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4% PRAMMEN AR E R (L-RZBRE ) SNEREHEFAR
BRSOk & 2 B ExX& EEx'

CRIUCKR A 500 TR 22 B8 LR EE T 20 T 00 R 20 0 8 R se b 58 il 430072)
CRBUK AR R R 430072)

M B WAL LR T TR (PSL) TFER BN, il 5 TR B 06 S R 2 AR bk e T R A 2R (LR AT
Jie) I Y (P1 ~ PS5 ) 3% R 50 I 5 W) A AL B AT W AR A 240 M 2 8 i EL B 00 5 o ok BROF Q5 B 0 3, RS )
T pH 5 ~8 Ji [H N 22 vl RE ) 25§ i e i BE S v UK RLAR AL A AT SE RS TSRS W) 5 Bk DNA Y AR HL AT
F. S5 R R, BT RA I AT LITE AR N/P WA 245 5 DNALTE N/P [ T 5 I, 2 ki 4278 100 nm LLF |
RIALAT +20 mV ZE47 B E AW AKRAL T RE YN SIOCE T N (pGL-3 ) FIHE 5 B 4% (1 98 2 H
SLH (pEGFP-CIL) fR 51 4 293T Mg F1 COS-7 4il I A9 45 5 R B, M6 vh 5 | AWK M BRUAR AL 8 82 i T R S iy

e g g . 8 e DAL P 00 i e i/ R R IARC B L A9, R A e e B R A i 1 SR S ) P4 P4 A 5 pGL-3 il pEGFP-CI
TR P B 2 05 5 B O W% (PED) A 22 PELEY 2 ~ 3 4.
R ERLE, BINE T, B(L-KLBEM) , ik, (K3

SRR R TE PR N AR B RRE L By BOPLAAR I 2% B
LH AN v A% Ff kA (complement) DL 4% b il 1
IR 2 A= W fige . ) i, 2 B8 A& DR RS i & 7
A7 F) B R 0 T 240 N B B 3 R A A AL
r HMIRE N 5 40 KOk 5 T 2 D ke, A
T 76 R A 338 1 2o B o (RS L SE L R R
AR 4 i PR i 326 2003 3 o A5 e, {EL R TR IR AR L o
A A R AR R AR SR AT Z %
AR SR P AR AR R R I AR B AR 2
(NI E SN N =Y SN (NEN
RO 7 B, 1 SRR By TR T i O Al 2
ST Z D REBC A AT L3 w5 0 7 80U i TR RE
AT R I K DA A 136 3 R Y A A 4 N P e
2 100 e R S B T MR D R A TR
B E 28 R T AR A 2 HE I T B

RIHE TP 51 pH F & kBT
4 1E #9821 R LS DNA 231y f e
A PR B PR 2 1 0 o i R A AR A A A
. ET R IHE T 5 DNA A 5 i 41 23, 8 sk 42
9 50 ~500 nm K i iF A IE HL i ) RS E SR R iR T
S5 W) DNA I3 o (5% 25 K9 1T 457 by P BRURE o 4
ANBPRE -, AT LB 1k R RO R 78 T 1 90 3

(9 % A= L SE I R, DNA Bk 38 4 W 1% 1F H fiF
HhFe AL NNAERTE R O3 DNA S SZ LA I
B 2 A b A B AR MA DL S Bl IR T HLAE
AR AL S, DNA T8 40 i N 5% 48 1 o A% v O
DNA [ 5g 8 0: . [F, R BB 1/ DNA &2 49140
KA 3R THI 1Y 1E R T 55 40 M 3R 1T 0% B R ey A ELAR
JH A5 F T DNA i 40 BRI, 2 s s e sl R

