YK 57.043, 57.085.1, 576.08
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We studied a set of Drosophila melanogaster strains that
could be potentially suitable for testing a variety of muta-
genic factors. Their genomes contained insertions of the
enhancer trap P{lacW} in which the activity of the LacZ
reporter is under the control of the reparation genes’ regula-
tory region. We demonstrated that the beta-galactosidase
reporter, which is encoded by insertion of P{lacW} element
in the gene mus209, is induced by irradiation in the cells
of the salivary glands and wing imaginal discs. Despite the
fact that the reporting coloration is not associated with the
dose of radiation treatment, we found that the induction
threshold of the reporter is different for these tissues. Thus,
coloration in salivary glands is detectable after the dose of
200 rad and above, whereas the imaginal discs get colored
with 500 rad and above. Thereby, multiple thresholds for
induction of the reporter in the various tissues allow ap-
proximating the received dose.

Key words: mutagenic factors, D. melanogaster, LacZ re-
porter, radiation.

Introduction. Testing of various substances for pos-
sible mutagenic effect was performed within the
U.S. National Toxicology Program (http://ntp.ni-
ehs.nih.gov).

Under this program, the following tests
were conducted: Ames test [1], for mouse lym-
phoma cells L5178Y which detects the amount of
mutations arising from the action of the mutagen
in the locus of resistance to trifluorothymidine
(direct result of mutations in the thymidine kinase
locus) [2], cytogenetic methods of recording sis-
ter chromatid exchanges and chromosomal aber-
rations in Chinese hamster cells [3]. Genetic tests
in vivo (when the whole animal is subject to action
of the mutagen) commonly use: counting the mi-
cronuclei in the bone marrow of mice and rats [4],
the test for sister chromatid exchanges and chro-
mosomal aberrations in bone marrow of mice [5].
This program involves Meller-5 test of sex-linked
lethals [6] and test for reciprocal translocations in
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Drosophila melanogaster [7]. Although the test for
the induction frequency of mitotic crossing-over
events, that are recorded as somatic mwh clones, is
not recommended for use particularly in this pro-
gram [8], it is used by researchers quite often. The
drawback of these test systems is that organization
of a well-equipped laboratory could be a serious
challenge in order to properly set these tests, and
most importantly — the following analysis would
take many days.

In order to test the presence as well as the en-
vironmental toxicity of a substance a luciferase test
is proposed, where a luminescence reduction of the
enzyme luciferase is associated with the response to
environmental pollution [9]. This approach is based
on the fact of physical interaction of the enzyme
with a contaminating agent, that’s being said the
isolation of this enzyme is required for this assay,
which may overall limit the reproduction of the
method. The method, however, is fast (takes a few
hours), but is not suitable for mutagenic assess-
ment, thus the idea of using a fluorescent reporter
in situ looks interesting. Recent studies report an
established human cell line that expresses a GFP
reporter under the control of the promoter of the
DNA reparation gene in response to irradiation
[10]. Our results show that the development of
high-quality in situ biosensors for the detection of
mutagenic presence is perspective and needs further
investigations [9].

In this paper we studied a set of DNA repairing
genes in different tissues of D. melanogaster, that
could be potentially suitable for testing of various
mutagenic factors.

Materials and Methods. The following stocks of
Drosophila melanogaster were used in our experi-
ment:

10574, «y[1] w[67¢23]; P{w[tmC]=lacW}mei-
W68[k05603] par-1[k05603]/CyO»
11192, «cn[1] P{ry[+t7.2]=PZ}PCNA[02448]/CyO;

ry[506]»
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13285, «y[1] P{y[+t7.7]=Mae-UAS.6.11}mus81
[GG01201] w[67c23]>

10361, «y[1] w[67c23]; P{w[+mC]=lacW}PCNA
[k00704]/CyO»

The flies had been obtained in advance from the
stock center in Bloomington. Irradiation of larvae
was performed using the «<RUM-17» emitting X-
rays with the energy of 180 keV for 5—35 min.
We treated the third instar of the fruit fly larvae.
Histochemical stain for LacZ reporter activity was
carried out as follows: the organs of larvae were
isolated in Hank’s solution and incubated in the
0.75 % glutaraldehyde latch, which was prepared
using 0.1 M sodium cacodylate buffer. The organs
had been washed in PBS (130 mM NaCl, 7 mM
Na,HPO, - H,0, 3 mM NaH,PO, - 2H,0, pH 7,0).
After that they were placed in staining solution
(10 mM NaCl, 1 mM MgCl, - 6H,0, 0.3 % Triton
X-100, 3.1 mM K4 [Fell (CN6)]) 3.1 mM K3
[Felll (CN6)], 2 % X-gal).

