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oY [SirerelRice, bioremediace

e Pouziti zivych organismu pro dekontaminaci zZivotniho prostredi

oV /I Voo

e Pro in situ remediace a nizké koncentrace kontaminantu

mikroorganismy rostliny

fytoremediace



° - Siroké spektrum enzymu vyvinuto béhem mnoha
let

- organické polutanty az mineralizace
- akumulace tézkych kovu

° - mohou akumulovat nebo metabolizovat organické nebo
anorganicke polutanty

- organickeé polutanty jako lidska jatra
- 3 faze:
1) aktivace molekuly (oxidace, redukce, hydrolyza)
2) konjugace (s cukry, glutathionem, aminokyselinami)
3) ulozeni ve vakuole nebo do bunécné steny a ligninu

- tézké kovy - transport stejné jako u elementarnich iontu kovu



doenEdiace * rFhizoremediace

Fytoremediace

Vyuziti zelenych rostlin k akumulaci a degradaci polutantl Zivotniho
prostredi

Rhizoremediace
Spoluprace mikroorganismu a rostlin v rhizosfére rostlin

-\

Pro zvysSeni Ucinnosti fytoremediace
- Inserce novych gent do rostlinného genomu

Fytotransformace

Fytovolatilizace

o ® Fytoextrakce



€])[(@)= eremEticky modiikovane organismy

C Podle zakona je geneticky modifikovany organismus takovy
organismus (kromé cloveéka), jehoz dédicny material byl zménén
genetickou modifikaci, tj. cilenou zménou dedicného materialu
zplsobem, kterého se nedosahne prirozené — napf. kfizenim,
Slechténim.

. Tato definice se vztahuje na organismy schopné
rozmnozovani nebo prenosu dédicného materialu, tj.
mikroorganismy, rostliny, zivoCichy a bunécné kultury;
nevztahuje se na clovéka.
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mikroorganismy

rostliny




GMI milkoeRsalnliSingy

Modifikace specifity enzymu,
regulace celych drah

Geny pro preziti v biotickém a
abiotickém stresu

Chelatory kovl a geny pro
transportéry

Geny pro regulaci prijmu
kovd

Singh, 2011, v tisku

Geneticky
modifikované

mikroorganismy

enzymy

Zvyseni bioremediace
pro udrzeni Cistoty
zivotniho prostredi

Geny pro biodegradacni

Monitoring a kontrola




_GM milkiooia gl

Pro degradaci polychlorovanych bifenyld, toluenu, benzenu.......
Pro akumulaci tézkych kov...

Popularni je inserce celé degradacni drahy nebo zména substratové specifity enzym
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http://www.daviddarling.info/encyclopedia/B/bacteria.html



wmﬁ probleny

Uvolriovani GM mikroorganism& do Zivotniho prostredi vice
problémd nez u GM rostlin

GMM mohou uniknout, obtizny monitoring

‘ Tvorba biofilm@, multibariéry MO

‘ Tvorba sebevrazednych GMM

http://www.multibarrier.vito.be/multibarrier/workplan.asp
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mikroorganismy

rostliny




_Rostliny

Prirozené — rostliny akumulujici anorganické polutanty (tézké kovy)

Thlaspi cearulescens
1800 mg Cd/kg suché biomasy, 51600 mg Zn/kg suché

biomasy
Thlaspi rotundifolium
8200 mg Pb/kg such¢ biomasy

Ipomoea alpina ;
Cu - 12300mg /kg suché biom. i

N

Nizka hmotnost biomasy



GM rosttliny,

Jak vybrat spravnou rostlinu?

switch grass

http://cs.wikipedia.org/wiki/Soubor:Tabak_P9290017.JPG
http://www.enviweb.cz/zemedelstvi
http://www.mahonianursery.com/grasses-sedges/heavy-metal-blue-switch-grass.html



_GM rostliny

Pro zabranéni sireni
kontaminace

Pro fytoremediaci
anorganickych polutant{

/Pro fytoremediaci

organickych polutant




G M  (0) @Hﬁ[ﬁ]y Pro zabranéni sireni
e kontaminace

Snizeni mnozstvi agrochemikalii

- GM plodiny s 8-endotoxinem — nizsi mnozstvi pesticidd

Emitted
pheromones

- tabak emitujici hmyzi feromon
- nizsSi reprodukce nechténého hmyzu
— nizSi mnozstvi pesticidu

TRENDS in Biolechinology

Macek T., Kotrba P., Novakova M., Demnerova K. and
Mackova M.: Novel roles for genetically modified plants in
environmental protection. Trends Biotechnol 26 (3), 146-
152, 2008.



