1. Zakladni avod do problematiky
Historie studia minerdlni vyZzivy rostlin, obecné macismy gijmu mineralnich Zivin, transportni procesy na
membranach.

2. Prijem mineralnich zivin koreny rostlin a jejich transport rostlinou
Vlastnosti fidy ovliviujici dostupnost Zzivin, ifijem ionti a vody podél podélné osy #eme, radialni transport
korenem, transport mineralnich zivin mezi jednotlivyongany rostlinnéhcela.

3. Dusik

Prijem a asimilace dusiku v rostlinnéime. Charakteristika transportnich systéma membranach kily, regulace
piijmu. Mechanismus asimilace dusiku, enzymy. Vztadtatmolismu dusiku a ostatnich Bamych dju, vzajemné
regulace. Rovnovaha metabolismu uhliku a dusikiv. ddstupnosti dusiku. Zdroje dusiku kinpdg.

4. Fosfor, sira

Prijem fosforu kaeny rostlin, jeho funkce v rostién Role fosforu v penosu energie, reguai funkce
anorganického fosfatu. Specifické metabolické a nlogické adaptace rostlin pro podminky nizké dostupnos
fosforu. Rijem a asimilace sulfatu. Vyznam siry v rostliGlutathion, fytochelatiny.

5. Draslik, Vapnik a Horéik
Vyskyt a funkce jednotlivych iotv rostlinné buice, jejich vyznam pro rostlinu. Mechanismus tramgapa
kompartmentace v rostlinné fice. Osmoregulace.ddst vapniku v fenosu signalu.

6. Mikroelementy a beneféni prvky

7. Toxické prvky
Al a t¢zké kovy, mechanismycinku, obranné mechanismy rostlin
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Vyvoj predstav o mineralni vyzi\ rostlin

Rimané
fada praktickych poznaik zelené hnojeni, trus, popel

J. B. van Helmont(1577-1644)

rostliny ziskavaji Ziviny fevazi z vody

B. Palissy(1511-1589)

vyZzivou rostlin jsou soli v fpdé

Helmont

Antoine Laurent de Lavoisier (1743-1794)

Albert Daniel Thear (1752-1828) -humusova teorie Lavoisier

,Urodnost fidy zavisi na humusu Gpinneba kromg vody,
je on jediné, co v imé poskytuje rostlinam potravu. Jako
sam je zplodinou Zivota, rowh je i jeho podminkou.
Poskytuje organizmu potravidim vice je tu Zivota, tim
vice vznik& humusu, &@&m vice vzniklo humusu, tim vice je
postarano o potravu pro zivy organismus.”

Uroda 10/2003

Thear




Theodore de Saussurél767-1845)-slozeni popele analytickymi

metodami

Justus von Liebig(1803-1873)

r. 1840 spis Organiékchemie a jdjpowiti v zengdélstvi a fyziologii

mineralni teorie

,Zivinami v3ech rostlin jsou latky nerostné. Chlyshnij, lidské a zvieci vykaly
nepisobi svymi soté&stkami Ustrojnymi na Zivot rostlin, nybrz rtgpo zplodinami svého
rozkladu, tedy femeénou svého uhliku v kyslnik uhli¢ity a dusiku v amoniak nebo
kyselinu dusinou. Ustrojny hij slozeny z¢asti nebo zbytk rostlin a zvfat da se

nahradit neustrojnymi sléeninami, v 8z se v dé rozpada.*

Uroda 10/2003

Table 1. Discovery of the essentiality of micronutrients for

higher plants

Element Year Discovered by

Iron 1860 J. SAcHS

Manganese 1922 J.S. McHAGUE

Boron 1923 K. WARINGTON

Zinc 1926 A.L. SoMMER and C.B. LIPMAN
Copper 1931 C.B. LipmMaN and MCKINNEY
Molybdenum 1938 D.I. ArRNON and P.R. StoUuT
Chlorine 1954 T.C. BROYER et al.

e

Lauchli and Bieleski 1983

1938 e

kritéria nezbytnosti prvku

- analyza rostlinné biomasy
(Lundegardh —Die Blattanalyse, r. 1945)

- prvni zivneé roztoky D.R. Hoagland(1884-
1949)
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Prilohové zem édélstvi
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1- orané 3 azévané plochy (ager), 2 - piiledend plochy (campus)

