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What is a Giant Unilamellar Vesicle ?

Y

Membrane
Cytoplasm
Lipid bilayer
Water and sucrose
Organelles

SiO2 particles, R=1 um

Living cell Vesicle

Size of cells / vesicles : a few um
Diagrams are not to scale 4



Aim of the internship

- Creating vesicles encapsulating

colloidal particles of radius 1 um

- Studying the physics of the membrane
when a particle is pulled trough it

- Relevant quantity for these systems :
surface tension

- Motivation : understanding how cells
pohysically work

With Thomas Dartige (M2 Cell Physics)



Interactions and deformations of
vesicle- particles systems

—
2uym

Particle

5045

[1] Fessler F., Sharma V., Muller P., & Stocco A. (2023). Entry of
Microparticles into Giant Lipid Vesicles by Optical Tweezers. Phys Rev E.

These experiments are performed at a low surface

tension regime (~10_8N 5 m) SO thgt the forces are [2] Vutukuri, H. R., Hoore, M., Abaurrea-Velasco, C., van
Buren, L., Dutto, A., Auth, T., Fedosov, D. A., Gompper, G.,
& Vermant, J. (2020). Active particles induce large shape
Of the order Of d pN deformations in giant lipid vesicles. Nature, 586(7827),
52-56.
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water in oil emulsion

W »
B

&

water & particles
[

. ¢ '. . . = Put above water phase
. . \%5J¢
- Based on protocols found in the literature [2][3] .\C@W.Jféﬁ,
- Centrifuged water-in-oil emulsion 'Z%ng:
- Lipids are fluorescently labelled so that we can see the vesicles #ﬂ g \1% :
water
- Colloids (R=1um) are visible with white light




Forces on the vesicle during
centrifugation

lCentrifugation force T Surface tension
R ~107°N-m™*
FC=§T[R X Ap X a Yy = * m
R = radius

Ap = difference of density
between oll and water,
a = acceleration

107N < Fe < 107N Fourface tension = 107°N




Bl oeienetowe
Challenges

We had to tune every experimental
conditions :

- Concentration of lipids

- How to prepare emulsion

- How fast should it spin

- How long should we wait between each
step
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Challenges:
Choice of particles concentration

Those colloidal crystals are observed when particles are adsorbed on a membrane.

They are a subject of interest for some physicists [4].
11



Challenges:
Centrifugation force

If the sample is accelerated too much it
can cause the particles (heavier part of the
sample) to cross the interface alone.

As they are more accelerated than the
surrounding water, they escape the vesicle
and are covered with lipids, therefore visible
with fluorescent light.
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Challenges:
Centrifugation duration

The time and the force of
centrifugation are key elements for
the vesicle to cross the interface. The
force felt by the vesicle is :

4
Feentrifugation = §7TR3 X Ap Xa

With R the radius, Ap the difference of
density between oil and water, and a
the acceleration. It has to overcome
the surface tension force, which is of
the order of 1078N.
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Examples of GUVs

colloids

ldeal parameters : centrifugation at 500g (~10~8N) during 30 minutes
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LASER

K
PARTICLE

— Focal plane

- An infrared laser creates a trap for the particles.

- The potential induced by the laser is @
harmonic potential. The resulting force is :
F=—k(@-7%)
- Location of the trap = focal plane = equilibrium

position

Optical tweezers

T |
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Optical tweezers

LASER

K
PARTICLE

'

— Focal plane

- An infrared laser creates a trap for the particles.

- The potential induced by the laser is @
harmonic potential. The resulting force is :
F=—k(Z-1%)
- Location of the trap = focal plane = equilibrium

position

INTENSITY PROFILE

IDMEP DMWLD

INTENSITY PROFILE

IDMEP DMONOD-
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Comparison of the trajectories

—— free brownian motion
1 - _
—— trapped in optical tweezers
— D ]
&
2
> 1
_;_I -

X (um)

Comparison of the 2D trajectories of two particles during 19 seconds.
Those were obtained using a tracking algorithm on videos of the particles.
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Free particles : brownian motion

Trajectories

20 7

15 ~
I
10 1

When colloids are free, they have o
oure Brownian motion [6][7]. - 10 1
Here, our colloids are in water =
(viscosity n ~ 1073Pa.s). >
Even though they have a radius of |
um, they have a Brownian motion. ]
-5 0 5 5

N
*"

20 25
X (um)

2D Trajectories of several particles

(19 seconds of motion)
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B oricomveees
Mean Square Displacement (MSD)

74 + mean MSD over 10 particles
theoretical result
5| —— eror
- MSD = mean squared distance travelled -
by a particle in a time interval. _
™
- Brownian motion [7] : IR
=
((x(t) —x0)?) = 2Dt 2 3-
=
xo = Initial position of the particle ,
D = diffusion coefficient i
t = time . .
1 7 diffusion coefficient D= 0,4295 um?¥s
D =

|
0.0 0.5 1.0 1.5 2.0 2.5
time interval (s)
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Mean Square Displacement (MSD)

