Endocytoza



Endosomy, vakuola a ti druzi

e.g. PIN1, BRI, FLS2, BOR1




Endocytické vacky maji clathrinovy obal
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Various receptors and clathrin protein coats recognize vesicle types, and these are

delivered (along cytoskeleton pathways?) to appropriate target sites in the cell.

Other recognition molecules, such as (vesicle) v-SNARE and (target) t-SNARE are

involved in targeting vesicles with one set of contents to one site, and another set
of vesicles to another site.

Genom Arabidopsis obsahuje cely komplement gent kddujicich a regulujicich
klatrinové obaly.



TYPY ENDOCYTOTICKYCH VACKU




Endocytické vacky maji clathrinovy obal

Figure 13-6. Clathrin-coated pits and vesicles, This rapid-freeze, deep-etch eleciron micrograph shiws numerous clathrin-coated
pits and viesicles on the inner surlace of the plasma membeane of culiured fibroblasts. The cells were rapidly froeen in liguid
halinm, fractured., and deep-etchad Lo expose the cytoplasmic surfice of the plasma membrane, (From 1. Hewser, L Cell Bial,

B AA05E3 1980, © The Rockeleller University Press.)
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Clathrin coated vesicles. Deep
freeze etching EM of inner
surface of plasma membrane of
cultured fibroblast cells.

Figure 13-7. The structure of a elathrin coal. ( A) Electron micrographs of clathrin triskelions shadowed with platinum. Although this feature cannot be seen in these
microgrphs, cach tnskelion is composad of 3 clathrin heavy chiams and 3 clathrin light chainz. (B) & schematic drawing of the probable armngement of triskelions on the
cylogolic surface of a clathrin-coated vesicle. Two triskelions are shown, with the hesvy chains of one in red and those of the other in grays the light chaing ane shown in
velleny, The overlapping armangemnent of the Nexible miskelion arms prowvides both mechanical strength and Nexibility. Mode that the end of each leg of the tiskelion tums
tward, so that its N-terminal domain ferms an intermediate shell. £ C A crye electron microgaph taken ol a clathrin coal composed of 36 riskelions organized na
network of 12 pentagons and 6 hexagons. The interwoven lags of the elathrin triskelions Form an outer shall into which the N-temminal domaing of the triskelions protrude
te Form an immer layer visible through the openings. 11 is this inner layer that contacts the adaptor proteins (adapting) shown i the next Agure. Although the coat sheswn s
tows small b0 enclose @ membrane vesicle, the clathrin coats on vesicles are constrmicted ina gimilar way from 12 pentagons plus g larger number o Fhexagons, rezembling
the architecture of a seccer hall. (A, from E. Ungewickell and D). Branton, Negere 289420422, 1981, 2 Macmillan Magazines Lid.; B, from L5, Nathke et al., Celf

GEIEQE 0, 1992 0 Elgevier; O, courtesy of B, Pearsa, from C.1. Smith et al., EMBOF 1740434055 1998
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Tvorba endocytickych vacku
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Figure 13-8. The assembly and disassembly of a elathrin coat. The azssambly of the coat is thoughi wintroduce curvature intes the membrang, which leads in um o the
lormation of unifmnly sized coated buds, The adapting bind both clathrin triskelions and mambrane-bound cargo receplors, thereby mediating the selective recruitment off
both membrane and cargo moleculas into the vesicle. The pinching-ofl of the bud o form a vesicle involves membrang [usion; this is halpad by the GTPbinding protein
ymamin, which assembles around the neck of the bud, Thecoal of clathrin-coabed vesicles is rapidly removed shortly afler the vesicls onns,

Aninchond by
BT
nulationg =
_ =

TN
a . s
ArabldOd pSlS ma Figure 13-41. The formation of clathrin-coated vesicles from the plasms membrane. These electron micrographs illustrate the probable sequence of evenls i the
v . lormation of a clathnn-coated vesicle from a clathrin-coated pit. The clathrin-coated pits ansd vesicles shown are larger than those seen in nonnal-sized cells. They are
nek0| | k invalved in laking up lipeprotein panicles into a very large hen oceyte 1o fonm yolk, The lipoprotzin particles bound to their membrane-bound receplors can be seen asa

dense, fuzey layer on the extracellular surface of the plasma membeane - which is the inside surface of the vesicle. (Conresy of MM Perry and A B, Gilberl, J Celf Sed

