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Bi6420: Ekotoxikologie mikroorganismu
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O cem je ekotoxikologie




O Cem je ekotoxikologie?

Véda studujici toxické efekty a efekty chemickeho (i ostatniho stresu) v
prirodé, u prirodnich organismu (EKO...), zejména efekty v populacich
a spolecCenstvech (EKO...), nékdy zahrnuje i efekty na Clovéka (!)

Interdisciplinarni védni obor kombinujici poznatky ved studujicich
ekosystémy (EKOlogie) a védy studujici interakce chemickych latek s
organismy (toxikologie)

Hlavni cile ekotoxikologie

©)

poznani interakci mezi zivymi organismy a chemickymi/toxickymi
latkami v prostredi na vsech urovnich

vyuziti poznatku pro racionalni ochranu zivych organismu, jejich
populaci, spoleCenstev a ekosystému pred chemickym znecisténim

prakticky: odpovidat na otazky, jaka expozice vyvola jaky efekt ? =
hodnoceni ekologickych rizik (PEC/PNEC)

védecky: proc takovy efekt, jaké jsou okolnosti, dusledky ...

Centrum pro vyzkum
toxickych latek
v prostiedi




Ekotoxikologie vs Ekologie ?

Ekologie Ekotoxikologie
Velmi Siroky zabér (vztahy mezi Zuzeny zajem — organismy vs. prostredi,
organismy navzajem a organismy a resp. negativni vlivy zmeén prostredi
prostfedim) (vyvolané Clovékem)
Studuje spise "fyziologické" (pfirozené) Studuje nefyziologické stavy —
stavy - vlivy béznych faktort prostfedi — | nepfirozené latky v prostfedi, nadmérné
teplota, vihkost, svétlo pusobeni fyzikalnich stresort (hluk,

zareni, stavby ...)

Ekologie vychazi z polnich Vice informaci o jednotlivych druzich,
(ekologickych) studii polni studie jen v omezeném mnozstvi,

casto nejednoznacné vysledky

Centrum pro vyzkum
toxickych latek
v prostiedi
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latky které jsou toxické v relativhé nizkych koncentracich a nejsou
prirodniho puvodu (vétSinou..., viz napf. cyanotoxiny)

z chemického pohledu latky z Sirokého spektra chemickych latek (ropné
produkty, organickeé latky, tézke kovy, farmaceutika, pesticidy,
detergenty ...), které mohou byt uvolnovany do prostredi a mohou mit v

Co jsou to toxikanty?

ekosystémech specifické efekty/interakce

Kazda lidska Cinnost vnasi do prostredi (toxicke) latky

©)

produkty a vedlejSi produkty prumyslu
domaci odpad (detergenty, plasty ....)
produkty uzivané v zemedélstvi
odpady z dopravy

veterinarni a humanni farmaceutika

Centrum pro vyzkum
toxickych latek
v prostiedi
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Jaké biologické systémy ekotoxikologie zkouma?

Centrum pro vyzku
toxickych latek
v prostiedi
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Figure 2.3 The overlap of spatial and temporal scales in environmental toxicology. Not only are
there scales in organization, but scales over space and time exist. Many molecular
activities exist over short periods and volumes. Populations can exist over relatively
small areas, even a few square meters for microorganisms, and thousands of
square kilometers for many bird and mammal populations. Although often dia-
grammed as discrete, each of these levels are intimately connected and phase one
into another along both the space and time scales.



Koncepce ekotoxikologie — ,,ekotoxikologicky dej*

Chemicka latka

Vstup do prostredi

Prostredi

Casova a prostorova distribuce v prostiedi

Fyzikalni — Chemické — Biologické Procesy

Analyza expozice

Organismus

Toxicke a ekotoxickée ucCinky

\ /

Geny — Bunky — Organismy — Populace ...

Analyza ucinku




Interakce toxicke latky a zivéeho organismu

Wtup
stresoru do ekosystému
t > > :
- (bio)degradace detoxikace
- transformace

Vstup do Zivého organismu
»

o g
Biotransformace detoxikace
indukce enzymil vyloudeni / uloZeni
(GST, MFO, hydrolazy,
enzyiny reparace DRAY

e

Y - fozfolipidy bunésnych tnermbran
- tnetnbranove receptory
Molekularni misto - bunééné receptory
toxického plisobeni - ifove enzymy

> - binchemiclka mtegrita
- iontova, pH a redoxni rovnowaha

> <+
Biochemické parametry plsobeni reparace

- gtresove protemy (Hap, metalothionening) detoxilace

- indilatory namifend metabolismu (zasoby ATP ) wo oy
- inhihice a zmény enzymovych aldit WIOUCEIII / uloZeni
— - narufeni iontove, pH, redoxni rovnovahy
- Zmény signalovani wimer bufilsarm

Centrum proy
toxickych latel
v prostiedi
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Interakce toxicke latky a zivéeho organismu

Organismus (fyziologie a chovani)
™

> : ) - >
Plizobeni na Growni organismu reparace

- podkozend chromosorad, bunééné leze a nekrozy detowilkace
- metabolisrins (respirace, fotosyrdéza)

- riist a moEnosti pro Hist (scope for growdh)
— - indukee nddon, teratogenita, endokrinnd disropee
- reprodukénd (nejispédnost, rnnosgoreseftoxdrita
- zrnény chovdnd a piijran potrasey, adaptace

vylouceni S uloZeni

- rmortalita

h 4

Populace
-
P : o+
Pisobeni na urown populaci reparace
- populacnd hustota & derangrafie migrace ! introdulkece
- produkiriata, rozmnofovac] dspédnost
- Troény v genetice populaci
— - zrény kompetice

h 4

spoletenstva
™
> - : n > : —
Piszobeni na urowvnt spolefenstey resistence fresilience
- prenos energii a hrooty
- stadinrm sukcese

— - zmény chemickych parametril

Centrum pro vyzkum

toxickych ltek Elkosystém
v prostiedi
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Pristupy ekotoxikologie

* Prospektivni pristup: laboratorni studie efektu ,novych“ chemikalii a
smesi, studie v simulovanych mikro/mezo ekosystémech, predpovedi

efektu v ekosystémech ...
« Klasickeé zjisténi koncentrace, ktera vyvolava efekt — testy toxicity

+ vysledek NOEC, LOEC, EC10, EC50, LC50 .... & PNEC

Concentration:
00ugll 13ugll 25ugll 50 ugll 100 ugll 200 uglL

R 100 | 7@ Let4lni Géinky
| - LOEC /
NOEC —— e
Control 1 2 3 4 5 60 - f
96-hour LC50 = 50 ugiL 50 > %
¥

40

o Odhad

p ¥ EC50

Ne toxicke @ . — . |
u,1 1 10 100 1000 10000

. . Logaritmické méritko
entrum pro vyzkum

Vprosted Kiivka — sigmoidni tvar
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Pristupy ekotoxikologie

« Retrospektivni pristup: studie realnych ekosystému, studie poSkozeni
v minulosti, odhady pro budoucnost, srovnhani poskozeny/zdravy ...

