Genotoxicita
Testy na detekci mutaci




e ...term that in a broad sense may refer to the property of a
substance as being harmful to the genetic material
(COM, 1898)

e ..any deleterious change in the genetic material
regardless of mechanism by which the change is induced
(D "Arcy and Harron, 1993)

e ..any agent which, by virtue of its physical or chemical
properties, can induce or produce heritable changes in
those parts of genetic apparatus that exercise homeostatic
control over somatic cells, thereby determining their
malignant transformation (Druckley, 1973)




interdisciplinarni obor vnikly v 70. letech
minulého stoleti

sleduje poskozeni DNA a jeho dusledky
chemickymi latkami pritomnymi v zivotnim
prostredi

jsou pouzivany metody genetické analyzy a
tradicni toxikologické pristupy

sleduji se zejmena pozdni ucinky chemickych
latek genetickymi metodami




Dusledky genetického poskozeni

genotoxickymi latkami
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Figure 1. Scheme illustrating adverse health effects resulting from genetic damage
induced by genotoxic agents.




1. hazard identification - identifikace rizika (napr.
identifikace latky s mutagenni aktivitou)

2. dose-response assessment - stanoveni vztahu davka-
odpoved

3. exposure assessment - stanoveni expozjce - jak mnoho
chemikalil je absorbovano ze vsech zdroju

4. risk characterization - charakterizace rizika — stanoveni
rizika urcitéeho nepriznivého efekty (napr. choroby
vyplyvajici z pfedchozich vysledku ve vztahu k jednotlivci
Ci populaci

>

Bezpecna prahova davka




Risk-Assessment Process

Hazard Evaluation

Exposure-Assessment Process

Exposure Assessment

Source-term Analysis:
Estimation of releases to
contact media

'

Dose-Response Assessment

Environmental transport and
transformation analysis:
Determination of contaminant
concentrations in contact media

'

Risk Characterization

Estimation or measurement of
exposures with toxic substances via
inhalation, ingestion, or dermal
contact

Figure 1. Overview of the risk- and exposure-assessment processes.




Laboratory and field
observations of adverse
health effects and
exposures to
particular agents

HAZARD IDENTIFICATION

( Does the agent cause
the adverse effect ?)

Development of
management
options

Information on
extrapolation methods :

DOSE-RESPONSE
ASSESSMENT

( What is the relationship

RISK
CHARACTERIZATION
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estimated exposures,
characterization of
populations

( What exposures are
currently experienced
or anticipated under

different conditions ?)

Evaluation of
public health,
economic,
social and
political
consequences
of
management
and
regulatory options

Decisions
and actions

Figure 2. Elements of risk assessment and risk management resulting from research.




Preventivni opatifeni zamé&¥ena k ochrané p¥ed expozici
genotoxickym latkam lze rozdélit do dvou drovni:

1) Testovdni genotoxické aktivity nové syntetizovanych nebo jii
uzivanych chemickych latek a sloucenin

2) Biologické monitorovdni - zahrnujici monitorovani prostredi
(zejména identifikace mutagenni aktivity komplexnich slozek
prostiedi) a _monitorovani biologického ucinku - tj.
odpovédi lidského organismu na piusobeni genotoxicky
aktivnich faktoru prostredi.




A) detekce jeji mutagenni aktivity
B) studium metabolismu latky clovekem

C) stanoveni mnozstvi latky, které bude pisobit na
populaci a jednotlivce

D) riziko expozice testovanou latkou

E) nejvyssi pripustnou uroven genetického poskozeni




e informacni zdroje

e metoda SAR (structure-activity
relationship) — pocCitacové modelovani a
simulace (napr. reakce s DNA)

e biologické testy mutagenity (asi 200
testi)




Priklady databazi obsahujicich

informace o genotoxickych slouceninach

Zdroje informaci o genotoxickych slouceninach.

1 tov: ntra

WHO (World Health Organization)
Agency for Research on Cancer (IARC)
WHO International Programme for Chemical Safety (IPCS).

UNEP (United Nations Environmental Programme).
International Register of Potentially Toxic Substances (IRPTC) tizeny UNEP poskytuje
informace o uZiti, pUsobeni, toxickych a mutagennich ucincich wvybranych skupin
environmentalnich mutagen® s mezinarodnim vyznamem.

Regionilni centra

K nejznamngjsim patii napf. European Community’s Data Information Network
(ECDIN), European Chemical Industry Ecology and Toxicology Center (ECITOC) a
Japan’s Biological Database.

USA

V ramci USA jsou znamy piedeviim EPA (Environmental Protection Agency), National
Institut of Occupational Safety and Health Sciences (NIOSH), National Institute cf
Environmental Health Sciences (NIEHS). -

Nejvétsi sbirka publikaci tykajicich se genetické toxikologie je umisténa v Environmental
Mutagen Information Center - EMIC (OAK Ridge National Laboratory, TN). Zde se
nachazi vice nez 74 000 publikaci pojednavajicich o genetické toxikologii vice nez 25000
chemikalii. :

Bibloigrafické informace lze z t8chto databazi ziskat prostiednictvim systému TOXNET ¢&i
TOXLINE.




Informace o mutagennich/karcinogennich vilastnostech

jednotlivych chemikalii (katalog Sigma)
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e
Iinformac

Etikety produkti firmy Sigma ;0 etiketa uvadi

Etikety produktt firmy Sigma jsou navrzeny tak, aby poskytovaly zdk- A Nazev, popis a synonyma produktu K CAS &islo
ladni a nejnovéjsi informace o nasich produktech. Jedna se informace, 4 g % =
které mate k dispozici kdykoli a kdekoli potfebujete. Na nagich B Katalogové &islo produktu

Cislo CAS (Chemical Abstract Service) je uva-
déno u v8ech produktl, pro které je dostupné.

etiketach uvadime: G Dalsi dopliiujici informace CAS ¢isla se li&i padie specialni definice

“ e o 5 D Doporuéena manipulace a skladovani materiélu, proto se snazime uvést takové CAS
» Uplny nazev produktu a jeho popis Udané skladovaci teploty se tykaji Cislo, které by vystinovalo produkt co
+ Bezpeé&nostni informace dlouhodobého skladovani produkta. PFi nejpresnéji. Pokud i CAS é&islo uvedeno u

prepravé mohou byt produkty zasilany za smési nebo roztokw. jednd se vétsinou o CAS
* U mnoha typl produkit analyticka data pro danou 3arzi odlignych podminek, které véak rovnéz Cislo slozky, ktera je uvadéna jako hlavni nazev
. s 2 zarucuji deklarovanou kvalitu produktu. na etiketé.

s Rt e site < crip e .

Piktogramy vystraznych symbold pro okamzité rozpoznani rizika E Oznageni nebezpecnosti L Chemicky vzorec 2 molekulova hmotnost

Pokud neni ve vzorz indikovana voda, vztahuje

¢ Uzitecné ldajc pro odkazy, &islo CAS, chemicky vzorec Indikace rizika. > 2 u
7 se molekulova hmemost na bezvody materidl.

F Analyticka data =
Udaje o aktivité, gistots, stupni hydratace M Carovy kéd a jeho ekvivalent
apod. pro danou $arzi. Cérovy kéd a jeho &ieiny ekvivalent jsou uréeny
G B H F A e = S
¢ Baleni Eouze pro vnitini potfebu firmy.
Pokud neni produkt oznagen jako predvazeny N Cisla standardnich rizikovych a
(pre-weighed), obsahuje pfislugné baleni bezpeénostnich vat
100g _ M-5750 obvykle o néco vice, nez je uvedeno. U 0 B & Wi list (MSDS) d W
A neékterych produktd je rovnéz uvedeno Bezpecnostni list (MSDS) produktu je
E IRRITANT skute¢né mnoZstvi v dobé baleni. Uzivatel k dispozici.
Irritating to eyes, i ¥ -nap = ¢ by mél vzdy potiebné mnozstvi produktu o
respiratory system Lzlsm%%ll 1,4-naplithoguinone sodium K z nadoby odvazit. P EC ¢islo o o
j and skin. In case of A 59 G- R Tento produkt je identifikovan evropskym
contact wm&‘eﬁs, pprox. 95% [67414-02-5] H Cislo sarze Cislem EC (seznam EINECS nebo ELINCS).
With pienty of Wik - Water soluble addition Cy,H,0, = NaH: 276.2 ystrazné & i Produkty bez EINECS é&isla jsou oznaé
with plenty of water compound of vitamin K 11Hs0; © NaHSO, W 276.. I Vystrazné symboly nebezpeé&nosti Y isla jsou oznaceny
and seek medical Light sensitive * [ H0 content 1.5 mol/mol Umoziiuji na prvni pohled rozeznat bezpeénostni upozornénim “Pozor - latka dosud nebyla
advice. Wear suit- Desiccate For labarAtory use only. Not for drug, e Y St 1 Ana”
able protective Store at less than 0°C househofd or other uses. . rizika spojend s pouzivanim produktu. zcela testovana.
clothing. | Dal$i bezpe&nostni informace

