Prvek Chemicky Koncentrace Koncentrace
symbol v susirg (ug/g) v &erstvé biomase
[Makroelementy
Dusik N 15 000 71,4 mM
Draslik K 10 000 17 mM
Vapnik Ca 5000 8,3 mM
Hoic¢ik Mg 2 000 5,5 mM
Fosfor P 2 000 4,3 mM
Sira S 1 000 2,1 mM
IMikroelementy
Chlér Cl 100 188 M
Bor B 20 123puM
M éd’ Cu 6 6,2uM
Nikl| Ni 0,005 0,006uM




TABLE 15.3 Forms of Micronutrients
- dostupnost mikroprvk Dominant in the Soil Solution
ovliviiuje p'edeV,SIm pHa Micronutrient Dominant soil solution forms
dostupnost kysliku
Iron Fe*, Fe(OH),*, Fe(OH)?*, Fe®*
L Manganese Mn?
- vylucovani protoii do Zinc Zn?, Zn(OH)*
rhizosféry—— solubilizace Copper Cu*, Cu(OH)"
Molybdenum MoO,*, HMoO,”
Boron H;BO3, H,BO;™
Cobalt Cas
Chlorine G-
Nickel Ni%, Ni**
From data in Lindsay (1972).

OH" OH" OH™
Fe3* —— Fe(OH)?* —— Fe(OH),* —— Fe(OH),
Simple cation Hydroxy metal cations Hydroxide
(soluble) (soluble) (insoluble)
+OH"~ o
H'_)MOO.:l 7 HMOO4 2 HJO
+H
HMOO4_ ®ous MOO‘;)" G g H)O Brady a Weil 2002
+H”




-
%

Deficiency range

Toxicity range

Plant growth ——»

Concentration of available nutrient in soil —»

Brady a Weil 2002




Thlaspi caerulescens
- akumulace Zn, Cd, Ni

Portulaca oleracea
- akumulace Cu

Phytolacca americana

- akumulace Mn

COMMON POKEBERRY
Plyilses ameina L




Prvek Chemicky Koncentrace Koncentrace
symbol v susirg (ug/g) v &erstvé biomase
[Makroelementy
Dusik N 15 000 71,4 mM
Draslik K 10 000 17 mM
Vapnik Ca 5000 8,3 mM
Horc¢ik Mg 2 000 5,5 mM
Fosfor P 2 000 4,3 mM
Sira S 1 000 2,1 mM
IMikroelementy
Chlor Cl 100 188 uM
Bor B 20 123uM
Zelezo Fe 100 120pM
Mangan Mn 50 61uM
Zinek Zn 20 20,4uM
Méd’ Cu 6 6,2 UM
Molybden Mo 0,1 0,07uM
Nikl Ni 0,005 0,006pM




Zelezo

- 100ug/g SH, deficienceipobsahu méanez 50
ug/g SH, nad 50@g/g SH toxicita

- v rostling sowasti fiznych ligand

- Ucast v oxidoredudnich reakcich v hice,
oxidacni stavy Fe(ll), Fe(lll)

Deficience Zeleza:

- chlor6zy mladSich listzasahuijici i
oblasti &sre kolem zilek

Varek 2002




Dostupnost zeleza:

- v pidé jako FE*nebo Fé* v zavislosti na podminkach (dostupnost kysliku)
——» toxicita v zaplavené mdé x nedostupnost v oxidovanych podminkach

- dostupnost Fe viglé (komplexace, siderofory, vliv pH)

- prijimano gedevsSim v oblasti kenovych Spiek

el

Soukup 2002




Prijem zeleza:

- v pidé jako FE*nebo Fé* v zavislosti na podminkach (dostupnost kysliku)
——» toxicita v zaplavenéimlé x nedostupnost v oxidovanych podminkéach

- dostupnost Fe viglé (komplexace, siderofory, vliv pH)

- prijimano gedevSim v oblasti kenovych Spiek

- u rostlin dvé strategie, jak zefektivnit prijem zeleza (¥ jeho
nedostatku (v provzdusrénych piadach):

1. redukce Fé*chelati v rhizosfére a prijem Fe*

2. vyluéovani fytosiderofora



1. redukce Fe&*chelati v rhizosfére a prijem Fe?*

- typické pro dvoudlozné rostliny a jednatioZné netravniho typu

- (einny prijem Fe ze stabilnich Fehelaf:

Rhizosphere Plasma membrane Cytoplasm

Ferric reductase -

Fe (inducible)
Fe<— Chelate ADPI /
Fe Il-Chelate NADP!/(NAD"
Fe ) #,

Fe2+

N ==

Strategy |

Buchanan 2000

H* H*
Failllj-chelata MADH
Feill) MAD*
Feill) Faill)
Apoplasm Symplasm
Schmidt 2003




) ) Arabidopsis overexprimujici FRO2
- membranov&e3* reduktaza

- genFRO2 3535-FRO2 WT
- flavocytochrom o
Qutside Plasma
membrane

Connolly 2003

Buchanan 2000



- v rostling rodina FRO reduktaz

RELATIVE EXPRESSION LEVEL X 10000

........................................ e e —— DT

T -Fa Shoot
M +Fe Rool

El Fe Root

150

700

=1

450

a60

AtFROG6

s

AtFRO7

100 AtFRO4

PsFRO1 AtFRO5

AtFRO3 AtFRO2

AtFRO1

250

Mukherjee 2006
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- v rostling rodina FRO reduktaz

enFRO3

Connoly 2003

Mukherjee 2006




- Fe?* transportér na plasmaleg

- genlRT1 (iron regulated transporter)

- ZIP rodina (ZIR1, IRT-like proteins)

Histidine-rich
cytoplasmic loop

Outside

Cytoplasm

|
IRT1-GUS

Buchanan 2000

Vert 2002




IRT1-GFP

GFP samotné|

Vert 2002



WT

irt1-1

it1-1 +Fe

i1+ Zn - it1-1 +Co

Vert 2002




-IRT1 zprostedkovava takeéifjem
Mn, Zn, Co a Cd

pg-g! DW

[ WT -Fe
B irt1-1 -Fe

Vert 2002




- exprimace Vv tyinkach — zasobeni vyvijejiciho se pylu

IAT1

mHNA

i

Fi F2

IRT1 | -

Vert 2002

\

pied opylenim po opyleni




& 2. vylucovani fytosideroforu

5 ,
- typické pro travy ' Rhizosphere Cytoplasm Methionine
- fytosiderofory Nicoton / 2
b (neproteinogenni AK)| Soil
—» chelatory Fé particle
Kn Fe PS Phytosiderophore (PS) :
- genyIDS2 aIDS3 7 ‘\ i
ucast v synteze
fytosiderofofi Fe PSE
- prekurzorem Met F&’ &
Fe(III)-PS > Fe(Ill)-PS 4\ %

Mugineic acid

i id A
(Hordeum vulgare, L. cv. Minorimugi) Avenic aci

(Avena sativa, L. Amuri II)

@ by '-.l}(at:iiys ®



Curie et al. 2003

P= -

Vesicle trans port?

P35

Fallll)PS Failll}PS

Apoplasm

Symplasm

Rhizosphere ¢+ |  Cytoplasm Methionine
] '\:PJ.,’
g==n ,/ 1
oo 0 . . .
; & ¢ Nicotianamine
Soil &3 &S
particle o) €2

PS == /’\\ Phytosiderophore (PS)
i) )
i ® PS
: ‘,,‘ Fj
o F\$ i .
Fe(III)-PS

Fe

- YS1 (yellow stripe 1)

Schmidt 2003

Buchanan 2000

— H symportér




Vyznam zeleza v rostlir:

- vyznam v prenosu redukénich ekvivalenti v oxido-redukénich reakcich

- snadné pechody mezi oxidovanou a redukovanou formou

Fe3+ +c‘=‘_ Fe2+

_e"

- vazba nairzné ligandy +izeny grechod mezi oxidaimi stavy, redoxni potenciatechodu
Fe(ll/111) dan typem ligandu

Fe(IT) =—= Fe(III)

- koncentrace Fe v iontové podob rostling velmi nizka — nebezgévzniku reaktivnich forem
kysliku

