
(79-KFPPS-83 SaUDG), the uracil-binding motif (113-LLLN-
116 SaUDG), the Gly-Ser loop (158-GK-159 SaUDG) and 
the leucine intercalation loop (180-HPSPLS-185 SaUDG) 
(Fig. 1A). Based on the alignment, it is proposed that the ura-
cil-binding pocket in SaUDG is formed by residues Q58, D59, 
Y61, F72, S83, N116 and H180 (Fig. 2B).

Figure 1. Amino acid alignment of selected representatives of 
family I uracil-DNA glycosylases: conserved structural motifs(A) 
and amino acids residues forming the uracil-binding pocket (B)
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It has been previously shown that the Y66 residue in 
EcUNG engages in van der Waals interactions with the C5 
atom of the uracil ring, with its aromatic plane oriented or-
thogonally to the uracil plane. This orientation creates steric 
hindrance for the binding of thymine with its 5-methyl group, 
as well as purines with bulky ring structures, ensuring the 
specificity for uracil excision. Substitution of Y66 with Ser or 
Cys results in approximately a 1000-fold decrease in catalytic 
activity compared to the wild-type enzyme [25]. 

The F77 residue in EcUNG is located in the active site and 
interacts with the uracil ring, stabilizing it in the active center, 
facilitating base flipping from DNA and promoting glycosidic 
bond cleavage; replacement of F77 with Asn leads to an ap-
proximately 1200-fold reduction in kcat/KM and over 1000-
fold decrease in single-turnover excision rate [26]. 

The H187 residue in EcUNG forms a hydrogen bond with 
O2 of uracil and participates in stabilizing base after flipping 
into the active site, ensuring positioning of the base and facili-
tating glycosidic bond cleavage; substitution with Gln signifi-
cantly reduces reaction rate and disrupts transition-state sta-
bilization, as evidenced by a more than 1000-fold decrease 
in single-turnover excision rate [27]. Alignment of SaUDG 
amino acid sequences with homologs from various organisms 
revealed that these target residues are conserved in structur-
ally significant positions of family I enzymes (Fig. 2).

Structural alignment of SaUDG and EcUNG, based on 
models from the AlphaFold Protein Structure Database, con-
firms the structural and functional similarity of the enzymes: 
the superposition of 1080 out of 1477 atoms with an RMSD 
of 0.41 Å indicates preservation of the active site organiza-
tion (Fig. 3A-B).

Based on an analysis of literature data, as well as a com-
parison of the amino acid sequence and three-dimensional 
structure the amino acid residues Y61, F72 and H180 were 
selected as targets for site-directed mutagenesis to assess their 
role in the catalytic activity of SaUDG (substitutions Y61S, 
F72N and H180Q, respectively).

Generation of SaUDG mutant variants by site-directed 
mutagenesis

Overlapping primer pairs were designed to introduce the 
point mutations Y61S, F72N and H180Q: SaUDG Y61S fw 
– SaUDG Y61S rv, SaUDG F72N fw – SaUDG F72N rv, 
SaUDG H180Q fw – SaUDG H180Q rv, respectively. The 
plasmid construct pET11a/SaUDG was used as the template 
DNA. Figure 4 shows the PCR product of the site-directed 
mutagenesis.

As a result of Quick Change PCR, 6298 bp products cor-
responding to the original pET11a/SaUDG plasmid were ob-
tained. To remove the parental non-mutated plasmid, the reac-
tion mixture was digested with the DpnI endonuclease, after 
which the resulting mixture was used to transform E. coli 
DH5α cells. The transformed colonies obtained on selective 
media were used for plasmid DNA isolation and subsequent 
sequencing.

Alignment of the mutant sequences against the refer-
ence wild-type gene from the NCBI GenBank database 
(NC_007795.1: region 571090-571746) confirmed the pres-
ence of the intended amino acid substitutions and the absence 
of additional mutations (Fig. 5).

