PBPM 24°2018, 41-45 PHOTOBIOLOGY AND PHOTOMEDICINE
UDK 575.224:57.042

MUTATIONS RATE IN DIFFERENT LINES
OF DROSOPHILA MELANOGASTER AFTER THE TREATMENT
WITH CAFFEINE AND HE-NE LASER RADIATION

0.V. Gorenskaya N.S. Filiponenko

Cand. Sci. (Biol.), Assoc. Prof. Senior Assistant

Dep. Genetics and Cytology Dep. Genetics and Cytology

V.N. Karazin Kharkiv National University V.N. Karazin Kharkiv National University
4 Svobody Sq., Kharkiv, 61022, Ukraine 4 Svobody Sq., Kharkiv, 61022, Ukraine
tel.: +38 (096) 971-83-99 tel.: +38 (066) 611-07-03

e-mail: olgavg2014@gmail.com e-mail: filiponenkon@gmail.com

ORCID: 0000-0003-0028-2522 ORCID : 0000-0002-8116-9101

Yu.G. Shckorbatov

Dr. Sci. (Biol.), Prof.

Dep. Molecular Biology and Biotechnology,
V.N. Karazin Kharkiv National University
4 Svobody Sq., Kharkiv, 61022, Ukraine
tel.:+38 (050) 401-58-57

e-mail: yuriy.shckorbatov@gmail.com
ORCID: 0000-0002-3315-0932

The frequency of dominant lethal mutations (DLM) after combined effect of caffeine (1,3,7-trimethylxan-
thine) and helium-neon laser radiation in Drosophila has been studied. Caffeine is a natural substance which is
presented in many drinks, widely applied in medicine and reveals moderately toxic action and some mutagen-
icity/genotoxicity effects; red laser radiation is applied in medicine and can disrupt the processes of DNA and
RNA biosynthesis. The aim of this work was to study the characteristics of the mutation process in Drosophila
melanogaster under the influence of caffeine and red laser radiation, depending on the genotype.

We used wild type Drosophila melanogaster stocks Canton-S (C-S) and Oregon (Or), carrying an ebony
mutation, respectively: ebonyc-s and ebonyor; and mutant stock ebony. Control flies were grown in standard
conditions, and in experiments with caffeine it was added in culture medium in concentration 0.5 mg/ml. Vir-
gin flies were exposed to a helium-neon laser light (wavelength of 632,8 nm) with a surface power density of
0.03 mW/cm?, the exposure time was 5 minutes.

The influence of caffeine causes an increase in the frequency of early DLM on 40 % in mutant line ebony,
and on 70.5 % in the line ebonyc-s. Irradiation by light of helium-neon laser either reduces the incidence DLM,
or has no effect in all lines used in this work. The simultaneous effect of two external factors induces diverse
answers in different genotypes: it increases early DLM in line C-S and early and late DLM in line ebony; but has
no effect in lines ebonyor and ebonycs. The two-way analysis ANOVA F-test showed that the DLM frequency
dependence impact of external factors is characterized by F = 3.87; of genotype F =5.14; of the combined effects
of genotype and external factors F =5.69. The power of influence of external factors — 8.1 %; of genotype 6.9 %;
and of the combined effects of the genotype and two external factors studied — 31.4 %.

Conclusions. Irradiation with laser light had no mutagenic effect on Drosophila, and even revealed anti-
mutagenic effect. Caffeine induced the DLM increase, but the combined caffeine and laser light impact increased
DLM rate in line ebony and not influenced it in lines: ebonyor and ebonyc-s.

Key words: dominant lethal mutations; Drosophila development; mutagenic effect; antimutagenic effect.

OCOBJIMBOCTI MYTAIIMHOI'O ITPOIIECY Y PI3BHUX JITHIN
DROSOPHILA MELANOGASTER 3A YMOB CILIBHOI 11
KO®EIHY I BUTIPOMIHIOBAHHA HE-NE JIABEPY

O.B. I'opencobka, H.C. ®irinonenko, 10.T. IlIkopoaTos
Xapxiscvkuil HayioHaavHull yHisepcumem imeni B.H. Kapasina, Xapkis, Ykpaina

JlocJtiIzKeHo YacToTy IOMiHAHTHHUX JieTaabHUX MyTarin (JIJIM) y apo30odinu Imiciisi CIijibHOTO BIUTUBY
kodeiny (1,3,7-TpUMETHUIKCAHTHH) 1 TeJlii-HEOHOBOTO Jiazepy. MeTow /laHol po60oTH OYyJI0O BUBUEHHS
ocobMBOCTEN MyTaliliHOTO Tipotiecy y Drosophila melanogaster mia BIutmBoM KOdeiHy i BUIPOMiHIOBAaHHS
resTifi-HEOHOBOTO JIa3epa B 3aJI€?KHOCTI B/l TEHOTHITY.

