


Membrany obsahuyi
1. sensory které umoznuji reakci bunky na podnéty z okoli
2. pumpy, pfenaseCe a kanaly protransport latek skrz.

Mechanické vlastnosti membran jsou obdivuhodné (napr. Schopnost
rUstu a zmény tvaru bez ztraty integrity

1 receiving

1nfnrmatinnﬁ

& capacity for
maovement and
EXpANSion

2 import and
expart of
molecules

E£1995 GARLAHD PUBLISHIHG



Membrany = lipidova dvojvrstva + proteiny
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Self-sealing property EMERGETICALLY UMFAYORED

- __,-"'r =

“volné konce” jsou rychle

odstraneny — energetlcky planar phospholipid bilayer
nevyhodn¢ (kontakt with edges exposed to water
hydrofobnich Casti s vodou) y

“The lipids will spontaneously o D)

seal and will always form a
closed compartment.

A small tear will be repaired. A
larger tear may lead to the
break up of the membrane into
separate vesicles.”

sealed compartment
formed by phospholipid
bilayer

EMEREGETICALLY FAVORED
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Model
membrany
jako fludni
mozaiky

lateral diffusion
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3 zakladni stavebni kameny
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Steroly se vmezeruji do prostor mezi fosfolipidy — zvySuji tuhost
dvouvrstvy, znizuji fluiditu a permeabilitu.
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Lipidova dvouvrstva je sloZzenim ASYMETRICKA!
Nové membr. lipidy vznikaji v ER, napf PC a spol na cytosolické strané - flipasy
Glykolipidy dosyntetizovany v Golgi, pouze na vnéjsi stran€ (Zadné flipasy)
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Transmembranoveée

proteiny

(A) TRANSMEMERAME

lipid
bilayer

phosphaolipid

hiydrophobic amino acid
side chain

hydrogen bond
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Co prochazi membranou?

Runar P. Collander
(1894-1973)

membranova permeabilita
bunék Chara sp. (30. 1éta]
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Co prochazi membranou ,,samo od sebe*?

Hydrophilic Hydrophobic
- -
10
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; ® koef. membr.
o permeability
Trimethyl
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= objem
i 01 poloCas dosazeni rovnovahy
o povrch
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1 | | |
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Olive oil:water partition coefficient = nenabité mOIGkUIY!



Membranovy tranport

 Tvorba turgoru (vétSinou K-+)

* Pfijem minerall a Zivin (viz seminar)
* VylouCeni odpadnich produktu

* VylouCeni toxickych latek

* Distribuce metabolitu

« Kompartmentalizace metabolitu

* Prenos energie

* Pfenos signalU



Membranové transportery obecne:

 Pumpy
— pohon ATP, PP
— Primdrni aktivni tranport
* PrenaseCe (Carriers)
— pohon gradienty na membrané (pmf)
— Sekundarni aktivni transport
— Pasivni transport (usnadnena difuze)
« Kanaly
— pohon gradienty na membrané

— Pasivni transport (usnadnena difuze)



Kapacita membranovych transportu

« Pumpy: kovalentni reakce — 10% s°!
zmeny konformace —

 Kanaly: ani jedno z toho — 10° -10% s

... srv. zastoupeni v bunkach



Anions

Cations

Inorganic ions,
SUgars, amino acids

typicke pro rostliny



Membranovy potencial Vm

je rozdil elektrickych potencialu
dvou vodnych roztoku iontu
oddelenych membranou.
plasmalema =-150 mV
tonoplast = -20 mV



Dominantnim zdrojem
membranoveho potencialu Vm
rostlin jsou protonove pumpy.

Proto jsou protonové pumpy
elektrogenni.




Membranovy potencial vytvareny
protonovou pumpou je soucCasti tzv.
proton-motivni sily (pmf), jejimz
zdrojem je také koncentraCni rozdil
protondu.

Vm a pmf jsou kliCovou slozkou
vSech transportnich déju na
membrane.



Protoze plati, ze 1 stupnovy rozdil
pH odpovida as1 S9mV,
Ize vyjadrit netermodynamicky
pmi=59.1x(pH -pH,)+Vm

pfi prumérném Vm -120 az -150 mV a
rozdilu pH ve sténe (pH5) a v cytoplasme
(pH7) vychazi pak pmf rost. b. az -268mV.



