


Osnhova
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— pumpy
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 Membranovy transport v praxi — regulace
otevirani a zavirani svacich bugk



Membrany obsahuiji
1. sensory ktere umaaji reakci buiky na podrity z okoli
2. pumpy, penaseée a kanaly pro transport latek skrz.

Mechanickeé vlastnosti membran jsou obdivuhodné in&phopnost
rastu a zndny tvaru bez ztraty integrity

1 receiving

information H

2 capacity for
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Membrany = lipidova dvojvrstva + proteiny

lipid
bilayer
(5 nm)

lipid molecule protein molecule

(B
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Self-sealing property EMERGETICALLY UNFAYORED

“volné konce” jsou rychle
odstranény — energeticky i

planar phospholipid bilayer
with edges exposed to water

nevyhodné (kontakt
hydrofobnichiasti s vodou)

“The lipids will spontaneously
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

EMEEGET ICALLY FANVORED
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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 vmeze@ji do prostor mezi fosfolipidy — zvySuji tuhost
dvouvrstvy, snizuji fluiditu a permeabilitu.

phospholipid
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Lipidova dvouvrstva je slozenim ASYMETRICKA!
Nové membr. lipidy vznikaji v ER, n@f’C a spol na cytosolické stranflipasy
Glykolipidy dosyntetizovany v Golgi, pouze nadhi straré (zadné flipasy)

phosphatidylcholine glycalipid
sphingomyelin
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TransmembrénOVé hydrophabic amino acid

cide chain

proteiny

hiydrogen bond
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{A) TRAMSMEMBRANE

lipid
bilayer

phospholipid & helix
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Co prochazi membranou?
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Can | get SMALL (0,
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Figure 12-2 Essential Cell Biology, 2/e. (® 2004 Garland Science)



Membranovy tranport

» Tvorba turgoru (¥tSinou K+)
 Prijem minerah a zivin
 Vylouceni odpadnich produikt
 Vylouceni toxickych latek

* Distribuce metabolit

« Kompartmentalizace metabadilit
* Pfenos energie

* Prenos signal



Membranoveé transportery obecn

 Pumpy
— pohon ATP, PP
— Primarni aktivni tranport
* Prenaseée (Carriery)
— pohon gradienty nha membgafpmf)
— Sekundarni aktivni transport
— Pasivni transport (usnadna difuze)
o Kanaly
— pohon gradienty ha membgan
— Pasivni transport (usnadna difuze)



Kapacita membranovych transport

« Pumpy:kovalentni reakce (¥ s*
zmeny konformace -
« Kanaly:ani jedno z toho 40° -10° s

... Srv. zastoupeni v hkach



Animal vs Plant cells

Na*-K' Na'-driven H+~_cl r_iven
ATPase Symport . symport
Kkt Na" Na' solute ATPase H  H' solute

nucleus
cell wall

(A) ANIMAL CELL (B) PLANT CELL
chloroplasts

g

Figure 12-18 Essential Cell Biology, 2/e. (£ 2004 Garland Science)



Anions

m lIII
Cations
.

Inorganic ions,
sugars, aming acids

Membranove ATPazy
typické pro rostliny



Membranovy potencial Vm

je rozdil elektrickych potencial
dvou vodnych roztokionta
odcklenych membranou.
plasmalema =-150 mV
tonoplast = -20 mV



Dominantnim zdrojem
membranoveho potencialu Vm
rostlin jsou protonové pumpy.

Proto jsou protonove pumpy
elektrogenni.




Membranovy potencial vyt¥any
protonovou pumpou je soasti tzv.
proton-motivni sily (pmf)jejimz
zdrojem je také koncentrai rozdil
protonu.

Vm apmfjsou klicovou slozkou
vSech transportnicheph na
membras.



Protoze plati, ze 1 stipvy rozdil
pH odpovida asi 59mV,
Ize vyjadit netermodynamicky

pmMf=59.1x(pH,-pH_)+Vm

pri praimérném Vm -120 az -150 mV a
rozdilu pH ve sin¢ (pH5) a v cytoplasih
(pH7) vychazi pak pmf rost. b. az -268mV.
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Membranové transportery konkrétn

e Pumpy
— pohon ATP, PP

— pro rostliny typické H+ pumpy plasmalemmy,
tonoplastu



PlasmalemmaP — H+-ATPaza

Ohutside

Inside

Arabidopsis: genova rodina AHA

(11 geni!) ’






Proc ma Arabidopsis tolik AHA geiif?

,housekeeping“ AHA1 (shoots)AHAZ2 (roots)

vSude, ale malo (regulace AHAS
podminkami?)

¢ast. organ. specif. AHA3 (floem), AHA11 (list),
AHA4 (koren)
prasniky a pyl AHAG6, AHA7,AHA8,AHA9
obal semene AHA10
esencialni

mutantni fenotygAHA4 dominant. alela: salt sens., ahal0: transpaesid)

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



AHAS3 exprese ve floému (Myc-t4g)

(A)




AHA10 v semeni — GUS
(B)

[r—
500 microns




Posttransieni

regulace P-ATPazy:
fosforylace a 14-3-3

protein

(transkri@ni regulace je,

ale nevyrazna!)

