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' Metodikv a postuov mikrobialni ekotoxikolosie

| A

- maji velmi Gzky vztah k funkeim v ekosystému

Z. hlediska bioindikace:

- Jjsou smysluplnym a zcela nezbytnym doplnénim udaji o kvantit€é mikroorganismi - nestaci jen vysoké
mnoZzstvi mikroorganismi, ale hlavné aby byly funk¢ni, tedy aktivni; co se tyka aktivity, je diileZitd nejen jeji
uroven, ale 1 mnohostranost, diverzita metabolickych funkci; bohuzel, témét vzdy (s vyjimkou in situ
technik) dochazi ke zkresleni pfi pfenosu z realn€ho ekosystému

Z. hlediska ekotoxicity:
- inhibice ¢i aktivace biochemickych pochodii pod vlivem latek a stresovych faktori - fada
standardizovanych testii

Priklady:

* mereni ATP

» produkce tepla

e méfeni respirace

* méfeni mineralizace dusiku

» méreni fixace dusiku

» mé&feni nitrifikace, sulfurikace, oxidace Zeleza apod.
» mefeni denitrifikace, desulfurikace

» méfeni enzymovych aktivit

« atd. atd.
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Figure 10.2
Interrelation of the biogeochemical cycles of carbon,

hydrogen, and axygen. The ficure shows the involvemant
of oxygen and hydrnagen in the asrobic and anaetrobic
oxidation of organic carbon and in the reduction of CO,,.
The formula CH,O represents organic matter on the oxida-

tion level of carbohydrate.
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- neustaly cyklus je nejobjemnéjsi zeyména u C, O, H, N, P, S, Fe
- cykly C, O a H jsou velmi tésné svazany ---------------- =

- mikroorganismy hraji v té€chto cyklech sté€zejni role: jsou jednak
zdrojem ("poolem") téchto prvkil (viz. mikrobidlni biomasa) a
jednak "propadem", tj. maji nezastupitelnou roli v dekompozi¢ni
casti cykli

- aktivita mikroorganismi urCuje potencialni produktivitu celého

ekosystemu; vztah k producentim

- nékdy je ucastné celé spolecCenstvo, jindy je dilezitd jen mala
specializovana populace

- mikroorganismy jsou specialist¢ napf. pifi biodegradacich
"obtiznych" polymerlt a substratd (lignin, celul6za) a pfi
anaerobnich degradacich
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' Fossil fuels
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Brids
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Fl_e_:'r_piratién

Figure 10.2

Interretation of the bicgecchemical cycles of carbon,
hydrogen, and axygen. The ficure shows the involvemant
of oxygen and hydrogen in the aerobic and anaerohic
oxidation of organic carbon and in the reduction of CQ,,.
The formula CH,O represents organic matter on the oxida-
tion level of carbohydrate.
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Fig. 9.5 Examples of the cantral role of plant biomass in sequestering various nutrent
alements. (The subscript o refers to various organic pools of the individua) siement.)




| Metodiky a postupyv mikrobialni ekotoxikolocie |

v Cisté kultuie

mikrobialni spolecenstvo

- obecné Ize aplikovat kinetiku Michaelis - Mentenové:
Priklad:

- pfidavame '“C-acetat a sledujeme rychlost produkce "produktu" v tomto piipadé suma vyrespirovaného a
inkorporovaného #C

- Vax J€ Pak tzv. heterotroficky potencidl in situ, protoze aktudlni rychlost je modifikovana transportem
vzorku a manipulacemi => moznost obejit komplikace s timto zkreslenim




- umoznuji odlisSit metabolismus katabolicky a anabolicky; jsou idealni mirou ristu

- 14C a PN se uzivaji pro mineralizace

- 14C0O, se uziva pro sledovani autotrofii

- [’H]adenin se uZiva jako obraz reprodukce DNA a RNA bakterii a jednobunéénych fas
- methyl[?H]thymidin se uziva jako obraz reprodukce bakterialni DNA

- [*’H]leucin - inkorporace do bakterialnich proteint
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- souvisi velmi Gzce s potravnimi sitémi
- patii sem 1 riizné "speciality" napf.:

Methanogenese

- striktn€ anaerobni

- CO, je akceptor elektronit ===> methan

- vodik pochazi z fermentacniho proscesu

- zdroj uhliku je CO, ale nemaji Calvinliv cyklus, vyuzivaji acetyl-
CoA syntasu

- vyzmam pro sklenikovy efekt

- Caste studie methanogennich bakterii v ryZovych polich

Acetogenese
- CO, + vodik => acetat misto methanu
- mené energeticky vyhodné nez methanogenese
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Figure 10.3

An idealized food web showing transfers between trophic
levels. Organic carbon formed by primary producers is
transferred to grazers and predators. Decomposers and
respiration of grazers and predators return COQ, to primary
producers. The diagram shows that the supportable bio-
mass declines at pragressivaly higher trophic levels.



Metodiky a postupy mikrobialni ekotoxikologie

R

- respirace - féﬂektuje mikrobialni metabolismus organickych substrati piitomnych v prostfediCasta
zavislost na fad¢ faktort prostiedi

- neni jen véci mikroorganismu - 1 kofeny a mezofauna v pide respiruji

- je limitovana pH (napt. v raSelinach, sedimentech, histosolech), koncentraci kysliku (BOD) - pokud je
snizena, dochazi k akumulaci organiského materialu

- v pude¢ je funkci vlhkosti, teploty, ptidni struktury, redoxpotencialu a dostupného substratu

Vztah s tvorbou humusu? = mezistupen mezi totalni mineralizaci a zadnou degradaci

=




Respirace
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Obr. 15-3, Schéma anaerobei glykolysy. Potinaje reakct katalysovanou aldolason je zndzornéno
odbourdvini pouze jedné molekuly triosy,
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—_— Respirace - typy

Redukcni reakce Oxidacni reakce

Typ respirace | Akceptor elektronti = | Donor elektront
produkt — produkt
Aerobic O, = H,0O CH,O = CO,
Denitrification NO; = N, CH,0O = CO,
Mn reduction Mn#* = Mn?* CH,O = CO,
Nitrate : .
ulfate = -

eduction SO, = HS, H,S CH,O = CO,
el CO, = CH, CH,0 = CO,
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Ober, 16-2, Svételné reakce a redoxnf systémy phi fotosynthese. Schéma mé ukézat jenom pofadi
redoxnich enzymi bez ohledu na stechiometrii. Dal¥f vyklad v textu, -
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Obe. 10-4. Schéma chemiosmotické teorie spfaZeni. Redoxnimi systémy se na ka¥dé , smyéce
odevzdavaji dva protony ven do mezimembrinového prostoru; hydroxylovy ion zlstdvé uvnitf
a zvyiuje hodnotu pH. Na misté sptaZeni (vpravo, znazornéno je jen jedno) se vyuije gradientu
pH k tvorbg vazby X ~ Y bohaté energif; pfitom putuii dva negativai niboje ven. Ve schématu
vznikaiji tak, 3¢ z ADP a fosfatu se od$tpuje molekula vody; ionty H? slouzi uvnité k neutralisaci,
kyslik pfevezme transport naboie na bilkoving, Formalné odpovidd reakce spfaZen{ neutralisacnf
reaket kyseliny zdsadou.
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Obr. 16-3. K chemiosmotické teorii pii fotofosforylaci (podle H. T, WITTa, pozménéno). Schéma
znAzoriuje staciondrni s'tﬁ#";‘:f'i osvitleni, Bshem primarntho procesu ve fotosystemu 1 a II.(viz
diagonaini gipky) se plenaseji elektrony ven Z thylakoidi, va2i se s H® a redukuji plastcr-:}unn?
(PQQ) ev. NADP®. Tim se ochuzuje vndj¥i prostor o H¥. Na vnitfni strané membré.gy 8¢ ﬂdnimaj_i
clektrony (e9) z vody (systém IT) ev. pies cytochromuvy tetézec z POQH; ionty H™ 86 pieddvaji
do vnitiniho prdstum, Plastochinon, ktery osciluje mezi chinonovyr, semichinonovym a hydro-
chinonovym stupném, funguje jako prenaied H® Gradient pH se vyrovndyvg otevienym pﬁrﬂm
naznadenym vprave a pohdni tak fosforylaci ADP na ATP obrdcenim funkce Jontové pumpy*
pohinéne ATP.
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Fixace CO, v Calvinové cyklu
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1V

Rozklad prirozenych organickych polymeru

- rozklad celuldzy zastavaji hlavné houby, ale 1 aecrobni bakterie

vvvvvv




' Metodikv a postuov mikrobialni ekotoxikolosie

1V

- jako bazalni mineralizace (= bez ptidavku substratu) koreluje s obsahem organické hmoty (C

org)

- ISO/DIS 16072 Soil quality -- Laboratory methods for determination of microbial soil respiration

Diilezity parametr pro biologickou kvalitu pudy - BR.

Limity a nevyhody:

- aktualni pridavek substratu ovliviiuje podil aktivnich mikroorganismu

- relativni necitlivost k malym davkam kontaminanti

- nutno kombinovat s jinymi parametry (napi. mikrobial biomasa) ¢i potencialni respirace
- nutno interpretovat s ohledem na obsah a dostupnych organickych latek v pidé

- u terénnich méfeni nutno stanovovat opakované v Case

20
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«Respirace je klasicky parametr, s vystupem napr. EC;,
I

Priklad:

* vliv stfibra na bazalni respiraci
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10 100
Conc Ag (ppm) in soil

Figure 1. Effects of silver on basal
respiration rate of soil microorganisms.
Addition of silver was made 10 days
before glucose addition. The NOEC- and
EC.,-values were calculated from the
equation in the Figure. Dotted line shows

the 95% confidence interval.
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«Respirace je klasicky parametr, s vystupem napr. EC;,

Priklad: \

* respirace '“C-acetatu u péti
mikroorganismi a jejich
spoleCenstva pod vlivem zinku

* nejcitlivéysi byla
Pseudomonas putida
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Figure 1. The toxic effect of zinc on the mineralization of ["*CJacetate in a slurry of sterilized artificial seil
amended with five strains of micro-organisms. The square data points show the experimental results
whereas the curves show model calculations that were derived from single species toxicity tests. The curve

marked “Total of 5 species” is the sum of the '*'CO, production from the five individual strains derived

from single species toxicity data.
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Figure 2. The toxic effect of pentachlorophenol on the mineralization of [“Clacetate in a slurry of

r Hence, pr(.)cess PrOteCt.mn sterilized artificial soil amended with five strains of micro-organisms. The square data points show the
is not sufficient for species

e experimental results whereas the curves show model calculations that were derived from single species

toxicity tests. The curve marked “Total of 5 species” is the sum of the *CO, production from the five

individual strains derived from single species toxicity data. The controls without pentachlorophenol were

drawn arbitrarily at 0,001 mg PCP/kg soil because z2ro can not be plotted on a logarithmic chart.
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' Metodikv a postuov mikrobialni ekotoxikolosie

Je hlavnim parametrem pro posuzovani vedlejSich u¢inki chemikalii na pidni mikrofloru (dalsi je
mineralizace dusiku) v normovanych testech (EPPO, EPA, SETAC, OECD).

Tyto testy byly plivodné vyvinuty pro testovani pripravkil na ochranu rostlin, 1ze je vSak uzit na jakékoliv
prospektivni hodnoceni vlivi latek na padni mikrobialni spole¢enstva.

* EPA (1996): OPPTS 850.5100 Soil microbial community toxicity test. Ecological effects test guidelines. United States

Environmental Agency.
* EPPO (1994): Decision making scheme for the environmental risk assessment of plant protection products. EPPO Bulletin

24, Chapter 7, Soil Microflora.
* Lynch, M.R. (1995): Procedures for assessing the environmental fate and ecotoxicity of pesticides. SETAC, Brussels,

Belgium.
* OECD (1999): Proposal for a new guideline 217. Soil microorganisms: Carbon transformation test. OECD guideline for the

testing of chemicals. OECD.
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' Metodikv a postuov mikrobialni ekotoxikolosie

- standardizovany v podobé laboratorni inkubace definovaného vzorku plidy s paralelnim métenim riznych
parametrii v riznych casech od pocatku pokusu

- parametry uzivan€ v normach jsou hlavné mineralizace uhliku (produkce CO,) a téZ mineralizace dusiku
(ISO 14238:1997; OECD 217), lze ovSem méfit 1 jiné parametry (C,,,, N, potencialni respiraci a
potencialni mineralizaci dusiku ....)

