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1.1 &KF

WL -Jie (PAMAM) (5 A, K 3 & 128 >4
H) W A Aldrich, JiF 32 8k A AE 9 3R ACTF 3R 60
Fl Sigma. JHEZW [ Acros. {8 JIIH{ ] s 85 45 & 41
fb. DL-INACHR I B Aldrich, H] £ 1R £ T8 B 45 .
F RS Sn(Oct), W F Aldrich {1 ij 9 [ 75 18
Al Al J VA R AE T K 2R rp L LR A R AN TR 1Y
oy tral (W A b E 2 TR 2. £
it i A FH iy 28 18 44k N, N-— H1 356 1 % i ( DMF)
F P,0, Al Cal, T H JF 25 1 46 fb. MTT Wy [
Amresco. — H K ( DMSO) IlJ H Sigma.

ARG S 4i Hfd (293T) AN ¥ & U 40 iy
(HeLa) g [ [ s 29 5% 35 9 O 8 b0 (000D - 4
& 10% &4 1% .2 mg/mL NaHCO, #1 100
U/mL ST DMEM ( Gibeo ) ¥5 32 3 7E 37°C 5%
CO, B Frfiih 15 5%

e 3 K R pGL3-Luce Al pEGFP-C1 43 5l
4 B Promega F1 Invitrogen. Jii i 7E Escherichia coli
Fy A E. Z. N. A, fastfilter endo-free plasmid
maxi kit( Omega) J 4L 4L , 76 4K i T - 20°C
7.

1.2 REMHWER

JHm2 o g fb B A 5 (DL-IN &2 s ) ( CA-
(DLL),) Al «, B-%& ( N-2-3% & 4k ) -L-K 4 Tt Jie
(PHEA) g SCik & it
1.3 PAMAM/DNA, PAMAM/DNA/heparin
#1 PAMAM/DNA/heparin-biotin £ & 489 #l &

¥4 PAMAM ¥ F 2 5 77K, 0. 22 pm % 2 1§
Kid g5 RAFE T 4°Cf 50 L /Y PAMAM JKiE
(0.272 pg/pL) Al 50 wL (% ik DNA JK % 7§
(0.02 pg/wl) B F A, 37°C ji & 30 min, BI 15
& PAMAM/DNA 5 & W0 KW .

2 pL AR AKIE (1 pg/pl) 5802 pl /1
EWEAIFZE KB (1 pg/pl) 58 PAMAM/
DNA &5 0 KW (0,292 png/pl, & 1 pg Y
DNA) BG4 57,37C U E 30 min J5 53 5 15 ) 5%
PAMAM/DNA/heparin }; PAMAM/DNA/heparin-
biotin & & W) ) /KW , B A ¥ heparin/DNA J&
heparin-biotin/DNA & L f 2.

1.4 ATFERNSEEEFENEES S

il 48 7O R BAS W] 52 G W AR T

ISR B e (T

Z m 1 3 PAMAM/DNA ., PAMAM/DNA/
heparin A1 PAMAM/DNA/heparin-biotin & & ¥ )
- (film 1, film 2, film 3) i 45 77 ¥ a0 F . & 560
VDS I A A2 14 mm (9 BE R L3R N 40
pL CA-(DLL), #9507 M (10 mg/mL) . 75 5
FER G A B TN B2 TR 25 T4 24 b
B 5 AMIT BRGF 1 h K. R JF 4 06 %
PAMAM/DNA .PAMAM/DNA/heparin B PAMAM/
DNA/heparin-biotin & & ¥ B /K BEW (& 1 pg
DNA) Ji# finfe CA-(DLL), 5 5% 1m0, 75 88 i 5 N
H AR T 1.

