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Abstract: Polyethylenimine (PEI) is one of the most characterized non-viral vectors. It can condense DNA in a good manner
and achieve high transfection efficiency. Minicircle DNA (mc-DNA) is a novel kind of supercoiled DNA which is devoid of
bacterial backbone. mc-DNA is superior to conventional DNA for its higher transfection effciciency and longer time-span. In this
study, we combined PEI and mc-DNA in gene delivery system. We investigated the physicochemical and biochemical effects of

this non-viral system and further explore its potential in tumor gene therapy. mc-DNA was obtained by recombination of parental
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plasmid in the presence of L-arabinose, and complexed with PEI. The results of transmission electron microscopy and scanning

electron microscopy showed that the particles were spherical and homogeneous. Through gel retardation assay and MTT assay, we

found that there were no obvious differences in binding capability of PEI to mc-DNA and plasmid DNA, as well as in

cytotoxicity. The results of dynamic light scattering showed that the size of PEI/mc-DNA was about 68 nm, a slight larger than
that of PEI/plasmid DNA. Furthermore, the tumor cells transfected with mc-GFP showed higher GFP expression level than that of

conventional plasmid. The same results were achieved in the cells treated with tumor-suppressor gene pten, assayed by RT-PCR

and Western blot. It indicates that the system of PEI/minicircle DNA is promising in gene transfer.
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(DMSO) %0l [ 5 [H Sigma-Aldrich 23] ; FR#&1EH
LI AL [ 0 7S TaKaRa 2w 2 I35 16
[l Hyclone /A #; DMEM W [ 3&[# Gibco /Al ; it
R & F1 TRNzol Total RNA Reagent 14 [
[E TIANGEN A= RHE A FRA R ; M-MLV 3 5% 55 fifg
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pEGFPN1-2 BUR AR 1755 CMV-EGFP-polyA
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(DynaPro Tian, Wyatt Technology Inc) #47& .
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il % PE/mc-DNA &5, Kl w19 & 5 Wik
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1.4.5 77 TR (SEM) YA K BIH A
Z51

FHAE UE U AR Ok, =R Nk T, R
FH &AL, SR J5 P WA I3 L 4 el 4R AE — 1> stub I,
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LA 10YFLIERNT 96 FLML (hZ AL LHE
PBS i75), fE 5% CO,, 37C&MFE 24h, Z
Jr 2y DMEM JCIfiLig B 95 2%, IFRE AR N/P LE Y &=
BYIMASILAE T, 5% CO,, 37CHFE 24h )7,
FALINA 10 uL MTT W (5 g/L), 4kZERG SR 4 h,
WAL IEFRW, BFLIA 100 L DMSO, #H IR
AR 10 min, 45 RPN HERI
G FERMALAE ODsyo A0 A FLIWOGAE , 1540
FLAEE %
1.6 “HEEtEFERNEE S

MMIAE S 10% JG4FIMYE . 2 mmol/L L-75 Z Ik
Jfi . 100 U/mL %% F1 100 mg/L %55 Z i) DMEM 5
FH (37C, 5% CO,) WMGREA A . e Y Hine 20 iy
e 1< 10YFLEA T 96 AL AFL P, F& 109% 54
L4 B DMEM }5FR 5555, Y 4 ik B2k 5] 809% ~
90% At , K1 7% 340 DMEM JG IfiL 75 K5 77 3 1 4%
YeFFE N/P LI EY), BALE ABUR Y &0
03 pg, 7E37C, 5% CO, HiFMTHE 4~6h, 2
JE R 10% 1ML B DMEM 85 358 38, 4kLkiiof
30 h, BTSRRI, FEUA I GFP & KA
FHE 296 WAMEE (Axiovert200, ZEISS, Germany)
Rl
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1.7 #ZEE RT-PCR
e 5x10° 4N, JH TRNzol Total RNA
Reagent J{ARKHE H Ui W 11 J2 LS RNA, B 2 pg
RNA, 1 pg Random Primer, DEPC /K%M 10 uL;
70°CAKEANE 5 ming VK EIRE S MA 2 pL dNTPs
(10 nmol/L), 1 pL RNAse inhibitor, 8 pL 5xReaction
Buffer, 1 uL M-MLV ¥ % 5% i, DEPC /K #h % 40 pL,
37°C/K¥ 1 he #RJEHEFT PCR, PCR MRV 451 A -
94°C 5min, 1 MEH; 95C 30s, 55C 30s, 72°C
30 s, 30 MEFR; 72°C AAL{H 5 min, pten BY IIiF
51%). 5'-GAACTGGTGTAATGATATGTGCATATT
T-3', FiE5IH: 5'-ATTTTTTGTTAAAGTAAGTAC
TAGATAT-3'; B-actin 1 Lii#514) 5'-CTACAATG
AGCTGCGTGTGGC-3', #5149 :5'-CAGGTCCAG
ACGCAGGATGGC-3'.,
1.8 Western blotting #& | & B &K i&

