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Fig. 1. Diffusion of lipids on a DOPC/DPPC membrane under the action of melittin at 0.5 pg/mL: (a) Microscopy image with some

trajectories marked in colors; (b) typical lipid trajectories in 3 s; Some of the immobile ones are marked with blue arrows; (c) rep-

resentative time-averaged MSD of lipids.
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Fig. 2. PDF distribution of lipid diffusion coefficients (Dy) of membrane with different melittin concentrations: (a) Histograms and-

fittings of the PDF; (b) corresponding peak locations and area proportionsin (a). Sample numbers are 657 (pristine membrane), 427
(with Mel at 0.5 pg/mL) and 507 (with Mel at 5.0 pg/mL), respectively.
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Fig. 3. Three different types of lipid diffusion modes and their PDFs in three conditions of membrane without or with melittin ex-

posure. Representative trajectories are shown on the right.
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BIRKF (RA); (o) AP TE (L) 768535 IO A BT BERT F] A9 284k &1 (a) H @ i i) 50 AR F & (c) . 46 BN 2 ke
AR T U MSD W SEE S A P, o ILL @R B AR 2 IR B P/L = 12/512

Fig. 4. Interaction between melittin and a phase-separated bilayer: (a) Snapshots showing the melittin-inducedporeformation pro-
cess. Top: top view, bottom: side view. Red: melittin, blue: DPPC headgroup, green: DUPC headgroup. For clarity, lipid tails are
not shown; (b) interaction details between Mel (red) and the surrounding lipids. Color codes are the same as in (a), with tails of the
surrounding lipids in yellow, and heads of lipids away from the peptides in grey; (c) time evolution of phase boundary length (L) be-
fore and after the addition of melittin at P/L = 12/512. The time points of (a) are marked correspondingly in (c).
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Fig. Al. The sequence and o-helical structure of melittin.

[ A2
Fig. A2. A2. Molecular structure of DOPC, DPPC and Rh-PE.
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Fig. A3. Confocal images of calcein-encapsulated GUVs exposed to melittin at 0.5 or 5.0 pg/mL. The images were taken in the

green (calcein), red (lipid) and overlaid channels. Cartoons on the right refer to the corresponding action states of peptides, includ-

ing surface adsorption and transmembrane insertion.
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Fig. A6. The wavelet coefficients of the 2 nd, 32 th and 64 th scale; (d) the 32 th wavelet coefficient and the corresponding red line

of threshold value.
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Fig. A7. (a) Trajectory discriminated by wavelet using the 32 th scale coefficient, whose red part refers to the “fast” motion type

and blue part refers to the “slow” motion type;(b)the corresponding MSD distributions of the red and blue parts.
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Table B1. Number of samples in different experi-
mental conditions.
J bt g 0.5 pg/mL 5.0 pg/mL
657 427 507
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Fig. A8. Changes in MSD distributions of lipids before and

after the addition of Mel in the simulations.
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Table B2.  Confidence analysis using rank sum test
based on three independently repeated experiments.
L33 SEE YA P h
1&2 0.95 0
JE AR
1&3 0.60 0
1&2 0.84 0
0.5 pg/mL
1&3 0.62 0
1&2 0.97 0
5.0 pg/mL
1&3 0.63 0
% B3 RO TV HURE PDF S35 22504
Table B3.  Variance analysis of the Dy, distribution
in different conditions.
IR 0.5 pg/mL 5.0 pg/mL
IE /um?s ! 1.277 1.316 0.661
VES 0.899 0.924 0.483
FrifezE 0.948 0.961 0.695
S 3k
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Abstract

Due to the unique bacterial killing ability through membrane permeabilization and content leakage,
antimicrobial peptides (AMPs) have been regarded as promising candidates against the severe threats of drug-
resistant bacteria and even superbugs to public health. However, investigations of the mechanism underlying
their membrane permeabilization like poration are still on the way. Here, from the perspective of molecular
motion kinetics, we studied the interactions between melittin, as one of the most representative AMPs, and a
bi-component lipid membrane based on the combination of single-molecule tracking and molecular dynamics
simulations. Our results reveal that, the mobility of some lipids in membrane, in comparison of the other most
molecules, is significantly decreased by the surface adsorption and transmembrane insertion of melittin.
Moreover, melittin tends to work at the boundary region between phase domains, disturb and blur the phase
separation behavior and consequently lower the confinement of phase boundary on lipid motions. This work
demonstrates the correlation between membrane activity of melittin and the motion kinetics of lipids as well as
phase behavior of the membrane. These results would be helpful not only for understanding the molecular
mechanism of AMPs from a new perspective but also for the development of new antibacterial agents with

improved performance.

Keywords: antimicrobial peptide, cell membrane, single-molecule tracking, molecular dynamics simulations,

single molecular kinetics
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