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Abstract

Vesicles are spherical aggregates composed of lipid monomers. Its structure is
similar to the cell membrane which exists in organisms. Vesicles are widely used for
drug delivery carriers and simulation of cell membrane behavior due to their high
biodegradability and biocompatibility. Vesicles are affected by temperature, and it
changes its morphology form tilted gel phase to rippled phase and finally to liquid
disordered phase when temperature increases. In this work, simulations based on
dissipative particle dynamics are performed to study the temperature influence on
vesicle. The effects of temperature on the physical properties and fusion process of
vesicles are investigated.

According to the simulation results, we can find that the size, inner water, and
permeability of vesicles are increasing when temperature increases. But the thickness
of membrane and order parameter of vesicles is decreasing when the temperature
increases. Surface tension increases with temperature before main transition, but
decreases after main transition because the morphology of vesicles turns into liquid
disordered phase. The stretching module decreases before main transition. It means
that vesicles are easier to be stretched before main transition. After main transition,
the tendency is totally different. When the lipid tails are more hydrophobic, the range
of rippled phase is broader, and it is easier to form vesicles in lower temperature.

We use vesicles with different temperature or agw to fusion process, and find that
fusion time not only affect by the surface tension of vesicles, but also affect by the
permeability. When surface tension increases, vesicles need less time to finish fusion
process. Otherwise when permeability increases, vesicles are difficult to fuse. If the

surface tension and the permeability competes with each other, which one changes
v



more will dominate the trend of fusion.
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Chapter 1 %3
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Table1-1 #c@y 4 e * [18] -

Discipline

Application

M athematics

Physics

Biophysics

Physical
Chemistry

Chemistry

Biochemistry

Biology

Phar maceutics
M edicine

Topology of two-dimensional space governed only by
bilayer elasticity

Aggregation behaviour, fractals, soft and high-strength
materials

Permeability, phase transitions in two-dimensions,
photophysics

Colloid behaviour in a system of well-defined physical
characteristics, inter- and intra-aggregate forces, DLVO
Photochemistry, artificial photosynthesis, catalysis,
microcompar tmentalization

Reconstitution of membrane proteins into artificial
membranes

Model biological membranes, cell function, fusion,
recognition

Studies of drug action

Drug-delivery and medical diagnostics, gene ther apy

@ geves

water soloble drogs
lipi goluble drugs
PEG polymer

\ * antibody or ligand

Fig. 14 fchadeii s 4 P AT 57 LW -

6



1-3 Rk Eeip g

dAg e A R R R R TR SR A g e R A ehie & R
FEOKBE DL RE LA R FRORE TN BfEF P3G 4ok Fig 15
KO F Renig e+ kg 0 MR g a3 & 5 subgel phase(Lc) @ fic B
AT g RAAE S anfp § R B e ALY T 5 2 e E o
53 4o #4 {5 subgel phase ¢ # % % lamellar gel phase » $* P¥ 4L % subtransition - 2
Vi [+ HoREE A chig e —*‘Ff 2207 F o lamellar gel phase * ¥ 11 & = gel
phase (Lg)#? tilted gel phase (Lg') > ] 4% 5" 4 & &_phosphatidylethanolamines ¥ 1
A% = gel phase’ % * f" 4 + _phosphatidylcholines F'| ¢ 75 = tilted gel phase (Lg') °
iz ™ f& lamellar gel phase £77 e {3+ gel phase @i K 485 it 71 € foifinz v & T
7 > @ tilted gel phase P|§3 subgel phase —dk » 7|7 o F A E AL AT g 2
w % o & lamellar gel phase ¥ ik » 530K 12 #2 subgel phase (HpF i 4% > 5 B