Trojhonny systém dhorového hos podareni

/ B

1 - osévané a sifizené plochy, 2 - Ohoferd plocha [Ghon

Schématické znazornéni nerfelkského ¢osevnihe
postupu

1 - akoparniny, 2 - jafiny, 3 - jetelovimy, 4 - ozimy

Vaski 2001
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maximum

relativni rychlost fyziologického procesu

0,9 maxima

deficit
dostatek toxicky
iy az nadbytek
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kriticky
obsah

relativni obsah ziviny

Obr. 3.5 Zavislost rychlosti tvorby suSiny, ristu nebo jiného fyziologického procesu (osa y, relativni hodnoty) na obsahu pfislu$né Ziviny

v rostling (osa x, relativni hodnoty).

- pro vyzivu rostlin platzakon minima

Prochazka et al. 1998




Klasifikace mineralnich zivin

esenciélnl'i makroelementy
mikroelementy
beneftni (Na, Si, Co)

Prvek Chemicky| Koncentrace Koncentrace
symbol | v susins (ug/g) v &erstvé biomase
IMakroelementy
Dusik N 15 000 71,4 mM
Draslik K 10 000 17 mM
Vapnik Ca 5 000 8,3 mM
Horcik Mg 2 000 5,5mM
Fosfor P 2 000 4,3 mM
Sira S 1 000 2,1 mM

IMikroelementy

Chlér Cl 100 188uM
Bor B 20 123uM
Zelezo Fe 100 120uM
Mangan Mn 50 61 uM
Zinek Zn 20 20,4uM
Med’ Cu 6 6,2uM
Molybden Mo 0,1 0,07uM
Nikl N 0,005 0,006uM Buchanan et al. 2000




Nutrient element

Functions

Group 1
N

Si

Group 3

Na

Mg
Ca

Mn

cl
Group 4
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, phosphohplds 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 C, 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 O, 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.

Taiz a
Zeiger
1998



Faktory ovliviujici prijem mineralnich zivin:
- transport zivin pes plazmatickou membranu

- vlastnosti fidy, iontova vynénna kapacita

- morfologie kadenového systému, mykorrhiza
-chemické vlastnosti béiné stény

- aktualni poZadavek rostliny



Semipermeable
membrane

Chemical potential . Chemical potential
in compartment A ‘ in compartment B Description

Passive transport (diffusion) occurs
spontaneously down a chemical-
Hi potential gradient.

Pohyb latek pres membranu:

:&jA > ﬂjB

hnaCi silou je Au <A ~B At equilibrium, g* = [G®. If there
J is no active transport, steady

state occurs.

Active transport occurs against a
chemical potential gradient.

L . .
A & < o

AG per mole for movement of j from
Ato B is equal to fi;® - 4. Foran
overall negative AG, the reaction
must be coupled to a process that has

koncentréni slozka

elektriCké slozka a AG more negative than —(/ljB —ﬁjA).
/ tlakova slozka
/ Taiz a Zeiger 2002

Chemicky potencii/fff: / /

W=’ +RT.InG+z.F.¢ + V;.P[J moH]

... standartni chem. pot. [J m§|

... plynova konstanta [ 8,314 J mid{1]
... absolutni teplota [K]
... koncentrace [moH]
... elektrostaticky naboj iontu
.. Faradayova konstanta [96,5310 mot1]
. celkovy elektricky pot. roztoku [V]

=
o

Elektrochemicky potencial:

w=p%+RT.Ing+z.Fy+V,P[J mot]

... parcialni molarni objem [I| md]
. tlak [Pa]

T<€TNNO AT




Buchanan et al. 2000

Membranovy potencial — rozdil elektrickych potentidedii
A =gt -y°

plasmalema -150mV
tonoplast  -20mV




Transportni procesy
na membranach:

1. Pasivni
- prosta difuse

- zprostiredkovany transport
kanaly
pienasée

2. Aktivni
- primarni aktivni transport

Transported molecule

Channel
/protein

- Carrier Pump
/protem / Plasma High
%%

A e

membranové pump

- sekundarni aktivni transport
symport
antiport

Low
& J !
: N Electrochemical
N Simple diffusion p potential gradient
Y
Passive transport Primary activeNransport
(in the direction of (against the dirextion
electrochemical gradient) of electrochemicalgradient)
(A) Symport (B) Antiport

'OUTSIDE OF CELL

H+, Caz*
High

High

Electrochemical @ .

