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Entrapment of Plasmid DNA in Liposomes
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Liposomes of pSV-B-Galactosidase vector plasmid DNA with various lipid composition were
prepared by the thin-film method. Size distribution, shape and the efficiency of plasmid DNA
encapsulation were investigated. Effect of sonication time on the plasmid DNA entrapment in
liposomes and stability at 4°C were also examined. Sizes of neutral liposomes were about 100~
200 nm and above 1 um, and those of cationic liposomes were about 400-600 nm and above 1
um. Shapes of liposomes entrapped plasmid DNA were spherical. Proper sonication time for
better entrapment was below 15 minutes and stability at 4°C was decreased rapidly after 1
day. Plasmid DNA entrapments of complex liposomes of various lipids were higher than those
of liposomes made from one sort of lipid. Plasmid DNA entrapments of cationic liposomes
were higher than those of neutral liposomes.

Keywards— Liposome, pSV-B-Galactosidase vector plasmid DNA, Sonication time, Stability,
Entrapment

AEE AIANY o)A ANY Fre YA T mgRzA, A} HYE HFIS E
Q) oo} 715w} vhS FARE ol E SU AEG 2H o 7] $8En gk

EERE

rir

9] 7|9 BFE A, FHgHoeA JsS 7] glExge] 54 FolA BlEEHES 844 3

3hH, dchilalo] ygkE]o] 1E ¢ dn® AR ExE2 E3] DNA, RNA, %+ oligonucleotideZ}
g AAA T T3 2 EE5L AR 24 1 E AFNZ +55E AS X3k oA & o188 7
B34 BAg st oA e 24 e A S dig A7t s P & fAAE
S F glon, A4 AR B9E BAS ARuiodel] £Usle] AR ZelFElse) dalds
SRR ¢ Qlt), 2l2ET o2 BARtel] dofus A AAE = g W opla AXANSS A7sln 74
ZAgdE 84 B2 A% BUHAY dxs %S X B(gene therapy)dhr] 9 2&€d =32
FHol| Ao S Hridog Agddle 4 M AMEE rbede] Brh &, dEeY BAES Al
7b di¥oltk” BlE4e giBE AR 2e b 3o Agsts AL IAH sjdYolr] wRe, #
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WL ik, DEAE-dextran, thake|23te] A
TGS o] 8% FHAAAHAH, oA Ao
2 AAdE &R B}V AZWE MA8] en-
docytosisE 4oA FAAE ALIIEE 3= WY
o]t}

MEL FARAEH 024 X EE o] S35l WY
ol ZA F /RE v, 9] 4328 2y
AlA 27 Al Eol sl Wil tidel e &3
Wolth, FRRs S0l 20F o|FoR ik ol
4 HEFo] EFAE 4T T AAIH e AR
2y A3d T A7 AEFERa B34} en-
docytosisell &3l MEW R Eoj7ke vhdolt},

Bstele fAle] dukdQl Exlgke HE Wik
A HAwgE Pxolua A LUV(arge uni-
lamellar vesicle)39] 2l2&o] Hdt} t]Lo] &
A SA7IE 1] W), BlEFe Vg W &
He ZHAoRt £84 dtez Blld 4 gl
cochleate/calcium depletion method® A3l
phosphatidylserine2.2 5¥ AzE Yol X
&g F2 A3 a2 o2l weE Az
g EEel Eee 2-10% AEoM, )ELe]
leakage®} AL wl$ =3t} glARez Az
A FEEd calf thymus DNAS 2943 29
MLV(multilamellar vesicle)24 2-3%, LUV
E 546.6%9 F& Bl Rudurt” By%
RS Eol7] 3N FE2EELS F7)eld 71A
2Rl AAelFEe AxE wAFE dla, 4zt
ALAEE Eol7] 93l 3, glycolipid®} leictin £
< F7ske = ot

