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 Moderni pristupy experimentalni ekotoxikologie
— In vitro modely

— Biomarkery a ,MOA" (mode-of-action / omics)
techniky

* Modely v ekotoxikologii
— SAR a QSAR
— AOP / PBPK / TOXCAST

* ,Nove“problemy v ekotoxikologii
— Nanocastice

* Novinky a zajimavosti




Vyzkum mechanismu toxicity
In vitro modely a biotesty

 ZjiStovani ucinku (Biologie, Toxikologie a Ekotoxikologie) -
existuje velké mnozstvi modelu

« Uginky na celych organismech
— Standardni biotesty in vivo: legislativa
— ,Nestandardni” biotesty in vivo: experimentalni vyzkumna prace

Pochopeni a identifikace specifickych mechanismu pusobeni
— In vitro modely: Organove / Tkanove / Bunecne
— Vyhody

» Mechanistické porozumeni

« Setfeni experimentalnich zvitat
(etickeé principy ,3R")

— Nevyhody

« ,Jen“in vitro, chybi komplex a interakce v organismu




Vyzkumy mechanismu toxicity
In vitro modely a biotesty

Prace s in vitro kulturami Sterilni prace s modely in
(kultivacni / expozicni vitro
nadoby a média)




Pocty obratlovcu pouzivanych pro hodnoceni

chemickych latek v Evropé

8.7 %: Toxicology

50 %: Regulatory
testing

12 million

animals

\

15 %: Fish, birds,
amphibians
~ 80 000 animals

Commission of the European Communities, 2010




In vitro modely v ekotoxikologii 1 — rybi bunky

* Rybi bunky in vitro
— Relativné snadna izolace bunék a udrzovani v kulture (na rozdil od
savcich primarnich linii se rybi bunky in vitro chovaiji jako
imortalizované)
— Priklady linii
« RTL-W1 (Rainbow Trout Liver - W1)
» RTqill (Rainbow Trout Gill)
— Vyuziti napf. pro testovani akutni toxicity (snaha o nahrazeni testu
in vivo)
» podobna citlivost s in vivo modely -2 validace / standardizace




In vitro modely — stanoveni specifickych ucinku
Jaderné receptory — ER, AhR

» TJoxicita zavisla na jadernych receptorech - velky vyznam v
ekotoxicité (viz jinde v pfednaskach)

« Jaderné receptory = transkripCni faktory
— Aktivace receptoru - produkce novych proteint (zvySené hladiny

= marker expozice)

— Moznosti mereni

Méreni aktivity (napf. oxidace — CYP450 — viz dale)

Méreni celych proteinu (napf. WesternBlotting nebo ELISA)

Mérfeni na urovni mRNA — genova exprese - PCR nebo kvantitativni PCR
Sleovani ,reporterovych genu® (viz dale)

« Méfeni aktivity AhR - indukce detoxikaénich enzymu — CYPs
— NejCasteji - méreni oxidazoveé aktivity CYP (metoda EROD)
— (vyuzivaji se i dalsi analyzy — Wblotting, mRNA ...)

« Méfeni aktivity ER = indukce ER-zavislych proteinu

— Vitellogenin (prekurzor Zloutkoveého proteinu u vejcorodych — ryby,
ptaci ..): méreni WBIottin, ELISA nebo exprese mRNA




Reporterove testy
analyza ucinku zavislych na jadernych receptorech

Specificky vytvorené bunecne linie
Puvodné odvozené z lidskych, potkanich, rybich Ci jinych tkani
Nasledna Uprava (,GMO*)

— stabilni transfekce specifickymi geny, které se v bunnkach normalne
nevyskytuji

— Luciferaza (ze svétlusky), Beta-galaktosidaza

— Vlozeni do DNA v mistech, ktera jsou kontrolovana pfislusSnym
receptorem (AhR, ER...)

