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Novel Trimeric Complex for Efficient Uptake of Plasmid Vector
into HepG2 Cells
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Viral and non-viral vectors have been used in the delivery of genetic materials into animal cells and tissues, with each

approach having pros and cons. Non-viral vectors have many useful merits such as easy preparation, low immunity and

size tolerance of a transgene when compared to those of viral vectors. Delivery speciticity may be achieved by complex

formation between receptor ligands and a non-viral vector. In the present study, non-viral vector systems are investigated

in an effort to find a practical delivery means for gene therapy, Receptor-ligand interaction between transferrin-receptor

and transferrin was utilized for efficient gene transfer into cancer cells. A plasmid vector. pcDNA3 (LacZ) was ligated

with a small duplexed oligo fragment in which a Biotin-VN™ phosphoramidite was placed in the middle of the oligo.

The plasmid vector labeled by biotin was then conjugated with biotin-labeled transferrin via streptavidin. This trimeric

conjugates were delivered to a hepatoma cell line, HepG2. The delivery efficiency of the trimeric conjugate was 2-fold

higher than that of cationic liposomes used for transfection of a plasmid vector. These results demonstrate that a plasmid

vector can be efficiently transferred into cells by forming a trimeric complex of plasmid vector-linker-ligand.
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Ao PAag k= A Xl AX Fdol v B 59
Tfro] SAFH™, a8 3, AEE So]H2E asialogyl-
coprotein T8AF 7FA] 3L Qlof AL Bold A g
of &= QUrHl B o) fH} gutel] $-88 A
X 8AE ThE ol 7% B4 transferrin (THS
=2 g} Hepatoma A X9 HepG2 A BL 9] ThE
ddsHA e, Tre ol FA e 2A The Agsto] en-
docytosis %] endoplasmic reticutumol} 921844 o}, Zolo],
Tir-Tf £33 Golgi reticulum} trans-Golgi reticulum2 %7}
3te] FFAH 2 acidic compartmentol] $1X]5}HA] QJ_ Fe* o]
25 WEIHCPY

& AgolA TrE Zetxr= WE o) AZAA7] Y3l
biotin¥ Agsh= AAo] Ut streptaviding AHE-3} I,
Eet2r| = WE o] bioting AAAZ]7] Y, T3l 9X)g
dhte] €724 virtual nucleotideZ 4+ &+ DNA oligosE &
“d8lolct. EA4E DNA oligosoll = Aghas 2888 of 2
ol AXZoH Eetan= e AAAA YAk o]
2A ¢+3% biotin ¥ qu]. biotin XA E Tf £X= streptavi-
ing °]&dt] 45 2 AFAE FAsAck B Aol
AE ol e "Hiv_— AT B2 AFAE Ao A
ato] FAAke] AE O EY &S Lojugtth

WE o
1. MZ Hi Q¥

HAAE AT w2 AZA Y AE W =40l AR AX
T hepatoma A X759 HepG2& AH8-3131 0} HepG2 A&
T DMEM (JBI, Korea) HlX]o| 10% $ &3 (JBI, Korea),
penicillin (100 pg/ml) 72|31 streptomycin (100 wml, JBI, Korea)
2 H7¥ete 37°C, 5% CO, AE wF7]olA] wlFaodc)

2. Biotin BX| ZEtA0(E HE] X2}

Biotin ¥X] Ze}2u|= HE] A 2loll= pcDNA3 (Invitrogen,
USA)7F ALEEt) g 2289 292 Nor 13 Apa 102
22 ¥, blunting 2 self-ligation2 &} Nor I, Xho L Xba 1 1
2 Apa 1 AlFEL 22 AASIATE pcDNA3S] Bsm 12
2 A=23, o7]el Not 1, Xba 1 8| 3L Xho 19] A|StE A 7}
AEZ AAsiith goldle ts 229 ¥99 Hind 119}
Bam HI'& 22} B-galactosidase gene2 E293tgch Algha
A 7HHEo] B2 biotino] AEE A AA oligonucleotide =
Z+z} 26-mer sense (5' GGCCGCAACG ACCCG-VN-GCCGAG-
GCA 3) 2.8] 1L 26-mer antisense (5" TCGAGTGCCT CGGCG-
CGGGT CGTTGC 3" olignucleotideZ AF#.2 o2 3t st
Sense oligonucleotide] 167 & 7]+ virtual nucleotide (VN)21
Biotin-VN™ phosphoramidite (CLONTECH, USA)Z oligonu-

