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An overview of the enzymes that participate in
ammonium assimilation into glutamate, glutamine,
aspartate, and asparagine, the N-transport amino
acids in plants. Fdx, ferredoxin.




GS (glutaminsyntetaza, EC 6.3.1.2)

- oktamerni protein o velikosti 350-
400 kDa, tveny 8 tenii
identickymi podjednotkami

\

- vysoka afinita k NH*

v . C'y‘f_.os:()L

Figure 8.6
Isoenzymes of glutamine synthetase (GS) are present in both the
Buchanan 2000 plastids (GS2) and the cytoplasm (GS1). Fdx, ferredoxin.




cytoplazmaticka GS1- vice izoforem

NH,* z prostiredi, z redukce nitratu v karenech, z fixace B U¢ast v transportnich

procesech, retranslokace N z list
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pIaStidOVé. GSZ(V chloroplastech fotosynteticky aktivnich pletiplastidech kien)

dominantni v zelenych¢astech rostlin
NH," z redukce nitratu a fotorespirace

Martin 2006



Fotorespirace

Buchanan 2000
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GOGAT - glutamatsyntaza
(glutamin-2-oxoglutaratamidotransferaza, EC 1.4.7.1)

NADH-dependentni forma

_ ; (EC1.4.1.14)
Ferredoxin-dependentni forma - v plastidech nefotosyntetizujicich tkani fkay, pochvy
(EC1.4.7.1) cévnich svazkvyvijejicich se lisi)
- predevsim v listech (chloroplasty) - regulace pedevsim koncentraci nitratu, amonného iontu,
- hlavnim regulanim faktorem je sitlo g|utaminu a asparaginu
Leaves Roots, Cotyledons

Glutamate | Glutamate

Figure 8.10
NADH-dependent and Fdx-dependent isoenzymes of GOGAT (NADH-GOGAT and Fdx-GOGAT,

respectively) play different physiological roles in plant metabolism.
Buchanan 2000
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Tryp’;ophan Tyrosine

Glucose

Fructose 1,6-bisphosphate
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Pyruvate ~ [ Alanine |
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Oxaloacetate Citrate
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&
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f

Figure 8.2
Overview of amino acid biosynthesis in plants.
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Dusikaté latky v rostlinach a jejich vyznam:

- anorg. ionty — NOy’

- aminokyseliny — stavebni prvky makromolekul, signalni funkce, za$dlmkce (spolu s aminy mohou slouzit jako
docasna zasoba N), transportni molekul§ast i osmoregulaci

- ureidy — transportni molekulydkterych rostlin schopnych vytigt ka‘enoveé hlizky (symbioticka fixace molekulového N)
- aminy — stavebni slozky membran (s@st fosfolipidi — nagF. ethanolamin)

- polyaminy (putrescin) — signalni funkce¢astni serady proces (déleni burék, embryogeneze, iniciace kveteni),
zpomaleni senescence, stabilizace membran (ochranyslikovym radikahm)

- proteiny — stavebni, katalyticka a zasobni funkce fnaasobni proteiny v semenech — 3 zakladni skupitwzrainy,
prolaminy a globuliny, specifické struktury — proteudailiska)



Nitraty rostlinach x potraviny:
- nad 1-2% DW toxickeé proipzvykavce
- riziko v potraw ¢loveka (methemoglobinemia, vznik nitrosamini)

limity pro obsah nitrat v n¢které zelenis - EC directive 466/2001
sbirka zakofi 53/2002 plus novelizace 306/2004

Product Maximum level (mg NOs [ kg) Sam pling method
1.1. Freshspinach(?) (Spin- | Harvesed 1 November o 31 |3 000(%) Commission directive
ada olenzcea) March: 79/ TO0OEEC (%)

Harvestied 1 April to 31 Ocrober: |2 5003

1.2, Preserved, deep-froz- 2 000 Directive 79/ 700/EEC
en or frozen spinach
1.3. Fresh Lemuce (Lactuca | Harvesied 1 October o 31 March: | 4 500(% Directive 79/700(EEC.
witiva L) (proteced | Harvested 1 April to 30 Seprember: | 3 500(*) (%) [ However, the mini-
and open-grown let- | with the exception of open-grown [ 2 500(*) (%) [mum number of units
tuce) lettuce harvested from 1 May to per laboratory sample
31 August is 10

