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Rostliny a prvky: mineralni vyziva rostlin

skupina
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Zato tesky nazev prvku | minimalné 1 g na 1 kg susiny. maximalné 0,1 g na 1 kg susiny. nezbytné pro urcité rostlinné druhy.
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(pfirozené nebo jako znetidténi zplisobené vysokych koncentracich pasobi na rostliny kovy. Existuji ale vyjimky, kdy jeho nizké koncentrace
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“Zeme, ne voda, je hmota ze které
J]Sou postaveny rostliny”
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Mikronutrienty jsou esencialni
alespon pro jeden rostlinny druh

ﬂ Element je esenciéln/’,\
pokud jeho absence
znemozriuje rostlineé
dokoncit svdj Zivotni
cyklus”

-Arnon and Stout, 1939 Mn
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n
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Equisetum)

1860

Rok, kdy se jednotlivé prvky potvrdili jako esencialni

Arnon, D.1., and Stout, P.R. (1939). The essentiality of certain elements in minute quantity for plants with special reference to copper. Plant Physiol. 14: 371 — 375; Epstein, E. and Bloom, A.J. (2003). Mineral Nutrition
of Plants: Principles and Perspectives, 2nd Ed., John Wiley & Sons, New York. See also Marschner, P., ed (2012). Marschner’s Mineral Nutrition of Higher Plants. 3rd ed. (London: Academic Press).


http://www.plantphysiol.org/content/14/2/371.full.pdf+html

Mikronutrienty jsou esencialni alespon
pro jeden rostlinny druh

/" Element je esencka'/mj\
pokud jeho absence
znemoznuje rostliné
dokoncit svuj Zivotni
cyklus"

- vyssi rostliny potrebuji k preziti a
vyvoji nejméné 17 zakladnich
mineralnich prvkd

- kromé toho jsou prospésné prvky,

-Arnon and Stout, 1939 Mn jako je selen (Se) a kfemik (Si),
\_ B dulezité pro optimalni rist a
Zn produkci plodin
Cu
Fe Mo Cl 1969 Ni N
1860 1920 - 1954 Sij 1987
1940 (Required for
Equisetum)

Rok, kdy se jednotlivé prvky potvrdili jako esencialni

Arnon, D.1., and Stout, P.R. (1939). The essentiality of certain elements in minute quantity for plants with special reference to copper. Plant Physiol. 14: 371 — 375; Epstein, E. and Bloom, A.J. (2003). Mineral Nutrition
of Plants: Principles and Perspectives, 2nd Ed., John Wiley & Sons, New York. See also Marschner, P., ed (2012). Marschner’s Mineral Nutrition of Higher Plants. 3rd ed. (London: Academic Press).


http://www.plantphysiol.org/content/14/2/371.full.pdf+html

Rostliny jsou hlavnim zdrojem mineral(
pro ostatni (zejména vyssi) formy zivota

- mineralni ziviny neustale koluji ve vSech organismech, do biosféry se ale
dostavaji prevazné prostrednictvim korenovych systém rostlin, takze
rostliny v jistém smyslu plsobi jako "tézari" zemské kiry

- hlavni Ulohu v procesu ziskavani minerald hraje velky povrch korenU a jejich
schopnost absorbovat anorganické ionty v nizkych koncentracich z
pUdniho roztoku/smési

- po vstrebani koreny jsou mineralni prvky prenaseny do rlznych c¢asti
rostliny, kde plni fadu biologickych funkci

- na ziskavani mineralnich zivin se spolu s koreny casto podileji i dalsi
organismy, napfiklad mykorhizni houby a bakterie vazajici dusik



Elementarni slozeni rostlin

Hmotnost rostlin

je ~70 az >90%

voda N
Nitrogen

)sphorus
K

Potassium Ca Calcium

: Mg Magnesium
4 S Sulfur
A Si Silicon
Chlorine

=  42% Uhlik 7% Jiné, z
‘\ s pudy

93% rostlinné
susiny (bez
vody) je H,O voda
tvoreno
prvky C, O a
H

Jiné
Tyto elementy rostlina
prijima predevsim z pudy,
oznacuji se jako ,,mineralni
Ziviny*




Elementarni slozeni rostlin

Tzv. ,Cerstva” hmotnost | g — :
(Fresh weight; FW) Tzv. ,susina” Concentration
S (Dry weight; DW) Chemical in dry matter
Element symbol (% or ppm)®
.~ Obtained from water or carbon dioxide
~10°/0 Ory i . 7’ 9
Biomass ~0.4% ‘soil’ iyemgén o g
l nutrients Carbon c 45
% Oxygen o) 45
\ Obtained from the soil
\
\ ~9.6% Macronutrients
C-H-0 Nitrogen N 1.5
~90% H,0 Potassium K 1.0
\\ Calcium Ca 0.5
: Magnesium Mg 0.2
- Phosphorus P 0.2
‘\ Sulfur S 0.1
\ Silicon Si 0.1

hitps://wiki groenkenninet.nlf space/CPC/11993210
Talz & Zeiger, Plant Physiology, 6% edition



Tzv. ,cerstva” hmotnost | g —

Elementarni slozeni rostlin

(Fresh weight; FW) Tzv. ,susina”

dusik,

(Dry weight; DW)

~10% Dry
Biomass

~0.4% "soil’

dle rdzné li

~90% H,0

\ nutrients

~Z7.970

C-H-0

Element

Chemical
symbol

Concentration
in dry matter
(% or ppm)*

Hydrogen
Carbon
Oxygen

Nitrogen
Potassium

Calcium

Magnesium
Phosphorus
\ Sulfur
\ Silicon

H
C
O

teratury, maze tvorit 1 az 5% celkové susiny

N
K
Ca
Mg
P
S
Si

J 3 “ Obtained from water or carbon dioxide

6
45
45

1.5
1.0
0.5
0.2
0.2
0.1
0.1

hittps://wikigroenkennnet.nl/ space/CPC/11993210
Talz & Zeiger, Plant Physiology, 6% edition



Elementarni slozeni rostlin

Tzv. ,Cerstva” hmotnost | g e — C e
(Fresh weight; FW) | Tazv. #SUsina ; . oncentration
(Dry weight; DW) Chemical in dry matter
Element symbol (% or ppm)*
I~ Obtained from water or carbon dioxide
~10% Dry e o > ¢’
Biomass ~0.4% ‘soil’ S Egen 9 6
\ nutrients Carbon C 45

- dusik, dle razné literatury, muze tvofrit 1 az 5% celkové susiny

\ ~9.6% Macronutrients
C-H-O Nitrogen N 1.5
~90% H,0 ‘ Potassium K 1.0
N Calcium Ca 0.5

~ o~

- dusik je limitujicim faktorem rustu (tvorba aminokyselin a proteint atd.)

presto, ze tvori 72% zemské atmosféry
L ' \ Silicon Si 0.1

\

https://wiki groenkenninet. nl space/CPC/11993210
Talz & Zelger, Plant Physiology, 6* edition



Jejich absorbovatelnost je vysoce
zavisla na pH pudy

Dostupnost zivin v zavislosti od pH Kromé nékolika vyjimek rostliny rostou
nejlépe v slabé-alkalickém prostredi, které je
Nitrogen pro pfijem zivin nejvhodnéjsi. U vic kyselych
SR pud je tento efekt negovan zvySenou
rozpustnosti a zvySenym nespecifickym
Potassium prijmem napf. hliniku.
Sulfur
Calcium PR o T
: e ; ‘ ey
Magnesium
Iron
Manganese
Boron
Copper
Strongly e - Mildly
Zinc acidic alkaline
Molybdenum Atlas of the Biosphere
N T N S B S e e i

40 45 50 55 60 65 70 75 80 85 90
pH
< Acidic Neutral Alkaline ——»




Distribuce zivin v pudé neni na
planeté rovhomeérna

Prebytek

Deficit

FAO (2011) Current world fertilizer trends and outlook to 2015.


ftp://ftp.fao.org/ag/agp/docs/cwfto15.pdf

Rostliny prijimaji ziviny vétsinou ve
formeé kationtu nebo aniontu

Makroprvk Mikroprvk
pmol / g PFijimana p.mol /g PFijimana
e w
e3+ e2+

250 Potassium (K) K* Iron (Fe)
1000 Nitrogen (N)  NO,, NH,* 0.002  Nickel (Ni) Ni*
60 Phosphorus HPO,%, 1 Manganese Mn?*
(P) H,PO, (Mn)
30 Sulfur (S) SO,* 0.1 Copper (Cu) Cu?*
80 Magnesium Mg?* 0.001 Molybdenum  MoO,?*
(Mg) (Mo)
125 Calcium (Ca)  Ca?% 2 Boron (B) H;BO,
3 Chlorine (Cl) Cl-
Nabité ionty vyzaduji transportni 03 T (2] 72+

proteiny k prekonani membran

See Taiz, L. and Zeiger, E. (2010) Plant Physiology. Sinauer Associates; Marschner, P. (2012) Mineral Nutrition of Higher Plants. Academic Press, London

Dry wt — sucha vaha, susina


http://store.elsevier.com/Marschners-Mineral-Nutrition-of-Higher-Plants/Horst-Marschner/isbn-9780123849052/

Prijem, asimilace a utilizace zivin
zahrnuje velké mnozstvi procesu

exudaty

Korenové

COCH COOH COOH

N N NH,

H

~
St
‘ Symbiéza °|

~°

Mikroorganizmy \

P

NH;

Efektivita
prijmu

Architektura
korenového
systému

Transportéry
a pumpy

Efektivita vyuziti
nutrientu

X=> R-X =>

Efektivita
intercelularniho
transporti

Asimilace a
remobilizace

Regulaéni a
homeostatické
systémy




Prijem zivin
- Prijem probiha dvéma zakladnimi cestami — symplastem a apoplastem
- U apoplastu je regulovan jeho slozenim a apoplastickymi bariérami (Casp.
prouzek, endoderma, exoderma, sklerenchymatickeé vrstvy) ’

> Vstup skrz M . ,

iVi i by . embranovy transport
Ziviny musi byt membrinu do =T My ielnsigiolns
transportovany skrz buriky muze spotifebovavat az 1/3
membrany aby kofenovych - energie bunky
vstoupili do rostliny | vidskg ~ SYmplasticka nebo Casparyho

transcelularni cesta prouzek
(Casparian strip)
Y
C =
&
Pumpy, kanaly a Apoplasticka cesta Obousmérny transport mezi
prenasece jsou (skrz bunécné steny) Vstup skrz parenchymem xylému a
molekularnimi . : . apoplastem
membranami procesu, nthana pro qn/onty, mevmbl’ anu do
zejména ATPasy skrz vhodna pro kationty  puriky endodermy

pumpovani H*ven z
buriky




A\ 4 B W4 HyF n

Ceévnaté rostliny prijimaji ziviny
vetsinou skrz koreny

Korfenove viasky —
maximalizuji 7 o
absorpcni

plochu, funguji v
tomto smyslu
podobné jak
microvilli ve
stfevé savcl
Jejich pocet je
zhruba

100 na mm?2
Délka 200-500
az 1000 um

Root hair

Apoplastic
pathway

Root hair

ymplastic
pathway

i 22 Cesty Zivin do kofenovych svazkii
. == Outside
Animal intestinal epithelium ; -\_.22,

\‘ ‘(ﬂ?‘m

Barberon, M. and Geldner, N. (2014). Radial transport of nutrients: the plant root as a polarized epithelium. Plant Physiol. 166: 528-537.


http://www.plantphysiol.org/content/166/2/528.abstract

Prijem zivin - xylém

Water passes across the root, from SIS
cell to cell by osmosis. It also seeps | .. ..o wroiine wate

| between the cells.
! A

Water enters the root hairs
by osmosis

S
X
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: - ¢ t:;'i apidermis . =
eoul particle film of water of root cortex of root Y,
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Hydrogen ions are actively transported out
of the vacuoles of root cells and into the soil

J

==__J

A

Plasmedesmata

N
gl
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—

H* ions displace minerals from clay particles,
which diffuse into root (move along gradient)

«— Casparian strip

w— Symplastic pathway (theough cytoplasm)

w— apoplastic pathway (through cell wall)

