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Abstract 
 

The exocyst, an octameric protein complex conserved among all eukaryotes, mediates 

tethering of the vesicle prior to its fusion with the target membrane. Apart from the 

function of exocyst in exocytosis, new studies from both mammalian and plant fields 

report its involvement in the cellular self-eating process called autophagy. In land plants 

the number of paralogs of some exocyst subunits is extraordinarily large. There are 23 

paralogs of Exo70 subunit in Arabidopsis thaliana. It is supposed that these paralogs have 

acquired functional specialization during the evolution – including involvement in 

autophagy. Using yeast two-hybrid assay it is shown here that Exo70B1 and Exo70B2, but 

not other Arabidopsis Exo70 paralogs interact with Atg8, an autophagosomal marker. The 

proximity of these two paralogs and Atg8 in vivo was confirmed by independent Förster 

resonance energy transfer (FRET) method. Interestingly, interaction of Atg8f with 

Exo70B2 paralog appears to be stronger than with Exo70B1. Exo70B1-mRUBY expressed 

under the natural promoter shows punctate membrane structures that are mostly static. 

That changes after the tunicamycin treatment - movement of some of these dots was 

induced.   

Homology modeling of Exo70B1 and Exo70B2 proteins tertiary structure in combination 

with bioinformatic prediction based on results suggests sites of the interaction with Atg8 

and render possible explanation of Exo70B2 being stronger interacting partner.   
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Abstrakt (česky) 
 

Exocyst je komplex složený z osmi podjednotek, který zprostředkovává poutání váčků 

před jejich splynutím s cílovou membránou. V poslední době přibývájí zjištění, že kromě 

této funkce hraje exocyst roli i v buněčném procesu zvaném autofagie. 

U rostlin je počet paralogů některých podjednotek exocystu neobvykle velký. V genomu 

Arabidopsis thaliana je paralogů podjednotky Exo70 až 23. Předpokládá se, že tyto 

paralogy získaly během evoluce nové funkce - včetně účasti v autofagii. Použitím 

dvouhybridního experimentu v kvasince je zde ukázáno, že jedině paralogy Exo70B1 a 

Exo70B2 interagují s autofagosomálním markerem Atg8. Proximita těchto paralogů a Atg8 

in vivo byla potvrzena nezávislou metodou FRET. Je pozoruhodné, že Exo70B2 interaguje s 

Atg8f silněji než Exo70B1. Exprese Exo70B1-mRUBY pod přirozeným promotorem ukazuje 

strukturu  drobných statických teček. Po opůsobení tunicamycinem, který vyvolává 

autofagii, je indukován pohyb těchto struktur.  

Homologní modely terciární struktury paralgů Exo70B1 a Exo70B2 v kombinaci s 

bioinformatickými predikcemi založenými na výsledcích naznačují  místa interakce s Atg8. 

Nabízí také možné vysvětlení paralogu Exo70B2 jako silnějšího interaktora.  

 
Klíčová slova: ATG8, EXO70, autofagie, exocyst, autofagozom, doprava váčků 
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Aims of the thesis 
 

Precisely directed endomembrane trafficking is one of the most important abilities of the 

eucaryotic cells. Polarized exocytosis is essential for plant growth, development and 

sustainable life. The exocyst, an octameric protein complex conserved among all 

eukaryotes, mediates tethering of the vesicles prior to its fusion with target membrane. 

Apart from the function of exocyst in exocytosis, recently emerged hints about its 

involvement in the cellular self-eating process called autophagy. 

As the amount of paralogs of the exocyst subunit Exo70 is extraordinarily high (23 in 

Arabidopsis thaliana) it is likely that they have evolved specific features during the 

evolution. It was already shown that paralogs of Exo70 differ in their tissue specific 

expression and abundance in plant both spatially and temporarily, including various 

paralogs involved also in biotic stress situations like pathogen infection (e.g. upregulation 

of transcription of EXO70B2 and EXO70H1; Pecenkova et al., 2011).  Our hypothesis is that 

Exo70 paralogs differ also in their participation in the autophagy. Involvement of 

AtExo70B1 in autophagy was reported (Kulich et al., 2013) but further insights into this 

field are missing.  

This thesis is dedicated to deeper investigation of Arabidopsis Exo70 paralogs in 

connection with autophagy factor Atg8. To reach this goal several approaches will be 

used. 

Aims of the thesis are: 

 

1. to clone chosen paralogs of EXO70 to yeast expression vectors pGBKT7 and 

pGADT7 and test interactions between these paralogs and autophagosomal 

marker Atg8f in the yeast two hybrid assay. 

2. to express selected paralogs in Nicotiana benthamiana and perform FRET with 

ATG8f. 

3. to clone selected paralogs under the natural promoter with N-terminal tag RFP 

and create stable transformants of Arabidopsis thaliana, to observe and compare 

the localization in control conditions versus conditions with induced autophagy. 

4. to compare bioinformatically predicted sites of interaction with Atg8 in amino acid 

sequence of Exo70 paralogs. 



 

5. to create stable double transformed Arabidopsis thaliana (ATG8f-RFP x Exo70B2-

GFP and ATG8-RFP x Free YFP) 
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1. Literary Introduction 
 

1.1 Exocyst is a tethering komplex 
 

Vesicular trafficking is a very important and dynamic process in the cell and it is present 

across all eukaryotes. It serves as an interface with cell surroundings and between 

endomembrane structures within the cell. 

On the plant level, secretory vesicles play roles in many aspects of the plant life, including 

cytokinesis, cell wall biogenesis, polarized growth and secretion (e.g. pollen tubes, root 

hair) etc. 

The first contact between vesicles and target membrane is provided by special ’tethering’ 

complexes, one of which is the exocyst. Others include TRAPP I, TRAPP II, TRAPP III, COG, 

HOPS, CORVET, Dsl1 and GARP (rev. in Brocker et al., 2010, Brunet and Sacher, 2014). 

Originally, the exocyst was found in yeast Saccharomyces cerevisiae as a multi-subunit 

protein complex required for exocytosis (TerBush et al., 1996). It is known that exocyst 

consists of 8 subunits. Six of these were found as yeast SEC mutants ( Sec3, Sec5, Sec6, 

Sec8, Sec10, Sec15 (Novick et al., 1980; TerBush et al., 1996). The two rest subunits, 

Exo70 (TerBush et al., 1996) and Exo 84 (Guo et al., 1999a), were characterized 

subsequently. 

Exocyst complex is ancient 

The exocyst is a very ancient cellular module as it is present in Opisthokonta, Amoebozoa 

and higher plants and fully or partly also in other taxa (Koumandou et al., 2007). Its origin 

is potentially connected with early eukaryotic life and was present in LECA. However, 

there are also organisms in which no exocyst subunit is present (Apicomplexa) most 

probably due to secondary loss of the complex (Koumandou et al., 2007; Klinger et al., 

2013). 

Exocyst and small GTPases 

The docking and fusion of the vesicle to the target membrane is directed by small 

GTPases. The exocyst complex was shown many times to be a downstream effector of 

various small GTPases in yeast (Guo et al., 1999b, Guo et al., 2001, Adamo et al., 1999). 
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This process was first elucidated during the examination of interaction of the exocyst 

subunit Sec15 with Sec4 protein - a member of the Rab GTPases protein family (Guo et 

al., 1999b, Du et al., 1998) in Saccharomyces cerevisiae. It was discovered that Sec15 

binds to the activated form of Sec4 attached to the vesicle membrane and serves as its 

effector. This binding subsequently results via interactions between other exocyst 

subunits to binding of Sec3 and Exo70 to the target membrane (Guo et al., 1999b; Pleskot 

et al. 2015). 

Sec3 together with Exo70 (He et al., 2007) is able to bind directly to phospholipid 

membrane (via phosphatidylinositol 4,5-bisphosphate), but also to active Rho GTPases 

and therefore determine sites of exocytosis in a cooperative manner (Zhang et al, 2008; 

Pleskot et al. 2015). Sec3 is regulated by Rho1 (Guo et al., 2001). Rho1 and the lipid 

membrane interact together and likely determine the localization of Sec3 (Yamashita et 

al., 2010, Pleskot et al., 2015). 

GTPase Rho3 known as a control of actin cytoskeleton localization plays an essential role 

in exocytic targeting of membrane vesicles and therefore acts as a key regulator of cell 

polarity (Adamo et al., 1999). It was shown that the subunit of exocyst Exo70, serves as an 

effector of Rho3 GTPase. It is believed, that it maintains the docking of the vesicles 

(Adamo et al., 1999, Robinson et al., 1999). 

 

1.2 Unconventional role of Exocyst komplex 
 

Apart from established understanding of the exocyst function in vesicle tethering, hints 

recently emerged about its involvement in autophagic context (Bodemann 2011, Kulich et 

al., 2013, Tan et al., 2015). Following chapters are aiming to cover the involvement of 

exocyst in autophagy in Arabidopsis thaliana. 

 

Brief introduction into the autophagy 

Autophagy is the process of selection and degradation of the damaged or unnecessary 

cellular structures. This mechanism, conserved among eukaryotes, increases as a 

response to various types of stress (starvation, pathogens, etc.). Autophagy can be also 
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artificially induced by treatment with dithiothreitol (reduction agent) or tunicamycin 

(inhibition of N-glycosylation, TM, Liu et al., 2012).   

