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Nucleic Acid Delivery with Artificially Synthesized Lipid Compounds

goooad
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goooooooooo
ooooooao

O AbstractO

Modifying the gene transfer process by using artificially con-
structed compounds is fundamental for research in the field
of genomics, cell biology, tissue engineering, and gene
therapy. However, few reports have focused on the struc-
tural characteristics using a library of artificially synthesized
amphiphiles for gene transfer in mammalian cells. In this
study, we have demonstrated that film-like self-assembly of
amphiphilic compound TMA-C2-DEA-C14 prepared by incu-
bating at room temperature results in more than a 15-fold
enhancement in the transfection efficiency with regard to
mouse neural stem cells as compared to that of dispersion
state by ultrasonication. Electron microscopic analysis re-
vealed that the film-like microstructures were dramatically
altered to liposome-like structures, including a number of
transport vesicles, on association with nucleic acids. More-
over, we have demonstrated that TMA-C2-Glu-C12 has the
potential to efficiently transfer siRNA, which has recently
emerged as a powerful tool for gene silencing in the field of
RNA interference, into mammalian cells. Our findings may
improve the development of the liposome/lipid-mediated gene
transfer process and the research regarding the novel bio-
logical functions with artificial materials.
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Fig. 1 Chemical structures of artificially synthesized amphiphilic
compounds.
TMA-C2-DEA-C14 comprises a head region consisting of
trimethylamine (TMA) and a hydrophobic chain comprising 2
carbon atoms (C2), a connector region consisting of
diethanolamine (DEA), and 2 tail regions consisting of a
hydrophobic chain comprising 14 carbon atoms (C14).
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Fig. 2 Photographs of opaque emulsion and transparent solution of TMA-
C2-DEA-C14 prepared by different methods.
The opaque emulsion of TMA-C2-DEA-C14 was prepared by
incubating in H,O for a month at room temperature. The transparent
solution was dispersed in H,O by ultrasonication at a final
concentration of 1.3 mM for 1.0 min. Photograph: left, the
transparent solution (dispersion); right, the opaque emulsion (self-
assembly).
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Fig. 3

Immunocytochemistry of mouse embryonic neural stem cells.
Neural stem cells were cultured for 24 h in the DMEM/F12 medium
with insulin, transferrin, chemically defined lipid concentrate,
selenium, EGF, and FGF-basic in a fibronectin-coated 24-well plate.
The cells were fixed with 2.0% paraformaldehyde solution and
stained with anti-nestin antibody and Alexa Fluor 488-conjugated
secondary antibody. Fluorescence images of nestin-positive neural
cells: left, phase contrast image (x 400); right, fluorescence image
(x 400).
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Transfection efficiencies of TMA-C2-DEA-C14 solutions prepared
by using different methods for neural stem cells.

A) Neural stem cells were precultured in 24-well plates and
transfected for 3.0 h with the DNA/TMA-C2-DEA-C14 mixture (1.5
ug/5.0 pl). At 24 h post-transfection, fluorescent cells were counted
under a fluorescence microscope in more than 3 different views (a
minimum of 300 cells/view). All the data points are averages
obtained from 2 replications performed on different days and
expressed as the mean + standard deviation. B) Fluorescence
images of GFP-expressed cells transfected DNA with the TMA-C2-
DEA-C14 emulsion (1.5 pg/5.0 pl) for 3.0 h and cultured for 24 h:
left, phase contrast image (x 100); right, fluorescence image (x

100).
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Fig. 5 Optical images of TMA-C2-DEA-C14 self-assembly.
A) TMA-C2-DEA-C14 self-assembly. B) DNA/TMA-C2-DEA-C14
self-assembly complex. C) DNA/TMA-C2-DEA-C14 dispersion
complexes. Each solution was applied on a micro slide glass and
observed under an Axiovert optical microscope (x 1,000).
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Fig. 6 Transmission electron images of TMA-C2-DEA-C14-RT self-
assembly.
A) TMA-C2-DEA-C14 self-assembly: left image, x 3,000; right
image, x 15,000. B) DNA/TMA-C2-DEA-C14 self-assembly
complexes (x 15,000). C) DNA/TMA-C2-DEA-C14 dispersion
complexes (x 15,000). Each solution was applied on a carbon-
coated grid and observed under an electron microscope (Hitachi
H-7100, 75 kV).
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Fig. 7 Transfection efficiencies of amphiphilic compounds similar to TMA-
C2-DEA-C14.
The cells were transfected for 3.0 h with mixtures of DNA/similar
amphiphile (1.5pg/5.0ul). At 24 h post-transfection, fluorescent cells
were counted under a fluorescence microscope in more than 3
different views (a minimum of 300 cells/view). All data points are
averages obtained from 2 replications performed on different days
and expressed as the mean * standard deviation.
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Fig. 8 Chemical structures of artificially synthesized amphiphilic
compounds.
TMA-C2-Glu-C12 is represented by a structure made up of a head
region consisting of trimethylamine (TMA) and a hydrophobic chain
comprising 2 carbon atoms (C2), a connector region consisting
of glutamic acid (Glu), and 2 tail regions consisting of a
hydrophobic chain comprising 12 carbon atoms (C12).
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Fig. 9 Characterization of CHO-EGFP cell line.