IGMA cHEMlCA’, CO. P.O. Box 14508 St Louis{MO 63178 USA 314-771-5750
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Podrobnéjsi informace o pripadném riziku,
doporuéené manipulaci a prvni pomoci.
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Testy mutagenity




Prehled testi mutagenity

Table 1. Distribution of Tests in Genetic Activity Profile (GAP),
Gene-Tox (GTX), and National Toxicology Program (NTP) Databases

GAP GTX NTP
Chemicals® Entries® Chemicals Chemicals®

Phylogenetic endpoint

Prokaryotes
DNA damage 115 309 676
Gene mutation 282 3635 2694 1702 (SAL)
Lower eukaryotes
DNA damage 18 22
Recombination 99 266 506
Gene mutation 101 276 352
Chromosomal aberrations 1 1
Aneuploidy 31 49 105
Plants
DNA damage 3 3
Gene mutation 38 60 149
SCE 7 12
Micronuclei 11 13 8
Chromosomal aberrations 40 105 223
Insects
Recombination 15 25
Gene mutation 123 268 790 285 (DMX)
Chromosomal aberrations 28 49 61
Aneuploidy 36 62 132
Animals in vitro
DNA damage 126 379 35
Gene mutation 112 427 794 343 (G5T)
SCE 124 371 477 612 (SIC)
Micronuclei 23 27 (=]
Chromosomal aberrations 118 334 197 616 (CIC)
Aneuploidy 23 39
Cell transformation 94 278 550
Human in vitro
DNA damage 77 198 187
Gene mutation 23 29
SCE 93 244 701
Micronuclei 5 6 10
Chromosomal aberrations 92 271 11
Aneuploidy 6 7
Cell transformation o} o}
Body fluids, host mediated ! 152 240
Animals in vivo
DNA damage 53 112 19 100 (UPR)
Gene mutation 20 31 94 .
SCE 62 132 58 120 (SVA)
Micronuclei 103 252 426 40 (MVM)

Chromosomal aberrations 127 514 73 120 (CVA)

Table 1. (continued) Distribution of Tests in Genetic Activity Profile (GAP),
Geng-_T_c_)x (GTX), and National Toxicology Program (NTP) Databases

GAP GTX NTP
Phylogenetic endpoint  Chemicals® Entries® Chemicals Chemicals®
Aneuploidy 8 15
Cell transformation 0 0
Humans in vivo
DNA damage 3 3
SCE 37 88 1
Micronuclei 3 -
Chromosomal aberrations 52 145 26
Aneuploidy 2 5
Miscellaneous
(Sperm morphology, DNA
binding,intracellular
communication, fish assays) 89 185 256
Animal carcinogenicity 507 326

# Number of chemicals for which test data are available.

® Number of individual results reported.

¢ SAL = Salmonella typhimurium, all strains; DMX = Drosophila melanogaster,
sex-linked recessive lethal mutations; G5T = gene mutation, mouse lymphoma
cells in vitro; SIC = sister chromatid exchange, Chinese hamster cells in vitro:
CIC = chromosomal aberrations, Chinese hamster cells in vitro; UPR =
unscheduled DNA synthesis, rat hepatocytes in vivo; SVA = sister-chromatid
exchange, cells in vivo; MVM = micronucleus test, mice in vivo; CVA =
chromosomal aberrations, other animal cells treated in vivo.
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kratkodobé (screeningové) x dlouhodobé
testy na savcich

testy na gametické x somatické mutace

testy provadene in vitro x in vivo

testy na detekci genovych,
chromozomovych, genomovych mutaci

testy na reparaci DNA




RISK CHARACTERIZATION STRATEGIES

Increasing Relevance to Humans

ORGANISMS GENETIC EFFECTS WEIGHT-OF-EVIDENCE
Humans & - HUMAN MUTAGEN
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Hodnoceni mutagenity jednotlivych

chemickych latek - systém ,,baterii testa"

Chemicke latky 1) s omezenym pouzitim 2) Siroce pouzivané
Testy " orientaéni komplexni
(-S9, +S9 in vitro) (-S9, +S9 in vitro, in vivo)
Indikatorové mikroorganismy mikroorganismy
organismy savci (kostnl dfefl) savci (DLM - kostni drer)
Clovék (CHA)
Je mutagen? ano - testuj dle 2) ano - pfi pouZitl je nutno
stanovit NPK,ADI
ne - [ze pouZit ne - Ize pouzit

Obr.7 Systém testovén/ mutagenn! aktivity chemickych létek

Vysvétlivky:

o AN o = W 1 1)) bez metabolické aktivace

S L TR S M) s metabolickou aktivacl

PLM:vvvininzns test na stanovenl dominantnich letdinfch mutac/
CHA cytogenetickd analyza chromozomovych aberac/

. stanovenl nejvy$3/ pfipustné koncentrace
ADI.oooe urcenl prijatelné dennl ddvky

Kratkodobé testy (napf. Amesuv test + cytogeneticka analyza perifernich
lymfocytl in vitro)

Dlouhodobé testy na savcich (hlodavci)




Priklad testovaci baterie (Kanada) pro

latky s omezenym pouzitim

Figure 1. Mutagenicity Testing at LOC |

Chemicals to be tested under LOC 1 requirements are chemicals for which
exposure is low and for which there is no structural relationship to known
mutagens or carcinogens. This LOC includes certain chemicals under the
Canadian Environmental Protection Act, certain food packaging materials,
and certain indirect food additives.

Salmonella/mammalian microsome assay
plus

Both One or both
negative positive

Not Not
appiicable applicable

in vitro

Nonn:uingen
mutagen

a) Review exposure
b) Elevate to LOC II if
_indicated

No further
testing rcquircdd




Vzhledem k vyse uvedenym poznatkiim doporudila v roce 1983 mezinarodni komisc
pro ochranu pfed mutageny a karcinogeny ICPEMC dctckovat mutagenitu zcvniho
prostiedi bateriemi testli tak, aby sc svymi detck&nimi vlastnostmi mohly jednotlivé
systémy vhodn€ dopliiovat a bylo moZné ziskat detailngjsi informace o molekularnich
mechanismech piisobeni mutageni na DNA. Ze studia validity jednotlivych detek&nich
systémii vyplynulo, Ze kratkodoby cytogencticky test se vyznaduje 80% konkordanci
vysledkili vzhledem ke standardnim testim vyuZivajicim savéich ziarode&nych bunék (test
na dominantni letialni mutace, test na specifickych lokusech my3i a dédi¢ny translokacni
test) a bakterialni detek¢ni systémy asi 60% konkordanci [Kilbey 1986].

U.S. Environmental Protection Agency (USEPA) provedla revizi dosavadnich
piistupi k hodnoceni mutagenity chemickych litek a na ziklad& ziskanych zku$enosti
navrhla pfi detekci mutagenity postupovat podle nasledujiciho schématu [Auletta et al.
1993]:

Salmonella + In Vitro Ay In Vivo
Genoveé mutace Cytogeneticka analyza
kostni difené&
*Aberace
nebo
* Micronucleus

v

Interakce s gonadovou DNA Dominantng letdlni
(napf. UDS, AET, SCE)

v
Specifické lokusy Dé&diéna translokace

Zakladni zmé&nou v pfistupu je sou¢asna kombinace testii in vitro na genové mutace a
in vivo na chromozémové aberace jiZ na Grovni pocéate¢niho orienta®niho hodnoceni.
JestliZe jsou pozitivni vysledky ziskany ve viech tfech testech nebo v jednom z-in vitro
testi a soucasné v in vivo testu, je zapotiebi pokradovat v detekci mutagenity pomoci
testit dlouhodobych. Snahou je nalézt rychly, optimalni zpaisob hodnoceni mutagenity.
Pii vybéru jednotlivych testli je nutno zvaZovat detek&ni vlastnosti jednotlivych systémi
tak, aby vedle sebe nebyly pouZivany testy s obdobnou vypovédni hodnotou.




@rove‘mi p@detekce genotoxickych ldtek v prostiedi (mikrobidlni
testy, genetické testy, cytogenetické testy)
@itomv&ini exp@etekce genotoxickych ldtek v organismu

- mutagenni aktivita télnich tekutin

- -cytogenetické testy - chromosomsglni aberace
mikrojaderny test
sesterské chromatidové vymény

- Iékovi resistence leukocytii (8 azaguanin, 6 thioguanin)

Negeneti ikat xXpozi

- alkylace proteinu

- poskozeni DNA (jednofetézcové zlomy, DNA adukty)
- nepldnovand syntéza DNA

3. Monitorovéan{ genetického efektu - sledovini reakce organismu na genotoxickou
latku

- spontdnni potraty
- vrozené vady metabolismu
- malformace

4. Monitorovan{ zmén frekvence mutaci v lidské populaci- populaéni analyzy

- urlovéni vyskytu geneticky podminénych vad nebo onemo<néni, kieré by mohly

vzniknout jako dilsledek zvySené frekvence mutaci. Monitorovanf umoZiiuje posondit

genetickou z4téZ populace nebo nékteré jeji &dsti (nap¥. vliv pracovni expozice,
znedisténi prostredi),

- Mwﬂmm - pro urditou oblast se analyzuji specifické kategorie

- pomér chlapcii a déviat mezi narozenymi détmi

- poet mrtvé narozenych A&t

- potet déti s vrozenou vvvojovou vadon

- hmotnost détf p¥i por -lu, imrmost béhem prvniho roku
- fyzicky a duSevni v voj béhem étstvi




Monitorovani prostredi - detekce

environmentalnich genotoxickych latek

A) laboratorni testy - odbér vzorku, testovani
(napf. Amesuv test ...)

