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Abstract:

To address the challenge of balancing high transfection efficiency with low cytotoxicity and poor

serum stability in polyethylenimine (PEID -based gene carriers, low molecular weight polyethyleneimine

(PEI, 600 u) was employed as the cationic core and grafted onto biodegradable PEG-like polyester back-

bones with varying chain lengths (diethylene glycol, triethylene glycol, tetraethylene glycol and pentaethyl-

ene glycoD) , successfully constructing four novel polymers designated as 1.1 to L.4. The chemical struc-
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tures of the obtained polymers were characterized by proton nuclear magnetic resonance ('H NMR), while
their molecular weight distributions were determined by gel permeation chromatography (GPC). Further-
more, the DNA binding affinity of these polymers was evaluated by agarose gel electrophoresis. In addi-
tion, three cell lines—cervical carcinoma (Hel.a), human osteosarcoma (U20S) and hepatocellular carci-
noma (HepG2) served as in vitro models for evaluating the transfection efficiency of the polymer/DNA
complexes under serum-free conditions using green fluorescent protein expression from the pEGFP-NI1
reporter gene, with PEI 25 ku serving as a positive control. Both 'H NMR and GPC analyses confirmed
the successful synthesis of the target polymers. Gel electrophoresis indicated that all polymers exhibited
good DNA-binding ability. In vitro transfection experiments demonstrated that polymer 1.3 achieved the
highest transfection efficiency across all three cell types. Notably, in U20S cells, the entire series of poly-
mers demonstrated significantly higher transfection efficiency than PEI 25 ku. This study provides a new

material design strategy for developing non-viral gene carriers with high efficiency, low toxicity, and

enhanced stability.

Key words: gene vector; PEG-like structures; biodegradable; low molecular weight PEI

0 31 §

V&R —Fosr 243697 F B, FEDAYT il o i ik
AP PR R A TE B A e o B R ) T R, ol 48 A
PRAZ 8 A, DA S XS AR G0 1 A7 R it
FEBNATT — H AR — Rk e P A3,
(DNA 8 RNA) — i 4 Jo $5 B Re ) 2%, A=Wk
FE M2 BT DAARME A FE FLA 22 00, R B —
A5 18 AL R Gk v IR SE RS Bl 5 L A
IBIT ORI A, AEM 75 56 P 2R T & H
ta Az B EMY . HEFREWEN P EE S
3, netli kA AR 5 DNA 3 gk 5
B, SR NA RS R OIE VR (PED
TR HAMRE 0 B R RN, I 3R i 2 A
Wy DA P9 TR A T R, RO R B S O A e
RE, BOOLVE YAl A U R BB TR Wk
— 10 SR, PELFEA: BRI il DL R, HLHCE
e 550 F B B UM G : =40+ i i PEL AR 5%
g, (BAIMRENE 835 5 (IR 7 B PETBAR
BEVERAR, B Y OR AR T B . X AR it 5%
FATAS W M B B M Bkt , DAIA B e A 1 % e
BT

AR5 ¥ i PEL I35 BUAE 9] B AU R &
Yy, Af L OR R AR BE PR 9 [ B SO B AT g 1 A e K
By Gy hh, ATREAR K o 0B AR A W IR R R
T, BN+ B B, X HE(E T DNA B
B, TRl ST DAREAR A B B e . AN, LisE s
SCBEPEL 1. 8 ku 2, 5-BEWy ¥R IEFE (TDA) 2Tk

4 i TDAPEIL, 5 “# & #rif " PEI 25 ku A b,
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Fig.1 'H NMR spectrum of PEG-like polyester 2a
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Fig.4 'H NMR spectrum of PEG-like polyester 2d
2a(773%.31. 44 %) : '"H NMR (400 MHz, CDCl)

86.87~6.78 (m,2H,—O,CCH=CHCO,—), 4. 35~
4.31 (m,4H,—CH,O,CCH=CHCO,CH,—), 3. 76~
3.72 (m, 4H, —CH,CH,OCH,CH,—) .
2b(7#%28.13%): '"H NMR (400 MHz, CDCl,)
86.87~6.83 (m,2H,—O,CCH=CHCO,—), 4. 36~