Princip — viz obrazek
— Meéreni svétla z luciferazy ~ mnozstvi dioxinové aktivnich latek

Nekdy oznacovane ,CALUX" (Chemical Assissted Luciferase

Expression)

— jde o komercCni nazev nékterych bunéek, ale v mnoha laboratorich
(vCetné RECETOX) se uzivaji principialne stejné ,nekomercni”
bunky (napf. H4lIE.luc / MVLD / MDAKb2)




Stanoventi toxicit zavislych na intracelularnich receptorech




Stanoveni aktivit/toxicit zavislych na
intracelularnich receptorech

AhR, ER — experimentdini design

Pridavek vzorku, standardu
Expozice (6 — 24 hod)

v

96 j. mikrodeska:
bunécné linie

transgenni:

HA4IIE.luc — diox.

MVLN, T47D.Luc
— estrog.

Lyza bun¢k, zamraZeni
(uchovani enzymovych aktivit)

Stanoveni LUCIFERAZOVE
(reporterove) aktivity
- komerc¢ni detekéni kity




Priklad — vyuziti reporterovych testi

Hladiny estrogennich latek (stanoveni pomoci MVLN testu) na
PFitoku a Odtoku COV Brno-Modfice

 Velka ucinnost Cisteni

 VVysledné kncentrace (az 5 ng/L) jsou i tak biologicky ucinné !

a'WWTP irfluent
aWWTE effuent

Date of sampling




Techniky ,,OMICS*




Urovné pusobeni latek v bunice / organismu

Metabolite
Metabolome



,,Omiky“ —mechanistické zmeény

* Mereni na jednotlivych urovnich

— Geny — genomika: variabilita mezi jednotlivci,
populacemi, druhy / vznik mutaci atd.

— MRNA - transkripce / transkriptomika — urovne
exprese jednotlivych genu

— Proteiny — proteomika - hladiny jednotlivych proteinu
— Produkty proteint / metabolity — metabolomika
—>Vysledny fenotyp (viditelny projev / zména)

->Napfr. porucha rozmnozovani / smrt
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) techniky

« Generovani velkych mnozstvi udaju (dat) z jednotlivych experimentu
¢ Soucasne sledovani:

— Hladiny mRNA - exprese az desitek-tisic genu

— Proteiny — sledovani tisicu proteinu

— Metabolity — tisice metabolitt
« Moderni techniky molekularni biologie a hmotnostni spektrometrie

— Velky rozvoj v poslednich 10 letech

— Postupné ,zleviovani“ - vétsi dostupnost




Priklad - microarrays

Exponované vs. Kontrolni

Prepare cDNARrobe

PreparelVicroarray

1) Izolace mRNA
reverzni transkripce (RT) do cDNA

2) ,Obarveni*
(rtzné barvy Kontrola vs. Exponovana)

3) Smichani Exp + Kontrola
(stejné celkové koncentrace)

4) Hybridizace na ,microarray”
(parovani nukleotidu - tisice predpfipravenych
cilovych DNA na jednom array)

5) Scanovani - vysledna barva:
analyza relativni exprese (? Které je vice ?)
Zelena = vice ,normal®

—> shizeni exprese u exponovanych
Cervena = vice ,exponovana*“
Zluta = Zadna zména



Vysledek — microarrays

Experimentalni varianty
VYSledek K c1c2c3c4ch

,Heat map”
Zmeny exprese
Ruznych gend

AP2 domain transcription factor
ethylene-responsive transcriptional coactivator-like
NADH flavin oxidoreductase_12-oxophytodiencate reductase
12-oxophytodiencate reductase 3

dehydration responsive element binding protein 1
axpansin

14-3-3 protein

alpha-expansin precursor

SWIZISNF2-like protein

histone H3

leucoanthocyanidin reductase

protein kinase PCTAIRE and related kinases 1
transcription factor DREBINI-1

protein kinase PCTAIRE and related kinases 2
Atdg394T0

auxin-responsive protein / auxin-induced protein
NADH ubiquinone oxidoreductase, NDUF54_18 kDa subunit
F-box protein ORES (MAX2)

AML1

phytochrome A

gerpin-like

ICE1

dehydration responsive element binding protein
chromosome condensation (RCC1) family protein
cold-induced group 3 LEA

EARLY flowering 4 protein

beta-amylase

- NarocCné
statistické zpracovani




Modely SAR a QSAR




SAR, QSAR

 SAR = Structure Activity Relationships

— hledani vztahu mezi STRUKTUROU a AKTIVITOU latek
(struktura -> eko-toxicita)

— predpovédi efektl bez nutnosti experimentalnich testovani

« Rada pristupti
— kvalitativni

» pfitomnost urcité charakteristiky implikuje aktivitu (viastnost)
— dlouhy alifaticky fetézec -> afinita k membranam

— kvantitativni (=QSAR — Quantitative SAR)

* matematicky popis vztahu
— jednorozmérné vztahy — korelace, regresni vztahy ...
— vicerozmérné modelovani (PCA, PLS), neuronove sité ...