O, + Fe?* — O3 + Fe’*

HzOg o a F€2+ =3 F€3+ + OH™ + OH- Marschner 1995




- Sowast proteina zajist'ujicich pirenos redulkénich ekvivalenti

1. hemove proteiny

cytochromy (chloroplasty, mitochondrie)
nitratreduktaza
katalaza, peroxidaza

2. Fe-S proteiny

ferredoxin

SOD (superoxiddismutaza)

Rieskeho bilkovina v cytochromu Rf (swtelna faze fotosyntezy)
nitritreduktasa, sulfitreduktaza

akonitasa(Krebgiv cyklus)



1. hemové proteiny

cytochromy (chloroplasty, mitochondrie)

CH, CH=CH, CH,

CH,=CH CH; CH;CH

CH, CH,CH,CO0™ cH,

CH; CH,CH,CO0O™
Iron protoporphyrin IX
(in b-type cytochromes)
CH, CH,—CH CH;
4 / / h
CH, CHs CH;

CH,CH,COO™

CHO CH,CH,CO0O™

Heme A
(in a-type cytochromes)

/
CH,

S=—Cys

CHCH,

CH,

CH,CH,COO™

CH,CH,CO0™

Heme C

(in cytochrome c)

Buchanan 2000

)/ Protein




cytochromy v chloroplastech— prenos elektrot béhem s¥telné faze

+.i m

Buchanan 2000



cytochromy v mitochondiich —prenos elektronv dychacimiettzci

Intermembrane
space
ATP
Etemal NAD®H synthase
dehydragen
kil iz Complex IV
Complex I [ Alterrati |
L %’éﬁ ‘E‘& OA’::;:;:WP- @ {(" onmplex 11T ‘®‘+
@ NAD O —

—

YT aih

EolokoX

[}
@mplex II

Fumarate

Succinate
Rotenone-
- NADH @AD" insensitive
bypass

Buchanan 2000




1. hemoveé proteiny

nitratreduktaza

HingeII Hingel

Buchanan 2000



Fotorespirae:
1. hemove proteiny

katalaza

2 Fdx n

Glutamine |\
synthetase | |

- Ucast v glykolatovém cyklu - ’ -  Ribulose 157, |t o,

fotorespirace (peroxisomy) (¢ o fhg T 0 o L o

CH,0@)

HCOH <

- ochrana proti oxidativnimu
stresu
(spoluprace se SOD)

. COO =-—
- 3-Phosphoglycerate

2-Phosphoglycolate
) late | :

Serineglyoylate]| . i
aminotransferase | | 7 hydroxy-

' |{methyl | |
(transferase | |

Peroxisome Mitochon é

Buchanan 2000




1. hemove proteiny

katalaza

- Ucast v glykolatovém cyklu -
fotorespirace (peroxisomy)

- ochrana proti oxidativnimu

stresu
(spoluprace se SOD)

Buchanan 2000

20,

Mehler l;le
reaction 702
@ o, (|[Cmim]
0. )—2 0. Superoxide
2 Lz dismutase ) or
O3_HQ_O> OH . j > H,0, Ascor.bate
O,H ™ peroxidase
Vitamin E CH,OH
and carotenoids
@ transport 0 o CHOH
L O] “j C 2
redox reactions O O Spontaneous
-~
o 2 0H* </ H
2 O,H* 4/ .
Ascorbate Monodehydro-
+ bate radical
- 2 GSH{ K ascor
Glutathione Dehydroascorbate /
reductase reductase Monodehydroascorbate
, reductase
e — ~— s o
@y P
Dehydroascorbate SpeRaneods
CH,OH
CHOH




20,

z . Mehler l;le
1. hemove proteiny el 10,

. 2|)* Catal
peroxidaza ® ©:

0, )—»2 0, L Superoxide

& SLP L dismutase or
. . ., e »H,0O —— Ascorbate |—\—»2 H,O
- ochrana proti oxidativnimu H,0 | o,He|—> ~ = (__peroxidase ——\' f
stresu

Vitamin E CH,OH

and carotenoids

- Ucast i polymeraci ligninu | @ transport CHOH

1
- —» 0, 0,
redox reactions X ©) o Spontaneous
[ —
Lol 2 0H" <

H ——
20 D H* </ —
Ascorbate Monodehydro-
4\ /> 2 GSH{ k ascorbate radical
Glutathione Dehydroascorbate /
reductase reductase Monodehydroascorbate