Figure 6 A model for posttranslational regulation of plasma membrane HT-ATPase in-
volving a protein kmase and protein phosphatase pair that has the R-domain as 1ts target.
Regulatory 14-3-3 protem recogmzes a binding site generated by phosphorylation of the

R-dormam.

(bt

state
i ATP
protein membrang-bound
phosphatase protein kinass
Inhibted
ztata (7}
14-3-3
protaein
9
rd ﬁ
Activated
slate

|" 14-3-3
prodain

of



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

® OH CH,

| |
CH,CO CHEEF—(]‘,—CHZCH2
CH, : :
O z houbyFusicoccum amygdali
HO -

5 pusobi trvalé otekeni
||

praduchl a uschnuti.
CH,OCCH,

Inhibitorem vsSech! ATPaz P-
typu jeortovanadat

CH,OCH

Fusicoccin



I,

hanismugipoben

mozny mec

fusicoccinu



Fyziologickeé signaly regulujici fosforylaci?

e Blue light - phytotropin -
— aktivace ATPazy- (otéeni pfiduchi Spenatq)

— inaktivace ATPazy - (snhizeni turgoru - pohyb
listi fazolu)

e Sucho - ABA - defosforylace - inaktivace
ATPazy- (zaveni pfiduchi)

o téz odpo¥d na cukry ... viiz. systémech

- kontext ovliviiuje vysledek!
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Gradienty pH v rostoucich hkach: giklad pyl. [&ek a kd

. vlaski

H* solutes
Pollen tube + H
.f'?'*q
ATP | ADP -
f zolutes
H* H* = :
pH 7.0 pH 7.5 pH 6.5
H* H* < : .
ATP ADP solules
gt
Extracellular Space . H*
solutes
: H* solutes
Root hair 1 H*
b . a
ATP ADP
aolutes "
H* H = =
H* H < :
ATP ADP solules
"\ _* |
Extracoliular Space I H*
solutes

Figure 3 A model for proton gradients in pollen tubes and root hairs. Data related to

nollen tubes are from Feuo et al (35),




Phioem unloading K
into utilization sink




Ca-
ATPasa

dalsi pumpa P-

typu)

techniques, oyolic nuclectide gated channek (CMGCT and CNG wers shoan to be permeabls to calcium. Pleasma membrans locafion i

Figure 2. Schematic Represantation of Major Identified Ca* Transport Pathways in Arabidopsis Call Membranas.

Blus circles represent energized transport systems. ACAT, ACA4, AGAR are autoinhibited calcium ATPaseas identified at a molecular lewvsl. The
direction of Ca?* pumping for AGA1 is hypothetical. ECA is an ER-typs calcium ATPasa. ACAx 0 the cenfral vacucle and in the Golgi has not
besn identified at a molscular level. GAX1 is a Ca* ' /H' antiporter expected to be localized at the vacuclar membrans. Red squares represant
Ca? -permeable channslz. At the pleema membrane, nonssalactive cation (NSC) channsls, depolarization activated channsls (DACs) and hyper-
pelarization activated charnels (HACs) hawe besn characterized at an slectrophysiclogical but not at a molecular level. A two-pore channel
[TPZ1) has b=en shown to complement a yesst mutant deficient in Ga®* uptake, but channel location i hypothetical . Using slectrophysiclacal




Dva typy rostlinnych Ca2+ pump

1. 1IB (ACA)-v PM, alei ER, plastidu a
tonoplast.Majiautoinhibtni requla&ni doménu

(fosforylace, vazba CaM)
Oke jsou P-typu, tedy inhibovany
ortovanadatem.

2. HIA (ECA) - v ER, neni aktivovana CaM.



V-H+ATPasa

‘ = Anions
AN L)
o O\
\"\\\G \%Xe Cations
AO

Inorganic ions,
sugars, amino acids







Pripomaime si: obratime-li
elektromotor, dostaneme dynamo.

V - ATPasa



Specifické inhibitory V — H+ATPazy

.‘"\“ O H

—~CH,

H,C
~f o

CH CH; CHs OCH, CH,

Bafilomycin A,

Streptomyces

Concanamycin A

(vdZe se n&0 podjednotkLr)



det/cop mutanti

Dark Light Dark Light
Wild Type det Mutant



det3je mutant C podjednotky
V-H+-ATPazy



V-H+ATPasa

Table I. Number of [sogenes Encoding VHA Subunits in Plant Genomes

[sogene mumbers

VHA-subunit A. thaliana M. crysiallinum £, sewivid

A 1 2 2
mutace— 8 3 s 2
o C 1 4 1
letalni_—"" b 1 i |
E 3 3 2

pro pyl . ! > i
G 3 1 3

H 1 1 2

a 3 3 3

e’ 5 Unknown 4

il 2 2 1

2 2 1 |

Note, The number of isogenes was determined for 4. thaliana through
a FASTA search in the MATDB database (www. mips.gsfide), and es-
timated for M. crysfallinum through a BLAST search in the database
dBEST (www. nebinlmnih.gov/dbEST) and for @, safiva through a
BLAST search in the TIGR database (www.tigrorg).

