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( dioleoylphosphatidylethanolamine , DOPE ) %5, [H
BB EA L YRR TR AR R AT LG
T SRR 20 21 A e A 175 1 AT BE 200 ( enhanced
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JY9222D #A 7 5 4N MRy WAL (72 I8 2 B S i 55
fT) ,HE-120 Z J1fE/K-F-HL K H##  Tanon 2500R 4x
FI S EEI R i 2248 ( EHERBERHECABR S
#]) , Varioskan Flash £ Y RE AR 1Y ( 9 E Thermo
BHEA R R AEROEHE 3058 ( Confocal laser
scanning microscope ,CLSM, H 74X Olympus /A A ) ,
TN (S5 E BD AAWRHEARAT) .

DOTAP fIH [ it (|7 SE A 4 B2 25 BHE A FR
NFE]) KGNS (soybean phospholipid, [ 2= j&
IV ARAF) o~ (1,2— _fF 5Bt — sn—H il
He- 3R CWERE ) — W - MT (4 1) — 2000
( DSPE-PEG,,,-Mal) 1,2~ - fifi 5Bt 3L sn—H il
B 3-WER O - N-[ R (R ) -
2000 ] (DSPE-PEG,y, ) ( - FUARA: )R A BRA
A]) , ZHK MT-Cys (I8 AR A RA ),
S (R F RGN T A BR/A ] ) ,Hepes 22 K .
3-(4,5 " HIELgEME - 2 KLY - 2 5 T I pymgsysLAL,
¥y[ 3-(4,5-dimethylthiazol-2-yl ) -2, 5-diphenyltetrazo-
lium bromide , MTT | ( 3 [# Sigma A= ¥R A R A
), Hoechst33258 F1R {1k £ %E ( ethidium bromide,
EB, iR RAEYRHA R /A A ) ,DMEM 15 |

G2F 03 SRR AR BT 7348 0. 25% JREE
fit- EDTA FI-RIREZR (3£ Gibeo 24 H]) .
2 HiE
2.1 DSPE-PEG,,,-MT &

PR RS N 1.5:1 43 B BRI DSPE-
PEG,,,-Mal 1 A ¥t & 1ffi 5t & f9 MT Ak ( MT-
Cys), B /c# DSPE-PEG,,,-Mal i&f#1E S mL 44
fiirh,32 ChezEFr% 7, H Hepes ZZ 0 3 mL 7K
1k 5 min, B | ) DSPE-PEG,,,,-Mal 5& 47K
BT, A MT-Cys JBEZ SO, 4E R IR R
25 C, fde, AR 1K
2.2 ZRKMEIHBAE TR Bkl &

SR TR A3 10 ) 43 ) ) 46 25 1 PHES - i
JFifk (CL) , DSPE-PEG,,,, 1& iffi BH & T J§ Ft 14
(PCL) F1 DSPE-PEG,,,-MT & i FH 8 - % i {4
(MCL), (1) %5 FH &+ B8 BT ik, 5 % Fr B

DOTAP JH[EEE BEfg (Bt tk 4:1:2) % T 5 mL
AT R G (R 4:1) v, 32 Cligh%
HKRBRZEN , 1E 60 TR IMA 3 mL i #k
2[R A9 Hepes 2% ik /K 4k 10 min, B #5585
PRI ARV, 300 3 75 U0 200 A AR A SOK i i (AR a4 7
B (200 W,3 min) , 3 0. 22 wm RHRARAENE 15
23 BB FHE iR (CL) . (2) DSPE-PEG,,, 15 1fii
PHESF 5 ST 1A, K 25 B BU DOTAP | JH [& 52 # BE
DSPE-PEG, o, (i H H 4:1:2:0.04) iFF 5 mL &)y
P BER AR (AFREL 4: 1) 32 CHER LK
FAi . BEEBREAGRIREEYCA 45 € HAR R L,
R DSPE - PEG,y, & 1fii A 25 i it {4 (PCL) .
(3) DSPE-PEG,,,-MT & i IH &5 F g Jit {4, 5
DSPE-PEG,, & i g A il 2 75 1 — 2, 75 13 B0k
DSPE-PEG,,, # #t & DSPE-PEG,,,-MT, K[ 15
DSPE-PEG,,-MT &t FH 2 F I8 & (MCL) .
2.3 MCL BEFRIE

