Toxické prvky

Al, Cd, Pb, Cr, Hg



H I I N I’k Formy Al v roztoku a jejich
toxicita pro rostliny:

- Al tvoii 8% zem. Kury - Monomerni hydroxidy:
<: Al OH?*, AI(OH),*, AI(OH),°
_ aluminat Al(OH),
- v roztoku: 1 mg/l o pH > 5,5 4

- Sirany:
AISO4" a Al(SO4),
1 00 T T T T T
34 - - Fluoridy:
Al Al(OH), AIF2*, AIF,*, AIF0, AR, AIF 2 a AIF 3
80 B + 7
Al(CH), - Organické komplexy:
citrat, oxalatmalatsukcinat
60 .

- Polymerni hydroxid hliniku Al ;5
AIO Al 12(OH)24(H20)127+
40 - v roztoku s vy$Sim poénem OH-/Al, @i pH kolem 4,5
A|0H2+ AI(OH)S T - nestabilni intermediéatipprecipitaci pevného Al(OH)

20 i - Polyvalentni kationty Al:
Al(H 20)63+
- podobrt takeé kationty Ga, In, La, Sc

i
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Kinraide 1991



Theaceae

Pasobeni hliniku na rostliny:
benefiéni vliv
<: toxicky efekt
- reakce rostlin na pfitomnost ARF*
- citlivé druhy (pSenice, jeémen,cirok)

- stedni citlivé druhy (kukurice, hrach, Zito) e /@
- rostliny tolerantni k Al |
- AI'eXCIUderS: Camellia thea L.ink
Melaleuca cajuputi, Acacia mangium, Oryza sativa Camellia thea
- Al root-accumulators: (Thea sinensis)

Vaccinium macrocar pon, Polygonum sachalinense

- Al-accumulators: zastupci asi 30eledi (nap. Asteraceae, Caesalpiniaceae,
Euphorbiaceae, Melastomataceae, Myrthaceae, PolygasaRebiaceae a Theaceae)
Camellia sinensis, Melastoma malabathricum, Hydrangea macrophylla

akumulatei - 1000ug Al/g SH
jehli¢cnany - 25-50Qug/g SH

Melastoma
malabathricum
Hydrangea
macrophylla




Benefiéni vliv Al:

- problém kultivace

- stimulace #@stu
- 71,4 - 185uM Al (cukrovatepa, kukiice, rektere
bobovité)
- 1000-640QuM Al ( ¢ajovnik)

Camdlia thea
(Thea sinensis)

- stimulace pijmu N

- pozitivni vliv pfi toxicité jinych prvka (tézké kovy)




Cameéllia thea
(Thea sinensis)
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Toxicke pasobeni Al:

- Inhibice elongace kdreni

-negativni efekt nafgjem zivin a vody

kontrola Al 3+
40uM 100uM 200uM 300uM

Lucie Soukupova — diplomova prace




Kuku Fice — kultivar citlivy k Al
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- indikator citlivosti

toxicky efekt
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Priciny inhibice elongace keni:

-inhibice prodluzovani bunék
-interakce Al s kortikalnimi mikrotubuly
- vazba Al v bugc¢né sén¢
- inhibice basipetalniho transportu aukin
- ? zvySena syntéza ethylénu

-inhibice déleni bunék apikalniho meristému

- interakce Al s cytoskeletem
- vazba Al na DNA

-interakce Al3* s plasmalemou
- afinita k membranovym fosfolipidn

- poSkozeni apikalnich¢asti korene

Schwarzerova 2002



Priciny inhibice elongace keni:

-inhibice prodluzovani bunék
-interakce Al s kortikalnimi mikrotubuly
- vazba Al v bugc¢né sén¢
- inhibice basipetalniho transportu aukin
- ? zvySena syntéza ethylénu

-inhibice déleni bunék apikalniho meristému

- interakce Al s cytoskeletem
- vazba Al na DNA

-interakce Al3* s plasmalemou

- afinita k membranovym fosfolipidn

- poskozenf apikalnicheasti kotene PTEIEE R EE S

Pctinajici kondenzace chromatinu

Frantzios 2000



Priciny inhibice elongace keni:

-inhibice prodluzovani bunék
-interakce Al s kortikalnimi mikrotubuly
- vazba Al v bug¢né sén¢

- inhibice basipetalniho transportu aukin y - .
e, 3 , Korenova Spika Capsicum annuum

- ? zvySena syntéza ethylénu
-inhibice déleni bunék apikalniho meristému

- interakce Al s cytoskeletem
- vazba Al na DNA

-interakce Al3* s plasmalemou
- afinita k membranovym fosfolipidn

- poskozeni apikalnich¢asti korene

Konarska 2008




Toxicke pasobeni Al:

- Inhibice p¥ijmu ostatnich mineralnich Zivin— indukovana deficience

kationty
- Mg?*, C&*, Zré*, Mn?*, K*, NH,*
dusik
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Toxické puasobeni Al:

- Inhibice mitochondrialnich funkci

Al content
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Mechanismy tolerance k Al:

Strategie,includer” x ,excluder”

transport a ukladani x manipulace s vlastnostrziogfery
(pH, org. kyseliny, fenol. latkynucigel — vyznam ,border” cells)

e Border cell and
associated
mucilage

Bengough et al. - poster




- rozdily mezi kultivary

,border” cells
u fazolu

Al tolerantni kultivar

Miyasaka 2001



Mechanismy tolerance k Al:

Strategie,includer” x ,excluder”

transport a ukladani x manipulace s vlastnostrziogfery
(pH, org. kyselinyfenol. latky, mucigel — vyznam ,border” cells)

OH O
Quercetin Catechin
3,5,7,3",4' pentahydroxyflavonol 2-[3,4-dihydroxyphenyl]-3,4-dihydro-

1[2H]-benzopyran-3,5,7-triol

Barcelo a Poschenrieder 2002



Kyselost pid ve s\été

[ citlivé (potenciding ohrozené) plidy
plochy pod viivem kyselého desté
B silng ohroZené plochy

Bic¢ik a kol.: Atlas dneSniho &ta, Terra, 2000.
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Pric¢iny acidifikace:
- tvorba kys. uhli¢ité a jeji nasledna disociace

CO, + H,0 - H,CO, ~ HCO; + H*
- vznik organickych kyselin

(RCH,OH...) + Q, + H,0 -~ RCOOH - RCOO + H*
- akumulace org. hmoty

disociace -OH a -COOH skupin na-®-COO
- oxidace N (nitrifikace) a S

NH,* + 20, - H,0 + 2H + NO;

FeS + 31/2Q + H,0 - FeSQ + 2H" + SO
- prisun kyselin se srdzkami

H,SO, - SO2 + 2H*

HNO, - NO; + H*



Mechanismy pufra¢ni schopnosti pidy:

- premény hydroxysloucenin Al

Al(OH),* + H,0 - AI(OH), + H*

- protonace a deprotonace OH skupin org. slatenin

R-COOH - RCOO + H*

Living Identifiable Nonliving,
R'OH — R-O + H+ organisms; dead tissue; nontissue;
BIOMASS DETRITUS HUMUS
|
- vymeéna kationtd na padnich koloidech
HUMIC NONHUMIC
SUBSTANCES SUBSTANCES
v 7 , , “ Extract
- rozpoustni a srazeni uhlgitanu Insoluble with alkali - Solyple
organic (NaO!l organic
Treat with acid
CaCQ + + H"+ HCO, - Ca(HCQ), Y (pH 1.0)
I;l_]u“;"“ f: Precipitated Soluble
ighly
Ca(HC + t+ condensed, |
(HCQ), + 2H,0 - C&*+ 20H ondese, | | l
| Humic acids Fulvic acids |
Dark brown Yellow to red, |
to black, high lower
molecular wt. molecular wt.
(up to 300,000} (2,000-50,000) |

Brady a Weil 2002




Faktory pusobici negativié na rust rostlin:

- toxicita H+

- toxicita Al

- toxicita Mn

- deficience kationit Mg, Ca a v mensi mg K

- deficience P a Mo

- inhibice fistu kaeni — snizena
schopnost jmu Zivin a vody

Brady a Weil 2002

(2) Exchange of (1) Addition of

2 H* ions for a H* ions from

s Fioe
-y

ﬂions of acids
Y (NOs, S04,

HCOy, etc.)

Exchangeable
cations

(3) Leaching loss
of Ca, Mg, K, and Na
along with anions




Tézkeé kovy
Zn, Ni, Cu, Co + Cd, Pb, Cr, Hg

toxické pasobeni na rostlinu:

- inhibice rastu, chlor6za

- naruSeni funkce stomat a vodniho provozu

Umar 2008

- inhibice fotosyntézy
- naruSeni regulaci enzymatické aktivity (inhibice éivace enzym)
- naruSeni funkce membran a membranovych prot@&id Pazy, vydej katiorit)

- stimulace produkce reaktivnich forem kysliku — @tidni stres



Emise #Zkych kovii v CR (Statisticka roéenka 2006)
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Minamata disease- Japonsko 1956

rtu e . -
alo * Minamata
- pramysl, €Zba zlata, spalovani uhli o A N
2 4 \
5 0 o 5 P z ¥ A §
- jeden z nejvice toxickyckezkych kowa o~ ~ Chisso Factory

- v padé v iontové forng Hg?*, ¢innosti

bakterii vznika methyl derivat (MeHQ)

) ] " Minamata 7\-‘1‘\ :ﬁg:ﬁ: ‘i‘}
- redukce Hg" mikroorganismy na Hg R \
o, vers ., Vice na:
— potencialni vyuziti ve fytoremediacich http-ffen.wikipedia.org/wiki/Min
amata_disease#Minamata_disea
se_today

