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able 5.2 i e R
EClassification of plant mineral nutrients according to biochemical function

Nutrient element

Functions

Group 1
N

Fe

Cu

Zn
Mo
Ni

Nutrients that form the organic compounds of plants
Constituent of amino acids, amides, proteins, nucleic acids, nucleotides, 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 metabolic 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 photosynthesis, N, fixation, and
respiration.

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

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

Source: After Evans and Sorget 1966 and Mengel and Kirkby 1987.
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v'velikost a architektura korenového
systému

v'morfologie kofene (pramér, korenové
vlasky)

v'’kapacita pro prijem zivin na jednotku
délky nebo plochy kofrene

v'schopnost uvolnovani latek, které
ovliviuji chemické vlastnosti
rhizosféry

v'mykorrhiza

Jednodélozné

Dvoudélozné
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Vlastnosti rostliny

Biomasa korenl a nadzemni ¢asti
Hloubka rustu korenu

Doba zdrzeni

Schopnost translokace

Pudni vlastnosti

Dostupné koncentrace

Interakce prvki

Podminky prostredi

\%
\\\




Transported molecgle

\
Channel

protein

imole diffusi Electrochemical
Simple diffusion : potential gradient

Passive transport Primary activeransport
(in the direction of (against the direttion
electrechemical gradient) of electrochemical yradient)

(A) Symport (B) Antiport

OUTSIDE OF CELL
» prosta difuse

« zprostredkovany transport
kanaly
prenasece
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« primarni aktivni transport

membranové pumpy
» sekundarni aktivni transport
Electrochemical >3 Electrochemical symport

potential gradient potential gradient .
of substrate A CYTOPLASM of substrate B anti po rt

High
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Quiescent
center (slow
cell division)

Meristematic

/ Root cap

] Mucigel
./
7 sheath
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vyrustky rhizodermalnich bunék (trichoblastt)
pocet (kolem 100 na mm?), délka (200-300 a nékdy i
pres 1000 um) a zivotnost (nékolik dni) dana
genotypem i vnéjsimi podminkami

vliv fytohormonu (auxin a ethylen)

zvétsSeni povrchu korene

schopnost proniknout do malych ptdnich péru
ucinnéjsi prijem zivin ze substratu (diky mensimu
priameéru)

\\ Ny |
W t/ . _':.;/1
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cesty : apoplast — symplast
bariéra — plazmaticka membrana (Casparyho prouzky)

Casparyho
prouzek

symplastova
a transmembranova
cesta

rhizodermis

suberin — hydrofobni sitovity polymer mastnych kyselin,
alkoholu s dlouhym fetézcem a fenolickych latek
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Dochazi ke koncentrovani ionttl v xylému, za nimi vstupuje voda a zvysuje se tlak, hlavni
hnaci silou transportu latek v xylému je ale rozdil vodnich potenciali v systému puda,
rostlina, atmosféra

5:’:.": Rbizadermis Endodermis Xylem

Cortex parenchyma

. Cell wall 7

e toplasm
l Vacuole |
" S

e e

\ Exodermis Caspaﬁ;n
band

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
Lauchli, 1976a.)
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Pfi endomykorhize neboli endotrofni
mykorhize pronikaji houbova vlakna dovnitf
do kofenovych bunék rostliny. Zname nékolik
druht endomykorhizy. Nej¢astéjSi houbovil
symbionti jsou z oddéleni Glomeromycota.

« Arbuskularni mykorhiza (vezikulo -
arbuskularni): v bunkach se hyfy
vetvi do stromeckovitého
utvaru - arbuskulu. Je to
nejCastejsi druhy endomykorhizy.