PROSPEKTIVNI

RETROSPEKTIVNI Havarie Odhady pro budoucnost

Polni studie Polni studie

(Bio)monitoring (Bio)monitoring

Laboratorni studie Laboratorni studie

imulované prostredi
(mikro/mezokosmy)

»

o o eam Casové hledisko
v prostiedi
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Mikroorganismy (pripomenuti)




Kolik je v prostiedi mikroorganismu?

e Biodiverzita mikroorganismu je mnohem vétsSi nez jsme se

plilVOd ne domnivali Environmental Genome Shotgun

Sequencing of the Sargasso Sea
. Craig Venter," Karin Remington,' John F. Heidelberg,®

* Venter et al. 2004, Science: Craig Ventar.* Karin Remington John F. Heidlber
Dongying Wu,? lan Paulsen,® Karen E Melson,® William Melson 2

Derrick E. Fouts,? Samuel Levy,® Anthony H. Knap,®

— DNAZz Sargasového more — 1 ,2 mil Michael W. Lomas,® Ken Nealson,® Owen White,?
L, ° . , o Jeremy Peterson? Jeff Hoffman,' Rachel Parsons,®
novych genu a evidence 148 novych druhu Holly Baden-Tillson," Cynthia Pfannkoch, Yu-Hui Rogers,*

 Tyto objevy pokracuji smelymi plany na genetickou ,inventuru® cele
planety

« GENOMICS: méri uplny geneticky kdd organismu pomoci
vysokoucinného sekvenovani paru bazi jeho DNA
(napr. ¢lovék 3 x 10° bp)

« METAGENOMICS: meri kdd pro celé spolecenstvo urcitého
prostredi
(napf. u pidy se v 1 g odhaduje 102 bp!! x more cca 6 x 10° bp)

©)

Centrum pro vyzkum
toxickych latek
v prostiedi




Kolik je v prostiedi mikroorganismu?

nature
REVIEWS

MICROBIOLOGY

252 | APRIL 2009 | VOLUME 7

EDITORIAL

TerraGenome: a consortium for the
sequencing of a soil metagenome

Vogel and colleagues invite the microbiology community to participate in an ambitious and
extraordinary sequencing project to uncover the soil metagenome.

Centrum pro vyzkum
toxickych latek
v prostiedi
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http://www.terragenome.org/
http://www.terragenome.org/

Kolik je v prostiedi mikroorganismu?

NATURE| Vol 455|25 September 2008

Metagenomics

Philip Hugenholtz and Gene W. Tyson

Ten years after the term metagenomics was coined, the approach continues to gather momentum.
This culture-independent, molecular way of analysing environmental samples of cohabiting microbial
populations has opened up fresh perspectives on microbiology.

The 454 Life Sciences GS FLX sequencing system
is used in many metagenomics projects.

Bras del Port saltern e
Mediterranean

Acid mine
drainage biofilm g
g . Human gut Phosphorus-removing oed Nine biomes
Sargasso Sea microbiome (US) bioreactors -
& Whale fall;
Eel Irwer MlnnESF:ta SR Gutless worm . TR
sediments farm soil S0Ladn il microbiome MNegro
Marine viral Drinking (anaerobic Termite gut hypersaline
community water methane Human gut Mouse gut microbiome mat
oxidizers) viriome microbiome

Jan 08

Jun 06 Aug 08

Nov 05

Marine RN A
Pleistocene cave viriome Neanderthal ) ] _
Human faeces bear fossils |’ microbiome Coral Coral reef
viral community - Mammoth holobiont
Hawaii Ocean prEe :
. " TOSS
Time Series izl
Oceanic Global Ocean Human gut
viriomes Sampling microbiome (Japan)

Figure 1| Timeline of sequence-based metagenomic projects showing the variety of environments sampled since 2002. The oceanic viriomes (all viruses ina
habitat) (August 2006) were from the Sargasso Sea, Gulf of Mexico, coastal British Columbia and the A rctic Ocean. The nine biomes (March 2008) were stromatolites,
fish gut, fish ponds, mosquito viriome, human-lung viriome, chicken gut, bovine gut and marine viriome. The different technologies used are dye-terminator
shotgun sequencing (black), fosmid library sequencing (pink) and pyrosequencing (green). ( Graphic based on data sets represented at www.genomesonline.org,)



Kolik je v prostiedi mikroorganismu?

DISCOVERY IN THE DIRT

Soil microbes are notoriously hard to culture, so how can we make the ground yield its secrets?
Virginia Gewin finds that genetic sequencing — of samples not species — may be the answer.

Metagenom pudy

* Leonardo da Vinci: ,,O nebesich vime vice
nez o pudé pod nasima nohama“

“Once the diversity of the
* Do nedavna byli védci odkazani pouze na microbial worldis catalogued,
izolaéni a kultivaéni techniky a o mikrobialnim it **fll_'limak_E_'-;S:rn')nmy look
svété vody, pady a sedimentd se dovidali jen R
_ — Julian Davies
cca 0,1 - 1 % informace
e S rozvojem m?IekuIarnl b|9log|§ Izg t?nto. “The soil work is like
,SKryty vesmir® poznat cely — nicménée ne jako .
druhy” ale jako celek — genom, metagenom tryingto assemble
’ ’ 40,000 human genomes

degradatorl polutantu, biotechnologie ... — Craig Venter
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Centrum pro vyzkum
toxickych latek
v prostiedi




Kolik je v prostiedi mikroorganismu?

Exploring Microbial Diversity— sipt log-Loplace |
A Vast Below I |
T.P. Curtis and W. T. Sloan o '&
26 AUGUST 2005 VOL 309 SCIENCE www.sciencemag.org E ]

genomic diversity. However, the E lognormal log-Laplace Il
authors have gone further and E | |
show that there is probably = ]
enough data in published DNA - |
reassociation curves for bacter- i .
ial communities to allow dis- 4
crimination between different ~'~ 3
possible species abundance 'i'f’;ml' SR )gs“ Lol S
curves. By applying new mathe- T e
matical treatment of data, the & Ty mafbpar: 8
authors generate abundance S \ o et e T gl /) TS 8
curves, the most plausible of 2 iy, —?‘g
which suggests that there could | z{g - Ty, O S
be 107 distinct prokaryote taxa in R - = 2 Lt Kl g ﬂz J
10 grams of pristine (free of = Sl T it [ [ e A
chemical contaminants) soil (see ]
the fi OTeOVET, Tare organ-

Mapping microbial diversity. The relative abundance of microbial taxa

1sms comprise most of this diver-
F can be described with abundance distributions. The total number of

sS1ty. Tl‘lﬁ'}f further determine that species is the area under the taxa plot line. The precise shape of any

most of these rare l’.}l'gﬂl'lib‘rl'l'l g given curve will depend on the parameters selected. In all cases, the

centrud = ld b ined bv he: majerity of the biomass that we can most readily observe (Terra

(6) wonici] & OU ~ Wipe out J aedvy Frequentata) make up a minority of the diversity. Most taxa are very
et metal pollution of the soil. hard to find by random sampling (Terra Incognita).




Co jsou mikroorganismy?

* nejstarsi obyvatelé planety

e podstatné meénili globalni charakter planety

polymerization, 4 bya

L Il I1 J 1
Age of Molecular Organization Age of Prokaryotes First Eukaryotes Explosion of Life

millions of years ago = mya
billions of years ago = bya



Mikroorganismum patfi nase historie

Billion
years ago

3.6
3.3
3.0
2.7
24
21
1.8

The beginning of life

Development into Bacteria and Archaea

Cyanobacterial growth and O, formation

Large scale evolution of Bacteria

Prokaryote period

1.5
1.2
0.9

Birth of eukaryotes
Beginning of mitochondrial and chloroplast symbiosis with eukaryotes

Birth of multi-cellular eukaryotes Microorganisms period

0.6
0.3

Present

Cambrian’s explosion, 11/20 Land plants evolve, protected by ozone
12/9 Birth of dinosaurs, 12/25 Extinction of dinosaurs

12/31, 12:00 Birth of humans, 23:30 Birth of modern people

Centrum pro vyzkum
toxickych latek
v prostiedi



http://commtechlab.msu.edu/sites/dlc-me/zoo/Pf07002.jpg
http://upload.wikimedia.org/wikipedia/commons/c/cb/Paramecium.jpg

Evoluce mikroorganismii

» existuji uz 3,5 miliard let (pro srovnani: vicebunecne
organismy ,jen“ 0,6 mld let)

« evoluce vSech zakladnich biochemickych mechanismu

v u AL AN 4

forem zivota, jak je zname dnes

« Jeste pred rozstepenim na dalsi vetve jiz muselo existovat:

* DNA - nese dédi¢nou informaci (je stabilngjsi)

