e Transport kapalné vody
— Transport vody fies membranu
— Fijemvody karenem
— Radialni transport vody v kenech
— Korenovy vztlak
— Fijemvody nadzemntasti



Zakladni charakteristiky transportu vody na
burecné urovni

Transport kapalné vody pres membrany
(plasmalema, tonoplast, membrany organel)

Jw =L, Ag, =L, (Ag, + 0AY)
J,, - transport vody membranoll,, - permeabilita mebrany pro vodu,
Ay, - rozdil vodniho potencialldy, - rozdil tlakoveho potencialu,

o - reflexni koeficient Ay~ rozdil osmotickeho potencialu

Ve skut&nosti situace komplikovaisi: sowasny transport vice latek (nap
vody a ionfi), elektroosmdza, tepelna osmoza, apod.




Souwasny transport vody a rozpése latky

 Matematické vyjateni umoauje thermodynamika irreversibilnigh
proces,

* ‘]W = LWA”'W i stAus

o Jo=LAp+ Lo Au,

o J,.tok vody, J, - tok rozpuséne latky, Ay, - gradien chemickéh
potencialu vody Ay, - gradient chemického potencialu rozp. latky,

L., Ls - permeabilita membrany pro vodu a pro rozp. latky, £ L,
(Onsagerovy reciptmi koeficienty)




Interakce mezi vodou a rozpésou latkou pi jejich
praichodu membranou

®

Solubility-diffusion mechaniam independent diffusion of waler
(bilayer)

pores

L]

® ~ solute
B = water

-]

Fig 3. Inferactions between water and solutes during thelr passage acress membranas. A, 8. Watar and soldtes mave
independently of each other by diffusion either across the iipid bilayer (selubility-diffusion mechanism) or across different
selective pores feqn {31. C- A wida pore is sketthed which permits water and solutes ta pass each ather in the pore. This
results in sonie frictional itterachon between flows which can be expressed in terms of the reflection coefficient (solvert
drag; eqn (4). I, Singledile pores are indicated which aflow the passage of water and salgtes, but no passing of molecwies
within the pore. This results in a tight stochiometric coupling between water and sclutes {ean (5]




Membrany, aguaporiny

Membrana: fosfolipidova dvojvrstva (transport Q, CO,) +
transmembranové proteirgyransport vody, iorit véetrg protoni, nékterych
hydrofilnich organickych latek)pasivni a aktivni transpo(proti gradienty
chem. poten;)ATPasy, penaséovy transport (antiport, symport)

Aguaporiny pati do skupiny "major intrinsic proteins (MIP);
proteiny 25 - 30 kDa,

tonoplast intrinsic proteins (TIP), plasmalemma inticngroteins|

(PIP), nodule intrinsic proteins (NIP), small intrinsicopeins (SIP)

pasivni transport, tok v obou snm@ech, permeabilita pro vodu o 1 aZ
rady vySSi nez je permeabilita lipidove dvojvrstwgasty vyskyt, velké
heterogenita jak uiznych drulii rostlin tak v ramci jedné rostliny
souvislosti stiznou lokalizac{u Arabidopsis35 a u baviniku 71 MIP)

|

Y




Histochemicka lokalizacBIP2;1::GUS(A,B,C) aPIP2;2::GUS(D,E,F) v
semenécichArabidopsig(A,D), prafezu primarnich list (B,E) a kaden (C,F).




Aguaporiny - struktura

1056 Tyerman et al.
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Fig. 1. Summatry of the propertics of watctr peomeation through the
lipil phase of cell membrancs and through water channels cmbedded
in the lipid bilayer. (4] The prediceesl secondary structare af the A0QPE
moettomer is shown, =mth the oyvlinder= denating membrane-spanning
a~hclices (M, P ped A are single-latter amioo acid codes). { B Prepasal
foor the manmer it which the tog MPA motifs overlap in the membrane
tn form a watec-tilled pore, indicated by the vertical arrow (@dapted
from Tung et afb.. 1994). In reality ithe helices are tHied at an angle of
approximatehy 257 {rom vertical amd che macer pore s mors centrually
lowared in the monomer §Cheng er af . 19273 (C) In ihe membrane,
four polypeptides form & etrameric array, with watcr flow aconrring
ey each mongmer. (¥ Suwrnonacy of the feamires associatsd mhith
warer fow across the lipid bilayor only compared with water fow
through 4 biological memboace studdesd wich aquaporios, MNove thae B
is piven for the entice mambrans and oot for the individual aquaporin
MOoIOIMNETS

Figuera 1. Mockal of the Structure of the Agquaponn Pretomer,

The rmodel shows six membrane-gp&aning domains (numbered 1
thraugh B} ard two Asn-Pre-Alz loops folded into the membrane.
The proposed path taken by water modscules |3 shown by the
dushed doutde arraw.