K H Malvern JOEHRLE AN E MCL RAE
B MCL 200 pL, JHZEE/KBEZE 2 mL, I AKES
b I B AR SR A Malvern B A7 43 AU 2 H:
Zete HLAT, [AFEE MCL 200 WL, JHZE K Fi B 2
2 mL, ARSIt 52 Zeta HLAV
2.4 pDNA-PHBFEREESWHHI&

pDNA #l CL .PCL .MCL ] PBS i & Z A [H]
W BE, 43 K AN W)k BE 1) CL PCL ,MCL Jg iz {4
B2 5 pDNA R BUR &, 14 2] DOTAP 5
pDNA & /% 0:1,1:1.5:1,10:1 15:1,
30: 1ATR-A VAW, IWHE 1 min, 5 IR 7 40 min,
RI75%] pDNA 1A [R] BH 25 1 g 5 44K [ i 42 b
B4 &%) CLP ( cationic liposomes with pDNA) |
PCLP ( cationic liposomes modified by DSPE-
PEG,,,, with pDNA ) Fl MCLP ( cationic liposomes
modified by DSPE-PEG,,,,-MT with pDNA) ,
2.5 IEBBHEEER IR IE

FRELEB 0. 1 g, %f# T 0.5 x TBE( Tris MifZ
10.8 g-L~" Tris,5.5 g-L™"#lif&R A1 0.744 g-L""
Na,EDTA-2H,0 #4 i) 1, & %45 £ 10 mL, BRI 15
EB VA ; FREUEUIEHRE 0.35 g, il A 50 mL 0.5 x
TBE, & TIN#EE LIk s 40 K5 % W BB %
W1 pLIMA B IR &5 BB H d Ff %
R AT, K R PR AN W] pDNA-FH
BRI E AP 55 5 x10° mg- L' HERE
W2 pLIREIA) BT AT HLYK (100 V,100 A,
40 min) , S8 J5 T4 A ShERSBE R KR 50 B R e
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() DMEM K2 I ORRe R 3R IR R 37 °C L 4k
R — 2 R SARFR 5385 5% 1 CO, WRFE
2.7 @RS MHIRE

A549 AP T 96 FLAR (FEFL 5 x 10° 44
M), R R, F 2 LIS, I AR 4 pD-
NA-JEFRSE AW 50 0 TR 5088 5% CO, AN
JRJE 37 CHiFE 24 h F148 h, RIGIMA S5 g-L™
MTT %20 pL 4E£:35 9% 4 h, 3525 B, L
JA 150 pL DMSO %% 5 min, iS22 DhfE
FEEATASAE 490 nm JERANINE OB (OD) 285
FHZS 2 40 i A7 3 %R = (ODyypyy — ODuyppyy )/
2.8 WEERELERIEHAR

A549 YR FAA w5 3% A i 6 FLAR
fL3 x10° M 40M) B3R, 7% LIS, PBS
TH VR Z 5 A [R] e B 79 pDNA-MCL G il
ERE TR, IR IESEfL pDNA BY &8 5 pg, 4ksk
F 37 C MBS E5% CO, 155 F 3% 24 h, 37
Z LW, PBS WU 3 i, 2 O E E
30 min, 4k%EFH PBS V& ¥k 3 i, bl J5 F Hoechst
33258(10 % g-L ") J44% 10 min, /O HUGL L
B PBS 1 UE 3 3, &K 10 min, BUH 3,
FETE B A -, I H Ih-PBS TR A W (AFL L
1) # R, PR A B PSR,

2.9 EE5YVHMRBEIHR
2.9.1 EREZBEMN T wmIBIE ST

AS49 AR T 58 26 3% F Y 6 FLAR (4
fL3 x10° DA WE SR, 72 BIHW, A
A [F] pDNA-ii 5714 52 5 ) () TG I i 35 37 TR (g
fL pDNA 5 pg) , 4ki7E 37 °C M 53%L 5% COo,
T HEFR 24 hy R NEAEIL“2. 67 K071k,
2.9.2 AKX @ISR T B IE 2 5

