Sira
- 0,2-0,5% SH, nedostateki poklesu obsahu sirampod

0,01% SH

- toxicita neni pili$ ¢asta (nad 4000 mg SOI1),
poskozeni riZze vyvolat SQ (nad 1-1,5 mg /)

Deficience siry:
- Zloutnuti listi

- pokles syntézy protein
enzymaticke aktivity

- akumulace nitratu

Varek 2002



Coal or
oil burning

Sulfur gases
SO, HyS COS

)

=

_—

Pesticides &
= s0il amendments

Direct
absorption

\¢ [72
Plants } / ¥

Soil organic matter Plant & animal residues x
Volatilization and biomass T
R-CS R-0-SO, = L
carbon- sulfate ) Polysulfides
bonded S esters T Thiosulfides §
=t B Bisulfates
e )
. Immobilization 3 ]
' dxidation . % Oxidation
Sulfides e Sulfates in
S2- 5 Reduction soluti)o_n
F 2+ & SI— —> FeS Erosion (SO4%) .
e e runoff = R
Dissolved Sulfide  lron sulfide ' %
ferrous iron {solid) Solution <]
5 Sulfate soil minerals
v v (CaSO, +2H,0)
2+ 2= o Theiail e A
Mn** + §° — MnS "B Cj) e
Dissolved Sulfide Manganese ORI Sulfur (S) 7
reduced sulfide Sulfide soil S {"//,/‘2 ]
manganese (solid) minerals o 4
Leaching Sulfates A
adsorbed 8
. \ |
Brady a Weil 2002 NS




Vazba sulfatu na pidni koloidy:

Decreasing soil pH

Particle surface

(@) A Negative charge
/ \O_ (Neg ge)
@)
N/
(b) ] /A'\OH (No charge)
\AI/
) / AI\ (Positive charge)
O\ /OH2+ HSO,4~
Al
() / A Sulfate reacts
O SO, with Al in solid
N\
Y Al

N

Little if any
SO42~ adsorption

HSO 4~ easily
replaceable

SO, held tightly,
replacement slow
and difficult

Brady a Weil 2002



2-9 kg S from
air in dust
and rain

Brady a Weil 2002



Koncentrace SQ, v ovzduSi

Obr.1: Vyvoj emisi SO, v CR v letech 1987-1997 a
odhad pro roky 1998 a 1999 (v milionech tun za
rok). Upraveno podle Hrusky a kol. (1999)

Erise SO,
pra i

Hm ¢
- )

- — N
e - <
A L i
L i L L

_..
E S
2
¥

]

Enpse SO, (Mitiony tun 2a rok}
= e e A o
[ m o o

<
(]

+ o .- & o S e e S - ! =
i | ; : ; - j - I—l
L I S : e S : i i ] 4
Hins: 5 : : ; I o
S Loy O T i P N SO T & ) Pog big o, A 3
L L o

1987 19688 1980 1990 1691 1992 1593 1884 1955 1686 1997 1968 1999
Rok

L
=

prevzato z Poldk 2000 - dipl. prdce



zdroj CHMU

Emise SQ — podle kraju

Rok 1994 Rok 2006
S0, so, ||
Kraj |

[tirak] [t/rak]
Hl.m. Praha 303218 2277 8]
Stiedoéesky 145 179 5 232208 ]
Jihoéesky 38 394 4 10162,0||
Plzeiisky 35 429 4 109337 ||
Karlovarsky 56 376 3 169502 | |
Ustecky 507 456 5 715841 |
Liberecky 22 639,0 3451 3]
Kralovéhradecky 36 920,65 31410]]
Pardubicky 95 275 3 139927 ||
Vysodina 210999 2913 5|
Jihomoravsky 36 620 4 41744
Olomoucky 29817 3 5917 3 [
Zlinsky 26 199 3 975 4 ||
Moravskoslezsky S2 495 5 29574 1 |
Celkem 1270 1258 2102234 |




Deposice siry WCR

deposice SUSA) - imise:

depozicni tok [g.m—2.rok-T]

