SUPPORTING INFORMATION

Section 1: Supporting information figures
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Supporting information figure 1. Examples of individual relative scattering scé®sans for pure

DMPG (black) and DMPG:CHOL=95.2:4.8 (red) are shpinrboth DMPG=1 mM.
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Supporting information figure 2. Example of the analysis of the numerical tempeeatu
derivatives of the scattering intensity data. Th&ewated values for the derivatives are shown as
squares for heating scans of pure DMPG (black)&#G:CHOL=95.2:4.8 (red). The continuous

lines are the results of spline interpolation thas used to determine the temperatures of the peaks
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Supporting information figure 3. The relative 90° scattering intensity vs. tempeeatcans for
cholesterol-containing 1 mM DMPG samples. The scaty intensity was normalized with respect
to first temperature. The numbers shown in graptt te symbols indicate the cholesterol mole

fractions. Pure DMPG is shown in all panels for panison.
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Supporting information figure 4. The relative 90° scattering intensity vs. tempeeatcans for

cholesterol-containing 1 mM DMPG samples. The scaty intensity was normalized with respect
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shown in graph next to symbols indicate the chetestmole fractions. Pure DMPG is shown in all

panels for comparison.
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Supporting information figure 5. The relative 90° scattering intensity vs. tempemtscans for
DMSO-containing 1 mM DMPG samples. The scatterimgrisity was normalized with respect to
first temperaturef each curveThe black squares are the data in the abser@M8O, and the red
circles, green up triangles, blue down trianglesl arange stars represent data for DMSO =1, 5,

15, and 25 vol%, respectively.
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Supporting information figure 6. The 90° scattering intensities for DMPG vesiclethie presence -
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of DMSO. The black squares are the data in theramlesef DMSO, and the red circles, green up

triangles, blue down triangles, and orange stggeesent data for DMSO = 1, 5, 15, and 25 vol%,
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of pure DMPG samples at the lowest temperature.
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DMPG vesicles as a function of temperature. Thelotmuares, red circles, green up triangles, blue

down triangles, and magenta diamonds represenfata¥auc = 0, 0.005, 0.015, 0.048, and 0.091,
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Supporting information figure 8. The 90° scattering intensities for C3S-PG-contgridMPG

i
T3

vesicles as a function of temperature. The bladkasses are the data in the absence of C3S, and the
red circles, green up triangles, and blue dowmgties, and orange stars represent data fag X
0.010, 0.024, and 0.048, respectively. The scafiantensity was normalized with respect to the

average scattering intensity of pure DMPG sampiéisealowest temperature.
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’ Supporting information figure 9. The relative 90° scattering intensities for lyso-PG-containing

DMPG vesicles as a function of temperature. Thekotmuares are the data in the absence of lyso-

PG, and the red circles, green up triangles, bavendriangles, and orange stars represent data for

," | pure DMPG samples at the lowest

Xiyso-pc=0.015, 0.048, 0.091, and 0.130, respectively Jtattering intensity was normalized With [ "pejeted: average scattering intensity bf
temperature. r
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Supporting information figure 10. The 90° light scattering heating scans of 1 mM DMRGhe
presence of 0, 0.5, 1.0, and 2.0 M urea (black reguaed circles, blue up triangles and cyan
diamonds, respectively). The scans are normaliekedive to scattering intensity at the first paift

each curve.
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Supporting information figure 11. The 90° scattering intensities for DMPG vesiclestlie
presence of urea. The black squares are the dé#te imbsence of urea, and the orange stars, green
down triangles, magenta pentagons, red circleg bjutriangles, gray crosses, and cyan diamonds
represent data for urea = 0.05, 0.10, 0.20, 0.5, 115, and 2.0 M, respectively. The scattering
intensity was normalized with respect to the aversepttering intensity of pure DMPG samples at

the lowest temperature.
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Supporting information figure 12. The 90° scattering intensities for DMPG vesiclestlie
presence of EtOH. The black squares are the ddteinbsence of EtOH, and the red circles, blue

up triangles, dark cyan down triangles, and mageéiataonds for EtOH = 0.5, 1.0, 2.5, 5.0, and 10
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mole fraction in the bilayer for cholesterol, crsikrol-3-sulphate, dimyristoylglycerol, and lyso-
PG. For ethanol and DMSO the x-axis representsiilking volume fraction in the buffer. For ureég
the x-axis is the urea concentration in damokl, value 0.2 represents urea concentration 2.0.mdf{