- plida pouZzita pro test - pfirozena piida, ktera je vybrana tak, aby byla citliva vii¢i kontaminaci a spliiovala
tzv. "nejhorsi scénai", tj. maximalni expozici mikroorganismi polutantu v této pide:

» vice nez 70% pisku
*pH S5,5-7,0
¢ Corg0ro=15%

14 W O
* Cpio/ Corg Vice nez 1%

» kationtova vyménna kapacita vyssi nez 70 mmol/kg
- tato realnd pida by méla byt v historicky znamé dobé nekontaminovana, alespon testovanou latkou

Alternativy:

vzhledem k moZnosti pfitomnosti resistentnich mikroorganismii v redlném spole€enstvu existuji postupy, kdy
je do sterilizované prirozené pudy inokulovadna specificka kultura mikroorganismi (Pseudomonas putida)
====> plynuly pfechod k "solid phase testim"

25
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- po pridavku lehce vyuzitelného substratu neni jiz respirace limitovana substratem a dostdvame obraz
potencialni respirace - PR - ktera odrazi skutecne¢ energetické potreby a mineralizaCni aktivitu
mikrobidlniho spoleCenstva

- méfeni napt. jako produkce CO, v metodé SIR

:Osetfeny vzorek

0,1 - 1% C-glukéza / 1g susiny
60 - 80% WHC

l Titraéné

Vydej CO, méfen (’
CO,-C GC

Cas (hodiny)
1 2 3 4 5 6

P Sklon piimky (Regrese)
- Maximdlni respiraéni odpovéd’ ;
(Potencidlni respirace [PR] X: [ml CO,.g" b

Cbio = 4054 X+ 0,37
[mg . g'suiiny]
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VZOREK Voda + Glukodza

Voda

A gg</pf:3:ﬁfm\»y/ VAN

Vzorek - 60% WHC Vzorek - {JIP4 WHC +

D saturujici mnozstvi glukézy

* Produkce CO, méfena +
24 h / 22°C .

Produkce CO, méiena
6 h/22°C .

Bazalni respiraéni aktivita: Potencialni respiraéni aktivita:

BR [ug CO,-C. den'1_ PR [ug CO,-C . den™ -
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Fig. 2. Effect of plf of simulated ramn, contamming the “high™ heavy metal load, on
partitioning of assimiluted substrate C by the microbial bromass of ponderosa pine needle
htter.  Letters  indicate  significant (p < 0-05)  differences  between means: bars
indicate -+ standard crror of the mean.




| Metodiky a postupyv mikrobialni ekotoxikolocie |

Obsah O, v prostredi:

- méfeni koncentrace kysliku jako biochemical oxygen demand (BOD)
- ptirozena tendence vody je, mit obsah 10 mg/L

- aerobni aktivity zlstavaji pf1 1-2ml/L

- BOD je mirou aerobnich aktivit a riistu v kalech, sedimentech a vodnich systémech, nebot’ kyslik je v nich
limitujicim nutrientem aerobnich mikroorganismi

- 1ze méfit stav jednorazovy, ¢i zménu v Case, napr po pridani kalu k biodegradovateln¢ latce apod.
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- nékolik moznosti; bud’ jako produkce oxidu uhli¢itého ¢i spotieba kysliku

1) Méreni respirace spotrebou O,:
- systém, kde je ubyvajici kyslik nahrazovan elektrochemicky

Key

A Reaction vessel Soil sample Electrotyte
B Oxygen generator CO, absorbent Elaclrodes

C  Pragaua indicater 4  Pressute oeM Racorder with display

Figure 1 — Datermination of O, consumption {connection scheme of a measuring unit}
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ad 1) Méreni respirace spotrebou O,:

- manometrické méfeni ubytku kysliku
- Wartburglv respirometr

FIGURE 11.10 Warburg constant volume respirometer. In this
selup, a flask (F) of known volume is connected to a manometer (M)
containing a liquid of known density. The flask holds a suspension
of bacterial cells, and has a center well (C) which contains an alkali
trap for CO, so that CO, evolved does not interfere with 0, mea-
surement. Oxygen consumption will result in a drop in pressure
within the flask, as recorded by a drop in the fluid level within the
manometer. Critical factors are to 1) hold the temperature in the
flask constant by incubating the flask in a water bath between mana-
metric readings, and 2) shake the flask during incubation to ensure
that oxygen exchange between the atmosphere and bacterial sus-
pension is not a limiting factor during microbial respiration. CO,
production can also be measured in a Warburg constant pressure-
type manometer. This is done by comparing pressure chan ges in two
identical flasks, but only one flask contains an alkali trap for C(3,.
The difference in pressure decrease between flasks in which CO, is
present or absent can be used to calculate CO, production.




ad 1) Méreni respirace
spotiebou O,:

- elektrochemicke stanoveni,
vyuziti napt. v
mikroelektrodach a
respirometrech

Vi ||
el
Epoxy | —-H—v— Porous gold
Ag/AgCl anode ‘{3 “". "< — ‘ .‘;,5‘ f: Plati
iy .“ 7.":_ “. “ I/ atinum
I Rl 8533 glass
sfi! : !5:1_ }‘-‘—]— Electrolyte L ",“1‘ (s
\ ‘| H' L“‘ } ‘\ .‘:‘I. "‘-‘: I\ l-'.l | .f; Silver
“ | L-‘ | .“. I‘? I‘. I\ .‘I |
I | Rl
| Soda-lime glass L
| | e )
| |\l ] Electrolyte

8533 glass containing \ —~ Porous gold
platinum wire |

Ay

8533 glass tip

|

Silicone rubber

1cm 100 pum
FIGURE 11.18 Microelectrodes used to study biofilms. On the left is the microsensor used for analy-
sis of Q> and N,O. There are three cathodes within the outer casing; one is shown behind the plane of the

two others. On the right, the tip of the microsensor is enlarged 250 times. (Adapted with permission from
Revsbech ef al., 1988.)




_mmmnmmmmmﬂwmwmﬁ—

ad 1) Méreni respirace spotrebou O,:
- kyslikova proba - elektroda s plynoveé permeabilni membranou

FIGURE 11.8 (a) Oxygen probe for BOD measurement. (b) Oxy-

ve (microprobe). (Photos courtesy R. M. Maier.)
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- n€kolik moznosti; bud’ jako produkce oxidu uhli¢itého ¢1 spotieba
kysliku (BOD - biological oxygen demand))

2) Méreni produkei CO,:

Fig. |. The experimental jar (a) with the conductivity cell

VvV uzan'enych l1ahvich (StatICk}” Systém) {b) attached to the lid. The platinum electrodes, which are
® — fixed to the lid by melting the plasti

- zmé&na konduktivity roztoku NaOH R I o o, U them ace aleo

- titraci CO, sorbovaného v roztoku NaOH conductometer

=
computer

oo multiplexer To—u

—_——— — = -

£
T
experimental jurs
Key
Wide mo
screw_cau;h flask (250 mi) Openings for gas exchange
Pour rin Scilsample
Closing pad Sodium hydroxide solition water bath
Suspended centifuge tubss P.la.stlc thread : Fig. 2. A system for the continuous monitoring of soil
0 Fine mesh woven plastic bag respiration. Twenty-four experimental jars (only four
Figure 2 — i . shown) pljaccd m water baths are connected to a conduc-
gure 2 — Incubation flasks for the detarmination of soil respiration tometer via a muitiplexer, that connects each unit in turn.

The computer also monitors the multiplexer. The arrows
mdicate the flow of signals.
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ad 2) Méreni produkcei CO,:

v uzavienych lahvich (staticky systém)
- titraci CO, sorbovaného v roztoku NaOH - princip
biometru (viz. obr)

Figure 7.17

The biometer flask, a compact, commercially available
enclosed unit used for measuring CO, production from soil.
The biometer flask has the advantage that one can withdraw
and replace the CO,-absorbing alkali without exposing the
system to contamination by atmospheric GG,. (a) Rubber
closure. {b) Syringe needle. {c} Sidearm. {d) Alkali. () Needle
guard. {f) CO, absorbent fascarite). (g} Stopeock. {h) Sample
carmpartment. (i} soil. (Source: Bartha and Pramer 1965,
Reprinted by permission, copyright Williams and Wilkins,
Baltimore.)




ad 2) Méreni produkcei CO,:

v uzavienych lahvich (staticky systém)

- plynovou chromatografii jako headspace
analyza

- ve specialni injekéni stiikacce

Key
Sarum bottle
Rubber septum
Gas-tight syringe
Soit sample

Key
Soil
Sample flask
Rubber stopper
Accurmulaton volume {16 mil)

Figure 7 — Glass syrings for the syringe method for incubation of soil samples

Figure B — Determination of s0il respiration by gas chromatography




BV
EEAST

ad 2) Méreni produkci CO2:

v pritoéném systému (respirometry)

- detektor IRGA (infrared gas analysis) €1 plynova chromatografie (napt. detektor TCD)

Koy

Soil sample container Valves (3-way} 9  Flow adjustmant and flow meter
Air inlet Steering 10 Infra-red CO, analyser

1

2

3 Gaspump Closure valve 11 Control unit

4 Maoistener Reference air 12 Contrel and evaluation equipment

Figure 4 — Example for the system configuration of an infra-red gas analyser measuring aquipment for the
determination of soil respiration

3L
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- lze mérit i vyménu
plynu in situ

RQ = CO, uvolnéné /
O, spotrebované

FIGURE 11.14 A field chamber that allows measurement of res-

piration gases. (From Pollution Sctence, 1996, Academic Press, San




| Metodiky a postupy mikrobialni ekotoxikologie

- systémy kontinualné méfici respiraci, piesnéji spotrebu kysliku ¢i produkci oxidu uhli¢iteho
- rizné metody detekce, rizny design piistroji
Vyuziti:

- pro aerobni 1 anaerobni aplikace, pro studium biodegradaci, kinetiku ristu sledovanou pomoci produkce
produktu atd.
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' Metodiky a postupy mikrobialni ekotoxikologlte |

- méfeni BOD (biochemical oxygen demand) pro odpadni vody
- méfeni kinetiky respirace po pfidani riiznych substrath

- méfeni biodegradacnich pochodii

- testovani toxicity

- testovani stability kompostu

- testovani aktivnich kalu

40




B\Y |
Cell yield (Y) = g Cell mass produced

[~ =oom v " g substrate consumed

- mineralizace rlznych substrath se vyuzivd pro

]

_lﬂm?l'nl—lmiii."‘.-‘lm.ililmwmwrﬁml—

= Carbon

© =0Oxygen

G =Chlorine

o =Hydrogen

hodnoceni biodegradability latek e
‘ Qo S ©
- méfeni jako Ubytku latek (UV spektrofotometrii, [EECRNEEEES 0°°°09
fluorimetrii - PAHs, HPLC, GC, MS ...) ‘
- existuyje celd véda kolem biodegradaci a ftada Glucose Pentachlorophenol Octadscans
Y=04 Y =0.05 Y=1.49

standardnich norem:

FIGURE 3.11 Cell yield values for various substrates. Note that the cell yield depends on the struc-

ture of the substrate.
Pida
* [SO 15473 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

Voda

« ISO 8192:1986 Water quality -- Test for inhibition of oxygen consumption by activated sludge

« 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 ISO 9439:1999 Water quality --
Evaluation of ultimate aerobic biodegradability of organic compounds in aqueous medium -- Carbon dioxide
evolution test

« CSN EN ISO 9408 Jakost vod - Hodnoceni tiplné aerobni biologické rozloZitelnosti organickych latek ve
vodnim prostiedi stanovenim spotieby kysliku v uzavieném respirometru

« CSN EN ISO 9439 Jakost vod - Hodnoceni tiplné aerobni biologické rozlozitelnosti organickych latek ve
vodnim prostiedi - Metoda stanoveni uvolnéného oxidu uhli¢itého
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| Metodiky a postupyv mikrobialni ekotoxikolocie |

- kvantifikace prirtistk produktu (CO2) diky r-stratégtim (growers) a K-stratéglim (nongrowers)

dp/dt ... formace produktu
N ... aktivni mikroorganismy

q ... specifické aktivita

rovnice platna pro Cisté kultury
a pro realné environmentalni
vzorky

vcaset=0jeSIR=r+K
odpovéd’ r-stratégt = rist

pridavek substratu >
odpovéd’ K-stratégii = pouze

zvySeni rychlosti respirace \
=
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L Metodikvyv 9 nostinnv mikrobialni ekotoxikolooie ‘

[ [

- dlouhodobé méreni respirace po pridani glukozy (+ amonych iontt a fosfati jako nezbytnych zivin)
- pred pridanim glukozy je zaznaménana bazalni respirace

- v Case t=0 narusta respirace diky respiraci r + K stratégii (r - growers; K - nongrowers)

- béhem dalsi doby je pfispévek K stratégli konstantni a nartst je diky exponencidlniml nartstu populace r
stratégti (dle r.ett) ===> tzv. growth associated product formation

Respiration rate

_f'"\
=
8
g
=2
|
=
T
=0
&
o
Q
&
&b
pu—
o —

10

&
Time (.'Lours)

pridavek glukozy 43
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Priklad:

I‘ |k MO‘ SIR Amtase W“ cigl.hlc'm'& iﬂ‘“"‘
Amcnee 9'0-1 sad Mot‘_sfa‘u

_|)

Respirarion rate

=i drv matter hr
- dry matter hr'™)

[

>
o
=

Respiration rate

(Mg
ug CO--C

(!

