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Phospholipids

Lipid bilayers - examples

Cell membrane (Khan Academy webside)

Joint (Petelska et al. 2019)

Picture from Encyclopedia Britannica
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DPPC and POPE lipids

All-atom computer model of DPPC bilayer
Z.Pawlak et al. 2012

Box: X: 95 Å, Y: 86 Å, Z: 196 Å
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Water molecules in the system

Water pockets

4389 atoms of water molecules near DPPC bilayer
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Water behavior near bilayer

Mean squared displacement (MSD)

The water:

𝑀𝑆𝐷 𝑡 =

◦ can diffuse through the membrane,

𝑁
1

𝑟Ԧ𝑖 𝑡 − 𝑟Ԧ𝑖 0
𝑁
𝑖=0

2,

𝑀𝑆𝐷 𝑡 = 6𝐷𝛼 𝑡 𝛼 ,

◦ can be trapped inside the bilayer creating e.g water bridges,
◦ can diffuse on the surface of the layers,
◦ can break away and diffuse freely in the solution.

Results for 1000 randomly picked water
molecules near DPPC bilayer
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Distribution of a parameter for water
molecules near DPPC bilayer
probability density

probability density

Distribution of a parameter for water
molecules near DPPC bilayer

a parameter
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a parameter

13

2

2020-06-29

Water molecules H-bonded with bilayer
– duration time

DPPC bilayer

POPE bilayer

Number of all bonds
– 3.8·105

Number of all bonds –
7.9·105

Number of H-bonds as a function of
duration time of the bonds

1step=0.05ns
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Water Bridges inside bilayers

Viscoelastic complex shear moduli
𝐺∗ 𝜔 =

𝐺∗ 𝜔 ≈

𝑘𝐵 𝑇
,
𝜋𝑅𝑔 𝑖𝜔𝐹 𝑀𝑆𝐷 𝑡

𝑘𝐵 𝑇
,
1
𝜋𝑅𝑔 𝑀𝑆𝐷 𝜔 𝛤 1 + 𝛼 𝜔

𝛼 𝜔 =

𝑑𝑙𝑛 𝑀𝑆𝐷 𝑡
ቤ
𝑑𝑙𝑛𝑡
𝑡=1Τ𝜔

𝜂 ∗ = 𝐺 ∗ (𝜔)/𝜔
2020-06-29

16

17

Viscoelastic moduli

Viscoelastic moduli

From MSD for 1000 random picked water molecules from the ones at
distance < 4Å from the DPPC bilayer.

From MSD for water molecules with a>0.4 and a<0.6 for DPPC.
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Viscoelastic moduli

Schlitter entropy

From MSD for water molecules with a>0.4 and a<0.6 for POPE.

𝑆 = 𝑘𝐵 ∙ ln de t 1 +
𝜎𝑖𝑗 =
For water near DPPC
bilayer

𝒌𝑩 ∙ 𝑻 ∙ 𝒆2
∙ 𝑀ʘ𝜎 ,
ℏ2

𝑥𝑖 − 𝑥𝑖 ∙ 𝑥𝑗 − 𝑥𝑗

.
For bilayers DPPC and
POPE
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Conclusions
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An invastigation is needed to check how many water molecules can diffuse
through the membrane.
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