cleotide F 7ol $1]A1# biotino] E&F A -4tk Sensed}
antisense oligonucleotideE &7 95Tol|A] 2837} 7kt 3 A4
27HA) 23] Y43t annealing 319100 HAE ZAnEL
5%0) Nor 1 122]1 3%&o = Xho 19} ATFE 4 FHE 71X
S5 3193t} o]E Not I3} Xho 128 R}HE pecDNA3 ZehAn
= e} ligation 3t biotino] EX|H Felxvm W E
A8t (Fig. 1A).

3. Sense oligonucleotide2| biotin EX| &0l

Biotin ¥2] Q1A 4ol ALE-E 26-mer sense oligonucle-
otide®l] biotin®} EAJsHE2] Lolr 7] ¢35t biotin Eo] A
p-dimethylaminocinnamaldehyde &4WH-5-8 B2t} Silica gel
thin layer chromatography (TLC) plate (MERCK, Silica gel 60
Fypol @22 sense oligonucleotide 15 ug¥ 47 0.2
biotin®] ¥A|F=] &2 antisense oligonucleotide 15 ug 1] i1
biotino} A H transferrin (SIGMA) 75 ugs ztzd HAsh9ch
A& g TLCE ARA7)3, 2% p-dlmethylammocmnamalde-
hyde®} 2% ibol S8 95% o ghg-2 551k TLCS
8] 71gate] A2A7IEA Fade) Lank3g Fas)
Ach (Fig. 1B).

4. X2 biotin BX| S2tA0|= HE, streptavidin 1

2|1 biotin BX| transferrin® &% BXAF ZEH 4 4|
7éX‘l

o
0

Biotin-3 ] pcDNA3 Z&}2n|= #lEol| biotin-EA trans-
ferrin (Sigma, USA)E AZA|A FE1) streptavidin (Sigma,
USA)S AH&-8T (Fig. 4). HZ o} 45 B4 28A 94
278 golH 7] 238}l biotin F A sense oligonucelotide &}
streptavidin “12] 31 biotin 4] transferring- o] &
tion assay= 2 A| 8} T Biotin 4] sense oligonucleotide ek
& [-°P] ATPE EX3FTh E2|¢ oligonucleotide, strepavi-
din 28)31 biotin-XA] transterring TF4 e Bl &R H3HAE
FAAN AL B FA4L 50 ul PBS 2-E8 Slola] 213
sRon 2 EAES Y BEEE ¥ & 37T 1
AlZE B EFAE FAEAAC 24 49" 5EA 5L 8%
native PAGE geloll 150 V, 10 mAZ 44|17} 5ot A7|d 58t

ZAZAA Xray & (Agfa, CURIX, RP1)ol| 7-33}4ivt,

gl gel retarda-

5. WARY SQIYAE 0|8F A5 =X HEHO ME
W =253 ol

Biotin-% %] sense9} antisense oligonucleotide S annealing 3

i, [y-?P] ATPE 5-2ehS FA8}3th pcDNA3 (A a4
FHAEZL HYEE Not UXho 1 AHEAZ A2 & Q4 F
Higk A A9 ligations 4335+ biotin- T A Fepan|iz ¥
EJE TEUCE o)FA FH)4 biotin-E 7] EefAau|= wE 2
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Fig. 1. A scheme for the construction of the biotin-labeled pcDNA3 (LacZ). (A) The pcDNA3 (LacZ/Enzyme cassette) vector was
digested with Not I and Xho 1. The vector was ligated with the annealed oligonucleotide duplex containing a VN virtual nucleotide. (B)
The presence of a biotin at the biotin-labeled insert was determined by a p-dimethylaminocinnamaldehyde colorimetric test. The presence
of biotin at sense oligonucleotides was visualized as a pink-red spot: antisense oligonucleotides of 26 mer, 15 g (a), sense oligo-
nucleotides of 26 mer labeled with biotin, 15 pg (b), biotin-labeled transferrin, 75 pg (c).

