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2-2-1-1. [3-[(3-Aminopropyl)methylamino]propyl]carbamic acid tert-butyl ester (1)
N, N-Bis(3-aminopropyl)methylamine 14.53 g (0.1 mol) 30ml 1.4-
S-tert-butyloxycarbonyl-4, 6-dimetyl-2-mercaptopyrimidine 12.11 g (0.05 mol) 80 ml
1,4- 14 6
MilliQ
1,4- MilliQ NaCl
NaCl

-02-



[3-[(3-Aminopropyl)methylamino]propyl]carbamic acid tert-butyl ester (20
mix 3 ) MgSOy, 1
3 8.32 g (33.9 mmol) 34 %
( 25 %) 'H-NMR (400 MHz, CDCls): 8= 1.44 (9H, s), 1.63 (4H, m), 2.19 (3H, s), 2.36 (4H,
m), 2.75 (2H, t, J= 6.8 Hz), 3.17 (2H, d, J= 5.7 Hz) ppm

2-2-1-2. N, N-Big[3-(3-tert-butoxycar bonylaminopropyl)methylaminopropyl]naphthalene-1, 4,
5, 8-tetracarboxylic acid diimide (2)
[3-[(3-Amino-propyl)methyl-amino]propyl]carbamic acid tert-butyl ester 2.0 g (8.0 mmol) 25

ml (THF) Napthalene-1, 4, 5, 8-tetracaboxylic acid dian-
hydrate 0.54 g (2.0 mmol) 80 18 THF
50 ml
30
ml
( : THF) Rf = 041
3 1.17 g (1.62 mmol) 81 %
( 62 % '"Y) 'H-NMR (400 MHz, CDCls): = 1.42 (18H, s), 1.65 (4H, m), 1.90 (4H, m), 2.23

(6H, s), 2.41 - 2.49 (8H, m), 3.21 (4H, t, J = 6.2 Hz), 4.26 (4H, t, J = 7.6Hz), 8.76 (4H, s) ppm.
MALDI-TOF-MS (positive mode 0-cyano-4-hydroxycinnamic acid (a-CHCA)): m/z = 725.91 (
: C35HssNgOg+H = 723.87) :106-109 115-120 ')

2-2-1-3. N, N-Big3-(3-Aminopropyl)methylaminopropyl]naphthalene-1, 4, 5, 8-tetracarboxylic
acid diimide (3)

20 ml 2 1.0 g (1.38 mmol)
(TFA) 6 ml (135 mmol) 5 TLC (

=9:1:1 ) TFA
48 1.33 g (1.36 mmol) 98 %

( 97 % 'Yy '"H-NMR (400 MHz, CD;0D): &= 2.10 - 2.25 (8H, m), 2.92 (6H, s), 3.05 (4H, t,
J=17.6 Hz), 3.30 (4H, t), 4.30 (4H, t, J= 6.7 Hz), 4.85 (4H, 1), 8.76 (4H, s) ppm. MALDI-TOF-MS
(positive mode 0-CHCA): m/z = 525.96 (  CogHygNgO+H' = 523.64) 228 -
233

-23 -



2-2-1-4. N, N-Bis-3-(3-(2,2-dipicolylaminopropyl)methylaminopropyl)naphthalene-1, 4, 5, 8-
tetracarboxylic acid diimide (4)
3 0.10 g (0.10 mmol)

0.11 ml (0.80 mmol) 10 ml
2-Pyridinecaboxaldehyde 0.095 ml (1.0 mmol) 30 30 sodium
triacetoxyborohydride 0.42 g (2.0 mmol) 18 TLC (
=9:1 ) 2 M NaOH

0.50ml 1 M HCI pH 6

(10 mlx 3 ) (20 ml
x1 ) 3

20 ml (BOmlx 2 )

Na,SOs 3 003 g
(0.03 mmol) 34% '"H-NMR (400 MHz, CDCl;): 3= 1.81 - 1.94 (4H, m), 2.18 - 2.30 (4H, m),

