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1. Uvod

Fosfatidova kyselina (PA) je minoritnim fosfolipidem v
rostlinnych bunikach. Ma unikatni biofyzikalni vlastnosti a
zaroven funguje jako druhy posel ve vnitrobunécné
signalizaci. Tyto vlastnosti ji predurcuji k funkci mj. ve
vackovém transportu a sekretorické draze. PA muzZe byt
produkovana bud’ pfimo Stépenim strukturnich fosfolipida
pomoci fosfolipazy D (PLD), nebo dvoukrokové pomoci
fosfolipazy C (PLC) a diacylglycerol kinazy (DGK). V
neposledni radé je PA takeé meziproduktem v biosyntéze
lipidli v endoplazmatickém retikulu a v plastidech.

PLD je obecnym eukarytickym enzymem a v genomu
Arabidopsis je kodovano 12 izoforem ze dvou podrodin
(Elias et al. 2002). Nejvice prozkoumanou roli PLD aktivity
(produkce PA) je odpovéd na Siroké spektrum stresi
(Bargmann and Munnik 2006). Jsou vSak objevovany dalsi
funkce, jako je regulace dynamiky cytoskeletu ¢i odpovéd



na fytohormony. Proto vznika problém specifity a cila
ptusobeni PA (Testerink and Munnik 2011). Mezi dobre
dolozené spoluhrace v signalni kaskadé PA patii NADPH
oxidazy, které produkuji reaktivni formy kysliku (viz napf.
(Yu et al. 2008; Kalachova et al. 2013)).

Tak jako kazdy signalizaCni proces, i PA — signalizace musi
byt dobrfe regulovana. Rozhodli jsme se proto zkoumat
moznou ulohu PA - degradaCnich drah v rostlinach za
pouZziti farmakologickych inhibitorti a genetickych nastroju.
V ZivociSnych a kvasinkovych bunkach jsou znamy dvé
degradacni aktivity — cytosolicka a membranova (Kok et al.
2012). Cytosolicka proteiny jsou specificke k PA, narozdil
od membranovych lipid fosfat fosfataz (LPP), které maji
obvykle SirSi specifitu. Predpoklada se, i kdyZ to neni
dostateCné doloZeno, Ze pravée LPP maji hlavni ulohu v
regulaci PA v sekrecni draze. Obé rodiny jsou pritomny i u
rostlin. V posledni dobé byla u rostlin objevena jeSté dalsi
rodina membranovych LPP s plastidovym ptivodem
(Nakamura et al. 2007).

Hlavnim modelovym meterialem této prace byly tabakové
pylové lacky. Pylové lacky a korenové vlasky provadeéji
rychly vrcholovy rist, ktery vyzZaduje vysoce efektivni
biosyntetickou a sekreCni drahu, coz vyzaduje aktivitu rady
komponent, jako jsou malé GTPazy, oscilace iontd,
fosfolipazy D cCi aktinovy cytoskelet (Cole and Fowler
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2006; Zarsky et al. 2009). Pylové 14¢ky mohou proto slouZit
jako jednoduchy in vitro model pro studium a kvantifikaci
exocytotické drahy. Jak bylo drive zjiSténo, pylové lacky
produkuji PA pomoci PLD a tato PA stimuluje riistovou
rychlost (Potocky et al. 2003). V tabakovém pylu je
exprimovano neékolik izoforem PLD s rozdilnou funkci
(Pleskot et al. 2010; Pleskot et al. 2012a; Potocky et al.
2012).

2. Hlavni cile prace
e Zjistit efekt cileného potlaceni genové exprese
izoforem PLD pomoci transfekce modifikovanymi
antisense oligonukleotidy

e Zkoumat funkci NADPH oxidaz coby potencialniho
partnera PL.D/PA signalizace

e Studovat mozZnou negativni regulaci PA signalizace

(degradace PA na diacylglycerol) lipid fosfat
fosfatazami pomoci experimentalnich i
bioinformatickych nastrojt

e Srovnat proteomicka data z pylovych lacek a

kofenovych vlaskli za pouziti in silico kontruovaného
virtualniho proteomu

3. Materialy a metody
In vitro kultivace tabakovych pylovych lacek probihala
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zavedenou metodou na minimalnim médiu bez zivin.
Pouzili jsme rovnéz metodiku cileného potlaCeni genové
exprese transfekci modifikovanymi antisense
oligonukloeotidy (aODNs). Tato technika vyZaduje alespon
CasteCnou znalost cilové sekvence, prip. umoznuje
potlaCeni blizce pribuznych izoforem, pokud pouZijeme
sekvencni konsenzus (Bezvoda et al. 2014). Vzhledem k
tomu, Ze casto nebyly dostupné dostateCné kvalitni
sekvence z tabaku, potencialné zajimavé izoformy byly
klonovany de novo.