Pro fytoremedlaC|

_GM rostliny

Tolerance a akumulace tézkych kovil

Cell wall

o Cytoplasm

Inorganic : .
pollutant . o — . = > .
ﬂ Sequestration 7
Conjugatuon %
D W
Adsorption Vacuole Pilon-Smits E. (2005) Phytoremediation, Annu.
Rev. Plant Biol. 56, 15-39

MT — metalothioneiny
PC — fytochelatiny
GSH - glutathion



Pro fytoremedlaC|

Cell wall

Cytoplasm

Inorganic
pollutant
q Sequestratlon /
Conjugatuon m
D ®
Adsorption

Pilon-Smits E. (2005) Phytoremediation, Annu.
Rev. Plant Biol. 56, 15-39

Vacuole mlﬂ

MT — metalothioneiny ﬁ%{ Cysipr s oumee

PC — fytochelatiny —— | -ECS <

GSH - glutathion t-Ghtamylcysiong
Glycine \l GS Cdl

+ transportni proteiny iR

+ enzymy z metabolismu 1 v A

Phytochslatin



G M  (0) (EH ﬁ [ﬁ]y Pro fytoremediaci
organickych polutant

Pro oxygenaci, dechloraci, degradaci.....

e Enzymy z bakterialnich degradacnich drah

Cl

e savCi geny pro cytochromy N/ rsm
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Transgenic plants for enhanced phytoremediation of xenobiotics.

Target plant Gene (5) Enzymes Source Transgene effects Reference
Oryza sativa CYPIAI Cytochrome P450 Human Enhanced metabolism of Kawahigashi et al.,
MONOXYEENase chlorotoluron, norflurazon 2007,2008
Nicotiona tabaocum anr Pentaerythritol tetranitrate Enterobacter Enhanced denitration of glycerol French et al, 1999
reductase (PETM) cloaceae trinitrate (GTM) and TNT
M. raboccum Mitroreductase E. cloaceae The transgenic plants removed high Hannink et al., 2001, 2007
amount of TNT from the test solution
and reduction of TNT to
4-hydroxylamino-2, 6-dinitrotol uene.
A rthaliana MNEA Mitroreductase E. coli The plants showed higher nitroreductase Kurumata et al, 2005.
activity and 7-8 times higher uptake
compared with wild plants.
A thaliana XplA and XplB Cytochrome P450 Rhodococcus Enhanced degradation of RDX Jackson et al, 2007
MONOXVEET A58 rhodochoris
Hybrid aspen (P remula x  pnrd Mitroreductase Peeudomonas putida The transgenic aspen [ hybrid) was shown Van Dillewijn et al., 2008

P tremuloid es)

Hybrid poplar { Populis
tremila x populous alba)

(. sativa

(. satnea

Solanum tuberosum,
(. sativa

M taboccum

(. satia

M taboccum

(. satia

(. sativa

(. satia

M. tabaccum,
A. thaliana

M. tabaccum

M tabaccum

CYPIAT

CYPIAL, CYPZ2BG
and CYP2C19
CYPIAI, CYF2BEG,
and CYP2C19
CYPIO5AT
CYP2(9

CYP450 2E1
CYPZBG

CYP2ZBG
CYPZB22,
CYP2C49
CYPFIAID

tpx Tand fpaZ

CYP7GET

Cytochrome P450
MONOXYEENASE

Cytochrome P450
MONOXVEET A58
Cytochrome P450
MONODXYEENASEe
Cytochrome P450
MONOXVEENase
Cytochrome P450
MONOXVEENA5e
Cytochrome P450
MONoXVEenase
Cytochrome P450
MONOXVEETASE
Cytochrome P450
MONOXVEEN A58
Cytochrome P450
MONOXVEET A58
Cytochrome P450
MONOXYEEN A58
Cytochrome P450
MONOXVEET A58
Peroxidases | Px)

Cytochrome P450
MONOKYEET ASE

Rabbit

Human
Human
Human
Streptomyoes
griseolus
Human
Human
Human
Human

Sus scrofa

Clycine max

Lycopersicon
esculentum

to tolerate and take up greater amounts of
TNT from contaminated water and soil.
Increased removal of TCE, vinyl chloride,
carbon tetrachloride, benzene and chloroform
from hydroponic solution and air
Remediation of atrazine and simazine
Phytoremediation of atrazine and metolachlor
Resistance to sulfonylurea and

other herbicides

Resistance to sulfonylurea

Tolerance to sulfonylurea

Oxidation of TCE and ethylene dibromide
Metabolism of ethofumesate and benfuresate
Remediation of metachlor

Tolerance to several herbicides

Tolerance to phenyl urea herbicide

Hairy cultures of transgenic tobacco showed
enhance removal of phenol

Helianthus uberosus  Tolerance to herbicide

Doty et al., 2007

Kawahigashi et al., 2005b
Kawahigashi et al., 2006a
Inui and Ohkawa, 2005,
O'keefe et al., 1994,
Hirose et al., 2005,