DYNAMIN-LIKE 39:257272, 1979, © The Company of Biclagists.)
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 BiIn—Amphiphysin—RvsBAR) domain
proteins, which can sense membrane
curvature and recruit actin to membranes.
BAR proteins interact with the endocytic
and cytoskeletal machinery, including the
GTPase dynamin (which mediates vesicle
fission), N-WASP (an Arp2/3 complex
regulator) and synaptojanin (a
phosphoinositide phosphatase).
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Fig.1 Model depicting established and putative interactions of mammalian receptor
protein kinases (RPKs) and plant receptor-like kinases (RLK) with components of the
clathrin endocytosis machinery. A Binding of its ligand EGF induces the dimeriza-
tion of the RPK EGF-R and also its trans-autophosphorylation on tyrosine residues
located within its cytoplasmic domain. These in turn represent docking sites for SH2-
or phosphotyrosine binding domain containing downstream effector proteins such as the
ubiquitin ligase c-Cbl and EPS15, which assemble a signalling network for the regulation
of the intracellular response to the ligand. In addition, the EGE-R itself is an active cargo
since it modifies directly components of the clathrin endocytosis machinery by covalently
phosphorylating their tyrosine residues. B The hypothetical model of plant RLK internal-
ization shows similarities to the down-regulation of mammalian RPKs. Plant RLKs also
dimerize after ligand binding and some contain the YXX¢-internalization motif while
others might be prone to ubiquitylation. Furthermore, dephosphorylation by the plant-
specific phosphatase KAPP is also crucial for their internalization. Several plant homologs
of the clathrin endocytosis machinery, required for the downregulation of si gnalling re-
ceptors, have been functionally characterized and their interactions are demonstrated by
solid arrows (see text) while putative interactions are indicated by dashed arrows. An
EPS15 homolog has been identified from the Arabidopsis database (Holstein 2002)

Aktivovany receptor
(napf. receptorova
kindza) muze
stabilizovat vznikajici
,2obalené jamy*.



Signalni/signaliza¢ni endosom

Internalizace obsazeného receptoru (recyklace)
nemusi byt jen krok vedouci k oslabeni signalizace
jeho destrukci, ale v nékterych pfipadech
signalizace pokracuje v endosomu — tzv.
signalizacni endosom
(napf. signalizace brassinosteroidy — BRI1).
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Endooyratic cyeling in animals and plants. Endocyrotic eyeling is well studied in animal cells with several
ypes of cyeling known: clathrin-mediated, clathrin-coated recepror-mediated, nonclathrin-mediared
(cavenlaed/lipid rafr—mediared, fluid-phase endocyosis, phagocytosis). In contrasy, licde is known aboue
endocyosis in plans and much has been extrapolated from animal liveranare. Two discrewe endosomal
compartments have been identfied in plants, as well as a gradadon of mawraton from one o the other
Redirecton of endocytosed PV proveins back vo the PA has not been dirvectly demonswated but is surongly
supported by indirect evidence (43, 44). Black amows indicate the endocymdc pathway, red amows indicae
the secretory pathway. (4) In animals, clathrin-coated and recepror-mediated endocymsed vesicles from the
plasma membrane (PAD) are directed oo the sordng endosomelearly endosome [Rab4, LDL-recepror
(LIDL-R) and transferrin recepoor CfR) markers]. From there, cargo is transporeed o the PA, endosomal
recycling compartment [Rab4, Rabll, LDL-R, transfertin bound w eransferrin recepror (TETHR) ], or
multivesicular body (MVEWlate endosome [Rab?, M6PR, lysobisphosphatidic acid (LPBA) (87)]. From the
endosomal recycling comparament, cargo can trafhic back o the PAM or the trans-Golgi newwvork (TGN
(Rabl1). From the MVE/ate endosome, cargo can travel o the TGN [eationic-independent
mannose-fH-phosphate recepror (CI-MAGPR)] or the lysosome [Auid-phase endoorrosed HRP (FPE-HRP),
lysosome-associated membrane prowin (LAMP) (249, Cargo can also travel from the TGN o the sording

. e 7
0 rg an e Iy S p OJ e n e S e n d OCytOZ O u endosomedearly endosome and MVEB/ave endosome. (8) In plants, cargo and PAM proweinsfmarkers are

endocywosed inw the pardally coaved redeulum (PCR) [cavomnized ferdun (CF), GNOMN, Ara6, FAL4-64,

1 SO u m Ozai ko u m e m b rén OV 7 C h RabF2al. From the PCR, vesicle maturation resuls in direction of cargo to MVEBs [CF, FM4-64, A7,

J y ASyp2 1, VSR proceins| through vesicle maruraton with overlapping compartment markers [Arat and Ara7]
or the TGN [CF FM4-64, SYP-42, Arad]. From the MVB/Sare endosome/prevacuolar comparament (PW),

d O m é n cargo is trafficked to the vacuole [CF, FM4-64, pyrophosphamse (139 ]; afficking oo the TGN is
hypothesized. Trafficking from the TGN o the PCR or MVEB has not been demonserated.




Endocytoza

Pfi endocytdze PM velmi pravdépodobné muize také dochazet k internalizaci
(modifikaci a posléze recyklaci) ¢asti pektint a xyloglukant bunééné stény.

Po pFidani BFA (B) jsou
temér vsechny
xyloglukany
internalizovany

do BFA kompartmentu.