Aquaporiny

92 D.-T. Luu & C. Maurel
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Figure 2. Schematic representation of putative mechanisms
involved in plant aquaporin regulation. (a) Control of transcrip-
tion and protein abundance. Drought and salinity, as other envi-
ronmental stimuli, are known to act on aquaporin gene
transcription and possibly interfere with aquaporin translation
and degradation, thereby determining protein abundance. The
formation of PIP hetero-tetramers was demonstrated in Xenopus
oocytes (Fetter er al. 2004) and is still hypothetical in plant cells.
This mechanism might favour transfer of PIP1 homologues 1o the
plasma membrane (PM). (b) Sub-cellular relocalization. The
redistribution of a TIP aquaporin, from the tonoplast (TP) to
small intracellular vesicles, was demonstrated in Mesembryanthe-
mum crystallinum suspension cells exposed to a hyperosmotic
treatment (Vera-Estrella ef al. 2004). The occurrence of a similar
relocalization mechanism for PIP aquaporins is shown but
remains hypothetical. (¢) Control of channel gating. Reversible
phosphorylation of aquaporins is mediated through the activity
of protein kinases (PK) and protein phosphatascs (PPase) and
regulates their opening and closing in the TP, PM. and perib-
acteroid membrane of N,-fixing svmbiotic root nodules (not
shown). Intracellular protons can induce closure of aquaporins in
the TP and PM. Reactive oxygen species (ROS). high solute
concentrations, and cell hydrostatic pressure act on aquaporin
activity but it remains unclear whether their effects are direct or
indirect. The graph also shows the effects of chilling, anoxia. and
osmotic stress, on accumulation of ROS, accumulation of intrac-
ellular protons, and activity of a PK, respectively.




Aguaporiny — regulace transportu vody

e Aguaporiny umozuiji buice regulovat transport vody:
zmenou hojnosti jejich vyskytu (exprese @gém znénou jejich
propustnosti
— fosforylace zvySuje a defosforylace snizuje permealb
fosforylace - proteinova kindza zavisla na*Ga
— ovlivnéna Na, CI, toto ovlivreni je zmirrgno sogasnym gidanim Ca&",
— nedostatkem QROS
— vodni stres, ABA,
— cirkadialni rytmus,
— razna selektivita,
— jejich funkce je experimentalrtasto blokovana Hyg,

it

e vyznam pro kompartmentaci uvhlbunck (mnohem vice TIP v tonoplasfu
nez PIP v plasmaleng), rychly transport mezi sousednimi fkami
(pohyby phiiduchi, motorické buiky, prodluzovaciist), @i snizeném
transportu apoplastem




Root water transfer and aquaporin gene regulation
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Day-night oscillatioons of
variousZmPIPtranscript
levels in roots of young
maize plants grown unde
16-h ptotoperiod or
continuous darkness.
(Lopezet al. 2003)
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Figure 5. Ly for distal, mid-root and basal regions of roots of A.
deserti under wet conditions. Ly for intact segments, the epidermis
plus exodermis (Lg gy, the cortex plus endodermis (L cops) and
the stele (Lgs) was calculated from L, measured in water (open

bars) and in 25 M HgCl, (hatched bars), using mean values of K,
(text data, assumed not to change in HgCl,) for each root region;
Eqn 2 was used for intact segments and Eqns 3 and 4 for sequential
cell layers. Data are means £1 SE (n = 5-6 plants). Asterisks indi-
cate significant differences due to the HgCl, treatment (Student’s
1-test).
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Prispivek jednotlivych aquaporink celkové expresi PIP1 a PIPZ
primarnim a adventivhim kenu j&mene (Knipferet al 2011)
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Aguaporiny urychlujici transport vody V liStukinenet al 2009)
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Prijem a transport vody v korenech

Absorpce vodykorenem :
JW = LSI‘ Al'IJW

J, - rychlost absorpced., ., - vodivost na rozhrani ken a mida, Ay, - rozdil
vodniho potencialu mezigglou a kdeny

Mo=A XL Ay,

M- mnozstvi absorbované vody, A - absémpplocha

Dostupnost fidni vody mnozstvi vody, mnozstvi rozpustych latek (iont -
osmoticky potencial), velikostigmnich ¢astic utujicich velikost poii (mensi
nez 10um kapilarni sily) a tim maténi potencial.

