322-316 yoye 45 o leubs d4 0,95 1393 Ssaml 0l G9d ¢ )30 o (FwIdio dlxo

ids3: el dolinle
OV JW0 S0 wihigo

mme.modares.ac.ir

ll

Tyl

D

U'TA/;‘{";:Z;;

Jobw Lis 5l g5l Jolo jgre codjodils (JoSdg0 Sl s (6 5lwanss

PS50, Hlen T sn warisans S liilans ) 3s 2 a0 ol

OIS iy iaio ol (SilSe pwdige 0dSid iyl (i )5 s gel y2ils -1

O e b it oSl (SKlSn uwdigee Sl ol =2
mssaidi@sharif.edu 1458889694 ., & (o5 *

oS

Ao wleb!

b s Cowal 3l 3 Joko JBls o ol Jedl (pasie o Slos b ergls cole 5 gilugls cain y538l5s, b S L
5 9550 o 5985 51y (gl JEl (st 5 ool 985 1S 5o Camgo] S5l 50 Jsboo Lid ol o555
8985 B b slooyliny o ol 5 Sl oo Jsboo Li 31 agls ol s5ue o (sl o8l 595 i 3 ol ol
b5l a5l e Lad 5l ee oUlgs Sl WS 8 eolinul 590 g5l bl plsie 4wl e oS wisls ol Jsles
Soolins (giluend Lags Joho Lt 5l Ty ol a lasslig cnl 51 (S0 j5ee (opp 4 0350 Crl 5o aiSbioe LIS 1) i
miqe ol gileans S po sl s aislo i ile ol jeadls g, 5l eolatul b g cul e e b diedan JoSUge
S sk I35 0 (T 3988wl B g sl 45T 0 00l Lt 5 (gun LS (55 g2 e 5 (0B Su0 (b Wby 65

J gy, i

1393 55, 30 [cdly,o
1393 523 sy

1393 U1 04 ‘ol > )

ol 457
oyl Jasl
Cubydaly (Jedge Soolind

Hedin (JgSge Salizd

Lag ol o T lazil s Joboo J51s 4 3585 sl il ol s9p0ten 551 s el wiaban (J5Slse Salips Sl oslind & i e

O S Cely Jolo J2Io a4y aulig opl 3985 5l gJ 0,0 JSis aS Sgd o oaly las yieghy ol Ho el onls gy
@lr il e Gl izeed 0l lgen by slagiagh @bt b a5 sgdice Jsho Lid 5l T el joee 5 (5550 o
el Cey Jgo 2 Jo3sles 110 Led 5l by ol ysee

Downloaded from mme.modares.ac.ir at 17:55 IRDT on Wednesday June 26th 2019

Coarse grain molecular dynamics simulation of drug carrier penetration
into cell membrane
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ARTICLE INFORMATION ABSTRACT

With the increasing development of the pharmaceutical industry and producing drugs with
specific performance, its transfer into cells is also of great importance. Cell membranes are
effectively impermeable to hydrophilic compounds unless the permeation is facilitated by
dedicated transport systems. As a consequence, there is much interest in finding ways to facilitate
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Keywords: the transport of molecules across cell membranes. Cell-penetrating peptides (CPPs) in particular
Drug Delivery have shown much promise as potential delivery agents. That have been claimed to penetrate cell
Coarse Grain Molecular Dynamics membranes in an energy- and receptor-independent manner. In the present investigation, the
Steered Molecular Dynamics translocation of PENETRATIN into the cell membrane is carried out applying constant velocity
Energy Barrier Calculation steered molecular dynamics via MARTINI coarse grain approach. In order to study the orientation
of peptide as it get closer to the membrane, equilibrium simulation is carried out and it is shown
that to investigate the penetration process, steered molecular dynamics simulation must be
applied. Energy barrier upon the insertion is calculated and its diffusion in the membrane is
considered. It is shown that pore formation phenomenon breaks down the energy barrier and
facilitates the translocation process which is in agreement with previous researches.
Furthermore, 110 kiJ/mol energy barrier is obtained from simulations for this peptide.

S nsiseed JgmesS 5l oolind 5 50,55 Lot 009550 I ke i dodiio -1
oleadly (Jg g sa oolitl (lod a8 Spgo o by, ol SETL L] e a8 e gl lalllas 5 e etee 51 (552 5,10 JUl cojg sl
3l S5 i (sl a3 S Ojpe o i [2] W) VU e Bl i 00,50 s 4 polaie 4 g ls (S el 4 ale ol 4
@ gl JUl glp (Sl slaty, 5l przmen Sl (Joke Qi ln
Ol s ol 4 b, ol ) (B o9 on ool 5 Jsbe Sl

