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K F
SCAL T 20 W (PEL 25 kDa) Fil — )% £k H
fi#f ( ferrocene carboxaldehyde) Iy F Sigma-Aldrich
AHLB-ERRG (B-CD) I H Aladdin 24 &, fk &
F B0 SO0 % R (£ ks & DNA, 90% ) Ity A
Amersco 2\ 7 , HEPES ( free acid, 99% ) W H I i
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medium ) 14 H Gibeo 23 ). 1 5 A1 45 (4,5 6 8 1 T
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1o o3 B 4.
1.2 ZREEK PEINE R KRR

TR B PEL(PEL-Fe) B & i 2 IR SCHR
[15, 16 ] 7, 43 ¥ 0. 25 ¢ PEI ¥ f# 48 10 mL
HBE,0. 187 g S8k W EVA A 7E 3 mL 10y H it
TERE 10T R 05 Bk Y T I R 22 48 T n 2
PELVE W R, IR 2 ho R 7= AR 4y 1 =

1.1
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93500 Da iyiEHT4e AT 48 h J5 , R T4k 15 PEI-
Fe. ¥ 7= W) % fi 76— & W e b, R B R
('H-NMR,DMX500, Bruker) il &2 /= ¥ 45 14 .
1.3 EFEEMEEMAN CD &4 PEI H & &
RIE

W — 2 W JE PEI-Fe 5 3 i B-CD 1 ¥ Wi IR
A A 30 min J5, B BEHE 8 b KR A WU R
B4y 1t 3500 Da (BT 48BN 2 K, BRiik S
PEI-Fe 840 85 1) FRRIRG | B J5 5 75 Wk 1 3R 45
BT EHFWAEH I CD &4 PEL R FH & ®% ('H-
NMR,DMX500, Bruker) il %2 7= 41 45 4 .
1.4 PEI-Fc/CD/DNA 43K E #1 & R R1E

FRIC— € 55 T FE R AAME B CD &1 PEL,
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PR ) DNA #2 @5 N/P IR A, f# DNA ()
e Z W AE 100 g/ mL, SR J5 103 i€ 3R 35 1 2 78 4%
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A R O 85 R A2 43 A A ( Zetasizer 3000HS,
Malvern , UK ) Jll 2 3 [H 48 43 1 2H 2% 1R 19 0 42 50 A
Je FE T8 HL AV 5 R B 4T HL 8% (JEM-1200EX, NEC,
Tokyo, Japan) il 5& H AW 51
1.5 PEI-Fc/CD/DNA HEHNEEMRR

W L3R il #5 #9 PEI-Fe/CD/DNA 20 % 1A 43 5]
i A # DMEM } & 10% Jig 4 1fiL i ( FBS) DMEM
MRS B 3 h 5 R H s BB kLR
A3 A G R 2H 2 PR R0 AR 1 AR AL
1.6 PEI-Fc/CD/DNA £H 3 & & 4 5b 48 B 3% 3

44 CD 1545 PEL £6 225056 JE 51 T #9815 min
KT IR 5H 5 ks DNA & 4 il 5 25 3 43+
HAEAR, MABIEAE 24 FLIRNEEF 24 h 1Y
HEK293T 2 ity i, fdi JFi ki DNA f4 5 K ¥k J& 7 10
we/mL, 2 Pk 25 5 Sl 3 <10 40 g/ mL, 76 44 Jfd
WA R 5% 48 h SR F 28Ot W fUBE W 45 e
240 L P T 30 B S £ 9 Ol AR 1 ) SRR K R L JE Y
200 60 i g 3 AL e 28 7% F 1 mL PBS 22 iy
h, Dhas ) HEK293 4 J VR S xof B, >R ot =X 4
¢ ( FACSCalibur, Bechton Dicknson) ¥ il 3% ik %¢
G 1 00 A ML AR B, o B R R DR e R

2 GHR5i®
2.1 PEI-Fc Y& K

PEI-Fe ¥ T AQ = 0 B b, 0 5 A% i 7 1
Fi7n. 6 =2.0~3.0 4y i 160 324k PET 4 1 1

A EIE, §=4.04 ~4.13 bRy — 4k I —
Mo BR b S g, i ot AT O R R AR T
PEL [, R4 115 Fe 8280 8.35% , A 43 4~
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Fig. 1 The "H-NMR spectrum and the structure of PEI-Fc

