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M OE MARJE V5T 1800 M AT 2 W TR 70% 1 £ BE VW RN, A T B 9
SCHETI IS P AR B R IPE 15 8 (3 R LA \zeta WL 4SRN B8 I BEL TR 10 kX 2R 5 W) AR R 5 DNA B 5
YIORLHEAT T RAL. WFF R U], RA WKk 5 DNA K& YRR 422 120 ~ 150 nm, zeta FL{ g +20 ~25 mV,
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BB, I 26 B 35 DR 288k 450 1 BF 98 A L
IR R (PED) Hy T 0k R Y 5T 1 4 5%
R, BERS SCEL 2R 1A 5 DNA I B8 19 & 4 W MY T
b kit , 51 BHIF 2 Z T w4
PRUER PEI25k (M, =2.5 x 10* Da) HR HA 55
(1 5 e R0 R L 40 i 7 kR B R T L
i 3 00 A5 A AS [ 7 22 6 RH A 43 F = PET 3#E 47
TE M 1 S8 B AT 2 1 S BE AL PEL R AR FF T84
Tt PET (AR EE M W i 38 3543 T 5 PEI25k AH
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L1 RH 50

AR O W (PEI2Sk) (Sigma, M| =
2.5 x10%) ; ALK I £ 0 W iz (OEI1800) ( Alfa,
M, =1800) ; 5t J& *F ( Genipin) ( L KL A F) 5
BEHTAE(MWCO 3500, b i 4% & 00\l ) 5/ 4 i i
DNA ( Promega 73 #]);4', 6 — Jjk J&-2-75 i I
(DAPI, Sigma-Aldrich) ; EME % (MTT) ( Sigma 2
A ) s BCA (- mgs bk Y 1R ) 92 4 10 e B8 A 00 3 00
(Pierce /A #] ) ; B 45 {% ( ELISA microplate reader,
Bio-rad /A ] ) 5 £ s 7 Ak~ 4l B AT
1.2 EIgidiE
L2.1 gUe P BRARER O Wi (GP) 15 Al

¥ 2.96 ¢ OEII800 (1. 64 mmol ) B F |5 JiK be
i, 15 mL 70% () & BEW f#; 38% 0.37 g
(1. 64 mmol) 5% J& 3 ( Genipin) ¥ F 1.5 mL 70%
1y b 5 5 e 3 O A 2] OETIB00 fYy S Ji
IR A YA, THIR R 3TCHEFE RN 3 K.
SR AE S 4 F 5 3500 1B AT A4S P AT 3
K, GA w0 2o DRV W, B DB IR R TR
3 3 W5 MRS H bR W) 5 e T S BRAR 3R 0 i R
BY(CP) W FEH 50% .

w PRHLIE 28 38 B -+ 80 4Bt £ R ; 2011-04-18 U iy, 2011-06-08 1& Fis Bl % H AR 3 4 (K4 5 50873102, 50733003, 21074129,
50903009 Al A3 i H 20921140264 ) . & th 4 Bt H & R i+ & (3 H % 20090128, 20096018 ) I B £ # E bx & /W B (W H 5
2009AA03Z308) ¥ By 5 s i I & A , E-mail : xschen@ ciac. jl. cn; weiyen@ tsinghua. edu. cn

doi:10.3724/SP.J. 1105.2011. 11121



9 # HIES  nUE P SSRGS 2 M I T R Ak PR 1A B ) 4 5 SR AR 1087

1.2.2 0 M ik

KwE B8 A 3 ('H-NMR) | Bruker AV400
NMR #% 4 4R A0, L D,0 Ry 7. Bt & %
3% (GPC) i Waters 515 %€ .1 4R 7. 8 x 300 mm
LA 1A Wyatt + /N A EOCOGEUN 281 A
OPTILAB DSP 4 J't; 48 £ A6 W A 2H B Wit 3 AH
0.3 mol/L W 4h (pH = 4.4) ,{# FH i A 0.02
pm 8BS K 0.5 mL/min" "
1.2.3 e B H Ok 52 56

B #l 0.1 mg/mL (% i ki DNA ( pDNA,
pEGFP-N1) KW, A SE AR T — e Ve 1 R &
VI IR A RE B E 10 min 5, JH 1% W35
W LUK 53 HT
1.2.4  EEYRyRifeS 3R A R AR

Be il 0. 05 mg/mL /N4 filg it DNA JK ¥ WL,
BEYRYE AR B A2 R 5 ¥ /DNA LHIHR A
il &, W HE S5 % 7 30 min, R AR K /N5 3R AT L far R
JH 40K K7 B o 3 {1 ( zeta plus, Brookhaven /3 &) , 38
[ ) AT I E .
1.2.5 20 g 1 Ik

KM MTT J7 ik 47 R AE.