CJsos 1.2% 30-75 kg S/ha.rok
05-1.0 75.0 %)
10-15 21.5 %) 2'5 kg S/ha.rOk
1.56-2.0 2.1 %)
2.0-3.0 0.2 %l
3.0-40
>4.0

Pole celkové roCni depozice siry, 2005

zdroj CHMU
http://www.chmi.cz/uoco/isk
o/groc/gr05cz/kap3.html

Pole cedkove roéni depozice siry ve vyznatenych t¥idach, Ceska republika 1996

depozini b ko mZrok™)
<1 0,42 %
1-2 8829%
-3 3 A%
-4 BAE%
5 129%
0,56 %




depozice
[1 sucha

depozice siry [{]

rocni

180 000

160 000

Na celouCR
(78 841 knd)

1B mokra

B celkova

I

- = = T =

zdroj CHMU




Viiv atmosférické koncentrace 50, na rist rhznych rostiin péstovanych v Zivném roztoku bez §
{Falfer T968)

Flodina koncentrace SO, v mg. ™ Dioba
0,0 02 05 1,0 1 5 pestavani
Wynos suginy (frastling)
Slunecnice 70 103 103 113 100 15
Kukufice 100 110 118 111 107 13
Tabak 31 41 43 54 45 =)

prevzato z Multimedialni texty vyzivy rostlin MZU v B&
http://www.af.mendelu.cz/external/relay/agrochenititaxty/html/biogenni_prvky/A_index_biogen.htm




Prijem siry:
- SO
- aktivré s 3H"

- multifazni gijem

N S8} H~

Sulfate uptake
(log nmol h™' g™ DW)
—

o

|
—_

1077

ki
Sulfate concentration (M)

Buchanan 2000

Leaf mesophyll cell

\

P

(

§%* —= Cys - Glutathione

Mitochondrion |
$% —= Cys i

NG

sulfate perm
Xylem S

S

J

High-affinity
sulfate permease

Proton- Root cell
pumping

®+ ATPase




Table 1. Summary ol Arabidopsis ST gene family.

Alternative Accession Number of
Giroup Name names num ber MW amino acids K References
1 AtSultrl:l astli] ABOD1BOYS 0.6 649 L5 um Vidmar et al. 2000;
36 puM Takahashi et al. 2000
AtSultrl;2 AB042322 1.7 633 0.9 pM Yoshimoto et al. 2000;
Shibagaki et al. 2002
AtSultrl;3 ABO49624 722 656
2 AtSultr2;1 asths ABO03591 74.1 677 5pM Vidmar et al. 2000;
0.4 Tmn Takahashi et al. 1997, 2000
Atsulir2;2 asts6, atd 14 DE16 123 658 = 1.2mM Takahasht et al. 1997, 2000
3 AtSultr3;1 astl2, atastl, DE9631 728 6538 Takahashi et al. 1999b, 2000
atdo3 1
AtSultr3;2 astyy ABOMO60 1.3 646 Takahashi et al. 1999h
AtSultr3;3 ast9l ABO023423 6910 631
AtSultr3:4 ABOMO45 71.2 633
AtSultr3;s ABOGIT39 0.4 634
4 AtSultrd; 1 asts2 ABOOBTE2 751 685 Takahashi et al. 199%a, 2000
AtSultrd;2 ABO32TTS 4.7 677
5 AtSultrs;l NP_178147 49.5 464
AtSultry;2 NP_180139 454 4 56

- odliSna exprese vaznychéastech rostliny

AAAAAAAAA

Group 2

Group 1

nnnnnnnnn

atsulrs:2

Hawkesford 2002



Table 1. Summary ol Arabidopsis ST gene family.
Alternative Accession Number of
Giroup Name names num ber MW
1 AtSultrl:l astli] ABOD1BOYS 0.6
AtSulirl:;2 AB042322 1.7
AtSultrl;3 ABO49624 722
2 AtSultr2;1 asths ABO03591 74.1
2000
AtSultr2;2 asti6, atd 14 DExM16 723 2000
3 AtSultr3;1 astl2, atastl, DE%63 1 728 , 2000
atdo3 1
AtSultr3;2 astyy ABOMO60 1.3
AtSultr3;3 ast9l ABO023423 69.0
AtSultr3:4 ABOMO45 71.2
AtSultr3;s ABOGIT39 0.4
4 AtSultrd; 1 asts2 ABOOBTE2 751 . 2000
AtSultrd;2 ABO32TTS 4.7
5 AtSultrs;l NP_178147 49.5
AtSultry;2 NP_180139 454

Sultr1;1 (Km=3,6 uM)

Takahashi et al. 2000




Table 1. Summary ol Arabidopsis ST gene family.