The photography was performed on a micro-
scope Leica DM 2000 with x200 and x400 mag-
nification using the camera Canon PowerShot G5
with the software RemoteCapture 2.7.4R2.

Results and Discussion. The studied strains par-
ticularly contained the inserted enhancer trap P
{lacW}. This insertion allowed us to control the
regulatory region of the lac gene the activity of the
histochemical reporter LacZ is, where the above
insertion has occurred. The trial experiments were
performed: the larvae were irradiated at a dose of
100 rad, following that a histochemical staining of

the bodies was administered after 2 h of incubation.
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Fig. 1. Induction of reporter in the salivary glands of lar-
vae irradiated with various doses of radiation and fixed
10 h after irradiation: @ — non-irradiated control; b—f —
larvae irradiated at 200, 300, 500, 700, 900 rad. x400

The strains #13285 and #11192 did not contain the
LacZ reporter and was used as a control — to monitor
the coloring level of the endogenous beta-galacto-
sidase before and after irradiation in various organs
of Drosophila larvae. Our experiments showed that
the strain #10574 (without PCNA, but contained
LacW) yielded a strong coloration of the irradiated
specimens as well as in non-irradiated control. Thus
we concluded that those lineages (#10574, #11192,
#13285) were not suitable for mutagenic reporting.
In further experiments was used strain #10361. Were
carried out irradiation of larvae at a dose of 100 rad,
fixing and staining the organs at 20, 60, 120 min af-
ter the treatment. We detected a weak expression of
LacZ in the salivary glands after 120 min of incuba-
tion between irradiation and fixation in comparison
with unirradiated controls.

Proliferating cell nuclear antigen (PCNA) is a
DNA clamp that acts as a processivity factor for
DNA polymerase & in eukaryotic cells and is es-
sential for replication. PCNA is a homotrimer and
achieves its processivity by encircling the DNA,
where it acts as a scaffold to recruit proteins in-
volved in DNA replication, DNA repair, chromatin
remodeling and epigenetics [11, 12].

Additionally, the irradiation of larvae was con-
ducted at a dose of 100 rad, following that we per-
formed fixing and staining of the salivary glands
after 2, 4, 6, 10, 24 h. In the case of 24 h of incuba-
tion we observed a good signal in the cells nuclei.
A repeated exposure to a dose of 200 rad and 2 h
of incubation also showed good coloration of cell
nuclei in the salivary glands.
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Fig. 2. Reporter induction in the wing imaginal discs of the larvae, irradiated at a dose of 300 (a) 500 (b) 700 (c),
900 (d) rad and fixed 10 h after irradiation. x400

Our results demonstrate (Fig. 1) the dose de-
pendence of the reporter induction in the range
200—1100 rad for the salivary glands. The degree of
nuclei coloration reacting on the beta-galactosidase
activity in the experiment is significantly higher
than for the control.

We hypothesized that the level of the reporter
expression would be directly proportional to the
acquired dose. Yet from the Fig. 1 the propor-
tionality of color intensity to the radiation dose is
not obvious. An attempt to quantitatively analyze
the coloration intensity via software also showed
no linear relationship. This means that the salivary
gland of the larvae, the insertion of the considered
carriers, can be used only for qualitative assessment
of the presence or absence of a mutagenic effect,
starting from a dose of 200 rad or equivalent.

Fig. 2 shows the results of detection of the reporter
activity in the wing imaginal discs of irradiated larvae
after different doses of X-rays and being fixed after
10 h interval. It can be seen that a dose of 300 rad
does not cause the reporter induction (as well as no
coloration in the nonirradiated control) but irradia-
tion at doses of 500, 700 and 900 rad causing visible
changes in the activity of the reporter. Just like in the
case of the salivary glands, the correlation of the color
intensity to the irradiation is not obvious. However,
there might be qualitative conclusion that irradiation
had occurred at a dose of 500 rads or more.

Inducibility of the repair systems in response to
irradiation is well known [13]. In this paper, we
used the insertions of the P{lacW} element in the
gene mus209, in which a beta-galactosidase reporter
is induced by irradiation. Tht induction of reporter
occured in both salivary glands and imaginal disc
cells. Despite the fact that the correlation of the
response to the treatment did not take place, the
thresholds for the reporter responding were found
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different for these two tissues. Thus, the coloration
in the salivary glands cells becomes apparent start-
ing from the dose of 200 rad, whereas the cells
from the wing imaginal discs respond after treating
with 500 rad and above. Thus, multiple thresholds
for induction of the reporter in the various tissues
potentially allow to assess dose.

Dose of 500 rad numerically equals to the disper-
sion of 50 000 ergs per 1 g. Assuming that the cell
density is close to the density of water (—1g/cm?), core
diameter is 3 pum, and it is sufficiently ionized with
0.5 electron volts, it can be calculated that the visu-
ally detectable induction effect of mus209 is observed
when the nucleus encounters around 6 - 10* ionization
events. This is a significantly large quantity.

