Fosfor:

-0,2-0,5 % SH rostlin

- ¢asto limitujici mineralni Zivina
(v substratu #tSinou v koncentracich kolem 1
HM)

- toxicita velmi zidka — nad 1% SH
(nap. Cajanus cajanip0,3-0,5%, Vigna mungo
pii 0,6-0,7%)

- ma v rostlirt fadu dilezitych funkci

Buchanan 2000

kontrolni rostlina

Projevy deficience P: P dencientni
rostlina

- mensi listova plocha, menSidai listi

- tmavé zbarveni list

- snizena tinnost fotosyntézy

- zvySeni pondru R/S

- prednostni alokace P do podzemasti rostliny

- zmeny v alokaci sacharid(sacharosa)

- zmeény v morfologii kdenoveého systému (tvorba

proteoidnich kéeni)

- omezeni tvorby reproduktivnich orgén

Vanek a kol 1999
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Calcium compounds
Fluorapatite
Carbonate apatite
Hydroxy apatite
Oxy apatite
Tricalcium phosphate
Octacalcium phosphate
Dicalcium phosphate
Monocalcium phosphate

Brady a Weil 2002}

Soil
solution

[3Ca3(PO,),]-CaF,
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Chemical fixation
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F?Sforecna Pn,olilva.: | 7 kosti _ - vyznamnym ukazatelem kvality je
pol. 18. st. - mleté kosti, popel z kosti, koprolit obsah &zkych kowi a radionuklid:

nag. uran:
30-260ppm X 4ppm
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Prijem rostlinami:
- H, PO,

- aktivrg (Km = 1-5uM)

+P

-P (1 den)

-P (7 dni)

-P (14 dni)

Brady a Weil 2002

Buchanan 2000




- u kvasinky: PHO regulon (PHOB84, ...)

- u rostlin:
- Phtl rodina (vysokoafinitni fiijem P z prosedi)

six-loop-sixstruktura Outside

A

N-Glycosylation site

Casein kinase I1

Protein kinase C phosphorylation site

phosphorylation site
Cytoplasm

Figure 23.21

Proposed structural model for plant plasma membrane high-affinity P; transporters showing the six-loop-six
motif of 12 membrane-spanning domains. The predicted sites for phosphorylation by protein kinase C and

casein kinase II and for N-glycosylation are shown.

Buchanan 2000



- Phtl1:1, Pht1;2 a Phtl;4(rostlina x mda) Regulace gFijmu:
- na@. AtPT1 a AtPT2 Arabidopsis)
nebo LePT1 a LePT2 (&)

prostednictvim transkripce
klicovy je vnitni status rostliny
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- transport P v rostli

PHT2;1-GFP Chlorophyil

Pht2 rodina - v chloroplastech
(Pht2;1)  nizkoaffinitni
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Prijem rostlinami:

- tvorba vy¢erpanych zon
: { | /
| i ‘
1 1
GRDC
Menzies 2009

Marschner 1995



Strategie rostliny:

- ZvySovani aktivity vysokoafinitniho transportniho systému na plazmalens
- Mykorhizni asociace

- Zmény architektury ko renového systému (délka,étventi)

- ZvySovani hustoty karenovych viaski a jejich délky

- Uvolinovani organickych kyselin a protoni za i€elem solubilizace fosforu

- Vylu ¢ovani fosfataz za delem uvohovani organicky vazaného fosforu



Strategie rostliny:

- ZvySovani aktivity vysokoafinitniho transportniho systmu na plazmaleng
- Mykorhizni asociace

- Zmeény architektury ko renoveho systému (delka,éiveni)

- ZvySovani hustoty karenovych viaski a jejich délky

- Uvolnovani organickych kyselin a protoni za i¢elem solubilizace fosforu

- Vylu éovani enzymi za ielem uvohiovani organicky vazaného fosforu



Mykorhiza:
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Architektura korenoveho systému
fidce vetveny stredné vétveny silné vetveny

