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Rostliny a prvky: mineralni vyZiva rostlin
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“Zeme, ne voda, je hmota ze ktereé
jsou postaveny rostliny”

Voda z Destova  Voda z reky
Woodward porovnal rust potoka voda Temia-e
rostlin ve vodé obsahujici

razné mnozstvi ,mineralni* P4
hmoty, pro otestovani . r 4
hypotézy jestli k rustu

staci voda

Prirustek hmotnosti:
55% 62% 93%

DR Woohwann . y
’ ol M o lowsd f bm lmare o & A

“Some thoughts and
experiments concerning

vegetation” (1699)



“Zakon minima”: Nejméne pocetny
prvek limituje rust
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Elementarni slozeni rostlin

Hmotnost rostlin
Jje ~70 az >90%
voda

N
Nitrogen

ysphorus

5 Ca Calcium

Potassium Mg Magnesium
' ; 4 S Sulfur
42% Uniik  WEERE 1 Sisilicon
‘ pudy “*CI Chlorine
i Jiné

—— Tyto elementy rostlina

prijima predevsim z pudy,
oznacuji se jako ,,mineralni
Ziviny“

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

H,0 voda
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Rostliny asimiluji ziviny ze svého
okoli

Prijem Zivin je velmi

energeticky narocny— musi

byt pfijimany navzdory

opacnému koncentraCnimu a

,nabojovému” nebo 3
iontovému nebo-li
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Prijem, asimilace a utilizace zivin
zahriuje velké mnozstvi procesu

Kofenové
exudaty

COOH COOH COOM /
l |
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Symbidza ol'. NH;

oD
o |

Mikroorganizmy \

Efektivita
prijmu

' Architektura

korenového
systému

e

Efektivita vyuziti
nutrientu

X= R-X =

Efektivita
intercelularniho
transporti

Transportéry
a pumpy

Asimilace a
remobilizace

Regulacni a
homeostatické
systémy
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Rostliny pFijimaji ziviny vé

etSinou ve

formé kationtu nebo aniontu

Makroprvk Mikroprvk
umol / g Pfijimana pmol / g Pfijimana
(dry wt) forma dry forma

250 Potassium (K) K*
1000 Nitrogen (N) NO;, NH,* 0.002
60 Phosphorus HPO,%, 1
(P) H,PO,
30 Sulfur (S) S0Z 0.1
80 Magnesium Mg?* 0.001
(Mg)
125 Calcium (Ca) Ca* 2

Nabité ionty vyzaduji transportni 03
proteiny k prekonani membran '

' Dry wt — sucha vaha, susina

Iron (Fe)
Nickel (Ni)

Manganese
(Mn)

Copper (Cu)

Molybdenum
(Mo)

Boron (B)
Chlorine (Cl)
Zinc (Zn)

Fe3*, Fe?*
Ni*
Mn?*

Cu?t

MoO,**

H,BO,
cl-

Zn2+

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



Distribuce zivin v pudé neni na
planeté rovhomeérna

Prebytek
Deficit
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FAQ (2011) Current world fartilizer trands and outlook to 2015
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Cévnaté rostliny prijimaji ziviny
vétSinou skrz koreny

Kofenové vidsky maximalizuji °
absorpéni plochu, funguji v tomto
smyslu podobné jak microvilli ve
stievé savcu pEm—
Jejich pocet je zhruba 45 S5 3
100 na mm? TN

Délka 200-500
az 1000 um

Cesty zivin do korenovych svazku

Animal intestinal epithelium

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



Prijem zivin

- Prijem probiha dvéma zakladnimi cestami — symplastem a apoplastem
- u apoplastu je regulovan jeho sloZzenim a apoplastickymi barierami (Casp.

prouzek, endoderma, exoderma, sklerenchymaticke vrstvy) ’

Ziviny musi byt
transportovany skrz
membrany aby
vstoupili do rostliny

e i Membranovy transport
membranu do . s .
buisky muzZe spotfebovavat az 1/3
kofenovych - energie bunky
e Symplasticka nebo
viask iy Casparyho
j transcelularni cesta prouZek
(Casparian strip)

«

-~

w5

Pumpy. kanaly a
prenasece jsou

molekularnimi
membranami procesu,
zejména ATPasy skrz
pumpovani H* ven z
bunky

A A
. A A o™ \_*
Apoplasticka cesta, , Obousmérny transport mezi

parenchymem xylému a

nevhodna pro anionty Vstup skrz
apoplastem

membranu do
bunky endodermy



Prijem zivin - xylém

7~ Water i drawn L the vylem
Water passes across the root, from ,,:4,»_‘..L,,,,,_,,_.,:
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Hydrogen ons are actively iransported out
of the vacuoles of root cells and into the soil

Pasmodesmata

—
l

4 Caspanan strp

XYLEM

l — SYmMPLASHC pthwdy (Ihrough Crtoolaem) — J000LSUC pAthwdy through cell wal I

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

lonty pfitomné na pudnich €asticich jsou
nahrazovany vodikovymi ionty z bunék
Voda vstupuje pomoci osmézy

hlavni hnaci silou xylému je pak rozdil
vodnich potencialt ve vztahu puda,
rostlina, atmosféra

* Probiha kompetice mezi ukladanim
pfijatych Zivin do vakuol bunék
kofene a transportem do xylému

» Slozeni xylémové stavy je zavislé
na fazi ontogenetického vyvoje,
dostupnosti latek, poZzadavcich
nadzemni €asti, rychlosti
transpirace

» Transport kationta je ovlivnén
nabojem bunéénych 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 osmézou

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

» Transpiraci se pak tato voda vraci skrz
xylem do listi/nadzemnich ¢asti a pak je
odparena nebo opét vstupuje do floému

» Transportovany jsou pfedevsim
organickeé latky (sacharidy,
hormony, proteiny, ATP)

* Maly podil na transporte ionta
(napr. K, P, S, Mg, nedetekovany
nitraty)

* Mobilita latek je rozdilna, vétsi pro
makroziviny, ménsi pro mikroZiviny

Lumen leaming - Simpie Book Production — Biology for non-majors I



Prijem zivin

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

* Mozny je také pfijem Zivin skrz listy

» Listy mGZou absorbovat nebo taky ztracet mineralni latky ve formé plynu, napf. skrz praduchy
(SO,, NO,, NH,), nebo pfijimat Ziviny v kapalném skupenstvi prostrednictvim difuze pfes
kutikulu

* Malé pory v listové kutikule mazZou 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



Ziviny jsou v rostliné spravidla ve
vySSi koncentraci nez v okoli

Energie je spotrebovavana pro prijem Zivin v Chemicky gradient

opozici k elektrochemickému gradientu Zivin vede ven z
Rovnovaha mezi vnittkem a vnéjskem bunky
bunky: gradient elektrochem. potencialu
[HPO], [NO57, [NH,]
Wp[cké mnoistv[v [K+]° [Hp042-]° <100 HM v <100 lJM e
pudé 0.1-1mM <1pM >1 mM >1 mM

[K+];
50 - 100 mM



Rostlinné bunky maji membranovy
elektrochemicky potencial(E,,) -100 az -200 mV

Referencni
elektroda

Elektroda

Elektricky gradient je
udrZzovan pumpovanim
protonu (H*) mimo bunku,
a akumulaci aniontu, jako
napr. malat, v cytosole

H+

coo"
HO—C—H

o Malate
COO"




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

koncentra&ni-chemicky gradient dovnitf buriky
[HPO,], [NOs7], [NH,"],
K], [HPO2], <100 pM - <100 uM -
<1uM >1 mM >1 mM

0.1-1mM

(K],

50 - 100 mM



Semipermeable
membrane

|
Chemical potential | Chemical potential
in compartment A in compartment B

KA

*.

Description

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

u.‘ > u.a

At equilibrium, p* = p ®
Steady state

Active transport occurs
against a chemical
potential gradient

u.A < u’u

Free energy at least
equal to p ® — y * must be
supplied for movement

to occur

Pasivni prijem — ve sméru
gradientu
elektrochemického
potencialu

Stabilni stav

Aktivni pfijem — proti sméru
gradientu
elektrochemickeho
potencialu




Transport zivin muze byt v souladu nebo
v opozici k elektrochemickému gradientu

V souladu Oproti elektrochemickému gradientu
(pasivni prijem) (aktivni transport)
Symport Antiport

o @ o ® ) @

9,

Primarni aktivni transport Sekundarni aktivni
(membr. pumpa): Pfimo transport. Nepifimo spojen
spojen s ATP hydrolyzou s ATP hydrolyzou

ATP i
Skrz  Skrzkanal  Skrz ) NI AR
membranu prenasec



Gases

Small

uncharged

polar
molecules

lons

Charged
polar
molecules

Amino acids, ATP,

glucose-6-phosphate,
proteins, nucleic acids

. .
CO,,N,, O, — e———
. .
Ethanol — —
ERRTITYY - .
o) . (L
.
NH,~C-NH, H,0 - —
Urea Water - .
. —
- —
. .
- L4
Glucose, fructose : ’:
- —
Impermeable ( -
-
-
K*, Mg*, Ca*, CI .
HCO. -, HPO * .
»
.
.
-
.
e
-

onoroonororoonono:

.“ .‘. O“ Q‘. O‘O .‘t 'O‘. .‘

Pohyb do doby
existencie chemického
gradientu

Nutnost existence
transportéru



Ziviny jsou prenaseny skrz membranu pomoci
ruznych typu transportéru - pasivni

Facilitated diffusion
|

[
Simple diffusion " Channel Carrier

o %,

o o Q
. o° Q0 GOQ Outside cell

€
@
°
©
&
3 Lipid bilayer
w
. v
Membrane Inside cell
o O proteins Q

A Passive transport

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

Usnadnéna difaze — roztoky pohybuji se ve sméru gradientu elektrochemického
potencialu, ale vyZaduji pro svuj transport pfitomnost membranovych
transportéru: kanaly a pfenasece