Mnozstvi dostupné vody = mnozstvi vodii plné pidni kapaci - mnozstvi v
bock trvaleho vadnutiy, -0.03; -1.5 MPa).




Adaptace kareni

Hydrotropicky tist koen: - zpomaleniiistu na stratikde je vyssi
vihkost pidy a zrychleni na ogaé stral, sensorem pravgodobré
korenovacepicka, mechanizmus neni znamjze se uplaiovat
modulus elasticity buitné sény.

DalSi morfologické fzpiisobent rozlozeni kéeni, dvojity korenovy
system

Anatomické endodermis, exodermis, atd

Fyziologické osmotické vyrovnavani

Vétsinou je vodni potencialiply vyssi (méa negativni) nez vodni
potencial k#eni a proto dochazi k absorpci vody dadaai, ale niize
tomu byti i naopak ve velmi suché nebo zasoletté.Rostlina se

vydeji vody brani anatomickou stavbou&ne (exodermis,
suberinizace rhizodermis).

Rostlina - vytah pro vodu




Prijem vody kdenem

U vétSiny rostlin sezéna nejrychlejSiho fijmu vodyv apikalni ¢asti
korene (5 - 10 cm od vrcholu, zavisi na druhu rostliny a et
Shoduje se zénou najisiho vyskytukorenovych viask

Mnozstvi je obrovské ale jejich doba zZivota je kratka (ma&dng
n¢kolik tydnd). Jejich vyznam je ve ztSeni absor@ni plochy a zavisj
na tom kolik z fijaté vody do k#enoveho viasku je spi@bovano na
jehc rast a kolik je transportovan dale da korene.
Prijem vody suberinizovanymi Keny je podstath pomalejSi, nenji
zanedbatelny vzhledem k jejich obrovskeé ploSe (asi 30 %).
Mykoryza

Velka slozitost a variabilita anatomické stavbydzmych druti rostlin
(exodermis, suberinizace, postrannidsy)




Radialni transport vody v korenech

» Radialni transportve tkani kdaene:

o apoplastenfburécné skny, intercelularni prostory),

o symplasten(protoplasma propojena plasmodesmaty),

* pres buiky

e podobr jako u transportu f&s membranu se v transpoftu
kofenem (J,) uplatiuje jak gradient tlaku A4y ) tak |
gradient osmotického potenciald\y,), jejich uplatréni
zavisi na cestvody a na rychlosti transpirace.

* ‘Jr - Lr Al-pw - Lr (All"p +O—Al|"s)
e L, -vodivost kdene,o - reflexni koeficient




Ruzné cesty transportu vody vilemu

exodermis cortex

rhizodermis Casparian
© band

endodermis stele

{c) ™. T, ‘
¢ “1-...‘ :2:;-:-:.__ A

() em—
(b) == =—p

plasmodesmalta band

— { & } apoplastic path
"~ — —) { b} symplastic path

celi-to-cell path
— + = { ¢ } transcellular path } .

Water transport across plant tissue Steudle




RGzneé cesty transportu vody vilemu

784  Steudle and Peterson

Composite transport mode! of root
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Fig. 3. Composite transport model of rool tschematical). The reot osmetic barier is comprised of cells {protoplasis) and the apoplast. The
apuptastic path may b inlerrupted by Casparian bands m the ando- and exodermis {excdermis not shown for the sake of simplicily}, Water and
solutes move alang two parallel pathways toell-1o-cetl and apoplastc routes which aie denoted By supcrseripls ‘e¢’ and ‘ow’, respeetively). The cell-
to-cell path has o high seleetivity trefiection coelficient, o = 1), and the apoplastic path & very low selectivity for solutes (27 =10}, Al low rates ol
transpiration, this resules ia a circulation flow of water in the raol {denoted by Jy) and in a low overelt root o, (a5 found experimeatally). The

model explains variable roat hydraulic conductivity which depends, in pari, on the ratare of the driving force, For furnther explanation, see text.