A3 R R LT - B (o5 RZEF e o

PO000 90008 . | 90008 080y .ct00 00000
GO000 G000 0008  P000000gy,, cesee

@ L, (6) Ly, () Ly (d) Py ()L,
Fig. 1-5 "q B A een & a4l i o

BB AR L ALY & o gel phase #-& 3 = % fluid phase # # % liquid disordered
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R GR R 2~ ool oo AT P U4FHE S F $“‘I$\W FEIRT S A R AL
LR AN me R TRNES S WE PSR RR T TR EAT FIR
RGFETH RO iR A ER T -

BEFS&LY ¥ A kA st 2 o 0 - ¥ X34 (quenching) > {17
Tb-Hea 82 DPA-fic%s 4ok & > Tb 45 22 DPA™ 4t 4 & & Tb(DPA) 45 3+ -
R FkuplREEAIT[26] 5 = AAI RIS 4T R E BRBEPIAC R R T
Wilschut % 4 [26]F &3 B4 » 4T a4+ i Se PAlciqit g & D3R a0 3 4o ity
PR ¢ 0 T & 4 & K45 & $#(anhydrous complex) > & - ) 8¢ jicPg kg
A T2 e o Connor[27] % 4 » & AEERET - ity ¢4k
fe b et o H R FIB G B AL b Tipid S L s SRt k£ R P
P dlAele €A RS (B dhded B > B4 2 serum albumin[28] ~ clathrin[29]%
Fogttho S dp A RY Ao PBG A S0 AGER & 0 2[30] 0 AT
b e 1R 2 G Lentz F A 3L IV AT A cnis ] o e k- lipid 4%
= PEG > T 1-2 & 3% | <1 S-pic Py - (stealth liposomes) » B! € 3 4v fic?g 4= 48
et " MEe Tt 7 & ?F’%BZ]#% B m A B R R R £ R
feovF 4 > Hamd SR G EH € R R e A RP o B R Rt e -

Fo? ANBfERE T ] REFHIREDY 2 Y AR T
i gk & 4] - Gao ¥ A [2]f]* DPD %3 B4 G 3%+ 2 ke e k5 77
Hpp &4z o Gao 11§ £ 2 ehd 5 3R 4 o] pF > Ao Fig. 1-8 a #77F > ffik & i
#2¢ ¢ IRT 4 41 ¥ (flattened adhesion zone) ¥ ¥ & & 78 & fF vt ALk €
B > - ¥ 7] hemifusion » ¥ 2 Frechp K FAPEL RAFE o ¥ - 3 d 0 F
freihioo k4 A pr o AR FiQ 1-8b § BRI €N FI - Bf
» stalk > 3 F F e K4RE € RP-PIFR 0 B DM FUOR TR AP o Ft - ARG

254 4K §F e AARA RIS Shillcock # 4 [33]4 fI* 7 A 5 5
9
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T 47 g e S R T EAR R B o

Fotca R A R K R £ 0 AR T A %
— IR RSOl R W R 0 HTE B R R T &k b2
F & o OMK[341:n 5 # BB A - K enlipid A 5 p o it § 53 » & 57 K 4
AED A dep o kS g RARAHE S -

FEEKS I S e e lipid 3] R fR & pF e 3B
Ao~ 3G g e R L 0 lipid ¢ fsaE(flip-flopping) » % 3 3 H e 3 Ak
fE2% > % lipid %38~ 3B 1 RAag e pfdrl vy - 3pgre > €55 lipid

bridges[35] 4 Fig. 1-9 #771 ° 4 2 lipid m%%]x:,ﬁ%%g Bk 2 I mé 2= o

Fig. 1-7 frep &1 L Wl -
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Fig. 1-8a.1 % @ 5& 4 i 4

