Endomembranovy system.
exocytdzaa endocytoza



Transport membran -Membrane
Traffic

How do proteins and lipids move from one
compartment to another?

What are the signals that target molecules to their
appropriate subcellular location?

How do organelles maintain their identity with the
constant flux of lipid and protein? How are resident
proteins of an organelle retained there?

What is the molecular basis of vesicular transport?
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Gradient okyselovani sekréni drahy je kli¢ovy pro jeji funkci!
Citlivy k monensinu.



The Golgi Apparatus

Endoplasmic reticulum
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Figure 13-22 part 1 of 2. Molecular Biology of the Cell, 4th Edition.

3-dimensional reconstruction from electron micrographs of the Golgi
apparatus in a secretory cell.
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Figure 13-22 part 2 of 2. Molecular Biology of the Cell, 4th Edition.

(B) Transitional zone
between ER and Golgi
In an animal cell

(C) Golgi apparatus in
a plant cell
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Figure 13-28. Molecular Biology of the Cell, 4th Edition.
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Figure 13-2. Molecular Biology of the Cell, 4th Edition.

A -Vesicular Transport.: Mechanism for communication

between intramembranous compartments.
Transport carriers have different morphologies - can be small vesicles,
pinched off tubules, or other structures.

B- DOZRAVANI CISTEREN
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o Souwasti endomembranového systému je
také nejen jadernda membrana, ale také
plasmalema.



Kompartmenty a cesty
endomembran rostlin.
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Unique features of the plant secretory system

Minor
1. Plants lack the intermediate compartment between ER and Golgi that is present in animals.
2. Plants may not possess a TGN that is the distinctive sorting compartment is animals.
TGN funguje jako endosom!
Major
Plant cells possess many small Golgi rather than the single large perinuclear Golgi of animals.
Plant Golgi stream on actin cables in association with the ER.
Plant Golgi make non-cellulosic cell wall polymers in addition to glycosylating proteins.
Plant cells have two distinct vacucles with distinct targeting routes. The two vacuoles
have been shown to fuse during development.
Dividing plant cells assemble a new plasma membrane at the cell plate rather than divide by
constriction,
8. Plant cells of certain tissues store proteins in the ER for later|direct|delivery to the lytic
vacuole.
9. GA je funkéni pri cytokinezi a tedy nedisociuje.
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Universal Features

*The plant secretory system consist of one genetic membrane, the endoplasmic reticulum
(ER), which synthesizes its polar lipids and acquires all proteins by direct insertion or
transport via the Sec translocon.

*All other compartments of the secretory system (also called the endomembrane
system) are derived membrane-enclosed compartment that ultimately obtain
their proteins and membrane bilayer from the ER. Genetic membranes arise

by growth and division. Derived membranes, if lost, can be regenerated from
the genetic membrane.



Metody studia sekre&ni drahy

* Genetic Approach by Schekman and
coworkers

e Biochemical Approach by Rothman and
coworkers
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Genetické metody studia
sekrece

e Genetic: Isolate yeast mutants with
temperature-sensitive defects Iin
secretion

 Landmark paper: Novick P., Field C.,
and Schekman, R. 1980.

— ldentification of 23 complementation groups
required for post-translational events in the
secretory pathway. Cell 21, 205-215



Call, Yol 21, 205-215, August, 1980, Copynight ©4 980 by Cell Press

Identification of 23 Complementation Groups
Required for Post-translational Events in the

Yeast Secretory Pathway

Peter Movick, Charles Field and Randy Schekman®
Cepartment of Biochamistry

University of California, Barkelay

Berkeley, Califomia 24720

sis pathways, both in identifying intermadiate struc-
turas and in providing biochemical assays for assem-
bly steps (Wood and King, 1979, We believe that a
similar approach may be usaful in unravaling a sucar-
yvotic morphogenasis pathway.



Assays and Analysis

* Morphological - thin section electron
microscopy

2 A Wwild type
morphology 1

1 Accumulation
| of vesicles

sec4-2 25°C secl5-1 after2 hr @ 37 °C



Analyza sekréniho defektu

e Biochemical: secretion of invertase

» Electrophoretic mobility as an indicator of
progress through the secretory pathway
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Immunoprecipitation of invertase accumulated
In single and double mutants
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Figure 6. Yeast Secretory Pathway

N: nucleus. NM: nuclear membrane. ER: endoplasmic reticulum. SEC:
wild-type gene product. sec: mutant gene product. V: vesicle. PM:
plasma membrane. CW: cell wall. BB: Berkeley body.

Novick P, Ferro S, and Schekman R; 1981



Hledani mechanisin-

Clone SEC genes

Guess function by sequence homology
— SEC4 = monomeric GTPase

Characterize gene products

— Localization

— Assay activity

More genetic screens to isolate additional players in
the pathway

— Multicopy suppression

Reconstitute transport step in vitro



Biochemické metody studia
sekrece

* Biochemical: Cell-free assays of
vesicular transport

e Landmark paper: Balch W.E., Dunphy
W.G., Braell W.A., and Rothman J.E.
1984

— Reconstitution of the transport of protein between
successive compartments of the Golgi measured
by the coupled incorporation of N-
acetylglucosamine. Cell 39, 405-416



Bezburécny system studia sekreae

vitro.
Goal: Reconstitute transport between two organelles in vitro
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VSV = vesicularstomatitisvirus



Golgi Transport Assay
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Golgi Transport
Assay

« Components in the

assay required for
activity

— Golgi membranes
— Energy

— Acyl-Coenzyme A
— Cytosolic proteins



Konvergence genetické a biochemické
analyzy

In vitro Golgi transport assay SEC Mutants

l

Purify mammalian NSF
l Homology to SEC18

cDNA cloned l

Yeast Secl8p reconstitutes
activity in the Golgi
transport assay.

dal uvidime u SNARE



Endoplasmaticke retikulum



= 12-35 ENDOPLASMIC
[NCULUM. Cultured mammalian
| (Part A) stained with blue
orescent antibody against protein
ained in the endoplasmic
iculum (ER). Part B also shows ER
fluorescence, but this time the
1e for the protein was genetically
Jineered to extend the sequence
h green fluorescent protein and
. constructed gene introduced into
nt cells.

xen fluorescent protein from
yfish Aequorea victoria has
-ome an essential tool in cell
logy (search the web for GFP).

./[pantheon.cis.yale.edu/~wfm5/gfp_gateway.
I

Kontrola kvality bilkovin
Ma dilezitou signalni funkci -
regulovany Ca2+ vytok.







