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SUMMARY

The polarization of exocytosis in yeast and aninmlsssisted by the exocyst — an
octameric vesicle tethering complex and an effeofoRab and Rho GTPases. Recently,
the exocyst was described as a functional compierlved in morphogenesis also in
plants. Hala et al. (2008) described involvemengxaicyst complex in pollen tube growth
and hypocotyls elongation in dark grown seedlirkg=)drych et al. (2010) uncovered key
role of exocyst in cell plate formation, Kulichat (2010) emphasized the participation of
exocyst in seed coat generation andelkova et al. (2011) described the contribution of
exocyst subunits in plant defense towards the gatie All these processes are intimately
linked to polarized secretion. Here we show involeat of exocyst in auxin efflux carriers

PINs recycling.

Using direct auxin transport measurement and GEget proteins, we showed
that the exocyst is involved in recycling and piziation of PIN proteins and polar auxin
transport regulation. Rootward polar auxin transp®rcompromised in loss-of-function
mutants in exocyst subunits EXO70Al. On the ceallldvel we have detected small
portion of PIN2:GFP in the “BFA-like” FM4-64 labell compartments distinct from
VHAal labeled endosoms. Moreover recycling of P PIN2 is retarded in roots of
Arabidopsis loss-of-function mutants in exocyst subunits EX@Y0and SECS8 after
brefeldin A treatment. Even more severe secretefgd is observed after prolonged BFA
treatment. This approach normally provokes tramstgt— i.e. relocalization of PINs from
BFA compartment to the apical PM in the WT platiswever inexo70A1 and sec8-ml
mutants PINs remain internalized in the BFA comparit. We observed that also
recycling of the brassinosteroid receptor BRI1 istutbed in similar manner as PIN
recycling indicating more general PM proteins rdicygrcdefect.

Plasma membrane localization of GFP-tagged EXO7@htl other exocyst
subunits studied (SEC8, SEC10) are resistant tteldre A treatment suggesting that
studied exocyst subunits traffic BFA-insensitivahpeay. On the contrary, localization of
these subunits are sensitive to wortmannin — anbitoin that modifies membrane
phospholipids. These findings indicate that bindafiggtudied exocyst subunits to the PM
might depend on the phospholipide membrane comegoslising co-immunoprecipitation

we revealed that EXO70ALl is present in a complehWCR1 — an adaptor protein



mediating interaction of activated RHO/ROP GTPasgh the SEC3 exocyst subunit
(Lavy et al., 2007). Recently ICR1 was proved tatdbute to the regulation of polar
auxin transport through PIN1 polarization (Hazaklet2010).

Whereas EXO70A1 along with other exocyst suburigpldy uniform distribution
on the PM (Fendrych et al., 2010), EXO70G1 showsclement on the apical and basal
cell sides in the root tip cells. This localizatipattern might point to the role in recycling
of polarly localized protein such as PINs. Sire®70G1 mutant did not show any
discernible phenotype (Synek et al., 2006) we kaNe to prepare double or triple mutant
of exo70G1, exo70G2 andexo70A1l to uncover its function

Our data show that polar auxin flow mediated by Ptbteins in plants relies also
on the proper function of vesicle tethering compercyst. Despite an independent origin
of plant multicellularity, the exocyst conservesliible in cell polarization and significantly

participates in the regulation of polarity and nfagenesis also in plants.

1 INTRODUCTION

The exocyst is an evolutionary conserved octamesitplex, consisting of Sec3,
Secb, Sec6, Sec8, Secl0, Secl5, Exo70 and Exo84isylwhich coordinates tethering
of incoming secretory vesicles to the PM. In Op&tints, exocyst is localized at specific
PM domains, characterized by extensive fusion aft4@olgi derived exocytic vesicles.
Depending on the external and internal cues, exdogslizes also to the TGN and/or
different population of endosomes (Vega and HsQ12Mztan et al., 2007).