Prochazka et al. 1998



Brundrett MC. 2008Mycorrhizal Associations. The Web Resource.
mycorrhizas.info/roles.html



Foto: M. Vohnik

Zakladni typy mykorhizy:

- ektotrofni
- endotrofni )
Prochazka et al. 1998
nejrozsirensjsi VA-MYKORHIZA EKTOMYKORHIZA
ANGIOSPERMAE
S
p ™
e IS
Basidiomycetes
o EH Ascomycetes
Zygomycetes
Zygomycetes
i lesni
spolatenstva
A
vV GYMNOSPERMAE
ERICACEAE MONOTROPACEAE
Ascomycetes ~— Basidiomycetes
TN
—— IHN
o
F ARBUTACEAE
] Basidiomycetes
IHC [hl
{ ]
Buchanan 2000 ORCHIDACEAE | PYROLACEAE EK
TENDOMYKORHIZA
ENDOMYKORHIZA Basidiomycetes  Basidiomycetes
Obr. 7.6 Schematické zndzornénf riznych typd mykorhizy. MS — provazce hyf, EH — vn&j§i houbovy pldsf, HN — Hartigova sif, IHN
—vnitrobun&énd sit hyf, IHC — vnitrobuné&né houbové itvary, V —vezikuly, A —arbuskuly, Sp — spéry. (Gianinazzi, Gianinazzi-Pearson 1988.)




Arbuskularni mykorhiza:

- nejrozstendSi, hospodisky nejvyznamgsi

- houby z oddleni Glomeromycota
- evoluwng nejstarsi typ endosymbidzy

Harrison 2005
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Parniske 2008




Parniske 2008



Exprese specificka pro kortikalni buinky s arbuskulemi:
- fosfatovy transportér, ATPaza, chitindza, celulaza

A .-.@®
:. Hn ". - .
GvPT : E Pty
GIPT =, . Juil g
| y th .
Sp_fGt
H+*-ATPase
Pht1;3
PPM

Rausch a Bucher 2002



Zmény architektury ko renového systému
- stimulace #istu lateralnich kieni

Utlumeni exprese geii, které jsou aktivovany
nedostatkem fosforu
-fosfatove transportéry, kysela fosfataza

spore

Harrison 2005

(a)

(b)
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TRENDS in Plant Science

Sawers 2008




Vyména signali pri ustavovani AM

A

Strigolactone

Spore

o

Myc factor

Hyphopodium

Mutual recognition
‘presymbictic phass

Formation of
PPA

Fungal
penstration

i Mucleus

Parniske 2008




Rozsah kolonizace x dostupnost P
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L otus japonicus— LjPT3 knock-out

wild type LjPT3 knock-out

Maeda2006



Strategie rostliny:

- ZvySovani aktivity vysokoafinitniho transportniho systmu na plazmaleng
- Mykorhizni asociace

- Zmény architektury ko renového systému (délka,étventi)

- ZvySovani hustoty karenovych viaski a jejich délky

- Uvolnovani organickych kyselin a protoni za i¢elem solibilizace fosforu

- Vylu éovani enzymi za ielem uvohiovani organicky vazaného fosforu



Arabidopsis

s

Sanchez-Calderon 2005

Lopez-Bucio 2003



fazol

J. Poustma
http://roots.psu.edu/node/212
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Low Fe

ETR1
EIN2

Ethylene
?

AUXA
AXR1

Low P

b

High P/Fe

Arabid

Gene induction/repression

GL2, TTG, RHD6, CPC, WER
2

Current Opinion in Plant Biology

DpsSIS

Lopez-Bucio 2003



Tvorba koienovych klastni:
- deficienceP, Fe, N

- nemykorhizni struktury

1st order lateral
‘1’ 2nd order laterals
(proteoid rootlets)
with root hairs
] & o
g Lo
—_— e
g ¢
R E
s
— i AN &
>
5215 (35) mm