Pro blizsi studium vybranych genovych rodin byly pouzity
bioinformatické nastroje, jako je konstrukce dendrogramii,
analyza dostupnych expresnich dat i vytvoreni virtualniho
proteomu pomoci in silico identifikace nejblizSich
homologti proteomickych dat z jiného druhu. Tyto néstroje
umoznily identifikaci potencidlné zajimavych gent pro
dalsi experimentalni praci.

4. Vysledky a diskuse

Dvé izoformy PLD byly potlaceny v tabakové pylu, coz
vedlo k poklesu riistové rychlosti. Tento efekt bylo podle
ucekavani mozno zvratit pridani exogenni PA (Pleskot et al.
2010). Kolega Roman Pleskot dale zjistil, Ze izoforma
NtPLD je stimulovdna F-aktinem. Vzhledem ke znamé
interakci PA s tzv. actin capping proteinem (Huang et al.



2006; Pleskot et al. 2012b), ktera vede k inhibici jeho vazby
na aktin, byl vytvoren model pozitivni zpétné vazby v
dynamice cytoskeletu pylovych lacek. V ramci predkladané
prace bylo zjiSténo, Ze rostlina s mutovanym genem
AtPLDp1 je méné citliva k abscisové kyseliné (ABA).

V ramci zjiStovani potencidlnich protéjSki PA signalizace v
pylovych lackach, byla zkoumana funkce NADPH oxidaz.
Transfekce antisense oligonukleotidy méla obdobny efekt
jako farmakologické ptsobeni inhibitoru
diphenyleneiodonium (DPI). Vizualizace reaktivnich forem
kysliku ukazala vyzamné maximum ve Spicce lacky. Toto
znaceni zmizelo po pidsobeni aODNs. Cast kodujici
sekvence byla uspéSné klonovana (Potocky et al. 2007).
Dalsi prace kolegy M. Potockého ukazala, Zze PLD/PA
signalizace je aktivni v signalizaCni kaskadé vySe i nize
vi¢i NADPH oxidaze (Potocky et al. 2012). Signalizacni
modul PLD — NADPH oxidaza je tedy konzervovanym v
Siroké Skale kontexti jak ve stresové signalizaci, tak
morfogenezi.

Typickym rysem rostlin jsou (na rozdil od jinych eukaryot)
multigenové rodiny. To plati napr. Pro rodiny podjednotky
exocystu Exo70, forminy ¢i C2 podrodinu PLD ((Elias et
al. 2002; Grunt et al. 2008; Cvrckova et al. 2012). Tim

vyvstava problém vhodné volby izoformy pro



experimentalni studium. Casto je nezbytné kombinovat
neékolik bioinformatickych metod. Zajimavym pristupem je
kombinace a srovnani dat z rtiznych bunécnych typu a
druhti. Byl proto vytvoren tzv. virtualni proteom pomoci in
silico vyhledavani nejblizSich homologti Arabidopsis z
experimentalniho proteomu soji. Tento pristup byl
verifikovan srovnanim virtualniho a experimentalniho
proteomu pylu Arabidopsis. Identifikace abundantnich a
specifickych genti v obou tyech bunék s vrcholovym ristem
prineslo mozné slibné kandidaty pro budouci
experimentalni praci (Cvrckova et al. 2010).

V rdmci zkoumani mozné role PA — degradac¢nich enzym v
rostlinné morfogenezi, byly pouzity inhibitory PA
degradace znamé z ZivocCisSné a kvasinkové literatury. Tyto
inhibitory shodné stimulovaly riistovou rychlost pylovych
lacek, coz je v souladu se znamou pozitivni roli PA na
sekrecni drahu pylovych lacek (obr. 1, Potocky et al. 2003;
Pleskot et al. 2012a).