% i 1 2% PHEA {3 47 iy PAMAM/DNA
PAMAM/DNA/heparin I PAMAM/DNA/heparin-
biotin & & ¥ I (film 4, film 5, film 6) | 5% )7 ¥
anr. A 2 mg/mL ) PHEA K #, 11 0. 22 wm
JC U8 Sk ik DB BR A, AR S 0 i f % PAMAM/
DNA ., PAMAM/DNA/heparin 1{ PAMAM/DNA/
heparin-biotin & & ¥ /KIEWR (& 1 pg DNA) A
100 wL ) PHEA (5 0.2 mg PHEA) GERIR & -
KRG W mrE CA-(DLL) , W BRI , 76 8 15 5
W H KT

¥ PHEA {£ 3 1) PAMAM/DNA . PAMAM/
DNA/heparin 1 PAMAM/DNA/heparin-biotin %
AW (film 7, film 8, film 9) ] 4 Jr & K. 78
JCHR B 25 AF T 45 40 wL CA-(DLL) , G475 % e (10
mg/mL) 73 BE 5 AE film 4, film 5 A1 film 6 |,
R KI5 B TR

T A i w5 B RE A AR TR S A 24 FLEGE SR
M PR AFTE TR b & .

1.5 REEMBHR

B G IS AE B ff BRI AE 37 °C 129 1 40 i %
FH 06 h J5 i EE LS i SEM (FEI Quanta 200)
PURIIIS

Wit ik 17 ) SR8 W 9 23 1 o RS HE B €38
Z ffi WOt B 95 r #r ( SEC-MALLS, Wyatt
Technology ) H FHI il %€ . ¥ CA-(DLL) , JEE75 A 2 Ml
B % 5L PN % % R ik R 2 B T S 25 T K vk
3, A B TR 40C T2 K. &EH
THF % it & & W I, JF H SEC-MALLS I &&= 43 +

=)

H

1.6 fhopEER

¥t 11 2 PAMAM/DNA . PAMAM/DNA/heparin
1 PAMAM/DNA/heparin-biotin & & #) 19 & (1 jik
A 24 LB FRAAL P SRR B ALINACS x 10°/mL 4
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ffl,1E37°C 5 % CO, 5e 433 Brp 137 48 h. 4R
J Bk 25 B R 5, Il 1R 6 22 v (PBS,0. 1 mol/L,
pH 7.4) &2 %% Hb JE Uk 40 M, P A g
(Promega, 200 wL/fL) 7050 241 . 8.0 J5 H 20 wL
20 2L B WS 9O R IR ) (Promega, 100
pl) FE 4R A, AL %% % 6 AL (Lumat LB 9507,
Berthold ) Jlll 7 %¢ ' 28 i (4 106 M. 200 i 28 i b 1Y
HHEHE M BCA protein assay reagent kit ( Pierce)
R & E , OD {E I B b5 4% ( Bio-rad 550) Jll
T RESE R 570 nm. 1 3 A P47 R HdE L
I = AR 22 (SD) £ow. P ER KBS B
FRR TR, Y P <0.05 i, 2R A 50t

MR gk 9Ot E A R IK I % A CCD
(Roper CoolSnap Color) f) Olympus IX 70 ¢ 5t {5
A 22 0 U LR
1.7 HEFERENE

BEL I, 2% R B SR g AL A KT S R SR
(1 mL)#1 MTT(60 pL,5 mg/mL) ,37°C153% 4 h.
AN R E L B ALAA 0.8 mL DMSO, 2 5% ¢
5 5 min J5 JHEEAR X ( Bio-rad 550) 7 570 nm 4b
WA OD fA. LA 24 LR F5 M I 35 5% (9 48 A 1)
FEIE AR S BRI 3 A SEATRE B DL ME +
b Qi 22 (SD) 2
1.8 DNA = § 58 5l E

23 Kl 45 19 film 1 film 3 film 4 film 6  film
7 Flfilm 9 RIAE 1 mL #) TE(pH 7. 5) Z& vt
1E 37CHCE —E R E 5,4 1 mL i TE 22 0 75
ABEOE VBRWIEE ,BC100 WL FiH T &,
JEWANFE 100 L B fif TE 22 Wl I 4k 2232 10 16
BRI R A R AWy 10 mg/mLL, &
R Z 35 € 10 min, f# 25 PAMAM/DNA & & ¥,
fift B3 Hi Ok 9 DNA (pGL3-Luc) A% £ A Quant-iT™
PicoGreen® dsDNA Assay Kit( Invitrogen ) i& 5] &
.M 3 A A7 R, Hlle DL Y+ b e 2=
(SD) #i.

