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A typical example of the fluid membrane is a lipid-bilayer membrane contained in the
biomembrane. The self-diffusion of a membrane protein and that of a raft-like region have been
studied experimentally and theoretically because they are considered to be important in the
biochemical reaction. The force which the ambient fluid exerts on an object in its stationary
translational motion has the magnitude proportional to the speed if the motion is sufficiently slow.
The constant of the proportion is referred to as drag coefficient, which can be related with the
diffusion coefficient.

In this study, the drag coefficient of a circular liquid domain is calculated on the assumption that it
lies in a flat fluid membrane surrounded by three-dimensional fluids on both sides. The coefficient
of a rigid disk is well known, while that of a circular liquid domain is also well known when the
membrane viscosity inside the domain equals the one outside the domain. | previously calculated
the drag coefficient by assuming that the ratio of the membrane viscosity of the domain interior to
that of the domain exterior is slightly different from unity. When the ratio is not unity, the continuity
of the stress makes the velocity gradient discontinuous across the domain perimeter in the
membrane. On the other hand, the velocity gradient is continuous in the ambient fluids, whose
velocity field should agree with that of the membrane as the spatial point approaches the
membrane. | previously devised a calculation procedure leading to fields satisfying the conditions.
The procedure is extended in the present study ; the recurrence relations for the coefficients of the
series expansion of the drag coefficient with respect to the dimensionless difference between the
membrane viscosities are derived, the numerical integrations involved in the coefficients are
performed, and the drag coefficient of a circular liquid region with a distinct membrane viscosity is
calculated. As the ratio increases to infinity, the sum of the series is numerically shown to approach
the drag coefficient of the disk calculated previously. The approach is also found when the three
dimensional fluid on each side is confined by a flat wall.

Recently, the resolutions in measuring the Brownian motion in the three-dimensional fluid are
much improved. The results of the present study, together with future measurement of the self-

diffusion of a circular liquid domain with high resolutions, should help in determining the material




constants involved in a fluid membrane having a circular liquid domain.

Notes
Genre Research Paper
URL https://koara.lib.keio.ac.jp/xoonips/modules/xoonips/detail.php?koara_id=2017000001-20170076

BRZZBAZEMERIRD MU (KOARA)ICEHE M TWA AV TUY OEFER. ThThOEEE, FLFLEHRLRTECREL. TOERBEFEELCELST
HREENTVET, 5IALH LT, EFEEZETFLTIRALEZL,

The copyrights of content available on the KeiO Associated Repository of Academic resources (KOARA) belong to the respective authors, academic societies, or
publishers/issuers, and these rights are protected by the Japanese Copyright Act. When quoting the content, please follow the Japanese copyright act.



http://www.tcpdf.org

2017 FHEIRAES (EAMTE) Frrressss s

Zit=) HIT2E 2 Bz
HHRAERE fBEN%E 100 (C) FA
B4 e T K4 (G%3E) |Youhei Fujitani

HHIERE (AAFE

TFEHAKRICEVWTERORMEZFOARAKREOERFREORL

e (GER)

Calculation of the drag coefficient of a circular liquid domain with arbitrary viscosity in a flat fluid membrane
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A typical example of the fluid membrane is a lipid—bilayer membrane contained in the biomembrane. The self—diffusion of a
membrane protein and that of a raft—like region have been studied experimentally and theoretically because they are considered to be
important in the biochemical reaction. The force which the ambient fluid exerts on an object in its stationary translational motion has
the magnitude proportional to the speed if the motion is sufficiently slow. The constant of the proportion is referred to as drag
coefficient, which can be related with the diffusion coefficient.

In this study, the drag coefficient of a circular liquid domain is calculated on the assumption that it lies in a flat fluid membrane
surrounded by three—dimensional fluids on both sides. The coefficient of a rigid disk is well known, while that of a circular liquid
domain is also well known when the membrane viscosity inside the domain equals the one outside the domain. I previously calculated
the drag coefficient by assuming that the ratio of the membrane viscosity of the domain interior to that of the domain exterior is
slightly different from unity. When the ratio is not unity, the continuity of the stress makes the velocity gradient discontinuous across
the domain perimeter in the membrane. On the other hand, the velocity gradient is continuous in the ambient fluids, whose velocity
field should agree with that of the membrane as the spatial point approaches the membrane. I previously devised a calculation
procedure leading to fields satisfying the conditions. The procedure is extended in the present study; the recurrence relations for the
coefficients of the series expansion of the drag coefficient with respect to the dimensionless difference between the membrane
viscosities are derived, the numerical integrations involved in the coefficients are performed, and the drag coefficient of a circular
liquid region with a distinct membrane viscosity is calculated. As the ratio increases to infinity, the sum of the series is numerically
shown to approach the drag coefficient of the disk calculated previously. The approach is also found when the three dimensional fluid
on each side is confined by a flat wall.

Recently, the resolutions in measuring the Brownian motion in the three—dimensional fluid are much improved. The results of the
present study, together with future measurement of the self-diffusion of a circular liquid domain with high resolutions, should help in
determining the material constants involved in a fluid membrane having a circular liquid domain.

3. ABFEREICET DHE

RRERL RRREL R ML FEERITEH
(FHE - BEE) (FE4 - BHE (BFERITH - BEER) (BERITEA - BHEEA)
BXZ.BBET BICHAFN-=ZRTRAPOFRE BAYERSR 2017 FMERS  2017/9/24

RIZCBLWTRS DIERIED RS
M BAR TR D E R

H. Tani, Y. Fujitani Drag coefficient of a liquid domain |International Symposium on (2017/11/20
with distinct viscosity in a flat fluid |Fluctuation and Structure out of
membrane with its ambient fluids |Equilibrium

being confined

H. Tani, Y. Fujitani Drag coefficient of a liquid domain |Journal of Fluid Mechanics 2018/2
with distinct viscosity in a fluid
membrane




