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SR FTHURLAL 89 75 5 30 S A BB 58 T 85 B 22 IR, lysine-flanked peptide (KALP) , %of 55 41X 5 Wt % -

(PAMAM) B AZTE 43 F LS G5 M 52 . 25 B8 T vh PERTBR ME DI RIS TR] pH SR8 T PIAS 2 ) 19 AH B AR F AT R
LT PAMAM 730119 [l 5% 248 AEBRIE N 5~ AR T B BOE 705 00 10 A2 17 85 B2 2 A R 880, AR 231 ] 19 -
¥ 3 BN TE PR pH BRI T KALP 2 IR B BUE 707 19 RN B R B 4% B2 23 A 5 I R R GIESE T
PAMAM W B8 53 7 N 30 — 58 25 [ A 98 KALP Z Ik 7. [ i BEBY T3 45 R R WM 1 pH 3R5T h PAMAM /)
THERR KALP JIK, JCiE 852 & 450 s 76 b o pH R8T P PR 70 7 R 5 5 B AR 2 I S A 254

X WEFEST, ZIK, ST, FHIH

WAL 43 F (dendrimer) Jj& 20 {2 80 44X
R e S = N S I e N R WO T =
TR EOE A T A ARG R T R R
T E e A A X B K 0 P A s e Y B
P | BB B0 T i R % % TR B A v S R
AR BB WA 4 A S 2 B R B K
J& B ROIE 2 7 B2 2 22 G S o T2 1
HIE 5%, RE B AR S A2 006 M 43 i i 3R 5 1k
Bheg A0 e T2 24 8L Bl dn, @ i X poly-
(amidoamine) (PAMAM ) B4 JE 43+ 3% 1 & i 2
L ZFE(PEG) W] LU i LK 5 o |, B K 2 1 B 3t
FE Z %R+, 35 H A Wi F PRI 2
gt

Y is AR R D E AR IR RN B A
IR BRI RN iz g R B LT R
ZhERE, TR MR R iz b &2 B M40 8 [ 1
T4 A2 2 3k AN i 5 sk 1k B N A AR A R S B AN
B P B AL S T B T RE G Ak i W R
R W AEDE 70 FE 25 W s v 0y B E RO it
FEM AL 43 F FOAR 9 22 K B 0T A 0 s o 2
P 45 3 26 H B 43 22 (R ) A B AR AR R S L {7
1, Holl %7 ISz 86 F Be A 58 T PAMAM A% KR

S35 S PR O AR B A BLAE E AR AR T
LA S A AL, S AR 4 T Ry KRE A
(9 FLI L S BE 7= A 7 AL . A, A 7E W 5
58 1 o A A UK R B LR S0 R R B R
Gy Tt N B A TR B AR AR TR B b 52 AR W B A 41 4
FIR X R P 38 A S 6, 52 36 B 58 % BN
L3 P18 11 (HAS) 7] 5 BOR R 43 B 4% 25
TR AR R R 4 T 2 e R
P AR AT LS 30 R 1 g

Y A S 36 T B A T B D 3T, AU 30 0 BT
T4 T AR AR B s g —
T, 2 ROBE (T AU AT LA 20 52 8 AR 48 %
SE PGS IS 69 4 T AL A B S 56 5 R T K
A BB A= 0300 e 0 7 B R B R4 15 5 —
T, 4 JEL 7 RLBE (10 R 400 BT LA 3R 75 5 404 1 = 4k 4%
a5 8, T3 AT A S SO0 119 2 vk B 43 F i
FEAE . 030 AT 4 0 5 BF 5% PAMAM 578 67 el
TRAFFRBEAE T, 48 7% 17 ik R0 7 e 3o st v 4 A O 4
TAE o A 1 5 B0 TR - 1 o 4 Rk B R A T i
Py B LA IR T — R A pH R R L
T 02 4 1 o B LA i e DR [ OB 9 7T RE B
F B Ah , Schneider 2507 4 T4 T 8h 1 4%