A549 NIRRT 6 FLAH (AL 5 x 10° 4
Hiffl) , T DMEM 56 4 85 7 5 b 5 5% 2 41 i 78 55
R 80% Ze 47, 72 LB W, A & A A
pDNA-JIE Jii 1 YR & W 19 JC I 7 5% 5% W (& FL
pDNA 5 ug) 4k 23555 24 h, % PBS i5¥E 3 i,
ARSI AL, T 1 000 remin ' B0 5 min F440
MWz 40T 500 wL PBS ISR 1, 1k 7 R 2 0%
AN, 8 G I ASGIEA TR U BT

#iif1) , T DMEM 5435 5 S b b 7 2 40 i A 5
TR 80% oAy, 372 LI, InA &4 AN pD-
NA-JIR A S A W (%) JC 1L 7 8% 5% 7 (4 fL pDNA
5 wg) Ak 1 4 8 12 F124 h, ¥4 PBS Tk
33, A JEREE AL, F 1 000 remin ™' 0> 5 minff
AR, 23T 500 WL PBS &R 1 07 N 2= 3
AF P A T AN A TR AT 5 AS49 4T i
FEMPT 6 fLAR T (9L 5 x 10° N4iH) , T DMEM
Sttt AP SR R AN SR AU 80% Aot 5
Z B IS A A pDNA-RRIAE A YR TG
MYERFRE (4L pDNA 5 pg) 43l 4 25 137 T
SR RSEEFE 4 h, ¥ PBS WEUE 3 3, N ARG
A&, F1 000 r-min "0 5 min BRI H 4T
500 wL PBSYAE T, i 2y =48 P, i i X4
SIS THEER T

3 ARSI

3.1 DSPE-PEG,,,-MT 53R 1E

i1t DSPE-PEG,,,-Mal il MT-Cys Jik 2 [f] 3t
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Fig.1 'H-NMR spectra of DSPE-PEG,,,,-Mal(A) ,MT-
cys(B) and DSPE-PEG,,,,-MT(C)
1 DSPE-PEG,,,,-Mal (A ), MT-cys ( B) 1 DSPE-
PEG,,,,-MT ( C) H#Z#EE RS E (' H-NMR)
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S5 6.7 15, HL8 7.0 ~8.0 ZbHI B MT fkfE 5%
( =NHCO - ), 1fi 6 3.5 4 PEG H' - OCH,CH,0 -
551,68 2.0 ~3.0 4 DSPE /) - CH,CH,CO -
S5 DL RINIESS T DSPE-PEG,q,-MT FYE i,
3.2 MCL #IFIZRIE

R DRI 3 106 B M 1) SR /N AL DA RO 25 23 X

LA M A A R BT R ™ AR S DR I X %
ARG R 2= PR R AT R AN AT B B —
o W 2 fras , MCL Ki42 4 129. 2 nm  HEL AV N
42.2 mV, HH 58 F 8% BH B 7 B8 iR 43 16 4
5], HEEERE

A Z-Average:129.2 nm B Zeta Potential:42.2 mV G
PDI:0.287
10 100 1000 -50 0 50 100 150
d/nm Zeta potential/mV

Fig.2 The Z-Average (A) ,the Zeta potential (B) and the TEM picture ( C) of cationic liposomes modified by MT

peptide (MCL)