A"

o 1 B (b)t =960 ns % adhesion
sy
() 1=1100 ns &3 % Sk =8k

FEE; (c)t=1040ns PF H
Ons % 4 f & b B 45 %

#B;(e)t=1360ns
-\.._.l;"._:' I:'_\..
Wé‘talk z[j 2 ; (C) t=360ns %

o &

4 i x(a)t=260ns %

&
hemifusion F§ £ ; (d) t =400 rrsj%gﬂr

3
S
3
5
o

Fig. 1-9 = a7 & 52 327§ 2 % - lipid bridge 7 % {5 i & 8¢ f & % 2 [35] -
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Chapter 2 ##hm®Eer 3 2

2-1 Aok 6 4 # 2 (Dissipative Paticle Dynamics ; DPD)

a7

T "o gt (computer simulation)_1 * 32 245 (theory) £ $i-3] (model) s fie > K i
A HIRRITRBEFI IR o EF PP AT R R R AR R ARE
oo JU TR R ELRMCER R P TS B yp o ALY > A3 HER
WAL * g 2§ o 3 # 4 B2 (Molecular Dynamics ; MD) » §d 3-8 k 5Lv o 3
AR FIEE T 4 T UERI BRI T LT 0 s aid B
BaF Bt I iFH o e MD i * Fr Pl R 4] > F] 5 R A P 7]
(hard core model) » #7127 MD i seiriifens B 2 B~ P2l z K Pl 2 8 2 4
(1~100 nm) ; @ B @ 4 F¢ (time step) ~ ¥ £.0.5~1 4 (femtosecod ; f5) » M IR &7 Hach
FHERfrreREFE NG §3Y 5 xR e g F T B2 7

e MD k3L R R R S & L_ﬁt" #i(nanosecond ; ns) = + o K E 1L b G

LRI A PR & R S Ren g MD F nb{*“ AT f e

1992 & Hoogerbrugge fo Koelman[36]# 41 T 4c40k+ # + 5§ ;2 (Dissipative

\\-

Particle Dynamics ; DPD) > DPD % &% & . 4 § % (MD)4r & # 32 % (Lattice Gas
Automata) > it 5] A BROEFERF ez TR T LA S HE 0 4o Fig. 2-1 5 2R
B E2ZEREPERF R RMGE 21997 # > Groot 2 Warren[37]% T ficki = i+
AriE ey Sk DPD eni®* 4 fdfca; 20 B cnff %o & 18 OBLE 1 BLECER A J
FAr ko 2 REFEY S REARTY G P PRS-

Ak S+ B4 B2 @ % g e i 2 2 (corse grained method)[38] @ A& & ehle
FHMWAR S (bead) > B F A A - FITF R DRE > RBEER AT R -
RN R R IR AR o feut s RN SERE A MR 8
* 4 (soft potential) » Ei‘*uﬂ% ERS BT By Ap T oI Bt x4 0 7 ¢
B 5 LR eNBERK g B3 MD 0 oo BRI EEE R L B A 24 0] Bt 5 DPD
gAY E - BEERAFET L MD %+ > @ Z2EE 4 (short-ranged force)snig * & 4e P
PH -G R o 4 GG DPD GRS R R A Y R

12



R zopodeic 492 3] 5 3up o b o0 ¥ 8] & i (global minima state) °

ARk F 4 B2 OBERR T S5 R R T TR VRS 2
FUALFRRRIZEE (R CERCFHRERFE) TR LI K
AR 0 Blde D R S R R BEARRY DEL R A F RSB IR
%o ZREPAFFENMFT T KT RS FIEBIFR T L o

Pl HET F 2 KA 3 A3 R R EBFAR AR
25 R TP D] Aok BT J(?#ﬂft%‘ffﬂG‘frif;“ki’rﬁ%??f‘%ié)iiffﬁ
Freac o AR AREPER T KT GEE BR D H AR S AT
AT A A HR DS RTERIR A T R EFESITY B42 BRI AL
doft - KT U E G A B Ao o

FATkF 84 B ot B s + 64 B o dpin o a3 5 A A
Hizo RAl* 28p4 B{okiztd Bl > 355 ke 97 3 T ApE® & A5