According to the “landmark model”, EXO70 and SE@8& as a spatial PM
landmark for the rest of the exocyst subunits (Beydl., 2004; Roumanie et al., 2005).
The polar PM localizalion of EXO70 and SEC3 is dated by Rho GTPases interaction,
independent on actin cytoskeleton. The remainimacgst subunits form subcomplex on
the secretory vesicle and through exocyst subua1% interact with RabGTPase Sec4
(Boyed et al., 2004). Assembling the whole exocgstplex enables tethering of
exocytotic vesicles to the PM prior the SNARE coexpbairing (Brennwald et al., 2005).



Plasma Membrane

(He and Guo 2009)
Figure 1 Yeast model showing the role of exocystmplex in the vesicle tethering

Plant exocyst

Homologues to all eight exocyst subunits were foumglant genomes (Cékova et
al., 2001; Elias et al., 2003). Recently, it wasved that the exocyst subunits function as a
complex in plants and facilitate polarized secretio growing pollen tubes and in
hypocotyl elongation of ethiolated seedlings Arabidopsis (Hala et al., 2008).
Interestingly, plant genome contains a big famifyexo70 genes- e.g. 23 members in
Arabidopsis thaliana, while yeast and animals have a single copy of BX&li&s et al.,
2003).



2 AIMS OF THE THESIS

A To measure and compare radioactively labeled fli##nsport and activity in 1AA
maxima using DR5 reporter between WT a&rol70AL.

B To analyse possible involvement of EXO70A1 alomigh other exocyst subunits in

auxin efflux carriers (PINs) localization and reliyg.

C To analyse specificity of EXO70A1 for PIN recyui

D To address the EXO70A1 and some other exocysinsigblocalization in respect to

membrane lipid composition.

E To study direct or indirect interactions betw&$O70A1 and other proteins using co-

Immunoprecipitation.



4 RESULTS AND DISCUSION

A) Using direct auxin transport measurement we hetv@wvn that rootward polar auxin
transport is compromised to about 40% in loss-offion mutant in exocyst subunits
EXO70AL. Using DR5::GUS reporter line we uncovereduced auxin maxima in the root
tip of exo70A1 mutant plants and moreover we detected canalizatefect after local

application of IAA inexo70AL.

B) On the cellular level we have detected accurmaradf small portion of PIN2:GFP in
the “BFA-like” compartments, that are differentorin early endosomes marked by
VHAal. Moreover recycling of PIN1:GFP and PIN2:GiERetarded in roots axo70Al
andsec8-ml Arabidopsis mutants after brefeldin A treatment. Even moreesesecretory
defect is observed after prolonged BFA treatmertis Tapproach normally provokes
transcytosis — i.e. relocalization of PINs from BEA&mpartment to the apical PM in the
WT plants (Kleine-Vehn et al., 2008). However @o70Al1 and sec8-ml mutants
PIN1:GFP and PIN2:GFP remain internalized in th&BBmpartment.

C) Loss of EXO70A1 function also affected trafficgi of the brassinosteroid receptor
BRI1, a transmembrane protein which constitutivelycles between endomembrane
compartments and the PM through BFA-sensitive pathWGeldner et al., 2007);
recycling of BRI1:GFP back to the PM after remo®&#A was delayed irexo70Al
mutants. Relocalization of BRI1:GFP induced by pngled BFA treatment is block in
exo70AL. This finding indicates more general PM proteing/oling defect.

D) EXO70Al contains a conserved C-terminal sitet tisa responsible for binding

phosphatidylinositol 4,5-bisphosphate in animald geast (He et al., 2007; Zarsky et al.,
2009) suggesting that EXO70AL residence at the Alyhinbe sensitive to wortmannin
treatment. Wortmannin is a fungal metabolite thaterferes with endomembrane
trafficking through inhibition of phosphoinositide3-kinases. With increasing
concentration, wortmannin also inhibits phosphaimtes 4-kinases that produce
phosphatidylinositol 4,5-bisphosphate in the PMdlipilayer (Mueller-Roeber and Pical,
2002). Wortmannin treatment for 90 min at 33 yuM cmniration led to increased
dissociation of GFP:EXO70Al1, GFP:SEC8 and YFP:SE@bm the PM into the
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cytoplasm. Complete release of exocyst subunits fiee PM was achieved by 66 uM

wortmannin treatment for 90 min.