ER-téliska (ER bodies) - zvl. &kterych rostlinnych buik.
V listech - obsahuji proteazy, které seastni reakci na stress
(i bioticky!!) a senescence.
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Figure 12-38. Molecular Biology of the Cell, 4th Edition. ER lumen
Hladké ER (smooth) u rostlin mj. doména produkce lipidd a membran.
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Figure 12-36. Molecular Biology of the Cell, 4th Edition.
TEM of rough endoplasmic reticulum (RER). Extensive cellular network of

membranes. In this case the membranes are involved in protein synthesis and

ribosomes are associated with the membranes, giving them a “rough” appearance.
The inside of the compartment is called “cisterna”, or “cisternal space”.



rough ER
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Fig. 12-39 Separation of smooth and rough ER as “microsomes” on sucrose
gradient. Different conditions may have to be used to separate
peroxisomal microbodies and other vesicles from the smooth microsomes.




The pool of free ribosomal
subunits in the cytoplasm and
their association into (1) free
and (2) endoplasmic reticulum
bound polyribosomes. Note that
the association with the ER
membrane is via the signal
sequence on the newly forming
protein.

mRNA encoding a cytosolic protein
remains free in cytosol

free polyribosome
in cytosol

= &0

common pool of ribosomal
subunits in cytosol

Figure 12-37 part 1 of 2. Molecular Biology of the Cell, 4th Edition.

008 <

»d@ O
common pool of ribosomal
subunits in cytosol
5?

signal
sequence

mRNA encoding

a protein targeted
to ER remains

ER membrane membrane-bound

polyribosome bound

to ER membrane by
multiple nascent
polypeptide chains

Figure 12-37 part 2 of 2. Molecular Biology of the Cell, 4th Edition.



Signal peptide (30 1o 70 a.a.) protein
In the membrane
Electronsutral
or negative

(hydrophilic) {hydrophobic) {hydrophilic)
positive charge 10-15 a.a. polar sequence;
Lys, Arg rich in Ala, Leu
Signal
Peptidase
cleavage site

Fig. 3. Typical tripartite structure of the N-terminal signal peptide of preproteins targeted to the ER.
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BINDING OF SRP
TO SIGNAL
tRNA PEPTIDE CAUSES
»5" A PAUSE IN
TRANSLATION

SRP-BOUND RIBOSOME

ATTACHES TO SRP
RECEPTOR IN

ER MEMBRANE

mRNA

signal sequence SRP
on nascent
polypeptide CYTOSOL

ER LUMEN
protein plug SRP receptor protein
translocator in rough ER membrane

Figure 12-42 part 1 of 2. Molecular Biology of the Cell, 4

SRP-BOUND RIBOSOME

ATTACHES TO SRP
RECEPTOR IN

ER MEMBRANE

ER signal peptides and
SRP direct ribosomes to
the ER membrane.

SRP receptor protein
in rough ER membrane

\ CONTINUES AND
TRANSLOCATION

SRP AND SRP RECEPTOR
DISPLACED AND RECYCLED

TRANSLATION

BEGINS

Figure 12-42 part 2 of 2. Molecular Biology of the Cell, 4th Edition.
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inactive protein active

translocator translocator peptidase

SIGNAL PEPTIDASE CLEAVES OFF
SIGNAL SEQUENCE, RELEASING
MATURE PROTEIN INTO ER LUMEN

Figure 12-46. Molecular Biology of the Cell, 4th Edition.
Import of a protein destined for the LUMEN of the ER and possibly further
translocation. Signal peptidase on inner surface of ER membrane cleaves off
the amino end (and the initiator methionine) of the imported protein.
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" COOH
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hydrophobic hydrophobic signal

stop-transfer- start-transfer- B peptidase
peptide- peptide-
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é

mature transmembrane protein
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|

Figure 12-47. Molecular Biology of the Cell, 4th Edition.

The need for “stop transfer” signal sequence in proteins which have to
remain integral inside the membrane. Proteins which span the membrane

SEVERAL TIMES, need several of these start and stop transfer sequences (Fig.
12-49, 50).
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asparagine ¢ C=0)
NH

side chain

glucose = O
mannose = g

N-acetylglucosamine = O

Figure 12-51. Molecular Biology of the Cell, 4th Edition.

Fig. 12-51The asparagine-linked
(N-linked) oligosaccharide that is
added to most proteins in RER.

This is called “core” glycosylation.
The reactions which synthesize
the “christmas tree” of sugars take
place elsewhere on the membrane
- dolichol molecule - and the
entire structure is transferred to
the asparagine by enzyme called
oligosaccharyl transferase.

Further processing of the sugars
takes place in the Golgi body and
many glycoproteins end up on the
surface of the cell, in the
glycocalyx, which characterizes
the organism as “self’. Antibodies
recognize “non-self’ glycosylation
patterns and attack “foreign” cells.
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Figure 12-52. Molecular Biology of the Cell, 4th Edition.
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Retikuloplasminy
podileji se na regulaci
konformace bilkovin v lumen

ER.

BIP,calnexin, calreticulin, PDI
(prot. disulf. iIsomeraza)...
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Figure 1154, The role of N-linked glveosylation in ER protein felding. The ER-membrane-bound chaperone protein calexin binds to meompletely folded proteins
containmg vne leninal glocose on N-linkod oligesaccharides, rapping the protein in the ER. Removal of the tenminal glucose by a glucesidase releazes the prodein from
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translers 4 new glocoss from LDP-gluecse 1o the S-linked oligosaccharide, renewing the protein’s afinity for calnesan and retaining it in the ER. The cycle repeats unhl
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with ealnexin and calreticulin in retaining an incompletely [olded protein in the ER.

Calnexin se podili na kontrole
kvality

ve srov. s cytoplasmou je v ER oxitia prostedi



Figure 12-55. The export and degradation of misfolded ER profeins. Misfoldal sslublo prodeing in tbe ER lomen are translocatbed hack into the cytosol, where they are
daglyecaylatad, ubiquitylated, and degradad in proteasomes, Misfallad mambrme probains follow g similar pathway, Misholdad proteins areexported through fhe same
type of translocator thal mediated their import; acesssory proteims that are associated with the wanslocator allos it to operate in the export direchion.

a nepodeene bilkoviny jsou exportovany ven z ER a degradgvan
po ubikvitinaci PROTEASOMEM.