22y} endocytosisell &8 XU Z E01714 en-
dosome-lysosome fusion®] dojvbd Hel® 222
R S3E8 4 9t} o]g)3t aAate] lysosomal
damage® =71 98 WY 9 shl pH-sen-
sitive 2] Zgolth " o] AL F-R7E A Efol S0
713 lysosome®} fusion®)7] Hol| endosomeA 3
A7} 7] ot} AFFE AX FAXE AG
ke B&2 e v, 48 SA7W pBR32
plasmidE 2] E&o] Blsle] ALF H&L 10° 4
Egon ¥ gkl oA B EEE ARRE A9 4o
W7k o] 30} olH @ Yol BlEES o83 #
Az} A (gene transfection)& EYPRTIE 238
Fol 243 B FEET Sol 2 WA B3Ale] FAd) o
3 o] FoA & wlFRFel7] Wil BE 50%0°]4d<]
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ol 24 2| EEE /-3 SUV (small unilamellar
vesicle)7} o]&€t} Hx2 Algd Yol BxE
2 DOTMA (N-[1-(2, 3-dioleyloxy) propyl)-N. N,
N-trimethylammonium)el®,® ©]% DDAB
(dimethyldioctadecylammonium bromide),” DC-
Chol (3B-(N-(n".N- dimethylaminoethane) car-
bamoyl) cholesterol),® TMAG (N-(a-trimethyl -
ammonioacetyl)-didodecyl-D-glutamate choride)
W Sol ARgH I it HTole FEIE goleA
2 ¥£&£02M Lipofectin (DOTMA : DOPE=1:1),
28 1jpofectAmine, CellFectin, LipofectAce,
Transfectam® ] $lt}.
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AETF e AR 8 582 oHFE WA
B AP Sol Fetl oE /A A8y
Brhe 9% Aol Bt wEA g4, del2A.
EE Ay £ QAEE AHel Tt Bl EE
ES TEx, I AR Fol 2lEde] BYEEC]
v} P TRl 8R1ES EQIsld 1 B4E o
< JWdsfiol €. R FAAbe] X Aol i
7L olslsha, FU FES XSS NIk,
Aol Z o] Fo] Z AR} A 8AA L] AR LA
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2714 2| E&-E ThEo] 1 <ol plasmid DNAE %-
gatar, 2 A 3 5eS s ov] BanE
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phosphatidylcholine (PC), dimyristoylphospha-
tidylcholine (DMPC), dilaurylphosphatidyl-
choline (DLPC) $& Sigma Chem. Co., dimeth-
yldioctadecylammonium bromide (DDAB)E Flu-
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ka, pSV-B-Galactosidase plasmid DNA®} RN-
ase free DNase® Promega Co.o|A F98t1 ©]9]
Rk ke AF-E ARSI

ARSE 71712 A EE7) (RE-111, Bu-
chi, switzerland), #271(VOC-300SD, Eyela,
Japan), sonicator (RK-1028, Bandeline. Germany),
centrifuige Mndel VS 15-CF Vision Scientic Co..
LTD), UV/Visible spectrophotometer (Ultrospec®
2000, Pharmcia Biotech, Uppsala, Sweden), {%
£47] (Model BT9000AT Digital Correlator,
Brook Haven), Ax}&v]7 (H-600, Hitachi, Japan)
ol

2| & M=

PC., DMPC, DLPC Z& dxj2d &
B2, EE Yol E$o] H

3ol ¥ ok, 40°C FHOEZ IAAAARFEEY)
(RE-111, B chi, switzerland)A}ollx] 7-¢t2ua A
ghe AAuEhs et P o) 5 AyllA sl
ek wAlele ol 22X ES 93] AAAT
3 pSV-B-Galactosidase plasmid DNAZ} &850
Y& Tris EDTA(pH 7.6)8 7}3te] £33k bath®
25371 (RK-1028, Bandeline, Germany)ellA]
T AGY o] AFe] FEE 10mME 2
sttt

7|12 EEH

Az ogeizadel fIEHE B Model B
9000AT Digital Correlator, Brook Haven)< ol &
3lA] 25°CollM YzkA7] EE £330 vlwsisivt

Transmission Electron Microscope (TEM) #+3

TFelAAe] arj=g AT I dEoz A
Al Az F 0.2% Sepdotrelo|gddlel] 223t 4
A3l 212 F TEM (H-600. Hitachi, Japan)& A
4314 2| TE Yl E BESIL