N«

viny jsou prenaseny skrz membranu pomoci
ruznych typu transportéru - pasivni

Kanély a prenasece (iontové kanaly):

Jsou otvory v membraneé vytvorené z proteinu

X
MuazZou byt oteviené nebo uzaviené 010 .].}

Prenaseji jeden typ iontl v dany ¢as

Transport je pasivni; pfenasené latky se transportuji
ve smyslu elektrochemického gradientu o .
« - jsou selektivni a regulovatelné, Zadné konformaéni Obvykly nakres kanalu

zmény bé&hem transportu ve schématech

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

Reprnted from Long SB_ Campbell EB_ and MacKumon R (2005). Crystal structure of 2 mammalian voltage-dependent Shaker famuly K- channel Science. 309: §97-903 with permuission from AAAS



Ziviny jsou prenaseny skrz membranu pomoci
ruznych typu transportéru — aktivni primarni

Membranoveé pumpy:
| b * Jsou proteiny, tvoii primarni aktivni (ATP DP

transport
ATP * Pohyb Zivin navzdory
elektrochemickému gradientu
» Transport je spojen s hydrolyzou ATP

\

ADP nebo pyrofosfatu X
« vicetypu-V, P, F, Ca?* ATPasa . ;
: * 10 nebo 100 molekul nebo iontu/sek. ’::ggftacsg;gg;?:

schématicky nakres

Vakuolarni protonova
pumpa VH*-ATPaza

l”fn “f-‘.

T - ) i

AN,

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



Ziviny jsou prenaseny skrz membranu pomoci
ruznych typu transportéru — aktivni sekundarni

Membranové prenasece - symport
antiport, co-transportéry

H + - Nékteré pfenaSece funguji pasivné
Symport/Antiport - Jsou membranové proteiny, tvofi

X H  H

sekundarni aktivni transport

X «  Mohou byt aktivni nebo neaktivni, funguji navzdory \—@_*'
X

elektrochemickému gradientu, jejich kinetiku Ize popsat

< S pomoci Michaelis-Menten rovnice _ s
. N « Jeden pfenaset mizZe prenaset vice typi Zivin Schématicky nakres
N— »  Tzv. driver (obvykle iont H* u rostiin) se pfenasi ve sméru prenasecu, Sipky
pore svého elektroch. grad., &imZ poskytuje energii pro opaény indikuji smér prenosu
domain pfenos iontu Zivin, obvykle nasleduji konformaéni zmény Symport-antiport

v

Doménova struktura a vrchni
pohled na HKT1 Na*

) transporter

N-ter

Cotsaftis, O., Plett, D_ Shurley, N, Tester, M and Hrmova, M (2012). A two-stazad model of Na' exclusion in f'}c'%hmed by 3D modeling of HKT transporters and altsmative splicing. PLoS ONE. 7: ¢398635. Chéral,
1. Lefoulon, C_ Boeglin M. and Sentenac. H (2014). Molecular mechanisms mvolved m plant adaptation to low K availability. . Exp. Bot. 65: $33-848, by permussion of Oxford Unrversity Press.

—



Rostlinné H*-ATPazy a H*-PPazy

H'f

Na plazmaticke
membrané umistnéna PM
H*-ATPaza pouziva
energii zATP k
pumpovani protonu ven z
bunky

PLASMA MEMBRANE

ATP =

Vakuolarni (VH*-ATPaza)
transportuje protony do
lumenu bunécnych

VH*-ATPaza je
velky proteinovy
komplex

organel/kompartmentu (napr.
vakuoly)

H--PPaza vyuziva misto ATP energi
z pyrofosfatu, Vyuziti velkého
mnozstvi pyrofosfatu v rostlinnych
bUﬁk‘éCh (mM) N prOdUKOVén béheml Sze H. Li X and Palmgren M G. (1999). Energization of plant cell membranes by H -pumping ATPases:
syntézy ADP-glukézy a uridin- Ragnistion and hioxyuthanie. Phast Colt. 11: £77:480.

Qfosfétu (UDP)-glukéz P




PM H*-ATPaza je jednim z
nejdulezitéjSich ,,enzymu

o skt e e e
ATP .. app
He ADP 450 mv
Antiporter
Kanaly Symporter

IRy

Kation Anion

l Pumpovanim protonu ven,

PM H+-ATPaza produkuje
elektrochemicky a pH
gradient

-

PM H*-ATPazou
vyprodukovany
elektrochemicky gradient je
zdrojem gradientu pro
ostatni transportni procesy,
vCetné vnitrobunécnych
(vakuola vs cytosol)

SeePalmgrm\LG 2001). Plant plasma mambrane H -ATPases: Powerhousas for nutnent uptake Annu Rev. Plant Physiol Plant Mol
-843; Figure adaptad from Michelet, B. and Boutry, M. (1995). The plasma membrane H -ATPase. Plant Physiol 108: 1-6

Biol 52: 817-845;



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

m KUP/HAK Y
SEED | ‘ SHOOT
z AKT2

-— K
HO ‘

VACUOLE

K' K'H*

« PFijem Zivin z pudy
je jenom prvnim
krokem jejich
transportu

\ TPKluua J
* Museji byt

transportovany do
mista, kde je jich
potfeba

» Dulezitou roli
sehrava vakuola

Reprinted from Ahmad I and Masthas, F I (2014). Cellular and tissue distnbution of potassium: Physiological relevance, mechanisms and regulation. J. Plant Phymol 171: 708-714 with permussion from Elsevier



Membranové transportéry jsou

kritické pro homeostazi mikrozivin

C
Plasma
membrane

Z apoplastu do
cytosolu a vakuoly
a zpét

Unloading

Citric acid cycle

, Xylem
parenchyma

‘ H‘& -Ho

Root F)
epidermis

Plasma )
membrane

Transter
cell

¥ Malate
Citrate 3 _

Lp Symplastic
- :

Apoplastic M loading
passage?

® H*-ATPase

Zado
apoplastického
xylému

Vacuole

Cytosolic
chelators

Reprinted from Clemens, S Palmzren MG and Kramer, U (2002). A long way zhead understanding and engmesnng plant metal accumulation. Trends Plant Sei. 7: 309-313 with permission from Elsevier.



»Rodiny“ transportéra e —

MTP1
mikrozivin ] P e
Vétsina : Use +——— Cyomplastic NRAMPS. Influx do
transportért kov( g —r cytosolu
je neselektivni, ] \
tudiz jejich aktivita g

Xylem unloading/

zavisi na cellular uptake Apoplastic :’:‘:‘;‘b"m“
1 v ; HMAZJ 'A%,
koncentraci kovu i o i P8
(mikrozivin) RT3 FRD3*
Transiocation/ Root-to-shoot :
redistrbuson o HMAs: Heavy Metal
pr via xylom / Transporting ATPases.
Pumpuji kovy ven z
;;L:é:eﬂ:: Xylem loading cytosolu
> = HMA3 1487
Transport chelatu do HMAS 487
thOSOIU g / Remobilization
§ Use Symplastic NEAMEZ 23467
= tal |
o e Vacuolar sequestration
3 T MTP1 487
b Uptake into root celis MTPSR 487 :
ZIPs: Zinc. iron related Z1P4 148 MTPs: Metal Tolerance
/ IRT3 447 Proteins. Eflux kovii z
transporter. Transport ZIP1045 At
kovu do cytosolu ZIPg 247

Reprinted from Kramer, U, Talke, IN. and Hanikenne M. (2007). Transition metal transport. FEBS letters. 581: 2263.2272.



Group A Group B
. ?om P, type ATPase
forms a trimer Cu an‘ . 'om‘u a homodimer
localized to plasma * localized to vanous
and vacuolar Cu‘. intracellular
membranes compartments
* passive * relies on hydrolysis
of ATP to energize
o ZIP 7n transport
Néktere Nop L P Transportéry
S * localized
transportery ‘lcsesdopme .. CDF (Group B)
IGIOURR) e H e wlocatzad tovanows transportuji kovy
prenaseji kovy 202" :o?mmn.“"""'m oz cytosolu
* relies on antiport
do cytosolu NRAMP " ks of pekasbisi
:edmw:d to plasma Fe'’ -
and vacuolar membrane ..}H" MSC
.m_dsoauotysym * large family of
relies on proton gradient Intracellular
M transporters
Fez' . n':‘unly localized to
FTR Fe”* VIT1/Ccct
« forms a complex with

* localized to vacuolar
FezO membrane
* energization of

an MCO, Fet3p in yeast
and FOX1 in Chiamdyomonas
* localized 10 plasma membrane (=

nrm‘ . 1 inter Mn transport unknown
membrane space of
chloroplast or mitochondrion
outside the cell / outside the cell /
inside the vacuole inside organelies

Reprinted from Blaby-Haas. CE and Merchant, 8. (2012). The ms and outs of algal metal transport. Biochim. Biophys. Acta 1823: 1531.1332,



Nékteré transportéry funguji pro
prenos ven a do organel

EERREer . iron (Fe), copper (Cu), Zinc (Zn), manganese

ot (), cobalt (Co) and molybdenum (Mo)

Noust C_ Motte. P. and Haukenne M (2011) Chloroplastic and mutochondnial metal homeostasis. Trends Plant Scu. 16: 395-404; See also Puig, S. and Peaarrubia,
L (2009;. Placing metal mucronutrients n context: transport and distribution in plants. Curr. Opm. Plant Biol. 12: 299-306 wath permussion from Elssvier



