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INDUCTION OF REPORTER GENES EXPRESSION
BY IONIZING RADIATION AND TOXINS INFLUENCE
ON THE DROSOPHILA MELANOGASTER GENOME

In the human environment, there are many factors that can cause genotoxic and mutagenic effects
and one of them is ionizing radiation. Radioactive substances like radon, thorium, radium and their de-
cay products during decomposition are able to emit not only highly penetrating gamma radiation, but
also form large heavy alpha-particles. Alpha-particles have a low penetrating power, but high ioniza-
tion energy, about 10 times greater than gamma-rays. Consequently, we researched genotoxic effects
of alpha-radiation using a test-system with reporter genes on the Drosophila melanogaster. In nature,
the main source of alpha-particles is colorless radioactive gas radon, its isotopes and daughter decay
products. It is technically difficult to create sufficiently intense and directed beams of a-radiation on the
long-lived radon isotope — 222Rn. Therefore, for experiments was chosen the 2*®Pu (Plutonium) isotope,
which has the necessary o-line at decay equal to 5.5 MeV. The genotoxic activity of alpha-particles was
tested on Drosophila melanogaster with genotype containing genes of luminous proteins. Working of
the genetic construction based on the GAL4-UAS system, often used in research to determine gene ex-
pression. Genotype also included GADD45 protein gene and GFP gene (green fluorescent protein). This
genes combination allows to observe glow of Drosophila organs and tissues after stress factor impact.
The sensitivity of construction was checked by chemical mutagen cisplatin, which led to the larvae death
at high concentrations, and caused glow of organs at low concentrations. The larvae were exposed to al-
pha-radiation for 20 hours. Preparations were analyzed on a light microscope with a blue filter and glow
of the larval organs was observed. The glow intensity was depending from radiation source. In other
words, higher radiation dose caused brighter glow, which correlates with synthesis of luminous protein
level. This proves that alpha-radiation from radon and its decay daughter products has a genetic effect.

Key words: alpha radiation, radon, Drosophila, GFP, genotoxicity.
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Drosophila melanogaster reHomMblHa MOHAQYLLIbI COYAEAEHY MeH
TOKCUHAEpre yllbiparaH Ke3A€eri pernoprepAik reHAepiHiH,
3KCMPECCUSICHIH MHAYKLLUSIAQY