Membranové transportery konkrétne:

* Pumpy
— pohon ATP, PP

— pro rostliny typické H+ pumpy plasmalemmy,
tonoplastu

 PrenaseCe
e Kanaly



Plasmalemma: P — H+-ATPaza

Chitside

Arabidopsis: genova rodina AHA
(11 genU!)



|




ProC ma Arabidopsis tolik AHA genu?

,,housekeeping* AHAT1 (shoots), AHA2 (roots)
vSude, ale malo (regulace AHAS
podminkami?)
Cast. organ. specif. AHA3 (floem), AHA11 (list),
AHAA4 (kofen)

prasniky a pyl AHA6, AHA7,AHAS,AHA9
obal semene AHA10

esencialni

mutantni fenotyp (AHA4 dominant. alela: salt sens., ahal0: transparent testa)

v DRMs (,,raftech®
( ) (Gaxiola et al., FEBS Lett. 2007}



AHA3 exprese ve floemu (Myc-tag)

(A)




AHA10 v semeni — GUS
(B)

[y
500 microns




Inhibited

R state
N
POSttranSIaéni protein A w -"/Frr-:;zrar'e-b-nund
, phosphatase protein kinase
regulace P-ATPazy: b
state (7}
fosforylace a 14-3-3

protein 1439

protein

» =
I/_,-f
Activated
slate

(transkripCni regulace je,
ale nevyrazna!)

Figure 6 A model for posttranslational regulation of plasma membrane HT-ATPase in-
volving a protein kinase and protein phosphatase pair that has the R-domain as its target.

Regulﬂtt_ﬁr}r [4-3-3 proten recognizes a binding site penerated by phosphorylation of the r 14-33
R-domain. protein

=/5)




Agonista P — H+-ATPazy —
fusicoccin (ireversibilni)

0 OH CH,
CH3L|“,|D CHsz—(L—CHszHE
i
® z houby Fusicoccum amygdali
HO - . pUsobi trvalé otevieni
O || pruduchu a uschnuti.

CH,OCCHj

OH

H,C

Inhibitorem vsech! ATPaz P-
typu je ortovanadat

CH,OCH;

Fusicoccin



Inhilited P-type
ATPase
PP

@ Fusicocein

.ﬂ.\;’_l.[_i:'at?d Petype
mozZny mechanismus pusobeni
fusicoccinu?



Fyziologicke signaly regulujici fosforylaci?

* Blue light - phytotropin -
— aktivace ATPazy- (otevieni pruUduchU Spenatu
— inaktivace ATPazy - (sniZzeni turgoru - pohyb

listU fazolu)

* Sucho - ABA - defosforylace - inaktivace
ATPazy- (zavieni pruduchu)

« t¢Z odpovéd na Al. cukry ... v ruz.
systémech

- kontext ovliviuje vysledek!



Gradienty pH v rostoucich bufkach: pfiklad pyl. 1aCek a kof. vlaskU

H* sglutes
Pollen tube ? H*
i
ATP | ADP
solutes
H‘ H' . :
pH 7.0 pH 7.5 pH 6.5
i H™ « :
ATP | ADP solutes
& -. « 3
Extracellular Space : Hf —
solutes
. A solutes
Root hair 1 b
.f'_’"'; ™
ATP | ADP
solutes L S
H* H <2
H* H™ « :
ATP | ADP solutes
L | k)
.., /;
Extracellular Space | H* —
solutas

Figure 5 A model for proton gradients in pollen tubes and root hairs. Data related to

nollen.mbes. are from. Eenoetal (35)




Phicem unloading
into utilization sink




Ca-
ATPasa

(dalsi pumpa P-

typu)

Figure 2. Schematic Representation of Maijor Identified Ca** Transport Pathways in Arabidopsis Cell Membranes.

