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Nutrients that form the organic compounds of plants
Constituent of amino acids, amides, proteins, nucleic acids, nuclectides, coenzymes, hexoamines, etc.

Component of cysteine, cystine, and methionine, and proteins. Constituent of lipoic acid,
coenzyme A, thiamine pyrophosphate, glutathione, biotin, adenosine-5"-phosphosulfate, and
3-phosphoadenosine.

Nutrients that are important in energy storage or structural integrity

Component of sugar phosphates, nucleic acids, nucleotides, coenzymes, phospholipids, phytic acid,
etc. Has a key role in reactions in which ATP is involved.

Complexes with mannitol, mannan, polymannuronic acid, and other constituents of cell walls.
Involved in cell elongation and nucleic acid metabolism.

Deposited as amorphous silica in cell walls. Contributes to cell wall mechanical properties, including
rigidity and elasticity.

Nutrients that remain in ionic form

Required as a cofactor for more than 40 enzymes. Principal cation in establishing cell turgor and
maintaining cell electroneutrality.

Involved with the regeneration of phosphoenolpyruvate in Cy and CAM plants. Substitutes for
potassium in some functions.

Required by many enzymes involved in phosphate transfer. Constituent of the chlorophyll molecule.

Constituent of the middle lamella of cell walls. Required as a cofactor by some enzymes involved in
the hydrolysis of ATP and phospholipids. Acts as a second messenger in metabalic regulation.

Required for activity of some dehydrogenases, decarboxylases, kinases, oxidases, peroxidases. Involved
with other cation-activated enzymes and photosynthetic O, evolution.

Required for the photosynthetic reactions involved in 0, evolution,
Nutrients that are involved in electron transfers

Constituent of cytochromes and nonheme iron proteins involved in photesynthesis, N, fixation, and
respiration.

Component of ascorbic acid oxidase, tyrosinase, moneamine oxidase, uricase, cytochrome oxidase,
phenolase, laccase, and plastocyanin,

Constituent of alcohol dehydregenase, glutamic dehydrogenase, carbonic anhydrase, etc,
Constituent of nitrogenase, nitrate reductase, and xanthine dehydrogenase.
Constituent of urease. In Ny-fixing bacteria, constituent of hydrogenases.

Source. After Evans and Sorget 1966 and Mengel and Kirkby 1987,
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Fig. 2.35 Model for symplasmic (1) and apoplasmic (2) pathways of radial transport of ions
across the root into the xylem. Key: ©», active transport; «—, resorption. (Modified from

Léuchli, 1976a.)
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MOMOTROPACEAE
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Chl, Mit
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Mechanism Localization Primary ROI
Production
Photosynthesis ET and PSl or Il Chil 0,
Respiration ET Mit 0O,
Glycolate oxidase Per H,O,
Excited chlarophyll Chl 0,
MNADPH oxidase PM 0O,
Fatty acid [}-oxidation Per H,O,
Oxalate oxidase Apo H,O,
Xanthine oxidase Per 0,
Peroxidases, Mn™ and NADH cw H,O, O,
Amine oxidase Apo H,O,
Scavenging
Superoxide dismutase Chl, Cyt, Mit, Per, Apo 0,
Ascorbate peroxidase Chl, Cyt, Mit, Per, Apo H,O,
Catalase Per H,O,
Glutathione peroxidase Cyt, H,0,. ROOH
Peroxidases CW, Cyt, Vac H,O,
Thioredoxin peroxidase Chl, Cyt, Mit H,O,
Ascorbic acid Chl, Cyt, Mit, Per, Apo H,O,. O,
Glutathione Chl, Cyt, Mit, Per, Apo H,O,
iz-Tocopherol Membranes ROCH, O,'
Caretenoids Chi 0,
Avoidance
Anatomical adaptations Leaf structure, epidermis 0O, , H,0, O,
C, or CAM metabolism Chl, Cyt, Vac 0, . H,0,

