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SUPPORTING INFORMATION

Text S1. Assessing the membrane tension in vesicles exposed to electrodeformation

The force density f arising from the accumulation of electric charge at both interfaces of the
membrane acts as a local pressure on the membrane in addition to the pressure difference Ap
between the interior and exterior of the vesicles as described by the Young-Laplace equation. At
the poles (pol) and at the equator (equ), the force balance between pressure and tension has the
form 2MpoiZ = Ap + fpor and 2MequZ = Ap + fequ, Where M, and M., are the mean curvatures
of the membrane at the poles and equator, respectively, and f,,, and f.,, are the respective force
densities. By eliminating the osmotic pressure from these equations, one can obtains for the
tension X of the vesicle

s = fpol - ﬁequ

2(1\/Ip01 - Mequ)
Full derivation of the force densities f,,, and f.q, can be found in Ref. (1), Appendix B (Ref. 30 in
the main text). Here, we use the same notations. The resulting force densities for each angle 6
along the vesicle are the superposition of the radial Maxwell stresses directed to the exterior, the
bilayer and the interior of the vesicle, denoted as 1, 2 and 3 in the indices, respectively, at the
exterior (ex) and interior (in) interface:

f(@) = [Tlrr(rexr 9) = Topr (rex; 9)] + [Ter (rin; 9) — T3y (rin; 9)]

where 1, and r;,describe the outer and inner radius of the vesicle.
Following equations 84 and 85 in Ref. (1), the radial components of the stresses that may cause a
deformation at the exterior interface are:

Tirr(Tex, 0) = %€1E§[|a1,ex|2C0529 — |Yex|?sin®6]
o (1 0) = 3 €2E3 13 xl2c05%0 [ sine)
and at the interior interface (following equations 88 and 89 in Ref. (1):
Torr(Tin, 0) = %62E§[|a2,in|zcosze — |¥in[*sin?6]
Tarr (1 0) = 7 €aEdlla 0050 — [y sin)

Here the amplitudes at the exterior (equations 65, 66 and 68 in Ref. (1)) and at the interior
interface (equations 70, 71 and 73 Ref. (1)) are:
Arex = P12ex azin =9/D
3
r.
azex = 3[(1+2B3)+2(1—pB3) rl_;l]/D A3in = B32,in

ex

7,.3

Yex =3 1+ 2.83) - (1- :83)7_1_;1 /D Yin = —Q3,in
ex
with the denominator
ri::)

D=Q@2=p)A+2p3) -2 =F)A=P3)5+

Téx
the complex-value electric parameters
0, — lwey 0, — lwey
pr=—"—"— Bz3=—""F—

0-1 - ia)El ’ 0-3 - iw63



and the conductivities o, , 3, the dielectric permittivities €, , 3 and the circular electric frequency
w.
At the poles (6 = 90°) and equator (6 = 0°), the force densities are then defined as:

1
fpol = ZEg [(€1|,31|2 - 62)|az,ex|2 + (e, — 63|,33|2)|a2,in|2]

1
ﬁaqu = _ZES [(61 - Ez)lVexlz + (62 - E3)|Vin|2]
The terms in the square brackets are invariable during the experiment leading to the following
dependence for the membrane tension
_ const E§
(Mpol - Mequ)

where const is a dimensional constant. Then, from the logarithmic expression for the relative
area change in Eqg. 1 in the main text, one obtains the simplified expression in Eq. 2 in the main
text.

An approximation for working at “small” field frequencies ® and low conductivities of the

solutions oy 3 > 0, and |By3| € 1 — (11 /7ey)® leads to:

9 3

A2,in 3\ Az,ex = A2in — 3, Yin—0, Yex 2 — 5
_in
ex

2
yielding for the forces
1 / 27

2
fpol - ZGZEO 3 9 | and ﬁequ - __ElEO
in
1 - ‘]"_3
ex
From these simplified expressions, the actual membrane tension during electrodeformation can
be also assessed.
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Figure S1. Change in the area of a POPC vesicle at 40 °C as a function of applied electric field
strength (in V/m units) as measured in an electrodeformation experiment (the curvatures were
measured in units 1/m). From the slope of the data, one obtains the bending rigidity following
EqQ. 2 in the main text.
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Figure S2

Figure S2. Images of vesicles with internal structures observed at room temperature for GM1
fractions of (A) 5.3 mol% (confocal cross section,) and (B) 10 mol% (phase contrast). The

vesicle diameters are approximately (A) 35 um and (B) 25 um.
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Figure S3. Partial phase diagram of POPC with palmitoyl ceramide (filled squares) or with GM1
(open squares). The data for GML1 is identical to that in Fig. 3A in the main text. The data for the

POPC/palmitoyl ceramide system is from Ref. (2) (Ref. 54 in the main text). The solid curves are
guides to the eye.
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Figure S4. Example data for fluctuation analysis on vesicles with gel-like domains. The analysis
is done following the approach in Ref. (3). The data was acquired on a vesicle with 8 mol% GM1
at room temperature. (A) Absolute values of the Fourier coefficients |vq| for several of the

modes g with subtracted mean value. (B) Fit for the bending rigidity deduced for the same
vesicle, k =12.1 +3.3x 102,

References

1. Yamamoto, T., S. Aranda-Espinoza, R. Dimova, and R. Lipowsky. 2010. Stability of
Spherical Vesicles in Electric Fields. Langmuir 26:12390-12407.

2. Silva, L., R. F. M. De Almeida, A. Fedorov, A. P. A. Matos, and M. Prieto. 2006.
Ceramide-platform formation and -induced biophysical changes in a fluid phospholipid
membrane. Mol. Membr. Biol. 23:137-U132.

3. Gracia, R. S., N. Bezlyepkina, R. L. Knorr, R. Lipowsky, and R. Dimova. 2010. Effect of
cholesterol on the rigidity of saturated and unsaturated membranes: fluctuation and
electrodeformation analysis of giant vesicles. Soft Matter 6:1472-1482.



	bpj_7592_mmc1.pdf
	SUPPORTING INFORMATION