Blus circles represent enargized transport systems. ACAT, ACA4, AGAR are autoinhibited calcium ATPasss identifisd at a molkecular lavel. The
direction of Ga2t pumping for AGAT is hypothstizal. ECA is an ER-type calcium ATPase. ACAx in the central vacuales and in the Golgihas not
been identified at a molecular level. CAX1 is a Ca* '/H antiporter expectad to be localized at the vacuslar membrane. Red squares reprasant
Ca?t-permeable channels. At the plaama mambrane, nonsslective cation (N2C) channals, depolarization activated channels (DACs) and hypsr-
polarization activatad charnels (HACs) have besn characterized at an slectrophysiclogical but not at a molscular level. A two-pore channsl
[TPCA) has b==n shown to complement a yeast mutant deficient in Ga?+ uptake, but channel location i hypothetical. Using slectrophysiclocal

technigues, evelic nuclectide nated channek ICNGCT and CHGEE) were shown to be permeabls to calcium, Plesma membrane location s




Dva typy rostlinnych Ca2+ pump
1. IIA (ECA) - v ER, neni aktivovana CaM.
2. 1IB (ACA) - v PM, ale 1 ER, plastidu a
tonoplast.Maji autoinhibiCni regulacCni
domenu (fosforylace, vazba CaM) .

Obe jsou P-typu, tedy inhibovany
ortovanadatem.



V-H+ATPasa

Anions

Cations

Inorganic ions,
sUgArs., amino acids







Pripomenme si: obratime-li
elektromotor, dostaneme dynamo.

F.F, — ATP synthasa

V - ATPasa



Specificky inhibitor V —
H+ATPazy

CH;3 CHy {E:H;g OCH4 CH,

Bafilomycin A, Streptomyces



det/cop mutanti

Dark Light Dark Light
Wild Type det Mutant



det3 j¢ mutant C podjednotky
V-H+-ATPazy



V-H+ATPasa

Table L. Number of Isogenes Encoding VHA Subunits in Plant Genomes

Isogene mumbers
WHA-subunit A, thaliana M. erystallinum Q. seiiva
A 1 2 2
mutace—" 3 : 3 ;
, , C 1 4 1
letalm/ D 1 1 1
E 3 3 2
pro pyl F 1 2 1
G 3 1 3
H 1 1 2
a 3 3 3
cle’ 5 Unknown 4
d 2 2 1
5] 2 1 1

Note. The number of isogenes was determined for 4. #haliana through
a FASTA search in the MATDB database (www. mips.gsfde), and es-
timated for M. erysfaliinum through a BLAST search in the database
dbEST (www. nebinlm.nih.gov/dbEST) and for ©. sativa through a
BLAST search in the TIGR database (www.tigrorg).

13 podjednotek, 27 genu ...
kolik kombinaci??

Fig. 2. Model of the plant V- ATPase. The arrangement and interaction
of WHA-subunits is based on results from cross-linking studies, the 3D
map of V-ATPase of Kalanchoe daigremontiona (Domgall ef al., 2002)
and model suggestions for V-ATPase of Manduca sexta (Radermacher
et al., 2001) and Bos bovis (Wilkens ef al., 1999; Wilkens and Forgae,
2001). Subunits of the V| -part are labelled with capital letters, subunits
of the W are labelled with lower case letters.



A —-i B NaCl

H/ BFD sugars |
Gah
) Zn¥ » H ++ AFER
Rozdily isoforem: H+ i ====

napf. regulace
podminkami

vacuole

E-subunit induk. stresem

Fig. 1. Structure, basic Nunetions and cell-specific expression of W-ATPase. (A) Hypothetical arrangement o atpy A-H, a2 and ¢ in the holocom plex of
the functional ¥V-ATPase, Subunits coloured in brown or yellow constitute the proposed motor structume, subunits in green and blue the stator.
{ B) Function of the ¥-ATPase in energizing the tonoplast or other membranes of the secretory pathway. The proton motive foroe built up by primary
elkctrogenic pumps consists of the ApH and a small membrane potential A% and drives H" -antiporiers which carry ions such as Na and Zn
{hlue transporter). Uniporters amd channels {red) tramspon other subsirates which may accumulate following protomation {acid trap) or are
distribwed according to AY. (O, [} Immunolecalization of ¥V-ATPase subunit E in leal cross-sections of 10-week-old  Mesarbe panthenion
erpmtaliimen () Control plant. {I¥ Plant stressed with 400 mM MaClfor 72 b Subunit E localization is shown with red Auorescence signals.



