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Introduction

Actin contributes to biological processes sucheassisg environmental forces, internalizing
membrane vesicles, moving over surfaces and diyidire cell in two. These cellular
activities are complex; they depend on interactiohg@ctin monomers and filaments with
numerous other proteins [1].

The 53-kDa insulin receptor substratgin (IRSp53) is part of a regulatory network
that organizes the actin cytoskeleton in respoosimulation by small GTPases, promoting
formation of actin-rich cell protrusions such akgobdia and lamellipodia. Filopodia are
membrane-based actin-rich finger-like protrusidre play roles in a number of cellular and
developmental processes. IRSp53 is widely expresseaifferent tissues and cell-types in
learning, memory and synaptic plasticity. Furthemeaertain IRSp53 alleles in humans have
been linked to neurological problems such as attestteficit/ hyperactivity disorder [2-4].
Importantly, lens-retina inter-epithelial filopoaiuformation is defective in IRSp53 knockout
mice, providing evidence that this protein promdiiepodium formation also in vivo [5].

The Inverse BAR (I-BAR) domain (IRSp53/ MIM Homolpdpomain) [6] is a 250
amino acid long region at the the N-terminal of tR&p53 protein that has been shown to
induce negative membrane curvature both in vitmb ianvivo. In the recent work that is way
we concentrate on the N-terminal part of IRSp53@no[7]. Purified recombinant I-BAR
bundled actin filament& vitro, and it was postulated that its actinbundling prop was
critical to its function [6]. I-BAR shows structdraimilarity to BAR domains, which bind to
to membranes of a specific curvature [8-10]. Pesliyi charged lysines are concentrated at the
ends of the I-BAR and are important for binding tHBAR to the membrane [7, 11-13].
These results suggest that the I-BAR can enahalogodia formation by simply bundling
actin filaments at the cell periphery. However, emogcent has suggested that the I-BAR can
bind to and deform membrane phospholipids and oprest the relevance of the actin
interaction [5]. The membrane bending activity ld 1-BAR proteins is also coupled to actin
dynamics. Consequently, I-BAR shares its functietween actin and membrane binding but

the details of this interaction are highly unclear.



In my PhD work | would like to describe the molesmulmechanisms of actin- and
membrane binding properties of IRSp53 protein, bseaell protrusions plays role in many
cellular processes, however the dynamics of filagaglnot well known. Filopodia formation
is necessary to understand the cell communicaiimexpect that the results of the work will
greatly improve our understanding about filopodienfation and the role of IRSp53 and its I-
BAR domain in it.



Aims

The aim of our project is to investigate the IRSPpBAR—actin interactionin vitro andin

vivoin response to filopodia formation. Our aims were:

1. to describe the membrane-binding propertise of BSSpBAR proteins and determine
the equlibrium dissosiation constant, which is elotaristic on it

2. to characterise the actin-binding properties ofARBdomain at different ionic strength

3. to investigate the affect of monomeric and filanogist actin on the I-BAR-actin
interaction

4. to study the effect of I-BAR on the actin filamegualymerisation
5. to follow the IRSp53/I-BAR overespresson in COSellc

6. to study the changing of the polymerisation stétectin in COS-7 cells.



Methods

Proteins

a-actin from rabbit skeletal muscle was prepareduting to the method of Spudich and
Watt [14]. After the preparation the actin was stbm buffer A: 2 mM TRIS/HCI (pH8.0),
0,2 mM ATP, 0,1 mM CagGJ 0,005% Nal, 0,5 mM 2-merkaptoetanol or DTT.
IRSpP53-I-BAR was encoded in pGEX4T2 plasmid andresged in E. coli strain BL21 DE3)
pLysS. [12]. The four lysine-lacking mutant I-BAKI42E, K143E, K146E, K147E [12])
(K4E-I-BAR) was also cloned in the same vector aodified similarly. The recombinant
proteins were loaded onto a GSH- column, eluteah fiilve column after cleavage by thrombin
and further purified by affinity cromatography (Pmacia FPLC). After the preparation the
proteins were kept in - 80 °C in storing buffer.

Preparation of vesicules and micells

Phospholipids from bovine brain were purchased ftbm Avanti Polar Lipids (Alabama,
USA): phosphatidylcholine (PC), phosphatidylseri(feS), Le-phosphatidylinositol-4,5-
bisphosphate (PHp. Large unilamellar vesicules (LUVETS) of varionempositions were
made by an extrusion technique. Lipids were dissblin chloroform and were dried in a
glass tube under a stream of nitrogen.2RVRich had beeen resuspended in deionized water,
was added to dried lipids, along with enough deiediwater to produce the desired final
concentration; all lipids were then resuspendeddiyexing. After five cycles of freezing in
liquid nitrogen and thawing in 3 water bath, samples were passed 10 times thraugh
polycarbonate filter (200 nm pore size) in an Edéu (Avestin, Ottawa, ON, Canada).
LUVETSs were prepared of 100% PS, or 100% PC octmbination of 70% PS and 30% PC
(PS/PC (70/30) lipids. We also used PI(45)P4 or 15% together with 96 or 85% PC
liposomes (PIP/PC (4/96) or PIFPC (15/85)) in the studies, respectively. Homogér

micells were made, 1 mg RlIRas solved in 0,5 ml buffer [15].