SAR, QSAR v ekotoxikologii

* Techniky QSAR pulvodné vyvinuty pro design farmak

« Aplikace SAR, QSAR v ekotoxikologii

— predpovédi environmentalné vyznamnych parametru latek
* logKow
» biokoncentrace, bioakumulace

» predpovédi biodegradability
a metabolismu

— odhady rychlosti degradace
t1/2, vznikajici metabolity

— predpoveédi toxicity




Princip vyvoje modelu QSAR

« 1) Vstupni data — ZNAME udaje
— Skupina podobnych latek

— Znama (zmérena) vlastnost — napf. aktivita / toxicita
— Znama fyz-chem data (stovky riznych parametru)

« 2) Hledani modelu ve znamych datech

— Napf. Aktivita = a * parametr1 + b * parametr2 + c

— (viz priklady dale)
« 3) Vyuziti modelu pro predpoved’
,»Aktivity* neznamé latky

— Fyz-chem parametry - dosazeni
do modelu - vypocet ,toxicity”

STructure

Priklad — vstupni data pro QSAR

ktivit

Activity

Area

Chemicka data

Cipole

Emeray

1. xIE: > 3,150 /wq 270566 7139 1W
V.
2. )J:I\‘hg 50 g.sssm? BEZrzave 56 ﬁm.ﬁm
3. I:I\ 4130| 1176404 | 252980 1.037| 103.760
4. I#(kﬂ: 3450 | 1076+04 | 257214 2313| 108687
5. I:IA‘}( 3690 | 8656403 | 215372 1028 | 80.970
6. I';l}‘k 4010 | 1176404 | 242563| 2286| 83813
1YY 4280 1.176+04| 251587 1558 | 100894




SAR, QSAR - pfiklady

* Predpovédi environmentalné vyznamnych parametru
chemick;'/ch latek (viz také uvod prednasek)

— Fyzikalné chemické parametry

Log P (log Kow) ‘ Piiklady software, rizné modely a principy vypoé&tu

* ClogP (www.biobyte.com)

« KOWWIN (esc.syrres.com)
(www.epa.gov/oppt/exposure/docs/episuitedl.htm)

« SLIPPER (www.ibmh.msk.su/gsar/molpro)
* KlogP (www.multicase.com)

« ABSOLV (www.sirius-analytical.com)

* ProLogP (www.compudrug.com)

« SPARC (ibmlc2.chem.uga.edu/sparc)

* |A (www.interactiveanalysis.com)

« ACD (www.acdlabs.com)

* QikProp (www.schrodinger.com)

» AP-Algorithms (www.ap-algorithms.com)
* ProPred (www.capec.kt.dtu.dk)

« Cerius? (www.accelrys.com)

+ QMPRPIus (www.simulations-plus.com)



SAR, QSAR - piiklady

— Predpovéd biokoncentrace

Modely doporucovaneé TGD (technical guidlines) pfi registraci novych
chemickych latek v EU:

logK,,, <6 logBCF = 0.85logK,,, - 0.7

logK,,, values 6 — 10 logBCF =-0.2 logK,,,? + 2.74logK,,, - 4.72

Table 11. Molecular structures and groups used by
Geating (1981) 1o evaluate biodegradability ]

_ P‘r"edDOVéd, biodeg radability Description Coctlicient”
také nékdy,' QSBR Single occurrence of sulfur in 2 ring -39
More than two carbocvelic rings ' -10.3

Alkyl chain (CH.) ar CH.(CH.), _, where

. ) y n =10 or more (chain fragment) 5.03
jednoduché korelace degradabilita- Jur bengse e 304
) . dore than one —N= or HN= oy

chemicky parametr (substituent fragmeny) .y
i}nc —C=0 group (sub. fragment) 471

séitani vlivu charakteristickych subdomén e T REEG 2%
na degradabilitu ("+" degradace, "-" stabilita) i group ik fragment) 3.03