AAAMHbIH KOpLUIaFaH OopTacbiHAQ MOHAQYLLIbI COYAEAEHY CUSIKTbl FEHOTOKCMKAABIK, )KOHE MyTareHAIK
SCEPAEPAI TYAbIPYbl MYMKIH KernTereH pakTopAap 06ap. PaaOH, TOpui, paauin >koHe OAapAblH
blAbIpAy 6HIMAEpI CUSKTbl PAaAMOAKTMBTI 3aTTap blAblpay MPOLIECIHAE TeK >KOFapbl ©TeTiH ramma-
CcoyAeAeHYAl BOAIn KaHa Konmai, ipi ayblp aAba-6eAllekTep Tyse anaabl. Aabda-6eALlexkTep, Killi
eTKi3riw KabiaeTi 6ap 6oAca AQ, ramMma-coyAeAeH 10 ece YAKEH MOHAQYAbIH XKOFapbl SHEPIUSICbIHA Me.
OcbiraH 6araaHbicTbl 6i3 Drosophila melanogaster >xemic MylikacbiHAQ pernopTep reHaepi 6ap Tect-
JKYMEHi narMaasaHa OTbIPbIN, -COYAEAEHYAIH FeHOTOKCUKAAbIK, SCEPAEPIHE 3EpPTTEYAEpP XKYPri3aik.
TaburaTTa aAba-6eALLEKTEPAIH HEri3ri KO3i TYCCi3 PAAMAKTMBTI ra3 paAOH, OHbIH M30TOMTAPbIl XKoHe
bIAbIPAYAbIH €HLUIAEC eHIMAepi 6OAbIN TabbiAaabl. PapoH — 222Rn y3ak, eMmip CypeTiH M30TOMbIHAA
JKETKIAIKTI KapKbIHABI XoHe 6arblTTaAFraH aAb(a-COyAEAEHY LIOFbIPbIH >Kacay TEXHMKAAbIK, KMWbIH
GOAFAHADIKTaH, MOAEAbAEYLLI 3KCMEPUMEHTTED YLIiH 5,5M3B TeH biablpay KesiHAE KaXKeTTi aAbda-
>xeaici 6ap 228Pb (IMAyTOHMI) M30TOM TaHAAAAbI. AAb(Da-BOALLEKTEPAIH FTEHOTOKCUKAABIK, BEACEHAIAITH
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TecTianey Drosophila melanogaster-ae, KypambiHAQ XKapKbIPaNTbIH aKybl3 reHAepi 6ap reHOTUNTI aAAbIH
aAa aHbIKTayMeH >KYPri3iaai. [eHeTMKaAbIK, KOHCTPYKUMSHbIH, XYMbICbl T€HAEPAIH, 3KCMPecCUsChiH
aHbIKTay YLUiH 3epTTeyAepAe Xui KoapaHbiaaTbiH GAL4-UAS xyiieciHe HerizaeareH. leHotunte AHK
peTTiAiri 6y3biaraHaa cuHTespaeareH GADDA45 akybi3 reti skoHe GFP (kacblA (hAyOpecueHTTi akybi3)
reHi 60AAbl. [eHAepAiH GyA KOMOMHAUMSICbI CTPECTiK (DaKTOPAbIH 9CepiHeH KeiiH ApPO30(MAaHbIH
opraHAapbl MEH TIHAEPIHIH >KbIATbIpayblH Garkayra MYMKIHAIK 6epeai. AAbIHFaH KOHCTPYKUMSIHbIH
Ce3iIMTaAAbIFbIH  aAAbIH aAQ UMCMAQTMHHIH  XMMMUSABIK, MyTareHiHiH KeMeriMeH TeKCepiAAi, OA
>KOFapbl KOHUEHTPAUMIChbl Ke3iHAe APO30(MAAHbBIH, AEPHOCIAAEPIHIH BAYIHE aAbIM KEeAAl, aA TOMeH
KOHLLEHTPAUMSICbl Ke3iHAE OPraHAAPAbIH COYAEAEHYIH TyAblpAbl. AepHaciaaep 20 caFart iwiHAe aabda-
CayAeAeHy acepiHe yliblparaH. [penapaTrapAbl TaApQy KOK CY3TiLLMeH XKapblk, MMKPOCKOMTA >KYPri3iAAl
KOHE AEPHOCIAAED OpraHAapbliHbIH, KapKblpayblH 6akblAaHAbl. CoyAeAeHYAIH KapKbIHAbIAbIFbI
COYAEAEHYAIH KO3iHe 6aiAaHbICTbI, IFHU COYAEAEHYAIH A03aChl Ken 60AFaH CaibiH XKapKblpaFaH aKybl3
CUHTE3IiHIH AEHrerliMeH KOPPEeAsILMSIAQHATbIH LWaM COFYPAbIM >KapblK, 60AaAbl. BYA paaOH >KeHe OHbIH
EHLLIAEC bIAbIpay 6HIMAEPI APO30(hMAa AEPHBCIAAEPIHE BCep eTKEHAE reHEeTUKAABIK acepi 6ap ekeHiH
ADACAAEHAIL.
Ty#iH ce3aep: aabda-coyaeneHy, paaoH, Apo3oduraa, GFP, reHOybITTbIABIK.
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MHAYKLMSA SKCIPECCUM PernopTepHbIX FeHOB
NP1 BO3AEHCTBMM MOHU3UPYIOLLLEH PaAMALLMM U TOKCUHOB
Ha reHom Drosophila melanogaster