2 MT BK{&4hBAES FRE Bl (MCL) #I12(A) BBAL(B) ESTHEERE (C)

3.3 pDNA [HEFEREAESYREMRIE

£ FURLDNA [ 25 4 T - AR AR 22 B iR BE 14T
It DNA T2 m e, S A M g i), #45E
[ PEAR R AU DNA 431 0] LA Gb 6] 15 4% %
g, MR BRI BENS FE -1 5 DNA 4> 745
4 ,JE1 DNA-EB & &%), #5% EB 19000 AL,
SIS EERRIK Z G TR AMT T A LL2 B4 0
U DA NINTEBER R R G b kAT 5347 .
W 3 e, Bl T b B 3, AS Ta) 28 0 f 35
DNA [REJ &g in ., Xtk =HE 5, 26
Yy PCLP foe Mt 25, v] LU 21 24 i & L ok 30: 1
BTS84 DNA 45af B, 58P 2 2R JF A e AR
- M 353 TR DNA 302 R R Y BH 5 1118 o 44
&M PEG 0, B 1F FELMERE AT R 5, AN REAR 4 Ml f 22
A B L ) JBORE DNA 5 17 25 1 FH 25 T IR TR RE 9%
i bRy 30: 1 B BEL KB4 DNA &40 4 L2
T,% A% MCLP 7& Jit it Lt ok 10: 1 B BIE A F|
DNA 77 i 80 MCLP %} DNA E AR 4-AY
JE4iRE
3.4 HEEIIHBSHERR

£ i P A1 e I PR 3 % 2 AN ] Y %
P, 38T MTT 525, E 2R 7E A549 AN T
24 F148 h H5FE T B AEAEIG 3, W 45 2R UL
4 YFE 24 h i (B 4A) |, BEE AR A 34 1Y ok
3G TN, 20 REAE 5 SR B, TR B T Rk
10 ~500 mg-L "I}, MCL F4 41 M7 R 5L A g
T CL A1 PCL, X 5 HiAfil ) 272 R AR 45 R — 3, 7
LAV 2 5 SR, AT UHIE MICL 1) 1E L A7 B 52

CL Rz &M PEG 1Y BHES 1 i A ) 1 s A7
AR, BT LA 200 75 P o ol £ 55, MCL HAT i 8 1Y)
IERLAL L R A0 M R fa (R FRATT T LAFE 5]
RV A BT v B > 500 mg - L~ B, AN [ 2 AR 11 4
HEAFIE ZATSREIR 2 80% LA I, s Ud 24 i1 4
JEFEEI A R A A IR AT, M2 R, Y
FE 48 h (1814B) I, AN [ 1A i 4 i A7 15 5 B
R R T EL 25 SR e B A #1500 mg - LU 4

0:1 1:1 51 101 1511 30:1

CLP

PCLP

MCLP

Fig. 3
(CLP,PCLP,MCLP) with mass ratios 0:1,1:1,5:1,10:1,
15:1,30:1 at the parameter of 100 V,100 A,40 min

3 CLP.PCLP.MCLP AREEWHANERELL A
0:1.1:1.5:1.10:1.15:1 #0 30: 1 B 34T 3R AS ¥ 8E B BB ok
(100 V,100 A,40 min)

Electrophoresis imaging of different lipoplexes
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Fig.4 The cell viability of CL,PCL,MCL at the concentration of 10,30,50,100,300 and 500 pg in A549 cells of 24 h

(A) and 48 h (B)

4 CL.PCLMCL % RIZEERE 4 10,30,50,100 300 F0 500 pg A, 75 A549 4AEAAEYT 24 h(A)F048 h(B) HAMRTEEE

MIAEIE RO R TRER] 75% , {8 & Y A ) 28k 4 5
WePE N 10 ~300 mg-L ™' B, B4k MCL fI4i A7
TR EA UK T CL Al PCL, {H 2 H 40 i 77
TR EEIR 2 85% L) b, Ui Bl MCL 4 Jhy A 32
TR TEAS 20T 0 A7 16 s B B R ), R
THeE: Mok ai i e Rk BT .
3.5 FMERERIEHAR

RN M T M % 88 2 ), Ak S % 88 T MCL
A A 32 DR 328 326 788 R A 12 o 36 TR e 5 36K 10 i
J1o WS Fis M EA BN SR FIRA
LB S 05 HR 2R I8 U B AR &8 1Y) TR AN BB
S IE DR e Y 55 3R 5K T B T L IR T K
RO MR B HE N, Y & o 1001
BFSEEE T e R ik i, i 2 i LR F 1011 B 5%
REIEAE TR, X AT AP 5 & K100 1
B, BH S R A R 3G 22 | 5 S5O0 4 M 25 1 A
B, TR/ T A AR, sl b T ap s
EHMRE,

