Dusik

TRV 4

- dostupnost dusiku ovliwje:
- produkci biomasy a jeji distribuci
- ontogeneticky vyvoj
- hormonalni rovnovahu (cytokininy, ABA)
- rychlost fotosyntézy a rovnovahu metabolismu C a N
- transport latek v rostlin
- obsah prvi a metabolit v rostling

N
Y

\

Fig. 8.16 Schematic representation of the effect of increasing levels of nitrogen supply to the
roots during early growth stages on the root and shoot growth of cereal plants.

Marschner 1995

Texty vyzivy rostlin
MZU v Brné
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ANAMMOX - nedavno objevenacast N cyklu

Kuypers et al. 2003

NH,+1. 32NO,~+0. 066HCO,~+0. 13H*—
1. 02N, +0. 26NO,~+0. 066CH,0, N, ,5+2. 03H,0

Murakami 2006



Anammoxové bakterie
(Planctomycetes)

Candidatus Scalindua wagneri

Candidatus Scalindua sorokinii
Candidatus Scalindua brodae

Isosphaera
spp.

Gemmata spp.

Pirellula
spp.

Planctomyces spp.

Candidatus
Kuenenia stuttgartiensis

Candidatus
Anammaoxoglobus propionicus

Candidatus
Jettenia asiatica

Candidatus Brocadia fulgida

Candidatus Brocadia
anammoxidans

Qutgroup

I ——— Kuenen 2008



cell wall e
cytoplasmic membrane "
paryphoplasm
intracytoplasmic membrane
riboplasm
anammoxosome membrane
anammoxosome

nucleoid

van Niftrik et al. 2004

Anammoxosome

Hydrazine
hydrolase

Anammoxosome
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Zdroje N pro rostliny:

NO;

NH*

organicky dusik ?
aminokyseliny ?
mocovina ?

http://www.szes.cz/mod/resource/view.php?id=168



Tablz |. Orgamic nitrogen transporter genes shown to be expressed
- z . . ) in roots of Arabidepsis thaliara.
Vyznam org. dusiku - aminokyseliny
Gene Type of Transporter Source
ArdAFP3  Low affinity general amino acid  Fischer et al.
8 . transponer 1995
= dOStUpnOSt + mjem + metabO|I8mUS ArAAPF  Low affimty general amino acid — Fischer et al.
transponer 1995
ArdAPs  High affinity neutral/acidic Rentsch et al.
amine acid transporter 1 956
ArProT]  Proline transporter Rentsch et al.
1996
ArProT2  Proline transporter Rentsch et al.
1996
ArCATI  High affinity transporter of basic Frommer et al.
amine acids 1995
ArLHTI!  Lysime/Histidine transporter Chen and Bush
1997
I ArPTE2  Ih- and tripeptide transporter Steiner et al.
1994
Nasholm 2001
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Vyznam org. dusiku -moc¢ovina?
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Buchanan 2000




Prijem NO;

- symportem s 2 H

HATS (high-affinity transport system)

(saturovan p koncentraci kolem 0,2-0,5 mM,

Km =10 az 10uM; Vm = 2-9 umol/g FW h)
CHATS (constitutive)
IHATS (inducible)

LATS (low-affinity transport system)
Km = 170 az 25 00QM; Vm = 8 az 70Qumol/g FW h)

Nitrate influx (umol g’1 FWh)
'
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Km Koncentrace iontu v roztoku



doposud izolovany geny pdvé skupiny transportéri:
(predevSimArabidopsis)

NRT1;1-2- transportéry s dudlni afinitou (NRT1;1) a LATS (NRZ)

T447
T44 0O
T28 A U
T101
N C
Cytoplasm
Low-affinity High-affinity
CL B (3
£ Rp— T
\&/ \113/
® Liu 2003

CHL1 = AINTR1
(Arabidopsis thaliana resistentni ke chloratu Ci)



Regulace exprese NTR1;1 progednictvim auxinu:

CHL1: : GUS konstrukt uArabidopsis

kontrola 1M IAA 6h 1 uM IAA 12h 10uM IAA 12h

Guo et al. 2002

CHL1: : GFP konstrukt

wild-type mutanty s nadprodukci IAA



NRT2:1-7 -transporténHATS
AINTR2:1 + AINTR2:2 ...... iHATS
AtNRT2:4
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Regulace gFijmu NO 5
- aktualni stav rostliny, rychlostistu, faze ontogenetického vyvoje
- vngjSi podminky (swtlo, teplota, chemické a fyzikalni podminky rhizogpér

- okamzita rychlost fijmu regulovana negativni gmou vazbou (koncentrace prodalisimilace dusiku: nitrit, AK,
aminy)

- fytohormony (auxin, cytokininy prostdnictvim aktivity NR)



Prijem NH,*

- prijem uniportem za s@asné acidifikace rhizosfery

- HATS
(Km = 10 az 7QuM)

multifazni @ijem — existence vice
transportnich systéim

identifikovany rékteré transportéry:
AtAMTL1 (Arabidopsis)

u ryZe pak blize popséna regulace:
OsAMT1;1

OsAMT1;2
OsAMT1:;3

LATS - iontové kanaly pro K?
AKT1

Amino-terminal

N H4+

Qutside

Inside

Carboxy-terminal

Comparison of bare and hydrated ion radii for NH; and some
other cations (from [12])

lon Bare 1on (nm) Hydrated 1on (nm)
H. O™ 0115 028
Lit 0094 0382
MNat 0.117 0358
NH; 0148 0.331
K~ 0.149 0.331
Rb* 0.163 0.329