Dinkelaker et al. 1995



Protea

Family

Genus

Species
|

Native geographical
region |

Banksia integrifoliaLs

Refe rence © Thomas Schoepke

Proteaceae

Adenanthos, Banksia, Conospermum,
Dryandra, Franklandia, Grevillea, Hakea,
Isopogon, Lambertia, Lomatia,
Macadamia, Orites, Petrophile, Stirlingia,
Strangea, Synaphea, Telopea,
Xylomelum

Aulax, Brabejum, Diastella, Faurea,
Leucadendron, Leucospermum,
Mimetes, Orothamnus, Paranomus,
Protea, Serruria, Sorocephalus, Spatalla

Macadamia

at least 200 species

at least 54 species

Hakea prnpili‘quh\ :
[&Bhomas Schogpke)

most genera endemic
in Australia,

some genera also

in Australasia, Central
and South America

South Africa,
all genera endemic

Purnell, 1960; Lamont, 1972b, 1982, 1993;
Grinbergs et al., 1987; Grose, 1989;
Handreck, 1991; Aitken et al., 1992;
Grierson, 1992; Pate and Jeschke, 1993

Lamont, 1983a; Lamont et al., 1984;
Smith and Jooste, 1986

geographic distribution of the Proteaceae:
Johnson and Briggs, 1975

Dinkelaker et al. 1995




© Thomas Schoepke

Casuarina |

»

Adlocasuarina torulo
Thomas Schoepke

Allocasuarina

Casuarinaceae Casuarina

Allocasuarina
Gymnostoma

Mimosaceae Acacia

C. equisetifolia

C littoralis

C obesa Australia,

C cunninghamiana South East Asia,
Pacific Islands

A. campestris
G. papuanum

Acacia mucronata  Australia

Gardner etal., 1982

Reddell et al., 1986
Khan, 1993

Reddell et al., 1986

Racette et al., 1990
Dinkelaker et al. 1995
Sward, 1978




Fabaceae

Myricaceae

Moraceae

Lupinus

Kennedia

Viminaria

Myrica

Ficus

Lupinus albus Mediterranean region

Lupinus consentinii  Mediterranean region
Kennedia Australia
Viminaria juncea Australia

Myrica cerifera North America
M. gale
Ficus benjamina India

Gardner et al., 1982a, b, 1983;
Dinkelaker et al., 1989; Moraghan, 1991;
Gerke et al., 1994

Trinick, 1977; White and Robson, 1989
Trinick, 1977; Brundrett and Abbott, 1991
Lamont, 1972c; Brundrett and Abbott, 1991;
Walker and Pate, 1986

Louis et al., 1990, 1991;
Crocker and Schwintzer, 1993

Rosenfield et al., 1990

Lupinus albus

COPYRIGHT J BiMANHART

Dinkelaker et al. 1995

COPYRIGHT J.R. MANHART



Banksia grandis
(Proteaceae)

Hakea petiolaris
(Proteaceae)

Shane 2005



10cm

Fig. 14.7 Root system of soil-grown phosphorus-deficient (leff) and phosphorus-sufficient
(right) white lupin (Lupinus albus L.) plants (Marschner ez al., 1987). Number of proteoid roots
per plant: P deficient: 53; P sufficient (foliar application of P): 15.

Marschner 1995




,,Dauciform roots"
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Schoenus unispiculatus

Shane 2006



Strategie rostliny:

- Zvysovani aktivity vysokoafinitniho transportniho syse&mu na plazmaleng
- Mykorhizni asociace

- Zmény architektury ko fenoveho systému (délka,éveni)

- ZvySovani hustoty karenovych viask a jejich délky

- Uvolnovani organickych kyselin a protoni za i¢elem solubilizace fosforu

- Vyluéovani enzymi za (€elem uvohovani organicky vazaného fosforu



Vyznam korenovych klastni:

- chemicka modifikace rhizosféry — solubilizace fosforu(prip. dalSich latek)

