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A Green particle attractively
interacts with hydrophilic
segments.
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 We study soft-matter physics and biophysics theoretically and numerically.
Our main target is physics of biomembrane and cells under various condi -
tions. There are many interesting shape transitions and dynamic behaviors.
We develop membrane models and hydrodynamic simulation methods.

Dynamics of red blood cells and lipid vesicles in flow

Slow f low: discocyte Fast  f low: parachute

Lipid vesicle in
simple shear flow

Red blood cell in capillary flow

Stomatocyte  to  pro late  shape.
Shear  a lso induces e longat ional
and shr ink ing t ransi t ions
between d iscocyte  and prolate .

s m a l l  s h e a r

l a r g e  s h e a r

Membrane fusion and fission
Solvent- free bi layer
membrane model

coarse-graining

o n e
h y d r o p h i l i c
s e g m e n t

t w o
h y d r o p h o b i c
s e g m e n t s

The transit ion veloci ty l inear ly depends on
the membrane bending r igidi ty  and shear elast ic i ty .
On the other hand,  l ip id vesicles elongate to prolate shape.

no expl ic i t  so lvent  ->
ef fect ive  a t t ract ive  potent ia l
between hydrophobic  segments

New pathway;  Fusion occurs  v ia
pore-opening beside sta lk  in termediate

Meshless membrane model Hydrodynamic simulation
methods

B e n d i n g  r i g i d i t y  a n d  l i n e  t e n s i o n
c a n  b e  v a r i e d  s e p a r a t e l y .  

One  par t i c l e  represen ts
a  b i l aye r  pa tch .

P a r t i c l e s  a g g r e g a t e  t o  d i s k s  a n d  t h e n  f o r m s  a  v e s i c l e
v i a  a  b o w l - l i k e  s h a p e .  H y d r o d y n a m i c  i n t e r a c t i o n s  m a k e
t h e  a g g r e g a t i o n  f a s t e r .   

We proposed the intermediate models (DPD-MT
and MPC-LD) and clarify the relations between
DPD (dissipative particle dynamics) and MPC
(multiparticle collision dynamics).
We also clarified artifacts when the angular
momentum is not conserved.

Red blood cel ls
in glass capi l lary
t s u k a d a  e t  a l .
M i c r o v a s c .  R e s . 6 1 ,  2 3 1  ( 2 0 0 1 ) .

We found severa l  pathways
of  membrane fus ion and f iss ion.  

 s i m u l a t i o n s  b y  M P C - S R  w i t h  d y n a m i c a l l y - t r i a n g u l a t e d  m e m b r a n e  m o d e l

s t o m a t o c y t e

p r o l a t e


