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Power expansion coefficients of normalization factors
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Excess SLD profile

The excess SLD profile, according to Eqgs. 11, 8, 9 and 10 is
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This expression can be can be re-written as
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Fourier transform of f(r)
The isotropic Fourier transform of f(r) is defined as
5 R+ro+w+&rw :
Fla)=4n [ £y (51)
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It is convenient to introduce the new integration variable © = r — R and to work in the complex

space by exploiting the identity sinz = §(e™** — €'*). Accordingly, we obtain
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where (z) stands for the imaginary part of the complex variable z. Notice that we have introduced

the two following Fourier transformed functions, which we have analytically solved
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It is important to consider that both fi (¢) and f (¢) do not depend on the vesicle radius R.

In the limit ¢ = 0, the two functions read

f1(0) = 2w (S8)

w(24rg + w(E2 — &2

Since the hydrophobic domain volume fraction ¢y, o(r) is expressed through the parabolic peak
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function f(r), Egs. S5, S6 and S7 are exploited to calculate the Fourier transform of ¢y o (7),

Phale) = f%{ewR[R@h,a,l(q) + Phas(@)) ($10)

In particular, @ in,1(¢) and @nin2(g) are calculated with Eq. S6 and S7, respectively, by taking
70 = =Dy in/2, w = Dy in/2, § = &nin and & = Oterm/(Dh,in/2)); likewise, @n out,1(q) and @n out,2(q)
are calculated with Eq. S6 and S7, respectively, by taking ro = Dhout/2, w = Dhow/2, & =
Uterm/(Dh,out/Q) and &, = fh,out-

In parallel, Egs. S5, S6 and S7 are exploited to calculate the Fourier transform of @y o(7),

o) = “;r%{eWR[Réh,aJ(q) (@)} (s11)

where @y, 5, 1(¢q) and @y 5, 2(q) are calculated with Eq. S6 and S7, respectively, by taking ro =

—Dyjin/2, w = Dy jn/2, & = &nin and & = 0; likewise, @y, 4u4.1(¢) and @y, oy 2(q) are calculated with

Eq. S6 and S7, respectively, by taking ro = Dy out/2, w = Dy out/2, § = 0 and & = & out-
Concerning the group volume fractions, ¢4 (r), we recall that they are expressed via Eq. 4 on

the basis of normalized parabolic peaks fy (7). Their Fourier transform read

K
4 Ak g,a 2 f f
Y SR 0 (0) + Fy2l)]} ($12)
k=0

Pg,a (9)

Clearly the functions fgva,l(q) and fgﬂg(q) are calculated via Eqgs. S6 and S7, respectively, with

With ro = rg}a, w = wg,a a‘nd é’l = gT‘ = £g7a'
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Calculation of F(q) and F?(q)

On the basis of Eq. 12 and S3, the vesicle form factor F'(q) can be written as
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where we have introduced the isotropic Fourier transform of the rectangular function

o0 1 r—B)sin(gr) , 4 B A
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with A < B. Eq. S13 can be rearranged in a much compact form, according to

K
Flg) - 4; %{ewRﬂﬁﬁf)} (S15)
k=-—1

where the following intermediate functions, all independent on R, have been introduced

1
F_l(Q) = _7(pNh,in+prin+1,in - pO)
q

1
_&(pNh,outJl‘Np,out"rl,Out - po)[eZqDout — 1]

+ Y {0 = PNyt Ny ot 1.0)Phar (0)

a=in,out

+(p1,a — PO)Ph,a,1(q)
Nh ,

+Z Pg,a — Pl,a aOg,afgal( )

Nh,a+Np,a

+ Z (Pg,a - pNh,a+Np,a+1,a)a0,g,afg,a,l(Q) (S16)
g:Nh,a+1

S6



1
?(pNh,in'i'Np,in"’Lin - po)
1

+ Z (P Ny ot Npout+Liout — o) €970 (1 = 1 Dgut) — 1]
+ Z {(Po - PNh,a+Np,a+1,a)95h,a,2(Q)
a=in,out
+<p1,a - pO)@h,a,Q(Q)
Nh,a

+ 3 (g0 — P10)[00,g.0f9.02(9) + a1,g.0g.01(9)]
g=2

Nh,aJerya

+ Z (Pg,a — PNh,a-l—Np,a—l—l,oz)[aO,g,chEg,aQ(q) + al,gyafg,ml(q)] (S17)
g:Nh,a+1

For1 <k<K-1

Nh,a
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It can be shown that the squared form factor can be expressed by the following equation

g2 & Fr, (9)F,(9) B, (@) Firy (9)

2 i 1 k 20RLk1\q) ' x g

F() S P @l (520
k1,ko=—1

where R(z) stands for the real part of the complex variable z.

Average of of F(q) and F?(¢q) over the Schulz distribution function

We assume that the vesicle radius R is polydispersed according to the Schulz distribution function

p(R) = RsRo—lo=sht (S21)
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which is characterized by two parameters, the average radius Ry =< R>, with

<R> = /OORp(R)dR (S22)
0

1

¢z » being g the dispersion of R, defined as
OgR

and s =
¢4 = (<R>> — <R>?)/ <R>* (S23)

In particular, the following other two averages can be derived

1
1 2
<R3> _ Ro( +SRSO2)( +$R0) (825)

By using the compact forms of of F(g) and F?(q) (Eqs. S15 and S20) we have been able to

derive the two following analytic expression for their averages over the Schulz distribution,

1 o0
< F(q)> = g / F(q)R*Fo—1e—sRqp

4r K 53T (sRy — k)

