Genotoxicita
Testy na detekci mutaci




Genotoxicita

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

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

...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)




Geneticka toxikologie

Toxikologie - zkoumani negativniho vlivu
chemickych sloucenin na zivé organizmy
Gen. toxikol. - 70. |éta minulého stoleti
sleduje poskozeni DNA a jeho dusledky
chemickymi latkami pritomnymi v zivotnim
prostredi

jsou pouzivany metody genetické analyzy a
tradicni toxikologickeé pristupy

sleduji se zejmena pozdni ucinky chemickych
latek genetickymi metodami




e studium mechanismu genotoxickych ucinki
riznych faktort

e vyvoj detekcnich systémil s pozadovanymi viastnostmi
e hodnoceni genotoxického potencialu latek

e analyza environmentalnich smesi

e hodnoceni expozice vybranych populaci

e studium vlivu genotoxickych vlivil na vyskyt vybranych
onemocneéni

e studium geneticky determinovane citlivosti ke
genotoxickym faktorum




e VétsSina nadorh vznika vlivem expozice ¢lovékem Iprlpravenych a
prirodnich karcinogennich latek v potravé, vodé, lécich,
tabakovém koufri, ovzdusi a pisobenim radonu a infekénich

agens. tj. vlivem rady prokarcinogennich a karcinogennich
faktoru.

e Bylo odhadnuto, ze bez pusobeni téchto vnéjsich faktori, by byla

incidence nadorti vyznamné snizena a to az o 80-90 %.

e Genotoxické karcinogeny

(pUsobi ve fazi iniciace) Poskozuji DNA a jejich ucinek je zpravidla
ireverzibilni. Maji primarné bezprahovy ucinek. Pro chemicke
kancerogeny je typicky elektrofilni charakter a schopnost vytvaret
kovalentni vazby s DNA.

Primarni (primé) karcinogeny maji tyto vlastnosti bez nutnosti
biotransformace (napr. alkylacni Iatky),

Sekundarni (nelprlme) karcinogeny az po biotransformaci (napr.
aflatoxiny, polycyklické aromatické uhlovodiky, nitrosaminy aj.)

» Epigenetické karcinogeny
Nereaguy prlmo s DNA. PUsobi |]|nym| mechanismy (imunosuprese -
purinove derivaty, hormonalni mechanismy - estrogeny, cytotoxicke

ucinky atd.). Tyto latky se nekdy nazyvaji promotory a navazuji na
predchozi poskozeni DNA bunky.



Mutace vs. epimutace

(epigenetické zmény)

e Epimutace - jakékoliv zmény ve fenotypu, které
nejsou disledkem zmény sekvenci DNA. Tyto zmény
mohou byt stabilni a dédicné a zahrnuji zmény v metylaci
DNA, kontrole transkripce a translace a postranslacnich
modifikace.

o Eplgenetlcke procesy lze definovat jako modulace
genoveé exprese prostrednlctwm mechanismd, které jsou
nadrazeny dané primarni sekvenci -
napr. odliSna exprese riiznych kopii stejného genu
(alel) - dve alely nékdy i se shodnou primarni genetickou
informaci se dedi do potomstva v odlisnych stavech.




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

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

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

. risk characterization - charakterizace rizika — stanoveni

rizika urcitého neprizniveho efekty (napr. choroby
vyplyvajici z predchozich vysledku ve vztahu k jednotlivci
Ci populaci

Bezpecna prahova davka




Preventivni opatfeni zamé&Fena k ochrané pied expozici
genotoxickym liatkam lze rozdélit do dvou drovni:

Prospektivni pristup

1) Testovdni genotoxické aktivity nové syntetizovanych nebo jiZ
uzZivanych chemickych latek a sloucenin

2) Biologické monitorovdni - zahrnujici monitorovani prostredi
(zejména identifikace mutagenni aktivity komplexnich sloZek
prostiedi) a _monitorovani biologického ucdinku - tj.
odpovédi lidského organismu na pusobeni genotoxicky
aktivnich faktora prostredi.

Retrospektivni pFistup




Identifikace mutagenni aktivity

slouceniny

e informacni zdroje

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

e biologické testy mutagenity
(asi 200 testll)




Priklady databazi obsahujicich
informace o genotoxickych slouceninach

Zdroje informaci o genotoxickych slouc¢eninach.

International Agency for Research on Cancer

World Health

WHO (World Health Organization) : } H 1
Agency for Research on Cancer (IARC) 3 Organ'zatlon
WHO International Programme for Chemical Safety (IPCS).

1 tov n

UNEP (United Nations Environmental Programme).
International Register of Potentially Toxic Substances (IRPTC) fizeny UNEP poskytuje
informace o wuZiti, puasobeni, toxickych a mutagennich u¢&incich wvybranych skupin
environmentalnich mutageni s mezinarodnim vyznamem:.

International Programme on Chemical Safety

Regiondlni centra

International Programme on Chemical Safety

K nejznamnéjsim patii napf. European Community’s Data Information Network Through the International Programme on Chemical Safety
2 3 s (IPCS), WHO works to establish the scientific basis for the
(ECDI}V), .Eur?pean Chemical Industry Ecology and Toxicology Center (ECITOC) a Polsons centres e o et vatinat
Japan S Blologlcal Database. Build capacity Risk assessment capabilities and capacities for chemical safety.
Chemical safety is achieved by undertaking all activities
2 Ch.m 'c.l ‘.f.w involving chemicals in such a way as to ensure the safety of
+ human health and the environment. It covers all chemicals,
—IM Chemical incidents International natural and manufactured, and the full range of exposure
conventions situations from the natural presence of chemicals in the
~ . . » - , - . - environment to their extraction or synthesis, industrial
V ramci USA jsou znamy piedeviim EPA (Environmental Protection Agency), National arodiuction. transport, use and dispesal

Institut of Occupational Safety and Health Sciences (NIOSH), National Institute i
Environmental Health Sciences (NIEHS).

= Ten chemicals of major public health concern

Nejvetsi 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 t&chto databazi ziskat prostfednictvim systémi TOXNET &i
TOXLINE.

United States Environmental Protection Agency

Learn the Issues | Science & Technology | Laws & Regulations

About EPA | About Administrator McCarthy



e V soucasné dobé je velmi vyznamnou legislativou v
zemich Evropské unie narizeni ¢. 1907/2006 o zrizeni
programi Registration, Evaluation, Authorisation and
Restriction of Chemicals (REACH) a European
Chemicals Agency (ECHA).

e Narizeni se vztahuje na chemickeé latky, vyrabéne a
dovazené do Evropské unie v mnozstvi vétsim nez
je 1 tuna za rok.

e Vyrobci, dovozci a uzivatelé téchto chemickych latek
musi po zpracovani predepsané zpravy o chemickeé
bezpecnosti a vyhodnoceni miry rizika pozadat o
jejich registraci u ECHA.