% 2013-12-10 W Fi ,2014-01-12 &5 H K AR R 54 (H 45 21104056, 91027040, 61106110) F1E 58 5 Sl B 9% & 2181 (973 1F

%, 55 H 5 2012CB821500) % By 15 H .
sk @ ILEC 22 A, E-mail ; ianwende@ suda. edu. cn
doi:10.11777/j. issn1000-3304.2014. 13448
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BAUBEIE T R MAE I T guanidinium J5 /9 {6 AR
PAMAM 43+ (G0O) 5 chymotrypsinogen A (aCgn)
TEREEWT B9AE T, & A [ 38 88 5 X B A1 2 18]
W B BE T Y B2 MR 2 AN — R Y, 3h B T R e AT
Z AV B 0 U T 285 45 4, 0F T 5 B0 ROIE 0 7
X aCgn 2 F A 19 AL T 77 A T BER B2 M. R
EHITEA REUE TAER R, BRI L
A AE B9 2551 BTSSR AF AR VF 2 1 T ik D A TR)
BT N R R R AL BB A
R s R . 8 A A TE AU I T A AP
oy 55 BN IR A M R, T L ok S R AR R 2
W A% R 43 F 1 B OB A5 25 4, 328 T 5w A RO 4
55 I s

¥ 1 ( transmembrane protein ) — % #f 43
B2 TS 0 9 7 0 i S b BN A R, LR A TR
LR 5 IR WUy 2 1 AR A M i 7K DA B AE T 45
BEFE L BEREANEE BT E-22
ANBK B o BEE . AR S R A 1 R B O
AARAL, i LA H B0 & 5L R Y 50 e B A U
B 14 Z2 R ASE A0 55 158 2 1, R 90 HG 5 T AR B A
A — € B30 B 400 57 1Y Lo BT Y 5 P 5T A
A Z R AR N AR MO R T 5 K,
n KALP £ Jik, e n KALP,, ¥ %) =& Ac-GKK
(LA)4LKKA-NH2*" 7E A T AR 3] i HLRL
T LR 5 £5 % PAMAM 5 KALP,, peptide [H]
FEAE AT ), BF5E KALP Z2 )ik 55 U AX PAMAM
WAL 73 7 45K B 520, I35 H R &0 A i RE.
FeATZ5 1 T WA AN B pH BRI R A B O R
PEFREE. X P AP W] 59 pH 2% 4R 02 1 45 400 40 g
FEEAN T Rl 2R 455 00N AR AR TR N BE B kAT A
KALP Z JIR7E Wi A pH BR85S T X WA 70 7 19 K
AN TBAR B 55 BE 43 AT S AN K. RO 43 1 PR A
—E 2 A9 KALP Z ik7r 1. A i fE /Y 15 25
SR WITE R A A b P PR 05 T R 2 T AN 2 5 R
RS E W) 2 A A .

