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Fig. S1 POPC lipid vesicle characterization. A: DLS size distribution; B: Negative-

Stain TEM images; C: Freeze fracture-TEM micrograph.
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Fig. S2 Fluorescence quenching data for peptides corresponding to the fifth
transmembrane a-helix of CXCR4. The quenching constant Kg; and percentage of N

terminus outside the vesicles are 196.2 M-! and 0.427.
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Fig. S3 Three typical pathways of membrane association of the peptide. A-C show the

typical snapshots; D-F are corresponding evolutions of distance between each

terminus and membrane center.
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Fig. S4 Four repeat simulations of spontaneous association of peptide with membrane.



A-D show the typical snapshots; E-H are the corresponding evolutions of distance

between each terminus and membrane center.
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Fig. S5 Repeat simulation of spontaneous peptide-membrane association by using the

GROMOS 54a7 force field.
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Fig. S6 Pulling simulation that transfer a peptide from water to membrane. A shows

the typical snapshots; B shows the time evolution of pulling energy.
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Fig. S7 Extended sampling simulations illustrating the energetically trapped partial

insertion state under external restraining force.



Fig. S8 Typical snapshots of membrane-peptide association starting from

configurations with different orientations (A-C for C terminus downwards and D-F
for N terminus downwards) and different initial insertion depths. The initial insertion

depth (d) are A: 3.5nm; B: 3.2nm; C: 2.9 nm; D: 3.5 nm; E: 2.6 nm; and F: 2.4 nm.
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Fig. S9 Time evolution of distance between inserting terminus and membrane center
with different insertion orientations. The initial insertion depths were set to 2.9 nm (A)

and 2.4 nm (B), which are critical insertion depths for insertion orientation of C-

terminus downwards and N-terminus downwards, respectively.
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Fig. S10 Repeat simulations determining the critical insertion depth for two
orientations. A and B are the evolutions of distance between each terminus and

membrane center.