E) Using co-immunoprecipitation we revealed thatdZXAL is present in a complex with
ICR1, indicating that PIN recycling might be regelh by interplay between exocyst,
adaptor protein ICR1 and RHO/ROP GTPases.

CONCLUSION

Here we have shown that exocyst is involved irapalixin transport and in PIN protein
recycling. Recent findings indicate that this @e& might be regulated by cooperation of
exocyst and adaptor protein ICR1. However furthedy will be necessary to uncover the

precise mechanism of exocyst action in PIN poldiona



1 SOUHRN

U kvasinek a ZzivéiSnych bugk se na polarizaci exocytozy vyznatnpodili
exocyst — oktamerni proteinovy komplex, kteryijeen pomoci Rab a Rho GTPaz.
Nedavno byl exocyst popsan také jako femikkomplex podilejici se na morfogenezi
rostlin. Hala et al., (2008) objasnil zapojeni twh&omplexu do procésristu pylove
lacky a elongace hypokotylu etiolovanych semiiia Fendrych et al., (2010) odhalil
klicovou roli exocystu f tvorbé nové bugcné gepazky, Kulich et al., (2010) podtrhl
vyznam exocystu ip tvorbé semennych obala Pé€enkova et al., (2011) popsal&ast
podjednotek exocystu v odp&li rostliny k napadeni patogenem. VSechny tyto @sgc
jsou Uzce spjaty s polarizovanou sekreci. NaSesprkazuje zapojeni exocystu v recyklaci
auxinovych penaséu PIN.

Primym metenim auxinového transportu jsme ukazali, Ze tramspxinu ke Sgice
korene mutant@xo70Al je vyrazré zpomalen. Na buné urovni jsme odhalili akumulaci
malého mnozstvi fuzniho proteinu PIN2:GFP do kormpenti odliSnych od endosoim
nesoucich VHAal. Navic byla v knech mutarit exo70Al a sec8-ml po pisobeni
brefeldinu A vyraza zpomalena recyklace faznich proteiRIN1:GFP a PIN2:GFP. Jést
vyrazrejSi recykl@&ni defekt byl patrny po prodlouZzenénispbeni BFA. Tento ijstup
vyvolava transcytozu — tj. relokalizaci PIN protiein BFA kompartmerit do apikalni PM
v buikach kdene WT. AvSak v fipact mutanti exo70Al a sec8-ml zustavaji fuzni
proteiny PIN1:GFP a PIN2:GFP internalizovany v Bkdmpartmentech. Zjistili jsme, ze
mutantexo70Al vykazuje defekt v recyklaci brasinosteroidovéhmeptoru BRI1, obdobny
jako v gipadt proteimi PIN1 a PIN2, coz poukazuje na obgén defekt i recyklaci
bilkovin plazmatické membrany.

Lokalizace GFP zri@nych podjednotek exocystu EXO70Al1, SEC8 a SEC10 v
plazmatické membr&nje rezistentni k sobeni brefeldinu A, coz indikuje, Ze studované
podjednotky exocystu putuji drahou, ktera nenivéitk BFA. Naopak lokalizacesthto
podjednotek je senzitivni k tpobeni wortmanninu — inhibitoru modifikujiciho
membranové fosfolipidy. Tyto poznatky ukazuji, Zzezlba studovanych podjednotek
exocystu na PM by mohla zaviset na fosfolipidovéodeni membrany.