Dalsi mozZné role?

kvasinky -
homotypic
vacuole fusion

Drosophila -
synaptic vesicle
fusion

savcl - A4 jako
pH sensor
Arabidopsis -
VHA-B1 v Glu
signalling!!

TE-GFP
D wrky2s  TF1 TF2

- RPT5B
i % ---

Muclear marker-RFP

(D) TF1-GFP and TF2-GFP are localized in the
nucleus. The nuclear red-fluorescent protein
{RFP} serves as a nuclear marker in cotrans-
fected protoplasts. WRKY28-GFP is a positive
control.

(Cho, Yoo, Sheen 2006)



V-H+-PPasa

(membranova
pyrofosfataza) rostlinna
specialita v tonoplastu
uziva jako zdroj energie
pyrofosfat

PPi ("odpad" pri
polymeract DNA,RNA a
syntetickych proc. napr.
ADPG Ci UDPQG)

pfibuzné pumpy ale i v plasmalemé
bakterii a hmyzu

A CS1
KAADVGADLVGKVE
‘\\ DDPR GDN
a
1\.:_‘
]

CS3
GDTIGD

Cyroplasm

* Vacuole

H+

Figure 2 A structural model of V-PPase. (4) The 14 putative transmembrane helices are
depicted as eylinders and conserved motifs are shown in boxes. The NEM-binding cysteine
residue (Cys630 of Fena V-PPase, Cys634 of Arabidopsis enzyme) (161) is shown as a
circle. The hydrophilic loops are numbered from @ to wm. The conserved segments in the
cytosolic loops are indicated as CS1, C82, and C83, (&) Schematic presentation of the




2 typy PPasy

Typ I — zavisly na cytosolickém K+
stfedne inhibovany Ca2+

Typ II - K+ insenzitivni
extrémne Ca2+ senzitivni



Evoluce rostlinné vakuoly je tesne

spojena s evoluci vV H+-PPasy,
ktera je nutnou soucCasti funkCniho tonoplastu
(minoritne je ovSem lokalizovana 1 do PM) za
normalnich podminek 1 ve stresu.



AVPI - vak. Ppasa typ I

AVP10X Wild type

Cast proteinu v plasmaleme

role v transportu auxinu?

overexprese zvysuje rezistenci k sol. stresu...



ABC transportery

(ATP Binding Cassette)

funguji nejen jako na ATP zavislé pumpy, ale take jako
iontové kanaly, Ci jejich regulatory.
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Funguji jako pumpy (tj prochazi
substrat hydrofilni domenou
uvnitf ABC) Ci "flipazy"
(substrat je beéhem prenosu
,preklopen)?

jejich specifita kolisa a jsou kliCové pro
radu detoxifikaCnich transportu zvl. do
vakuoly.



wt

cersd

ABC a kutikula:
CERS5 koduje ABC transp.

Fig. 1. Epidermal wax-
secreting cells of Ara-
bidopsis stems in
transverse section. [A)
Wild-type cells. ¢ indi-
cates cytoplasm; ow,
cell wall. Scale bar, 2
um. (B) cer5 cells with
intrusions of cyto-
plasm in vacuoles (ar-
rowhead). Scale bar, 2
pum. (C) cer5 coyto-
plasm contains unusu-
al linear inclusions
(arrowheads). ER,
endoplasmic reticu-
lumy G, Golgi. Scale
bar, 200 nm. (D)
Cryo-5EM of cers epi-
dermis, covered with
cuticle. Scale bar, 5
um, (E) cer5 epidermal
cell with inclusions (ar-
row). Scale bar, 2 pm.
(F} High-magnification
view showing sheetlike
nature of inclusions.
Scale bar, 2 pm,



ABC a transport IAA
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Modely transportu auxinu

0 e FT A Ty
flm Y
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Klasicky: prenaseCe PIN a AUX/LAX



Co delaji PGP (ABC) transportery?

irection and [ A4
ﬂ PGP I Sracli:-.nt of | ';-————- Fﬂ_—ﬂ*
184 movement +
v
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ABC a TAA
"fenotypy" jen
malé

Figure 1. pgp? mutants have a subtle phenotype.