Zastoupeni jednotlivych cest

Zastoupeni jednotlivych cestansporapoplastenvyssi (i vySSim
Ay, tedy @i vySSi transpiraci, vodivost vysSi, nizky reflekoeficient
(téz difuze a hromadny tok rozpésych latek), omezeni anatomicka
stavbou- endodermis, exodermis

Symplastem +f@s butky - uplatiuje se hlava A, vysoky reflexni
koeficient, nizSi vodivost, aquaporiny, vzajemné&vméni mezi
transportem vody a rozpést/ch latek; ovlivieni ABA, Ca*

Transport vody tedy zavisi: 1) morfologii a anatomii, 2) macizmu
transportu, 3) interakci vody a rozpustych latek, 4) aktivt
aquaporini

Obdobny mechanizmus: radialni transport ve stonku, tadglni
transport v kdenech a stonku mimo cévni svazky, transport v listu




Korenovy vztlak

dostaténa vihkost midy, nizka rychlost transpirace (jarni dogr
vody v cévach)
projevy - gutace exudac

mechanismus: do xylému transportovany osmoticky aktiNky,
vytvéri se znany gradient osmotickeého potencialu mezinkami
koreni a xyléemem, ktery zajidije transport vody do xylému a tim se
cévach vytvé positivni tlakovy potencial

model Taura a Katou 1988 - neni nutny nizky osmoticky pa#di
xylemové gavy

<




Model radialniho transportu vody a idnt koreni

Ves

Fig 2. A scheooe of the radial transpart parlrway of solute amd wates
ALNQsS A Tl Spd epidarmis, A hvpode mus, Erdendodermis,
Feg q xvlem vessel. shows the nel wobate tramspare and
— — — — indicates the wales flvw. Black-lilledl spuoes anc dhe Oay-
marian hands ar the endodennis and the hvpodermis. Solubes and
waler are whsorhed in the roor peripheral layers (fe., both in the
epileomis and the hypoderems), trans porced 1a the root sele threwrh
the symplast and scereled fmally inw the wylem wessels

Caspariam Xwlem
steip yessal

Tig. t. Schemalic representation of the apoplast cang? tyslem n the
root stele which enables medaboliom deptvident watce tran-port into
resieli. {77 fhe osmoix- opocentration of 1he kylemn cxpdate, ¢ che
DEUHHIL SOTREMralion ss the symplast. 2 the intruceliylay PressLre
with reference to the bathing swsdian, F. the mel solel: Fus across
the symplast odl ovcoteame ey the canal, £, water ercrelion flex
werogs the symplast ool mnbwase mbo the canal, £ caeal lenpLh




Prijem vody nadzemnicasti

De&ove srazky, rosa, mlha, vysoka vihkost vzduchu

Predpokladem je relativh nizky vodni potencial v nadzemmgsti,
muze dojit i k opa&némt gradientt vodnihc potencialt a opa&némt
Smeru transportu vody

Pri de¥ovych srazkach &tSi ¢ast vody vyp&ena zpt, mala ¢ast
absorbovana listy, zavisi téz na snv@sti lista

Pro vodni bilanci rostliny je obvykle vyznar§8i omezeni transpirag
nez [Fijem vody

Epiphytickeé rostliny BromeliaceagOrchidaceag




Prijem vody ze vzduchu listyiznych rostlin v lesnim poros;

(Limm et al. 2009)
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Metody stanoveni

1) Gravimetrické metody
a) sowasné stanoveni absorpce vody a transpirace v laboratornich podm

b) stanoveni spédby vody v polnich podminkach - lyzimetry (zéeppokladu
vyrovnané vodni bilance pouzivaji se ke stanoveni evapotranspiratgchr
nebo firozenych porosi)