Chelatory a chaperony vazou kovove
|onty aby nereagovali nekontrolovaneé

Chelatory reaguiji s kovy )
jako krabi klepeto. ,Chela” |
po fecky znamena uchopit

Chaperony jsou male,

Ferrous HO ‘7 x\ d
malate J
kovy-vazajici proteiny

o.
O
H O_—/—,‘(‘\
. 0 0O

0
Fe(OH); + 3H* «»Fe>* +3H,0 —p 3 .
Insoluble Soluble citrate

OH

Iron citrate

Reproduced fom Bancy, L, Bartiu, I, McGreeny, K S. and Rosato, A (2010). Molecular recognition in copper trafficking. Natural Prod. Rep. 27: 653-710



Chelatory kovu: nicotianamine,
phytosiderofory a ostatni

Ve travach jsou siderofory COON COO,H\i)OH
produkované z NA a éN NaY “NH
vyluGovany do okolni pudy :

Nicotianamine

Metal-PS ‘

. complex COOH COOH COOH
- Yellow= metal
Red = oxygen NH OH
Blue = nitrogen
) Green = carbon Phytosiderophore (PS)

Grasses have a suite of enzymes

:}, il that converts NA to various
il compounds in the PS family

3 X COOH Enzym
\ nicotiananamine
?’ NH; syntaza (NAS)
Adenosyl produkuje .
nicotianamine
(NA) z tfech
molekul S-
Cowof\i)m’ 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
HN

S

—
O_ " : -0

Citrate 0
+ ﬁ
Metal

Fe(lll)-citrate

Blmdaver, C A and Schomd R (2010). Cytosolic metal handling m plants: daterminants for zine specificity in metal transporters and metallothioneins. Metallomues. 2: $10-529.




Fytochelatiny a metalothioneiny jsou
slouCeniny obsahuijici siru a vazajici kovy

Fytochelatiny Metalothioneiny

Fytochelatiny (FC) jsou proteiny bohaté na siru
syntetizované z glutationu. Jejich hlavni ulohou je vazat
nadbyte¢né kovy v cytosolu nebo je transportovat do

vakuoly.
Phytochelatin
Yellow= sulfur >
Red = oxygen Domain 1 of wheat E. (2162)
Blue = nitrogen Zn,Cys,
Grey = carbon

,"

White = hydrogen

Metalothioneiny jsou proteiny
PC3 [(YEC),G)] bohaté na cystein. N&které
slouzi jako reverzibilni
zasobni forma mikrozivin, jiné

L « 1 ™ s 1™ % ) it o ; !
- A PN 1” ANy maji ulohy v detoxifikaci.
. 3 TsH ? sH

Blindaner, C A and Scheud R (2010). Cytosolic metal handlng mn plants: determmants for zine specificity in metal transportars and metallothionemns. Metallonucs 2 310-329 Raa
PA, Vaamanmk OX and Rigden DJ. 2004) Weeds, worms and more. Papamn's long-lost cousin, phytochelatin synthase Plant Physiol 136: 2463-2474; Leszerysznyn O1, Imam
HT. and Blindaver C A (2013). Drversity and distnbution of plant metallothioneins: 3 reviesy of structure, properties and functions Metallomucs. 5 1146-11685..



Dusik: Nejvic abundantni mineralni
zivina v rostlinach

"{ 3 i * Nejvic zastoupeny prvek v
< - zemské atmosfére
O PFEBEHEHBRRERRRERP « Ctvrty nejvic zastoupeny prvek v
T EHERERRERRERBREE rostlinach(po C, H a O)
P EAEREREREREHEBREEE « Casto limitujici Zivina pro rust
o EEHBHBEHBEE MR
slalr|s]|a]s|la]|a|R]s|=]E
ABBEHBEEEREBEHEEE S8 Osa
Njev %
aminokyselinach - CH, TH2 T [
proteinech, C
nukleovych kyselinach HgN —C—COO NZ \C/N\\ o
(DNA, RNA), ve | | C—H 3
chlorofylu a v H : /C§N O/ ia
bezpociu jnych \H ) e Nachazi se ve

molekul vétsine hnojiv (
o spolecné s draslikem
a fosforem - NPK)

Blank, LA 2012). The cell and P: From cellular fimction to biotechnological application Curr. Opin. Biotech. 23: 846 — §51 From: Buchanan
BB, Gruissem W and Jones RL (2000) Biochesmstry and \olecular Biolosy of Plants Amencan Society of Plant Phyuiclogists.



Anorganicke formy dusiku

Species Name Oxidation
State aation
R-NH, Organic nitrogen, urea -3 ,$\°°*\6a NO; Y
NH,, NH,;* Ammonia, 3 7 SR 2,
ammonium ion NO; . _ 'f';'f’
. Nitrate Aerobic
N, Nitrogen 0 L reduction reactions NH;
N,O Nitrous oxide +1 Anaerobic
NO Nitric oxide +2 NO, ey, NO S Nitrogen
HNO,, NO, N.itr.ous., acid, +3 w:v fixation
nitrite ion "ication N,
NO, Nitrogen dioxide +4
HNO;, NO;™ Nitric acid, nitrate ion +5

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



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

Atmosfeéricky zdroj N,

fixace fixace

Biologicka Pramyslova

@ 7\l
NH,* '"7019"/ 1 dekompozice ﬂ ]]Qi
' |
- H0s B u Asimilace
NH4 rostlinami “
120 TgN/yr 120 .
(50% TgN/yr NHs* = NO, =» NOj
zemédelstvi)

Atmosfericka
fixace
L2TINIY | Biologick
NO; fixace v
oceanech

£

NO-

Denitrifikace
bakteriemi

TgN/yr

Nitrifikace bakteriemi

2

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



Metabolizmus dusiku: Prijem,
asimilace a remobilizace

Remobilizace Uhlikové zdroje,
Recyklace Asimilace TCA cyklus
Pfijem aminokyseliny,
fotorespirace Glutamate = 2-0xoglutarate
NH,* /’ -, Glutamine-2- |::"
oxoglutarate e
NH 4 TEg aminotransferase (il
(GOGAT) e

Nitrite '
4 ed‘ﬁtoase / \ Glutamate
Nitrate & . ‘
reductase Glutamine Glutamine * ,
synthetase Inkorporace do

NO;- » NO;- (GS) (IZ: aminokyselin a
| " : :

dalSich sloucenin

RNHZT [ obsahuiicich
' dusik

P 4 Asimilace
N2 Adaptovino = Xu G Fan X and Miller, A 1. (2012). Plant nitrogen assimilation and use efficiency. Ammu. Rev. Plant Biol 63: 153-182.



Veétsina rostlin prijima dusik ve
formé nitratu NO;-

Mnoho prokaryotu oxiduje NH,*, Rastliny vyzaduji energii k redukci NO;-
proto pudni hladiny NH,* jsou na asimilovatelné formy
casto nizke .
Energie Energie Energie Energie
uvolnéna uvolnéna spotfebovéna  SPotfebovana
+ : : . - .
NH,* =» NO, & NO, NO; NO; ™ NHy = R.NH,
- ; Nitrate Nitrite
Nitrifikace prokaryotmi > reductase || reductase

Rostlinné preference pro NH,* vs NO;-se |iSi zejména dle
druhu rostliny, pH, ontogenezy atd.
Vysoké koncentrace NH4* muzou byt toxické

Nékteré rostliny jsou tzv. NH,* tolerantni (ryze, jehliCnany,
dub, buk atd.,) néktere NH,* citlivé (rajCe, brambor, jeCmen

topol atd.)

Seel: B.Li G, Kronzucker HJ Baludka F and Shi W (2014). Ammonium stress in Arabidopsis: signaling genetic loct, and physiological targets. Trends
Plant Scx. 19: 107-114; Bnitto, D.T. and Kronzucker, HJ. (2013) Ecological significance and complexity of N-source preference in plants. Ann Bot 112: 957.963



Vetsina rostlin prijima dusik ve
formé nitratu NO,-

Mnoho prokaryotu oxiduje NH,*, Rastliny vyzaduji energii k redukci NO;-
proto pudni hladiny NH,* jsou na asimilovatelné formy
casto nizke .
Energie Energie Energie Energie
uvolnéna uvolnéna spotfebovéna  SPotrebovana
+ : : N :
NH,* =» NO, =» NO, NO, NO, ** +. R-NH;
7 " Nitrate Nitrite
Nitrifikace prokaryotmi > reductase reductase

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

Seel: B_Li G, Kronrucksr HJ Baludla F. and Shi W, (2014). Ammonium stress m Arabidopsis: signaling, genstic locy, and phyuiological targets. Trends
Plant Scx. 19: 107-114; Bntto, D.T. and Kronzucker, HJ. (2013). Ecological ssigmificance and complexity of N-source praference m plants. Ann Bot 112: 357563




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

Byl identifikovan skrz
genetickou selekci pro
rezistenci k chloratu

Chlorate (ClO5’)
mimikuje nitrat
(NOgz)

Toxie
Nitrate ‘\@/
T reductasa =5

Cl Chlorite
0”0 ClO,

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

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

1350
100

50 - « NO

& v

. S e e . it

- NO._
) s
4

-50 9
————— e —— St

-100+

Oostindiér-Sraskams FJ and Fesnstra WJ (1973)
Tszy, Y.-F, Schroeder, 11, Feldmann X A 20d Cranford, N M (1993

Isolation and characterization of chlorate-resistant mutants of dradidopsic thaliana Mutation Resesrch Fundamental and Molecular Mechanisms of Mutagenesis 18 17
The berbicide sensitivity gens CHLI of arabidopsis ancodes a nitrate-inducibie nitrate transportar Cell 720 705