B) monitorovani in situ (sledovani genetickeho
poskozeni u populace vyskytujici se v dané
lokalité - napr. hlodavci, skeble, ryby, rostliny...)




Drosophila melanogaster, Vicia faba and Arabidopsis thaliana
Short-term Bioassays in Genotoxicity Evaluation of Air and
Soil Samples from Sites Surrounding Two Industrial Factories

in the Czech Republic

( environmental pollutants / genotoxicity / Drosophila wing spot test / Vicia micronucleus and SCE tests /

Arabidopsis embryonal test )

|

K. CHROUST', P. KUGLIK', J. RELICHOVA', I. HOLOUBEK?, J. CASLAVSKY 2.
R. VESELSKA', M. RYSKOVA', J. BENEDIK'

]Dcpartment of Genetics and Molecular Biology, and 2I)epartment of Environmental Studies, Faculty of

Sciences, Masaryk University, Brno, Czech Republic

Abstract. The Somatic Mutation and Recombination
Test (SMART) in wing cells of Drosophila melanogaster,
the Vicia faba cytogenetic tests — Sister Chromatid Ex-
change (SCE) and Micronucleus Test (MN), and the

of these three tests was 79.7%. Miiller test for gametic
mutation in Arabidopsis thaliana and cytogenetic SCE
test in Vicia faba seem to be quite sensitive and conveni-
ent plant bioassays for assessing the mutagenic potential

Miiller test for gametic mutations in Arabidoy halic

were used for genotoxicity testing of environmental sam-
ples of pollutants from the surroundings of LACHEMA
chemical factory (Brno, Czech Republic) and DEZA
factory in Valasské Mezi¥ici (Moravia, Czech Republic).
Tested soil and air samples were taken from the near
vicinity of both factories. The surroundings of both sites
are heavy loaded by exhalation of chemicals from the
factories. Chemical analyses of the 16 Polycyclic Aro-
matic Hydrocarbons (PAHs) according to the United
States Environmental Protection Agency (US EPA) list
of priority pollutants and heavy metals were performed
in both soil and air samples. The Drosophila wing spot
test was positive in 70.6 % of the tested samples, the Vicia
sister chromatid exchange test in 62.5%), and the Arabi-
dopsis Miiller testin 58.9 %. The micronucleus Vicia faba
test was quite insensitive in tested environmental sam-
ples. The concordance between SMART and SCE was
62.5%, between SMART and Miiller test 76.5%, and
between Miiller test and SCE 100%. Total concordance
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of envir tal agents, when compared to the SMART
test in Drosophila melanogaster.

A large number of genotoxicity tests are presently
available for use in biological hazard evaluation. At pres-
ent, some animal and higher plant bioassays are well
established systems for screening and monitoring of en-
vironmental chemicals for genotoxicity (Constantin and
Owens, 1982; Gill and Sandhu, 1992; Grant at al., 1992),
and for evaluation of human health risk (Li and Kier, 1993).

The primary purpose of this study was to measure the
effectiveness of Drosophila melanogaster, Vicia faba,
and Arabidopsis thaliana short-term assays for genotox-
icity testing of environmental pollutants from the sur-
roundings of Lachema factory (Brno) and DEZA factory

The Drosophila melanogaster wing spot test is the
most frequently used assay for estimation of the number
of somatic mutations and recombinations (SMART) in
experiments for genotoxic risk evaluation of chemicals
and chemical mixtures. Results of the wing spot test have
been frequently used in most database organizations
(Dearfield, 1991; Tennant and Zeiger, 1991; Wiirgler,
1991b; Lohman et el., 1992; Mendelsohn et al., 1992).

Vicia faba is the most frequently used higher plant
species forassessing chromosomal aberrations, micronu-
clei (MN) and sister chromatid exchanges (SCE) induced
by mutagens and carcinogens (Degrassi and Rizoni, 1982;
Ma, 1982; Xing and Zhang, 1990). Arabidopsis thaliana
is another commonly used plant test system for genotox-
icity testing (Gichner et al., 1994). The Arabidopsis assay
screens gametic mutations in several loci coding for
differentembryonic lethal and chlorophyll mutations and
gives advantage to so-called pseudoxenia to screen the
recessive mutations already on the M1 plant.

Folia Biologica (Praha) 43, 71-78 (1997)
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Table 3. Contents of chemicals in environmental samples in the surroundings of DEZA factory

Industrial polutants in Air (DCM Soil (DCM extract)
DEZA extract)

2VMD 4VMD 11VMD 14VMD 20VMD

(ng.m™3) (ngg™ (ng.g™H (ng.g™" (ng.g™)
Naphthalene 29.6 217.7 31.8 43.9 54.6
Acenaphthylene <1.0 16.4 2.5 2.4 1.6
Acenaphthene 61.6 99.4 11.9 6.3 8.1
Fluorene 26.3 105.8 16.1 10.0 9.8
Phenanthrene 11.6 959.2 96.3 68.7 37.4
Anthracene 12.2 185.8 8.5 7.4 34
Fluoranthene 3.5 1959.9 143.1 101.3 26.9
Pyrene <1.0 1503.3 106.7 67.1 16.8
Benzo(a)anthracene <1.0 870.4 69.9 44.1 6.2
Chrysenc <1.0 1133.0 9722, 12.2 8.8
Benzo(b)fluoranthene <1.0 926.1 95.6 74.6 4.9
Benzo(k)fluoranthene <1.0 862.1 86.3 59.7 4.4
Benzo(a)pyrene <1.0 838.1 65.8 274 1.6
Indeno(123-cd)pyrene <1.0 688.1 102.9 72.7 2.6
Dibenzo(ah)anthracene <1.0 204.3 26.5 214 0.0
Benzo(ghi)perylene <1.0 599.7 98.9 64.1 3.1
Sum of PAHS - 11169.3 1060.0 743.6 190.2 N
Biphenyl <1.0 0 0 0 0
Dibenzofurane <1.0 0 0 0 0
Acridine <1.0 0 1130.0 9.3 0
Carbazole <1.0 41.2 0 0 0
Anthrathrene <1.0 208.1 291.0 1666.0 33.4
Pb Not evaluated 52450.0 19310.0 18130.0 22600.0
Cd Not evaluated 440.0 240.0 200.0 320.0
Cr Not evaluated 3320.0 3240.0 3240.0 2140.0

VM - DLZA Valagské Meziiici, V — water extract, D — DCM extract.

thaliana. As negative controls, there were usced distilled
water or dichloromethane (DCM) depending on the type
of sample (water or DCM extract).

Results

The contents of chemical pollutants in samples

The data from chemical analyses of the environmental
pollutants in the surroundings of Lachema Brno and

levels in the close neighbourhood of I.achema factory
(Table 2) seem to be characteristic of the urbanized areas
and they are not significantly influenced by the factory
itself. The situation at the second site is quite different as
can be seen from Table 3. The sample with highest
content of PAHs (No. 4VM) with the sum of 16 PAHs
(according to the United States Environmental Protection
Agency (US EPA) list of priority pollutants covering
chemicals with serious toxic, mutagenic and carci-

nogenic effects) exceeding 11,000 ng.g’l was taken at
a small grassland ncar the bus station of the Vala¥ské
Mezifi¢f town where the bus diesel engine exhausts rep-
resent their main source. The influence of the industrial
activity of DEZA factory is proved by the elevated con-
centration of acridine and anthrathrene, mainly in the
downwind direction from the factory (samples No.
ITVM and 14VM, respectively). Table 2 and 3 cover
chromatography results showing a slight amount ol some
known mutagenic and carcinogenic compounds. The
high concentration of fluoranthene in samples taken in
the area of DEZ.A factory and also the levels of phenan-
threne, fluoranthene, pyrene, benzo(a)anthracene, and
chrysene were comparatively high.

Drosophila melanogaster wing spot assay

Wing spot test results are summarized in Table 4. The
significantly positive results were found in 12 of the 17
environmental samples (3 samples from Lachema




Priklady prokaryotickych detekcnich systému

Nazev testu Indikatorovy | Indikator. Molekularni
Publikace prostiedeck kmen, pocct mechanismus
E. coli ? mut.dopifedu,
K 12/ zpétné mutace,
343/111 indukce
1974 profaga, DINA
reparace
S. typhimu- his" kolonie |Salmonella Zzpétna mut. >> . +++
rium typhimurium |his™ -> his” 1000
f 27 rut., 7 exp.