15 e LSRR R A 0 A AR A 2 R B T
A SRy S DR AR 1y A 225K, Al 2 H i B ] 2R BH B
FAESE NG T R N ) 32 O . = A e Sk
RO W (bPEL, M 25 kDa) /2 H H & B HH
BT ERASRERZ — e 2 g Yy R
i FE YL RE T, B AATT R A 3 7 3R 5 ) 3k TR 2%
A o 2 BB AR . bPEL (1 7 o, ff 28 B e HLAE AR
FH pH JE P 22 vh e o, g HL A A
BE IR E 2R AL RN, & 4> F & bPEL A9 AN 1] [
fige Atk 1 PR BR ) T AE AR P i O A T
o figp A2 1k ) S8 BRAIK 43+ & PEL, 0] LR 43 fifg ok PEI
F 2 P A T A i v

T B 2 2R T REEU S R
PHES 743 75l ATE pH 5 ~7 {5 BN B A & 2 b
B8 71 i O 3L 2 H RS s 808 P - S R R AR
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MEE . R (L-RAWG) & —F B A RiFE
YIRS K I R AR AT A Y. SR T =
ok Jiz ( PSL) (1) FF B8 52 Bz, AT DA A 3R (LR 4 ik
JH ) B &% B 51 A [R) B M B 3 AT, R R
B RIS T AR E G R I S5 K 5
P S O A, B (L- R AWk ) B 8 2 1 F
K43 F i 25 (prodrug) (1 A B A 4 168 A1 1T 14
AR B P 5 Y e 2 R AT SR AT B T
VEUESE 16 5 (L- KA B e ) 1 DN 8 51 A 4 4 5 2
W75 0 JHE AT 3R 1A, 75 31 A 3 BH 8 1 f 71 By 226 41 U
[H 4 &% % A1 bPEL 25 kDa #H 4, 40 ffd 25 1 (% T
bPEI 25 kDa, {H jZ {48 35 80 iF B & 19 40 ff 2
PEVSAR S ok LT R PST R IT BRI, 4% R
L TR e P 35 [R] B 5 1A 315 (L-OK 4% Ik B ) 19
M w28 7R I 2R P s S R R . R A
i v SR L O A A T LUA 345 & DNA, Ik ik 56 P 7
SmREFFETHESZMERA TRERBE 7/
DNA &A1) ] P9 T AR 3k 3%, DA T 35 5 7 280 1) 35 [
TR 20 A TR ) 5 1 35 R s B
AR B 5 (L-R A Tk iz ) %) 200 e =% 0 A AR 1 75 .
AR SCE VN T B A AN [R5 20 % B (L-K 4
Jie ) A AR W Y 2% vhRE 0 L 40 M BRI L 45 & DNA (1)
E 1 LA KA S 41 U5 DNA TE A 5] 40 i 2 v i 4 e
RE 77, B 52 3R 5 W 4L -5 % Y il 0 =2 TA) A A O

1 SLIEER4SY

1.1 KF5UE

1-(3-Z N HE) BRIk (APT,99% ) S AL & 0
Bk (BPEI, M 25 kDa) g M 5 ( MTT) It [
Sigma-Aldrich A &) BT W i (PSI) By L-K
K RMRAETE R AL T HR AW NS T & B
$5-1,2-2 Z I ( N-Boc-EDA ) H — i 2 — KU T g
Mz — e il %[W. GelRed™ % #} ( Biotium ) .
DMEM #5 3% B + ¥ ( Gibco BRL) | fig 4= IfiL i&
(Hyclone) (& R-HEH R (HinEW) JOLRM
a5 & ( Promega) \ A TR (BCA) HH
I 3050 & (Pierce ) B8 1. N KRR S 240 A
(293T) FAE P &% ' 4t it (COS-7) g [ b [ i A
B SR R b0 CRDUR ) A BN 10% Jif 248
M7 4 mmol/L L-7% 2 I i . 100 pg/mL £ % &R
F1 100 Hfii/mL 5 % & () DMEM 35 52 5 7E 5%
CO, MM 37CHF*.