% __/ ¥ ool reduct? \ A
NADP' =NADPH=

L2 2 n i

Dehydroascorbate SpeRaneods

CH,OH

(|ZHOH /

Buchanan 2000




2. Fe-S proteiny
2Fe-2S klastry
4Fe-4S klastry

Buchanan 2000
ferredoxin

SOD
Rieskeho bilkovina v cytochromu Rf (swételna faze fotosyntezy)

nitritreduktasa, sulfitreduktaza

akonitasa (Krebsiv cyklus) PlaFn;xnit;;ei;;ductase
Fdx;eq domain 4 Fe—4S and siroheme NO,

Fdxox N = ‘ C N H4+




Fe

— zasobni forma Fe v rostlinach, z&&ich, bakteriich i houbag
- stroma plastid, nezelené plastidy v kenech
- proteinovy komplex s Fe lokalizovanym uvnit

(FEOOH),.(FeOOPQH,)

- potencial vyuziti v nanotechnologiich

rritin

Channel

WWW.Sg

radyn.com/oem/images/ferritin.qgif

Ferritin

- Ferritin is a proten that stores ron and

releases it in a controlled fashion,

- Ferritin is present in concentrated form

in spleen, Iver and bone marrow.

- Ferritin consists of two components, the

apoterritin (proteinmoiety) and the iron
core [Felllhydroxyphosphate-micelle),

- Apoferntin 1s a globular protein bult up

of 24 subunits that can bind up to 2,400
iron atoms as well as no ferrous metal
ions (Al, Be).

- BExists in several isoforms that can be

differentiated by their isoelectric points
and immunaological reactivity.

Briat 1997



This document deals primarily with
indicators for monitoring interventions to
combat iron deficiency, including iron
deficiency anaemia, but it also reviews
the current methods of assessing and
preventing iron deficiency in the light
of recent significant scientific advances.
Criteria for defining IDA, and the
public severity of anaemia based on
prevalence estimates, are provided.
Approaches to obtaining dietary
information, and guidance in designing
http://www.who.int/nut/ida.htm national iron deficiency prevention

66-80% of the world’s population, may be iron defici@Rlalkele (=l laEENE=Ti=Re f=l-T=Ty 1 (=Ts B

Iron Deficiency Anaemia

Assessment, Prevention, and Control

A guide for programme managers

30% of the world’s population — are anaemic

anemia normal blood

http://www.catea.gatech.edu/grade/health/moduled.ht



Inhibitors of iron absorption include:

B phytates, present in cereal bran, cereal grains,
high-extraction flour, legumes, nuts, and seeds;

B food with high inositol content;

B jron-binding phenolic compounds (tannins), foods
that contain the most potent inhibitors resistant to
the influence of enhancers include tea, coffee,
cocoa, herbal infusions in general, certain spices
{e.g. oregano), and some vegetables; and

B calcium, particularly from milk and milk products.

Enhancers of iron absorption include:

B haem iron, present in meat, poultry, fish, and seafood;

B ascorbic acid or vitamin C, present in fruits, juices,
potatoes and some other tubers, and other vegetables
such as green leaves, cauliflower, and cabbage; and

B some fermented or germinated food and condiments,
such as sauerkraut and soy sauce {note that cooking,
fermentation, or germination of food reduces the amount
of phytates).




Increasing nutritional value of rice seeds

lron storage through ferritin expression: Goto etal. 1999, Lucca etal. 2001,
Vasconcelos etal. 2003, Qu et al. 2005
p-carotene biosynthetic pathway: Ye et al. 2000, Hoa etal. 2003,
Datta et al. 2003, Paine et al. 2005

Decreasing of anti-nutrients
Lucca etal. 2001

Increasing iron bioavailability promoting compounds
Lucca etal. 2001

Constitutive iron storage: Drakakaki etal. 2000

Enhanced iron uptake: Takahashi etal. 2001

Lucca 2006




Mangan

-50ug/g SH

- v rostlirg v oxidatnich stavech I, llI, IV
Il a IV jsou stabilni
[l je nestabilni

- Ucast v oxidoredusnich reakcich v hice gechody
Mn(Il) a Mn(lIT)

- tvorba komplex MnATP (toxicita Mn)