13 podjednotek, 27 gén..
kolik kombinaci??

Fig. 2. Model of the plant V-ATPase. The arrangement and interaction
of VHA-subunits is based on results from cross-linking studies, the 3D
map of V-ATPase of Kalanchee daigremontiana (Domgall e al., 2002)
and model suggestions for V-ATPase of Mawnduca vexia ( Radermacher
el el 2001) and Bos bovis (Wilkens ef af.. 1999; Wilkens and Forgac,
2000 ). Subunits of the V) -part are labelled with capital letters, subunits
of the Vi are labelled with lower case letters.



Rozdily isoforem:
napr. regulace
podminkami

E-subunit induk. strese

Fig, 1. Structure, base Nmctons and cellspecilic expresaon of V- ATPase, {A) Hypotloteal artangement ol atpy A-H, o and © it holocom plex of
the Tunctiomal Y-ATPasz, Subunits coloumed in brown or yellow comstitute the proposed molor strectun, subunils ingreen amd blue the stator,
18 Function of the Y-ATPas2 in energizing the tonoplast or other membranes ol the secretory pathway, The proton maotive Foroe built up by primary
ckcirogenic pumps comsists of the ApH and a small membrane potential A% and drives H' -antiponiers which carry jons such as MNa and Zn
{hlie transporier), Uniporers and channels {red) tramsport other substrates which may accumulaie followmg protonation (acid trap) or are
distributed according to AY. (C, I Immunolocalization af V-ATPase subumit E in leal cross-sections of 10-woek-okd  Meserfopanifermi
crygtafiaan (C) Comrol plant, (B9 Plant siressed with 4080 mM NaCl For 72 h, Subunit E localization 12 shown with red luorescenoe signals,



DalsSi mozné role?

kvaS I n ky B D wrky2e TFT%fP
homotyplc : i IR HAS ) —— ---
vacuole fusion ;& ...
DrOSOphiIa - Muclear marker-RFP
synaptic vesicle Sl e
fusion S e R

savci - A4 jako
PH sensor
Arabidopsis -
VHA-B1 v Glu

signalling!!
(Cho, Yoo, Sheen 2006)



V-H+-PPasa A

(membranova \ e
pyrofosfataza) rostlinna

specialita v tonoplastu
uziva jako zdroj energie
pyrofosfat

PPi ("odpad" p
polymeraci DNA,RNA a
piosyntetickych proc.
nag. ADPG¢i UDPG)

GDTIGD

Cytaplasin

Vacuole

pribuzné pumpy ale i v membranach
bakterii, hmyzu a para#it

H-I-

Figure 2 A structural model of V-PPase. (41 The 14 putative transmembrane helices are
depicted as eylinders and conserved motifs are shown in boxes. The NEM-hinding cysteine
restdue (Cy=630 of Fiema V-PPaze, Cy=634 of Arabidopsis enzyme) (1610 15 shown as a
circle. The hydrophilic loops are numberad from a to m. The conserved segments in the
cytosolic loops are indicated as CS1, OS2, and CS3, (&) Schematic presentation of the




2 typy PPasy

Typ | — zavisly na cytosolickém K
stredre inhibovany Ca'

Typ Il — K* insenzitivni
extrémri Ca&* senzitivni



Evoluce rostlinné vakuoly j&sne

spojena s evoluai H+-PPasy,
ktera je nutnou saiasti funkniho tonoplastu
(minoritre je ovSem lokalizovana i do PM) za
normalnich podminek i ve stresu.



AVP1 - vak. Ppasa typ |

AVP10X Wild type

cast proteinu v plasmalem

role v transportu auxinu?

overexprese zvysuje rezistenci k sol. stresu...



ABC transportery

(ATP Binding Cassetté)

funguji nejen jako na ATP zavislé pumpy, ale také jako
lontove kanaly¢i jejich regulatory.
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Funguji jakopumpy(tj prochazi
substrat hydrofilni doménou
uvnitt ABC) ¢i "flipazy" (substrat
je bkehem @genosu ,peklopen®)?

jejich specifita kolisa a jsou kKlbve pro
radu detoxifikgnich transpotfi zvl. do
vakuoly.



ABC a kutikula:
CERS5 koduje ABC transp.

Fig. 1. Epidermal wax-
secreting cells of Ara-
bidopsis stems in
transverse section. (A}
Wild-type cells. c indi-
cates coytoplasm; ow,
cell wall, Scale bar, 2
um. (B) cer5 cells with
intrusions of cyto-
plasm in vacuoles (ar-
rowhead). Scale bar, 2
pm. (C) cer5 cyto-
plasm contains unusu-
al linear inclusions
(arrowheads). ER,
endoplasmic reticu-
lum; G, Golgi. Scale
bar, 200 nm. (D)
Cryo-SEM of cer5 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.

wt

cerb




ABC a transport IAA

The Plant Journal (2006) 44, 179-194 doi: 10.1111/.1366-313X.2006.02519.