{a} pgol and popl9 mutants have a dwarf phenotype under short-day
conditions.

(b} Free 1A& content in S-day seedlings. Values are mean = S0 from 500
seediings per replicate, m = 3 WT values — 100%: £ 0.074 for hypocotyls, and
100% = 11.114 for roots.

(e} Proges: GUS expression in 5-day seedling root tips. Bar, 0.1 mm.

[d} Basipetal *H-A4 transport from the root tip in S-day seedlings. Values ane
mean £ S0 from 10 seedings per replicate, 7 = 3.
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Root basipetal transport
{DEmM}
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Wild type

Lokalizace PIN1
,.klasickych*
PIN IAA
vytokovych
pfenasSeCuU neni
narusSena

PIN2

Figure 2. PIN1 and PIMNZ localization is unaltered in pogoe? root tips.
[a} PINT immunolocalization in S-day wild type root tips.

(b} FINT immunolocalization in S-day pgp? oot tips.

[e} FINZ immunolocalization in S-day wild type root tips.

{d} FINZ immunolocalization in S-day pgp? oot tips. Bar, 125 pm.



PGP1 je
nepolarné
lokalizovan v
mladych
pletivech, ale
polarne v
diferencovan-
ych b.korene
(f). Jeho
exprese je
aktivovana
[IAA

i
control

Rel. promoter activity (3:) =

200

200

100

Jcontral
AL

=

|

shoot

root

(i piNzin
PropgpPGP1-cyme




Membranove transportery konkrétne :

PrenaseCe
saturovatelné, pohanény gradienty (pmf)

« Kanaly



PrenasSeCe

* Hlavni anorganické ziviny (NH4+, NO3-, Pi,
K+, SO42-

 Uptake dalSich iontu (CI-)

* Organické latky (cukry (mono- a di-), aa,
baze)



SaturaCni kinetika prenasecCe

m [S]



Model obecného prenaseCe

(A) Kinetic (B) Physical

conformation conformation

" change G change ‘ ’

@  Carrier-mediated solute transport



Typy pfenaseCu

v (o) Sq (out) So (out) Ag (out) Aq (out)
ou
E A =2 s B Ep(515,)  F2 (A2) J e Ea (A1)
2 E2 (U)

uniport symport antiport
Eq 7 Eq (U) E4 7 7 Eq (5159) Er (Ag) 7 Eq (A1)

U (in) Sq (in) Sy (in) Ag (in) A4 (in)
(11 : 99 J4 14 . I

Pasivni” transport Sekundarni aktivni transport
Uniport Symport Antiport
A A B A




Outside

A )

.-.-.
==
=
3

Inside

Struktura obecného prenaseCe
(Major facilitator superfamily)

Components of the
transmernbrane
permeability pathway

IR

v =9

ISA

Helices % and 10 form
a hydrophobic pocket

8



Jak studovat transportni procesy?

(A) Electrophysiological

/ Microelectrode

0
-‘-' ]m

Plant tissue Pouze symport
=200

(B) Membrane vesicles

g
-
g
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=
r:'h-.-
o

H*-SO,% Symport
at plasma membrane

] 1 min

1= -

14

SO,?

Addilion of
Ca®* ionophore

- +ATP +

J +ATP, +FCCP

" ~A

™ T T T

0 20

Time (min)



Heterologni exprese: oocyty, kvasinky

2 mm

Injection Xenopus
pipette oocyte



Symport H+/cukry pfi plnéni floemu

Plasma membrane
He = TPame Leaf
Influx pathway for
= o utibent .
I He
e Efflux patinvay For i
" rutriant Bl
|
- iy veszel- Bumdle Mesapkyll
= Plasmodesmal |7 aseclated sheath  cel
conneclions I i oell cell
Casparian | mylem |
=hlp : JJI
i 1
(e i
I 1
1
i
H* H*
N =N |
i i
Epidermis  Cortex Endaodermis  Pericyele Commpanian Paremcyma Transfer  Pasenchyma
parenchyma | = B

Storage organ or
fruit/seed

Figure 1. Owerview of main transport barriers in the plant body and the energization of cellular nutrient uptake by plasma
memhrane H ™ -AT Pase.