Fig. TA-C. A Xyloglucans are very abun-
dant in cross walls of xylem elements and of
cells in the middle and outer cortex. Ib In BEA-
treated cells, almost all xyloglucans internalize
into abundant BEA compartments. C and 1) In
cyvtokinetic cells, xyloglucans are localized
within compartments sized between about 500
and 1000 nm, which by their fusion build both
the early and late cell plates. Bar: 15 pm




Markery endocytozy

FM styrylove slou€eniny/barvicky fluoreskuji po zapojeni do membrany.
Internalizuji se endocydzou.
Optimalni pro rostlinné buriky je FM4-64

Fi1—43

Figure 1. Integreted endocytic and secretory networks in tip-growing root heirs of plants. (a.b} Actively growing oot haims, like pollen tubes [35,71], internelize endocytic
trecers FM 1-43 {g) and FM4-64 [b} within minutes and sccumulste them throughout their growing tips. Bars, 4 pm. Pictures courtesy of Miroslay Ovecka [University of

Wianna Anstrisl



pylové lacky lilie +
FM 4-64

Inverted cone

Fig. 4. Fi4-64-uptake ime course m a growing L. fongifforim
pollen tube, (A-1) Median confocal Auorescence images at increasing
times (minutes ) after addinon of FM4-64 (2 UA in 115% standard
medium). To avord esmotic perturbation, pollen tbes wens
pretrzated with 113% medium before dve application. Inserts show
bnght field images at 1/3 size. Bar, 20 1m.



 V rostlinnych butkach hraje dlezitou roli
takeendocybzanezvisla naklathrinu



Endosomy



Interakce GTPazy-lipidy

zakladni regula €ni smy €ka endomembranovéeho systému

Lokalni specifické domény membranovych fosfolipidl jsou kli¢ovou soucasti
udrzovani identity nejen celych organel, ale také subdomén na organelach.

Arf, Rho a Rab GTPazy reguluji nékteré aktivity - kinazy, fosfolipazy, flipazy,
které vytvareji lokalizované membranové domény.
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sialyl trasferaza
(trans-GA marker)

VHA-al
(TGN marker)




Interakce GTPazy-lipidy

Rab GTPazy Ize pouzit jako markery
riiznych sou €asti endomembranového systému

Table . Clasification of endosomes

Ty Lipied Mlarilosars Ealty Mlarkers pH Oitlher Alarkers
Sorting (early) Structural sterok, Pl-3-P Rah%, Rab4 59-6,0 Annexin I
Recyding Structural sterok Rahd, Fahl1 b4-6,5
Multivesicular body PR3P 5.0-6,0  ESCRT, Hrs, Alix
Late Lysohisphosphatidic acid ~ Rah?, Rah9 5.0-6.0 Alix
Lysosomefacuole Rah27A 50-5.5




Interakce GTPazy-lipidy

Plasma Membrane
Ptdins(4,5)P2

->

*Ptdlns(3,5)P2

Multi-vesicular

Endosome
Endoplasmic
Reticulum
Lysosome

Distribution of phosphatidylinositides
in cells:

P1(4)P (blue) - concentrated on Golgi
PI(3)P (green) - early endosomes
PI(4,5)P, - plasma membrane
P1(3,5)P, - multi-vesicular endosomes

Roth 2004



Structure of PI(3)P-binding modules

L

Figure3: Structures of (A) the EEA1 FYVE domain dimer (PDB code 1JOC) (31) and (B) the p407™* PX domain (PDB code THGH)
(30) bound to Ins(13)P;: and dibutanoyl-Ptdinsi3)P, respectively. The two domains are onented such that the membrang in which
the bound phosphoinositide would be embedded is perpendicular to the page, passing beneath the representation of the two domains.
The 1-and 3-phosphates are labeled P1 and P3, respectively. Dimerization of the FYVE domain is driven by a 60 aming-acid N-terminal
extension that forms a coiled-coil. In the FYVE domain, the two bound Zr™ ions per protomer are colored gray. In the PX domain, the Y94
side-chain, which makes van der Waal's contact with the glycerol backbone is shown and labeled (see textl. The loop labeled ‘'membrane
imteraction loop’ is thought to insert into the membrane in both cases, based on NMR chemical shift changes seen upon binding of each
domain to Ptdinsi3}Pcontaining micelles (37 42}

Lemmon 2003



Plant Physiol. Vol 135, 2004

Figure 1. Onion cells were cotransformed  with
two constructs: Y FP-tagged RabF2a (shown in artifi-
cial green color) and DsRed-tagged double FYVE
shown in red). Pronounced colocalization of both
constructs on endosomes (yellow) is shown in the
merged image indicating that the double FYWVE
construct is a reliahle endosomal marker in plant
cells.



Lokalizace ruznych Rab GTPaz odhaluje
ruznorodost endosomu

Distinet Localization of Ypt3/Rabll in Higher Plants

|F|GFF'| Praz | |RFP| Pra3 ] Merged

Fia, 7. Distinet localization of Pra2 and Prad in tobaceo BY-2 cells. The plaamid carrving the RFP-PRAS zion cone was intro
baceo cellz exprozsing GFP-Praz by particls bombardment. After incabation for 18 T ealls woro ohaorved by a confocal lasor=canning n
L FLAG-Lag,