Testy mutagenity




Prehled testli mutagenity

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

GAP GTX NTP
Phylogenetic endpoint Chemicals® Entries® Chemicals Chemicals®
Prokaryotes
DNA damage 115 309 676
Gene mutation 282 3635 2694 1702 (SAL)
Lower eukaryotes
DNA damage 18 22
Recombination 99 266
Gene mutation 101 276
Chromosomal aberrations 1 1
Aneuploidy 31
Plants
DNA damage 3
Gene mutation 38
SCE 7
Micronuclei 1
Chromosomal aberrations 40
Insects
Recombination 15
Gene mutation 285 (DMX)
Chromosomal aberrations
Aneuploidy
Animals in vitro
DNA damage
Gene mutation 343 (G5T)
SCE 612 (SIC)
Micronuclei
Chromosomal aberrations 616 (CIC)
Aneuploidy
Cell transformation
Human in vitro
DNA damage
Gene mutation
SCE
Micronuclei
Chromosomal aberrations
Aneuploidy
Cell transformation
Body fluids, host mediated
Animals in vivo
DNA damage 100 (UPR)
Gene mutation .
SCE 120 (SVA)
Micronuclei 40 (MVM)
Chromosomal aberrations 120 (CVA)




Testy na detekci mutaci - rozdeéeleni

e kratkodobé (screeningové) x dlouhodobé
testy na savcich

o testy na gametické x somatické mutace

e testy provadéneé in vitro x in vivo

e testy na detekci genovych,
chromozomovych, genomovych mutaci

o testy na reparaci DNA




RISK CHARACTERIZATION STRATEGIES

Increasing Relevance to Humans

1

141
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Figure 4. Classification of genotoxicity.




Prehled v soucasnosti doporucovanych testl pro

stanoveni genotoxicity pro komercni chemikalie

Tes

Exampleis)

Effect measured

Test Guideline number

In vitro—bacterial and mammalian cells
Bacterial mutagenicity

Mammalian cell mutation

Mammalian cell cviogenetics

Bacterial DNA damage
Mammalian cell DNA damage

In vivo—rodent somatic cells
Transgenic rodent gene multation

Bone marrow cviogenelics
DNA damage

In vivo—rodent germ cells
Heritable gene mutations
Male germ cell cytogenetics

Sperm cell chromosome damage

Heritble sperm cell chromosome damage

Ames (Salmonella) test
E. coli st

Mouse 'I}rm]ﬂlﬂl'la test
CHO-hprt ted

CHO, CHL. or human lymphocyle
chromosome aberrations; MN test

SOS test

uUDs

Comet assay

DNA adduct formation

Big Blue mouse

MutaMouse

Aberrations, micronuclei.
aneuploidy

Liver UDS

Comet assay

DNA adducts

Mouse-specific locus test
Spermatogonial, spermatocyte

cvlogenetics
Dominant lethal assay

Heritable translocation test

Gene mutations
Cene mutations

Chromosome damage
Nondisjunction

DNA damage repair
DNA damage

CGene mutations in vanous
tissues

Chromosome damage

Nond is unction

DNA damage leading 1o
strand break s

Gene or chromosome
damage i FI
Chromosome damage

Chromosome damage
incompatible with embryo
survival

Heritable (10 Fl)
chromosome
reammange ments

OECD
47
476

473
487"

483

478

485

EPA

E70.5 100

$70.5 300

B70.5375

870.5 500y
B70.5550

B70.5385
870.5395

870.5195
#70.5200
870.5380

870.5450

870.5460




7&2 na hodnocenc’ﬁotoxrc&e’ha Ketnku chemicky'sh, latel

1. PovinnE TESTY

4.1. T'e.d’ ha ?cawc' mutaee
—Cest na reverzu! mutace o S. typh:'man'am
— test na reverzu! mutace u C.eolr
—test na reverznd mudace u Saccharouyees cerc wiciae

—Cest ha reeesvud letdind matace salrane’ na /004/44//
U Drosopntc melanoga skey.

4.2, ley na Chramoadmove’ aberace
— togenchehs! anal) L pen',érm’r/; lympoey A’ in vitro
-?Agmm&' Aualy'sa kastnd! dreat hlodaved: I'n vive
—mibronukleus tect

2. VERDvAC! TESHY
- stanorew neplavovaue’ Sy % (w‘b) v hdstyel
bunka'el w vitre
— teslovalu ma&;m»‘y na squeich banka?l 14 vitro

— Savél cpet-tegf
— tect ua prevocnd trouslotace
— Test ua deteles Jeuovyeh somaholiot wudee
u Tradeseautha | Lion «¥30

— test ua delele; gevovylel, gamehcly'eh wutne
w Améz‘olo,bw‘s Yhaliaua

- tw/-g ke chrom ozomove aberace — fmua feba

3. DoPLLGOVE TESTY
— domiuautn! letalud fesd , [~S0S chrow ofest
—test ua abmormitu fvara spermis = _Zps¥k poltowne. DA
— SCE Y lidsbyel per'feruiel Iym focyfeel " hod 0w
=~ inhibice Synk’a; ONA Y h'dsb,’ol. bualea'el. (u yitry |2lleaticie elu




Hodnoceni mutagenity jednotlivych

chemickych latek - systém

Chemické latky 1) s omezenym pouzitim 2) Siroce pouzivané
Testy ' orientacni komplexni

(-S9, +S9 in vitro) (-S9, +S9 in vitro, in vivo)
Indikatorové mikroorganismy mikroorganismy
organismy savci (kostnf diert) savci (DLM - kostni dren)

/ Elovék (CHA)
Je mutagen? ano - testuj dle 2) ano - pffi pouZitf je nutno
stanovit NPK,ADI
ne - [ze pouzit ne - Ize pouZit

Obr.7 Systém testovdn/ mutagennl aktivity chemickych l4tek

Vysvétlivky:

51 LI -5 o W 1 bez metabolické aktivace

$S89.: v s metabolickou aktivacl

DEM:: iz test na stanovenl dominantnich letdlnlch mutac/

CHA s izss cytogenetickd analyza chromozomovych aberac/
VB e stanovenl nejvy33/ pripustné koncentrace

ADI .o ur¢enl prijatelné dennl ddvky

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

Dlouhodobé testy na savcich (DLM hlodavci)




Priklad testovaci baterie (Kanada) pro

latky s omezenym pouzitim

Figure 1. MUtagenicity Testing at LOC,I_

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
Mamrealian in vitro chromosome averration assay

Both One or both
negative positive

Not Not
appiicable applicable

171 VIITO

Non:»:iagen
mutagen

a) Review exposure
b) Elevate to LOC II if
.indicated

No further
testing rts:quirc:dd




1. Monitorovani prostiedi) detekce genotoxickych ldtek v prostiedi (mikrobislng
testy, genetické testy, cytogenetické testy)

@torovéni expozice - detekce genotoxickych Idtek v orga@

- mutagenn{ aktivita télnich tekutin

- cytogenetické testy - chromosomdlni aberace
mikrojaderny test
sesterské chromatidové vymény

- Iékova resistence leukocytil (8 azaguanin, 6 thioguanin)

Negeneti ikat

- alkylace proteinu

- poskozenf DNA (jednoietézcové zlomy, DNA adukty)
- nepldnovand syntéza DNA

3. Monitorov4nt genetického efektu - sledovini reakce organismu na genotoxickou
latku

- spontdnni potraty
- vrozené vady metabolismu
- malformace

A

4. Monitorovédn{ zmén frekvence mutaci v lidské populaci- populatni analyzy

- urlovéni vyskytu geneticky podmin&nych vad nebo onemocnénf, kieré by wiohly

vzniknout jako diisledek zvy3ené frekvence mutaci. Monitorovani umoziuje posoudit

genetickou z4téZ populace nebo nékteré jejf &4sti (napf. vliv pracovni expozice,
znediSténi prostiedi).