ExcriepuMeHTH MPOBOAWIN Ha JIiHiAX AuKoro tuiy Drosophila melanogaster Canton-S (CS) i Oregon
(Or), sixi HecyTh MyTaHTHUH reH ebony, i MyTanTHOI J1iHii ebony. JIiHii Oy/iu B34Ti 3 KOJIEKIIii JTiHil 1po30odinu
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Kadepy TeHeTUKH 1 IUTOJIOTII GiosToriyHOTO (haKysbTeTy XapKiBChbKOTO HAI[IOHAJIBHOTO YHIBEPCUTETY iMEHI
B.H. Kapaszina. Y KoHTpoJIi MyX BUPOIIYBAJIH B CTAHIAPTHUX YMOBAX, Y IOCTi/IaX KOhEIH 101aBaIU B CEPEOBUIIE
JUISL KyJIbTUBYBaHHA MyX B KoHIeHTparii 0,5 Mmr/mui. Biprinux Myx mijijlaBaju BIUIUBY TeTii-HEOHOBOTO
JIa3epHOTO BUIIPOMiHIOBaHH:A (632,8 HM) 3 mIiIbHIiCTIO OTOKY eHeprii 0,03 MBt/cm? (TpuBasticTh BILTUBY — 5
XBUJIMH).

PesysbraTél poOOTH ITOKA3aJIH, 110 BIUTUB Kodeiny 36inblnye yacrory panuix 1JIM Ha 40 % y MyTaHTHOI
nmiuii ebony i Ha 70,5 % y minii ebonyc-s. ONpoMiHEHHS CBITJIOM TesTili-HEOHOBOTO Jia3epy MPU3BOJAUTD /0
3HkeHHA yactoty JIJIM. OgHouacHa fist 30BHINTHIX YUHHHUKIB BUKJIMKAE PI3HOCIIPAMOBAHUN e(PEKT, 3aIeXKHUN
BiJl T€HOTHUILY JIOCJTIZI?KYBAHOI JIiHii: 361abImyeThes yactoTa panuix JIJIM y miwii C-S i pannix i mizuix IJIM y
Jstinii ebony. ¥ niniit ebonyor i ebonyc-s piBeHb eMOpiOHATIBHOI CMEPTHOCTI HE BiZIPi3HAETHCS Biil KOHTPOJIBHUX
3HaueHb. /[Box(akTOpHUN JUCIEPCIHHUHN aHaAII3 MOKasas, mo 4yacrota /[JIM Bu3HAYAETHCA 30BHINTHIM
pwuBoM (F = 3,87); renotunom (F = 5,14) i moeaHaHO0 Ai€030BHINIHIX 1 BHYTpimHiX ¢akTopis (F=5,69). Cuia
BIUIMBY 30BHIIIHIX pakTopiB — 8,1%; reHOTHITY 6,9%; CITIIBHOI /1ii 30BHIIIHIX i BHYTpinTHIX pakTopis — 31,4 %.
JocimkeHa yacToTa JOMiHAaHTHUX JIETAJIBHUX MyTAaIlill y JIiHi# quKkoro tumy Canton-S, MyTaHTHOI JTiHi1 ebony
i 1iHi# 3 3amieHUM reHOTUIIOM ebonyc-s Ta ebonyor Ipu ofHOYACHIH Ail kodeiny (1,3,7-trimethylxanthine) i
JIa3epHOT0 BUNPOMiHIOBaHH:. [lokazaHo, 1110 CyMapHa YacTOTa BHHUKAIOUHX JIOMIiHAHTHUX JIETATPHUX MyTaI[il
3aJIEXKUTD BiJl yCiX pO3IIAHYTHX y po00Ti hakTopis: Bix rerHoTumy F = 5,14, Bi BIUIUBY TOCTiI?KYBaHUX 30BHIIITHIX
daxropis F = 3,87, i Big noeguaHoi fii reHotuty i 30BHIIHIX pakTopis F =5,69. B nboMy BUnaiKy cuia BIUIUBY
TEeHOTHITY ckjasa 6,9 %, 30BHilIHiX ¢pakTopiB — 8,1 % i moeaHaHOI AiT1 060X HOCTiIKyBaHUX (pakTopiB — 31,4 %.