. substituent hvdroxylamine ~16

-> suma pro celou molekulu = degradability score Sinele acchibRet oF S i in a ring ‘E'ff,
Substituent primary amide =l I:()

Presence of suffix =480

1 i OCClOvani : the |
More than one —O— group (chain
fragment) =544




SAR, QSAR - piiklady

— Predpovédi toxicity (faké oznacovano — QSTR — Quantitative
STRUCTURE-TOXICITY relationships)

Pt 1 — toxicita narkotickych latek pro ryby (vyuzivana napft. 1 pro ucely REACH)

log (1/L.C50) = 0.907 . log Kow - 4.94

Pt 2 — toxicita fenolil pro korySe — vicenasobna regrese
(nepolarni narkoza — logP, polarni toxicita — pKa)
96 hours Pt 3 — vicerozmérné modelovani:
vysledek analyzy hlavnich komponent (PCA)
- vystup : odliseni toxickych a netoxickych latek

FC3
5

log(1/1C;y)

MiXoanwso

Pt




Moderni vypocetni toxikologie




Viz také dfive v prednaskach:
Dokazeme z koncentrace latky v prostredi predpovedét (matematicky) ucinky ?

Adverse outcome pathways

Zakladem je dokonalé porozuméni

1) toxikokinetice (modely PBPK — viz dale) a 2) nasledné mechanismum (dynamika)

Adverse Outcome Pathweany
i
Vi TN
Toxicant Toxicant :
concentration * interaction = I'ECElI::'IaE.rE — mﬂrgmm - ?Ergam
at target with target L Ll p
Toxicokinetics Toxicodynamics
{incl. PEPK)
Damage accrual,
Uptake, Damage recovery,
Biotransformation, Energy allocation,
Distribution, Thresholds,
Elimination Links to effects at next higher level




PBPK modely

PBPK (PBTK)
Physiologically based pharmacokinetic (toxicokinetic) models

Vnitrni

,fozdéleni“ organismu
a parametrizace
béZicich procesu

—> Slozity model
: Predikce koncentraci

~| Arterial v jednotlivych tkanich
Blacd




Vypocetni model - toxicita

Li et al. BMC Systems Biology 2011, 5:63
httpy//www . biomedcentral.com/1752-0509/5/63

BMC
Systems Biology
RESEARCH ARTICLE Open Access

A computational model of the hypothalamic -
pituitary - gonadal axis in female fathead
minnows (Pimephales promelas) exposed to
170-ethynylestradiol and 17B-trenbolone

Zhenhong Li', Kevin J Kroll?, Kathleen M Jensen®, Daniel L Villeneuve®, Gerald T Ankley®, Jayne V Brian®,
Maria S Sepulveda®, Edward F Orlando®, James M Lazorchak?, Mitchell Kostich’, Brandon Armstrong®,
Nancy D Denslow” and Karen H Watanabe '~




Li (2011) BMC Systems Biology

‘ ‘ oy N EE2-toxikant
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Li (2011) BMC Systems Biology

: Vysledek:
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Figure 6 Comparison of model predictions with measured data
in female FHMs exposed to EE,. n = 28 at each sampling time.
White boxes represent model predictions, and grey boxes represent
measured data [42]. The x-axis represents EE; concentrations in ng/
L. The solid line within the box marks the median; the boundary of
the box farthest from zero indicates the 75" percentile; the
boundary of the box closest to zero indicates the 257 percentile;
the whisker (error bar) farthest from zero marks the 90™ percentile;
whisker (error bar) closest to zero marks the 10" percentile; the
circle farthest from zero marks the 95 percentile; and the circle

_ closest to zero marks the 5 percentile.
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Programy US EPA — ,Vypocetni toxikologie® — napr ,, ToxCast"

o EPA

“
\’ Uni States Environmental Protection Agency @ALL EPA THIS AREA Advanced Search
LEARN THE ISSUES | SCIENCE & TECHNOLOGY | LAWS & REGULATIONS | ABOUT EPA O