~ Chl movement Cyt 0, Ho, 0
" Suppression of photosynthesis  Chl 0, . H,0,
. PS and antenna modulations Chl 0,.0,
| Alternative D.‘K:IdELSES- o]

| chi

Apo - apoplast

- chloroplast

CW - bun ééna sténa

Cyt - cytosol

ET - elektronovy transport
Mit - mitochondrie

O,! - singletovy kyslik

Per - peroxisom

PM - plasmaticka membrana

PS - fotosystém

ROI - meziprodukt rektivniho kysliku
Vac - vakuola
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Oxidativni poSkozeni protein- 0 zahrnuje:

mistn & specificke modifikace*aminokyselin
fragmentaci peptldovych fetézch

hromad éni produkt t zeslt’ovamchr reakC| |
zmeénu elektrickeho nabO]e‘» NS e, B

?“
zvyseni CltIIVOStI na pmteo . ‘fu;‘%‘:.«-%

:sf'u e g *f‘f
Amlnokysellnyw pep‘t‘ld,ech se |ISI v odolnosti v uci poskozeni ar uzné
formy aktivniho kyshku se hs1 ve své potencialni rea Ktivit €.
Primarni, sekundarm af terC|arn| ‘struktura proteln U méni relativni
odolnost n ekterychammokyseha» .
Amlnokysellny obsaq;buy&s‘iru a thiolové skupiny jsou velmi citlivé

_

OblaStl Tt = "“% : :t’_ ‘ -‘~’ *&&}
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Jiné formy poskozeni protein @ volnymi radikaly jsou ireverzibilni:

oxidace Zelezo-sira center peroxidem ni  éf enzymatickou funkci

mnoho AMI@od éla specifickou |rever21bun| ‘modifikaci kdyZ je
proteln OX|dovan-—- (trygtm‘an 1e snadno ZE{SI t’ovan do~ formy




Aktivni kyslik a  €initél i volné | ove radikaly jako
jsou t Feba ionizujiéitz cukuiji Zstvi poskozeni DNA that
cause deletionsf# er lethal geneti cts.
Characterisation / has indicated tl t both the
sugar and the/Dase to oxidation , causing
base degradé akage, and cross-| inking to
protein (Imiay | f the bas will produce
numerous’ - roxyguanine, ymethyl
urea, ureg , ened and -
saturated ;
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Cell-wall lignification & thickening is catalysed by
peroxidase
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Plant cell wall crosslinks
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SOD is now known to catalyse the- .
peroxide and oxygen:

superoxide Dismmutase

Oy + - Of + 2H mem H,0, + O

Mn-50D: muitochondna
Fe-20ODr chloroplast
Cufn-=00: chloroplast
CuZn-O0 oytosol

to hydrogen
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Catalase is a heme-g0i that catalyses the d  ismutation
of hydrogen peroxidé" en. The & is found in
all aerobic eukary ’ le removal ¢ ydrogen
peroxide generg ‘ vodies) idases
involved in @ . cidsy  the  glys cle
(photorespirai | s
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Glutathione (GS Gly) whose a ntioxidant
function is ft ' = foup of cystein e. On
oxidation, tf t reacts ith a second
oxidised gl ' (GSSG).
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Tocopherol

CHs

Tocotrienol

Its hydrophobi erol i ~ ed exclusively in cell
membranes andiss _ )quinone cl 0se association with
the carbonyl off# - of the phosp , and with the phytyl
chain associated _ obic in  ner regions of the
membrane bilayer. Thi : n is near the surface of t  he membrane bilayer but
remains exposed to the lipid environment. The tocophero  xyl radical is stabilised b
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Carotenoids are C40 isgprenoids and tetratery ,

plastids of both photo§yntheticsand non-photosynthe ant tissues. In
chloroplasts, the cardtenoie i actas accessory  pigments in light
harvesting, but perfiaps & Iportant role'is their a = bility to detoxify
various forms off @ctiy oxygen and triplet chlorophyl | that are
produced as agfest itation of the phot hetic c  omplexes by
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DE-EPOXIDATION EPOXIDATION
high light low light
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Glu = Cys —Gly
Ri = glyserophoshatide
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H O polyamine
Rz = sugar:
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SUGARS OR PROLINE POLYAMINES GILUTATHIONE

— stabilization of _ stabilization of — stabilization of
macromolecules and macromolecules macromolecules
membranes P PP and membranes

— osmolytic ad justment —free radical scavenging =free radical scavenging

— glass formation e e ndda—

— buffering againsi =

chaotropic ions
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Fig. 2. Plasma membrane and its stabilization by certain cryoprotectants during frost hardening.



Petr Soudek - Fytoremediace llI.

L

Figure 2. Histochemical detection of H;03 in wheat leaf segments. Leat segments were incubated for 14 h under continuous light. Spm

pretreatment consisted of 6 h premmcubation with | mM Spm before metal (Cd or Cu) incubation. Treatments are detailed in the figure.

Leaves were infiltrated with | mg/ml DAB for | h under dark, and then lluminated until appearance of brown spots (see arrows) to
evidence H;0; formation. To wisualize DAB deposits, leaves were bleached in botling ethanol. The figure 15 representative of three

ents.

(Vs) >-