ZZUHEMAIZI0] 20 0jXl= HE

Z5aHEA 7] Bl U)X e JgS Lol
3 5, 15, 3083 =394 (High Frequency
=35kHz, Heating capacity=600 W)A1zit}. 1 t}
A& FAel] L G Yolusir,

plasmid DNAZ} 8949 2] E&S 4°ColA] B8}
10,1, 2 3 4,545 5Y¥ plasmid DNAZE
Z5Hd AlTte] Aajoll E A AS Gopr gt

plasmid DNA 2|8 &3

AExE AL 5000 rpmold 5EZF YA RS
% AL #3lod PBS (phosphate buffered saline,
pH 7.4) 500 WE YAl AEsAZl F 37°CelA
RNasefree DNaseZ BUEA %2 plasmid
DNAZ ¢d3] AASACE” old 93 (40mM
Tris~HCl pH 7.9, 10 mM NaCl, 6 mM MgCl,, 10
mM CaCly< &% 7letth. EDTAE 2mM=Z 7}
3lo] DNased] 84< F9A2 H, dxZ22¥E
(1:DE 5% 713 B4 plasmid DNAS &3
7] $18) 12,000 xgoll Al 1083 R3] Ao
£ A} 2w oM JBlkar 2939 100%
Net2-S 718l plasmid DNAZ AAAIZT) AAS
Tris-EDTA (pH 7.6)°ll 4312121 # 260 nmollA &%
EE Z3sk] 5U¥ plasmid DNAZS 73Ich(E%
%= 1& DNA 50 pg/mis vehdch).

BU&-e v Zo] A

B9 plasmid DNAZ

A& %) = %100
A& F plasmid DNA%

#aop & g

OIXI37| & TEM AlZEl

plasmid DNAZ} &€ S2171A 2lEge] a71&
233 Ax A7t Yol Haargke it
(Figure 1). #¥342 B¥ 34 A2 9E PC,
DMPC, DMPC:DLPC (1:1, 2:3)2 270l <F 100~
200nm AEANA 1um F=7R] WA X3,
Fol2Adx1d 2 v DMPC:DDAB (1:1). DLPC:
DDAB (1:1), DMPC: DLPC:DDAB (1:1:1, 2:3:1)
£ 2} 2 < 400-600 nmollA 1 um oldel A7 =
FANASRTE B} Fdslsiont 9 we
¥E wcHFigure 1, Table D). ©t DMPC:
DLPC:DDAB (2:3:1) ¥ Hauz=7171
809.72 nmEA ¥wA AN AL YAZIE B
A} o)¥E ol eAgRAEL IV E AL
DDAB7} th S421 2 59| A%-& s 3171 o
Folala AJzteict

TEM AH (Figure 2)oll4 B9, SAAA = wE
o] FIFYAZ7IE & 100nmel™ plasmid
DNAZ E3% FE9 Ex&olitt. DMPC:
DMPC (2:3)Z AZH jxfol 4F, 1 umel’dd
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Figure 1—Size distribution of various liposomes. PC‘Z phosphatidylcholine, DMPC : dimyristoyléhosphati-
dylcholine, DLPC : dilaurylphosphatidylcholine, DDAB : dimethyldioctadecylammonium bromide.

Figure 2 — Transmission electron microscopy of
liposomes of PC(A) and DMPC : DLPC=2:3(B-D).

(magnification A-C : x50,000, D : x80,000)

2712 7k BAR Y9AE AT 4 ded ol
A= 239 Ans IRk Figure 2 % (©),
(D)), ol YREe] el WAvh Foz ads)
oF & ZAFoleT Alg gt
SaAlZio] g
e