Ara6, homolog Rab5 (RabF u At),
je lokalizovan SPISE V POZDNIM endosomu

s Arao-GEP

L

=

FM4-G4

Mérdga

Fig. 3. Araf, a plant-uniquz Fab GTPFase, is localizzd on the sub-
population of early endosomes and egulates endosomal fusion.
(A Arag™T-GFP was distributed mainly on the 2arly endosomes,
and dominant active Araca M LCFP was observed on aggregat-
ing vesicks and vacuclks. (B) Protoplasts of suspension-culured
Arabidopsis cells expressing Ara6™ 1 -GFP were labeled by FM4-54,
a tracer of the endocytic pathway, The dots labeled by ArasT-
GFF (amows) were also labzled by FM4-64. MNote that some
dats labeled by FM4-564 were not labeled by AraG™T-GFP {arrow-

heads). Bar = 10 um.
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Figure 7. Model, describing endocytic organelles as a mosalc of
membrane domains. The domain distribution of the three Rab
proteins presented in this study, Rabd, Rab5s, and Rabll is de-
picted in red, green, and blue, respectively. Compartmentaliza-
tion is achieved by dynamic functional arrangements of these do-
mains, combinations of Rabd and Rab5. and Rab4 and Rabll
being the most abundant. Arrows indicate direction of transferrin
recycling, Cargo enters the cell via mailnly Rab5-containing struc-
tures. Fast recycling is achieved by rapid sorting from Kabb Into
Rabd-positive domains on the same endosome. Recyeling slows

down once transferrin enters pericentriolar membranes domi-
nated by Bahd and Rahl 1 domaing



Recyklace plasmatické membrany

i it ail esil] Tl ] i ialindsec 2l

f'

dimulin

ﬂ.’-'Fh'-l' Qoo

."ﬂmrr{-' |||l|..! n

(:D “
mipnal Cpems ks alivgton

mb'l'n-lll.frwnll:ll'lulm o (g LiDD b MECopeneE 10

Frmrppaty n apeinlend mmnlhhnu
bucyeiing andoumes gann aptake i the el

Figure 1352, Storage of plasma membrane projeins in recyeling endosomes. Recycling endescmas can sarve as an iniracellular pool for specialized plasma
mambrane profeins., aoabling them o b mobilized when needed. In the example shovwn here, insualin binding to the insulin recoptor rigeers a gignaling pathway that
cunzes the mapid insertion of glucose trinsporiers inlo the plasma membrane ol a @k or moscle cell, greatly increasing glucoss intake.

Podobné je zfejmé regulovana lokalizace auxinovych pfenaSecu PIN. Auxin
blokuje endocytozu, a tak automaticky zvySuje vyskyt vytokovych pfenasecu na
PM. Takto auxin pravdépodobné reguluje svij vlastni transport.



Pohyb endosomu

Endosomy se pohybuji po
aktinovych vlaknech , ale také
mechanismem aktinové
komety .

Pohyb je zavisly na polymeraci
aktinu a nezavisly na myosinu.

F-actin scaffold g
endocyiosis

F-actin
s ARP2/3
F-actin comets & Dynamin
gnd bundles
polar transport * MAPKs
of vesicles and St
gndosomes vesicle

endocytotic
O vesiche

Figure 3. Working madel depicting endosomalivesicular trafficking and
pmsible roles of the actin filaments inan idealized tip-growing root hair
Local adin polymerization fogether with acoumulation of dynamin
could faciliate endocytic recyveling of receptors, ion channels, and cell
wall molecules (e, pectins and AGPs! by assisting the pinching aff the
endocytic vesicles and by forming actin comel on these vesicles
dependent on ARPs. Signaling molecules such as MAFKs associate hath
withendosomal vesicles and the adin ooskelaon, Additionally, dense
meshworks of actin filiments regulated by profilins and ARPs ase
sugpested 1o act as a srudwral saaffold in order to sequester and
maintain signaling and regulatory molecules, incluiding MAPES within
the apical vesicle pool (dear zone. GA, Golgi apparatus. Amrones
indicate polar trafficking of exo- and endoodic vesicles/endosomes, as
well as putative transpor between TG and endosomes.




Brefeldin A (BFA)

yEmEmive fine | onareaied EETIRIEN D ( BFEA Ireannd  resisisnt ne

| BFA imassd

BFA, inhibitor GEF pro Arf GTPazy, E:ni,e: |
je dalezitym nastrojem studia = jsou
sekreéni drahy. Vede ke vzniku tzv. - Leéi;f“t”i

BFA kompartment.

Pozor, ne kazdy Afr GEF je citlivy
k BFA! (Buriky Arabidopsis maji 8
GEFU pro 12 ARFU, rdzné silné
exprimovanych a rlizné
lokalizovanych.)
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Figure Z. A, Endooylosis in plants—imsights from BFEA compartments. Upon B FA teatment, the ollowing plasma membrane and
plasma membrane-associated molecules accumulate in BEA comparments: PIbs (putative auxin effle carriens), ALXT {putative
auxin influx carrier), plasma membrane H-AT Fise, plasma menhrane structural stera b, and peripheral membrane prodein ARG
{altered response o gravityl. Except this, cellwall pectins oross-linked by horon, small GTPase ARF1, and ARFactivair GROM
{ARF-GEF accumulate within BEA comparments.. The |IM84 carbohydrate epitope and dynamin ADLR associate hoth with
plazma membrane and TGN, and can be eventual v trareported to the BEA compartmesent fom both locations. Internalization of
cell wall pectins could be inhibited by shart-tesm boron deprivation. ALXT accumulation to BEA compartments & restricted o
projophloem cells: B, Ulrastructure of BEA compartment after 30-min incubation of root epidermal cell with 25 pa BFA
{reproduced with permission from Grebe of al, 20030 C, lmmusedluorescence colocalization of putative awdin efflu carres
PIME second antibody coupled to FITC green) and cell wall pectins recognized by monoclonal antibody [IMS (secondany
antibody coupled o TRITC; red) on BEA compartmenis feellow] inmaize oot cells weated with 100 ga BEA 0 2 b Muclei (hluef

are munterstained with DAP.