In general, microautophagy and macroautophagy are two commonly distinguished forms 

of autophagy. Both of these forms of autophagy have been observed in the plant cells, 

however microautophagy is poorly documented and understood. All evidence on the 

plants microautophagy is solely based on the TEM microscopy and is not very 

comprehensive (rev. in Doorn et al., 2013) 

Because the macroautophagy is the mainstream of the current research, it is commonly 

referred to as autophagy. Here, double membrane vesicle (autophagosome) is formed. It 

encloses part of the cytoplasm and subsequently fuses with lytic compartment of the cell 

(rev. in Liu and Bassham, 2012). 

First, nomenclature of the proteins of the autophagic machinery should be clarified. 

There are many names for Atg proteins described in the budding yeast. For instance 

current Atg8 was also called Aut7/ Apg8/Cvt5 (Ohsumi, 2001). Fortunately, today it is well 

established to term autophagic proteins Atg+number, which is also the terminology used 

in this 

thesis.  

 

Figure 1.: Process of autophagic degradation (Liu and Bassham, 2012). 

 

Autophagy was intensively studied in yeast and most of autophagy-related genes were 

found by investigation of atg (in that time still called apg) mutants with disturbed 

autophagic pathway (Tsukada and Ohsumi, 1993). They can be divided according to their 

function to: Atg1-Atg13 kinase complex, Atg9 and associated proteins, a 

phosphatidylinositol 3-kinase (PtdIns3K) complex, and two ubiquitin-like conjugation 
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systems Ag8, Atg12 (Liu and Bassham, 2012). Plant counterparts were subsequently 

identified in Arabidopsis thaliana (Doelling et al., 2002, Hanaoka et al., 2002) or rice (Xia 

et al., 2011). Principle of the plant macroautophagy is similar to other species. Small 

single membrane body - phagophore, is decorated by ATG8 proteins, covalently bound to 

the phospholipids (Kirisako et al., 1999, Ichimura et al., 2000). Phagophore then grows 

and engulfs the cargo, resulting in the double membrane structure - autophagosome. 

Source of the membrane material for autophagosomes is a subject of debates. Some 

studies claim, that the source of lipids is ER (Hayashi-Nishino et al., 2009; 2010), while 

other studies consider as a source also organelles, e.g. Golgi apparatus (Geng and 

Klionsky, 2010). After the autophagosome is an enclosed double membrane structure, its 

outer membrane fuses with the lytic vacuole, releasing single membrane structure - 

autophagic body into the lumen (Fig.1). Orthologs of yeast Atg genes in Arabidopsis are 

mostly encoded by more than one gene. Mutants in single copy orthologs display 

phenotypic deviations, which are consistent with the previous knowledge from the yeast 

and mammalian models. Plants with disturbed autophagic pathway display quite normal 

early development. However autophagic mutants subjected to the starvation or other 

stresses display loss of ability to recover from these stresses. For example wild type plants 

will recover from 6 days of the carbon starvation (darkness) in contrast to autophagic 

mutant atg5. Similar results are achieved using nitrogen starvation (Thompson et al., 

2005). Autophagic mutants also display reduced anthocyanin accumulation, with reduced 

number of the anthocyanin vesicular inclusions (AVIs) and early senescence accompanied 

by accumulation of the salicylic acid (Yoshimoto et al., 2009, Pourcel et al., 2010). This is 

likely caused by inability to degrade damaged plastids. Hence, plant autophagy is not 

solely a stress response, but is required also in the daily life of the plant in non-stressing 

conditions.  

 

Exocyst involvement in autophagy-like transport of anthocyanins 

It is supposed, that transport of several secondary metabolites (e.g. anthocyanins) into 

the vacuole is connected with autophagy. Anthocyanins can be either equally distributed 

in the vacuole, or accumulated in the subvacuolar structures. These structures were 

described as anthocyanic vacuolar inclusions (AVIs, Markham et al., 2000). Upon 
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induction of high accumulation of anthocyanins in Arabidopsis thaliana seedlings, AVI-like 

structures were observed. Anthocyanins were firstly filled into the NRSB (neutral red 

stained bodies) that subsequently resulted in AVIs (Pourcel et al., 2010). Possible 

connection between formation of NSBRs, AVIs and autophagy was postulated. 

To investigate this issue several autophagy mutants were examined. It was observed that 

atg5 and atg10 shows significant decrease of anthocyanins level 5 days after germination 

(DAG, Pourcel et al., 2010). Moreover, decreasing amount of AVIs and NRSB compared to 

the wild-type was observed. 

Lately, involvement of the exocyst complex in the transport of anthocyanins was 

reported. Plants with mutated Exo70B1 showed almost no NRSB or AVIs in the central 

vacuole (Kulich and Žárský, 2014). 

This autophagy-like (or autophagy - related) pathway is discussed (Kulich and Žárský, 

2014) as another type of autophagic transfer which has housekeeping function unlike 

other described (Liu and Bassham, 2012) autophagic trafficking pathways. 

 

Exo70 binds to the membrane and promotes membrane curvature 

Exo70 together with Sec3 play crucial role in the targeting of the exocyst complex. Yeast 

and mammalian Exo70 possesses positively charged C-terminal domain that is able to 

bind phosphatidylinositol (4,5)-bisphosphate (PI(4,5)P2) on the cytosolic site of plasmatic 

membrane (Liu et al., 2007). Yeast Exo70 was very recently shown by computer modeling 

to cause clustering of PI(4,5)P2  (Pleskot et al., 2015). Association of the Exo70 with the 

membrane subsequently leads to the targeting of whole exocyst complex (He et al., 2007, 

Liu et al., 2007). Sec3 and Exo70 proteins expressed on the mitochondrial surface in yeast 

(fused to the mitochondrial outer membrane targeting sequence of the TOM20 protein) 

show ability to recruit remaining exocyst subunits and in the case of SEC3, also to re-route 

the secretory vesicles to fuse here, in contrast to EXO70. This difference is likely caused 

by requirement of an unknown regulatory step (Luo et al. 2014). 

Although the membrane interacting amino acids of the EXO70s are conserved among 

eukaryotes (Pleskot et al., 2015), not all of the Exo70 paralogs in Arabidopsis thaliana 

possess the lipid binding domain required to bind lipids (Žárský et al., 2009). The variation 
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of amino acids in C-terminal region of AtExo70 offers many possibilities for the interaction 

with other proteins or lipids. 

Remarkable connection of Exo70 proteins and membrane processes were found recently 

in mammalian cells (Zhao et al., 2013). Exo70-GFP promoted formation of membrane 

invaginations in synthetic large unilamellar vesicles (LUVs) with 30% of PI(4,5)P2. Gel-

filtration chromatography and computer modelling suggest that for creating of the 

membrane curvature, oligomerization of Exo70 is needed. In live system such as 

mammalian cells, similar phenomenon was observed. Overexpression of the Exo70-GFP 

produces protrusions and in endeffect promotes directional cell migration (Zuo et al., 

2006). Exo70 protein has to be able to oligomerize, associate with membrane and also 

bind Arp2/3 complex as mutation in this abilities causes disruption of protrusion 

formation. This function of Exo70 is independent of other exocyst subunits and proposes 

idea of pool of Exo70 within and without the exocyst complex (Zhao et al., 2013). 

 

Exocyst subunit Exo70 has many paralogs in plants - acquired functional diversification? 

One of the most interesting features of the plant exocyst complex is the expansion of 

Exo70 subunit gene family. Arabidopsis thaliana possesses 23 paralogs of the EXO70 gene 

(Eliáš et al. 2003, Synek et al., 2006). This amount of paralogs is rather extraordinary and 

implies different function of genes within this family. GUS staining revealed different 

expression patterns of Exo70 paralogs in various tissues (Li et al., 2010) which suggests 

accurate regulation of the Exo70 expression. As the Exo70 subunit directs targeting of the 

whole exocyst complex (He et al.,2007), high number of paralogs could suggest fine 

spatial regulation of exocytosis sites. The difference in function between various Exo70, 

namely Exo70B1 and Exo70A1 was tested by Kulich et al. (2013). In the double mutant 

exo70B1-2/exo70A1-2 both mutations showed its own phenotype and no synergism 

between these two mutations was observed. That suggests that Exo70A1 and Exo70B1 

are involved in different pathways. Whereas Exo70A1 facilitates the transport to the 

plasma membrane (for example during the cell plate formation, Fendrych et. al, 2010), 

Exo70B1 likely participates in autophagy (Kulich et al. 2013). However, the final proof of 

involvement of the Exo70A1 and Exo70B1 in different cell processes would bring non 
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successful complementation of the exo70A1 mutant with the EXO70A1::EXO70B1 and 

vice versa. 

 

Exo70B1 as a possible player in autophagic pathway 

Recently was reported involvement of Exo70B1 in autophagy in Arabidopsis thaliana 

(Kulich et al., 2013). Under nitrogen starvation conditions, the exo70B1 mutant 

phenotype resembled phenotype of plants with mutation in autophagic protein Atg5. 

Upon autophagy induction by ER-stress  exo70B1 mutant showed significantly decreased 

amount of autophagic bodies in the vacuoles of etiolated hypocotyls and roots compared 

to WT. Instead of that there were many exosomes and MVB observed to be mistargeted 

to the apoplast. Therefore the autophagosome targeting was considered as the most 

sensitive spot distracted by this mutation. Moreover, the results also suggest disruption 

of the autophagosome formation. Upon initiation of autophagy by TM treatment (Liu et 

al., 2012), Exo70B1-YFP and autophagosomal marker ATG8f-RFP colocalized in vacuoles of 

epidermal cells. Yeast two hybrid experiment revealed that Exo70B1 interacts with Sec5 

and Exo84. This is very interesting as these two exocyst subunits were shown as 

important players in autophagosome initiation in mammalian cells (see further, 

Bodemann et al., 2011). The results strongly suggest involvement of Exo70 and also other 

subunits of the exocyst complex in autophagy. However, the precise function exocyst in 

autophagy remain to be elucidated. 