FTIR f Perkin-Elmer-2 £ #6333 i % . ' H-

NMR f1 Mercury VX-300 #I 4% @4 = 9 3 3 1 78
300 MHz il 5E ,D,0 S5, U B LAt e (TMS)
AR, AV o3 5 5 o3 O i RO HERR 4
TR Z AR R O Ot B8 Bk H 2 B & 48 (SEC-
MALLS) ] 5. H: b OS] HE BR €835 {5 1] Waters-
2690D HPLC %% #% Ultrahydrogel 120 A1 250 ¥, ¥
B AH & NaAc-HAc 28 W ¥ W (0.3 mol/L, pH
4.6) it A 0. 6 mL/min, #1124 25°C . K0 &% 4
Wyatt DAWN DSP £ £ & 56 85 R Y AT Waters
2410 7R 2P LA I A%
1.2 JRAL DNA 4B gk

2 B ¢ ' 2R T ) RORE pGL-3 R 4 ) 344 5 7 4
PO E F Y BRL pEGFP-C1 43 51l £ K A1 1
JM109 FI DHS5a 5% 4k, P9 Fh 40 1 4 5 76 LB
( Luria-Bertani) 3§ 3% 3 77 F 37°C .250 r/min B 5%
FR P Y 1. {Ji i QIAGEN EndoFree plasmid
Giga UM &, & M K UL 70 i L alifk okL. F)
TR G5 JC PR UK 3R AE TORE, A T 260 nm AT 280
nm (1) 55 SR SCR A2 SR 1Y) 4l B TR B . AR o 4l
AR5 B UKL i R TE ZZ b WP, T - 20°C f¢
#.
1.3 REMWER
1.3.1 PAEA(P1) PIPA(PS) & i

o,B-F(2-" L EE-L-RA Btk ) (PAEA, P1)
5 a,B-F (2-BKMe N J-L- KA Wt iz ) (PIPA, PS)
A T R - K (0 ~ 59C) T, 45 M4y PSI
(0.485 ¢, 5 mmol) i 10 mL N, N-— H 3L FF B iz
(DMF ) %5 W 73 1) 22 % e o 2 Jall 2445 +F 59 Boc-
EDA(4.0 g, 25 mmol) 5% API(3.12 g, 25 mmol)
)5S mL DMF ¥ Wb R IR & W 4R 0 2
h, R 24 h 5, TIoK S Bk iR A fe. BF
15 M A ] 50 mL 2 mol/L $h &, & i 4 1 4
h, 9K J5 16 8 2l K i By 3 K (MWCO 3500,
Pierce) , i M7 W & V% T 8 J5 1% 11 (8 8 K. P1:
0.942 ¢,7=% 72.9% . FTIR (KBr, cm ') : 3446,
2948, 1642, 1561, 1446, 1122, 1089, 840,
622. '"H-NMR (D,0, §):2.5~2.9 (2H, d, CHC
H,CO); 3.1 (2H, m, CH,CH,NH; ); 3.5 (2H,
m, CH,CH,NH, ); 4.7 (1H, m, CHCH,CO).
M,=7.98 x10° M /M, =1.35.P5.0.700 g, %
72.4% . FTIR (KBr, em™): 3445, 2952, 1645,
1549, 1442, 1109, 1086, 840, 624. 'H-NMR
(D,0,8): 1.9 (2H, m, CH,CH,CH,NH" ); 2.5
~2.9 (2H, d, CHCH,CO); 3.0 (2H, m,
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CH,CH,CH,NH"); 4.0 (2H, m, CH,CH,CH,-
NH*); 4.6 (1H, m, CHCH,CO); 7.1 ~ 7.2
(2H, d, CH=CH); 7.9 (1H, s, CH=N). M,
=3.90 x10" M /M, =1.54.
1.3.2 P2 ~P4 (&K