- piijem ve forng¢ Mn2*, dostupnost ovlivéna pH a
redoxnimi podminkami (podobrako Fe)

- pohyblivost Mn v rostliga mala

Vangk 2002




Vyznam manganu Vv rostlirg:

- vyznam v oxido-redulkénich reakcich

- pFima souwast nékterych enzymi:
SOD
komplex vyvijejici kyslik

- aktivace enzyni
- specificka:
malatdehydrogenaza
isocitratdehydrogenaza
PEPkarboxykinaza (pochvy cévnich svazl

- méng specificka (aktivace i Mg)



SOD » v rostliné nekolik isoforem SOD:
FeSOD- dominantni chloroplastova forma

CuzZnSOD - chloroplastova, cytoplasmaticka i
mitochondrialni

MnSOD - v mitoch. a peroxisomech



komplex vyvijejici kyslik

0, +2@" @

P680™
> ERARI M
5, P680

®+ P680*

. )mm
P680

Buchanan 2000

- soutast fotosystému i
- klastr 4 Mn
-vyznam Cla C&*

- akumulace kladného
naboje pro oxidaci vody



Vyznam manganu Vv rostlirg:

- vyznam v oxido-redulkénich reakcich

- prima soutast nékterych enzymi:
SOD
komplex vyvijejici kyslik

- aktivace enzymi
- specificka:
malatdehydrogenaza
isocitratdehydrogenaza
PEPkarboxykinaza (pochvy cévnich svazl

- méné specificka (aktivace i M)



COO CoASH
Cc=—
CH,
(@]
Pyruvate Pyruvate "
dehydrogenase CH;—C—S — CoA
Acetyl-CoA CoASH
H,O
co,
NAD*-
malic lCOO_ COO~
enzyme * Citrate
% gmg C=—0O synthase @ (IZHZ
+ l |
. (‘ZHZ Ho—(I:—coo-
COO™ CH, H,0
— P Oxal tat |
COO ) xaloacetate oo
e Malate Citrate H,O
Y CIH dehydrogenase H,O
CH, H,O
COO~
COC
Malate HCOH
e
CH
H,O 6 e g s :
H,O 2 Citric acid cycle
CO0O: COO-
’ Isocitrate
ﬁH Isocitrate
H(|Z dehydrogenase +
S +
coo- < IVADH= NAD
Fumarate Cco,
e oo/ <Kihdite
C:O COZ
Succinate |
dehydrogenase Coo- (|:H2
O, SCoA CH,
CH,  SAlPE ADP+@®; N co, CoASH o-Ketoglutarate
| | COO~
CH, CoASH
[ CH, +
Ly I NAD
Succinate COASHA | -
s AD COO~ =
e R
Buchanan 2000 Succinyl ®); e e g-ll_(le:;)g fratate
CoA-synthetase EANTIOBPIASE




Vyznam manganu Vv rostlirg:

- vyznam v oxido-redulkénich reakcich

- pFima souwast nékterych enzymi:
SOD
komplex vyvijejici kyslik

- aktivace enzymi
- specificka:
malatdehydrogenaza
isocitratdehydrogenaza
PEPkarboxykinaza (pochvy cévnich svazl

- méng specificka (aktivace i Mg)



PEPkarboxykinaza

Phosphoenolpyruvate carboxykinase type

/

- Oxaloacetate

Oxaloacetate > Aspartate Aspartate
® - 0 o — A
o Glutamate ko —— @
: _/ glutarate
CO, —— HCO; @ o-Keto- '
e glutarate Glutamate O, 0 i
ﬁi éi 0 Calvin
1 cycle
\ Phosphoenol- L_J Pyruvate ANarine e A Pyruvate  pposphoenol- 4
pyruvate = pyruvate
\
B~
el 4
Sl
Buchanan 2000

- uvolréni CO, v buikach pochev cévnich svazkMinATP)



Meéd’

+e
i 24 -
- podobné vlastnosti jako Fe ¢
- Ucast v oxidoreduknich reakcich v hice gechody
Cu(ll) a Cu(l) Deficience né&di:

-pifjem ve forng CL2* (Cut je nestabilni), dostupnost - Poruchy tvorby reproduktivnich organ
vétSinou nizka — tvorba kompléx