2.50 - 2.70 (4H, m), 2.57 (6H, s), 2.80 - 2.90 (4H, m), 2.90 - 3.10 (4H, m), 3.73 (8H, s), 4.12 - 4.28
(4H, m), 7.08 (4H, m), 7.33 (4H, d J=7.5 Hz), 7.60 (4H, m), 8.46 (4H, d, J= 4.1 Hz), 8.60 (4H, s)
ppm. MALDI-TOF-MS (positive mode a-CHCA): m/z = 888.99 ( : CsHsgNgO4+H =
888.08)

2-2-1-5. N, N-Bis-3-(3-(2,2-dipicolylaminopropyl)methylaminopropyl)naphthalene-1, 4, 5, 8-
tetracarboxylic acid diimide-Zn complex (NDI-Dpa-Zn)
40.02 g (0.02 mmol) 2ml 6 0.01 g
(0.04 mmol) MilliQ 1 ml 30
0.03 g (0.02 mmol) 100 % 'H-NMR
(400 MHz, DMSO-dg): = 1.70 - 1.87 (8H, m), 2.70 - 2.80 (4H, m), 3.12 (6H, s), 3.25 - 3.48 (8H,
m), 3.94- 4.02 (4H, m), 7.73 (4H, dd, 3= 0.7, 7.4 Hz), 7.75 (4H, d, J= 6.7 Hz), 8.10 (4H, t,J=7.4
Hz), 8.64 (4H, d, J= 2.2 Hz), 8.70 (4H, s) ppm.

2-2-2. 4
5uM 4 100 mM NaCl 50 mM HEPES (pH 7.2) ( 3000 pl)
1 mM Zn(NOs), (1,2,3,4,5,6,7,8,9, 10, 15, 20,
25, 30, 35, 40 pM) 1 mM Zn(NO;),
1 mM Mg(NO;), (1,2,3,4,5,6,7, 8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50,
60, 70, 80, 90, 100, 110 pM) Aex= 360 nm
Aem = 396 nm 25
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2-2-3.NDI-Dp-Zn 2 DNA
2-2-3-1. DNA (Ct-DNA) NDI-Dpa-Zn
4.3 uM NDI-Dpa-Zn 100 mM NaCl 50 mM HEPES (pH 7.2) ( 3000
ul) 3 mM/bp Ct-DNA
25
2-2-3-2. NDI-Dpa-Zn Ct-DNA (CD)
80 uM/bp Ct-DNA 100 mM NaCl 50 mM HEPES (pH 7.2) (
3000 pul) CD 645 uM NDI-Dpa-Zn (1, 3, 6, 10, 15,
21 pM) CD 20 nm/min 2
sec 0.1 nm 100 mdeg 2 nm 4 25
2-2-3-3. NDI-Dpa-Zn poly[dA-dT].
50 UM poly[dA-dT], 100 mM NaCl 50 mM HEPES (pH 7.2) ( 3000
[W1))] 645 UM NDI-Dpa-Zn 2,4,6,8,10, 12, 14 ul
30 [N/Mo]"™ = [t ~to)(tomato)] = 1 + v
NDI-Dpa-Zn to buffer
tona T NDI-Dpa-Zn v DNA

2-2-3-4. NDI-Dpa-Zn
plasmid DNA

Reaction buffer

pUCI9 (2686 bp) 0.25 pg
: 35 mM Tris-HCI (pH 8.0), 72 mM KCI, 5 mM MgCl,, 5 mM

DNA  Topoisomerase| assay
0.1 % BSA 1x Reaction buffer (1x

(DTT), 5 mM ) 5 U Topoisomerase | 37 5
NDI-Dpa-Zn (1,2, 3, 4, 5 uM) 1 ul
37 1 10 % SDS 2 pl 20 mg/ml
proteinase K 0.5 pl 37 15
Ix TE 100 ul : : =
25:24:1 100 wl 1 3
=24:1 100wl 1
3 1% 1x TAE
18V 3.5 3.5 1x TAE 100 ml  Gelstar 5 pl 30
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2-2-3-5. NDI-Dpa-Zn  Topoisomerase |