L p i@ @ L oo

3

Time

Years Engineering
design

Hours Unit process

. Finite element
Minutes analysis
Process simulation

Seconds

Mesoscale
Microseconds Simulation

Molecular |

Nanoseconds .
Mechanics

Picoseconds Quantum |
Mechanics

Femtoseconds

A 4

10-%m 10°m 10m 10°m 10°m Length

Fig. 21 &R~ 22 ER S B M GH -
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dr. dv, .
L=y L= L (2-1)
dt dt m,

Bov A EREAR DR FAEEZER o mARFIAFTE £ HEEA o BN

e sed > 20 it a R ERG 1 FRiE* dppF b g 4 %%ﬁ*?#i—”} SERR:
# R A DPD kiu? > (7% A3 Fenbd 4 d = BIVL & iFRT 4 (conservative
force) ~ 4247 # (dissipative force) ' 2 S # 4 (random force) » 4= 3¢ :
_ c D R
fz_Z(Fy +Fij +Fij) (2_2)
J#I
T 4 s AT e RN EIES o Ao % A RS 2 B enpegr B B e L

i (cut-off radius » r)p » 4 3 EHEE A S E 2 g h R L Ty ek i 3 L

500 deFig. 2-2 #7% o AT R AP Rk =1 o

Fig. 2-2 # %72 =7 . B -

= 4 (conservative force)®_m >+ B w2 ek 4 o Hiv* § Fiep 193
R WL B -
e al.j(l—rl.j/rc)rl.j’|rij <1 (2:3)
ij
0 1y [>1
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a K\ﬂ%ﬁ"f—’»w—} llr}:?J 7 F'&"R 4 X /Jﬁjgﬁﬁo(z_3);\ =4 E’f‘]rl] :7/1_’/'] 7”/:11 :7/1/|rlj | o
#2474 (dissipative force)4p § >t + B S & 4 B4 > €3k tend £ 5

A 1

Mo R BRE AR D N A R AT o AT R R aip R R A v B R G

FP=-yw ( v, ), (2-4)

ij
YR dlEEA 2 ko o - 2 r 4p & S S Bic(r-dependent weight
function) » 1¥% Zf/E %3 A3 F 2 ke e g 75 Vv, =V, =V,

"1 4 (random force)frfidc? — k> » A A KA 4 o P it JA AN E

#£ % (fluctuation) 48 %o Fl4L474 @ 2 3 v £ > H & 7 840

R _ R A -
Fy =ow (’”i/' i (2-5)

o F kirdlHEECA o] o 5 - 2 ik eE 3 Bc(r-dependent weight function)>

0, = — BE 5 F §- ficd di(noise)

(6,))=0 -+ (6,(0)8,, (1)) = (65, + 6,6, )o(c 1) (2-6)
door 7 FEATA € R AALeip B TE M A A B iRend ¢ L R U L
R KA T AR R B R ARA R TR S A BTG
f— BE TRV gt o e TRl e ang 4 Bk i 01995 & Espagnol v Warren[39]
R fr“&iﬁﬁ" AERES RS R S F 0 0 V- F Y LR

’ (2-7)
0 (r=1)
pLeb s @i e pEL F IR o BT Y20 B enhf RN
o’ =2%,T (2-8)

AEHER ke B ML Vo Yo BB S EREHIAL AR A
W24 %50 FW 32 RR AT ~10k,T P> % 5 73] & @ enflss o Fpt
AP HRoKE 3 RAEPIK TS LT -

— R G s E g LB EAF > (2§ Groot fr Warren[37]4 R 0 S

15



40 hgtdic 3 AR B #rek ) (Gaussian noise) & ¥ 353 sk (Uniform noise)
HEIEHFALE > LR TIBIEFF AINHECPU ST ERET

hifd kS EH U o W F @ % Euler-type 2 &_Leap-frog Algorithm e
# DPD p] i * Modified Velocity-Verlet Algorithm[40] » &5 % 77 ;84T

e+ A)=r, 1)+ (80 £,0) (29)
V(e + A1) = v, (e)+ A4 (¢) (2-10)
e+ 81)= £,(rle+ Ar) 5 o+ A1) (211)
vt &) =, () A )+ £, e+ 1) (2:12)