5 5 24 £ F R K s P Y 3R (LR APk
Jig ) F W) (P2 ~ Pd) (15 L4 WG 20 04T 1656, UK
#(0 ~5C) F, ¥ Boc-EDA fJ 2 mL DMF ¥ ¥,
Zetg iz PSI Y 5 mL DMF ¥ b AR S iz 2
h, 2R N 24 h SR )5, UK T, 4% APLEY 5 mL
DMF 75 % 22 18 i i 2 1 3R S v v s g TR G
ZARIR RN 2 h, RN 24 h 5, F oK Lk
DUREZtAL. BT 45 [ A 43 5 m A %] 50 mL 2 mol/L
b, IR AP 4 h, SR JE 7E 4K b
(MWCO 3500, Pierce) , i H i ¥% R T 44 J5 13 H1
SR S NE Y S AR A R o7/ LNEC® 5 a8
Koy FHREFEWNE L, G WK 2. FTIR (KBr,
em™ ). P2, 3438, 2949, 1643, 1553, 1441,
1115, 1087, 841, 623. P3, 3440, 2955, 1645,
1549, 1442, 1113, 1085, 840, 622. P4, 3446,
2948, 1645, 1546, 1438, 1108, 1087, 840, 624.

L4 @ESHEONE
BLGPEI(M, 25 kDa) S 2 B8, J1] MTT 3%

S W) PL ~P5 %t 293T A1 COS-7 4H g 1 2 4.
$ 293T 4 ffd Lk 7 000/ FL . COS-7 4 i Lk 4 000 41
ffL/ L (100 pL/HL) (4 %5 B # 2 96 fL Ak b, T 78
5% CO, 4 T 37CHi 2 | K. REWH
F o84 DMEM K5 35 F v, 3ok 3 K B, O FH G 9 2
i T AN [ v B 1) SR 65 WV U 4 B 100 L fim A
TSR A A ML 96 FL AR (X BRZL AR I 2R & W
VWL, M 100 WL B335 ) | k2L 7F 37°C T B 5%
24 h. RIGTEE LN A 20 WL MTT % pH 7. 4 B
G W (BPS,5 mg/mL) (fE 1 AL R
A 20 L PBS ZZphif ). T 37°C Kist4 h 5,8
FREFEIL A INA 150 pL DMSO FE7E %R R 3
P37 2 20 0 b B B R 5 00 SR 58 A T . T AR
X (Bio-Rad 550) I 5 570 nm £ L N7 W (9 G
1B AR 55 %08 B AL WO (B A L {83 5 4 i A X A7
15 3 (relative cell viability ), 2% 20 40 F : Relative
cell viability (%) = 100 x (A, —A,)/ (A, .. -
Ag) - H A R ALLE 570 nm A OGAE, A,
SERIERE W MTT (8 L85 5 E A i K
IR A Wy FL X BRAE LA, R B AR EE RS W)
(R LR S 30 (B LA R 5 0 Wk B A 8 A A (X )

20 YR X A3 3 A bR (Y i) 2 il it 2 15T
AN TG IS WO P Bt B AL A 4 A AT RE.
L5 BRWEE

R W g2 vl BE I 38 2o 19 w80 A2 3. R —
SE IR G W AE 10 mL 0. 15 mol/L i S AL 54
VW T S S RE O 10 mmol /L YR
MCHTHT 2 mol/L #h R HF pH JH 2 2.5. m R &9
VW RN 0. 1 mol/ Ly g vhE L 40 Ak B4 VA L, 1
F pH 3 (PB-10, Sartorius) W5 pH {i. 14 pH {&
X I Y S AL B A A S 6. bPET( M,
25 kDa) {0 2 B8, AN TE AR [F] 45 15 5 JEA7 00 7E .
1.6 ZRMEETF/DNA EGYHH &S5RI
L6.1 Y&

IR —E W B EZ B SRR Z L (N/P) R
50 pl & A — & B A YR &AL 8% W (0. 15
mol/L) R AT 50 wL & 1 wg DNA(pGL-3
5, pEGFP-C1) S AL SN W (0. 15 mol/L) v, 72
v S s, AEE I N E 30 min J5, F TSR ALK
(Mfﬁgﬁ%ﬁgﬁiﬁé& zela Eﬁlfﬁﬁéﬁiﬂ@%%%i
1.6.2  BERHLIK