pgs 71FE 22 streptavidind} biotin-E ] transferring 1:2: 1
28 1:4:19 24 HE SFAE P46k B3 3
432 50 ul PBS &3-8H0l4] 37T, 1ARF B¢t Fa8ith
thE 234 HA WHOE biotin-F A ZEkAn|= e 9}
streptaviding 3023F WA EFAE FAAIX $ biotin-FA]
transferring 715k 3087 o EAE AR 1:21
22 1:4/1). 349 AT B2 Z2FAs, 5% Aol vy £
F909 HepG2 M EF (6-well culture plate, 3X10° cells/well/2
ml DMEM)Ol x2Jatck AFA M) 1412 Holl 8¢ &
#o] H7IEA] &2 Opti-MEM I (JBL, Korea) W] 2 mlE 2
ol ZF 7oA FAAE AF 2 AFAE AlEo A

etk & A1 F 7} well& PBS $F &N 02 38 A4
£ Stk AlF T AEES mypsinS & Asto] HEE K
O 11 liquid scintillation counter (Packard, USA)E. ‘golls= W
e SATACL

=
L
\_

>
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6. B—galactosidase assay

Az B Ao X 29 1% Aol 12-well cell cul-
wre plate®] HepG2 Al ¥ 1x10° 7§84 DMEM (10% < &
%) wiA] 500 wE AA 25 2 welloll E7-5F3 ) Biotin
XA Eehan= 9 | pugd 7|E02 o] 7} Bxp g4

Bl &2 streptavidin®} biotin 4] transferring- g0} A% ¥}
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Fig. 2. Schematic diagram of the trimeric conjugates. Biotin-
labeled plasmid vector was conjugated with biotin-labeled trans-
ferrin via streptavidin.

AFAE FAAT gAY AE B =Q 1413 AHell
12-well cell culture plate2] BJ=]E 2143k DMEM (10% ¢ @
) 500 W= ZolFlet. orio PAFE AT B2 AFgAE
Yol = 48A]7F Fo|| B-galactosidase assayS 88+ ch

7. Confocal microscopyE 0|88t &5 =X+ HEHH 9
HNE W =953 &0l

e X AFAE FAAZA W streptavidin-fluorescein iso-
thiocyanate (Sigma, USA)E AHE-3ITh AgA9 A Y X
Q] 3% Aol 4-well chamber slide] well B 1<10° 7]¢] Hep
G2 A|¥E DMEM 05 mlol| £F35ich 4% B2 2=
biotin-¥ x| ZetAu|= ME | ugg 71202 549 streptavi-
din-FITC%} biotin-XA] transferrin® 1:2:1 2231 1:4:19]
A Bl &R EAR EFA 4L 50 W PBS 458
oA 37C, 1ARE F<t FRHEHAG B BA ZEAE A
¥o| E9Ja] 1AIRE Holl, & FAo] HIbERA] g 300 wl
Opti-MEM 2.8 iR & ZolF1 2} #2} AjAE H53)
o] Yot} 3417t F-oll chamber slide®] WiXE |78}l PBS
HFEHNE 7} chamberE 394 A A3 TE SlideE 4%
paraformaldehyde &<l 2087+ @7 A X & 1438}1, 3X
PBS ¢H%-8-lol] 28 1831 1XPBS $5-ENol 28 B 2
g FX) AT AZH slideo)) universal mount (Research Ge-
netics, USA) €48 HF 3} cover glassE B2 ¥ confocal
microscopy (ZEISS, Axiovert 135 M)Z 4| X.9] 3§35 &5}
pri=s