- Erikoidni mykorhiza (vfesovcotvaré a
Epacridaceae)

 Orchideoidni mykorhiza (oorchideje),

vCetné mykotrofie



http://www.avg.com/
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méné Casta (asi 2000 rostlinnych druht)

vétSina ektomykorhiznich hub jsou vreckaté Ci stopkaté houby, tedy
skupiny, k nimz patfi také hfib ¢i muchomurka, a dale zygomycety

mezi rostliny, které jsou v ektomykorhiznim svazku, patfi napr. dub,
borovice, eukalyptus, bfiza, Dipterocarpus Ci oliva

vytvari kolem korene tzv. hyfovy plast, diky némuz se zvySuje sava
plocha soustavy

kofeny s timto typem mykorhizy vetSinou diky tomu zakrnuji, vetvi se
vidlicnaté a jsou ztlustlé.

zménu ovliviuji hormony produkované houbou, napfiklad auxiny

nejsou na svych hostitelich tolik zavislé, jak tomu je u endomykorhizy




ANGIOSPERMS

GYMNOSPERMS

ERICACEAE . ) VZiTe: ' MONOTROPACEAE

Ascunycet%/_ Basidiomycetes
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ORCHIDAGEAE PYROLACEAE

Basidiomycetes Basidiomycetes

houbovy plast’, HN — Hartigova sit,, IHN — vnitrobunééna sit’ hyf, IHC — vnitrobunééné
houbové utvary, V — vezikuly, A —arbuskuly, Sp — spory.
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ymporters

A

H* Na*

K+

|
“ v

H* /
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FIGURE6.11 Overview of the various transport processes on the plasma
membrane and tonoplast of plant cells.




ABC-type
AtMRP?
HMT1 homol.?
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Fe* Mn™
Zn”, Cd*(?)

IRT1 COPT1 AtNramp1/3/4 LCT1




o
&)
©
©
(b)
&
&}
F S
@)
4+
>
LL
1
=
&)
©
-]
@)
n
S
4+
)
ol

@
‘ B

/

Inorganic >
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Conjugatlon

® 9T

Adsorption

Enzymatic
degradation

@

Enzymatic Conjugation
modification

Sequestration | é"’:‘:




Organické kyseliny (citronova, malonova nebo maleinova)
Aminokyseliny (cystein, histidin, methionin atd.)
Fytochelatiny (kratké polypeptidy, (Glu-Cys), -Gly, n =2 - 11)
Metalothioneiny (genové kédované polypeptides)

Metallochaperony (proteiny)

»,Heat shock” proteiny
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¥ with phiytate, poly-

carbaxylhic aculs..,

degradaiion

cd -PC,
PC

(CdS-PC )

PC synthase
| potrvel

u|5|3|du1.£:rj

PC synthisse

[conshtunve, ina-_'1|1'-:'|_‘}




Cytosol
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Citrate

®— Malat

Oxalat
Flavonoids

ofiat ot
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Konverze -

nesyntetické reakce
Konjugace
Kompartmentace -

uskladnéni

Adsorption

o
O

Enzymatic
degradation

® —»OQQL»Qﬂ»@

Enzymatic
modification

Conjugation

Sequestration
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Peroxidasy
Nitroreduktasy
Esterasy
Cytochromy P450
» Stovky isoforem
» Mezidruhové rozdily
» Konstitutivni x indukovatelné

> Rada indukénich mechanismu
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Glutathion-S-transferasy
» Multifunk€éni enzymy
> Rada isoforem
» Cytosolické
» Konstitutivni i indukovatelné
» Geneticky polymorfismus
» Vyznamna role v sensitivité vici herbicidim

Glukosyltransferasy a malonyltransferasy
» Odpovida zivo€isné glukuronosyltransferase
» Konjugace -OH, -NH,,-COOH xenobiotika s glukosou nebo kys.

malonovou

» N-nebo O- glukosylace nebo malonylace
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Misto uskladneéni:

» Vakuoly

» Bunécna sténa
Davod:

> Nestabilita konjugatu

> Inhibice konjugacénich enzymu produktem
Transport:

» Velmi rychly

» ATP-dependentni prenasece




PRIJEM ZAVISI NA MNOHA FAKTORECH
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Branching zone

Endodermis
= s
i T T 1
A

PE

E
Movement
of ions

I through Soil solution

T |

apoplast

Phenanthrene -« T-}' Anthracene
- e
Exodermis

Stele with vascular tissue
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Divisional zone
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 Apoplastické toky
nebo vazby
 Degradace v zralych
kortikalnich bunkach

« Zadny transport do
vodivych pletiv

" g
I NI TNE ~d

.