- metoda charakteristiky populace - pro urtitou oblast se analyzuji specifické kategorie

- pomér chlapcil a dév&at mezi narozenymi détmi

- podet mrtvé narozenych Asti

- potet déti s vrozenou vvvojovou vadou

- hmotnost déti pfi por - tu, dimrinost béhem prvniho roku
- fyzicky a duSevni v* voj béhem Aétstvi

Biomarkery:

1. expozice — napf.
stanoveni DNA adukti

2. vnimavosti — vypovidaji
o genetické predispozici
- analyza genetickych
polymorfizmu, geny pro
epoxidhydrolazu,
glutathion- S-
transferazu aj.

3. ucinku — napr. mutace v
genech p53, HPRT
lokus, ziskané
chromozomové aberace




Monitorovani prostredi - detekce

environmentalnich genotoxickych latek

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

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

- chromozomoveé aberace
- mutace




Priklady vyuziti in situ

Tradescantia testu

Mutation Research, 270 (1992) 23-29
© 1992 Elsevier Science Publishers B.V. All rights reserved 0027-5107,/92,/805.00

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 effect. 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 IcHIKAWA and Chizu IsHII

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+0.07, respectively) grown in the field soil of
Saitama University. The soil sample which caused the significant increase in
mutation frequency contained 6,880+330 mBg/g '¥Cs, 62.5+4.4 mBq/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.




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'

lDepzmment of Genetics and Molecular Biology, and 2Depzmm&:nt of Environmental Studies, Faculty of

Sciences, Masaryk University, Brno, Czech Republic

Abstract. The S ic Mutation and R bi of these three tests was 79.7%. Miiller test for gametic
Test (SMART) in wing cells of Drosophilc lanog 3 ion in Arabidopsis thalic and cy ic SCE
the Vicia faba cytogenetic tests — Sister Chromatid Ex-  test in Vicia faba seem to be quite sensitive and conveni-
change (SCE) and Micronucleus Test (MN), and the  ent plant bi ys for ing the ic p ial
Miiller test for i ions in Arabidopsis thali of envir l agents, when compared to the SMART
were used for icity testing of envir Isam-  test in Drosophil L !

ples of poll from the surr dings of LACHEMA

chemical factory (Brno, Czech Republic) and DEZA
factory in Valasské Mezifici (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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Abbreviations: BrdU — 5-bromo-2'-deoxyuridine, DCM — dichlo-
hanc, DDE - dichlorodi i DT — dichlo-
diphenyltrichl dTh—th . EMS — cthyl metha-

pheny
nesulphonate, FdU — 5-fluoro-2’-deoxyuridine, FPG — fluorescen-
ce plus Giemsa, MMS — methyl methanesulphonate, MN — micro-
nucleus test, MNU — N-methyl-N-nitrosourca, PAH — polycyclic
aromatic hydrocarbon, PCB — polychlorobiphenyl, PUF - polyure-
thane foam, SCE - sister chromatid cxchange, SMART — somatic
mutation and recombination test, Urd — uridine, US EPA — United
States Environmental Protection Agency.

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
(Vala§ské Mezifi¢r).

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 for assessing 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 etal., 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)

74 K. Chroust et al. Vol. 43

Table 3. C of chemicals in envir [ ples in the surr dings of DEZA factory
Industrial polutants in Air (DCM Soil (DCM extract)
DEZA extract)
2VMD 4VMD 11TVMD 14VMD 20VMD

(ng.m=3) (ng.g™") (ng.g™") (ng.g™" (ng.g™)
Naphthalene 29.6 217.7 31.8 439 54.6
Acenaphthylene <1.0 16.4 2:5 24 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 68.7 374
Anthracene 12.2 185.8 85 7.4 3.4
Fluoranthene 3.5 1959.9 143.1 101.3 269
Pyrene <1.0 1503.3 106.7 67.1 16.8
Benzo(a)anthracene <1.0 870.4 69.9 44.1 6.2
Chrysene <1.0 1133.0 97.2 72:2 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 <l1.0 838.1 65.8 27.7 1.6
Indeno(123-cd)pyrene <1.0 688.1 102.9 727 2.6
Dibenzo(ah)anthracene <1.0 204.3 26.5 214 0.0
Benzo(ghi)perylene <1.0 5997 98.9 64.1 3.1
‘Sum of PAHs & 11169.3 1060.0 743.6 190.2
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
(&2 Not evaluated 3320.0 3240.0 3240.0 2140.0

VM — DEZA Vala$ské Mezificf, V — water extract, D — DCM extract.

thaliana. As negative controls, there were used 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
DEZA Vala§ské Mezif{¢f are given in Table 2 — 3. PAH
levels in the close neighbourhood of Lachema 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~" was taken at
a small grassland near the bus station of the Vala§ské
Mezifif 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.
LIVM and 14VM, respectively). Table 2 and 3 cover
chromatography results showing a slight amount of some
known mutagenic and carcinogenic compounds. The
high concentration of fluoranthene in samples taken in
the area of DEZA 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 systémii

Nazev testu
Publikace

Indikatorovy
prostiedck

Indikator.
kmen, pocct

Molekularni
mechanismus

E. coli
K 12/
343/111
1974

mut.dopfedu,
zp<tné mutace,
indukce

1971

profaga, DNA
reparace
S. typhimu- his” kolonie |Salmoneclla zp&tna mut. >> = o s i
rium typhimurium |his -> his” 1000
. 27 rut.,. 7 exp:

E. coli WP2 * kolonie |E. coli zp&tna mut. trp |>>100 |++ “+++
1976 s -=> trp”
n bakteriofag |E. coli st&peni C 1 >100 |++ -
1976 A 8 represoru
Salmonella arabinosa Salmonella mut. dopfedu >40 e 2 +++
ara R 1978 rezis- typhimurium

tentni 1

kolonie
SOS chromo-) pB-galakto- E. coli LexA stépeni >100 +++ +++
test 1982 sidaza alkal. |1
N fosfataza :
Rcc-detek&ni | ristova B. subtilis DNA reparace >>100 | +++ S o
systém 1972 inhibice 2
PolA-decte- rustova E. coli DNA reparace >>100 | +++ =t
k&ni systém inhibice 7 2

Obr.8 Nékteré z bézné uZivanych systémua k detekci riznych genetickych
zmén [Kilbey 1986]




bakterialni detek&ni systém indikatorovych kmenl Sa/monella
typhimurium predstavuje nejvice rozsireny pristup pro screeningové
hodnoceni mutagenniho potencialu jednotlivych genotoxickych
chemickych latek a jejich komplexnich smési

je pouzivan i pro hodnoceni biotransformacnich produkti chemickych latek
v télnich tekutinach (moc, krev) experimentalnich zvirat a Cloveka

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

existuje cela sada indikatorovych bakterlalnlch kmenU umoZiujici
detegovat specificky mechanismus pusobeni testovaného mutagenniho
agens (substituce, posunové mutace a interkalacni zmény)

kromé mutace v histidinovém operonu maji kmeny maji dalsi pridatné
markery zvysujici citlivost k chemickym latkam:
mutace uvrB - vyiazeni a blokada syntézy enzymu 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 mutagenum




Plotnovy test mutagenity podle Amese

Nejpouzivanejsi 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)




Amesiv test

(Salmonella typhimurium) - princip zpetné mutace

kontrola

Ames Test
for mutagenicity

hig= —= hig*
raversion test

@

control

]

his= —— hig*
reversion tast

i

e,

(after Griffiths et al. 199R)