Computational Toxicology Research [-4Contact Us

You are here: EPA Home » Research & Development » CompTox » ToxCast™

nks

CompTox Home Research Projects Research Publications staff Profiles
Basic Information Chemical Databases Scientific Reviews CompTox Partners
Organization CompTox Events Communities of Practice Jobs and Opportunities

ToxCast™

Screening Chemicals to Predict Toxicity Faster and Better

EPA launched ToxCast™ in 2007 to develop ways to predict potential toxicity
of chemicals and to develop a cost-effective approach for prioritizing the
thousands of chemicals that need toxicity testing. ToxCast™ uses advanced
science tools to help understand how human body processes are impacted

by exposures to chemicals and helps determine which exposures are most a5
likely to lead to adverse health effects. i ’ -

Using ToxCast to Prioritize Chemicals h : ¥ R ®
Helping to prioritize chemicals for: . r

Tosicity Reference Database/ToxReD8 EWFM [ratabase ExpoCastDB
® EPA's Endocrine Disruption Screening Program by prioritizing chemicals for 130 years'S2 billon of animal tests)

the Tier 1 screening battery que. 880 chemicals are being evaluated in
approximately 50 endocrine related HTS assays. Long term goal is for
ToxCast to eventually replace part or all of the current EDSP Tier 1
Screening Battery.

Chemicals EPA regulates under the Toxic Substance Control Act (TSCA) by
working towards using ToxCast to inform requests for further testing data

Bloriormatcs Machine Leaning
on High Production Volume industrial chemicals.

EPA's future drinking water contaminant lists, (Candidate Contaminant List How ToxCast Fits Into CompTox Research
or CCL) by helping prioritize which chemicals on existing contaminant lists
should be tested first, will recommend what types of toxicity testing should ToxCast Resources




Nano-eko-toxikologie




NANOCASTICE

+ ,NANO" — relativné nova oblast, rada praktickych vyuziti

« ALE: unikatni vlastnosti

— Vlastnosti nanocastic (vcetnée toxicity) nelze odvodit z viastnosti
Castic z tehoz materialu o vetsich rozmerech a ani z vlastnosti
chemikalie, ze ktere je material tvoren

* Definice
— Nanocastice (nanoparticles): alespon jeden rozmér <100 nm

— Nanocastice prirodniho plivodu - ,ultrafine particles® pfitomné
v pfirodnich aerosolech nebo jako vedlejSi produkt lidske
cinnosti (prach, dym, kour apod.)

— Vyrabéné nanomaterialy (manufactured, engineered NM)

— Nanoaerosoly: aerosoly jednotlivych volnych nanocastic nebo
nanostrukturnich ¢astic (= aglomeratu nanocastic nebo
nanovlaken) — pfirodniho puvodu nebo vyrabénych




Zakladni charakteristiky vyrabenych NM

e tvar a struktura castic

— Kulovité nebo nepravidelne castice,
trubiCky,vlakna, desticky

— Homogenni Castice (chemicka individua)
— Kompozitni nanomaterialy(jadro a obal)

— Nanocastice 3. a 4. generace (budoucnost:
ruzné komponenty se specializovanymi
funkcemi (,nanodevices")




Zakladni charakteristiky vyrabenych NM

Kovy Uhlikove NM

- stribro « nanotrubic¢ky
- ZzZlato « fullereny

« Zelezo * Saze

e dals$i - nanodiamanty

Dalsi anorganické NM

Omdy kovi - magnetické materialy
TO, « kompozitni nanomaterialy

- Al 0 . kvantové tec¢ky

. SiO2  silikaty, zeolity, jily

- ZnO « anorganicka nanovlakna

i3 Organické NM

- nanoviakna polymeru
- dendrimery

polystyren




Priklady - nanocCastice
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Nanocastice v prostredi

Nanoparticle movement through the

environment
B ,-' UV degradation
. eposition S
Nildlife and i Wildlife and ;o
k Iiul nl‘n:na;] spillage humans ,'4 A Injection for
3 : remediation
= A A i | Volatilization/ e
A Sorption to dust
: Food organic matter | : pooq i A A =
: chain : chain % e
Soil (Sail flora o ) e j Y
.......... and fauna fF”[tjer "':'.E;ud":, PR Biodeqradation?
‘ eeders | Chain 4
Sediment ] : :
v = =1 Benthic organisms I
" Cheg‘:ic_al : - I
Biodegradation? egradation? Leaching ' A
; N2
R ?%ﬁgp@@ Yo C:’CBC:’C" ﬁ ==
. —“ PO S e S

Figure 5. Routes of exposure, uptake, distribution, and degradation of NSPs in the environment. Solid lines
indicate routes that have been demonstrated in the laboratory or field or that are currently in use (remedia-
tion). Magenta lettering indicates possible degradation routes, and blue lettering indicates possible sinks
and sources of NSPs.