TEEAH0.01% GelRed(V/V) YR 7 o/ L 35
HEBRE I, A Hh 2R ) R DNA S5 AN ] L ]9
B WL S W EAT F UK 258, NP 43 Sy O
1.1:1.2:1.5:1,10: 140 20: 1. TAE ( tris-acetate-
EDTA, pH 8) i T AE W, HL ¥k 25 80 V.60
min. {5 &k B 8 4% AX ( Vilber Lourmat) , 38 i3 48 4
MRS G WL % DNA FEBEIRE I L.
1.6.3 52 G Wpkides e 2 T o (90 2

AW R KL AR 5 3R T A 3l 25O B
(DLS) Ml 5 . i F 99 2K Kr BE F zeta W3 37 43 BT 4
( zetasizer Nano ZS, Malvern) , 7 25°C , i K 5 633
nm {Y S -HUBOCOE IR T I E. K S A 1 e
DNA A 6] N/P L 52 & W WM B3 1 mL
Ja , T RLAE N zeta B A7 B0 5E .
1.7 BEWNTSIME DNA MR AR
7.1 (RO e 20 i i — i 2

H 293T A1 COS-7 41 Jf 73 51 L 80000 £ fitd /L
140000 20 ./ FL 50 %% B2 4 22 24 L 20 i 5% 5 A
B, 524 DMEM 85353 (1 mL/fL) 7£ 5% CO,
Bigrffivh 37°C K5 9% 24 h. BE QL RS 26 B R 0k, ]
IRAAY PBS 7. 4 S e RGeS, #eH] 0.9 mL g ff
BYJC I DMEM 35 32 5. % 100 pL 54 1 pg
DNA AR N/P LG Y 525 ) 1 WO A 46 W s 1Y
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M. F37°CH: 3 4

BriE Y 5 4 DMEM 85 78 2, 4k 2 15 5% 44 h. 40
5 Y SLIG 2 A 2 P ATREAR , &

AT PR

1.7.2 B0 2 M A6 I
X Fd F pGL-3 JikL DNA 5% 3% 5 40 iy, % G
48 h Ji B B H IR A PBS 7. 4 Znhili e
VeI f5 LA 200 L 27 i (Promega) , 7%
R DL A o AR A . B0 )5 B 20 wL s
5100 pL 2856 2 FiE i 2 (Promega) 72 73 1R
4, f#i H] Lumat LB 9507 fk 2% % 64X ( Berthold ) il
SE TE A v 3R 3K 1Y 2 ' ZR Wl M L IC SIS [E] 10 s.

fdiJH BCA #3110
FH 1§ 47 1 ( Bio-Rad 550) il %2 570 nm

HHE R,
Ab VW O AL 4R
RLU/mg protein 7.
1.7.3

S OOGE A RIK

X FAd ] pEGFP-C1 JFi ki DNA %% YL it 41 ifd ,
BeYe 48 h J5 FLHEEAE 9L B B M (Eclipse
TE2000-E , Nikon) T WL£% 3 ik 4% (5 2¢ 6 8 (A 1)

hoJm 5 B R e 1 mL

2 BR5IE
MR 2.1 REVHERSEHRIE

MBE 5 28 £k WK s Y 5 9 3R (LK &% Bt
1) A3 R W G U I E 1 B s i = AR
S PSLJT 3P S B i) 46 3R (L-K AWM ) 1A R &
1. PSI 15565 Boc-EDA 4% — 5 1 LU il SO, SR s
5t Ry APT SR LAUGRIIE PST 5873 I 36, fe ) A
i 56 2 B AE F R B Boe SR JE, 1R BN 5E % 2 &
FERIR I DY 1) 3R (LK & B ) S R W G 1 TR
. 76 Boc-EDA 55 PSI Y8} HE, AT LAS B A
[ D00 i L4 g 36 SR . LR 4P £ i A e T L
A R E A 52 I S L B & AL PST 5 g Y Boce-
EDA 5 APL S B, 73 5] 15 31 Ml 65 o 28 & % 1) R
(L-RAMBE M) (PAEA ) s 0 £ Sy bR mg g 2 119 3%
(L- K& MM ) (PIPA).