1:1 5:1 10:1 15:1 30:1

0:1
Hoechst
33258
|
vrs |

Fig.5 LCSM (laser scanning confocal microscope) im-

ages of MCLP with different weight ratios. Green fluo-
rescence presented green fluorescence protein, and blue
fluorescence presented cell nucleus

5 E6YWMCLP ERRREL FHTHEMNERS
RENMARERWMTER G, FEAREBEAESES
BRHREER, EaRBHEZ

3.6 CLP,PCLP,MCLP R~ [EE&WHIkiNEE
FERIX

WiE B A YRR 10: 1, 2 KRR E &
AR NG e 15 e R 1 B0, 43 ) P L 2R 8 B 1B
A A A A T s R A 0 4 R AL
K16, WA 6A 7R, #ikEs (1 BURLFE 4 M N B A T
WA FRIR Wt U, BR &8 (1) Bk DNA ZE 40 i
WAKEE , oIk S Bk (0 5B (1) T 238 5 4
[bZF, CLP fgfs S 3 73 Sk (0Ot i i &
ik, U BH 2 B8 B AR B — € 1Y B kL DNA 1Y
FEZE AR e 1, 1 EL CLP 4 (4R (65 Y6 2R 1 3%
KB & T PCLP, W] RE i A J& PCLP 1 T A
PEG &M BHES PR ik , PEG |- 1 #4317 Hi 1y 5
SUBH B 1R o A 2% 11 IF PR T F 1TT 4H H A
7 L BV IE SR ARG | A B e, RI AT BB S
G AR AT B B BT SO
A 8/l i MCLP 41, 1 T-78 PEG 36
T X ABM A & 5 IE L g 9 MT K, RPsgas 7 HOE
HLPE 7 ORIE AT 200 B 75 1 1 i 4 T 185 5 4
I B %) X 70 FEL A W 5 R, BN T R A W ) A
JRLHEE BCAE | DA 2% €6, 756 Y A 1 3R 3k B 45 B A
FA—Jr i, & 6B FE 6C FrR , £k 096 1
)5 R AR IR 45 S R, 5 R R A I 4 R — 2,
MCLP # ik e, CLP kiR 2, 1 1F f P e
ik PCLP W4k (ot Rk i mefik, MEtk
FE =0 A AL R A AN R A Y Z ) B A
MT Ak BHES B B A48 i Bk DNA B e K
) 20 BB B DL R S (B 5O R I A |
3.7 &% MCLP fBE 5 &8 i5 B R i
o

i b3k R AIF 5T TR MCLP B A AR 4 19 £2
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pDNA CLP PCLP MCLP g c
§ 120F
Hoechst
33258 100
5 80
=3 =
P Q g 60
E 40
[F]
) [~ 0
10° Control pDNA CLP PCLP MCLP
——Control; ----- PDNA;
CLP; ----PCLP; - --- MCLP

Fig.6 CLSM images of CLP,PCLP,MCLP in 37 °C,certain humidity and CO, after incubation in A549 of 24 h (A) . Green
fluorescence presented green fluorescence protein,and blue fluorescence presented cell nucleus. The mean fluorescence intensi-
ty of flow cytometry of CLP,PCLP,MCLP in 37 °C,certain humidity and CO, after incubation in A549 of 24 h (B,C)

&6
%(A),
37
FEPE MR RN B 0 A0 M AR I R AR (a5
FEFRB R, T ok T B2 4 FLA0 M ) BRI
1, B S S A AN [R] B ) P A 48 PP ORE A e
Kl 7A FIE 7B i, B &WFE 1 .4 .8 12 h (19°F
5 G0 BE AR YR 1Y | T 24 h BRSNS 3 AT L
B ENZE A0 A0 R UL AT B S e [ A
A

Count

10°  10* 10°

Count

0 10’
—— Control;

— 4h; —-—-8h; - -12h; ———24h

£4&% CLP.PCLP MCLP %5F 37 °C.—EREM CO, £ T 24 h RHEMELERENEBEBRER
FENRK pEGFP-Cl fEEFARENEZARAEAD, EERKRAMZL; E5% CLP,PCLP.MCLP 4 51 F
C,—EREM CO, £ T3 24 h HERKXHAMGNERBEX FRHEEME(B,C)