« RNA — pfenos informace z DNA do bilkoviny

 ATP - nosiC energie

« H* transportni systémy — z potencialu H* chemicka energie

« glykolyza — ,neefektivni® zisk energie z chemickych latek

» cyklus trikarboxylové kyseliny — dokonalé vyuziti energie org. latek
« fotosyntéza - fotoautotrofie

« Calvinav cyklus - fixace CO,

Centrum pro vyzkum
toxickych latek
v prostiedi
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Fyziologicka evoluce

- metanogenni archaebakterie
- glykolyza, kvaseni

- anaerobni respirace vyuzivajici S a produkujici H,S

- fotosyntéza - fotosystéem |l

} H.S je donor elektronu
- sinice - fotosyntéza - fotosystem |

- fotosyntéza s vodou jako donorem elektronud (cca 2 - 2,5 mid let)

- O, je stale toxicky pro vétSinu bakterii

- vznik kyslikové atmosféry => snizeni UV 200 nm => snizeni abiotické syntézy
organickych latek => vznik potravnich siti

- vznik fixace N, (nutna ochrana enzymu nitrogenazy pred O,)
- procesy oxidace - chemoautotrofie - oxidace anorganickych latek

- procesy oxidace - heterotrofie - oxidace organickych latek

Centrum pro vyzkum
toxickych latek
v prostiedi
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Vyhody mikroorganismu v evoluci

 M.W. Beijerinck: "Everything is everywhere, the environment selects”

« mnohem kratSi generacni doba (30 min) nez u vySSich organismu =
zmeény v genetické informaci se mohou velmi rychle uchytit a rozsirit
(pfiklad - mikrobialni resistance vuci antibiotikim) = obrovska
pfizpusobivost

« geneticka variabilita je zaklad evoluce - u prokaryot jsou zodpoveédné
zejména mutace (hlavné vliv prostredi - tzv. periodicka selekce), kdezto
u eukaryot jsou to rekombinace (mensi vliv prostredi)

« viceméne vSude né€jaka forma sexualniho procesu: konjugace, spajeni
apod. = vyména DNA

 tyto viastnosti se mimo jiné také silné projevuji v jejich
ekotoxikologii = specifika ekotoxikologie MO

Centrum pro vyzkum
toxickych latek
v prostiedi 2 3
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Evoluce Eukaryot

» cca pred 2 mid let

» spojovaci Clanek byly Archea - nékteré znaky bct (chybi mitochondrie, maji 70S
ribozémy, nemaji Golgiho aparat)

e prvoci se objevuji jako prvni eukaryota (biCik 9+2, fagocytoza atd. atd. ...) a
,2nejmladsi“ jsou biCikovci

» nasleduji chromista (rozsivky a ruduchy) a zelené rasy
* houby, zivoCichové a rostliny

* houby pfed 400 mil let z prvoku (chitin v buii. sténé) - ,nejmoderné;si*
mikroorganismy

» kvasinky jako jednobunécné organismy az druhc T Grampoaitin( bakterle
Mln,""’ - Chlaroflaxi
Rasy Actinobacteria

Planctomycetes
Spirochaetes

Fusobacteria
Cyanobacteria

£4 Termofiin(
reducenti siranti

Centrum pro vyzkum Acidobacteria

toxickych latek
v prostred Proteobacteria
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//upload.wikimedia.org/wikipedia/commons/5/5f/Collapsed_tree_labels_simplified_cs.png

Endosymbioticka teorie Fungi -~ Animals

Protozoa Plants

ONE SCENARIO FOR SYMBIOTIC ORIGIN b
i - o . Chioroplasts
OF EUKARYOTES
Ar |_.'-_|{-!r0|;|{_:, heterolrophic prokaryote \
T T D i Proeukaryotic cel & N“"'"I"“’ Cyanobacteria
L= DNA — =\ P precursor E
Agrobic M al \}{; T ) ucarys
prokanyole ——= ¥ = Endoplasmic

A

\ Mitochondria

reticulurm precursor

© o
@ .
Aerobic, —— __ ‘ / | i \

heterotrophic Jir Phatnaynihatic Algal and

prokaryate '/—-f:,:'j ‘-' Mitochondricn g:,ﬂ,':l ;:nsgﬂl. cyanobactenium plant celis \

W

> @

‘ . . Purple

9 Chloroplas! S § hacteria
& .\. Vacuale — Cytoplasm —J'/
Muclaus | %
o N — a» ;
L] 7)) membrana = um | ~\. Archaea Urcaryote i
invagination ".'m ’ r!l'.o Baﬂtel‘la
Call Wall g J

Cap ghit 1998 Jann Vitley and Sona, inc. All rights ressnied Copyright 1806 Jokn Wiley mnd Sons. ine. Al Agiis rsarved T
From: . _ _ Progenote
http://www.uic.edu/classes/bios/bios100
/lecturesfO4am/lect06.htm Figure 2.4

The evolution of the Eucarya, involving acquisition of
cytoplasm and organelles from Bacteria and Archaea
(Source: Woese et al. 1990.)

From: Atlas and Bartha (1997): Microbial Ecology: Fundamentals
and Applications

Centrum pro vyzkum
toxickych latek
v prostiedi
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Co jsou mikroorganismy?

« Polyfyleticka skupina = nema taxonomicky vyznam — velmi riznoroda
skupina organismu

« Mikro—organismy = jednotlivé organismy nejsou viditelné pouhym okem

e primarné jednobunécéné organismy
« Sekundarné (pseudo)vicebunecné — vlakna sinic, hyfy hub ...

« Nemusi ale nutné mit nejjednodussi typ bunky! (napr. nalevnik)

Centrum pro vyzkum
toxickych latek
v prostiedi
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Co jsou mikroorganismy?

« Zahrnuji organismy ze skupiny prokaryota (doména Bacteria a Archaea)
| eukaryota (doména Eucarya)

e V prostredi zejména tyto skupiny:
— Bakterie (doména Bacteria)
— Aktinomycety (fad G+ bakterii Actinomycetales)
— Sinice (kmen G- bakterii — Cyanobacteria)
— Prvoci (fiSe Protozoa)
— Rasy (fiSe Protozoa, fise Chromista, fie Plantae)
— Houby (fiSe Fungi), kvasinky
e Taxonomicky nejednoznacnée zarazeni

* meéni se na zakladé aktualniho poznani ...

» definice taxa u bakterii je jina nez zname z klasické taxonomie: druh bakterii — seskupeni
sdilejici vysokou uroven fenotypové podobnosti a sou¢asné se liSici od zbyvajicich
seskupeni v tom samém rodu (Sedlacek, 2007)

» dnes Casto vychazi z fylogeneze a analyzy DNA (16S rDNA u bakterii ...)

Centrum pro vyzkum
toxickych latek
v prostiedi

©)




Moderni rozdeleni — 3 skupiny (domény)

Green bacteria

Flavobzacteria
Spirochetes
BACTERIA Purple bacteria
Gram-positive bacteria
Cyanobacteria
Deinococei
Thermotogales
Aquificales
AHCEATA | Extreme halophiles

Methanogens

Extreme thermophiles

Plants
EUCARYA ‘I_I: Fungi

Animals

Ciliates

Cellular slime molds

Flagellates
Microsporidia

Figure A

The three domains of life (Bacteria, Archaea, and Eucarya) and the major evolution-

ary lines of descent within those domains. (Source: Based on Woese et al. 1992.)
Ce yzk

(6) toxri‘:rk‘;frcnhpl::e‘ll(yz ! From: Atlas and Bartha (1997): Microbial Ecology: Fundamentals

v prostfedi and Applications




Bakterie

Bacilus cereus
i Il-"__-:.r‘ ' &l‘

Escherichia coli
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http://commtechlab.msu.edu/sites/dlc-me/zoo/Pf07002.jpg

Aktinomycety
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http://upload.wikimedia.org/wikipedia/commons/d/dd/Actinomyces_israelii.jpg
http://en.wikipedia.org/wiki/File:Corynebacterium_ulcerans_01.jpg
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Prvoci

Amoeba proteus
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Amoeba
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http://upload.wikimedia.org/wikipedia/commons/c/cb/Paramecium.jpg

euglena
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http://commtechlab.msu.edu/sites/dlc-me/zoo/zwp0530.jpg

STRUCTURE OF A PARAMECIUM
cilia
trichocyst

canals of contractile contractile vacuole

vacuole

food vacuole
large nucleus
micronucleus

oral groove
endoplasm

gullet
ectoplasm -

wirslinFovisual.inFo
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Flagellum

Ribosomes

Cytoplasm

Nucleus
Nucleolus

Endoplasmic
reticulum

Chloroplast
Mitochondrion
Starch vacuole

Cell wall

FIGURE 2.18 Structure of a typical algal cell.