Rizena degradace bilkovin proteasomem
(prip. COP/signalosomem) je stej
dilezity regulacni pochod jako jejich
syntéza.
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Figure 12-56. The unfolded protein response in veast. By this novel intracellular signaling pathway, the accumulation of misfolded predeins in the ER Tuimen gsignals o
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Denat. bilkoviny vazi BiP, ktery normalné drzi IRE1 neagregovanou; po agregaci
aktivovana IRE1 vystirihne intron TF XBP1. Vedle toho PERK kinaza (ER TM
bilk.) inhibuje translaci (fosf. elF2a). ATF6 je TM TF v membr. ER, ktery je
aktivovan také uvolnénim z BiPu, transportem do GA a po odsipeni proteazou

putuje do jadra.



Retrograde Traffic - Required for
retention of ER-resident proteins

e Signal-mediated mechanism

— Lumenal proteins = rozpustné

 KDEL sequence at carboxyl-terminus; HDEL In
S. cerevisiae
o (http://lwww.ergito.com/lookup.jsp?expt=pelhjam
— Membrane proteins (reviewed in Cosson and
Letourneur 1997)
 Dilysine motif - KKXX



Udrzovani spec. rozp. obsahu
ER.

Residentni bilkoviny ER jsou udrzovany v
tomto kompartmentu C term z&¢kou -
retencnim signalem

His(Lys)-Asp-Glu-Leu =H(¢IK)DEL
rozponavanym re&RD?2

COPI vacky dopravuji retikuloplasminy
uniklé do GA zpatky do ER.
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Figure 13-3. Molecular Biology of the Cell, 4th Edition.

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).



Retrograde Traffic - Required for
retention of ER-resident proteins

 Receptor-mediated
mechanism for retrieval
soluble ER

resident protein .. e HDEL rece ptOr

\QKDE._ identified in yeast -

%? N n ERD2; multispanning
KOEL transmembrane protein
T el « Dilysine motif in C-

COPI terminal tail binds to
N o COPI coat

Figure 13-21 part 1 of 2. Molecular Biology of the Cell, 4th Edition.
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Figure 13-21 part 2 of 2. Molecular Biology of the Cell, 4th Edition.



Membranovy transpodacina na
ER, ale take se do
vraci.



« Vesicular Transport - how are transport
vesicles formed?

— Golgi transport assay - COPI vesicles
— ER to Golgi transport in yeast - COPII

e Transport through the Golgi
— Cisternal maturation vs. vesicles
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Figure 13-5. Molecular Biology of the Cell, 4th Edition.

COPII mediates ER to Golgi transport.

COPI mediates retro-transport through the Golgi to ER, but
also forward GA transport.



Vesicle formation in the
transport assay

« Addition of GTPYS to the Golgi transport
assay Inhibited transport

* Immunoelectron microscopy of Golgi
membranes incubated with GTPyYS showed
an accumulation of coated vesicles

* Vesicles were isolated and protein coat
purified




R b '
s ey . i Y
% o= L] -
2 iy
. ] ‘j.- _f
B T o]
e =
A hte - 4 X

coPll |
100 nm

(A) clathrin (B) COPI (C)

Figure 13—-4. Molecular Biology of the Cell, 4th Edition.

COPI = coat protein or coatomer
Coatomer is a 7 subunit complex preassembled in
the cytoplasm that is recruited to membranes through a GTPase.



ARF -ADP ribosylation factor

e GTPase switch
— Active = GTP form
— Inactive = GDP form

e Cycles between cytoplasm and membrane

— Modified at its N-terminus with fatty acid myristate
(see handout on post-translational modifications)

— Myristoyl-GTP switch
 In GDP form, hydrophobic myristate is buried

e In GTP form, myristate is extruded and
Interacts with membranes



Nucleotide-dependent confomational
changes in Arfl

Lee et al. 2004



Malé GTPazy reqguluji tvorbu
obali

e Sarl — COPIL.

 ARF1 a dalsi ARF homolgy — COPI a
také CCV = clathrin coat.ves.

» DalSi neprostudovane typy obalu
mohou vyuzivat dalsi GTPazy.



ER to Golgi Transport -
Yeast vs. Mammalian Cells

« Mammalian NRK cell stained
for ER exit sites(COPII
component mSecl3, green) and
cis-Golgi marker Giantin, red).

* Yeast cell stained for
transitional ER (COPII -
Secl3p) and Cis-Golgi marker
Sec7p (red).

* Note differences in physical
distances

JAK JE TO U ROSTLIN?

Duden 2004



Two major signaling mechanisms of eucaryotic cells

SIGNAL IN | SIGNAL IN

FHRUTEIN
EINASE

FRLTEIMN
PHOSPHATASE
SIGNAL OUT | SIGNAL OUT i
(A} SIGNALING BY PHOSPHORYLATION (8] SIGNALING BY GTP-BINDING PROTEIN

Molecular Biology of the Cell, 3rd edn, by B. Alberts, D. Bray, J. Lewis, M. Raff, K. Roberts, and J.D. Watson



Conformational change in Sarl
N-terminus with GDP/GTP exchange - promotes insertion into membrane

Helix Q)

Gelsolin-
like domain

Membrane binding surface is basic.

SAR1-dependent binding of Sec23/24 to synthetic liposomes requires acidic
phospholipids.
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Figure 13-4. Molecular Biology of the Cell, 4th Edition.

COPII = protein coat that forms to vesiculate ER
membranes



(B)

COPHeoatomer COPII
Sec3lp
ARF1 Secldp
Sec2ip
Sec2d
. Sarlp
ER/Golgi, intra- ER 1o Golgi
Golgi pathways pathway

AP1/2 Clathrin

s ’ Light chain
0} e
) &

Post-Golgi: TGN to
endosome (lysosomal/
vacuolar pathway)
and endocyilosis

Heavy chain
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1. ARF1=small GTPASE, initiates coating in GTP form 4. Carge membrane protein = KKXX motif in C-terminus
(myristoylated) 5. Cargo receptor, e.g. KDEL receptor

2. ARF1-GEF=marks the spot_This is a brefeldin A target] 6. Coatamer = coat recruited by ARF1-GTP and cargo

3. ARF1-GAP=stimulates ARF1 &TPase membrane protein. y subunit recognizes KKXX




Signals combined with the machinery for
vesicle trafficking give the overall specificity.