2

1. Biotin HX| sense oligonucleotide®| AZ= £ of

..
2 2ol

Biotin ¥X] 4 YHE T==v
_]

=, 21o] 26-mer2] biotin FA]
oligonucleotide] JF 20 T JF=

A AAHH F o)

Oligo [1|1 11|11t t{rirt1[11]1]1
Strep [ -|1]1 (05051 172[{2[1]4]4|C1011 (-
Bio+ | -[1]05/1/05/2[1]|2[4]|1]4 ({01 1}-1
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Fig. 3. Gel mobility shift assay determining an optimal ratio of
molecular conjugation. Biotin-labeled sense oligonucelotide was
labeled with [y-3?P] ATP at the 5'-end. The oligonucleotide labeled
with a radioisotope was conjugated with biotin-labeled transferrin
via streptavidin. The complex formation was performed by ad-
opting the ratio of each component shown in the top panel above
the figure. In the top panel, oligo denotes oligonucleotides, strep
streptavidin and bio+ biotin-transferrin. Conjugation complexes
were separated on an 8% native PAGE gel.

$ #4873 gdAolt). &, Biotin-VN™ phosphoramidite”} sense
oligonucleotide FAd Aol 3 HE- o2 ¥ F biotind
BoldtA EAE 4=tk Bioting EX| RE ol =
%1+ p-dimethylaminocinnamaldehyde colorimetric testZ 44| 3
A7} biotin® 2 F |7 sense oligonucleotideol] X H& 7 ¢
o] Fadlo R WA AL #ASUTE &4 UFETo
2 biotin®] EAE O] A &2 antisense oligonucleotide 2} 2
Hol Mg opbFd Mz wiglE B 4 gtk 1l 34
W20 2 AME-H biotin 3] transferrin®] 730l = biotin
FA] sense oligonucleotide ] H H= 2] ¢lo] Faloz W3l
B AL BESA Fig 1). o143 biotino] EAE o) P2
Wo 2 ks DAAAL A3 A sense oligonucleotideol
A Fagoze] WS F3LT biotin®] FETHA EAE
3513t FAE sense9t antisense oligonucleotide® annea-
ling 3t32, o] AHEE Not I3} Xho 1 ATFEAZ Hgh pe
DNA3 (LacZ/Enzyme cassette)ol] S 233512tk o] A biotin
o7 gA9 Fehavs HEE fAA dd g gAol

AHEE T

piA
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Fig. 4. Trimeric complex facilitated the delivery of plasmid vector into HepG2 cells. Biotinylated insert was labeled at the 5'-end with
[y-2P] ATP, and cloned into pcDNA (LacZ/Enzyme cassette). The vector with radioactive labeling was conjugated with biotin-labeled
transferrin via streptavidin. Conjugations were performed by adopting the ratio of each component shown under the figures. Each trimeric
complex was added to HepG2 cells. Delivery efficiency was determined by residual radio-activity in the cells (A), and B-galactosidase
assay. Each bar value represents the mean+S$.D. of three independent experiments.

A B C D

Fig. 5. Uptake of the trimeric complex by HepG2 cells. HepG2 cells were incubated with the FITC-labeled trimeric complex for 3
hours. The cells were examined with a confocal microscope (X 400). Untreated cell only (A), biotin-labeled plasmid vector conjugated
with streptavidin-FITC alone (B), biotin-labeled plasmid vector : streptavidin-FITC : biotin-labeled transferrin, 1 : 2/1 complex (C)and 1:
4/1 complex (D). Black arrows denote the fluorescence emitted by the trimeric complex. Dotted circle in each figure denotes the boundary