PR EEED FRRFEERORE @A et R E R T SE- B
(time step)?s crig & o £ 4% 2 2 gl enie B fo T — pEg) g BEE T - pEyler g
Plenfer 4 5 TV EPT - B i Bicseik B 7 & Blde Fig. 2-3 -

Groot £ Warre[37]13 45 ‘5% Ak T D 0.65F M iE T @R AR
% oFig 245 3 F@BRINFTE AT EN A AT GREREL >V UFRE
A% 0.65FF > PERY I BF A 0.01~006 e % Ze28 4 % 0] 22 107

roovo roovo 7
At @0 At TE—TO -4t &
' Pl adl 000 t Pall
4/ »1./,_1_]‘{ N 20+ (S ».‘I)JT
t+At +At@ 1+ A @
H2A¢ +2A7 247
Eq.(2-10) Eq.(2-11) Eq.(2-12) Eq.(2-13)

Fig. 2-3 Modified Velocity-Verlet Algorithm -+ %, ] °

16



101 !
£
10° §
- ;
10
1o-¢ ]

'uq ;r PR | i i i T TR - L

10* 107
At

Fig. 2-4 »* g=3 > p=4 P > § B A 4 I (time step) # B - Eu : Euler-like

algorithm ; Ve : Verlet-like algorithm ; Ve : 355 T BpF%] =% ri(t+At)E1$ T =

(A £0)57 71 » s [37]

dON AR T B4 B e 3 ¥ A BRIFART A LA - B
B T AR KA e N AR o F R R R o Allen &

Tildesley[40]% A #-£ & ~ i B {ops [ fadl 4o g )0 i 4%

ol (2-13)
rC
g=—" (2-14)
T
ke, —
m
- t
7= (2-15)
mr}
ke, T

LW TR EA O RRRBTER P RPFERFEIAY PR
T ZAMPER- BEUALEM AT o2 ER P E s PR
ER B ko WL % B R iE 2 (periodic boundary condition) © Fig. 2-5 7+ &, 1
SR R RS h i AR R R BT TR AT
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v ¥
I—E—ﬁ

I

B o bS5 RN o P E A R REL SN R S s R
FHHERGEE > FHFRF I RF L ARELIIP > TP AT R FER I R D
(e 4 i“g T o FHHEREE R T E G R OPFT > 32ty A
FEER WG AL FAERTD DL

DPD ¢ * 7 e it fof $rd Seppr b v Ao BRI ¢ K& 4 FIER -
R &GS Ak S HEE AT P ARG 0 gt BT MO0 3B i o 5
tei iE B enpE Y > A % 7 Cell List ehgtpisif i DPD - = %0 Cell List % 4
ho Fig. 2-6 0 L% gl A 5 % B E % (cell) > cell ehfl £ & f 2 3L @ L34
GE BRI AR L B ocelle BRAPRIEE R I AG I R ETL TR
REEIE v et hihcell M2 E ART cell S W > R T FiQ. 26 ¢ 2 d T o
mEd BT 2RI BT AT cell EP;]%] WA 3 PO A E TS
g & 8 R R

BB G SR A ] 8 NXNXN Bacell » N e of B st g 4 senif £ o
BrL T o AART T P o & R LB B 45X 45%45 > 1 273,375 B cell itﬁ:s’:
& (fusion) & 3L¥¢ » Pl 7 2] 90X45%X45 + £ 546,750 & cell - ¥ ® & 10 BpE/F
HFe L F7- & Bk it i cell s Aot = K2 B RS B & FIRIT cell oS iR

PR IR ERE R R 5

le 9.