B okpy>kaioulein cpeae YeAOBeKa CYLIeCTBYET MHOXECTBO (DAKTOPOB, CMOCOOHbIX Bbi3blBaTh
reHOTOKCMYecKme 1 MyTareHHble 3hdeKkTbl, TakMe Kak MOHU3MpYtoLee n3ayyveHme. Tak paAMoakTUBHbIE
BELECTBA, KaK PAAOH, TOPWI, PAAMI U MX MPOAYKTbI PacrnaAa, B NPOLECCe PasAOXeHUsi CroCO6HbI
BbIAEASITb HE TOAbKO BbICOKO MPOHMKAIOWEE ramma-u3AyueHre, HO M 00Opa30BbIBATb KPYMHbIE
TSKeAble aAbga-vacTuubl. AAbga-vacTuubl, 06AaAAsS MAAOM MPOHUKAIOWEN CMOCOOHOCTbIO, HECyT
BbICOKYIO 3HEPrui0 MOHM3aumu, npumMepHo B 10 pas GoAbluylo, yemM ramma-ayuu. B cBsizu ¢ aTum
HamMK ObIAM MPOBEAEHbI UCCAEAOBAHMUSI TEHOTOKCUYECKMX DD(EKTOB 0-M3AYUEHUS C UCTTOAb30BAHMEM
TECT-CUCTEMbI C PErnopTepHbIMM reHamK Ha naoAoBon myuike Drosophila melanogaster. B npupoae
OCHOBHbIM MCTOYHMKOM aAbpa-4acTuLL IBASIOTCS 6ECLIBETHbIE PAAMOAKTUBHDIN a3 PaAOH, €ro M30TOorbl
M AOYepHME MPOAYKTbI pacrnasa. [1oCKOAbKY CO3AaBaTb AOCTAaTOUHO MHTEHCMBHbIE M HarnpaBAEHHble
MyYKM 0-M3AYUYEHNS HA AOATOXKMBYLLEM M30TOMeE PaAaOHa — 222Rn TEXHNYECKM 3aTPYAHUTEABHO, TO AAS
MOAEAMPYIOLLMX IKCMEPUMEHTOB ObiA BbiOpaH m3oTton 2¥Pu (MAyTOHMI), MMEoLWMin HEOOXO0ANMYIO
G-AMHMIO MpW pacraase paBHyl 5,5 M3B. TecTuMpoBaHWe reHOTOKCMYECKOW akKTMBHOCTM aAbda-
yactuy, npoBoauAam Ha Drosophila melanogaster ¢ npeaBapuTeAbHbIM KOHCTYMPOBAHWEM TEHOTWINA,
COAEpXKaLLero reHbl CBETAWMXCS 6eAkoB. PaboTa reHeTMUecKon KOHCTPYKLUMM OCHOBAHA Ha CUCTeMe
GAL4-UAS, 4acto UCnoAb3yemMoin B MICCAEAOBAHMIX AAS ONPEAEAEHWS IKCNPeCcHun reHoB. B reHoTune
Tak>Ke NpucyTCcTBoBaAKM reH 6eaka GADD45, cMHTE3MpYeMbli NMPU HapyLLIEHWM MOCAEAOBATEAbHOCTU
AHK, 1 ren GFP (3eAeHblil (DPAYOpeCLEHTHbIN GeAoK). ITa KOMOMHALIMS FreHOB MO3BOASIET HabAIOAATD
CBeYeHWe OpraHoB U TKaHen APO30(1AbI MOCAE BO3AECTBUS CTPECCOBOro hakTopa. YyBCTBUTEABHOCTb
MOAYYEHHOM KOHCTPYKLMW 3apaHee MPOBEPUAM C MOMOLLBIO XMMMUYECKOro MyTareHa UMCMAATMHA,
KOTOPbINA MPU BbICOKOM KOHLEHTPALUMM MPUBOAMA K TMOEAM AMUMHOK APO30MMAbI, @ NPU HU3KOWM
KOHUEHTPALMK BbI3blIBaAW CBEYEHME OpraHoB. AMUMHOK MOABEPraAn BO3AEMCTBUIO aAb(a-U3AyUYeHUS
B TeyeHne 20 yacoB. AHAAM3 NpernapaToB NPOBOAMAM HA CBETOBOM MMKPOCKOME C CUHUM (OUABTPOM
M HabAIOAAAM CBEYEHUE OpraHoB AMYMHOK. MHTEHCMBHOCTb CBEYEeHMs 3aBUCeAa OT MCTOYHMKA
00AYUEHMS, TO eCTb, YeM BOAbLLIE AO3a M3AYUYeHUs, TeM spue ObIAO CBEUEHME, UTO KOPPEAMPYET C
YPOBHEM CMHTE3a CBeTslerocst 6eAka. ITo AOKA3bIBAET, YTO NMPU BO3AEMNCTBMM HA AMUMHOK APO30UA
0-M3AYUYEHUS OT PAAOHA M €r0 AOUEpPHUX NMPOAYKTOB Pacrasa HAbAIOAQETCS FreHeTUYecKuin acpapexT.