COo,-C

maist

medivm dry nuHst

Cirl Ch Carl Ch
The effect (mean of the resulls from the three soils tested) of The eftect (mean of Ihe resuits from the three soils tested) of
moislure on a) S/A and its componenls K {boliom/blue) and r (top/red);

molsture and cycloheximide (Ch) on a) SIA and its components K
and b) n1. {bottom/biue) and r (top/red); and b) 1. Ctel = control.

Tl daitiad mspemse of growtrs (n) Cyclo eximide = fumqiecele |
dicndasedl wék aimentosiny mocsiuns, > affen it - fost growery mmacxof
domimafes
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- existuje 1 ISO norma: ISO/DIS 17155 Soil quality -- Determination of abundance and activity of soil microflora using
respiration curves

- metoda stanoveni "kontaminace" pludy (tzv. ecotoxic potential) a efektu kontaminace v laboratornich
studiich

Dulezité parametry:

- lag time - Cas od pridavku substratu do
pocatku exponencialniho ristu - reflektuje
vitalitu "growers"
- rustova rychlost u
- aktiva¢ni koeficient respirace

Qr =Rp/Rg
- Cas k dosazeni piku

ug CO,10,*g"*h?
=

—=unpolluted soil (1)

N — A ~— polluted soil (2)
Znecisténa puda:

QR >073
lag > 20h
t > 50h

peakmax

I
1
I
I
I
1
¥
1
|
1
1
i
1
1
|
i
1
!
i
b
)
!
i
!
1
I
I
I
]
i
'
1
'
'

100
fime [h]
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Vliv chemkalii:

- endpointy jsou lag time, p a Cy, coz je kumulativni produkce CO, od pridani substratu do piku

- vynesenim hodnot C, oproti logaritmickym koncentracim testované latky dostavame klasickou kiivku
davka-odpovéd’ S tvaru, z niz Ize vypocitat EC

e
ek
.".
L
:ip
-
=
=]
=
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Piiklad: IR I
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e 0.6 + ®
]
28
ZE€ 0.4
3 oo
25 e
]
¥ 0.2 -
£
OJ I[llll] I IIIIIII|
100 1000
Cd added (ug g soil)
0. 60 ] 06 . . . — Fig. 4. Dose-response curve for the inhibition of the specific microbial
T i ! T growth rate by the addition of Cd to the soil that had received 100
— m* unamended sewage sludge per hectare per year. Mean values of
UER three replicate soil samples from the same plot. Error bars indicate
------ L the standard error.

1 o (Control

0.40 — . e Zn300

AT o Zn900

= Zn1500

Respiration rate (mg CO,-C h'' 20 g soil)

100

Incubation time (h)

Fig. 3. Respiratory response to glucose (1 mg C/g soil) and to an addition of a solution containing the equivalent of 300, 900, or 1,500 wg Zn/
g in the early exponential phase. The control received distilled water. The inset shows the fit of the data to a first-order rate equation by nonlinear
regression used to calculate the specific erowth rate,




| Metodikvyv a9 nostiinv mikrobialni ekotoxikoloote =

Priklad:

Kinetics of Substrate - induced Respiration (SIR) and Denitrification: Applications to a Soil Amended with Silver
* S timto ptistupem bylo moZno studovat rtst a aktivitu odd¢lené

» Parametry odvozené z tohoto piistupu se ukazaly citlivéjsi nez samotné BR, zejména K a n

* Tento pristup se ukazal jako vhodny pro objasnéni mechanismi toxicity na mikroorganismy

.
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Procesy/spojene sthiochemickymicykiemdusiku

hlavni zasobarna je atmosféra, fixace N,
je pomala, oproti tomu neustaly cyklus

riznych jinych forem N v pudadé je
intenzivni

vstup antropogenni
predstavuje asi 1/5
biologické fixace!!

T
%3%&%% G

ERERzanie

i
3egvseqoo»~2 PR L S
asé%ség? $s=< §9sos R A
$ R
$

P

e m%mmgﬁgﬁ
Assimilation
R-NH,

na rozdil od uhliku
jde spise o % B . - . :
mineralni cykly il e - , 5 mikroorganismy
e N+ e : wrfii -8 .| jsou stézejni,
5 “euzwvﬂ PR e o 5 - S i
et ”yg:hm.g::ww ] = ) i
g 1 Nltrlflcatlon : G n?bOt k’at?|y29jl
o 8 B zasadni premeény
Denitrification dusikat)'/ch latek

oom,‘v,,m,,,: a
o Feﬂthzer

nﬁ’ysf-{iﬂ’ﬂ W%R-Q-
b e e
e L
R.i e e

e o O

e
e

R
S

dusik existuje v fadé podob od -3 v [&#¥ o, .
amoniaku do *° v dusiéhanech Groundwater

jde o naprosto esencialni prvek pro
rostliny a mikroorganismy

Figure 11.2 vyv: o . G oG
The individual processes of the nitrogen cycle in diferent zones within soil and aquatic vetsinou Jjel pOtreijI \ J'nyCh
habitats. Biclogical nitrogen fixation, anthropogenic inputs of industrially produced nitro- formach nez N2
gen fertilizer, and nitrogen oxides formed in reactions associated with lightning move

nitrogen from the atmosphere to the soil and water. Nitrification alters the ionic charge of

the fixed forms of nitrogen so that leaching occurs in seils. Denitrification in anaerobic

soils and sediments returns molecular nitrogen to the atmosphere.
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Anaerobic
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Nitrogen
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NH,*
A

Nitrite ammonification

NO,™

Ammonium oxidation
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assimilation
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Ammoni-
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Assimilatory NO4~
reduction
rostliny

Aerobic

. NOz_

Nitrite oxidation

Y
NO5~

Dissimilatory NO4~ reduction
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1) kromé sinic a symbiotickych bakterii nedovedou organismy poutat N,
2) zpétné uvolnovani dusiku do atmosféry
3) transformace forem dusikatych sloucenin

AKTERIE A PROCESY ZUCASTNENE NA KOLOBEHU DUSIKU.

Oxidace sloufenin dusfku

Fixace dusfku {tvorba dusitanit a dusi¢nana)

Redukee dusiénani
{tvorba amoniaku
a denitrifikace)

Symblotické Nitrobacteraceae Jiné baktérie
baktérie oxidujiei NOy;~

Neaymbiotické baktérie (Zijici sym- na NO;~
(volné Zijici baktérie) bioticky

8 vikvovitymi
rostlinami)

Baktérie zplsobujict
amonifikaci bilkovin
a denitrifikaci, vyuZivajici
NGO, a NO;— jako
akceptory vodiku

_ Oxidace
Azotobacteraceae Jiné baktérie

NH, NOy~
na NO,~ na NOg~

Azotobacter Enterobacter Rhizobium Nitroso- Nitrobacter] Nocardia
Azomonas Nocardia monas Nitro- Streptomyces
Beijerinckia Clostridium Nitroso- spina

Derxia Rhodospirillales coccus Nitro-
Nitroso- coceus
lobus

Thiobacillus denitrificans
Pseudomonas stutzeri

Nékteré druhy rodu
Bacillus aj.
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/ m | » N, je fixovan do NH5 : N, + 6" > 2NH; (+630 kJ/mol)

Wl « sinice (hlavné ve vodach - Aphanizomenon, Nostoc
Aeamtion Anabaena);  symbiotické  bakterie  (Rhizobacteriacae -
oo lusténiny); kolem 100 druh volné Zijicich bakterii aerobnich i

=4
I
-

Denitrification

r anaerobnich  (Azotobacter,  Azospirileum,  Beijernickia,

\ ‘ Clostridium)
Assimilatory NOs~
reduction

T RpeEI——————— e systémy se liSi v mnozZstvi poutaného dusiku; nejvice fixuji

Dissimilatory NO3~ reduction

Anaerobic symbiotické asociace, nebot’ v okoli korent je prisun zivin

Nitrite ammonification
Nitrite oxidation

e jde o proces spotrebovavajici

energii; probiha jen v Organism groups® ke N fixed ha~' vear—'
dobrych  podminkach: je | S A
tedy citlivy endpoint ke Free-living heterotrophic bacteria 1-2
stresu Cyanobacteria 5-30

Symbiotic associations 100 - 200
(e.g., Rhizobium-clover)

e inhibujici vliv ma obecné
amoniak a pro volné Zijici
fixatory vysoké koncentrace
kysliku; nékteré ale maiji
systém chranici nitrogenazu
pred plsobenim kysliku

Pozn.: organismy kterym staci N, jako jediny zdroj dusiku se nazyvaji diazotrofni
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B Ustfedim této schopnosti je enzymovy NITROGENAZOVY KOMPLEX: (di)nitrogendza-

reduktaza (Fe protein) ma funkci pri redukci (di)nitrogenazy (Mo-Fe proteinu), ktera redukuje
N, na NH;

e nitrogenaza je kodovana tzv. nifgeny

Nitrogenase complex

" Molecular [ each~30,000 )
( weight ‘molecular weight /
1,220,000 - 270,000 .

- 4 subunits - “IVIroV}ecular weigﬁf"

. atoms per 4 2~50,000 mol wt | tes

@ mo|ecﬁ|e - 2~59.000 r?g, \\:vvt Nitrogenase 95,000 - 66,000 /
— @ Nitrogenase reductase s

A -

iron atoms | !—faif_—hfe <L Half-life T€ \ S
“._per molecule - 51’3 ;’1'_‘ 'Si e 4 iron atoms
e e = <1 second g 1y per molecule
4 labile e
sulfur atoms
per molecule

2 molybdenum




_ DIFOCREV Sholenea € Hliochemicikvinn cvicieinn oSl = FiYace aol<sh 'TT—

B proces je velmi pomaly (jedna molekula cca 1,25 sec) a fixujici bakterie maji vysoky obsah
" téchto proteind

e enzym také dokaze redukovat jiné molekuly: kyanid, N,O, CO, C,H, (posledni je principem
hojné uzivané metody Acetylene Reduction Assay)

o FeMo-cofactor
Fd (oxidized)

Fd (reduced

NMg-ADP +nPi cH,+2H"  CH,
(n > 16) o S
Dehydrogenase Dinitrogenase
reductase (iron-molybdenum
(iron protein) protein)

Lain L) Overall reaction:
N, +8H +8e + 16Mg-ATP ——» 2NH, + H, + 16Mg-ADP + 16Pi
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oluprace mikroorganismt a rostlin maji povahu symbidzy, kdy mikroorganismus dodava
sik @ vyuZziva dostupné zdroje substratu v okoli & uvnitf rostlinnych korenl

e kauzalni Ci asociacni symbioza - nevyzaduje morfologické zmény mikroorganismu ani
rostliny, ani genetické interakce; je zalezitosti volné zijicich fixator{, ktefi se asociuji s
nekterymi rostlinami v jejich rhizosfére (cukrova trtina, ryze, zito ..) Ci dokonce uvnitr tkani
koren(i

e v lesnich ekosystémech je vyznamna symbioza drevin s aktinomycetou Frankia
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Specific nodule initiation

Ls symbiéza lusteniny-Rhizobium -
vzniknou fyziologické zmeény obou
organismU - vznikaji korenové hlizky
(nodule)
bakterie se meéni v tzv. bakteroid a
dochazi ke genetické interakci mezi
rostlinou a bakterii
proces je slozity, ale poméerné dobre
popsan: zapojuji se regulacni faktory
od rostliny (flavonoidy) - bakterie
produkuje nodulaéni gen koédujici
nod faktory (napr. lipochitooligo-
sacharid - LCO), které interaguji s
rostlinou a iniciuji tvorbu noduli

Rhizobia attachment

l

Root hair curling

l

Root hair penetration

p = mmm — - ‘ Nodulecellsdiyideland
1 - 2 tydny po infekci jsou viditelné - enlarge resulting in a
hlizky

mature root nodule

Infection thread
development

b

Rhizobia released into
host cells

e fixovany dusik je exportovan do
korenové tkane jako asparagin Ci
purin

nitrogenaza je chranéna  tzv.
leghaemoglobinem




' Proce noleneé S biochemickvm cvkiem dusiku - Fixace dusik

fa

SIGURE 18.9 Transmission electron micrograph of bacteroids

Sosed with the peribacteroid membrane. W; cell wall, V: vacuole,

cteroid (note that several bacteroids are enclosed within a mem-

e of plant origin) h; poly-B-hydroxy butyrate storage granule
“hin a bacteroid, pl; plastid. (Photo courtesy 1. L. Pepper)
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. Procesv enoiené € biochemickvym eviklem dusiku - Fixaee dusitas |

=S
ot

e

- vyuziva vétsi afinity nitrogenazy pro acetylen

- systém s pldou, pripadné i s rostlinami, je vzduchotésny

- prostor nad pldou se z 10% nasyti acetylénem ¢i smési acetylen-kyslik a po nékolika hodinach se méfi ethylen
- redukovany ethylen se stanovuje GC s FID detektorem