E. coli WP2 * kolonie |E. coli zp&tna mut. trp |>>100 |++ +++
1976 -4 -=> trp”
Tnawcrest— | bakteriofag | E. coli St&peni C 1 >100 |++ =
1976 A 8 represoru
Salmonella arabinosa Salmonella mut. dopifedu >40 ++ -+
ara R 1978 rezis- typhimurium

tentni 1

kolonie
SOS chromo-) B-galakto- E. coli LexA stépeni >100 o B e +++
test 1982 sidaza alkal. |1
N—— / fosfataza s
Rec-deteke&ni | mistova B. subtilis DNA reparace >>100 | +++ ++
systém 1972 inhibice 2
PolA-dete- rastova E. coli DNA reparace >>100 | +++ e
k&ni systém inhibice 7 ;
1971

Obr.8 Nékteré z béZné uZfvanych systému k detekci riznych genetickych
zmeén [Kilbey 1986]




Ameslv test

(Salmonella typhimurium)

Ames Test |
for mutagenicity . S
i (Control)| =+
= |
E | ! hig~ — hig*
!:':Hi . A caontral reversion test
i | Mix and plate
1
1
L i
Nea? ?;iwarun:ilaﬁl

(after Griffths et al. THEE)




bakterialni detekéni systém indikatorovych kment Salmonella
typhimurium predstavuje nejvice rozsireny pristup pro screeningoveé
hodnoceni mutagenniho potencialu jednotlivych genotoxickych
chemickych latek a jejich komplexnich smési

je pouzivan i pro hodnoceni biotransformacnich produkttd chemickych latek
v télnich tekutinach (moc, krev) experimentalnich zvirat a ¢lovéka

indikatorove bakterialni kmeny S. typhimurium His- auxotrofie ve
vztahu k histidinu

existuje cela sada indikatorovych bakterlalnlch kmend umozfiujici
detegovat specificky mechanismus plsobeni testovaného mutagenniho
agens (substituce, posunové mutace a interkalacni zmény)

kromé mutace v histidinovém operonu maji kmeny maji dalsi pridatné
markery zvysuijici citlivost k chemickym latkam:
mutace uvrB - vyfazeni a blokdda syntézy enzym0 excizni reparace

mutace rfa - zasahuje lipopolysacharidovou membranu bakterialnich
bunék - zvysuje se permeabilita povrchu bakterialnich bunék

pritomnost pIazmldu kodujiciho reZ|stenC| k ampicilinu Ci
tetracyklinu - zvysuje citlivost k mutagenim




Plotnovy test mutagenity podle Amese

Nejpouzivanéjsi kmeny:
e TA 98 - posunové mutace
e TA100 - substituce

Provedeni:
a) bez metabolické aktivace -S9
b) s metabolickou aktivaci +S9 (homogenat z jater)

Nutno provést vzdy i negativni kontrolu (kontrolni
rozmezi spontannich revertant) a pozitivni kontrolu
(pouziti znamych mutagenti)




Priklady mutagenti pouzivanych jako

pozitivni kontrola u A. testu

=2 . A1 . =2 . Doporucenes diagmosticlcsS
muUlLC agsSeriys

K ovéreni citlivosti indikatorovych bakterialnich kment

Salmonella typhimurium HIS ™, uzivanych v Amesové testu, sS&
pouZzivaji nasledujici diagnostickeé mutageny (hodnoty pro
ddaviky Jjednotlivvch ldtek v pug/misku [ sou uvddeény pro klasicky
plotriovy test - plate incorporation assay)
KMEN LATKA S9 ug/misku ROZPUSTNOST
TAL1O0O azid sodny - - H-,O
TA100 Z-anthramin + 025 DMSO
TA98 2-AF -+ 10.0 DMSO
TA98 DNEFA - 20.0 DMSO
TA97 ICR-191 - 1.0 HZO
TA102 mitomycin C - 0.5 H50
TA1535 EMS (ro=ztok) - 1.0ul H-50
TA1538 2 - AT + 10.0 DMSO
TA1537 2-AF -+ 10110 DMSO
TA98 /NR Z-anthramin “+ 0.5 DMSO
TA98 / ‘
1,8DNP6 2-anthramin + 3.0 DMSO
Vysvétlivky: 2-AF . . 2-aminofluoren, DNFA ... 4d4-nitro-fenylen
diamin, ICR ... derivat akridinu, EMS ... ethylmethan sulfonat
Za mutagenni je povazovan vzorek s nejmenée dvojnasobnym
V4 o []
narustem revertant oproti kontrole !!!




Priklad pouziti A. testu pri testovani mutagenity
cernouhelného dehtu (obsahuje hlavné PAU)

PO I, PO I, AC |, AO I PO |, PO I, AOQ |, AD I, AD i, SMOLA , DEHET | ins
A 1 L i A
10 50 100 200 10 100

h‘uqlrnislu.l

Srovnanl mutagennich aktivit ¢cernouhelného dehtu a dehtovych oleji stanovenych na
zdkladé indukce zdménovych mutacl v Amesové testu za pouZitl kmene S. typhimurium His
TA7100

RU/Rc - stupent zvysenl podétu revertant, v testu bez metabolické aktivace (-59)
nevykazovala 2ddnd z hodnocenych ldtek mutagenn! efekt




univerzalni bakterialni detekcni system umoznujici hodnotit
mutagenitu chemickych latek vyvolavajici takova poskozeni
DNA nebo inhibici replikace, ktera v bunkach indukuji SOS
reparace

metoda je zalozena na biochemické anlyze indukovatelné
B-galaktozidazy hodnocené kolorimetricky

test vyuziva specifického bakterialniho kmene Escherichia
coli K12 PQ37, indukce SOS funkci je hodnocena pomoci
sfiA genu (patfi do skupiny SOS genu)

exprese sfiA genu je monitorovana prostrednictvim
B—galaktozidazy (fuze sfiA genu s lacZ genem)




Statni zdravotni dstav
Centrum hygieny Zivotniho prostedi - Laboratofe genetické toxikologie
Srobédrova 48, 100 42 Praha 10

Laboratore genetické toxikologie
zkuSebni laboratof &. 1206.2 akreditovana CIA
tel: 267 082 340; 267 082 585; fax: 267 082 378;
e-mail: hbavorova@szu.cz; ocadlikova@seznam.cz; rossner@szu.cz

STANDARDNI OPERACNI POSTUP

1. Cytogeneticka analyza lidskych perifernich lymfocyti
Konvenc¢ni technika
l.#!
';,r' ! ~ Pivod metody: Hungerford, D. A. (1965) Leucocytes cultured from small e
{-‘ g inoculla of whole blood and preparation of metaphase 3
¥ _ chromosomes by treatment with hypotonic KCl Stain

x Technol. 40, 333-338.




Vychozi zdroj:

Hungerford, D., A.: (1965) Leucocytes cultured from small inoculla of whole
blood and preparation of metaphase chromosomes by treatment with hypotonic
KCl. Stain Technol. 40, 333 - 338

Metody biologického monitorovani genotoxickych G¢inkd faktorti prostiedi -
Standardni metodika, PFiloha AHEM ¢.20/1989, 3-15

Vyhlaska Mlmsterstva zdravotmctw 251/1998 Sb. (Zmena 208/2001 Sb.)
OECD Guildeljpgssise

# Piedmét a vymezeni piisobnosti

Metoda umoziiuje detekci, kvalitativni a kvantitativni analyzu chromo-
zémovych abnormalit - strukturdlnich a numerickych aberaci - v sav&ich
(lidskych) buiikach in vitro pomoci optického mikroskopu.

2. Definice

PoSkozeni geneticktho materidlu  buiiky (DNA), analyzované jako
chromozémové aberace, je projevem biologického efektu genotoxickych

Tento cytogeneticky test in vitro je kritkodoby test pro detekci strukturdlnich a
numerickych aberaci v kultivovanych savéich bufikiach. Lze pouzit jak kultur
stabilizovanych bunétnych linii, tak primarnich bunék, napt. buiky &inského
kiecka nebo lidské lymfocyty. Po expozici testované latce s pouZitim i bez
pouziti vhodného metabolického aktivacniho systému se na bunééné kultury
plisobi mitotickym jedem, napf. kolchicinem, ke kumulaci délicich se bunék (C-
metafaze). Bunky jsou ve vhodné dob& zpracovany a pak znich pfipraveny
mikroskopické preparaty. Prepardty jsou obarveny vhodnym barvivem a
metafazické buiiky analyzovany z hlediska chromozémovych abnormalit.