2 HR5UE

2.1 DNA E5YHH &

Sy il B BT A T R DR AR R A R S R
AR/ DNA &5 W) 91K KL+, SR 5 B 3 28 44 0K
A RN IS 3 o s R N e N B
TR/DNA &5 W 94 KR, 1 56 HIAl 1E B far 19 )
K4 F PAMAM 454 DNA, JE B N/P Itk 20

f) PAMAM/DNA 52 & ¥y, HC 3% T o 4 1F 1y 3T
2 (heparin) J& — Ry 57 VEZE 20, 73 i A
5 PAMAM/DNA %5 4, £ % PAMAM/DNA/
heparin = JC & & ). B 1R B9 4 9 R AL AT R
(heparin-biotin ) 4, A] i i< § # /F HH 5 PAMAM/
DNA %5 &, £ 1, PAMAM/DNA/heparin-biotin =
TLE G . BATLLRTROTFE R, 2 = e &9k
heparin/DNA . heparin-biotin/DNA H iz H, iy 2
i), DNA F] LA AT R 45 5 72 2 5 W b, K W
H B A RS /N T 150 nm. 5 PAMAM/DNA 42
FTYMILE, T ImA TR AL G, =B G WH
T I L A TR AIR
22 ATERNSEREGERENREY

P 3 5 A & S A% 38 B9 B 4 PAMAMY/
DNA, PAMAM/DNA/heparin #1 PAMAM/DNA/
heparin-biotin & & ¥ 44 KL T 19 o] [ &5 40 F R
RRR (DL-NAEHR) (CA-(DLL) ). HE5H 5
PEOLFR AT AR & F w96 3¢ fF CA-(DLL),
BAT A, i B AT S b BT B RE o 7 i
ANEMRE (M, =5.4x10° , M /M, =1.37) , 5 it
FURREfigp o R L R R 5 (DL-PA 22 R ) B, 3 T AR
R RIS DNA (&4

Wb, 7 AE i A R AR 4 DNA 25 Wi
e, ATE R R P IMA T KBS 73T o, B-
R(N2-ROH)-L-RABEM (PHEA) (M, =4.2
x 10", M /M, =1.27). #4552 FE of ¥ PAMAM/
DNA, PAMAM/DNA/heparin FI PAMAM/DNA/
heparin-biotin & & ¥ 49 KK F in A 2] PHEA &
H, SRR 43 CA-(DLL), .
2.3 ERNSEEEABRHERNG & RRIE

FH T B A 5 B PR A% 3 A AR AT 9 R, g
A & #F m 1 2 PAMAM/DNA, PAMAM/DNA/
heparin FiI PAMAM/DNA/heparin-biotin [ ( film
1.film 2 film 3), % 1M 1 2 PHEA {f $7 ¥
PAMAM/DNA . PAMAM/DNA/heparin il PAMAM/
DNA/heparin-biotin f{ i (film 4 film 5 film 6) , L)
M43t PHEA {3 7 ) PAMAM/DNA , PAMAM/
DNA/heparin Fl PAMAM/DNA/heparin-biotin [
JE(film 7 (film 8 (film 9). EATHI G5 TG % 1
H

A5 W) A % it T R A R U T A i B R
96 h J& iR T 55 eh 450l A B LI (BT 1) . R
film 1 film 4 FI film 7 7 F i A #0474, 76 40 0
B R Wi 96 h J5 R R B T 1 £ /AL
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B, R B oy 7 I & A= T B . CA-(DLL),
TE 240 0 35 5% W B i A [ B 8] 1 43 it B SEC-
MALLS 7% , 7E R fif 48 .96 F1 144 h J5 & 14+
AWk 5.3 x10° (M /M, =1.25),5.1 x 10°

(M,_/M, =1.53)F15.1 x10°(M_/M_=1.40). 5
I 2R R R FLR A L, CA-(DLL) , A9 [ i ok R
P, R T S i B AR/ DNA &5 W DL S A

Table 1  Structures of complexes loaded films for substrate-mediated gene delivery