Endocytéza behem cytokineze
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Je rozdil mezi rostlinami a ziwhy opravdu tak zasadni?

(b)

(a)

Distal

Plants
TRENDS In Cel Sigiogy

Figure 1. Owvarview of animal and plam cytokinesis. (a) Oytokinesis in animal calls. The spindle mideona’midbody Torms whan microlwbules [MTe) ram o pposite poles
overlap. i consEts of the averlapping microtubules as well as ass oo sted proteins that bundle these MTs and other proteins that together form & dense protein matnis. This
matrix excludes antibodies against MTs, giving a stereotypical region devoid of staining. As the furrow ing resses, the midsone s sweplt into one langer structure called the
mid body. TheGalg and endoplasmes reéticulum [ER) membranes ane also hound in the midbody duning telophass 1o cytokinesis. It s proposed that vescles (V] traffic along
e mad oy’ i erobubules tovwand the ingressing furmow. |b) Cytokinesis in somatic plant calls. The formdng cell plate is assisted by the phragm oplast & the future site of the
mew cell wall. Two topographic regions can be disting uis hed in the phragmoplast: the phragmop last midline (Ph M), w here the o pposing st of microtubules imerdigitate,
and the distal phragmoplast |distal Phl at both sdes of the phragmopl &t medhine. & hilamentous call-plate assambly matnx |CPAM) accumulates at the phragmoplast

mad ling. Key: MT, microtubule (grean ) N, nucleus tan); WV, vescls [yallow); Golgi |pale blue): midbody matnix |gray bou): CPAM (gray circkes).



Figure 2

Polarity and growth speed of EMTs bridging nucleus and cortex. Grasn: GFP-AtEE | {in a-L). (A-F) EMTs axhibit bidi-
rectional growth and microwbule bundling. MNote thar that the microtubule originating from the nuclear surface (osutgoing) and
the one coming from the cortex {incoming) cross each othar (arrow) and, as in the cortical array, grow with similar speeds
without interfering each othar {arrowheads) (see additional fila 4: Movie 4). (G-Lj EMT plus ends radiating mainly in an out-
ward direction from tha MNE during PPE maturation (see additional file 5 Maovie 50 Kymograph projection of microtubule plus
ends in the intarphase cortex (M), PPB corvex (M) and preprophase cetoplasm (2) showing sustained poly merization. The hor-
izortal axis, 4, represents distanca (18 pm in M, 13 pm in M and 20 wm in ©), and tha vertical axis, t, represents time (2905 in
M, 140 s in M and 390 s in O). Mot that for each of the 3 cases (M-O), the microtubules follow the tracks. exhibic bi-direction-
alicy and grow with the same speads. By comparing the slopes betweean images M-, it becomes evident that the microtubule
growth spead increases from interphase to the PPE stage, as previously reportad [9]. Mote that the arrowhead in M shows tha
crossing of two EMTs growing on the same path at the same timea but in opposita directions. Mucleus is marked by '™, time is
indicated in seconds and bars reprasent 8 um



Endocytéza behem cytokineze

Pfed nastupem mitozy se tvori
Vv misté zaostfujicicho se
preprofazniho pasu (PPB) pas
zvysené endocytdzy.

Endosomal belt co-localizes with microtubular PPB during preprophase. Green: GFP-MaP4 (in A B, L Mand P)
GFF-AERI (in CH), GFP-Aral {in M) and ST-YFF (in Q). Red: FM4-64 (in 4-M and Q-F). Early in tha G2-M transition, FM4-64
labeled endocytic vesicles follow the emarging EMTs labeled with GFP-MAP4, as shown in single median section (A) and 3D-
projection (B). The marked ractangle in (C) is zoomed in for (D-1]. FIM4-64 labeled endacytic vesicles preferentially internalize
from the cortical areas approached by the GFP-AEEI labaled EMT plus ends (D-F) (see additional file é: Mavie &), and oryza-
lin-induced microtubule depolymerization disrupts their internalization routes (G-) (see additional file 7: Movia 7) whereas the
interralization paths are recovered after oryzalin remaval ()). (K) Close-up of GFP-AtERI marked EMT plus ends bridging the
NE and PPE. Note that during PPB narrowing, FM4-64 labeled endocytic vesicles preferentially internalize from the cortical
areas approached by the GFP-AtERI (see additional file 8: Movie 8. Eormation of an FM4-64 labeled cortical bel at the PPE
site (labeled with GFP-MAP4) is shown in a single median section (Ui and in 3-D projacton (M1, (N) 3-D projection of GFP-
Aral labeled endosomes exhibiting an endosomal belt at preprophase. (Q) Both FI4-64 labeled endosomes and 5T-YFP
labeled GAs form a cortical belt at the PPB site. (F) GFP-MAP4 labeled EMTs connacting the nucleus to the PP intersect FM4-
64 labeled vacuoles. Time is indicated in minutes. Bars reprasent 7 wm in A, B |, L M, 10 wmin €, N-Fand 5 um in K.