 

Exo70E2 labels double membrane vesicles 

According to the Wang et al. (2010), Exo70E2 forms a punctate structure that does not 

colocalize with standard endomembrane markers when overexpressed in protoplasts of 

Arabidopsis thaliana. These objects were named EXPOs (Exocyst-positive organelles). 

Immunolabeling showed structure of EXPOs as a double membrane vesicle decorated on 

both sides of the membrane with Exo70E2 dots. EXPOs subsequently fuse with plasma 

membrane and inner vesicle is released to the extracellular space. Despite the similarity 

of EXPOs with autophagosomes, EXPOs neither colocalize with autophagosomal marker 

Atg8e nor multiply under starvation conditions. It is also claimed that EXPOs are not 
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affected by established disruptors of endomembrane pathways. It was reported that 

EXPOs appear also by overexpression of Exo70A1 and Exo70B1 (Wang et al., 2010). 

However, this was not observed by Kulich et al. (2013). Moreover, it was showed that 

overexpression of some exocyst subunits can cause accumulation of the exocyst positive 

objects, which are by expression under natural promoter missing (Kulich et al., 2013; 

supplemental information). These findings suggest that EXPOs could be artificial result of 

the overexpression. This is largely supported also by observation, that overexpression of 

EXO70E2 in the mammalian cells is sufficient to induce appearance of EXPOs (Ding et al., 

2014). Despite being largely artificial, these observations are providing a clue on the role 

of EXO70s in the biogenesis of the double membrane bodies. This may be related to the 

ability of EXO70s to induce membrane curvature (see chapter 2.3.). 

 

Exocyst role in autophagosome assembly machinery in mammalian cells 

Connection between exocyst and autophagy has been lately investigated in mammalian 

cells. Bodemann et al. (2011) showed that RalB GTPases and their direct effectors, Exo84 

and Sec5 are crucial for autophagy initiation. Under the lack of nutritions, native RalB was 

found to be localized on the sites of the autophagosome formation. Interestingly, ectopic 

expression of RalB led to the accumulation of LC3 (mammalian homolog of Atg8), even in 

the nutrient rich conditions. On the other hand, depletion of the RalB by siRNA disturbed 

LC3 accumulation, which is usually induced by starvation. Equivalent effect had depletion 

of exocyst subunits, Sec3, Sec8, Exo84 and also Exo70. 

 It was proposed, that in nutrient rich conditions, the autophagosome biogenesis 

machinery (e.g. Beclin1 complex) assembles on Sec5. Under the lack of nutrition the 

machinery disassembles and re-builds on Exo84. This process is directed by RalB GTPase 

and leads to the autophagy activation and vesicle induction. Interestingly, direct protein-

protein interaction of AtExo70B1 with both, AtExo84 and AtSec5 occurs in the Arabidopsis 

(Kulich et al, 2013). 
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1.3 Atg8, the essential protein for autophagosome formation 
 

Atg8 family is ubiquitin-like protein family related to autophagy   

Autophagy is provided by group of autophagy-related (Atg) proteins. One of them is Atg8, 

protein essential for autophagosome formation (Kirisako et al., 1999). Whereas yeast has 

only one gene for Atg8, in other eukaryotic organisms more paralogs have been found. 

Arabidopsis thaliana has nine Atg8s (AtAtg8 a, b….. i) that are homologous to yeast Atg8 

(Doelling et al., 2002). Animal proteins from Atg8 family can be classified to three groups: 

microtubule-associated protein 1 light chain 3 (MAP1LC3, hereafter referred to as LC3), γ-

aminobutyric acid receptor-associated protein (GABARAP) and Golgi-associated ATPase 

enhancer of 16 kDa (GATE-16, Shpilka et al., 2011). First mentioned, LC3 is a mammalian 

homolog of yeast and plant Atg8 (Kabeya et al., 2000). 

 
Ubiquitin-like conjugation process 

Crucial event in autophagosome formation is conjugation of the C-terminal glycine of 

Atg8 via amino group with phosphatidylethanolamine in autophagosomal membrane. The 

binding to the membrane resembles ubiquitination (Ichimura et al., 2000). 

All components of yeast Atg8 conjugation pathway were discovered also in Arabidopsis 

thaliana (Doelling et al., 2002). In Arabidopsis Atg8 is processed after synthesis at C-

terminus by Atg4 protease which leads to exposure of C-terminal glycine (Ohsumi et al., 

2001) and subsequently conjugation occurs. 

Apart from Atg8 there is also Atg12 conjugation pathway. Both of these pathways are 

evolutionarily conserved and homologous in function to mammals and yeast. 

Reconstitution of the Atg8 and Atg12 conjugation systems of Arabidopsis thaliana in vitro 

showed that for the conjugation to PE is needed participation of Atg7 and Atg3. This 

experimental approach also revealed that Atg12-Atg5 complex accelerates formation of 

Atg8-PE (Fig.2). All nine AtAtg8 homologs bind to PE but they vary efficiency of 

conjugation. Deconjugation is served by Atg4a and -b. Various Atg8 paralogs differ also in 

efficiency of deconjugation (Fujioka et al., 2008). 
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Figure 2: Yeast Apg12 and Apg conjugation systems and their similarity to ubiquitination (Ohsumi et al., 
2001). 
 

Few years later after describing Atg8 conjugation pathway by Doelling et al. (2002), 

another group came with expression levels of AtAtg genes in various conditions. Plant 

orthologs of previously discovered yeast and mammalian Atg genes (AtATG3, AtATG4a, 

AtATG4b, AtATG7 and AtATG8a-i) were shown to be expressed at basal level in 

Arabidopsis thaliana. These results suggest function of Atg proteins in maintaining of 

basal cellular structure turn-over that is conserved among eukaryotes. In carbon 

starvation conditions, Arabidopsis cultured cells were observed to strongly upregulate 

genes for Atg8 conjugation pathway (Rose et al., 2006). It points out importance of Atg 

genes in coping with nutrition stress. 

More elaborated study on AtAtg8 paralogs was made by tracing their natural expression. 

GUS staining revealed different spatial and temporal expression pattern of Atg8 paralogs 

within the Arabidopsis plant, which suggests their functional specialization. AtAtg8s are in 

favourable conditions generally more expressed in the roots. Upon carbon starvation, 

expression of Atg genes appeared also in the leaves (Sláviková et al., 2005). 

 

Atg8 function in selective autophagy 

Macroautophagy was commonly understood as a non-selective process. Newly emerging 

results indicate crucial role of the cargo-selective autophagy. As mention above, it has 
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been shown that autophagy occurs in non stressing conditions as well and therefore it 

likely has also general, maintaining function. More types of the selective autophagy have 

been reported (Noda et al., 2010; Michaeli et al., 2014). It is supposed that autophagic 

protein Atg8 is the ‘adaptor’ between autophagosome and various receptors that mark 

cargo which should undergo degradation. 

1.4 Bioinformatic prediction of motifs that interact with Atg8 family 

proteins 
 

It is believed that aforementioned selective autophagy occurs through conserved amino 

acid motif. Studies on autophagy in mammalian cells revealed special sequence of amino 

acids, so called LC3 interacting region (LIR). This region is responsible for binding with LC3 

(Atg8 in yeast and plants) which subsequently leads to autophagic degradation (Pankiv et 

al., 2007). At that time, some abundance among amino acids was noticed but no clear 

pattern/motif appeared. Later was this binding sequence further studied, characterized 

and renamed as ATG8 interacting motif (AIM, Noda et al., 2010). Despite the AIM and the 

LIR refer to the same amino acid patterns, both terms are still used. AIM is used in the 

plant and yeast context and LIR regarding animals. Binding sites of the Atg8 family 

proteins are evolutionarily conserved (Fig.3). The bioinformatic studies of AIMs/LIRs 

revealed some important features of involvement of the exocyst complex in autophagy. 

 

 
Figure 3: Structure model of Atg8 family proteins with conserved hydrophobic pockets (W- and L-). Here 
occurs binding with Trp and Leu in AIM/LIR motif of the interactor. Atg8(Saccharomyces cerevisiae, LC3 
(Rattusnorvegicus), Atg8b (Trypanosoma brucei) (Noda et al., 2010, modified). 
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AIMs (Atg8 interacting motif) 

The AIMs in the amino acid sequence of proteins serve as the binding site for Atg8 (Noda 

et al., 2010). The consensus AIM sequence possesses the core of four amino acids. First 

and fourth have hydrophobic side chains. In between are two preferentially acidic amino 

acids. First amino acid in the core is F, W or Y and last is L, I or V (Fig.4). The position of 

acidic amino acids upstream, in between and downstream of F/W/Y and L/I/V motif can 

influence the binding potential of Atg8 to the AIM. The fidelity of bound between AIM 

and Atg8 increases with closer position of acidic amino acid either upstream or 

downstream from F/W/Y and L/I/V. In addition, Serine (S) and Threonine (T) in the 

surroundings or inside of the AIM can substitute acidic amino acids, because of their 

negative charge. Based on Kulich et al. (2013) results about colocalization of exocyst 

subunit Exo70B1 and autophagosomal marker ATG8f, Tzfadia and Galili performed a 

bioinformatic screen. They supposed that AIMs are present in the amino acid sequence of 

Exo70 paralogs. 