Sample Film structure

Film 1 Top: PAMAM/DNA complexes; Bottom: CA-(DLL) ,

Film 2 Top: PAMAM/DNA/heparin complexes; Bottom: CA-(DLL) ,

Film 3 Top: PAMAM/DNA/heparin-biotin complexes; Bottom: CA-(DLL) ,

Film 4 Top: PAMAM/DNA complexes in PHEA ; Bottom; CA-(DLL),

Film 5 Top: PAMAM/DNA/heparin complexes in PHEA ; Bottom: CA-(DLL) ,

Film 6 Top: PAMAM/DNA/heparin-biotin complexes in PHEA ; Bottom: CA-(DLL) ,

Film 7 Top: CA-(DLL),; Middle: PAMAM/DNA complexes in PHEA ; Bottom: CA-(DLL),

Film 8 Top: CA-(DLL) ,; Middle;: PAMAM/DNA/heparin complexes in PHEA ; Bottom: CA-(DLL),
Film 9 Top: CA-(DLL) ,; Middle: PAMAM/DNA/heparin-biotin complexes in PHEA ; Bottom: CA-(DLL) ,

es

4 ) () r’
59, Da5a
—-_,‘\ ¢ Lo ] % %6

Ay 0
]

Fig. 1  Surface morphologies of different films before degradation and after degradation for 96 h; (al,a2) film 1

before degradation/after degradation, (bl,b2) film 4 before degradation/after degradation, and (cl,¢2) film 7

before degradation/after degradation

Pl 2 J& DNA DA [F] B e i B i 4. 42604
BE5YWHEELRTH film 1 film 3 film 4 film 6
BETT DNA (1% 3 56 W Gl P T4 52 5 W) A0 3 76 7 3R
() film 7 1 film 9. %t F film 1 film 3 film 4 F1 film
6 ‘BRI DNA (1) 3 38 BEASAH 2. X T film 7 FI
film 9, K &2 & W o B E R G W IR, HR ik
% CA-(DLL), By R fig 2 1, B et (H i F
CA-(DLL) , R fif ol At , BRI AE R ik 144 h J5
Y96 40% 1) DNA 7] g R ok
2.4 {KSMHBREE LR

A RS G pGL3-Luc %% Yt Hela 4 il (1) %%
B MR AL R A 3. X% T film 1 film 2 F film

3, TERA WM PHEA {47 DNA 36 Pk, [4 1 2 ]
PRV BAR. P AR RS £ FE v DNA 5 %)
BT T AR 5 SCR 4 1 A R o BTRE DNA Y
PG B 45 1) W] RE B UK, S BOH: B UL OE P 4
AU B 3 @R, A PHEA J5, film 4 film 5 F
film 6 B YLK L film 1 film 2 F1 film 3 4351 5
AN B G AR S IR AT AT A A ST A5 S R A
L BRI DNA 525 W) 110 B g 1% M 52 i AR
KA TK & 4y F PHEA 1] DUA 8- +F DNA
T, AT 306 75 6 ) 8 e R 2 PHEA
P47 DNA &4 W) A 3 78 9 38 (9 B (film 7 film
8 \film 9 ) Y FRIXHOR W 43 HIMIK T4 PHEA {471
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Fig. 2 Release profiles of DNA from different films: (a) film
1, (b) film3, (c¢) film4, (d) film 6, (e) film 7 and (f)
film 9

1x10'°
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1x108 -
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1

Fig. 3 Luciferase expression of film-mediated transfections
in the HeLa cells; (a) film 1, (b) film 2, (c¢) film 3,
(d) film4, (e) film5, (f) film 6, (g) film 7, (h) film
8 and (i) film 9

DNA & & Wy 1 2078 & T8 /Y B (film 4, film 5 F0
film 6). X ZF AT film 7 film 8 film 9 R AH—
JZ CA-(DLL), Ji&, AR & B Al o AR B R H 2 AT 4K
W% T DNA 8 W) R AR 53 Ah, AR R Fe AT
DA 8 BF 58 SOk 48, 5 E ) DNA 25 ¥t n]
LA B4 0 0 R L P A T e )2
CA-(DLL), FELBH A DNA &2 4G ¥y A H: 9 40 M 7+
Wt , AT el 266 PR 3R 3K K P A1

