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In vitro evaluation of cationic liposomes prepared with oligopeptide-based

lipids for plasmid DNA delivery

CUI Ye, WANG Lu, SUN Qiong, ZHANG Can”
Center of Drug Discovery, China Pharmaceutical University, Nanjing 210009, China

Abstract Cationic liposomes( CL) were prepared using ditetradecyl N-lysyl-L-glutamate (T,GL) as cationic lipid
and soybean lectithin as helper lipid. Lipoplexes( CL/pDNA) were formed between the CL. and plasmid EGFP due
to electrostatic interaction. The particle size of CL/pDNA was assayed to be (132.3 +1.0) nm while Zeta potential
was +(31.35 £2.99)mV. Both CL and CL/pDNA were unilamellar vesicles in terms of morphology. The release of
pDNA from CL/pDNA occured when incubated with the appropriate concentration of heparin. When incubated
with DNase I, there was no change to CL/pDNA but there existed degradation of pDNA, either naked or bound
with Lipofectamine 2000. CL/pDNA was found to possess the highest transfection efficiency ( TE) at N/P ratio of
3 and pDNA weight of 4 pg. TE of CL/pDNA was evaluated using 3 kinds of cell lines. In A549 cells, CL/pDNA
yielded almost equal TE but much lower cell toxicity if compared with Lipofectamine 2000 reagent. Therefore, it
suggested that CL/pDNA be a promising genetic vehicle worth of in vivo evaluation.
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PERR BT L H B 25 3k 30 S 7K b K B A
o WFTEAR I, LATERRAE AR B B 38, B
HEBEEAE B K ER 3, P 3k B4 s 1 5% Je iR M i
RAEE " o SRITHE DR R4 BT — S A 4T
TR, # RETE U reg 4 e v S 3 s 58 e, % T
FEE R T U A7 2 R )

AT LASE B0 2 H ] ) s e =Rt
PUBSEEE A BB 7 55 e B A kL, 1R & K Sk e
S100 il #5453 1 T 5 IR0 BH B 7 A5 B i, 5 4
o R 2 {6, 5¢ Y6 85 M i F7 ( plasmid enhanced green
fluorescent protein, pEGFP) & & J5 %t A549 MDA-
MB-231 2 HepG2 3 Fofr A5t Ji g 41 o ik it 47 % 4,
FEAZ A B YRR, I 0 HAE R A0 B AR
PV ARG E P A RSy T HE T TR

1 # #

1.1 Zha5X7

Jobr/ MR & (A RARAEAE RO IR
A]) s RS S100 (PC, b 75 i 52k A IR
) 5 L A 2R T I B IR ( ditetradecyl
N-lysyl-L-glutamate, T,GL, 32 5 &= H ) ; JH & B%
(Chol, b ifg HAALRA FRA F]) s pEGFP ( SE 55
FEHLEP 49 ; Lipofectamine 2000 ( 3£ [E Invitrogen
25H]) sDNase | (B RAYEARITEI) 5 H B
(G52, IR S EIO A RA A s Hoailon i
Bt
.2 & &

ZetaPlus $7 £ #1752 1 ( 32 [ Brookhaven
Instruments 2y 7] ) 3 JY92- 11 N 8 75 % 40 i 455 w6 Bl
CT VR Z A DR A A B T ) 5 Tl 36 A 22 )
SEAX (S EFEE IR A R]) 8 B 2Ot B s (H
A BAAREETAE) s DYY-8B o fe 5 L UK (B ik
HEWBARTT KT o
1.3 etk

NVEAE/INAR A fii s AS49 20 g bk L TR LR 9
MDA-MB-231 il A0 A 5 -9 HepG2 41 L A%
H i 2GR R A AR A BE 15

2 HiEEER

2.1 BT IS
pEGFP Jiiki 7 DHS oo K% T 1 P it 47 47 44,
Fe R N F) G HE AT SR R At Ak, e Ah

IPIETCBEREINFE Asgo/ Asgo LA E pDNA 40

PRI BoRE DNA 28 B8 I BEL AT L Uk 7, AL
BRI BORL pEGFP 28717 i B — B KA 6ot
W E BRI R T, L A/ Asge 1. 87 (4l DNA
Asgo/ Aogo 210 1. 8) 1 JL 2 EE RGN 25K
2.2 A& TR RURARE FUR/ Fk 8o ) ) 4