Prijem xylémem — zavisi od koncentrace
iontu v rhizosfére, transport iontd a vody
je primarni funkce

lonty pfitomné na pudnich &asticich jsou
nahrazovany vodikovymi ionty z bunék
Voda vstupuje pomoci osmozy

hlavni hnaci silou xylému je pak rozdil
vodnich potenciall ve vztahu pada,
rostlina, atmosféra

* Probiha kompetice mezi ukladanim
prijatych zivin do vakuol bunék
kofene a transportem do xylému

« Slozeni xylémové Stavy je zavislé
na fazi ontogenetického vyvoje,
dostupnosti latek, poZadavcich
nadzemni Casti, rychlosti
transpirace

« Transport kationtu je ovlivnén
nabojem bunécnych stén cév
xylému



* Transport floémem — na rozdil od xylému
je slozen ze Zivych bunék (sitkovice)

« plnéni (loading) floému je selektivni a
aktivni proces

« ZvySena koncentrace zivin ve floému ve
zdroji (source) zivin po loadingu pak vede
k absorpci vody osmozou

« Tato voda pak umozni pasivni transport
ve sméru hydrostatického napéti (v
pfipadé cukru vétsinou do kofenu)

« Transpiraci se pak tato voda vraci skrz
xylém do listd/nadzemnich ¢asti a pak je
odpafena nebo opét vstupuje do floému

Sieve tube
element

Companion
cell
Lateral sieve

area

Sieve tube
plate

« Transportovany jsou predevsim
organické latky (sacharidy,
hormony, proteiny, ATP)

* Maly podil na transporte iontu
(napf. K, P, S, Mg, nedetekovany
nitraty)

* Mobilita latek je rozdilna, vétsi pro
makroziviny, mensi pro mikroziviny

Lumen learning — Simple Book Production — Biology for non-majors I



* Na listy vrchni fady rostlin Hydrangea byl aplikovan postfik z obsahem mocoviny

* Mozny je také pfijem zivin skrz listy

« Listy mUzou absorbovat nebo taky ztracet mineraini latky ve formé plynt, napf. skrz praduchy
(SO,, NO,, NH;), nebo pfijimat ziviny v kapalném skupenstvi prostrednictvim difuze pres
kutikulu

« Malé pory v listové kutikule mazou pfijimat napf. mo€ovinu (urea), amoniak nebo nitrat —
zejména mocovina je pak hojné vyuzivana jako listové hnojivo — jedna se o malou nenabitou
molekulu, ktera je rychle absorbovana pasivné

Nitrogen foliar feeding has advantages, Bi G and Scagel C, Nursery Management and Production, 2007



Gases

Small
uncharged
polar
molecules

Large
uncharged
polar
molecules

lons

Charged
polar
molecules

Co, N, O,

Permeable

Ethanol —
Permeable \.
0
NHZ—C—NH,‘, H20
Urea Water

Slightly
permeable

Glucose, fructose

Impermeable

K*, Mg#, Ca#, CI,
HCO,, HPO, >

Impermeable

Amino acids, ATP,
glucose-6-phosphate,
proteins, nucleic acids

Impermeable

Pohyb do doby
existencie chemického
gradientu

Nutnost existence
transportéru



Ziviny jsou v rostliné zpravidla ve
vysSsi koncentraci nez v okoli

Energie je spotrfebovavana pro prijem Zivin v Chemicky gradient
opozici k elektrochemickému gradientu Zivin vede ven z
Rovnovaha mezi vnittkem a vnéjskem buriky
buriky: gradient elektrochem. potencialu
[H.PO,], [NOz1, [NH, T,
Typické mnozstvi v [K+], [HPO,*], <100 uM — <100 uM -
puidé 0.1—1mMm <1luM >1 mM >1 mM

[K+],
50 - 100 mM



Elektrochemicky gradient je dulezity
pro transport iontu

Elektrochemicky gradient definuje
energetickou narocnost pro Elektrochemicky gradient buriky
transport a integruje elektricky a »Zene“ anionty ven a kationty

koncentraéni-chemicky gradient dovnitf buriky, vnitiek buriky je
nabity negativné

[H,PO, ], [NO3], [NH4*1,
[K*] [HPO,%], <100 uM — <100 uM —
0.1—1mM <1uM >1 mM >1 mM

[K];
50 - 100 mM



Koreny (vétsSinou) acidifikuji pudu pro lepsi prijem
mineralu

- kofeny obecné okyseluji pidu ve svém okoli
- pfi importu a asimilaci kationtd, vylucuji protony a uvoliuji se organické
kyseliny, jako napft. kyselina jable¢na a kyselina citronova

Root cell growth o e ATPASE - == m = » Rhizosheath
(root hair + soil)

Cell wall loosening
|

Rhizosphere
acidification

l

Root
exudates

| bl 2 e
and growth / R/ P
\g/ / z A A L5 4 g z
N4 1 el 5
H* H+ Water and Y/ N\ Increase of nutrient
nutrient uptake = YAN { availability and uptake

Root apoplastic
acidification

l

’
Root cell elongation

<«— Microbiome




Pudni ¢astice ,,soil particles” jsou v
zasade nabité negativne

- Padni ¢astice, anorganické i organické, maji prevazné na svém povrchu
zaporné naboje

- Mnoho anorganickych pUdnich &astic tvori krystalové mrizky, které jsou
tetraedrické usporadani kationtovych forem hliniku (Al3+).a kfemiku (Si4+ )
vazanych na atomy kysliku, ¢imz vytvareji tzv.hlinitany a kfemicitany

Princip vymény kationtl na
povrchu pudnich ¢astic

- Kationty se adsorbuji na
povrchu pldni Castice,
protoze tento povrch je
zaporné nabity pridani
jednoho kationtu,
napriklad drasliku (K+), do
pldy muaze vytladit jiné
kationty, napftiklad vapnik
(Ca2+), z povrchu pudni
castice a zpfristupnit je pro
prijem koreny




Transport zivin vyzaduje energii a
selektivni transportery

e Proton (H*) gradient

Rostlinné buriky pumpuiji
proton ven, vytvareji
. protonovy a nabojovy
._gradient

Nabojovy (charge) gradient

" Elektricky (nabojovy) a
protonovy gradient pohanéji
4 pohyb iontu skrz membrany
. pomoci selektivnich
. transportérd




Semipermeable
membrane

Chemical potential
in compartment A

A

|
) Chemical potential
in compartment B

d -
> uB

T
>

Description

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

WA > B

At equilibrium, p* = p.®
Steady state

Active transport occurs
aaainst a chemical
potential gradient

USA < uSB

Free energy at least

equal to p ® — p* must be

supplied for movement
to occur

Pasivni prijem — ve smeéru

gradientu
elektrochemického
potencialu

Stabilni stav

Aktivni prijem — proti smeéru
gradientu
elektrochemického
potencialu




Ziviny jsou prenaseny skrz membranu pomoci
ruznych typu transportéru

GS-X Ca2* H* Na*
A A A A A A
ATP ATP ATP vy Y Y Y
H* K+ H* NH4* K+

l | | | |
Symport Antiport Uniport

| | | | | |

Pumps Carriers Channel

| || | | |
Primary active transport Secondary Passive transport

active transport

Marschner Mineral Nutrition Of Higher Plants, 2013



Ziviny jsou prenaseny skrz membranu pomoci
ruznych typu transportéru - pasivni

Facilitated diffusion
|

Channel Carrier

[

Simple diffusion

Q O Q Outside cell

=

(b}

2

©

o

© e anam
o Lipid bilayer
£

(0]

e

& ]

o

°

<@

w

v ;
Membrane Inside cell
proteins D

A Passive transport

Difuze — roztoky se pohybuiji volné pres plazmatickou membranu ve sméru gradientu elektrochemického
potencialu (podle koncentracniho spadu)

Usnadnéna difuze — roztoky pohybuji se ve sméru gradientu elektrochemického
potencialu, ale vyZzaduiji pro svUj transport pfitomnost membranovych
transportérl: kanaly a pfenasecCe




Ziviny jsou prenaseny skrz membranu pomoci
ruznych typu transportéru - pasivni

Kanaly a prenasece (iontové kanaly):
» Jsou otvory v membrané vytvorené z protein( X

» Mduzou byt oteviené nebo uzaviené
» Prenaseji jeden typ iontl v dany ¢as 010 . .
X Transport je pasivni; pfenasené latky se transportuji X

ve smyslu elektrochemického gradientu
- jsou selektivni a regulovatelné, Zadné konformacni
zmény béhem transportu

Obvykly nakres kanalu
ve schématech

Bocni (L) a Vrchni (R) pohled
na draslikovy kanal

100A,,

Reprinted from Long, S.B., Campbell, E.B. and MacKinnon, R. (2005). Crystal structure of a mammalian voltage-dependent Shaker family K* channel. Science. 309: 897-903 with permission from AAAS.


http://www.sciencemag.org/content/309/5736/897.abstract

A 4

Ziviny jsou prenaseny skrz membranu pomoci

ruznych typu transportéru — aktivni, primarni

Membranové pumpy:
« Jsou proteiny, tvofi primarni aktivni
transport

ATP «  Pohyb Zivin navzdory
elektrochemickému gradientu
* Transport je spojen s hydrolyzou ATP
nebo pyrofosfatu

ADP « vicetypl —V, P, F, Ca?* ATPasa
* 10 nebo 100 molekul nebo iontl/sek.

X

Katalytickda doména se
nachazi v cytoplazmeé,
schématicky nakres

Vakuolarni protonova
pumpa VH*-ATPaza

)‘ VH:V

/KL

Reprinted from Schumacher, K. and Krebs, M. (2010). The V-ATPase: small cargo, large effects. Curr. Opin. Plant Biol. 13: 724-730 with permission from Elsevier.


http://www.sciencedirect.com/science/article/pii/S1369526610001007

4

iviny jsou prenaseny skrz membranu pomoci
ruznych typu transportéru — aktivni, sekundarni

Membranové prenasece - symport
antiport, co-transportéry

H + - Nékteré prenasece funguji pasivné X H* H+
Symport/Antiport - Jsou membranoveé proteiny, tvoFi
sekundarni aktivni transport
X *  Mohou byt aktivni nebo neaktivni, funguji navzdory
elektrochemickému gradientu, jejich kinetiku |ze popsat X
pomoci Michaelis-Menten rovnice
» Jeden prenase¢ muze prenaset vice typl zivin
*  Tzv. driver (obvykle iont H* u rostlin) se pfenasi ve sméru

pore svého elektroch. grad., ¢imz poskytuje energii pro opacny
domain pfenos iontu Zivin, obvykle nasleduji konformaéni zmény

v

Schématicky nakres
pFenasecu, Sipky
indikuji smér pfenosu
Symport-antiport

Doménova struktura a vrchni
pohled na HKT1 Na* co-
transporter

N-ter

Cotsaftis, O., Plett, D., Shirley, N., Tester, M. and Hrmova, M. (2012). A two-staged model of Na* exclusion in r‘fc’gﬁgf‘(\ﬁlained by 3D modeling of HKT transporters and alternative splicing. PLoS ONE. 7: €39865. Chérel,
I, Lefoulon, C., Boeglin, M. and Sentenac, H. (2014). Molecular mechanisms involved in plant adaptation to low K* availability. J. Exp. Bot. 65: 833-848, by permission of Oxford University Press.


http://www.plosone.org/article/info:doi/10.1371/journal.pone.0039865
http://jxb.oxfordjournals.org/content/65/3/833

Rostlinné H*-ATPazy a H*-PPazy

H+

Na plazmatické |
membrané umistnéna PM U \ Z

PLASMA MEMBRANE

H*-ATPaza pouziva
energii z ATP k o
pumpovani protont ven z v c
bunky ADP

N

CYTOSOL

Vakuolarni (VH*-ATPaza) . ,
transportuje protony do PP\'/ZP'
lumenu bunéénych

VH*-ATPaza je
velky proteinovy
komplex

organel/kompartmentti (napfr.
vakuoly)

N

+
LUMEN H

@—PPéza vyuziva misto ATP energi
z pyrofosfatu, Vyuziti velkého
mnozstvi pyrofosfatu v rostlinnych
bunkaCh (mM) - prOdUKovan behem Sze, H., Li, X. and Palmgren, M.G. (1999). Energization of plant cell membranes by H*-pumping ATPases:
Syntézy ADP'Q'Ukézy a uridin- Regulation and biosynthesis. Plant Cell. 11: 677-689.