The proposed  motif  X-3 X -2 X-1[WYF]X+1X+2[VIL]X+3X+4X+5  (X= acidic amino acid) was 

tested with PatMatch software, web-based pattern-matching program which searches for 

protein or nucleotide sequences and therefore allows identifying motifs like AIMs. The 

first screen was performed without considering the involvement of S or T as the influence 

is dependent on number and localization of this amino acids. This was then additionally 

tested with already found AIMs (Tzfadia and Galili, 2013). 

 

 
Figure 4: AIM sequence with conserved W and L sites.  Other (acidic) amino acids (X), can also contribute to 
the interaction by ionic bond with Atg8-family protein residues (Noda et al., 2010, modified). 
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Bioinformatic screen of exocyst subunits revealed numerous AIMs within them. Especially 

Exo70B1 has in its amino acid sequence 5 AIMs (Fig.5). Another study was performed by 

testing frequency of AIMs in more broad protein context (Cvrčková and Žárský, 2013). 

Within exocyst subunits far more AIMs was present, compared to randomly selected 

protein sequences from Arabidopsis (see discussion). 

Figure 5: Amino acid sequence of Exo70B1 from PUBMED database with highlighted AIMs (Tzfadia and 
Galili, 2013).  

 

LIRs (LC3 interacting region) 

Recently, new tool to predict the LC3 interacting motifs has been developed by Kalvari 

and Tsompanis et al, 2014 (iLIR ; http://repeat.biol.ucy.ac.cy/iLIR/). This program predicts 

xLIR motifs from FASTA sequence of amino acids. xLIR stands for “extended LIR” . The 

sequence is based on already characterized LIRs enriched with data from experimentally 

proved LIR-motif containing proteins (LIRCPs).  Even though this tool is adjusted much 

more to data from mammals, it is interesting to look for similarities with AIMs described 

in Arabidopsis thaliana. 

 
 

            

 
 

http://repeat.biol.ucy.ac.cy/iLIR/
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2. Material and methods 
 

2.1. Agarose gel electrophoresis  

Agarose (1% w/v, Invitrogen) was boiled in 1x TBE buffer (10 mM Tris, 20 mM boric acid, 1 

mM EDTA, pH 8,0) for 1-2 min in microwave until agarose was completely melted. 

Then,GelRed Nucleic Acid Gel Stain (10,000X in ddH2O, Biotium)  was added (0,001% v/v) 

to visualize DNA. DNA samples were loaded on the gel using 6x Loading Dye (Thermo 

Scientific) and 3 μl of GeneRuler Ladder Mix (Thermo Scientific) as a reference marker. 

Gel was run in 1x TBE buffer at 90V until the loading dye has reached cca. ¾ of the gel 

length. If the electrophoresis  was used to separate DNA fragments for further processing, 

desired bands were cut out with blade and isolated by PCR Product Purification Kit 

(Roche). Electrophoresis was also used to identify approximate quality and quantity of 

DNA, verify result of cloning or visualize PCR products. 

2.2. Polymerase chain reaction (PCR) 

Polymerase chain reaction was used for: 

 

1. amplification of the DNA fragment for cloning 

2. verification of presence of DNA in transgenic plant (see genotyping) or in 

transformed bacterial colony (see colony PCR) 

Ad1) 

Part of the DNA was amplified in PCR reaction using primers listed in Tab1. For this 

amplification, Phusion High Fidelity DNA polymerase (New England Biolabs) was used. For 

50 μl reaction, following mixture was prepared: 0,5 μl Phusion polymerase; 1,2 μl dNTP 

(2,5 mM each); 0,5 μl of each primer (100 μM) , 2,5 μl template, 10μl of the Phusion 

polymerase buffer; 

Desired band was cut out from agarose gel and  isolated by PCR product purification Kit. 

Used primers are listed in table 1.  

Ad 2) 

Both in genotyping and colony PCR was used DreamTaq polymerase (Fermentases) For 

20μl reaction: 0,04 μl DreamTaq polymerase; 0,25 μl dNTP (2,5 mM each); 0,2 μl of each 

primer; 1 μl genomic DNA ; 2 μl DreamTaq buffer; 16,3 μl dH2O. PCR results were 

observed on the agarose gel.  
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Genotyping was used to detect presence of chosen part of DNA (usually inserted gene of 

our interest or gene of our interest disrupted with T-DNA insertion) in the genome of the 

modified plant. Crude plant DNA extract was prepared according to (Kim et al., 1997) with 

minor modifications (see below) and was used as a template. exo70B2-3 plants were 

subjected to the genotyping. Used primes are listed in table 2.  

Colony PCR was used to test presence of right plasmid construct in colonies that grow 

after electroporation. In colony PCR, small samples of bacterial colonies served as the 

template. 

 
List of primers: 
 

Primer Name Primer sequence 5’ → 3’ 

Exo70F1_for GGACTCGAGCACACTCGTAGCTGCACTTGG 

Exo70F1_rev AAGGAATTCCACTTTTCCTTCTCGGGTG 

Exo70D1_for TTACTCGAGCACACATCATTAGCGATTTG 

Exo70D1_rev TCTCTGCAGCTCGGATCGTCTTCTC 

Atg8f_for AAAGGATCCAAATGGCAAAAAGCTCGTTCAAG 

Atg8f_rev AAACTCGAGTTATGGAGATCCAAATCCAAATGT 

Table 1.: Primers used for cloning 

 

Primer Name Primer sequence 5’ → 3’ 

Gabi LB 08409 ATATTGACCATCATACTCATTGC 

exo70B2-3 gabi RP TGCATCGCTTCGTATAAATCC 

exo70B2-3 gabi LP CCCCGAACATTATTAATTCCC 

Table 2.: Primers used for genotyping of exo702-3 mutant. 

 

Primer Name Primer sequence 5’ → 3’ 

F1_600 ACTGATTGTAATGGTAGCAC 

F1_1200 GTTTGGTAACACTAACCTTTTT 

F1_1800 AAAACATTTAGGTCAACGAA 

F1_2400 GAAGCTACCGAGTTTCTTTC 

F1_3000 TTGGTGAGAAAAAAGATATGTG 



26 
 

D1_600 GCAATAAATAAAATTTCGTGA 

D1_1200 CTTAATGCATGGGAAATC 

D1_1800 CGTTAATATCAAAATGTTCG 

D1_2400 AGTAGTAATAATTGGTAACGAA 

D1_3000 ATTGAGCTTTTGCCTGATA 

Table3: Sequencing primers for EXO70D1 and Exo70F1. Atg8f was sequenced using cloning primers. 

 

2.3. DNA handling  

Plasmid DNA isolation 

Plasmids were isolated from the 2 ml of overnight bacterial culture of E. coli strains (DH5ɑ 

and DB 3.1) using High Pure Plasmid Isolation Kit (Roche). Concentration of isolated DNA 

was measured on NanoDrop (Thermo Scientific).  

 

Plant genomic DNA isolation 

To extract genomic DNA from Arabidopsis thaliana plants, small part (0,5 cm2) of the 

leave was cut and crushed with homogenizing pistil in 1,5 ml tube. 400 μl of extraction 

buffer (200mM Tris HCl pH 7,5; 250mM NaCl; 25mM EDTA; 0,5%SDS ) and 300 μl of 

chloroform was added. The suspension was vortexed for five minutes and then 

centrifuged for three minutes at max. speed. 300 μl of upper phase was transferred into 

the fresh 1,5 ml tube and 300 μl of isopropanol was added. The tube was mixed and 

incubated on ice for 10 min and then centrifuged for 5 min at max. speed. Supernatant 

was decanted and the pellet was dried for 10 min at room temperature. Pellet was then 

resolved in 100 μl of 2 mM Tris ( pH = 8.5) by gently shaking the tube.  

Isolated genomic DNA was used in PCR to obtain amplified DNA of gene of our interest, to 

test mutated alleles (T-DNA insertions) or to confirm presence of the transgene in stably 

transformed Arabidopsis lines. 

 

DNA digestion 

DNA was digested by commercially used restrictases (Thermo Scientific). For analytic 

restriction 2 µl of DNA; 0,3 µl of restrictase; 2 µl appropriate buffer (Thermo Scientific) ; 

15,7µl dH2O was incubated in 37°C for 1 hour. For digestion of DNA for further use, was 

http://cs.wikipedia.org/wiki/%CE%9C
http://cs.wikipedia.org/wiki/%CE%9C
http://cs.wikipedia.org/wiki/%CE%9C
http://cs.wikipedia.org/wiki/%CE%9C
http://cs.wikipedia.org/wiki/%CE%9C


27 
 

used 100 µl reaction: 5-50 µl DNA; 0,5 µl restrictase (corresponding to 5 units); 10µl 

appropriate buffer, up to 100 µl dH2O. Mixture was incubated at 37°C for at least 3 hours.  

DNA ligation 

T4 DNA ligase (New England Biolabs) was used to ligate digested PCR product (insert) into 

vectors was used Ligase. 15µl reaction consisted of 0,3 µl of ligase; 1,5 µl of ligation buffer 

and 4 µl of vector. Remaining volume was filled up by the purified insert DNA. Volume of 

used constructs could differ according to concentration of vectors. Ligation mix was 

incubated overnight in 16°C. Ligase was then inactivated by temperature 65°C and 1,5 µl 

electroporated into E.Coli DH5ɑ competent cells. 

 

Gateway LR reaction 

For cloning into binary pBGW vector Gateway LR reaction was used. For 5µl reaction 3,5 

µl of destination vector, 0,5 µl of donor vector and 1 µl of LR Clonase (Invitrogen) was 

used. Volume of used constructs differed according to their concentration. Mixture was 

incubated overnight at room temperature. 0,5 µl of Proteinase K (Invitrogen) was added 

and incubated in 37°C for 10 minutes to stop the reaction. 1,5 µl of the mixture was 

electroporated into E.coli DH5ɑ competent cells (see Electroporation). 