Alternative Accession
Giroup Name names num ber MW
1 AtSultrl:l astli] ABOD1BOYS 0.6 )
00
AtSulirl:;2 AB042322 1.7 OO0,
2
AtSultrl;3 ABO49624 722
2 AtSultr2;1 asths ABO03591 74.1 )
o7, 2000
AtSultr2;2 asti6, atd 14 DExM16 723 o7, 2000
3 AtSultr3;1 astl2, atastl, DE9631 728 999h, 2000
atdo3 1
AtSultr3;2 astyy ABOMO60 1.3 4 999b
AtSultri;3 ast91 AB023423 69.0 6] Sultr2; 1
AtSultr3:4 ABOMO45 71.2
AtSultr3;s ABOGIT39 0.4
4 AtSultrd; 1 asts2 ABOOBTE2 751 . 2000
AtSultrd;2 ABO32TTS 4.7
5 AtSultrs;l NP_178147 49.5
AtSultry;2 NP_180139 454

Sultr2;1 (Km= 400uM)
Sultr2;2 (Km=1200uM)

Takahashi et al. 2000




Asimilace siry: =_—

- v plastidech
- 3 ¢asti:
1. aktivace S¢¥-

2. redukce na%s
3. inkorporace 5do Cys

Low-affinity
sulfate permease

50, 3@ ®’®+G
\ J
High-affinity Proton- Root cell
sulfate permease pumping

Buchanan 2000 ATPase




aktivace SO

ATP sulfurylaza 5042_ : MgATP
MgPP; + 5’-adenylylsulfate (APS)

- plastidova i
cytoplasmaticka forma
NH
- tetramer 49-50kDa 2
N
N ’ \> o) o) o)
i, [ U SR |
N N CH—0O— T— = | s IIJ—O + O—-‘«’:ﬁ.af—O‘
O o~ o~ on o}
H H
OH OH /
ATP Sulfate
| ATP sulfurylase |
NZ b\
[ >
q [ P S
N N CHZ——O—’— —"—o + O——P——O-—I”—O
o o o o
H H
OH OH
5’-Adenylylsulfate Pyrophosphate
Buchanan 2000 (APS)




u rostlin:

glutathion dependentni APS reduktaza

E. coli pathway
A

AP§ ——— PAP§ ——— 504"

2GSH  GSSG

Plastid-localized plant enzyme

Transit Grx/Trx
peptid i domain

N
CPEC

T

Grx
active site

Buchanan 2000

_ APS +2 glutathionered - -
'SO;” + glutathione,, + AMP + 2 H*




redukce S na S

sulfit reduktaza
- Fe-S protein
- sirohemova prostheticka skupina

- struktura podobna NiR

- zdrojem red. ekvivalefte ferredoxin, v kéenech NADPH



vazba S na Cys:

- reakce sulfanu s O-acetylserinem

OH
| O
CH, I .
¥ Hye—C ——CeA
HaN* —cI —H

COO™
Serine Acetyl-CoA

CH;

| + H,S

o0 Hydrogen
O-Acetylserine sulfide

CH;