1 WEMAFTIE

FeATTHIPHLRLAL Y 235 8l J7 27 B BT 5 54 DU AR
PAMAM #AJE 73 T 5 KALP Z JIK{E A [ pH 35

BrP A EAE . AN TR pH N PAMAM 4 K 73 5
il B Al AN ), fE P R AF R (pH = 7)),
PAMAM 7351 i 41 J2 i 9 ot 1~ 4k, 3 FE — A 56
PUARR BIE 23 72 A 64 AN TEHLfaf s TERR 1 25 1 T
(pH=4) ,PAMAM fge 41 JZ g B PN F8 AU 4295 Jo 1
b,y 126 A IEH AT ™. KALP 2 ik 76 % Fi pH
TAHRRA 4 A IEHL . £E Marrink 55 JF & (4 LKL
k71 % (MARTINI Jy35) HE42 R 720 Je i1 ¢
PAMAM B A2 73 1 F1 KALP gEA47 1 KLRL AL 19 #
YECIE 1). MARTINI J; 37 — 488 4 4> & 51
(A E A7) B 1 DMK T. g+
AL 4 FMERT R ER T (P) JEE RS AR A
R AR AR AR BR 7 (N) (B PERY 2R 5~ (C) Al
MWK (Q). X 4 M EZEERAYEKFH, B4
BRFERAL S 2 1 2 AL, R B RS o b il i kL
T AH B AR, 280 F 2N AE T Ax b a5
et By MAIC B 5 /T LA P1, P2, P3, P4, PS HiR.
MARTINI J3375 & & 4% )iz Wi F 2 A K & 5 1
AR AL, AR 2 1 VR B K B T EFRAT]
WFFEAR Z rh , PAMAM #HLRL AL B 3 2k 7, 73 i
& NO,P3 Hl Qd. [/ 1(b) %45 i T 4 1% PAMAM
oy FRURLAG IS R 30 Fh 254, 5 DU AR 0 5 i 45 4 T
DLJE T W 45 0 S 4f . KALP 22 JIk 3= 22 ol i 20 1R
(Lys) , W& (ALA) , 5% &R (LEU ) 3 Fift 28 JE iR
ZH N I 3 i B TR LR AR T vk WL 1 (e) . il
Tk 5 4 Ji AU R S 0 B B X L, Z T R R
SCEEC R B FRATT SR HI Y 1 37 FORLRL AL 7 125 1Y 7]
JHRE™ 70 F AR A /2 2.1 BRAS 9 MARTINI
F135 " ARTAR 2 8007 DL Marrink 41 9 3 |-
T #, ™ w4k & http://md. chem. rug. nl/
marrink/coarsegrain. html. £ F Martini 7737, A #5
#E 12/6 [ Lennard-Jones ( L]) # X FRILEEIEH ,
FH A 4R 3 0 v A LA T, AR XS A L 8K e,
WS, S 72yt ), Fe AT AT T A Ak B
L) $AWr %] 1.2 nm, I M 0.9 nm &b I 45 3617
AL HE ;RSB E] 1.2 nm, H M\ 0.0 nm 4t
PEAT V-8 AL B, 3 A Ak 35 25 0] LU 2 % Marrink
KA SCEE T W H AT AT T AR M
PRZESHINE 1.

Table 1 List of our simulations

pH Charge of G4 PAMAM Charge of KALP No. of waters No. of counterions
Neutral pH (ca.7) +64 +4 26513 68
Acidic pH (ca.4) +126 +4 26436 130
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fHh ACI C/H>CHZ ®
C3 |
THZ «
(|3Hz
Qd* NH;~ </ 5nm >
(©) ()

Fig. 1 (a)Mapping into the coarse-grained (CG) beads of the second-generation ( G2) PAMAM dendrimer; (b) Topology of the

G2 dendrimer after coarse graining at the neutral pH; (The NO beads at the branches were changed to Qd at the acidic pH) ; (¢)

Mapping of amino acids on the KALP peptide into CG beads and (d) The initial snapshot of the G4 PAMAM dendrimer and the

KALP peptide

R T BRGE Sy F AR EAE AT, AT 4 1 1R
At 3 4] 77 3% ( potential of mean force) , % A B J& <>
RIS ACRE IR 43 A (WHAM) F2 ok
AR N BRI AR A Y, IR AT S 1.0
ws B9 7> T3 ) 2E BN, 23 3l 3R A PAMAM A5 A
735 A1 KALP RAE K VW 1Y 6 2854 B, AR s
15 4 0y PR o0 1 AE— > 10 nm- x 10 nm- x
10 nm (A & 5 B, W 43 00 46 5T B B [
FENS.0nm (8 1(d)), 48K FHE T (Cl17)
A& W72 NPT RE5FHE17 7 0.5 us B HF
MR L. f J5, R LA 2> 1 8 T % (steered

molecular dynamics) [ 75 & 9 43 T 09 i 0 18 18
B T ML 0 PR 5.0,4. 8,46,

< ,1.2, 1.0 nm B3 Ab 19 44 B 48 S <R il BE 19
WIUR S5 4 . R AMFE B, B A1 R BLHUL A R
)& 3.2 s, 40 50 B — /> % 45 1500 kJ -
mol ™' nm 7 [ I 4R F 24 . BEABLIN 4 B 0. 8 ns i
TEAH A AR AE B, BT 1.2 ws R 347 %04 /0
Br. B vd O RS AE NVT R 25 F dk47, M
Berendsen 43 i 1 ' 4 2 4 R 45 B 76310 K.
U A9 GROMACS 4.5.1 B4
VMD 4, 547 AT Ak b B
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2 BRIV

