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This article aims to study the effect of membrane initial configuration and the membrane spontaneous
curvature (local asymmetry of layers) on the shape transformation of lipid bilayer vesicles. Since the
evolutionary models are considered as a generalization to the equilibrium methods, the used model is
developed based on the dynamic equilibrium between the membrane bending potential and the
environmental fluid friction in each domain of two-phase vesicle. The effect of membrane inertia on the
dynamics of the system is ignored. Key parameters are the size of each phase and different
combinations of protein distribution as the local spontaneous curvature. Assumed initial conditions are
simple shapes such as dumbbell, biconcave and oblate; free vesicles are usually visible in these shapes.
Previously published experimental observations are used to evaluate the numerical results. Some
situations of homogeneous and multi-phase vesicles and red blood cells under the influence of the
spontaneous curvature induction mechanisms (for example, the composition of the membranes,
membrane proteins such as albumin, environmental solution concentration changes) are simulated and
the results presented in detail. The possibility of the membrane deformation and the relation of
membrane phenomena with the primary form and various curvature distributions are discussed.
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Fig. 1 rand z coordinates in the definition of axial symmetrical
geometry along with orthonormal basis at each point on the surface,
Index b denotes boundary
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Fig. 2 Forces on the membrane surface of the phases and the interface
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Fig. 4 Vesicle with x = 0.5 in curvature plane and different initial
configurations: a- biconcave, b- dumbbell, c- oblate
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Fig. 7 Experimental observations by a, b- two-phase vesicle [22,27], c,
d- budding: from vesicle [23] and from flat membrane [25], e-
dumbbell form vesicle [24], f- red blood cell under influence of
albumin [26]

Sisyalyz —o i [27.22] o5ligs JsSo59 -0 g il calfasle;l aalys 7 S
St 50,3 JoulS - [24] Liss clié —o [25] mlans cli 5l 4 (23] Joos

Sy o Soe Jlas iy slie 6550 s 3 onl @

el gowuwy -3-3
oads ools ylis ialejl 5leas ud Slae slaonyyy S 7SSy
oS aile o9 sbo g, 5l slag 4y Lissl sl ooy ol o .ol
b Jslomo cale s [22] (50085 S0 S5 4y (550 g1z el
el o0 ploit [26,25] 1 agdT asile i slacpssg il 5 [24,23]
arg b cols Slis gjluans @l b bJSs ool 5l S anlie

el ably 5 00 4] (g3l dnh e
b S 0 T gz g T JSE L Atk S o 1 gz diged sl
wo-T JSu bk ISs 07 52 slacgs ool aline W7 S5 L
T ez 5o b sS5e JSo aiyls ol Lid Gjails o rdge &0
Wls T IS8 ilgs sladsSaiy b asllae Ll 5 24 S
ad S S 1T 55 L slacer o sy S5 eizes
slas S8 ol o7 IS8 5o 5e 8 JedlS ) casicdd slacanss
o lae () 4 Soop g B jsbay 5 IS 515 5 1 slaces

* albumin

4 oploits 17 0993 1396 5 (w3 SilSo wdiie

2158w et bl Gl L 4 IS 51 ] chr o ol axg
(b (S sliad 60,5 2 56 o jao SIS bl 5 (ews 55055
W JSS e nl Sinl (B8 L g ebioe bl JoSjs anels 93 50 5o
Sl S92y & (Sen S5y 99 b @i 035 4l jlslad e
S W cuse bl b jalliaie JoSijg 5l sl aes & ST ]
slag Bl as 0gd oo ol (oo jo slic 05 (W4 S 51 1 )
sl 57 4 s3ls0 JsSass 99 955 Gl Jlzrs
) e d = 0751 s sladsesy U5 sl 5 S
s a8 el b (e LeSts 156 1) JsSass g 51 75%
o> e Jom calis glylo 4 S asle gl bojls o5lasl fyogs pl
g slad S8 has p e g Cote SIS sl 5 Sles ol
ghe S0 Cude bl g atuy slias Sy 5SS 2ol ) s
5 o olyan il oo slisl b slid adsl bl woesl i aiy
15 53 d slags o b als 5 0 cuze bl o
b i Jlasl 4l 53 03 glad (a3 Sz S LoD 5 4 U
slid 5l (SarsS i i g 4l ot gLzl ye 5l 90 (e o slas
5 Soe bl @i o s szl ghls Jlail e Ol o
5 e o ol oad aseiie GIFE S5 13 S cla IS 45 Lite
s 08 el gled -5 IS g o4 IS 6 94 2 slacys
5 i gLl bl o ol nl (-6 UKD alie) 058 ad SasS
g ol Gl 5o Sl 518 Gl b oS cwlic mhaw 5l 6555 42U

-
-
rad Zero curvature

e
) Negative curvature

a -l

1
‘l Postive
i curvature
/

y ’

A /

A !/
\‘ ’I Negative curvature

* Zero curvanire

b-o
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