AW o112k T HEBR (3 (SEC) A
Z A WO E U (MALLS) BKH] (SEC-MALLS)
9757 LI E . AR (6 1) R, FeAT P 45 2 1y
REWnTRME PN, RABRAEN S T i

il & (Pierce) I %2 20 fifd A9 2

Hh 2% 38 1 9 ' 2R T I R T

. oA, 225y BAR B (PDL) A 1,35 ~ 1. 89 2 Jil.
O
(1) BOC-EDA
HN HN
NE T A HN!- HNH OT
o) P1 x/y=1/0 HN
PSI P2 x/y=3/1
P3 x/y=1/1
P4 x/y=1/3 o NH CI o
. NHaCI o) e Wi
PS5 x/y=0/1
HN_CI \\—/
\ N
N
Fig. 1 Synthesis scheme of polymers
Table 1  Synthesis and properties of P1 ~P5
Code P1 P2 P3 P4 P5
PSI* 0.485 g, 5 mmol 0.485 g, 5 mmol 0.485 g, 5 mmol 0.485 g, 5 mmol 0.485 g, 5 mmol
Boc-EDA* 4.00 g, 25 mmol 0.60 g, 3.75 mmol 0.40 g, 2. 50 mmol 0.20 g, 1.25 mmol —
API* — 1.25 g, 10 mmol 2.50 g, 20 mmol 3.75 g, 30 mmol 3.12 g, 25 mmol
Yield 0.942 g, 72.9% 0.756 g, 72.2% 0.930 g, 82.3% 0.906 g, 74.8% 0.700 g, 72.4%

Theoretical x/y"
Calculated x/y°
M (M. /M)

7.98 x10° (1.35)

170
1/0

3/1
1.4/1
2.60 x 10*(1.61)

1/1
1/1.6
3.44 x10* (1. 89)

1/3
1/3.7
3.26 x 10* (1. 68)

0/1
0/1
3.90 x 10* (1. 54)

* Feed ratio of PSI, Boc-EDA and API;"

Theoretical molar ratio of polymers grafted with EDA to IPA;° Calculated by' H-NMR;

! Determined by SEC-MALLS using NaAc buffer (0.3 mol/L, pH 4.6) as the mobile phase

BEWMLE R 2 FTIR F1'H-NMR FAE. 76 &
2 #'H-NMR #, 8 (L-

I H 2 1) Jog 5 0 73 3 Y BRAE & = 4. 6 (peak ¢)

KABER) BB P L 12,6 ~2.8(peak h) 4b. B AW E 56 2 FOR A
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4549 (-, B-) A5 I BT B 1) 5T - 0 (peak h) 524X
WA 3 A . A0 e K s S AT o 3 A kPR 9 JBE 1 08 4y
S AE S =8.0(peak a) #1 7.0 ~7.3 (peak b)
A, WK P BErp 3 A NI PR ) J 5 0 0 ) B AE
6= 4.0(peak d) 3. 1(peak g)F1 1.9 (peak i) 4b.
T V00 55 0 £ Ak v o9 A ST Y 25 194 Jo 5 0 D) 13- 551) ¢ 2R

£ 8 =3.4(peak e) F1 3. 1(peak f) 4. H peak f

5 peak g {1 T WA & #13E peak e 15 peak d
o peak i BB R AW TR 2
DI P 1 B L)/, SR B T 1 v

P2 f+g
d €
b C h 1
A J
P3 f+g
i
a b J ¢ 9 e n
M
P4 fio
b J d !
a c h
N 5
8 7 6 5 4 3 2
5
0 7 o) 7
C h C h
HN HN
vk Ao TCHN( Ly
BN o " =o'
HN . HN g
TR
f ® o i
@ NH;CI d
NH, P 3 0% N C
HN.CI b ya
b\ /a \ N
b—N b
P1 f
€
i
"
PS5 g i
b h
AN M

8 7 6 5

Fig. 2 '"H-NMR spectra of polymers in D,0

2.2 EEYHmSH

20 R VP o T P A et
AR, A YR 293T 40 i Al COS-7 41 g i) 1A
SN EE P B MTT gl . KB 3 ol LU, 3R
B YIAE 293T Fl COS-7 41 Jifg & v 34 3% BT 40 Ml 25
PR, HAS R4 L 18] 1 23R 5 0 22 1) oK 3R 80 ) &
225 5 EA M EE (1C50) 2 0. 015 mg/mlL
MBI+ 2 1 bPET(M, 25 kDa) Ml b, 4 R G

Yok BE IR F 0. 8 mg/mL W, 41 ) 7735 AT fR 45
1 90% L L.