A) Fluorescence images of CHO-EGFP cells; left, phase contrast
image (x 400); right, fluorescence image (x 400). CHO cells were
transfected with pPCMV-IE EGFP and established by a cloning assay
using a 96-well plate. The constant expression of the EGFP gene
in the CHO-EGFP cells was analyzed under a fluorescence
microscope. B) Flow cytometry analysis of CHO-EGFP cells. The
cells were gently harvested using 0.2% trypsin-EDTA solution and
EGFP expression was analyzed on a flow cytometer (5.0 x 10*
events, 488-nm excitation laser wavelength, 500 V).
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Fig. 10 Transfection efficiencies of sSiRNA by amphiphilic compounds with
different structures.
A) Transfection efficiencies of SiRNA by TMA-C2-Glu-C12, TMA-
C4-Glu-C12, TMA-C6-Glu-C12, or TMA-C11-Glu-C12. CHO-
EGFP cells were precultured in 24-well plates and transfected for
3.0 h with a mixture of EGFP siRNA and amphiphile (50 pmol/5.0
ul); transfection efficiencies were estimated as a decreased range
of EGFP expression on a flow cytometry histogram at 24 h post-
transfection. All data points are averaged from 2 replications on
different days and expressed as the mean * standard deviation.
B) Transfection efficiencies of sSIRNA by TMA-C2-Glu-C14, TMA-
C4-Glu-C14, or TMA-C6-Glu-C14. C) Transfection efficiencies of
siRNA by TMA-C2-Asp-C12.
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10-Carboxydecyl disulfide Cc404
oo 10 mg 11,400
100 mg 33,000
7-Carboxyheptyl disulfide C405
5-Carboxypentyl disulfide C406
0010 mg 11,400
11-Hydroxy-1-undecanethiol H337
8-Hydroxy-1-octanethiol H338
6-Hydroxy-1-hexanethiol H339
0010 mg 12,000
100 mg 35,000
11-Ferrocenyl-1-undecanethiol F246
10 mg 16,000
100 mg 48,000
8-Ferrocenyl-1-octanethiol F247
6-Ferrocenyl-1-hexanethiol F269
0010 mg 15,000
100 mg 45,000
N-Fmoc-Aminoundecanethiol F287
N-Fmoc-Aminooctanethiol F288
N-Fmoc-Aminohexanethiol F289
0010 mg 14,800
50 mg 45,000

13



DQ]‘In News N0.123(2007)

000000 Good’s buffer oogog

O00000000o0ooo HEPES, MOPS, PIPESOOOOO Good'sBuffer0 D000 OO

0ooo 00 00 O0000 00(0)00000 00000000
000000000000 0O0 Good’s Buffer 30 (HEPES, ACES 259 8,000  347-048820 0 GBO1
MOPS, PIPES) 0000000000000 O0O M DNase, 100g 24,600  349-04881 0
RNase 000000000000 0000000 99.060000  ADA 259 3,400  346-04732  GBO2
0 HEPES, PIPES099.79%0 0 DMOPS199.5% 000000 1gg g 2'288 gﬁ'gg;g; GBODS
HopEEEanonn 100g 8,000  347-00264
HEPESOOODOD 5009 31,600  345-00265
<gooo > Bicine 259 2,800 347-03282 GBO4
00(00):99.70 000 DNase, RNase: 000000000 100g 7,000  343-03284
o0: 0000 Bis-Tris 25¢ 4,800 343-047420 GBO05
00000000000: 0000 0.02500(320 nm)d 000 100g 14,000  345-04741
0:0.20%0000000(000):010%0000000Ph CAPS 1323 13'388 gg'ggjgi GBO6
0000 0.0005% 0000 (Fe): 0.0005% O O CHES 25q 3800 34204602 GBO7
MOPS 000000 EPPS 259 5800 348-03192 GBO09
HEPES 259 2,400 348-01372 GB10
<gooo = 100g 6,400  346-01373
oag (D 0 )I 99.50000DNase, RNase: 0O O0ODOOoOooQ 250 g 14,000 340-01371
oo:oooo 500g 23,000 342-01375
00000000000:00000.02000(300nm)0On00 1kg 44,200 340-01376
0:0.30%0000000(000): 0.10%0000000Pb  HEPPSO 259 6,200 340-04132 GB11
0000 0.0005% 0000 (Fe): 0.0005% O O MES OO 25g 2600 341-01622 GB12
100g 6,400  349-01623
PIPESOOOOOO 2509 14,000 343-01621
<0ooo > 000 5009 26,000  345-01625
00(00): 99.70 000 DNase, RNase: 0 01 (] D00 1kg 47,000  343-01626 O
00000000000000:0000 0.03000 (300 nm)n  MOPS 259 2,800  349-01802  GB13