Priklady mutagenti pouzivanych jako

pozitivni kontrola u A. testu

= . 1 . =. Doporuceneg diagnmosticlcES
ML C 2L g ey

K ovéreni citlivosti indik&torovych bakteridlnich kment

Salmonella typhimurium HIS ™, uZzivanych v Amesové testu, se

pouzivaiji nasledujici diagnostickeé mutageny (hodnoty pro _
ddvky jednotlivvch Tldtek v pg/misku [sou uvddény pro klasicky

plotnovy test - plate incorporation assay)

KMEN LATKA S9 ug/misku ROZPUSTNOST

TA100O azid sodny - 1.5 H,O

TA100O 2-anthramin + 0.5 DﬁSO

TA98 2-AF -+ 10.0 DMSO

TA98 DNFA - 20.0 DMSO

TA97 ICR-191 - 1.0 H,O

TA102 mitomycin C - 0.5 H-50

TALS35 EMS (roztok) - 1.0ul H,0

TA1538 2-A¥F + 10.0 DﬁSO

TA1537 2-AF + 10.0 DMSO

TA98 /NR Z-anthramin + 0.5 DMSO

TA98/

1,8DNP5 2-anthramin + 3.0 DMSO -
________________________________________________________________ o 4
Vysveéetlivky: 2-AF ... 2-aminofluoren, DNFA ... 4-nitro-fenylen

diamin, ICR ... derivat akridinu, EMS ... ethylmethan sulfonat

Za mutagenni je povazovan vzorek s nejméneé
dvojnasobnym nartistem revertant oproti kontrole !!!




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

promutagen !

PO I, PO I, AO |, AO Il PO I, PO N, AO I, AO I, AD I, SMOLA , DEHET s
L A A A '

»
A
10 S0 100 200 0 100 ] I masku

Srovndnl mutagennich aktivit cernouhelného dehtu a dehtovych oleju stanovenych na
zdkladé indukce zdménovych mutacl v Amesové testu za pouZiti kmene S. typhimurium His
TA100

RURc - stupernn zvysenl poctu revertant, v testu bez metabolické aktivace (-S9)
nevykazovala 2ddnd z hodnocenych ldtek mutagennl efekt




SOS chromotest

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

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

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

e metoda je zalozena na biochemicke anlyze indukovatelné
p-galaktozidazy hodnocené kolorimetricky




SOS reparace

(koordinovana syntéza enzymu a cinnost reparacnich
mechanismil indukovana poskozenim DNA)

Uninduced state

Chapter 31. DNA Replication, Repair, and Recombination 971
Operator

To other genes
controlled by LexA

LexA binds to operators,
repressing synthesis of

-

Induced state
Operator

b
iy Figure 31-32 3 there has been extensive DNA damage (below), RecA is
In a cell with undamaged DNA (above), LexA largely activated, by binding to the resulting single-stranded DNA to
represses the synthesis of LexA, RecA, RecBCD, UvrABC, stimulate LexA self-cleavage. The consequent synthesis of

and other proteins involved in the SOS response. When the SOS proteins results in the repair of the DNA damage.




SOS reparace

v malém mnoZstvi, vaze na lexA-operator a na operatory genu recA a jinych
mnozstvich proteinii. Proto se RecA-protein nachéazi konstitutivné téZ v neindu-
kovanych buiikach.

* 2. Vlivem poskozeni DNA (napf. vznikem pyrimidinovych dimert blizko
replika¢ni vidlice) se aktivuje RecA-protein. Tato aktivace se uskutecriuje
vazbou RecA-proteinu na jednoietézcové useky v mezerach vytvorenych
diskontinualni syntézou DNA za dimery.

* 3. Interakce LexA s aktivovanym RecA-proteinem vede k proteolytické-
mu Stépeni LexA.

* 4.V indukovaném stavu vede dereprese recd - genu k produkci velkého
mnozstvi RecA-proteinu. TézZ jiné geny, které jsou regulovany LexA-proteinem,
jsou dereprimovany.

* 5. Kdyz indukéni signal zmizi (pravdépodobné opravou jednofetézcovych
mezer), mnozstvi aktivniho RecA-proteinu klesne, LexA-represor se hromadi a
geny regulované LexA-represorem jsou opét reprimovany.

Indukovatelné geny na obr. 413 jsou napt. geny uvrd, uvrB, uvrC, uvrD,
jejichz produkty jsou tyto proteiny:

* UvrA-protein, ktery se vaze na DNA ozafenou UV-svétlem; tvori komp-
lex s UvrB-proteinem.

* UvrB-protein, ktery se vaze na UvrA-protein. V komplexu s timto
proteinem ma helikazovou funkci.

* UvrC-protein  pusobici v  komplexu s UvrB-proteinem jako
endonukleaza.

* UvrD-protein ptisobici jako 3°-5-helikaza II.




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

Laboratore genetické toxikologie
zku$ebni 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

&
ey
A
X ;.-7 " - Pivod metody: Hungerford, D. A. (1965) Leucocytes cultured from small >
> .y inoculla of whole blood and preparation of metaphase
\ chromosomes by treatment with hypotonic KCI Stain

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
KCI. Stain Technol. 40, 333 - 338

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

Vyhlaska Ministerstva zdravotnictvi 251/1998 Sb.(Zména: 208/2001 Sb.)
OECD Guildebs emicals, January, 200T

1. Predmét a vymezeni pisobnosti

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

2. Definice

Poskozeni genetického materidlu buiiky (DNA), analyzované jako
chromozémové aberace, je projevem biologického efektu genotoxickych
faktoru.

3. Princip metody

Tento cytogeneticky test in vitro je kratkodoby test pro detekci strukturdlnich a
numerickych aberaci v kultivovanych sav¢ich buiikach. Lze pouzit jak kultur
stabilizovanych bunécnych linii, tak primarnich bunék, napf. buiky &inského
kiecka nebo lidské lymfocyty. Po expozici testované latce s pouzitim i bez
pouziti vhodného metabolického aktivacniho systému se na bun&né kultury
plisobi mitotickym jedem, napf. kolchicinem, ke kumulaci délicich se bunék (C-
metafaze). Buiiky jsou ve vhodné dobé zpracovany a pak znich pfipraveny
mikroskopické prepardty. Preparity jsou obarveny vhodnym barvivem a
metafazické buiiky analyzovany z hlediska chromozémovych abnormalit.

4. Bezpetnost prace
Metodika vyzZaduje praci s: .
a) ziravinami (kyselina octova konc., chromsirova smés) !
. b) ostatnimi jedy (kolchicin)
c) zvlasté nebezpecnymi jedy (metanol)
J \ : d) karcinogeny a mutageny (napt.: Thiotepa, cyklofosfamid, .
A e . N-Nitrosodimethylamin)

\ Dodrzovéni zésad béznych pro praci v chemické a mikrobiologické laboratofi,
'\\ : navic kontakt s chemickymi latkami typu mutageni a karcinogent.
v, Pouzivani pomiicek osobni ochrany - ochranny odév, rukavice, rousky.




INn VIVO

= biomarker ucinku na ¢lovéka
(predikce rizika vzniku nadoru)

Pouziti jako skupinovy expozicni test | k posouzeni
expozice jednotlivce

CHA = detekce casného genotoxického efektu
Pozdni genotoxicky efekt = nadory




Cytogeneticka Analyza Perifernich
Lymfocytt = CAPL

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

Kultivace: 48 hod, zpracovani jako pri karyotypovani

Barveni - konvencni metoda !!!! - ne G-pruhovani !