120

(=3
(=]

80
60

40 L

Relative cell viability (%)

20 |

1 1 1 1
0.2 0.4 0.6 0.8
Polymer concentration (mg/mL)

0.0

120
—0—PEI—<—P1 -&—P2 ——P3 —<+—P4 —>—P5
100 e ¥

80 [
60

40

Relative cell viability (%)

20 [

COS7
1
0.8
Polymer concentration (mg/mL)

1 1 1
0.0 0.2 0.4 0.6 1.0

Fig. 3 In vitro cytotoxicity of polymers in 293T (left) and COS-7
cells (right) , using branched PElI (M 25 kDa) as a comparison.

Data represent the mean standard deviation (n = 4)

2.3 BEAWIEE

REWVMLE hEe I Uk 2 DNA &5 ) I ik
& (Endosome ) H 3 3% (1 B8 7 , AT B 2 5 ) J57 hr
DNA 56 Je 20 G WA bPEI(M 25 kDa) (1)
Zzohig Jy ([ OH ]/ dpH) Hy PR B if 5 6 I o . 2 (&1
4 s, 5 RA WEE i 2 L FE (pK, 25 10) Rk
M (pK, 29 7) (% pK, {EHAH — %, PEAE (P1) £
PIPA (P5) /354 pH 8 ~ 11 1 pH 5 ~ 8 i [l N FE
TR R 22 R Y 92 RE T . AE I M B A SR W
rIBR e G A A LU A5 Y 18 i, P2 ~ P4 fE pH 5 ~ 8
T [ N A 22 b e 0 & B o E pH 8 ~ 11 Rl
2%t e J1 2 Wi 8 55 . P2 ~ P4 £ pH5 ~ 8 [l
#d[ OH]/dpH43 5124 0. 0017 ,0. 0022 F1 0. 0036,
¥1w T bPEI(0.0007 ). 45 3R R W, 5 (L-K 4 Bt
Jiie ) D b Wk L AT g 51 A RT LR K2R R AW
(2% phBE 7. MRS B T AU P2 ~ P4 I
ZwhRE KA B T H 5 DNA 19 & & M P 1K
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1 1 1
0.000 0.005 0.010 0.015 0.020
d[OH] (mmol/L)

0.002 -

d[OH)/dpH

0.001

0.000

Fig. 4 Titration curve of polymers and branched PEI (M 25

kDa) (10 mmol/L amine) in 0.15 mol/L NaCl titrated with
0.1 mol/L. NaOH

P1 P2 P3 P4 Ps
1 2 3 4 5 6 1 23 4 56 1 23 456 1 2 3 456 1 2 3 4 56

(pH 5.0 ~6.5) bl gk i , i 52 DNA B H K pH
F18 T8 T A e 1% 2% o A I TR 114 I gk, DA T i o e

W
2.4 EEWM5RH DNA WHEEER
241 BN Ik

RIHE X DNA B A 845 -G AT DL 3P
DNA %52 #% R Tl (1) B A , [) i) ] LL b D DNA 3R
T (% 0 HL A7, DT 385 0 5 5 £ 1 8 R %) A
TER R A B By JL R, R BH B 75 DNA (1)
S5 HE Ty 0 3 DR B Y B S0 F L. ORI 6 I L Uk
WF9E B AW 5 Bk DNA A EAEAH. /S R T
B N/P LL3E N, & 5 G ¥ /DNA &G W) (0 & I
TKZE 5. B PIPA(PS) 41, T A 3R A W) 4B vl LLAE 35
iy NP T, @ # L AE ] 5 DNA JE R W
el 2 AW, T DNA & TE 9 6 far Bk b A
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Fig. 5 Agarose gel electrophoresis images of polymer/plasmid DNA complexes