T =1 (¢ + 32)%1“(3}%0)
x [S(F}) cos (tan_l (g) (sRo — k)) + R(F,) sin (tan_l (g) (sRo — k))] (526)

1 o0
< F2 > = SSRU / F2 RSRo—le—sR dR
872 &L T(sRo — ko — kp)shithe
= 7 X RO [S(FL)S(Fiy) + R(Fr )R(F,)]
k1,ka=—1

S (Fe)S(Fry) — R(F, )R(FL,)] cos (tan—l (28‘1> (sRo — ks — k1)>

HR(Fe)S(Fry) + S(Fiy)R(Fy, )] sin <tan—1 (?) (sRo — ks — k1)>}

[(sRy — ko — ky)s®f0
SRk =y (527)
(4¢> +s?)~ 2 T'(sRo)

S8



Volume of the solution inside the vesicle

According to the definition of the volume fraction distribution within the vesicle, reported in Eq. 9,

it is simple to calculate the volume of the hydration solution inside the vesicle,

o0
| A / P Ni st Np st Lin ()72 dr
0
4 00 Niin+Npjin oo
= 37rR347r/ @hyin(r)r2drf4ﬂ' Z / gog,in(r)r2dr
0 g=Np in+1 0
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= gTFR?’—@h,in(O)— Z Pg,in(0)
9=Nh in+1
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Considering the expressions of ay gin (Eq. S1), the ones reporting the value at ¢ = 0 of the Fourier
transform of f(r) (Egs. S8-S9) and recalling the average values of the k-th momentum of R under

the Schulz distribution function,

- F(SRO + k)

k * k
= pum— 2
<RF> /0 RFp(R)dR TR (S29)
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with sRy + k£ > 0 and k positive or negative, we have been able to calculate the average value of

the volume inside the polydispersed vesicle, as it follows

2 3 2 30 2 2 20 2
<VNuintNpin 1> = AT{[=25"wpin” — 5" Whin"En,in~ + (8"Wh,in"Ehyin
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2
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+a2,g in[Wg,in(12 — 2474 ins
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Mass balance

We assume that the molecular units of the two monolayers are formed by Ng compounds (lipids,
proteins, carbohydrates, nucleic acids, drugs, etc.) and that their total molar concentration is

Cg, with k = 1, Ng. Each of these compounds could be differently distributed in the two distinct

monolayers, according to a molar ratio xy, , with Zzuztm Tk = 1. Let us assume that the first
compound (labelled with & = 1) is present in both monolayers (z;, # 0 for a = in,out). The
nominal stoichiometry of the a-molecular unit can be defined through the ratios of the concentration

of the k-compound and the concentration of the first compound

Tk oCk

Chae = (S31)

z1,2C1
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so that we get (1 o = 1. Hence, the molar concentration of the a-molecular unit is Cyip,q = 1,0C1.
The molar concentration of the vesicles will be Cyes = CMB o/ < Nsa,o >. S0 we have Cles(< Neain >
+ < Nsa,out >) = CMB.in + CMB,out- As a consequence, we find

1
< Nsa,in >4+ < Nsa,out > ‘

Cres = (S32)

We noticed that, on the basis of Eqs. 5 and 6 together with Eq. S24, the average self-assembling

numbers are

T
< NS&JU > = 6v (8D}31,in + D}31,in€}21,in + R0(24Dh,in(1 + SRO)/S
h,in

_24D121,in - Dlzl,ingﬁ,in + 4gt2erm)) (833)

T
< NS?LOUt > = 61, (8D§1,out + Dﬁ,outéﬁ,out + R0<24Dh,0ut(1 + SRU)/S
,out

+24D}21,out + Dﬁ,outgﬁ,out - 4a‘czerm)) (834)

Area per molecular unit

The average area associated to each molecular unit can be defined by the ratio between the average

vesicle surface and the average number of sf-assembled molecular unit. In detail

4 < (R — Din)2 > 47T(R0(1 + SR())/S + D? 2RODin)

in

in = 535
fin < Nsa,in > < Nsa,in > ( )
" _ Am <(R+4 Douwt)*>  Am(Ro(1 + sRg)/s + D3y + 2RoDout) (536)
out < Nsa,out > < Nsa,out >

In the limit of large Ry, by considering Eqs. S33-S34, we obtain an = vh,a/Dh.q, as expected for

flat monolayers.
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Table S1: Third class of fitting parameters obtained by the global-fit analysis of SANS curves.
Validity ranges of fitting parameters: ® 420% of nominal zp; ® (0 — 3) - 1072 cm™!; © fixed value.
L PL
D a B b Trp a B b
0° 1.8£0.2 0°¢ 0.940.2
0.09654+0.0008 1.49+0.08 | 0.0734£0.0005  0.7+0.1
0.14140.001 0.3+0.1 0.0984+0.001 0.540.1
0.197£0.001  2.30+0.07 | 0.420£0.008  0.5540.02
0.29440.002 2.461+0.05
0.399+0.002  2.1840.03

Third class fitting parameters
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SLD profiles obtained from SANS data
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Figure S1: SLD of united groups derived from the analysis of SANS data at different solvent
deuteration grade xp for liposomes (L panels) and proteoliposomes (PL panels) reported as a
function of the radial distance r from the vesicle center (bottom horizontal axis) and as a function
of the radial distance from the average vesicle radius Ry (top horizontal axis). Thin and thick
lines refer to inner (o = in) and outer (o = out) monolayer, respectively. Red, blue and turquoise
distributions refer to lipid hydrophobic group, lipid polar group and water, respectively. In PL
panels, green and magenta colors refer to hydrophobic protein group and polar protein group,
respectively. In all panels, the black line is the total SLD of the system.

S13