SR P 73 HIOUE 1 9 BH 25 55 i 4 ( cationic
liposomes , CL) ''*' . K525 FREL T, GL 20 mg .PC 20 mg
e Chol 4 mg, fit /i 4 mL % fif, & T8 JE I o
40 CIR LA AU, 325 i B A 4K S ml,
37 CIKG 30 min, PR K A7 15 min, 4K L
0.45 um A2 0.22 pm fHFLIERENTS CL, & 4 C
o5

] ok iy 1 pg, 75 RN [F] Y CL 5 pDNA
B HEfar LU (N/P) o CL I A B BRI W Y, 27K E 25
250 L, R 1S s, i EHE 20 min, BITGFHES
THR B Fokisf 4 & i 51 CL/pDNA,

BUskr 1 g M Lipofectamine 2000 2.5 pl, 43
HADKER 2 25 pl, BIEE S min J5 4P
RA WA, EiRHE 20 min, 1155 59 Lipo-
fectamine 2000/ pDNA ,
2.3 BERYMAALN T

Bt CL J CL/pDNA #9045 50 L, 2l 7K fir ke 2
3 mL, e HoREAE N Zeta MG ASBIFFE il 4 Y CL
$if2 R (70.5 £ 1.4)nm, T E BN + (42,75 +
3.40)mV. FEMEAE NP 5 BKLE 55, BiAe
R IE 1 iR, B NPALEO0S ~3 2
[, CL/pDNA KA B, BT 70 WA ¥ 5 5 B
& N/P R, BiAe B ) A2 2 7E 130 nm
Zitio CL/pDNA f A7 I B N/P s 3 R T i
TR R IR, HERAFETE +30 mV ifq
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Figure 1 Particle size and Zeta potential of CL/pDNA at various N/P

ratio (x =s,n =3). CL: Cationic liposomes
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2.4 ZAHBAILE CL & CL/pDNA 1 2

I CL J CL/pDNA 59, 14 22 Bl A B [ 11 51
WL, TR L 2% BRASRRIE R e 1 min, T
B, TIES BT T WA IR IR, 45 R ANIE 2 Fr7s o
CL J N/P =7 f) CL/pDNA ¥ 5 5242 H0AR , ki
KNG BITE 100 J2 200 nm Ze45 , 5 HOEKLEE AN
TE BIAE RIEAR—EL

Figure 2 TEM images of CL(A) and CL/pDNA(B)

2.5 BAR AR d Rk

FREGHNENE 0. 6 g, 1 T HLIKZZ /P 60 mL
TR, FER HUG A Goldview Yefa i 4.5 ulL,
RAIH . 4 AN A N/P [ CL/pDNA, 5 1 B
20 pL 5V 22 il 4 pL RS, InE _EREFL.
HLZ L 90 V, LUK ] 80 min, T2 AMT R MLER
sl

CL X BORL i) A AOCR AN 18] 3 iz« B N/P
RS, bz i CL A3, Ui B3 1) DNA 545 5%
JEBWIE G, 24 N/P k5] 0.5 B, Bk 9 5 &4
L YkE 1 DNA 2555 2K o

M 1 2 3 4 5 6 7 8

Figure 3  Gel retardation of CL/pDNA under various N/P ratios
M: Marker; Lane 1-8 ; N/P ratios of 0,0.1,0.2,0.5,1,3,5,7,respec-
tively

2.6 REM®

2.6.1 AZE#HATN M NP=3 & NP-=
7 ) CL/pDNA , 43 S I A ] e 3 1 B 25 SR 7 90
fd Ly BE 43 31 R 0,20, 50, 80, 100 pg/mL, i JiE
30 5,37 CAKIGHRE | h, HATBURHREE R Ik . 45
SO 4 Frs ARV FE 3R B, B i Y

DNA Z&5 Hh B, 1l B A2 45 0 e i £ 55 A 8 R 255
R W BE T 2 80 pg/mL(N/P =3) J& 100
peg/mL(N/P =7) fif, DNA {f )\ SZ 45 1) B 4
ok, Hm N/P B S5 Wyt B0 g v B i B 7 A
AESIE BT 40 0 PR figp 2 28 T B DNA