Cellular efflux of auxin catalyzed by the Arabidopsis
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Modely transportu auxinu
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Klasicky: penaseée PIN a AUX/LAX




Co cklaji PGP (ABC) transportery?

Direction and [ AL
ﬂ PGP I gradient of F Ty
[AA movement +
v
Cumrent Opinion in Plant Bialogy
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ABC a |AA
"fenotypy" jen
malé

Figure 1. pgp1 mutants have a subtle phenotype.

{a} pgo! and pgpl% mutants have a dwarf phenotype under short-day
conditions.

{b} Free |AA content in S-day seedlings. Yalues are mean £ S0 from 500
seedlings per replicate, n = 3 WT values = 1008 = 0,074 for hypoootyls, and
100% = 11.114 for roots.

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

{d} Basipetal *H-1A4 transport from the root tip in 5-day seedlings. Values a e
mean = S0 from 10 seedlings per replicate, = 3.
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Wild type

Lokalizace PINY
,klasickych*
PIN IAA
vytokovych
prenaseén neni
narusena

PINZ

Figure 2. FINT and PINZ localization i1s unaltered in pgo T root tips.
fa} PFINT immunolocalization in S-day wild type root tips.

fb} FINT immunolocalization in 5-day pgp T root tips.

fo} FINZ immunolocalzation in S-day wild type root tips.

id} PINZ immunolocalization in 5-day pgo? oot tips. Bar, 125 pm.



PGPlje
nepolarg
lokalizovan v
mladych
pletivech, ale
polarre v
diferencovan-
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(f). Jeho Do ank O
exprese je et
aktivovana
IAA
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Membranové transportery konkrétn

Prenaseée
saturovatelne, pohainy gradienty (pmf)



Two forces may be at work in passive transport - if we are
dealing with a charged solute across the membrane.

®® ® ® ® ®
@ ® ED@ ®® ®® ®® 606
® ® ® ®@® ® ®@O@
OUTSIDE Al it
INSIDE === g g
® ® ®
electrochemical electrochemical electrochemical
gradient with no gradient with gradient with
membrane potential membrane potential membrane potential
negative inside positive inside

[(A) (B) (C)

1) CONCENTRATION 2) MEMBRANE POTENTIAL

Figure 12-8 Essential Cell Biology, 2/e. (® 2004 Garland Science)



Prenasee

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

o Uptake dalSich iorit(CI-)

o Organickeé latky (cukry (mono- a di-), aa,
bazd))



Satur&ni kinetika grenasee

m [S]



Model obecnéhoignasée

(A) Kinetic (B) Physical

LI
L E T T
= [] o R

CS,




Typy prenaseéu

Sq (out) S (out)

U (out)
Ez A Es (U) 72 S s Ea (5452)
uniport symport
E4 7 Eq (U) E1 7 7 Eq (5159)
u (in) Sy (i) Sp (in)

“Pasivni” transport

Uniport Symport

A A B

Ag (Out) Aq (out)

Y VA

antiport

Eq (Ag) ™~
""2 iin)

Eq (Aq)
Aq (in)

Sekundarni aktivni transport

Antiport




Ohutside
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Struktura obecnéharenasee

(Major facilitator superfamily)

Components of the
transmerm brane

:\ permeability pathway

VNN

AN\ \\\\\\J

Helices 9 amd 10 form
a hydrophobic pocket
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Jak studovat transportni procesy?

(A) Electrophysiological H*-S0,% Symport
at plasma membrane
,.,f"'"f Microelectrode
] 1 min
0] b -
_H}ﬂ -
Plant tissue .
S0,2
Addition of
Ca®* ionophore
(B) Membrane vesicles +
i +ATP
& 4
-
7 -
>
= +ATP, +FCCP
Nl"-..- ]
-
7 -ATP
0 20

Time (min)



Heterologni exprese: oocyty, kvasinky

2 mm

Injection Xenopus
pipette oocyte



Animal vs Plant cells

Na*-k* Na'-driven H'-driven

ATPase  symport . Sympon
+ + H o+ +

kKt Na Na’ solute ATPase 1 H solute

Al
i W
g L

nucleus
cell wall

(A) ANIMAL CELL (B) PLANT CELL
chloroplasts

Figure 12-18 Essential Cell Biology, 2/e. (£ 2004 Garland Science)



Symport H+/cukrypii plnéni floemu

Placma meribrane
H+ 48 Mt AT AR Leaf
- Inflax pathway for
N bkt i
HJ.
..-.’.. Efffux patinvay For |
i - "*3:' , :
oo Vesgek Bundie  Masaphyd
— i LY
= Dﬂ”mm : “‘! astoclated cheath el
COMfCtios i i ooell el
Cas parian | Xvem )
strp

. i
Epidermes  Cortey Endodermiz  Paricycle Commpanon Parenchyma Traneled  pPaserchyma
parenchyma B el el

Storage organ or
fruit/seed

Figure 1. (herview of main transport barriers in the plant body and the energization of cellular nutrient uptake by plasma
membmne H AT Fase.