Fluorescence labelling of actin and IRSp53, specdphotometry

Towards the fluorescence spectroscopic measurerttentsys374 residue of actin monomer
and the Cys137, 195, 202, 230 residues of I-BARewabelled with IAEDANS or IAF
fluorophores.

The concentrations of the examined proteins and fiherescence labels were
determined on the basis of absorption of the sandlbe absorption was measured with a
Jasco V-660 spectrophotometer. The concentratidnghe proteins were determined by

measuring the absorption at 280 nm.

~Steady-state” fluorescence spectroscopy

Fluorescence was measured with Horiba JobinYvonngjiomeau, France) fluorimeter
equipped with a thermostated sampler holder. Theoppate values of the exication and
emission wavelengths were set with monochromaidrs.exitacion and emission slits were 5

nm.

Forster-type Resonance Energy Transfer (FRET) measements

Steady-state Forster Type Resonancy Energy Trar(6]lRET) was measured between
fluorescence-labeled I-BAR (with IAEDANS on cysteias donor) and labeled LUVETSs
(with DiO as acceptor), and its efficiency was addted. The efficiency of FRET (E) can be

determined from the donor intensities by usingftlewing equation:

E=1- (lba/Fp) (1)

where A and o are the fluorescence intensities of the donor énpftesence and absence of
the acceptor, respectively.

The binding characteristic was determined by ingiregconcentrations of lipids and
fixed I-BAR concentration. We have used a quadratjaation to fit the binding data and
calculate the Kd [16].

[PLI/[P] = (([P] + [L] + Ka) — (([P] + [L] + Ka)* = 4 * [P] * [L]) 9 / (2 * [P]) (2)



where [L] is the total concentration of the lipidghich is varied in the experiments. [PL] is
the concentration of the I-BAR bound to the lipad=l [P] is the total concentration of I-BAR.
The ratio of these two parameters, [PL]/[P], meesuthe fraction of I-BAR domain bound to
lipids.

Fluorescence quenching experiments

Fluorescence quenching experiments were carriedoaulAEDANS-I-BAR which was
titrated with a neutral quencher (acrylamide). Wialgzed the data collected in steady-state
guenching measurements by using the classical-St@mer equation [17]:

Fo/F =1+ Ksv * [Q] (3a)

where fis the fluorescence intensity of the sample inghsence of the quencher molecule
whereas F is the fluorescence intensity at diffegerencher concentrations [Q].
The Stern-Volmer constant g was determined with the bimolecular quenchingstant

(k+) and the fluorescence lifetimey:

Ksv=Kk:+ * To (3b)

~Steady-state” fluorescence anisotropy

Fluorescence anisotropy of IAEDANS-labelled actimnmomers in the absence and in
increasing concentration of IRSp53-1-BAR. The efilim dissociation constant {Kwas
determind by the following formula [16]:

[PLI/[P] = (([P] + [L] + Kd) — (([P] + [L] + Ka)* — 4 * [P] * [L]) ) / (2 * [P]) (4)
where [L] the total concentration of I-BAR (incr@ag concentration during the experiment),

[PL] is the concentration of the I-BAR bound to th@EDANS-actin, [P] the total

concentration of IAEDANS-labelled actin monomers.



TNS fluorescence assay

TNS fluorescence intensity was followed during éx@eriment. TNS can be sensitive to the
disorder of the aliphatic core of lipid micelles wesicles [29, 30]. The measurements were
performed with Horiba Jobin Yvon (Longjumeau, F@nspectrofluorometer equipped with a

thermostable cuvette holder. The excitation wavblegas 360 nm, the flurescence emission

was recorded between 360-560 nm.

Investigation of actin polymerisation

The polymerisation of actin was followed by pyrangensity. In monomeric form pyrene-
actin has a relatively low fluorescence signal lst it incorporates into filaments its
fluorescence emission increasis. The fluorescamessity was measured as a function of
time, the excitation wavelength was 365 nm andetiméssion wavelength was 405 nm. The
polymerisation curves were normalised. The elongatate was determined from the slope of
the linear fit to the pyrene fluorescence curveshalf-maximum polymerisation. We
calculated the rate of polymerisation from thesgeas to 3 units and these were plotted as a
function of I-BAR concentration.

