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We write the fluctuation part of the free energy, given by Eqs (39) and (40) of the paper in

the form

δF

kBT
=

A2

(2π)2a2

∫
d2p φT

i (p) ·Mi,j · φj(p), (1)

where Mi,j = Mj,i and p ≡ a1/2k.

We recall the expressions for the cholesterol-dependent spontaneous curvature of the outer

leaf, Eq.(15),

κOmH
O
0

kBT
=

[
ySM

ySM + yPCo

(aSM − bSMyCo) +
yPCo

ySM + yPCo

(aPC − bPCyCo)

]
, 0.25 ≤ yCi ≤ 0.6

(2)

and for the inner leaf, Eq.(16),

κImH
I
0

kBT
= −

[
yPE

yPE + yPS + yPCi

(aPE − bPEyCi) +
yPS

yPE + yPS + yPCi

(aPS − bPSyCi)+

+
yPCi

yPE + yPS + yPCi

(aPC − bPCyCi)

]
, 0.25 ≤ yCi ≤ 0.6 (3)

To evaluate the derivatives of the HO
0 and HI

0 with respect to the various mol fractions

y, we define the quantities

zo = (1− ȳCo),
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where the overbar denotes the equlibrium value, and

CO = fSMaSM + fPCoaPC − ȳCo[fSMbSM + fPCobPC ] (4)

Here fi is the fraction of phospholipids in the monolayer of type i, that is

fSM =
ȳSM

ȳSM + ȳPCo

fPCo =
ȳPCo

ȳSM + ȳPCo

CSM = (aSM − aPC)− (ȳCo)[bSM − bPC ]

CCo = fSMQSM − zobPC where

QSM = (aSM − bSM)− (aPC − bPC)

CSM−C = QSM

CCo−Co = (fSM)QSM .

zi = (1− ȳCi)

CI = fPEaPE + fPSaPS + fPCiaPC − ȳCi[fPEbPE + fPSbPS + fPCibPC ]

CPE = (aPE − aPC)− (ȳCi)[bPE − bPC ]

CPS = (aPS − aPC)− (ȳCi)[bPS − bPC ]

CCi = fPEQPE + fPSQPS − zibPC

QPE = (aPE − bPE)− (aPC − bPC)

QPS = (aPS − bPS)− (aPC − bPC)

CPE−C = QPE

CPS−C = QPE
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CCi−Ci = (fPE)QPE + fPSQPS

With the above definitions, and Eqs. (5) and (6) of the text for ρ(yC), the matrix elements

are as follows:

M11 ≡MSM,SM = aρ(ȳCo)

[
1

2ȳPCo

+
1

2ȳSM
− 6

εSM,PC

kBT

]

+
b

kBT
p2 +

(
kBT

κb

)
a
C2

SM

z2o

−
(
kBT

κb

)
p2

2((σa/κb) + p2)
a
(
CSM

z0

)2

(5)

M12 ≡MSM,Co = aρ(ȳCo)

[
1

2ȳPCo

+ 3
εSM,C

kBT
− 3

εSM,PC

kBT
− 3

εPC,C

kBT

]

− a2(1− ra)ρ2(ȳCo)
[
(3
εSM,PC

kBT
ȳSM + 3

εPC,C

kBT
ȳCo) +

1

2
(ln ȳPCo + 1)

]
+ a2(1− ra)ρ2(ȳCo)

[
(3
εSM,PC

kBT
ȳPCo + 3

εSM,C

kBT
ȳCo) +

1

2
(ln ȳSM + 1)

]
+

b

2kBT
p2 +

(
kBT

κb

)
a
COCSM−C + CSMCCo

z2o

−
(
kBT

κb

)
p2

2((σa/κb) + p2)
a
CSMCCo

z20
(6)

M13 ≡MSM,PE = +

(
kBT

κb

)
p2

2((σa/κb) + p2)
a
CSMCPE

zozi
. (7)

M14 ≡MSM,PS = +

(
kBT

κb

)
p2

2((σa/κb) + p2)
a
CSMCPS

zozi
. (8)

M15 ≡MSM,Ci = +

(
kBT

κb

)
p2

2((σa/κb) + p2)
a
CSMCCi

zozi
. (9)
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M22 ≡MCo,Co = aρ(ȳCo)

[
1

2ȳPCo

+
1

2ȳCo

− 6
εPC,C

kBT

]

− a2(1− ra)ρ2(ȳCo)[(6
εSM,PC

kBT
ȳSM + 6

εPC,C

kBT
ȳCo) + (ln ȳPCo + 1)]

+ a2(1− ra)ρ2(ȳCo)[(6
εSM,C

kBT
ȳSM + 6

εPC,C

kBT
ȳPCo) + (ln ȳCo + 1)]

+ a3(1− ra)2ρ3(ȳCo)

[
fO
int({ȳi})
kBT

+
fO
ent({ȳi})
kBT

]