Root

sucrose-H+ symporters



(A)

Arabidopsis SUC2 v pruvodnich bunkach
(B)
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Bramborovy SUT1 v sitkovicich
(A) (B)




ProC rUzné prenaseCe téhoz iontu?
Jemn¢ ladeni!

Low K* High K*

AtKUP2

AtKUP3

Regulace aktivity pfenaseCu:
e TranskripCni (pravdépodobné prevladajici)
* PosttranlaCni - (transinhibice]



Jsou 1 vyjimky z pohonu H+

Na* NO;™ coupling




PrenasSeCe auxinu (IAA)

Direction anc
O PIN ﬂ PGP I gradient of
movement
ALLAX

 PIN
« AUX/LAX




Kudy auxin teCe?

Figure 1. Schematic representation of auxin transporting tissue. Cell walls are
depicted in yellow, cytoplasm in green and vacuocles in white. The localization of
PIM carriers is indicated in plum. The figure shows two files of canal cells, bordered
on each side by one file of border cells. The remaining files are parenchyma. Fine
details of the PIN distribution are not shown.

PrenaseCe
(efflux carriers):
AUX1/LAXI1
PINs

inhibice — fytotropiny
(NPA)



Figure 1.

Swarup et al.

IAA influx: AUXI1

AUXI is expressed in a subset of columella, lateral root cap, and stele tissues.
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Figure 2. Analysis of IAA accumulation in wild-type and eux] Arcbidopsis root apices. [A) High resolution IAA quantitation in
Arabidopsis wild-type (@) and aux1 (O) root segments. (B) DIC image of whole-mount GUS-stained wild-type JAA2::uid A root apex.
(C) DIC image of whole-mount GUS-stained aux JAAZ2::uidA root apex. (D) Radial section of GUS-stained wild-type JAA2:: uid A root
apex. Scale bars, 50 um.

Swarup et al. 2001



PIN prenaseCe

Fenotyp: jako inhibice
transportu (efflux)

auxinu pusobenim
NPA!

pinl mutant

The mutation of the Arabidopsis thaliana AIPINT gene changes the
phenotypes of Arabidopsis plants drastically. The pin-formed, naked
inflorescence with no or defective flowers is the main characteristic of
these mutants.



PIN proteiny

Current Opinion in Flant Biclogy

The AtPINT protein is a plasma membrane protein with transmembrane
segments and a large hydrophilic loop between transmembrane
segments five and six.




Lokalizace Clenu PIN rodiny

(I. Billou, K. Palme, J. Friml et al.)|



Co pohani transport auxinu?

« 777
* (Samozrejme) zada funkCni membranu
* Interakce s fadou proteinU — moZzna role
— ABC transportéru (PGP)
— K+ kanal(l (TRH1)
— Ppasa (AtVP1)
— a dalSich...



Membranové transportery konkrétne :

» Kanaly
— radove vyssi propustnost!

— tedy je jich malo, biochemie nemusi byt dost
citliva ... elektrofyziologie!



Pipette



Patch pipette

Micrograph of a patch pipette attached to the surface of a barley
aleurone cell protoplast. (Photo courtesy of J. Schroeder and D.
Bush.)



Patch-clamp

(A) \ |

" Cell-attached
patch

High voltage \ Pull
pulse or suction

e

Gigaohm seal

Qutside-out Inside-out
patch patch
Nucleus

Whole cell



DalSi moznosti:

*Voltage clamp

Intracellular
voltage electrode Intracellular
current
i electrode
“ External solution V
() Cell J )

*Planarni lipidoveé dvojvrstvy



Patch-clamp techniky mohou
meriti 1 kanal
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I-V kfivky

Single-channel current

Single-channel current (pA) (méi‘eny)]
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Méfeni selektivity kanalu - zavislost I/V na sloZeni média
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Méfeni selektivity kanalu - zavislost I/V na sloZeni média
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(outside-out patch, K+ kanaly)
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Recordings of K+ currents in whole cells and in single K+-selective channels of guard cell protoplasts. (1)
K+ currents recorded in the whole-cell configuration (see Web Figure 6.2.B) when the membrane
potential is clamped at different values. Upward deflections show outward currents; downward deflections
show inward currents. K+ concentrations were 105 mM in the pipette and cytoplasm, and 11 mM in the

bathing solution outside the

cell. (2) Data from the same experiment plotted as an I/V (current/voltage)

curve, before and after the addition of Ba2+, an ion that blocks K+ channels. (3) Inward K+ current
through a single channel in a membrane patch. (From Schroeder et al. 1987.)