2) Stanover rychlost prijmu vody potometr

a) pro cely k#enovy system

b) pro jednotlivétasti

3) Mereni ka'enového vztlaku

a) ueni mnozstvi exudované tekutiny poramhuti nadzemniasti
b) pouziti tlakové sondy

nkach



Gravimetrické metody

Fig.14.13. Schematic design of water-
budget meter; I control unit with attached
inner and outer containers mounted on a
balance; 2 gas exchange cuvette for
determining CO, exchange and

transpiration; 3 steel cage connecting control

unit with platform of the balance; 4 outer
container on the pan of the balance with oil
seal to prevent evaporation to ambient air; §
air-tight seals fixing the plant to the control
unit and gas exchange cuvette; wind and
tadiation shields not shown. (From Flach et
al. 1995)
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Potometry
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Fig. 3.23 The equipment used for continuons recording of the phosphate and water uptake
m‘a plant root (PETTERSSON 1971), 1 — plant, 2 — plant holder, 3 — plexiglass vessel con-
taining labelled nutrient solution, 4 — air inlet, 5 — end-window GM-tube, 6 — solution outlet
7 — plexiglass vessel, vertical view, 8 — float switch, 9 — DC-set, 10 — relay, 11 — magne;
“valve, 12 -- lamp, 13 — ajr outlet, 14 — float, 15 — glass burette, 16 — ra’temetcr 17—
recorder, ’
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Fig. 3.30 Micropotometer used by BROUWER
(1953) for determining absorption of water
and salts in various parts of a single root, It
consists of a set of small Lucite chambers
(A—E) with a main chamber (F). All of them
are interconnected using rubber discs (1) and
— when measuring — a pair of springs (2).
Each chamber has an inlet (3) for addition
of nutrient solution and two lateral tubes
(4, upper and lower) and a connection for
the measuring capillary (6). 7 — metal disc
with attached strong spring (arrow). The
whole device is screwed to a stand.



Tlakova sonda pro stanovenirkoového vztlaku

stereo
microscope
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Fig. 14.14. Device for measuring root pressure and root pressure relaxation on spruce roots;
root pressute was monitored by a pressure transducer connected to an amplifier and display;
movements of the oil water meniscus are recorded in a measuring capillary (stereo microscope);
hydrostatic pressure relaxations are measured by moving the micrometer screw rapidly into and
out of the pressure probe. (From Rildinger et al. 1994)




Méreni transportu vody v Keni (ritzet al 2010)

al ¥
i
= .
E.
F B R "
. "
: ‘OB
- =
B reREE
‘| oB-E b
ki —[Fe K
iy - g - -
“ [
L
N )
1 P
:;nw £ chc
L charrdar

Fg. L Dm0 o oo il al Wl o 0 00" i il e oy oldel o 0 | 0 Il . s Dot o b ol e o oo il By doatld i il il
o Wire v i by b gl g W o i vl L Tt et il o7 i il P Ml el 5 05 Gl i o il ot ol bt it i g o il el i e 0
st o e 6 e et e e e O B g ot b b g e i e P b e 6 ol 1 D el @ ke inlaiehicg i [ The
ke b g i | it e il o e s et s i L Tha i v b g o i Pl et i ot i e Wy ki T
e B o tr i et i P o Wil it el b Dol o ol i i, o 0 it i Wl it o ot ek i B e [, ol ot o i B e g
v Bt o 1 i i W e e o e Pl @l e it Tha et @l tha i leaidl s o e i o e bt it ey
s i et ot bl vt | b b i o7 el e ik g i L 1 e el e @ e B b B R et b e e i i T
ot o kil o el o, Vel wen o e dcdl il el g 015 The & il s a bl o mmicd i el b @ bl o] oo by ol o ol o
st el ok b g e v, b e e i a1 cor e sl g bl e cibel 0w deeapbe e prosas - This & e e
coire b § U b i @ ievg gl pingacding &b dekiig o pirgig pede The pill ssn i vt b i i dracd e b o e il el @ r iomi b | H O Eda
i bt 0 Th pesisicinel o £ i i o boPsl o becpde i @l chadiar ool bl gl bl i meov el st B i v bl o il el b bl st v e e
Sl il ot e kR g ol el et i1 The gia nig b oot vl it i ol o 0 il o o il i il g 118 ) I o pa el P b i

il e e e il o el e oo el e e bl o ol aoneia al Seboda e chander wdd el The palisare b chasdsr ol £ b
g & by 1k pe d i vd i et 1he Sbola e chambir @ 6 cpd i cafa