4. Bezpefnost prace

Metodika vyZaduje prdci s:

a) ziravinami (kyselina octova konc., chromsirova smés)

b) ostatnimi jedy (kolchicin)

c) zvlasté nebezpecnymi jedy (metanol)

d) karcinogeny a mutageny (napf.: Thiotepa, cyklofosfamid,
N-Nitrosodimethylamin)

Dodrzovani zasad béznych pro praci v chemické a mikrobiologické laboratofi,
navic kontakt s chemickymi latkami typu mutagent a karcinogent.
PouZivani pomticek osobni ochrany - ochranny odév, rukavice, rousky.

e




Lahvicky musi byt pevné uzavieny a obsah dobfe promichan. Kultury se umisti
do termostatu pfi teploté 37+1°C na 50 hod. Dve hodiny pied koncem kultivace
se piida 0, 8 ml pracoynilioese whisiia se dobie promicha a

Testovani latek

Lidské periferni lymfocyty jsou exponovany testované latce v pfitomnosti i za
absence metabolického aktivacniho systému (MAS). MAS je pfipravovan z S9
frakce jaterniho homogenatu potkant doplnéného smési kofaktort.

ProYeazdy experimentalni bod se pouziji dvé kultury.

W

Jako negativii konirotrve-peuic.
fedidlo (fyziol. roztok, DMSO)
metabol. aktivaéni systém (MAS)
fedidlo + MAS

neovlivnéna kultura

L Klastogen

Koncentrace ldtky: pouziji se nejméné tii koncentrace testované latky. Musi se
lisit nejméné o jeden fad. Nejvyssi koncentrace musi inhibovat mitotickou
aktivitu 0 50%, nebo vykazovat jiné znamky toxicity. Maximadlni koncentrace je
5 mg/ml.

Doba expozice musi pokryvat cely bunéény cyklus. Dobu kultivace je tieba
volit tak, aby byly analyzovidny pouze prvni mitézy (M 1). Pokud expozice
nepokryva celou dobu bunééného cyklu, je tieba volit rizné doby kultivace, aby
se kumulovaly bunky, které byly béhem expozice v riznych fazich bunééncho
cyklu. Testované latky se k bunkam piidavaji obvykle na zacatku kultivace.
Pokud testovana latka méni délku bunécného cyklu, je tieba pfizpusobit dobu
kultivace.

Buiky se exponuji testované latce v pfitomnosti 1 bez pouziti metabolického
aktivaéniho systému (MAS). Roztok testované latky a MAS se sterilizuje
{ Milliporovym filtrem 0,45 pm.

3 Zpracovani kultur a pri prepariti .
— J
i L o
| i 1. Centrifugace krve 3 min pfi cca 2 000 ot/min
i\ 2. Pridat cca 10 ml hypotoniza¢niho roztoku, nechat stat 10 min pfi lab.
_» teploté
:":l' 3. Centrifugace krve 3 min pii cca 2 000 ot/min




Pomocna zarizeni

vodni vyvéva
automatické pipety

laboratorni sklo a plast (kultivaéni lahve - Falcon, pipety atd.)
plynové kahany

germicidni zafivky

analytické vihy

7. Pracovni postup
a) odbér krve

- dezinfikovat loketni jamku Septonexem nebo Jodisolem
do stiikacky s jehlou na jedno pouziti natahnout cca 0.1 ml heparinu/1 ml
krve nebo pouzit vakutainer s heparinem
odebrat 1 ml krve (ev. podle potieby vice)

- jehlu na stiikacce kryt sterilnim krytem a stfikacku s krvi ihned nékolikrat
prevratit, aby se dobfe promichala s heparinem

- stiikacku nebo vakutainer ulozit do chladni¢ky pfi teploté 4° - 10°C

Pozor! Krev nesmi zmrznout.

- pro kazdou osobu je vyplnéna ,Cytogenetickd priivodka“, ktera je do
laboratofe predana spolu s piislusnou krvi a dale archivovéana.

i b) transport krve

je-li treba krev transportovat z mista odbéru do laboratofe, pak je tieba pouzit
transportnich chlazenych termonadob, kde je krev po dobu mezi odbérem a
piedani stmimueliZOvina pii teploté 4 - 10°C.

Kultivace

Biologické monitorovdni 3 g
ace zacind do 24 hod pgedberu krve, v mimofadnych piipadech lze krev __
pouzit do seepe=o00cru. Kultivace probiha v kultivaénich nadobéach 4 ! |
v poméru 7,5 ml médlaa06+0,2m1krve i.
5 ik Kultivaéni médium pro 1 kulturu: RPMI 1640 1,06 ml -
V. 4 bovinni sérum 1,80 ml
. !.P' - e | H,O 4,24 ml - —
" 5l I'r _— glutamin 0,10 ml
¥, NaHCO;7,5% 0,16 ml

PHA HA 15 0,10 ml




= biomarker ucinku na Clovéka (predikce rizika
nadoru)

Pouziti jako skupinovy expozicni test i kK posouzeni expozice
jednotlivce

CHA = detekce ¢asného genotoxického efektu

Pozdni genotoxicky efekt = nadory




Cytogeneticka Analyza Perifernich
Lymfocytl = CAPL

Material: lymphocyty periferni krve, GO faze, pretrvani 1000-
1500 dni

Kultivace: 48 hod, zpracovani jako pri karyotypovani
Barveni - konvencni metoda !!!!

Hodnoceni: pocet aberantnich bb. / 100 hodnocenych mitoz
Typy aberaci: zlomy chromatidové a chromozomoveé
acentrickeée fragmenty
di- a tricentrické chromozomy
kruhové chromozomy, vymény
Hodnoceni nalezii: - 5% bez zavéru (u jednotlivce),
opakovani=riziko
rozdily v hodnoceni jednotlivcti a skupin (2 % hranice u

skupin)




inkubace pri37°C
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Postup pfi kultivaci a pfipravé preparati k cytogenetickému vysetieni
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Dicentricky chromozom




Di- a tricentricky chromozom,
difragment




Dicentricky chromozom, difragment,
kruhovy chromozom




Translokace
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Chromatidovy zlom




Spontaneous level of chromosomal aberrations in peripheral blood
lymphocytes of control individuals of the Czech Republic population.

Rossner P, Sram RJ], Bavorova H, Ocadlikova D, Cerna M, Svandova E.

Laboratory of Genetic Toxicology, National Institute of Public Health, Prague, Czech
Republic. rosner@szu.cz Toxicol Lett. 1998 Aug;96-97:137-42.

In order to assess the potential of cytogenetic determinations on peripheral blood
lymphocytes as a mean of monitoring human population subjects to occupational and
environmental exposures to genotoxins, accurate baseline data are required. During
the past 20 years many results of the cytogenetic studies on peripheral blood
lymphocytes from monitored occupationally exposed and non-exposed groups were
obtained. At the time of blood drawing a questionnaire was administered. The
questions covered a brief medical and family history including age, sex, medication,
infectious diseases, smoking habits, X-ray examinations, alcohol consumption etc.
Cytogenetic analysis from whole blood was carried out in short-term cultures. The
cultivation time was 52 hours with all cells being in the first mitosis. A total of 100
well-spread metaphases containing 46 +/- 1 centromere were examined per donor on
coded slides. Four categories of chromosome aberrations were evaluated: Chromatid
and chromosome breaks, chromatid and chromosome exchanges. Cells bearing breaks
or exchanges were classified as aberrant cells. Gaps were recorded but not scored as
aberrations. Results of the cytogenetic analysis from control individuals (N = 5,430)
indicated elevation of spontaneous frequency of aberrant cells (AB.C.) with age. We
found 1.10% AB.C. (N = 551) in newborns; 0.71% AB.C. (N = 105) in the
group 5-6 yr; 1.20% (N = 1,734) in the group 7-15 yr; 1.25% AB.C. (N = 239)
in the group 16-19 yr and 1.59% (N = 2,801) in the group 20-63 yr.




Chromosomal aberrations in peripheral lymphocytes of children as biomarkers
of environmental exposure and life style.

Rossner P, Bavorova H, Ocadlikova D, Svandova E, Sram RJ.

Laboratory of Genetic Toxicology, National Institute of Public Health, Prague, Czech Republic.
pavel.rossner@szu.cz

The original purpose of our study was to determine if the detection of chromosomal aberrations in peripheral
lymphocytes of children might be used as a biomarker of environmental pollution and life style. We compared
the results of cytogenetic analyses performed in children and adolescents in the periods 1984-1993
and 1994-1999, in a total of 3402 subjects. The frequency of aberrant cells (AB.C.) markedly decreased in
the period 1994-1999 compared with the period 1984-1993. The decreases in AB.C. were significant in the age
groups 7-15 and 16-19 years: 1.63% AB.C. versus 1.14% AB.C. and 2.02% AB.C. versus 1.08% AB.C.,
respectively (P<0.01). No difference in the frequency of AB.C. was observed in newborns. Based on our
experience, we believe that monitoring the spontaneous level of chromosomal aberrations in children over 5
year periods may be used to examine the general changes in environmental pollution in larger geographic
areas.

Toxicol Lett. 2002 Aug 5;134(1-3):79-85.