Root

sucrose-H+ symporters



Arabidopsis SUC2 v ivodnich buikach
(A) (B)
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Bramborovy SUT1 v sitkovicich
(A) (B)




Prac rizné genaseée tehoz iontu?
Jemné ladni!

Low K* High K*

AtKUP2

»

o - "

Regulace aktivity fenaseu:
 Transkri@ni (pravdpodobr previadajicl)
 Posttranlani - (transinhibicé)



Jsou i vyjimky z pohonu H+

Na* NO; coupling



Prenasé€e auxinu (I1AAJ]

Cumrent Opinion in Plant Bialogy

ATP  ADP

. + PIN

;0
! W * AUX/LAX
.

-
—* ATP ADP +Pi —

/e ol

—
— |

=




Kudy auxin t&e?

Figure 1. Schematic representation of auxin transporting tissue. Cell walls are
depicted in yellow, cytoplasm in green and vacuoles 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.

Prenasée
(efflux carriers):
AUX1/LAX1
PINs

Inhibice — fytotropiny
(NPA)



|AA Influx; AUX1

Figure 1. AUXI is expressed in a subset of columella, lateral root cap, and stele tissues.

Swarup et al.

b

0.10r

pe [AA/mm root tissue
=
[ %]
(=]

0.00
b1 12 23 34 4-5

Segment distance from
the root tip (mm)

Figure 2. Analysis of IAA accumulation in wild-type and aux! Arabidopsis root apices. [A) High resolution TAA quantitation in
Arabidopsis wild-type (@) and aux! (O) root segments. (B) DIC image of whole-mount GUS-stained wild-type TAAZ2::1id A root apex.
(C) DIC image of whole-mount GUS-stained aux] IAA2 ::uidA root apex. (D) Radial section of GUS-stained wild-type IAA2::uid A root
apex. Scale bars, 50 um.

Swarup et al. 2001



PIN prenasee

Fenotyp: jako inhibice
transportu (efflux)
auxinu misobenim
NPA!

pinl mutant

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



PIN proteiny

ey — i
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Current Opinion in Flant Biology

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

The AtPIN1 protein was localized at the basa
- ignals are visualizec




Lokalizac

ecleni PIN rodiny

P
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=
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(1. Billou, K. Palme, J. Friml| et &l.)



Co pohani transport auxinu?

o 777
e (Samozejne) zada funkni membranu
 Interakce gadou protei — mozna role
— ABC transportéar (PGP)
— K+ kanati (TRH1)
— Ppasa (AtVP1)
— a dalsich...



Membranové transportery konkrétn

« Kanaly
— radow vysSSi propustnost!

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



Pipette



Patch-clamp

(A) | l

" Cell-attached

Gigaohm seal patch

High voltage \ Pull
pulse or suction
............ Pull

e i

QOutside-out Inside-out
patch patch
Nucleus

Whole cell



Patch pipette

Micrograph of a patch pipette attached to the serf# a barley
aleurone cell protoplast. (Photo courtesy of Jr&sther and D.
Bush.)



DalSi moznosti:

*\Voltage clamp

Intracellular
voltage electrode Intracellular
current

electrode

External solution

() Cell ]

*Planarni lipidové dvojvrstvy



Patch-clamp techniky mohou
merit 1 1 kanal

° ZéVISIOSt Single-channel activity
, , 01
membranoveho _
potencialu na £ 15~y
case :& o
o |-V kiivky . [ I
o —45 4
= L.,
\5PA I R R o,
800 ms




-V kiivky

A SINGLE-CHANNEL CI~ CURRBRENTS B [-VPLOT OF SINGLE CI~ CHANNEL
2 V(mV) (pA) L2
_2 A1 -1
V(mV)
) R R 0 I I I
-100 -50 50
& 1_
oSN 1
| _50 4
| [ i T >
1-2
"W _90 1 _3

50 150 250 350
Time {msec)



-V kiivky

Single-channel current

Single-channel current (pA) (méi"en)'/)

]  Outward current
i kationty ven
@ : .
° anionty dovnit
@
2= e ©
L ° Membrane
T T T T T T 1 T T T T T 11 ; /
-80 —40 . ® 10 30 pﬂlentia] {m,"u]
o -2- (vlozeny na
anionty ven o ® ® membranu)
kationty dovnit © -4 -

Inward current -§ -



Méreni selektivity kandl - zavislost I/V na slozeni média

[ (pA) 1.5 -

outside-out patch

100 mM KCI
(in and out)