P N5 T IS0 i A B OE 5 5 R EA
K A gd — IR Z 5, ar BiTE 4 F137 C

A TAREEESR 4 b, RS BT [R]<2. 9. 37 4%
ik AR EIE 7C MIE D, M B A WE4 CHEUT
gt 4 b AR O B U] 4L 37 CHiFRHY
EEWA FTREAR, UITE 4 TR, 228 YH 40

-B

—_—
A N X O N
o O O o O

Relative mean fluorescence/%

N
(=]

(=]

Control 1h

80f

4h 8h 12h 24h

N B =)}
(=] S (=]
T T T

Relative mean fluorescence/%

:

Control

Fig.7 The relative mean fluorescence of MCLP in 1,4,8,12 and 24 h by flow cytometry ( A,B). The relative mean flu-
orescence of MCLP in 4 °C and 37 °C by flow cytometry (C,D)
7 MCLP 3317 1,4.8,12 7124 h RIEWFBRAZ BB EHRNEE(A,B) ;MCLP 53517 4 “CH1 37 CHY

RIEME BN EARBEN FHRHKEE(C,D)
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JEE A A MIT JIRAG A B 1 i o AV DA i T DM 2 s 1) (AR 240 2 PP A 355

B A T TR, st R80T Koo e E Al
FkE T, Wt MCLP 1 b 3 8 38 2% 4%
A, LA AR EUA T Sk S 52 81 s (R R LB S i (1 i
[ A R R 22 | YR 7 37 C MBI ek,
717 24308 BE 7 4 C B, 4 BB 2 3 W S (R P

4 #it

A 5T LA DSPE-PEG,,,,-MT 14 1ffi B 2 - i
JEAR B R A B S Tl B (AR ) SE R s a4 B ), i
T 7] 2 S B, MCLP (8 25 1R 8% /3 A 44
57538 By N I L UK S I R W AR 4 M N B
RAr RS v ; 1 FLam o i =X i B A D B 3 3R
B ACBE A3 BT T LUAE IZ B W RS AR G 1) 9 20
R, SE SR A SR R O Haz T R
B —E W ] B e BE O . o gl J2 1 MCLP
A Ay 35 PR 3o 26 28 A EL AT R I ) ol ) 2 P T 1R
Y BRRRAE P, O ELRE S S BR800 40 MO 16 I, %
RGO, AR T Ny S5 ) 1] K I A A
—IE MR T AT A R R A

S Xk
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The in vitro cytological evaluation of cationic liposome
modified by MT peptide as a novel gene vector

LU Yue,SONG Baohui,CHEN Dawei "
(School of Pharmacy ,Shenyang Pharmaceutical University ,Shenyang 110016 , China)

Abstract; Objective To evaluate the gene delivery ability of cationic liposomes modified by MT peptide in
vitro cytology experiments. Methods DSPE-PEG,,,,-MT was prepared by click reaction to modify cationic
liposomes, and the structure of DSPE-PEG,,,,,-MT was characterized by 'H-NMR. The pEGFP-C1 reporter
gene was capable of expressing enhanced green fluorescent protein and was used as a model gene. First, the
agarose gel electrophoresis experiment was carried out to determine the encapsulation efficiency of the
composite,,and the best mass ratio was selected. Then A549 cells were used for cytotoxicity evaluation,
reporter gene transfection and expression studies, and cell uptake experiments. PEG,,, modified cationic
liposomes were compared with blank cationic liposomes to fully study the potential of MT peptide modified
cationic liposomes as a gene delivery system. Results MCL ( cationic liposomes modified by DSPE-PEG,, -
MT) had higher stability and encapsulation efficiency than the reference complexes, and the cytological
experiments confirmed that the MCLP could express green fluorescent protein more effectively, which was
determined by confocal microscopy and flow cytometry. Conclusion MT peptide modified cationic liposomes
has good stability, low cytotoxicity and higher cell uptake capacity, making them as a very potential gene
delivery vehicle.

Key words: MT peptide ; cationic liposomes ; gene delivery ;cytological study