2.1 [ER$F

S B ZAIE S HL KT T LA TER A B 40 i
B, (E 375 S JB R 1 23 ) 1 R 0 40380 T 94 KL T 14
RSP e, & e W98 T 78 PAMAM B A JE 43
F5 KALP Z kAR 575 F 3 72 v, T i Al o/ 725
k. i 5, X RS 0N PAMAM Y [8] 5% 2 42
(R) AT T EAMRIE I T 245K

1oV . . .2
Rg=JNZ,_](r,—r ..... ) (1)

Hor N RO 57 B 54k (bead) $0H , 7, 5T
AR E, 7L IR EBOE 41 R B FRAT]
RIAEHYE pH T, PAMAM S A 53+ 1 0] 5% 2
BAEREA % 0 R/ AR pH R 454 2 i1 [l 4% 2 42
(K 2) ;X F1JC KALP IK&E & 1 45 12 —Fum.
XN R MR B R, PAMAM AN AV 2% T 4 5 b
JE Ak, i H S o kb S R Ak T
KALP BRA 456 I A MR KRR B | el 8 W BOE 43
TAS B i e HE e T B0 18] 5 2 AR 5 . Bl R BT O
RN SR WA N S A e 4 e o € 82 e A PN N
AN, U B KALP ko6 HC 52 o I A8 B & 5 1 75 AR
PEREE N, WEOE 40 F K/ANAA 0.1 nm 134
(BT R 4.9 nm I, R/ANZY S 2,25 nm, B0
FEES A 1.0 nm B, K/ANZY R 2,35 nm) , 34 i L 4]
KA 5% . iR g5 UL, KALP BkJf A 5 3
PAMAM B EIE 73 7 A 3 R A9 RT 284k, n] U B
KB 43+ N B AT R 05 19 25 (B 25 45 KALP 2 iKY
FELE, X — S50 AE T TH 0 42 1) 43 A 25 2R b L fg
ESE.
2.2 Rk

TEZ5 ) vis v, JE i i S50 AR AL T AR R W]
YK RUBERLF (4 T IR 5% i) 32 85 R 42 8l ) 2%, Lb
AN R R 0 90 Kk B A AN [R) Y 35 3% 1k
20 10 P9 Ak G T R R AR R R S TR
PE B 49 K RL ¥, 72K VW B A R BRIE 5 4.
I, WF5E 28 KALP 25 B Ik XF PAMAM JE2 4R (1) 5%
BA — @ W S0 HARBR AR T LA AE B50F K
T oa, RAE. B M T A XIHE TR KR

Hofra M BUIRER x,y 802 ) N 3 A RR AR bR &R
I, T T aoTip BT g SRS § A LA e oy
TR AT R FRRIEN T, « = 1 -

2.5

——pHca. 4
24| ——pHeca. 7

23r \‘\-\/\/-\M,
2l T T e

21}

<Rg> (nm)

20+

1.9

1 2 3 4 5
Center-of-mass separation distance (nm)

Fig. 2 Mean radius of gyration, R,, of the G4 PAMAM

dendrimer under the neutral and acidic pH conditions as a
function of center-of-mass distance between the dendrimer

and the KALP peptide ( Error bars are also shown. )

3L/ Bl =0 4+ 0, =10 + 11 +
LLT T SRR AR K& 1 3 ASASAEAA, X)L T 4
BRARE 3 s < > URERLGFY. o H7E0.0
F 1.0 20,0 fLFRZBKIE,0. 25 FU3R 2 W [ 3K,
LOfRRISHA. E 3 iR, AL, 6
FRYE R BE T, o (HAEEAHTE 0.01 LIF, 1 H
KALP 7EAS 8] 570 BE B N X PAMAM 43 F (¥ o {H
SR AN K, d RS A6 gk 0. 005. 3% 156 B KALP
X PAMAM #4 KE 73 1 HE 25 3L AS TE 52 W)

0.02

——pHeca. 4
——pHca. 7

S 0.01F

1 1 1 1
1 2 3 4 5
Center-of-mass separation distance (nm)