\ Vl{?'g"»-'}
Erev=Eg =Eq 100 mM KCI |n
10 mM KCI out

-1.5 -




Méreni selektivity kandl - zavislost I/V na slozeni média

(A) E. =-2mV (B) E ey =58 mV
4 4
K* 1 Na*
2= 2 L
! !
- =2 = = - 2 —
5 -4 S —4 -
o o
_E - _E_
_B__ H ==
T | T T T | | T | T
-140 100 -60 -20 20 60 -140 -100 -60 -20 20 60
Voltage (mV) Voltage (mV)

(outside-out patch)



Co mizeme ngilt - shrnuti

(1) 1 }Vpulse
il +37 mV
. +20
= 1
g i(% 0 ‘18
[T 116
GR= -135
£2 152
-168
el ~183 mV
(2)
400pA -  ommBat (3)
[ (whole-cell [T/ 7s
current) (pA)l- 10 mM Ba 20 ms
-200 ~100 /+mn mV [2pA
e Closed:
.V, membrane o en'w
L potential (mV) pen:
=500 -

Recordings of K+ currents in whole cells and irgienK+-selective channels of guard cell protopladits
K+ currents recorded in the whole-cell configurat{see Web Figure 6.2.B) when the membrane
potential is clamped at different values. Upwarflasdions show outward currents; downward deflettio
show inward currents. K+ concentrations were 106 imthe pipette and cytoplasm, and 18nm the
bathing solution outside the cell. (2) Data frora fame experiment plotted as an I/V (current/veltag
curve, before and after the addition of Ba2+, antiat blocks K+ channels. (3) Inward K+ current
through a single channel in a membrane patch. (FBolnmoeder et al. 1987.)



Ruzné zpusoby regulace otvirani a zavirani kanalu

(B) ligand-gated (D) mechanically
(extracellular gated
(A) voltage- Iigand} (C) ligand-gated
gated (intracellular

_“.

M "

Figure 12-24 Essential Cell Biology, 2/e. (£ 2004 Garland Science)

f

CYTOSOL



lontoveé kanaly plasmalemmy:
regulace nagiim (voltage gated)

(A) | Test voltage applied . (B)
L+ 100 mV

I (pA)

l / | v i

V (mV)
I/ Ex |
1] + 1)

(-

100 pA g

| kivky whole cell -V

Muze byt i regulace ligandem (ligand gated) nebo
obojim



Zavislost otvirani obec. kanalu na R&p

—1.0
Open probability
Single-channel activity L
e ‘s
() w— — e, A
>
E -15
3 30
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5 45
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-60 -30 0
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K+ kanaly v Arabidopsis
e K—az 10 % susiny rostlin
o 35 gerli pro K+ transportni system
— 15 kanéi
 Plasmalema (shaker, TPK4)
e Tonoplast ( ostatni TPK, Kir)

Shaker TPK Kir-like
P
ext
mb
cyt
CNBD
N-ter Anky
KHa
A A A '
v Y; W v
» > > > ?

Inwardly rectifying  Outwardly rectifying Weakly rectifying Non voltage-regulated



iInward rectifyingk+ kanal

(B)
(A) - 50
30 mM K™
Voltage (mV) B
————] =129 mV
=149 mV =200 50
=169 mV
189 mV - 0 o
@30 mM K* — é
@ 30 mM Na* 100 hé
. A
30 mM Na* E'S'
et } - =150 )
:p.
B —
- 200 =
400 pA |_
200 ms i

- =250

aktivovan i hyperpolarizaci membrany (Vm < -120mV)
ve s\racich buikach regulovan G proteiny a fosforylaci
inhibovan zvysenymi konc cytosolického Ca2+

Inhibitor - tetraethylammonium



K+ kanaly typu shaker (inward rectifying)]

AKTI1

Y ':) i'

Tetramer!
+ regul@ni podjednotky!
+ fosforylace!! (ABA sig.?)




K+ kanaly typushaker(inward rectifyingj)

KAT1 A

(A) group II: IRC

group Ill: WIRC

AKT2

KAT1

KAT2 group IV: IRC Regul

AtKCH

AKTS

AKTG
AKT1

. group I: IRC
p, GORK

group V: ORC

Channel type

IRC:
WIRC:
ORC:
IRC Regul:

Inwardly rectifying conductan:
Weakly inwardly rectifying cor
Outwardly rectifying conducta
Regulatory subunit involved ir

AKT1



KCOL1 (outward rectifying K+)]

regulace
Ca’Zl
4000
iﬂ’- _
g 30{}0:
E 2000 —
$ —_
< 1000 -
_—
2
D_

. , . i ) T | | 1 :
aktivovan i depolarizaci membranypo 200 300 400 500
Inhibice Ba2+, vapnik snizuje prahovéca”l.. (oM
nagti pro aktivaci



GORK (guard celloutwardrectifying K+ channel,
shakef)

