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Abstract

Understanding how cell-penetrating peptides interact with membrane is significant in biomedi-
cine. In this article, we study the interactions between R9 peptides with asymmetric membranes
by using coarse-grained molecular dynamics simulations. We find that it is very difficult for one
peptide to cross over the lipid bilayer spontaneously. Only when the concentration of antibacterial
peptide reaches a threshold can the asymmetric membrane form a hydrophilic circular pore, and
the antibacterial peptide pass through the porous membrane along the pore channel, due to the
synergistic effect of antimicrobial peptides and the enhancement of the electrostatic interaction
between the antimicrobial peptides and the phospholipid membrane. With the increase of peptide
concentration, the number of penetrating peptides also increases. Our research can better help to
understand the mechanism of antimicrobial peptides penetrating the cell membrane and provide
some help for the delivery of drugs.
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Figure 1. Mapping of R9 peptide in the framework of the Martini force field
1. R9 $ABIRKTE Martini 7737 T HORREHIER!
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Figure 2. (a) Mapping of lipid molecules in the framework of the Martini force field. (b) Detailed information of the simula-

tion box (red, green and yellow represent DPPC DPPE DPPS, respectively.)
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Table 1. Detailed description of the lipid model in the Martini CG force field
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Table 2. Simulation system
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PE 3 AE AR 25 0 nm A1 1.2 nm 2[R 31] 0. ffr A (A0S 2 H GROMACS 4.6.7 BBk 347 119 261,
g5 R 5r T 3N 15 (VMDY A AR R IR [27]. N T BRIESE RISV, BT B AR 4 B0 3 3.
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Figure 3. The snapshots of interactions between one and three R9 peptides and the asymmetric membrane
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Figure 4. RDFs of lipid groups of each system with respect to the R9 peptides
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Figure 5. Time sequence of snapshots of interactions between five R9 peptides and the asymmetric membrane
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Figure 6. (a) Top view of the membrane
at 144 ns, (b) Schematic of the peptide
penetration mechanism
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Figure 7. Time sequence of snapshots of interactions between seven R9 peptides and the asymmetric membrane
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Figure 8. Time sequence of the center of mass distance in the z direction (z-distance) between peptides and
the membrane
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