 

2.4. Bacteria handling (Escherichia coli, Agrobacterium tumefaciens)  

In order to amplify the DNA, competent bacterial strains were used: E.Coli: Top10, DH5α 

for amplification of plasmid with insert; DB3.1 for amplification of empty plasmid; A. 

tumefaciens: GV3101. 

Cultivation of bacteria 

To acquire high concentrated bacterial culture (E.coli, A. tumefaciens), bacterial colony 

was inoculated into 2 or 20 ml of MPB with appropriate antibiotics in laboratory flask and 

incubated overnight at 37°C (E.coli), resp.1-2 days in 28°C (A. tumefaciens). The 

E.coli  culture was further used for plasmid isolation. The 2 ml A. tumefaciens culture was 

used for transformation of Nicotiana benthamiana. The 20 ml A. tumefaciens culture was 

used for stable transformation of Arabidopsis thaliana (see below).  
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Electroporation 

1,5 µl of the ligase reaction mix (or 1,5 of diluted plasmid in case of its amplification) was 

added to the 50 µl of competent E.coli /A. tumefaciens cells. This underwent 

electroporation at 2500V (E.coli) and 2000 (A. tumefaciens). 500 µl of MPB was added, 

incubated in 37°C/28°C for 1 hour and plated on plate with appropriate antibiotics. Plate 

was incubated upside-down in 37°C/28°C overnight/ for 2 days and subsequently tested 

by the colony PCR. 

Design of the cloning strategy 

Geneious 7.1.7 program was used for the design of digestion and cloning of  constructs, 

as well as for evaluation of the sequencing data (Kearse et al., 2012). Annealing 

temperature of the primer binding sites has been determined using New England Biolabs 

TM calculator (http://tmcalculator.neb.com/#!/).  

2.5. Cloning 

Cloning of Exo70 paralogs 

EXO70D1 under the natural promoter was cloned into Evrogene TagRFP AS-N vector using 

restrictases XhoI/PstI; EXO7F1 under the natural promoter was cloned into TagRFP AS-N 

vector using restrictases XhoI/EcoRI. With TagRFP tag EXO70F1 and EXO70D1 were 

subsequently cloned into binary vector pBGW and by Agrobacterium tumefaciens 

transformed into Arabidopsis thaliana. 

EXO70B1 was cut out from pGBKT7 using EcoRI/SalI and ligated into pGADT7 digested 

with EcoRI/XhoI.  

Cloning of ATG8f  

ATG8f CDS was amplified, introducing the restriction sites, then digested with BamHI and 

XhoI and cloned into pGADT7 (BamHI/XhoI) and pGBKT7 (BamHI/SalI).  

ATG8F was digested and cloned using same restrictases into pENTER1A (BamHI/XhoI). 

From pENTER1A was Atg8f cloned into pUBN-GFP by Gateway LR recombination. 

 

2.6. Plant handling 

Plant material and cultivation 

Arabidopsis thaliana ecotype Col-8 was used to create stable transformed plants and and 

for isolation of DNA which was used as the template for PCR reactions.  

http://tmcalculator.neb.com/#!/
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Arabidopsis thaliana were stratified in 4°C for 2-3 days, cultivated in soil, peat pellet or on 

plant agar plate (½ MS) under long day conditions(16:8).   

For transient transformation, I used Nicotiana benthamiana plants that were cultivated 

under long day (16:8) conditions in peat pellets. 

For analysis  and crossing of T-DNA insertion mutants were used:  

 exo70B2-3 (GK-726G07 from NASC) 

 exo70B1-2 (GK_114C03 from NASC) 

 

Plant crossing 

From 3-5 weeks old Arabidopsis thaliana plant that is stable transformed with desired 

construct, siliques, opened flowers and immature buds were removed. From the mature 

buds sepals, petals and stamens were removed. The stigma of this plant was pollinated by 

another plant. Pollinated carpel was covered with transparent foil to keep humidity and 

cultivated for 1-2 weeks till the new silique matured. 

2.7. Transformation of plants 

Transient transformation of Nicotiana Benthamiana  

2ml of Agrobacterium tumefaciens overnight culture was transported from the 

bacteriological test tubes into the microcentrifuge tube and centrifuged at 2200g for 5 

minutes. To remove antibiotics, pellet was resuspended in 1 ml of infiltration buffer 

(50mM MES pH 5,6; 2mM Na3PO4; 0,5 % glucose), again centrifuged and resuspended in 

0,5 ml of infiltration buffer. OD of the suspension was measured on spectrophotometer 

and diluted to reach OD600= 0,05. For higher efficiency of transformation with Exo70 

paralogs suspensions up to OD600= 0,5 were used. To gain efficiency Agrobacterium 

harbouring RNA silencing inhibitor P19 was added, also in final concentration of OD600= 

0,05. 100mM acetosyringone was also added to the suspension prior to the infiltration 

(final concentration of 100µM).  Suspension was then infiltrated to the abaxial epidermis 

of the leave of 3-4 weeks old Nicotiana benthamiana. Plants were observed after 2-3 

days. 

 

Stable transformation of Arabidopsis thaliana - “floral dip” 
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20ml of Agrobacterium tumefaciens culture was centrifuged at 3700g, in 4°C for 15 min. 

Pellet was resuspended in 25 ml of 5% sucrose solution. Silwet L-77 (Ambersil Ltd. UK) 

was added to final concentration 0,05%. Inflorescences of 6 weeks old Arabidopsis 

thaliana plants with removed siliques were submerged into the Agrobacterium 

suspension. Inflorescences were then covered with plastic bag and kept in dark for 12-16 

hours. After two weeks, seeds were harvested, plated and transformed plants were 

selected with BASTAⓇ. 

2.8. Microscopy 

For FRET experiment, Nicotiana Benthamiana were transiently transformed and observed 

under Confocal microscope (Zeiss LSM Duo 5). Lambda scans were captured using 100% 

of 477 nm laser; channel: 497-647; pinhole : 200 µm.  

Arabidopsis seedlings (7 DAG) stably transformed with EXO70B1:EXO70B1-mRUBY were 

treated with tunicamycin (5 µg/ml) for 8 hours and observed using NikonTE200E with 

Yokogawa Andor spining disc unit and camera iXON emCCD ultra897. 60x water immersion 

objective was used. Lasers 488 nm and 561 nm were used. Pictures were processed in 

LSM image browser and FIJI ImageJ platform (Schindelin et al., 2012). 

2.9. Bioinformatic analysis  

Alignment of sequences of various Exo70 was made in Geneious 7.1.7 (Kearse et al., 

2012). Interacting sites in 3D models were highlighted in VMD 1.9.2 (Humphrey et al., 

1996). 

2.10. Yeast two hybrid assay - Transformation of yeast  

Several yeast colonies of yeast competent (AH 109) cells were inoculated into 1 ml of 

YEPD liquid media and vortexed to homogenize the suspension. This was transferred into 

a flask with 50 ml of YEPD and incubated at 30°C for 18 hr with shaking (250 rpm) to 

stationary phase (OD600>1.5). 30 or more ml of the culture was transferred to the flask 

containing 300 ml of YEPD to acquire final OD600 of diluted culture between 0.2 and 0.3. 

The culture was incubated at 30°C for 3 hr with shaking (230 rpm) till the OD600 is 0.4-0.6. 

Cells from this culture was placed in 50-ml tubes and centrifuged at 1,000 x g for 5 min at 

room temperature. Supernatant was discarded and cells were resuspended in sterile 

dH2O up to volume approx. 30 ml and again centrifuged (1000 x g, 5 min, room 
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temperature). After discarding the supernatant, cells were resuspended in 1.5 ml of 

freshly prepared, sterile 1x TE/1xLiAc.  

0.1µg of DNA from each plasmids (pGADT7, pGBKT7) and 0.1mg of DNA carrier (herring 

testes) was added to fresh 1.5 ml tube and mixed. To this tube 0.1 ml of yeast competent 

cells was added and mixed well by vortexing. 0.6 ml of sterile PEG/LiAc solution was 

added to the tube and vortexed for 10 sec. The tube was incubated for 30 min with 

shaking at 200 rpm. 70 μl of DMSO was added and the tube was gently inverted to mix. 

Then heat shock (42°C, 15 min) was applied. Cells were chilled on ice for 2 min. Cell 

suspension was centrifuged for 5 sec at 14 000 rpm at room temperature. Supernatant 

was removed and pellet was resuspended in sterile 1x TE buffer. suspension was plated 

on selective yeast media plates with lacking LEU and TRP.  These were then incubated 

upside-down at 30°C for 2-4 days.  

Colonies from each plate were taken from the plate and resuspended in sterile deionized 

H2O. The OD of the suspensions were measured by spectrophotometer and and according 

optical density diluted to the four different concentration (OD600: 0,2; 0,02; 0,002; 

0,0002). To test the interaction between proteins, 10 µl from all concentrations of yeast 

suspensions were dropped on the media lacking ADE, HIS, LEU and TRP. Plates were 

incubated upside-down at 30°C for 2-4 days and then observed.  