KAroueBble cAoBa: anbha-n3ayyeHme, paaoH, Apo3odnaa, GFP, reHOTOKCUMYHOCTD.

Introduction ciety. Genetic testing is aimed at detecting and eval-
uating the genetic hazard of environmental factors

Environmental protection takes one of the major  present in the human environment. Radioactive con-
places in the sustainable development of human so-  tamination engages a central place in the processes
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of atmospheric air, water, soil pollution. Radioac-
tive contamination is characterized by the presence
of radioactive substances on the surface, in the air, in
the human body or elsewhere in quantities exceed-
ing specified levels and can cause mutagenic and
carcinogenic effects. [1]. Thus, isotopes of uranium,
radon and its daughter products of decay (DDP) are
involved in the creation of natural radiation, repeat-
edly and for a long time affect a person. They de-
termine the complexity of the environment and are
participants in the synergistic effects of pollutants.
In this regard, to determine the possible genetic ef-
fects of physical or chemical agents, not individual
tests are used, but a battery (set) of tests that meet
the requirements of sensitivity and specificity [2].
Currently, systems with linked sex chromosomes
have been used to account for visible mutations and
recombinations, test systems with reporter genes of
a luminous protein on Drosophila melanogaster, the
“comet” method on small rodents, etc. [3].

Radon and its decay daughter products are the
radioactive substances creating radioactive contam-
ination. Radon and its DDP are sources of alpha-
particles or positively charged helium nuclei that are
easily retained by the human skin without penetrat-
ing the body, and have a short run, so it seems that
they do not pose a danger. In nature, there are differ-
ent sources of these pollutant-radioactive isotopes
of uranium and radon. Radon is a gas, and there-
fore easily enters the human lungs along with the
inhaled air and inside the body when it decomposes,
it releases a-particles. Under the influence of this
ionizing radiation, malignancies and various muta-
tions may appear in the body [4]. Given this, it is
undoubtedly necessary to assess the genotoxicity of
the most common sources of a-radiation — radon
and its daughter decay products. According to the
USA Department of health, radon is the second most
common (after smoking) factor that causes lung
cancer of the predominantly bronchogenic type.
Lung cancer caused by radon radiation is the sixth
most common cause of cancer death [5, 6]. Radon
radionuclides account for more than half of the total
radiation dose that the human body receives on av-
erage from natural and man-made radionuclides in
the environment [7].

Radon is a radioactive gas and its decay prod-
ucts can enter the body together with the inhaled air
and this leads a significant danger to human health.
Radon, also, can accumulate in residential and in-
dustrial buildings from gas and running water. Ra-
don is released from the earth’s crust everywhere;
its concentration varies significantly for different
points of the globe. For instance, Almaty region can
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be classified as radon-dangerous territories, because
of the large number of tectonic faults presence,
which increase emanation of radon. For solving this
problem, it is necessary to monitor state of environ-
ment, to create a system, which can determine the
sources and factors of man-made impact, to identify
biosphere elements which are most sensitive to im-
pact and to evaluate the degree of this impact [8].

In this regard, environmental monitoring is a
key system for ensuring the quality of the natural
environment. A budding solution for environmen-
tal monitoring could be to find GFP markers which
are induced in response to environmental pollution.
For this reason, in this study was used the design of
the two Drosophila lines Gadd45-Gal4 x UAS-GFP.
If the Gadd45 is promoter, which strongly induced
by irradiation with radioactive sources, while the
Gal4 yeast protein inducing GFP expression. Ac-
cordingly, we conducted studies of the genotoxic
effects of alpha radiation using a test system with
reporter genes of a luminous protein on the fruit fly
Drosophila melanogaster. Green fluorescent protein
(GFP) has a number of desirable features for its use
as a reporter in living cells and organisms [9] and is
used to visualize gene expression in individual cells,
tissues, and organs. Using the GFP reporter mark-
er gene, it is possible to visualize the gene in body
tissues without cell lysis, subsequent biochemical
analysis, and distortions during tissue fixation and
staining. Currently, the fluorescent protein is used
as a marker in the study of genetic development
programs and for solving applied problems, such as
creating biosensors.