130

L L] L4
o 1 2 3 4
Time (min)

173-183. Reprinted from
05-713 with permission from Elsevier




NRT1.1 funguje jako nitratovy
transceptor (senzor)

KdyZ je Dostatek NO
nedostatek inhibuje

NOs v pude, transport
NRT1.1 , auxinu skrz
transportuje NRT 1.1a
auxin pry¢ od . '
kofenové o proliferuje
SpiCky a rust je

spomalen

Beeckman T. and Friml I (2010) Nitrate contra suxin: Nutnient senung by roots. Devel Cell 15: §77-873 with permission from Elsevier. See also Krouk, G, =t al and Gojon, A. (2010). Nitrate-regulated swan transport by NRT1.1
defines a mechaniom for nutrient sensing in plants. Devel Cell 18: 827.857; Mounier. E._ et al and Nacry, P. (2014). Auxin-mediated nitrate signalling by NRT1.1 participates in the adaptive responss of Arabidopsis root archatecture
10 the spatial heterogensity of mitrats avalability. Plant Cell Esvuron. 37 162-174; Forde, B.G. (2014). Nitrogen signalling pathways shaping root svstem architecture: an update. Curr. Opin. Plant Biol. 21: 30-36



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

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

HATS = high affinity
transporters

Km = 10 az 100 pM;
Vm = 2-9 ymol/g FW h

LATS = low affinity
transporters

Km = 170 az 25 000 pM;

Vm = 8 az 700 pmol/g
FW h

Prijem probiha
symportem 2 H*

Zvyraznéné transportéry

vvvvvv

HATS

L

Nacry, P, Bouguyon, E and Gojon, A. (2013). Nitrogen acquisition by roots: physiologacal and developmental mechanisms ensunng
plant adaptation to 2 fluctuating resource. Plant Sotl 370 1-29, With kind permussion from Springer Science and Business Media



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

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

HATS = high affinity
transporters

LATS = low affinity
transporters

Prijem probiha
symportem 2 H*
Zvyraznéné transportéry

vvvvvv

1 o9
peptde —.-
T — n

Zatim jsou zname dvé

skupiny téchto NAR 2.1
transportéru pro nitrat m,f,’
nan2y
- Transportéry s NAT24 | B
dudlni NRT 1@
(HATS/LATS) :
afinitou — NRT NRT ‘-2+ g
1.1 a LATS NRT 1.1
transportér NRT
1.2
- NRT21-7-

transportéry ol D= DUR3 - &
HATS Y :

CHT1 =P

ProT2 —.- & i i
. = PIPS
: o

Nacry, P, Bouguyon, E and Gojon, A. (2013). Nitrogen acquisition by roots: physiologacal and developmental mechanisms ensunng
plant adaptation to 2 fluctuating resource. Plant Sotl 370 1-29, With kind permussion from Springer Science and Business Media



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

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

HATS = high affinity
transporters

LATS = low affinity
transporters

Prijem probiha
symportem 2 H*
Zvyraznéné transportéry

vvvvvv

Zatim jsou zname dvé
skupiny téchto
transportéru pro nitrat

- Tyto transportéry a
globalni pfijem nitratu
je regulovan mnoha

faktory, jako faze 4
- Transportéry s ontogenetického o
dualni vyvoje, abiotické
(HATS/LATS) podminky, koncentraci
afinitou — NRT dusiku v rostliné a % 4
1.1 a LATS zejména fytohormony,
transportér NRT kde hlavni Glohu
1.2 sehravaji cytokininy
- NRT21-7 -
transportéry
HATS
LHT1 =)
ProT2
o 7

Nacry, P, Bouguyon, E and Gojon, A. (2013). Nitrogen acquisition by roots: physiologacal and developmental mechanisms ensunng
plant adaptation to 2 fluctuating resource. Plant Sotl 370 1-29, With kind permussion from Springer Science and Business Media



Rostliny maji specifické transportéry pro NO;" (nitrate)
NH,* (ammonium) a jiné formy dusiku — tzv. HATS,
LATS a specifické aminokyselinoveé trasportéry

FW- fresh weight - Zatim jsou znameé dvé ”
(Cerstva (s vodou) skupiny téchto
hmota, opak susiny) transportéru pro nitrat

- Tyto transportéry a
globalni pfijem nitratu
je regulovan mnoha
faktory, jako faze

HATS

HATS = high affinity - Transportéry s ontogenetického

transporters dualni vyvoje, abiotické
(HATS/LATS) podminky, koncentraci

LATS = low affinity afinitou — NRT dusiku v rostliné a ?J, [

transporters 1.1 aLATS zejména fytohormony,
transportér NRT kde hlavni tlohu

Prijem probiha 1.2

sehravaji cytokininy
symportem 2 H* . ‘

ek o e - NRT21-7-
vyraznene transportery transporté . 4
jsou nejdulezitajsi o st 10% genomu je |
CHTT = responzivnich K
oraT2 nitratu, ale jen :
-, nékteré geny jsou | %

nitrat-specifické
| SR

Nacry, P, Bouguyon, E and Gojon, A. (2013). Nitrogen acquisition by roots: physiologacal and developmental mechanisms ensunng
plant adaptation to 2 fluctuating resource. Plant Sotl 370 1-29, With kind permussion from Springer Science and Business Media



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

Nitrate Uptake

T o N
K udrZeni rovnovahy ionta, pro kazdy nitrat pfijaty kofeny , musi T
byt jeden aniont kofeny vylou¢en nebo kationt kofeny pfijat. NAR21 | g
Rostliny tohoto efektu docili pfedevsim transportem K*, Na“, ALY
Ca’* a MgZ* . NRT 1®'
NRT 1.2
NRT 1.9 }> g

Nacry, P, Bouguyon, E and Gojon, A. (2013). Nitrogen acquisition by roots: physiologacal and developmental mechanisms ensunng
plant adaptation to 2 fluctuating resource. Plant Sotl 370 1-29, With kind permussion from Springer Science and Business Media



Primarni asimilace N: NO;- je
redukovan na NH,* pred asimilaci

=5 Glutamate
Prijem
H-C,
CHjy A
\ ‘ Asimilace do
Nitrite NH.* orgaplcl.(ych
reductase 4 sloucenin
. NO, - \
Nitrate .
reductase Glutamine |  Glutamine *
synthetase or
NO; - (GS)
§

CH-NH4

VSechny
ostatni
slouceniny
obsahujici
dusik



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

NOZ-

NADH\/‘NAD’ Nitrat reduktaza

] ] redukuje nitrat na nitrit,
"Os =N za Géasti NADH jako
elektronového donoru

NOg'
v~ > )\ /" napH
S534
—— SRRy (hemd | FAD | WVADH-bg Nitratreduktaza je
99 323 483 544 6820 650 768 788 917 : £ -
cytoplasmaticky homodimer,
00 - *
o . WO sprostredkuje transport

WY elektrontt z NADH do

A A - 0 0 . , . z

S e vazebného mista pro nitrat

Lambeck [ C. Fischer-Schrader, K Niks, D.. Roeper, J., Chu, J.-C Hille R. and Schwarz, G. (2012). Molecular
mechamism of 14-3-3 protem-mediated mhibition of plant mitrate reductase J. Biol Chem 287- 43624571



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

Aktivita NR je pfisné regulovana mnoha ruznymi faktory, protoZe se jedna o
kliCovy enzym asimilace kliCcoveho prvku pro rostliny, je potfrebna koordinace
mezi dostupnosti cukru a nitratu

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

Je inhibovana produktmi asimilace dusiku (amoniak, nitrit apod.), tmou,
nedostatkem nitratu

Redukce nitritu na amonny iont probiha pfedevsim v chloroplastech listu
anebo plastidech kofenu za ucasti enzymu Nitrit-reduktazy (NiR)

Jedna se o monomerni polypeptid

Kazdy nitratovy iont redukovany na amoniak produkuje jeden OH-iont — Kk
udrZzeni pH musi byt tento vyloucen nebo neutralizovan organickymi
kyselinami, dusledkem toho je alkalizace pudy kolem kofenu aktivné
prijimajicich dusik



GS/GOGAT enzymy asimiluji inorganicky
dusik do organickych molekul

Remobilizace

Uhlikové zdroje,

TCA cyklus

\

Recyklace Asimilace
aminokyseliny,
fotorespirace Glutamate

LT

CH-NIIY

- == ===p NH,*

Prijem \

Glutamin
synthetaza
(GS) v
chloroplastech

e 2-0X0glutarate

()
"
(=
~ ()

Glutamat syntaza
(GOGAT) v
chloroplastech

CHa

I
|
c=0
I

Glutamat

Glutamin * . *
Inkorporace do

LS
1"”.:'—- Iy
o (el
i.'“:.
|

CH=NH3

aminokyselin a
dalSich slou¢enin
obsahujicich
dusik




GS/GOGAT enzymy asimiluji inorganicky
dusik do organickych molekul

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

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



Fixace molekulového - plynného dusiku

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

Jde o energeticky velmi naro¢ny proces

Fixace vzdusniho dusiku jsou schopné nékteré prokaryoty, majici enzym nitrogenazu

Reakce vyZzaduje velké mnozZstvi energie, je citliva ke kysliku

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



Koreny jsou responzivni ke
koncentraci dusiku v pudé

Pfi dostatku dusiku maji
rostliny mensi korenovy
system

Pokud je distribuce dusiku
nerovnomerna, koren roste
dynamicky v mistech jeho Low NO;
Low NO; High NO," > 10mM vySSi koncentrace

|
Control (HHH) w

Nitrote (LHL)