1- Electroporation
2- Injection
3- Liposome Encapsulation

Please cite this article using: “lod o3liw! Jod @yl 5l s opl @ gla ) gl
B. Damirchi, M. Rismanian, M. S. Saidi, B. Firoozabadi, Coarse grain molecular dynamics simulation of drug carrier penetration into cell membrane, Modares Mechanical
Engineering, Vol. 14, No. 15, pp. 316-322, 2015 (In Persian)


http://journals.modares.ac.ir/article-15-1542-fa.html

Downloaded from mme.modares.ac.ir at 17:55 IRDT on Wednesday June 26th 2019

OB 5 2103 S

ks Lis 31 9015 Jols ygac s ) 34513 J9Sg0 Saolis (5 lwdgushs

IR ey 50 (ol il S o Lad 4 el S el
5l eolinwl pgy) ailg, Ko 1 B (giluwamd aslsl 5l L g conl 43§
SOl 358 eny o) ln S BlsS e aieas (giluad
ol 00 ooliinl 228 5 g d) ol Sy b aiedan  JgSUge Salino
395 b S8 S o sbofen Wi D50 ey Sllls by

58 Ol el i (g9, oyh> S5 b olpen Lyl ool 5l (S
ol iy atws (ol s3>

SilwJue -2
(Silodd STl alise gloil jo cud el sla Jow 3l oolatul
b 5 oloy yo oduay (o sl wiedy )l )l &S cesles S ol
Soelias Joe sl oslitul ;5 63k g5 sl il ples lapinnew 1 5155
6 ol 5l sle slon 5 i (slaae s 3575 b jsals JsSlye
9y ol 3l eolaiul gesgaze jo slge oland slo Ths Joli sl Jow
2l G 330 5, Sl adg p S e gl 4 onlee Sles
s 9355l (6 g 03g0me (13,5 Sl )3 Bus ol i S
sl W cwl gilodoe b o @l pias o yell cnpas oo
Aoy Sl G908 45z Silode g5 (nl 0 el S a5 o
A eil pled s o a5 Sl Bacl o] o a5 ol sl ples
doad LSas 055 aiile ploan] 8 sl i cuslive (igd oo 43,5
ool bl s Ty aiin g = g Jlasl el 5 syl Lié Jlasl
sl gl g, S Bae oS ileand 5 giledae (s cnl )
obsl Glesliul 5 asyw Jlws o Jo oS coul glools Jaw 43,51 35294
5| oy 03gae 55 oolitul (gly VU oyl pimen el
s, gu;lsﬁ}" Tl Lt

ool 23185 o poals JsSge Senliss ol 1 Sllme ol
3 oS e b o S & |y (sndl plat Jan 35S L il (solass o
ez Bb Shd o S em i o] 40 45 WS e oy s glawase
s 5352 912 9 (Sl HS @S (pilsB (3051 sy 5l gy 5 igs
ol 5l ligas LSS ogi o ST S 5550 Ban 4y (plitess pslaie &
kol Ussse 10 09250 slaws] 5l txe Slow a5 v o ol | cuslsS
load a1 5 a5 5 058 g0 4 ()

@)l SSLsT slagts, cdpoails 4 ool pled 5l plide Joas o
ile gy ool oolatul ol 5l gileae cpl jo a5 Lds, el euls

e, e
O=
f.\

SYA - 0,310
Sesrd JoSlge cudpols 5 gadl plas Jto ales 1 S0

9- Bio- Molecular Systems

317

ool oo sln ooly 0,5 I & Sslars Jslo 3o 0 ol g Jlizi
S @y ls 5l gilems el Jobo Las m dapl e o (sl
2 Bl s Jshoo Laé 1 jue @ 06 wijls 1) gilom e Ul
JH gl JEml o e lp 435 Ojg0 Slalllas g b iaghy
S Slaladils (Joho a4y (63970395 3985 Ulg5 b laslig (&« Jolo
gl a ]y Jobo 4 39& ojlal Las oS olag o joee 4 S5 (sl (ol
olis 1) ol ol Coro 5 (5l slailel cailoads #ilas waas ol
Jls @ byl 3aa5 (gl (gl ool 45T sl 00l azine g wilosls
45 05 5 Sigsl b Dgo & o] (Son o o)ls 3975 Jsbo
[4] 6,5 o 252 555

o] it s delsie] 30 51 a8 Jolts Ysone laayliy ol
Debge a5 5 GeilS slawliy Lol ar s, cnl 5l Wil cote b
Gy wilead ooy eS8 slawlin ol 5l ol e olaws
IR s 9550 faS 5 485 Spso ol 55y 2 s ratte slagiegs
1-is5 sl @) [5:3] sl ty Jols boasliy el o iy e [3] wilacs 5
550 [2] Pl b 5 [8] 05 (78] P

