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Scheme 1 Scheme of homogeneous synthesis of CS-g-PEI
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14000 , A B ) AN $2 63 3 7 OB B 4L 1) PEL £
BT B, UGB 1 T 25 09 PEL T ¥ i ok
U5 5 76 B I B2 A1) PET B 5T 06 ¢h otk v]
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6 5 4 3 2 I} 0
19
Fig. 1 '"H-NMR spectra of CS and CS-g-PEI

2.3 BEHEKIHERSN

K 3(a) 3(b)sral4ith T CS/DNA Fi1 CS-g-
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Fig. 2 FTIR spectra of CS and CS-g-PEI

DNA i 5 2 8 4 TH K, Ul W1 o v B A T 5 10

DNA, gt DNA # CS 584 3E . € 3 (b) f CS-g-
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DNA. it i % W4 11 f) % BG 20 mT LAA - 55 CS AR
t, CS-g-PEL Al DLAE B AR By N/P L 58 4 %
DNA, i B CS-g-PELH. 47 [t CS H 4f Y [k 4§ DNA

6 543210

6 54 3210

FIRE T PEIAS B 35 4 A7 Ko 1 20 0k, 76 59 R 2% 1
TR TR IE L, DNA 5 60, 9 24K 5E
HL W B AR 45 6 78— 5 [A] B, R oA €S XF DNA E
AT H AR, WE LR AR, R CS-g-PEL & 3
I CS WAy e 45 DNA Y fig

Bl 3(c) it 7 DNA 7E PBS(pH =5.5) %k
Hh I R s FRL UK RS L, MR RT LA H A T B
B4 PBS 5 DNA ¥ W 9 AR B LG (18] %€ DNA
WEWAARTL) , X DNA (9 48 5 JL T % A AT A 52
Uk BN S Rl Py PBS Y R 1 X DNA 1 ZE W5 & A
2, R el DAAS 2538, 8 3 (a) (3 (b) i DNA
f 2 i 9 T T CS-g-PEL Fi1 CS, i 5 ir F % 71 G
5. B3 (c)H DNA H B 2% 15 i 19 20 85 457, [+l
BF U B T BT B k. DNA 76 5256 4540 F 19 pH
TN AR E WA R A W 2L 7 PR VK St R o B
R B R e A 7Y 1 Bk DNA 75 HL UK H iE 2l
et AR FL UK S T 0 O — R i B R B A i
T RS JBORL DNA 76 HL UK i 2 B 18 DAAE o 3
SR /INET DLtk — 25 ) W BT B ks DNA 7R3 5
AT LU IR BESS ) DNA #4 RN 3.

6 543210

Fig. 3 Gel retardation assays of CS/DNA (a) and CS-g-PEI/DNA (b) nanoparticles, and PBS effect

on DNA’ s retardation (c)

Lane O; marker; 1; N/P=1; 2, N/P=2;3; N/P=4;4, N/P=6;5:2. N/P=8; 6. N/P=10

2.4 FIR BE zeta BT

& 4 41 T CS/DNA HI CS-g-PEI/DNA H &
Y1 5 G B 5% BE Ao CS/DNA fl CS-g-PEL/DNA
S ¥ 5 B S ) BR T Bk A ER O 1 T 8
5 CS/DNA E &YX b, CS-g-PEI/DNA & & ¥
M RSERS /N, X J& Ol PEL &4 K & 8, 5
CSHeMz)m, MmN, b CS B & K %
DNA )58 158 , 5 BB 20K 48 DNA, A i 5 DNA
M E SRR TE /N B 5 40 T 3 86k
S (DLS) 75 ) CS/DNA F1 CS-g-PEI/DNA & &
YK ACRLAR T3 7K AR AR 1 L 3 G f
MR AE AR, 4390 24 211 nm Fl 168 nm, {H CS-g-
PEL/DNA & &9 09 K4k ki 42 /N F CS/DNA B &
W, 3X — 25 RAT R 53 S i B K 4 2R — B R Ry

CS-g-PEI/DNA & & W3R M IEHLfif 2, I zeta
Hi {7 . CS/DNA E AW . B 6 45 i) zeta HL {7
MR 25 5L 321, CS-g-PEL/DNA & & W11 zata HiL {7
It CS/DNA B 5 Y zata LAV 5 4 22. 1 mV. CS-
g-PEI/DNA £ &%) zeta BN 28.7 mV, A X —
A AT LAHEN CS-g-PEL 5 DNA A LB B L 85 52
ER A Y. N 3R S 45 58 o3 b, AT DAA S 45
#:CS-g-PEI 5 DNA ] DLJE i, K/ &y 100 ~ 200
nm | WA E AT IER KR E Y, H&E A
A R A RIS TR 38 26 A 1 1 B Ak 2 v
2.5 BHEMEEM