@‘osfétu (UDP)-glukéz )



http://www.plantcell.org/content/11/4/677.full

PM H*-ATPaza je jednim z

nejdulezitéjSich ,,enzymu*

l Pumpovanim protonu ven,

PR pPH~5-6 PM H+-ATPaza produkuje
elektrochemicky a pH

_____ H~75
ATP ' ApP P radient
H ~-150 mV ) '
, Antiporter PM H*+-ATP&zou
Kanaly Symporter vyprodukovany

_ _ ostatni transportni procesy,
Kation  Anion véetné vnitrobunéénych
(vakuola vs cytosol)

elektrochemicky gradient je
zdrojem gradientd pro
H* H+

See Palmgren, M.G. (2001). Plant plasma membrane H*-ATPases: Powerhouses for nutrient uptake. Annu. Rev. Plant Physiol. Plant Mol.
Biol. 52: 817-845; Figure adapted from Michelet, B. and Boutry, M. (1995). The plasma membrane H*-ATPase. Plant Physiol. 108: 1-6.


http://www.annualreviews.org/doi/abs/10.1146/annurev.arplant.52.1.817
http://www.plantphysiol.org/content/108/1/1.full.pdf+html

PM H*-ATPazy jsou pro rostlinu

absolutné nezbytné

Developing Guard Calls Phloem loading
Phloem seeds Companion
i Ca* chanrel H*-ATPase | cell Leaf
unloading - / cell
into storage sink earrsce B zygotsjenieya ... .... :
Nutrients N\, Seet coat f =5 elsgr?]‘éem ’ i A
" / Paren- il . Apoplastic 4“""’( i . <J A
ﬁzﬁma 1 f ., " e Se WCMOW-
i % p 7 s
Nutrients | | -3 ’ ¥ r,: o i) Nutrientsl his A7 plast
) - y -9~ “ &
H*-ATPase
Sieve 1~ >
element .': Phloem unloading Nutrient transporter
into utilization sink Nutrient uptake

Companion H*-ATPase

cell }/

Sieve |
element

~\ Epidermis
< Xylem

Root hair

'He-ATPase
Corrpanion call

Symplasmic

Symporter

Casparian band
ortex

Mutanty pro PM-H*-ATPase jsou letalni
PM H*-ATPazy jsou exprimovany v kazdé
rostlinné burce

Apoplastic
pathway

Sondergaard, T.E., Schulz, A. and Palmgren, M.G. (2004). Energization of transport processes in plants. Roles of the plasma membrane H*-ATPase. Plant Physiol. 136: 2475-2482.


http://www.plantphysiol.org/content/136/1/2475.full

Pumpy, kanaly a prenasece se taky
podileji na distribuci zivin v rostliné

. m__ ) KUP/HAK Y
ﬁ
SEED f SHOOT
— 1= AKT2 4 ﬁ "
L ‘ H*K*

* Pfijem Zivin z pudy

je jenom prvnim VACOONE
krokem jejich o
transportu

\ TPK1 NHK J

* Museji byt
transportovany do
mista, kde je jich
potreba

 Dulezitou roli
sehrava vakuola

Reprinted from Ahmad, I. and Maathuis, F.J.M. (2014). Cellular and tissue distribution of potassium: Physiological relevance, mechanisms and regulation. J. Plant Physiol. 171: 708-714 with permission from Elsevier.


http://www.sciencedirect.com/science/article/pii/S0176161713004380

Pumpy, kanaly a prenasece se taky podileji na
distribuci zivin v rostliné

Symporters
- A

Amino
Sucrose  H* acid
H*, Na*

+

K* Peptide

Antiporter

CYTOSOL

NO3~

pH7.2
Metals AE =-100 to -200 mV Efflux
(Fe, Mn, carrier
Zn, cd) PLASMA

MEMBRANE Bl pouees

ABC
transporter
H*pump - Peptides,
- i
pH5.5
AE =-90 mV

pH55 VACUOLE

H,0

[B(OH);]
[SI{OH)4]

Cations

= (c32+' K*)

channel
Fast vacuolar

Cations

Cal+
IP;  Slow vacuolar
(FV) channel  (k*)  Anions r_1F3 pump
Glutamate (malateZ-, (SV) or TPC1
receptor cr, NO3) channel
K* . ' " / OUTSIDE

Na* ca?* Channels OF CELL

Cyclic

nucleotide—

gated

Hyperpolarization-
K+

activated
" 2 Anions
Na* ca?* (malate®-, CaZ+
T t =
Inwardly K cf, NOg) Depolarization-
rectifying activated
K+ Ca2+
Outwardly \ 2
rectifying

J
Y
Channels
Teiz Zeiger, Plant Physiology and development 6th edition



H (1 2 aan’ Vacuolar sequestration/
,Rodiny“ transportéru sorsge e )
[ ] ] n MTPR 4T
m I kro 2IVI n M1 i 1145 Remobilization
NRAMP3 2347
101 /NRAMPS 5
[}
Vv ® Cytoplasmic/
VétsSina 2 KR symplastic NRAMPs. Influx do
transportérd kovu S DIt post cytosolu
. . a
je neselektivni, 3 |
tudiz jejich aktivita | &
L. Xylem unloading/ §f AN [
Zz4visi na . cellular uptake Apoplastic :l:sstilbutuon
: o O HMA3 145,
koncentraci kovu , g;gj I HMA4 457
(mlkrOiIVIn) IRT3S FRD34
Translocation/ 10~
redistribution :::;It:c::\ig?‘t HMAs: Heavy Metal
Via phioem via xylem Transporting ATPases.
/ Pumpuji kovy ven z
YS'._S' Ye”.OW Xylem loading cytosolu
Stripel- Like. HMA3 1487
Transport chelatu do HMA4 457
FRD34&
cytosolu 3 / Remobilization
v o 4 e
o Uk Symplastic NRAMP3 23461
o metal pool T~
s Vacuolar sequestration
3 T MTP1 487
o MTES8 487

ZIPs: Zinc, iron related s
transporter. Transport ZIP1048
ZIPg 247

kovu do cytosolu

Reprinted from Kréamer, U., Talke, I.N. and Hanikenne, M. (2007). Transition metal transport. FEBS letters. 581: 2263-2272.

Uptake into root celis

MTPs: Metal Tolerance
Proteins. Eflux kovu z
cytosolu


http://www.sciencedirect.com/science/article/pii/S0014579307003808

Nékteré
transportéry
(Group A)

prenaseji kovy

do cytosolu

Group A

CTR
+ specific 1o eukaryotes
« forms a trimer
* localized to plasma

and vacuolar
membranes
* passive
ZIP 7
Ny - n
* His-rich cytoplasmic
loop Fe

« forms a homodimer

« localized to plasma
and vacuolar membrane
and secretory system

* passive

2+

NRAMP  wmn

« forms a homodimer 2+

« localized to plasma  F€
and vacuolar membrane
and secretory system

« relies on proton gradient

FTR Fe

« forms a complex with
an MCO, Fet3p in yeast
and FOX1 in Chlamdyomonas
* localized to ptasma membrane

outside the cell /
inside the vacuole

RE_HE* cytoplasm / inter-

Zn

Fe

membrane space of
chloroplast or mitochondrion

Cu

Fe
an‘

Mn

K
an

Group B

P, type ATPase

2+ *forms a homodimer

» localized to various
intracellufar
compartments

» relies on hydrolysis
of ATP to energize
transport

1+

CDF

an* « forms a homodimer

2+ « |ocalized to various
intracellular
compartments

« relies on antiport of
protons or potassium
ions

MSC
* large family of
intracellular
transporters
, *mainly localized to
mitochondria

e

VIT1/Ccc1

* localized to vacuolar
membrane

« energization of
transport unknown

outside the cell /
inside organelles

Transportéry
(Group B)
transportuji kovy
z cytosolu

Reprinted from Blaby-Haas, C.E. and Merchant, S.S. (2012). The ins and outs of algal metal transport. Biochim. Biophys. Acta. 1823: 1531-1552.


http://www.sciencedirect.com/science/article/pii/S0167488912001012

Nekteré transportery funguji pro
prenos ven a do organel

Fe®*
Mitochondria - g NN gy, =~y F¢

LN iron (Fe), copper (Cu), zinc (Zn), manganese
| (), cobalt (Co) and molybdenum (o)

Chloroplast
Fe
Fe-chelate ?
% _ Antibiotics ?
N
\_ﬁ(\
|

[ PSI | ﬁ PAA2 |  biogenesis

PC Heme Heme
H;0"0; biogenesis

NAP14  Cu/ZnSOD

Nucleoid

TRENDS In Plent Sclence

Nouet, C., Motte, P. and Hanikenne, M. (2011). Chloroplastic and mitochondrial metal homeostasis. Trends Plant Sci. 16: 395-404; See also Puig, S. and Pefarrubia,
L. (2009). Placing metal micronutrients in context: transport and distribution in plants. Curr. Opin. Plant Biol. 12: 299-306 with permission from Elsevier.


http://www.sciencedirect.com/science/article/pii/S1369526609000314

Chelatory a chaperony vazou kovoveé
ionty aby nereagovali nekontrolovane

Chelatory reaguiji s kovy )
jako krabi klepeto. ,,Chela”
po Fecky znamena uchopit \S/&\ -

»

) Chaperony jsou malé, ) N
kovy-vazajici proteiny -

Fe(OH), + 3H* +»Fe3* + 3H,0 730;

Insoluble Soluble

citrate

OH

Iron citrate

Reproduced from Banci, L., Bertini, I., McGreevy, K.S. and Rosato, A. (2010). Molecular recognition in copper trafficking. Natural Prod. Rep. 27: 695-710


http://pubs.rsc.org/en/content/articlelanding/2010/np/b906678k#!divAbstract

Chelatory kovu: nicotianamine,
phytosiderofory a ostatni

3 x COOH Enzym
\ nicotiananamine
?* NH, syntaza (NAS)
Adenosyl produkuje

nicotianamine
(NA) z tfech

Ve travach jsou siderofory gOH GOOH  COOH
N

produkované z NA a

v e - o NH NH2
vyluCovany do okolni pudy

Nicotianamine

Metal-PS ‘

Comp|ex COOH COOH COOH

Yellow= metal /\)\ /\)\
éN NH OH

Red = oxygen
Phytosiderophore (PS)

i Blue = nitrogen
| _ 1) Green = carbon

C Grasses have a suite of enzymes
. that converts NA to various
e DMA compounds in the PS family

molekul S-
COOH COOH COOH adenosyl
N NH NH, methioninu
Nicotianamine
NA chelatuje
) kovy pro
transport v
Metal-NA rostliné
complex
Purple = metal
Red = oxygen

Blue = nitrogen

Citraty a jiné malé molekuly jsou také chelatory

o—Fe~ Hi
. 0
Citrate 0 g oo |
7
v _
Metal on Ni(His) Sy Ny
NH

Fe(lll)-citrate

Blindauer, C.A. and Schmid, R. (2010). Cytosolic metal handling in plants: determinants for zinc specificity in metal transporters and metallothioneins. Metallomics. 2: 510-529.



http://pubs.rsc.org/en/content/articlelanding/2010/mt/c004880a#!divAbstract

Fytochelatiny a metalothioneiny jsou
slouceniny obsahujici siru a vazajici kovy

Fytochelatiny Metalothioneiny

Fytochelatiny (FC) jsou proteiny bohaté na siru
syntetizovane z glutationu. Jejich hlavni ulohou je vazat
nadbyteCné kovy v cytosolu nebo je transportovat do

vakuoly.

Phytochelatin

‘ v‘ Yellow= sulfur .
‘ Red = oxygen Domain 1 of wheat E, (2162)
\ :Q Blue = nitrogen Zn,Cysy
4 R ’ Grey = carbon
b ) White = hyd . . :

\.__ - ', “% Dl Metalothioneiny jsou proteiny
\> vy ‘ PC; [(YEC)3G)] bohaté na cystein. N&které

' slouzi jako reverzibilni

b e " o me ; zasobni forma mikroZzivin, jiné
b A A A A A maji ulohy v detoxifikaci.