ol ()55 Jokw J2I @ Lol 0l 3585 (sl (glite slaplSe
oy ogudss kS5 aile lopsilSe 4 i e o) 5l oS o
S ol 55,5 o [10] osfinn e o5 5 [9] o t5 Joe [4]
5 JSie Sl Jsbo J5Is 4 ool cnl 3585 oy (ojn 5 ovalie
Juiad o Keags 5l sl el (Saepd Loyl ol lszr Sy
Joe @ Jsse Sealus siludie 5 Sllre slagty, 5l ook
Sy oy 5l ol 50 IS0 Sslus lagssluansd wilos ol
sdae 8,555, 9.ailed S ] Sl S gl o Kdmgl 4 UL SeS
slaloand Jolds a5 315 0925 JsSge Sinlus sl (gilwands )
Sl &5 go)lse )0 05l e 6¢“5‘)‘>“5"3 sloiluans 5 ail plad
B e Glale Gl 4w Sl ae saay SOl g0k
By ool pled (il ) ool dlae SzgS Lins ol 5 Kimgsy
el Hlaiae T GLIS 5 55 lews T olal a5 Dlae o .l 385 5
B9l g0 oolatuwl cudyaily (gilwancd 5l el

Medgugys JsSgo 5l 428,55 o5 ol aslyiel 16 lls ol iy
7 (RQIKIWFQNRRMKWKK) <l 58 b 43 ‘5nglwi7g.\iw’|
Ll amib e Py 5 )] ol a5 laagulgial ool 5l sas
59 opl 952y Jdoar wliy ol og FeslS Cunls aF aniie culs
g Ceol (g paily 0y I ¥ b deglio yo ety el slsial
el aplgial 90 (al sl sla JsSUge 10005 o i n Y 5l S e
D5 oo el cnl i )T sslgiel sl a5 (55 5l 3943

Foslanal b Joho J2lo & (nslyin (395093 35d (gl cnl 5
ol 8T I8 ) 0550 Clpoails JeSge Swlns gileand
ool 485 D90 Gy Slagtegly )3 Sl cnl ool pled (giluanet
Glabie 4 Sbcws Gl cyoals g5lwand 5l esliiul [4.3]
Rl ol @S il aes e JIE L Ll o 1) VL s Gl

- Non-Endocytotic

-. Penetratin

HIV-1 TAT

- Transportan
Poly-Arginines

- Coarse Grain

- Drosophila Antennapedia
- Lysine

15 o plads 14 055 1393 il o3lallgsd e —Slo o


http://journals.modares.ac.ir/article-15-1542-fa.html

Downloaded from mme.modares.ac.ir at 17:55 IRDT on Wednesday June 26th 2019

OB 5 2103 S

ks Lis 31 9015 Jols ygac s ) 34513 J9Sg0 Saolis (5 lwdgushs

G (3) sladse bangs saign oS en (s aisn Sl WS o

gl oo ok (6)
1
Vb = EKb(dU - db)z (3)
1
Va = EKa [COS Pijk — cos (pa]z (4)
Va = K4[1+ cos(;, — 64)] (5)
Via = Kia(Bijua — Bid)z (6)

sl g ol Lol L1, 1 0I5 (e (5 b5 YU Ll
sl s plas 1,6, 50, (haw 9 bl 59, Jols
Jae 5o alys Gl 5l ppe (nl a5 atn Szl el Lo Jonily
Sl Vo s Jemily anloe cussy ool plas Jao b i joails
ez ool olad pslaie 4Ty Glasly Jeily 5 (aleord sloisy
Jlesl jshaie @y s Vi (ddansgs conli Jilly 2395 0 ooliiasl 0 oo
SRSl Gln Vi s sl ety 5 sl JLSle lsd
Ngh oo Jlosl amio w slaog 5 sl lamio jl )5 sl alml>

Sedup (JeSdg0 Soliyo -3
SS9 ) Sy b aiedan JoSIge Sialas ) 5l e crl
ol @ o 18 Sy Jlasl b oy, opl o [12] ol sad solinal culs
e S 50 01 3o Jeiliy (5350 5 15 rd (0955 Gy o Bum
a5y Sz 5o s ol 0 a5 Gl 5550 sl o il sl Sl 300
Sy b 28 Gl G 0 53 S5 @ sl ok o 4 S5
g Bae il 4 18 Jlail (SsSz Silo 3 IS ad salss sasS cub
ol gz o aladi Gl Gy b S > o 50 Bas ol ad eaiS

oolizil b o JUS 51 Z S 4o oad alowl LIS 5 158 o500 el ol 4o
T sl s (8) 5 (7) o, 5
V(t) = g(z — zy — vt)? (7
w(t) = ft ov dt' = —kv ft(z — 7o — vt')dt’ (8)

0 ot’ 0

g 3 Glesl o8 > Sy vidan ol adsl 86 20 Ly cnl 5o
Oeize 3y gadsl Jsbo £ =0 (Lo o & cel S5 4 oYl s
Dydhoe 485 I )3 jho 1 8 (ol ok