Nowadays, global environmental pollution
caused by technogenic products, which increased
mutagenic activity, carry the danger of exposure to
genetic apparatus of living organisms. Living beings
in industrial and natural conditions expose number
of damaging environmental factors. Radiation and
chemicals are the most dangerous and often occur-
ring among them. Testing of chemical compounds
is carried out in accordance with a number of in-
ternational documents. This is the Good Laboratory
Practice (GLP), a guide to preclinical (non-clinical)
research by the world health organization. At the
first stage of checking the genetic effects of envi-
ronmental factors, relatively inexpensive short-term
tests are used, which allow taking into account the
frequency of occurrence of various types of genetic
damage in plants, animals, and microorganisms.
This is the Meller-5 D. melanogaster system for ac-
counting for recessive sex-linked lethal mutations
and a system for accounting for somatic recombi-
nation (mosaicism). However, new testing methods
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are constantly being developed and implemented
to determine the potential hazard of environmental
factors. In this regard, we used Drosophila melano-
gaster genetic lines synthesized at the Institute of
Molecular and Cellular Biology of SB RAS (Novo-
sibirsk), which contained linked sex chromosomes.
When using such genetic chromosomal structures,
there is an effect of the position or change in the ac-
tivity of the gene when changing its position in the
genotype [10]. The system with linked sex chromo-
somes makes it possible to take into account visible
newly emerging mutations in the X chromosome
[11], and additional Y chromosomes in the genotype
are the strongest modifiers of the position effect.

In addition to test systems using chromosomal
rearrangements, reporter genes are now widely
used, which can be used to register the activity of
genes under the influence of a number of environ-
mental pollutants [ 12]. This makes it possible to cre-
ate a collection of lines that respond to a specific
contaminant using a fluorescent tissue signal, which
can be registered using a low-resolution fluorescent
microscope. In this article, the environmental factor
was taken as a-radiation, which is the basis of the ra-
diation activity of radon gas, its isotopes, and DDP.

Materials and methods

Testing of the genotoxic activity ofalpha particles
was performed on Drosophila melanogaster with
preliminary constitution of the genotype containing
genes of luminous proteins. This method allows
you to visually analyze the expression of the GFP
gene in salivary glands, various tissues, and in the
imaginal disks of drosophila under a-irradiation and
determine the minimum dose of radiation.

The GAL4 / UAS system is a biochemical
method based on the study of gene expression
and their functions in various model organisms.
This system was developed by Andre Brand and
Norbert Perimon in 1993 and also is claimed to be
a powerful tool for studying gene expression. There
are many lines of model organisms that express
GAL4 in certain tissues. Basically there are fruit
fly lines, which are called the GAL4 line. Tissues
of such Drosophila lines can be very specific.
Besides, GAL4 has no significantly influence on
the phenotype. The second part of the system is
called reporter. These are lines of flies completely
modified by reporter genes under the control of the
UAS enhancer [13].

To create the genetic structure of the reporter
genes of luminous proteins, the following lines
were used: UAS-GFP (registration number in the

Bloomington collection-4776), GADD45-GAL4
(112149). Accordingly, males and females UAS-
GFP lines contain in the autosomes the gene of green
fluorescent protein (GFP) and the yeast promoter
UAS; the GADD45-GAL4 genetic line has the
transcription factor Gad45-Gal4 in the autosomes,
where GADDA4S5 is the driver, and the yeast protein
GALA4 gene acts as a transcription activator [14].

The UAS-GFP line used contains the green
fluorescent protein gene isolated from the Aequorea
victoria jellyfish by Osama Shimomura, as well as
the UAS (upstream activation sequence) obtained
from the Saccharomyces cerevisiae yeast, which
activates and enhances the transcription of the
attached gene [13]. The Gadd45-Gal4 line contains
a gene encoding a protein of the GADD45 family
(growth arrest and DNA damage inducible 45) that
participates in DNA repair processes, cell cycle
arrest, apoptosis, and gene expression regulation
[15, 16]. GADDA4S5 family proteins are involved in
transmitting stress signals in response to various
physiological or environmental stress conditions
[17], such as ultraviolet radiation, methyl methane
sulfonate (MMS), or hydrogen peroxide, and
various family members are involved in various
reactions to cell and DNA damage [18, 19]. The
GAL4 gene encodes a transcription activator protein
that binds to the UAS sequence, which increases the
promoter’s affinity for polymerase and triggers the
transcription process [13, 20].