.
L
phenanthrene
“a
.
i

anthracene




Zadny antracén/fenantrén ve vodivych pletivech
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Zadny antracén/fenantrén v kofenové $picce

Zadny vstup latek do aktivné délich bunék (zadny prijem vody)
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VLIV NA BUNECNE UROVNI

Koreny kostravy rostouci v:

254X 25KV HD:21MM  5:00660 P:00000

Kontrolni plida

2508% 25KV WD:28MM  5:080000 P:00000
280UN

Puda kontaminovana ropou




STRES ROSTLIN
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bioticky

abioticky

napadeni patogenem
herbivorie

vzajemna konkurence mezi rostlinami

mechanické poskozeni
nedostatek a nadbytek vody
nedostatek kysliku
vysoké/nizke teploty
nadmeérné UV ozareni

solny a osmoticky stres
nedostatek a nadbytek svétla

expozice tézkymi kovy




Dioxygen

1
l'32
Singlet
oxygen
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Superoxide
radical ion

HO,

Perhydroxyl
radical

Peroxide

H20,

Hydrogen
peroxide

H,0
Water

OH’

Hydroxyl
radical

H,0O
Water
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Mechanism

Production

Photosynthesis ET and PSl or |l
Respiration ET

Glycolate oxidase

Excited chlorophyll

MADPH oxidase

Fatty acid [}-oxidation
Oxalate oxidase

Xanthine oxidase
Peroxidases, Mn™ and NADH
Amine oxidase

Scavenging

Superoxide dismutase
Ascorbate peroxidase
Catalase

Glutathione peroxidase
Peroxidases

Thioredoxin peroxidase
Ascorbic acid

Glutathione

iz-Tocopherol

Caretenoids

Avoidance

Anatomical adaptations

C, or CAM metabolism

Chl movement

Suppression of photosynthesis
PS5 and antenna modulations
Alternative oxidases

Localization

Chil
Mt
Per
Chil
P
Per
Apo
Per
cW
Apo

Chl, Cyt, Mit, Per
Chl, Cyt, Mit, Per
Per

Cyt,

CW, Cyt, Vac
Chl, Cyt, Mit
Chil, Cyt, Mit, Per
Chl, Cyt, Mit, Per
Membranes

Chil

Leaf structure, epidermis
Chl, Cyt, Vac

Cyt

Chi

Chi

Chl, Mit

Primary ROI

e

H,0,, ROOH
H.0,

H,0,

H,0, O,
H,0,

ROOH, O,

Apo - apoplast

Chl - chloroplast

CW - bunécna 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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Photosynthesis

Pathogen
recognition

Stress
perceplion

Hormeona
perceplion

Photosynthesis
regulation

Pathogen
defense
PCD

Stress
defensze

Hormonal
responses

ROS-detekce

Growth and
development

ROS-odstranéni

TREND

5 in Plant Science
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Oxidativni poskozeni lipid
Oxidativni poskozeni proteint

Oxidativni poskozeni DNA




Degradation
Products
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Oxidativni poskozeni proteinti zahrnuje:

 mistné specifické modifikace aminokyselin
« fragmentaci peptidovych retézcu
 hromadéni produktu zesit'ovacich reakci
 zménu elektrického naboje

« zvySeni citlivosti na proteolyzu

Aminokyseliny v peptidech se lisi v odolnosti vii¢i poskozeni a riizné
formy aktivniho kysliku se liSi ve své potencialni reaktiviteé.

Primarni, sekundarni a terciarni struktura proteinii méni relativni
odolnost nékterych aminokyselin.