WAL TP 3 Fr s, FH A [) 235 44 1) 15 47 80 [
DNA &Y/ 5 5L % e (i 45 R R T 7E R 2 4L
EWT , 7128 PAMAM/DNA/heparin & & ¥ ) film
2 K film 5 4G & K2R 3K 1 K P 53 50l W g T 97 2
PAMAM/DNA % 4% film 1 J% film 4. 3237
VAR W AR % e 09 WF 5% 45 3R, i o 2 E i
PAMAM/DNA F14 1 H 9 heparin [H] /) #t H 5] )
H 20 3£ i PAMAM/DNA/heparin & & ¥) )5 , th
T B W AT A IF R BEAR TR T R SR T LA, 2

T AR A BT AN R A W B BRI
M T 8 PAMAM,/DNA/heparin & & 4 () 3% [R5 e
RO E T PAMAM/DNA 544 55 7 WO %
AL, BB A S N f% 8 o PAMAM/DNA/
heparin & 54 5 PAMAM/DNA & & %) 00 5% 4L 51
R IE NN, 1713k PAMAM/DNA/heparin-biotin &
AW film 6 A film 9 7F HeLa 4 il v 4 5 3 K
FERAK 430 8 5 F film 5 0 film 8 (TP <
0.05) . FRAT LA A B ¥ W AR % e AF 5% 2% W] i 7
245 W) 3 M 5] A heparin-biotin 7] DL g 3 2 5
HeLa 4 it X} PAMAM/DNA/heparin-biotin & & ¥
R IR, 4 B 0 WA e e A R X RN R
GYFRE AW E LIS HeLa 40 3R 18 149
FRAZRAE 38 2k e e PR 9 A B e A O, AT
R FE P R IR KF

HeLa Z {075 96 h I (1% 5 ' & Mg 14 2 1k 7K 7
B0 5 T 48 h Ik X T A 5 0 B R AL 0 R 5,
DNA & ¥y ik i W B A 5l 2R 6 0 I e ik 22
PR, Fifi A I 8] 1 15 0 B RS i DNA &2 5 ¥ &
B DR ok 5 DR 3 38 K P AHL I B G i ) KT
96 h J5 , 40 M O 2 4 85 3R A, BT 4 A 1 i
FHIVEH], 4t B 53 2408018 , 3 144 h i 5% e
TR

FHAR 28 7 YL AE 85 37 M L 15 3% 169 40 B A ol X
BOTER A IR A S 4% 0% 96 h J5 , HeLa 41 Jfl i) 47 1%
FH MTT EDE , 25 R 4 Fros. A5t i
O M BE P R T T 2 DNA &2 & W) R T
WIER TSR A, X T film 7 film 8 film 9, f T
£ DNA & & W) w43 B 76 By &8, B SR CA-
(DLL), PEREfEAR P, (A2 DNA E G %A 5%
4> 5 HeLa 41 Mo 42 fih, i L) film 7  film 8 #71 film 9

120
100 [ _}
g 80 —I_ %
z t Hoh oM
Z oof
=
3 40t
20
0 1 1 1 1 1 1 1 1 -
a b c d e f g h i
Fig. 4  Cell viability after film-mediated transfections: (a)
film 1, (b) film 2, (c¢) film 3, (d) film4, (e) film5, (f)
film 6, (g) film 7, (h) film 8 and (i) film 9
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() 40 25 P dgs /8. T film 4 film 5 1 film 6 (4 40 i
FE05 M 5 T film 1 film 2 1 film 3,3 7] A2 A
o PHEA (474207 T DNA 52 4 ¥ b 41 fifd 1) 75
,@.

h T G S R Y B ROR, AT
5N — PR FE A FORL pEGFP-C1 4l 45 (14 A ] &%
P B 5% Y HeLa 20 i, 25 5 WAL 5. %4 % 96 h

J& BT B i) HeLa 20 i #8235 T 1 98 A 4 (4
PN M5 T LLEH film 4 film 5 film 6 4
GG R S A 0O E T A N W B T film
1 film 2 film 3. H o film 6 /S5 Tk 4@
PG IR . IX L B 0 SO 1 1Y RIR SR 5 YO
B AR5 R E — B,