HOOC : C I N~ ™~ c Y a e (': Y n COOH

Blindauer, C.A. and Schmid, R. (2010). Cytosolic metal handling in plants: determinants for zinc specificity in metal transporters and metallothioneins. Metallomics. 2: 510-529.Rea,
P.A., Vatamaniuk, O.K. and Rigden, D.J. (2004). Weeds, worms, and more. Papain's long-lost cousin, phytochelatin synthase. Plant Physiol 136: 2463-2474; Leszczyszyn, O.l., Imam,
H.T. and Blindauer, C.A. (2013). Diversity and distribution of plant metallothioneins: a review of structure, properties and functions. Metallomics. 5: 1146-1169..



http://pubs.rsc.org/en/content/articlelanding/2010/mt/c004880a#!divAbstract
http://www.plantphysiol.org/content/136/1/2463.full
http://pubs.rsc.org/en/Content/ArticleLanding/2013/MT/c3mt00072a#!divAbstract

Dusik: Nejvic abundantni mineralni
zivina v rostlinach

M He
T E ey * Nejvic ’zastoupelljy prvek v
T B o TR zemske atmosfere
. FBHEHERREGERE % 5 .+ Ctvrty nejvic zastoupeny prvek v
HEAHRBRBBRBE K rostlinach(po C, H a O)
R - |7 (2| [w|alc[n|a]n|n]a]a %« Casto limitujici Zivina pro rust
THEHEEE e
alafalafm]a]alaals]s]e][m]a]a :
BEBREHEBEBEBREEREEEBEBEEE G Oa
Nijev ‘”
aminokyselinach - CH, THE‘ P deod
proteinech, . | C
nukleovych kyselinach HyN —C-—COO~ NZ o N\\
(DNA, RNA), ve | | C—H _
chlorofylu a v H P P
bezpoctu jinych & " \ : Nachazi se ve
molekul H p R vétsine hnoijiv (

spolecné s draslikem
a fosforem - NPK)

Blank, L.M. (2012). The cell and P: From cellular function to biotechnological application. Curr. Opin. Biotech. 23: 846 — 851.From: Buchanan,
B.B., Gruissem, W. and Jones, R.L. (2000) Biochemistry and Molecular Biology of Plants. American Society of Plant Physiologists.



http://www.sciencedirect.com/science/article/pii/S0958166912001164
http://www.aspb.org/publications/biotext/

Anorganicke formy dusiku

Species Name Oxidation
State 5 \I;\dat'\on ]
R-NH, Organic nitrogen, urea -3 & 076
NH;, NH,* Ammonia, -3 ijg)
ammonium ion NO. RS
. 3 Nitrate Aerobic 2
N, Nitrogen 0 L reduction reactions NH,
N,O Nitrous oxide +1 Anaerobic
NO Nitric oxide +2 NO, — NO reactions Nitrogen
HNO,, NO," Nitrous acid, +3 w: fixation
nitrite ion "ification N,
NO, Nitrogen dioxide +4
HNO;, NO;™ Nitric acid, nitrate ion +5

Adapted from Robertson, G.P. and Vitousek, P.M. (2009). Nitrogen in agriculture: Balancing the cost of an essential resource. Annu. Rev. Environ. Res. 34: 97-125.


http://www.annualreviews.org/doi/pdf/10.1146/annurev.environ.032108.105046

Rostliny jsou dulezitou soucéasti dusikového cyklu
(Tg N/yr —teragram (1 milion tun) dusiku za rok)

Atmosfericky zdroj N,

Biologicka Pramyslova Atmgsferické
fixace fixace fixace
5Tg N/yr , .
| Biologicka
[ /{L h N03 oo
'.,./l/l} . ocednech
s*,,v!wF : o /\
'} II 1"

NH,* hnolen/ 1 dekompozice NO.- @ -
NO, R-NH, | 3 g o
NH,* g Asimilace u §=N)
& rostlinami 'c &
) 140
120 Tg N/ yr 120 Tg N/yr
(50% Tg N/yr NH,* =» NO, =» NO;
zemédelstvi)

Nitrifikace bakteriemi

Adaptovano z Fowler, D., et al. (2013). The global nitrogen cycle in the twenty-first century. Phil. Trans. Roy. Soc. B: 368: 20130164


http://rstb.royalsocietypublishing.org/content/368/1621/20130164.abstract

Dusiku je hodne, je ale malo dostupny

20-30% fixace na planeté se déje

industrialnim procesem - V sougasné dobé se dusikata hnojiva
vyrabéji prevazné pomoci technologie
zvané Haber-Boschuv proces (HB), ktera
byla uvedena na trh v roce 1913 a pfi niz
se N2 ze vzduchu kombinuje s H2
N, H, ziskanym z parni transformace zemniho
plynu za vzniku NH3
- Vznikly NH3 se pak termochemickym
Ostwaldovym procesem oxiduje na
NH, dusiCnany, které pak reaguji s NH3 za
vzniku dusiCnhanu amonného,
prevazujiciho dusikatého hnojiva
N, Hy, NH, pouzivaného v zemédélstvi
- Je tfeba pfiznat, Ze uspéch této sto let
staré technologie mél rozhoduijici
vyznam pro zvySeni zemédeélské
produktivity, ktera dnes umoznuje uzivit
témeér polovinu svétové populace

N,, H,, CO

Catalyst §

N, H,, CO,



Hlavni nitratovy transporter je CHL1/
NRT1.1/ NPF6.3

Byl identifikovan skrz
genetickou selekci pro
rezistenci k chloratu

Chlorate (ClOy)
mimikuje nitrat
(NOy)

Nitrate
(ﬁ reductase

Chlorite
ClO,

_ Nitrate Chlorate
Wild-  equctase uptake
1973 type mutant mutant
(chl1-5)
Growth on
chlorate
Nitrate
reductase
activity + - +

In 1993 the CHL1 gene was cloned and
found to be a nitrate transporter
(shown = current in Xenopus oocytes)

150
100

o—

S SO
BT B o
-1007
-150 T T T
4} 1 2 3 4

Timse (min)

Oostindiér-Braaksma, F.J. and Feenstra, W.J. (1973). Isolation and characterization of chlorate-resistant mutants of Arabidopsis thaliana. Mutation Research/Fundamental and Molecular Mechanisms of Mutagenesis. 19: 175-185; Reprinted from

Tsay, Y.-F., Schroeder, J.I., Feldmann, K.A. and Crawford, N.M. (1993). The herbicide sensitivity gene CHL1 of arabidopsis encodes a nitrate-inducible nitrate transporter. Cell. 72: 705-713 with permission from Elsevier.



http://www.sciencedirect.com/science/article/pii/0027510773900766
http://www.sciencedirect.com/science/article/pii/009286749390399B

NRT1.1 funguje jako nitratovy
transceptor (senzor)

Kdyz je

Dostatek NO,-
nedostatek 3

.V pide inhibuje

m%l' 1v1pu ©, transport
' . auxinu skrz
transportuje NRT 1.1 a
auxin pry¢ od Kofen '
Iv<o.r§enove . proliferuje
SpiCky a rust je
spomalen
@ Auxin @ Auxin
NO, NO,

Beeckman, T. and Friml, J. (2010). Nitrate contra auxin: Nutrient sensing by roots. Devel. Cell. 18: 877-878 with permission from Elsevier. See also Krouk, G., et al and Gojon, A. (2010). Nitrate-regulated auxin transport by NRT1.1
defines a mechanism for nutrient sensing in plants. Devel. Cell. 18: 927-937; Mounier, E., et al and Nacry, P. (2014). Auxin-mediated nitrate signalling by NRT1.1 participates in the adaptive response of Arabidopsis root architecture
to the spatial heterogeneity of nitrate availability. Plant Cell Environ. 37: 162-174; Forde, B.G. (2014). Nitrogen signalling pathways shaping root system architecture: an update. Curr. Opin. Plant Biol. 21: 30-36.



http://www.sciencedirect.com/science/article/pii/S153458071000256X
http://www.sciencedirect.com/science/article/pii/S1534580710002169
http://www.sciencedirect.com/science/article/pii/S1369526614000910

Rostliny maji specifické transportéry pro NO;™ (nitrate)
NH,* (ammonium) a jiné formy dusiku — tzv. HATS,
LATS a specifické aminokyselinové trasportéery

FW- fresh weight (Cerstva
(s vodou) hmota, opak
susiny)

HATS = high affinity
transporters (Km ~25 yM)

LATS = low affinity
transporters (Km ~1 mM)

Pfijem probiha
symportem 2 H*

Zvyraznéné transportéry

AT &> &4

Nitrate Uptake

A~ NRT 2.1
AMT1 1 > NAR2.1
AMT 1. NAT 54
1 AMT 1.3 NRT 1
- ®.

AMT2.1 ') NRT 1.1

Amino acids Uptake

AAPT =R
AAPs ==
LHT1T =R
ProT2 —‘—

NAR 2.1

NRT 1.2 |

HATS

Nacry, P., Bouguyon, E. and Gojon, A. (2013). Nitrogen acquisition by roots: physiological and developmental mechanisms ensuring
plant adaptation to a fluctuating resource. Plant Soil. 370: 1-29, With kind permission from Springer Science and Business Media


http://link.springer.com/article/10.1007%2Fs11104-013-1645-9

Rostliny maji specifické transportéry pro NO;™ (nitrate)
NH,* (ammonium) a jiné formy dusiku — tzv. HATS,
LATS a specifické aminokyselinové trasportéery

FW- fresh weight - Zatim jsou znamé dvé Nitrate Uptake
(Cerstva (s vodou) skupiny téchto NAR 2.1
hmota, opak susiny) transportérd pro nitrat . ok
= AR P
HATS = high affinity - Transportéry s - NATz4 | 2
transporters dualni &)= AT @
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plant adaptation to a fluctuating resource. Plant Soil. 370: 1-29, With kind permission from Springer Science and Business Media
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Rostliny maji specifické transportéry pro NO;™ (nitrate)
NH,* (ammonium) a jiné formy dusiku — tzv. HATS,
LATS a specifické aminokyselinové trasportéery

FW- fresh weight
(Cerstva (s vodou)
hmota, opak susiny)

HATS = high affinity
transporters

LATS = low affinity
transporters

Pfijem probiha
symportem 2 H*

Zvyraznéné transportéery

AT &> &4

Zatim jsou znamé dvé
skupiny téchto
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Tyto transportéry a
globalni pfijem nitratu
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Rostliny maji specifické transportéry pro NO;™ (nitrate)
NH,* (ammonium) a jiné formy dusiku — tzv. HATS,
LATS a specifické aminokyselinové trasportéery
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K udrzeni rovnovahy iontd, pro kazdy nitrat pfijaty kofeny , musi
byt jeden aniont kofeny vylouCen nebo kationt kofeny pfijat.
Rostliny tohoto efektu docili predevsim transportem K*, Na*,
Ca?* a Mg?*.
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Metabolizmus dusiku: Prijem,
asimilace a remobilizace

Remobilizace Uhlikové zdroje,
Recyklace Asimilace TCA cyklus
Pfijem aminokyseliny,
fotorespirace ClUEmEE <= 2-oxoglutarate
NH,* // Glutamine-2- ‘['1‘{'3"‘1_)-
oxoglutarate -
NH + |” g aminotransferase T
(GOGAT) —

Nitrite
reductase / \ Glutamate
Nitrate
reductase Glutamine GIutamlne*
_ _ Sy”tg‘;tase - Inkorporace do
O NO, (GS) I aminokyselin a
| F

o dalSich slouc¢enin
R- NH/ TH o obsahujicich

2 i ile]
N H . 4 dusik
/y Asimilace
N Adaptovano z Xu, G., Fan, X. and Miller, A.J. (2012). Plant nitrogen assimilation and use efficiency. Annu. Rev. Plant Biol. 63: 153-182.



http://www.annualreviews.org/doi/abs/10.1146/annurev-arplant-042811-105532
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Vetsina rostlin prijima dusik ve
forme nitratu NO

Mnoho prokaryota oxiduje NH,*, Rastliny vyzaduji energii k redukci NO5

proto pudni hladiny NH,* jsou na asimilovatelné formy

casto nizké _
Energie Energie Energie Energie
uvolnéna uvolnéna spotfebovana  SPotrebovana

NH,” =» NO, = NO; NO;, ” NO, “» NH, >, RNH,

_— : Nitrate Nitrite

Nitrifikace prokaryotmi reductase reductase

Rostlinné preference pro NH,* vs NO; se liSi zejména dle
druhu rostliny, pH, ontogenezy atd.
Vysoké koncentrace NH,* muzou byt toxicke

Nektere rostliny jsou tzv. NH,* tolerantni (ryze, jehliCnany,
dub, buk atd.,) néktere NH,* citlivé (rajce, brambor, jeCmen
topol atd.)