Co-sedimentation assay

To characterise the binding of IRSp53-I-BAR to actilaments co-sedimentation assays,
were carried out. For the experiment pyrene-latleietin was used. The excitation and
emission wavelengths were 365 nm and 407 nm, r@gsec After the fluorescence
spectroscopic measurement the samples were ultrilicgad (Beckman: TLA 100 rotor,
80000 rpm, 28C, 40 min). The protein content of the pellet ahé supernatants were
analysed by SDS-polyacrylamide gel electrophorEk286) and the gels were stained with

coomassie blue.
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Statistic

During the data analysis standard error of the m(&kiM) was given biside the average
values. In some cases the average values were oetnpéh two-sampled t-test using 0,05

significance level.

Fluorescence microscopy

COS-7 cells were transfected with EGFP-actin, mGheBAR and mCherry-IRSp53
plasmids. After the transfection samples were fixed

The transfection efficiency was tested with Olymp81 inverted fluorescence and
LSM710 confocal microscope.

The length of filopodia were analysed using Fiji8][1 For the calculation
magnification of objective (63x) was used, then gveel values were translated to length
(0,106 um / pixel, or 9,434 pixel / 1 unit (um)h& measured filopodia values were given in

pKm unit.
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Results

Investigation of I-BAR-phospholipid interaction with FRET

Previously we have expressed and purified the |-Baml labeled it with IAEDANS
fluorescent probe on its surface cysteines [19]VEUs were prepared from different lipid
constructs and labeled with DIO fluorescence dya thenetrates into the lipid bilayer.
IAEDANS-labeled I-BAR and DiO-labeled LUVETs weresad inin vitro FRET assays to
study their binding interactions. We followed theofescence intensity of the IAEDANS-I-
BAR during its interaction with increasing concetiton of DiO-labeled PC, PS/PC (70/30),
PS, PIP2/PC (4/96) or PIP2/PC (15/85) containing/EUs and the FRET efficiency was
calculated. FRET efficiency increases with incregsiconcentration of the LUVETS
indicating that more acceptors were located inctbee vicinity of the donors. As LUVETs in
solution are far from being close enough to prodeféeient FRET, the increase of the FRET
efficiency must have been due to the formationinfling complexes between LUVETs and
I-BAR. The maximum FRET efficiency was estimateonir quadratic fits in case of the PS,
PS/PC (70/30) or PC liposomes. The IAEDANS-I-BARdaRIP2/PC (4/96) or PIP2/PC
(15/85) LUVETSs show the highest FRET efficiencysaturating concentration.

Fluorescence quenching on I-BAR domain protein

Steady-state fluorescence quenching experiments garied out with IAEDANS-I-BAR in
presence or absence of different LUVETs. At thetisi time, I-BAR and a saturating
concentration of LUVETs was added to the sample IKREDANS intensity was followed
during the quenching and the Stern-Volmer quencloimgstants (Kv) were determined in
each case. The value of theswwas the greatest in the absence of LUVETSs, whike th
guenching efficiency was reduced in the presendhefdifferent LUVETs (PS or PC) The
IAEDANS-I-BAR binds to the LUVETSs, making the quédmag less effective in both cases.
The higher negatively charged PS LUVETSs bind steorig the I-BAR than the non-charged
PC LUVETSs providing lower value of its static quaimg constant. We also tested the K4E-I-
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BAR, this result is fairly similar to the resultstihout LUVETs and indicates very weak or

negligible interactions.

Effect of I-BAR on the structure of micells

We have tested whether the I-BAR disrupts the daceitructure when it binds to lipids. It
was shown that TNS can be sensitive to the disafithre aliphatic core of lipid micelles or
vesicles [15]. In these experiments I-BAR was aapliith micelles made form P#PC
(4/96) lipids labeled with TNS fluorescent dye. Mg€an aggregate the micelles into large
multilamellar structures causing the TNS fluoreseeto increase by 3-fold. We found that I-
BAR bound to the micelles, but had minimal effenttbe fluorescence of the TNSlabeled
micelles. This shows that I-BAR binds to the heemligs of the PIPor PC lipids rather than
penetrating into the core of the micelle affectihg environment of the TNS fluorophore.
Although I-BAR does not increase TNS fluorescemnee,cannot exclude the possibility of

slight penetration into the hydrophobic regionshaf membrane bilayers.