Figure 4 Disaggregation effects of heparin sodium (A:N/P=3;B:N/
P=7) on CL/pDNA
M : Marker; Lane 1: Naked pDNA ; Lane 26 ; Concentrations of heparin
sodium are 0,20,50,80 and 100 pg/mL, respectively
2.6.2 mBABEAEE M PCHI N/P=3 & N/P=17
() CL/pDNA (5 4 pg Bk , 70 A 4K E w2
100 WL, INA S22 M (10 x )12 wL K DNase |
(1 U/pl) 12 ul, F 37 C AR FAGIE 05,1,
2 h, BUAWK 40 L, fin A EDTA(25 mmol/L) 5 ulL,
T 65 COKIE T #IFE 10 min J& , T A SEAFRBORL Al
FEW [ Tris -1 - 207 - 57 B (25: 24: 1) ],12 000
r/min 5.0 15 min, B _FTE AT B0 5E
Ko £ pDNA K H 5 Lipofectamine 2000 & Jifi 1 &
4 (Lipofectamine 2000/pDNA ) 43 A Sy BH 4 %t
HRFNFAMN IR . SEBR A5 R ANE S s AR BRI 2H
Lipofectamine 2000/pDNA £ {5 DNase | I% &
0.5 h J&, k18 N DNA &7 15 2%, B DNA
DNase [ [F&f# ;1M N/P =3 J N/P =7 {4 CL/
pDNA 7£ 5 DNase | 8 2 h J5 , JKiB P54 35 Wi
DNA Z&af7, H 5% B 5 X BEOSRLAH 24, $6 0] CL/
pDNA AI 47" DNA R4 DNase [ FEfi, B ARG
FRZ IR RS E 1P o
2.7 sk

HORHE A K W AS49 4, DL 2= FF 1 x
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10° 4™ 20 0 11 %5 2 B2 F T 12 fL AR, & 37 °C 5%
CO, 15 % 46 b B %, 2 40 M Al & 35 60% ~
70% o FJC LK Jo R Y 1640 1 57 5 i#¢ 7 4
B, FALIA CL/pDNA 100 wL, 15 346 h B 57
4 ho BHCA ML JCAUITRY 1640 B3R 3 4k 4L 5
F7 48 h, T BV 8 s T~ A AN b 4k (B 9¢
JeEF IR,

a b c d a b c d
a b c d a b c d

A :Naked pDNA;B; CL/pDNA(N/P =3);C:CL/pDNA(N/P =7);
D Lipofectamine 2000/pDNA

Figure 5 Stability of CL/pDNA against DNase 1

a,b,c,d refer to 0,0.5,1,2 h,respectively

2.7.1 N/P s} CL/pDNA # 3§k %64 %% N/P
JER M M QR — AN EE R R, RAE—
SE U N A AT 52 BUAT AR B D e e o B sl 6 P
N, NP =3 I, SO POEE BRI,
A3k 3 115 5 i 5] Lipofectamine 2000 %) 4% 4t 7K 5
MkEE N/P RAREHE R, s (9O H R Rk

ZHTENC
2.7.2 JR# A F st CL/pDNA # 3 3k % 84 % vy

A5 52 T AN [R5k B it BF CL/pDNA iy % 4
BEJ1o W7 B7R, 24 DNA & D\ 2 pg 35 3|
5 wg B, g0 6 B H 3R I8 T W I, {H DNA
RN S pg B OB KA T 245, H B 40
B4R, P A S A P Sy 804 FH St %) A 12 385 0, %o 24
i35 i — R A, DS S A0 4 i F M SE 56 IR AT
RIS B A4 M ) AE T R AT 80% , HE K
Ko FICHHE TR 4 pe.

2.7.3  mfpAF £t CL/pDNA #3338 £ 69 %R
CL/pDNA 7EA[R) 41 A H i 7 e e an &l 8 frw
163 Fhi i b CL/pDNA HH 56 4y {HTE A549 41
Ji H ) 2 e %% B B i T MDA-MB-231 41 Jild K&
HepG2 411, i8] CL/pDNA %f A549 41 il B A %%
U )R

N/P=10 Lipofectamine 2000

Figure 6 Enhanced green fluorescent protein ( EGFP) expression in
A549 cells at 48 h post-transfection with CL/pDNA at N/P=1,3,5,7,
10 detected by fluorescence microscopy taking. Lipofectamine 2000
as control

2pg 3ng

4pg Sne

Figure 7 EGFP expression in A549 cells at 48 h post-transfection with
CL/pDNA using different amount of pDNA detected by fluorescence mi-
croscopy

Figure 8 EGFP expression in MDA-MB-231 (A) ,HepG2 (B),A549
(C) cells at 48 h post-transfection with CL/pDNA detected by fluores-

cence microscopy
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2.8 tmpb Ak