3.2. Expression and purification of recombinant wild-
type and mutant SaUDG proteins

E. coli Rosetta 2 (DE3) cells were transformed with plas-

Figure 2. Amino acid alignment of family I uracil-DNA 
glycosylases from various organisms

Figure 3. Structural alignment of EcUNG and SaUDG (UCSF 
Chimera) [28]:

overall protein alignment (А) and active site with target residues 
(Y61, F72, H180 SaUDG) (B)

Figure 4. Electrophoretic analysis of Quick Change PCR.
М – DNA marker SM0333 (Thermo Fisher Scientific, USA); 1 – 
pET11a/SaUDG Y61S; 2 – pET11a/SaUDG F72N; 3 – pET11a/

SaUDG H180Q
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mid vectors pET11a/SaUDG WT, pET11a/SaUDG Y61S, 
pET11a/SaUDG F72N and pET11a/SaUDG H180Q for re-
combinant protein expression.

The first stage of chromatographic purification was per-
formed by affinity chromatography on a HiTrap Heparin HP 
1 mL column with protein elution using a linear gradient of 
50 mM-1 M NaCl. The obtained fractions of the recombinant 
protein were analyzed by electrophoresis in a 12% sodium do-
decyl sulfate-polyacrylamide gel (Fig. 6A-D).

According to the electropherograms in Figure 6, the high-
est content of recombinant proteins after chromatographic pu-
rification was observed in the following fractions: SaUDG 
WT fractions 2-3; SaUDG Y61S fractions 4-5; SaUDG F72N 
fractions 1-2; SaUDG H180Q fractions 1-3. Fraction 2 of 
SaUDG F72N was used for subsequent experiments. The 
above-mentioned fractions of SaUDG WT, SaUDG Y61S, 
and SaUDG H180Q contained protein impurities. Therefore, 
an additional purification step using anion-exchange chroma-

tography on a HiTrap Q HP 1 mL column with a similar NaCl 
gradient was performed (Fig. 7A-B).

As a result of the two-step chromatographic purification, 
the recombinant proteins reached a purity suitable for further 
experiments. The yields of the purified proteins were as fol-
lows: SaUDG WT – 6.31 mg from 300 mL of culture; Y61S, 
F72N and H180Q mutant variants – 0.15 mg, 0.27 mg and 
0.17 mg from 200 mL of culture, respectively. The follow-
ing fractions were selected after the second purification step 
for subsequent analysis of repair activity: SaUDG WT – frac-
tion 1, SaUDG Y61S – fraction 1, SaUDG H180Q – frac-
tion 1.

3.3. Analysis of the repair activity of SaUDG mutant 
variants

UDG enzymes of the first family exhibit high specificity 
for uracil: their mechanism of action, thoroughly studied us-
ing the EcUNG model, is based on recognition of uracil it-
self rather than its complementary base [29]. Consequently, 
UDGs can remove uracil from various types of DNA, includ-
ing ssDNA and dsDNA, as well as from different complemen-
tary base pairs [30]. U:G mismatches are of particular bio-
logical significance because they can lead to C→T transition 
mutations, making them an appropriate substrate for assess-
ing enzyme activity [31].

Figure 5. Sequencing alignment of SaUDG mutant variants (Y61S, F72N, H180Q) with wild type
Thus, mutant variants of the udg gene from S. aureus encoding proteins with the amino acid substitutions 

Y61S, F72N and H180Q were successfully generated and confirmed by sequencing.

Figure 6. Electropherograms of SaUDG WT (A), SaUDG Y61S 
(B), SaUDG F72N (C), SaUDG H180Q (D) after chromatographic 

purification on HiTrap Heparin HP.
M – protein marker #1610373 (Bio-Rad, USA); L – load; FT – 
flow-through; W – wash; 1-8 – fractions of the corresponding 

recombinant protein

Figure 7. Electropherograms of SaUDG WT (А), SaUDG 
Y61S (B), SaUDG H180Q (C) proteins after chromatographic 

purification on HiTrap Q HP column.
M – protein marker #1610373 (Bio-Rad, USA); 1-3 – fractions of 

the corresponding recombinant protein
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Thus, the repair activity of wild-type SaUDG and its mu-
tant variants was evaluated by monitoring their ability to ex-
cise uracil from a dsDNA substrate in which uracil was paired 
with guanine. Mutant proteins were tested at higher enzyme 
concentrations to compensate for the anticipated reduction in 
catalytic activity. Reaction products were analyzed by dena-
turing polyacrylamide gel electrophoresis (20%) in the pres-
ence of urea. The results of these reactions are presented in 
Figure 8A-C.

The results show that the F72N and H180Q mutants 
lacked detectable catalytic activity, whereas the Y61S substi-
tution caused a pronounced reduction in activity. These data 
highlight the functional importance of the selected amino acid 
residues in the catalytic mechanism of SaUDG and are con-
sistent with previously reported effects of analogous substi-
tutions in other uracil-DNA glycosylases.