Pomoci koimunoprecipitace jsme ukéazali, Ze EXO7(ARritomna v komplexu s

ICR1. Tento protein funguje jako adaptor zpfedkovavajici interakci aktivovanych ROP
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GTPaz se SEC3 podjednotkou exocystu (Lavy et 8072 Nedavno byl tento protein
popsan {i regulaci recyklace PIN1 protein(Hazak et al., 2010). To naznge, Zze by
recyklaci PIN proteii mohla bytiizena spolenym pisobenim exocystu, ICR1 a ROP
GTPaz.

Zatimco EXO70Al spola¢ s dalSimi podjednotkami exocystu je rozloZena
nepolarg v plazmatické membré&n(Fendrych et al., 2010), EXO70G1 se lokalizuje
piednostd do apikalni a bazalni plazmatické membrany ékukoiene Arabidopsis.
Vzhledem k asimetrickému rozloZzeni EXO70GIizeme hypotetizovat, Zze by se tato
podjednotka mohla dastnit recyklace podokn distribuovanych protein, jako jsou
nagiklad PIN protein. Jeliko2xo70G1 nevykazuje Zadné odliSnosti ve fenotypu, bude
potreba pipravit dvojitéci trojité mutantyexo70G1, exo70G2 a exo70Al abychom odhalili

funkci tohoto proteinu.

1 UVOD

Exocyst pedstavuje evokné konzervovany proteinovy komplex, sloZzeny z
podjednotek Sec3, Sec5, Sec6, Sec8, Secl0, Sex@3) & Exo84. Tento komplex se
vyznammé podili na poutani sekretorickychék# k plazmatické membr&nV ZivociSnych
a kvasinkovych bikach je exocyst lokalizovan do specifickych domédazmatickeé
membrany, pro které je charakteristickdsta fuze sekretorickych &léi. V zavislosti na
vhitinich a vejSich podminkach se e exocyst v sav¥ch buikach lokalizovat do TGN

anebo do &kolika riznych populaci endozdm

Podle Zzn¢ prijimané hypotézy, se u kvasinek podjednotky EXO7GEBEC3
lokalizuji do plazmatické membrany pomoci interalkc®&hoGTPazami, nezavisle na
aktinovém cytoskeletu. Zbyvajici podjednotky ivo subkomplex fipoutany
k sekretorickému Wwku pomoci interakce mezi podjednotkou exocystu Sedl
RabGTPazou Sec4. Vnitrobiimy transport dchto podjednotek je tedy zavisly na
aktinovém cytoskeletu. Slozeni celéeho komplexu umogFipoutani véku k plazmatické
membrag (Boyed et al., 2004).
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Plasma Membrane

(He a Guo, 2009)

Obrazek 1 Model ukazuijici roli kvasinkového exouaygti poutani sekretorického iéu

k plazmatické membrén
Exocyst v rostlinné buice

Homologni geny pro vSech osm podjednotek komplesacyst bylo nalezeno i v genomu
rostlin (Cvekova et al., 2001, Elias et al., 2003). Ukazalozsetyto podjednotkyysobi
jako komplex a podili se na polarizaci sekrefierfstu pylové léky, béhem dlouzivého
rastu etiolovanych seme&iéi Arabidopsis (Hala et al., 2008). Je zajimavé, Ze rostlinny
genom obsahuje velkou rodinu gelExo70, ¢itajici 23 ¢leni v genomuArabidopsis,

zatimco genom zivichi a kvasinek obsahuje pouze jeden gen (Elias 2G03).

12



2 CILE PRACE

A Zmétit transport radioaktivé znaené IAA a porovnat aktivitu v auxinovém maximu

s vyuzitim DR5 reportéru mezi WTeao70AL.

B Objasnit zapojeni EXO70A1 a dalSich podjednotaicgstu v lokalizaci a recyklaci PIN
proteini-vytokovych genaseén auxinu.

C zjistit funkéni specificitu EXO70AL pro transport a recyklacNRiroteini.