Hodnoceni: pocet aberantnich bb. / 100/200 hodnocenych mitoz
Typy aberaci: zlomy chromatidové a chromozomové
acentrické fragmenty
di- a tricentrické chromozomy
kruhové chromozomy, vymeény
Hodnoceni nalezli: —» 5% bez zavéru (u jednotlivce),
opakovani=riziko
rozdily v hodnoceni jednotlivctli a skupin (2 % hranice u skupin)
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Geneticka toxikologie
Sluzby pracovisteé genetické toxikologie

k SluzZby
Cytogenetické vysetieni lidskych perifernich lymfocyta (CAPL) O laboratofi
Doporucena | Teplota Doba — A _ : o
Vysetieni:| Vzorek Odbér odbérova uschovy do | Transport z Ordinace geneticke toxikologie
vysledku & -
souprava transportu
o o v Nejlépe v den 14 dni od Ordinacni doba na pracovisti Brno, Gorkého 6 :
Ay nestadivg || Bo 79 souprava na chladnicce, | odbéru (bez daby
CAPL heparinizovana |Ut7-9 odbér k . ’ icich odbéru PO: | 7.00-9.00
(2 ml) Dle domluvy wilaies il it 1 mésicu UT: | 700-900
heparinem zmrznout!!! | vioZek) A - | LUV -9,
skupin ST |-
S 3 S L g S CT: |-
Pokyny pro odbér krve na cytogenetickou analyzu si miZete stahnout = ZDE PA: |-

Privodka pro cytogenetické vySetieni je ke staZeni = ZDE
Telefon: 541 421 231 nebo 541 421 230

= Provadime biologické monitorovani v oblasti prevence nadorovych onemocnéni u osob profesionalné i
neprofesionalné exponovanych mutagennim a karcinogennim latkam (genotoxickym latkam) a
neexponovanych osob ovlivnénych témito |atkami z Zivotniho prostredi.




CAPL - samoplatci

Placene sluzby - Oddeleni lekarskeé genetiky

Pro samoplatce nabizime

WyEetfeni 6 zakladnich mutaci genu CFTR asociovansho s onemocnénim cysticka fibrdza

+ VyEetfent 50 mutaci genu CFTR asociovaneho s enemocnénmim cysticka fibrdza, ke stafeni - CF

« Prenatalni vySetfent - diagnostika aneuplodii chromozomd 13,18,21,X a ¥ z amnioticke tekutiny in vitro metodou
QF - PCR za 24 - 48 hodin, ke stafent - QF FCR

« Prenatalni vy3etfeni - diagnostika aneuplodie chromozomd 21 z amnioticke tekutiny in vitro metodou Direct QF
PCR za 3 hodiny, ke stafeni - directQFFCR

» Ur&eni pohlavi

CENIK €. 127/2013-09.5
Cytogeneticka analyza perifernich lymfocytd

Pro Oddéleni lékafskeé genetiky bvla provedena kalkulace na Cytogenetickou analyzu perifernich lymfocytd u
osob profesionalné i neprofesionalné exponovanych mutagennimi a karcinogennimi {genotoxickymi) [atkami.
KaZdy pacient musi byt s cenou vivkonu nejprve seznamen a poté mu bude vystaven doklad, na jehoZ podkladé
provede dhradu. Cena je osvobozena od DFH.

MHazev Cena
Analyza 100 mitdz 2 500,00 K&
Analyza 200 mitdz 4 000,00 KE



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.



http://www.ncbi.nlm.nih.gov/entrez/utils/lofref.fcgi?PrId=3048&uid=12191864&db=pubmed&url=http://linkinghub.elsevier.com/retrieve/pii/S0378427402001662

Pouziti FISH v genetické toxikologii

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

» detekce dizomii ve spermiich po pusobeni mutagenu

nebo u infertilnich muzu

- detekce puvodu mikrojader - centromerické sondy

deteqguiji pritomnost Ci nepritomnost centromery v mikrojadre

* detekce stabilnich chromozomovych aberaci | -

translokace




Vyzkumny ustav veterinarniho lékatstvi
Hudcova 70, 621 32 Brno
Tel: +420 5 4132 1241; Fax: +420 5 4121 1229;
E-mail:<rubes @vri.cz>

STANDARDNI OPERACNI POSTUP
2. Cytogeneticka analyza lidskych perifernich lymfocyti

Fluorescenéni in situ hybridizace (FISH)
s celochromozomovymi sondami

Zpracoval:  RNDr. Petra Musilové, Ph.D., Mgr. Olga Rezacova,
Doc. MVDir. Jifi Rubes, CSc.

1. Predmét a vymezeni piisobnosti

Metoda umoziiuje detekei ziskanych strukturalnich chromozémovych piestaveb
v savéich (lidskych) buiikach, pomoci fluorescenéné znacenych malovacich
DNA sond a fluorescenéni mikroskopie.

2. Definice

Poskozeni genetického materidlu buiiky (DNA), analyzované jako chromo-
z6mové aberace, je projevem biologického efektu genotoxickych faktort.

3. Princip metody

Tento cytogeneticky test umoziuje detekci zejména stabilnich strukturdlnich
aberaci, konvenéni technikou neidentifikovatelnych, v sav¢ich bunkach, -
nejéastéji v perifernich lymfocytech. Stabilni chromozomalni piestavby
nezpiisobuji ztrdtu chromozomalniho materialu, mohou se pfenaset z buniky na
butiku, kumuluji se v organismu a jsou odrazem dlouhodobé expozice
genotoxickymi  latkami. Lymfocyty jsou in  vitro  stimulovdny
fytohemaglutininem, zastaveny pomoci kolcemidu v metafdzi, zpracovény
klasickou metodou (air-dry method) a pouzity pro pfipravu mikroskopickych
preparati. Preparity jsou hybridizovany s fluorescenéné znaCenymi
celochromozomovymi sondami (tzv. painting) a podbarveny vhodnym
fluorescenénim  barvivem. Metafazni  buiiky jsou analyzovény ve
fluorescenénim mikroskopu.

4. Bezpetnost price

Metodika vyZzaduje préci s toxickymi latkami (formamid).

Z hlediska bezpecnosti prace je nutné:

a) dodrzovat zdsady b&zné pro praci v chemické laboratofi, navic pro kontakt
s toxickymi latkami

b) pouzivat pomiicky osobni ochrany - ochranny odév, rukavice, rousky

¢) dbat na zamezeni kontaminace osob i prostiedi, likvidovat odpad bezpe¢nym
zpusgh

# Chemikailie a spotfebni Wa

Zakladni chemikalie
Celochromozomovd sonda

pro chromozém I (koncentr.)
pfimo znacena Cy3 (10 testi)

Cambio — k. €. 1153-1Cy3
uchovavat pii -20°C
chranit pted svétlem !

Cambio - k. €. 1083-4F
uchovévat pii -20°C
chranit pred svétlem!

Celochromozomovd sonda
pro chromozom 4 (koncentr.)
piimo znacena FITC (10 testt)
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f, = podil genomu piedstavovaného jednim hybridizovanym chromozémem
(oznacenym ¢ervenou barvou)

f; = podil genomu piedstavovaného druhym hybridizovanym chromozémem

(oznacenym zelenou barvou)

Chromozém 1 predstavuje 8,4 % lidského genomu—f, = 0,084
Chromozém 4 piedstavuje 6,3 % lidského genomu—f, = 0,063

Z toho vyplyva, ze:
2,05[f(1-f)+f(1-fp)-fife] =
=2,05[0,084(1-0,084)+0,063(1-0,063)-0,084x0,063] = 0,26790015
Toto Cislo se neméni, pokud pouzivame sondy pro chromozémy 1 a 4.