From: Maier et al. (2000): Environmental Microbiology,
Academic Press




mykorrhyza (houba a jet

. Kubatova
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Ribosomes
Mitochondrion

Endoplasmic
reticulum

Nucleus
Nucleolus

Cell wall

Golgi apparatus
Storage vesicle

FIGURE 2.16  Structure of a typical fungal cell.

Call wall

Mixed glucans

Cell membrane

Chitin ;{
.
Protein m

Glycoprotein

Glycocalyx \\\ [/ {( ([ {[V]]]]
i id ‘H ."‘ ;"I ‘

¥ 3 i

Cell exterior
FIGURE 2.17  Structure of a fungal cell wall.

From: Maier et al. (2000): Environmental Microbiology,
Academic Press
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Strucné prestaveni pudnich mikroorganismui

« Aktinomycety

— http://www.agron.iastate.edu/~loynachan/mov/flash/actinomycetes.html

. Rasy a sinice

— http://www.agron.iastate.edu/~loynachan/mov/flash/cyano-algae.html

 Bakterie

— http://www.agron.iastate.edu/~loynachan/mov/flash/bacteria.html

 Houby

— http://www.agron.iastate.edu/~loynachan/mov/flash/fungi.html

* Prvoci

— http://www.agron.iastate.edu/~loynachan/mov/flash/protozoa.html

Centrum pro vyzkum
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http://www.agron.iastate.edu/~loynachan/mov/flash/actinomycetes.html
http://www.agron.iastate.edu/~loynachan/mov/flash/cyano-algae.html
http://www.agron.iastate.edu/~loynachan/mov/flash/cyano-algae.html
http://www.agron.iastate.edu/~loynachan/mov/flash/cyano-algae.html
http://www.agron.iastate.edu/~loynachan/mov/flash/bacteria.html
http://www.agron.iastate.edu/~loynachan/mov/flash/fungi.html
http://www.agron.iastate.edu/~loynachan/mov/flash/protozoa.html

Prokaryota (a) vs Eukaryota (b)

Cytoplasmic
membrane

Endoplasmic
reticulum

— Ribosomes Ribosomes
Nucleus

Cytoplasm Nucleoid

Nucleolus

Nuclear
membrane

Cytoplasm
Cell wall Cytoplasmic membrane Y

Mitochondrion —
@ Chloroplast
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Srovnani prokaryota vs. eukaryota

- velikost cca 1 pm - velikost cca desitky pm

- cytoplazmaticka membrana - cytoplazmaticka membrana

- zakladni cytoplazma - zakladni cytoplazma

- bunééna sténa
(nema peptidoglykan, houby maji chitin)

- bunééna sténa
(peptidoglykan - murein, G* a G)

- vakuoly - vakuoly
- biéiky - bic':iky
(jednoduchy) (9+2 usporadani)
- ribosomy - ribosomy
(volné, sedimentaéni koeficient 70S: 5, 16 a 23S) (vazané na ER, 80S)
- jédro - jadro
(velmi dlouha kruhova DNA - nukleoid, haploidni ...) (2 membrany, pdry, chromozémy, histony ....)
+ maji plasmidy - bunécné inkluze
- bunééné inkluze - mitochondrie
- ER

- jaderna membrana
- Golgiho aparat
- plastidy

Centrum pro vyzkum

oo - délici vieténko
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Srovnani prokaryota vs. eukaryota

Priklad rozdilnvch charakteristik prokarvot a eukaryot:

Znak prokarvota eukarvota

Nukleoplazma oddélena jadernou
membranou - +
Mitochondrie, ER piitomne -
Lokalizace ribozomu:
v cytoplazme +
pitpojene k ER -
Steroly pritomny v membrane -
Buneécna sténa obsahuje peptidoglykan variabilni -
Respiratorni a fotosynteticka funkce
pigmentu a enzymu +
Chloroplasty u fototrofti -
Buinky se deli mitoticky -
Kruhovy chromozom +
Linearni chromozom -
Sedimentacni konstanta ribozomni:
708 + -
80S - +
Sedimentacni konstanty ribozomalni RNA:
168, 23S, 58 + -
188S, 288, 5.858S, 585 - +

+ 4+ ++ 0+

_|_

Cent yzkt . .
ekt e ™ Sedlacek |., 2007, Taxonomie prokaryot

v prostiedi
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Metabolismus mikrobialnich bunék obecneée

Waste products

NUTRIENTS for
biosynthesis (C, N, P ...

\

Electron

Energy acceptors

Ism for biosynthesis

Energy
Moftility, transpo
Precursors of nutrient,
for biosynthesis etc

Cellular Catabolism

components

i

Centrum pro viziam ENERGY

toxickych latek

v prostredi Chemicals, llghT
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Autotrofie

VSechny bunééné slozky syntetizuji z anorganickych latek (H,O, CO,,
NH; a H,S).

Podle zdroje energie:

1) Fotoautotrofie (fotolitotrofie)
- zdroj E je svétlo, fotosyntéza, Calvinuv cyklus fixace CO,
- bct. maji bakteriochlorofyl a zdroj H a e- je H,S Ci H,
- sinice + rostliny maji chlorofyl a zdrojem H a e- je H,O

2) Chemoautotrofie (chemolithotrofie)

- pouze u nékterych bakterii - energie z oxidace anorganickych latek

(H,, S, Fe', Mn'", NO,, NH,*, H,S, CH, CS, CHOH atd.)
molekulovym kyslikem - striktné aerobni

- velmi mala energeticka uc€innost (jen 8% celkové energie) - evolucné
nevyhodné, citlivé vuci stresu
- CO, je zdroj uhliku

Centrum pro vyzkum
toxickych latek
v prostiedi
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Heterotrofie

Potrebuji organické latky, které nejsou schopni syntetizovat

Podle zdroje energie
1) Fotoorganotrofie
- zdroj energie je svetlo, ale zdroj uhliku neni CO, ale acetat, pyruvat,
fumarat apod., které slouzi takeé jako donor vodiku

2) Chemoorganotrofie

- vétSina bakterii a vSechny houby a zivoCichove

- zdrojem E je oxidace redukované organické latky, ktera je zaroven
zdrojem uhliku

- aerobni respirace (oxidace) - kyslik molekulovy jako akceptor
elektronu

- kvaseni — akceptor elektronu je organicka latka, neni elektronovy
transportni retézec

- anaerobni respirace (oxidace) - kyslik z anorganickych latek jako
akceptor elektronu (denitrifikace, desulfurikace apod.)

Centrum pro vyzkum
toxickych latek
v prostiedi

©)




Souhrn variant metabolismu

Chemicals

Chemotrophy

Organic / \ Inorganic

chemicals chemicals

(glucose, acetate, etc.) (H,, H,S, Fe®*, NH,", etc.)