4.29 (m, 4H, —CH,O,CCH=CHCO,CH,—) ,
3.75~3.71 (m, 4H, 2X (—CO,CH,CH,OCH,—)),
3.66~3.44 (m, 4H, —OCH,CH,0—),

2c(77#23.37%): 'H NMR (400 MHz, CDCI,)
8 6.84~6.79(m,2H, —O,CCH=CHCO,—), 4. 31~
4.27 (m, 4H, —CH,O.CCH=CHCO,CH.,—) ,
3.70~3.66 (m, 4H, 2X (—CO,CH,CH,OCH,—)),
3.61~3. 60 (m,8H,—OCH.CH,OCH,CH,0—),

2d(=324.61%) . 'THNMR (400 MHz, CDCl,)
8 6.84~6.82(m,2H,—0O,CCH=CHCO,—), 4. 33~
4.19 (m,4H,—CH,O.,CCH=CHCO,CH,—), 3. 75~
3.69(m,4H, 2 X (—CO,CH,CH,OCH,—)), 3. 66~
3.61(m, 12H,—OCH,CH,OCH,CH,OCH,CH,O—) .
1.2.2 BWREREWLMAHE

Hin R G5 L =i o Michael il s e v 15 2]
. PEI600(1. 26 mmol) 12 [k 2(1. 26 mmol) 43
FEE AR 1.5 mL Jo /K BRI 1.5 mL T K &
o, TENLAUES R SRR W 22 18 % i 2] PET
W, IRA VWAL 45 CF W 48 ho LW 45
&, PR AR T 0.5 mL oK I, )R fd
FHEA O e F1 IO S0 IR A AN R AR DLSE 24k« 5
IR OB DLTE 20K, FRLAD AR ITTE 1 Ik, &+
PRI AT T EFPR HIR R G . 2R R
AR EE RN R G L &5H CILIE 5~ 8) KEEIK
BB ORI T i

L1C=2%49.17%) : 'H NMR (400 MHz,
D.O) & 4.27~4.14 (m, 1H, —O.,CCH (PEIy,)
CH,CO.—) , 3.65~3.29 (m, 8H, —OCH.CH,
OCH.CH,O—) , 3.10~2.48 (m, 44H, —O.,CCH
(PEI;,)CH,CO, ),

L2 (7% 48.66%) : 'H NMR (400 MHz,
D.0) & 4.31~4.11 (m, 1H, —O.,CCH (PEI4,)
CH,CO.,—) , 3.73~3.28 (m, 8H, —OCH.CH,
OCH.CH,OCH,CH,O—) , 3.05~2.51 (m, 48H,
—0,CCH (PEl,) CH.CO,— & —OCH,CH,OCH,
CH,OCH,CH,0—).

L3 (73 42.54%) : 'H NMR (400 MHz,
D.0) & 4.32~4.10 (m, 1H, —O.,CCH (PEI,)
CH,CO,—) , 3.77~3.30 (m, 8H, —OCH.CH,
OCH.CH,OCH.CH,OCH,CH.O—) , 3.20~2.17
(m, 52H, —O,CCH (PEly,) CHCO,~— &
—OCH,CH.,OCH,CH,OCH,CH,OCH,CH,0—)

LAGE341.11%) : 'H NMR (400 MHz, D,O)
8 4.32~4.11 (m, 1H, O,CCH(PEI,) CH,CO.,—),
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3.77~3.39 (m, 8H, —OCH,CH,OCH,CH,OCH,
CH,OCH,CH,OCH,CH,O—) , 3.27~2.21 (m,
56H, —O,CCH (PEI,) CH,CO,— & —OCH,CH,
OCH,CH,OCH,CH,OCH,CH,OCH,CH,O—),
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Fig.5 'H NMR spectrum of polymer 1.1
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TR IE A AR R O R bR, o
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2) BEY L4y F R e . kB IRS 5
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W N HEIRERSAE 25 °C, WBIAHR M Z B R
A3H0R 2096 190, 2 mol /L %R - B FR 49 2% vl , T
EPE ] A 0.5 mL/min, B RERFL N 50 pl,
G 0T AR I 2 FH 2 4 A0 (0 3R & b A
ST, oAy i A 15 v R 900~80 000,