Fig. 3 Average relative shape anisotropy, a, of the G4
PAMAM dendrimer under the neutral and acidic pH
conditions as a function of center-of-mass distance between
the dendrimer and the KALP peptide ( Error bars are also

shown. )

AN FRATTHE— 251 T WA 4 1 BE R 43
FIOERAA TR, € XWT: a,
=1/ ,a, =1/1.(1, > 1, >1). &4 5 ,a,
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FEARTE 1.25 MHiEAE S 0 7E 1.3 Wi ZEZ). o,
a, WML, 3 — 2 E 52 T KALP X} PAMAM
1.3

——pHca. 4
——pHca. 7

| FARARSAAA

102,

1 2 3 4 5
Center-of mass separation distance (nm)

2 Eird 2014 4
REREIE 43 B T8 28 FE AW A 5 )
1.6
——pHca. 4
——pHeca 7
1.5¢
314
1.3F
1210, . . ; .
1 2 3 4 3

Center-of-mass separation distance (nm)

Fig. 4 Average aspect ratios a,, and a_, of the G4 PAMAM dendrimer under the neutral and acidic pH conditions as a function of center-of-

mass distance between the dendrimer and the KALP peptide ( Error bars are also shown. )

2.3 ZFENTH
R T RRAIE 4 F 5 KALP Z KW 43 F 11
AT R, BATHHE TWAETE 7+ 75 KALP £ ik
FEAH BLAE 3 B b AR AR 43 B0 o vl i 42
] % & 3 A R (RDF) I 5 fif s . 15 56 7] LUIE
SER S PAMAM 43 F 76 W A pH 3R 5E T #0002 7 2%
AN A5 AL , B RDF Fifi 4% 1] 25 ) 386 K, 2% B FRAIK.
Ty ANFRAT] e B A B A S0 BB R 3.0 nm T 4.0
nm fF, B Fp pH T, KALP (% 43 fii 3 A — 5, ) HL
A3 A FLER BE , U6 B X A IS B0 T KALP A5 2 % 1) 28
6] [ Fh e . A PR A B0 BB O 2.0 nm B, AR
KALP Z ik 73 431 s A A TRl B KALP 4 4345 58
FEHARSE. 1.0 nm A, KALP 3£ A% PAMAM 43 F
B T, 25 [ E 7 7 B — s i BRI, 4o A AR A
SN o7 A N I T S R G VR N SR )
PAMAM i 0> , 3X 32 222 43 F 8] # B HE S5
25 B By R ARTE pH FBO BT,
KALP {2345 AN [, {H 6 8 4% JE 43 F 169 43 A 52 i)
JEAB &, Ud B R TR 43 9 B A AR 4 9 25 )
Y0 KALP 73,7 1. 0 nm &b i) 4 &t g uE B X
— 2538 BEBOE 43 9 28 i) K/ & L4 2 e
MEESH. SR RKEERENEZNLY ST,
WA R K, RZEH RN WEIE 5 F 55 45 9N
15 N R AL A Z BK, UL G4 PAMAM 431
TS L% F 2R G2 /N e 2 R
2.4 FHH%(PMF)

PMF 55 J5t.0> BE 25 19 O¢ & AT LA Bl 96 43 - i)

A RO BLAE HT. FAT TR Rl A AT WHAM 3
Bk AE T PAMAM 53 Fil KALP 53 [0] PMF
AT O R A OC AR (K 6) .t fr s, B
I35 B BT AR X W AR AR A B AR R Y
. FEAK pH T 00T, BE A P14 7 18] BB 0 s
/N PME A — B3 005 U8 B R B 4 7 8 5 3
KALP $E35 &, JS 4 H N A 25 M 45 94 KALP 43
TomMER AT A2 AR, 72 pH
T 00T, PMF {6 Fifi 9 73 - 1] 25 s /), 56 5/ ik
P2 RKMEAE 3 K, T. A%} F 5.0 nm 4b,1.0 nm 4k
) PMF { K292 2.0 K, T, Fldg i 5 2 10 22 20
1.0 K, T. 3 U W78 o % 25 4 7, KALP 7 7 248
REZE AR A 231 R (B AR ARAG E  fE R Ty o7
W TR S w2 X W A 2 E LAWK
HF AV RS Tr FREEEZ2RT 4
nm {4 JEUA (B R 25 1) - WAL= UG, I T 1E
PR P B 55 AR XE IR RS e 1Y 52 5 45 4.