- zasychani Spek listi
- pohyblivost Cu v rostlis mala, ¥tSina lokalizovana

v kofenech - pokles lignifikace

- sterilita pylu




Toxicita médi:

- uz @i koncentraci vyssi nez 20-3@®/g SH

- piisng regulovany transport a distribuce €u buiice — riziko vzniku volnych
radikah

- hyperakumulatt medi

- mechanismy tolerance podobné jako u ostatréigkyth kova:

restrikce pijmu na plasmalegn

aktivni vydej z buiky

chelatace v prostoru b.ésity, vazba na slozky b.é&sty
chelatace v cytoplastn

depozice do vakuoly



Prijem médi:

- COPT1-5 100

[[] mocs
Leaves
B stems
B s

Hﬁﬁ. — f%l

COPT1 COPT2 COPT3 COPT4 COPTS
e - N -

Sancenon et al. 2003
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Sancenon et al. 2004 .
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Prijem médi:
- COPT1-5

WT

e

COP1 antisence mutanty
Arabidopsis

- vyznam pro vyvoj pylu

A 3-6

Sancenon et al. 2004




Vyznam médi v rostlin é:
- proteiny obsahujici méd’

plastocyanin

Lumen Buchanan 2000




Proteiny obsahujici méd’:

cytochromoxidaza— terminalni oxidaza v dychacite®zci

i ¥ g
/

ATP
synthase

Intermembrane
space
External NAD(P)H
dehydrogenase
Complex IV
Complex I W& ?,:it;z:ﬁve Q?+ Complex II1 ‘®\+
- @ | [ :

4 NADH

Fg ZVRRES &5

@4’

NADP!

Succinate

Rotenone-
insensitive
bypass

@DP + @

ATt

Buchanan 2000




Proteiny obsahujici méd’:

cytochromoxidaza— terminalni oxidaza v dychacite®zci

Intermembrane
space

Complex

Matrx @

7

it

H,O

Complex III

ATP
synthase

Complex IV

@P +@; AT

Buchanan 2000




Proteiny obsahujici méd’:

CuSOD

askorbatoxidaza— oxidace askorbatu na dehydroaskorbat
diaminoxidaza— degradace putrescinu a spermidinu

fenoloxidazy— v buré¢né stn¢, syntéza ligninu



Molybden

- 0,1ug/g SH, toxicita nad fig/g SH, deficience pod
0,03ug/g SH

- pfijimana forma je molybdat (Mog?),
v rostlirg relativré pohyblivy

- prevlada oxidani stupé Mo(VI), miuze gechazet v
redukované Mo(1V) a Mo(V)

-Ucast v oxidoreduknich reakcich v hice

Deficience molybdenu:

- poruchy fistu lista
(zakiivovanicepele) \5\
e R
- ¢asto se projevuje jako deficience N \/
- ¢asta u bobovitych é\
Marschner 1995 _
Vansk 2002 +Mo i




Vyznam molybdenu v rostling:

- strukturni a katalyticka funkce v enzymech:

nitratreduktaza

o) s —Mo
H \
S
N
HN ~

H,N

IZ
Qo

OPO3™




Vyznam molybdenu v rostling:

- strukturni a katalyticka funkce v enzymech:

nitrogenaza- 2 atomy Mo ve dvou Mo-Fe-S klastrech

Nitrogenase complex

A
g N
Fe protein MoFe protein
(NifH) (NifD, NifK + FeMoco)
Dinitrogenase Dinitrogenase

reductase

8 Fdx,, 2 NH; + H,

8 Fdx g N, + 8 H*




Vyznam molybdenu v rostling:

- strukturni a katalyticka funkce v enzymech:

xantinoxidaza a xantindehydrogenaza

- Ucast v degradaci purin

Zdunek-Zastocka 2003

0
HN N
>
Oﬁ;ﬁﬁ
Xanthine

H20~y NAD xanthine
NADH dehydrogenase

0

NH
“fflﬂ =0
(8] ﬁ ﬁ

Uric acid

(Or+2Ha 0 '
CO+H0s uricase

Allantoin

H:
allantoinase

2. 8
l

H:N -(E—N—C—N—C—NH;
HHH

Allantoic acid