Doty et al., 2000
Kawahigashi et al., 2005c
Kawahigashi et al, 2005a
Kawahigashi et al., 2005c
Siminszky et al., 1999
Alderete et al., 2009

Didierjean et al., 2002,



Target plant Gene (s5) Enzymes Source Transgene effects Reference

M. tabaccum Gstl-6 His Clutathione S-transferases Maize Higher tolerance to alachlor Karavangeli et al., 2005,
(GSTI)

N tabaccum bphe 2.3, dihydroxybiphenyl-1, PCE degrading Enhanced degradation of PCEBs Chrastilova et al, 2007
2-dioxygenase bacteria

Lycopersicon esculentum  tpal Peroxidases (Px) Roots of L The overexpression of tpxl gene in Oller et al., 2005

esculentum transgenic tomato hairy roots resulted
in the enhanced removal of phenol.
Alfalfa N. tmbaccum atzA Atrazine chlorohydrolase Bacteria Enhanced metabolic activity against atrazine  Wang et al,, 2005
A thaliona Mn peroxidase Peroxidases Coriolus versicolor  Emhanced removal of limura et al., 2002
N. rabaccum ZETE pentachlorophenol (PCP)

0. sariva Pratox Protoporphyrinogen Badlhis subrilis Tolerance to diphenyl ether herbicide Jung et al., 2008
[¥ oxidase oxyflufen

A thaliona 743B4, 73C1 Ghycosyltransferases A. thaligna Overexpression of UGTs genes resulted Gandia-Herrero et al, 2008
(UGTs) in the enhanced detoxification of TNT

and enhanced root growth.

M. tabaccum ophc2 Organophosphorus Pseudomonas Enhanced degradation of organophosphorus  Wang et al., 2008
hydrolase (OFH) pseud oalcaligenes (methyl parathion).

Brassica juncea v-EC5, G5 -Glutamycysteine Brussica juncea Overexpression of ECS and GS resulted in Flocoo et al., 2004
synthetase; Clutathione enhanced tolerance to atrazine, 1-chloro-2,
synthetase 4-dinitrobenzene, phenanthrene, metolachlor.

Populus trichocarpa y-ECS +-Glutamycysteine Poplar Overexpression of y-ECS resulted in increased Gullner et al, 2001
synthetase tolerance to chloroacetanilide herbicides.

M. rabaccum CYP450E] Cytochrome P450 Human Enhanced degradation of anthracene Dixit et al., 2008
MONOXYEETASE and chloropyriphos

G5T Glutathione-5-transferase Trichoderma virens

Transgenic plants for enhanced rhizodegradation
LACT

A thaliona

M tabaccum

M tabaccum

A. thaliana

M. tabaccum

M rabaccum

Root specific laccase

Fungal laccase

Biphenyl dioxygenase

Aromatic-cleaving
extradiol dioxygenase
Haloalkane
dehydrogenase
Biphenyl catabolic
EnzZymes

Cotton

Corolus versicolar

Burkholderia
HETIOVOTINS
Terrabacter sp.

Terrabacter sp.

Pand oraea
POMEN LS

Secretes laccase to the rhizosphere and have
shown enhanced resistance to phenolic
alleleochemicals and enhanced tolerance

to 2, 4, 6-trichloro phenol.

Secretion of laccase into the rhizosphere and
remove the pollutants bisphenol A and PCP.

Catalyse the oxyzenation of
4-chlorobiphenyls.,

Enhanced detoxification of 2,
3-dihydroxybiphenyl (2, 3-DHE)

Enhanced detoxification of

1-chlorobutane in rhizosphere
Enhanced degradation of PCEs

Wang et al., 2004

Sonoki et al., 2005
Mohammadi et al., 2007
Uchida et al., 2005
Uchida et al., 2005

Francova et al., 2003;
Movakova et al, 2009



ROSEIY pouZivane pro transformace
v, nasil lalbezaltelik

tabak len

Pouzivané metody

Transientni exprese - pro studium exprese
Trvald transformace - pro ziskéni transgenni rostliny



LI RSISNEN] @Prese

Agrobacterium mmefaciens

m— :::f"' Ew transgen vkm

po 2-3 dnech detekce
exprese transgenu

pfiprava

inokula bunky se
resuspenduji
v roztoku infiltrace agrobakteria %
s acetosyringonem do listh

inkubace 3 hodiny
pii pokojové teploté



LS ormnaece rostelin

ot

" agrobakteridlni
bunka

rostlinna
bunka

transgenni rostlina

% transformovana
bunka

\ kultivace rostlinnych
diskd - proces transformace tvorba regenerantii selekee transgennich

rostlin
@

MS médium s ristovymi MS médium s ristovymi regulitory NAA + BAP  MS médium + selekéni
regulitory NAA + BAP + augmentin + claforan + selekéni antibiotikum antibiotikum (TS médium)
(TT médium) (TES médium)