Wy San @5l S > (gl ool pll 5 o8 s 0 0SS (8

Jeesily 6551 50 S 9 Wayp (Sl 955 5 Wy 38 (55,8l s

5

F b Ban ol 4 5 Jleel 5 e e gl Sob e s b 25 > B IS

oS gme o el a1l w4 Jas 4l p sl sl el
21 055 o 5 )0 058 S 50 a2 ], S 0514y Lansgia ok
Silodae @l el S 6K s, sl sl JsSge 59
04 Jao (aplgiel 5l (S 5 JapaadSiosn aiile) (5l sloJsSse
J% $5E8s Oyge 4 sl glaSse Lo (nl 4 s G 1
ok el STy dilate g5 4 Jols s ile Joe (1 4 2) wgd e
S5 pue) (oot (N) (G390 Sigm )32 2Ulgs) (olab e (P)
(el g5 5k ol om L (Q) sk 5 (€) (sssme wgm )13
a8 Wlowd (lo (59,968 Nem 0955 JlAn Skl Wl alweg 55
bug b5 (0) plaszua 5 (da) 50,2 (@) 00T (d) oaims (o0 @
5P A load saiaz ;3 ol 4 Db T 5 b o8 aw B =1l slac
ol oas o0ls Glad 2 IS j0 ey sl JsSUse
iy akol o a5 j g0 DS ) pled longm d Sl A 00 2
S S e i o s Sl g e b Wl S 5SS,

(1 akat)
&) -G

€]
Oeme DS g5 bl 8 655 ol Lawgs Sl cnl ©j0d
.Iam}: ul)a ).:é.n a)L.M‘ ASGA Jovel) ng.:)fs_;‘ M.:&l} U’J)f ).Ia> 5
a8 L o ol glel sl slp o =0/47 nm 5> -o,l sal)l
5 $lp e ol essil> sl JsSge b I3 (ols IS sl 058 o
PRV Fpps shals 0 =0/43 nm 4 gsil> Jow jo @l bla m8,5 L
2 oogde gbe b S Ll o o lailil ke %75 5 Eij Oimed
2o 0 b s o (Q g5) kB sladsSIpn sz =5, S on s
9]“" o & = 15 gs"‘“‘ ‘S‘)"S'”Lg‘; w),p L’ M‘“"; 69]‘"’ QIJ'“'A 4

(2

V,, =4e

qiq;
41T£0£relrl-j
& sl iSeey Glp i Slalre ez GialS jshie

el

DPPC Jsrels (Alywk) o;Ly
% g (%
[ ) 1
N ¢
5 ol
[} SC,
Cy Qdf'

\_li o
(o
b

)

s,

. T 2 . R . B
5 ed 5 52 el «Jg S TDPPC (gl s joails g oslionds Joe 2 S5
Cessd Sl ol ceyoails (slae)d ggi (o0 saseiio sylyioal gy ) syl
ol 0038 T atiie yidg) S5, b K00 B slaog 5L o

2- Dipalmitonylphosphatidylcholine

15 o plads 14 055 1393 il olallgsd s te —Slo utigo

1- Lenard-Jones

318


http://journals.modares.ac.ir/article-15-1542-fa.html

Downloaded from mme.modares.ac.ir at 17:55 IRDT on Wednesday June 26th 2019

OB 5 2103 S

ks Lis 31 9015 Jols ygac s ) 34513 J9Sg0 Saolis (5 lwdgushs

2 Ol sk Lid 5 gl Jols jlisle pridls Lozt po 5l ey
J51s degoazme plod s o 00l0 51,8 Lid o 5| 0951 20 alols
5 ol Jsloe g oo a0ls 1,8 80%80x107 A% slayl & lowleo aa>
o Lad Vb oty 18 0gos S S el ond @Blal T 4 o2
o e ol 1y gl ax>
Sl Tl o)Ll 55 Sty &5 pebples legn ool 5o
@ Ol o0 S0 0 g (65 Tz (p0s] ety jslate 4y Jolas
2 by i U3 4 o] 398 ) sl celaid S 50 Jlulsl
4 Glasle aax S5 40 g oad ools )3 Lid I g 1SSl 2 alols
ol 03ld sl e g Jgle (9,5 adlal 5l e B0x80%87 A3 slul

ilwdd Ol -5
5 3o sl 5 [18] L1 aseessopliss l3dle s 51 st e sy
Gyt 5t 5y il el 00 oslil [14] 2.9 15,8 faas o5
270 k> 5 [15]°220 > 5l o & sed 5 iSs S ot s
Jhel o091 Sypo a4 silwand $50 Ll s wloads zl 5l [16]
4 o1 51115 5 ol glakais aw g5 5l oolinwl 050 T Jglowe ol 00
o sSge agiy b o] glis a5 sl s ools 1,3 slazsl as O & 50
phite slojlisle (0,05 o » Cel &5 cul T 585 ojlul o
Gz A S xSl ol slexl g ogde ST Sl S
15 alols b Lié ol Conms I Lad y Sg0e bl s Jsbone ¢ Sloslne
Ol ) 0SSl 15 alols U Lie (oYL o jl 5 Lid 5l sog,inSS]
5 e oS5 Cl Shse 4 e 9,5 Wlal ol ol call adlal
Jold & s jof Sl S ean ln oed (3 (SosIl L Bl
o s gl U2 Joloo oy glads ool aadsS 5 gz o)W Joilsy
2 RS0y e Eoyb Slp osl 019 gl gy Dlieis Jlael
e (5,509l 12 alols ;o0 a5 S jg0 a0 ol 0 a3 3 (a5 10 Gigm
F:ge Seals ilaand sl Sloj pl5 s p jho & S 00 (0l
3gaz b oo i le cuilSs 4o o bl i aizmen .ol 20 fs aisdon