Chemoorganotrophs Chemolithotrophs Phototrophs

(glucose + 02_)‘002 + Hzo) (H2 + 02 i H20) (llght WATP)

Centrum pro vyzkum % %

toxickych latek

“proste ATP ATP
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Souhrn metabolismu

EXCITED BY LIGHT IF
rﬁfd ORCANISM 1T A
\t"’" PHOTOTROPH. (oTuEn-
E'— WISE, T'r A CHEMOTRuPY.
IN AEROE|C

e ) ectron f electron
REIPIRATION,
dﬂﬂﬂr C\CEQF'FOP NOy, So; or oTHER

* ;EMITIFUT'F i
NAERoSIC RESPipam
* OR GANIC CoMPOUND

I FERMENTATION,
s NADR)* 1

leORCamC
ComPoUM)
IF ORCANITM

* INORGANIC
ComMfounD
tr ORCANFM

reduvced
C-ﬂ'hnf)ou“o{

ELECTRONS GO TufoUcH
AN ELECTRoN TRANToR

CHAIN 1v RESPigATION

— ﬁT P AND PHOTOTROTHY.

o+ |"ELECTRONM TRANSTER 15
MOoRE TAREcT (BET\EEN
ORCANKC ComPOUNDS) IN

EERMENTATION. |
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Faktor prostredi pro metabolismus MO

The Winogradsky Column

Redox Column Microbial zones Major reactions
gradient
| Plastic cover or invertecd J Cover
beaker to minimize
Adr evaporation
o Aerobic  |eommrEET Algae, Cyanobacteria €O, -» CH,0, H,0 -0,
— Liquid: =~ p - Aerobic heterotrophs CH,0 = G005 +H,0
Aerobic zone — approx. 1/4 in H,S-oxidizers H,S — 8% €O, — CHO
Rust-colored zone i Facultative anaerobes CH;0 —»C0; + H;
— {photosynthetic
Microaerophilic—E nonsulfur bacteria) Micro- Purple non-sulfur CHz0 —H,, COs -»CH0

zone aerophilic | phatoheterotrophs

Anaerabic -«—— Purple sulfur bacteria Hp5 — 8% CO; 5 CHL0

Red zone (anaerobic
sulfur photosynthetic
bacteria, e.g.,

~<—— Green sulfur bacteria H,S — S8 €O, +CH,0
Chromatium) -~

Anaerobic zone —|

Sediment

Cellulose Sulfate reducers 80,279 H,S, CH,0 »COy
Green to black zone H.S Cas0, +CaCl, Fermentative heteratrophs ~ CHy0 — €Oz + H,
(anaerobic sulfur
photosynthetic Stopper

bacteria, e.g.,
One inch of mud Chlorobium)
mixed with SO,

and COj;" salts and E
small pieces of L&

paper.

A Winogradsky cclumn, prepared in a g ass or clear plastic cylinder. Distinct layers of
Rubber stopper microorganisms develop that model the spatial distribution of these populations in
anoxic water columns. The sulfate reducers, the purple and g-een sulfur bacteria, and
the sulfide oxidizers are all involved in the sulfur cycle.

Centrum pro vyzkum . i
toxickych latek From: Atlas and Bartha (1997): Microbial Ecology: Fundamentals
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Pripomenuti zakladni biochemie — ZOPAKOVAT!

 ATP, ADP, AMP

* glykolyza (1 glukdza = 2 ATP)
« Krebsuv cyklus (1 glukéza = 38 ATP)

* Fotosyntéza

« Calvinuv cyklus

« syntéza bilkovin (transkripce, translace)

* enzymova kinetika

EVWAX'LSj
V=i el
A
e = -./-1——' _v;!_\'\___ M \Imu

N S Nwa

Centrum pro vyzkum
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Ken [5]
V; = initial velocity {moles /time)
[5] =substrate concentration {molar}
¥ max = Mmaximum velocity
Km=substrate concentration when
¥iis one-half ¥ ma
{Michaelis-Menton constant)

Adenin

H ﬂ ]
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Mikroorganismy v ZP



Mikroorganismy jsou soucast prostredi

Maji - li byt reakce mikroorganismu studovany v realném
prostredi,
NELZE je chapat oddéelené od viastnosti a zmen prostredi
samotného

Naopak: variabilita vlivem faktoru prostredi ¢asto zastini efekt
chemickych latek v prostredi ...

Mikroorganismy jsou soucasti prostredi a podileji se na jeho
VYVOIi.

Proto je nutna znalost okolnich faktoru prostredi.
= Environmentalni mikrobiologie

©)
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Vyvoj mikrobiologie vs environmentalni mikrobiologie

* mikrobiologie existuje uz 300 let, mikrobialni ekologie ale az ve 20.
stoleti

« dlouho opomijeny mikroorganismy jako slozka ekosystému i pres jejich
vyznamnée funkce

« duvod = "mikro" - nedostatek metod studia, nepostacujici klasicka
ekologie; R. Koch zalozil techniky izolace a kultivace Cistych kultur -
dodnes se uzivaji; moderni techniky az v poslednich 30 letech (napr.
PCR 1985)

e zlom na prelomu 20. stoleti, uvédomeéni obrovskéeho rozsahu aktivit
mikroorganismu

« S. Winogradskij - sloupce viceméne uzavreny systém

 mikrobialni ekologie, na rozdil od makroekologie, se odehrava az na

Vig VIV /S

Centrum pro vyzkum
toxickych latek
v prostiedi
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Ekologie MO a environmentalni mikrobiologie

Vyznam bakterii Vyznam hub

« cykly prvkua a latek « dekompozice (nabourani komplexu
ligninu a humusovych latek

 fixace dusiku

 Dekompozice * Symgulicke

. Symbidzy « Patogenni

« vySSi tolerance k pH nez bakterie (v

* patogenni niz&ich pH dominuji houby)

Vyznam prvok

» potravni fetézce (predatori + konzumenti + destruenti + producenti)

» konzumuji bakterie — podporuiji jejich rust

 dekompozice OM

» fagotrofie a heterotrofie — cykly latek, uvolnéni latek z bakterialni biomasy

» autotrofie — rasy - producenti

©)
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Ekologie MO a environmentalni mikrobiologie

« obory souvisejici s ekotoxikologii MO

e VetSi“ obory — vztah MO v prostredi v celé Siri (ekotoxikologie MO se
soustredi spiSe na toxicke latky)

« existuje bohata zakladna literatury (viz doporucena literatura predmeétu)

e prednasky na PrF:
— Bi8420 Ekologie mikroorganizmu

— Bi6361 Mikrobialni ekologie vody

Centrum pro vyzkum
toxickych latek
v prostiedi
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Ekologicka klasifikace mikroorganismu

Autochthonni Zymogenni

« pfirozené se vyskytujici — pfirozené se vyskytujici
— prezivaji, rostou a jsou aktivni — periodicka aktivita

» obsazuji ekologické niky e 1

rlst
— podle fyz-chem vlastnosti jsou
obsazeny kompatibilni fyziologii

— Kompetice

* nizké ale konstantni aktivity

éas

substrat

Allochthonni
— cizi

rust 5 — pfechodné, nestalé

— zadna funkéni nika

Contram oo ik — do ekosystému vnesené (napf. E.

e coli)

©)




Environmentalni mikrobiologie a jeji aplikace

Centrum pro vyzkum
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Ekotoxikologie MO jako obor




Ekotoxikologie MO jako obor

Ekotoxikologie mikroorganismu neni o pusobeni mikroorganismu na jiné
organismy, ani o toxinech mikroorganismu

Zabyva se interakcemi mezi kontaminanty zivotniho prostredi a
mikroorganismy v prostredi

PROC?