Kirchhausen T. Three ways to make a vesicle. Nat Rev Mol Cell Biol. 2000 Dec;1(3):187-28. Review.

feviraadion Cang vapum Crmmt pamnnisly

CopIl

ER to cis Golgi This step is well characterized

in yeast and animals. The machinery
(esp Sarlp)is required for transport in
plants, but the vesicles haven't been
observed.
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1. Sarlp= Small GTPASE initiates coating in 6TP form _ ; i

2. Sec12 = Guanine mucleotide exchange factor (GEF) T ,P““&ct"’;fm“"”"a' or. forcarga vacuitg
for Sarlp - marks the spot ? S A ;

3. Sec23 = Sarlp GAP (stimulates GTPase) 7. VSNARE = prafeins requined for fusion

4. SecZ4 = Along with Sec23 recruit cargo



GA rostlin se pohybuje po
ER/aktinu
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Jak ER a GA "komunikuji" - transportuji
vacky?

A B C

‘vacuum cleaner’ ‘stop-and-go’ ‘mobile export siles’
{random export siles) (Fixed export sites)
. "...-:l‘l.l‘] "i":"-""l'] l'.-'*!"'--'l-]

Ty | Eo s

ettt | ] | et

| I ER t* Cargo Q g Fopert s les

Fui 3. Models of ER1o-Golgl praein tmnspea. A, The “vacoum cleaner model’ | Boevink o5 ol 1998) sugeeas thar Golg stacks move over 1the ER

constandly picking wy cargo. Acconding 1o this model, the whaele ER sarface & capable of Tomning export sites, resulting in deir random disiribation,

In contrasa, the ‘stop-and-go' mode] (B) hypothesizes that Gaolgi stacks sop o fixed ER export sites w take up cargo from the ER, before moving omo

the next sk, In the mone dynamic ‘mobik expo sives’ mode] (O, Golel stacks and ER expoal sites move topether as secretory anits’ | Brandizzi
e al, 20020 allowng carpo o be ranspened lom the ER fewands the Gelgl al any ame during movement



A Sec12-YFP Secl2-YFP photobleach

B ERD2-GFP Sec12-YFP merged
G ST-GFP Seci2-YFP merged

Figure 6. The Sartp-Specific Guenine Exchange Factor, Sec1 2p, Distributes o the ER and Moves Fresly in the ER Membranss.

{#&) Tobacco lzaf epidenmal cadl expressing Sec12-YFP, which labels the ER, and pholobleaching of aregion of intersst (white borderad) of the cortical
ER. Time lapss 5 sdicated n ssconds at bottom &t comer. Naote the rapid recovery of fluorescence m the bleachsed area. Scals bars = S pm.
(B] and (G Cell cosxprassing SeciZ-YFEP with eiher ERDE-GFP [B) or ST-GFP [G). Note thal S=c12 -5FF doss not accumulste in discreds punctals

structwres a5 Ser 1-YFF when cosnpressed with & Golgi marker . Scale bars = 5 pm



ERD2Z-GFP Sari-¥YFP

y -
+BFA
.

AtSarl
kolokalizuje .,
s GA recovary

+Secllp

Figure 7. Accumulation of Sarl-YFP al the Golg Apparstus Vicmity |z Dependent on the Functionality of ER Protem Exporl.

Cells cosxpr essing ERDZ-GFP and Sar1-YFP show fuorescent Golgi bodies and Sari-YFP punclstestruciur 5 - BF A Both dizappear upon reaiment
with BFA {100 pg/mL for 1 by -BRA)L This phenomenan is reversible by washing out BFA (BRA recovery). Scale bars — & pm. Upon BFA washoul, ERDZ-
GFP redistributesin the Golgl bodies and Bar1-YFP reacouwmu lates in the vicinity of Golgi bodies. Scals bar = 2 pm. In lzaf epidermal cells cosxprasang
ERDZ-GFP, Barl -YFP and untagged Sec12p (- Beciip), areducsed accumulation of GFP fluorsscence m the Golgl bodies and Sert-YFP iz obssreed.

Scale bar = 5 pm.



ERDZ-GFP

Sari-YFP

Figure 8 Golgl Slacks and Sart-YFP Structurss Move Together,

Time laps= of a call cotransformed with ERD2-GF P and Sar1-YFP. Mote that Golgi stacks and Sarl -¥FP punclate structures move loge ther inthe o=l at
all times. Tims of the acquisition of ndividual frames is indicated on top of ERD2-GFP panels. Scale bar = 5 pm.



ERD2-GFP




Sar1-YFP




ERD2-GFP+Sar1-YFP




BarlGTP-YFP ERDZ-GFP SariGTP-YFP marged

Sar1GTP-YFP margad Sar1GTP-YFP

ERD2-GFP sacBFP

Figure 11. Ssr1-GTP-YFP Accumulales in Punclale Stuchwres and Exerts 3 Domnant Megative Effect on Protein Secretion,

(A} A lobacca l=af epidesrmal cell expressing bow levels of Sarl BTP-YF P alone (baclenia! B0 at 500 m = 0.01) shows punclals sirectures and cytosalic
Hlan.

(B) Cell cosxpreasing ERDEEFP and Sarl-GTPYFP. s possible to venly that Golgl bodies colocalize with the punctals gt ctures highlighled with
Sarl -GTP-YFP {mergad).

{G) and [[§ Cells cosxpresaing Sar -GTP-YFP, at highsr levels (bacienal O0 al &00 nmn = (L05) than cells o (A) and (B), and siher ERDE-GFP (C] or
s2cGFP (D), show GFP sccumulation in the ER and & reduced appearance of Sart-GTR-YFP structrss. Note that the confocal microscopse sstlings
iiazer power and detection gain) for Inagng YFP lworsscencs in (C) and (D) ars lowered than in (A and [B) o reduce oversaluration. Scals bara =5 pm.



ERES putuji s GA.

A B C
‘vacuum cleaner’ ‘stop-and-go’ ‘mobile export sites’
{rmdom export siles) (fined export siies)
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Fui 3. Models of ER-o-Golgl proein tmnspen. A, The “vacuum cleaner model' | Boevink er al . 19498) suggeas that Golgl stacks move over the ER

constantly picking gy cargo. Acconding 1o this model, the whaole ER surface & capable of fomming expon sites, mesalting in dwir random distribudion,

In contrast, the stop-and-go' mode | (B) hypothesizes that Golgl stacks stop at fixed ER export sites 1o take up cargoe from the ER, belore moving ondo

the next sk, Inothe more dynamic "‘mobik expon sites’ model (O, Golgi stacks and ER expon sites moeve together as “secretory onils’ | Branedizi
a1 al, 200205 allowing cargoto be wranapened Mrom the ER wsvands the Golgl sl any time during mdavemem




Transport GA - Golgi aparatem

e Two Models

— Stable Compartments: secretory cargo (large and
small) moves through by a vesicle-mediated

process

— Cisternal Maturation Model: VTC’s fuse into an
ERGIC (ER-Golgi intermediate compartment).
This matures into a cis-Golgi by removal of
proteins found in earlier parts of the secretory
pathway. These proteins are sorted into COPI
vesicles that move retrograde.