DalSi prace se zamérila na rodinu membranovych lipid
fosfat fosfataz (LPP), které by mohly zajiStovat tuto
negativni regulaci PA signalizace. Konstrukce dendrogramu
a tabulek expresnich dat vytypovala gen LPP4 jako
kandidata na tuto funkci v pylovych lackach. VSechny
cDNA ,eukaryotickych“® LPP z tabaku byly uspésné
klonovany. Cilené potlaceni genové exprese genu NtLPP4
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(ktery je neabundantn€jsi v tabakovém pylu) ukazala
podobny pozitivni efekt na rtstovou rychlost jako aplikace
inhibitort (obr. 1). Znacend NtLPP4 se lokalizuje do utvart
pripominajicich sekretorickou drahu v pylovych lackach.
Tyto vysledky naznacuji, Ze proteiny LPP skuteCné
negativné reguluji funkci PA v sekrecni draze (Pleskot et al.
2012a). V posledni dobé bylo zjiSténo, Ze LPP3 ma funkci v
rané sekrecni draze lidskych bunék (Gutiérrez-Martinez et
al. 2013).
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zkoumani fylogeneze LPP u krytosemennych ukazalo
neoCekavanou dynamiku sekvenci jednodéloznych.
Naprosta vétSina téchto sekvencl je soustiredéna Vv
samostatné podrodiné a zkoumani expresnich dat ukazalo
zasadné jiné expresni profily u ryZze ve srovnani s
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Arabidopsis. Tento rys je unikatni pro rodinu LPP, napr.
DAG kinazy ¢i PLD takovou fylogenezi nemaji (viz
Pleskot et al. 2012a). Lze jen sekulovat, zda jde o

historickou nahodu ¢i zda se zde odrazi specificky selekcni
tlak.

Déale bylo zkoumano ptsobeni jednoho =z inhibitord,
propranololu na semenacky Arabidopsis ve sterilni kulture.
Po nékolika dnech normalniho ristu, dojde k nahlé zméné
sméru primarniho korene a Casto k zastaveé riistu primarniho
korene (obr. 2). Rostliny jsou presto dale Zivotaschopné. V
této souvislosti je zajimavé, Ze Clenovée PXPH podrodiny
PLD se ucastni lokalizace PIN2 proteinu a regulace
auxinového transportu (Li and Xue 2007; Mancuso et al.
2007; Taniguchi et al. 2010). Taktéz dva mutanti v
podjednotkach poutaciho komplexu exocyst vykazuji
podobny ohyb korene a exocyst se také ucastni regulace
auxinového transportu (Drdova et al. 2013).

Fig. 2 - The effect of propranolol

A Control (DMSO B Propranolol 100 uM
treated plants) treated plants 10



Hladina PA je v rostlinnych burikach regulovana v rtiznych
situacich, jako je biosyntéza lipidi, stresova signalizace,
bunécna morfogeneze, ale i zméné sloZeni membrany za
nizké koncentrace fosfatu. Otazkami pro dalSi studie bude
role ¢lent jednotlivych PA degradujicich rodin v téchto
procesech. Také zatim nevime nic o jejich regulaci.

5. Zaveéry
* Nékolik izoforem PLD ma specifické funkce ve

vrcholovém ristu pyslovych lacek a NADPH oxidaza
je partnerem PLD v riistu pylu

* Bioinformatické pristupy jsou cennym nastrojem pro
vyhledavani novych  kandidatnich genti  pro
experimentalni charakterizaci v bunécné morfogenezi

e Lipid fosfat fosfatazy jsou slibnym kandidatem na

negativni regulaci PA — signalizace u rostlin, zvlasté v
regulované exocytoze
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1. Introduction

Phosphatidic acid (PA) is a minor phospholipid component
of membrane in plant cells. It has unique biophysical
properties together with its role in signaling as second
messenger. These features destine PA for function in
vesicular transport and therefore secretory pathway. PA can
be produced either by direct cleavage of structural
phospholipids by phospholipase D (PLD) or by concerted
action of phospholipase C and diacylglycerol kinase
(DGK). Last but not least, PA is also an intermediate in
lipid biosynthetic pathway in endoplasmic reticulum and
plastids.

