
Electronic Supplementary Information
Re: Modulation of lipid vesicle-membrane interaction by cholesterol

Choon-Peng Chng,a K. Jimmy Hsia,*ab and Changjin Huang*a

a School of Mechanical and Aerospace Engineering, Nanyang Technological University, 

Singapore 639798, Republic of Singapore
b School of Chemical and Biomedical Engineering, Nanyang Technological University, 

Singapore 637459, Republic of Singapore.

* Corresponding authors: kjhsia@ntu.edu.sg  and cjhuang@ntu.edu.sg

Table S1. POPC membrane area compressibility moduli and bending moduli as a function of cholesterol 

fraction.

% Chol Area compresibility 

modulus,  (mN/m)𝐾𝐴
Bending modulus,  ( )𝑘𝐶 𝑘𝐵𝑇  𝑘𝐶/𝑘𝐶,0

0 463 48.8 1.0

20 450 54.4 1.1

50 1100 161.4 3.3
 Agrees with value estimated for “large membrane” for Dry Martini model by Arnarez et al.1

 Estimated as  where h is the membrane thickness, following Rawicz et al.2𝐾𝐴(ℎ ‒ 1)
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Table S2. Lipid and cholesterol distribution in equilibrated vesicles.

20% chol. vesicle 50% chol. vesicle

PC lipids cholesterol PC lipids cholesterol

No. in outer leaflet 1764 317 1128 1006

No. in inner leaflet 1087 395 746 868

Inner/Outer 0.62 1.24 0.66 0.86
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Table S3. Steady-state wrapping fractions obtained from our simulations.

Planar membrane %CholVesicle %Chol

0 20 50

0 0.85 0.85 0.22

20 0.70 0.80 0.18

50 0.40 0.50 0.10

Table S4. Steady-state membrane fusion propensity obtained from our simulations. See Fig. 4 caption for 

definition of fusion propensity.

Planar membrane %CholVesicle %Chol

0 20 50

0 0.26 0.09 1.00

20 0.06 0.22 0.22

50 0.78 0.42 0.14

Fig. S1 A representative simulation snapshot of the entire simulation system showing a POPC vesicle 

placed on top of a POPC planar membrane. 



Fig. S2 The redistribution of cholesterol molecules in vesicle and planar membranes. (a-b) The temporal 

evolution of the fraction of cholesterol per leaflet for vesicles prepared with 20% (a) and 50% (b) cholesterol 

in both leaflets. (c-d) The temporal evolution of the fraction of cholesterol per leaflet for planar membranes 

prepared with 20% (a) and 50% (b) cholesterol in both leaflets. 



Fig. S3 Vesicle cholesterol leakage and exchange of PC lipids from planar membrane to vesicle for 

cholesterol-containing vesicles interacting with cholesterol-free planar membrane. (a) Number of leaked 

vesicle cholesterol with simulation time when POPC vesicles with 20% and 50% cholesterol fused onto 

cholesterol-free planar membrane. (b) Number of PC lipids migrating from planar membrane onto vesicle 

with simulation time. 

Fig. S4 Movement of cholesterol (a) and PC lipids (b) from 50% cholesterol planar POPC membrane onto 

cholesterol-free POPC vesicle. 



Fig. S5 Variation in the vesicle shape and wrapping degree by a planar membrane as a function of 

cholesterol levels in vesicle and planar membranes.
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Fig. S6 Effect of high cholesterol content in both lipid vesicle and planar membranes on vesicle wrapping. 

(a) Simulation snapshots of vesicle-membrane interaction for POPC vesicle with 50% cholesterol on POPC 

planar membrane also with 50% cholesterol. (b) Same snapshots as (a) but only showing cholesterol 

molecules in vesicle and only vesicle PO4 particles shown. (c) Same snapshots as (a) but only showing 

cholesterol molecules in membrane and only vesicle PO4 particles shown. 
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