(a) Stable compartments model

To endosomes To plasma membrane

v L

(b) Cisternal maturation model

To plasma membrane
To endosomes

o .
SO - G
®\_ a2 @ O\. tha
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Gi_ S s * /@ i O\‘ S f o °
[ A - 1
@ @ ERGIC \‘@ @
s Large secretory cargo ® Lysosomal precursor protein

L Small secretory cargo

@ Clathrin coat
@ VTC-like structures

() COPI vesicle

Resident Golgi protein

Currant Opinion in Cell Biolagy

=

T

Glick 2000



Peri-Golgi vesicles contain retrograde
but not anterograde proteins,

consistent with the cisternal progression
model of intra-Golgi transport

Use quantitative immuno-EM to localize proteins
Resident Golgi enzyme - mannosidase Il
Anterograde cargo - VSV-G

Transport proteins - COPI, KDEL-receptor, giantin,
and rBetl

Martinez-Menarguez et al. 2001



Figure 1. Man Il (mannosidase Il — GA residentni bilk ovina) is present
in the cis-medial Golgi, lateral rims of the Golgi, and associated vesicles (arrows)

Martinez-Menarguez et al. 2001






Transport through the Golgi

General agreement that COPI vesicles contain
retrograde cargo; whether COPI mediates both
retrograde and anterograde transport is still debated

Mechanisms may depend on cell type and system
studied

Tubule-mediated transport - distinct mechanism or
variation on a theme - needs to be studied

Tubularni struktury/intermediaty se objevuji pA nizke
teplote.
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Fiz. 1. Addition and precessing of M-linkad glveans in the endoplasmic reticulum (ER) and Golgi apparatus of plant and mammalian cells. A precursor
oligosacchande assembled onto a lipid camier i1z transferred on specific Asn residues of the nascent growing polypeptide. The M-glycan is then trimmed off
with removal of glucosyl and most mannosyl residues. Differences in the processing of plant and mammahan complex N-glveans are late Golgl maturation

CVETIES.

Rozdily v posttranslatnich upravach komplikuji biotechnologickeé vyuziti.
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Fig. 2. Some O-glycan stnictures and linkages commonly Tound on plant and animal glyeoproleins. (A Five distinets types of sugar-peptide bonds camently
identified in animals. Idantical linkages now identifizd in plant are depicted in green (from Spiro [64]5 (B Example of O-linked fucose ( Drosophila Motch
receplor) or mannose Chuman a-dystroghycan) type glycan, (O Stcture of gight knewn core types of mucin-type O-glycans and example of maturation.
(1 Structore of sulfited glycosaminoglycans (e, chondroitin sulfale, denmatan sultate, heparin sulfine, bepann) linked o profeoglycans, (E) Example of
plant O-linked glycans. Ara: ambinesz: FooMac: M-acety Hicosamine: Gal: galactose; GalMNAc: M-acetylgalactosnmineg; Gle: glucose; GloA: lyaluronic acid:
GleMAc: M-acetylzlucozaning Man: mannese: Pae: pseudaminic acid; Diac TridH: Diacimideogyhexose; Xyl xylosa.




Velkou ¢ast metabolicke aktivity
GA u rostlin vedle glykosylace
bilkovin predstavuje synteza
pektini a ruznych "hemiceluloz".



Glykosyl Transferazy v GA

Figure 1 Figure 2

(a}

e IQH HaH QH HQH
domain Jﬁ S % S '}

Transmembrana

A Fucose [ Glueose {0 Xylose
O Galactose O Mannoss

Current Opinion in Flant Eiclogy

Golgi lumean

Cytoplasm

Schematic representation of the structure of {a) xyloglucan and

(b} galactomannan. Each sugar is shown as a different shapa. Mo
attempt is made to depict the position or anomeric configuration of the
glyeceidic linkages. Parentheses indicate that the enclosad group of
sugars are repeated ina regular pattern.

Amino temminus
Current Cpinion in Plant Biclogy

Schematic representation of the topology of mast Golkgi-localized
glycosyltransferases. The aming terminus is located at the cytoplasmic
face of the Golgi membrane whereas the gbbular domain, lbcated near
the carboxyl terminus of the protein, is located in the lumen of the Golgi.

(See also [12] for another recent review that covers this

Fowrwies




e U rostlin prevazuje v
dynamice GA maturacni
mechanismus(Vviz. supinyras)



Rab GTPazyjsou regulatory
tvorby a pohybu & bunkou
(nekteréinteraguji s
cytoskeletalnimi motory apri
kontaktu s cilovou membranou
Interaguji s poutacimi
komplexy (tethering c.)
nag. EXOCYSTEM



PLATE 1. Intracellular localzation of rab proteins. Cwvervies of rab protein localzation in mammalian cells. CCR
clathrin coated pit; CCW cathrin coated vesicds; M, mslanosomes; E, spithelial call type specific expression; NC, neu-
ronal cell specilic; VTG, vesiculo-tubular cluster; MvB, mutivesicular body; MTOGC, microiubule organizing canter.



geranylgeranylation

The functional cycle of a small GTPase
cytoplasm .-,

acceptor
@ co mpartment

protein
synthesis

. membrane .,

donor - secretory
compartment : vesicle



Protein prenyltransferases

CC, CXC, CCX,
MOTIFS CaaX ‘ Caal ‘ CEXX CERXX

FTase GGTased Rab-GGTase
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AtRabGDI1 klonovan pomoci
komplementace.

a YEPD YEPG YEPD YEPG
25 °C 25 °C a7 °C 37 °C

sec19-1

AtRabGDI

sec19-1

AtRabGDI

Fig 1., Complementation of a veast secd%-§ mutant by an 4. thalione cDNA. The upper row of (a) shows the secl%- yeast strain after growth
for 3 days on glucose (YEPD) or galactoss (YEPG) media a1 either the permussive (25°0C) or restrictive temperature (17°C) The bottom row
shows the growth pattern of a yeast stramn transformed with an drabidepsis CONA (p4 TGN complementing the seci/9-f mutant. (b) Phase-
contrast microphotographs of cells of the same strains grown in bgud YEPD or YEPG medium for 18 b,



Rab structure and subclassification
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RabA IS
the
biggest
class In

plants

(celkem57
vSech Rab
u At).