o5 (siluans Sloslre da ol g cnslyin 5 )15 0926 D YK

3-VMD
4-NAMD
5-CHARMM

319

s W Bam 051 28 > gl oud plol IS oS ) s sl g PME;
PME, Joily (5531 530 5ot 9 Wayr Setsl 55508, e 138 (551
Wy =Wyyr = Wajr 3 PMF = PMF; = PME. &S ol maly il
Iy catS p g S8y e 40 0 plil 5 iy 4 (10) 5 (9) wYoles

Wy =V + PMF + W, )
W, =V, — PMF + W, (10)

b (Sl 5955 5 g Jemiliy (65,5 clails (g3lmenls o
g oo dla (12) 5 (11) Ll

W, =W, V;—V,
pMF=—t1_—T_J T (11)
2 2

W+ W Ve 12
Wy =~ . (12)

oty 3yl pb il abaly a5 (13) alal, b ojomins ooyl jlade
T12] wi o

_ kgTv
= awg (13)
dz

3o 03 -4
adgl LSl a8 o)ls 8b il sy ey cpl 5o oals eolaiul (g ls el
1 g 1QMQ anlis oles Ul slolbl Lol o
g ol Jglme Jolo j0 sl lasl el ool ags 58-43 slavlgine]
Jols & abisil 20 plie @y ol plas Gobiie j3 5 00 asls 8 (s
CodlS5 Jlasl §l oy ol g5l ol aled Lo 5139 o0 ouibes,
el oals eolanul 4l sle flgie 4 bagiluans o 6l ()b
ol 1y JsSse ol cudipoals 5 oosl plas Jliile sammsgles 4 S
5o a5 caal 151331 s JsSUse ol (ool ples Sl 0 am e

b e 2olS sas 47 4 T &lyd olaas ()l cals

ype 4POPC? g asind 128 sk it siludas ol
Sygo d 5 Joe opl el oas a3,8 a0 ((sae 64 4Y 2 ) a¥se
Jols 4 o g ol Jslme J31s 50 aibsSiy 500 e 4 ool plos
Slpal Lol e a4 5l cudyodily cllS Jlasl 5l gy g ol
3 Jokw Lige cd,8 18 oolatwl 0,50 ;500 clbyodils slasjlwas
clSs Jlasl jl ey &5 ol 131 23000 50 (g5l ool plas >
b o zals 0ue 1650 4 T wl,d olaws 5l

()
ol ool plas (o g ot joails (il les 4SS

1- Protein Data Bank
2- 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine

15 o plads 14 055 1393 il o3lallgsd e —Slo o


http://journals.modares.ac.ir/article-15-1542-fa.html

Downloaded from mme.modares.ac.ir at 17:55 IRDT on Wednesday June 26th 2019

OB 5 2103 S

ks Lis 31 9015 Jols ygac s ) 34513 J9Sg0 Saolis (5 lwdgushs

1
O‘St-
P
N Ty if )
é °'\,'“‘.‘;'% " rdm;\miww % 'ﬂk
05p
| e

5 Lad a4 s o5 plSin (BBl oo @y S (ol 25 6 JS

Ol 89y (it

Jsge o el Johoo J31s @ (il ity 98wl ® yo Of oji S5
I JL3 ezl dlyal o ol gl Jlss ) 358 il
4 e ol e . B B
Gy S il oy 2 Sute b dszy S @ osbie gy
Oligen b 4 dish oo o Cix Lae oYL WYSS 5y p (Slawsd
S wlin b a5 Gany @SS adly Sland leog e
CS o 4 oy 5 iy el 4dybgs iz anld & gl lans
Laé (59, Lol el sg2ga el 5 03,5 (oo J51) (b Coomo &
(Sl sloog 5 o iz g Las JBIs 4 ppinz ) 3985 JLSo 4 09b
2oy el Sgzgar Eely g 9gh 0 0aptS e Bl 4y JsSge plos
Ol iluans (b o 1) Ol oy JSas T S8 0gd se i (55,
...\.Q‘)‘SA
alid (Gl g el o o3l Lis Wb slod 51 ,S0uSy LS Slosle
4 903,5 i (il Sz pley SIS Ll (leand sl
g odd yidn gy edd opl 4250 (O b ) Wi, oges Dijge
OBl O Sk g oad 585 5 oji g Lid oy iiey JoSlge
S amoe ol 1) <) ilwand lel YL 5l gled & jigal ke
Sz Ode Job B 4 Gl S5 )0 Jated o ol 0>
S (oo )5 oo @ S5 o 5l) 0500 (D58 Sloj 9y Jlas]
R ow)m)i.amm Jsﬂyﬁ