Sesterské chromatidové vymeény - SCE

= zlomy DNA a reciproke vymény DNA duplexti mezi
sesterskymi chromatidami, vznik v S fazi

Detekce BrdU metodou (harlekynska metoda) = kultivace
bunék v mediu s BrdU po 2 cykly replikace

BrdU analog T

bunky v 1. mitoze — chromatidy
homogenné zbarven¢ (rovhomérné

substituovane BrdU)
4=

bunky v 2. mitoze — 1 chromatida
4mm tmava, druha svétla (rozdilna
substituce BrdU - SCE




ik v misté replikacni vidlice

Detekce poctu SCE v 30 - 50 bunikach — vyjadreni prumér.
poctu na bunku (5 - 10 SCE na bunku u kontrol)

oy




Sesterské chromatidove vymeéeny




Interfazni analvza ZCHA

Mikronukleus test (mikrojaderny test) (MN)
Mikronukleus — chromozomalni fragment

N

cely chromozom

Analyzovana bunikka musi projit délenim

Metoda blokovani cytokineze cytochalazinem (CB) =
dvoujaderne bunky — mikronukleus = maly utvar barvici se
jako jadro

Nebo detekce v kostni dfen1 exper. zvirat




Mikrojaderny test

After 44 hours fixation
+eytochalagin B:
an inhibitor ol adins
zal}hr 48ihr ?llfjr mononucleatex
T2hours

o9

binucleated

mictonucl eus




Statni zdravotni dstav
Centrum hygieny zivotniho prostiedi - Laboratofe genetické toxikologie
Srobdrova 48, 100 42 Praha 10

Laboratore genetické toxikologie

zkusebni laboratof &. 1206.2 akreditovana CIA
tel: 267 082 340; 267 082 585; fax: 267 082 378;
e-mail: hbavorova@szu.cz; ocadlikova@seznam.cz; rossner@szu.cz

STANDARDNI OPERACNI POSTUP

Cytogeneticka analy skych perifernich lymfocy
4. Mikronukleus test\Modifikace s cytochalasinem B

Pivod metody:  Fenech, M., Morley, A. A.: Measurement of micronuclei in
lymphocytes.
Mutation Res. 147, 1985, s. 29-36

v
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1. Pifedmét a vymezeni plisobnosti
Metoda umoziuje detekei cytogenetického poskozeni ve stimulovanych sav€ich

(lidskych) perifernich lymfocytech in vitro pomoci optického mikroskopu.
2. Definice

Poskozeni genetického materidlu bufiky (DNA), analyzované jako mikrojadra,
je projevem biologického efektu genotoxickych faktori.

2= mcip metody

Tento cytogeneticky test in vitro je kratkodoby test, pfi kterém se stanovuje
frekvence mikrojader v kultivovanych sav¢ich buiikach. Mikrojadra vznikaji
bud’ v disledku chromozémovych zlomi (pak jsou tvorena ccntrick)'rm
fragmentem), nebo poruchou funkce déliciho vieténka (mlkrcgadro je tvoreno

ym chromozémem nezaélenénym do nové vytvoreneho jadra). pjedrTSe
analyzuji Veiten - y=pOmZC Jcdnim bunéénym
délenim. K :dentlﬁkacx takovych lymfocytu se pouziva inhibice cytokmézy
pomoci cytochalasinu B. Lymfocyty jsou pak velké, dvoujaderné. Buiiky jsou
ve vhodné dobé zpracovény a jsou z nich pfipraveny mikroskopické preparaty.
Preparity jsou obarveny vhodnym barvivem a analyzuje se frekvence
mikrojader ve dvoujadernych buiikach.

4. Bezpetnost price

Metodika vyZaduje prici s:

a) Zziravinami (kyselina octova konc., chromsirova smés)
b) ostatnimi jedy (cytochalasin B)

c) zvlasté nebezpeénymi jedy (metanol)

Dodrzovéni zasad b&znych pro préaci v chemické a mikrobiologické laboratofi.

Pouzivani pomticek osobni ochrany - ochranny odév, rukavice, rousky.

Dbat na zamezeni kontaminace osob i prostiedi pii praci s rozpoust&dly, s ne-

bezpeénymi chemickymi latkami, s infekei, véetné likvidace odpadu. !

: J : 5. Chemikalie a spotfebni material

o LI SN . Pro pouzité chemikalie je poZadovana kvalita Cistoty p.a. nebo reagent grade.
h Zakladni chemikalie
o B Metanol, p.a. Kulich, Hradec Krilové
\-‘f Kyselina octovd, 99 %, p.a. Penta Chrudim

| Chlorid draselny, p.a. Merck
' Glutamin, 3 %, p.a. Sevac




Myti skel

Piedmytd podlozni skla jsou uchovivana v chromsirové smési. Pfed pouZitim
jsou skla jednotlivé promyta pod tekouci vodou, naloZena do destilované vody a
vychlazena v chladnicce.

Barveni preparati

Po ususeni skel volné na vzduchu barvime preparity 5% roztokem Giemsa:

Giemsa 5ml
dest. H,0O 80 ml
Sorensenuv pufr 15 ml

Doba barveni je 4 - 5 minut, poté preparaty ditkladng oplachneme pod tekouci
vodou a nechame uschnout.

e hodnoti v mikroskopu pii zvétSeni 1 000x pod imersnim olejem
LJHodnoti se 1000 dvoujadernych bunék a stanovi se frekvence

bunék s mikrojadry.

Mikrojadro musi byt umisténé v cytoplazmé a nesmi byt vétsi nez 1/3 jadra.

S jadrem se nesmi pfekryvat a mize se ho dotykat maximalné v 1 bodé.

Intenzita zabarveni mikrojddra se musi podobat zabarveni jadra, pfipadné byt

o néco svétlejsi.V jedné bufice muze byt nejvice 6 mikrojader.

v 8. Rusivé vlivy

kontaminace vzorka, médii a laboratorniho nadobi, mozny vypadek el. energie
béhem kultivace, lidsky faktor

9. Validace metody

Pouziva se standardni metoda odvozena od mezinarodné normované, pouzivané
laboratofemi celého svéta a ovéfované mezilaboratornim porovnavanim.

Literatura
Carrano A.V. Natarajan A.T.: Considerations for population monitoring ; s,
using cytogenetic techniques. Mutation Res., 1988, 204, 379 - 406
Standardni metodika, Piiloha AHEM ¢.20/1989, 16-17.

Vyhlaska Ministerstva zdravotnictvi 251/1998 Sb.( Zména: 208/2001 Sb.)
OECD Guildelines For Chemicals, 22™ January, 2001

LK

- . ' specifiénost - metoda je specifickd pro detekci mikrojader v savéich
o " =1 somatickych buiikach in vitro a neni ovlivnéna Zadnymi ostatnimi slozkami -
g . 3 T negativni odchylka - faleSné negativni vysledek hrozi pfi analyze technicky
‘! E nekvalitnich preparatii, které se ale nemaji analyzovat
|
&




Test na detekci prenosnych translokaci

94.2 Heritable translocation test

Translocations are chromosomal interchanges involving exchanges of non-
homologous segments. f such an exchange occurs n a parental germ cell and
18 balanced, reciprocal exchange, any progeny resulting from the union ofthis

gamete with & nomal gamete from the oppositesex parent will be 2 L -
translocation heterozygote, Translocarion heteromygotes are generally of e -
nomal appearance but have reduced fertility because they produce { L
duplication-deficent gametes a5 a sesult of aberrant multwalent melotic Ry
chromosome pairng and segregation (Figwe 94), This reduced ferilty ‘ ‘ .
provides the basis for the detection of translocations (Adler, 1978, 1980; S e e = el .
Bishop and Kodel, 1980; Generoso ¢ l, 1980), . ‘ S %‘;f‘;g;‘of;g@lhzzf“
1 John Wiley & Sons Inc. iike




Pouziti FISH v genetické toxikologii

Material: lymfocyty, b. bukalni sliznice, spermie...

detekce disomii ve spermiich po pisobeni mutagent nebo u

infertilnich muzu

detekce puvodu mikrojader - centromerické sondy deteguji

pritomnost ¢1 nepfitomnost centromery v mikrojadie

detekce stabilnich chromozomovych aberaci - translokace




4. VySetieni aneuploidii chromozomi ve spermiich. Jednd se o lidské spermie
pro jejichZ vySetfeni byla pouZita smés péti DNA sond. Cerveny signél identifikuje
chromozom 13, zeleny 21, modry 18, Zluty Y a fialovy X. Jedna spermie nese
chromom X (vlevo),druha Y.