1.2.4 AW L/DNA SR H %

AR RRE M E B WIR R, ABF5R SR
BEG I ki il . BARPER N

HERRFRIBCR G LI T 1 mL A LB T
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B o B IR R B TSR B RS, 155
AR REENREY R SREREGUER
O3 SRR pl) ok DNA W IRIR A, EE IR
T HFEF A 30 min, RBI AT AR EA AN R A
IEEEH L/DNA E A WVET
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SC BT R Y BG 5 RY 2% 8 58 O B kL
pEGFP-N1 7 DHb5a [# £ 1 37 ‘CREY 1 S 7%,
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I3 IEIERE TR AN 260~280 nm Ak i 1T A
55, W0 B B B 1 BORE DNA F) 20 B2 Rk B
T —20 CIR-A£
1.2.6 ks

NE RN U208 | B 2008 41 g Hela f2 fF
I 20 i HepG2 ¥ L DMEM “hy KL il 355 55 5L 647 %
MG R o R FRIEBCHIET , AN AR 588 10 % i i
A3, PARARB AR % A R (5
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1.2.7 BERCHIKCE

Z% 1. 2. 4Tk 5k, W& RGP L 5 DNA
TEAR A & H (0. 1~6. ) F IR S WER, B0
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5) o WURA WS A TS A7 126 (R 1 g SRR
T 100 mL TBE 28 sh30) f4) 350 g M e L REFL Y,
PLTBE S /il /E R S oA i, 76 150 VAR 2 14
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W R AE B, SEI8 Al FH Gelred 1 A AZ B Gkt
1.2.8 IRAMEL YL

R R A L/DNA B SR YReR ,
FHU20S ., Hel.a & HepG2 =240l i #E4 7 4% (58
ARG o A 5 0 e R T 24 AL B 3R
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500 pl 55 AT R 3%, B F 37 °C. COARB7
BO5U MR FRAA N A K 8 R E AN % A E
80%6~90% B}, FFURIEAT AL YL LI

F IR L. 2. 475 e i 5 Z8 il £ AN ) Jo 4t be i) 2R
GV L/DNAZ Y. BARR S : B RE VR
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FRIEAME E 100 pl, FIRAIF T HE 30 minfli &
BWE G T BT, R LR R A R SR
e, BALM A 400 pl JC M E B AR AL, KRR
100 pL B AR AL I E i b K35 384
BT Ak E A~Sh i, B2 1iE, AL
B4 500 L A LS AR FR 3800 10 %6 BT i 3 5%

B, HUCE TIPSR 24 he BeQesh g5,
FHEVE DO L MR S LA R ax DOt A&
K B0 E AT LB 0T AR B0 ok o A BT 1k
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Fig.9 Synthetic route of target polymers and structures of different
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Uit FErp, SRR R, BRR U T R AE R —
B TP O e Y (SR NEEE - S K|
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RN AN RIE R T 3 UTiEslifh, IR &
YIny oy arE . BTSSR FHEERG S 5 (s vk I e 28
PEG RERI T i, Wk 1, BRTIWHESR T
W R E R A WA, HE SN REWHA
— N CnEN KK, TR RINEREY
Oy F R /N o 33X AT RE A T o R G N
S R PR T HARRAY, W
2% PEG B 5 PEI 600 u(FR G R Y B (1) & b=
1 DFETC K H B TC K ST R I 4540 F
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K, BT IR R o A A AR A 0 X T A
REY LI~L4, BN FEE R OkEE 4R
AR 0 2 57, 30 5200 55 ) ) e 2
F# 1 ZEPEGRERMIr T ik
Tab.1 Molecular weight of PEG-like polyesters

K2 ARG T

Tab.2 Molecular weights of target polymers

k&Y M,,/(gemol ) PDI
L1 63 446 6.61
L2 58 079 6.02
L3 23 264 2.98
L4 10 063 1.95

EY M,,/(g'mol ") PDI
2a 5 600 2.24
2b 3482 1.76
2c 1919 1.86
2d 2515 1.93

2.2 BREY LWL FE R S8

AF 0 B FE 9 A B 52 BRSO 5 DNAJE
WG IE , B A Qe A AR, )
RESE A Y e 8 Tk . DRI, Ay 30k i i 2550 ) ik A3

%, BT B B AR 20 B A B0 1 DNA 4545 fig
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Fig. 10  Gel electrophoresis results of 1.1-1.4/DNA complex under different mass ratios
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Fig. 11 GFP expression mediated by L.1-L.4/DNA complexes in HelLa, HepG2 and U20S cells under serum-free conditions
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