Mikroorganismy jsou velmi vyznamnou slozkou vSech ekosystému
Zastavaiji kliCové role ve fungovani ekosystému
Narusenim téchto déju se narusuje stabilita celého ekosystému

Mikroorganismy jsou schopny nékteré typy kontaminace snizovat,
cehoz Ize vyuzit pfi remediacich

pfi naruseni jejich zakladnich funkci: snizena metabolicka aktivita,
snizeni recyklace materialu v ekosystemech, neschopnost samocisteni
a biodegradaci toxickych latek

©)
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Ekotoxikologie MO je prunik nékolika uznavanych oboru

« Jejich znalost je podkladem pro chapani ekotoxikologie MO a to:
— pro chapani sledovanych parametru, jejich vyznamu a dopadu efektu

— pro chapani vztaht MO k prostfedi a k chemickym latkam

— principu testu a interpretace vysledku

Environmentalni
mikrobiologie

‘4 Mikrobiologie

(MO a v8e kolem nich,
fyziologie ...)

Logickou syntézou vznika nova
kvalita

Mikrobialni ekologie
(vztah MO a prostredi

Ekotoxikologie
(uc€inky faktorti na organismy)

Védy o prostredi
(puda, voda ..)

Env. chemie
(osud chem. latek v prostiedi)

Centrum pro vyzkum
toxickych latek
v prostiedi

©)




Ekotoxikologie MO - soucasny stav a koncepcni otazky

Soucasna mikrobialni ekotoxikologie a ekologie predstavuje rozvijejici se
védni obor s ucelenym systémem verifikovanych zakladnich metod.

Pri urCitém zjednoduseni Ize v souCasnem stavu oboru vymezit zakladni
myslenkove i metodickeé linie:

(1) vyzkum zameéreny na mikrobialni procesy v realnych ekosystémech
nebo v celistvych vzorcich prostredi

(2) studie pracujici s mikroorganismy izolovanymi z prostredi, a nasledne
zkoumanymi z hlediska genetické, taxonomické nebo fyziologické diverzity

(3) Testy toxicity s mikroorganismy — vyuziti v praxi

(4) Interakce mikroorganismi a kontaminantu v biodegradacich a
bioremediacich

©)

Centrum pro vyzkum
toxickych latek
v prostiedi




Pro€¢ mikroorganismy v ekotoxikologii ?

vétSinou jednobunécéné =» relativné jednoduché interpretace vysledku

Casto haploidni genom = fenotyp = genotyp

rychly rust a moznost studovat nékolik generaci v kratké dobé

moznost studovat cela spole€enstva a populace v malém objemu, navazce

* moznost pracovat s vysokou diverzitou a variabilitou (vysoka funk¢ni variabilita
= §iroké spektrum energetickych strategii, metabolickych typu - autotrofie i
heterotrofie - vyhoda pro vyvoj novych testll; vysoka ekologicka diverzita -
rozmanité a proménlivé rustové/zivotni strategie)

moznost studovat jak specifické, tak obecné funkce

moznost studovat stejnou populaci v realném ekosystému i v laboratori

mohou prezivat v tézce znecisténém prostredi — védecky a biotechnologicky
dulezité

©)
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ProC mikroorganismy v ekotoxikologii

Vyhodou mikroorganismu je, Ze umozniuji najednou hodnotit velké
mnozstvi parametru i napfiklad sou¢asné hodnoceni
biodegradace organicke latky a vlivu na mikrobialni procesy.

total number m.o. ( 360
5 -
2
8 100
€
50
1] 5 10 15 2'0 ;!5 30
time (weeks) ———»
FIGURE 2. a-HCH degradation in relation to total number of microorganisms,
nurpt_:er of a-HCH degraders, basal respiration, glutamic acid decom-
position, phosphatase, B-glucosidase, rhodanase, and urease.
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Pro€¢ mikroorganismy v ekotoxikologii?

Bakterialni bunka je relativné mala, ma vSak velky specificky povrch:

Priklad: Chlamydia: 0,3 x 0,3 um; E. coli: 2-3 ym x 0,4-0,6 um; Chromatium: 25 x 10 pm

Bunika Primér (um) Povrch (umz) Objem (um3) Specificky povrch (pm'l)
Rickettsie 0,3 0,3 0,01 30
Typicky kokus 1 3 0,5 6
Kvasinka 10 314 523 0,6
Jaterni buiika 20 1256 4187 0,3

Vzhledem k tomu jsou minimalizovany Casy potrebné na proniknuti
latky do bunék a roste pravdépodobnost rychlé kolize s
vnitrobunecnymi receptory

Vysoka pravdépodobnost reakce povrchu bunky s aktivnimi latkami
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Pro€¢ mikroorganismy v ekotoxikologii?

Je velmi_vysoka rychlost metabolismu (anabolismu i
katabolismu)

Rychlost metabolismu prokaryot navozuje energeticke
aspekty vlivu stresovych faktoru (jsou citlivejsi)

Buiika Rychlost dychani (ml O, . h™ . mg™ <)
bakterialni 300

srdeCni 3

jaterni 1
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Specifika ekotoxikologie mikroorganismii

Environmentalni znecisténi u mikroorganismu pusobi jako stresovy faktor
vyvolavajici selekci resistantnich kmenu a druh:

- resistentni druhy mohou rychle vyuzit mrtvé bunky citlivéjSich druhl jako substrat, coz
muze fungovat jako stimulace

- z toho takeé vyplyva, Ze u€inek znecisténi zavisi na historii spolecenstva

-relativné rychla selekce muze ovliviiovat vysledky toxikologickych testu

Priklad: Abundance bakterii v riznych sedimentech 1 mésic po olejoveé havarii Amoco
Cadiz

Total number of Hydrocarbon
bacteria utilizing bacteria

(103/g sediment) (103/g sediment)

Oiled sites

Salt march 630 000 14 000
Estuary - high intertidal 190 000 18
Estuary - low intertidal 690 000 390
Sandy beach 100 000 350
Reference sites

Salt march 96 000 0,52
Beach 45 000 0,38
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HIGH
| TOXICOLOGICAL
| RELEVANCE

LONG-TERM
RESPONSE

SHORT-TERM
RESPONSE

HIGH
ECOLOGICAL
RELEVANCE

L Relationship between the responses at the various levels of biological
integration and the relevance and time span of responses. From: Adams et al., 1989.

Centrum pro vyzkum
toxickych latek
v prostiedi

©)




Pristupy mikrobialni ekotoxikologie

Retrospektivni udaj o
I N aininaci a poskozeni

Parametry typu . vybranych druhu
LCx, ECx, IDx ucelnost (populaci)

Standardizované ? Nezname historii

organismy _

interpretace Nekontrolované faktory

Standardizované

podminky Realna spolec¢enstva

_ mikroorganismu

Environmentalni smeési
stresoru

Kazdy metodicky pristup ma sva omezeni a muiize byt interpretovan pouze
s ohledem na svuj informacni obsah a zaméreni
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Pristupy ekotoxikologie MO

Pristup k hodnoceni

t=0 ekologickych uéinku:
Retrospektivni -~ .“‘ Prospektivni
| Akutni = havarie \
“Klasika”:
* vim co je stresor (komplex stresoru)
 od jedoduchého ke slozitemu dle:
* hledame kauzalitu
 propojeni mezi ucCinky a stresory | Zasazeny biologicky systém
* mUze dOJ it k prOhozenll fazi Organismus Spole&enstvo ‘ Krajina
ECO R A (1 druh) [1] (ekosystém) [2] (region) [3]
"g Jeden faktor [1] | 11 \ | 12 ’ 13
e [ 2=
!g Neuréita | 31 ’; ’E I\/
kombinace [3] /
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Roste neurcitost, slozZitost a naklady

Klesa moznost exaktnich testu

NarUsta nutnost expertnich posudku




Terenni studie - mikroorganismy jako bioindikatory

* jsou velmi smysluplné vzhledem k zapojeni v cyklech zivin a v
biotransformacich a biodegradacich

« jsou velmi pragmatické diky existenci rychlych a jednoduchych testu

« umoznuji dobré modelovani a extrapolace na vySSi organismy a jiné
chemicke latky

* jsou podstatné z hlediska celého ekosystému - stoji na nizSich
trofickych urovnich a funguiji jako ,early warning”

* jsou moderni, nebot vyuzivaji nejnovejSi metody (molekularni techniky
apod.)
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Testy (eko)toxicity s MO
N KONTAMINANT
_~Cista latka(y)

~ yzorek z ZP

(40 %)

_/

- testy jsou provadeny v adekvatni redici rade

- biologicky material jen ve stejné kvalité
- standardni podminky testu
- vystupy NOEC, LOEC, LCgj, EC;, ICs ...