HEK293 #3081 x 10 cell/ LAk %% B 3 i
T 96 LR, B T 37°C 5% CO, W4, T &H
10% 41l i (FBS) (100 pg/mL 4 5 K il 100
Unit/mL F % X ) DMEM 5532 P85 5% 24 h. R )5
FERFFLA A 100 L A [A) e B BH B8 7 3R & 40 0
M2 AR 2% v (PBS) 4k ZE35 37 24 h J5 , B fLINA 20
pL MTT(5 mg/mL) ff) PBS %W, 4k 4L 5595 4 h, /)
DI 2B 3R W, AL A 200 pL 0 H 3 S AR
(DMSO) , ¥k % 10 min, H] g A5 {300 32 &5 £L 75 492
nm P FIRBUE. BHAFTE R (%) = (A7
A ) X 100% . A, A5 R YV AR FH B 48 i
FEA LIRS, A, AR5 RS Wi WAE I B 28
PRUAE S LA R, A S A 3 IR
1.2.6 209850 3 il i Y S

YL R 24 h, HEK293 40 i % f8 1 x 10 cell/

0O
X

COOCH;

NH,

+ 70% CH;CH,OH

LI BEHE RN T 96 fLAR T, im A DMEM #5 5% i
75 37°C 5% CO, Wy 46 b 35 5% 24 h J5 {8 40 g I
B BEIRF] 80% ~90% . e YL iy, T T 5 IR Uk, T
AFEBE S FREY/DNA 5, % iR
T 454 30 min, i1 A 96 FLAR . 4k S2 8537 48 h, /)
OFEEFEFRW, A PBS TH T 2 I, ARG B A
100 L 4 o 24 fig W {6 26 6 R 1 50 i R &
(Promega 2\ ) ) W 2 %¢ 't 22 M 1% P 19 AR X 16 A7
(relative light unit, RLU). 5% F BCA 3%l & 24 fig
WP AR A B e ROR R T 9O R T M Y
T H B RLU 2R,
1.2.7 BOCHLRESR

HEK293 4 it 18 1 x 10° cell/FL 1) %5 Ff 432
T 6 fLARPI 11 mm 3% b 7640 M5 B Gk
F 70% ~80% B A7 Yy , VLR B BTk DNA
(pGL3 plasmid) iz & 5[4, BH B3 F £ /& /DNA &
BYR BT A 200 1. FERE YL 5 5 h U B SRR,
FH 3. 7% 22 5 W E [ 5 10 min, 35 EWE W, M
PBS ¥k 3 . H AL A 1 pL DAPT ¥ (1 pg/
mL) FRic A0 ML A% 10 min, fiff FHBOG 3 R 4B B
(Leica, TCS SP2) Wi £% fE AH.

2 HR5TR

2.1 HEEMBRRIE

REW GP AR REM/RER 1 s,
JEF-#1 OEI1800 #B7E 70% £ Wt v 75 A AR 4 , B fefi
i FH — A2 A 52 17 ok Bt AN 25t B — A AR A
SIS 2210 i % A i b 4 o R I
JE A A2 3 7= ) 1 ] E A MR R B SR 86 & B
8 3 4 ) 2 W A R R T AT Ak g o SR TR L A 99%
SR BN A B Y 58 106 B A ) TE K TP R W i T
T 70% T I R A5 31 1 B8 A W 1 K i i v
R AT, AT RE A F T 7E = W 1 W o 2 0 A5 B 52
H 7 40y Fp R K 8 T JE ST S BRI BRAIR T A Bk A
J I B BH B 1 HE K R i . D A A5 B SR R
B GP & R SRS, R T Ok

‘\'v\,.%N

H H
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g et
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Scheme 1 Synthesis route of genipin crosslinked PEI ( GP) copolymer
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Fig. 1 '"H-NMR spectrum of GP22 in D,0

i GPC-YGHU J5 ¥ 0 & 7 W) 46 %k 43 -+ &
Loy A W 45 R WL 1. Bl 45 52 )W 4 ( Genipin/
OEI1800 ) % #} & /K L 1y Wl /N, A W) op F 1t A8
N AT OELI800 3K 4 Wy (1) 43 F it 45 i % 1y
R, WAESE T 5O 32 Bk OET1800 Jiz i & A= .