QS @b

Reprintad by permussion from Wilsy from Drew, M.C. (1975). Companson of the effects of a localised supply of phosphate, nitrate and ammomum and potassium on the growth of the senunal
root systam and the shoot, i barley. New Phytol 73: 479450 Repnnted from Bousuyon, E., Gojon, A and Naery, P. (2012), Nitrate senzing and signaling in plants. Sem. Cell Devel. Biol. 23:
6485652, wth permussion from Elsevier. See also Gersam, M and Sachs, T. (1992). Development correlations betwaen roots in heterogensous environments. Plant Call Environ. 15: 4634659,



Fosfor

H
- His|
~ B ¢ 21 * 11 nejvic abundantni prvek
THBEEBHBBEBEERBEERE IR zem§kékury

CHEEFREREE R w |- * 5 nejvic abundantni prvek v
,@"".’:;::La:::;aaz M| e rostliné .
B~ |w = |s|s|=]s|s|s|a|a|w|a|s]a]w] ¢ 1nebo2nejviclimitujici nutrient

slalalalclslelalalaslelclala]a pro rust rostlin

- B S I A S B I R B R R EH

P ma role v bunécné
struktufe, ukladani energie a

.nformaci” a v jejich transferu P je jeden ze tii
hlavnich
Curruni Cpinion in Biolechralogy makantnenfl.l ve
L vétsine hnojiv

Reprinted fom Blank LM (2012). The cell and P- From cellular fimetion to biotechnological application. Curr. Opin. Biotech. 23: 846 — §5] by permission of Elsevier.



Fosfor je esencialni prvek pritomen
v nejdulezitéjSich biomolekulach

Membranove fosfolipidy

Fosfor (P) je asimilovan a%

vyuzivan jako fosfat (Pi) HoN
ktery je v zavislosti od pH | ATP —~N
ve formé H,PO, ,HPO,2 5 6 B 2 v
nebo PO * 0-P—0—P—0—P—0 N~ N
o o 0 & o o kO
/p\ /P\ - P
H - o’ ~ -
i b’o s b‘o o b-o OH OH




Fosfor je esencialni prvek pritomen
v nejdulezitéjSich biomolekulach

Zasobni formy fosforu jsou

anorganicky fosfat ve vakuole

Polyfosfaty (linearni polymery
anorganického P)

Fytaty (soli kyseliny fytoveé s

Ca a Mg (fytin), nebo Zn a Fe;

K a Mg)

OH
O=P—OH
HO. P,OH 0 B, _OH
’, ™ I PN
o © O oH
HQ ,O\ "/O\ /,O
Ho’p\\ ® 'P\OH
O 7 HO
HO-P=0
OH

Kyselina fytova



Rostliny jsou soucasti globalniho
cyklu fosforu

Zadny atmosféricky zdroj P

= CTiimg

nojeni
| / \ dekompozice

TézZba a tovarni vyroba
akceleruji vstup P do
biosféry

Urbanizace odstrariuje P z
terestrialniho cyklu a
urychluje jeho vstup do
vodnich zdroju
(eutrofikace)

Adapted from Seml V., (2000) Phosphorus m the emaronment: Natural flows and human mterferance. Annu Rev. Energy Enmviron. 25: 33-88 and Vaccan, D.A. 2000),
Phosphorus: A Joommsz cnus Sc1. Am. Juns: 54 — 59 See also Elser, ] and Bennatt E_ (2011). Phosphorus cycle: A broken biogeochemical cycle Naturs. 478: 28-31



Hrozi zasadni nedostatek fosfatu

Vyuziti fosfatu za poslednich 70 let
dramaticky narostlo

Blizi se vyCerpani
fosfatovych zasob
zpusobilych pro téZbu

Lidské vylucky

1800 1900 1950 2000 - """5&%‘&/ o o LRI

United O 4 - “fo ot N'C‘h'
- - - - it X 'na
90% svétovych zasob [N e Q D T«QZ. 27%

e e . 8% & oy 38% S
fosfatu je v péti zemich ’ ot S0 4 \{ M
L, { ’ VAN Iz o
e P A kd
- | " < E 4 .l-' : \-‘. -
.+ South AfricaiO My B
k- 4 10% ’ A

Adapted from Cordall D Drangest J.-O._and Whate, S_ (2009). The story of phosphorus: Global food secunty and food for thought Global Environmental Change 19: 2823035, and Graat Quest



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

20-80 % fosforu v pudé se nachazi v organické formé, vétsina jako kyselina
fytova

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

pak difuzi ,pfiteka”“ 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 prostrednictvim zabudovani do ATP (literatura je
konfliktni) nebo vytvorenim zasobnich forem



Fosfor se v pudé nachazi ve formeé
nemobilnich a nerozpustnych komplexu

Zona deplece —

02-1m
C = ‘ E B } o®
Kation-fosfatové komplexy % [ =
jsou jen velice malo ' il B - .
rozpustné a imobilni v pudé; e < P
patfi sem oxidy a hydroxidy/, e | E -
\hlinikem a Zelezem ;o JL €
S 1 L S
o
o - Q] [o © -
o OZ | !—O oo
o) o | (o)L=
Gostliny C oo NI !: —
nepfijimayji Organl'cky o © \p ©
organicky fosfat, fosfat o o °
protozZe je
Qeodstupny Koreny rostouci v *'P-labeled pudé.

Jenom P pfitomny na povrchu kofenu je
jimi pfijiman

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



Rostlinné fosfatazy, fytazy a mikrobialni
exudaty mohou zvysit dostupnost P

Zona deplece
l l =

O-‘?—OH ; X )
Ho. M o 2 ou ."" Malé organické
o © <0 on kyseliny z rostlinym
). o  Fytazu produkujici : s o .
o)

Exudaty volné Zijicich/z rostlinou
. asociovanych mikrobu

jako citraty a oxalaty

,'p\\' 4 0. pe. kterie
HO o o HO OH
HO-P=0
e ’Nﬁ’
Phytate atzy Q Malate
—~— AI-MaIate

CeH15024Ps Kyselé fosfa

Organicke
fosfaty
Pi




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

(a) P, depletion | (b) |

zone =
: ——— —d
A i

°
— i
-
AM fungus —r
g -
== P; uptake
80% rostlin je asociovano s — - interfaces:
~80% J ; |
iznimi i soil-plant
mykorhiznimi houbami; tyto q{_)‘_gr‘ .
muZou vyrazné zlepsit prijem U L i oo .
fosforu, jako houby Glomus, plant
Gigaspora atd

Karandashov, V. and Bucher, M 2005). Symbsotic phosphats transport m arbuscular mycorrhizas. Trends Plant Se1. 10- 22-29 wath permission from Elsevier; see also Smuth, S E., Jakobsen 1., Grenlund, M and Smuth,
F.A (2011). Roles of arbuscular mycorrhizas i plant phosphorus nutntion: Interactions between pathways of phosphorus uptake in arbuscular mycorrhizal roots have important implications for understanding and
mampulating plant phosphorus acquisition. Plant Phvsiol. 156: 1030-1057. (See also Teaching Tools in Plant Biclogy 19: Flants and their Mcrosvmbionts).



Korenovy systém reaguje na fosfat a
snazi se prizpusobit jeho pFijmu

Korenové adaptace na nedostatek fosforu: (e | = )

« SniZeny gravitropizmus

» MykKorhizni asociace

« ZvySena formace a prodluZzovani bocnych
kofenu a kofenovych vlasku, nebo
.clustert”

« Tvorba aerenchymu (metabolicky
nenarocny rust)

« ZvySena tvorba exudatu

(iv)

(i)

= \ (i)

AL

| ‘ () Key:
—> Activation

—{ Repression

kjk g,

TRENDS in Plant Scence

Paret B Clément M Nussaume L and Desnos. T. Root developmental adaptation to phosphate starvation: bettar safe than sorry. (2011). Trends Plant Se1. 16: 442450 with
permassion from Elsevier; Lynch JP. (2011). Root phenes for enhanced soil exploration and phosphorus acquisition: Tools for future crops. Plant Physsol. 156: 1041-1048.



,Cluster® koreny zvysuji plochu a

mnozstvi kofenovych exudatu

CYTOSOL

carboxylates

H carboxylates

SOIL
Al-P,

Fe-P,
Ca-P,

Cheng, L, Bucciarell: B, Shen 7 Allan D

» § E'l PLASMA'
fo § 5|  MEMBRANE
e .

phosphatases I

P,

P,:H" co-
transport
v
phosphatases

P/"‘ P,

\ o P,
Al-P, L _—

Fe-P,

P

Ca-P,

and Vance. CP. 201

¥ \/,.,,; L \.&
carboxylates

Fe-carboxylates

Mn Zn-, Cu-
carboxylates

11). Update on wiate jupm clustsr root acclmation to phosphorus deficiency Plant Physiol

P

Cluster
roots

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

156: 1025-1052. Lambers, H, Clements, J.C. and Nelson,

013). How a phosphorus-acquisition stratesy based on carboxylate exudation powers the success and agronomic potential of lupines (Lupinus, Fabaceas). Am J. Bot. 100: 263-283

AT £
MN. 2013). How



PHT1 fosfatové co-transportéry (Pi:H*)

Old primary root
PHTIZ W
PHTIOE
rUTIAMID &

Cornicnl cofhe
M.