GFP-MAP4 = marker mikrotubult
GFP-EB1 = marker (+)-koncu mikrotubulQ

Golgi + endosomy



F—-K: EMTs (Endoplasmic
MTs) dorustaji do oblasti
pfedchoziho PPB a tak se
setkavaji s endosomy, které
po nich putuji v minus-sméru.

PM targeted EMT plus ends probe the areas occupied by the preceding PPB and align the cell plates for proper
docking at the parental walls. Green: GFP-MaP4 (in 4, Fl), GFP-A®EB | (in B-E, -0 and F). Red: FIM4-64 {in &, F-3), YFP-
MaP4 (in F). (&) Discontinuity of the vacuolar structures in the preceding PPE site (arrowheads) is maintained at the spindle
= stage, as visualized with FM4-64 labeled vacucles and GFP-MAP4 labeled microwbules. (B-C) At the onset of the phragmoplast
stage, GFP-AtEB | labeled EMT plus ends (red arrowheads) originating from the former spindle poles grow towards the cortex
(see additicnal file %: Movie 9). Occasionally, they grow towards the polar areas {yellow arrowhead). (D) GFP-AEE] labeled
EMT plus ends (arrowhaads) are artractad to the cortical areas marked by the preceding PPB. At late telophase, the distance
through which GFP-A®EEI labeled EMT plus ends reach towards the cortex is reduced. (E) 3-D projection showing GFP-AEER|
labeled EMT plus end trajectories directed towards the cortex, which are different from the main phragmoplast structure.
GFPAP4 labeled EMTs (F-1) or GFP-ACER] labeled EMT plus ends i|-M) continue to reach the cortex at the former PPE site

and display close proximity_to F¥4-64 labsled endosomes (red arrow and arrcwheadsi. These endosomes display movemant
towards the minus end of thase EMTs. (N-0O) GFP-AEE] labeled plus end growth of EMTs {arrowheads) wowards opposite
sides of the cortex is maintained during cell plate and phragmoplast tilting (see additional file 10: Movie 100, (F) Enrichmeant of
GFP-AtEB| labeled microtubule plus ends {arrowhead) but not of YFP-Ma P4 labeled microtubular parts at the phragmoplast
midline. Time in F-1is given in seconds while thatin J-O is indicated in minutes. Bars in A-O reprasent 8 wm whila that in P rep-
resants |0 um.




Figure &

NEA induces abnormal PPBs and altered cell divisions. (4-B) Mormal anticlinal cell divisions (arrowheads in &) and
transvarsa organization of cortical microwmibules in MPA untreated cells. (C-D Inclined and pariclinal cell divisions {red arrow-
heads in C) with altered organization of GFP-MaAP4 labeled cortical microtubules (red arrowheads in D) in MPA treated cells.
A, C show single madian sectons and B, D show 3-D projections. Mete that the first round of cell division (yallow arrow-
heads) is normal and a shift in the cell division planes accurs in the second round, (E-F) Fermation of periclinal PPEs and spin-
dles tarrowheads in E) and periclinal phragmoplasts (arrowhead in F). Bidirectional arrows in A, ©, E and F show the long axes
of the calls. (G-L) MP& treatmant sometimes causes formaton of two separata PPBs (arrowheads in G) equidistant from the
nucleus, which resules in tilted spindle formation (1) and phragmeplast initacion (). phragmoplast growth () and call plate
doclking (L) atsites marlked by sither of the PPBs (arrowheads) (sea additional fila | 1: Mavie 1), G shows 3-D prajection and

H-L shaw single median sactions. Bars reprasent 10 wm and time is indicatad in minutes.

Inhibitor transportu auxinu
NPA (naphthylphtha-

lamic acid) naruSuje tvorbu
PPB a orientaci bunécné

prepazky.



Endocytéza behem cytokineze

Endocytoza je intenzivni v mistech kde se endoplasmatické MTs setkavaji s
PPB.

Pas endosomu proto lezi v tésneé blizkosti PPB a je zachovan i po rozpadu PPB
pfi tvorbé mitotického vieténka.

Kyselina naftylftalamova (NPA), inhibitor polarniho vytoku auxinu, pusobi
anomalni PPBs a nasledné posuny v roviné bunécneho déleni.,

Dynamika cytoskeletu
je neoddélitelné a recipro¢né provazana
s dynamikou endomembranového systému.




Vakuola

Ci spiSe vakuoly

MNOHOTVARY KOMPARTMENT ROSTLINNYCH BUN EK



Ve vakuole dochazi k
nespecifickédegradactady
substral vcetre lipidi,
polysacharid a bilkovin.
Ma zasadni vyznam pro
transport ioni — vody a tedy
turgor. Ma funkci zasobni,
signalni — a
Jprezivaci‘(autofagie).



protoplast aleuronu
kukufice

V1
protein storage
vacuole (PSV)

V2
lytic vacuole (LV)



Cell exterior'cel]l wall

Vakuola

Plasma membrane

/ ,
| Prevacuolar e,
| compartment {PV)

W or endosomie

W

Vakuola je topologicky
extracytoplasmaticky
kompartment.