sa ools ylas i 5 51 jene j0 gl Jol> b T Lalen 8 IS
P g (sla s 48,8 S 0ji LSl Wiy g5, 5 a5 Lrgl 5l e
Jobe JB1s 4wl elyen O joie sl (orlio yi ciyls 18 oo
s Sl oz g 0nd 1555 0ph loj CBIS L ogde pal b
Wl WSy elid i Of aze g 05doe il i lee i
DS sl gy pw g S,
) loads (b yo 5 slae Bl 10 Se il (655l Jloges 9 IS
Sl 16 b o (095 snilym o @yl 5l Jloged) wmo e lis
saslice .l 0al ealo Olas ey S, L Sse iy Sl o
KI/ sgam Jsbo slic 5l joe 5o 55 55, G 5] S a5 050
! 110mol

4- Head Groups
5- Hydrophilic

15 o plads 14 055 1393 il olallgsd s te —Slo utigo

dly b Jobaa 1, 0T ole b agd 3,5 s 0 YL ols 15 15 10
3y esd b S )Ly cnglS 328 (gluands slos [11] w85l o
Gly il oals oolainl ol rahaS el Gl cpeY Sliwge 5
LSS ol g egyl bawgi jhenadl 1 lad Jolas (gjluads
PSS ok 4 3985 (6l Sl @ g5 Jleel jelate 4 el ond
oas Joaie 1500 KI/MOI/AZ 55,55 ol b 5,58 & oy 5550 42 0305
b jlde oo 8 5 ol Hlae Lid p oges sbiwl, ;o 345 a5 Ll 5l o
A/ns oy b 25 500 p 5 ol 00l 351 (gjlwdds o Ko by
pomlod oo Jols (gilwdd Jralasl . aiS o &8 > Jok J31o & 0/5
@l 00ys] Gy sl el JISG35 ateban (5luands Jolusl 5 i
)by (ot 16 goamme j0 5 (855 5 28 siloants 8 550
GTX- 2Lyl S8 ol olSis Ky 5l 055 o2l 5 vonsl 00 plovl
o oolictal Lol sijlsy olsie 4 2500 kil ana 4 LS s 580
Slabs loy (zals s 6ol s 23 3T @15 5l sslinal L ol
JUSCON R NCH O RSP SRS [t IERSRTEA
Jsb 4140ns e 4y (cusSp b b)) @b o Sl o (ileans
s plosl gilwacs 280ns a8 g <8, cll> ggeme 40 g aselxl
g ooy alle j0 g cele 20 Wb Sy Hleand p Do (e
2eiS Job el 50 sgu a8

wels 400 e & JS j0 Joled 8 (giluancd Soe az o
ol olaws b a8 Jobss gjluacd lp g ol 39, 17 Jolao Loy
4 bl Jsb 4 59, 6 e 4 288 jge Lus wae 4y i
2l 4 ST Sl sud 053 Sl axe 2alS slace
i 0 p3d lej o5 1000

Co g i -6
Lad @ ol Soop el (il S (o5 JebS sk &
53 w0l olael a5 J5SUse cnl Jamsg 5l 05050 59 Ot 5258 )10y Jokes
o Gl sl e Sl 0l i85 IS (s el il Gl IS sl
plSle B s ool snd anlre (iloand gloy jo 38 jeme b
o 5eFlen e &5 058 00 osaline a3 0 HLAS ) (it (65 Sz
2 b @9 oS cd Js ol 4 el ol (e ) ol S Togus augl;
lr ds¥se 3l (gold ol g oo SISy D jse @ Sl s,
4 5 a8 )5 D0 el pled Lmgy o 0l Coglsl Lid 4y (ol S0
3,90 hlizs slalid 4 ad S35 e Wy 2l 605 e ol b
ol e imgs gl ol 5 oad il sLad (sl ccodlatd 5 18
Sgdge Soo3 ol 4 Lad mhaw b (sjlae &g 4 iy a5
[17] el Joles (g5lutnns como | (Sl ol alio a5

1 ooe @ iloand Jobo Laé 55, » Wl 605158 5w
@ 398 g Wby 8 ol cnl plesl 5l G o 23l aalsl 4l See
59 3585 oday odaline gl p3Y Slowlre YU aje il Lae Jls
on > dedae (JoSse Seelys 5l eolatul s o Jolei (g5loanis

Sl 00 oolo

odgy oamlin by 3588 swyp 50 ileand cpl adsl Goa

1- Backbone
2- Nvidia
3- Intel

320


http://journals.modares.ac.ir/article-15-1542-fa.html

Downloaded from mme.modares.ac.ir at 17:55 IRDT on Wednesday June 26th 2019

OB 5 2103 S

b Lia 31 9015 Jols ygac iy 334513 (J9Sg0 Saolis (5 lwdgusis

o555 5B e S 305 iy (531 15 oSl e
S e Lt 5l jaee 4 g9, Ol g oad LSaT 0ya> aF ol Lad 35 o
@ gl golal g apw 3e85 5 (65,00 o palS cel Lae 5l Ol e
S5 anl3 sk 51 4 5o ol ool Jas 0 10 05e Jolo
)slse ol Jsh 0950 4 ) Lop)T S5 Sluais slid g5, Ol oy