<
I
05s

(exprese v oocytech)



pollen
SPIK, SKOR

germinating - TPK4, TPK1 - Flowers
pO”EH .é::f maa | TPK1 [14]
TPK4  [33]
TPK4 - AKTZ - [32]
SPIK  ~f SKOR  [86]
SPIK [26]
AKTE [32]
K I GORK  [101]
I ( . ﬁ . -
Leaf
) TPKA1 [102] [14]
trichome TPK3 [102]
TPKS [11
Kirlike  [11]
GORK 103
guard cel AtKC 1 AKT1 E?Q] !
TPK1, TPK3 ) AKTZ [32]
GORK AKC1  [56]
KAT1 Y KAT1  [104]
KATZ . v KATZ [53]
epidermis
AKC1, AKT2 ™=eae
mesophyll e
AKT1, AKT2
TPK1, TPK3 y
hydathodes ” Root
AKT1, AMKC
TPKS, Kir-like mE; {H}
Kir-like [11]
SKOR  [86]
AKT2  [32]
ral GORK  [103]
Y xylem phloem AKTI [79]
.. SKOR AKTZ AKCT - [38]
R
AKCA/AKT m—

GORK“—



Na nagti nezavisly(a mér selektivni)Na+ kanal
(A)

102 mM Na*
+58 mV (B) 10

e A Voltage (mV)

W T 1
y =200 -160

+58 mV

(/) eare Jad yuainy

102 mM Na* 7

~182my 100pA L
prijem sodiku??



CaZ2+kanaly plasmalemy

 aktivované hyperpolarizaci

— mechanosenzitivni nebo induk.
elicitory (ROS!)

— selektivgjsi (Ca; Ca, K; Ca,
Ba)
 aktivované depolarizaci
(na@. DAC, rcd)

— razne selektivni (Ca; Ca, K;
Ca, Ba, Sr, Mg; ,maxi-cation”
Rb az Mn)

e nezavislé na napti



CaZ2+kanaly plasmalemy

P (open)
10T So0p_ o050 (wheat root plasma
0.8+ membrane,
0 aktivace
E depolarizaci)

0.4+
hz 4

. 1

| ! l ' '

I I I
-200 -150 -100 -50 0 50 100 150 200
Vin (MV)



.. ale bulka ma vapnikovych kan@imnohem vic,
a k tomu jest pumpy ...

Cytasol
Central vacuole
&

(I na vakuolé)



lontove kanaly tonoplastu
a dalsich endomembran

Tonoplast
-‘_...l'

Cytoplasm : Vacuole

ol |®
0
@*’:;Z* -
2@,
“ATP: S| @

@ R0 .

X
ADP' + .l @ @ ®+ ®+

cr —E—» cr




Tonoplastovy kanal pro jednomocne katiotiy):
regulace pH C&*

(A) (B)
0.4

pH 6.4, 10 nM Ca*

o' o AN AN AL WML A

pH 7.4. 10 nM Ca**

(.£

)yt

c'~ et o N
0.5 pA L
pH 6.4, 10 nM Ca?* (return) 220 ™ 0 ._

6.4 (start) 7.4 b4 (wash)

% Mﬁlﬂw@mw w--a.- I il 1* "

P of FV channel at +40 mV

u,

FV — fast vacuolar channeaktivace pH , inhibice Ca2+
VK —vacuolar K+: inhibice pi , aktivace Cazzir¢jmé TPK1)



Vapnikove kanalyonoplastu a
dalsich endomembran

(A) The guard cell vacuolar

tonoplastovy, aktivace membrane during ABA-

induced stomatal closure

IP3 Vasomv
tonoplastovy, aktivace Ca%* o ca?
cADPR (ryanodin. |
receptor] e - e
voltage-activated, - e
Ca2+ insensitive Possum]
voltage-activated ¢
Ca2+ sensitive (SV, . g
slow vacuolar, TPCI)) - ca

Tonoplast



CICR - calcium induced calcium
release

A) (B)
e — i +H-[] rll".-'
__— - . 4004
w EU ]]]1",' |
1000 pA| =
400 ms ;‘__: 300
L_Eg 200
;_ Il ]
(5 :}E
Ca2+ stimuluje&sV 100
calcium channel .
0- . .
1077 10 1075 104

Free calcium (M)



Aniontove kanaly(Cl-) plasmalemmy (sracich bugk)

(») R-type (b) S-type

rychly (R) ‘5 —

aktivace Ca2+!



Tonoplastové kanaly pnmalat(VMAL)T

Membrane potential (mV)

Rostlinnd  _jgp ~50 0
specialita! ]
CAM — Current
rostliny! - (PA)
(Kalanchoé i

-150

malat 1M
20 mM

. -300
100 mM




Tonoplastové kanaly pnmalat(VMAL)T

Tonoplast
L

Cl- —E—vr Cl

(pohon H+ gradientein)



Kanaly v regulaci vyvojovych &u
Priklad: vrcholovy fist
ZygotaFucus

Light
I} I': ( Plasma Ca“" efflux Depositlun
'.I ; ' 1 " i 1
Yy membrane |~ 7 - » | * e of cell wall
Fixgtion of :
F'r:rlarla:utln:rn* palarity Call division N
D larization ! )
b 7 ~ Vesicle secretion
——— Nuuele = ,.,q {depasition of
shaded Mm e f ¥ \ s ~Currant—"7 ;,)/ '.,"\"* new call wall)
hali ) flaw
L'..l"' iriflus via _
Ca’* channels Emerging  Actin Rhizoid
rhizaid micrafilarments cell
Unpolarized #ygote Labile polar axls Polarlzed zygote Embryo

- relokalizace Ca2+ kanajako 1. krok



Gradienty Ca2+ a pHipvrcholovém fistu

Ca Concentration
Low High

100 nM Ca 450 nM Ca

Fucus rhizoid
pylova I&ka (Feijo et al})

... dtto kaenové viasky ...