Wi Ah B R AR AL BREY 293 T R, FH 1P 4AffiZ
R RO FE H, H Bradford ¥l B E AW, 45
B 40 ng B H#EAT 129%1% SDS-PAGE BERHLTK , #&
JETEVK | 300 mA SRAFTHME 1 ho 5% BiE 0k %=

Xho 1
/
5pe ] — RSP EGFP TpolyA}{atc?
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FI TBST $edk 3 UK, HHINESEA AR ALY A Y
THUEIRIEE 1 h, AR5 HBER AR AU

2 &R

2.1 EBEBIRFRRAF/NIN DNA BEBYIEE

/NR DNA Wi B 1 iR, p2@C31-
EGFPN1 H Spe I HLUITS 225K T 10 kb 1Y 7 BL,
5WgE R —38 (B 2A). p2®C31-PTEN Hffi Afi
1 Spe 1A Xho 1 WLGVIAS 224 9.7 kb B4 - BL Al
292.3 kb 1 pren FEH )1 B, 5 HUHES R —2 (K120),
pShuttle-PTEN Fi{fi A7 5 Xba 1 Fl Not 1 A1) 45 2]
247 4.0 kb B BEFZ) 1.2 kb 1Y pren HEH FEBE,
51— (B 2E). /NF DNA 19 s 3k TG D) L ik
iR (K2B,D), %55 7413 219 minicircle-GFP
(mc-GFP) Fl minicircle-PTEN (mc-PTEN) 1 HL Uk 5%
WARSE, FHLLEONF , oA A REPR R4 B B 2R 4
FLi 555 o {55538 B2 40 M 7R me-GFP 1 me-PTEN (1)
I 5 B DNA 9 95% L) b, TEHISEEs rh/NERE
R A,

Xho 1

p2®C31-PTEN
12 020 bp

BAD I-Scelg

att B

32 L-ara2-4h
37 L-ara2-4 h

Pcmyv

minicircle-PTEN

2360 bp

~ minicircle-EGFP
B 1 680 bp
<
~ polyA H EGFP - BGH H
1 p2®C31-EGFPN1 # p2®@C31-PTEN FR#iiF S =% /\ 3k DNA B~ EE
Fig. 1 Diagrams of p2®C31-EGFPNlor p2®C31-PTEN and production of mc-GFP or mc-PTEN. Flow chart of ®C31

integrase-mediated intramolecular recombination of p2®C31-EGFPN1 and p2®C31-PTEN. The resulting products are mc-GFP and
mc-PTEN, respectively. BAD: araBAD promoter; araC: araC repressor; attB: bacterial attachment site; attP: phage attachment site;

attR: right hybrid sequence; Amp: ampicillin resistance gene.
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Fig. 2

Identification of DNA with (+) or without (-) enzyme digestion. (A) p2®C31-EGFPN1 and (B) mc-GFP digested with or

without X#o 1. (C) p2®C31-PTEN and (D) mc-PTEN digested with or without Spe 1 and Xho 1. (E) pShuttle-PTEN digested with or

without Xba I and Not 1. M: DNA marker.

2.2 DNA T LI tbiE PEI £& DNA BIgEH

/NER DNA K858 T 405 B 42, 7 DA L3 38 Jii
ki DNA Z/h (B 1), BT ZENFGT 8, RHE
TR A K/MEAEEF TR A siRNA (W8 ) A7
FE I & DX 2R T LR AR SR R B e B S 56
BRI /N DNA 5 Bk DNA K/INY 22 500 2 5
0 PEI EAWIEMAES . SR ExR (B 3), BH
Yy PEI 785 45 WiFh DNA ffiE 1 1384 A . IX 51 7
N/P Lok 4 s KF 4 BF, AR 2] Bk DNA F/h
PR DNA B4, Uil 24 N/P {H 4 4 I, PEI AEf%5¢
44X 2 F DNA,

