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The effect of transmembrane proteins on the formation of

hydrophilic channels in cell membranes
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Abstract: In order to explore the role of transmembrane proteins in the direct translocation of drug
molecules into cells, we used coarse-grained molecular dynamics to analyze the effects of KALP,
transmembrane proteins on the formation of hydrophilic channels in cell membranes under ionic
nonequilibrium. It was found that the KALP, transmembrane proteins added to the phospholipid bilayer
can aggravate the disturbance of nearby phospholipid molecules, therefore promoting the formation of
hydrophilic channels in cell membranes. Specific studies showed that the shorter length of a single KALP,
transmembrane protein relative to the thickness of cell membrane, the more hydrophilic groups in the
middle hydrophobic segments, and the greater disturbance of KALP, transmembrane protein to nearby
phospholipid molecules. Therefore, the smaller free energy is required for the flipflop of phospholipid
molecules and the cell membrane is more likely to produce hydrophilic channels. This means that the
weaker matching degree between single transmembrane protein and phospholipid molecules, the greater
promotion effect on the formation of hydrophilic channels. Studies have shown that in addition to

promoting the flipflop of phospholipid molecules, the KALP,; transmembrane proteins after six
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modifications can also regulate the opening and closing of hydrophilic channels through their own
aggregation and stretching, resulting in great reduction of ionic nonequilibrium required for the generation
of hydrophilic channels. The results of this work not only serve as a supplement to the mechanism of direct
translocation of drug molecules or carriers into cells, but also provide a theoretical basis for the design and
development of new drug molecules or carriers with high transport efficiency.

Key words: transmembrane protein; cell membrane; hydrophilic channel; direct transmembrane

transport; free energy
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