_Nase laboiiately

Které geny? + fytoremediace organickych polutantii

+ fytoremediace anorganickych polutanti




(LEEAE SEMY/4 | - fytoremediace organickych polutantii

bakterialni gen bphC (2 3-dihydroxybifenyl-1 2-dioxygenasa)

BphG

BphF /
BphAE ‘

NADH+H NAD*
BphB %’
— +
NADH+H* O HZO
\COOH

bakterialni gen todC1C2 (terminalni dioxygenasa toluen-2,3-dioxygenasy)

NAD* feredoxin feredoxinro,
reduktasato,
todA todB
NADH feredoxin feredoxingp ISPoL

+H* redUktaS&TOL




@[ﬁ]y? — fytoremediace anorganickych polutantt

Kvasnicné geny gsh1 a gsh2 (y-glutamylcysteinsynthetasa a
glutathionsynthetasa)

\'A"4 7 1
Akumulace téZkych kov( _GluIys. .
-Glu-C
Gly VA Cd

—— v-Glu-Cys-Gly (glutathion)

s ——
+
fytochelatiny

l

komplex s Cd>*

Kvasnicny gen CUP (pro metalothionein)

Akumulace tézkych kovl




BIHIEe® ramsgennich rostlin

protein

Imunochemicka detekce BphC/His izolovaného afinitni chromatografii

Mar PK NK El E2 E3 F4 E5 E6 Mar PK NK El E2 E3 F4 ES E6 Mar PK NK El E2 E3 E4 E5 Mar PK NK EI E2 E3 E4 ES
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Histochemicka detekce BphC/GUS Histochemicka detekce BphC/LUC

ve

L1 I L3

neganym

kontrola

negativni kontrola

> neganivm
Gl B
kontrola




NAD* NADH+H"

Ferredoxin >< Ferredoxin

BphG

reduktasa reduktasa
(red) x (ox)
Ferredoxin Ferredoxin

(0x) BphF (red)

Cl Cl
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(red) BPPAE (o3
v BphB

Cl

3 S @\
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BphC BphI)

chlorbenzoovi kyselina

v > H N
O (o s sl
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2.3 2-hyd 6- 2-hyd pent:
-hexa-2,4-dienova kyselina -2,4-dienovi Kyselina

Cl

BphC

OH

2,3-dihydroxychlorbifenyl

C—OH
COOH

2-hydroxy-6-oxo-6-chlorfenyl-
-hexa-2,4-dienovi Kyselina

koncentrace 2,3-DHB

| =—wsc3s (= Hi)( = H3Y) ~ mrtvé buiky |
. AN VAN 7

120 +

koncentrace 2,3-DHB

nie G

120

¢as (dny)

koncentrace 2,3-DHB

inie L
| o—wsc3g(—=—1L1Y)= 12 =13 — mrtvé buiky]




Jaldjsen

Linie H
——wWsC38 f—=H1Yf = H3Y) =+ mrevé buiky
P — LN 7\, 7
2 10
(a] \
o 80
% 60 |
. L g R 2
ubytek 2,3-DHB v médiu s transgennimi 2
rostlinami v porovnani s WSC 38 o—————————————
0 1 2 3 4 5 6 7 8 9 10
¢as (dny)
100
0 inie G
E 801 [——wscC 38 (t G;}w Gic—s)+mé buiiky]
o,', 60 _/ o 120 f
o~ '\?' T 100 t—0p
= = 407 g'z 80 N
- —
-y d 8 S 60
s 9 : w
0 - § 20
WSC H3 G2 L1 L3 0+ -
0 1 2 3 4 5 6 7 8 9 10
38 ¢as (dny)
rostlinna linie inie L
| ——wsc3sf(—=—L1})= L2 —s—L3 —+ mrtvé buiky|
[a1]
I
e




PodpoeralGMipotiiayinkAEd

Bulharsko
Ceska republika
Estonsko
Finsko
Nizozemi
Slovensko
Velka Britanie
Spanélsko

Svédsko

\NO_

Kypr
Lucembursko
Mad’arsko
Polsko
Rakousko
Recko

Malta

Slovinsko



Déekuji za vasi pozornost

Tato prace byla podporovana granty:

- MSMT 1M06030

- ME-09024-BIOAROM

- MSM 6046137305

- EU grantem Minotaurus FP7 KBBE-2010-
4-265946

Doporucene prednasky a postery:
Ing. Suman (prednaska)

Ing. FiSer (poster)
Ing. Kurzawova (poster)



http://www.facebook.com/photo.php?pid=4250334&id=589743265