Genomicka frekvence translokaci v jedné burice se pak vypocita:
Fg = F¢/0,26790015
tj.: (pocet translokaci/pocet vySetfenych bun&k)/0,26790015

Vétsinou se jako vysledek udava genomickd frekvence translokaci ve 100

Primérné hodnoty FG/100 bunék ziskané vySetfenim neexponované
populace v Ceské republice jsou:

novorozenci 0,07 (0-04)
dospéli do 50 let 1,0-1,5 (0-4,0)
dospéli nad 50 let 1,5-2,0 (0-5,5)

8. Rusivé vlivy

- S3patnd kvalita DNA sondy I‘
- Spatna kvalita vychoziho hybridizovaného preparatu (pfedevsim z hlediska

3 ‘ morfologie) \
A e - mozny vypadek el. energie béhem hybridizace v termostatu

I\ - lidsky faktor

'?-' 9. Validace metody
| . Pouziva se standardni metoda odvozena od mezinérodné pouZivané metody.



Mutat Res. 2007 Now 1,824(1-2}:9-17. Epub 2007 Apr 15.
Biomarkers of air pollution exposure--a study of policemen in Prague.
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Chromosomal aberrations in environmentally exposed population in relation to metabolic and DNA repair genes polymorphisms.

Laboratary of Genetic Ecotoxicology, Institute of Experimental Medicing A5 CR and Heatth Institute of Central Bohemia, Widenska 1083, 142 20 Prague 4, Czech Republic. zram@biomed. cas.cz

Abstract

The capital city of Prague is cne ofthe most polluted localities ofthe Czech Republic. Therefore, the effect of exposure to carcinoegenic polyoyclic aromatic hydrocarbons (c-PAHS) adsorbed onto
respirable air particles (=2.5mum} on chromaosamal aberrations was studied in a group of policemen (males, aged 22-50 years) working in the downtown area of Prague and spending daily =8h
cutdoors (N=53). Age- and sex-matched healthy volunteers spending =20% daily time indoors were chosen as contrals (MN=52). Ambient air paricles (PM10, PM2.5) and c-PAHs were monitored using
versatile air pollution sampler (VAR S), and personal exposure was evaluated using perscnal samplers during warking shift. Chromosomal akerrations were analyzed by conventional cytegenetic
analysis and fluarescent in situ hykridization (FISH). Urinary cotinine plasma levels of vitamins A, E and €, folate, total cholestercl, HOL, LOL cholestercls and triglycerides were also analyzed as
possible effect modifiers. Genotypes CYP1AT1*24, CYP1AT*2C, GSTW, GSTP1, GSTT1, EPHX1, MATZ, hOGG1, XARCC1, XPD, p53 Bsll, p53 Mspl, MTHFREYY, and M352656 were determined by PCR-
hased RFLF as=ays. The following levels of air pollution were recorded during the study pericd (mean from Hivel sampling}: P10 62 .6microg/m(3), c-PAHS 24.7ng/mi3), Bla]F 3.50ng/m{3}). The
conventional cytogenetic analysis did not reveal any differences between the group of policemen exposed to the ambient air pollution and the control group. The cicgenetic analvsis by FISH analysis
used the whole chromosome painting probes for chromosomes #1 and #4 (Cambio, UK). It detected a significant increase in all studied endpoints in the policemen compared to controls (%
AB.C.=0.33+-0.25 versus 0.24+/-0.18, p=0.05, F(GY100=1.72+-1.57 versus 1.25+-1.11, p=0.05, ABM000 (aberrationsM000 cells)=5.58+/-4 62 versus 3.90+-3.06, p=0.05). CYP1AT1*2C (lleflle), XPD 23
(Lys/Lys), and XPD & (CC) genotypes were associated with an increase of aberrant cells by conventional method. Factors associated with an increased level of translocations by FISH included age,
smaoking, B[a]P-like DMA adducts (corresponding to the exposure of c-PAHs), folate, polymorphisms of CYP1A1*2C, GETP1, EFHXT, p53 Mspl and MTHFR. Ambient air exposure to c-PAHS significantly
increased FISH cytogenetic parameters in nonsmaoking policemen. We may conclude that FISH indicates that the city policemen in Prague represent a group of increased genotaxic risk. This is the first
study that has reported a relationship hetween DMNA adducts (hicmarker of exposure) and chromasamal aberrations by FISH (biomarker of effect).




Sesterské chromatidové vymeéeny
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Cytogenetic biomonitoring of an Italian population exposed to pesticides:
chromosome aberration and sister-chromatid exchange analysis
in peripheral blood lymphocytes

M. De Ferrari %, M. Artuso 2, S. Bonassi 2*, S. Bonatti ¢, Z. Cavalieri ',
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Keywords: Pesticides; Chromosome aberrations; Sister-chromatid exchanges; Lymphocytes; Human

Summary

Chromosome aberrations (CA) and sister-chromatid exchanges (SCE) were measured in lymphocytes of
(A) 32 healthy individuals working in the flower industry and exposed to pesticides, (B) 32 individuals
exposed as above and hospitalized for bladder cancer, and (C€) 31 controls. Compounds to which
floriculturists were exposed included 18 nitro-organic herbicides and fungicides, 9 nitro-organic fungicides,
12 organophosphate and organothiophosphate insecticides, 4 hydrocarbon derivative herbicides and 5
inorganic fungicides and insecticides.

150 and 70 metaphases per individual were scored for CA and SCE, respectively. A significant increase
in the incidence of CA and SCE was obseryed in_both exposed _groups. Cancer patients showed the
presenice of rare rearrangements (dicentrics, rings and quadriradials) that were not observed in controls
and were present at a lower frequency in healthy exposed people. Hyperdiploid and polyploid metaphases
were also significantly increased in the 2 exposed groups compared to controls. Stratifying for age or
smoking habits, although affecting the significance of individual data, did not change the substance of the
results.




Sesterské chromatidové vymény - SCE

= zlomy DNA a reciproké vymeény DNA duplexti mezi
sesterskymi chromatidami, vznik v S fazi
Detekce BrdU metodou (harlekynska metoda) = kultivace

bunék v medius BrdU po 2 cykly replikace, opracovini

horkymi roztoky, barveni Giemsou

BrdU analog T, inkorporuje se
do DNA, A-BrdU

Templatova
molekula DNA
(chromatida) — neni
inkorporovan
BrdU, nové
syntetizovana
molekula
DNA(chromatida)
— je inkorporovan
BrdU

bunky v 1. mitoze — chromatidy
homogenn¢ zbarvené (rovhomeérné
substituované BrdU)

<4==

bunky v 2. mitoze — 1 chromatida

tmava, druha svétla (rozdilna
substituce BrdU - SCE






Mutageny a karcinogeny zvysuji frekvenci SCE/bunku
- latky, které tvori kovalentni addukty nebo ovlivnuji
replikaci (inhibice replikaénich enzymu)

pravdep. vznik v miste replikacni vidlice

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




Interfazni analvza ziskanvch chromozomovych

aberaci

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

cely chromozom
Nezacleni se do dcerinného jadra !
Analyzovana buiikka musi projit délenim !
Metoda blokovani cytokineze cytochalazinem (CB) =
dvoujaderné bunky — mikronukleus = maly utvar barvici se
jako jadro
Nebo detekce v kostni dieni exper. zvirat