BucuoBku. OnpomiHeHHs Jla3epHUM BUIIPOMiHIOBAHHAM He MaJjio MyTareHHoro edekrty Ha Drosophila,
i HaBiTH BUABWIO aHTUMYyTareHHUH edekT. Kodein Bukiukas 36inbmenss JJIM, ase koMOiHOBaHUH BILIUB
kodeiHy Ta Ja3epHOro BUIIPOMiHIOBaHH 30u1biuB uactoty JIJIM y stiHii ebony i He BrutnHyB Ha yacroty JIJIM
B JiHisiX ebonyor Ta ebonyc:s.

KiarouoBi ciaoBa: JOMiHAHTHI JieTaJbHI MyTallii; po3BUTOK Apo30dinu; MyTareHHUH edekxT;
AHTUMYyTareHHUH eeKT.

OCOBEHHOCTHU MYTAITUOHHOTI'O ITPOIIECCA Y PA3/IMYHBIX IMTHUN
DROSOPHILA MELANOGASTER ITPY1 KOMBUHUPOBAHHOM JIEVICTBUU
KO®ENHA 1 U3JIYYEHUA HE-NE JIASEPA

O.B. I'openckas, H.C. ®uinnonesnko, 10.I'. Illkop6aToB
Xapvkosckuil HayuoHanvbHblil yHusepcumem umeru B.H. Kapa3una, Xapvkos, YkpauHa

UccenenoBaHa yacToTa JOMUHAHTHBIX JIeTanbHbIX MyTanui (JJIM) y mpo3oduiisl mocjie COBMECTHOTO
Bo3/eticTBUA KodenHa (1,3,7-TpUMETUIKCAHTHHA) U TeJINH-HEOHOBOTO Jiazepa. L{esbio JaHHOi paboThl OBLIO
n3y4ueHrne 0cOOEHHOCTeH MyTaIl[MOHHOTO mporiecca y Drosophila melanogaster nion BaussHueM xKodbenHa u
U3JIy9eHUs TeJINH-HeOHOBOTO Jla3epa B 3aBUCUMOCTH OT TeHOTHIIA.

IKCIIEPUMEHTHI TPOBOAMIIKCH Ha IMHUSX AUKOTO TUIa Drosophila melanogaster Canton-S (C-S) u Oregon
(Or), Hecymux MyTaHTHBIN reH ebony, 1 MyTaHTHOH JInHUY ebony. JIMHUY GbUTH B3ATHI U3 KOJUIEKITUH JTHHUH
nipo3oduil Kaderpbl TeHETUKU U IUTOJIOTUH OHOJIorndYecKoro ¢akyabTeTa XapbKOBCKOTO HAIMOHAIBHOTO
yHuBepcutera uMeHu B.H. Kapasuna. B KOHTpoJie MyXy BBIPAIMBAJIN B CTAHJAPTHBIX YCIIOBUAX, B OIIBITAX
kodeuH n00aBJIsAIN B Cpeay s KyJIbTUBUPOBAHUS MyX B KoHIleHTpanuu 0,5 Mr/miy. BUpruanHble Myxu
MO/[BEPTaJINCh BO3EHCTBUIO TeJINH-HEOHOBOTO JIA3EPHOTO U3JIyYeHU (JJTMHA BOJTHBI 632,8 HM) C IVIOTHOCTHIO
notoka sHepruu 0,03 MBt/cMm? (BpeMs BO3/IENICTBUA — 5 MIHYT).