The data for CHOL (black squares), C3S (blue wngies), DMG (cyan down triangles), lyso-PG
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(orange stars), EtOH (red circles), urea (magemaahds), and DMSO (gray pentagons) are

shown.
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Supporting information figure 14. The temperature span of the intermediate sfateTo, as - - { Deleted:,

observed from the endotherms. The x-axis represmmie fraction in bilayer for cholesterol,
cholesterol-3-sulphate, dimyristoylglycerol, andsdyPG. For ethanol and DMSO the x-axis
represents the mixing volume fraction in the buffesr urea the x-axis is the urea concentration as
damol/l, i.e. value 0.2 represents urea conceatr&tiO mol/l. The data for CHOL (black squares),
C3S (blue up triangles), DMG (cyan down triangldg3p-PG (orange stars), EtOH (red circles),

urea (magenta diamonds), and DMSO (gray pentagoasghown.
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Supporting information figure 15. The transition temperatures from 90° light scatigdata. T ,h§‘
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Section 2: Calculation of the area and volume in rims of the hole

v

For a hole with an anglé between semicylindrical lipid rim at a point on
the edge of the hole rim surface
the lines going from the centre of R,
A rim
spherical vesicle to the center of tt : non-rim \§=S <
. Rl ‘l T x
hole and the rim of the hole, the ar D w2-6
and volume for the lipid in the hole
rim center R :

rims are (as can be easily obtaini
by integration):
A, = 2r°Rasing - 4za” cost

V., = 7°Ra’ sin@—g;za3 cosd

whereR is the apparent vesicle radius from the centthefvesicle to the centre of the bilayer and
a is the monolayer thickness.

Likewise, the area and volume of the bilayer intasicle without holes are

Agpee = 47(R + %)

Voo = 4?7[(6R2a+ 2a°)

sphere —

and the missing area and volume from the surfatkeeofesicle because the presence of a hole are:

Ane = 27(R? + a% J1- cost)
2

Ve = ?(6R2a+ 2a° |1 cost)

Now, let us assume that initially we have a splaénesicle with 70 nm radius without any holes.
Then the area and the volume for the bilayer of theisicle are approximately,261600 nrfi and

V¢=277000 nm



When we introduce holes into this vesicle, then if the volume of Hikayer required to fill a hole
is larger than the volume of the lipid in the riwisthe hole, then the vesicle needs to expdhd (

increases) to accommodate the bilayer volume firarhbles. Thus

-nV,

hole

V, =V,

sphere

+1V,,,, = R*{4ma[2- n(1- cosd)]}+ Riz?a’ncost) + 4?” a’(2-n).

We can now calculate the radius for the vesiclé Witles utilizing the bilayer volumé,.

~ z?a’ncosh + \/(;zzazncose)z —4-{4za[2 - n(1- cos@)]}[t[ a’(2- n)—VO}

R= 2-{4ma[2 - n(1-cosd )}

Riske et af observed in their SAXS and WAXS measurement aatepéstance of 40 nm,
suggesting that the largest hole diameter (for dixgevesicle) cannot be larger than this. Let us
assume that the maximum hole diameter

d, . =2Rsin@ = 40 nm.

hole
Now the hole angle and vesicle radius can be satwederically for any number n of holes. We
calculated the apparent vesicle radius, the fractib the total lipid volume in the rims (=the
fraction of lipid molecules in the rims), and thgparent volume fraction due to the enlargement of
the particles.

Thus the apparent radius of the vesicle, the fsaatif lipid volume (=the fraction of lipids) in the
rims around the holes, and the relative changeppament fraction of the total solution volume

inside the holey vesicles can be then calculated.