Velmi rychle se vyrovnava
se zménami osmotickych
pomeéru v apoplastu.

ER proteins

retricved and Rough ER
returned 1o ER |

ER-resident
proteins
(chaperones)

Vacuole

Tonoplast



Apepl2+
A.1. cDNAZ

Apepl2+
S.c. PEPI12

Apep 12+ unrelated
A.1. cDNA

Apepl2+
A.t. cDNAI

PEP12 je prevakuolarni t-SNARE u ArabidopsisATi JAKO MARKERU



Vakuolarni lokalizacni signaly

(A)
H.M—{ SP | NTPP | J—COOH
H.N—{ SP | | CTPP —COOH
H.N—{ sPp ] | Internal | —COOH
(B)

M-terminal propeptides (NTPP) NP IR
Sweet potato sporamin :

Barley aleurain

Barley lectin

Tobaceo chitinase sy Lo Lo Val A Thi
Tobacco [i-1.3-glucanase (R Ser G ERDCRE T AsD e GerVaD @@@@mﬂiﬂu*ﬂ
Tobaceo AP24 L i i i 1 :

TRIDENIi DO VAKUOLY

Model for sorting of NPIR containing vacuolar proteins.

Kirsch T, Paris N, Butler JM, Beevers L, Rogers JC.
Purification and initial characterization of a potential

plant vacuolar targeting receptor. Proc Natl Acad Sci.
1994. 91:3403-7.

trans Golgi; neutral to
slightly acid pH pre-vacuole - acid pH




A B

Golgl glon
clﬂ‘WM
{YMPL)
Cytoplasmic tail
Cytoplasm
{ Msmbrana ]
=1
Lumen :
AP-1 ada le
i M-tarminal
Cargo protein (proaleurain)

BP-A0AIELP

VSO (NPIR}

Clathrin triskelon

Fig.2 Working model of receptor-mediated sorting in plants. Depicted are the possible
interactions between the receptor BP-80 and the cargo protein proaleurain in the trans-
Golgi network (TGN). A Formation and budding of clathrin-coated vesicles (CCVs) at the
TGN. B Specific protein components and their interactions within a CCV. AP-1, adap-
tor protein complex AP-1; NPIR, vacuolar sorting determinant (VSD) from proaleurain;
YMPL, tyrosine motif from the cytoplasmic tail of BP-80

Tridéni do lytické vakuoly pes BP-80/ELP receptory.



(A) Transport to PSV in dense vesicles

Tonoplast

_"'Prc-teln' '
55 storage

" vacuole -

Lytic
> . vacuole

(C) Transport of prolamins by autophagy

™ i

Rough ER Autophagy

Protein body

# .




Prolaminy

Agregace jakortdici mechanismus v ER - PB.
Lokalizovana translace na spec. doménach ER.



Od ER odvozena PB jsou obklopovana a pohlcovana
vakuolami.



Podstatnou sasti ¥fideni legumini je jejich
postupna agregace v perifernich oblastech




Clathrin coated vesicles, které vznikaji na PB
doménach GA prawgodobre odtid’uji
slozky, ktere do PSV nepat



Tvorba prevakuolarninho komp.-
MVB — pozdniho endozému

bodies. Eventally, all of the internal membranes produced by the invaginations shown are digesiod by ki, oegitar

profeases and lipases in lysosomes. The invagination is essential o achieve complele digestion of endecyiosed ! A —
mambrane profeins. Becausa the outer membrane of the multivesion lar body bocomes continnous with the . cYiesOL |
lyansomil membrane, Iysosomal hydrolases could not digest the eytosolic domaing of ransmeambang proleins T T . (':.:
such as the EGF recephor showan here, iF it were nol for the invagination. T Y S Cacom i
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Prevacuolar compartment
Multi Vesicular Body
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Figura1: The endosomal system of a model plant call. Aowte ! The time-course of the clathrin-dependent intzmalization of electron-
denss markers can be considersd established. Thus, after budding from the clathrin-costed pit (CCF) endocytosed markers first appear in
the parially coated eticulum (FCR) and in the Golgi region (GA) Along this oute the next compartments are the multivesicular bodies
(RIWE] and finally the ktic vacuala (W), foute J F-labeled plasma membiane (FM) s deliversed 1o a Habb- positve putative earty endosamal
compartment [EE], but the dependenicy on clathnin for the uptaks at the PR remains o be shown. Aowie 87 Soluble potens bound 1o the
vacLolar sarting recaptor (AtELF) destned for the hic vacuale are delivered wvia CO from the Goelgi to 8 prevacuclar comparttmeant (PYC)
Senvaral classes of prateire imeolved in intracellular tranzport have been desaribed for the following bocaticns: AW Phragmoeplasting SYP117,
SYPI121, BNAPRE, Ald; FE Al Ara?, AVE AIELP SYP21, 5YP2E, 5YPEL VT O call wall, Ses text for more details..