3 i

LB LT 5 73 AU B AR A 47 0
C 2 WAk W 5 B A 7789 T Be. F AT RLE AL
T RN T G4 PAMAM BAE Ko 15
KALP Z JIk7E A [A] pH 3 ¥ A9 H B AF . e B
KALP Z IK7EPIFl pH 35558 T X B ASE 731 B9 K
N TR B JE o A S AN R A 71 R AT
—EZE A KALP Z ik 1. A h g it A 4
REWIAETR M A b PER 5 2 By T8 AR 5
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Fig. 5 The radial distribution functions (RDFs) of the G4 PAMAM dendrimer and the KALP peptide as a function of the radial distance,

r, from the center of mass of the dendrimer under the neutral and acidic pH conditions

The insets are the corresponding snapshots at pH ca. 7. The center-of-mass distances between two molecules are 1.0, 2.0, 3.0, and 4.0

nm, respectively.

PMF (K5T)

2 3 4 5

Center-of-mass separation distance (nm)

Fig. 6 Potentials of mean forces (PMFs) between the G4

dendrimer and the peptide as a function of the center-of-

mass distance in solutions with different acidities ( Error

bars are also shown. )
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7T 240 5% A 788 Sy g 7K DX I, i o DX 30 B AR B AT
IS EATT= A R W, BEAR AR T B R 0 A
R
AR AE AR R T AR okt % 18 2. 7 2t — i
W B9 J2& , MARTINI J3 375 % 22 ik e 90 i) 4 ik 2 5 1
TREERR Wt U KALP g1 S5 A RO 2 1
YERIIE, KALP 737 19 G 45 # R 23 R A U S 3%
BRI T 3 ATHF T B B 2> 7 X KALP 73 1 (1 5%
Wi AR TS RE ) LV RTER T, B 1) RRUAT LA 42
JEF R AR B AL, AT SR S TR A 71
559Ny T RIWT T, L RCER R 200 i A A
AT E Z i 5% T MO 20 7 5 IR 2 1)
HHEAE FI RO 58 318 A7 R o

W] , 3 B 3 — A5 2% 1AM R A7 A 1 )
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Computational Study of the Interaction between PAMAM
Dendrimer and KALP Peptide

. 1 . . 2 c 1w
Su-ling Chen , Ming-qiang Pan”, Wen-de Tian
(' Center for Soft Condensed Matter Physics and Interdisciplinary Research & College of Physics ,
Optoelectronics and Energy, * College of Mechatronics Engineering &Collaborative Innovation

Center of Suzhou Nano Science and Technology, Soochow University, Suzhou 215006)

Abstract Coarse-grained molecular dynamics simulations within the framework of MARTINI force field were
employed to study the G4 poly(amidoamine) ( PAMAM ) dendrimer interacting with the lysine-flanked
(KALP) peptide. The influence of KALP peptide on the structure of the dendrimer under the neutral and
acidic pH conditions was considered. The radius of gyration,shape factor and radial distribution function of the
dendrimer were analysed. Meanwhile ,the free energy between molecules was calculated. It was found that the
peptide provided a slight effect on the size and density profile of the dendrimer under the two pH conditions,
which implied that there existed enough space in the interior of the dendrimer for the KALP peptide
penetration. The dendrimer keeps its sphere-like shape as the peptide approaches from the center-of-mass
distance of 5.0 nm to 1.0 nm. The results of potential of mean force between two molecules imply that the
dendrimer repels the peptide at low pH possibly due to the steric interaction and electrostatic repulsion. At
neutral pH,a stable complex of two molecules is also hard to form under the influence of thermal fluctuation.
The finding suggests PAMAM dendrimer is unfavourable to adsorb the KALP-like trans-membrane proteins.

Keywords Dendrimer, Peptide, Molecular dynamics, Potential of mean force
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