See Li, B., Li, G., Kronzucker, H.J., Baluska, F. and Shi, W. (2014). Ammonium stress in Arabidopsis: signaling, genetic loci, and physiological targets. Trends
Plant Sci. 19: 107-114; Britto, D.T. and Kronzucker, H.J. (2013). Ecological significance and complexity of N-source preference in plants. Ann. Bot. 112: 957-963.


http://www.cell.com/trends/plant-science/abstract/S1360-1385%2813%2900191-X
http://aob.oxfordjournals.org/content/112/6/957.short
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Vetsina rostlin prijima dusik ve
forme nitratu NO

Mnoho prokaryota oxiduje NH,*, Rastliny vyzaduji energii k redukci NO5
proto pudni hladiny NH,* jsou na asimilovatelné formy
casto nizké _
Energie Energie Energie Energie
uvolnéna uvolnéna spotfebovana  SpPotrebovana
NH,” = NO, & NO; NO; ” NO, ¥ >, RNH,
Nitrifikace prokaryotmi Nitrate Nitrite
reductase reductase

DalSi zdroje dusiku pro rostlinu jsou amoniak, mocCovina (urea) a aminokyseliny

See Li, B., Li, G., Kronzucker, H.J., Baluska, F. and Shi, W. (2014). Ammonium stress in Arabidopsis: signaling, genetic loci, and physiological targets. Trends
Plant Sci. 19: 107-114; Britto, D.T. and Kronzucker, H.J. (2013). Ecological significance and complexity of N-source preference in plants. Ann. Bot. 112: 957-963.


http://www.cell.com/trends/plant-science/abstract/S1360-1385%2813%2900191-X
http://aob.oxfordjournals.org/content/112/6/957.short

Nitrat-reduktaza (NR) je velky enzym
s komplexni katalytickou schéemou

NADH  NAD® Nitrat reduktaza
NO,- \—j>NOZ' redukuje nitrat na nitrit,

za ucasti NADH jako
elektronového donoru

-\/r/\/\f\NADH

S$5634

P oo {0 Tord  fGuvaecuiasza

_dimeriza ro-l em FAD_ ADH-bg Nitratreduktaza je

323 483 544 620 650 768 788 917 . , -
cytoplasmaticky homodimer,

D. A4 L]
0 (1ig0 sprostfedkuje transport
. 5 o
M H-[-”T’w . elektront z NADH do
. e o M e r ’ . ’
NN RO vazebného mista pro nitrat

Lambeck, I.C., Fischer-Schrader, K., Niks, D., Roeper, J., Chi, J.-C., Hille, R. and Schwarz, G. (2012). Molecular
mechanism of 14-3-3 protein-mediated inhibition of plant nitrate reductase. J. Biol. Chem. 287: 4562-4571.


http://www.jbc.org/content/287/7/4562.full

Nitrat-reduktaza (NR) a nitrit-
reduktaza (NIiR)

Aktivita NR je pfisné regulovana mnoha rlznymi faktory, protoze se jedna o
kliCovy enzym asimilace kliCoveho prvku pro rostliny, je potfebna koordinace
mezi dostupnosti cukrt a nitratu

Jeho transkripce a translace je stimulovana sacharidy, cytokininy, svétlem,
nitratem

naopak je inhibovana produkty asimilace dusiku (amoniak, nitrit apod.), tmou,
nedostatkem nitratu

Redukce nitritu na amonny iont probiha predevsim v chloroplastech listu
anebo plastidech kofenl za u€asti enzymu Nitrit-reduktazy (NiR)

Jedna se o monomerni polypeptid

Kazdy nitratovy iont redukovany na amoniak produkuje jeden OH-iont — k
udrzeni pH musi byt tento vylou€en nebo neutralizovan organickymi
kyselinami, dusledkem toho je alkalizace pudy kolem kofenu aktivhé
prijimajicich dusik



Primarni asimilace N: NO; je
redukovan na NH,* pred asimilaci
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GS/GOGAT enzymy asimiluji inorganicky
dusik do organickych molekul

Remobilizace

Recyklace
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fotorespirace
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GS/GOGAT enzymy asimiluji inorganicky
dusik do organickych molekul

GOGAT - glutamatsyntaza, ma dvé formy — ferredoxin dependentni (v listech,
hlavnim faktorem je svétlo)
- NADH dependentni (v plastidech
nefotosyntetizujicich bunék)

GS - glutaminsyntetaza — cytoplazmaticka (v kofenech, redukce amonia z
prostredi/fixace apod.) a plastidova (redukce NH,* pochazejiciho z redukce
nitratu a fotorespirace)



Fixace molekulového - plynného dusiku

Objev industrialni fixace plynného dusiku revolucionizoval pramysl a lidskou spole¢nost,
protoze ucinil hnojeni dostupnym a umoznil vyrazné zvysit vynos plodin (Haber-Bosch
proces)

Jde o energeticky velmi naroCny proces

Fixace vzdusného dusiku jsou schopné nékteré prokaryoty, majici enzym nitrogenazu

Reakce vyzaduje velké mnozstvi energie, je citliva ke kysliku

N, + 8¢~ + 8H* + 16ATP — 2NH, + H, + 16ADP + 16P,



Koreny jsou responzivni ke
koncentraci dusiku v pudé

Pri dostatku dusiku maji
rostliny mensi korenovy
system

Pokud je distribuce dusiku

nerovnomeérna, koren roste

dynamicky v mistech jeho LowNO; | HighNOy
LowNO;  High NOy > 10mM vy$$i koncentrace |

|
Control (HHH) QD

Reprinted by permission from Wiley from Drew, M.C. (1975). Comparison of the effects of a localised supply of phosphate, nitrate and ammonium and potassium on the growth of the seminal
root system, and the shoot, in barley. New Phytol. 75: 479-490.. Reprinted from Bouguyon, E., Gojon, A. and Nacry, P. (2012). Nitrate sensing and signaling in plants. Sem. Cell Devel. Biol. 23:
648-654, with permission from Elsevier. See also Gersani, M. and Sachs, T. (1992). Development correlations between roots in heterogeneous environments. Plant Cell Environ. 15: 463-469.


http://onlinelibrary.wiley.com/doi/10.1111/j.1469-8137.1975.tb01409.x/abstract
http://www.sciencedirect.com/science/article/pii/S1084952112000080
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3040.1992.tb00997.x/abstract

Zelezo — hojné, duilezité a tézko
rozpustne

£elezo je ctvrtym Fotosynteza existujici 2.5 miliard let, vytvofila formy
nejvic abundantnim . . v e .
Zeleza, které jsou z drvivé Casti oxidovaneé a

prvkem zemské kury ) . AR Te 8
\/ = nerozpustné. Pro vétSinou bunék je pfijem zeleza
Na pg |, Rest narocny

Fe(ll) or Fe2r  Oxygen Fe(lll) or Fe3*

Ferrous ion Ferric ion
Soluble Insoluble

1-10Lf Atmospheric oxygen
(percentage of present
atmospheric levels)

A
A
-
o

&
L]

. Water depth

0 35 3.0

Age (Gyr)

Reprinted by permission from Macmillan Publishers Ltd Rasmussen, B., Fletcher, I.R., Bekker, A., Muhling, J.R., Gregory, C.J. and Thorne,
A.M. (2012). Deposition of 1.88-billion-year-old iron formations as a consequence of rapid crustal growth. Nature. 484: 498-501.


http://www.nature.com/nature/journal/v484/n7395/abs/nature11021.html

Zelezo se v buitkach nachazi ve formé
hémové, Fe-S komplext a jinych formach
b

V bunkach se Zelezo />__«,»— P
nachazi v mnoha r — .,_d;; =< | p
formach, napr jako o ? St ‘
hem, sirohem, @- ‘%
transferrin, Fe-S .

kluster (predevsim Heme Seikieiie Fe;S; FeuSq
Fe,S, a Fe,S,),

(napft., sulfit-reduktaza,

mononuclear Fe a jiné Ferrodoxin-nitrit reduktaza)
M T Hormon ethylen FeSOD, v a) (,2
210 e (C,H,) je syntetizovan || plastidech, ma taky el @
S o : Kap enzymem ACC monokEJIvearnl &
<] lie—on oxidaza ktery vyuziva [ nehemoYe zelezov
HCN ,CO, y ,y ] reakénim centru
R [P@\/g mononuklearni -
i . Fe" 44 nehemové Fe(ll = >
His#” |\OH Q ( ) (This structure is m A%
centrum from Plasmodium) A a6
dehydroascorbate  ascorbate "

Reprinted from Balk, J. and Schaedler, T.A. (2014). Iron cofactor assembly in plants. Annu. Rev. Plant Biol. 65: 125-153 with permission; Schofield, C.J. and Zhang, Z. (1999). Structural and mechanistic studies on 2-
oxoglutarate-dependent oxygenases and related enzymes. Curr. Opin. Struct. Biol. 9: 722-731; Rocklin, A.M., Tierney, D.L., Kofman, V., Brunhuber, N.M.W., Hoffman, B.M., Christoffersen, R.E., Reich, N.O.,
Lipscomb, J.D. and Que, L. (1999). Role of the nonheme Fe(ll) center in the biosynthesis of the plant hormone ethylene. Proc. Natl. Acad. Sci. USA 96: 7905-7909; Boucher, I., Brzozowski, A., Brannigan, J., Schnick,
C., Smith, D., Kyes, S. and Wilkinson, A. (2006). The crystal structure of superoxide dismutase from Plasmodium falciparum. BMC Struct. Biol. 6: 20.


http://www.annualreviews.org/doi/full/10.1146/annurev-arplant-050213-035759
http://www.sciencedirect.com/science/article/pii/S0959440X99000366
http://www.pnas.org/content/96/14/7905.abstract
http://www.biomedcentral.com/1472-6807/6/20/abstract

Prijem zeleza: Strategie |., redukcni
strategie Fe(lll) na Fe(ll)

Strategie (proces) 1 - okyseleni pudy, které zvysuje rozpustnost zeleza Fe3+
a nasledné dochazi k jeho redukci na rozpustnéjsi formu Fe2+

Strategie (proces) 2 - uvolfiovani sloucenin, které tvofi stabilni, rozpustné
komplexy se zelezem a jejich nasledny prijem

Process | - 3 Process II
(pea, tomato, soybean) (barley, maize, oat)
= ATP & Soil
H* < =t particle _— Siderophore «
@D

3 s Fe3* siderophore
Fe®* chelate \l ,— NADH
Fe2* + chelate«~ > NAD* / \
Degradation Li ‘and
exchange

Fel* Fel*
Outside Inside Outside inside

Plasma Plasma
membrane membrane



Prijem zeleza: Strategie |., redukcni
strategie Fe(lll) na Fe(ll)

v Arabidopsis thaliana bézi tzv. strategie |, kde korenové bunky pumpuiji
protony do okolni pldy prostfednictvim H-ATPazy 2 (AHAZ2), ¢imz snizuji pH
rhizosféry a zvysuji rozpustnost hydroxidu zZelezitého Fe (Fe(OH)3). Fe3+ je
pak redukovano reduktazou zelezité oxidazy 2 (FRO2) na Fe2+ a
transportovano do bunék pomoci zinkem regulovaného transportniho
proteinu podobného Zelezu (ZIP) - IRON-REGULATED TRANSPORTER 1 (
IRT1)

nizka dostupnost Fe indukuje syntézu proteinll AHA2, FRO2 a IRT1, které
tvori komplexy na plazmatické membrané bunék korenové epidermis

okyseleni a redukce pomoci AHA2-FRO2 probihaji v alkalickych ptdach
pomérné spatné, proto lze tento krok provést také pomoci Fe-mobilizujicich
kumarint obsahujicich katecholovou skupinu, jako jsou fraxetin, sideretin a
eskuletin, které maji schopnost vazat, rozpoustét a redukovat Fe z
nerozpustnych zdroju

tyto kumariny a jiné latky jsou pak transportovany z buriky ven pomoci
specifického ABCG transportéru