- uziva se faktor 3 moll ethylenu na 1 mol fixovaného N,

- je velmi citlivou, levhou a jednoduchou metodou

-alternativou je méreni fixace 1°N - nutna draha instrumentace (IRMS)
- mUze se také sledovat rychlost rlistu organism{ na médiu bez dusiku

- Casto se sleduje takeé pritomnost hlizek u cilovych rostlin
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PF iklad ) Table 3. Plant and Nodulation Characteristics of T. repens Grown in Braunschweig Experimental Soils
. Nodule MPN of

Mean yieid Yield Mean nodule num -

— Sam:)le (:l:) Sd number e pi{: :' ARcfr(d.’.t'{ ) N?: l:;;iro " ((fem‘:ieqczl‘lasil)
R — 2 5.1 o a2 P M Y 860

V ptdach 3 4.9 0.3 3.8 0.7 : g Y e
kontrolovaného 5 56 "0 0 X t® Y —>
pokusu byly . Ex 17 18 07 W Y %80
sledovany buriky 1 “Low” pH trial

Rhizobium 2 35 12 32 - 16 Y 84370
leguminosarum 3 iy 09 0 os e Y 260
schopné tvofit hlizky > L 04 0 — —p = N 0

Key: Anaerobically digested sludge: 1. untreated 2 “nonspiked” 100 m%ha/ " iked" [
i 6: 1. . year, 3. “metal spiked” 100 m%ha/year, 4. “nonspiked"
300 m/ha/year, 5. “metal spiked” 300 m*/ha/year. Undigested sludge: 6. “nonspiked” 100 m*tha/year, 7. Xnonspiked” 380 m3/

u jetele po osSetreni

o ’ v ’ ha/year.
ruznym mnozstvim o '
Ve 47 ’ * laximum values in set of four replicates.
Cisti I"enSkel’\'llg k’alu S Figures in brackets refer to the number of replicates (out of three) where positive acetvlene reduction activitv (ARA) was datected
obsahem tez kYCh Table 2. Physicochemical and Biological Data For the Braunschweig Experimental Site
9 P © Total metals (ng/g dry soil) Organic Extractable
k(gVU d dUSIC,na\IJU : 79 matter nitrate ) E)'dractable
Pudy se take ||S||y Vv Sample Zn Cu Ni Cr Pb Cd pH (%) (ng/g dry soil) nitrate Sd.
. “High” pH trial
pH. Byl pozorovan 1 48 12 6 13 42 018 68 2.97 30 3
Mot Z = 2 90 21 8 i5 43 0.36 6.7 3.43 105 14
zrejmy vliv pH, typu 3 138 38 12 37 64 1.0 6.8 317 148 7
4 168 33 11 22 44 0.8 6.3 494 1013 97
kva\llu ,a Obsa |'1U 5 341+ 98 25 o8 107 2.7 5.4 4.56 1398 180
tezkych kovu na 6 84 20 6 13 40 0.3 7.0 3.71 83 5
. 7 198 43 12 24 55 0.6 6.4 4.27 248 62
velikost populace )
. e 7 -7 . “Low” pH trial
rizobijnich bakterir i 1 36 7 5 19 33 0.2 5.8 3.79 68 2
J o & 2 77 14 7 13 34 04 55 4.47 155 17
na fixaci dusiku. 3 144 36 12 42 55 1.2 57 4.08 187 12
4 175 30 11 21 40 0.9 4.9 5.93 1241 163
5 335 93 24 96 107 2.9 48 7.20 1337 180

Key: Anaerobically digested sludge 1. untreated 2. “nonspiked” 100 m®ha/year. 3. “metal spiked” 100 m*ha/year, 4. “nonspiked”
300 m¥haryear, 5. “metal spiked” 300 m*ha/year. Undigested siudge 6. “nonspiked” 100 m¥ha‘year, 7. “nonspiked” 300 m*/
hatyear.

= Total metal figures underlined indicate U.K. limit is exceeded.




Priklad:

Table 3 The sensitivity of the non-symbiotic nitrogen fixation (measured as acetylene reduction) for

toxicants.

Chemicals

effect

mg/kg

Refer-

€nces

Chemicals

effect mg/kg  Refer-

€nces

ethoprop
leptophos
chlordane
parathion
telone II

maneb

NOEC
NOEC
NOEC
NOEC
NOEC
NQEC

[97]

Zn
Cu
Ni

EC50 50 [98]
EC50 20
EC50 2.5

Cd

EC50 3

methylpyrimifos

alachloron

NOEC 10 [99]
NOEC 2 [100]
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H2O 7,4——\Proteins
Glulcose Amino‘ acids Prote/mase

Membrane transport
§

v
TCACycle 4— ¥

r
/‘:\ > Catabolism

Biosynthetic
2-oxoglutarate processes

intermediary &
metabolism

Pathways of

ammonium
assimilation NADPH-GDH /\

Glutimate .
Aminotransferase

GS-GOGAT cycle interconversion
AIAT

Glutamine GOGAT AsAT

v \

2-oxoglutarate ~—

FIGURE 8.2 The major pathways of nitrogen assimilation and mineralization. Abbreviations
are: NR, nitrate reductase; NiR, nitrite reductase; NADPH-GDH, NADPH glutamate dehydrogenase;

GS, glutamine synthetase; GOGAT, glutamate synthase; AiAT, alanine transferase; AsAT, aspartic
transferase; TCA, tricarboxylic acid. (From Ahmad and Helleburt, 1991.)




rogen Wl - dusik je uvolfiovan jako NH; z organické hmoty -
o Aemb'f AMONIFIKACE
‘ Bl © NH; je asimilovéan z plidy do Zivych organismd, velmi dobfe
| jako NH; v této formé hlavni zdroj dusiku pro rostliny a
mikroorganismy
e kromé toho i asimilacni redukce dusi¢nand

Ammonium
assimilation

Ammoni-
fication

R-NH,

Assimilatory NO5~
reduction
Y

NO,” =-—— , NO3™
Dissimilatory NO3~ reduction

Denitrification

Nitrite oxidation

i Anaerobic

ASIMILACE

V,V. Vv w7 - v 7 wr 7 I ‘o S
e ve VvétsSiné pripadl energii spotiebovavajici , ol
proces asimilace ——— B glutamine

a - ketoglutarate

& Ferredoxjn
o// 2e

e v pfipadé vysokych koncentraci (> 0,5ppm) RS ey
dochazi k katalytické vazbé do glutamatu e (GOGAT)

2H

lutamate
+ Hd ‘Heéyarogenase’

NAD  NADH Loo- " SR T s
« - ketoglutarate ‘ fansatiine glutamate




wNIFIKACE

e proces kdy se NH3 uvolnuje z glutamatu
(uvnitr bunék)

glutamate
HO <€ dehydrogenase >

CH,

00 - NAD NADH
glutamate o - ketoglutarate

e Ci proces kdy enzymem ureazou se Stépi
mocovina

e nebo extracelularni degradace proteazami,
lysozymy, nukledazami

urease

Mechanismy:

 hydrolyticka deaminace: R-NH, + H,O - R-OH + NH;

e oxidativni deaminace: R-CHNH,-COOH + H,0O - R-CO-COOH + 2H* + NH;
reduktivni deaminace: R-CHNH,-COOH + 2H* - R-CH,-COOH + NH,
desaturativni deaminace: R-CH,-CHNH,-COOH - R-CH=CH-COOH

pfi poméru C:N < 20 prevlada amonifikace
pfi C:N > 20 asimilace

Metodicky lze rozliSit amonifikaci jako bazalni uroverfi mineralizace N - obdoba bazalni respirace
v cyklu C; a potencialni amonifikaci po pfidavku substratu (argininu) - obdoba potencialni
respirace
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- pridavek substratu (argininu) a stanoveni amonnych kationtl po 3h inkubace p@dy pfi 30°C

- stanoveni amonnych iontl se provadi po extrakci 2M KCl (1:4) spektrofotometricky (ISO 14256): pfi 630 nm se
sleduje zabarveni vzniklé reakci s NaOCl a phenolatem sodnym, katalyza nitroprusidem sodnym (Berthelotova reakce)

- jinou moznosti je stanoveni iontové selektivni plynovou elektrodou (ISE): amonné ionty se prevedou na amoniak pri
pH 11-13 pridavkem 10M NaOH; potencial se méfi elektrodou, pficemz ke kalibraci se uZije roztokd siranu amonného

Predinkubovdn
voda + arginin

voda \i/ J' _

\ |

—

Inkubace
(30 °C / 3 hodiny)

extrakce (KCl) a
stapoveni NH,{"
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- vzorek zatopeny vodou je inkubovan tyden pri 40°C
stanoveni amonnych iontt se provadi po extrakci 1M KCI (1:5) spektrofotometricky (ISO 14256): pii 630 nm se
sleduje zabarveni vzniklé reakci s NaOCl a phenolatem sodnym, katalyza nitroprusidem sodnym (Berthelotova reakce)

jinou moznosti je stanoveni iontové selektivni plynovou elektrodou (ISE): amonné ionty se prevedou na amoniak pfi

pH 11-13 pridavkem 10M NaOH; potencial se mérfi elektrodou, pricemz ke kalibraci se uzije roztokd siranu amonného
- vyjadfuje se jako pg NH,*-N . g . d?

Alternativou je méreni se znacenym dusikem >NH,*
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= AMONIFIKACE JE SOUCASTI SIRSIHO POJMU: MINERALIZACE DUSIKU
- NEBOT CAST NH; SE DALE OXIDUJE PRI NITRIFIKACI

- metodicky nelze obé faze priliS dobre oddélit!!!
- pokud chceme znat skuteCnou (ne potencialni) amonifikaci je jedinou moznosti méereni se
znaCenym dusikem °NH,* i vytvorit anaerobni prostredi zatopenim vzorkU

- mineralizace N je funkci teploty, vlhkosti, provzdusnéni, typu dusikatych organickych latek v
prostredi a také pH

-pri procesech vnikaji produkty se zcela jinymi environmentalnimi osudy:

NH,* je stabilni, v plidé se vaze na Castice koloidl

NO;- se z pldy rychle vymyva do podpovrchovych i povrchovych vod; je toxicky
(methemoglobinémie a nitrosaminy) a zptsobuje eutrofizaci a degradaci vodnich ekosystém{

Kvili mobilité a vyplavovani dusicnanii z ptid se v zemédélstvi mlizeme setkat s
cilenou inhibici nitrifikacnich aktivit !!!

Toto hrozi zejména pri hnojeni hnojivy obsahujici amonné ionty Ci primo dusicnhany.
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Table 4.1 Represe

Enzyme

designation

Action

Proteinases/peptidases
trypsin
chymotrypsin

subtilisin (microbial alkaline
proteinase)

carboxyl proteinases
microbial metaloproteinases
Amidohydrolases
L-asparaginase
L-glutaminase
amidase
urease
peptidoglycan hydrolase
Amidinohydrolases
arginase
Transaminases
Dehydrogenases which deaminate
Glutamate dehydrogenase
Glycosidases
chitinase
muramidase
Nucleases
DNase
RNase

3.4
34214
34211

3.4.21.14
3423
3.4.24
35.1
35.1.1
3512
35.14
35.15
35.1.28
353
3531
2.6.1

1.4
1.4.1.3
32
32.1.14
3.2.1.17
3.1.11-16
3.1.11

3113

hydrolyze peptide bonds
hydrolyzes at Arg, Lys
hydrolyzes at aromatic amino acids

alkaline proteinase

acid proteinases similar to pepsin or rennin
neutral proteinases containing Zn
hydrolysis C-N bond in linear amides
hydrolysis of L-asparagine

hydrolysis of L-glutamine

hydrolysis of aliphatic amides

hydrolysis of urea to CO, and NH,
hydrolysis of peptidoglycan linkages
hydrolysis C-N bond of linear amidines
hydrolysis of arginine to ornithine and urea
transfers amine to a-ketoglutarate

deaminates glutamate

important in hydrolysis of amino sugars and their polymers
hydrolyze chitin linkages

hydrolyze muropeptide (peptidoglycan) or mucopolysacc
degrade DNA and RNA

exodeoxyribonuclease

exoribonuclease
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o Pri_stanoveni mineralizace dusiku se casto spojuji oba procesy v tzv. N
" mineralization potential

- je to vyprodukovana suma NH,* + (NO,)+ NO5; v pldé na konci inkubace (extrakce
roztokem KCI)

-pokud testujeme vliv chemické latky, dostavame klasicky vztah davka odpovéed’ s IDs

Stanoveni koncentrace dusicnanovych a dusitanovych anionti v pidach:

- dusitany Ize stanovit dle ISO 14256 spektrofotometricky - reakci s Griess-Ilosvayovym
Cinidlem (sulfanilamid a N-1-naftyl etylendiamin chlorid) tvori azobarvivo (543 nm)

- dusicnany je nejprve nutno redukovat na dusitany (reduktor z kadmia) a pak stejné
stanoveni

- dusicnany lze stanovit UV spektrofotometrii pri 210 nm

- dusicnany Ize stanovit iontové selektivni elektrodou ISE

- v dnesni dobé existuji automatické analyzatory: FIA - flow injection analyzator
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Vzorek piidy

Ptedinkubace — N ] + Predinkubace

= Rozdil = mineraliza¢ni
é > - otencial !E
JL EIIIIIIII:III CuEEERssEES Jl
Inkubace 28-30 dni; 25°C Inkubace 28-30 dni; 25°C

4

Pravidelné odbéry
v tase na produkci

NO; -N + NH,*-N

Stanoveni NO;-N + NH, - N

Pozn: Obé¢ varianty lze provést
i s pfidanym substratem (napf. siran
amonny, org. hmota). Doba inkubace
pak bude kratdi podle koncentrace
substrat.