The long-lived radon isotope — ***Rn was used as
a source of alpha particles, which generates the main
a-line with an energy of 5.5 MeV, but it is technically
difficult to create sufficiently intense and directed
beams of a-radon radiation on it, so for modeling
experiments, three samples of the experimental
spectrometric source of a-radiation were selected,
containing: 1) the plutonium isotope 238 (**Pu)
with a radionuclide activity of 4.01*10* Bq; 2) the
plutonium isotope 239 (**Pu) with radionuclide
activity of 3.80*10° Bq; 3) triplet (3**Pu, 2°Pu, °U)
with radionuclide activity of 3.86*¥10* Bq. All work
with flies was performed under anesthesia using
sulfur ether (pro narcosi).

The experiments were held at temperature about
20-259C. Before intercrossing, virgin females were
selected beforehand from one of the crossed lines.
For this reason, all the flies were removed from
the test tube before obtaining virgin females. So,
every 6-8 hours’ drosophila virgin females were
collected. In this time (6-8 hours) fruit droplets,
which hatched from eggs do not acquire sexual
maturity, and males of this age are unable in female
fertilization. The Drosophila fruit fly has elongated

79



Induction of reporter genes expression by ionizing radiation and toxins influence on the Drosophila melanogaster genome

light body ad undirected wings about first 2-3 hours
after the hatching from the pupa. These signs were
also taken into attention in the process of virgin
females selection. The female differ from the male
by body sizes (female is larger than male) and the
abdomen pointed tip. Males have pigmented end of
the abdomen. The males were kept separate from the
females before crossing. Females and males were
from different lines. The 3-5 flies of virgin females
were placed in the same tube with males. These
flies were parent generation. Parental specimens
remained in test tubes for 4-5 days. Then after this
period flies were removed from the containers and
left larvae which were developed from the laid eggs.
The larval phage of development begins from the
larva hatching moment and continues until pupation
stage (120 hours). The larval phages are divided
into three periods — the first — larva I age, second
— larvae II age and third — larvae III age. The adult
fly’s organism is mainly formed from certain groups
of cells called imaginal cells. Imaginal disks are not
externally differentiated and located in the larva
body separately. Imaginal disc is a larva’s part of
body, which further develop into organs of adult
Drosophila during pupal transformation [21].

When constructing a genotype with a reporter
gene of a fluorescent protein, virgin females of
the UAS-GFP line were crossed with males of the
Gad45-Gal4 line. We used 111 age larvas, which was
received after crossing the Drosophila melanogaster
lines UAS-GFP and Gadd45-Gal4. Then this
construction was exposed by radioactive decay
products of radon — *Pu and #**Pu, and triplet (on
20 hours), which are the source of alpha radiation.
Irradiation of the larvae was carried out in special
wells in which the nutrient medium was placed. For
this, a nutrient medium prepared according to the
generally accepted technique with a thickness of 1
mm [22] was poured onto the bottom of glass cuvettes
and put 50 imago of drosophila were placed. The
source of a-particles was above the flies at a distance
of no more than 20 mm. The analyzing method of
the larvae include making preparation of imaginal
disks on a slide. Imaginal disks were isolated from
the larvae which were obtained from the crossing
of two lines of fruit fly. Then, imaginal disks were
placed on a slide in a physiological solution drop
and covered by a cover slip. Two preparations were
prepared on a slide in the same time. The first one is
a larvae after exposure to alpha radiation and second
is larvae, which were not mutagenized. Therefore,
larvae were prepared, salivary glands and imaginal
discs were isolated for fluorescence spectroscopy.
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This combination of genes allows you to ob-
serve the glow of drosophila organs and tissues after
exposure to radiation. At 2501C, stage III larvae can
be obtained as early as the fourth day after the egg
is laid. In our experiment, the larvae developed at
200C, which significantly slowed their development,
so the larvae of the end of stage II and the beginning
of stage III were selected for 5-6 days after crossing
the parents.