 
 
 
 
 
 

 
 
 
 
 
 

 

 

 

http://cs.wikipedia.org/wiki/%CE%9C
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3. Results 

 

3.1. Cloning of the Exo70 paralogs 

The number of paralogs of the exocyst subunit Exo70 is extraordinarily large in land plants 

compared to mammals or yeast. The differences in spatial and temporal cell specific 

expression of Exo70 paralogs had been shown based on both microarray data and GUS 

staining (Synek et al., 2006, Li et al., 2010). Whereas the tissue variability suggests fine 

regulation of exocytosis in specific parts of the plant, the temporal variability on the other 

hand could implicate functional differences between paralogs like response to stress 

situations (pathogen infection, lack of nutritions). Our hypothesis is that Exo70 paralogs 

act differently also on subcellular level in respect to autophagy.   

To elucidate the subcellular localization variability of Exo70s, selected paralogs were 

fused with fluorescent tag (mRUBY2) and expressed under natural promoters. 

Preparation of the stable transformants of Arabidopsis with all 23 Exo70 paralogs was 

whole laboratory project. For this thesis paralogs Exo70D1 and Exo70F1 were cloned, 

both of which were introduced into Arabidopsis by floral dip using Agrobacterium 

tumefaciens. However, further attention was focused on Exo70B1 paralog, as the 

potential player in autophagy (Kulich et al., 2013). 

3.2. Exo70B1 under the natural promoter 

Exo70B1 has been recently implied in autophagy like GA independent import into the 

vacuole (Kulich 2013). To find out more about its cellular localization, Arabidopsis stably 

transformed with EXO70B1::Exo70B1:mRUBY was prepared and observed. Fluorescence 

signal of this constructs is well visible even though the natural promoter is used to drive 

the expression. 

Seven days old seedlings were observed. Exo70B1 signal reveals abundant punctuate 

structures mostly in cortical sites of the cells (Fig.5). In some cells signal was detected 

inside the nucleus. However, this signal could come from fragmented introduced 

construct, namely the fluorescence of the mRUBY fragment itself. 

The cortical signal was observed in root tip, elongation and root hair zones of the root. 

The signal in the nucleus appeared in root hair zone but not in the root tip which could 

suggest progressive degradation of the EXO70B1::Exo70B1:mRUBY construct during 

maturation and differentiation of the cell (Fig.6). 
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Figure 5: Exo70B1:Exo70B1:mRUBY expressed in Arabidopsis thaliana seedlings (7 DAG). Root zone of 

maturation. Exo70B1 signal comes from cortical part of the cells. Characteristic punctate pattern shows 

mebrane localization distinct localization from autofluorescence structures (white arrows). Scale bar is 20 µm 

long. 

Figure 6: Exo70B1:Exo70B1:mRUBY expressed in Arabidopsis thaliana seedlings (7 DAG). A) Elongation zone 

near root tip. Cortical but not nucleus signal of Exo70B1 is visible. B) Root elongation zone/maturatin zone. 

Both, cortical and nucleus signal is visible (white arrows). Scale bar is 20µm long.
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To chemically induce autophagic response, tunicamycin treatment for 8 hours was used. 

Tunicamycin has been previously reported as suitable treatment for autophagy induction 

(Liu et al., 2012). In untreated plants the dynamics of dots marked by Exo70B1 is rather 

low, resembling the plasma membrane dots characteristic for exocyst subunits (Fendrych 

et al., 2010) 

The plants treated with tunicamycin however showed massive movement of the 

cytoplasm and movement of Exo70B1 positive structures, suggesting that the Exo70B1-

mRUBY2 has changed the subcellular localization (Fig 7, Video1 in supplement). 

 

3.3. Investigation of interactions between Exo70 paralogs and Atg8 

To test whether prediction of the AIMs within EXO70 proteins has biological relevance, I 

investigated the presence of direct interaction of Atg8f and EXO70 proteins. Atg8f was 

selected, as it is most widespread paralog used as a marker of the autophagic structures 

(Honig et al., 2012; see the Introduction). 

Based on observations of colocalization of Exo70B1 and Atg8f (Kulich et al., 2013) we 

formulated hypothesis of direct protein-protein interactions. To test this hypothesis, 

standard methods such as yeast two hybrid assay and FRET experiment were used. 

 

3.4. Exocyst subunits Exo70B1 and Exo70B2 interact with Atg8f in yeast 

two hybrid experiment 

To test interactions between various Arabidopsis paralogs of Exo70 and autophagosomal 

marker Atg8f, yeast two hybrid experiments were performed. ATG8f was digested with 

BamHI and XhoI and cloned into pGADT7 (BamHI/XhoI) and pGBKT7 (BamHI/SalI). 

It is important to fuse Atg8f with both activation and binding domain of yeast Gal4 

because the interactions often occur only in one ‘direction’. Therefore some interactions 

could be missed if only one direction is tested. 

Putative interacting partners of Atg8f, paralogs of EXO70, cloned into either pGBKT7 or 

pGADT7 were mostly present in laboratory collections. EXO70B1 in vector with activation 

domain was missing in the collection so it was additionally cloned into pGADT7. EXO70B1 

was cut out from pGBKT7 using restrictases EcoRI and SalI and cloned into pGADT7 

digested with EcoRI and XhoI. 
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Figure7: 

EXO70B1::EXO70B1:mRUBY 

after autophagy induction 

by 8 hour treatment with 

5mM tunicamycin in the 

differentiation zone of the 7 

DAG old root. Apart from 

the membrane signal, 

numerous compartments 

were visible (A). From these, 

majority was highly mobile 

(green arrows), while some 

remained static (red arrow). 

Scale bar is 20µm long. 

  

  

 

7,5 s 5 s 2,5 s 0 s 

A 

B 

7,5 s 5 s 2,5 s 0 s 

A 

B 

7,5 s 5 s 2,5 s 0 s 

A 

B 



36 
 

Saccharomyces cerevisiae (further referred as yeast) strain AH109 was double-

transformed with chosen paralogs of EXO70 and Atg8f - with Atg8 either in vector with 

activation/binding domain and paralogs of EXO70 in vector with activation/binding 

domain. Empty vectors were used as negative control. After the transformation, yeast 

were plated on YEPD medium without Leucine and Tryptophan to select transformed 

yeast. The colonies from this selection were then moved on media lacking apart from 

Leucine and Tryptophan also Histidine and Adenine. Yeast, that are able to grow on this 

media posses plasmids coding proteins which can interact and thus reconstitute function 

of the GAL4 transcription factor. 

Interaction with Atg8f in pGBKT7 shows only EXO70B2 in pGADT7 but no EXO70B1, 

EXO70C1, EXO70H5, EXO70H3, EXO70H7, EXO70E2, EXO70E1, EXO70H4  in this vector. 

Interestingly, in opposite direction, ATG8f in pGADT7 interacts apart from EXO70B2 also 

with EXO70B1. According to low amount of colonies in ATG8f-pGADT7 x EXO70B1-

pGBKT7, it is probably weaker interaction than the one with EXO70B2. Other paralogs 

EXO70C1, EXO70H5, EXO70H3, EXO70H7, EXO70E2, EXO70A1 and EXO70H1 show no 

interaction (Fig.8). 

 

3.5. Exo70 B1 with Atg8f show weaker FRET then Exo70B2 with Atg8f  

The Investigation of the interaction between Exo70 paralogs and Atg8f are continued by 

other independent method. To test proximity of studied molecules FRET (Förster 

resonance energy transfer) was used. 

Nicotiana benthamiana leaves were infiltrated with suspension of Agrobacterium 

tumefaciens carrying constructs for EXO70 paralogs fused with GFP and ATG8f fused with 

RFP. Empirical studies showed much higher efficiency of transformation (higher amount 

of transformed cells) or expression by the ATG8f construct than by constructs with EXO70 

paralogs. Therefore 10 x concentrated suspension of Agrobacterium carrying EXO70 

paralogs construct was used. Nicotiana Benthamiana leaves were observed with confocal 

microscope 72 hours after Infiltration. 

Both constructs are present in the cytoplasm and nucleus. FRET was performed in cells 

that were co-transformed with both constructs. Unbleached parts were used as FRET 

negative control. 
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Figure 8: Yeast two hybrid assay dropped on the medium lacking His, Leu, Trp and Ade in four different 
concentrations according to OD600. Exo70B1 and Exo70B2 interact with Atg8f. Both of them interact when 
cloned with pGBKT7. Only Exo70B2 when cloned with pGADT7. Empty vectors were used as negative 
control.   

 
 
Nicotiana benthamiana leaves were transformed with constructs UBQ::Free YFP 

and  35S:mRFP-Atg8f (Fig.9). Emission peak of YFP around 530 nm was detected in 

lambda scan. No peak in the emission spectrum of RFP was detected. This sample was 

used as a negative control. 
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Figure 9: Lambda scan of Nicotiana benthamiana leave transformed with Free YFP and ATG8f-RFP. Here  
was detected no FRET. Measured fields are labeled as regions of interests (ROI). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 10: Lambda scan of Nicotiana benthamiana leave transformed with Exo70B2-GFP and Atg8f-RFP. Here 
was detected FRET. 
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The emission spectra were fundamentally different in Nicotiana benthamiana leaves 

transformed with both - 35S::GFP-EXO70B2 and 35S:mRFP-ATG8f (Fig.9). Not only the GFP 

emission spectrum peak decreased which suggests energy transfer, but also a new peak 

appeared with maximum around 610 nm. 