Projevy toxicity Hg:

- zmgny permeability membrany

- reakce s SH skupinami a fosfatovymi slupinami ATRGP
- interakce s funkcemi esencialnich kationt

- naruSeni prbéhu fotosyntézy (Hg x Mg)

- naruSeni funkce aquapoiisou citlivé k Hg)




mechanismy tolerance:
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Marschner 1995



- indukce syntéezy fytochelatiri: (y-Glu-Cys),- Gly n =2-11

- predevsim Cd; mé&nZn, Cu; minimalg Ni

Contents of Free Cysteine, Total Glutathione, and Phytochelatins and
Cadmium in the Apical 10 cm of Maize Roots Exposed to 0 or 3 um Cd** for

24 h*
Thiol (nmol g~ ! fresh wt)
Cd2+ Cd in roots
(um)  Cysteine  Glutathione Phytochelatins  (nmol g~ fresh wt)
0 43 421 3 5 84 18
3 44 156 230 13.1

Marschner 1995

- stimulace antioxidani ochrany rostliny

- askorbatperoxidaza, glutathionreduktaza, NADP-ddeeimi
dehydrogenazy, peroxidaza, katalaza



Cd2+

Buchanan 2000



Fytoremediace €zkych kowi:

1. fytostabilizace

2. fytoextrakce

- vyuziti hyperakumulujicich rostlin

| Thlaspi
caerulescens

Berkheya coddii

- akumulace Ni Thlaspi cearulescens
- akumulace Zn, Cd, Ni
- 1000-300Qug Cd/g S
- Zn transportéZNT1

Pteris vittata
- akumulace As .
- 7500ug As/g SH Thlaspi arvense




Hyperakumulatori tézkych kowvi:

- potencialni vyuziti v ¢iSténi odpadnich vod
- vodni hyacint a okehek (akumulace Cd)
- Oenanthe javanica (akumulace Hg)

- Lepironia articulata (akumulace Pb)

Oenanthe javanica

Eichomia crassipes g
Ponlederiaceas

Lepironia articulata



Biomanipulace rostlin pro fytoremediace €zkych kowi:

- geny pro syntézu fytochelafinglutathionu
- gen pro Zn transportér (ZNT1)

- gen pro vakuolarni antiporter AtIMHX1

18 Nicotiana glauca + PC syntaza z pSenice
T
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PB(NO,}, (mhl) Gisbert et al. 2003
Root sizes




Biomanipulace rostlin pro fytoremediace €zkych kovii:
odstranovani Hg:
- transformace rostlin bakterialnimi geny

- MerA - Hg?* reduktaza

- MerB —lyaza

Hg™t R-CHa-Hg" -—--merB-—--=R-CH; + Hg(11)

Hg(Il) + NADPH ----merA--—--=Hg({0) + NADP" + H'

Prasad a Freitas 2003

Nicotiana tabacum

- UspEsSre u Arabidopsis thaliana, Brassica, Nicotiana tabacum, Liriodendron tulipifera

- zkouSi se u mafadnich rostlin Typha, divoci piibuzni ryze Spartina)



Biomanipulace rostlin pro fytoremediace €zkych kowi:
odstranovani As:

- transformace genyE. coli

- ArsC - arsenat reduktaza

- y-ECS - y-glutamylcystein syntetaza

(b) ArsC
Shoot: AsO-+2G5H — GS-5G+ H,0 + AsO43-
mﬂ_%_ﬁ
— _
v-ECS T
Glu (E) + Cys (C) — 7v-Glu-Cys (v-EC)
RS
-

As(SR);
Vacuolar sequestration
by endogenous transport systems | Kramer 2005
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Pozitivni efekt mykorrhizy
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Hyperakumulatori tézkych kowvi:

- riziko vstupu Cd do potravniho retézce
- akumulatei kadmia: penizek, vrby, slutieice, tabak
- otravy bylozravé

- pfisun Cd v potray/¢loveka: 7-30ug Cd/den

" Food item Cd content (mg/kg) Intake (g per day) Exposure (Mg per day)

Maximum  Typical ~ Extteme Typical

Vegetables. including pota- 0.1 0.05 250 25 1255

toes

Cereals, pulses and legume, 0.2 0,05 200 40 10

mmcluding rice and wheat

grain

Fruit 0,05 0.0 150 7.5 1.5

Oilseeds and cocoa beans 1.0 0.5 1 1 0.5

Meat of cattle, poultry, pig, 0.1 0.02 150 15 3.0

sheep

Liver of cattle, poultry, pig. 0.5 01 5 25 0.5

sheep

Kidney of cattle, poultry, 2.0 05 1 2 0.5

pig. sheep

Fish 0.05 0.0z 30 1.5 0.6

Crustaceans, molluscs 2 0.25 3 6 0.75

Satarug et al. 2003
Total 93.5 30

- riziko vstupu Pb do potravniho retézce: teratogenni efekty, kardiovaskularrfilpdy