Table 1 Preparation of GP copolymers
Feed molar ratio of
Sample M, PDI
Genipin/ OEI1800
GP21 2:1 75700 1.13
GP22 2:2 51100 1.09
GP23 2.3 40200 1. 18

2.2 GP/DNA E6¥IMHNESREBA

AR/ DNA & A W kL A A8 /N B 2 1T H
7o 175 100 L2 5 i) 5 PR A% 3 o R 1% S 1 A K 40 i
PO AR e PR 2 (a) T HL A 45 SR IR 4
A 2(b) kiR gs 5, vl LA il id Genipin
I OEII800 fz iy 1% 2] # K 4+ + & 19 GP21
GP22 L) Nz GP23 HBAE M A 201 L5 - 9 DNA JE
B 120 ~ 150 nm 52 5 W) 0K 3 T H o7 Bl 2 20K/
DNA J57 i L34 i, &2 46 W J0RE 1 2% THT HA, £ H 148
BB K, AR ETE +20 ~25 mV. PEI25k
HATRSA DNA 254 J1, G898 5 DNA & & Jf &
A8 B 120 nm 22 A5 (1) 3% T AT IE HL A B0ORL. AR OAR
OEI1800 4y F %544 5 PEI25k A [M] , {H iy T 4r F i
TS & 7155, o 5 DNA 2 & I8 08 K kL

(280 nm Z247) , R M A FAAR/N( + 14 mV Z247).
X R T AR AL B B 1 i 455 ) Bl
(1 52 Bk .00 (OEII800) f2 v TR Z.
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Fig. 2

(a) zeta potentials and (b) particle sizes of complexes

of DNA and different carriers at various mass ratios

2.3 BRI BIK
T 228 5 e BEL i FiL Dk S 3 i — 2B 5 S R
GP 5 DNA 2566801 anlEl 3 fir/R,3 PR FH B
F A 8F GP21 (GP22 i GP23 #RRE % F 5 A &5 b 578
B BURL DNA [ K BH . PEI25k  GP21  GP22
H1 GP23 1y Ilf S BH Hir 28 1A /DNA T & L 43 51 4
0.15.0.25.0.25 #1 0.2, B [H B F #1 & GP21.
GP22 I GP23 Ilf 5t BH iy 4% /& /DNA Jit & L 45 Lt
PEI25k F i — a5, AT B2 B T 22 6 s g 3k 72
Jii 2 5 BN, DT A e 366 11 680 o 1) D /0 5 0 H
2 RE A REAG, 5 DNA 45 4 R Sk 5.
2.4 MTT HpaFEHERIE

Kl 4 S AE AR SR G W)k BE T B 4 B A7 1% S th
4 TG 1) GP LA (GP21 GP22 fil GP23) %k 3
B e PEI2S K BTG A 4 A 7 v 3X 5 iR At 26
BR300 AR <50 pe/mL i, BT A
GP W 40 3¢ B 5 A1 %) A0 e 2 1, A A7 30
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Fig. 3 Gel retardation assay of complexes at various mass ratios (a) PEI25k/pDNA, (b) GP21/ pDNA, (c¢) GP22/
pDNA, (d) GP23/ pDNA; mass ratio of complex/DNA, 1 ~8. 0, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.4

HIKT 70% , 5 OEII800 #14. i % GP 4 Wik
JEE T 358 T, 200 i 7 2 B = R B 3 R R 32
BERYy GP 5y Ik OEI1 E. A5 T &5 %) PH B+ 55 3.
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Fig. 4  The percentages of viable cells at various polymer