00000 10049 6,400 345-01804
250g 15,600 341-01801
500g 24,000 343-01805

0000:050%0000000(000):0.10% 000000
OPbD D OO 0.0005% 0000 (Fe): 0.0005% O O

00000000000000(0)00 000000000000 1kg 43,000  341-01806
HEPESLLOLLD MOPSO 25g 3,800 341-04162 GBl4
0 5009 34,400 346-08235 GB70 100g 7,800  347-02224 )
MOPSDODDDT Swoqiohm 25 3900 34008080 GB2:
u 100g 9,600 341-08241 GB71  "IPESsesquisodum 259 ' 40- 0 GB25
. 5000 34800 4308045 oyl POPSO 25g 5200 344-04152 GB16
9 ’ TAPS 25g 3,200 344-02572 GB17

PIPESOOOODU 100g 9,400  340-02574
. 100g 9,400  348-08251  GBr2  1,pgq 259 4,800 34804172 GB20
5009 34,000 34008255  GB72  1pg 259 5200 346-02652 GB18

100g 12,800 344-02653

00000000000 buffer
500g 53,400 340-02655
0.5M EDTA 1L 10,000 347-07481 MBO1 Tricine 25 2.800 341-02842 GB19

10x MESA 1L 12,000 344-07491 MB02 100 g 7800 347-02844

10x TBE 1L 10,000  344-07511  MBO4 HEPES buffer solufion 100 ml -~ 11,000  345-06681  GB60

10x TE S00ml 8200  344-07555  MBO8 MOPS buffer solution 100 ml 11,000  342-06691  GB61
20x SSC  500ml 8800 340-07535 MBO6

20x SSPE 500 ml 8,800 347-07545 MBO7 oooooooooooboooooooOoooooboobooo
1M Tris-HCI 500 ml 8,200 348-07575 MB10 ooooooboooo
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IgG Purification Kit - A
IgG Purification Kit - G

000000000000 000 20060 3000000000
goboooooooooboobooboobooboobooooboooo
gbooobooooooooog
goobobooboooooboooDooboobooboboobooo
gooobooobooooboboobooobooooooboo
goobobooboooooboooDooboobooboboobooo
000 @ igGho o000 o0ooo0oooooooooo
gooboboobooboooboobooobooboooboboobooo
000000000 oDooA/GOODODOODOOoOOlgGooo
gooooogoo

0 1gG Purification Kit — A0 0O 1gG Purification Kit— GO 0 0
0000 1lgGoO000000ooooo0ooooooogoon
O00D0DA0DDDO0ODOODODGOOODODOODODO0ODODOOOOO
000000ooooo3000ilgGoooounooooooon
0000000000000 AGHOODOODOUDODODOOOO
00000000000 00000000A/GOO0DO0OOO0
000000000000 0000A/GODOOUODO0OOOO
O000000o00oDoooAGOOOOODOODONDOoooon
000000000000 0000A/GODOO0OOIgGoOooO0
goobobooboooooboooDooboobooboboobooo
O0lgGoO000U0o0ooooooooooooon
000000 1000000050u0000000200ug00
0lgG0 0000000000000 0U0O0DADDDODDDOOG
0o0o0lgGoo0o0O00o0oooo0o0ooooooo 100
gooooooooo