(|:=O

O

|
T

H3N+_C_H

COO™
O-Acetylserine

SH
|

CH,

COO™
Cysteine

+  CH;COO™

Acetate

Buchanan 2000




ranscriptional
regulation -

negative feedback z:
limits over- /
accumulation of 5’ s

i
e

= Sulphate o

_m=3¥ activation

uptake

positive transcriptional
regulation increases uptake
when OAS accumulates, for

ATP
sulphurylase

A : e
stlphists i/ e reduction P example when insufficient
P Y e e ™, & Sulphide is available to
4 % % convert OAS to cysteine
@ ﬁ% i . sulphide :;
g ““*—»,\._.h OAS-thiol lyase .: serine acetyltransferase
T gysteine <— 0-acetylserine €= serine <= C/N
% ? assimilation
9 — S and amino acid
\ s biosynthesis
LY AT . i ; .
. methionine, @aOIIAogterlctreguEahon byI ctyste:jr}e or,t alternatively,
g : cysteine accumulation disrupts
h QIUtathlon.e SATase/OAS-TLase complex
and protein and inactivates SATase

Hawkesford 2000



Sulfated

polysaccharides
(algae) O-sulfated
compounds
PAP Glucosinolates

PAPﬂ 5-Methylcysteine

PAPS * S-Alkylcysteine
T O-Acetylserine //, Glutathione —» Solzjt:;l;};c;te

Sulfate reduction o Cysteine

2- .
504 = APS ™ | (see text) >S5 Cysteine 2-H degradation| ™y = H,S
l \\ Pyruvate
‘ 2H Cystine
Dimethyl l
sulfoniopropionate <— -«— <«— <—S-Methylmethionine «+— Methionine
(DMSP, plants) r'd l
¥
4 S-Adenosylmethionine
DMS

DMSP #
(marine algae) /\

ellueli il Ethylene Polyamines

' ioNna Buchanan 2000
dimethylsulfopropionat uchanan




L

(CH)E  —m (CHyp30  ——= (CH3l30;  ——= 30,
A

Atmosphere

hlarine and terrestrial ecosystems

DMS
(CHz)ps dimethylsulfid

¥

&
O w—— HS e 850




Vyznam siry
Vv rostliné:

- strukturni a katalyticka funkce Cys
a Met v proteinech

- ochranna funkce:
glutathion
fytochelatiny

- sowast koenzym, lipidt, sek. metabolit
- HSCoA, thiamin, biotin
- sulfolipidy
- signalni molekuly
- fytoalexiny

- vyznam siry pro vyZivu ziwicha

0 O OH CH,

H§ — CH,— CH,— N—C —CH,— CH,—N—C—C—C—CH,

H H H  CH, 2 o o
Coenzyme A
zym H H
(|) OH
T 0=P—0"
NH, C c‘r
NP CH,—N?* (”3 ﬁ
| CH,—CH,—O0—pP—O0—P—O"
X
HC™ SN CHs é_ é_ <|:oo THz
Thiamine pyrophosphate L C
(vitamin B-1) H C| NHz+ (2N
CH | I
0 | 2 HC N IO
I X
AN
HN NH HyC —i§ CH,
H\C & TH3+ ' 0
[\ o CH CH CH
HC.  CH v e °
g N\ [ -00C \CH/ \s/ H H
= (CHy)y—C—0O +\CH OH OH
3
Biotin S-Methylmethionine S-Adenosylmethionine
(vitamin U)

Buchanan 2000




Vyznam siry
Vv rostliné:

- strukturni a katalyticka funkce Cys
a Met v proteinech

- ochranna funkce:
glutathion
fytochelatiny

- sowast koenzym, lipidt, sek. metabolit

- HSCoA, thiamin, biotin
- sulfolipidy

- signalni molekuly

- fytoalexiny

- vyznam siry pro vyZivu ziwicha

Generic form
H
Acetyl
Carbamoyl
O

.0 O

H 7

Carbamoy] =2
. N

# %

Acyl group: H

18C Methyl

16C

20C

(varied unsaturation)

OH

'H

Acetate

Sulfate

Fucose
Methylfucose
Sulfomethylfucose
Acetylmethylfucose
D-Arabinose

0
- HO

(@]
O
H
O
N {Glyeero
o:/\

Hydroxymethy

n=1-4 {Methyl }
) 1

Buchanan 2000




Vyznam siry
Vv rostliné:

- strukturni a katalyticka funkce Cys
a Met v proteinech

- ochranna funkce:
glutathion
fytochelatiny

- souwast koenzym, lipida, sek. metabolit
- HSCoA, thiamin, biotin
- sulfolipidy
- signalni molekuly
- fytoalexiny

