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CATALASE ACTIVITY IN MUSCA DOMESTICA L. ADULTS OF THE FIELD POPULATION
IN COMPARISON WITH THE LABORATORY STRAIN

© K.Yu. Maslakova, L.Ya. Yangirova

The antioxidant system plays an important role in the life of organisms. Its primary function is to protect
against the damaging effects of excessive free radicals that lead to a state of oxidative stress. Enzymes of the in-
sect antioxidant system may play a significant role in insecticide resistance. For insects, a number of antioxidant
enzymes have been characterized, including catalase, superoxide dismutase, glutathione transferase and glutathi-
one reductase. The role of catalase in this system is to break down hydrogen peroxide to form water and oxygen,
thereby preventing membrane lipid peroxidation and cell damage. The aim of this study was to investigate cata-
lase activity in adults of Musca domestica L. in field population. During homogenate production a comparative
evaluation of the two-extraction media on catalase activity in adults of the laboratory strain of the house fly was
also conducted. We found a statistically significant 1.12-fold increase in enzyme activity in adults of the field
population compared to specimens of the laboratory strain of M. domestica. The catalase activity in homogenates
prepared on 0.9% sodium chloride solution was statistically higher by 1.77-fold compared to the enzyme activity
in homogenates on sodium phosphate buffer (pH 7.6) with Triton-X 100. The study of the insect antioxidant sys-
tem may be useful in addressing the problem of insect resistance to insecticides, thus allowing the regulation of
insect populations.

Keywords: housefly, homogenate, enzyme activity, antioxidant system, free radicals, oxidative stress, insec-

ticide resistance.

Introduction. Musca domestica Linnaeus
(Diptera: Muscidae) is one of the most common
insects worldwide; it is a synanthropic pest since it
lives in close contact with humans and domestic
animals and is often observed in a variety of human
activities. M. domestica can be a serious nuisance
as it serves as a mechanical vector for a variety of
human and animal pathogens including parasites,
bacteria, fungi and viruses (Zahn and Gerry, 2020).
Globally, insecticides are largely used to control
house flies, the inappropriate use of which leads to
the emergence of resistant populations. Insecticide
resistance is one of the major issues in pest man-
agement. Resistance is defined as the inherited
ability of a population to tolerate a dose of insecti-
cide that is lethal to the majority of specimens in a
susceptible population of the same species
(Abobakr et al., 2022). The spread of resistant in-
sect populations remains a pressing problem
(Ben'kovskaja and Nikonorov, 2018). The re-
sistance development poses severe environmental
hazards such as adverse impacts on non-target or-
ganisms and  environmental contamination
(Abobakr et al., 2022).

Catalase (EC 1.11.1.6) is an enzyme from the
oxidoreductase family; it is a tetramer comprised of
four iron-containing heme groups that allow the
enzyme to react with hydrogen peroxide. Catalases
are categorized into three groups: monofunctional
heme-containing catalases, heme-containing perox-
idase catalases, and manganese-containing cat-
alases (Loncar and Fraaije, 2015). Catalase (CT) is
found in almost all aerobic living organisms and is
one of the key enzymes of the antioxidant system,
which together with its other components protects
cells from oxidative damage caused by reactive
oxygen species (Ighodaro and Akinloye, 2018).

Insects have developed a complex and effi-
cient network of enzymatic antioxidant systems for
self-defense against reactive oxygen species (ROS)
(Barbehenn, 2002). Catalase performs the decom-
position of hydrogen peroxide to water and mo-
lecular oxygen, thereby preventing the formation of
the highly active hydroxyl radical that plays a key
role in membrane lipid damage (Ighodaro and
Akinloye, 2018). The aim of this study was to in-
vestigate catalase activity in adults of Musca
domestica L. in field population. The effect of the
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formulation of the homogenization medium on the
tested enzyme activity was also studied.

Materials and methods. Insects. The study
was conducted on laboratory culture and field popu-
lation of M. domestica. Laboratory cultures were
obtained from Novosibirsk State Agricultural Uni-
versity in 2009 (Tyumen strain) and from the Insti-
tute of Biochemistry and Genetics UFRC RAS in
2023 (Ufa strain). The field population was collected
in the summer of 2023 in the village of Nikulino,
Tyumen Oblast. CT activity was evaluated in adults
of the house fly at the age of 4-6 days without sepa-
ration by sex. Insect cultivation was based on the
rules outlined by Ben'kovskaja G.V. (Ben'kovskaja,
2017). Adult specimens of M. domestica were kept
in 25x25x25 cm metal frame cages covered with
mesh fabric. Each cage contained a drinker with ab-
sorbent cotton filter and clean water, as well as a
container of milk powder as feed. Plastic cups with a
substrate, that consisted of heat-treated bran with the
addition of baker's yeast and water, were used for
egg laying. The optimal temperature (23-27°C) and
relative humidity (50-60%) were established in the
space where the cages were located.