Further development of assays for detecting the
biological mutagenesis in Drosophila requires ap-
plication of the methods aiming to enhance the
expression of reporters. One such method would be
to use the GFP-based reporter. Another option is
to use insertions of P{GawB} into reparation genes
and UAS-Gal4 enhancer of the reporter. We have
had two insertions in gene mus209, only one of
them turned out to be useful for research. The use
of a wider range of insertions would possible be a
better approach towards more sensitive biomarkers,
compared with that we found.

NCITOJIb3OBAHUE LacZ PETIOPTEPA
AKTMBHOCTU I'EHA PEITAPALLNU mus209
B KAYECTBE TECTA HA MYTATEHE3

Y DROSOPHILA MELANOGASTER

A. HAcunckuii, JI.B. Omenvsanuyk,
O.B. XKyk, U.A. Kozepeuras

WccnenoBan psin auHuii D. melanogaster, OTeHIIMATb-
HO MPUTOAHBIX IS TECTUPOBAHUS PA3NUUYHBIX (DAKTO-
pOB Ha MX MYTareHHOCTb. JIMHMM colepxkaT B CBOUX
reHOMaX BCTPONKM BSHXaHCepHOil JoBywiku PflacW},
B KOTOPOil aKTMBHOCTb TMCTOXMMHUYECKOIO pernoprepa
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LacZ HaxoauTcsl TIOI KOHTPOJIEM PETYISTOPHOW 30HBI
reHoB penapauuu. [TpogeMOHCTPUPOBAHO, UYTO PEIOp-
TepHasl OeTa-rajiakro3ujaasa, KoJaupyemasi BCTPONKON
P{lacW} snemenTa B reH mus209, unayuupyercsi o0Jy-
YeHWEeM B KJIETKaX CJIFOHHBIX JKeJie3 W MMaruHaJbHbIX
IUcKoB. HecMOTpst Ha TO, YTO MPOMOPLMOHATIBHOCTh
CTETICHW OKpalllMBaHUS J03¢ OOJyudeHHMs He YCTaHOB-
JIeHa, 0Ka3aJoCh, YTO MOPOTH MHIYKIWU periopTepa B
9TUX TKaHAX pasnnyarorcsd. Tak, okpacka B KIIETKax
CIIIOHHBIX XKeje3 3aMeTHa, HaumHasg ¢ mo3bl 200 pan,
B TO BpeMsl KaK B MMarvHajibHbIX auckax — ¢ 500 pan.
Taxkum 0Opa3om, pa3iMuHbIe TTOPOTH MHAYKIIUU PETIOp-
Tepa B pa3HBIX TKAaHSAX ITO3BOJISIOT OLEHMBATH 03y
o0y4YeHMSI.

BUKOPUCTAHHS LacZ PEITOPTEPA
AKTWUBHOCTI TEHA PENAPALIT mus209
SAK TECTA HA MYTATEHE3

Y DROSOPHILA MELANOGASTER

HocnimxeHo HU3KY JdiHiit D. melanogaster, MOTEeHUITHO
MPUIATHUX [IJISI TECTYBaHHSI Pi3HOMAaHITHMX (haKTOPiB
Ha iX MyTareHHicTb. JIiHil MiCTSTh KOHCTPYKT, B SIKO-
My aKTUBHICTh TicTOXiMiuHOTO peroptepa LacZ 3Ha-
XOIUTBHCS Mill KOHTPOJEM pEeryIsiTOpHOI 30HU TEHIB
pemapaitii. [TpomemoHcTpoBaHO, IO peropTepHa OeTa-
rajlakTo3unaasa, sika € YacTuHow BOymoBaHoro PflacW}
eJeMeHTa B reH mus209, iHIyKy€eTbCsSI OMIPOMiHEHHSIM B
KJIITMHAX CJIMHHUX 3aJ103 Ta iMariHaTbHUX AucKiB. [Tompu
Te, 10 TPOMOPILINHHICTL CcTyrneHs TmodapOOByBaHHS
031 OMPOMIHEHHSI HE BCTAaHOBJIEHA, BUSBUJIOCH, IO
MOPOTY iHAYKIII peropTepa B IIUX TKAHWHAX Pi3HATHCS.
Tak, mnodapOoOByBaHHSI B KIITMHAX CIMHHUX 3aj03
MOMITHO, mouynHatoun 3 go3u 200 pam, B TOif dac sK
B iMmariHampHuMX auckax — 3 500 pam. Takum umHOM,
pi3Hi Topori iHAyKIii peroprepa B pi3HUX TKaHWHAX
TTIO3BOJISIIOTH OLIIHUTHU 03y ONPOMiHEHHSI.
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