Fig. 5 Enhanced green fluorescent protein expression of film-mediated transfections in HeLa cells: (a) film 1, (b) film 2, (c¢)

film 3, (d) film4, (e) film5, (f) film 6, (g) film7, (h) film 8 and (i) film 9

BR T Hela Z0 51, F AT BT 5T T BEA T 752
JCERMEHE N AE 293 T 40 Ml i) 5% e, 25 SR DL AT 6. A

Bl a5 Hela Z0HIZE L, A T PHEA {47
DNA & 4 W13% M5, film 4 film 5 film 6 4 G4 4
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RIKMPOCEBE /0 & T film 1 film 2 film 3. i FERIXWAEY R Z K, Btk PAMAM/DNA/
Kt DNA &AL EB P HAELSE T DNA & heparin-biotin &2 & ¥ F Ifi 19 2E ¥ IF A g4 &
B R, B film 7 film 8 (film 9 3K A2 293T 4 g % 52 & 1) H IR
Z WS ST film 4 film 5 film 6. 43 31 4% film N
5 1 film 6 D K film 8 F film 9, H: 3 A 32 3k 7K OF 3 &k
B 25, X N 293 T4 i B 2% it B A i I BF 2 K W) R AL IF % & 1 PAMAM/
IX1010 DNA, @ #f [ 41 % 4> 3 % % T PAMAM/DNA/
heparin I PAMAM/DNA/heparin-biotin & & ¥,
= ol iBINE I PR W A 1) L 30 B Ak 9 2 750 3R ( DL 5
H N Fis ) TR £ 280 336 46 5 4 0 P T A 9 R e I
g SN B 2 Y 2 WA E T AR 0 R R HE VR, fa 3R
5 1x10% | PAMAM/DNA/heparin-biotin f i /4 § 3t [ 7¢
HeLa 2 fifg v 35 X 3 3k A /K S A T 482 585 , 1T 76 35 A5
a0’ LLLLLLL L L S W) 3 32 R I R 2 K I AT L Hh Y 2 kK O 45 B 3k
PAMAM/DNA/heparin [ 5 #H 4. 78 0K % M &
Fig. 6 Luciferase expression of film-mediated transfections 47 PHEA A {47 DNA 368 IR S RN SRR
in the 293T cells; (a) film 1, (b) film2, (¢) film3, (d) %E{J;&%; ﬁ%ﬂ%ﬁ@ﬁ%ﬁﬁﬂ:%}ﬁﬁ@%%ﬂ%
film 4, () B3, (D fim 6, (g) flm 7, (1) film § and () LA L ) A 00 AT A RV £ R £ 338
(e VR , 25K PR 412 TSR AT 691 D B
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STUDY ON SUBSTRATE-MEDIATED GENE DELIVERY
SYSTEMS LOADED WITH HEPARIN AND
HEPARIN-BIOTIN MODIFIED NANOPARTICLES

ZHANG Qiao', WANG Jun’, ZHAO Dong’, CHENG Sixue’
(" School of Material Science and Engineering, Wuhan Institute of Technology, Wuhan 430074)
(* Key Laboratory of Biomedical Polymers of Ministry of Education, Department of Chemistry, Wuhan University, Wuhan 430072)

Abstract The negatively charged heparin and heparin-biotin were complexed with the positively charged
PAMAM/DNA via electrostatic interactions to prepare PAMAM/DNA/heparin and PAMAM/DNA/heparin-
biotin complexes, respectively. By using a fast degrading cholic acid functionalized star poly( DL-lactide) as a
matrix and a water soluble polymer,a,B-poly ( N-2-hydroxyethyl) -L-aspartamide (PHEA) as an additive, thin
films loaded with PAMAM/DNA, PAMAM/DNA/heparin or PAMAM/DNA/heparin-biotin complexes were
prepared. The in vitro substrate-mediated gene transfections were carried out in HeLa cells and 293 T cells. The
results indicated that the complexes loaded polymer films could effectively mediate sustained transfections. The
PAMAM/DNA/heparin-biotin complexes loaded polymer films exhibited improved transfection efficiency
because the existence of heparin-biotin on the complex surface resulted in an enhanced cellular uptake for
HeLa cells due to the specific interaction between the biotin moiety and the biotin-specific receptors on Hela
cells. By adding the water soluble polymer PHEA , which could keep the bioactivity of DNA during the film
fabrication, the gene expression levels could be significantly improved. During the cellular transfection, the
degradation of the polymer films did not show any negative effects on the gene transfection.

Keywords Substrate-mediated gene delivery, Heparin, Biotin, Self-assembly, Biodegradation