16 olp elae g3l jo (Slgiwl Gy 5 jloges 10 o 50
Sloges j0 a8 jebles ooy i il 5 g S8 e j0 (gl
ol Lae 555e 5l s ST 4 sgu b (g5, s e iy (550
@ el 5l loged) 95 0 ©yge GBI e 1 jlogal cl 0 Wi
(o5 onilss

5 5 0o oSt abal; Jogai oo U (paies oy (13) alad, i
il a5 el g0 cuds @yl logad il 35 e 5l eg iS4 alols

5y 355 oo ko 510 4 b (m omd T 238 Y

400

300

200

100

0

-100

PMF (k] /mol)

=200

-300

L L L L -
=20 -10 0 10 20

(A) aze YSgeseine
Do Slagslotends Byme S5,08 bglas lid 10 e Jeslty Jloges 9 S
Gl o] Sl Jlade K5 5 las g ool aid S

-400

200

150

100

50

W, (k] /mol)

= l so i L i A i i
-20 -10 0 10 20
(B) ez sgme je
Slosilodnd B yne SijeS bl il ;o (I 59,05 515 Jloges 10 S

ol LDQT wﬁ@)lm&j)ﬁbjoﬁ 43_9; O Hg0

321

L J3lo ay il iy 3aii g (g5luands b jo Ol oybs Sas 7 S

15 o laits 14 095 1393 il 03l2llG 99 « e Suilso udiao


http://journals.modares.ac.ir/article-15-1542-fa.html

Downloaded from mme.modares.ac.ir at 17:55 IRDT on Wednesday June 26th 2019

ObBed 5 2103 S

b Lis 51 9015 Jols pgac st 34513 J9Sg0 Saolis (55 lwdgusis

&=1y-8

[1] D. Luo, W. M. Saltzman, Synthetic DNA delivery systems, Nature
Biotechnology, Vol. 18, No. 1, pp. 33-37, 2000.

[2] N. Schmidt, A. Mishra, G. H. Lai, G. C. Wong, Arginine-rich cell-
penetrating peptides, FEBS Letters, Vol. 584, No. 9, pp. 1806-1813, 2010.

[3] S.Yesylevskyy, S.-J. Marrink, A. E. Mark, Alternative mechanisms for the
interaction of the cell-penetrating peptides penetratin and the TAT
peptide with lipid bilayers, Biophysical Journal, Vol. 97, No. 1, pp. 40-49,
2009.

[4] H. D. Herce, A. E. Garcia, Molecular dynamics simulations suggest a
mechanism for translocation of the HIV-1 TAT peptide across lipid
membranes, Proceedings of the National Academy of Sciences, Vol. 104,
No. 52, pp. 20805-20810, 2007.

[5] D.Derossi, A. H. Joliot, G. Chassaing, A. Prochiantz, The third helix of the
Antennapedia homeodomain  translocates through biological
membranes, Journal of Biological Chemistry, Vol. 269, No. 14, pp. 10444-
10450, 1994.

[6] C.Southgate, M. L. Zapp, M. R. Green, Activation of transcription by HIV-
1 Tat protein tethered to nascent RNA through another protein, 1990.

[71 A.D. Frankel, C. O. Pabo, Cellular uptake of the tat protein from human
immunodeficiency virus, Cell, Vol. 55, No. 6, pp. 1189-1193, 1988.

[8] M. Pooga, M. Hallbrink, M. Zorko, Cell penetration by transportan, The
FASEB Journal, Vol. 12, No. 1, pp. 67-77, 1998.

[9] C.T. Taylor, G. T. Furuta, K. Synnestvedt, S. P. Colgan, Phosphorylation-
dependent targeting of CAMP response element binding protein to the
ubiquitin/proteasome pathway in hypoxia, Proceedings of the National
Academy of Sciences, Vol. 97, No. 22, pp. 12091-12096, 2000.

[10] D. Derossi, S. Calvet, A. Trembleau, A. Brunissen, G. Chassaing, A.
Prochiantz, Cell internalization of the third helix of the Antennapedia
homeodomain is receptor-independent, Journal of Biological Chemistry,
Vol. 271, No. 30, pp. 18188-18193, 1996.

[11] S.J. Marrink, H.J. Risselada, S. Yefimov, D. P. Tieleman, A. H. de Vries, The
MARTINI force field: coarse grained model for biomolecular simulations,
The Journal of Physical Chemistry B, Vol. 111, No. 27, pp. 7812-7824,
2007.