Mikrojaderny test v dvoubarevnych
bunkach

Fig. 1. MN expression in a dividing nucleated cell. MNi
originate from either lagging chromosomes or chromosome
fragments at anaphase. MNi are readily identified because
they are morphologically identical to but smaller than the
main nuclei. A non-dividing cell is unable to express its
chromosome damage as MNi. Cells that have completed one
nuclear division can be accumulated and identified as binucle-
ate cells by adding cytochalasin-B, a cytokinesis blocking
agent (3,4). MNi are then scored in binucleated cells only.

micronucleus

After 44 hours fixation
+rytochalagin B:
an inhikitor o1 adins
) IR ahr T2 mononucleated
fe

TZhours




Testy mutagenity na Drosophila

melanogaster

e test na detekci somatickych mutaci a
rekombinaci (SMART)

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




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

Obr.4. Schema kfiZzeni kmene mwh a flr,
za vzniku transheterozygotnich jedinci.
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SMART -wing spot test

APLIKACE: WING SPOT TEST

PosTuP:
1. VYBER VIRGINELNICH SAMICEK KMENE FLR
2. KRIZENIi SE SAMECKY KMENE MWH

SAMECEK SAMICKA
mwh + e + fIrf +
e X
mwh + e + TM1 e
{
mwh + e E bC
o — AaBDbCc
+ fiIrf +
23 VYBER LARVICEK SEPROVADMPO 72£4 HOD OD NAKLEADENI
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




ions A-E of the wing surface scored for spots (after

Fig. 2. Normal half mesothorax showing the reg)
Garcia-Bellido and Merriam [1971al).
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J J J ﬂg/ /z.-: & J I l&

Flg._.‘. l.nclmmcs on the wing blade. a) Normal. b) deviate trichomes not counted as mwh or 1r. <)
configurations indicative of mwh. d) typical manitestations ot (Ir.




Fenotypove projevy mutace mwh a fir

Obr.2. Mutace typu £1-3




SMART test - princip — mutace

standardni alely

Mitosis : / Mitosis
Daughter cells Phenotype : Daughter cells Phenotype
Interstitial deletion
Normal caliy / / / or somatic mutation s
+ ‘* y_
mwm_-‘ // ! fIr mWh+ / i :::._:. .
m— =
mwh < Normal >< Single spot
! llr
< mwh & /IIJJI /IIJII
+ lIr -\bp;—__—__;:: ¢=‘,m
+ fir / / 7 25 fir / /
e —y————
! mwh\/ + mwh  fir o ¥ mwh
Smgle s:ot : + Kor 2 Single/spot
"“”h ‘(J ol i S R T eSS A 444
: .I J . SR SEa | : e J 4
Hr mwh i + flr
. .+ /- 5 l/ ; Rgcombnnatuon ., 5 ; ’(“44‘.
~_ - s reenevor
Ef—:::-_:: i bt 4 "—""0_" of o mwh
m—
A >< Single spot . Z >< Twin spots
L e ] & b:_—-:,— E
mwh + IJJJ“‘ ¢=r':-.—————-' \ it
+—>mwh fir o f s s g el
mwh (Ir ‘l mwh 3 - ik fir g

Fig. 2. The origin of mosaicism du'ring mitotic divisions in the wing. Point mutation or deletion of mwh and fIr gives rise to single spots.
Recombination between mwh and fIr gives rise to a mwh single spot. Twin spots of mwh and fIr are ploduce(l by recombination bctween the
ccntlomere and flr. 3 } i




CIB test u Drosophila melanogaster

XX X XY

L

AX X XY

XY

@,
CIBB

:

mutagen
=117 1 _
ma

Dies

Individual Bar-eyed females are recovered

and mated with normal males
O ®

Sy Py e,

oF o
CIB+

Lives

O
+

Lives

Dies

I

Dies if the X contains
a new lethal mutation

V pripadeé vzniku letalni mutace — nebudou v generaci F2 samecci




% 1 7 16 Detekce recesivné letélnich na. pohlavi vazanych mut.aci

(Basc, M-5) I S

cil: Sezndmen{ se s testovacim kmenem Basc (M—5) a método_u

"detekce mutaci.

oY

podmiﬁuJici zmengen{ pod‘tu oénf\.h facet a tedy zOZené oél w®

Je recesivni a]exa - podminujici merufikové zbarveni o&f

(apricot) a sc‘8 zna.mer‘é oblaet scute . s inverzi _zabranujici

cros slng-overu “Tento t:e.;tovaci kmen Basc se nékdy také nazyva

. M-5 (MUller—o) .

Pi*l. detekcl leLé.ln{ch na pohlavi vézanych mutac:'. kriiime

‘samiéky testovacfho  kmene (zuzgné ‘oc¢i - meruhkové bharvy) s
testovanymi samedky. V l‘"1 se ob.jev.t‘ éex*yenooke .;amléky Se .
‘zOZenyma oc¢ima a samedcl se zuZenyma odima meruikové barvy.
Tyto samidky a samedky ki‘iiimé.',jednopé.rové. V potomstvech

Jednotllvy’r’ch pard, tj. v Fa,' sledujeme fenotyp samldek a
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Attached X test — Drosophila
melanogaster

, zluté
samicky _
N
rl » /\ l\
. . / _ o, ,:I ! E Gy
»supersamicky” zluté stdndérdni nebo
samidky nutantni samedci




Spot test u mysi (somatické mutace)

Plisobeni mutagenu na
embrya heterozygotni pro
geny barvy srsti !

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 treate
in utero with a mutagen, preferably between the 9th and the 11th da
developm 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 letdinich mutacyi

Testem jsou analyzovédny genetické zmé&ny indukované v pohlav-
nich burikdch (p¥i ovlivn&n{ samct v jednotlivych stadifch zran{ sper-
mif, ti. spermatogeneze), které se manifestujf po oplodn&ni{ samice za-
stavenro. rany.. stadif vyvoje zdrodku (obr. 59). Podstatou smrti zy-
got je¢ vznik - ~ukturdlnich chromozémovych mutact (nap¥. transloka-
ce), genomov¥ch mutaci{ (napf. aneuploidie) a také je predpokldadin
podil genovych rmuuraci (zejména gent ¥idicicl: vlastmf bun&éné dé&le-
ni).
Léatkou ovlivn&ni{ samci jsou k¥fZeni po .'~kolik tydna v tydennich
intervalech s neovlivn&nymi samicemi. Dominantn{ letalita je uréova-
na pitvdnim samic 13.—16. de.. po zabfeznuti. Stereomikroskopem je
ziiftovdn pocet Zlutych t&lisek ve vaje&nicich, v d&loze podet Zivych
(1) a resorbovanych (2, 3) zdrodkt. Ze ziskanych hodnot jsou urdovi-
ny charakteristiky dominantn{ letality.