_'J?-TZ-(QVIQ . oleneé S | -1hTZ.7-1ulIZ'AV]--'IH']F-1....II(qI']I“-.‘I-Y-‘-—'IIFI—TB-'-IIIQIW—

& ISO 14238 - Determination of nitrogen mineralization and nitrification in soils
~ and the influence of chemicals on these processes

- jak pro stanoveni jako parametru kvality pldy
- tak pro testovani toxicity latek na N mineralizaci

Test toxicity:

- ptda pro test toxicity musi byt s Corg 0,5 - 1,5% a nizkym obsahem jilu

- pridava se organicky zdroj dusiku - vojtéska (C:N = 16)

- testovana latka se prida v cca 5 koncentracich a po 28 denni inkubaci se méri NO5”
- vysledkem je procentualni inhibice

el




Priklad:

Table 4 The sensitivity of some nitrogen transformations for toxicants

Process Chemi- mg/kg  Refer- Process Chemicals

cals ences

N-miner- Ag 540 [10s}* N-miner- Cd NOQEC 336 [106)

alization alization

Hg 1000 Cd EC50 1120
Cu 320

Cd EC25 560

ECI9 1035
ECI8 275
ECI5 280
ECl4 325
EC14 295
EC12 590
ECI8 260
ECI17 280
ECl6 135
EC10 55
ECI12 255
EC27 480

*The effect of metals (5 mmol/kg) on the nitrogen mineralization in three unamended sotls was measured
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N
l Nitrogen

fixation Aerobic
f
NH4* NO,

Ammonium
assimilation
Ammoni-
fication

R-NH,

Assimilatory NOs~
reduction

NOz' -, ——— NO3~
Dissimilatory NO3~ reduction

c
2
©
L2
£
©

o
a1

Nitrite ammonification
Nitrite oxidation

Anaerobic

Species

Ammenium oxidizers

Nitrosomonas FUINPACE
eltropiius
M IR
nitrosis

mnhilis

MNIFrosococcis

IR ]
INfErosnspirg bricnsis
Nifroasofobns mndtiformis
Nifrosopibrin fennis
Nitrite oxidizors
Nitrobacier

Nitrospiim

wnbifis

Nitrocecous

N e L ige! maving

- vyznamny, umoznuje mobilitu dusiku v ptidé (plus i minus)
Dva kroky:

I. HN,* + O, + 2H* &> NH,OH + H,O = NO,” + 5H*
AG = -66 kcal

II- NOZ_ + 0,502 9 NO3'
AG = -18 kcal

- oba kroky jsou striktne aerobni

-zastava jej jen nékolik rodd, v pldé prvni krok napf rod
Nitrosomonas, Nitrococcus a druhy krok napr. rod
Nitrobacter

- zdrojem uhliku je pak CO2

- enzym pro prvni krok je amoniak monooxygenaza
(AMO), ktera ma Sirokou substratovou specifitu a mdze
kometabolicky oxidovat i nékteré polutanty napr. TCE Ci
alkany az do C8 — vyuziti pri bioremediacich !

3
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& Velmi dobry indikator stresu, je siln€ inhibovana polutanty - diivody:

1) cely systém zisku energie je velmi narocny: 1. krok potfebuje oxidaci 34 molQ
amoniaku k fixaci jednoho molu CO,, druhy krok dokonce oxidaci 100 molt NO,™ !!

2) dva kroky s pricinénim rlznych populaci, druhy krok je méné energeticky vytézny
(jen 70kJ/moll!)
pokud kroky navazuji, nedochazi k negativni kumulaci dusitanl (snizuje pH prostredi,
toxicky ..) dusitany inhibuji prvni krok !!!

3) obecné uz tak dost citlivy proces k environmentalnim podminkam: pH optimum je 6,6
- 8,0; pri pH < 4,5 se zastavi

Pozn:  exituji i mikroorganismy heterotrofni, které provadi nitrifikaci a neni znamo proc
predstavuji minoritni vyznam ve srovnani s autotrofni nitrifikaci
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- = kratkodoba (SNA) ci dlouhodoba (LNA)
- vétSinou preferovana SNA, nebot’ po delSi dobé nastavaji zmeny ve spolecenstvu

- testovani vlivu chemickych latek a indikacni parametr pro pldu

- protoze ¢as metody je kratky, nemize dojit k rlstu populace nitrifikatorl a je tedy téz
odhadem velikosti populace oxidatorfi amoniaku

- SOIL SLURRIES - plda je inkubovana v suspenzi s roztokem chloristanu draselného bez i s (jakoby potencialni nitrifikace)
pridavkem saturujiciho mnozstvi siranu amonného

- po 24 h (bez) ¢i 5 h (s), eventualné kazdé 2 hodiny se méri koncentrace NO,", nebot’ chloristan inhibuje oxidaci na dusi¢nany

- koncentrace dusitant se méfi po extrakci KCl spektrofotometricky reakci s sulfanilamid a N-(1-naftyl)-etylendiamonium
chloridovym cinidlem

- jde o velmi rychly test vlivu chemikalii na prvni stupen nitrifikace

-suspenze s pufrem pH 7,2, siranem amonnym a testovanou latkou
- jako referencni latku Ize uzit nitrapyrin
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- Procesv enoiené € biochemickvym eviklem dusiku - nitrifikaece

- = kratkodoba (SNA) ci dlouhodoba (LNA)
- vétSinou preferovana SNA, nebot’ po delSi dobé nastavaji zmeny ve spolecenstvu

DelSi inkubace se priliS nedoporucuji, nebot’ mohou probihat zmény spolecCenstva.
ISO 14238 - Determination of nitrogen mineralization and nitrification in soils and the influence of chemicals

on these processes

- pdda inkubovana po pridavku 1% siranu amonného; po 1-3 tydnech stanoveni zbylého NH,* Ci vzniklého NO;-
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Jelikoz se nitrifikace sklada ze dvou nezavislych kroku, je mozné
teoreticky ocekavat nekterou z nasledujicich moznosti ucinku
polutantu na tento proces (citace):

a) Latka muze toxicky pusobit na obe faze procesu, nebo pouze na
prvni krok (jehoz produkt je zaroven hlavnim zdrojem substratu pro
2. krok). Tyto pfipady se projevi ubytkem koncentrace jak dusitanu,
tak dusi¢nanu ve sledované pudeé.

b) Polutant inhibuje pouze 2. krok nitrifikace. To vede k prodlouzeni
doby zpozdéni (lag fazi) produkce dusicnanu a k akumulaci dusitanu
v prostredi. Jelikoz nadmérné koncentrace dusitanu mohou pusobit
toxicky na obé faze procesu, konecnym dusledkem muze byt také
inhibice nitrifikace jako takové.

c) Vzacnéji muze dochazet k stimulaci nitrifikace. Moznym
vysvétlenim je pusobeni toxické latky na jinou slozku mikrobialniho
spoleCenstva, jehoz nasledkem je odumreni vetSiho poCtu bunék. Ty
jsou pak k dispozici jako substrat umoznujici rust nezasazenym
organizmum a stimulaci nitrifikace zvySenou dostupnosti amoniaku.




Pi’,ikl a d: Table 2 The sensitivity of the nitrification for toxicants.
Chemicals effect mg/kg Refer- Chemicals effect mg/kg  Refer-
ences ences
aniline NOEC 25 [19] cinmethylin ECI2 50 [80)
4-chloroaniline NOEC 10 cyanazine EC95 50
3-chloroaniline NOEC 10 dimethazone EC80 50
paraquat EC50 2500 [81} ethalfluralin EC90 50
EC50 720 metoachlor EC90 50
acetylene EC32 0.1l Pa* [82)} oryzalin EC79 50
propyne EC40 | Pa propachlor EC97 50
1-butyne EC36 1 Pa acifluorfen ECI10 5
2-ethylpyridine EC85 ! diclofop methyl EC20 S
phenylacetylene EC78 l fenoxyprop methyl  EC20 5
P ou 2 |’V a J |’ se J a k o) 3-butyn-2-one EC40 S fluazifop butyl . EC80 50
= s — 1-phenyl-2- EC40 10 haloxyfop methyl EC80 50
cilené inhibitory oropyn-1-ol
n |tr|f| ka cev I-pentyne EC30 10 mefluidide EC63 50
zemedélstvi proti 3-phenyl-2- 'EC25 10 tridiphane EC30 5
ztratam dusiku z propyn-1-ol
o d 4-phenyl-I-butyne  EC2I 10 Cu EC45 320 ([83]
pu y diphenyl-acetylene  EC28 10 Cd EC77 560
methane EC50 I6 kPa [84] Pb ECIl4 1035
ethane EC50 5kPa Zn EC40 325
ethylene EC50 250 Pa Ni EC64 295
acetylene EC50 0.! Pa Cr EC81 260
24-D ECI0 4 [85) nitrapyrin EC44 15 [86]
ethylenethiourea NOEC 0.1 (87) 2-ethynylpyridine EC82 15 ]
nitrapyrin EC25 30 [69] 4-amino-1,2,4- EC36 15
nitrapyrin EC27 30 (88} triazole

* For gaseous chemicals the concentrations are expressed in Pascals




- v anaerobnich podminkéach, dusitany a dusi¢nany slouzi jako TEA

Dva typy:

I. dusi¢nany se redukuji na dusitany a dale na amonné ionty- fakultativmé anaerobni bakterie (Escherichia

)

II. NO; --> NO," --=> NO --> N, O --> N, - bakterie (pseudomonady ...)
N20 — sklenikovy plyn !!!

Meéreni: kolorimetrickymi technikami, iontové selektivnimi elektrodami, metodou "acetylene block" (zablokuje N,O reduktazu a N,O je
méten GC)
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Priklad:

| -
m& Denitrification and Nitrification for Evaluation of
Pesticide Effects in Soil

* The acute toxicity effects of 54 pesticides on denitrification and
nitrification in soil were studied in the laboratory.

*Potential denitrification activity (PDA) was assayed with an
acetylene inhibition method (ARA), during which the specific growth
rate constant of denitrifiers (ppp,) could also be determined.

*Potential ammonium oxidation activity (PAQO) was assayed with the
chlorate inhibition method.

PDA 4606
. 060909 |

PDA 15404 |
. y -}
Hppa 0-48 £0.16 |

100

Time (min)

Time (min)

Figure 1. Examples of (a) potential denifrification activity (PDA); and (b)
potential ammonium oxidation 2« 0) patterns in soil without
(yellow symbols) and with (red sym | the addition of 100 ug ioxynil
per gram dry soil. The different symbols (@. B, A) are three replicates
of the same test.

(Units given for PDA are ng N,O-N g~ dry soil (d.s.) min™" and for ipps
hr™', and units for PAO are ng NO,-N g~ d.s. min™.)




Priklad:

* In a subsequent dose-response test NOEC, EC50

and EC90 were determined for mancozeb (PDA and
PAO) and 2,4-DB, ioxynil, maneb, zineb and
nitrapyrin (PAO).

Table 2. Effect concentration levels of some pesticides on
potential denitrification activity (PDA) and potential ammonium
oxidation activity (PAO) in soil as determined in dose response
tests (ug g~ dry soil).

Pesticide NOEC ECso ECq
PDA

Mancozeb 1.0 7.1 33.0
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Figure 2. Relative rates of (a) potential denitrification activity; and (b) potential ammonium oxidation
activity in soil at different concentrations of mancozeb. Horizontal solid and dotted lines are mean
values + standard deviations of the control without pesticide (n = 3). Slope solid and dotted lines are
linear regression lines with 95% confidence limits. Green symbols are rates included in the
regression for dose response calculations of NOEC, ECs, and EC o, respectively.




Priklad: \ » Conclusion: All three parameters are suitable for inclusion in a test system for assessing effects on the soil

environment.

Table 1. The effect of 54 pesticides and their degradation products at 100 ug a.i. g™ dry soil on the potential denitrification activity (PDA),
specific growth rate of denitrifiers (Lp») and potential ammonium oxidation activity (PAO). Figures given are mean values * standard deviation

(n = 3) in percent of a control soil without pesticide addition.