The polyplex composition ( N/P ratio) was expressed as the molar ratio of amino groups in polymer to phosphate groups in DNA. Lane 1 ;

Naked DNA, Lane 2 ~6: N/P ratio of 1, 2, 5, 10 and 20
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Fig. 6 Average size (left) and zeta potential (right) of polymer/plasmid DNA

complexes measured by dynamic light scattering ( DLS)

The polyplex composition (N/P ratio) was expressed as the molar ratio of amino groups in polymer to phosphate groups in DNA
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Fig. 7 In vitro transfection efficiencies of polymer/pGL3 complexes in 293T (left) and COS-7 (right) cells

Branched PEI (M 25 kDa) at its optimal N/P ratio of 10 was used as a control. Data represent the mean standard deviation (n = 2).
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Fig. 8 Fluorescent microscope images of pEGFP transfected 293T (left) and COS-7 (right) cells
Polyplexes formed from P1 ~ P5 at N/P ratio of 80 for 293T cells and 100 for COS-7 cells; Polyplexes formed from branched PEI (M =25

kDa) at its optimal N/P ratio of 10. The images were obtained at magnification of 200 X .
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POLYASPARTAMIDES GRAFTED WITH 1-(3-AMINOPROPYL ) IMIDAZOLE
AS LESS TOXIC AND HIGHLY EFFICIENT GENE CARRIERS

XUE Ya’nan', ZHANG Min', LIU Lei', LI Wenxin®, HUANG Shiwen'
(' Key Laboratory of Biomedical Polymers of Minisiry of Education, Department of Chemistry, Wuhan University, Wuhan 430072)
(* College of Life Sciences, Wuhan University, Wuhan 430072)

Abstract  Polyaspartamides containing pendant imidazolyl propyl groups and amino ethyl groups were
synthesized via ring-opening of polysuccinimide ( PSI) reacting with N-Boc protected ethylenediamine and 1-
(3-aminopropyl) imidazole. Polyaspartamides ( P1 ~ P5) with different grafting ratios were characterized by
FTIR and 'H-NMR spectra, which were well in accordance with the expected chemical structures. The
cytotoxicity of polymers was evaluated by MTT assay. Compared to the commercial branched polyethyleneimine
(PEI) (25 kDa) with an 1C50 of 15 pg/mL,P1 ~ P5 showed no significant cytotoxicity against both 293T
cells and COS-7 cells. More than 90% cells still retained their metabolic ability even at the polymer
concentration up to 0. 8 mg/mL. The introduction of imidazolyl group into polymer side chains make them
possess high buffer capacity between pH 5 and pH 7, which was 2 ~5 times higher than that of PEIL. Gel
electrophoresis assay and dynamic light scattering measurements were performed to characterize the polycation/
DNA complexes. At an N/P ratio of above 5,all of the five polyaspartamide-based polycations can condense
plasmid DNA to form nanosized (100 nm) polyelectrolyte complexes with positive surface charge ( +20 mV).
The transfection assay demonstrated that the transfection efficiencies of foreign DNA in 293T cells and COS-7
cells increased with increasing the contents of imidazolyl graft of polyaspartamides. P4 with a grafting ratio of
1/3.7 (amino ethylene group to imidazolyl propyl group) showed the highest ability to deliver pGL-3 and
pEGFP-CI into both 293T cells and COS-7 cells. At the optimal N/P ratios, the gene expression efficiencies
mediated by P4 were comparable to or even 2 ~ 3 times higher than that of PEI. The results suggest that
imidazole-containing polyaspartamides are a very promising class of novel polycations for highly efficient and
less toxic gene delivery. The structure-gene delivery ability relationship of imidazole-grafted polyaspartamides
will provide valuable insight into the development of novel nonviral gene carrier.

Keywords Gene delivery, Polycation, Polyaspartamide, Imidazole, Less toxic