Homogenate preparing. Prior to enzymatic
activity determination, adults were weighed and
frozen at -80°C; subsequently, 5% homogenates
were prepared from the specimens. Homogenates
were prepared using a laboratory homogenizer with
active cooling function at +4°C (Bioprep-24R,
Allsheng, China). The extraction media that were
used: 0.9% NaCl physiological solution; 0.1M
phosphate buffer pH 7.6, containing 1mM EDTA,
ImM PTU, 1mM PMSF, 1mM DTE and Triton-X.
The acquired homogenates were centrifuged at
12.000 g for 2 minutes, and then the supernatant
was collected and used for determination of en-
zyme activity and protein quantitative content.

Assay of enzyme activities. The method of
Korolyuk M.A. (Korolyuk et al., 1988) with some
minor modifications was adopted as the basis for
the determination of CT activity. This method is
based on the ability of hydrogen peroxide to form a
persistent colored complex with molybdenum salts.
Enzyme activity determination was performed on
96-well microtitration plates (MiniMed, Russia) on
a Multiskan FC microplate photometer (Thermo
Fisher Scientific Inc., Finland) at a wavelength of
405 nm. Protein levels were determined
photometrically according to the Lowry O.H.
method (Lowry et al., 1951), using bovine serum
albumin solutions for calibration graph plotting.
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Data analysis. Statistical processing of the
study results included: calculation of mean value,
standard error of mean, median, mode, standard
deviation and sample variance using descriptive
statistics from the data analysis section in Excel.
When performing data analysis, we used Welch's
T-test, which allows us to compare two groups of
data, assuming that the data in both groups follow a
normal distribution, but do not require the same
variance between groups. By assuming that the var-
iance differs between groups (laboratory group and
field group, as well as laboratory group in buffer
and laboratory group in physical solution), we use a
two-sample t-test with different variances.

Results. According to the obtained results, the
sample variance obtained from specimens of the
laboratory strain in buffer is significantly different
from both the sample obtained from the same spec-
imens in physical solution (Fig. 1) and from the
sample obtained from individuals of the field popu-
lation in buffer solution (Fig. 2). All samples also
conform to a normal distribution, but their vari-
ances are different, suggesting that we should use
Welch's t-test to statistically assess the signifi-
cance.

It was observed that the catalase activity in
adults of M. domestica when using 0.9% NaCl so-
lution as a homogenization medium was statistical-
ly higher (1.77-fold) compared to the enzyme ac-
tivity in homogenates on phosphate buffer with
detergent (Table 1 and Fig. 3). The enzyme activity
in homogenates on phosphate buffer is 1.12 times
lower for the laboratory strain compared to the
field strain.

Discussion. A rather early work on catalase
activity in Drosophila (Samis et al., 1972) provides
data that can also be applied to M. domestica. The
majority of catalase activity in both male and fe-
male Drosophila is found in the abdomens of flies.
Moreover, the enzyme activity in the head, thorax
and abdomen of male flies is higher than in the re-
spective body parts of females. Samis H. V. (Samis
et al., 1972) found that spectrophotometrically de-
termined catalase activity in Drosophila is directly
proportional to enzyme concentration, inversely
proportional to substrate concentration, and inde-
pendent of wide ranges of phosphate ion concentra-
tion. The optimum pH for Drosophila catalase ac-
tivity ranges from 7.0 to 8.0. Enzyme activity peaks
at pH 7.5 and decreases with increasing substrate
concentration.
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Fig. 1. Catalase activity frequency distribution in
adults of M. domestica of the laboratory strain during
homogenate preparation in different media: a) buffer
solution (0.1M phosphate buffer pH 7.6 containing
ImM EDTA, ImM PTU, ImM PMSF, ImM DTE
and Triton-X), b) NaCl 0.9%
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Fig. 2. Catalase activity frequency distribution in
adults of M. domestica of the laboratory strain (a) and
of the field population (b) during homogenate prepa-
ration in buffer solution (0.1M phosphate buffer pH
7.6 containing 1mM EDTA, 1mM PTU, 1mM PMSF,
ImM DTE and Triton-X)