Testy mutagenity na Drosophila

NEEL L ER ],

e test na detekci somatickych mutaci a
rekombinaci (SMART)

e detekce recesivné letalnich na pohlavi
vazanych mutaci (Basc, CIB)




Test na detekci somatickych mutaci a rekombinaci
(SMART)u Drosophila melanogaster

Obr.4. Schema kiizeni kmene mwh a fIr,

za vzniku transheterozygotnich jedinci.
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Wing spot test

APLIKACE: WING SPOT TEST

PosTuP:

1. VYBER VIRGINELNICH SAMICEK KMENE FLR
2. KRIZENI SE SAMECKY KMENE MWH

SAMECEK sAMICKA
mwh + e + fiIr¥ +
x
mwh + e + TM1 e
1

P33 VYBER EARVICEK SEPROVADMPO T2E4 HOD OD NAKELADENI
VAJICEK

4. APLIKACE CEMICKE LATKY
POTRAVNE
INHALACNE
INJEKCNE
AKUTNE (1-6 HOD)
CHRONICKY (48-96 HOD)

5. VYBER IMAG SAMICEK
6. PREPARACE KRIDEL A JEJICH FIXACE NA TRVALY PREPARAT
7. MIKROSKOPICKE PROHLIZENI PRI ZVETSENI 400-500X%
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Fig. 2. Normal half mesothorax showing the regions A-L of
Garcia-Bellido and Merriam [1971a]).
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SMART test - princip

Mitosis
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Fig. 2. The origin of mosaicism cIurmg mitotic divisions in the wing. Point mutation or deletion of mwh and fIr gives rise to single spots.
Recombination between mwh and JTr gives rise to a mwh qmgic spot. Twin spots of »uwh and fIr are plocluced by recombination between the

centxomexe and flIr.




CIB test u Drosophila melanogaster
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W'1 7 16 Detekce recesivné 1eté1nic1 na. gohlavi vézanxch mu acijf

(Basc, M- 5)

Seznémeni se s testovacim kmenem Basc
detekce mutact. ) . Sy

_ Samicky testovaciho kmene jsou homozygotni pro alely B,

- @& a scg lokalizované na chromozému X. -B. Je alela bar

podmiﬁujici zmenﬁeni po gtu oénihh facet a tedy z0Zéné oéi, w®

Je  recesivni alela  podmifiujici merufikové zbarvéni o&f

(apricot) a scg znamend obléet scute . s inverzi _zabranujfcl

cil:

(MeS) a‘méfbdqu

cros. slng overu Tento testovaci kmen Basc se nékdy také nazyvé
M5 (MUller-5). ¥ < "
PRL. detekcl 1eLé1ntch na pohlavi vézanych mutaci kriiime

-samiéky testovaciho . kmene (zuzené oci meruﬁkové barvy) s
te@tovanymi samecky. v Fl se objevi cervenooké aamiéky Se.
‘zUZenyma ocima a samedcli se zuzenyma oclma merunkové barvy
Tyto samidky a samedky ki{Zime Jednopdrové., V potomatvech
, jednotlivybh' pard, ty.ov Fa,‘-sledujeme fenotyp samldek a
samecku. " -
B B v. o ' 5

o a : :

w w X
sl | sc® - f\ ,




Attached X test — Drosophila
NEELEIES ]y
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%
. zZluté
samicky
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samidky mutahtnl samec¢cl




Spot test u mysi (somatické mutace)

Plsobeni mutagenu na
embrya heterozygotni pro
geny barvy srsti

F1:

Figure 10.1. Principle of the mouse spot test exemplified with the cross C57BL x
T-stock.




Spot test u mysi (somatické mutace)

Figure 10.1. Principle of the mouse spot test exemplified with the cross C57BL x
T-stock.

10.3 Test principle

mbryos heterozygous for different recessive coat colour mutations are t@
in utero with a mutagen, preferably between the 9th and the 11th day g
development: TS~ ? cal (1.p.) injection or
treatment per os of the mother. If this treatment leads to the alteration or loss

of the wild-type allele of one of the recessive coat colour genes in a pigment
precursor cell, a colour spot will develop after several cell divisions.




Test na stanoveni dominantnich

letalnich mutaci

Test na stanoveni dominantnich letdlnich mutaci

Testem jsou analyzovdny genetické zmé&ny indukované v pohlav-
nich buiikdch (pfi ovlivn&n{ samcii v jednotlivych stadiich zrin{ sper-
mif, ti. spermatogeneze), které se manifestuji po oplodn&ni{ samice za-
stave2'n. rany.h. stadif vyvoje zdrodku (obr. 59). Podstatou smrt zy-
got je vznik ~--Lkturdlnich chromozémovych mutaci (nap¥. transloka-
ce), genomov¥ch mutaci{ (napf. aneuploidie) a také je predpoklddin
podil genovych mutaci (zejména gent Fidficicl: vlastmf bun&cné dé&le-
ni).
L4tkou ovlivné&ni{ samci jsou k¥iZeni po .-~kolik tydnt v tgdennich
intervalech s neovlivh&nymi samicemi. Dominantn{ letalita je urdovéa-
na pitvdnim samic 13.—16. de.. po zabfeznut{. Stereomikroskopem je
zii¥tovdn pod&et Zlutych t&lisek ve vaje¢nicich, v d&loze polet Zivych
(1) a resorbovanych (2, 3) zdrodkil. Ze ziskanych hodnot jsou ur&ovi-
ny charakteristiky dominantn{ letality.

iEina

&asovy interval

FZzZz~— ~ P~ _ > T
o1 e e Q

14 dni

; 1.0
2 o

i D

3 - e

Obr. 59 Schéma testu na stanoven{ dominanmich letdlnfch mutacf u my3f (vysvétlenf
1 v textu).




Detekce mutaci - transgenni mysi
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Material: bunky mysiho lymfomu L5178Y a bunky cinského
krecka linie V-79

Stanoveni mutaci v tymidinkinazovém lokusu TK

Bunky deficientni v TK lokusu (TK-) vykazuji rezistenci k pyrimidinovému
analogu trifluorotyminu (TFT), nebot tento metabolit neni inkorporovan do
DNA. V pritomnosti enzymu TK je vSak TFT zabudovan do DNA - cytotoxicita

Stanoveni mutaci v HPRT genu
(hypoxantinfosforybosyltransferazovy gen)

HPRT gen (vazany na X chromozom) koduje enzym, ktery normalné fosforyluje
guanin nebo hypoxantin. Této fosforylaci podléha téz 6-thioguanin (6TG),

ktery se preménuje na 6 thioguaninmonofosfat (toxicky). Detekce mutantnich
bunék - vytvari kolonie za pritomnosti 6TG

Frekvence u zdravych lidi je asi 12,5 x 106




Testy na mutagenitu u rostlin

ROSTLINNE TESTOVACI SYSTEMY

TESTY NA GENOVE MUTACE:

A. TESTY NA SOMATICKE MUTACE:

Glycine max - Spot test
Tradescantia - Stamen hair test

B. TESTY NA GAMETICKE MUTACE:

Arabidopsis thaliana - Mulleruv SesSulovy test
Hordeum vulgare - detekce chlorofyl. mutantd v M,
Zea mays - detekce recesivnich mutanta v M,

- "waxy" test v pylovych zrnech

TESTY NA CHROMOZOMOVE MUTACE:

- analyza chromozomalnich aberaci v metafazi nebo anafazi

- detekce SCE
- mikrojaderny test

TESTOVACiIi ORGANISMY:

- Allium cepa (2n = 16)

- Hordeum vulgare (2n = 14)
- Vicia faba (2n = 12)




Rostlinné testy na detekci mutagenui

Mullerav embryonalné letalni test u
Arabidopsis thaliana

- test na detekci recesivnich
embryonalné letalnich a
chlorofylové defektnich mutaci

- sledovani embryi budouci
generace v nezralych semenech
v sesulich rodicovskych rostlin




Priprava zékladn;ho roztoku 0,25 mmc:)l.l-‘1 MNU (m.h.=103):

b

1 mmol.1l © MNU = 10,3 mg/100 ml pufru
2,5 mmol.1™ ! MnU = 5,15 mg/ 20 ml pufru
1 i

1 ml 2,5 mmol-1 " MNU + 9 ml pufru = 10 ml 0,25 mmol.1l TMNU
Pufr: 0,1 mol.1 *
18,4 g NaanPO .12 HEO rozpustime v 1.000

) els
9
Pro kazdou koncentraci pouZi jeme a 12 mg) a

namocime je v 4 aZ 5 ml zkumavkach do 2 ml (2 000 ul) roztoku

cltrat-fosfatovy pufr: 5,1 g kys. cltronové+

na dobu 24 hod. ve tmé pii 25°C. Potom roztok se semeny
prele jeme pies ndlevku s filtradnim paplees Semena na

filtraénim papiru v nalevce pak 30 mln. odovodni
vodou,

Semena vysévame do truhlikl se zeminou tak, Jak bylo

uvedeno vyZe. 0d kaZdé koncentrace vysejeme semena do 120 a¥

150 jamek.