of a representative cell.
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o) Fadich 4% 22 2¢A ¥49 BAX (Fg 20lA
B uks} Zol biotn-EA FekAu|= HE S} biotin A
transferring WZA|A FE streptavidinol] = biotin®] & +
Q= A7} 47 2T, a2l streplavidin®l biotin 3
2 Zepau|= HE} 9} biotin FA] transferino] &2} A Al
g zhz @ BAYL Bojof fAx] AX U 4%
go] drAgtt). Streptavidinol WE] & transferinro] A
g 3 HE AL W EYeE S FAsAY e FA
A8 7R Bale 127+ 9ok Zekan = ¥E gl biotin-
FA sense oligonucleotideE &3t o7 W& 2 A5 £A
AYAE FHAA uLAT B v &S Ao do}
BT} Fig. 3). AHRY] U R &2 AFA el i}

92 free sense oligonucieotide 7} H.0]1L, welloll= sense oligo-

nucleotide, streptavidin 2] 3% biotin ®A] transferrin®] 3 &
2 AFA Y AAH &S E 4 vk Lane 14= oligo-
nucleotide$} streptavidin?ro] AFAE A 442 wellol
AAE B2 2FAE B & gick Wb, wansferrino] 474
A 374 (ane 2~13)9 A wellol AAHA = 4 2HA
=9 A% 4 YAtk = biotin FA| HE, sreptavidin 18]
1 biotin ¥A| transferrino] 4HF ¥-2 ZHAE Fdsta o
29 & = ek Wellel BAF ] 1+ oligonucleotideE
B lane 7, 10 2L 11004 718 Btk &, 4249 A5
B2 A%A B4 EF ¥&-S biotin XA WE] : streptavidin :
biotin ¥4 transferrin®] Z+zto] 1:2:1, 1:4:1 231 1:4:
4ot}

3. &5 BX A ME L =83 &

1
Y FAA BEAE HepG2 Al Xl Ajstod, AX W =

1:2:1 281 1:4:19) 45 B2 284 4 vE= 3
d &S gobugich £, ¥ Y Azolr] Loj
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Aol A% B4 AFA ¥4 v &S vIF R bioin EA
ZH2v| = WE 9 streptaviding YRAH O AFA|7) 3, ©
ZAg Aol biotin FX transferring o|2}& 0.2 Hrlsle] 4%
A dgAe AE =9 5&0] §4& golrglirt o]
2gt #ard ArF A9l A2 streptavidinoll tg} biotin EA]
Zel2v|= WE 9 biotin EA| transferrin®] A5 F AL
371 fgelink. AA o]H B2 AgAEL AX W =Y
8-S A B, B2 AEAE FAPAIZIA] &L biotin
¥R Eef2ni= A 8]dke] 7~118) AX O E¢e] F
7}akg e} =3 cationic liposomes (lipofectiny ©]&-3F 73-9-0j
HjEto = 28] & AX ] Y& YERIT (Fig 4). W
2, AHF B2 2FA Y AX U EYFEHol asAdE
AAFshe dlolth AHF B2 AgA HA vl&olA 1:2:1
3231 1:4:1 (biotin-FA] ZekAv|= WE] : streptavidin : bio-
tin-¥ A transferrin)®] ¥&-& ¥ WS w 1:2:1 H&9
2 ARAZE AE U FA2R 290] & Ao F Ve
o} A Ba A4S FANT ) 910 biotin EX] transfer-
ring Vol BaF A Ao ¥ A 1: 21, 1: 410
= AE U AFae] 29 2o dAke) (Al A A%
Ag JANT AS, 1:2:1 I 1:4:19 1¥1E) o)
Hlale & Aoz uEehutt A7jx /9 FHS B3R

—

H430] ”A ol2oizl HolL $WL UFol A7ka Aolch

EEE 141 HE AFAA 1219 ARG AT U =
A5o] i &2 Ao Jehdth o3 AL A
Aol v &3 gjEo] Bk P49 £ME AT U EY &