Pesticide

_ Effect (% of control)

Herbicides
Alloxydim

AMPA

Atrazine
Bentazone
Bromacil
Chlorbromuron
Dalapon-Na
2,4-D

2,4-DB

2,4-DP
2,4-Dichlorphenol
Diuron
Glyphosate free acid.
Glyphosate iso-propylamid
Hexazinone
Imazapyr

loxynil

Lenacil

Linuron

MCPA

Fungicides
Benomyl
Carbendazim
Iprodione
Mancozeb
Maneb

Insecticides
Aldrin
Cyromazine
Fenvalerate

* Significantly different from control in Student’s t-test (p < 0.05).

n.a. = not analyzed.

Pesticide Effect (% of control)
PDA =

MCPB 107t4 Bt

MCPP g+ |

Metobromuron 103:8 98

Metribuzin g8i4  1i

Napropamide it - Sz

p-Chlorophenoxy acid 101+2 = B4

Picloram 1/ 3 =35

Propazine 1id+2 109

Propyzamide 8=

Pyrazone 73x3

Simazine 97 = 1

TBA 8616

TCA 11415 .

2,4,5-T 104 £3

Terbuthylazine 8810

Terbutryn 93+3

Tri-allat 977

Triclopyr = .

Trifluralin 9642

Thiophanate-methyl
Triadimefon
Triadimenol
Vinclozolin

Zineb

Heptachlor
Permethrin




Priklad:

c.re 3. Effects of
swer on (A) potential
trification activity
B) specific growth
constant of
genitrifying
microorganisms. The
WOEC- and EC;;-values
were calculated from the
zguation in the Figure.
Jotted line shows the

#5%¢ confidence interval.

gN, (% of control)
W (% of control)

' qN°=7S*ppm°‘£ : o i
| NOEC=0.40 ppm| . NOEC=0.027 ppm |
EC,=3.5 ppm ' . | EC=0.58 ppm G
1 10 100 0. 1 10 100
Conc Ag (ppm) in seil Conc Ag (ppm) in soil
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- nemaji zadné specialni vyuziti v mikrobialni ekotoxikologii

- mohou slouZit jako endpoint v polnich studiich i laboratornich pokusech, mikrobialni ekotoxikologie jim
vSak vénuje velmi malou pozornost

Atmaosphere

Anthropogenic 5
503, fortilizers

Atmosphenc Sulfur

, 7N\
(502.5 %) 7

|

¥

|

T Soil \ / "

Arimal Biomass F:}rganic Hesidues]

/ \ 50~ /Hum.c Subs:an:esl [ Microbial Biomass |
Plant Biomass \-—/ Microbial Bismass \\_—/

Soil Mineral an_'ld S_gtuble Sulfur
(504, 87)

Humus

£ 9.4 A conceptual model of the sulfur cycle shawing generalized interactions of
bialogical resources with soit and atmospheric souress,

Soi Minarais

Fig. 13.2 Mazjor features of the sulfur cycle.




' Metodikv a postuov mikrobialni ekotoxikolosie

s A
- YY) S

- enzymy jsou jak v bunkach (cytoplazma, periplazma, vnéjsi povrch...), tak v mrtvych, polorozloZenych
bunkach i1 v extracelularnich komplexech s jily ¢i huminovymi koloidy (v této podobé jsou odolnéjsi proti
proteolyze)

- etracelularni enzymovou aktivitu Ize odliSit napt. po ozafeni gama paprsky (inaktivuji bunky)
====> gpatrnost pri interpretacich enzymovych aktivit

- podl€haji zméndm, které jsou pii odbéru ==> snaha udrzet podobné podminky jako in situ, hlavné teplotu,
vlhkost, redox potencial

- jsou vyuzivany spiSe v kratkodobych studiich, aby nedoslo ke zméné velikosti spoleCenstva

jsou sledovany:

 dehydrogenazy

» proteazy - inkubace s kaseinatem sodnym
* ureazy - inkubace s mocovinou

» amidazy

» fosfatazy

* celulazy

* 3 - galaktozidazy
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Enzymoyvé reakce

- neméni se energetika reakce (AG je konstantni pro danou reakci)

- meni se pouze aktivaCni energie (snizeni)
- nemeéni se ani rovnovaha reakce (ALE rovnovaha nemuUZe konat praci)
- Zivé organismy neustale vytvafi nerovnovahy a ty konaji praci (nutné, aby byly oteviené systémy)

Obr. 5-2, Energeticky diagram a katalysa.

bez
katalysatoru

aktivasni

5 Pt-katalysatorem

£

enzymova
katalysa

volni energie
-

SHE=ES=[FP=E+P
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[ TIvod = C o 1011 mikrooroanismv’

Enzymoyvé reakce

- potfebne jsou koenzymy napt. Co-A

koenzym A

HS —CH;—CH,—HN"

cysteamin.

- Pantothenova kyselina
—

pantethein

—_—
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; Enzymova Kinetika

Michaelis - Mentenova: reakéni

rychlost

- popisuje reakcni kinetiku vzniku enzym-substrat komplexu

- vyplyvaji z toho dulezité parametry enzymu,
dulezité naptiklad pti biodegradacich

koncentrace substratu [S)

Obr. 5-3. Zivislost reakéni rychlosii na koncentraci

s . snbstratu (pfi konstantni koncentraci enzyrmw).
K,, (Michaelisova konstanta

- parametr substratu (koncentrace pii niz je dosazeno polovicni V.. (polovi¢niho nasyceni enzymu)

max

- vysoka znaci nizkou afinitu pro dany substrat (priimérné kolem 10-2 - 10-5 mol/litr)

- vypocet z experimentl a pak z rovnice:

¢1 Lineweaver - Burkeho transformace:

&9
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Intracellular Enzymes
Resting Structure

Dead, Intact Cell

Intracellular Enzyme

Living Cell
l Secretion

Soluble Enzyme:. <~
Extracelivlar Enzyme —

Humic Acids % Rurric Acids

Humus Bound Enzymes

Fig. 6.4 Conceptual

model of the distribution of enzymatic activity within major soil
enzyme reservoirs.
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' Metodiky a postupy mikrobialni ekotoxikologlte |
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Table 7.14

Some specific enzyme assays

Enzyme Substrate Description of assay

Ichydrogenase Triphenyletrazelium Dehydrogenases convert triphenylictrazolivm chloride 10 triphenylformazan;
the triphenylformazan 1s extracted with methanol and quantitaled
spect-ophotometrically.

Phosphatase p-Nitrephenol phosphate  Phosphatases convert the p-nitrophenol phosphate to p-nitrophenol, which is
extracted in agueous solution and quantitated spectrophotometrically.

Protease Gelatin Gelatin hydrolysis, as an example of proteolytic activity, can be measured by
the deternination of residual protein,

Amylase Starch The amount of residual starch is quantitated spectrophotometrically by the
intensity of blue color resulting from its reaction with iodine.

Chitinase Chitin Production of reducing sugars 15 measurced using anthrone reagent.

Cellulase Cellulose Production of reducing sugars is measured using anthrone reagent.

Carboxymeihyl cellulose  Cellulases alter the viscosity of carboxvmethyl cellulose that can be
measured.

Nitrogcnase Acetylene Nitrogenase, besides reducing dinitrogen gas (N=N) to ammonia (NH,). 1%
also capable of reducing acetylene (HC=CH) to ethylenc (C,H.,): the rate of
formation of ethylene can be monitored using a gas chromarograph with
[lame ionization detector, and the rate of nitrogen fixation can be caleulated
using an appropnate conversion factor.

Nitrate reductase  Nilrate Dissimilatory niirate reduc-ase can be assayed by the disappearance ol nitrate

or by measuring the evolution of denitrification products, such as nitrogen gas
and niirous oxide, from samples using 4 gas chromatograph; denitrification
can be blocked at the nitrous oxide level by the addition of acetylene.

rinilting a simpler assay procedure. 92



Priklad:

- -Ilrm T
» Particle-size fractionation of a heavy metal £ g004{ — Alkaline Phosphatase _
polluted soil was performed to study the "o EI:?':‘E' Siz8
influence of environmental pollution on . ; 500 1
o : e Structure and function of the soi 02.04
microbial community structure, microbial . . .. 400 - 5
biomass, microbial residues and enzyme microbial community in 4 . - 233' ?m
activities in microhabitats of a Calcaric microhabitats of a heavy metal 200 | 250-
. e W 2000 - 250
Phaeocem. polluted soil i
2004 fo| [
*In 1987, the soil was experimentally 100 - o
contaminated with four heavy metal loads: j .
(1) uncontaminated controls; (2) light (300 0- ' '

ppm Zn, 100 ppm Cu, 50 ppm Ni, 50 ppm V
and 3 ppm Cd); (3) medium; and (4) heavy
pollution (two- and threefold the light load,
respectively).

h
=
4

i
=]
(-

» After 10 years of exposure, the fractions
also differed with respect to substrate
utilization: Urease was located mainly in the
<2 mm fraction, alkaline phosphatase and
arylsulfatase in the 2-63 pm fraction, and
xylanase activity was equally distributed in
all fractions.

Urease (pg N g ' 2h™)
(]
=
N

cantral lignt  madium  heavy

* Soil enzyme activity was reduced confral  light  medium  heavy

significantly in all fractions subjected to Contamination Contamination
heavy metal pollution in the order
arylsulfatase > phosphatase > urease >
xylanase.

Fig. 1 Elfects of heavy melal pollution on the distribution of nin-
hydrin-reactive N (CFE), alkaling phosphalase, xylanase and ur-
ease aclivily within the particle-size fractions. Dala are given as
means of three replicate samples, fers indicate standard error,
Results of xylanase are expressed as pe glucose equivalents (GE)
g of the bulk soil




| Metodiky a postupyv mikrobialni ekotoxikolocie |

A X
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- enzym, ktery z ekotoxikologickeho hlediska vysoce prevazuje vSechny ostatni

- oxidace org. substratu a aerobnich podminkach je spojena s transportem elektroni na membrané a findlni
ekceptaci na O, (tento proces spojen se syntézou ATP); ziacastnéné NADPH+H" a FADH, vznikaji pomoci
dehydrogenaz (flavoprotein-NADH dehydrogenase, succinate dehydrogenase, acyl-CoA dehydrogenase)

- dehydrogendzova aktivita je tedy mirou celkové mikrobialni aktivity
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Barviva:
TTC (triphenyl-tetrazolium chlorid) ---> TPF (triphenyl formazan)

INT ---> INF
resazurin ---> resorufin




Test na aktivitu dehydrogenaz
Organismus Bacillus cereus, G+, (CCM 2010).

Princip Jedna se o test, ve kterém je aplikovana sbirkova kultura bakterie
Bacillus cereus primo do vzorku pevného skupenstvi a jeji poskozeni se
sleduje pomoci spektrofotometrického meéreni zmén v mnozZstvi
specifickoho substratu resazurinu (601nm), jehoz redukce je umerna
zmenam v aktivite dehydrogenaz sledované bunék.

Alternativou odectu vysledku je spektrofotometricka detekce

vznikajiciho resorufinu (571nm). (Ronnpagel et al. 1995).

Reakéni smés (V) | 6 ml.

Piedkultivace 18 hodin pri kontinudalnim trepani (220 rpm) pri teplote 21 °C,

(OD50]:0,4).

Trvani testu 4 hodiny.

Teplota 21°C.

Tiepdni Kontinualni trepani 70 rpm.

Asepticka prace | Pouze pri praci se zasobni kulturou.

Vyhody Bezextrakcni test matrice pevného skupenstvi. Tato metoda testuje

ucinky i tech kontaminantii, které jsou vdzané na povrch pevnych

castecek piid a sedimentil.

Vyhodou je jeho metodicka ,,benevolentnost™ k pritomnosti kysliku a

dobra rozpustnost resorufinu ve vode a tim jeho jednoducha

extrahovatelnost.
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ECHA BIOCIDE Monitor

Impregnace

¢ kultura Bacillus species
¢ indikatorové barvivo

(terzoliového typu)
@ zivné médium

Kontakt se vzorkem

Voda (extrakt) Sediment, puda, odpad

10 s kontakt se vzorkem

18 - 24 hodin inkubace (dle typu pouzité bakterie) 35-37 °C

RuZova (te¢kovana)
Mirni toxicky Netoxicky
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_mmmnmmmmmwmw NO1E

Organismus
Princip

Trvani testu

Teplota

ECHA Biocide Monitor I1.

Bakterie — rodu Bacillus (G+).

Test je zaloZen na pouZiti malého absorpcniho papirku, ktery je
impregnovan testovacim organismem a indikdtorovym barvivem
bakteridiniho ristu (tetrazoliova sul). Barvivo se redukuje v zdvislosti
na koncentraci dehydrogenaz, které produkuji pritomné bakterie.
Vyvinutd barva se interpretuje podle priloZené stupnice: toxicky vzorek

- bila, ruzova nebo teckovand - jako mirné toxicky, cervend - netoxicky,
(Dutka a Gorrie 1989).