Early studies on insect antioxidants under ex-
posure to various chemical factors including pesti-
cides (Barbehenn, 2002), as well as data on chang-
es in antioxidant levels during ontogeny and their
role in aging processes are available (Mockett et
al., 2001). In a study by Sohal R.S. (Sohal et al.,
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1984) on the effect of aging on the activity of anti-
oxidant enzymes (including catalase) in M.
domestica, insects were homogenized using 0.1%
Triton-X. Later Sohal R.S. (Sohal et al., 1990) in-
vestigated the effect of aging on the activity of the
same enzymes in Drosophila melanogaster, where
specimens were homogenized in 66 mM potassium
phosphate buffer, with the application of 0.1% Tri-
ton-X. In a study of catalase in Bombyx mori by
Yamamoto K. (Yamamoto et al., 2005), homoge-
nates were prepared in 70 mM potassium phos-
phate buffer (pH 6.5) containing 0.1% Triton-X
100. As stated earlier, the inclusion of detergent in
the composition of the medium for insect homoge-
nization is essential. Therefore, the identification of
catalase activity in adults of M. domestica was de-
termined in homogenates prepared on phosphate
buffer containing Triton-X. Adams D.H. and Bur-
gess E.H. (Adams and Burgess, 1957) were the
first to report the use of the non-ionogenic deter-
gent Triton-X 100 to increase the observed catalase
activity of mouse liver homogenates. The authors
point out, unless Triton-X 100 is used, there is an
inherent danger, that livers isolated from different
experimental animals may be activated to varying
degrees during homogenization. In our study, as
shown in Figure 1 and Table 1, the detectable en-
zyme activity was lower when using triton buffer
than when using sodium chloride. However, the
characterized trait (enzyme activity) varied less in
the sample with detergent than in the sample with
saline solution, as indicated by the variance and
standard deviation values (Table 1). Hence, we
subsequently used a detergent buffer.
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Fig. 3. Catalase activity in M. domestica adults of la-
boratory strain and field population. Note: n-sample;
differences were considered statistically significant
compared to activity in adults of the laboratory strain
(buffer) at p<0.05 according to Welch's T-criterion
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Table 1

Statistical parameters of compared samples of catalase activity values in M. domestica adults
of laboratory strain and field population

Reliability level (95%),
Strain Mean | Standard | Standard Variance Sample | compared to the laboratory
value error deviation volume strain (0.1M phosphate
buffer pH 7.6)
Laboratory (0.1M phos- 0.064 0.001 0.008 0.00006 48 -
phate buffer pH 7.6)
Field (0.1M phosphate 0.072 0.001 0.006 0.00004 41 0.002
buffer pH 7.6)
Laboratory (NaCl 0.9%) 0.114 0.003 0.019 0.00035 41 0.006

The field environment as opposed to the artifi-
cial laboratory environment is unstable. Field popu-
lation exists in more complex living conditions, of-
ten encountering various environmental changes.
Such factors as fluctuating environmental condi-
tions, food availability, various diseases, insecticide
exposure are stressful to insects. Any change in ho-
meostasis leads to oxidative stress — an imbalance
between the production of free radicals and their
neutralization. In turn, this leads to the activation of
the antioxidant system, which manifests itself in an
increase in the activity of the corresponding en-
zymes. Based on the obtained results for catalase, it
can be assumed that the total antioxidant activity of
adult specimens of the field population of
M. domestica is more pronounced compared to the
laboratory population. The study of insect antioxi-
dant system can be very useful when addressing the
problem of insecticide resistance. Our future re-
search will focus on studying other enzymes of the
antioxidant system and investigating the catalase
activity at different stages of the life cycle of
M. domestica. This will allow for the most thorough
characterization of the antioxidant defense system
operation of M. domestica, which may subsequently
prove to be a promising target for the development
of methods to regulate the populations of both the
house fly and insects in general.

Conclusion. The results of this study show that
catalase activity in adults of the field population is
statistically higher compared to specimens of the
laboratory strain of M. domestica. The catalase ac-
tivity in adults of M. domestica was statistically
higher (1.77-fold) in 0.9% NaCl solution as a ho-
mogenization medium compared to that in homoge-
nates on phosphate buffer with detergent. The en-
zyme activity in homogenates on phosphate buffer is
1.12 times lower for the laboratory strain compared
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to the field strain. Our further studies will be aimed
at the investigation of M. domestica catalase activity
during ontogenetic development, since this enzyme
may prove to be a promising target for the develop-
ment of methods to regulate the populations of both
the house fly and insects in general.