PLD is an ubiquitous eukaryotic enzyme and Arabidopsis
genome encodes for twelve isoforms from two distinct
subfamilies (EliaS et al. 2002). The role for PLD activity
(PA production) is well established in response to various
stresses (Bargmann and Munnik 2006). Other functions are
still being discovered, such as regulation of cytoskeletal
dynamics and response to phytohormones. The problem of
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specificity of PA — signaling and downstream targets of PA
arises (Testerink and Munnik 2011). One of the well
established counterpart in many contexts is NADPH
oxidase, that produces reactive oxygen species (see e.g. (Yu
et al. 2008; Kalachova et al. 2013)).

As every signaling process, also PA signal must be properly
regulated. We therefore decided to investigate a possible
function of PA — degrading machinery in plants by using
pharmacological inhibitors and genetic tools. In mammalian
and yeast cells, two degrading activities were found —
cytosolic and membrane located (Kok et al. 2012). The
cytosolic proteins are PA — specific, whereas membrane
spanning lipid phosphate phosphatases (LPP) have usually
broader range of activity. It is hypothesized, but not well
proven, that LPPs may regulate PA level in secretory
pathway. Both families have plant counterparts. Recently, a
novel family of LPPs with plastid origin was described in
plants (Nakamura et al. 2007).

The main model material of this thesis was tobacco pollen
tube. Pollen tubes together with root hairs exhibit rapid tip
growth, that requires highly effective biosynthetic and
secretory pathway with many components, such as small
GTPases, ion oscillations, PLDs and actin remodelling
(Cole and Fowler 2006; Zarsky et al. 2009). Pollen tubes
can therefore serve as a simple in vitro model for studying
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and quantification of exocytotic pathway. As described
previously, pollen tubes produce PA via PLD pathway and
PA stimulates the growth rate (Potocky et al. 2003). Several

PLD isoforms with distinct function are expressed in
tobacco pollen (Pleskot et al. 2010; Pleskot et al. 2012a;
Potocky et al. 2012).

2. Main aims of the work
* To investigate the effect of selective gene knock-down

of PLD isoforms active in pollen growth rate by
transfection of antisense oligonucleotides

* To investigate the role of NADPH oxidases as potential
counterpart of PLD/PA signaling

* To study possible negative regulation of PA signaling

by lipid phosphate phosphatases (PA degradation to
diacylglycerol) both  experimentally and by
bioinformatical tools

e Compare proteomic data of pollen tubes and root hair

cells using virtual proteome construction

3. Materials and methods

In vitro cultivation of tobacco pollen tubes on minimal
medium with no nutrients is well established. We also
utilize specific suppression of selected genes by
transfection of modified antisense oligonucleotides
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(aODN). This technique requires at least partial knowledge
of target sequence or enables knock-down of closely related
genes if sequence consensus is used (Bezvoda et al. 2014).
Given the fact that not enough tobacco sequence data were
often available, de novo cloning of cDNA sequences of
selected genes took place.

For studying of selected gene families, various
bioinformatic tool were utilized, such as dendrogram
construction, analysis of available expression data and
creating of virtual proteome by in silico identification
closest homologues of proteomic data from different
species. These tools together enabled to select potentially
important genes for further experimental work.

4. Results and discussion

Two PLD isoforms were suppressed in tobacco pollen with
growth rate decrease. As expected, this effect can be
overcome by exogenous PA treatment (Pleskot et al. 2010).
Interestigly, Roman Pleskot found that NtPLDJ interacts
with F-actin and is strongly stimulated by it. Given the fact
that PA can bind and inhibit actin capping protein
interaction with actin (Huang et al. 2006; Pleskot et al.
2012b), a positive feedback loop can take place in pollen
tubes. Interestingly, we found Arabidopsis PLDB1 mutant
plants less sensitive to abscissic acid (ABA).



NADPH oxidase of pollen tubes was studied as potential
interacting component of PLD/PA signaling. Antisense
oligonucleotide — mediated knock-down has similar
negative effect on pollen tube growth as inhibitor
diphenyleneiodonium (DPI). Reactive oxygen species
(ROS) staining showed significant maximum in pollen tube
tip. This staining disappeared after aODN treatment. Partial
cDNA of NADPH oxidase was cloned (Potocky et al.
2007). Later work of Martin Potocky et. al. showed that
PLD/PA signaling is active both upstream and downstream
of NADPH oxidase (ROS production, (Potocky et al.
2012)). The PLD — NADPH oxidase signaling module is
therefore conserved among many contexts in both stress
signaling and morphogenesis.