Fol 9F& 713tk AL vt
4. HF SR AEA S ME W =USHS| w0(FY 2E

is

2718 BiFAle) Ax U &Y 58S folstA #Es)
A8} straptavidin thilol] FFEDE FX| o & step-
tavidin-FITCE o] &3} 45 &4 AFAE Fdsch o
A M5 AE HepG2 AlEo| A 2]8ke] transferrin-receptor2}
o] A<tz AE W) =92 confocal microscopyE ©] &3¢
FEEAE 714 AMEE AFEAE A9 11 a8
1:41 ¥1&9] AFAZE AHENS 2 A5AE Aee A
TEoiAA 3] FEol AR FHolt ME GFofA
#FH T S-S FES 5 Yok vkl biotin EX €
Zgtrul= e 9} streptavidin-FITCTHS #x} Aol 2o

A7 AS-ofl= AE WollA o}F-3 FHgol TEER| gkttt
(Fig. 5). °12S FEL 5 A9 transferrin®] HE 9] trans-
ferrin-receptor?} ZA %53, &4 Az} g HE
WE endocytosis 1 A< VeI

&R0 §

i
I~

i

i

FAAE AE Y= -Sdbsta wdA7le dhEE Tl 4
Eo] 44 gTFE. (receptor-ligand) S ©]-8to] ®r} M=A
olal, NX Eojdog 2ukslz)+= WHo] U3OF Trans-

ferrinfection Method'7} 1990'30]] 7= A cH?, o] o AT
o] FEAE miAR & FHAke] A WhHol o 7] &
Hog dAfHo] gk F2 @o] o]&H1 U AE 7§
A AL Eold oz L E = asialoglycoprotein 58]
o} HEFFo] LG NEEA go| HHEE transferrin
FEA o4O B Atol 2TtEE AAA Y E YL 2
THAE U] B § ot ARE, 784 2= poly-L-
lysine ZFAE t}A] DNASH A ZAFA7 )= WRie= 90
ZNHEE @ol ALE 53 e dhyo]opr BN saig e
cationic lipidE ©]83= WHOR lipid9] T&A U= 2
2] 11 DNA9e] Aj/3E o]-&oh= whgoluHe. o) W2
AA; g &M vl§ =2 Holu lipid?) ligand2} Z2F
ke o] okate] in viro AROA o] S840l AFEoloF
& Zlojth AMAR 583 2U=F DNA 23 EolA
QF31 biotinylation’® DNA$} E]7=E avidin©|L} streptavidin
o2 sl BEAE A7) oo
B AgoAe HEE biotinylation 17154 virual nucle-
otide$! biotin-VN™ phosphoramiditerg— Ab-gaked WEfe] AR
X L& oligonucleotide2 A3 & & =& 7}
AEfof] Aedstaict o] WS ]f_f/] F-2r A Q) ¥ o]
biotinylation el H|3}ed B e F xS Aok
&, Wgo] £A5H:= biotin®] A AFE AEsHA ¢ +
AT A AA #Ael HH o H vl&Es HHS
7] $)5ke] 3E gel retardation assayoll 4, 1:2:1 5 1:4:1
(biotin 2] M E] : streptavidin : biotin 33| transferrin)2] Hl&
o u] v B2} AGA T AT qE Bk
7128] 31, biotin EA| transferring Vol 4% #x A @A
Abste] & Aol AE W =dFEel o NES ¢
T Aslth ol g AN AHEA HA4
A BAHY A% TS vERITh B A7lolM A aE
AFAE lipofecting ©]§3 4ol ¥ ke A
T =YFEE BoFa ook o] MEL AF 21 2
FA] AR U EgisEHol 283 $5EE HAFH &
3] AXF EolAQl +8AE T Fo] Ejom ¢
7} Qi I $-ARE A
t}. Liposomes= ©]&3F f3xt9] =4

KX
27 Soldel Agol ol go] alth & Aol Al4l%
s

= -\_1;" /\u]\:

N

il
13
=

S ALREl A X9 £84
o FUyEE AE B &A=
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