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Table S1. Simulated Systems and parameters.

System NP diameter  Simulation length Simulation times
(nm) (us)
NP+ 512 DLEC 3 10 5
NP-8P + 512 DLPC 3 10 5
NP-16P + 512 DLPC 3 10 5
NP-8M + 512 DLPC 3 10 5
NP-16M + 512 DLPC 3 10 5
NP-8PM+512 DLPC 3 10 5
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Figure S1. Typical snapshots during the membrane interactions of a NP-16P or -16M.
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Figure S2. Interaction energy between the inserted peptides on the NP surface and the
membrane. (A) Evolution of the interaction energy at varying ligand density. (B)
Averaged membrane interaction energy of the inserted peptides in different NP

systems. All results are obtained based on 5 independent runs.
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Figure S3. Comparison of the interaction energy between the NP core-membrane and

coated peptide-membrane.
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Figure S4 Possible rotation of the membrane-bound peptide. (A) Sketches of the two
angles, y and B, used to describe the configuration of the membrane-bound peptide in

the membrane. (B, C) Time evolution of y or B of the inserted PGLa and MAG2.
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Figure S5. More distributions of the azimuthal angle ¢ and polar angle 8 of different

membrane-bound NPs.
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Figure S6. Influence of the vector number (J) on the calculation of

Note: The NP rotation is quantitatively characterized by the correlation function
Tt

1
T f (Py(n(t + ) - ny(D))),dt

0 . Here, a number of vectors, i (j=1, 2,3, ...,

COZ

J =100), which are the randomly distributed unit vectors with respect to the NP
reference frame (see the inset of Fig. 4 in the main text), are chosen to fully
characterize the NP orientation. It is found that, with a large vector number J (e.g.,

J=100), even when the vectors are chosen arbitrarily in repeated calculations, the

calculated Co remains almost the same (Figure S6). This suggests a good description

of the changes of NP orientation, as well as its rotation.
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Figure S7. TAMSDs as a function of lag time on log-log scales of the hopping (red)

and confined (blue) motions.
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Figure S8. Another typical trajectory of NP-8P on the membrane surface. The
hopping and jiggling stages are drawn in red and blue, respectively, and some of them
are representatively marked with dashed box (hopping) or circle (jiggling). The

evolution of ¢ in a certain stage and its corresponding PDF distribution are given.
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Figure S9. Another typical trajectory of NP-8M on the membrane surface. The

hopping and jiggling stages are drawn in red and blue, respectively. Some typical

stages at different time intervals are chosen (hopping: dashed box; jiggling: dashed

circle). The evolution of ¢ in a certain stage and its corresponding PDF distribution

are also given.
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Figure S10 Dynamics of NP-8PM and NP-16PM on the membrane. (A) Typical
snapshots showing the membrane-binding states of NP-8PM and NP-16PM. (B-C)
Diffusion coefficient D and rotational correlation function Co of NP-8PM and NP-

16PM.
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