// -—Phosphate

Fe'® Al
?O'[/ Aphosphate
//// Organic acids Fe Al
(phenolics) chelate
Fe, Al
desorption

//// -—~Phosphate Ca
GroSha
///// Citrato Ca citrate

Marschner 1995




Pyruvate

?OO_
¢

CH,

phosphatase

Phosphoenolpyruvate

Malate
dehydrogenase

PER
carboxylase

CH,

COO™
Malate

Buchanan 2000

Acetyl-CoA

Citric acid cycle

_ o-Ketoglutarate

o-Ketoglutarate
‘dehydrogenase |




Root Zone pH

proteoid
senescent

proteoid
mature

proteoid
juvenile

non-
proteoid
apical

1cm

Fig. 2. Spatial variation of pH and developmental stages of proteo%d
roots along first-order lateral roots of 35-d-old P-deficient white lupin

Neumann et al. 1999

30 —
A Tissue concentration

25 | ] malic acid
v citric acid

- n
4] o
i |

umol acid (g FW) ™
o
1

0 f

umol acid h ' (g FW)

non-proteoid proteoid proteoid proteoid
apical juvenile mature senescent

Fig. 3A,B. Tissue concentrations (A) and exudation of malic and
citric acids (B) in apical root segments (2 cm) and in proteoid roots at
different developmental stages (juvenile, mature, senescent) in 35-d-old
P-deficient white lupin. At each growth stage, means + SD of three
replicates (each including four root segments) are presented




Schopnost stimulovat produkci organickych kyselin eni omezena jen na

proteoidni koreny

- na@. uMedicago sativa, Cajanus cajan neboCicer arietinum

kultivary je ¢mene

25 ~
. O Marinka

~ 20 - B Sonate
>
1] 4
©
5 15 -
&2
e
o 10 -
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= 5

0 ; .

Citric Acetic Fumaric

acid

acid acid

Gahoonia et al. 2000
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Fig. 3. Time-course of phosphorus uptake (A) and the corre-
sponding shoot dry matter production (B) of two winter barley
cultivars, Marinka and Sonate, in a low-P field.




Vyznam a funkce fosforu v rostlirg:

ATP - adenosin trifosfat

, GTP - guanosin trifosfat
- strukturni funkce L

(nukleoveé kyseliny, fosfolipidy) UTP - uridine trifosfat

- funkce v pienosu energie a regukni funkce
(fosfatové estery, energeticky bohaté fosfaty)

5" end
adenosintrifosfat (ATP)
H,O
polarni .
{(hydrofilni) - FOSFAT |
hlavigka . i
? (II) I
_O—lr—O— IED—O’ + ‘O—!T—O—CH2
O @r O
difosfat
adenosinmonofosfat (AMP)
) H,O
nepolarni
(hydrofobni)
konce
T T
”O—IT-O’ + ‘O—Ilz'—O’
(@5 O~
fosfat fosfat




Vyskyt P v rostliné (kompartmentace):

- homeostaza cytoplasmatické koncentrace anorgaradRéh

- distribuce mezi jednotlivymi kompartmenty (cytogtaa, vakuola, jadro, apoplast)

- pufratni funkce vakuoly

- vyznam koncentrace anorg. P v regulaci fotosyntézy tvorby
Skrobu v chloroplastech

- vliv na transport triéz z chloroplastu do cytopigs

- ovlivnéni aktivity ADP-glukosapyrofosforylasy

Stroma

~ Cytosol
- --y'(_)'soi - Starch

 Glucose Glucose ———= Glucose
6-phosphate 1-phosphate

6-phosphate

A7

O@Jmoéﬂ aht
(0o

R

or g el

YT
pockoisaa,




Zasobni formy P v rostlinach:

- zpusoby skladovani P:
- anorganicky fosfat ve vakuole

- polyfosfaty (linearni polymery anorganického P)

- fytaty (soli fytické kyseliny s Ca a Mg (fytin), Zn a Fe neb& a MQg)

(l)H OH
I
OH

< +6 HsPO,

OH ETroRa
OH 0=P-O

| | OH

OH
Myoinositol

‘ol ol
O-P=0  O-P=0 _
| OH | oH O

o
O-P=

QH _
| | @

0-P=0
Phytic acid OH




OH

OH
OH

Ca
+ P + Fe
/n

Phytate hydrolysis by phytase into inositol, phosphate, and other divalent elements.