Prijem zeleza: Strategie |., redukcni
strategie Fe(lll) na Fe(ll)

Epiderma Apoplast Rizosféra
(P-typ) Arabidopsis H- ATPaza 2 Nerozpustné Ee

\ komplexy

_ Chelace, redukce
Y/ a rozpousténi Fe

Transcruphonal\

activation of Fe
uptake genes

Nedostatek zeleza
DM

- \'4 r A4 r r O
Redukce Fe(lll)  spousti vyluCovani -
. .

na Fe(ll) protond a export ?

fenolickych latek jako
skopoletin /

Fe impért

Iron-Regulated Transporter 1

Reprinted from Brumbarova, T., Bauer, P. and Ivanov, R. (2015). Molecular mechanisms governing Arabidopsis iron uptake. Trends Plant Sci. 20: 124-133 with permission from Elsevier; Fourcroy, P., et
al., and Briat, J.-F. (2014). Involvement of the ABCG37 transporter in secretion of scopoletin and derivatives by Arabidopsis roots in response to iron deficiency. New Phytol. 201: 155-167.


http://www.cell.com/trends/plant-science/abstract/S1360-1385%2814%2900291-X
http://onlinelibrary.wiley.com/doi/10.1111/nph.12471/full

Prijem zeleza: Strategie Il., chelacni
strategie

travy produkuji specialni tfidu chelatort zeleza - siderofory

siderofory jsou tvoreny aminokyselinami, které se nevyskytuji v bilkovinach,
jako je kyselina muginova, a tvori vysoce stabilni komplexy s Fe3+

Fytosiderofory jsou syntetizovany z S-adenosylmethioninu, ¢imz vznikaji
slouceniny ze skupiny kyselin muginovych, jako je kyselina 2-
deoxymuginova, které jsou vylucovany prostrednictvim transportéru
fytosidofora ze skupiny kyselin muginovych 1 (napf. TOM1)

korenové bunky trav maji v plazmatickych membranach transportni systémy
Fe3+-siderofor(, které privadéji chelat do cytoplazmy pomoci tzv. Yellow-
stripe 1-like protein (YSL)

pri nedostatku Zeleza uvolnuji kofeny trav do pldy vice siderofor( a zvysuiji
kapacitu svého transportniho systému Fe3+-sideroforu



Prijem zeleza: Strategie Il., chelacni
strategie

TOML (transporter of mugineic
Y acid; family phytosiderophores 1)

Tuto strateqii
pouzivaji jenom
travovité (Poaceae),
protoze jen t_l:avy A
konvertuji SAM
nicotianamine (NA) na
2'-deoxymugineic

acid (DMA) a jeji @
derivaty, které funguji p

jako fytosiderofory Fe(ll)DMA
Yellow Strip

Root cell

DMA 2'-deoxymugineic acid (DMA)

-4

Fe(lll) chelatovany k
phytosiderophoru

. Vesicley

Fe(lll)-DMA
(YS) family

Rhizosphere

Reprinted from Kobayashi, T., Nakanishi Itai, R. and Nishizawa, N. (2014). Iron deficiency responses in rice roots. Rice. 7: 27. See also Kobayashi, T. and Nishizawa, N.K. (2012). Iron uptake, translocation, and
regulation in higher plants. Annu. Rev. Plant Biol. 63: 131-152; Fourcroy, P., Sis6-Terraza, P., Sudre, D., Savirén, M., Reyt, G., Gaymard, F., Abadia, A., Abadia, J., Alvarez-Fernandez, A. and Briat, J.-F. (2014).
Involvement of the ABCG37 transporter in secretion of scopoletin and derivatives by Arabidopsis roots in response to iron deficiency. New Phytol. 201: 155-167.


http://link.springer.com/article/10.1186/s12284-014-0027-0/fulltext.html
http://onlinelibrary.wiley.com/doi/10.1111/nph.12471/abstract

Prijem zeleza: Strategie I-II.

Combined ;‘I SAM
strategy :

6'-hydroxyferuloyl-CoA

Coumarins

C J Fe(OH), 30 /

£ O E9,
Coumarins Fe(OH), EN\CE\R')

Ferrous iron uptake via IRT1/ZIP evolved at least twice in green plants, 2023
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Reprinted from Blank, L.M. (2012). The cell and P: From cellular function to biotechnological application. Curr. Opin. Biotech. 23: 846 — 851 by permission of Elsevier.



http://www.sciencedirect.com/science/article/pii/S0958166912001164

Fosfor je esencialni prvek pritomen

v nejdulezitéjSich biomolekulach

Membranové fosfolipidy

Fosfor (P) je asimilovan a

vyuzivan jako fosfat (Pi) H,N
ktery je v zavislosti od pH ATP —N
ve formé H,PO, ,HPO,* 0 0 0 E \ ,;
3-
nebo PO, 0P —0—P—0—P—0 NN
0 0 0 o o o °
/P\ -"P"n = - /P\ -
HO™ L OH HO™L O™ "0 b_o OH OH



Fosfor je esencialni prvek pritomen

v nejdulezitéjSich biomolekulach

(l)H
Zasobni formy fosforu jsou O=P—-0OH

|

anorganicky fosfat ve vakuole HO. PxOH O Q‘P’OH
"o z -\
Polyfosfaty (linearni polymery @) O WO OH
anorganickéeho P)
HO o) '”O JO

Fytaty (soli kyseliny fytové s . I?:\’ TP
Ca a Mg (fytin), nebo Zn a Fe; HO 0O Q HO OH
K a Mg) HO-P=0

OH

Kyselina fytova



Rostliny jsou soucasti globalniho
cyklu fosforu

Zadny atmosféricky zdroj P

hnolen/
dekompozme

Tezba a tovarni vyroba
akceleruji vstup P do
biosféry

Urbanizace odstranuje P z
terestrialniho cyklu a
urychluje jeho vstup do
vodnich zdroj
(eutrofikace)

Adapted from Smil, V. (2000). Phosphorus in the environment: Natural flows and human interference. Annu. Rev. Energy Environ. 25: 53-88 and Vaccari, D.A. (2000).
Phosphorus: A looming crisis. Sci. Am. June: 54 — 59. See also Elser, J. and Bennett, E. (2011). Phosphorus cycle: A broken biogeochemical cycle. Nature. 478: 29-31.


http://www.annualreviews.org/doi/abs/10.1146/annurev.energy.25.1.53
http://www.nature.com/scientificamerican/journal/v300/n6/full/scientificamerican0609-54.html
http://www.nature.com/nature/journal/v478/n7367/full/478029a.html

Hrozi zasadni nedostatek fosfatu

Vyuziti fosfatu za poslednich 70 let
dramaticky narostlo

Blizi se vyCerpani
fosfatovych zasob
zpusobilych pro téz
T pusobilych pro tezbu
fosfatu

Lidské vylucky

\
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) o Y, N 16V e Ny
United | O I - "-ﬁbo' s 25 A
90% svetovych zasob ;StatS%/S v-’f',f.?;‘\;,/'orogg;’ o ,O? Czr‘?'(f/'oa
e . &7 Lo o 0 oy 0 3 M ¢
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Adapted from Cordell, D., Drangert, J.-O. and White, S. (2009). The story of phosphorus: Global food security and food for thought. Global Environmental Change. 19: 292-305, and Great Quest.



http://www.sciencedirect.com/science/article/pii/S095937800800099X
http://www.greatquest.com/s/PhosphateWhy.asp

Rostlinné fosfatazy, fytazy a mikrobialni
exudaty mohou zvysit dostupnost P (Pi)

20-80 % fosforu v pudé se nachazi v organické forme, vétSina jako kyselina
fytova

Zbytek je v mineralni formé, kde je znamych zhruba 170 rGznych molekul
Pudni mikroby absorbuji fosfor a vylu€uji he ve formé nerozpustnych soli
Organicky fosfor se v pudé pohybuje vétsinou difuzi, avsak s velice nizkou
rychlosti, proto rostliny obvykle velmi rychle vyCerpaji dostupny fosfor (ktery

pak difuzi ,pfitéka“ velice pomalu) a vytvori zonu deplece fosforu

Velice dulezita pro absorpci je pak arbuskularni mykorhiza, kde hyfy hub
maximalizuji plochu pro absorpci

Pi je pak asimilovan prostrfednictvim zabudovani do ATP (literatura je
konfliktni) nebo vytvorenim zasobnich forem



Fosfor se v pudé nachazi ve formé
nemobilnich a nerozpustnych komplexu

Zona deplece —

0,2—-1mm
. R
Kation-fosfatové komplexy S z ®
jsou jen velice malo °©
rozpustné a imobilni v ptidé; °%0 = 8
patfi sem oxidy a hydroxid o
\hlinikem a Zelezem o © ©
o © 0® ©
o = o O ©
o ©0o o Oo
o° o o © o
Gostliny . N\oo L
nepfijimaji Organl’cky 5 %o o ©
organicky fosfat, fosfat ® ©
protoze je
Qeodstupny Koreny rostouci v 31P-labeled pudé.

Jenom P pfitomny na povrchu kofenu je
jimi pfijiman

Lewis, D.G. and Quirk, J.P. (1967). Phosphate diffusion in soil and uptake by plants. Plant nd Soil. 26: 445-453; With kind permission from Springer Science and Business Media


http://link.springer.com/article/10.1007/BF01978678

Rostlinné fosfatazy, fytazy a mikrobialni
exudaty mohou zvysit dostupnost P

Exudaty volné Zijicich/z rostlinou Zona deplece

~asociovanych mikrobu b = ¥ 5
o o
o
H o O

0=P—0H
Ho 29 % or ) o0 < Malé organické
o 950 o . duk ° kyseliny z rostliny
0" 0. o jako citraty a oxalaty

R ‘ = akterle
HO '  © g ©OH
HO—E:D o O
OH °_ %
Phytate 9 |eo
C.H yo P Kysele fosfatazy o @ Malate
6r118V246 T ﬁ
@ Al-Malate

Organicke -
\./

fosfaty

Pi



Houby arbuskularni mykorhizy (AM, AMF)
sprostredkuji prijem fosfatu u vétsiny

(a) P; depletion

Zone =

\
T

Plant root

AM fungus

~80% rostlin je asociovano s
mykorhiznimi houbami; tyto
muazou vyrazné zlepSit pFijem
fosforu, jako houby Glomus,
Gigaspora atd

1|||| l

y

(b)

rostlin

]

q
<
)

p—t

P; uptake

interfaces:
soil-plant
soil-AMF

Karandashov, V. and Bucher, M. (2005). Symbiotic phosphate transport in arbuscular mycorrhizas. Trends Plant Sci. 10: 22-29 with permission from Elsevier; see also Smith, S.E., Jakobsen, 1., Grenlund, M. and Smith,
F.A. (2011). Roles of arbuscular mycorrhizas in plant phosphorus nutrition: Interactions between pathways of phosphorus uptake in arbuscular mycorrhizal roots have important implications for understanding and

manipulating plant phosphorus acquisition. Plant Physiol. 156: 1050-1057. (See also Teaching Tools in Plant Biology 19: Plants and their Microsymbionts).



http://www.sciencedirect.com/science/article/pii/S1360138504002742
http://www.plantphysiol.org/content/156/3/1050.full
http://www.plantcell.org/site/teachingtools/TTPB19.xhtml

Korenovy systém reaguje na fosfat a
shazi se prizpusobit jeho prijmu

Kofenové adaptace na nedostatek fosforu: T ([ e )
* Snizeny gravitropizmus
« Mykorhizni asociace 7‘-‘;}‘“ 4 v Y
« ZvySena formace a prodluzovani bo¢nych
kofenu a kofenovych vilasku, nebo