PesynbTaThl paboTHI MOKA3aJIH, UYTO BO3/leHiCTBIE KOQerHa yBeanunBaer yactotry panHux /IJIM va 40 %y
MyTaHTHOM iuHuu ebony v Ha 70,5 % y muauu ebonyc-s. O6IydeHre CBETOM IeJINH-HEOHOBOT'0 JIa3epa IPUBO/IUT
K cHImkeHUIo yactotsl JJJIM. CoueTaHHOe JieiicTBUe BHEIIHUX (PaKTOPOB BHI3BIBAET Pa3HOHAIPABIEHHBIN
3¢ deKT, 3aBUCHMBIN OT FT€HOTHUIIA UCCIIETyEMON JIMHUH: YBEJTUYUBaeTcs yactota panuux JIJIM y iunnu C-S u
panuux u no3auux JJIM y muauu ebony. Y nuHui ebonyor u ebonyc-s ypoBeHb 5MOPHOHATIBHON CMEPTHOCTU
He OTVIMYAJINCh OT KOHTPOJIbHBIX 3HaUeHUH. [[ByX(aKTOPHBIH AYCIIEPCUOHHBIN aHAIN3 I0KA3aJI, UYTO YaCTOTa
JIJIM omnpenensiercss BHentHuMU Bozaeuctusavu (F = 3,87); renorunom (F=5,14) u coueranueM JelcTBUA
BHEIIHUX U BHyTpeHHUX pakropos (F=>5,69). Cuna BausHus BHeMHUX (pakTopoB — 8,1 %; renorumna 6,9 %;
COBMECTHOTO JIeWCTBUSA BHEITHUX U BHYTPeHHUX HaKkTopoB — 31,4 %.

BoiBoabl. OGsiyueHue j1a3epHbIM CBETOM He MMesio MyTtareHHOro adpdekra Ha Drosophila, a Tax:ke
BBISIBIJIO aHTUMyTareHHbIN s dekt. Kodbenn Boi3Basn yBennuenue J[JIM, koMOMHUPOBAaHHOE BO3/EWCTBUE
Ko erHa 1 JIa3epHOTO U3JIyYeHUs yBeIuduao yactory JIJIM B muHuu ebony u He OBIUSIO Ha yactoTy JIJIM
B JIUHUAX ebonyor u ebonyc:s.

KirroueBsble c10Ba: JOMUHAHTHBIE JIETAIbHBIE MYTAINN; PA3BUTHE IPO30MIIIBI; MyTareHHbIN 3bdeKT;
AHTUMYTareHHbIN 3P PeKT.
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Introduction

The studies of mutation rate in organisms in the
process of their adaptation now become particularly
relevant in relation to environmental issues. Caffeine is
anatural substance which is presented in tea and coffee,
is widely applied in medicine and reveals moderately
toxic action and some mutagenicity/genotoxicity and
carcinogenicity effects [1]. Radiation of helium-neon
laser is applied in medicine and has many biological ac-
tivities [2]. Among the basic model objects to study the
mechanisms of influence on adaptive stress is Drosoph-
ila. The study of the mutation process of organisms in
stressful conditions in relation to genotype is important
for understanding the mechanisms of adaptation to ad-
verse conditions and also in connection with differences
in adaptive capacity of different genotypes.

Thus, the aim of this work was to study the charac-
teristics of the mutation process in Drosophila melan-
ogaster under the influence of caffeine and radiation of
helium-neon laser, depending on the genotype.

Materials and methods

We used wild type Drosophila melanogaster lines
Canton-S (C-S) and Oregon (Or), mutant line ebony,
and also lines bearing ebony mutation which were
obtained by saturating crosses of ebony line with lines
C-S on Or, respectively: ebonyc-s and ebonyor. All Dro-
sophila lines were cultivated in standard culture vessels
in sugar-yeast medium in an incubator at temperature
of 23+0,5°C. Sorting flies by sex was performed on
the first day after flies leaving the puparium. In the
experiment were taken only virgin flies. The diethyl
ether was used for narcotizing flies.

Control flies were grown in standard conditions
and in experiments with caffeine it was added in
culture medium in concentration 0.5 mg/ml. Virgin
flies were exposed to a helium-neon laser red light
(wavelength of 632.8 nm) with a surface power density
of 0.03 mW/cm?, the exposure time was 5 minutes.
The experiment was done in two variants — after the
development of flies in the medium with caffeine and
after the development of flies in standard conditions.

The frequency of dominant lethal mutations
(DLM) was assessed by a percentage of eggs that are
not developed of the total number of fertilized eggs.
Dead eggs were classified in two groups: the transpar-
ent and light opaque eggs — as bearing the early lethal
mutations (death of the embryo occurred in the period
up to 6—9 h of embryonic development); dark eggs — as
bearing late lethal mutations (the death of the embryo
occurred later 9 h of embryonic development) [3].