The role of actin in the I-BAR — phospholipid interaction

The I-BAR binds to membranes and filamentous astmultaneously. We set up FRET
experiments to study the effect of F- or G-actin IBBAR-lipid interaction. Prior the
experiment we incubated I-BAR with saturation corication of PS liposomes. Then
increasing concentration of Gactin or phalloidiabsized F-actin was added to the sample
and the change of the transfer efficiency was vald. The transfer efficiency decreased in
the presence of G-actin reflecting the weakeningpefl-BAR-lipid binding interaction. In the
presence of F-actin the transfer efficiency incedasindicating that further I-BAR-lipid
complexes were formed in the presence of actim@ats. This observation suggests that
actin filaments tightened the affinity of the ligidor I-BAR. These results reveal the strong

effects of actin on the I-BAR-lipid interactionsathwarrant further study.
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Relation of IRSp53-1-BAR to the filamentous and moomer form of actin

Further investigations were needed to determingdhkation of I-BAR to the monomer (G-
actin) or polimer (F-actin) form of actin. To deber the I-BAR-actin interaction we set up
FRET experiments, in case of F-actin at differemic strength (25 mM and 100 mM KCI).
IAEDANS-labeled I-BAR and IAF-labeled F-actin weused inin vitro FRET assays to

study their binding interactions. We followed thaofescence intensity of the IAEDANS-I-
BAR during its interaction with increasing concetitbn of IAF-F-actin. With increasing F-
actin concentration the FRET efficiency was inceelat different ionic stregth.

The I|-BAR- G-actin interaction was followed with temdy-state” fluorescence
anisotropy. Fluorescence anisotropy of IAEDANS+aetas measured in the absence and the
presence of I-BAR. With increasing concentrationl-8AR anisotropy of actin monomers
were also increased, that suggest the bindingeoptbteins.

This result suggest that I-BAR can bind to the mmao and filament form of actin.
They bind with similar affinity and the binding doewot depend on the different KCI

concentration.

The effect of IRSp53-1-BAR on the polymerisation ofctin filament

In the polymerisation assay the actin/I-BAR ratiasAbetween 1:0 and 1:10. In case of lower
I-BAR concentration (1:1, 2,5:1) the actin polynsation was hampered. However the
process takes place, but needs longer time. Wealfanropposite mechanism in case of 1:10
actin-1-BAR ratio, where the polymerisation wastéighan the control.

We conclude that the I-BAR has effect on the apbtymerisation and it depends on

the concetration of it.
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The effect of IRSp53-1-BAR on the nucleation of ath monomers

Because I-BAR binds to the monomer and filamenfous of actin our further question was
weather I-BAR can nucleate the actin monomergMlpyrene-labeld actin was used in the
experiment. In case of IM or lower I-BAR concentration the pyrene signalswaightly
higher. However, 21M I-BAR resulted a major changing in the pyreneemndity. If we
increased the I-BAR concentration the signal ditlincreased significantly.

Based on the changing of pyren fluorescence intetise I-BAR/actin stochiometry
could be calculated. We got 2:1 I-BAR/actin stochétry. If we consider that the I-BAR is a
dimer, than one I-BAR dimer binds to one actin pfitament.

After the fluorescence experiment the samples wgemined with co-sedimentation
and analysed with SDS-page gelelectrophoresishdnpellet F-actin could be observed at

higher concentration than 0481 I-BAR. In the supernatant G-actin was remained.

Overexpression of IRSp53 and I-BAR proteins in COS- cells

Overexpression of IRSp53 and I-BAR proteins in CDSells resulted morfologycal
changing in the number and legth of filopodia. Ttate of the actin polymerisation was
followed with Latrunculin B treatment. The LatrutiouB is a drug which can hampare the
nucleation of actin monomers and results the degi@u of actin filaments.

We found that I-BAR domain or full length IRSp53prove the number of filopodia
significantly. Decreased number of filopodia canfband after Latrunculin B treatment,

without filamentous actin.
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Effect of IRSp53, I-BAR and actin on the length ofilopodia

The length of filopodia was investigated after @xgression of I-BAR, IRSp53 and actin
proteins. Overexpression of actin resulted 4,4 fopddia length, in case of I-BAR 3,1 um
and in case of IRSp53 5,0 um filopodia legth cooddfound. The cummulative relative
frequency was calculated in all cases. The ovesesgmwn of actin and IRSp53 don’t have
effect on the length of the filopodia. I-BAR shitéhe lenght to the shorter filopodia.
Overexpression of I-BAR improved the number of gbdia significantly and

decreased the length of filopodia. Our results sagthat the I-BAR has a role the initializing
of protrusions. I-BAR is necessary for filopodiarfation while actin has a suportive role on
it.

16



Synopsis

In the recent work we found, that

1. IRSp53-1-BAR binds to the different phospholipidghwsimilar affinity, the
binding depends on the polarity of lipids (neggtlarity stronger binding)
2. IRSp53-I-BAR shares its function between actin- areinbrane-binding
3. IRSp53-I-BAR binds to the monomer (G) and filamerstgF) form of actin
with similar affinity
4. F-actin can stabilize the I-BAR-membrane interagtiG-actin can weaken it.
5. IRSp53-I-BAR has an effect on the actin polymerdgat
6. I-BAR domain or full lengilRSp53 improve the number of filopodia
7. decreased number of filopazhn be observed without filamentous actin, after

Latrunculin B treatment.
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