The research was carried by the All-Russian
Scientific Research Institute of Veterinary Ento-
mology and Arachnology of the Tyumen Scientific
Centre of Siberian Branch of the Russian Academy
of Sciences within the framework of the state as-
signment of the Ministry of Science and Higher
Education of the Russian Federation (theme
No. FWRZ-2022-0022).
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AKTHUBHOCTH KATAJIA3bI Y UMAT'O MUSCA DOMESTICA L. IPUPOJJHOMI NONYJIALUA
B CPABHEHUU C JIABOPATOPHOM JIMHUEN

© K.JIO. Macnaxosa, JI.S1. SIlaruposa

Tromenckuit HayuHbIi neHTp CuOHUpPCKOro oTaenenus Poccuiickoii akaneMun HayK,
2, ynuna Muacturytekas, 625041, Tromens, Poccus

AHTHOKCHJAHTHAs CHCTEMa WTPacT BAXXHYIO PONb B JKU3HEACATCIHLHOCTH OpraHm3MoB. OCHOBHAs (yHK-
LU — 3alIUTa OT pa3pyLIAIONIEro BO3AeHCTBUS U30BITOYHOTO KOJIMYECTBA CBOOOAHBIX PAJAUKAIOB, KOTOPbIE MPH-
BOJIAT K COCTOSIHUIO OKUCIUTENHHOTO cTpecca. DepMeHThl aHTHOKCHIAHTHOM CHCTEMBI HACEKOMBIX MOTYT UIPaTh
3HAUUTEIBHYIO POJIb B YCTOHYMBOCTH K MHCEKTHIUAAM. [IJI1 HACEKOMBIX OXapaKTEepPH30BaH Psi aHTHOKCHIAHT-
HBIX (pepMEHTOB, B YHCIIEe KOTOPBIX KaTaasa, CyMepoOKCHIINCMYyTa3a, TIyTaTHOHTpaHchepasa U TIyTaTHOHPEIyK-
Ta3a. Ponp kartamasel B 3TOH CHCTEME CBOAMTCA K PACIICIICHUIO IMEPOKCHJA BOAOPOAa ¢ 00pa30BaHHEM BOIBI U
KHCIIOPOJIa, TEM CaMBIM IPEAYIPEKAas MEPeKUCHOE OKHICICHUE JINIHIIOB MEMOpaH M MOBpeXaAeHne KieTok. Lle-
JBI0 HACTOSIIETO WCCIICIOBAHMUS CTANO H3YUCHIE aKTHUBHOCTH KaTajas3bl y umaro Musca domestica L. mpupoxHoit
nomynsauuu. Takke poBeneHa CpaBHUTENbHAsI OLIEHKa JIBYX Cpel BBIACJICHUS NPHU MOIYYEHUH TOMOT€HAaTOB Ha
AKTUBHOCTH KaTajas3bl y UMaro JabopaTopHON JTUHHM KOMHAaTHOW Myxu. Hamu oOHapyXeHO CTaTUCTHYECKU 3Ha-
YIMO€ yBETHMUYCHHUE aKTUBHOCTH (PEpMEHTA Y UMaro MpHPOIHONW MOMYJISIIUH IO CPaBHEHHIO C 0COOSIMHU abopa-
TopHOU NUuHUN M. domestica B 1.12 pa3. AKTUBHOCTb KaTasla3bl B TOMOT€HaTax, NpUroToBieHHbIX Ha 0,9% pac-
TBOpE XJIOpHUJA HATPHs, CTATHCTUYECKH BhIlIe B 1.77 pa3 Mo CPpaBHEHUIO C aKTUBHOCTBHIO )epMEHTa B TOMOTEHa-
tax Ha Hatpuii-pocdaraom Oydepe (pH 7,6) ¢ Triton-X 100. M3ydyeHne aHTHOKCHIAHTHOW CHCTEMBI HACEKOMBIX
MOJKET OBITh MOJIE3HBIM B PELICHUU MPOOJIEMbl YCTOHYUBOCTH HACEKOMBIX K MHCEKTHIIMIAM, YTO TIO3BOJHT PETY-
JUPOBATh UX YUCIEHHOCTb.

KiroueBrsle croBa: KOMHAaTHasE MyXa, TOMOTEHAT, (PepMEHTATHBHAS aKTHBHOCTh, AHTHOKCHIAHTHAs CHCTEMA,
CBOOOIHEIC PaJAUKaIbl, OKHCIUTEIBHEIN CTpeCC, MHCEKTHIUAHAS PE3UCTCHTHOCTD.
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