(Eko)toxicita nanocCastic — specifické vlastnosti

e, (Neznamé) parametry
castic, které mohou
P mit vliv na toxicitu

Ag* Slozeni (chemicke)
St Povrch (velikost, tvar)
- Stop ion Naboj
X Tl Stabilita
Crarge 1. i . o'} Agregace ¢astic
o P - Interakce s chemikaliemi
asshvaton B Crayn Interakce s ionty
' aﬁ_: Stabilization . )
& 5 0+ pessivaton \/liv na osud latek
€ Prima toxicita

{110

{1.1.7}



(Eko)toxicita nanocastic — priklad RECETOX

Toxicita — srovnani - 4 ,stejné” Castice (jeden vyrobce — 4 ruzné Sarze)
(zerovalent iron — ZVI — Fe%)

Opakované pozorovana toxicita u castic H16 —pricina neznama (Zzadné zmény
pH, rozpousteni zeleza ¢i dalSich primesi ...)

120 - root growth inhibition-new samples
= 100 | mH16n
% EH1S8n
o
= mH20n
c 20 -
E m H20b
2
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Nanocastice 2 mechanickeé vlivy = toxicita

Depimia magna 48 howr mostality after exposure to nano-ron

[y

oSHEAMBARRSES

—8— Coordl
— o =31 25ml
- = A= =@5meL
125 mal
—i— 500
— & -3025mL
== X==05mglL
—5—20nel

% mortalil

Daphnia exposed to various concentrations of
nano-iron used in remediation. A = control; B =
3mg/L;C=75mg/L; D=15mg/L; E =30 mg/L;
F =125 mg/L (dead daphnid). All daphnids
shown are 21 days old and eggs are visible in
their brood pouches (green circles). Note the
darkening of the digestive tract from A (normal
greenish color) to D with increased ingestion of
nano-iron particles (black arrows). Antennae
become clogged with nano-iron in E and F (blue
arrows). The 24 and 48 hour mortality curve is
shown on the right.




Novinky ... stresova biologie
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I tt Aoi: 10,1098 /=bl. 20120685
e ers Published online
Animal behaviour

Maternal predator-
exposure has lifelong -

consequences for Koljusky (ryby), které byly

offspring learning in v dobé kladeni vajicek ve stresu (predator)
threespined sticklebacks

Daniel P. Roche, Katie E. McGhee* - Snizena schopnost uéeni u potomku

and Alison M. Bell

School of mtegranve Biobgy, University of llimod, Urbana,

IL 61801, USA I Transgeneracni prenos

*Author for corrapondence (kemeghee(@allines. adu).

Table 1. Behaviours (mean + s.e.) of the offspring from the maternal treamments.

offspring of predator-exposed offspring of unexposed
mothers (5) mothers (5)
mitial exploratory behaviour (day 1: 09.00):
latency to first begin moving 49 + 30 56 +20
latency to enter either chamber for the first tme 330 + 70 326 + 78

learnng the colour assocaton:
day 1 (09.00): latency to find food reward 426 + 65 427 + 61

day 3 (09.00): latency to find food reward 533 + 48 304 + 74
day 5 (09.00): latency to find food reward 337 + 61 158 + 68




ECOLOGY LETTERS

Ecology Letters, (2010) 13: 213-222 doi: 10.1111/j.1461-0248.2009.01419.x

LETTER

Sperm of colourful males are better protected
against oxidative stress

Fabrice Helfenstein,'" Sylvain
Losdat,’ Anders Pape Maller,>*
Jonathan D. Blount® and Heinz
Richner’

'Evolutionary Ecology Group,
Institute of Ecology and
Evolution, University of Bern,
Baltzerstrasse 6, CH-3012 Bern,
Switzerland