[12] I. Kosztin, B. Barz, L. Janosi, Calculating potentials of mean force and
diffusion coefficients from nonequilibrium processes without Jarzynski’'s
equality, The Journal of chemical physics, Vol. 124, No. 6, pp. 064106,
2006.

[13] W. Humphrey, A. Dalke, K. Schulten, VMD: visual molecular dynamics,
Journal of Molecular Graphics, Vol. 14, No. 1, pp. 33-38, 1996.

[14]J. C. Phillips, R. Braun, W. Wang, J. Gumbart, E. Tajkhorshid, E. Villa, C.
Chipot, R. D. Skeel, L. Kale, K. Schulten, Scalable molecular dynamics
with NAMD, Journal of Computational Chemistry, Vol. 26, No. 16, pp.
1781-1802, 2005.

[15] A. Mackerell, D. Bashford, M. Bellott, R. Dunbrack, M. Field, S. Fischer, J.
Gao, H. Guo, S. Ha, D. Joseph, Self-consistent parameterization of
biomolecules for molecular modeling and condensed phase simulations,
in Proceeding of, FEDERATION AMER SOC EXP BIOL 9650 ROCKVILLE
PIKE, BETHESDA, MD 20814-3998, pp. A143-A143.

[16] A. D. MacKerell, D. Bashford, M. Bellott, R. Dunbrack, J. Evanseck, M. J.
Field, S. Fischer, J. Gao, H. Guo, S. a. Ha, All-atom empirical potential for
molecular modeling and dynamics studies of proteins, The Journal of
Physical Chemistry B, Vol. 102, No. 18, pp. 3586-3616, 1998.

[17]1 M. Lensink, B. Christiaens, J. Vandekerckhove, A. Prochiantz, M.
Rosseneu, Penetratin-membrane association: W48/R52/W56 shield the
peptide from the aqueous phase, Biophysical Journal, Vol. 88, No. 2, pp.
939-952, 2005.

[18] S. Yaghoubi Koopayi, A.R. Pishevar, M.S. Saidi, Y. Afshar, S. Mokhtarian,
Calculation the diffusion coefficient for water and lipid through the
biological cell bilayer membranes using dissipative particle dynamics
method, Modares Mechanical Engineering, Vol. 14, No. 5, pp. 102-110,
2014. (In Persian)

15 o plads 14 055 1393 il o3lallgsd s te —Slo udigo

plSlo ol 3585 5 oji> LSt I ey sl T maly Olekes
el S50 e Gl Glre 4 &S 0gdioe (kS ks sl
Jse 2 sleslinnl b JoSge cnl ln bawgie (5oatsd oo Jlaie (nizran
2 opdle el ol o aple 14X10™° A2/ns s 4 (13)
aojls gls Jel> ol 355 45 05 o aseiie «ol asile Ko Slge S4i
[18] Sl ‘_g.)l.g.)' QLA)‘
G 5 (g5Susgliny bawg 48,5 50 il plad (gLl 5o
Lasss 5 o0 ool 55 s 128 Jols sli 5, » by [3] ool
S Glutnd ool b 50 0pdise 0008l e il 4 o Ko
Ml?ua 6‘;.: 6).‘_‘> (5)“"]’.’4"9‘“ o9y )‘ Wb ovolive Ul ‘}a BN «_:l 0 yo>
oolaiwl Cal  Jolss a8 dad Jobsd da g, a5 Lad Jige Jeusly (65
oolizwl DPPCZ £o5 Lt 3l imghy cnl ;o a5 Cuwl S5 & a3 Cawl oals
50 Caand 40 alsS o0z Jsb (1,10 POPC & Cas a5 el o
ol
TS KMol sg0> J3Io a0 g0 (59, Ui 8550 o gl opl 5o
b lade T3l pl a8 sl caws 4 T10KI/mol 150 4 s poails g,
it 5o ooliid 5,50 ) 5,50 po glasel 5 o il Jdo
S 3979 9 Johw B @ wliy 358 ploy pad S GYeb el &5 cud

Gl o s (655

e — 7

95 sLad ) il ol Jolo S0 8955 (o) 3o (nl (Lol Suw
shoslanal b jeSde JoSso oJgl alye 5o jshite (v 092 Jobo Y
5 o0l ooy Lie 4y Jobey eads cudjodily JoSle Soliys (gilwans
50 el 00l oy o) A g0 lié 5g) 2 o s 0y
SiS g 8y wiedie JeSle Sl g, 5l eoliiul b pgs (53luand
S Js8se ol jeee cculpails JoSle Salid b (oS 5 Cuill Coyus b
S8 blae (65,50 dus Coowd w|@l:3)'|c.>L&w|l.g.mw)ﬁJ9LaLiﬁé
2 oSl iyt 2l Sk 3 g aalons (Jsl U510 4 iy
A a8 S B sy 090 heS D90 @y Lid

1- Umbrella Sampling
2- Dipalmitoyl Phosphatidyl Choline

322


http://journals.modares.ac.ir/article-15-1542-fa.html