Plelotropic
effects of
RabA
supressio
by RNAI

Figure 3. Visual Phenotypes of Asb Antsense Transgenic Planis.

(4] Sepals of wikd-types llracsr =10 and ransformant ower fright).
(Bl Flovers abwid-tepe {left) and transformant {rioht) plhinks.



Transport vaka k plasmalem.

Jak se vd&ek potka s cilem

(aneb nez pjde ke slovu
SNARE)



Obaly doprovazejici tvorbu
sekretorickych véka na TGN
putujicich k plasmaleénejsou
dosud znamy.

Na EM snimcich rostlinnych
burtk popsal Staehelin
Jace like coat".



Tethering mechanisms

1. Approach 2 Vesicle tetharing 3. SNARE assembly 4. Fusion

T ¢

Fig. 1. Steps in the delivery of vesicles to the correct organelle. (17 An intracellular transport vesicle approaches its destination organelle cither
by diffusion or motor-mediated directed transport. (21 The vesicle 1s then proposed to be tethered to the organelle by proten complexes and
long coiled-coil proteins. (3) A v-ENARE protein on the vesicle then engapes a t-SMARE on the target, forming a four-helical bundle whose
assembly drives the two bilayvers into close proxmmity, (4) thereby causing membrane fusion. Both vesicle tethering and SNARE assembly have

besn referred to by others as "docking’, so to avoid confusion we use only the former terms here.



Tethering
complexes

—.
i

Solgi

oG (::5 GARP

TRAEP I C0y
TRAPRT D SR

?

ER

Dslip

Fig. 2. Putative tethering complexes in the yeast secretory pathway:,
Protein complexes that have heen found to have a role in particular
vesicular transport steps are indicated next to those steps. The role of
early and late endosomes mn yeast 1s contentious, and so for
simplicity this compartment has been shown as a single organelle.



Tethering complexes composition

Fig. 3. Composition of proposed tethering
complexss, Far each complex the known
components in the veast S, cereviviae are
shoowrn, arranged by size, and identifiable
domains mdicated. In each case the
standard gene name in the Saccharomyoey
Genome Database 1s given first, followed
by albemative names that have also been
used in recent publications. Vps3lpis
encoded by the open readmg frame

FERD 20w (Elizabeth Conibear, personal
communication. The two sets of related
subunits of the TRAPP complexes are
indicated by different colours.
Homalopues of most of these proteins
exist in higher eukaryotes, but in some
cases have extra domains. Thus in
mammals Secd has an M-termmal TIG
domam. Exo &4 a PH domain, Yamb a
CMH domain (Caplan et al., 20017 and
Wam2 a C-terminal EING-HZ domain

i Radiskw etal., 1997 Vps5d has an N-
terminal zine-Anger-like domain in
Diravephila and C. efegany, but not in
mammals, Yamb in bath weast and higher
cukaryotes has a conserved half RING
domain (C2HC) at its C-tenminus, The “p’
has besn removed from the yeast protein
names for clarty,

Cuatrefoil tethering complexes
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RAB- and RHO-interacting protein complexes

Complex Interacting Proposed function Occurrence

GTPases
Exocyst Sec4dp, Rho1p, Tethering of exocytic fungi, animals,
(Sec6/8 Rho3p, Rho4p, vesicles to the plasma | amoebae , plants
complex) Cdc42p, RalA membrane
COG Yptip Retrograde transport to | fungi, animals,
(Sec34/35 the cis-Golgi amoebae,
complex) kinetoplastids, plants
GARP Ypt6p Retrograde transport to | fungi, animals,
(VFT or the trans-Golgi amoebae,
Vps52/53/54 kinetoplastids,
complex) apicomplexans, plants
HOPS Ypt7p (Vps21p) Transport to the generally eukaryotic?
(Class C VPS vacuole (endosome), (experimental data for
complex) homotypic vacuolar yeast, mammails,

fusion plants)

TRAPP Yptip, Ypt31/32p Anterograde transport generally eukaryotic?
(TRAPP | and to the cis-Golgi, intra- (experimental data for
TRAPP II) Golgi transport yeast and mammals)
Formin-ass. | Cdc42p, Rho-class | F-actin nucleation, cell | fungi, animals, plants
complex GTPases polarization

(polarisome)




Jedinym z &chto komplex, ktery
je dolde popsan u rostlin je HOPS
komplex (class C, VPS komplex
Natasha Raikhel lab)



The exocyst — an effector of
small GTPases
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Polarita bunék u rostlin

”~

A

FB 3

Figure 2: Spsculative model for polarized vesicular trafficking during (A} polarized csll-surface expansion and (B) cell-plate
formation. A In polarzed gowth, vesicles are delvered by mulliple sxocytic pettweays [open and closed 1ed ciroles] toward sites of
expansion an the plasma membrane (red]. Targeting of these vesicles may be guded by short MFe [black). B: During cytakinesis, exocytic
wasicles ars dirscted toward the cell plate (red). Targeting of these vesicles & guided by phregmoplast MTs {green) and shor MFs [black].
Call-plate transport vesicles mey onginate directly from the Golg apparstus or fram an nermediste compartment (29 an early andfor |ats
endooytic’ pravacuciar endocytic compartment]. Membrars is reoycled via elathrin-coated wesicles fwhite hexagons) from the plesma mem-
brane and cell plate (blus ammws) and delivered to an endocytic compartment (pirk). See text for edditional details. CP: o=l plats, B andocytic

compartment, G: Golal, N: nuclei, V' wacucle. The ER is not shown



The Exocyst: effector of Rab and Rho
GTPases

a multisubunit complex required for exocytosis
(TerBush et al., EMBO J. 15:6483-6494, 1996)

Interacting with the translocon on ER
conserved In yeast, fly and mammals

required for polarity in epithelia, neurons and for

budding In yeast cell§rindstaft et al., cell 93:731-740, 1998, Finger
et al., Cell 92:559-581, 1998)

does it exist outside the Apicomplexa?
... do plants have Exocyst?



Putative orthologs of the eight
exocyst components are
identified in Arabidopsis
thaliana genome.

Exocyst Component

Organism

Arabidopsis thaliana

S cerevisiae
Caenorhabditis elegans
Anopheles gambiae
Drosophila melanogaster
Homo sapiens

Mus musculus

Ratus norvegicus
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Sec6 In pollen tubes




Podd&ilo se nam ukazat, ze exocyst
existuje také u rostlin acastni se
regulace bu&né polarity.