Iontové kanaly plasmalemmy:
regulace napétim (voltage gated)
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Zavislost otvirani obec. kanalu na napéeti

—1.0
Open probability
Single-channel activity "
RGNS 7%
() w—— v #1
=
=
g
Py
S
£
=
I |
-60 -30 0

V., (mV)



inward rectifying K+ kanal

(B)
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K+ kanaly typu shaker (inward rectifying)

AKTIL

51 @

Tetramer!
+ regulaCni podjednotky!
+ fosforylace!! (ABA sig.?)




K+ kanaly typu shaker (inward rectifying)

(A)

- isoformy!

KATI

(B)

AKTI1



KCO1 (outward rectifying K+)

P-domain P-domain

regulace
Ca2™!

U_

I | I | | |
aktivovan pri depolarizaci membrany 100 200 300 400 500
inhibice Ba2+, vapnik sniZuje prahové [Ca*ley (M)
napeéti pro aktivaci



GORK (guard cell outward rectifying K+ channel),

258
I
0.5s

(exprese v oocytech]



Na napéeti nezavisly (a méne selektivni) Na+ kanal
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Ca2+ kanaly plasmalemy

P (open)
L0 %000 0000 (wheat root plasma
0.8 membrane,
T aktivace
0.6 + . ,
{ depolarizaci}
0.4 4
0.2 1
0e/° 1
| | | s ! F ! '

200 -150 =100 -50 0 50 100 150 200
Vim (mV)



Ca2+ kanaly plasmalemy

« aktivované depolarizaci
(napr. DACC, rca)

— rUzné selektivni (Ca; Ca, K;
Ca, Ba, Sr, Mg; ,,maxi-cation‘
Rb az Mn)
« aktivované hyperpolarizaci

— mechanosenzitivni nebo induk.
elicitory (ROS!)

— selektivné;jsi (Ca; Ca, K; Ca,
Ba)

* nezavislé na napéti

... touch reaction in Arabidopsis



.. ale bunka ma vapnikovych kanall mnohem vic,
a k tomu jesté pumpy ...

(1 na vakuole)



Iontové kanaly tonoplastu
a dalSich endomembran
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Tonoplastovy kanal pro jednomocné kationty (K+):
regulace pH a Ca’*

(A) (B)
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FV — fast vacuolar channel: aktivace pH?, inhibice Ca2+
VK — vacuolar K+: inhibice pH*, aktivace Ca2+



Vapnikove kanaly tonoplastu a
dalSich endomembran

(A) The guard cell vacuolar

tonoplastovy, aktivace membrane during ABA-
1P3

tonoplastovy, aktivace
cADPR (,,ryanodin.
receptor*)

voltage-activated,
Ca2+ insensitive

voltage-activated
Ca2+ sensitive (SV)

Tonoplast



CICR — calcium induced calcium
release
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Aniontové kanaly (Cl-) plasmalemmy (sveéracich bunek)

(a) R-type (h) S-type

rychly (R) R
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aktivace Ca2+!



Tonoplastove kanaly pro malat (VMAL)

Membrane potential (mV)
Rostlinna ~100 -50 0
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Tonoplastove kanaly pro malat (VMAL)

Tonoplast
-

Cytoplasm Vacuole
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(pohon H+ gradientem)



Kanaly v regulaci vyvojovych deju
Pfiklad: vrcholovy rust

Zygota Fucus
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Yy il
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Ca‘* channels Emerging  Actin Rhizoid
rhizaid micrafilaments cell
Unpolarized rygote Labile polar axls Polarlzed zygote Embryo

- relokalizace Ca2+ kanalu jako 1. krok



Gradienty Ca2+ a pH pfi vrcholovém rustu

Ca Concentration
Low High

100 nM Ca 450 nM Ca

Fucus rhizoid . y
pylova laCka (Feijo et al.)