0 1 2 3 4 5 6 7 N/Pratio

3 ERFRPEE IR LA PEI £ 5 Bk DNA #1/V2F DNA
B9 RE

Fig. 3 Agarose gel electrophoresis of (A) pEGFPN1 and (B)
mc-GFP complexed by PEI at different N/P ratios. Complete
retardation of PEI/pEGFPNI1 and PEI/mc-GFP were achieved at
N/P ratio of 4.
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i 5 3h A5 G HUS 00 PET&Z A OB DNA /)N
R DNA J5 I R 40K B0k (ki A%, 45 R R Z AW
PEI/pEGFPN1 Ay ki 12 A (62.4+0.8) nm, EH Y
PEI/mc-GFP [JKifE A (68.4+1.8) nm, PEI & & /N
DNA JE i UKL R A2 K T 524 Bk DNA JE LY
WORDRIAZ , 459 5 2§ Park 2R AOIREAHAE AT, X
A] fig J& i T OB VR DNA - 945 DR 2 F ok
DNA [+ N5 Y
24 BIEWRPKTMARSEY

Wt S S (TEM) MERESE (SEM) W
%X PEI & /NI DNA JE B0 99 K Uk i T A5 4514
MEH LA HE A Y PEI/me-DNA fERSTE A/
¥— TR 9K R (B 4).

B4 EHBFERREMAEETERENZIANES
Fig. 4
electron

Transmission electron microscopy and Scanning
microscopy of PEI/mc-DNA polyplexes. The
polyplexes were formed in 150 mmol/L NaCl solution with a
DNA concentration of 20 mg/L and observed by (A) TEM and
(B) SEM. The polyplexes were pointed by arrow.
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2.5 MTT AN E ST Haa &

FATH MTT %% %8/N 88 DNA FIFURL DNA JE
E AP A B R, LS TR LUR IR, 2
FpAZ A YT AN A BEPEREE N/P LI s
PEI & & /N DNA K& 4 Bk DNA JE B 448 K 6t
7T 240 L 25 1 1) 2 i 2 A B S A X

A
100 [ —x— PEI/mc-GFP
—&— PEI/pEGFPN1
80
E 60 [
)
&
>
40 ¢
20+
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N/P ratio
B
—— PEI/mc-GFP
100 I —&— PEI/pEGFPN1
g
= 80
&
60 %

5 10 15 20 25 30
N/P ratio

5 MIT N ESYRIABESE
Fig. 5 Cytotoxicity evaluated with the MTT assay in HepG2
(A) and HeLa (B) cells. Results are presented as x +s.

2.6 T gfp Z2EHY/NIR DNA FFRAL DNA B
X2 R LR

Pt BT WEE 293T, MCF-7, HeLa 4ijfdrh
GFP ik, R ExR (K 6) 2 MR &YW
FfL A B B G R, OF BB &Y PEl/me-GFP
AR R AR BEP Y &S TEAY PEY
pEGFPN1 MY . RIS YL/NA DNA JE B
AW B 3 kL 2R 40 s 1 KRR .
2.7 RT-PCR [LEH#ET pten EEAY/NIR DNA F0
[RHL DNA B RIZE

R it — R R PEL K 45 /N R DNA (384K R 421
FHE i B IR I 471, A RNA KPR

K B HEAF M SE R pren /IR DNA FLTURL
DNA REGHREHE

RT-PCR WZ5R R (B 7), H%ETELEY
PEI/mc-PTEN [#J 293T, MCF-7., HeLa 41/{g"/' PTEN
FyFRIR I B TR Y T 2 5% PEUp2@C31-PTEN
MR AT, R RS E TR RS, #5H pren
FER /N DNA &R 485 A T 5 ) mRNA 58K

293T MCEF-7

PEI/pUC-EGFP PEI/mc-GFP

6 PEI £ 55K DNA F1/)V IR DNA 2 BB 49 K Sk 4%
FffE GFP RIEERIEEE (100x)

Fig. 6
expression in varied cells at N/P ratio of 15 (100x).

Gene transfection efficiency examined by GFP

1 2 3

- — .-q-b q\ B-actin

293T

PTEN
B-actin

PTEN

HeLa

MCF-7
Iﬂ gu .

B-actin

7 RT-PCR LL#/NER DNA K R F0E i@ Bkl DNA K &
HRMAAEH mRNA KF
Fig. 7 Analysis of PTEN expression by RT-PCR. Total RNA

was extracted, reverse transcribed, and amplified. RT-PCR was
carried. 1: pCDNA; 2: mc-PTEN; 3: p2®C31-PTEN.