©)
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Pristupy k ME vyzkumu vs hodnoceni ER

. Toxicita
Laboratorni testy
Prospektivni (eko)toxicity
hodnoceni

ekologickych rizik /\

ALE realita umeély systém

variabilita nezname faktory \\/ , \

Analyzy
mikrobialnich Retrospektivni
spole¢enstev v hodnoceni
Ekotoxicita realném prostredi ekologickych rizik

©)
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Teréenni studie vs. laboratorni testy

ZAVER

nutnost optimalniho kompromisu
mezi laboratornimi testy a terennimi

studiemi

NAViIC:
moznost oba pristupy kombinovat!
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Ekotox. MO umozinuje kombinace pristuput

MOTTO: Realiable risk assessment focused on real soil environment requires

combination of different approaches

POLLUTANTS
Soil
communities
EXTRACTS A
Total content . Associated
Bioavailability compounds .
Mobility (HA, FA, ...)
\ 4
- Effect > Toxicity in
vitro
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Test No. 201: Alga, Growth Inhibition Test 11 July 2006
Test No. 209: Activated Sludge, Respiration Inhibition Test (Carbon and Ammonium Oxidation) 23 July 2010
Test No. 224: Determination of the Inhibition of the Activity of Anaerobic Bacteria 25 Jan 2007
Test No. 216: Soil Microorganisms: Nitrogen Transformation Test 21 Jan 2000
Test No. 217: Soil Microorganisms: Carbon Transformation Test 21 Jan 2000

Centrum pro vyzkum

Vool 73

©)



http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html

Standardy biotestu - ISO

Vodni mikroorganismy

ISO 10712:1995

Water quality -- Pseudomonas putida growth inhibition test (Pseudomonas cell multiplication inhibition test)

ISO 11348-1:2007

Water quality -- Determination of the inhibitory effect of water samples on the light emission of Vibrio fischeri (Luminescent
bacteria test) -- Part 1: Method using freshly prepared bacteria

ISO 11348-2:2007

Water quality -- Determination of the inhibitory effect of water samples on the light emission of Vibrio fischeri (Luminescent
bacteria test) -- Part 2: Method using liquid-dried bacteria

ISO 11348-3:2007

\Water quality -- Determination of the inhibitory effect of water samples on the light emission of Vibrio fischeri (Luminescent
bacteria test) -- Part 3: Method using freeze-dried bacteria

ISO 13641-1:2003

Water quality -- Determination of inhibition of gas production of anaerobic bacteria -- Part 1: General test

ISO 13641-2:2003

Water quality -- Determination of inhibition of gas production of anaerobic bacteria -- Part 2: Test for low biomass
concentrations

1SO 13829:2000

Water quality -- Determination of the genotoxicity of water and waste water using the umu-test

ISO 16240:2005

Water quality -- Determination of the genotoxicity of water and waste water -- Salmonella/microsome test (Ames test)

ISO/DIS 11350

Water quality -- Determination of the genotoxicity of water and waste water -- Salmonella/microsome fluctuation test (Ames
fluctuation test)

ISO 15522:1999

Water quality -- Determination of the inhibitory effect of water constituents on the growth of activated sludge
microorganisms

1SO 21338:2010

Water quality -- Kinetic determination of the inhibitory effects of sediment, other solids and coloured samples on the light
emission of Vibrio fischeri (kinetic luminescent bacteria test)

ISO 8192:2007

Water quality -- Test for inhibition of oxygen consumption by activated sludge for carbonaceous and ammonium oxidation

ISO 9509:2006

Water quality -- Toxicity test for assessing the inhibition of nitrification of activated sludge microorganisms

Centrum pro vyzkum
toxickych latek
v prostiedi
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Standardy biotestu - ISO

Biodegradabilita ve vodé

SO 10634:1995

Water quality -- Guidance for the preparation and treatment of poorly water-soluble organic compounds for the subsequent
evaluation of their biodegradability in an aqueous medium

SO 10707:1994

\Water quality -- Evaluation in an aqueous medium of the "ultimate" aerobic biodegradability of organic compounds --
Method by analysis of biochemical oxygen demand (closed bottle test)

ISO 10708:1997

\Water quality -- Evaluation in an aqueous medium of the ultimate aerobic biodegradability of organic compounds --
Determination of biochemical oxygen demand in a two-phase closed bottle test

SO 11733:2004

Water quality -- Determination of the elimination and biodegradability of organic compounds in an aqueous medium --
Activated sludge simulation test

SO 11734:1995

Water quality -- Evaluation of the "ultimate" anaerobic biodegradability of organic compounds in digested sludge -- Method
by measurement of the biogas production

ISO 14592-1:2002

Water quality -- Evaluation of the aerobic biodegradability of organic compounds at low concentrations -- Part 1: Shake-flask
batch test with surface water or surface water/sediment suspensions

ISO 14592-2:2002

\Water quality -- Evaluation of the aerobic biodegradability of organic compounds at low concentrations -- Part 2: Continuous
flow river model with attached biomass

SO 14593:1999

Water quality -- Evaluation of ultimate aerobic biodegradability of organic compounds in aqueous medium -- Method by
analysis of inorganic carbon in sealed vessels (CO2 headspace test)

SO 16221:2001

Water quality -- Guidance for determination of biodegradability in the marine environment

SO 18749:2004

\Water quality -- Adsorption of substances on activated sludge -- Batch test using specific analytical methods

ISO 7827:2010

nn

\Water quality -- Evaluation of the "ready", "ultimate" aerobic biodegradability of organic compounds in an aqueous medium
-- Method by analysis of dissolved organic carbon (DOC)

ISO 9408:1999

Water quality -- Evaluation of ultimate aerobic biodegradability of organic compounds in aqueous medium by determination
of oxygen demand in a closed respirometer

SO 9439:1999

Water quality -- Evaluation of ultimate aerobic biodegradability of organic compounds in aqueous medium -- Carbon dioxide
evolution test

SO 9887:1992

\Water quality -- Evaluation of the aerobic biodegradability of organic compounds in an aqueous medium -- Semi-continuous
activated sludge method (SCAS)

ISO 9888:1999

\Water quality -- Evaluation of ultimate aerobic biodegradability of organic compounds in aqueous medium -- Static test
(Zahn-Wellens method)

ISO/TR 15462:2006

\Water quality -- Selection of tests for biodegradability

Centrum pro vyzkum
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Standardy biotestu - ISO

Pudni mikroorganismy

ISO 10381-6:2009

Soil quality -- Sampling -- Part 6: Guidance on the collection, handling and storage of soil under aerobic conditions for the
assessment of microbiological processes, biomass and diversity in the laboratory

SO 14240-1:1997

Soil quality -- Determination of soil microbial biomass -- Part 1: Substrate-induced respiration method

ISO 14240-2:1997

Soil quality -- Determination of soil microbial biomass -- Part 2: Fumigation-extraction method

ISO 16072:2002

Soil quality -- Laboratory methods for determination of microbial soil respiration

ISO 17155:2002

Soil quality -- Determination of abundance and activity of soil microflora using respiration curves

SO 15685:2004

Soil quality -- Determination of potential nitrification and inhibition of nitrification -- Rapid test by ammonium oxidation

SO 14238:1997

Soil quality -- Biological methods -- Determination of nitrogen mineralization and nitrification in soils and the influence of
chemicals on these processes

SO 23753-1:2005

Soil quality -- Determination of dehydrogenase activity in soils -- Part 1: Method using triphenyltetrazolium chloride (TTC)