POt?ntik?'tgf?dignt CYTOPLASM - ~ potential gradient | Tajz and Zeiger 2002
o1 supstrate : e -

of substrate B

Low

Electrochemical




ATP v rostlinné bunce:

Chloroplast
Mitochondrion

Cytosol
pH?7.5 c

Anions
0)
%

©

Cations

Inorganic ions,
sugars, amino acids

Buchanan et al. 2000



ADP +‘ib

Matrix

Intermembrane
space

@

Membranové pumpy:

ATPasa + typ

-lokalizovana na vnihi mitochondrialni membra&n
a na membrantylakoida

-ATP syntaza

- F, cést (podjednotky ajt, )
F, ¢ast (podjednotkyr, B,y d € )

Buchanan et al. 2000




Inhibited P-type
ATPase

H* ATPasa

P typ

- lokalizovana na plazmalem

Activated P-type
ATPase

Buchanan et al. 2000

E p - ( ( EZ‘P(I_I+ )o
H; @,

Buchanan et al. 2000
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N

Inside




Ca* ATPasa P typ

- lokalizovana na celé&ack membran (plazmalema, tonoplast, ER)

Calmodulin-binding
domain

Buchanan et al. 2000




H* ATPasa
V typ

- lokalizovana na tonoplastu

- na tonoplastu jsou dale Ppaza a
transportéry ABC typu

Buchanan et al. 2000



Membranove pirenasée:

transported molecule

o ¥

co-transported ion

O

lipid
bilayer

Gradient
elektrochemického
potencialu

SYMPORT

ANTIPORT

Outside

Components of the
transmembrane
permeability pathway

H,N*
Helices 9 and 10 form
a hydrophobic pocket

Inside N
coo~

-transport neni spojen s chemickou modifikaci zadné
molekuly vdzané na molekuldgnasée

-pienasSée jsou saturovatelné — kinetiku transportu Ize
popsat rovnici Michaelise a Mentenove

-béhem transportu dochazi ke konforman zntnam
prenasée

Buchanan et al. 2000

Rychlost ijmu

Vm

Km _
Koncentrace iontu v roztoku




Membranove iontoveé kanaly:

- zprostedkovavaji pasivni transport idnfve snéru elektrochemického
gradientu)

- jsou selektivni a regulovatelné

- béhem pfichodu iont nedochazi ke konforndaim zménam proteinu

voltage- ligand-gated ligand-gated mechanically
gated (extracellular (intracellular gated
ligand) ligand)

CYTOSOL

AKT1

Buchanan et al. 2000




Patch clamp technika

- Erwin Neher a Bert Sakmann
(80. léta 20. stoleti)

http://scienceblogs.com/pharyngula/2
008/02/03/chnl_patch.gif

Cell-attached
| patch

High voltage Pull
pulse or suction

Inside-out
patch patch

Qutside-out

Nucleus
Buchanan et al. 2000

Whole cell




Pr. Prijem K™ ionti:

- Ucast dvou transportnich systém 1. vysokoafinitni slozka
2. nizkoafinitni slozka

- dudlni izoterma

- patch clamp technika prokazuje transportd¢ma snéry (inward-rectifying channels (&) a outward-rectifying
channels (K, ) ) — dilezité pro osmoregulaci

7: i Bt s,

E . Control
g 4

g

£

£0

©

g

> 27

S — 8 s
= . Saturable component
+§ TEA (tetraethylammonium)
L

Z

[Rb*] (mM)

Buchanan 2000




Symporters

Sucrose H+ Amino
H* Na*+ acid

K+

PO43’ Antiporter

H+
H* CYTOSOL

NO3

pH 7.2
AE =-120 mV
Plasma

membrane Efflux

Antiporters carrier

Sucrose

M 2+
= Hexose

Sucrose

PC-Cd2+

pH 5.5
AE = —90 mV

VACUOLE Antholcyanin >~ ABC

pH 5.5 GS transporters

Anions,
cations

H+

Fast vacuolar—"{
(FV) channel

Slow vacuolar
(SV) channel

Anions

(malate?~,

Cl~, NO3)
e

Channels

OUTSIDE OF CELL

Inward nward
rectifying rectifying
+ 2+
K Outward “Outward 4
rectifying rectifying
- J

v
Channels

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

Taiz a Zeiger 2002