Genetické
zmeény ve
spermiich -
aberace,
genové
mutace

&éasovy Interval

Y22~ T 22~ > OO~
o — -} Q

1-0
z2 - @
3 - e

Obr. 59 Schéma testu na stanovenf{ dominantnich letdlnfch mutacf u my#f (vysvétlen{
v textu).

zanik zygot u
samicek




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 - Mullerav Sesulovy test
Hordeum vulgare - detekce chlorofyl. mutanta 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)




Recesivni mutaci detekujeme
uz v generaci M,

Mulleriv embryonalné

letalni test na detekci
gametickych mutaci u
Arabidopsis thaliana

- mutagenem puisobime na semena

- test na detekci recesivnich
embryonalné letalnich a
chlorofylové defektnich mutaci

- sledovani embryi budouci

generace M, v nezralych
semenech v Sesulich
rodiGovskych rostlin

(normalne azv M,)




Priprava zakladniho roztoku 0,25 mmol.1” Y MNU (m.h.=103):

1 MNU = 10,3 mg/100 ml pufru

1 mmol.1l”

2,5 mmol.1™! MNU = 5,15 mg/ 20 ml pufru
1 ml 2,5 mmol-1"t
Pufr: 0,1 mol.1 !
18,4 g Naallr‘oq. 12 ”20 rozpustime v 1.00

Pro kaZdou koncentraci pouZijeme a 12 mg) a

namoc¢ime je v 4 az 5 ml zkumavkdch do 2 ml (2 000 ul) roztoku

MNU + 9 ml pufru = 10 ml 0,25 mmol.1l ‘MNU

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

na dobu 24 hod. ve tmé& pri 25°C. Potom roztok se semeny

pitele jeme pres nalevku s filtraénim papise Semena na

Semena vysévame do truhlikd se zeminou tak, Jjak bylo

filtraénim papiru v nalevce pak 30 min. odovodni

vodou.

uvedeno vyse. 0d kazdé koncentrace vysejeme semena do 120 aZ
150 jamek.

Pred zacadtkem dozravani Sesulil hodnot ime cetnost
embryondlnich letdlnich a chlorofylovych mutaci embryonalnim
testem. Zaroven hodnotime stupen sterility, tj. relativni
poc¢et semen v téch trech po sobé& néasledujicich $esulich, ve
dé varianté

kterych sledujeme pripadna >
rostlin, tj. 300 Sesduli.

100
PFi hodnoceni zapisu]om

plsobeni hodnotime celkej

embryonalni nebo  chlororyrove
Cetnost mutaci se vyjadri jako procento Zesuli, ve kterych se
kytly mutace (do hodnoceni se nezapodéitavaji 3Zesule

maji 3 nebo men 1 pan ’~

K vyJadreni stupné sterility zarazujeme hodnocené sSesule
do ¢ty tr'id podle podtu semen vé&etné mutantnich:

S | U R — 0 az 3 semena ‘ o
< ‘ EELDE 12 « oo o wme 4 aZ 16 semen ‘ ?* 2
5 st & ¥ tRfda 3 ..ieann . 17 aZ 29 semen J 4
= l .J ,'.‘;\-,n""o 1) o 1o F- W7 EEP R X 30 a vice semen. . .

“"':( Spo¢ftidme pocet sSesull v kazdé trf{dé a vyjadiime je Jako -

: procento z celkového podtu Sesuli. Toto procento vynasobime Bl 4
koeficlentem. Pro tridu 1 Je tento koeficient 1, pro tiftidu 2 = r -
= 0,75, pro tridu 3 = 0,25 a pro tridu 4 = 0. Soudet hodnot

’ (% krat koeficient) vyjadiftuje stupen sterility.
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Arabidopsis assay for mutagenicity
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Abstract

Four laboratories, two in the Czech Republic (Brno and Prague) and two in the CIS (Moscow and Duschanbe),
participated in the International Programme on Chemical Safety’s (IPCS) collaborative study to evaluate the utility
of the most commonly used plant test systems, including the Arabidopsis thaliana assay, for assessing the mutagenic
potential of environmental agents. Out of the five compounds evaluated in the Arabidopsis assay, three compounds,
i.e., ethyl methanesulfonate, N-methyl-N-nitrosourea, and azidoglycerol, were reported to be mutagenic by all four
participating laboratories. Sodium azide (NaN;) demonstrated a negative response in all four laboratories, whereas
maleic hydrazide was reported to be weakly mutagenic by one laboratory and nonmutagenic by the other three
laboratories.

Keywords: IPCS collaborative study; Arabidopsis thaliana; Embryonic and chlorophyll mutants; Ethyl methane-
sulphonate; N-Methyl-N-nitrosourea; Azidoglycerol; Maleic hydrazide; Sodium azide




Tradescantia test — test na detekci

somatickych mutaci

o 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) h eterozyg ot |

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

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

e Plsobeni mutagenu na: fizky, poupata

o kazdé kvétenstvi: 20 poupat, kazdy kvét - 6 tycinek, kazda
tycCinka — 50 trichomii

e hodnoti se asi 10 kvétu

e Vhodné pro testovani herbicidi, fungicidi, insekticidd,
exhalaty ovzdusi, znecisteni vody, pudy




bin(livi(l ual cells i

Filament o[ Stamen




Tradescantia test - mutace




Detekce chromozomovych aberaci v meristematickych
bunkach korenovych
spicek Vicia faba
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The use of Tradescantia and Vicia faba bioassays for the in situ detection
of mutagens in an aquatic environment
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Fig. 2. Map giving general layout of test and control sites.

Fig. 1. Photograph of the float which held both the Tradescantia cuttings and the Vicia faba seedlings showing side and top views.
For details see text.




Ostling & Johansson 1984
elektroforéza celych bunék
fragmenty jaderné DNA vycestuji z jader




Kometovy test

(SCGE - gelova elektroforéza jednotlivych bunék)

stanoveni zlomu DNA nebo lézi vedoucich ke zlomim v
jednotlivych bunkach (DSB, SSB)

Princip:

izolace buneék (krev)
naneseni na mikroskopicka skla s agarozou (2 vrstvy)

Ize bunék (lyzacni pufr, detergenty a soli o vysokeé
koncentraci)

dentaurace
elektroforéza (DNA negativni naboj..
barveni fluorescenc¢cnim barvivem

pozorovani pod mikroskopem, meéreni délky komet
(jader)

délka ohonu je imérna poctu zlomu !

..k anodé




Kometovy test —parametry pouzivaneé k
hodnoceni urovne poskozeni DNA

dosah chonu { tail disiance}]=TD

délka chonu [ 2.verze])

déika ohonu [tail length]= TL[1.verze)
délka komety {comet length]j= CL

Cbr.€. 1. Schematiclké zndzorndni ﬁmmleuka{ﬁouéivapﬁch bud primo
hodnoceni poskezeni DINA, popr k vypoctu daldich parametia




Priklad pouziti kometového testu -
délka komet po aplikaci benzpyrenu

D.K. Monteith, J. Vanstone / Murarion Rescearcli 345 (1995) 97—-103

worth et al. (1987). Mean net silver grains per
nucleus (i.e., nuclear grains minus cytoplasmic
grains) were assessed for 50 cells per culture and
two cultures per animal. 2
Determination of DNA damage using the micro- =
el assay was done according to the method of Singh g
et al. (1988). Briefly, suspensions of V79 cells, o
hepatocytes, peripheral blood or bone marrow tritu-
rated in fetal bovine serum were centrifuged at 100
< g and resuspended in 0.5% low melting agarosec,
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Fig. 1. Distribution of DNA migration in V79 cells treated awith ducted at room temperature for 20 min at 25 V and
CP. Control treated with vehicle Gwater) at a final concentration of approx. 300 MA. The slides were washed, stained
1%z, with ethidium bromide, and cover-slipped. Using a