ISO 23753-2:2005

Soil quality -- Determination of dehydrogenase activity in soils -- Part 2: Method using iodotetrazolium chloride (INT)

ISO/DIS 11063

Soil quality -- Method to directly extract DNA from soil samples

ISO/TS 29843-1:2010

Soil quality -- Determination of soil microbial diversity -- Part 1: Method by phospholipid fatty acid analysis (PLFA) and
phospholipid ether lipids (PLEL) analysis

ISO/PRF TS 29843-2

Soil quality -- Determination of soil microbial diversity -- Part 2: Method by phospholipid fatty acid analysis (PLFA) using the
simple PLFA extraction method

ISO/TS 10832:2009

Soil quality -- Effects of pollutants on mycorrhizal fungi -- Spore germination test

ISO/TS 22939:2010

Soil quality -- Measurement of enzyme activity patterns in soil samples using fluorogenic substrates in micro-well plates

1SO 11266:1994

Soil quality -- Guidance on laboratory testing for biodegradation of organic chemicals in soil under aerobic conditions

SO 15473:2002

Soil quality -- Guidance on laboratory testing for biodegradation of organic chemicals in soil under anaerobic conditions

SO 14239:1997

Soil quality -- Laboratory incubation systems for measuring the mineralization of organic chemicals in soil under aerobic
conditions

©)

v prostiedi
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Standardy biotestti - CSN

CSN EN ISO 10253 Jakost vod - Zkouska inhibice rdstu mofrskych ras Skeletonema costatum a Phaeodactylum tricornutum

CSN EN I1SO 11348-2 Jakost vod - Stanoveni inhibi¢niho G¢inku vzork( vod na svételnou emisi Vibrio fischeri (Zkouska na luminiscenénich bakteriich) - Cést
2: Metoda se susenymi bakteriemi

CSN EN I1SO 11348-3 Jakost vod - Stanoveni inhibi¢niho Gcinku vzork(l vod na svételnou emisi Vibrio fischeri (Zkouska na luminiscenénich bakteriich) - Cést
3: Metoda s lyofilizovanymi bakteriemi

CSN EN 1SO 11348-3 Jakost vod - Stanoveni inhibi¢niho G¢inku vzork( vod na svételnou emisi Vibrio fischeri (Zkouska na luminiscenénich bakteriich) - Cést
3: Metoda s lyofilizovanymi bakteriemi

CSN EN 1SO 8692 Jakost vod - Zkouska inhibice rdstu sladkovodnich zelenych fas

CSN EN 1SO 9509 Jakost vod - Zkouska toxicity pro hodnoceni inhibice nitrifikace mikroorganismy aktivovaného kalu

CSN EN ISO 8192 Jakost vod - Zkouska inhibice spotfeby kysliku aktivovanym kalem pfi oxidaci uhlikatych latek a amoniakalniho dusiku

CSN 75 7717 Jakost vod - Stanoveni planktonnich sinic

CSN EN 13946 Jakost vod - Navod pro rutinni odbér a Upravu vzork( bentickych rozsivek z fek

CSN EN 14407 Jakost vod - Navod pro identifikaci a kvantifikaci bentickych rozsivek z vodnich tokU a pro interpretaci dat

CSN EN 15204 Jakost vod - Navod pro pocitani fytoplanktonu za pouZiti inverzni mikroskopie (metoda podle Utermdhla)

CSN EN 1SO 11733 Jakost vod - Stanoveni odstranitelnosti a biologické rozloZitelnosti organickych latek ve vodnim prostredi - Simulacni zkouska s aktivovanym
kalem

CSN EN ISO 16266 Jakost vod - Stanoveni Pseudomonas aeruginosa - Metoda membranovych filtr(i

CSN EN I1SO 9408 Jakost vod - Hodnoceni Uplné aerobni biologické rozloZitelnosti organickych latek ve vodnim prostredi stanovenim spotfeby kysliku v
uzavieném respirometru

CSN EN I1SO 9439 Jakost vod - Hodnoceni Uplné aerobni biologické rozloZitelnosti organickych latek ve vodnim prostiedi - Metoda stanoveni uvolnéného
oxidu uhlicitého

CSN 1SO 14593 Jakost vod - Hodnoceni Uplné aerobni biologické rozlozitelnosti organickych latek ve vodnim prostredi - Metoda stanoveni anorganického
uhliku v tésné uzavienych lahvickach (CO2 headspace metoda)

Centrum pro vyzkum

toxickych latek
v prostfedi 7 7
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http://www.unmz.cz/

Standardy US EPA

http://lwww.epa.qov/ocspp/pubs/frs/home/draftqguidelines.htm

Voda 850.5400 - Algal Toxicity, Tiers | and Il (PDF) (11 pp, 42K)
850.6800 - Modified Activated Sludge, Respiration Inhibition Test for Sparingly Soluble Chemicals (PDF) (9 pp, 37K)

Pluda 850.4600 - Rhizobium-Legume Toxicity (PDF) (14 pp, 73K)
850.4800 - Plant Uptake and Translocation Test (PDF) (13 pp, 35K)
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http://www.epa.gov/ocspp/pubs/frs/home/draftguidelines.htm
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-5400.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-5400.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-5400.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-5400.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-6800.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-6800.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-6800.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-6800.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4600.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4600.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4600.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4600.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4600.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4600.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4600.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4600.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4600.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4600.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4800.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4800.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4800.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4800.pdf

. . mista v KRNAP intenzivni soleni
» Sledovan efekt na mikroorganismy

Table 1: Physical-chemical characteristics of the studied soils

Transset oo c.? B" CECS ECS  ExAcd Cdml Bﬂmﬁnnzn water extraction (makge) 04 M BaCl: extraction gk
points % %) (meM00g)  pSem)  (me00g) imakg) = — —
a or S0 Ca K Mg Ma
Acontrol 378 1200 2.4 10.5 71 £.24 0.35 499 k! 11.9 104 T 234 534 48 17.2
A1 m 7.63* 452" 09.3* 18,0 A4 044 035 2010 18* 74.3* 4.7* 15* 2940 TRA  are 2300
A 10 m .00 14,60 04.5* 20,8 B2 144 082t 080 a2 20.3 18.3* 35 M 48000 400 40,0
A 30 m 410 azsr | 614t 21.4° 118 825 108 Ta a2 0.2 - 74 20000 q1@00* 308 44.0
Bcontrel 3.8 557 136 o4 55 815 0,35 5.7 22 5.3 4.2 43 152 5.8 40 6.6
FE Tm LR 790 oo X e R R iz NG iz frd PR W T T T T LR T
B 10 m gzt [ qoe | ezt 17.3* 104* 1.28* 085 0.2 20 g7.0* 20.0¢ &3 2240*  4Z50* et GTT.Ot
B 30 m 3.7 080 | A32* 1500 3 552 079 428 23 7.8 16.7* i 1560 g27 & 17.3
Ccontrel  3.94 9,83 10.8 85 49 8.5 0,35 14.8 17 8.0 14.5 &0 138 334 25 11.4
Cim 8.13* 4.43* 0g.2* 126 a5 040* 035 5a.7* g* 1020 3.5* 15* 1220 252 152 1180.0°
C10m 4.33 4.64* 17.6 5.6 43 458* 0435 10.5 1z 23.3* 20.0 15* a4 E1.5° 24 35.8
C30m 4.72 5.64* 425 g.2* o 354 035 19.4 14 50.0* a0 ag* 339 228 50 107.0

*Base saturation, "cation exchange capacity, “electric conductivity at 25 °C, dexchangeable acidity.

Asterisk marks statistically significant difference (p<0.05) from the control point of each transect.
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http://upload.wikimedia.org/wikipedia/commons/f/f4/Lupa.na.encyklopedii.jpg

Effects of Road Deicing Salts on Soil Microorganisms
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Pro¢ ME v hodnoceni ekologickych rizik ?
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Pro¢ ME v hodnoceni ekologickych rizik ?
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