CONCLUSION

Previous studies on the EcUNG have shown that the Y66 
residue contributes to excision specificity via Van der Waals 
interactions with the uracil base [25], and its substitution 
causes a pronounced decrease in catalytic activity. The F77 
residue stabilizes uracil within the active site [26], while H187 
ensures proper positioning of the base, facilitating efficient 
glycosidic bond cleavage [27]. Mutations of these residues 
in EcUNG lead to a significant reduction in enzyme activity.

In the present study, based on in silico bioinformatic and 
structural analyses of SaUDG, the residues Y61, F72 and 
H180 were identified as potentially critical for catalytic ac-
tivity. Experimental assessment of the corresponding mu-
tant variants of SaUDG (Y61S, F72N and H180Q) revealed 
a complete loss of detectable activity for F72N and H180Q 
and a pronounced reduction in activity for Y61S.

These results confirm the critical role of residues F72 and 
H180 in the repair activity of SaUDG and indicate the func-
tional significance of Y61 in the enzyme’s activity. The ob-
served data correspondence with previously reported effects 

of analogous substitutions in EcUNG underscores the high de-
gree of conservation in the structural and functional organiza-
tion of the active site among family I UDG enzymes. Overall, 
this study provides further insight into the molecular mecha-
nisms underlying SaUDG function and the general principles 
of uracil-DNA glycosylase activity.
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АННОТАЦИЯ

В рамках настоящего исследования проведен биоинформатический и структурный анализ in silico урацил-ДНК-
гликозилазы Staphylococcus aureus (SaUDG), позволивший идентифицировать аминокислотные остатки Y61, F72 и 
H180 как потенциально значимые для каталитической активности фермента. На основе полученных данных были 
сконструированы мутантные варианты SaUDG Y61S, F72N и H180Q. Результаты ферментативного анализа показали 
отсутствие детектируемой каталитической активности у мутантов SaUDG F72N и H180Q, тогда как замена Y61S со-
провождалась её существенным снижением.

Полученные данные свидетельствуют о ключевой роли аминокислотных остатков F72 и H180 в обеспечении 
каталитического механизма SaUDG и указывают на функциональную значимость остатка Y61 для поддержания 
ферментативной активности. В целом, результаты исследования углубляют представления о структуре и механизме 
действия SaUDG и согласуются с данными о консервативной организации активного центра ферментов первого 
семейства UDG.

Ключевые слова: Staphylococcus aureus, репарация ДНК, эксцизионная репарация оснований, урацил-ДНК-гли-
козилаза, сайт-направленный мутагенез, мутантный вариант.
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АҢДАТПА

Зерттеу аясы Staphylococcus aureus урацил-ДНҚ-гликозилазасына (SaUDG) in silico биоинформатикалық және 
құрылымдық талдау жүргізілді, бұл ферменттің каталитикалық белсенділігі үшін Y61, F72 және H180 аминқышқыл 
қалдықтары әлеуетті маңызды рөл атқаратыны анықталды. Алынған деректер негізінде SaUDG Y61S, F72N және H180Q 
мутантты варианттары құрастырылды. Ферментативтік талдау нәтижелері SaUDG F72N және H180Q мутанттарында 
анықталатын каталитикалық белсенділіктің жоқтығын көрсетті, ал Y61S алмастыруы оның едәуір төмендеуін көрсетті. 

Алынған деректер SaUDG каталитикалық механизмін қамтамасыз етуде F72 және H180 аминқышқыл 
қалдықтарының шешуші рөлін дәлелдейді және ферментативтік белсенділікті сақтауда Y61 қалдығының 
функционалдық маңыздылығын көрсетеді. Жалпы алғанда, зерттеу нәтижелері SaUDG құрылымы және механизмі 
туралы түсініктерді тереңдетеді әрі, UDG бірінші отбасы ферменттерінің белсенді орталығының консервативті 
ұйымдасуы туралы мағлұматтармен сәйкес келеді.

Кілт сөздер: Staphylococcus aureus, ДНҚ репарациясы, негіздердің эксцизиялық репарациясы, урацил-ДНҚ-глико-
зилаза, сайт-бағытталған мутагенез, мутантты вариант.
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