In a fluid, the theoretical value of D reads :

kpT

D,, =
th 61T RN

ky = Boltzmmann constant
T = temperature

R = radius of the particle
n = viscosity of the fluid

Dy, =~ 4,46 X 1071 um?/s
Dexp = (4,30 £0,29) x 107! um?/s

mean MSD over 10 particles
theoretical result

— EITar

T - +

MSD (um?)

u5iﬂn coefficient D= 0,4295 um?s

|
0.0 0.5 1.0 1.5 2.0 2.5
time interval (s)
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Influence of the laser power

2D Trajectories of trapped particles

0.4

- The more current in the laser, the stronger the
trap gets, 0.2 -

- The power of the laser and the intensity are
linearly related; those intensities correspond to a E o00-

0-50 mW range of power =

- The maximum power of the laser is about 1W 0 -

- The laser beam is not perfectly circular in the intensity : 45mA
trapping plane, leading to anisotropic 0q . ::i:z:g ?Eﬁi
trajectories. intensity : 30mA

—0.4 —0.2 0.0 0.2 0.4 0.6
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Determination of the spring constant

- + intensité : 45mA
F —_ _K(f — fo) 0-047 fit intensité : 45mA
; + intensité : 60mA
& 0.03 - § — fit intensiteé : 60mA
- Trapped particles MSD is different [6] : 5 + intensité : 75mA
T a .07 4 —— fit intensité : 75mA
2 + intensité : 90mA
MSD = B (1 — eXp(—Kt/y)) —— fit intensité : 90mA
K 0.01
Where K is the spring constant, y is the 0.00 - . . . .
0.4 0.5 0.6 0.7 0.8
friction coefficient (D = kgT/y). temps (<)
0.003 7 + oy + ++ + + + ++ -
0.008 - +++++ *++++++++++
. + +
Eventually, it reaches a plateau as the 0,007 -
particle is trapped 0.006 -
- The plateau gives the stiffness 20027 —_—
+ LA L
0.004 +
constant of the trap : R A < S A
0.003 - ++ I_|_ + ++ ++ + + ++ ++ + _|_+ ++ -T-+ +
ZkBT 0.002 A
MSD = for t >> 1 I I I I I I I
K 0.00 0.01 0.02 0.03 0.04 0.05 0.06
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Determination of the spring constant

Stiffness constant as a function of intensity or power

power (mWw)
0 10 20 30
= - - 3.0 ' ' '
F = —K(x — XO) + kappa based on experiments T

fit
s 54 + erroron kappa

- The spring constant K grows

linearly with intensity or power. 204
E
=
=
- Calibration of the optical tweezers; 4 157
153
now, when we use the laser with a ~
1.0
given intensity, we know how
strong the trap is. 0.5 1 slope=5.24e-08
56 Eb ?h Eb dﬂ
intensity (mA)
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GUVs encapsulating particles

particle particle particle

We trap the particle with optical We move it towards the The membrane does not deform.
tweezers memlbrane and we push it The vesicle is moved by the kick
given by particle.

26



GUVs are not “floppy enough

9 MM

I
5 um

"Floppy" GUV "Stiff" GUV
Membrane tension typically < 107/N/m Membrane tension typically > 10~/N /m

27



Solution : osmotic pressure ?

Wieft = uright

— — — POorous membrane

® Sugar
O

u = chemical potential

If the memlbrane can let water
trough, the water will move to
balance the chemical potential.

28



Solution : osmotic pressure ?

Uin = Hout Win = Hout
) Add sugar . ®
Initial state : the membrane The addition of sugar Equilibrium is restored; the
IS too stretched and we outside of the vesicle causes vesicle contains less water
can't pull a particle out of it. the water to go out. and is therefore “floppy”.

29



Solution : osmotic pressure ?

After adding a lot of sugar (+30%)
and letting it rest all night, we did
not see any progress

30
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And it was already the end..

What we did :

- GUVs with a controlled number of colloids

- Optical tweezers calibration

- Even though there was too much tension, we could move the vesicles with the

optical tweezers

What's next :

- Fabrication of low tension vesicles

- Measurement of the physical properties of the membrane (bending modulus,
tension, ...)

- Compare with theoretical models [8][11] and understand shape transition

32
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Solution : osmotic pressure ?

WATER WATER

36



Mean Square Displacement (MSD)

- The experimental value found before
IS not reliable, because it is the mean
slope over all points.

- Small time interval : not enough
precision, long time slot between two
frames

- Long time interval : drift, currents, ..

- More reliable value if we look at the
region where D is constant

Dexp = 4,17 x 10713 m?/s

37

1.9

1.8

1.5 A

1.4

1.3 1

+

slope of the above MSD graph (prop to D)
Interesting region

diffusion coefficient D= 4.169463474594138e-13

0.0

0.5 1.0 1.5 2.0 2.5
time(s)




Solution : micropipette ?
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