 
In Nicotiana benthamiana transformed with UBQ::YFP-EXO70B1 and 35S:mRFP-ATG8f 

(Fig.11) decreased intensity of the GFP peak and new peak near emission maximum of 

RFP was detected. However the intensity of FRET was weaker than captured by 35S::GFP-

EXO70B2 vs 35S:mRFP-ATG8f. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11: Lambda scan of Nicotiana benthamiana leave transformed with Exo70B1-YFP and Atg8f-RFP 

 

3.6. AIM prediction in the tested EXO70 proteins 

The differences in function acquired during the evolution/diversification of paralogs of 

Exo70 should be reflected in their primary amino acid sequence. To compare the amino 

acid sequence of Exo70 paralogs that were tested in yeast two hybrid assay, the Geneious 

program was used. The sequences were obtained from The Arabidopsis Information 

Resource (TAIR). 

AIMs (green arrows) and LIRs (purple arrows) were highlighted in the alignment of these 

sequences (Fig.12; for description of both sequences see chapter Bioinformatic prediction 

of motifs that interact with Atg8-family proteins). The scatter of AIMs shows many 
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conserved placements but also some AIMs unique for couple of paralogs or even for one 

of them only. Purple arrows highlight LIRs that were predicted by online web tool iLIR. 

Nevertheless LIR motifs predicted by this method are scattered more or less randomly 

and do not show much of conserved placement. Actually, this is not very surprising as 

data predicting tool iLIR are mainly based on the mammalian cells. It might suggest that 

no matter how conserved the connection between autophagy and exocyst is, plants 

(Arabidopsis thaliana) have evolved specific interacting patterns to precisely control the 

interactions of Atg8 with its targets. 

 

 
Figure 10: Alignment of selected Exo70 paralogs with highlighted AIMs (green arrows) and LIRs (purple 
arrows).  

 

3.7. Preparation and crossing of stably transformed Arabidopsis plants 

To investigate the role of Exo70s in autophagy, stable double transformed plants 

harbouring tagged Exo70 and Atg8 proteins were prepared. As most interesting 

candidates Exo70B1 and Exo70B2 paralogs were selected (Kulich et al., 2013; see yeast 

two hybrid data above). As a partner in autophagic pathway was again used Atg8f. 

UBQ::YFP-EXO70B1 x 35S::RFP-ATG8f plants were already in laboratory stocks so further 

effort was put into preparation of 35S::GFP-EXO70B2 x 35S::RFP-ATG8f plants. 

UBQ::GFP-EXO70B2 transformed plant was created by floral dip using Agrobacterium 

tumefaciens. From plants selected with BASTAⓇ those that express introduced construct 

and shine were chosen. Such plants were crossed with stable transformed Arabidopsis 

harbouring 35S::RFP-ATG8f construct. 
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Future experiments such as FRET and co-immunoprecipitation require negative controls 

so UBQ::YFP x 35S::RFP-ATG8f Arabidopsis plants were prepared. 

To test redundancy of both candidates, stable double transformants 35S::GFP-EXO70B2 x 

exo70b1-2+ATG8-RFP and UBQ::YFP-EXO70B1 x exo70b2-3 were prepared. 

For future experiments regarding observation EXO70B1 and EXO70B2 under natural 

promoter, Arabidopsis thaliana stable transformed with UBQ::GFP-ATG8f was prepared. 

All seeds obtained from the stable transformed Arabidopsis thaliana were deposited in 

the laboratory stocks. This collection will be useful for further experiments regarding the 

involvement of exocyst complex in autophagy. 

4. Discussion 
 

4.1. Exo70 paralogs cloning difficulties 

Laboratory project cloning of Exo70 paralogs faced some difficulties and had to be 

modified during its progress. Original aim was to clone all 23 paralogs of EXO70 under 

natural promoter with C-terminal fusion with TagRFP and create stable transformed 

Arabidopsis thaliana. After first cloning, stable transformation and selection of 

Arabidopsis thaliana possessing right construct, some construct appeared not to shine. 

Therefore was subsequently decided to clone the paralogs with another fluorophore 

mRuby2. This fluorophore was successfully cloned and shows nice signal even when 

expressed under natural promoter in Arabidopsis thaliana seedlings.  

This thesis is mainly focused on observing one paralog, Exo70B1::Exo70B1-mRUBY as 

putative player in autophagy. As a contribution to laboratory project was cloned Exo70F1 

and Exo70D1 and partly Exo70E2.  

4.2. Exo70B1 under natural promoter 

GUS staining of EXO70B1 expression revealed visible pattern in the root of Arabidopsis 

thaliana (Li et al., 2010). Indeed, the intensity of signal of EXO70B1::EXO70B1-mRUBY in 

roots of Arabidopsis seedlings was relatively strong. Problem was high autofluorescence 

of plastids and similar structures in the cells that was detected in the both channels and 

resulted in some false positive signal. However, after few observations the pattern of 

Exo70B1 labeled structures was clear and easily distinguishable from false positive signals 

from green channel. Punctate structure of Exo70B1::Exo70B1-mRUBY, mostly in cortical 
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cytoplasm suggests membrane localization that is in conformity with the prediction of 

membrane binding site of Exo70B1 (Žárský et al., 2009). The treatment with tunicamycin 

induced massive cytoplasmic movement. Part of the Exo70B1 labeled structures started 

rapid motion (Fig.7). 

It was reported that Exo70 is able to deform the membrane (Zhao et al., 2013). To 

promote membrane protrusions it is necessary that Exo70 assembles in oligomer and 

binds PIP2 that has special conic shape which allows membrane to form curves. 

Moreover, PIP2 is clustered by Exo70 (Pleskot et al., 2015). Based on this it is possible to 

speculate that Exo70B1 promotes membrane curvature and therefore stimulates 

autophagosome formation. The punctuate Exo70B1-mRUBY structure could mark sites of 

the future autophagosome genesis. Moving dots that appear upon tunicamycin treatment 

resemble autophagosomes observed by Liu et al. (2012).  They could label the mature 

autophagosomes floating with the cytoplasm.  To prove this hypothesis, it would be 

necessary to cross the EXO70B1::EXO70B1-mRUBY plants with Atg8f tagged with GFP to 

investigate possible Exo70B1 localization on autophagosomes. Intriguingly, the cellular 

response to the tunicamycin differ during time (Kamauchi et al, 2005, Liu et al., 2012, 

Hayashi et al., 2015). It is possible that there is defined time window, when the 

autophagic response to tunicamycin is the highest. Therefore it would be interesting to 

observe different times of treatment to precisely track the tunicamycin effect in the 

future. 

4.3. Yeast two hybrid assay as a first system to test putative 

interactions 

Yeast two hybrid assay is commonly used method to visualize protein to protein 

interactions. Despite its advantages such as low cost and feasibility, it often generates 

false positive results. The basic demand that enables functional yeast two hybrid assay is 

that tested proteins are able to interact inside of nucleus. This is problem for proteins 

that are somehow associated with the membrane. 

The results from assay testing interactions between paralogs of Exo70 and Atg8f show 

two interacting paralogs, Exo70B1 and Exo70B2. These results are expected as function in 

autophagy for Exo70B1 was proposed (Kulich et al., 2013). However, the interaction 

between Exo70B2 and Atg8f appears to be surprisingly stronger. 
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Amino acid motifs of various Exo70 paralogs show that Exo70B1 possesses membrane 

binding domain (Žárský et al., 2009). It cannot be ruled out that association with 

membrane can decrease cytoplasmic pool of Exo70B1 protein and therefore diminish 

amount of possible interactors of Atg8f. 

In further experiments it would be interesting to either mutate or swap membrane 

association domain of Exo70B1. Yeast two hybrid assay with such modified 

Exo70B1/Exo70B2 could be repeated and the strength of the interaction and specific 

domains involvement evaluated. 

In spite of the possible influence of membrane binding of Exo70B1, results clearly show 

that there are differences in binding of the autophagosomal marker Atg8f within 

Arabidopsis Exo70 family. It implies specific function of Exo70 paralogs and confirms 

postulated involvement of various paralogs in different processes within specific plant 

tissues but also within one cell (Li et al., 2010; Kulich et al., 2013).    

4.4. Confirmation of putative interactions by independent method - 

FRET 

In spite of all advantages of yeast two hybrid experiment - the environment where the 

interaction happens is rather artificial. Therefore it is important to test the interactions 

directly in the plant. By measuring energy transfer between two fluorophores fused with 

tested proteins, proximity of the putative interactors can be estimated. 

Exo70B1 and Exo70B2 were identified by yeast two hybrid assay as the interactors of 

Atg8f and therefore candidates to perform FRET experiment.   

Importantly, results show again stronger FRET for Exo70B2 and Atg8f than for Exo70B1 

and Atg8f. This fits with data obtained from yeast two hybrid assay. In spite of the 

suggested idea why the interaction might be weaker in yeast (see above), it is possible 

that weak interaction between Exo70B1 and Atg8f in situ is biologically relevant. 

4.5. FRET difficulties 

In FRET experiments with fluorophores GFP an RFP is common unpleasant effect called 

spectral bleed through (Liu et al., 2008). It is caused by the overlap of excitation spectrum 

of acceptor and emission spectrum of donor. This can lead to the misinterpretation of 

results. When laser with wavelength 488 nm which is usually used to excite GFP was used, 

the signal in RFP channel was detected also in control sample. Therefore laser 477, that 
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did not show this effect, was chosen. However, this approach resulted in very weak 

fluorescent signal of all tested samples and poor quality of figures. Nevertheless by 

performing lambda scan and measuring emission in more wavelengths, data indicating 

FRET by Exo70B2 and Exo70B1 was acquired. 

Anyway, FRET experiment would need more repetition and above all cloning of Atg8f with 

CFP which is more suitable for FRET as the spectra of GFP and CFP overlap is much wider 

than overlap of GFP and RFP. 