AN
I

-

'

¢lc_olc_o

e
©
C
LD
C
©

Fig. 2-5 = aix #p 118 B i% % (Periodic Boundary Condition)7+ %, B °
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Fig. 2-6 = ' Cell List = 1. ).

2-3 iT% 4 Z4fe Flory-Huggins Theory

d 2 78 25 (Virial thoerem) ™ 18 I|R 4 ek 7 ;84T ¢

J>i

:pkBT+3LV<z(ri _rj).F;> (2-16)

1
p=pt s (o))

p=pk,T+oap® (a=0.101£0.001) (2-17)

19



]('_1 :L a_p (2'18)
k;T\0p ),

B 2-17)7F » (2-18)5% » ¥ F I T 1 ;

20mp N 0.2ap

=l+——=1 2-19
k,T k,T (2-19)
IR GOK)T ke REETEcT =16 0 2 (2-19)5F 7
—kapTz75 (2-20)
B

Groot % 431;1 5:;{%@ PR AEA R I B iy o BByt
Flory-Huggins theory % 1} eriT 02 B 558 » i ¥ @ D4Ff/n i B e s 4 S -
Flory-Huggins theory £/ & #4531 % A# Kk g » F % 5 2% - ${ A-B A

= 4k Xeenp o it (Free energy o F ) oot 407

F
kB_T:ff_iln¢A+fl_Zln¢B+ZAB¢A¢B (2-21)

B g, P, R A L kg e N NBTAL%'%‘F%????/\@& T A
iR 1 S o

B N, =N, > pI7 # 3] i- F %5 5 (chemical potential)

ﬂ‘—aF =0 (2-22)
99,
Hepd SLHQ, 1T M WA (22D)F > XEAELF T
In[(1-
ZNAIM (2_23)

1-2¢,

BHp D T AR A FLHENE s b

1 1
+

N, Nydy
1 1

N8, Nyo,’

-2y=0
(2-24)
0
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Wk R TRE g geh 6

2
lcml[1+1) (225)
=>|—=+7— 225

2 \/NA \/NB
B 217 )8 0 f SR 4 eI R 4 hL B R R s S H R AR enp o

KE e + Y .
BeBRET AT B

|

/, oap’
v — plnp—1)+ (2-26)
i p(lnp—1) T

Fpb S XA KSR RET A7 5o

k,T N, N, k,T

2 2
f P (lnpA —1)+&(Inp3 _1)+ a(aAApA +2a,,0,Pp +Adps P ) (2-27)

BEa, =ay > p,+p, =constant > F ¥ B

/, X q—
. = Inx+ (1< x)+ y ;yx(1=x)+ const (2-28)
(pA + pB )kBT NA NB ]
tex =LA (208) BT BEl g, o E T VR Ek(a) e p M G5
(o +ps)
2o - +
Yn = (aAB 44 )(pA pB) (2-29)
k,T

Groot f= Warren B3 p =3 fv p = 5 ch{i-/%» 3 IR excess pressure &+ +* 3% x(1-x)-
e ¥ a,,—a, <SP RSP G 4o Fig. 27 © EA PRl P A

i}fg&g’g‘_a ‘:T'Pzzzc"”p;? » g e f’b?‘flj'l'l' TN H :ll,;(;'fi’f%’# 4 %“Qg(a Hfd

N

o
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5 p=3 -
4 8
;- J/ oo
» 2| -
o .
o B i0 16 20 26

B8y,

Fig. 2-7 Flory parameter y vs. (a,, —a,,)[37] °

BENY x=¢, 0 A2 (223)0 0 FRABRET T 4 Sl yenld 4o
X s :(0-286i0-002)(a/13 _aAA) (p=3) (2-30)