,Clustert” > %
» Tvorba aerenchymu (metabolicky A
nenaroc¢ny rust)
« ZvySena tvorba exudaty S B
= =]

. @ Key:
—p= Activation

— Repression

TRENDS in Plant Science

Aerenchym

Péret, B., Clément, M., Nussaume, L. and Desnos, T. Root developmental adaptation to phosphate starvation: better safe than sorry. (2011). Trends Plant Sci. 16: 442-450 with
permission from Elsevier; Lynch, J.P. (2011). Root phenes for enhanced soil exploration and phosphorus acquisition: Tools for future crops. Plant Physiol. 156: 1041-1049.


http://www.cell.com/trends/plant-science/abstract/S1360-1385(11)00104-X
http://www.plantphysiol.org/content/156/3/1041.long

,Cluster®” koreny zvysuji plochu a

mnozstvi kofenovych exudatu

CYTOSOL
carboxylates
H P,
ATP ADP+P, phosphatases I
J (@)
T T VN \ . [N—1 | S
/ & o } ] i ’ ( ¥
|' § |' {f,é"; PLASMA' [ P,:H* co- /::“
| & fo | 5§ ;MEMBRANE transport || ||\ '€
\ 4 ll g .s | .
I f‘ ﬂ/_,‘ v
e 1 phosphatases H* Fe*
i e
H* carboxylates -~ P, carboxylates
P, P,
SOIL \A—""
Al-P Al-P, / Fe-carboxylates
o
Fe-P,  Fe-P, e M, 20, Cu-
= carboxylates
ca'Po Ca"PI

P

Cluster
roots

Lupina bila
(Lupinus albus) je
lusténina formuijici
,cluster® kofeny —
geneticky model
pro vyzkum

Cheng, L., Bucciarelli, B., Shen, J., Allan, D. and Vance, C.P. (2011). Update on white lupin cluster root acclimation to phosphorus deficiency Plant Physiol. 156: 1025-1032. Lambers, H., Clements, J.C. and Nelson,
M.N. (2013). How a phosphorus-acquisition strategy based on carboxylate exudation powers the success and agronomic potential of lupines (Lupinus, Fabaceae). Am. J. Bot.. 100: 263-288.


http://www.plantphysiol.org/content/156/3/1025.full
http://www.amjbot.org/content/100/2/263.full.pdf+html

PHT1 fosfatové co-transportéry (Pi:H*)

Old primary root
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\korenech

PHT transportery jsou
H*/ PO,*> ko-
transportéry, maji 12
membranovych domén

(monocots and dicots)

Nussaume, L., Kanno, S., Javot, H., Marin, E., Pochon, N., Ayadi, A., Nakanishi, T.M. and Thibaud, M.-C. (2011) Phosphate import in plants: focus on the
PHT1 transporters. Front. Plant Sci. 2: 83. Pedersen, B.P., et al and and Stroud, R.M. (2013). Crystal structure of a eukaryotic phosphate transporter. Nature.
496: 533-536. Loth-Pereda, V.,et al. and Martin, F. (2011). Structure and expression profile of the phosphate Pht1 transporter gene family in mycorrhizal
Populus trichocarpa. Plant Physiol. 156: 2141-2154. See also Lapis-Gaza, H.R., Jost, R., and Patrick M Finnegan, P.M. (2014). Arabidopsis PHOSPHATE
TRANSPORTERL1 genes PHT1;8 and PHT1;9 are involved in root-to-shoot translocation of orthophosphate. BMC Plant Biol. 14: 334.


http://journal.frontiersin.org/Journal/10.3389/fpls.2011.00083/full
http://www.nature.com/nature/journal/v496/n7446/full/nature12042.html
http://www.plantphysiol.org/content/156/4/2141.full
http://www.biomedcentral.com/1471-2229/14/334

Regulacni kontroly zabranuji over-
akumulaci Pi

PHOL1 je transporter PHO2 je E2 ligaza
[pfesouvajici Pi do xylému pro ktera cili na v Bh?l mUtante_(_:h’
transport do nadzemnich i oy prilis mnoho Pi je
Easti ransportery a akumulovano v
PHT transportéry pfijimaji Pi ZpUSOEUJIe’JeJICh kofenech
z pud proteolyzu
Py Pi __as — = sh}y /v pho?2 mutantech, \
shoot £ @ root je hodné Pi
2 akumulovano v
E nadz. Castech a
o = malo v kofenech; z
YR 4 ) dusledku neregulace
\__tensports
root o
Slan Q81 PHO1
] WT pho2 phot-2 pho2 phoit-2
PHT \ ) i
Y L
P W

Delhaize, E., and Randall, P.J. (1995). Characterization of a phosphate-accumulator mutant of Arabidopsis thaliana. Plant Physiol. 107: 207 — 213; Liu, T.-Y., Huang, T.-K., Tsenga, C.-Y., Lai, Y.-S., Lin, S.-I,, Lin,
W.-Y., Chen, J.-W., Chiou, T.J. (2012). PHO2-dependent degradation of PHO1 modulates phosphate homeostasis in Arabidopsis. Plant Cell 24: 2167 — 2183.


http://www.plantphysiol.org/content/107/1/207.short
http://www.plantcell.org/content/24/5/2168.abstract

PHOZ2 akumulace je regulovana
expresi miR399 (micro-RNA 399)

Kdyz je Pi dostatek, PHO?2
reguluje PHO1 pro
degradaci

+ Pi
\\_/ PHO2

mRNAa

PHO1

P nedostatek indukuje
expresi miR399, ktera vede
k degradaci mRNA PHO?2
(snizeni mnozstvi PHO2)

- Pi

(. )+

J
s K_: “ PHO?2
mRNA

PHO2

Nekddujici RNA - IPS1 je
velice podobna PHO2
RNA, slouzi pro jemnou
regulaci efektt miR399;
stabilnim navazanim
miR399, IPS1 podporuje
PHO2 expresi

PHO2

==\ MiR399
TR

Redrawn from Franco-Zorrilla, J. M., Valli, A., Todesco, M., Mateos, I., Puga, M.l., Rubio-Somoza, I., Leyva, A., Weigel, D., Garcia,
J.A., and Paz-Ares, J. (2007) Target mimicry provides a new mechanism for regulation of microRNA activity. Nat. Genet. 39: 1033-1037.



http://www.nature.com/ng/journal/v39/n8/full/ng2079.html

Draslik: potas — popel v kvéetinac
(potassium - ashes in the pot)

Draslik je esencialni makrozivina

ZlepSuje t
fertilitu ~.)/  Maintains turgor
. / and reduces wilting
ZlepSuje

toleranci ke
stresu _
Reguluje Reguluje stomata
enzymatickou
aktivitu
Zpeviuje .
bun&&né stény Udrzgje balans
iontd
Stimuluje [K*] v ptidé = ~0.1— 1 mM
translokaci [K*] v cytoplazmé rost.
produkt( bunék = ~100 mM
fotosyntézy

See Wang, M., Zheng, Q., Shen, Q. and Guo, S. (2013). The critical role of potassium in plant stress response. Intl. J. Mol. Sci. 14: 7370-7390; Sin Chee Tham /Photo; Purdue extension; Onsemeliot.



http://www.mdpi.com/1422-0067/14/4/7370
http://www.ipni.net/ppiweb/gseasia.nsf/$webindex/article=D866E03848256E8900362252914E7F33!opendocument
http://extension.entm.purdue.edu/pestcrop/2012/issue20/index.html
http://openclipart.org/detail/180172/corn-plant-by-onsemeliot-180172

Potas je termin zahriujici mnoho forem
drasliku:

KCI (potassium chloride, aka sylvite)
K,SO, (potassium sulfate)

K,COj; (potassium carbonate)
K,Ca,Mg(S0O,),-2H,0 (polyhalite)

Draslikaté hnojiva jsou dobyvana ze

etc.

zeme jako “potas”
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http://www.canadapotash.com/index_e.html
http://en.wikipedia.org/wiki/Sylvite#mediaviewer/File:Mineral_Silvina_GDFL105.jpg

Ceny potase jsou velice volatilni,
producentu je malo

Ganada Is #1
in production
(11.2 Mt) and

reserves

Russia is #2\
| in production
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http://www.ipipotash.org/en/publications/detail.php?i=388

y

Draslik je pro rostliny esencialni

K* je counter-iontem pro
negativné nabité molekuly jako
DNA a proteiny

[\ K*\ K* / K* se pohybuje
i dovnitf a ven z
KWK Ky vakuoly skrz
Vacuole specifické
STTITI K* transportery
<1 N ,
2 K . Jako hlavni

- (HAK)

(A K*
(AKT)

K* prijem K™ je kofaktorem Cytoplazmaticka
zahriuje nékterych enzymd koncentrace 8O-

vysoko a nizko
200 mM

afinitni
Reprinted from Maathuis, F.J.M. (2009). Physiological functions of mineral macronutrients. Curr. Opin. Plant Biol. 12: 250-258 with permission from Elsevier.

transportéry

vakuolarni kation, K*
prispiva k expanzi
bunék, vratané
praduch



http://www.sciencedirect.com/science/article/pii/S1369526609000284

v [umolsgFW'+h]

Prvni objeveny princip transportu
drasliku: Bifazicky (biphasic uptake)

' /High affinity  Low affinity

Symport Transport

kanalem
2 X ATP

Y Ny ¥
T ‘?T

: . ﬁ 2xX H* ﬁ Ht
High affinity Low affinity
transport transport transport transport
0.1 02 20.0 40.0
KCI (mM)
: | > Je potreba vice energie, kdyz je

Epstein et al popsal nedostatek K* v ptidé

dvé faze pfijmu K* v

kofenech jeCmene

Epstein, E., Rains, D.W., and Elzam, O.E. (1963). Resolution of dual mechanisms of potassium absorption by barley roots. Proc. Natl. Acad. Sci. USA. 49: 684 — 692
Gierth, M. and Miser, P. (2007). Potassium transporters in plants —

Involvement in K* acquisition, redistribution and homeostasis. FEBS Lett. 581: 2348-2356.


http://www.pnas.org/content/49/5/684.full.pdf
http://www.sciencedirect.com/science/article/pii/S0014579307003018

Je nékolik typu transportéru K*

KT/KUP/HAK transportéry jsou
odpovédné za vétSinu high-affinity
pfijmu v kofenech, 13 genu in
Arabidopsis a 27 u ryze

NhaP-|

NhaP-ll
N-ter Plasma
| membrane
AtSOS1
AtNHX8
+ +
Jsou to K* / H* K" H

symportery (ﬁ)

Chérel, I., Lefoulon, C., Boeglin, M. and Sentenac, H. (2014). Molecular mechanisms involved in plant adaptation to low K* availability. J. Exp. Bot. 65: 833-848, by permission of Oxford
University Press; Gierth, M. and Miser, P. (2007). Potassium transporters in plants — Involvement in K* acquisition, redistribution and homeostasis. FEBS letters. 581: 2348-2356.