Cowtrad vybmder

LLLARE
Mitiinit e

Lateral root
rMicime
P = ™
rurL m I
PHTIA BID O T

sprostredkuji prijem a transport

¥ pedermnm

i o o olls

nLIee
Koot hair rone gﬂ——: :
LSS 1| B
PHILY & O Bemrcurg v

LR L AR
FUILE MO T  ixm e
MIIA B A SUITE 1L i5
(PHTI W) ™ e
(PHTIA W) N wriame 1
MiTIes W T mrs 18

e QPHT1geniiv oo mith
il L Arabidopsis, 13 v ryzi, [Tci

12 v topolu. Néktere | .

~ l'mu-y,

jsou indukovane G
mykorhizou

}: o7
-~ )
- Wy “";‘ '

- o .
"\ t‘v.,,‘b' (mycorrhiza-dnducitie
S e o
< .I‘:" 7
2%
v

O
S

remtenp ety | VELSINA jO©

Shi s .lexprimovanayv

s me e korenech

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

Nussaume L Kanno, S, Javet, H, Marnn, £ Pochon, N, Avadi A, Nakamshs T M and Thibaud, M -C. (2011) Phosphate import m plants: focus on the
PHT1 transporters. Front. Plant Se1. 2- §3. Pedersen B P ot al and and Stroud R M (2013). Crystal structurs of a eukaryotic phosphats transporter. Nature.
496: 333-336 Loth-Perada, V_ et al and Martin F. (2011). Structure and expression profile of the phosphate Phit] transporter gene farmuly in mycorrhizal
Populu:z srichocaopa Plant Physiol. 156: 2141.2154 See also Lapis-Gaza, HR., Jost. K., and Patnck M Finnegan, P AL (2014). Arabidopsi: PHOSPHATE
TRANSPORTERI genas PHTI 8 and PHT! 0 are mvolved m root-to-shoot translocation of orthophosphate. BMC Plant Biol. 14: 334



Regulacni kontroly zabranuji over-
akumulaci Pi

PHO1 je transporter
Ipresouvajici Pi do xylému pro
transport do nadzemnich

casti
PHT transportéry pfijimaji Pi
Z pudy
shoot Pi

PHO2 je E2 ligaza
ktera cili na
transportéry a
zpusobuije jejich
proteolyzu

Pi (nmole mg" FW)

25

20

15

10

V pho1 mutantech,
pfili§ mnoho Pi je
akumulovano v

kofenech

-

je hodné Pi
akumulovano v
nadz. Castech a

WY, Chen 1-W, Cluou TJ. (2012). PHO2-dependent desradation of PHO1 modulates phosphats homeostass in Arabidopsis. Plant Call 24: 2167 - 2183

K transportu

N pho2 mutantech, "\

malo v kofenech; z
dusledku neregulace

4

Delbaize E. and Randall PJ (1993). Charactenzation of a phosphate-accumulator mutant of Arabidopsi: thaliana. Plant Physiol. 107: 207 = 213; Liu T-Y, Huang, T-K, Tsenga C-Y_ Lai, Y-8, Lin S-1 . Lmn



PHO2 akumulace je regulovana
expresi miR399 (micro-RNA 399)

Kdyz je Pi dostatek, PHO2
reguluje PHO1 pro
degradaci

+ Pi
SO
‘.. PHO2

mRNA 5

PHO1

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

- Pi

~"
\ \_; “PHO2
mRNA

PHO2

Nekodujici RNA - IPS1 je
velice podobna PHO2
RNA, slouzi pro jemnou
regulaci efekta miR299;
stabilnim navazanim
miR399, IPS1 podporuje
PHO2 expresi

PHOZ2

=\ miR399
IPS1

Radrawn from Franco-Zomlla J. M., Valh A, Todesco, M., Mateos, I, Puga MI, Rubwo-Somoza I, Leyva A, Wagel D, Garcia,
JA. and Paz-Ares ] (2007) Target mimicry provides a new mechanism for regulation of microRNA activity. Nat. Genet 39: 10331037




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

Draslik je esencialni makrozivina

ZlepSuje t
fertilitu ~'/ Maintains turgor
] / and reduces wilting
Zlepsuje V/
toleranci ke
stresu _
Reguluje Reguluje stomata
enzymatickou
aktivitu
Zpeviuje L
buné&&né stény Udrzgjettfalans
iontu
Stimuluje [K*] v pidé = ~0.1—1mM
translokaci [K*] v cytoplazmé rost.
produktu buné&k = ~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 Sei 14: 7370-7390; Sin Chee Tham /Photo; Purdue extension: Onsemeliot.



Draslikaté hnojiva jsou dobyvana ze
zeme jako “potas”

Potas je termin zahrnujici mnoho forem
drasliku:
KCI (potassium chloride, aka sylvite)
+ K,S0O, (potassium sulfate)
K,CO, (potassium carbonate)
K,Ca,Mg(S0O,),-2H,0 (polyhalite)
etc.

Témér polovina svétovych zasob drasliku je v

Saskatchewan, Canada
Canad az\— _ ., ‘L&
e el \ . . .!nx Pom.uajuj_
/l \
7 St Manitoba

\ Potassium |
,-\\ B.m /
[ A\ Rocks {

\ = /i
AT, V4
.

N tortn Dakota

Canada Potash: Lmbusa




Ceny potase jsou velice volatilni,
producentu je malo

Ganada is #1
in production

Russia is #2\

(11.2 Mt) and Bse'saa'ts , in production
reserves - —.] (7.4 Mt) and
(4,400 Mt) reserves
A _(3.300My
—l f;f A
China
3.2Mt \
210 Mt World
b i reserves
A L. / : R 9500 Mt
| i\ ) 1=~ t Jordan
. R Brazil ( israel 1.4 Mt
| Chile L. 32mt L 20Mt 4omt World
?é%m — L 210Mt 40 Mt production
- - (2011)
\-L_ 5 37 Mt

Adapted from International Potash Institute \ I /




Draslik je pro rostliny esencialni

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

/\ K‘\ K* K* se pohybuje
dovniti a ven z
K @K* K vakuoly skrz
Vacuole specifické
K* \ transportery
K 1 Jako hlavni

vakuolarni kation, K*
X pfispiva k expanzi
K J bunék, vratané

pruduchu
K* pfijem +i f
zahriuie K. = k? Axiorem . Cytoplazmaticka
l BGarGH onzymy koncentrace 80-
vysoko a nizko
afinitni 200 mM
transportéry Reprinted from Maathwis, F J M. (2009). Physiological functions of mineral macronutrients. Curr. Opin. Plant Biol. 12: 250-258 wath permission from Elsevier.
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»

o

Prvni objeveny princip transportu
drasliku: Bifazicky (biphasic uptake)

High affinity

Low affinity
transport transport

0.1 02 20.0
KCI (mM)

Epstein et al popsali
dvé faze prijmu K* v
kofenech je€mene

40.0

Symport Transport

kanalem
2 xXATP

Y BN ¢
= ==

45 2xH
High affinity

 Low affinity
transport =

== lransport

Je potreba vice energie, kdyzZ je
nedostatek K* v pudé

Epstem E_ Rams DW, and Elzam O E (1963). Resolution of dual mechamisms of potassium absorption by barley roots. Proc. Natl. Acad Sc1 USA. 49: 684 - 69
Gaarth, M and Maser P. 2007)

0. A T
7). Potassium transporters in plants — Involvement m K° acquisition, radistnbution and homeostasis. FEBS Latt 581

581: 2348-2356



Je nékolik typu transportéru K*

KT/KUP/HAK transportéry jsou Néktefi ¢lenové CPA (Cation Proton Antiporter)
odpovédné za vétSinu high-affinity rodiny transporteru pfispivaji k K* pfijmu
pfijmu v kofenech, 13 genu in (zvyraznéné modre)
Arabidopsis a 27 u ryZe | |
CPA1 CPA2
TC2A36 TC 2A.37
l 1
NhaP-| NHE/NHX NHA AIKEA1
== -
. | AIKEAB R
NhaP-il PM | | Intracellular 2:::’:‘ -
inncmio otsblon AICHX28
AICHX3-12
N-ter Pnum. v.cA.Eour Endolsbmll AICHX13-14
membrane AINHX1 AINHXS AICHX26-27
*'m il I ACXIS 10
ey m‘: AICHX18-21
Jsou to K* / H* H oﬁgﬂl AICHX24-25
symporte N it
ymportery =g e
K* / H* antiportery

Cherel. 1, Lefoulon. C, Boeglin, M and Sentenac H (2014). Molecular mechamsms mvolved in plant adaptation to low K- availability. J. Exp. Bot. 63: §33-848. by permussion of Oxford
Universty Prass; Geerth, M and Maser, P (2007). Potassium transporters mn plants — Involvement m K' acquisition, radistribution and homeostasis. FEBS letters. 581: 2348-2336



V Arabidopsis je 15 genu kédujicich
draslikové iontové kanal

Shaker

9 Shaker-

type (Kv)
(Plazmaticka
membrana)

1 Neselektivni
two-pore cation

(TPC) kanal
TPC
5 Two Pore K*

!12“”29 M ]@
(TPK) channels 1 K, -like
(tonoplast) " 3 draslikovy
m kanal
2TWHP
4TMZP

Used with penmission from Hedrich, R (2012). Ion channels in plants. Physiol Rev. 92: 1777-1811

Kee



Transport iontu skrz Shaker Kv
kanaly je pohanéno a regulovano
napétim

| : KdyzZ je kanal otevien, dle
N\, exitujiciho membranového |
potencialu je
k
K+ determinovan smér to Uf' K+
N EK .