D Urit lokalizaci EXO70A1 a dalSich podjednotek exoayst zavislosti na

fosfolipidovém sloZeni plazmatické membréany.

E Metodou koimunoprecipitace hledat interagujictmery podjednotky EXO70AL.
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4 VYSLEDKY A DISKUSE

A) Piimym mefenim auxinoveého transportu jsme ukazali, Ze je jehosport ke Spce
korene mutantaxo70Al zpomalen o 40%. S vyuZzitim reportérové linie DB&RIS jsme
odhalili zmen3ené auxinové maximum wéomove Sgice mutantaxo70Al a navic lokélni
aplikaci IAA se ndm pod#o odhalit kanalizani defekt v kéeni mutantaxo70AL.

B) Na bur¢né arovni jsme detekovali akumulaci malého mnoZz$iviniho proteinu

PIN2:GFP do kompartmeintodliSnych od endosoim nesoucich VHAal. Navic, po
pusobeni brefeldinu A byla vyragnnaruSena recyklace faznich proteiRIN1:GFP a

PIN2:GFP v k#enech mutaritexo70Al a sec8-ml. Jest vyrazrejSi recykl&ni defekt byl

patrny po prodlouzeném apobeni BFA. Tento fistup vyvolava transcytozu — {j.
relokalizaci PIN proteith z BFA kompartmerit do apikalni PM v bikach kdene WT

(Kleine-Vehn et al., 2008). AvSak wipad® mutanti exo70Al a sec8-ml zastavaji fuzni

proteiny PIN1:GFP a PIN2:GFP internalizovany v Bk#npartmentech.

C) Zablokovani funkce EXO70A1 ovlivni recyklaci bsinosteroidového receptoru BRI,
transmembranového proteinu, ktery putuje BFA semdit drdhu mezi
endomembranovymi kompartmenty a plazmatickou mentdus Recyklace BRI1:GFP
zpet na plazmatickou membranu pdspbeni BFA a jeho odmyti je v mutando70Al
zpomalen. Relokalizace BRI1:GFP vyvolana dlouhyimgbenim BFA je zablokovana v
exo70ALl. Toto zjiSEni poukazuje na obegsi defekt pi recyklaci bilkovin plasmatické

membrany.

D) EXO70Al obsahuje konzervovanou C-koncovou dométera je zodpoxdna za
vazbu fosfatidylinositol 4,5 bisfosfatu u zitiohti a kvasinek (He et al., 2007; Zarsky et
al., 2009). Z toho vyplyva, Ze by tento protein indlyt senzitivni k wortmanninu.
Wotmannin je inhibitor, ktery blokuje PI3K, a takgmbi na endomembranovy transport.
Se vziistajici koncentraci se ztraci specifita inhibitardochazi k inhibici P14K. Pl4K je
enzym produkujici P1(4,59 na plazmatické membr&fMuieller-Roeber and Pical, 2002).
Pasobeni 33uM wortmanninu po dobu 90 min vyvolalo nagéni GFP:EXO70A1,
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GFP:SECS8 a YFP:SEC10 v cytoplazn®i koncentraci 66uM wortmanninu po dobu 90
min bylo dosaZeno UplIné vymizeni podjednotek exiocysnembrany.

E) Pomoci koimunoprecipitace jsme ukazali, Ze EXQI/(Qe pritomna v komplexu s
ICR1, coz naznaije, Ze by recyklaci PIN proteinmohla byt regulovana spdéleym
pusobenim exocystu, adaptorového proteinu ICR1 a BDPaz.

ZAVER

V této praci jsme ukazali, Ze se proteinovy kormrpéxocyst vyznamh podili na
transportu auxinu a na recyklaci transpdrtétN. Dosavadni vysledky naznai, Ze by se
na tomto procesu mohly podilet spgi& exocyst a adaptorovy protein ICR1. AvSak bude
potreba ipravit dalSi experimenty, aby se objasnil mechamig gisobeni exocystu na

polarizaci PIN proteit.
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