—

|

Néktefi Clenové CPA (Cation Proton Antiporter)
rodiny transporterd pfispivaji k K* pfijmu
(zvyraznéné modre)

l

CPA1 CPA2
TC2A36 TC 2.A.37
~ |
| NHE/NHX NHA | AKEA1
AtKEA4 AtKEAZ2
AtKEAS AtKEA3
AtKEAB
PM Intracellular CHX
' e AICHX1-2
I AtCHX28
! ' | AICHX3-12
Vacuolar Endosomal AICHX13-14
AtNHX1 AtNHXS AtCHX28-27
AtNHX2 AtNHX6
AINHX3 LeNHX2 AtCHXIS-10
AtCHX17
AtNHX4
AtCHX18-21
RNHAY AICHX23
ItNHX2
OsNHX1 AICHX24-25

K* / H* antiportery


http://jxb.oxfordjournals.org/content/65/3/833
http://www.sciencedirect.com/science/article/pii/S0014579307003018

V Arabidopsis je 15 genu kédujicich
draslikové iontové kanal
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Used with permission from Hedrich, R. (2012). lon channels in plants. Physiol.Rev. 92: 1777-1811.


http://physrev.physiology.org/content/92/4/1777.abstract

Svéraci bunky pruducht jsou modelovym
systémem pro studium K* transportu

Oteviené Zaviené

V-ATPase

X

H* . i . ,
Mnozstvi informaci a

pfemira studii o téchto
bunkach z nich udélalo
modelovy organizmus pro
studium membranového
transportu vSeobecné

V-PPase

H* =T TPK

Hills, A., Chen, Z.-H., Amtmann, A., Blatt, M.R. and Lew, V.L. (2012). OnGuard, a computational platform for quantitative kinetic modeling of guard cell physiology. Plant Physiol. 159: 1026-1042 Chen, Z.-H., Hills, A.,
Bitz, U., Amtmann, A., Lew, V.L. and Blatt, M.R. (2012). Systems dynamic modeling of the stomatal guard cell predicts emergent behaviors in transport, signaling, and volume control. Plant Physiology. 159: 1235-1251.


http://www.plantphysiol.org/content/159/3/1026.abstract
http://www.plantphysiol.org/content/159/3/1235.abstract

Svéraci bunky pruducht jsou modelovym
systémem pro studium K* transportu

Oteviené Zaviené

Mnozstvi informaci a
pfemira studii o téchto
bufikach z nich udélalo
modelovy organizmus pro
studium membranového
transportu vSeobecné

V-ATPase

X

H+

V-PPase

H+

H+ / TPK

PM-H*-ATPase

h 'Q"\wp g .‘I .> l -

Rainer Hedrich, University of Wurzburg

Hills, A., Chen, Z.-H., Amtmann, A., Blatt, M.R. and Lew, V.L. (2012). OnGuard, a computational platform for quantitative kinetic modeling of guard cell physiology. Plant Physiol. 159: 1026-1042 Chen, Z.-H., Hills, A.,
Bitz, U., Amtmann, A, Lew, V.L. and Blatt, M.R. (2012). Systems dynamic modeling of the stomatal guard cell predicts emergent behaviors in transport, signaling, and volume control. Plant Physiology. 159: 1235-1251.


http://www.plantphysiol.org/content/159/3/1026.abstract
http://www.plantphysiol.org/content/159/3/1235.abstract

Svéraci bunky pruducht jsou modelovym
systémem pro studium K* transportu




Sira: Cisty vzduch vede k deficiencii
u rostlin

Poskozeni
kyselym
destém

Eliminace siry z
primyslového
znecisténi vedlo k
deficienci siry zejména
u Fepky a obilovin

5377123

International Society of Arboriculture; Robert L. Anderson, USDA Forest Service; D'Hooghe, P., Escamez, S., Trouverie, J. and Avice, J.-C. (2013). Sulphur limitation provokes physiological and leaf proteome changes
in oilseed rape that lead to perturbation of sulphur, carbon and oxidative metabolisms. BMC Plant Biol. 13: 23. Hay and Forage.



http://www.forestryimages.org/browse/detail.cfm?imgnum=5377123
http://www.forestryimages.org/browse/detail.cfm?imgnum=3036094
http://www.biomedcentral.com/1471-2229/13/23/
http://hayandforage.com/hay/alfalfa-need-nutrients-0501

Sira se v pudé nachazi v mnoha
anorganickych formach

Species Name Oxidation
State Organic S
S%, H,S, R-SH  Sulfide 2
S Ss Sulfur 0
SO, Sulfur dioxide (toxic gas) +4
SO;5 Sulfite +4
SO,* Sulfate +6

Rostliny pfijimaji siru z pady jako SO,% a v mensi
mire ze vzduchu jako SO, nebo H,S

(B4

H,S byva v nejnové;jsi literature oznacovan za
signalni molekulu, plynni formu signalu




Sira je esencialni makronutrient v
aminokyselinach & jinych latkach

N L Aminoky-
seliny

Cysteine (Cys)
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menthan-3-one
(blackcurrant)
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MSJ SW

Allicin (garlic flavor)

Allyl-isothiocyanate
(horseradish flavor)

/Obrana s/j

N
N

Camalexin is a
defense compound

. . . =0 \{
Glutathione is an amino I
acid derivative involved Domain 1 of wheat E (2162)
: . Zn,Cysg
\m Redox reactions J

McGorrin, R.J. (2011). The significance of volatile sulfur compounds in food flavors. Volatile Sulfur Compounds in Food. ACS Symposium Series, Vol. 1068:

\induced by pathogens

Glucosinolates are
anti-herbivores

3-31



http://pubs.acs.org/doi/full/10.1021/bk-2011-1068.ch001

Prijem siry probiha primarne skrz
SULTR transportery

: : ot oy s Vétsina SULTR je tvorena
U Arabidopsis, 12 genu koduje membranovymi 81042_ / H* ko-
SULTR transportery
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Buchner, P., Takahashi, H. and Hawkesford, M.J. (2004). Plant sulphate transporters: co-ordination of uptake, intracellular and long-distance transport. J. Exp. Bot. 55: 1765-1773 with permission from Oxford University Press; Smith, F.W., Ealing,
P.M., Hawkesford, M.J. and Clarkson, D.T. (1995). Plant members of a family of sulfate transporters reveal functional subtypes. Proc. Natl. Acad. Sci. USA 92: 9373-9377. Rouached, H., Secco, D. and Arpat, A.B. (2009). Getting the most sulfate from
soil: Regulation of sulfate uptake transporters in Arabidopsis. J. Plant Physiol. 166: 893-902. Gojon, A., Nacry, P. and Davidian, J.-C. (2009). Root uptake regulation: a central process for NPS homeostasis in plants. Curr. Opin. Plant Biol. 12: 328-338



http://jxb.oxfordjournals.org/content/55/404/1765.short
http://www.pnas.org/content/92/20/9373.full.pdf+html
http://www.sciencedirect.com/science/article/pii/S017616170900100X
http://www.sciencedirect.com/science/article/pii/S1369526609000375

U vyssich rostlin, SULTR transportéry
ovlivnuji vnitrobunécni transport

SULTR [SO,2] < 10 uM

[SO,2] 6 — 75 mM
SO, H*

Plastid
2-

SO4 K redukci
* sulfatu

dochazi v

52- plastidech

Skladovani

SULTR

[SO,2] 1 - 11 mM

Cytosol

Buchner, P., Takahashi, H. and Hawkesford, M.J. (2004). Plant sulphate transporters: co-ordination of uptake, intracellular and long-distance transport. J. Exp. Bot. 55: 1765-1773; Gigolashvili, T. and Kopriva, S. (2014)

Transporters in plant sulfur metabolism. Frontiers in Plant Science. 5: 442. Rennenberg, H. and Herschbach, C. (2014). A detailed view on sulphur metabolism at the cellular and whole-plant level illustrates challenges in
metabolite flux analyses. J. Exp. Bot. 65 : 5711-5724.


http://jxb.oxfordjournals.org/content/55/404/1765.full
http://jxb.oxfordjournals.org/content/65/20/5711

Prijem a asimilace siry jsou
metabolicky regulovany

2-
SO4 out  Transcriptional, post- Lokalni Sstvi
transcriptional and post- O a NI MNOZStvi
SULTR * translational / allosteric sulfatu
) regulation of transporters
SO4%i, OAS
ATP Transcriptional regulation (O'acetylserm)
Sulfurylase * of ATP sulfurylase and
adenosine 5'- £ A > ot si
Nnizene MnNoZsSivi
APS * phosphosulfate (APS) S e © ,O st
Reductase reductase (APR) Siry (malo _
glutathionu, cysteinu
SO, €= OAS atd.)
Cys Synthase * Allosteric interactions, VOde,l’ Uh“.k’ re.z’ervy
metabolic regulation dusiku, cirkadianni
Cys rytmy

Adapted from Takahashi, H., Kopriva, S., Giordano, M., Saito, K. and Hell, R. (2011). Sulfur assimilation in photosynthetic organisms: Molecular functions and regulations of transporters and assimilatory enzymes. Annu.
Rev. Plant Biol. 62: 157-184; Davidian, J.-C. and Kopriva, S. (2010). Regulation of sulfate uptake and assimilation—the same or not the same? Mol. Plant. 3: 314-325. Yi, H., Galant, A., Ravilious, G.E., Preuss, M.L. and
Jez, J.M. (2010). Sensing sulfur conditions: Simple to complex protein regulatory mechanisms in plant thiol metabolism. Mol. Plant. 3: 269-279.



http://www.annualreviews.org/doi/abs/10.1146/annurev-arplant-042110-103921
http://mplant.oxfordjournals.org/content/3/2/314
http://mplant.oxfordjournals.org/content/3/2/269

Rostliny a prvky: mineralni vyziva rostlin

skupina
T 1A 1A 1B VB VB VIB VIIB ViiB Vi ViIIB 1B 1B 1A IVA VA VIA VIIA VIIIA
perioda
2
é | He
hellum
9 10
2 F Ne
fivor neon
17 18
3 cl Ar
chlor argon
T2 25 % 27 D= I= [ ] 35 3%
4 Vv Mn Fe Co Ni Cu Br Kr
vanad mangan lelezo kobalt niki méd brom krypton
41 a2 43 aa as 46 a7 53 54
5 Nb Mo Tc Ru Rh Pd Ag | Xe
rubldium stroncium yttrium 2irkonium niob molybden technecium ruthenium rhodium palladium stiibro Jod xenon
55 56 57 72 73 74 75 76 7 78 79 81 85 86
6 Cs Ba La* Hf Ta w Re Os Ir Pt Au Tl Bi Po At Rn
cesium baryum lanthan hafnium tantal wolfram rhenium osmium iridium platina 2lato I thallium blsmut polonium astat radon
87 88 89 104 105 106 107 108 109 110 1m 112 113 114 115 116 117 118
7 Fr Ra | Ac** Rf Db Sg Bh Hs mt Ds Rg Cn Uut | Uuq | Uup | Uuh | Uus | Uuo
francium radium k herford dub bohrium hasslum kopernicium 1 di ununoctium
58 59 0 61 62 63 64 65 66 67 68 69 70 Y
* lanthanoidy Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
cer praseodym neodym terbium dysprosium holmium erbium thulium ytterblum lutecium
90 a1 92 93 9 9% % 97 %8 2 100 101 102 103
** aktinoidy Th Pa u Np Pu Am Cm Bk cf Es Fm Md No Lr
thorium protaktinium uran neptunium plutonium americium curium i fermis b lawrencium
] protonové &islo prvku Makroziviny Nezbytné pro Zivot MikroZiviny Nezbytné pro Zivot Benefiéni prvley Maji priznivy vliv na rust
Au znacka prvku rostlin. Obsah prvku v rostliné je rostlin. Obsah prvku v rostliné je rostlin. Nékteré z nich mohou byt
Zato tesky nazev prvku | minimalné 1 g na 1 kg susiny. maximalné 0,1 g na 1 kg susiny. nezbytné pro urcité rostlinné druhy.
Tézké kovy Vyskytuji se v Zivotnim prostiedi | | | MikrozZiviny nebo benefi¢ni prvky, které ve Hlinik ma na vétsinu rostlin acinky typické pro tézké
(pfirozené nebo jako znetidténi zplisobené vysokych koncentracich pasobi na rostliny kovy. Existuji ale vyjimky, kdy jeho nizké koncentrace
lidskou ¢innosti) a pro rostliny jsou jedovaté. jako jedovaté tézké kovy. podporuji rdst (napf. u fepy cukrovky a ¢ajovniku).
zpracoval Jan Kolar, Ph. D., poutité literatura:
- . I3 s Ustav experimentalini botaniky AV CR N. A. Campbell, J. B. Reece (2006): Biologie. Computer Press, Brno
tO UStaV experl"'e“tall"l www.ueb.cas.cz/cs S. Prochdzka et. al. (1998): Fyziologie rostlin. Academia, Praha
botaniky AV CR V. V.. ORI L. Pavlova (2006): Fyziologie rostlin. Karolinum, Praha
) www.facebook.com/UEBavcr E. Tylové (2011): Minerélni vyZiva rostlin. Predn&3ka na Pirodovédeckeé fakulté Univerzity

Karlovy, http://kfrserver.natur.cuni.cz/lide/edmunz/mineral/webove_stranky/index.htm