Laboratoire d’Ecolo gie,
Systematique et Evolution, CNRS
UMR 8079, Université Paris-Sud,
Batiment 362, F-91405 Orsay
Cedex, France

3Center for Advanced Study,

S AT

P —

—t_ . Tme A

Abstract

Sperm cells are highly vulnerable to free radicals, and sperm quality and male fertlity are
critically affected by oxidative stress. Recently, sexual ornaments, particularly carotenoid-
based colourful traits, have been proposed to depend on a male’s capacity to resist
oxidative stress, and thus to signal sperm quality. We conducted an experimental test of
this hypothesis on great tits Parus major, in which adults are sexually dichromatic in
carotenoid-based breast plumage. We report the first evidence that ornaments and sperm
quality may be linked through oxidative stress. When experimentally subjected to
oxidative stress resulting from increased workload, less colourful males suffered a greater
reduction in sperm motility and swimming ability, and increased levels of sperm lipid
peroxidation compared to more colourful males. Moreover, the level of sperm lipid
peroxidation was negatively correlated with sperm quality. Finally, carotenoid supple-
mentation increased sperm quality of less colourful males, suggesting that pale males are
deficient in carotenoid antioxidants.

Barevnéjsi samci sykor

—> Atraktivnéjsi pro samice ...
- Lepsi kvalita spermatu
(karotenoidy brani proti
oxidativnimu stresu)



Ekotoxicita pesticidu — nové poznatky

* Pesticidy — reqistrace pred pouzitim
* Povinne testy ucinku na vcely
- Odvozeni bezpecného davkovani pro pouziti

* Nove zjistene problemy
-> Jak se projevi ,bezpecneé koncentrace” vice
pesticidu, pokud budou pusobit soucasné ?

-> Jak se projevi u jinych druht opylovacu nez
u vcel ?
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Combined pesticide exposure severely affects
individual- and colony-level traits in bees
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- Cmelaci a pesticidy
— Velice vyznamni opylovaci
— Specificka biologie oproti vCelam
» kolonie s velmi malym poctem jedincu

— Soucasné aplikace ruznych pesticidu na sousednich polich
» V praxi neni koordinace mezi farmari: koexpozice
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Figure 1| A complex exposure landscape. Ina typical agricultural setting, different crops may be
sprayed with different pesticides at different times and doses. Bees will obtain food both from these
crops and from wild plants, which makes it difficult to estimate their overall exposure to chemicals.
Furthermore, bees returning to the colony after foraging may pass on the pesticides as they feed larvae.
Inan attempt to partially mimic this exposure complexity, Gill et al."” placed pesticide-laden feeders and
filter paper (not shown) at the entrance to boxed colonies of bumblebees, which could also access flowers
on crops and wild plants in the wider landscape. The researchers measured the effect of these added
pesticides at both the individual-bee and colony level.




Vliv pesticidl na ¢melaky — polni studie: aplikovany povolené davky
- 2 individualni latky ,I“ a ,LC"
- souCasna expozice ,M" (mixed)

Celkové ztraty
délnic v
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Figure 3 | Overall worker losses. Mean (= s.e.m.) overall percentage of
workers lost per colony, including workers lost outside (below the dashed line)
and worker mortality (dead workers found in nest box; above the dashed line),
during the 4-week experiment. n = 40 colonies. #P < 0.1, **P < 0.01,

#**P =0.001 (comparison with control).



Vliv pesticidli na émelaky - polni studie: aplikovany povolené davky

- 2 individualni latky ,I“ a ,LC"
- souCasna expozice ,M" (mixed)

Table 1 | Summary of observed pesticide effects for each treatment

group (I, LC or M) in comparison to the control group

Effect level Effect type | LC M
Effects on Number of foragers - ND +
individual ~ Foraging bout frequency ND ND =
behaviour = Amount of pollen collected - ND —
Duration of pollen foraging bouts + ND +
Effects at Worker production —~ ND =
colony level Brood number - ND —
Nest structure mass ND ND ND
Worker mortality ND + -
Worker loss + - -
Worker mortality & loss ND + +
Colony failure (n failed/n survived) 0/10 0/10 2/8

Significant decrease (—), significant increase (+) and no detected effect (ND) at the 5% significance

level.