Specifita fize vaku s cilovou
membranou je zajfdvana
iInterakcl membranovych
SNARE bilkovinna v&ku (v-
SNARE) a cilove membrart-
SNARE).



U Arabidopsis
je celkem 54 SNARE
bilkovin.



Selecting and fusing with the target membrane

u Rabs and SNARES

: I u}}'ll i il Rab proteins in their GDF form are cytosolic and only
) ] _[_ S associate with the budding vesicle membrane when
Lo \ activated by their corresponding GEF to bind 6TP.

LR v, Rab-GTP interacts with specific Rab effector proteins
“%1 o S Bemrciuli: ﬁ;- w  on the target membrane and brings the v-SNARE in
contact with tSNAREs. The SNAREs promote fusion
and can do so in vitro. The SNARE complex consists of
one vSNARE and two or three tSMNAREs, making up a
four helix bundle.

NSF

NSF is an AAA ATPase that helps pry the SNAREs
apart after fusion. It was the first identified
component of the fusion machinery, named after its
sensitivity to N-ethyl maleimide.




FUSEin the regulated (o co vypada u rostlin jako konst. sekrece je

vétdinou asi ngjak regulovana) pathway is mediated SNAREsand
By elevations in cytoplasmic C&'

b VAMP  (Rab)

Muclzeation

E 3 : @ Sech :
/ :Sec]
SNAP-25 Syntaxin
lMembrane
fusion

Figure 4 | Molecular model of vesicle exocytosis. Syntaxin is bound to n-5ec before formation of the core complex. Rab
proteins might faciitate the dissociation of n-Sec from syntaxin, alowing subsequent binding (nucleation) between the three
neuronal SNAREs, syntaxin, SNAP-25 and VAMP (for simplicity. only one coil is drawn for SNAP-25). Ca® triggers the full zipping
ofthe colled-coil complex, which results in membrane fusion and release of vesicle contents. After the fusion event, recruitment
of a-SMNAF and NSF from the cytoplasm and subsequent hydrolysis of ATP by NSF causes dissociation of the SNARE complex.
Syntaxin, VAMP and SNAP-25 are then free for recycling and another round of exocytosis. (NSF; M-ethyl-maleimide-sensitive
fusion protein; SNAP-25, 25 kDa synaptosome-associated protein; SNARE, soluble NSF attachment protein receptor, YAME
vesicle-associated membrane protein.)

inhibition of regulated secretion: prevent elevatios in C&* through
use of BAPTA-AM etc.; in neurons, use of botulinum neurstoxins,
which are selective proteases for neuronal SNARE prates, to inhibit
regulated but not constitutive secretory pathway




donor

SNARE komplex je het-erotetr
- R (vaéek) + QaQbOc (cilova
membrana)



V fizeni rannych stadii
embryogeneze rostlin hraji
dilezitou ulohu regulatory

burecne morfogeneze —

sekretoricka draha a cytoskelet



KNOLLE — knolle (kn) ma naruSenou tvorbu bun é¢€nych
prepazek a v d asledku toho orientaci bun é¢énych d éleni

Podobny
fenotyp
ma Secl
homolog
keulea

gnom
= GEF
pro Arf

x ;-"l. e ey iy TN R ,
krotle/wild fype embryos GTPazy




mode! for the role
of KNOLLE during
cedl wall formation

Knolle je

t-SNARE
bilkovina




Why have 2 complexes at the Cell Plate?

R-VAMP72x? Redundancy?
Specialized cargo?
/ \ Specialized events/organelles?
Qb-NPSN1ix
Qe-SYPTx Qb+c-SMAP1]

hy O Recycling to endosomes
and fusion of endosome-
derived vesicles

Fusion of Golgi-
derived vesicles

Fusion among cell Fusion of cell plate

plate fragments fragments with
maternal PM




Dulezitym nastrojem studia
sekré&ni drahy jebrefeldin A



brefeldin A

Molecular Formula: CgH= 0y

Molecular Weight: 28036
CAS Humber Hame:20350-15-6 71 B,7,5,9,11a,12,13,14 14a-Decahydro-1 1 3-dibvydroxy-B-methyl-4H- cyclopert[floxacyclotridecin-4-one

HO




Research tool for membrane trafficking: BFA

S

ha

Vesicle budding in Golgi is ARF1-dependent;
ARF1 undergoes recruitment to Golgi membrane
by ARF-GEF-promoted GTP for GDP exchange;

- ARF1 recruits protein coats (green) needed for
vesicle budding; brefeldin A binds at ARF1-GDP
IARF1-GEF interface and inhibits GTP exchange/
membrane recruitment of ARF1 and coatsolgi
stack is disrupted and protein trafficking through
the Golgi is inhibited, ALE | DALSI KOMP.

Arf-GEFy p usobi na rékolika ,stanicich“ endom. Syst.

Figure 1. Overall Structure of the ARF=GDP=SecTBFA Complex

(&) Ribbon diagram with the Sec? domain of Geal colored green and BFA colored blue with oxygen atoms red. Human ARF1 is crange, with
its switch | and 2 regions in lighter hues.

(B) “Open book" view of the interfacial surfaces, with space-filling models of the Sec7 domain and ARF1 rotated apart by 180°. Molecules
are colored as in {A). Bound BFA is included on both proteins.
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1. ARF1=small GTPASE, initiates coating in GTP form 4. Carge membrane protein = KKXX motif in C-terminus
(myristoylated) 5. Cargo receptor, e.g. KDEL receptor

2. ARF1-GEF=marks the spot_This is a brefeldin A target] 6. Coatamer = coat recruited by ARF1-GTP and cargo

3. ARF1-GAP=stimulates ARF1 &TPase membrane protein. y subunit recognizes KKXX




BFA
on
GA




V rostlinnych butkach seo
pusobeni BFA objevuji min.dva
nove kompartment(v raiznych
bunkach 6znre):