Pred zacatkem  dozravani Sesuli hodnot ime cetnost
embryondlnich letdlnich a chlorofylovych mutaci embryonalnim
testem. ZAaroven hodnotime stupen sterility, tj. relativni
poc¢et semen v téch tfech po sobé nasledujicich Sesulich, ve
kterych sledujeme pripadnd
100 rostlin,

- dé wvarianté
tj. 300 Feduli.

plasobeni hodnotime celke

=da se v ni

embryonalni nebo  cRhIOTOIy Tove——wylace,
Cetnost mutaci se vyjadri jako procento %esuli, ve kterych se
skytly mutace (do hodnoceni se nezapoditavaji Sedule -

maji 3 nebo mene

1),
K vyJadreni stupné sterility zarazujeme hodnocené sezule
do ¢tyr trid podle podtu semen véetné mutantnich:

trdda & soemssames 0 az 3 semena
tida @ . aawimswy s 4 aZ 16 semen
154 2 o (- Qe S R 17 aZ 29 semen
tidda 4o .n Sud v s 30 a vice semen.

Spoc¢itdme pocet gSesull v kazdé tiff{dé a vyJadiime Jje Jjako
procento z celkového poctu Sesuli. Toto procento vyndscobime
koeficientem. Pro tridu 1 je tento koeficient 1, pro tifidu 2 =

= 0,75, pro tiidu 3 = 0,25 a pro tiidu 4 = 0. Soudet hodnot .

(% krat koeficient) vyjadifuje stupen sterility.

LK

s




test je zalozeny na vyskytu somatickych mutaci v trichomech
tycinek kvetu klonu Tradescantia occidentalis, tento hybridni klon
vznikl mezidruhovou hybridizaci T. hirsutifloria (modra barva
kvetu) s a T. subacaulis (ruzove kvety)

po mutaci nebo deleci dominantni alely se fenotypove projevi
recesivni alela pro ruzove zbarveni

klon 4430 - citlivy k chem. mutageniim,
klon 02 - citlivy k ucinku ionizujiciho zareni

PUsobeni mutagenu na: Fizky, poupata

kazdé kvétenstvi: 20 poupat, kazdy kvet - 6 tycinek, kazda
tycinka — 50 trichomil

hodnoti se asi 10 kvétu

Vhodné pro testovani herbigidd, fungicidu, insekticidu, exhalaty
ovzdusi, znecisteni vody, pudy




: }iu{]it'i{lunlceﬂs

40x




Tradescantia test - mutace




Priklady vyuziti Tradescantia testu

Mutation Research, 270 (1992) 23-29 23
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Tradescantia stamen-hair mutation bioassay on the mutagenicity of
radioisotope-contaminated air following the Chernobyl nuclear accident
and one year later

Antonina Cebulska-Wasilewska
Radiobiology Department, Institute of Nuclear Physics, 31-342 Cracow, Poland
(Accepted 11 February 1992)

Keywords: Tradescantia bioassay; Somatic mutations; Chernobyl
Summary

This paper presents results of the research on the mutagenic effect of ambient air in the Cracow area.
Initial studies were conducted in May 1986, following the Chernobyl accident. Other studies were
performed at various sites within the Cracow area in the Spring of 1987. Counts were made of stunted
hairs and pink cells in the stamen hairs of Tradescantia clone 4430. Mutations scored from the 11th day
after the beginning of exposure were used as a measure of the mutagenic cffect. The mean mutation
frequencies measured in 1986 and 1987 were 0.43 and 0.21 per 100 hairs respectively. The time-depen-
dent development of mutation frequencies observed after the Chernobyl accident showed a correlation
with the time-dependent development of total radioactivities measured in the air at that time. The
results obtained in 1987 showed on average a significant decrease of ambient air mutagenicity. Still, the
variation of mutation rates observed during the investigated period at different sites in the Cracow area
was rather high (0.09-0.38 mut /100 hairs). Only the highest frequencies observed in the Spring of 1987
were comparable to the level detected after the Chernobyl accident.

Jpn. J. Genet. (1991) 66, pp. 27-40

Somatic mutation frequencies in the stamen hairs of
Tradescantia grown in soil samples
from the Bikini Island

Sadao IcHIkKAWA and Chizu Isan

Laboratory of Genetics, Department of Regulation Biology,
Faculty of Science, Saitama University, Urawa 338

(Received 11 October 1990)

ABSTRACT

Somatic pink mutation frequencies in the stamen hairs of Tradescantia BNL 02
clone grown for 76 days in two soil samples taken from the Bikini Island (where a
hydrogen bomb explosion test had been conducted in 1954) were investigated. A
significantly high mutation frequency (2.58+0.17 pink mutant events per 10°
hairs or 1.34+0.09 pink mutant events per 10* hair-cell divisions) was observed
for the plant grown in one of the two Bikini soil samples, as compared to the
control plants (1.70+0.14 or 0.88+40.07, respectively) grown in the field soil of
Saitama University. The soil sample which caused the significant increase in
mutation frequency contained 6,880+330 mBq/g ¥'Cs, 62.5+4.4mBg/g *Co,
and some other nuclides; a 150 xR/hr exposure rate being measured on the
surface of the soil sample. The effective cumulative external exposures meas-
ured for the inflorescences of the plant grown in this soil sample averaged at most
60.8 mR, being too small to explain the significant elevation in mutation frequen-
cy observed. On the other hand, internal exposure due to uptake of radioactive
nuclides was estimated to be 125 mrad (1.25 mGy) as an accumulated effective
dose, mainly based on a gamma-spectrometrical analysis. However, it seemed
highly likely that this value of internal exposure was a considerable underesti-
mate, and the internal exposure was considered to be more significant than the
external exposure.




Vicia faba test




Detekce chromozomovych aberaci v meristematickych

bunkach korenovych
spicek Vicia faba
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Allium cepa - korinkovy test

(mozno detegovat chromozomalni aberace,
mikrojadra)

245

ien,

Fig. 1. Allium test with AICl;. a—e: after four days of growth; f—j after six days. The five onions on the right in f—j have grown in
water for the last two days (recovery). a, f: 3>x107* M; b, g: 1X1073 M; ¢, h: 9x10~* M; d, i: 8X 10~ % M; e, j: control (lap
water). Obviously, only the concentration 9X10~% M gave the possibility of recovery. Note the rapid decrease in growth between
9x10~% M and 10™* M Al .




Kometovy test (comet assay)
technika detegujici poskozeni DNA a reparaci v
individualnich bunkach




e stanoveni zlom& DNA nebo |ézi vedoucich ke zlomim v
jednotlivych bunkach (DSB, SSB)

Princip:
e jizolace bunék (krev)
e naneseni na mikroskopicka skla s agarozou (2 vrstvy)

e lze bunek (lyzacni pufr, detergenty a soli o vysoke
koncentraci)

e dentaurace
o elektroforéza — DNA migruje k anodé
e barveni fluorescencnim barvivem

e pozorovani pod mikroskopem, méreni délky komet
(jader)

e délka ohonu je mérna poctu zlomu !!!




Kometovy test —parametry pouzivané k

hodnoceni arovne poskozeni DNA
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dosah ochonu [ tail distance)=TD

délka chonu [ 2.verze)

délka ohonu [tail length]= TL[1.verze)
délka komely (comet length]j= CL

Cbr.¢. 1. Schematickeé zndzorngni ]garametrfl,_, iouféivapﬁ*ch bud primo
k hodnoceni poskozeni DINA, popr k vypoctu daldich parametia




Priklad pouziti kometového testu

DK, Monteith, J. Vansrtone / Muration Researcli 345 (1995) 97103

worth et al. (1987). Mean net silver grains per 40
nucleus (i.e., nuclear grains minus cytoplasmic a5
grains) were assessed for 50 cells per culture and 30
two cultures per animal. 25
Determination of DINA damage using the micro- 20
gel assay was done according to the method of Singh
et al. (1988). Briefly, suspensions of V79 cells, s
hepatocytes, peripheral blood or bone marrow tritu-
rated in fetal bovine serum were centrifuged at 100
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> g and resuspended in 0.59% low melting agarose, & S ao
40 ]
35 2 pg/ml
40
o
as Control —_3:
= 30 E
a3 25 g
= 20 o
3
=z 5
10
5
o -
=
=
3
= =
2 8
z £
a3
S
o
o 50 100 150
o 50 100 150 DNA Migration (um)
Fig. 2. Distribution of DINA migration in V79 cells treated with
BP. Control treated with vehicle (DMSO) at a final concentration =
of 1%.
©
=2
= and then added to agarose-coated slides. The slides
3 were immersed in cold lysing solution (2.5 mM
& NacCl, 100 mM EDTA, 10 mM Tris, 109% DMSO,
1% sarcosinate, 1% Triton X-100 at pH 1O
T EL : overnight, after which time the slides were placed in
an electrophoresis tray with an alkaline-EDTA (300
o 50 100 150 mM NaOH and I mM EDTA) buffer for 20 min to
DNA Migration (pm) allow the DINA to unwind. Electrophoresis was con-
Fig. 1. Distribution o’ DNA migration in V79 cclls treated with dureited ot room temperature. for 20 min at 25 V and
CP. Contral treated with vehicle (water) at a final concentration of approx. 300 MA. The slides were washed, stained
19z, with ethidium bromide. and cover-slipped. Using a