+
b

kBT
p2 +

(
kBT

κb

)
a

2COCCo−Co + (CCo)
2

z2o

−
(
kBT

κb

)
p2

2((σa/κb) + p2)
a
(
Cco

z0

)2

. (10)

M23 ≡MCo,PE = +

(
kBT

κb

)
p2

2((σa/κb) + p2)
a
CCoCPE

zozi
. (11)

M24 ≡MCo,PS = +

(
kBT

κb

)
p2

2((σa/κb) + p2)
a
CCoCPS

zozi
. (12)

M25 ≡MCo,Ci = +

(
kBT

κb

)
p2

2((σa/κb) + p2)
a
CCoCCi

zozi
. (13)

M33 ≡MPE,PE = aρ(ȳCi)

[
1

2ȳPE

+
1

2ȳPCi

− 6
εPE,PC

kBT

]

+
b

kBT
p2 +

(
kBT

κb

)
a

(CPE)2

z2i

−
(
kBT

κb

)
p2

2((σa/κb) + p2)
a
(
CPE

zi

)2

. (14)

M34 ≡MPE,PS = aρ(ȳCi)

[
3
εPS,PE

kBT
− 3

εPE,PC

kBT
− 3

εPS,PC

kBT
+

1

2ȳPCi

]

+
b

2kBT
p2 +

(
kBT

κb

)
a
CPECPS

z2i
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−
(
kBT

κb

)
p2

2((σa/κb) + p2)
a
CPECPS

z2i
. (15)

M35 ≡MPE,Ci = a2(1− ra)ρ2(ȳCi)
[
(3
εPE,PC

kBT
ȳPCi + 3

εPE,PS

kBT
ȳPS + 3

εPE,C

kBT
ȳCi) +

1

2
(ln ȳPE + 1)

]
− a2(1− ra)ρ2(ȳCi)

[
(3
εPE,PC

kBT
ȳPE + 3

εPS,PC

kBT
ȳPS + 3

εPC,C

kBT
ȳCi) +

1

2
(ln ȳPCi + 1)

]
+ aρ(ȳCi)

[
3
εPE,C

kBT
− 3

εPC,C

kBT
− 3

εPE,PC

kBT
+

1

2ȳPCi

]

+
b

2kBT
p2 +

(
kBT

κb

)
a

[CICPE−C + CPECCi]

z2i

−
(
kBT

κb

)
p2

2((σa/κb) + p2)
a
CPECCi

z2i
. (16)

M44 ≡MPS,PS = aρ(ȳCi)

[
1

2ȳPS

+
1

2ȳPCi

− 6
εPS,PC

kBT

]

+
b

kBT
p2 +

(
kBT

κb

)
a

(CPS)2

z2i

−
(
kBT

κb

)
p2

2((σa/κb) + p2)
a
(
CPS

zi

)2

. (17)

M45 ≡MPS,Ci = a2(1− ra)ρ2(ȳCi)
[
(3
εPS,PC

kBT
ȳPCi + 3

εPE,PS

kBT
ȳPE + 3

εPS,C

kBT
ȳCi) +

1

2
(ln ȳPS + 1)

]
− a2(1− ra)ρ2(ȳCi)

[
(3
εPS,PC

kBT
ȳPS + 3

εPE,PC

kBT
ȳPE + 3

εPC,C

kBT
ȳCi) +

1

2
(ln ȳPCi + 1)

]
+ aρ(ȳCi)

[
3
εPS,C

kBT
− 3

εPC,C

kBT
− 3

εPS,PC

kBT
+

1

2ȳPCi

]

+
b

2kBT
p2 +

(
kBT

κb

)
a

[CICPS−C + CPSCCi]

z2i

−
(
kBT

κb

)
p2

2((σa/κb) + p2)
a
CPSCCi

z2i
. (18)

M55 ≡MCi,Ci = a3(1− ra)2ρ3(ȳCi)

[
f I
int({ȳ}i)
kBT

+
f I
ent({ȳ}i)
kBT

]
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+ a2(1− ra)ρ2(ȳCi)
[
(6
εPE,C

kBT
ȳPE + 6

εPS,C

kBT
ȳPS + 6|fracεPC,CkBT ȳPCi) + (ln ȳCi + 1)

]
− a2(1− ra)ρ2(ȳCi)

[
(6
εPE,PC

kBT
ȳPE + 6

εPS,PC

kBT
ȳPS + 6

εPC,C

kBT
ȳCi) + (ln ȳPCi + 1)

]
+ aρ(ȳCi)

[
1

2ȳCi

+
1

2ȳPCi

− 3
εPC,C

kBT

]

+
b

kBT
p2 +

(
kBT

κb

)
a

[2CICCi−Ci + (CCi)
2]

z2i

−
(
kBT

κb

)
p2

2((σa/κb) + p2)
a
(
CCi

zi

)2

(19)
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