Cs™ 0,186 0.329




Transport dusiku
Vv rostliné:

- amonny iont asimilovanipdnostg v korenech

- nitrat redukovan v ki@nech i v nadzemgasti (v
zavislosti na dostupnosti nitratu)

Nitrogen concentration in
the xylem bleeding sap

B

Nitrate supply to the plants

Y
|

nitrat

SHOOT

0.2 mM NO3-

"
o

%75 (29.8)
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Peuke a Jeschke 1993

Xylem
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SHOOT

(7360) 56

ROOT
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NO3-nutrition
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Nitrat versus amonny iont:

- dostupnost v prostdi x preference rostliny
NH," tolerantni:
ryze, osiice
boravky, brusinky, ves
klimaxové jehlEnany (smrk, tsuga)
nékteré krytosemenné&eviny

mirného pasma (dub, buk, habr)
eucalypty

NH,* citlivé:
rajce, brambor, fazol, jamen
pionyrské deviny (topol)

- toxicita amonného iontu

rast, distribuce biomasy
piijem ostatnich zivin
transport latek v rostlh

Gerendas 1997

SmM

NO;-N NH,-N




Zpracovani d

usiku v rostliné:

.
.

Buchanan 2000



Redukce nitratu:

NO; + 8H* + 86 ——— NH, + 2H,0 + OH

- probiha v nadzemni i podzenirésti (mocenstvi N se gmi z +5 na —3)
(v zavislosti na rostlinném druhu a
aktualnich ekologickych podminkéch)

Buchanan 2000

Nitrate

transporter
P Plasma

membrane

2@t

NO;~




Redukce nitratu na nitrit;

NO, + NAD(P)H + H* ——, NO, + NAD(P)* + H,O

- probih& v cytoplasg
- reakce katalyzovanaitratreduktazou (NR) Nitratreduktaza (NR, EC 1.6.6.1-3)

- cytoplasmaticky homodimer

- monomer tvéen polypeptidem (100 kDa)
MN-X a 3 prosthetickymi skupinami:

: - FAD

- Fe-hem

- molybdenovy kofaktor (MoCo)

B’ifﬁéf*
interface

Campbell 1999

Buchanan 2000




- zaji¥uje transport elektor@nz NADH do vazebného mista pro nitrat (,down hill“risport)

Hinge I Hingel

Buchanan 2000
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Regulace aktivity nitratreduktazy:

- aktivita NR regulovana cela@adou fakto# na mnoha urovnich (klovy enzym asimilace N, toxicita NQ — nutna
koordinace mezi poZzadavkem rostliny, dostupnostanita dostupnosti sachakrid

- regulace: regulace transkripce a translace (didoib& odpovd’)
posttranslani modifikace (okamzita regulace aktivity, degradace)

- piitomnost konstitutivni a indukovatelné formy NR

1. regulace transkripce a translac€hodiny, dny)

Stimulace: nitrat
sacharidy
cytokininy
s\wtlo

Inhibice: produkty asimilace dusiku (NQNH,*, AK)
nedostatek nitratu
tma



2. posttranslatni modifikace (minuty) — regulace aktivity NR v ige jiz giitomné, regulace koncentrace NR vibel

Stimulace: swtlo Inhibice: tma
NCO, Vv CO,
anoxie kyslik
Buchanan 2000
Other Light Ser-543
stimuli (photosynthesis)

Ca?* P-esters

5-AMP

14-3-3 protein

Reversibilni inaktivace

Degradace
14-3-3 protein
MeZ+

14-3-3 protein ,

I o NR degradation

Salt,
chelation of Me**

T

Stress conditions

Figure 16.42

Proposed model for regulation of nitrate reductase activity by phos-
phorylation/dephosphorylation and reversible binding of 14-3-3
protein. NR is phosphorylated by protein kinases on a serine resi-
due in hinge 1. Phosphorylated NR is still active but is bound by

14-3-3 dimers, which inactivate NR. NR in 14-3-3 complexes is more
rapidly degraded than free NR and is not an available substrate for
phosphatases. If NR is released from 14-3-3 proteins, the regulatory
phosphate can be removed by protein phosphatase PP2A.
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< CO,-free

= air
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Figure 6. Extractable nitrate reductase activity in illuminated spinach
leaves in response to changing CO; supply, or during a dark-light
transition in air (dashed line). Leaves were flushed with air or CO.-
free air in a glass cuvette mounted in a temperature controlled growth
chamber (22°C, 400 kE m™2 s™' PAR). At the times indicated, two
leaves were taken out of the cuvette and were immediately plunged
into liquid nitrogen. Extraction of nitrate reductase was done as
described in “Materials and Methods.” Each point represents the
mean of two separate experiments with two different leaves per
sample.

Kaiser a Forster 1989




Redukce nitritu na amonny iont:

NO, + 6Fdx_, + 8H* — NH,* + 6Fdx_* + 2H,0

- probih& v chloroplastech lishebo proplastidech keni

- reakce katalyzovanaitritreduktdzou (NIiR)

Nitritreduktaza (NR, EC 1.7.7.1)

- monomerni polypeptid (60-63 kDa) se
sirohemovou prosthetickou skupinou a 4Fe-43
centrem

CH,CH,COO"

s _ch,coor

""" = CH2CH2COO_

“OOCH,C CH,COO™

CH,CH,COO™

CH,CH,COO™

Siroheme

Buchanan 2000




- tvoren 2 funknimi doménami

Plant nitrite reductase

Fdx-binding

Fdx,eq domain

NO,"

4 Fe—-4S and siroheme

Fdx,. - & NH,*

Buchanan 2000