Glucosinolates CH>=CH-CHax- Sinigrin

(Brassica nigra)

HO—_>-CH,~ Glucosinalbin
(Sinapis alba)

/S—G[ucose
~a

Isothiocyanates
(e.g., mustard oil)

- vyznam siry pro vyZivu ziwicha

0 0
B e e Alliinase I
(R)-S-CH,-CH-cooH Alinze . (R).§_5_(R)
NH,
Alliins Allicins

Marschner 1995




Glutathion:

- tripeptid nekddovany DNA
(Gly-Cys-Glu)

- ochrana proti oxidativnimu
poSkozeni

COO™

HC — CH,— OH

Homoglutathione Hydroxymethylglutathiohe
(B-alanine replaces Gly; found (Ser replaces Gly; found
in some legumes) in some grasses)

COO™

HC — CH,— CH,—

v-Glutamyleysteinylglutamate
(Glu replaces Gly;
found in maize)

COO™

- prekurzor syntézy fytochelatin

Buchanan 2000

Reduced
glutathione

Oxidized
glutathione

v-Glu

Reduced glutathione




CH,
T
i
HNT —=C—H
Cysteine
, COO
Glutamate

cad2 mutantArabidopsis
- defektni v synthéze glutathion
(v Glutamylcystein syntetaze)

—

Figure 16.66

Reactions responsible for glutathione biosynthesis.

Glu

Gly

Alpha
peptide
bond

Cys

Gamma
peptide
bond

Glu

Glutathione
(reduced)

Buchanan 2000



Fytochelatiny:

(y-Glu-Cys),- Gly
n=2-11

- prekurzorem syntézy je glutathion

i

i Cytosol

- LMWCd—complex

—— YGlu-Cys peptides

Buchanan 2000




Col-0 cad71-6 cad1-3
A
cadl mutanty Arabidopsis
- defektni v synthéze fytochelatin Control
B
2 uM Cd?*
C
Tennstedt 2009




AtPSC1 - fytochelatin syntaza

- konstrukt s GUS

S-day-old

10-day-old

Korban 2002




Draslik

- 2-5% SH
- v rostling v iontové podob

- cytoplasmaticka koncentrace 80-200mMkay az

500mM)

- toxicita neni piliS ¢asta, spiSe osmoticky stres

Zivin na ha

kg

250

200 +

150 -

100 +

50 «+

0
1950

Spoti‘eba primyslovych hnojiv v CR (Penk 1997)

1955 1960 1965 1970 1975 1980 1985 1990 1995

Varek 2002

Varek 2002



Deficience drasliku:
- Zloutnuti listi, okrajova nekréza
- pokles syntézy proteir enzymaticke aktivity

- snizena odolnosti¥i suchu, mrazu, houbovym
patogetim

Vargk 2002



Fertilizer

Plants

Solution

¥
Leaching

K* .1-2%

Animals

Humans

| Plant & animal residues

! Léaching &

- decomposition

Fixed in 2:1 clays,
nonexchangeable 1-10%

> Runoff

Primary minerals Feldspars
90-98%

—> Erosion

Brady a Weil 2002



Brady a Weil 2002



Relative plant
growth

Potassium
content
of plants

Potassium required for
optimum growth

Brady a Weil

2002



Prijem drasliku:

- multifazni, &astiady transportnich proteirs miznou afinitou

- identifikovanarada gefi (Arabidopsis):

KAT1aAKT1 - inward channels )
- sweraci buiky praduchi

X epidermis a kortex keni

Apoplast Voltage- Pore-forming region
sensing (P-domain or H5)
region

Lipid
bilayer

Cytoplasm Buchanan 2000




Prijem drasliku:
- multifazni, &astrady transportnich proteirs niznou afinitou

- identifikovanarada gefi (Arabidopsis):

KOC1 - otward channel P-domain P-domain

- v celé rostlig

Buchanan 2000




Prijem drasliku:
- multifazni, &astiady transportnich proteirs miznou afinitou

- identifikovanarada gefi (Arabidopsis):