E (mV)
E_<E, \

200 =150 -100 -‘50
Reprinted from Drever, I and Blatt M (2009). What makes 2 gate” The ins and outs of Kv-like K' channels in plants. Trends Plant Sci. 14: 383 — 390 with permussion from Elsenvier

E_>E,

K' efﬂux

K influx

K~ currenl



Ruzné typy Shaker Kv kanalu
odpovidaji ruzné na existujici napéti

E (mV)
I -200 -150 -100
GORK / . - -
Nékteré jsou ovladané ———— aket Kgient Cketiux. 1 5
napé&tim, nékteré ne, %0100 . o : 3
nékteré transportuji jen KAT! 2 ¥
dovnitf, nékteré jen ven ’

KAT2

AKTI o Y ™
Kln » E (mV) ) ’
SPIK .

200 -150 =100 =50~ 50
4 I

AKTS

K* current

K* influx

Reprinted Som Drever, I and Blatt. M (2009). What makes 3 gate” The mns and outs of Kv-like K channels m plants. Trends Plant Sci. 14: 383 — 390 with permussion from Elsenser;
Pilot, G, Pratelli R Gaymard, F_ Mever, Y and Sentenac H (2003). Frve-group distribution of the Shaker-liks K channel famuly in higher plants. J. Mol Evol 56: 418434



Svéraci bunky pruduchu jsou modelovym
systémem pro studium K* transportu

Oteviené Zaviené

V-ATPase

H+
Mnozstvi informaci a

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

V-PPase

H+ TPK

PM-H'-ATPase

Hills A Chen Z-H Amtmarn A Blatt MR and Lew, VL (2012). OnGuard, 2 computational platform for quantitative kinstic modeling of guard cell physiclogy. Plant Physiol. 159: 1026-104] Chen Z-H_Hills. A,
Batz U, Amtmann A Lew, VL and Blatt MR (2012) Systems dynamic modelng of the stomatal suard cell pradicts emergent behaviors in transport, signaling, and volume control. Plant Physiology. 159: 1235-1251



Svéraci bunky pruduchu jsou modelovym
systémem pro studium K* transportu

Oteviené Zaviené

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

V-ATPase

H#

V-PPase

H+

H+ TPK

PM-H'-ATPase

Rainer Hedrich, University of Wirzburg

Hills A Chen Z-H. Amtmanm A Blatt MR and Lew. VL 2012). OnGuard, 3 computational platform for quantitatrve kinstic modelmg of guard cell physiology. Plant Physiol 159: 1026-1042 Chen, Z-H_ Hills A,
Bitz U, Amtmann A Lew, VL and Blatt MR (2012). Srstems dynamic modeling of the stomatal guard cell predicts smergent behaviors m transport, signaling. and volume control. Plant Physiology. 159: 1235-1251



Sira: Cisty vzduch vede k deficiencii
u rostlin

/ Poskozeni |

. kyselym
" destém

Eliminace siry z
prumyslového
znecisteni vedlo k |
deficienci siry zejména
u repky a obilovin |

f
/

nculture: Robert L Anderson USDA Forest Service; DHooghe. P, Escamez S, Trouvene, J. and Avice, 1-C. (2013), Sulphur imitation provokes physiological and leaf protaome changes
moﬂsudmhlndhpﬁubﬁudmlph carbon and exidatrye metabolisms BMC Plant Biol 13: 23. Hav and Foraze.



Sira se v pudé nachazi v mnoha
anorganickych formach

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

Rostliny pfijimaji siru z pudy jako SO4% a v mensi
mife ze vzduchu jako SO, nebo H,S

H,S byva v nejnovéjsi literature oznaCovan za
signalni molekulu, plynni formu signalu

“W. Sulfur

® _
.V deposits




Sira je esencialni makronutrient v
aminokyselinach & jinych latkach

o-
o o v
Amino Vune nebo !
HZN\_/lLOH pommm—————— se"n ky zépach \/\s/s-’.\/\
g HS-CHFCH-COOH ! y
| NH, 5 Allicin (garlic flavor)
Cysteine (Cys)
I HyC-S-CH,-CH,iCH-COOH ! i "
- - L 1
“ ,c’SV\,)kon & Sk NH g Mercapto-p- Allyl-isothiocyanate
NH, e menthan-3-one (horseradish flavor)
(blackcurrant)
Methionine (Met)
f""""'. - -~
4 5 IS 1, Oxidace/redukce, \ /" Obrana ‘S . =
1 I & ¢ K " Glucosinolates are
A th +"ou transport kovu a A anti-herbivores
" v detox L\ N OH o
Glutathione -~~~ .- Camalexin is a HHO-_\/\ s f’?go
Glutathione is an amino f’ defense compound OH™ "Ny
acid derivative involved Domain 1 of wheat £ (262) induced by pathogens %
in Redox reactions i j K ¥

AcGomm, RJ. (2011). The significance of volatile sulfur compounds in food flavors. Folatile Sulfio Compound: in Food ACS Sympoczium Series, Vol. 1068: 3-31



Prijem siry probiha primarneé skrz
SULTR transportéry

~ v .

. . . . Vetsina SULTR je tvorena 12-
U Arabidopsis, 12 genu koduje membrane spanning SO,% / H* ko-
SULTR transportery transportérmi (sympqrt)

(+4) (‘"

7 oy
|
o0l 1 OsSultr2:2 Group 2 ———
OsSultr2;1 \ +e4l4)
AtSuitrd;3 <

OsSultrd 3 "

AtSultr3.4 ‘

g1 o N ( g a
ultrd;

Ossutras | Group 3

OsSultrd.s

AtSuitr3 2

100

53

OsSultr3:2 SOZ H* vy

50 OsSultr1;3 \ S 042_ H
%ﬁ\‘t‘m&‘s (
100| 871 AtSultr1 ;2 Group 1

o JT s
_,OO{E%‘::::;; Groupa — PTIMarNi asimilace v kofenech probiha skrz
TR 'SULTR1;1a SULTR1;2

Bucknsr P Takshaski H and Hawkesford M J (2004) Plant sulphate transporters: co-ordizmation of uptaks, intraceliular snd long-distance transport J Exp Bot 35 2'6 -1773 with psrmission from Ox{nxﬁ.:m—erxﬁ Press .mnh}'“ .-a.x:r
PN -(xwta.m‘..\l'xr.d .ztkmn"' 1993 ?.m::xbmo‘z.‘zzac s...mm;orxsma.‘mc‘:.on.. Lbnw?roc\x:l Acad Sci USA9 23 .9 7 Rouached H, Secco, D and Arpat, AB (
il Regulstion of sulf §83-902 Gojon, A, Nacry, P and Davidian, J-C (2009) Root uptake regulation 2 central process for NPS homeostasis in plants Curr Opin PmBe 12 ‘ 328338




U vyssSich rostlin, SULTR transportéry
ovliviuji vnitrobunécni transport

SULTR (SO,2] < 10 uM

[30316-75m§r\\\\

Skladovani

8042'

K redukci
“' sulfatu

dochéazi v
plastidech

Sz'

3042°
H0

[SO4#]
4-12 mM

SULTR

[SO2]11—-11 mM

Cytosol

Buchner, P, Talkahashs H and Hawkesford M. (2004). Plant sulphats transporters: co-ordmation of uptake intracellular and long-distance transport. J. Exp Bot. 33: 1763-1773; Gagolashuali. T. and Kopriva, S. (2014)
Transportars mn plant sulfir metabolism Frontiers in Plant Science 50 442 Rennenberz, H and Herschbach, C. (2014). A detailad view on sulphur metabolism at the cellular and whole-plant level illustrates challengss m
metabolite flux analyses J Exp Bot 65:3711-5724
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Buchner, P Takahash: H and Hawkesford MJ (2004). Plant sulphats transporters: co-ordmation of uptaks mtracellular and long-distance transport. J. Exp, Bot. 55: 1763-1773 by pemussion of Oxford University Press



Sulfat je asimilovan pomoci ATP
sulfurylazy na APS
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Adapted from Takzhashi H Kopriva, 8., Giordano, M., Saito, K. and Hell, R. (2011). Sulfur assimilation m photosynthetic
orgamsms- Molecular fnctions and regulations of transportars and assimilatory enrymes. Annu. Rav, Plant Biol 62: 157-184



APS se muze dale metabolizovat dvéma
drahami pro primarni nebo sekundarni reakce

AMP . Fdxo,

b GSSG
1 0. w Fdxp-:d O
o 2os ) J i A,

2- ﬁ 82- #
) Sulfite — \
5 \ ) =R Sulfite reductase Sulfide SH
0 /4
o{z}rg—o\ ( & ,”\ /' reductase / Cystein

AP3 Jenom v plastidu

| kinase
OH OH
Adenosine 5'- ATP"\ -
phosphosulfate (APS) a2 § AN
°<§>0—Z—°" o ‘\'N' N — Sulfatovane latky,
s w—>  glukozinolaty
OH
0=P—0

5'-Phosphoce>1denosine 3'-
phosphosulfate (PAPS)

Adapted from Takzhashi H Kopriva, 8., Giordano, M., Saito, K. and Hell, R. (2011). Sulfur assimilation m photosynthetic
orgamsms- Molecular fnctions and regulations of transportars and assimilatory enrymes. Annu. Rav, Plant Biol 62: 157-184



Prijem a asimilace siry jsou
metabolicky regulovany

SO42'0U‘ Transcripti
ptional, post-
transcriptional and post- LOK?'”‘ mnozstvi
SULTR * translational / allosteric sulfatu
SO,2 regulation of transporters
4 in OAS
ATP Transcriptional regulation (O-acetylserin)
Sulfurylase * of ATP sulfurylase and
adenosine 5- (> f
APS { phosphosulfate (APS) sze.né mr'IOZStVI
Reductase reductase (APR) Siry (malo .
glutathionu, cysteinu
SO; <= OAS atd.)
Cys Synthase * Allosteric interactions, VOd?' Uh“.k' regg NY
metabolic regulation dusiku, cirkadianni
Cys rytmy