X =(0.689%0.002)(a ; —a ) (p=5) (2-31)
d Groot £ A P F P F M P=38 P=55%7 €35 L9 PR+ K=
Ik bt a;}i—ﬁ-ﬁﬁ;gﬁl'ﬁ&frf%ﬁzl ﬂ;g{;\,i Ll o‘_;ié") ;{ﬂ/éﬁ):ﬁﬁﬂ':ﬂl&’é\‘fra?&i%
Fem 30 #(2:20)58 5 ray =a,+Aar W
75k, T

a, = +Aa (2-32)
P

B¥ Aa=a,—a, »* BEET=1> {7 Fie* 4 i @

a;=25+Aa  i#j (2-33)

X S EhiE &
Y5t - Sonde > AP H(2-30)58 7 A (2-33)5 s T E
a, =25+3.5y, (2-34)

§(23)AF @A (50 4 fdiea, Agp gl 4 hE & Sl @ b (EY

[N
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1 S¥ca, Py 83 P F ¥ -4 ¢ o Material Studio”(Accelrys Inc.)H ¢ £
Blends #- /2 (Blends module).5%s & 7 Flory-Huggins model fr4 + #ig 1 & > ¥ * kg
RIS F B RSNT BT L 0 s 4R A 3R F 4+ R %0 £(alloys) e & Blends
fred > TRJFEREF A X Penit Figip 2 E T ohd Br(forcefield) © ¥ IRR]
ke 4 B3 e Blends ficedk i 3F 5 4 B i #  54e Dreiding~ Universal -
COMPASS - cvif §r peff %

ARk y 287 4 3 3R 2-Bc(solubility parameter) {8 ¥| > £ 57 4T

V:n (é; - 5]) )2 ( 2_35)
RT

Z =
H ¢V, B3 A 03 B R (molar volume) 5 8, {0, & & 5 i3 Bl F A~ F 7 i Sl o
ok d 2 RR[41]98 o 257 PR KAeROE @ (poly(styrene)) 573 2 S-dieA ©
v 3\1/2 3\l/2 . sy v
& 234 (cal/cm) fe 8.7(ca1/cm) @ (2-35)58 w4t @ y S8cs 6.56° 1% Blends
f-e 2 3E 3 Dreiding 4 3 (%54 S 13- (geometry optimization) ¥ ¥ | y = 6.52 »
Lo dRiT /,?Jm.ﬁ_ o F]pt A w w4 * Blends frie RiF y Sl F iTAPEY 0T

¥4 Sdca, %y

7L
B ©

2-4 B i

1. ficHe & sex /] 5 45X45X45 5 e & (fusion)#_ B vesicles ei®# » 9710 {5E
i SLH % 5 90X45X45 o

2. iBmpRrRp=3>k,T=1-

3. {= simulation step ¢8R4 > T {7 Hc i 50 § # > time steps €_0.01 ; fusion 1%
BB 5 50 2 100 4 2 % > time step=0.01; & LM FR] 5 25 F 4 T ia
time step=0.01 -

4. 2 kT chiE 10 id PlaC S & BB B Pk % o T*= kyT o
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2-4-1 DPD ¥4 th4

A 5 )\ 3

ELERE €#~wﬂ’%J%Z%ﬁﬂﬁiﬁﬁ“JL”’%%ifﬂﬁ
>R ekt S B e 243 4 (harmonic spring force) © H & 5 ¢
S _ ~ -
Ey __C(req_req)rii (2-36)

C & 314 {2 §c(spring constant) > # + | i L&t ¥ Grengp b A2 R - Cit+prsk

7 F bk a Cladx] > 4k

et Bk oo, PR AGER TR R o A
=3 % % C=100- r, =04 -

=5
o

ln

Lzoth s RITE Z 3E4-F € 4 4tk 4 (bending force) » T & 5 G

U’=k,(0-6,) ;: F*=-VU* (2-37)
U R4t i > bt b (O) S0 T it s (0, )PF 4 it 5 5] & F,