concentrations for PEI25k, OEI1800, GP21, GP22, GP23

2.5 QMWK EEmER

1E F pGL3 plasmid 1 A i 44 35 DX E 47 20 i 5%
ST PR A RE ) M fig. H HEK293 4 Jifl & 43 5]
X} PEI25k (OEI1800 Fl#% &k GP i 17 &% Yy 1 fig Lt
BOWME S s, s B A S ik GP 5 o4l
OEI1800 #H Lt , H A T & M55 e 50K, GP B &Y
18 37 G 55 S Bt 25 4 F R Y BT T . GP22
GP23 1 fie fE 5% YL 3R #F & T PEIRSk, JL
GP23/DNA 75 H 5 A 76 Yo i it Lo 20 1A 9 5%
YRR B i 5 T PEI25k/DNA A5G e i it [ ol
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Fig. 5 Transfection efficiency of carrier/pDNA at various

mass ratios in HEK293 cells

2.6 GP/DNA EG¥IHHHIARAE

TE R E 1 DL L E B, GP 4Rkl LUA
A 5 DNA BEA MY 3045 T H A i 5%
QR R 7RSS GP SR Y4 5 DNA 4
AL s R BE T, LA GP22 g A3, F) oL S R 45
BB S DNA 25 Y Bk AT 1T Mg .
K 6 B & GP22/DNA & &% Wk 7 HEK293 4 jif
Fede s hJanAifs ol g k. I 6 (b) ik B i
H@ () K0y GP22 | 5 & 4 (a5,
Kl 6(a) H ik B s H @ X 308 DAPT 3t 4 (5
@) R AR, FRATTRETE 28 A 2 W i B 8 (4L
) X BRI R GP22 AT DLkt 20 856 (&1 6
(b)). M 6(c)EREME T H (L O) X
G A E A0 A% (€ X 38 9 8 FRLIE 52 T 3 P
TEAR GP REML 5 DNA A7 A7 R0 N A% 18 .
i I X e R g AT GP nl LIRS A R 986 8
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Fig. 6 Cellular distribution of GP22/pGL3 complexes in HEK293 cells at 5h post-tansfection; cells were fixed with PFA and stained with

DAPI to visualize the cell nuclei
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SN L 1.

f GP JLER Y. Frakis GP LR YA RENS A7 R b 45
 DNA JfF AT 2 1L 34, R B 5 PEI25k A >4
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B HA LSO SRR B 2 7R &%) GP. il il
AR R e/ OEL £U8t L, 7T LR A AN ] 73

—_

B S

O 0 9 N W
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A e R A BT IR B A0 M 7 k. A, A
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i85 5 e P S HR AR SR O M e A B T — TR

REFERENCES

Merdan T, Kopecek J,Kissel T. Adv Drug Delivery Rev,2002,54(5) :715 ~758

Olefsky J M. Nature,2000,408 (6811 ) :420 ~421

Mintzer M A, Simanek E E. Chem Rev,2009,109(2) :259 ~302

Boussif O, Lezoualch F,Zanta M A, Mergny M D, Scherman D, Demeneix B, Behr J P. Proceedings of the National Academy of Sciences, 1995,
(92):7297 ~7301

Tian H Y, Xiong W,Wei J Z,Wang Y,Chen X S,Jing X B,Zhu Q Y. Biomaterials,2007, (28) :2899 ~2907

Chen J,Tian H Y,Guo Z P,Xia J L,Kano A, Maruyama A,Jing X B,Chen X S. Macromole Biosci,2009,(9) ;1247 ~ 1253

Tian H Y, Chen X S,Lin H,Deng C,Zhang P B, Wei Y. Chem Eur J,2006, (12) :4305 ~4312

Xia J L,Chen L,Chen J,Tian H Y,Li F F,Zhu X J,Li G, Chen X S. Macromol Biosci,2011,(11) ;211 ~218

Tian H Y, Deng C,Lin H,Sun J R,Deng M X, Chen X S. Biomaterials, 2005 , (26) :4209 ~4217

Pei Yuanyuan( 3£ 1%#% ) , Wang Weiwei( L4545 ) , Liu Xianguo ( XI| 4G [ ) , Shuai Xintao ( Jii.{> ¥ ). Acta Polymerica Sinica ( /& 4> 24k ) ,
2010,(1):79 ~86

Jere D,Xu C X, Arote R,Yun C H,Cho M H,Cho C S. Biomaterials, 2008, (29) :2535 ~ 2547

Ahn C H,Chae S Y,Bae Y H,Kim S W. J Controlled Release,2002, (80) :273 ~282

Chen Lei( [£7%) , Tian Huayu( H &5 ) , Chen Xuesi( [%2% &) , Park Taegwan ( #p#% % ) , Maruyama Atsushi( AL 11 & ) , Jing Xiabin ( 5t &
%) . Acta Polymerica Sinica( 84> T 2# 4% ) ,2009, (6) :499 ~ 505