Lei et al. 2003




Table 1. Water, Ca, Fe, Zn, and ascorbic acid (AA) content in edible parts of cultivated plants Ref 77. Phytic acid content in cereals and
legumes {with the exception of cowpea) were collected from Ref 79, in vegetables from Ref 80, in yam and cassava (boiled samples) from
Ref 81and 82, and from Staubli F and Hurrell RF (pers comm) and in cowpea and plantain from Ref 81.

Water fFe Phytic acid

(% fresh weight)  Ca  (mgkg ' dry weight)  Zn AA (g kg T dry weight)
Leaf blades
Lettuce (loose leaves) 94 12000 250 50 3000 0.1
Lettuce (head) 96 7000 70 40 2000
Kale 85 9000 110 30 8000
Cabbage 92 6000 80 25 4000
Roots/tubers
Carrot 88 2200 40 15 800 0.9
Potato 79 330 40 20 950 0.1
Yam 70 550 20 8 550 0.4-16
Cassava 60 400 Fi g 510 1.5-22
Topinambur 78 650 150 5 180
Radish 95 4000 60 60 4400
Kohlrabi 91 2500 40 3 7000
Seeds
Wheat 11 350 45 35 0.0 3.9-13.5
Wheat flour, white 12 170 13 8 0.0 4.9
Com 10 80 30 25 0.0 8.3-22.2
Oat a8 600 50 40 0.0 7.0-11.6
Barley 9 350 40 30 0.0 7.5-11.6
Rye 11 370 30 40 0.0 5.4-14.6
Sorghum 9 310 50 - 0.0 9.1-13.5
Rice (brown) 12 380 20 20 0.0 8.4-89
Rice (white) 13 34-317 9-11 1112 0.0 3.4-50
Cowpea 77 5520 48 44 109 9.4
Soybean 8 3000 170 50 65.0 10.0-22.2
Pigeon pea 11 1500 60 30 0.0 7.1-70.0
Fruits
Plantain 65 86 17 4 529 1.8
Tomato o4 800 70 15 3000 0.4
Orange 87 3000 8 5 4000

Frossard
2000



Strategie rostliny:

- ZvySovani aktivity vysokoafinitniho transportniho sysému na plazmaleng
- Mykorhizni asociace

- Zmény architektury ko fenoveho systému (délka,étveni)

- ZvySovani hustoty kaenovych vlaski a jejich délky

- Uvoliovani organickych kyselin a protoni za i¢elem solubilizace fosforu

- Vyluéovani enzymi za (€elem uvohovani organicky vazaného fosforu

- kyselé fosfatazy
- fytazy

P treatment Phytase activity (mlU mg : protlein) Acid phosphatase activity (mU mg : protein)

Root extracts Shoot extracts Growth media Rool extracts Shoot extracts Grrowth media

| mM P, 15.6 +0.9° 13.8 £ 2.5° 210.0 £ 14.1° 589 + 622P 1029 + 120° 4323 +95°
0.1 mM P; 26.2+ 1.6 72.1+9.8° 600.9 = 14.8° 618 + 75° 1449 + 216* 4761 = 186°
No-P 23.0+2.0° 56.3+9.2° 914.9 + 18.6 503 +23° 1232 + 138°%° 5017+ 118%

Lung 2006




Potencial genetickych manipulaci
- Arabidospis s vnesenym genem pro kyselou fosfatamjieSky

Xiao 2006



Potencial genetickych manipulaci

- brambor s genem pro fytazu pod promotorem spégificpro kaenové viasky

GUS pod stejnym promotorer

Zimmermann 2003
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