Kontakt systéemu se vzorkem 10 sekund + 18-24 hodinova kultivace az
do vytvoreni barvy na prouzku s kontrolnim vzorkem.

35-37°C.
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' Metodikv a postuov mikrobialni ekotoxikolosie
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Idealni modelovy systém pro testovani toxickych vliviu

- proces spojeny s oxidoredukénimi pochody, kdy je chemicka energie redukovane molekuly transformovana
v energii svételneho kvanta

Zakladni komponenty zapojené v procesu:

» Bakterialni luciferaza - membranovy enzym, bez prostetickeé skupiny; druhové specificka

* Viceuhlikaty alifaticky aldehyd RCHO - molekula oxidovana v pritbéhu procesu molekularnim kyslikem za
ucasti FMNH,

Jde o proces siln€ exergonicky, kdy je vyzafeno asi 0,1 svételnych kvant na 1 molekulu spotiebovaného
substratu. U svétla o vlnove délce 500 nm jde o energii 210 kJ/mol fotonli, coZ odpovida 6 molekulam ATP
na jeden foton. Pti kvantovém vytézku 0,1 jde o spotiebu 60 molekul ATP na jeden vyzateny foton!!!

Plné svitici bakterie vyzaii mezi 103 - 10° fotonl za sekundu, coZ piedstavuje vyraznou energetickou zatéz
(vétSina energie se vénuje sviceni).

===> Uz tak jsou tyto bakterie dosti zatiZené, proto jsou velmi citlivym systémem na jakykoliv dalsi
stres.
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Biosensors and-contaminated

land assessment
Traditional approach

B

— Harsh solvent extractions

— ldentification of pollutants

 Total concentrations

— Expensive and time consuming

— Limited information




Biosensors and-contaminated

land assessment
Newer approaches

B

— Characterisation of the bioavailable fraction

» Less aggressive extractions

 Biosensors




Biosensors??

Biological indicator (microbial cell)
— Cheaper

— Simple to use

Interacts with bioavailable fraction




Blosensor




B
- Bioluminescence

Biological emission of visible light

Occurs naturally

— Fish

— Fire flies

— Bacteria — Vibrio fischeri

Development of microbial assays




B TR
=  Microbial biosensors use
bioluminescence- living light

. Bioluminescent Bay

Colobonama




— Applications

Lux activity is O, dependant
— O, biosensor

Microtox® assay (Vibrio and
Photobacterium)

— Determination of toxicity

— Developed for water industry
— Solls?

— Alternative to larger organisms
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B -
m= Application of biosensor
technology




®_ Biojuminescence response-

s==  directly assesses

contaminant toxicity




- biolumuniscence miize spotifebovat az 1/4 celkové piijatého kysliku

- v podstaté jde o bocni vétev toku elektronti ve flavoproteidové ¢asti aerobniho respiracniho retézce
- pri¢ina: luciferazovy systém ma vétsi afinitu ke kysliku nez respiracni systém

- pit nedostatku O, poklesne respiracni aktivita az na 10 % normalu, aniz by se pozastavila
biolumuniscence; pii intenzivnim rustu (nedostatek ATP, NADH,) intenzita luminiscence klesd nebo
dokonce mizi

Light

Cytoplasmic
ﬁ Substrates, Amino acids, Minerals membrane
/ Enzymes /
Coenzyme
Transport processes
NADH Energy Luciferase

ATP

DNA
/ Cytoplasmatic 0,
Constituents FMNH, + RCHO ==> FMN + RCOOH + H,0 + 0,1 h
Protonmotive force

Membrane ATPase

/

Electron transport system 110




| Metodiky a postupyv mikrobialni ekotoxikolocie |

- biolumuniscence miize spotifebovat az 1/4 celkové piijatého kysliku
- v podstaté jde o bocni vétev toku elektronti ve flavoproteidové ¢asti aerobniho respiracniho retézce
- pficina: luciferazovy systém ma vétsi afinitu ke kysliku nez respiracni systém

- pit nedostatku O, poklesne respiracni aktivita az na 10 % normalu, aniz by se pozastavila
biolumuniscence

- pi1 intenzivnim rustu (nedostatek ATP, NADH,) intenzita luminiscence klesa nebo dokonce mizi

- nejpouzivané;si bakterialni test toxicity
- "svitici" bakterie Vibrio fisheri je velmi citliva zejména viici akutné toxickym latkadm
- dobte reprodukovatelny test (koeficient variance 3 -15%)
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' Metodikv a postuov mikrobialni ekotoxikolosie
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ISO 11348-1:1998 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 11348-2:1998 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 11348-3:1998 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

CSN EN ISO 11348-(1)
Jakost vod - Stanoveni inhibi¢niho G¢inku vzorkl vod na svételnou emisi Vibrio fischeri (Zkouska na
luminiscenénich bakteriich) - Cast 1: Metoda s erstvé pfipravenymi bakteriemi (leden 2000)

CSN EN ISO 11348-2
Jakost vod - Stanoveni inhibi¢niho U¢inku vzorkl vod na svételnou emisi Vibrio fischeri (Zkouska na
luminiscenénich bakteriich) - Cast 2: Metoda se suenymi bakteriemi

CSN EN ISO 11348-3
Jakost vod - Stanoveni inhibi¢niho G€inku vzorkl vod na svételnou emisi Vibrio fischeri (Zkouska na
luminiscenénich bakteriich) - Cast 3: Metoda s lyofilizovanymi bakteriemi
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Microtox

Organismus Vibrio fischeri (G-)

Princip Jsou to testy na morské luminiscencni bakterii
Vibrio fischeri (ISO 11348 1998). Po probehlé
expozici je merenym paramentrem  inhibice
bioluminiscence. Kinetika inhibice je nejcasteji
sledovana v nasledujicich expozicnich intervalech:
5, 15 a 30 minut s pouzitim jemné redici rady vzorku
1:1.

Vzorky by mély byt pred merenim upravovany: pH,
salinita (2 %). Je-li hodnota pH v rozmezi od 6 - 8,5, &
neni nutné pH upravovat (BioOrbit 1996). l
Pri upravé pH je nutne citlive pripravit roztok HCI ¢i NaOH o takové
koncentraci, ktera optimalne upravi pH roztoku co nejmensim objemem
— tim [ze zabranit neZadoucimu naredeni vzorku. Cely test probiha pri
teploté 15 °C. Test ma také variantu “solid phase”.

Reakéni smés (V) | 1 ml. Pomeér vzorek:inokulum je 500:500 ul, pripadné i 800:200 ul.
Pitedkultivace 10 — 15 minutova resuscitace lyofilizované bakterie (15 °C).

Trvani testu 5, 10, 15, 20, 30 minut. Sleduje se jen jeden endpoint, nebo kineticka
odpoved’ bakterie v néekolika zvolenych intervalech.

Teplota 15°C.

pH Optimum 6 — 8,5 pH.

Tiepani Ne.

Pozitivni kontrola | ZnSO,.

Asepticka prace | Neni nutnd.




' Metodikv a nostunv mikrobialni ekotoxikoloste
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Tento ukazatel je ve velice uzkém vztahu Kk intenzité metabolické obmény (tzv. metabolicky
»turnover'')

Obmeéna bilkovin:
- degradace a resyntéza: nitrobunécné protedzy
- aktivni v nerostoucich bunkach - obména 3 - 7% / hodinu

Obmeéna RNA:
- neni vyvazena, pievazuje degradace, degradace rRNA souvisi s ubytkem ribozoému

Obmeéna peptidoglykanu:
- vmezetovani podjednotek u rostoucich bunék, v klidovych buiikéach se zastavuje

Dulezité je také to, Ze v mrtvych bunikach je ATP rychle degradovano ===> miiZe slouzit jako mira
biomasy

Degradacni a syntetické pochody jsou vzajemné rizné vyvazené podle toho, zda bunka roste, je v
klidovém stavu nebo je stresovana vnéjSim faktorem.

Pro klidovou a nerostouci bunku je téz charakteristicky pokles vnitrobunécné koncentrace ATP, ADP
a AMP (tzv. ,,energy charge'')
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- po extrakci princip spociva v pouziti luciferazy, enzymu katalyzujiciho aktivaci D-luciferinu
adenosintrifosfatem a nasledujici oxidaci na excitovany oxyluciferin
- excitovany oxyluciferin pii navratu vyzafi svételna kvanta (luminometr, vytvoreni kalibracni ptimky)

- velmi citlivd metoda (10-'!' M koncentrace ATP)

Problémy:

- kvantitativni extrakce ATP (napft. z ptdy)

- musi byt inaktivovany ATPazy a kindzy

- ATP se sorbuje na koloidy

- rizn¢ 1onty v extraktu inhibuji luciferazu

- ATP se vyextrahuje 1 z rostlinnych a zivoc¢isSnych bunck

- mozna inhibice luciferazy extrakénim ¢inidlem - nutné fedéni (TCA) nebo neutralizace (benzethonium
chloridem, H,SO,)

==> existuje Fada extrak¢nich metod s vyhodami i nevyhodami

1) trichloroctovou kyselinou (TCA-phosphate-paraquat system)
2) tris-EDTA-NaN,(TEA)+NRB (nucleotid releasing agent for bacteria = komerc¢ni detergent)
3) H,SO, + NaHPO,.H,O

4) H,PO, + EDTA + adenosin + DMSO + mocovina
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- 18-24 hodinova bunécna kultura (libovolnd) se nafedi na potifebnou hustotu a prida se k jednotlivym
koncentracim testovaného vzorku

ATP-TOX systém

Organismus Libovolna kultura.

Princip ATP-TOX system vyuziva meéreni aktivity bunécné ATP jako indikdtoru
ristove inhibice.

Zakladni test pro mereni ATP je zaloZzen na méreni svételné
luminiscence, kterd ndsleduje po reakci luciferinu s ATP za pritomnosti
luciferazy a horecnatych iontii. Tento system miiZe byt vyuzit pro méreni
jakékoliv bakterie nebo rasy, ktera rychle roste v laboratornich
podminkdach (Dutka 1988). Zkumavky se inkubuji na rotacni trepacce po
dobu 5 hodin a po té se meri celkove mnozstvi vyprodukovane ATP
pomoci luciferin-luciferdazové aktivity (doddva se luciferin-luciferazovy
roztok do testované smeési) na luminometru.

Vzorek miize inhibovat schopnost pridané luciferdazy mérit produkci
ATP, proto je treba jesté ovérit, zda tento jev nenastal..

Reakéni smés (V) | 1 ml. (200 ul roztoku enzymu + 800 ul vzorku)

Piedkultivace Zavisi na typu kultivovanych bunék (18-24)

Trvdni testu Po probehle expozici se provede rozruseni sten bunék (cinidlem — TCA,
trichloroctova kyselina, sono — ultrazvuk). Tim dojde k uvolneni ATP do
roztoku, ze kterého se odebira 800 ul vzorku do reakcni smési.

Teplota Zavisla na vybrané kulture.

Tiepani Doporucené.

Pozitivni kontrola | Chemické latky musi byt vybirany s ohledem na mozZnou inaktivaci
enzymu (viz princip).

Asepticka prace | Ano




' Metodikv a postuov mikrobialni ekotoxikolosie
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EC =(ATP +1/2 ADP) / (ATP + ADP + AMP)
- mira energie skladované v adeninove energetické zdsobé bunck

- indikator metabolického statutu bunék

- rozsah 0 - 1; rostouci bunka: 0,85; nerostouci bunika: 0,5

- EC pod 0,4 je téméf irreverzibilni situace u vymirajici populace; kolem 0,5 je klidovy stav s neschopnosti
biosyntéz

- existuje hodné studii AEC na in vitro kulturach a méné studii in situ

- Brookes (1983): AEC pro c¢erstvou ptidu TTP 0,85, po vysuSeni pokles na 0,45 a po opétovném ovlhcéeni
stouplo na 0,76

- tézké kovy snizuji obsah ATP, ADP a AMP na polovinu, ale AEC ziistava stejné s kontrolni lokalitou

===> AEC neni idedlni indikator stresu pod vlivem nap¥r. kovi, spiSe indikator stresu jako vysychani
apod.
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' Metodiky a postupy mikrobialni ekotoxikologlte |

- ultrazvuk rozrusi bunky a nasleduje extrakce

- méfeni ATP pouzitim luciferazového systému, pot¢ AMP a ADP konvertovany na ATP a opét méteni
luciferin-luciferazovym systémem (alternativou je méfeni na HPLC

- vysledek zavisi na pouzitém extrakénim ¢inidle TCA, NaHCO;, H2SO, ...
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Lze pak mérit zejména:
* anaerobni amonifikaci
» denitrifikaci (az na N,)

» redukci Zelezitanovych iontti

» desulfurikaci
* atd.

Process

Fe*", Mn*" reduction
Denitrification
Fementation

Mitrate respiration
Dissimilatory NO3 ammonificaticn

Sulphate reduction
Carbon dioxide reduction

Acetate splitting
Proton reduction

OM = organic matter.