Adapted from Takahashn H Koprma S, Giordano, M. Sato. K and Hell R (2011). Sulfir 2ssmulation in photosynthetic orgamsms: Molecular functions and regulations of transporters and assmlatory ensymes Annu
Rev. Plant Biol 62- 157-184; Davidhan, J-C. and Koprra, S. 2010). Regulation of sulfate uptake and assimilation—the same or not the same” Mol Plant. 3: 314-325. Vi H Galant A, Ravihious, GE. Preuss ML and

Jez, JML (2010). Sensing sulfiur conditions: Sumple to complex protemn regulatory mechanisms i plant thiol metabolism. Mol Plant 3: 265-279



Magnesium

Mg v roztocich je
porad kation Mg?*
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Magnesium je kofaktorem pro mnoho
enzymu a nezbytny pro chlorofyl
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Jensen R.G. (2000). Activation of Rubisco regulates photosymthesis at high
temperature and CO,. Proc. Natl. Acad Sei USA 87: 12937-12938




Mg deficience

Hlavnim priznakem nedostatku je chloroza listu

High light \ : Low light

Reusad with permussion fom Wilsy from Cakmak [ and Kirkby, E A (2008). Role of magnesium in carbon paritioning and alleviating photooxadative damage Physiol. Plant
133: 652-704: Ses also Verbrugzen N and Hermans C. (2013) Physiological and molecular responses to masnesium nutritional imbalance m plants. Plant Soul. 368: §7 - 99



Transportéry Mg?* figuruji v mnoha
ruznych membranach

fii Nucleotidyl phosphotes

Mg+ATP &2 MgATP
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MHX (Mg/H* exchanger)
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Mg transportery se liSi od
ostatnich kationovych
transp. kanalu, avsak jsou
konzervovane u vSech
Zivych organizmu

MRS-type transporter

Raproducad from Hermans, C_ Conn, SJ, Chen J Xiac, Q. and Verbruggen N. (2013). An update on magnesium homeostasis mechamsms m plants. Metallomucs. 5: 1170-1183 with permussion of The Roval Society
of Chemustry. Reprinted by permussion from Macmullan Publishers Ltd Hatton, M., Tanaka Y. Fukat S Ishatams, R and Nurela, O. (2007). Crystal structure of the MzetE Mzl+ transporter. Nature 448: 1072-1075




Pfijem magnesia je regulovan MRS /
MGT rodinou transportéru
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Gebert, M, Meschenmoser, K. Stadovd S, Weshuber, 1 Schweyen R Eifler, K Lenz H Wevand K and Knoop, V. (2009). A root-sxpressed magnesium transporter of the MRS2MGT gene family m Arabidopris
thaliana allows for growth m low-Mg™ emvironments Plant Call 21- 40184030 Mao, D _Chen J Tan L Liw Z Yang L Tang R Li J Lu C Yang Y Shi J Chen L Li D and Luan S. (2014). Arabudopsis
transporter MGT6 mediates magnesium uptake and s required for growth under magnesium limitation. Plant Call. 26: 2234.2248.




Hlinikova toxicita je minimalizovana
zvysenym prijmem Mg

Hlinik inhibuje rist zejména v
alkalickych pudach, kde je
nejvic rozpustny
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Al sensitive
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@ A mg*
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o ,.@

Inhibition of Mg**
dependent enzymes

H' ATPase inhibition
VACUOLE
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Delhaize E., and Ryan PR (1993) Alummum toxicity and tolerance in plants. Plant Phys:
2011). Role fmmesu:r."z.e'.znm of alummium toxscity m plants J. Exp Bot 62 Z:
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minimalizuji Al
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Zelezo - hojné, dulezité a tézko
rozpustné

f:jlsf? ;gumim Fotosynteza existujici 2.5 miliard let, vytvorila formy
prvkem zemské kury Zeleza, které jsou z drvivé Casti oxidovane a
nerozpustné. Pro vétsSinou bunék je pfijem Zeleza
narocény
Fe(ll) or Fe2* Oxygen Fe(lll) or Fe**
Ferrous ion = Ferricion
Soluble Insoluble
1-10L.f Atmospheric oxygen l

(percentage of present
atmospheric levels)

A
&
& Water depth ?,

0 35 3.0 25 2.0 1.5 1.0
Age (Gyn)

Repnntad by pemussion from Macmillan Publishers Ltd Rasmussen B, Fletcher, LR, Bakkar, A Muhling, J R Gregory, CJ. and Thome,
AM (2012). Deposttion of 1 88-billion-year-old iron formaticns as 2 consequence of rapid crustal growth. Naturs 484: 498-501



Zelezo se v burikdach nachazi ve formé

hémove, Fe-S komplexu a jinych formach
V burikach se Zelezo “

nachazi v mnoha — e
formach, napf jako el
hem, sirohem, Fe-S

kluster (pfedevsim )
Fe,S; a Fe,Sy), Heme Siroheme Yo T84
mononuclear Fe a jiné

(napf., sulfit-reduktaza,
Ferrodoxin-nitrit reduktaza)
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o enzymem ACC monokuleami &
ACC : nehemové Zelezo v
m] 5 v $ivs s
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Raprnted from Balk J and Schaedler, T A (2014). Iron cofactor assembly i plants. Anmu Rev. Plant Biol 63 123-133 with permussion; Schofield, C.J. and Zhane 7. (1999). Structural and mechamstic studies on 2-
oxoglutarate-dependent oxygenasss and related enmymes Cury. Opin Struct Baol 3: 722-731; Rocklm A M Tiemey, DL Kofman V., Brunhober NM W, Hoffman B M., Chnstoffersen, RE  Reich NO,,
Lipscomb, JD. and Que, L. (1959). Role of the nonheme Fa{ll) centar in the biosynthesis of the plant hormone ethylens Proc. Natl Acad Sc1 USA 96: 7505-7509: Boucher, 1., Brzozowsia, A Brannigan, J, Schouck,
C. Smuth D Kyes S and Wilkinson A (2006). The crystal structurs of superoxide dismutase from Plasmodium Slciparum BMC Struct Biol 6: 20
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Prijem zeleza: Strategie I., redukéni
strategie Fe(lll) na Fe(ll)

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

@ Nerozpustné Fe
komplexy

Tranxnphm

activation of Fe

uptakesenes TR O = Chelace, redukce
s @ a rozpousténi Fe

se Oxidase 2 enzym)

Nedostatek Zzeleza 0 o
Redukce Fe(lll) spousti vyluCovani Y\I/
na Fe(ll) proténl a export WENS

fenolickych latek Jako
s skopoletin ’
7 Fe import
Iron-Regulated Transporter 1
Reprnnted from Brumbarova, T, Bauer, P. and Ivanov, R (2013) Molecular mechamsms govermng Arabidopsis won uptake Trends Plant Scx 20: 124-133 tmhpemusw fromElsr qer; Fourcroy, P, et

al. and Brat J-F Q2014). Involvement of the ABCG37 transporter m secrstion of scopoletin and dertvatives by Arabidopsis roots in response to iron deficiency. New Phyvtol. 201 153-167



Pfijem Zzeleza: Strategie Il., chelacCni
strategie

TOM1 (transporter of mugineic
¥ acid; family phytosiderophores 1)

Tuto strategii
pouzivaji jenom
travovite (Poaceae),
protoze jen travy
konvertuji
nicotianamine (NA) na
2'-deoxymugineic

DMA 2'-deoxymugineic acid (DMA)

Fe(lll) chelatovany k
phytosiderophoru

acid (DMA) a jeji D
derivaty, které funguji
jako fytosiderofory Fe(lll)-DMA Fe(lll)-DMA
Yellow Stripg(YS) family
Root cell Rhizosphere

Reprinted from Kobayashi, T, Nakamshu Itar R and Nishizawa N. (2014). Iron deficiency responses m nice roots. Rice. 7: 27, Ses also Kobavashi, T. and Nishizawa NX (2012). Iron uptaks, translocation, and
regulation in hagher plants Annu Rev. Plant Biol 63: 131-152; Fourcroy, P Si20-Temaza P Sudre D Saviron, M., Reyt, G, Gaymard F_, Abadia A, Abadia, J., Alvarez-Feminder A and Bnat J-F. (2014)
Involvement of the ABCG3” transporter m secretion of scopoletin and dematives by Arabidopais roots in rasponse to tron deficiency. New Phytol. 201- 135-167



Rostliny a prvky: mineralni vyZiva rostlin
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» protonowe o preky Makrolviny Nerbytné pro Hvot Mikroliviny Nezbytné pro fivot Benefiin: prviy Maji pliznivy viiv na rist
Au | matka prvku rosthin. Obsah prvku v rostling je rostiin. Obsah prvku v rostling je rostlin. Nékteré z nich mohou byt
o Lesky nazev prviy minimainé 1 g na 1 kg suliny. maximainé 0,1 g na 1 kg suliny. nezbytné pro urdité rostlinné druby.
Téthe howy Vyskytuji se v fvotnim prostiedi Mikrolviny nebo benefiéni prvky, které ve Hlinik ma na vétiinu rostiin Oinky typické pro téiké
(phirozend nebo jako mmelilténi 1pisobend vysokych koncentracich pdsobi na rostiing kovy. Existuji ale vyjimky, kdy jeho nizké koncentrace
lidskou tinnasti) a pro rostiiny jsou jedovaté. jako jedovaté téiké kovy. podporuji rist (napd. u fepy cukroviy a Eajovniku).
rpracoval Jan Kolsf, Ph. D, poulits literatura:
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