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Fig. 1. Schematic diagram of the phase separation of the two-
component charged vesicle: (a) The components are evenly
distributed before the phase separation; (b) the phases are
separated and divided into several phase regions. The red
part is composed of the negatively charged component A

while the blue denotes the electrically neutral component B.
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Fig. 2. The dynamical evolution of phase separation of a two-component charged vesicle. Parameter setting:
L =200 a, az = ag = 0.2, k = 0.1kgT, pp = —1.0 ¢/a2, (¢pa) = (¢B) = 0.5, Q = —100 ¢/a.
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neutral vesicle and charged vesicle.
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Fig. 4. Influences of phenomenological coefficient a2 or temperature on the final configurations of the two-component
charged vesicle. Parameter setting: aq = 0.2, L = 200 a, k = 0.1kgT, ppo = —1.0 e/a?, {(pa) = (¢B) = 0.5,
Q = —100 e/a. az from (a) to (e) is set to 0.2, 0.4, 0.6, 0.8 and 1.0, respectively.
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Fig. 5. Influence of the charged concentration (¢,) on the phase separation. Parameter setting: L = 200 a,
k= 0.1kT, po = —1.0 e/a2, a2 = aq = 0.2, Q = —100 e/a, (¢) from (a) to (j) is set to 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7, 0.8, 0.9 and 1.0, respectively.
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Abstract

The real bio-membranes are of multi-component, and they usually carry a certain quantity of charges. Therefore,
it is of great biological significance to study charged multicomponent vesicles. However, the charged multi-component
vesicles have been not yet systematically studied due mainly to the following two reasons: first, there are too many
factors that will influence the behaviors of charged multi-component vesicles; second, theoretically it is difficult to deal
with the phase separation of the multiple components from the Coulomb interaction of charged components at the same
time. This work shows that the combination of the discrete-spatial variational method and dissipative dynamics can be
used to address the above issues. For simplicity, we will consider only the deformation coupled with the phase separation
of two-component charged vesicles in a two-dimensional plane rather than in three-dimensional space, which can present
us more systematic research results. Besides, we have not considered the screening effects of counter ions or salts in
this work, or equivalently we consider only the case where the screening length is relatively big. The charged vesicle
is composed of two components A and B, where component A is negatively charged while component B is neutral. In
particular, the charges on the vesicle can freely move in the membrane, which may be described by a time-dependent
Ginzburg Landau equation. Initially, the two components are uniformly distributed on the vesicle.

In this work, we specially focus on the influence of the electrostatic interaction on the compatibility of different
components. It is found that introduction of charges will promote the apparent miscibility between different components.
This could explain that the electrostatic interactions may contribute to the increase of the compatibility of different
biomolecules in biological system. When temperature is relatively high, the electrostatic interaction will completely
inhibit the phase separation which actually prevents the same component from being clustered. When temperature is
relatively low, the electrostatic interaction will increase the number of phase domains, which actually turns the original
macro phase separation into the micro one, thus reducing the cluster size. In this work, we also systematically study the
influences of other factors, such as temperature, charge density of charged components, and the averaged concentration
of charged component, on the final configuration of charged multicomponent vesicle. In particular, a phase diagram of
the temperature and the averaged concentration of the charged component is obtained, and it is found that the number of
phase domains will increase with the increase of charge density of component A. These conclusions are also qualitatively

applicable to three-dimensional two-component charged vesicles.
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