... dtto korenové vlasky ...



Obecny rys vrcholového rustu?

tip-focused
polymerized actin calcium
re7uired for tip growth gradient

______________ e channel
activity

microtubules

-rolu cellulose
maintain synthesis
direction of ?

tip growth

(také TRH1 K+ transporter)

. dale sekreCni draha a cytoskelet ...



Transport vody pfes membrany

P5M, [em-h Iy

aquaporiny

Hydrophilic Hydrophaobic
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. ale musi to jit rychle!
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Mereni transportu vody

(A)

zmeény osmolarity

Capillary tube
(calibrated for volume)

A}r bubble

—

Seal

0 Cell
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Open chamber

Closed chamber




Jak merit turgor?

Pressure sensor Glass microcapillary
tube

Metal plunger [N

|

C Fi

Micrometer screw

Silicone
oil

\

M iR

Cell sap







Periplasm

Cytoplasm

Tonoplast Intrinsic Proteins
rUzné TIPs v rUznych typech vakuol!

Arabidopsis: 35 genu, 10 prot. ve
vakuole, kolik kombinaci?




K Cemu jsou akvaporiny?

 SPH — ,,simple  Vnimani aregulace
permeability hypothesis* osmotického
— regulace bunééného (turgoroveho) tlaku
objemu (jsounuin€?} o TIPg pfenadeji i NH3!
— homeostaze objemu
cytoplasmy (model??)

— zprostfedkovani pohybu
vody ... radidlné kofenem

(ALE antisense PIP
mutanti?)

(Hill et al. 2004, Martinoia et al. 2007)
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Pruduchy: integrace transportnich systému




Fig. 1 Changes in the shape of guard cells during stomatal movements. During stomatal opening the guard cell volume increases, which causes
them to bend and changes their cross section from an flat oval (right drawing), to a circle (left drawing). Redrawn after Raschke & Dickerson
(1972) and Wanner (2004).



PrenaseCe, pumpy a kanaly - Integrace

39* pump g,
'*Fha""e' -« e H*.ATPase
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VK
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AKTE.-':?:K Ca2t-
AtKC1 o permeable )
KZM1 PPa
PPi
NO,- ] H*
CHL1 - Pi
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Current Opinion in Plant Biology




Otvirani
1. H+ ATPasy (p) — pmf

2. hyperpolarizace — K+ uptake pres inward
rectifier (K))

3. Cl- uptake (asi symportem s H+) (t) a
NO3- uptake (symport s H+) (t)

4. produkce malatu (fotosyntesa)|

5. pmf na tonoplastu (H+ ATPasa, Ppasa p)
6. Cl- do vakuoly po spadu (k)

7. malat do vakuoly (k, t)|

8. H+/K+ antiport (t]

9.

voda jde za solemi do vakuoly —
zvyseni objemu (vakuola) —
OTEVRENI

pumpa, tranporter, kanal




Zavirani

1. vytok K+ z vakuoly po spadu a
depolarizace (K)

vytok Cl- po spadu (K, t)

3. otevfeni aniont. kanalu depolarizuje
plasmalemu (KkJ|

aktivace outward rectifying K+ kanalu (K)

5. voda nasleduje (Vyteka ven) — snizeni
objemu — ZAVRENI

pumpa, tranporter, kanal



Signalizace a regulace

e ABA, modré
svetlo, CO,

o zprostfedkovani
zmenami v pH

Ca®*-permeable
ion channels

T - ABA
a Ca’t
e Signalni
molekuly - e
ROS, NO, e L ...
sfingosin-1- "
fosfat a dalsi N2 ot

fosfolipidy U



The Clickable Guard Cell: Electronically linked
Model of Guard Cell Signal Transduction
Pathways

http://www-biology.ucsd.edu/labs/schroeder/clickablegc.html

ABA mediates stomatal closing ABA inhibits stomatal opening

ABA

K*,, channels g¥

S-typeanion H"