0.1 00s50u000IlgGoooo280nmuiooooooon

IgG Purification Kit - A (ug) | 19G Purification Kit - G (ng)
Horse 150—250 200—300
Calf 200—300 250—350
Donkey 200—300 200—300
Goat 50—100 150—250
Hamster 150—250 100—150
Chicken 25— 50 10— 20
Porcine 200—300 150—250
Mouse 150—250 150—250
Sheep 50—100 150—250
Guinea Pig 150—200 100—200
Rat 50—100 100—200
Rabbit 200—300 150—250
Human 150—250 200—300
Cat 150—250 100—200
Dog 200—300 100—200

oooo

«JUO00D0O 300000

-0000ooooon
«l0000S0pDODOO0DODO200ppgOOOOO0DOO
«J000D0AGLODODDODI0D0D00D0DODO

goooogo

* Protein A Cartridge tubél O O O Protein G Cartridge tubel
x 1

* Washing Buffer 10mix 1

« Elution Buffer 16mix 1

 Catching Buffer Imix 1

«1.5mlMicrotubeO OO OOO0OO0OO0O0O0OO0O 5tubesx 2

gooooooooooooon
«200pID00D0O00DDOO0O -0000DOOO
0J000000DODOOOOOm-.0OD0ODOOOO0O0OD

ooooo o
0 O IgG Purification Kit- A0 0O O

lgG 00000000 Washing
Bufferc 0 000O00OO0O0OOOADO
o0oooooooooooAOd
IgGooooooo

0000000000 A0DOOOO
oooooo

Washing Buffer0 0 0 00 0O 0 OO
OJ000DA0OOOOO000O0O0O0O
gpoooo

Elution Buffer0c 00000000
IZIDIgGIZIDIZIDEID[I

gooooooocogoooooocomomoooogoon

IgG Purification Kit - A

1 set 21,000 APO1
IgG Purification Kit - GO
1 set 21,000 APQ2
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HiLyte Fluor™ 750 Labeling Kit — NH,

0 HiLyte Fluor™ 750 Labeling Kit—NH OO0 000000
50,0000 00000000000000000000000O0O0
00o00ooooooooo0lmooooooooooooog
00000000000000000000000000000
0000000 488 nmO00 FluoresceinODO O OO OO 550
nmO650 nm O 0000000 HiLyte Fluor™ODODODO0D00O0O
gooboooOobOOoobobDbobooobOooboboooboo
000000000000000000000000000
0000000000 loo000ooOs0-200pg00ooon
2000 HiLyte Fluor™7500000000000000000
goobooOoOobOOoobobObobooobooboboooboo
ooooooon

0 HiLyte Fluor™O O 0O AnaSpec0 0000000000000
HiLyte Fluor™ 7500 0 0 O O Aex = 760 nmOAem = 780 Nnm
0000000000000 2

000 Dopwoo MOLECULAR TECHNOLOGIES , INC.

ooog >

0020000000000000

OFiltration TubeO DO O OOOODOODOODOODODOODOO
oooooo

goboooooooooooooocoooooon

<gpoooo >

NH:z-Reactive HiLyte Fluor™ 750 X1
WS Buffer 15ml X1
Reaction Buffer 200l X1
Filtration Tube X1

<000000000000 >
«10p,200p DOOOOOOOO
0000000003700
00000000 00000000
-00000000000000

« DMSO

D YH-Y

HiLyte Fluor™ 750 Dye HiLyte Fluor™ 750 - IgG conjugate
0 1. 0 HiLyte Fluor™750 00 IgG 0000
[ 1
===Fluorescein ====HilLyte Fluor 555 ====HilLyte Fluor 647 ====HilLyte Fluor 750

Fluorescence Intensity /arbitrary unit

400 500 600

700 800 900

Wavelength (nm)

0 2. OFluorescein 0 00 HiLyte Fluor™M O OO0 O00OO0OOO0OO0OOOO
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Biotin Labeling Kit — NHz ( for 1 mg)

ooooooooooooooooooooooooboobooon
oooooooUoooooooooooO0lmgoooooooQg
00000D000NH:-Reactive BiotinD0 OO0 0O0O0000OO
ooooooooooooooooooooooon

goooooooooooooboooooooooboooooo
gooooooooooooobocooobooooobooOoooo
ooooooocoooooooobooo

000000000000000000(@)00000000oon

Biotin Labeling Kit - NH:

0 NHz-Reactive Biotin 0000 00000000000000 3 samples 12,000 LKO3
00000000000000000000000000000 — Biotin Labeling Kit - SH
00000000000000000000000000000 3 samples 12,000 LK10
0000000000 NH.-Reactive Biotin 0 0 00 Filtration ~ Peroxidase Labeling Kit - NH2
Tube0DODOOODOOOOOOOOOOOOOOOOOOOO 3 samples 17,000 LK11
DMSOOOOOO0000D000000000000000000 — Peroxidase Labeling Kit - SH
0O0000000000000000000 3 samples 17,000 LKO9
Peroxidase Labeling Kit - NHz (for 1mg)
oooo 1 sample 30,000 LK51
0lmgDO0000000000000 Alkaline Phosphatase Labeling Kit - NH:
030000000000000000000 3 samples 21,000 LK12
0 Filtration TubeD D0 DD OODOOD0OD0Onoonp  Alkaline Phosphatase Labeling Kit - SH
oooooo 3 samples 21,000 LK13
Fluorescein Labeling Kit - NH:
ooooooo 1 sample 10,000 LKO1
0 NH2- Reactive Biotin oooo X1 3 samples 21,000 LKO1
0OWS Buffer Doo13ml OX1 HiLyte Fluor™ 555 Labeling Kit - NHz
0 Reaction Buffer 1.2ml OX1 1 sample 10,000 LK14
0 Filtration Tube *! X 1 3 samples 21,000 LK14
015 ml Tube (for counterbalance) X1 HiLyte Fluor™ 647 Labeling Kit - NHz
1 sample 10,000 LK15
*19 Filtration TubeD 000000 05mO0O00000000 3 samples 21,000 LK15
000000000 OFitration Tuben 0ooonooooon  Allophycocyanin Labeling Kit - NHz
000000000000000000 Filtration Tubed 00 0 1 sample 17,000 LKk21
0000000000000 000000Filtration Tube: 00 3 samples 43,000 LK21
17.3mm000 124 mmOO0007,000 xgooooooon — B-Phycoerythrin Labeling Kit - NHz
00001500 xg0 00000000020-3000000000 3 samples 43,000 LK22
oooooooo R-Phycoerythrin Labeling Kit - NH2
00000000000000000000000000000 1 sample 17,000 LK23
ooooo 3 samples 43,000 LK23
Allophycocyanin Labeling Kit — SH
3 samples 38,000 LK24
0D000000000000000(0)0000000000 B-Phycoerythrin Labeling Kit - SH
Biotin Labeling Kit -NH: (for 1 mg) 3 samples 38,000 LK25
1 sample 25,000 LKS5 R-Phycoerythrin Labeling Kit - SH
Alkaline Phosphatase Labeling Kit -NH: (for 1 mg) 3 samples 38,000 LK26
1 sample 36,000 LK59
Alkaline Phosphatase Labeling Kit -SH (for 1 mg)
1 sample 36,000 LK61
Peroxidase Labeling Kit -SH (for 1 mg)
1 sample 30,000 LK53
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gogoooo

HilyMax(OODOOOOOO0O

0ooo

0000000000 DNAODOOOOO
000000000000000
0000000000000000000
0000000000000000000000

oo oo
HilyMax

goooad
1ml

00(0)0o0o oooooooo
20,000 H357

goooboooboooobobogoo
gboooboooboooobooboooboooobooooboooboo
0170000000000000000000O0O
http://www.dojindo.co.jp/whatsnewsj/newpro/hilymax/hilymax.html

gooooooooooooooooooooooOoOoboomoooobOoOobooooooooOobobooOoooon

HilyMax M A EIT 4t &l “He <

-

gbobobo
oooooooooooooooo
Ek7 il

HilyMax D ST fh it & <

T
15%

ik B3k ik 2B ik 22B S
COS-1 TIUHASRYFIL B HEK293 Ek &R B NB1 Ek RS MR RE
coS-7 FIUASRUHFIL B Hela [ FEES PA-1 [ TN I—T
Vero TIUHASRYFIL B HelaS3 Ek FEBE PC3 ek BISLARAT >
MDCK e B HepG2 Er AT fEZE T98G [ YA TIR—
CHO FrA=—XNLRE— I8 HFL-1 Ek f&R fh UtSMC Ek FEFBH
DT40 —7JKr) IM¥k+1)>78% |Human hepatic Stellate ek Frfig 3T3-L1 IR E
CEF =Ky [ Jurkat Er Bt Tl | c2c12 XA BH
cov =Ly 18] B K562 [ mEk-1)2 8% 1929 YIRS
A172 Ek )T HE LNCap Ek RISLARA > Neuro2a IHR wHER
A549 [ fiti £ R MCF-7 [ LA NIH3T3 29X A
AGS (= =3 Mesenchymal cell (= fERE L6 vk AhAR
Caco? [ (=l MG63 (= BRE RBL2H3 Syk MmUY RFR
HC Ek FR'R AR MKN Ek B VSMC vk MEF B
=)
e | =t /1jDDDDDDDD \\
BMN H42 (1
i ndar) 0000000 -Dofect-GT10 00000000

ooooooo
goooooooooooooboooooooo
000 HiyMaxODOooOoooooo
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URL : http://www.dojindo.co.jp/
E-mail : info@dojindo.co.jp
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