EC directive 466/2001



Fixace molekulového dusiku:

- celoswtove 17,2 . 10 tun rainé
- energeticky velmi nakmy proces

(pramyslow Haber-Boschiv proces- reakce molekulového dusiku s vodiketnyysoké
teplo€ (400-650C) a tlaku (150-400 atmosfér) vifpmnosti Zeleza jako katalyzatoru)

- zaji¥'uji néktera prokaryota — vybavena enzymeitrogenazou

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

1 ‘ I
N2 fixation

fixation rate

Combined nitrogen

Total nitrogen per plant

Soil and fertilizer nitrogen
(combined nitrogen) Marschner 1995




- reakce vyzadujici velké mnozstvi energie‘sigmnost silného biologického

reduktantu

- nitrogenaza citliva ke kysliku

- tvorba specifickych struktur (heterocysty, hlizky)

Nitrogenaza:

- komplex tvd@eny 2¢astmi:
- Fe protein (30-72 kDa)
obsahuje Fe-S klastr,
extréme citlivy ke
kysliku (irreverzibilni
inaktivace)

- MoFe protein

4 podjednotky, 2 atomy
Mo ve dvou Mo-Fe-S
klastrech

8§ Belx .

8 Fered

Nitrogenase complex

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

Dinitrogenase Dinitrogenase
reductase -

2 NH; + H,

N2+8H+

Buchanan 2000




- reakce vyzadujici velké mnozstvi energie‘sigmnost silného biologického
reduktantu

- nitrogenaza citliva ke kysliku

- tvorba specifickych struktur (heterocysty, hlizky)

cells N
A%
\\\

Taiz a Zeiger 2002
Buchanan 2000



System of

N, fixation -
(Ng——=NH,) N
— Symbiosié Associations Free living

microorganisms | (e.g., Rhizobium, | (e.g.,Azospirillum, | (e.g., Azotobacter, Klebsi-

involved Actinomycetes) Azotobacter) ella, Rhodospirillum)
Energy source | Sucrose and its Root exudates | Heterotroph: :  Autotroph:

(organic metabolites (from from the Plant Photo-
carbon) the host plant) host plant residues synthesis

Estimates of Legumes: 50-400
amounts fixed Nodulated non- 10-200 =2
(kg N hayr’) legumes: 20-300 |

10-80

1

Fig. 7.1 Type, energy source, and fixation capabilities of biological N, fixation systems in soils.
(Courtesy of K. Isermann; modified.)

Marschner 1995




T11 skupiny symbioz:
» gram pozitivni aktinomycety (Frankia) #zané dvoudlozné,casto stromy a ke
(Alnus, Casuaria, Datista, Ceanothus)

* sinice + nap Gunnera, cykasy, kapradinyAzolla)

e gram negativni bakterie (rhizobia) + bobovité

http://web.uconn.edu/mcbstaff/benson/Frank
ia/Structure.htm

http://www.flickr.com/photos/8555671@N05/3679707/739



T11 skupiny symbioz:
» gram pozitivni aktinomycety (Frankia) #zané dvoudlozné,casto stromy a ke
(Alnus, Casuaria, Datista, Ceanothus)

* sinice + napp Gunnera, cykasy, kapradiny (Azolla)

e gram negativni bakterie (rhizobia) + bobovité

http://www.biologie.un
i-hamburg.de/b-
online/library/webb/B
OT311/Cyanobacteria/
Cyanobacteria.htm

Taiz a Zeiger 1998



T11 skupiny symbioz:
» gram pozitivni aktinomycety (Frankia) zané dvoudl
(Alnus, Casuaria, Datista, Ceanothus)

* sinice + napp Gunnera, cykasy, kapradiny (Azolla)

e gram negativni bakterie (rhizobia) + bobovité

Buchanan 2000
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(A)

5 V!

Rhizobia
‘I of L]

Taiz a Zeiger 1998

Figure 12.11 The infection process. (A) Rhizobia bind to an
emerging root hair in response to chemical attractants sent
by the plant. (B) In response to factors produced by the
bacteria, the root hair exhibits abnormal curling growth,
and rhizobia cells proliferate within the coils. (C) Localized
degradation of the root hair wall leads to infection and for-
mation of the infection thread from Golgi secretory vesi-
cles. (D) The infection thread reaches the end of the cell,
and its membrane fuses with the plasma membrane of the
root hair cell. (E) Rhizobia are released into the apoplast
and penetrate the compound middle lamella to the subepi-
dermal cell plasma membrane, leading to the initiation of a
new infection thread, which forms an open channel with
the first. The two infection threads are discontinuous, how-
ever, because the infection thread membrane is absent
from the apoplast. (F) The infection thread extends and
branches until it reaches target cells, where vesicles contain-
ing bacterial cells are released into the cytosol.




o' Plant root releases elicitors of
Nod gene expression.