Results and discussions

The major problem of genetic toxicology is the
risk assessment of mutations in somatic and germ
cells under the influence of environmental pollut-
ants. Identification of potential mutagens and car-
cinogens for humans is the main task of testing
environmental pollution, including radiation. The
purpose of this assessment is the scientific justifica-
tion of measures aimed at reducing population ge-
netic risk under exposure by genotoxic compounds.
Experimental methods for studying the genotoxic-
ity of chemical compounds are called test systems.
Well-known genetics and widely used methods for
studying the genetic effects of radiation and alkylat-
ing super-mutagen agents are used as test systems.
These include methods for accounting for chromo-
somal aberrations and gene mutations in vitro and in
vivo systems in mammalian cells, accounting for re-
cessive mutations in Drosophila and dominant lethal
mutations in rodents. Modern genotoxicity testing
systems mainly include methods that have proven
themselves in the study of hundreds and thousands
of compounds with different structures. For them,
such characteristics as sensitivity and specificity are
defined. They have a well-developed testing proto-
col and optimal characteristics for the speed of the
experiment and cost-effectiveness. Recently, new
methods based on new principles for detecting mu-
tagenic and DNA-damaging effects have been find-
ing wider application. Nowadays, there are about
200 test systems and about 20 methods that are well
developed and widely used. The following living
organisms have been proposed as test organisms for
recording mutagenic effects: cell culture or whole
organisms, prokaryotes (Salmonella typhyturium,
Escherichia coli, Bacillus subtilis), yeast (Saccha-
romyces cererisiae, Schizosaccharomyces pombe),
fungi (Asperqilus nidulans craispoispoispois), Vi-
cia faba, Tradescantia), insects (Drosophila me-
lanogaster). Currently, strict requirements are set
for testing, which are determined by the regulatory
provisions of a number of international documents.
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These include: Good Laboratory Practice-GLP, The
Organization for Economic Co-operation and De-
velopment — OECD. One of the OECD function is
the development and publication of officially agreed
guidelines for testing genotoxic compounds. Ac-
cording to OECD rule No. 477 of April 4, 1984, one
of the most used mutagenicity and genotoxicity test
systems is the test system based on the Drosophila
melanogaster fruit fly [23]. For this reason, test-
ing of the genotoxic activity of alpha particles was
performed on Drosophila melanogaster test system
based on preliminary construction of the genotype
containing genes of luminous proteins GFP.

To test the sensitivity to stress of the genetic
construct with the GFP reporter gene, the larvae
were exposed to the chemical mutagen cisplatin.
Cisplatin is a cytotoxic drug, an inorganic substance,
a complex chloride-ammonia of divalent platinum,

is a strong mutagen that is also used as an antitu-
mor drug in medicine. It has pronounced cytotoxic,
bactericidal and mutagenic properties. The basis of
biological properties, according to the generally ac-
cepted opinion, lies the ability to form strong spe-
cific bonds with DNA. Research methods used in
this field to study the development and prevention
of mutagenesis.[24] The applied two concentration
of cisplatin (125 mg / ml, 500 mg / ml), for this pur-
pose, the larvae were placed in a test tube with nutri-
ent containing cisplatin for 24, 8 and 4 hours. After
a day and 8 hours, cisplatin showed 100% lethality,
and the exposure for 4 hours was zero for this indi-
cator.

Obtaining a sensitive to stress, in our case, ionizing
radiation, more precisely a-particles, genetic construc-
tion was made by crossing and using the principle of
fluorescence induction, shown in figure 1.

P{GawB}Gadd45

M Irradiation

Irradiation induce
expression of Gal4 protein

Y

Gald

P{w[+mC]=UAS-GFP.nls}8

|

Protein Gal4 binds
UAS promoter and
activates GFP

Expression GFP

Figure 1 — The principle of operation of the genetic construction
Gadd45-Gal4 + UAS-GFP exposed by a-radiation

Metal sources with the isotopes **Pu, »°Pu and
triplet (**¥Pu, *Pu and #*U) were used as sources
of alpha particles. The absorbed dose, taking into
account the weighted coefficient of a-radiation
(Wa = 20), was about 40-50 cGy, the time for
the induction of GFP glow, which we found, was
20 hours, i.e. maximum gene expression does not
occur immediately after irradiation, but one or more
cell cycles are required in order to maximize the
induction of repair gene activity.

After irradiation, the larvae were dissected. The
analysis of the preparations was performed on a

light microscope with a blue filter (~375nm). As a
result, an image of the reporter’s GFP induction in
response to irradiation by different sources of alpha
particles was obtained (Fig. 2).