, A_angle

force » k, "4t & 4 T #c(bending force constant) » ## % * K 6, =7 » k, =20 -

AT Y 4 (lipid)ss KBREE ¥ 4 B A

*+ &_{ lipid tail gg *F 4e
P EFE-

B+ e 3 B e spring force ) 4 78 4o F t
F¥ == (r, =10, (2-38)
¥ 5% ¢ C%E_force constant - ro BT GTEEE B R T iR (g VR A B 4 T

o (r, )ed B o AR ECO=100> 170 =0.8 -

2-4-2 W 4 Rk T

*a F (lipid) e 3-8k =

ik s A% g fe carg BT 4 (lipid) ® Ap ¥ E 0B B (phospholipid) -

1,2-diarachidonoyl-snglycero-3-phosphocholine §= phosphatidylinositol » Fig. 2-8 (b)
5 E R T Aok s coarse-grained 2o q B R T R Bl o Pa BAL-KEh e A A

choline ~ phosphate f= glycerol groups > H coarse-grained 2. — i bead E /& 4 %] .5
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58A-59A 449 A - Lipid g2 -k 4aE - B bead £_a-butylene # 3 &% 5.5A -
PUh o - SRR HA Y 1S A F A RR LAY - 33 Al bead X 5 33EE F
Ko e

wAF TP o lipid 4R 5 3 B beads 7% #4af (hydrophilic head ) £ 7
i% 6 T beads g% A4 £ (hydrophobic tail ) #7% = o 4r Fig. 2-8 (a)17 » = ¢
B L ARGRE  RNELL A G BT LEARME ) RELL B EI T 2B
Aok RELS W

DPD % %t ¢ > ;ﬁ“c} EH 4 REcpr At 2 B andp BB o 41 Material
Studio”(Accelrys Inc.) ¢ Blends i %2 > ¥ # COMPASS + # » 3+ &
1,2-diarachidonoyl-snglycero-3-phosphocholine 22 -k e y % #c - %3 y % ¥ >
lipid-water e1{® * 4 Zidiche Table 2-1 #7757 o 13345( 2-33 )54 > dp ekt anie* 4 %
Wi ta, =ag =ay, =250 e RSB R hiEY 4 2K S 260 A gn
B BER B AR T 4 P 5 500 Aot — RoOTR AP Y P chg e podh R R D
TR EC
S Bk T2 50 o

Moo 300 R PR RBBFA AR TAR SR> A F 2 B hiE S

Table 2-1 lipid-water % seenfE® 4 28k » A % lipid 738 K EE 4 > B 4 lipid
FokdaE > W ik 3 $ o solvent o
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@) Hydrophobic tail (B)
Hydrophilic head (A) L e W

g

Solvent (W)

(b) E § 1,2-diarachidonoyl-

coarse-grained 1,2-diarachidonoyl-
snglycero-3-phosphocholine snglycero-3-phosphocholine

/ A’ _‘)
- —\’ /’
(s} — o )
. [} S
/Mv" o-'lt_o/\l{/_o
H O - \
. L+ ¥ . h
= S T - B
Ny

S S .i_
e

Fig. 2-8 (a) Lipid-water 4 st77 % B> (b)E R B#"y &7 coarse-grained 2_ *5 5 3 P& ] -

25 AFE

k4t

254 AR TEY AR A G AR RMA R A Y o AR 3% &
SRR B L s £

2R N I IR )
Hen3l4 3R MppE B AT HT s+ > EREA FLE L4 3L
e RPN RIFLG A FRANPED R RE - A2 EREHAG G e N

bt o Rl RS R K 0 A6 PP AL @RALA G S A B
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PG 0 b S feend s RpREA G F B g f TR T i .

FHIFA Thgrenk Bish ke ehd o 4 4o Fig. 229 ¢ F) £ b3+ ivr o0

ek kG angd s FEERRIRI RN LG s d s F'iWiaskd (52
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