4.6. Exo70B1 and Exo70B2 posses unique AIMs for interaction with 

Atg8f 

As yeast two hybrid assay showed that interacting paralogs are Exo70B1 and B2, but no 

others, it was decided to focus on these ones and further investigate the essence of the 

interaction based on their amino acid sequence. Among Exo70 paralogs tested in yeast 

two hybrid assay, no single AIM that would be specific for Exo70B1 and Exo70B2 was 

found. I therefore believe that combination of AIMs is necessary for the interaction. Two 

AIMs were proposed as unique for B1 and B2 paralogs (red circles in Fig.13) hence 

possible interaction sites.  

 
Figure 13: Alignment of tested paralogs of Exo70 with proposed AIMs ( red circles) responsible for 
interaction with Atg8f.  

 
However, the presence of the AIM in the protein sequence does not imply biological 

relevance. AIMs predicted by Tzfadia and Galili (2013) are quite short sequences and 

therefore searching only according to the sequence pattern could generate false positive 

results. This issue is discussed in Cvrčková and Žárský (2013), where they show much 

higher occurrence of AIMs in sequence of exocyst subunits compared to the other 

randomly selected Arabidopsis proteins (from chromosome I). Sequences of exocyst 
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subunits used for this search were obtained from wide range of plants including 

representatives of mosses, club mosses and monocots. Analogous occurrence of AIMs 

was shown in all of them (except grasses), which suggests their evolutionary 

conservation. Highest AIM frequency among Exo70 clades was in Exo70B, E and D 

sequences (Fig. 14; Cvrčková and Žárský, 2013). According to the yeast two hybrid assay, 

the AIMs in the sequence of Exo70E2 are closest to the AIMs likely responsible for the 

interaction in sequence of EXO70B1 and Exo70B2 (red circles in Fig.13). It cannot be ruled 

out that Exo70E2 also participate in autophagy but interacts with other ATG8 paralog. 

These findings altogether confirm the proposed role of exocyst in autophagy.  

Nevertheless, the tertiary structure of Exo70B1 and Exo70B2 must be further inspected, 

as for the interaction is crucial the surface placement of the motif. 

 
  A                                                                         B 

 
 
Figure 14: AIM frequency in exocyst subunits from several plant lineages for exocyst subunits (A) and for 
selected clades (B) (Cvrčková and Žárský, 2013, modified). 
 

4.7. Exo70B1 and Exo70B2 and their AIMs (3D models) 

Despite the non coincidental occurrence of AIMs in AtExo70 paralogs (Cvrčková and 

Žárský, 2013), real biological relevance of them is still in question. Investigation of the 

secondary and tertiary structure of Exo70 proteins revealed more about putative points 

of interaction. Naturally, predicted AIM sequence could not play its role hidden inside of 

the protein.   

Exo70 models were obtained by the homology modeling, where the yeast EXO70 crystal 

structure was used as a template. This modeling was done by our colleague Dr. Martin 

Potocký. In the VMD program I highlighted predicted AIMs (Fig.15, 16, 17), where blue 
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color labels AIMs predicted by Tzfadia and Galili (2013). Two of them, that resulted from 

the alignment (see above) as possible interaction sites were additionally labeled. Both of 

them are exposed on the surface of the protein so the interaction likely can occur. 

 

 
Figure 15: 3D model of Exo70B1 based on the structure of this protein in Saccharomyces cerevisiae.  

 

 
Figure 16: 3D model of Exo70B2 based on structure of this protein in Saccharomyces cerevisiae.  
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Figure 17: Opposite side of 3D model of Exo70B2 based on structure of this protein in Saccharomyces 
cerevisiae 
 

Interestingly, 3D model of the Exo70B2 protein shows additional AIM (in blue) near one of 

the AIMs likely responsible for the interaction (in red). Although Exo70B1 amino acid 

sequence possesses in vicinity one AIM as well, they do not appear near each other in the 

3D structure. This finding illustrates importance of the 3D models.  The proximity of two 

AIMs in Exo70B2 structure could explain stronger interaction with Atg8f (see yeast two 

hybrid, FRET experiment). 

4.8. Exo70B2 interaction with Atg8f appears to be stronger than 

Exo70B1 

Exo70B1 and Exo70B2 were shown as interacting paralogs of Atg8f in yeast two hybrid 

assay. The Exo70B2 interaction appeared to be much stronger. FRET experiments show 

similar result. Although in alignment models of Exo70 paralogs most of the interaction 

sites (AIMs-Atg8 interacting motifs) are predicted in the amino acid sequence of Exo70B1, 

3D models of protein structure indicates probably more important feature of the points 

of interaction – i.e. their surface exposition. The proximity of 2 AIMs revealed in the 

spatial model of Exo70B2 could strengthen the interaction. 

Further experiments that would use mutated or truncated Exo70B1/B2 could suggest 

more about the importance of postulated AIMs. 
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Atg8 is the central protein for autophagosome formation and expansion that is present 

on the both sides of the membrane of growing phagophore (Kirisako et al., 1999, 

Ichimura et al., 2000). The phagophore membrane yields intensive curvature during the 

genesis of the autophagosome. The interaction of Atg8f with Exo70B1 and B2 further 

supports the hypothesis, that Exo70 B1 and B2 participates in formation of 

autophagosome as Exo70 proteins were shown to promote membrane protrusions (Zhao 

2013).  Exo70 proteins can effectively deform the membrane only if they are able to 

dimerize. Exo70B1 shows weaker self-dimerization than Exo70B2 in yeast two hybrid 

assay (Vojtíková, personal communication). That could be effect of the diminished 

interaction due to membrane binding of Exo70B1 (see above). However, it could also 

suggest higher ability to promote protrusions and therefore more intensive contact with 

Atg8f.   

Exo70B2 unlike Exo70B1 does not possess membrane binding motif (Žárský et al., 2009). 

Atg8 protein was mentioned as the adaptor for proteins involved in selective autophagy 

(Noda et al., 2010, Michaeli et al., 2014). Because of the lack of the membrane binding 

site, it is crucial for Exo70B2 to interact with Atg8f in order to associate with the 

autophagosomal membrane. This could be another explanation of stronger interaction 

between Atg8f and Exo70B2.     

5. Conclusion 
 

It has been already shown that the exocyst subunit Exo70B1 somehow participates in the 

autophagy. An increase of Exo70B1-YFP positive bodies after tunicamycin treatment that 

induces ER stress was observed in stable transformed A.thaliana. Moreover, in these 

plants Exo70B1-YFP colocalizes with autophagosomal marker Atg8-RFP inside the vacuole 

after alcalization of the vacuoles with ConcA (Kulich et al., 2013). Considering these data it 

was decided to test the protein-protein interactions between various paralogs of Exo70 

and Atg8f. The yeast two hybrid experiment showed, that not only Exo70B1 but also 

Exo70B2 interacts with Atg8f. Interaction was not observed with any other paralog 

tested. From the yeast two hybrid results can be concluded that paralogs really differ at 

least in their binding abilities to Atg8f. Interestingly, Exo70B1 shows weaker interaction 
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with Atg8f than Exo70B2. This is also consistent with results from FRET method. Exo70B1 

shows weaker Förster resonance energy transfer than Exo70B2.  

Bioinformatic analysis of the chosen Exo70 paralogs (Tzfadia and Galili, 2013) revealed 

presence of Atg8 interacting motifs (AIMs) in their amino acid sequence. By creating an 

alignment of Exo70 paralogs, AIMs that are unique for Exo70B1 and Exo70B2 was 

identified. The protein model from PDB shows placement of AIMs on the folded protein 

itself. Unique sequences concluded from simple alignment are exposed on the protein 

surface and therefore they might be able to mediate the interaction. Proximal to one of 

this unique AIM in the Exo70B2 model is another one which could explain stronger 

interaction of this paralog. Atg8 family interacting motifs was predicted using also online 

tool (Kalvari et al., 2014). However this algorithm does not predict well AIMs in plants as 

the iLIR software was trained on non-plant species. It seems that new/modified Atg8 

interacting mechanism appeared in land plant species during the evolution. 

6. Future prospects 
 

The amount of the informations regarding various functions of Exo70 paralogs is slowly 

increasing. However, this field of scientific research is still in its beginnings. This thesis is 

aimed to achieve first insights into newly discovered features of exocyst complex, namely 

its role in autophagy in plants. Considering complexity of processes inside of the cell, 

further experiments are necessary for better understanding of this topic.  

In continuity on research realized within this thesis were proposed some ideas for future 

investigation of the topic listed below: 

 

1. Clone truncated versions of Exo70B1 and Exo70B2 to yeast expressing vectors and 

perform yeast two hybrid assay to identify sequences responsible for the 

interaction with Atg8f more precisely 

2. Clone Exo70B1 with C-terminal part from Exo70B2 (Exo70B2 lacks membrane 

binding site, Žárský et al., 2009) to yeast expressing vectors. Perform yeast two 

hybrid assay to rule out false negative (weak interaction) result due to membrane 

binding of Exo70B1. 
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3. Clone Atg8 with CFP fluorophore. To perform FRET with Exo70 paralogs fused with 

GFP.  

4. Test protein interaction between Exo70 paralogs and Atg8f by other independent 

method (Co-Immunoprecipitation, split GFP). 

5. Test interaction of Exo70 paralogs with other proteins from Atg family 

6. Investigate of interaction in stable double transformed Arabidopsis thaliana 

(microscopy, Co-Imunoprecipitation).  

7. Treatment of EXO70B1::EXO70B1-mRUBY with autophagy inducing drugs (TM, 

DTT) and observation of intracellular changes.  
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