Fu Huili (f} £ %) , Cheng Sixue( #£E %) ,Zhuo Renxi( H{=4% ). Acta Polymerica Sinica( & > ¥4 ) ,2009,(2) :97 ~ 103

Dong X, Tian H Y, Chen L,Chen J,Chen X S.J Controlled Release,2011,(152) :135 ~ 142

Chiono V,Pulieri E,Vozzi G, Ciardelli G, Ahluwalia A, Giusti P. J Mater Sci Mater Med,2008, (19) :889 ~ 898

Muzzarelli R A A. Carbohydr Polym,2009,(77) :1 ~9

Choi D H,Park C H,Kim I H,Chun H J,Park K,Han D K. J Controlled Release,2010, (147) :193 ~201

Jiang X L, van der Horst A, van Steenbergen M J, Akeroyd N, van Nostrum C F,Schoenmakers P J, Hennink W E. Pharm Res,2006, (23) :595
~603

Forrest M L, Koerber J T,Pack D W. Bioconjugate Chem,2003, (14) :934 ~940

Christensen L V,Chang C W,Kim WJ,Kim S W. Bioconjugate Chem,2006, (17) :1233 ~ 1240

Guo Zhaopei (38 Ik 3% ) , Tian Huayu ( H 4E[§ ) , Xia Jialiang ( B %) , Chen Jie (BE7S) , Lin Lin (MK HE) , Chen Xuesi ([i2% J ). Science
China Chemistry ( H [E B} .4k 2% ) ,2010,53(12) ;2490 ~2496

Yuan Renxu ( 361~ J8 ), Zuo Yufang ( /& ¥i 7% ) , Xiao Zhongpeng ( ¥ " % ) , Huang Wenlin ( # 3C #K ) , Shuai Xintao ( Jifi .0> ¥ ). Acta



9 # HIES  nUE P SSRGS 2 M I T R Ak PR 1A B ) 4 5 SR AR 1091

Polymerica Sinica( 4> ¥ 2%4t ) ,2009, (2) :104 ~ 110

SYNTHESIS AND CHARACTERIZATION OF GENIPIN CROSS-LINKED
OLIGOETHYLENIMINE FOR GENE DELIVERY

DONG Xuan''?, TIAN Huayul , CHEN Jie', XIA Jialiangl' >, CHEN Xuesi', WEI Yen’

(' Key Laboratory of Advanced Ecomaterials, Changchun Institute of Applied Chemisiry, Chinese Academy of Sciences, Changchun 130022)
(* Graduate University of Chinese Academy of Sciences, Beijing 100039)  (’ Department of Chemistry, Tsinghua University, Beijing 100084 )

Abstract A novel fluorescent cationic polymer, genipin cross-linked branched oligoethylenimine (1800 Da,
OEI1800) , GP, was successfully synthesized in 70% ethanol solution and evaluated as a non-viral gene
carrier. The copolymers were characterized by nuclear magnetic resonance spectroscopy (' H-NMR) and gel
permeation chromatography ( GPC ). The complexes of copolymers/DNA based on GP were measured by
dynamic light scattering and Zeta potential instrument. The results showed that the synthesized copolymers
could efficiently condense DNA into nanosized particles (120 ~ 150 nm) with positive surface charges ( +20
~25 mV). The DNA-binding ability of the copolymers was further examined by gel retardation assy. When the
mass ratio of polymer and DNA was 0. 25, the plasmids were fully retarded in 1% agarose gel by gel retardation
electrophoresis. Moreover, the in wvitro cytotoxicity and transfection efficiency of the GP copolymers were
respectively tested by the MTT and luciferase assay,using OEI1800 and PEI25k as the control in the HEK293
cells lines. The cell toxicity and gene transfection evaluations showed that the copolymers exhibited lower
cytotoxicity and higher gene transfection efficiency than PEI25k in the HEK293 cell lines. Finally , the carriers
could be used as the fluorescent labeling materials. Therefore, the copolymers may have potential biomedical
application as non-viral gene carriers.

Keywords Genipin, Oligoethylenimine, Transfection, Gene carrier, Fluorescence