Trideni bilkovin z MVB do vakuoly jetizeno temi (1,11,111)
komplexyESCRT - u Arabidopsis jsou ¢které podjednotky znamy diky

analyze mutarithyade.
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Figure 13-3. Molecular Biology of the Cell, 4th Edition.

Komplex
Retromer
pomaha
recyklovat
z PVC

do TGN

Vesicular traffic and the role of Golgi apparatus (body) as a “traffic controller”.
Protein modifications take place in the Golgi, which result in acquisition of
appropriate signals, and hence packaging into correct vesicles. Hydrolytic

enzymes are sent to lysosome, export vesicles to plasmalemma and ER

membranes and proteins are recycled back to ER (Fig 13-21).



Komplex RETROMER

endosome membrane

e PX domain :
| Receptor interaction

d runs3p '
I I Role in assembly
Il BAR domain

Fig.5 The molecular components of the retromer complex. Shown are the relationships

between the yeast vacuolar sorting receptor VpslOp and the components of the two
retromer subunits

Homology jsou také u rostlin a je pravdépodobné, ze funguje podobné.



Rostliny jsou schopny prezivat faze nedostatku zivin
mj. také diky bohaté rozvinuté schopnosti autofagie -
degradace cytoplasmatickych Casti ve specialni
vakuole.



Autofagicka vakuola

Macroautophagy

T
Autophagic
bocly

4 drahy

Amino acids
Sugars

@ Vacuole/lysosome Lipids

Micropexophagy

Current Opinian in Plant Bialogy

Momphological steps during microautophagy, macmautophagy, CVWT, and micropexophagy. Micropexophagy and microautophagy proceed by
invagination of the tonoplast to engulf portions of the cytosol and peroxisomes (Per) to create autophagic bodies within the vacuole. Conversely,
both macmautophagy and CVT sequester cytosolic components in a double membrane-bound vesicle, which then fuses with the tonoplast to
release its contents into the vacuclar lumen. For macroautophagy, this vesicle is called the autophagosome. Where appropriate, the camo is
degraded by resident vacuolar hydrolases; the products are either stored in the vacuole or transported back to the cytosaol for reuse. Adapted

from [33]. C, chloroplast. M, mitochondrion.

CVT = cytoplasm to vacuole targeting



(a)

Mutrient- & Starvation

e \(X p Bilkoviny ridici tvorbu
L autofagickych vakuol
Vo jsou dole evoline
konzervovany.
Cela draha je aktivovana
/& TOR kindzou a pak
procesem podobnym
ubiquitinaci.
Dulezitou roli hraje
PI3K - VPS34 ktera je
iInhibovana
wortmanninem.

Vesicle
nucleation

(b} Vesicle expansion and enclosure

(c)

Concanarmycin &
PMSF (yeast)
E-Gdc (pl.mts) acuole

.,;/ s
@“ Autophagic ] ]
bady
AN
@ b

Digestion Docking and fusion
Current Opinion in Plant Biclogy

Schematic representation of known compaonents within the ATG auvtophagic pathways in yeast and Arabidopsie. (a) Induction of the ATG

pathway is regulated by the nutritional status of the cell. Under nutrient-rich conditions, the TOR kinase hyperphosphorylates the ATG1

kinase and ATG13, promaoting their dissociation from a complex that contains the accessory factors ATG11, ATG17, and VACE. Under
nutrient-poor conditions, ATG1 and ATG13 are dephosphorylated, which in turn promotes the re-association and activation of the kinase complex.
The active ATG1-ATG13 kinase complex promotes nuecleation of the PAS to form the autophagosome in a process involving the PIZK VPS4,

the transmembrane protein ATGS. and other factors. This step is blocked the PI3K kinase inhibitors wortmannin, LY254002 and 3-MA.

{b} Engulfment by the PAS is achieved with the help of two ATP-dependent Ub-like conjugation systems that invelve the tags ATGE and ATG12,




5 month SD

Bez dusiku

Ve tmé

atg7-1ATGTC— S

atgi-1 atg7-1ATGY

Current Cpirion in Plant Biclogy

Arabidopsis s postizenou tvorbou
autofagnich vakuol rychleji starne
a hufe odolava hladovéni.

Phenotypes of an Arabidopsis mutant that is affected in the ATGF gene, which encodes the E1 required for activation of ATGE and ATG12 before
their conjugation to PE and ATGS, respectively. Plant lines include wildtype Arabidopsis (WS ecotype), the atg7-1 mutant, and the atg7-7

mutant complemented with either ATG7 or a mutation in which the active-site cysteine codon was converted to that for a sedne (ATGFC —5).

{a) Eary senescence of rosette leaves. Five-month-old plants grown in nutrient-rich scil under a short-day photoperiod (from [25]). (b) Plants
grown for 32 days in nitrogen-free liquid medium. (¢} Plants exposed to dark-induced carbon starvation. Six-week-old plants were grown

under an 8 hour light/16 hour dark short-day photoperiod, transfered to darkness for 2, 4 or 6 days and then transferred back to the short-day

perod for one week (AR Thompson et al., unpublished).



Vakuoly jsou centralni
pro zivot rostlinné bunky
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