Obecny rys vrcholovéhaistu?

tip-focused
polymerized actin calcium
rec}uirecl for tip growth gradient

___________________________________ S channel
activity

microtubules

. cellulose
maintain svnthesis
direction of Y
tip growth

(take TRH1 K+ transportér)

. dale sekm@ni draha a cytoskelet ...



Osnhova

o Zakladni vlastnosti biologickych membran

e Transport latek f&s membranu
— uvod
— pumpy
— prenasee
— kanaly
— transport vody

 Membranovy transport v praxi — regulace
otevirani a zavirani svacich bugk



Transport vody fies membrany;
aguaporiny

Hydrophilic Hydrophobic
e - -
10—
Ethanol
®
e Trimethyl
citrate
1 ®
= o
B o
=
;q 2]
2" 0.1-
0.01
— Glycerol
T T T T
0.0001 0.001 0.01 .1

Olive oil:water partition coefficient



... ale musi to jit rychle!

20% Sucrose Added

Distilled Water Added
2 . 24

T > '} : ":r../

W , ‘Ut' ; "
% g J ! - . :q..-’ ) S )

5. w2

2 minutes 5 minutes




Méreni transportu vody

(A)

zmeny osmolarity

W

Capillary tube
(calibrated for volume)

A}r bubble

=

Seal

Q) Cell

)

Open chamber

|

Closed chamber




Jak né€fit turgor?

Pressure sensor Glass microcapillary
tube

Metal plunger N

r—

L

Micrometer screw

Silicone
oil







Periplasm

Cytoplasm

Tonoplastlntrinsic Proteins
razné TIPs viiznych typech vakuol!

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




K ¢emu jsou akvaporiny?

e SPH - ,simple  Vnimani a reqgulace
permeability hypothesis® osmotickeho
— regulace butného (turgoroveho) tlaku

objemu (jsou nutn€?) « TIps Fenaseji i NH3!
— homeostaze objemu

cytoplasmy (model?/?)
— zprostedkovani pohybu

vody ... radiald korenem

(ALE antisense PIP

mutanti?)

(Hill et al. 2004, Martinoia et al. 2007)



Osnhova

o Zakladni vlastnosti biologickych membran

e Transport latek f&s membranu
— uvod
— pumpy
— prenasee
— kanaly
— transport vody

« Membranovy transport v praxi — regulace
otevirani a zavirani s¥racich bunék
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Praduchy: integrace transportnich system




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).



Prenasée, pumpy a kanaly - Integrace

39* pump
-@%) channel t ransporter
4 R &

- i1 W

H*-ATPase

I VK K+ I}
2+ e .
Ca — AtKCO1 GORK r
o c
T 5
kKAt || Sl K L. S =
"“”‘Ti Anion =
iE$J"§K+ " - CEE"' ‘ R- "-.l'n'F‘ and
AIKC o) permeable S
KZM1 ‘A@
PPi Anion _(__ O
NO,- i H* AMRP5 _ ¥
CHL1 e c

Plasma membrane /

Current Opinion in Plant Biology




Otvirani
e H+ ATPasy p) — pmf

 hyperpolarizace — K+ uptakeégs inward
rectifier K)

e Cl- uptake (asi symportem s H+) @
NO3- uptake (symport s H+))(

e produkce malatu (fotosyntesa)

« pmf na tonoplastu (H+ ATPasa, Ppaga
e ClI- do vakuoly po spadik]

 malat do vakuolyK, t)

e H+/K+ antiport ()]

. CO e voda jde za solemi do vakuohy
| zvyseni objemu (vakuola)
OTEVRENI

pumpag tranportey kanal




Zavirani

o vytok K+ z vakuoly po spadu a
depolarizacel)

o vytok Cl- po spadu Kk t)

e otewveni aniont. kanaldepolarizuje
plasmalemuk)

o aktivace outward rectifying K+ kanall){

e voda nasleduje (vytéka ven} snizeni
objemu— ZAVRENI

pumpa tranportey kanal



Signalizace a regulace

 ABA, modre
swtlo, CO, B

o zprostedkovani
zmenami v pH
aCat

e Signalni
molekuly -
ROS, NO,
sfingosin-1-
fosfat a dalsi
fosfolipidy

=

K+ K' L channel

ion channels




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

Pathways

http://www-biology.ucsd.edu/labs/schroeder/cliclem

0

.html

ABA mediates stomatal closing ABA inhibits stomatal opening

ABA

K*, . channels g¥

S-type anion H”