- ve vnittnich vrstvach kortexu a stélé

SIS = glnenilsy CErspeisy koreni a v oblasti cévnich svaitks listech

AtKUP - high-affinity transportér
J 4 P - v korenech, listech | k&tech

Buchanan 2000

Extracellular space

Cytoplasm




AtHAK + GUS (rodinaKUP/HAK/KT)
Arabi dOpSiS Gierth 2005

A

main root lateral root

1.,“‘

“ 5% ’
~. “stele /S

b T ra
. ~cortex

“~epidermis epidermis







Vyznam drasliku v rostliné:

- U¢ast na tvorbé membranoveho potencialu
- osmotikum (regulace turgoru)
- bung¢ny rast
- regulace oteenosti ptiduchi (regulace rychlosti
transpirace)
- pohyby rostlin
- vyrovnavani naboje v hilce, v xylemu

- aktivace enzyri

- Ucast v proteosyntéze, ve fotosyntéze, floémovém
transportu

- ovliviiuje odolnost rostliny &i stresu

13
NUEy
3 @
, St
Lo
VA
R,
R
N ,

)
®; + ADP)

........

®+

o/
SATP:

i
£
i
:

i
i
i
i i

a7 |
g0

J
/

Buchanan 2000




Vyznam drasliku v rostliné:

- Ucast na tvorb membranoveho potencialu
- osmotikum (regulace turgoru)
- bung¢ny rast
- regulace oteenosti ptiduchi (regulace rychlosti

transpirace)
- pohyby rostlin

- vyrovnavani naboje v hiice, v xylemu
- aktivace enzyri

- Ucast v proteosyntéze, vetosyntéze floéemovem
transportu

- ovliviiuje odolnost rostliny &i stresu

Photosynthesis

(pumol m? 5'1)

30
—o— Adequate K
—e— K Deficiency -
20
10 +
0 + —
13 19 26
Days

- doprovodny iont fi transportu H pies tylakoidni membranu

Cakmak 2005

- nezbytny pro aktivitu Rubisca a fixaci GO




Vyznam drasliku v rostliné:

- Ucast na tvorb membranoveho potencialu
- osmotikum (regulace turgoru)
- bung¢ny rast
- regulace oteenosti ptiduchi (regulace rychlosti
transpirace)
- pohyby rostlin
- vyrovnavani naboje v hiice, v xylemu

- aktivace enzyri

- Ucast v proteosyntéze, vetosyntéze floéemovem
transportu

- ovliviiuje odolnost rostliny &i stresu

Photosynthetic Electron Transport and
Superoxide Radical Generation

LIGHT CELL DAMAGE
- STROMA \ (1 /\/
THYLAKOID 0, _. 0,7, H,0,, OH

Toxic O, Species

ARAARARAAARARA
PSII PSI
V W W W W W WY
-*-PSL urose
2HEO 02 Stor 1'11 al
CO, Flux Phloe.n Export
~ 10 —
£ 0K Deficiency
ﬁ ,_E g 1 Bcontrol [ -
=
3
ER
28 4-
25
§ 3
1
g
— 0 . .
& 8 10 12
Plant Age (days)

Cakmak 2005




Vyznam drasliku v rostliné:

- Ucast na tvorb membranoveho potencialu
- osmotikum (regulace turgoru)
- bung¢ny rast
- regulace oteenosti ptiduchi (regulace rychlosti
transpirace)
- pohyby rostlin
- vyrovnavani naboje v hiice, v xylemu

- aktivace enzyri

- Ucast v proteosyntéze, ve fotosyntézeemovem
transportu

- ovliviiuje odolnost rostliny &i stresu

100
_ SUCRDSE IN SOURCE LEAVES
= BControl
EJ 75 4 OK Deficiency _ =
2 =
E =
2 8 50
i
=
= i
o 25
£
: B 0
6 days 9 days 12 days
B
:5:"‘ SBUCROSE EXPORT IN PHLOEM
= E Control
A O K Deficiency
T 41
% 2
=
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w4
2
=
=
o 1
=
— D I

6 days 8 days 12 days