: 9 Bacterium releases Nod factor.

@ Plant root demonstrates ion

_ fluxes, expresses nodulin proteins,

_ isinfected, and undergoes nodule
~_ morphogenesis.

Taiz a Zeiger 2002

- vymeéna signal rostlina x mikroorganismus

- specifické geny, které se&astni tvorby hlizek:
- rostlina: nodulin Nod) geny
- mikroorganismus: nodulatiomgd) geny

- specificky vyznam ma gemodD
(transkrigni faktor)



€ Dlant root releases elicitors of
- Nod gene expression.

9 Bacterium releases Nod factor. .

@ Plant root demonstrates ion
_ fluxes, expresses nodulin proteins,
is infected, and undergoes nodule
~ morphogenesis. .

Rostlinné induktory exprese nod gei bakterie:
o flavonoidy

luteolin, 4-methoxychalkon (vajska)

genistein, daidzein (soja)

* betainy
trigonellin, stachydrin (vo{iSka)

Nod faktory bakterie:
Buchanan 2000

Taiz a Zeiger 2002

( nodH, P, Q
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Rozpoznani bakterie rostlinou:

Dolichos
biflorus
* rozpoznani povrchovych sachatrid

dospglé

« rozpoznani chem. struktury nod faktoru viasky

Db-LNP - lektin s vazebnou aktivitou pro Nod faktor

rostouci
vlasky

Bradyrhizobium
sp.

Sinorhizobium
meliloti

korenova |
Spicka  |f &

Kalsi a Etzler 2000




Rozpoznani bakterie rostlinou:

* rozpoznani povrchovych sacharid

* rozpoznani chem. struktury nod faktoru

Lotus corniculatus

+ ,s0jové" Bradyrhizobium japonicum

lektin sOji — Lel

Root hair '
cytoplasm

Current Opinion in Plant Biology

Hirsch 1999

van Rhijn et al. 1998




Prenos signalu Nod faktoru v rostliré:

Mod factor r e

(i} lon flux and plasma membrane depolansation

Ca?+  Depolarsation

il - | \/9 |

o= K

(i) Accumulation of CaZ* at root hair tip

(i) G-protein-mediated signal transduction?

. A . \

Cait*
,&}tﬁ'@" (g e lal

{iv) Calcium spiking

1 min

_J'r\\. u-'hmn\--.\_.'l\_‘."\_\wl.

[Ca2H),,

(¥} Cyloskeletol rearrangements

(vi} Root-hair deformation

A

{wii) Early nodulin gene exprassion

{viii) Reactivation of cell cycle

(ix) Root cortical cell dvisions

(x} Module formation

Currgnt Opinion in Plant Biclogy

Downie a Walker 1999




Studium mutantii:
-informace o vztahu mezi N fixujici symbiosou a mgtkani interakci

T ®

| 7 | [eE¥mr]manEr [Pss¥maa] ecoaniion
L5 YM>s module

Medicago
truncatula

« |R oot hair swelling
or deformation

i
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MsNORK
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Calcium spiking

Y

Gene activation
Endosymbiotic infection

Méelilotus

TRENDS in Plant Science

alba

Kistner a Parniske 2002



Gunnera

\

Magnoliids
Monocots

Gymnosperms

Lycopods

|

Liverworts
Hornworts
Mossas

o[

Bacterial endosymbiosis
Presant
Modulators
Eudicots
- 50 MYA
Fa Fa Cu Ro
——————————— 100 YA
————————————————————————— 450 MYA
TRENDS in Flani Science

Kistner a Parniske 2002



Studium hypernodulujicich mutanta

—informace o systémové regulaci rozsahu nodulacemost! [
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