Vapnik

- cytoplasmaticka koncentrace
vapniku velmi nizka (0,1-0p2V1)

- stavebni, signalni funkce,
stabilizace membran

- vapnomilné x vapnostzne
druhy

Deficience vapniku:

- poSkozeni
meristent, poruchy
rastu vegetanich
vrcholi

Varek 2002




Pozadavek rostliny na vapnik:

- v rostliné velmi malo pohyblivy

- vyrazna kompartmentace a akumulace
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Plants

Particulate
deposition

Liming materials

Soil - : S R

solution

Minerals

Exchangeable cations
on clay and humus

Slowly available
interlayer
Mg in 2:1 clays

Brady a Weil 2002




(2) Exchange of (1) Addition of
2 H* ions for a H* ions from
Caltio acid-forming

: /\ . ¢/ processes
ﬂuons of acids
(NO3~, 50,7,

Exchangeable
cations

(3) Leaching loss
of Ca, Mg, K, and Na
along with anions

Loss, kg/ha/yr

Total from cropland

Apple orchard in New York—Ileaching losses
Douglas fir watersheds, loss in streams
From clear-cut and slash/burned
ey From undisturbed watershed
==, | Average of 4 eastern U.S. mixed hardwood forests
' Net tree removal (uptake-litterfall)
. Leaching loss in streams
{8 Average of 4 eastern U.S. pine forests
{ Net tree removal (uptake-litterfall)
Leaching loss in streams

Ecosystem and manner of loss Calcium Magnesium
Cropland in Missouri (silt loam, 4% slope)
Erosion by water 95 33
Crop removal in standard rotation 50 25
Leaching 115 25

260 (651 as CaCQs;) 83 (291 as MgCOs)
942 total carbonates

170 84
81 26
26 8
13 NR?

5 NR
5 NR
7 NR

Brady a Weil 2002




Typ krajiny

pole

les,
slatina

pisek,
Stérk

louky

voda,
mokfady

zastavéné
méstské
plochy

Kli¢

velikost ipek
podle
relativniho vlivu

povrchovy
odtok

evaporace

Odtok latek (mineral( a Zivin) do recipientli

!

odtok
rozpusténych
latek

Ripl et al. 1996




Vapnéni

Micelle |Ca?t + 2H™ + 2CI"

Micelle g+ % (CaCl,

(added) (dissociated ions)

&
Micelle E+ + CaCO; —= [Micelle|Ca®* + H,0 + CO, ]

(added) Water (gas)

kalcit CaCQ

dolomiticky vapenec

CaMg(COy,

oxidy CaO, MgO

hydroxidy Ca(OH) a
Mg(OH),

CaSiQ

Vapreni zengdélské pidy

- udrzovaci (nutnost kompenzovdafjpm rostlinami i ztraty vymyvanim)
1-2 CaO t/ha

- meliorani (ozdravovaci) — u velmi kyselyclug
5-6 CaO t/ha
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Vapnreni lesnich porost

- rizné nazory nadinnost i rizika

- vyznam zmén v hospodgeni

Exchangeable Ca2+

ze stranek:
(vapreni na Kovdskeé)

Exchangeable Al3+

Exchangeable cations (cmol./kg)
()

Years after applying lime

Lime
applied




Prijem vapniku:

- pasivni fijem

- aktivni cerpani z cytoplazmy

(Ca2* pumpa)

Taiz a Zeiger 2002
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FIGURE6.11 Overview of the various transport processes on the plasma

membrane and tonoplast of plant cells.
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Prijem vapniku:
- pasivni gijem

- aktivni cerpani z cytoplazmy
(Ca2* pumpa)

Taiz a Zeiger 2002
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Vyznam vapniku v rostlinég:

1. stavebni funkce
- stabilizace b. ghy

(A) Type I wall (B) Type II wall

74
"‘«kx&x*xxx A
xﬁ.ammrxarwf
r,\f%f%f*

Pectins

Region of

_____________________________________ ) H-bonding

Cellotriosyl- and
cellotetraosyl-rich—___

Buchanan 2000

: RGI : Longer
5 with arabinogalactans  with arabinans | cellodextrins
H H-bonding

Arabinosides —

Phenolic
network




- pektin-metylesteraza

O"

N =0 OH c 0 OH =0 OH
HO
O ;: o] --o HO

=0 OH
O HO

C= C=0
e Je

Buchanan 2000



OH

Buchanan 2000




¢

ku v rostlin

Vd

yznam vapni

Ve

V

2. stabilizace membran

Plasma Membrane Structure

Glycoprotein

Carbohvydrate

- jontoveé interakce

vych protein

7

ano

- stabilizace polohy membr

www.cartage.org.lb/.../PlasmaMembrane.htm



Vyznam vapniku
v rostliné:

3. WEast v prenosu
signalu

- vapnik hraje kkiovou
ulohu v genosu signalu
u rostlin

Buchanan 2000

Cytoplasmic

binding sites \

Ca?* channel

Extracellular
[C32+]ﬁee

et

0.0001 mM

Ca?* channel

Ca?*/H* antiporter

[Ca**] === Calmodulin

Ca?*ATPase

IP;-sensitive
channel

Thapsigarin- IP;-sensitive
sensitive ATPase channel

[Ca?*)

1 mM
Endoplasmic
reticulum




®. @, (o
myo-inositol IP P, 1P,

Calmodulin—Ca?" s
(active) \
C

Response

Endoplasmic reticulum or vacuole

Calmodulin
(inactive)

PG

HO
DAG

Ca2+

ADP esters

Phosphorylation of
cellular proteins

Buchanan 2000




Osud C&+ v cytoplasnt:

- 3 skupiny C&* vazebnych proteini:
kalmodulin (CaM) a kalmodulin-like proteiny (CML)
- interakce s proteiny nesouci
CaM vazebnou doménu

Ca?*-dependentni proteinkinazy (CDPK)

kalcineurin B-like protein (CBL)
- interakce s CIPK

apo-CaM

Ca2+/CaM

Bouche 2004

kalmodulin

EF-hand motiv

helix-loop-helix struktura Buchanan 2000



Osud Cé&+ v cytoplasn:

- 3 skupiny C&* vazebnych proteini:
kalmodulin (CaM) a kalmodulin-like proteiny (CML)
- interakce s proteiny nesouci
CaM vazebnou doménu

Ca?*-dependentni proteinkinazy (CDPK)

kalcineurin B-like protein (CBL)
- interakce s CIPK (@) Low [K*]
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Cither calcium
SENSars, 8.g.
COPK=s and CELs
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Jak je zajiSténa specificita odpowdi na Ca2*?

Je vapnik pouze spin&nebo nositel specificity?

Short signal or few Ca** channels Prolonged signal or many Ca** channels

10N

©

Buchanan 2000

- calcium ,,Signature® x calcium,switch*
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Struktury zodpovédné za oscilace
vapniku v burce:

- Ca?* kanaly pro pasivni vstup vapniku

do cytoplasmy:
napét’ové rizené
Fizené ligandem (nap. IP,)
fizené znénou tenze membrany

- transportéry pro aktivni ¢erpani vapniku
z cytoplasmy:

Ca?* pumpa

Ca?*/H* antiportér

Vacuole/acidic®
vesicle IC—P_
AX
_'.__-.-.J =" PM

Hetherington 2004



Horcéik

- 0,15-0,35% DW
- v rostling ponerné pohyblivy

- nadbytek velmi @dka

Deficience haéiku:

- intervendzni chlorozy

- pokles rychlosti fotosyntézy,
piesto hromaghi nestrukturnich
sacharid v listech

- snizeny st

Vargk 2002




Prijem hor¢iku:

- AtMGT rodina
marker povrchu AIMGT10
TR GFP + GEP GFP-AtMGT1

Sceravisias

AIMGTE 100 183 AIMGT4

AtMGTI
AtMGT! 10

AIMGET
HMETE AIMGT2

AMGT? gppaG TS

po plazmolyze

Li et al. 2001



- AtMGT1 vykazuje silnou citlivost k Al
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Homeostaza M@*v cytoplasmg: xylem e
parenchyma

- AtMHX na tonoplastu (antiport s H*) 2 a
et AR 2 oo e

- v oblasti xylému, transport Mgi Zn?* %
| ' ' —1 € DA e,

e

Shaul 2002

Shaul et al. 1999

Arabidopsis halleri

- hyperakumulator Zn _
- pritomnost velkého mnozstvi AhAMHX v listech




v

- rostliny overexprimujici AtMHX jsou citlivé k vysSirkoncentracim Mg, Zn a Cd

Fig. 1 MNecrotic lesions and
apical burning in transgenic
tobaceo plants grown in
hydroponics with inereased
levels of Mg=™, Zn™, or Cd*",
WT and transgenic wbacco
plants (either Tr 2 or Tr 9,
which showed the same
phenotype ) were genminated in
a sand and Perlite nuxture
including the basic solution.

Six-week-old plants wemre
transferred 1o hydoponic
erowth systems in the basic
mineral solution with frequent
refreshing. Three weeks later,
plants were either maintained in
the basic solution (Con) or
transferred to basic solutions
supplemented with 5 mM Mg,
150 pM Zn, or 1.5 pM Cd. The
photos of apices and leaves
were laken afler additional 3-
4 weeks

Berezin 2008

Shaul et al. 1999



- rostliny overexprimujici AtMHX jsou citlivé k vysSirkoncentracim Mg, Zn a Cd

Berezin 2008
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Vyznam horéiku v rostliné:

- iontova vazba (interakce s nukleofilnimi ligandy —
spojovaciélanek, tvorba riaznych komplexi)

- kovalentni vazba (nag. v chlorofylu)

1. vyznam ve fotosyntéeze:

- sowast chlorofylu (6-25% celk. obsahu Mg)

- vyznam pro aktivitu Rubisca

- vyznam pro transport sacharidi

Buchanan 2000
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COOH COOH
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'

Buchanan 2000

Fe chelataza

COOH COOH




- tvorba karbamatu a komplexu s RMdregulace v zavislosti na &le a CQ)

Inactive

Rubisco

Ays>

Lys 201

(Eijk

Rubisco

B

Rubisco

NH
|
COO™

M82+

Rubisco

http://faculty.uca.edu/johnc/Chloroplast_and_miacmies.jpg

Buchanan 2000




2. v aktivaci enzymi, fosforylacich, synteze ATP

- zprostiredkovani interakce mezi enzymem a ATP (tvorba kompiai s ATP)

- vyznam konstantni hladiny Mg?* v cytoplasni

®-@-

Mg

e S e

N—N
Adenine—’* Ribose

N—N
‘Adenine 1——‘ Ribose

',Mg\\
—p~®~®

Marschner 1995

homepages.strath.ac.uk/.../Metals/Metals.htm




3. v proteosyntéze a syntéze RNA

- vyznam v prostorove interakci (napr. agregace ribosomalnich
podjednotek nebo interakce RNA polymeraz s DNA)

_1)

S ol A
-Qg 201 1001
0
{%E 10 507
=
o 0 0
S 0 8 16 24 0 8 16 24
Time (h) Time (h)

Effect of magnesium supply on (A) RNA and (B) protein synthesis in Chlorella

pyrenoidosa suspension culture. (Based on Galling, 1963.)

Sreedhara 2002

Marschner 1995