1. Hybridni cisGA-ER(podobr
jako u ziva&icha).

2. Tzv. ,BFA-compartment’—
transGA-endosom.
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Figure 1. Effects of BFA on membrane tratiicking between ER and
Golgi. In untreated cells (leftl, export trom the ER (pinkl is mediated
by COPH-coated vesicles (green). Fusion of these anterograde vesi-
cles depencds on anterograde w-5MNAEREs on the vesicles ired triangles)
and t-5NAREs on the cis Golgi tred linesl. Anterograde transport (at
least 1o the PVC) continues on the trans side of the Golai with
clathrin-coated wvesicles icrossed blue lines). Retrograde transport
within the Golgi and from the Galgi to the ER depenids on COP| coats
tred) and retrograde v- and t-5NAREs iblack triangles and linesi. In
BFA-treated cells irightl, all vesiculation at the Galgi stops due to the
inhibition of Arfl. As a result, retrograde v-5SNAREs remain exposed
on the Golgl and the cisternae fuse directly with the ER. Cisternal
maturation continues in the presence of BFA so that early Golgi
compartments assume a more trans-like morphology, At the same
time, the later cisternae and the TGN are lost to the cvtoplasm and,
eventual ly, 1o the BFA compartment. COP vesicle formation at the
ER is initially not inhibited By BFA, but anterograde vesicles may no
longer be able to fuse with the maturing cis cisterna, thus effectively
Blocking ER-ta-Gaolgl transpaort.



Problém interpretace vlivu BFA

1.V bunce je (podle stavu diferenciace)
né¢kolik GER1 (8x u At) pro rkolik
ARFi1(12x u At), 1izne
silnéexprimovanych atzne

lokalizovanych

2. Nékteré ARF-GEFy (u At 3x) nejsou!
iInhibovany BFA.



Call, Vol 112, 218 3503, Jansay 34, 3005 Copyrighl D0e0E by Call P

The Arabidopsis GNOM ARF-GEF
Mediates Endosomal Recycling, Auxin Transport,
and Auxin-Dependent Plant Growth

Nika Geldnar,' Nadine Anders,’ Hanne Walters,'
Jutta Kesoher,' Waligang Kormberger,

Philipme Muller,” Alain Delbame,”

Takashl Ueda,” Aklhika Makano,?

and Gerd Jurgens'*

Polar auxin transport depends on the PIN1 ( a putative auxin carrier)

and its asymmetrical localization to the plasma membrane

PIN1 continuously cycles between PM and endomembrane compartments.
The Gnome gene encodes an ARF-GEF and its thought to play a role in
PIN1 localization

a. gnome mutant plants exhibit loss of cell to cell alignment
b. Similar effects have been observed by flooding plants with
auxin or by using certain auxin inhibitors

c. gnome mutants are defective in PIN1 localization but are not
affected in localization of other proteins via the secretory pathway.
d. PIN1 is rapidly internalized in response to brefeldin A; Gnome is a

BFA sensitive ARF-GEF.
A B
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Figure 1. Enginaaring of a BFEA-Assistant GNOM Variant

(4 Baguares sigrmant of ke region dulsrmining BFA rasistancs of ARF-GEFa. All large ARF-GEFs from human Hoe), yesst {Se) and
Arminoapsss A L) ane shown. A1 thetop, ARNG, as an exampie of 3 BFA-rosstant; small, mammalian ARF-GEF, Aokduns known to be myolved
ith BFA ssrmilivily ave Boxed. The orees delarninig seislance ara wriltss n Bold, Asterishs indicate that BFA& serndvilyirosstanos s
datarmined saperimantaly, and urmmarked onoes are predictions. Infemed from this data. The residus boxed i blaok Indioates e amno aocid
swchargs akeman be ba imtnaduesd vie GHOM (Belem lins

(B} Sohwenailo nusdel to woplain infemallzaton of P nsarkors wpon BFA reatmant. BRA je thought 1o blook o sorsltve ARF-GEF e poil bis
far recycling, whils cngomg sndooyicais might b mediated by a resistant ARP-GEF or, altemasvely, by ARF-indspandent sncocytosie

1) e aw of the EFS resatant G mys comatruct used. Posbons mdicalead are ralative o the varslational sier Black bosas imndeeaia
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itk oates tha regeon of B canbal catalidic demain. & 30 mrye-lag was iracslatonaly fueed g e 3 end of the ORF o the sompl emarting
gonom e Xbael fragment. The resutting conetruot was Swen st ated.
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Polarni transport [AA je
zavisly na polarni lokalizaci
PIN auxinovych vytokovych
prenaseéu.

Jejich lokalizace je zavisla na
polarizované sekreci a
aktinovém cytoskeletu.

Auxin inhibuje endocytdzu

(J. Friml lab - Tubingen)



Agure 2 PINT localization affected Dy cytogkeleton-depolymerizing drugs,

a—c, Cytochalasin D (oD effect on BRA Inhibition of #INT (green) cycling. a, Traatment
with 20 M cytD for 2 h, b, Pre-treatment with 20 M oy for 15 min, then 50 wMBFA
and 20 M CytD for 45 min. e, Treatment with 50 b BFA for 45 min followed Dy 90 min
washing out BREA with 20 M CytD. d, FINT staining after 10 M onzalin for 2 h—note
patchies in cell marked with asterisk as compared with normal localzation in call below.
e, 1 Colocalization of PINT jred) and KNOLLE jgreen) in small patches ellow) after
treatment with 10 M onzalin for 2 je), and in plane of cell division fellon) of untreated
control . DAR staining of nuclel & blue.



. High aMinity
Yesiclo ﬂ PIN1 protein L NPA binding protein

Figura 1. Model of Experiments That Hawve Examined the Mechanizms of the Contral of PINA
Protein Localization.

(&) Vesicle-depsndent trangport of the PIN1 protsin to the bazal membrane appears to be
dong actin fracks. A high-affinity NPA binding protein has bean found o interact with actin
and may act as a bridge between thesze transport vesicles and the actin tracks andfor may
sarve to bocalize PIMN1 -containing 1AA sfflus com plexss to the basal mem brans.

[B] Treatment with cytochalasin leads to a random PINT protein distribution and reduces polar
auxin transport.

[C) Treatmeant with BFA leads to a loss of PIN1 protsin on the mambrans and an accumulation
af PIN{ protein at tavo undefined interna membrans structurss. The effect is reversible upon
removal of the BFA.

[0 Treatment with sither eytochalasin or the A& efflue ichibitor TIBA during the remowval of
EFA prevents the restoration of asymmetric PIMA distribution. Treatment with sither cytochala-
sin or TIBA before BFA treatment prevents the BRA-induced PINA intemalization, and treat-
ment with TIBA dons has no sffect on PINY localization idata not shown.

(Ths figure was modifed from Mudsy and Delong [2001]).



Dynamiky cytoskeletu a
endomembranoveho systému
Jsou neoddliteln¢ reciprainé

provazany.