MITT 32 50000 AT S 1 s
SR AS49 ZH LI REAL 1 x 107 20 L
WA T 96 LAk, 44l 200 L,k 6 NEAL, T
37 C 5% CO, ¥iFeffrh Bl i B Al &5 2
50% ~60% o LN A MLTE Y 1640 H 57
BE A [ 9 2 i) CL/pDNA ¥4 W, 4k 25 1 57
24 h, AL ABEBEEE (MTT,5 mg/ml)20 pL, b
It 4 h 55 B, BALIA DMSO 150 pL, #ik
PEATSS S 5C WM, T BEHE 2 I 22 4% 570 nm 5
AL E WIS . AEIAFIEFE (% ) = (A = Ay)/
(Aot = Appansc) X 100, o A ARSI A A0 i F- 2
WA E 5 Ayt FRRT B A0 P S U U E 5 A AR
RPN TAL BRI

SEERAE AN O FroR, B Bk B AR (<10
g/ mL) | PP ] ) A 20 A7 TG A8 1 3k 3 80% LU
b FER AR 24 0 B o VR B R OK 100 pg/mL
i, Lipofectamine 2000/ pDNA ZH 4 it Kt AET-, 40
MIAE % FAK T 5% , 1 CL /pDNA 20 /4 241 il 47 15
AN E IR 60% , F:14 G fl T Lipofectamine 2000/

pDNA

1201

100} ?{» %
< 1
= 80
2
2 60t
2
= 40}
o

20t

0 L 1 L L )
1 5 10 50 100
c/(pug/mL)
CL/pDNA O Lipofectamine 2000/pDNA

Figure 9 Toxicity of A549 cells transfected with CL/pDNA compared
with Lipofectamine 2000/pDNA (x £s5,n=6)

3 3 i

DNase T F £ 75 T U5 F1 40 M0 V0 94 3 2 4%
Pt , 7] A S 1 b 7K i pDNA DT B ARG e 2058 5
CL/pDNA #t A 41 it J5 , pDNA 75 7 il Jit 22 F {IR ik
BB TR SE 4 PEVE T, L CL/pDNA A i
R DU B K 20 A% HEA TS St BIR . ARBRST,
CL/pDNA GG IR 47" pDNA AN 32 4% IR il 4 it ; 16
PR ERT A Jy [ 8 TR, %42 CL/pDNA 7&
ARFFZHE T A" ka5 % N/P

R, AR 2H 2 BTl AT 2Rk B U B vy , AN [R] NP
X QLR R S rh AT A BB — I S (i
N/P =3) J&, N/P {4k S8 14 JOR 5 Bk Y 303 1%
5, I I 525 ) R B A LR (Ll Tk i N/
P {1852 5 WA 20 i PN ik 42 R TS 25 pDNA #5 IR
VNI S EE Sk ov 4= ESus ] 42 108

I BEPEE RE R AR B — AN T, A
Sedrfr CL/pDNA {120 i 2 14  { T+ Lipofectamine
2000/pDNA , JF K 7] G2 4 T : Lipofectamine 2000 %
Qe &0 =R G IR — W -2, 3- Tl e N
He-2-(2-Ki R B ) LB (DOSPA) , AR 4
L P 5 SR e 2H %5 5, DOSPA 1] 66 23 55 20 Jfd %5 &
A RAE AT B M AR T T R T B AR Y B B
N BT 5 SO A 20 2 F5 ) w0 Ko e , DR AL 4 L 5
AR

LR R B — E I A0 g P, CL
pDNA 7 A549 #1455 Je 0 3 W BB & T MDA-
MB-231 #iffi &% HepG2 4 fl , X A g 5 Ak A B 45
) R A0 M 3 T 52 A 2k A G, HERAARBIL A 5 ik
— BT IE o

4 % B

AT R AR F AT BT B 2 5 KRR
JET A e £ B B B3 B BT AR I F T kL 9 4% 328 .
BH B3 -1 o {4 BB A 2006 22 TR, R 37 IR AS 9k R
i, MG B A 40 A ff 2%, o ok A 40 i
BN S BREE Y o 51078 5% Y4 i ) Lipofectamine
2000 L, BHES TSI E AS49 41 Hh i) 55 YL sk
REHAY B R T g 28 E TR,
% PHES T A — oA 85 AR B 28 3 PR AR
it — SRR AR AT PRt T R AR
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