7] fl8) 2SFEHARE HSAA

¥ A7} (Figure 3), 5% 80h= 15%0] 1% 3= o ¥
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Figure 3—Effect of the sonication time on DNA entr-
apment(%) in liposomes made of phosphatidylcho-
line. Each value represents the mean=SE (n=3 to
5, *p<0.05).
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AL B (Figure 4). 1€°] A& W) 713 323
PgAdel HoiA EU=AL plasmd DNAZC] 1/3
WEHAoM, 71 o] F<ll A3 eyAdol Hol
& BRAG(7E 3.8Y). ol& Alzto] g w}
2 FEHo] FAAHAY FAR ARz 2YIAW
plasmid DNAZ} f-a¥%17] w&oleta Az}
I8 190] AAFUE w) S Ao] Hol Wolx|=
A& in vitrovt in vivo AN 2T A7} Hrg
Azd A AH D7) oFEo] 438 SAS upe Hus}
7 F e Alo] B3] AMEshe Aol A Ro)
Me Fra Az weid 2 ddede 2lxs
< Az F 1Y Yol 2E 43228 opy}

042{7}x] 2|ZLE0| =2¢

DMPC®} 7% #2942 gisi eyt DMPC shupat
2.2 o]Fof7l 2lE&FE ke DLPCY 53U &2 &
3 g EFol oF 1%, 2:3¢2) A7 ¥ 16% A=
plasmid DNAE t] Be] Bgslion o] Brie= o
°l2/4<& W DMPC:DDAB (1:1), DMPC: DLPC:
DDAB (1:1:1), DMPC:DLPC: DDAB (2:3:1)¢]

o
t
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Figure 4 —Stability of liposomes made of phos-
phatidylcholine during storage at 4°C. Each value
represents the mean+SE (n=3 to 5).

gr2n| = DNAY < 295

7Yz} 4, 4, 2% A=A ] Yol BYEA o} Fojd &
SAcHFigure 5, Table ). DLPCS| 7%= #<94
£ 919 e} 9E Rl DMPC:DLPC ¥7} 1:1, 2
302 EFRAAL o|FAe] 72 04, 1.2% A= H
B o] Hths 4ol28 ™ DLPC:DDAB (1:
1), DMPC:DLPC:DDAB (1:1:1), DMPC:DLPC:
DDAB (2:3:DE°] 22 6, 3, 1.4% ©} Bdatich
(Figure 5, Table I). DMPC:DLPC7} 1:121 7%
o}7]9] DDABE F9v)&2 £33 2971 oL
AAAT <k 3% = o BYeitt. DMPC:DLPC
(2:3)91 7% DMPC:DLPC:DDAB (2:3:1)¢} H]
=3t B9lg-g Eivh(Figure 5, Table D). 18y A
AHeg dEAAPvhe 24|, o o]
2ohe gol24#) 4 o] plasmid DNAY g 24
| 288 ¢ F I (Figure 5).
Ade, ey og A A5 A7\t &
F At 2R AAE P 27120l
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Figure 5— Efficiency of DNA entrapment in liposo-
mes made of different lipids. PC : phosphatidyl-
choline, DMPC : dimyristoylphosphatidylcholine,
DLPC : dilaurylphosphatidylcholine, DDAB : dime~
thyldioctadecylammonium bromide. Each value
represents the mean=SE (n=3 to 5).

Table 1— Characteristics of Liposomes Made of Various Compositions. PC : phosphatidylcholine, DMPC : di-
myristoylphosphatidyicholine, DLPC - dilaurylphosphatidyicholine, DDAB : dimethyldioctadecylammonium bromide.

Each Value Represents the Mean=SE (n=3 to 5).

Lipids Composition Entrapment(%) Particle size(nm)
PC - 9.35+0.81 514.83+ 35.78
DMPC - 8.71+2.11 1392.97+155.16
DLPC - 9.11£1.57 -
DMPC : DLPC 11 9.46+0.88 2057.87+236.80
DMPC : DLPC 2:3 10.39+0.58 1205.7 + 52.10
DMPC : DDAB 111 12.55+6.03 725.04% 30.81
DLPC : DDAB : 15.61£2.81 915,78+ 42.14
DMPC : DLPC : DDAB 1:1:1 12.59+3.83 1753.46t 93.96
DMPC : DLPC : DDA 2:3:1 10.56-£3.40 809.72+ 14.69

J. Kor. Pharm. Sci., Vol. 26, No. 4.(1996)
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