2.8 Western blotting LbiGiET pren EFE Y/
DNA FR#¥L DNA 7E20 R0 AP Ry RIEE

Western blotting SZ 545 5 B (& 8), mc-PTEN
BEYLRy 293T 4iffif PTEN M ERXERER T
p2®C31-PTEN %% JL [ fifffi b PTEN [y 3Rk, #F—
BN A RIBAKF U /NA DNA - R 5 Lt 38 ks
DNA R4 HA T S FRAZE, 1M me-PTEN §4 4L
(1) MCF-7 41 ffd v 3 b 2 50 RS2 AR B &, 3K m] g2 iy
F MCF-7 1% Yo 0% LB AR i o
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1 2 3

. =B
- _w B-actin

- —

PTEN

293T

PTEN

MCEF-7

L —— — - B-actin

8 Western blotting L3 /\ER DNA KR 1AL DNA

RREFRIMEM P PTEN ERMNEAREYE

Fig. 8 Protein expression of PTEN in human 293T cells and
MCF-7 cells by Western blotting assay. 1: pCDNA; 2:
mc-PTEN; 3: p2®C31-PTEN.

3 ik

TEid BT AGE T, /N DNA T840 /K ¥ 1)
e F R A IR FUA 20, MH] PEL i3 8/N
DNA WBFFANA Park 54 BLAWF 58 /N 32047 3 AR
FARAEN AR PET 328 2048545 IR B 22 3% R A9 /N
I DNA 697 1T BN, st ge 4 iR o il
FH/NFR DNA R Geialy AR IE 2R I A i Rk i W 3%
o T BORL R G Rk i . Btz Ah, KT
PEI £ 22/NFF DNA X — &5k 2 i #Ae e, DL
TR TR 240 L e 1 A 2 S0 A D TR B SR TR
FHRAHGE . AW PEI A s 5L gfp A
WL A pren I/NE DNA, FHFI &R R F B L
BOZ MR R AT R, DNA {4 F 1 BAL A A b 5 Y
725, ¥5F PET L8 /N2F DNA 1 ARIR S 80k R Gi7E
I 96 2 L s PR A% e v B T AT

W7 45 53K W] PEI BRUETR 41 1Y 52 & /N3 DNA,
It EHIE B — REIN A 9 K JBURE , JORL A LA R /Ny
(68.4+1.8) nm, 5T R 100 nm £ 45 F 48 K B0k
i 3 LA B RE S AR I 1 B 4 B bR A, X
B TR A A7 200~400 nm YA BR, /NT
XA RS B A K UKL RE A% 8 o I B A M 4H 21, X
M R FR A enhanced permeability and retention
effect (EPR) =", Nitt, # PEI & 4/1N¥F DNA
(18 20 K AORE I F T g B RR 7 e, AT RERE RS SE R
Bl iR A2, T D s RIVE A .

A % BRAL M BT B K B, PEL B A /NER
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DNA FIE & ki DNA 22 9F A 2R &, (HELL
PR IR A0S GFP B35 R B, A HLEL
ki DNA RG0K1E, /NF DNA RGERES S E N
ML BTGP CH] B 2250, PRI Rl 2
B B JE T /NA DNA H B SB1R 0  #F 5T 3
B3, BURL DNA H (% 4 B B 4R B8 68 7 25 1) _E =
SR 5%, /NER DNA T2 Bk T 400 B 28 i 25 Bk
TR IR P R A8 ST A R A 2Rk

BT 2R PELZ 8/ 98 DNA 13 P A% 4
RGAEMRIGIT TS EN A, A TR FE A
pten I ABX—Z G, 455K /NA DNA
F G5 S FUR. DNA R4 HA B m i Fak i, W
I BB 8% R T R 1 RS R o 2 A ST /N ER
DNA #47 IFNy /77 &M i mpgd N R, IF HLEUS:
RAFRIRCR, /NFE DNA £ IFNy [ &5 B AE 7L
RS R TR A N T A ES S
& DNA 7 g 55 G 7 77 T al AT PR SR 4L T 3
SERR AR AR SCHE

SR, PEI B A /N DNA B 2 G0 F 58 5
FLRGEHRMNT, AEN EER R MR EE, L
Je BB ATy T Bt — 2 XK R G AT B M AR KL
ol /L% 200 i 1) FE R AL B 451405

Zi ik, PEI & 4 /N3F DNA REASTE Wi 34—,
T P A K ST, i LR 1A B4 0 A P e 4 i 2 e
B L 58 TR R G0 T i R AR AR ER T
PEI & & /NFF DNA (28 R e A S B 5 b 24 e
B EN R
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