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Supporting information

Membrane elastic energy

We assume that the membrane elastic energy is minimized at zero curvature. The membrane

elastic energy is then expressed by

2
Ebound = KboundH bound Azound (4)

Eswell = szell H swellzawell (5)

where x; and A; denote the bending rigidity and area, respectively, of a state i, and H; represents the mean

curvature of the membrane of the state i. We also assume energy storage around the hole, which is

expressed by

Eh _ ﬂ“(Hbound + Hbound,max) (6)
27 (ry = Fen)
The volume of the buffer solution contained in a vesicle is approximately expressed as
2
Viogen = 7l X271, = 27r2£ 1 j r, (al
2H swell

Parameters rq.ei and ry are shown in Figure 7a. Thus, Eq.en may be rewritten as
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Huouna @nd 1, are dependent on each other by a geometric constraint:
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Here we use
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The first equation is an approximation. Using eq. a3, Eswen and E;, are expressed by

3/2 1/2 1/2
4 we oun oun
Eswell = szell 2 A% I\I/'Ab < (1_ Azﬂ_ d Hboundz) (a4)

swell




Electronic Supplementary Material (ESI) for Soft Matter
This journal is © The Royal Society of Chemistry 2013

T

. " A, —3/4 . )4
E, :27z(i(Hbound+Hboundmax)) r, 1_(25;;2") [ oundj Q_Hbound) (ab)

Here we introduce
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where E” = (Epoung + Eswent + En) / (27t&swen), and dimensionless bending rigidity is defined as x = &poung /

Kswell-

Vswen given by eq. al and is conserved. Egs. al and a3 yield
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Using egs. a3 and a8, we obtain
1/4 1/4
Aswell swell 27[ r - 2\/_72-\/swell (%j (1 A;{;l;_nd Hbound ) (ag)

Egs. a6 and a9 give

o =8V ri1-Hs, 2 (a0)

where ra” is defined as Apoung / Aswell-

The substitution of eq. a10 for p” in eq. a7 gives

E =2«"H, (all)
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which generates eq. 7 in the main text.
The total area of the membrane (Awta) is conserved. The equation At = Aswenn + 2Abound, €. a9
and ra = Auound / Aswen Yield egs. 9c and 9d in the main text. Here we used crweri’ = 1 — 2ctound » that is

derived from Agyel 1= Atotal — 2Abound-