- narocn¢ zpusoby manipulace se vzorky
- pouZzivané roztoky musi byt bez kysliku

R

Figure 6.1. Jars for storing soil under anaerobic

conditions.

Table 6.1. Anaerobic microbial processes in soil (Tiedje et al 1984).
%

Reaction

OM + Fe**, Mn** — Fe%*, Mn?*
OM + NO3 — NO, Ny
OM —— organic acids, principally acetate and butyrate

OM + NO3 —= NO3
OM + NO3 —> NHY,

OM or H, + S0% —» §2-
H; + CO, —= CH,, acetate

Acetate ——= CO, + CH,
Fatty acids and alcohols + H* — H, + acetate + GO,

—_—

Anaerobic sack.

119




| Metodiky a postupyv mikrobialni ekotoxikolocie |

[ -
/) M)«

Mikrokalorimetrie:

- reprezentuje celkovou metabolickou aktivitu

- detekce zmén az 10 °C v pW

DMSO redukce

- DMSO je intermediat v globalnim S cyklu a vznika v atmosféte

- DMS je vysledkem metabolismu fas a bakterii
- pida se inkubuje s DMSO roztokem a po 3h se stanovi DMS plynovou chromatorgrafii

Redukce Fe!ll --> Fell

- v pritomnosti lehce dostupného organického materialu (kvasni¢ny extrakt)
- 20g pudy + 20 ml vody (muze byt piidana i toxicka latka v raznych koncentracich), Fe!l je stanoveno AAS
- test nelze uZit jako stanoveni in situ
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P¥iklad: | ol aample

Extraction of soil bacteria

= ’ _— .
—- Short-term metal toxicity bioassay

Inkorporace methyl[*H]thymidinu IELQ indikator
mikrobialni aktivity vyuzita pro stanoveni '"bacterial RARTGE
community tolerance' v pudé kontaminované kadmiem

Unpoliuted soil

% of control

-4 3
log Cd (M)

l

20 30 40 50
Distance from smelter (km)

Figure 2. Flow chart of the analysis of bacterial community tolerance
using the thymidine incorporation method. Two inhibition curves from
the short-term metal toxicity bioassay are shown, one for a bacterial
community extracted from a nonpolluted soil, and one from a Cd-
polluted soil. The last plot shows the Cu tolerance of the bacterial
community at different distances from the Rénnskér smelter in Sweden
(redrawn from (22)). High IC;, values found in the vicinity of the smelter
indicate very Cu tolerant bacterial communities.




+ Incorporating enzymes (rapid response; Sensitivity; even
multienzyme systems). Measuring substrate consumption or
product formation.

- biosensory inkorporuji celé buiky a
vyuzivaji zejmena rod sinice
Synechococcus, C1  bakterie FE.coli a
Paracoccus denitrificans

+ Measurement of inhibition of enzymes of electron transport
chatn of micoorganisms

e ISR SRS EEUR « The whole cell biosensors - immobilized cells
tézkych kovi, organometali, fenoll 1

herbicida - N

— . i —
- aplikuji se kapalné vzorky bez ¢i s malou counter/referance
dalSi pfipravou ==> hlavné pro hodnoceni working electrade— | electrode
vod, pidy a sedimenty vyZaduji zménu faze, . g
z Cchoz vyplyvd tada  problémi
(biodostupnost, hydrofobicita/hydrofilita ...) : _ .

analyte/ , == i —

—— v — . — mediator ~ ——~
- vyuzivaji skuteCnosti, ze biochemicky

signal lze prevést do elektrickeho signalu:
napt respiracni ¢i fotosynteticka aktivita
souvisi s prenosem elektronu, které jsou

darovany ¢i odejmuty redoxnimi pary (tzv. .
oy S odelTuy redomn i PRt
mediatory), ktere jsou mereny |

amperometricky €1 potenciometricky




w=proces probiha v pulznim rezimu stimulace bun€k a parametr je rozdil mezi aktivnim (stimulace svétlem ¢i
“pridani mediatoru) a odpoc¢inkovym (neni stimulace svétlem ¢i mediatorem) stavem bunék:

O - Mediator

|1

Current (UA)

LED off

Current (uA)

t
3|0 ] T

. . + Mediator
Time {(min)

FIGURE 2. The mediated response of the synechococcal biosensor before and

after exposure to 50 ppb linuron. 60

Time (min}

FIGURE 3. The mediated response of the E. coli biosensor before and after ex-
posure to 100 ppb pentachlorophenol (PCP).

Biosenzory se ukazaly jako velmi citlivé __sensitivity of a Range of Toxicity Tests to Pentachlorophenol

zejména vici organickym polutantim:  RISGIVACS! - Testtime  EC, (ppm) Ref.

Rainbow trout lethality 9%6h 0.115 25
Fathead minnow lethality . ~ 96 h 0.266 25
Daphnia magna motility 48 h 0.145 25
Microtox® bioluminescence 5 min 1.5 26

i irati 3 h 22.0 27
Resazurin reduction 30 min 8.0 28
Escherichia coli biosensor 30 min 0.400
Paracoccus denitrificans biosensor 30 min 0.600




relag device
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power aupply

T _

aaline + 5ub=trate

Ll Ll

L

I

saline + substrale + ferricyanide

electrochemical fMow cell Continuous monitoring system for bacterial biosensors.




Mutatox

Organismus

Vyuzivani bakterie Vibrio fischeri - , dark mutant” - za normalnich

podminek neluminuje (G-).

Princip

Jednd se o mutanta, u kterého je emise svetla zpiisobena az reverzni
mutaci za pritomnosti mutagennich latek. (Ulitzur et al. 1980).
Lyofilizované bakterie jsou rehydratoviny a exponovdny toxickou
latkou. Po 16-24 hodinach se méeri emise svétla luminometrem. Test je
provaden s i bez enzymové aktivace S§9. Pouziti +S9 je popsano v prdci
Johnson 1992,

aplikace bez -S9 v clanku Kwan et al. 1990.

Reakéni smés (V)

500 ul.

Predkultivace

30 minut v 37 °C vodni lazni.

Trvani testu

16 —24 h.

Citlivost

Dodani §9 smési ma tendenci zvysit detekcni limit a sniZit jednotnost
vysledkii, coz miize byt vysvéetleno nestandardnimi podminkami pro
metabolizaci (bakterie vyzaduje jen 15 °C, zatimco S9 smés byla
vwvinuta pro Ames test pri 37° C). Svysledky Mutatoxu také miize
interferovat cytotoxicita (stejny pripad i u Ames testu). Zde se vSak
miize proveést jako kontrola populacné rustovy test zaloZeny na bunéecné
hustote. (Willemsen et al. 1995).

Byla potvrzena vysokad 93 % shoda s Ames testem (Legault et al. 1994).

Mutatox byl schopen z 82% spravne odlisit (ne)karcinogenni latky ve
srovnani s Ames testem, ktery mél tuto schopnost nizsi (73%).

Teplota

23+1°C.

Trepani

Ne

Pozitivni kontrola

2-AA, 2-AF, BaP..

Asepticka prace

Ano.

Doporuceni

Test je doporucen provadet v kombinaci s Microtox testem, ktery mu
musi predchazet (Hauser et al. 1997).




Toxi-Chromotest, Toxi-ChromoPad

Organismus

Escherichia coli , gramnegativni (G-), K12 ORSS5.

Princip

Princip obou testii je zalozen na schopnosti toxikantii inhibovat de novo
syntezu [-galaktozidazy v kmeni Escherichia coli, mutantu citlivému
predevsim k pesticidiim, mykotoxiniim a tézkym koviim (Kilroy et Gray
1995). Toxi-Chromotest je mikrodestickovy test, ktery slouzi k testovani
kapalnych vzorkit a roztoku chemickych latek. Pri ToxiChromoPad
varianté test probiha ve zkumavkach. Vzorky se pak aplikuji na filtracni
papiry se substratovou impregnaci (test pro sedimenty, piidy).
Lyofilizované bakterie jsou oZiveny smési Zivného média a specifického
induktoru pro fenotypovou produkci enzymu. Jsou ndsledné smichany s
testovanym vzorkem, ktery miize inhibovat obnovovaci proces a syntézu
p-galaktozidazy. Smés je u Toxi-Chromotestu nandasena do
serologickych  desticek a  mnoZstvi enzymu je  stanoveno
semikvantitativné kolorimetrickou reakci nebo miize byt kvantifikoviano
na ctecim zarizeni pro desticky (Reinhartz et al. 1987). V pripade
ToxuChromoPadu jsou vysledky hodnoceny jen srovnanim vytvorené
kontrolni barvy na filtracnim papiie s variantou vzorku (EBPI, 199)5),
(Kwan 1993, Kwan 1995, Rao et al., 1991).

Citlivost

Kwan et Dutka 1990 srovnavali tyto testy s Microtox® testem.
Predevsim u vzorkii sedimentu jsou tyto testy méné citlivé, nez Microtox.
Naopak u mykotoxinit a pesticidit byl ToxiChromotest citlivejsi (Kilroy

et Gray 1995).

Reakcni smés (V)

U Toxi-ChromoPadu je reakcni smés 500 , u klasické mikrodestickové
verze Toxi-chromotestu 250 L.

Predkultivace

Dostatecna doba resuscitace 10 minut.

Asepticka prdace

Asepticka prace je nutna pri jakékoliv manipulaci se zasobni kulturou.

Trvani testu

2 hodiny.

Teplota

37°C




Syntézy enzymi (bilkovin)

1) regulace genové aktivity
2) transkripce - piepis z DNA do mRNA

3) translace - preklad z mRNA do bilkoviny v ribozomech (rRNA) pomoci tRNA

IreggueIZtori lop?;,—;torl strukturni geny
. . 1 2 i Kl 4
LHUGDOVHGAODGTHUGREVTASOUHY
l represor  brini synthese mRNA
epresor (Lac-) . a)
regg::ztor op?a‘::tor' strukturmi geny

| ' ! 2 3 &
e e
l Cnilltgy, Gl Sl Yy,
- “ (Lac-) tvof] se mANA

(mRNA pro B-galaktosiazu)

represor
4 8 2

O inaktivni

komplex
induktor

(laktoza)

Obr. 7-6. Schéma regulace genové aktivity podle TACGBA a MonNGDA,

} Molekula represoru blokuje transkripei,
) represor byl inaktivevdn induktorem, tak¥e transkripce probihd nerugens

RNA

poly-
mesasa

transkripce

u

mRNA "

transface

ribosorm

Obg. 7-5. Schéma biosynthesy bilkovin.

Vpravo nahofe je znizornéna transkripce: pisobenim RNA-polymerasy se na matrici DNA
tvoii mRNA, kterd je komplementdrni ke kodogennimu vliknu DNA. Vievo Je znazornén pritbsh
translace na ribosomu, Na vazebném misté pro peptidyl-tRNA (misto P} je vizdna rRNA speci-
fickd pro serin, kterd nese vytvaiejici se peptidovy Fetéz; na mistd A (vazebaé misto pro aminoacyl-
~RNA &ili akeeptorni misto) je vazdna tRNA specifickd pro valin, nesoucf valin, Vprave je znd-
zornéna tRNATY nesouci tyrosin, kterd jedté neni vdzdna, ale kierd se pfipoji na pasledujici

kodon, jakmile se mRNA posune o jednu kodonovou jednotku doleva {str. 15%).
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MetPlate

Organismus

Reakcni smés (V)
Trvani testu
Teplota

Escherichia coli (G-).

Princip techto testii je obdobny jako u Toxi-Chromotestu. Bakterialni
odpovédi na toxicky vzorek je merena indukovana syntéza enzymu f —
galaktozidazy mutantniho kmene E. coli (Bitton et al. 1992, Kong et al.

1995). Intenzita syntézy enzymu je zavisla na metabolismu bunék.
I ml (100 pd inokula + 900 ul vzorku)

1 hodinu.

35 °C.
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PROVEDENI

Klasicke Alternativni
Princip Specificka mutace spojena s Nespecificke poskozeni DNA
obnovenim urcité vlastnosti spojené¢ s indukci SOS systému ci

jiné¢ho indikatoru

Design Agarové plotny Zkumavky, mikrodesticky
Délka 72 -120 h 4—-24h
Vystup Vyuziti ziskané vlastnosti pro Indukce reportérového genu a jeho
pfeziti a rist v nepfiznivém prepis
prostredi
Hodnoceni Pocty vzniklych kolonii bunék Spektrofoto-, lumino- ¢i
(CFU) fluorimetrické hodnoceni
Toxicita Nezadouci vliv Zohlednéna pii vyhodnocovani
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Amestv test
Arabindzovy test
Ampicilinovy test
Reverzni test na E. coli
Mutatox

GEFP test

Reparacni test

UmucC test
SOS chromotest
Sul-A test

ViivYIIVIIVIIINIYL YLV LV T Ve

Vitotox
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