In plants, many gene families are abundant, contrary to
situation in other eukaryotic lineages. This is the case for
e.g. Exo70 exocyst complex subunit, formins or C2
subfamily of PLDs ((Elias et al. 2002; Grunt et al. 2008;
Cvrckova et al. 2012). The problem of selecting the right
paralogue for experimental work arises. Combination of
several bioinformatic methods is often necessary. An
interesting approach is combining and comparison data
from different cell lines and species. We decided to create a
virtual proteome using experimental soybean root hair data
and in silico mass identification of closest homologue from
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Arabidopsis. This approach was verified by creating of
virtual pollen proteome again using soybean data and
comparing it with experimental data set published in
Arabidopsis. Identification and comparison of both
abundant and specific genes from tip growing cells of
Arabidopsis (root hairs and pollen tubes) enabled to
pinpoint potentially interesting genes for future
experimental characterization (Cvrckova et al. 2010).

To investigate a possible role of PA — degrading enzymes in
plant morphogenesis, putative inhibitors of PA degradation
known from mammalian and yeast studies were applied on
pollen tubes. These inhibitors were able to stimulate pollen
tube growth rate (fig. 1), which is in agreement with
previously established role of PA in pollen tube secretory
machinery (Potocky et al. 2003; Pleskot et al. 2012a).

Further work concentrated on family of membrane lipid
phosphate phosphatase (LPP) as potential negative
regulators of PA signaling. LPP4 isoform was selected
based on dendrogram and expression data as candidate for
this negative regulation if pollen wvesicular traffic. All
“eukaryotic” LPPs from tobacco were cloned. In agreement
with data from Arabidopsis, also tobacco LLPP4 is abundant
in pollen and NtLPP4 was therefore suppressed by
antisense oligonucleotides. This treatment again stimulated
pollen tube growth, as did inhibitors (fig. 1). Tagged
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NtLPP4 localizes to structures that resemble secretory
pathway in tobacco pollen tubes. These results suggest that
LPP proteins downregulate PA signaling in secretory
pathway (Pleskot et al. 2012a). Only recently, human LPP3
was found to act in early secretory pathway (Gutiérrez-
Martinez et al. 2013).
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angiosperm LPP phylogeny showed unexpected dynamics
of monocot sequences. Most monocot paralogues are
concentrated into distinct subfamily. Published expression
profiles of rice showed very different expression patterns of
monocot sequences compared to Arabidopsis data. This is a
unique feature of LPPs, as neither DAG kinase, nor PLDs
have such phylogenetic pattern (see (Pleskot et al. 2012a)).
We can just speculate whether it reflects a specific selection
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pressure or random historical change.

We also applied one of the inhibitors, propranolol on
Arabidopsis seedling in sterile culture. After several days of
normal growth, seedlings exhibited sudden change of
primary root growth direction and the primary root ceased
growth (fig. 2). Despite of that, plant were long term viable.
Interestingly, members of PXPH subfamily of PL.LDs have a
role in PIN2 localization and auxin transport (Li and Xue
2007; Mancuso et al. 2007; Taniguchi et al. 2010). Also,
two mutants of exocyst protein complex subunits show
similar root bending and exocyst has a role in auxin
transport as well (Drdova et al. 2013).

PA level is regulated in several situations in plant cells,
including lipid biosynthesis, stress signaling, cell
morphogenesis and also membrane remodeling under
phosphate starvation. The topic for future research is role
and possible crosstalk of members of all PA degrading
protein families. Also, we do not know anything about the
regulation of these proteins.
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Fig. 2 - The effect of propranolol

A Control (DMSO B Propranolol 100 uM
treated plants) treated plants

5.Conclusions
e Several PLD isoforms have distinct roles in tip growth

of pollen tubes and NADPH oxidase is PLD
counterpart in pollen growth

 Bioinformatic approaches are a valuable tool to find
interesting new candidate genes acting in cell
morphogenesis

* Lipid phosphate phosphatases are promising candidates

for negative regulators of PA — mediated signaling in
plants, especially in regulated exocytosis.
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