2.2 BETFERMKIERD CD &iF PEI HRIE

¥ PEL-Fe 45 CD ¥ e/ R & , il it — %k
5 PR 18] #2022 1 S8 AR LA
() CD &4 PEL, HoAZ 7% 3% P AN 2 fr7s. 6 =2.0
~3.0 [6] 2 PEL I i 3 0, — 8k 1 36 % — 0
b S B R AL, R TE 8 =5.05
Ak L5 B FRIRT B4 R AIE 3% 0, 0 B R ) A T 2
TEHREAMENIR CD B4 PEL #t— P 815 54
% PEI-Fe 8 i EHAMEIRE R CD FH14
26 1.
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5
Fig. 2 The '"H-NMR spectrum of CD-modified PEI via

host-guest assembly

2.3 PEI-Fc/CD/DNA 23 (ki %1 & R R1E

W — W T R IRER M CD &1 PEI
JIIAE] DNA W, il 45 A 6] N/PAE 1Y 35 A
Gy F A, R FH 2l A OGO I e 2 1 LA, 45
R 3 Fros. 4 N/PAER 1R 2 B, 3R iy 3R
i LA Ry B HL £, B & PEI-Fe/CD B8 4y FA6b5 9
TN () 38 K, T R A T TR K, B AR O IE
fif. HZE N/P W T 0, R A FETE +40 mV
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Fig. 3 The zeta-potential of PEI-Fe/CD/DNA

polyplexes at different N/P ratios

Zedy, GBI RN 5L T IR BRSOk E R R E
TE B ik 2 3R BH B T RB AT 44075 5 DNA 43 1 1 45
BT R T I H e 9 99 KT

S TEM 3 — 2 W58 PEI-Fe/CD/DNA 41 %%
RSO TE 31, A& 4 Bro. 24 N/P AR 3,5
10 B, F5 PR 49 4 25 A 12 12 B A T 38 19 Bk O &5
¥, BEA% 7€ 100 ~ 200 nm (8], 2l 25 % HUH 45 R %
W, 76 N/P(EIR 5 3 LU b, 2 N 4y T 4L 235 R i
TR AR HAE 150 ~250 nm Z [H], 5 TEM il & 45
B

Fig. 4 TEM pictures of PEI-Fc/CD/DNA polyplexes at different N/P ratios of (a) 3, (b) 5 and (c¢) 10

2.4 PEI-F¢/CD/DNA A EHBEERAR

L 110 M R 5 ) 5 P e AR Y R
F.ORF— BAER T R AERAE S H AR N B &
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Fig. 5 The stability of PEI-Fe/CD/DNA polyplexes at
different incubation time in cell culture mediums: (a) DMEM

and (b) DMEM with 10% FBS
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HEK293 4 i 48 h J5 2R JH2E 0 1 3058 F 50 4 8¢
JEEE RSB, WK 6 PR, 458 R, 5 N/P I
4 10 ) PEL/DNA 43K 4H [b ,N/P L2l 3.5.10
f) PEI-Fc/CD/DNA 21 %5 1A (1) 6 Ye R ¥ 15 3] (B
AR R U = A A — 2P B b AR
PRI 73 2H 2B A 1) Je R 0% 45 SRl s, o R 2 1Y)

N/P i 10 f) PEL/DNA 4 %5 {k & Y 2 5
7% , i N/P Lty 3 F1'5 B, PEI-Fe/CD/DNA 4%
T YL e 30 R AE 18% L -, N/P Fb o 10 Ay 2 A
BEYCR N 16% . ARG R 56 5 LR RN T
FRAIRVE B CD 3 22 5 K8 4 7 41 56 Ak i 2 4
75T A R

Fig. 6 The fluorescence images (100 x ) of different polyplexes transfection to HEK293 cells: (a) PEI/pEGFP-10, (b) PEI-Fc/CD/

pEGFP-3, (¢) PEI-F¢/CD/pEGFP-5 and (d) PEI-F¢/CD/ pEGFP-10
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CONSTRUCTION OF CYCLODEXTRIN-MODIFIED
POLYPLEXES via HOST-GUEST ASSEMBLY

Jie-kan Sun, Hao Chang, Li-na Chen, You-xiang Wang, Jian Ji
(MOE Key Laboratory of Macromolecular Synthesis and Functionalization ,

Department of Polymer Science and Engineering, Zhejiang University, Hangzhou 310027)

Abstract  Ferrocene-grafted polyethyleneimine ( PEI-Fc) was synthesized wvia the reaction of ferrocene
carboxaldehyde with branched PEI. The graft level of Fc was about 8. 35% . Based on the host-guest interaction
between ferrocene and B-cyclodextrin ( CD) , CD-modified PEI was successfully prepared. 'H-NMR spectrum
indicated that there were 26 CD molecules per PEI-Fc¢ chain. CD-modified PEI via host-guest interaction
showed effective DNA condensation ability. At N/P ratio above 3, the positive nanoparticles with diameter of
about 150 ~ 250 nm were formed. At the cell culture medium of DMEM with 10% FBS, PEI-Fc/CD/DNA
polyplexes showed excellent stability. It was probably due to the electronic adsorption of proteins on the surface
of polyplexes. HEK293 cells culture results indicated that the transfection of PEI-Fc/CD/DNA polyplexes at
N/P ratio of 3,5 and 10 was almost 2 ~3 folds of that of PEI polyplexes at N/P ratio of 10. The CD modified
PEI via host-guest interactions significantly improved the transfection efficiency.

Keywords Non-viral gene vectors, Host-guest assembly, PEI, Cyclodextran