The statistical analysis was done using the pro-
gram Biostat 2009 (AnalystSoft, USA). Statistical sig-
nificance of differences between mean values was de-
termined by the two-sided Student’s t-test (at P < 0,05).
Statistical significance and the power of factors was as-
sessed using two-factor analysis of variance (ANOVA)
by the Snedecor’s method.

Results

The results of the study of early and late dominant
lethal mutations frequency in mutant lines and wild-
type Drosophila lines depending on the combined
effects of caffeine and laser irradiation treatment are
shown in Figures 1-4.

The influence of caffeine causes an increase in the
frequency of early DLM on 40% in mutant line ebony,
and on 70.5% — in the line ebonycs (Fig. 2, 3).
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Fig. 1. Frequency of early and late DLM in wild
type line Canton-S, depending on the
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Fig. 2. Frequency of early and late DLM in line ebony after
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Fig. 4. Frequency of early and late DLM mutant lines
ebonyor after action of physical and chemical factors.
*Statistical significance of difference from control P <0.05

Irradiation by light of helium-neon laser either
reduces the incidence DLM, or has no effect in all lines
used in this work (Fig. 1-3). The simultaneous effect
of two external factors induces diverse answers in
different genotypes: it increases early DLM in line C-S
and early late DLM in line ebony; but has no effect in
lines ebonyor and ebonyc-s (Fig. 1-4).

The total incidence of DLM after the combined
influence of caffeine and laser irradiation in Drosophila
depended on the genotype as shown in Fig. 5.

The two-way analysis ANOVA F-test showed that
the DLM frequency dependence impact of external fac-
tors is characterized by F=3.87; of genotype F=5.14;
of the combined effects of genotype and external
factors F=5.69. The power of influence of external
factors — 8.1 %; of genotype 6.9 %; and of the com-
bined effects of the genotype and two external factors
studied —31.4 %.

Discussion

In the present work is was shown that the caffeine
treatment of larvae is resulted with the increase of mu-
tation incidence in Drosophila of lines ebony, ebonyc-s,
and ebonyor (Fig. 2—5). This result is consistent with
obtained previous results indicating an increase in the
frequency of DLM under chronic caffeine exposure in
Drosophila mutant lines [4]. The main mechanism of
action of caffeine is associated with the regulation of
intracellular cAMP (cyclic adenosine monophosphate)
levels, which is directly related to the change of calcium
level in the cell. In addition, the effect of caffeine leads
to a change in the conformation of the DNA molecule
by embedding instead of or between the bases [5]. Our
results are in a good agreement with known effects, for
instance, caffeine cause mutagenic effects [6], and by
violation of DNA repair induce accelerated aging [7].

The experimental data show that the laser light
exposure never increases the DLM incidence, but vise
versa, decreases it (Fig. 1-5). This result corresponds to
conclusion of A.Budagovsky that the low-intensity laser
irradiation of visible spectrum is not a mutagenic factor
and its application does not involve the risk of genetic

modification of plants. The phenomenon that is regard-
ed as a laser radiation mutagenesis is a result of the
other processes, leading to the same consequences [8].

The ebony mutation is localized in chromosome 3
and causes darker body color in adults. Melanization
in most organisms have an adaptive effect [9]. Thus,
melanin, causing dark body color, involved in the
formation of resistance in Drosophila by the action
of different pathogens [10]. Melanins in animals are
antioxidant pigments acting as free radical scavenging
mechanisms [11]. But in our experiments the mutant
line ebony not revealed more resistance to caffeine
demonstrating that in this case the additional portion
of melanin has no protective effect on caffeine-induced
mutagenesis (Fig. 2, 3)
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In our experiments the combined effects of caf-
feine and laser light induced increase in DLM rate
only in the line of Drosophila ebony, but not in the
line Canton-S. The DLM rate in mutant lines ebonyor
and ebonyc-s not changed under the combined impact
of caffeine and laser light. In our opinion this is con-
nected with weakened “genetic background” of the
line ebony.

Conclusion

Thus, the results show that laser light in our ex-
periments had no mutagenic effect on Drosophila, and
revealed antimutagenic effect. Caffeine induced the
DLM increase. The incidence of dominant lethal mu-
tations under combined caffeine and laser light impact
increased in line ebony but was not influenced in the
lines with mutant genotype saturated with genotypes of
wild-type lines: ebonyor and ebonyc-s. ANOVA test re-
vealed that the most impact on mutation rate variability
had the effects connected with interaction of genotype
and external factors — caffeine and laser light exposure.
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