The presented results show that the GFP
reporter gene is more induced when irradiated with
a 2%Pu source. A small glow was observed in the
glands irradiated with the triplet and judging by the
intensity of the glow, the **°Pu isotope has a weak
mutagenic activity close to that in the control, and
the fluorescent protein is practically not synthesized

(Fig. 3).
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Figure 2 — Effect of a-radiation from different sources on imaginal disks of larvae: A — nervous ganglion (**Pu),
B — imaginal disks of a wing and legs (**°Pu), C — imaginal disks of legs (triplet),
D — imaginal disks of a wing and legs (without irradiation)

Figure 3 — Intensity of fluorescent induction depending on the source of a-radiation in the wing imaginal disks
of Drosophila melanogaster larvae: A — **Pu, B — #°Pu, C — triplet (**Pu, *°Pu and **U),
D — control (without irradiation)

During irradiation, if DNA damage occurs, the
expression of the GADD45 gene begins, which
induces the synthesis of the GAL4 activator pro-
tein. The activator protein, in turn, attaches to the
UAS sequence, increasing the promoter’s affinity
for polymerase, which leads to the beginning of
transcription and synthesis of GFP in target tis-
sues of drosophila larvae [25]. Consequently,
the more GADDA45 protein synthesis occurs, the
more GFP is synthesized in cells. Enhanced ex-
pression of GADDA45 proves that a-particles have
an effect on the DNA (directly or indirectly) and
cause changes which lead to activation of repair
processes. A small amount of luminescence in the
control related to the work of repair systems dur-
ing the cell cycle. Also it connected with influence
of other stressful factors, such as the temperature
difference during transportation of the wells for
exposure and background radiation. A high level
of GFP in the organs of Drosophila larvae after
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exposure proves that a-particles have genotoxic
effects.

Therefore, the higher the radiation dose (depend-
ing on the source), the brighter the glow was, which
correlates with the level of the fluorescent protein syn-
thesis (Fig. 4). This showed that a-radiation affects the
expression of the gene, i.e. it has genetic effects.

As a result of comparing the intensity of the
salivary gland glow depending on the radiation
source, it became clear that the isotope 2**Pu has the
greatest mutagenic and carcinogenic activity. Also,
a small glow was observed in the glands irradiated
with the triplet, which also includes the isotope **Pu,
but in a smaller amount. Judging by the intensity of
the glow, the isotope *Pu has a weak mutagenic
activity, as well as in the control, the fluorescent
protein is almost not synthesized, so there is no
glow. Based on this comparison, we can say that the
isotope ***Pu, which is the source of ionizing alpha
radiation, has genotoxic properties.
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Figure 4 — Effect of a-radiation on the salivary glands of Drosophila melanogaster:
A — %8Py, B — 2?Pu, C — triplet (***Pu, *°Pu and 3U), D — control (without irradiation)

Although the radon isotope was not used in
the experimental work, 238Pu has a similar flux of
alpha-particles (the decay energy of **Rn and **Pu
is 5.5 MeV) and is substantially a pure alpha emitter.
Besides, in nature there are isotopes of radon and
its DDP with a higher decay energy. For this reason
during the decay process of radon isotopes polonium
isotopes can form, some of them are short-lived,
but there are more long-lived isotopes (from several
months to 100 years). DDP of radon, including
polonium, can accumulate in the liver, kidneys, spleen
and bone marrow. Unstable DDP of radon can ionize
cells during alpha-decay, in which they accumulate.
As a result of this process free radicals appear, the
enzyme systems of cells are disrupted, which,
possibly, leads to disruption of epigenetic processes
in cells and in the progeny of irradiated cells. For
example, it is known that polonium isotopes in a
living organism behave like selenium, which, as a part
of many enzymes, enters the active center of enzymes
of the body’s antioxidant-antiradical defense system,
the metabolism of nucleic acids, lipids, hormones.

In such a way, radon and its DDP are sources
of ionizing radiation in nature and have genotoxic
properties. In our work, we used a Drosophila
melanogaster test based on the GAL4 / UAS
biochemical system. This system allowed us to
visually observe GADDA45 expression with the
benefit of GFP reporter gene and even compare
expression levels after exposure under different
sources of alpha-radiation.
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