Aminokyseliny obsahujici siru a thiolové skupiny jsou velmi citlivé
oblasti.
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Jiné formy poskozeni proteint volnymi radikaly jsou ireverzibilni:
« oxidace zelezo-sira center peroxidem ni€i enzymatickou funkci
« mnoho AMK prodéla specifickou ireverzibilni modifikaci kdyz je
protein oxidovan (tryptofan je snadno zesitovan do formy
bityrosinu)
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Aktivni kyslik a C€initelé ktefi generuji volné kyslikové radikaly jako
jsou treba ionizujici zareni, inkukuji mnozstvi poskozeni DNA that
cause deletions, mutations and other lethal genetic effects.
Characterisation of this damage to DNA has indicated that both the
sugar and the base moieties are susceptible to oxidation, causing
base degradation, single strand breakage, and cross-linking to
protein (Imlay and Linn, 1986). Degradation of the base will produce
numerous products, including 8-hydroxyguanine, hydroxymethyl
urea, urea, thymine glycol, thymine and adenine ring-opened and -
saturated products.
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Superoxid dismutasa
Katalasa

Kyselina askorbova
Glutathion

Tokoferol
Karotenoidy

Polyaminy




Cell-wall lignification & thickening is catalysed by
peroxidase
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Plant cell wall crosslinks

Pectin
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SOD is now known to catalyse the dismutation of superoxide to hydrogen
peroxide and oxygen:

superomde Distnutase

Mn->0D0: rtochondna
Fe-50D: chloroplast
CuZn->00: chloroplast

Cufn-s00r cytosol
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The Mn-SOD is found in the mitochondria of eukaryotic cells; some
Cu/Zn-SOD isozymes are found in the cytosol, others in the
chloroplasts of higher plants. The Fe-SOD isozymes are often not
detected in plants, but when detected, Fe-SOD is usually associated
with the chloroplast compartment
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Catalase is a heme-containing enzyme that catalyses the dismutation
of hydrogen peroxide into water and oxygen. The enzyme is found in
all aerobic eukaryotes and is important in the removal of hydrogen
peroxide generated in peroxisomes (microbodies) by oxidases
involved in R-oxidation of fatty acids, the glyoxylate cycle
(photorespiration) and purine catabolism.
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/ D—glllCIDSE

Ascorbic acid

superoxide, hydrogen peroxide

tocopheroxy] radical
I o Monodehydro

ascorbate
reductase

Monodehydroascorbate

Dehydroascorbate

i reductase
Dehydroascorbate
\Tartrate
_|_

Oxalate
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Glu + Cys wmmlp Glu-Cys
Glu-Cys + Gly wemlp Glu-Cys-Gly

Glutathione (GSH) is a tripeptide (Glu-Cys-Gly) whose antioxidant
function is facilitated by the sulphydryl group of cysteine. On
oxidation, the sulphur forms a thiyl radical that reacts with a second
oxidised glutathione forming a disulphide bond (GSSG).
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a-tocopherol (vitamin E)

Tocopherol

Tocotrienol

Its hydrophobic nature dictates that a-tocopherol is located exclusively in cell
membranes and is oriented with the benzoquinone ring in close association with
the carbonyl of the glycerol component of the phospholipid, and with the phytyl
chain associated with the fatty acids in the hydrophobic inner regions of the
membrane bilayer. The ring oxygen is near the surface of the membrane bilayer but
remains exposed to the lipid environment. The tocopheroxyl radical is stabilised by
the fully substituted benzoquinone ring and therefore does not propagate the
radical reaction. This is in effect a termination reaction making tocopherol an
effective free radical trap.
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Carotenoids are C40 isoprenoids and tetraterpenes that are located in the
plastids of both photosynthetic and non-photosynthetic plant tissues. In
chloroplasts, the carotenoids function act as accessory pigments in light
harvesting, but perhaps a more important role is their ability to detoxify
various forms of activated oxygen and triplet chlorophyll that are
produced as a result of excitation of the photosynthetic complexes by
light.
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Fig. 2. Plasma membrane and its stabilization by certain cryoprotectants during frost hardening.
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http://upload.wikimedia.org/wikipedia/commons/1/18/Spermidine-2D-skeletal.png
http://upload.wikimedia.org/wikipedia/commons/d/db/Spermine.svg
http://upload.wikimedia.org/wikipedia/commons/c/cf/Diaminobutane.png
http://upload.wikimedia.org/wikipedia/commons/c/c2/Cadaverine-2D-skeletal.png
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