£ Hep-2 4, LA pGL3 Oy fie i 3 4, Py
CS-g-PET {1 g {5 55 5 DR 480 44 119 4 A0 e s R
2L ILE 7 Fros. PEI-25000 25 HE TR AW
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Fig. 4 TEM images of CS/DNA(a) and CS-g-PEl/

DNA (b) nanoparticles (N/P=6)
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Fig. 5 Particle sizes of CS/DNA and CS-g-PEI/DNA(N/P =6)
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PET ZEAH 7] 25 40T 14 Y 280 238 D) 45 1) O i 132 ) 42

L, 7E N/P = 6 B 56 Qe 0% i 4f, [ PEI-1800 5
90 f%, . PEI-25000 &5t 37 4%, b CS W &5 H 160
. e A5 R R W] AE B WA [ BMIM ] C1 rfr 3
FHE L CS-g-PEL A7 B Ay HA7 I H ¥ 1 1 ¢

WL 7 PR A
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6.5 mV
0.8
3 o6t
z
5 04r
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Fig. 6  Zeta potentials of CS/DNA and CS-g-PEI/DNA
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Fig. 7 Transfection efficiency of CS-g-PEI/DNA and CS/DNA
at various N/P ratios on Hep-2 cells( pGL3 as report gene)
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Fig. 8 Cytotoxicity of CS-g-PEI/DNA complexes at various

N/P ratios on Hep-2 cell line

Y athimit i T PEL R HE 7RG, i MTT
AR M TEVE VT O 45 SR — B U, [ BMIM ] CL Hh &
) CS-g-PEL J& — B w5 280K 75 09 7 S 2 AR
BEHRE DN SR, BAT ARG 1 15 I T

3 #ig

ABIF5E R FH B 5 WA [ BMIM ] C1 Ay ¥ 40 B2 i
A5, 2R I CDI AR R A7), DL PET Xt 52 5 i
Fraem de A oot il 46 T CS-g-PEL 78 B 5L ARG
TR A 5@ TR H-NMR JIE 52 7 #2247 L3 4
(4 A B, $ A% R K B 42% . TEM F1 DLS %5 FAF 2%
W], CS-g-PEI W] L)@ i # f /E 1 5 DNA &
B T8 WA R R 2 T I R uf AT G K RS RN Y
BB s BkIE . pGL3 5 4% Y S g K W, CS-
g-PEL #£ Hep-2 4fl ffd v 1) 5% 44 5 % . PEI-25000
B 37 A%, b CS B 160 4%, 1M B, CS-g-PEI fy
20 L 75 1 E S 563 [ 9 3 IR, [ PET-25000
K2y 4 fi5. B FWARIH A B CS-g-PEL A 3 i,
oA e RV BE 114 70 TR R e g o 0 TR AR
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Homogeneous Graft of Chitosan with Polyethylenimine in Ion Liquid

and Its Application in Gene Delivery

Hui-ying Chen" >, Shu-biao Zhang’* , Xiao-jun Peng', Shao-hui Cui’,
Yi-nan Zhao’, Chuan-min Zhang’, Ying Han’
("' State Key Laboratory of Fine Chemicals, Faculty of Chemical, Environmental and
Biological Science and Technology, Dalian University of Technology, Dalian 116024 )

(*Key Laboratory of Biotechnology and Bioresources Utilization-The State Ethnic Affairs Commission-Ministry of Education ,

College of Life Science, Dalian Nationalities University, Dalian 116600 )

Abstract By using ionic liquid 1-butyl-3-methyl imidazolium chloride ([ BMIM ]Cl) as reaction solvent and
catalyst, and 1, 1-carbonyldiimidazole as a coupling reagent, chitosan grafted with low molecular weight
polyethylenimine ( CS-g-PEI) was synthesized in a non-aqueous homogeneous solution. 'H-NMR and FTIR
experiments characterized the composition of copolymer CS-g-PEI and confirmed that the chitosan chains were
successfully grated with polyethylenimine at a ratio of 42% . By using a coagulation method, CS-g-PEI/DNA
complex nanoparticles were obtained , and their physicochemical properties were characterized with transmission
electron microscopy ( TEM ), dynamic light scattering ( DLS) and Agarose gel electrophoresis assay. The
transfection efficiency of CS-g-PEI was evaluated in Hep-2 cell lines with pGL3 as reporting genes. The gene
expressing mediated by CS-g-PEI was 160 times higher than that by CS. MTT assays results showed that CS-g-
PEI had low cytotoxicity in the range of the experimental dose. The results indicate that CS-g-PEI synthesized
in ion liquid [ BMIM]Cl has a very good potential as efficient and safe non-viral gene vectors.
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