plasmid DNA pUC19 (2686 bp) 0.25 png 0.1 % BSA 1x Reaction buffer (1x
Reaction buffer : 35 mM Tris-HCI (pH 8.0), 72 mM KCI, 5 mM MgCl,, 5 mM DTT, 5 mM
) NDI-Dpa-Zn (1,2,3,4, 5 uM) 1wl
37 10 5 U Topoisomerase I
37 1 10 % SDS 2 pul 20 mg/ml proteinase K 0.5 pl
37 15 1x TE
100 pl : : =25:24:1 100 ul
1 3
=24:1 100w 1
3 1 % 1x TAE 18 V 35
3.5 1x TAE 100 ml ~ Gelstar 5 pl 30
2-2-3-6. Stopped-flow Ct-DNA NDI-Dpa-Zn
2-2-3-6-1.
2.5,5,7.5, 10, 12.5 uM NDI-Dpa-Zn 100 mM NaCl 50 mM HEPES (pH 7.2)
( 3000 pl) 25, 50, 75, 100, 125 uM/bp Ct-DNA 100 mM NaCl 50 mM HEPES
(pH 7.2) ( 3000 pl) NDI-Dpa-Zn Ct-DNA 384 nm
Stopped-flow 25
2-2-3-6-2.
5 UM NDI-Dpa-Zn 50 uM/bp Ct-DNA 100 mM NaCl 50 mM HEPES (pH 7.2)
( 3000 pul) 1% SDS ( ) 100 mM NaCl 50 mM HEPES (pH 7.2)
( 3000 pl) NDI-Dpa-Zn Ct-DNA SDS
384 nm Stopped-flow 25
2-2-3-6-3. 4  Ct-DNA
SpuM 4 50 uM/bp Ct-DNA (05,1,1.5,2,25,3,3.5, 4, 4.5,
5,7.5,10,12.5, 15, 20 uM) 100 mM NaCl 50 mM HEPES (pH 7.2)
( 3000 pl) 1% SDS ( ) 100 mM NaCl 50 mM HEPES (pH
7.2) ( 3000 pl) 2 384 nm
Stopped-flow Zn(NOs); Mg(NOs),
25
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2-2-4. 2 DNA NDI-Dpa-Zn

2-2-4-1.2 NDI-Dpa-Zn
Table 2-1 4.3 uM
NDI-Dpa-Zn 100 mM NaCl 50 mM HEPES (pH 7.2) ( 3000 pl) UV-Vis
128 puM/strand ODN 125 pM/strand pODN
UV-Vis 25
Table 2-1.
ODN 5’-GCA CGT GC-3’
pODN  5’-P 03*-GCA CGT GC-3’
2-2-4-2. DNase Ct-DNA NDI-Dpa-Zn
2-2-4-2-1. DNase Ct-DNA
Ix buffer (1x buffer ;10 mM (pH 5.2) 0.5 mM MgCl,) 331.2U/900 pl
DNase I (DNase | 20 mM (pH 6.5) 5 mM CaCl, 0.1 mM PMSF 50 %
) I mM/bp Ct-DNA 15 4 DNase
80 10 TE
500 pl 1 12000 rpm 3
2
500 pl 12000 rpm 3
2 2 5MNaCl 50pl 100 %
1 ml 2 4 12000g 10
80 % 300 pl 12000 g 2
100 pl 5.16 mM/bp  Ct-DNA (DNase 1 )
2-2-4-2-2. DNase Ct-DNA NDI-Dpa-Zn
4.3 uM NDI-Dpa-Zn 100 mM NaCl 50 mM HEPES (pH 7.2) ( 3000 pl)
5.16 mM/bp Ct-DNA (DNase )
25
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2-3.
2-3-1. NDI-Dpa-Zn

Scheme 2-2 NDI-Dpa-Zn 'H-NMR
Zn 4
(Figure 2-3) Zn**
Figure 2-4 4
396 nm Figure 2-4
70
1:2
2 Zn* Dpa Zn*" 1
NDI-Dpa-Zn
NDI-Dpa-Zn Ha

H4

[ g

=]
o~
-3

Figure2-3.'H-NMR ( : DMSO-dg) NDI-Dpa-Zn
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Figure 2-4. Mg* (0) zZn* (o) 4

25

:[4] =5puM 50 mM HEPES (pH 7.2) 100 mM NaCl [Zn(NOs);] = O - 40 uM

[Mg(NO3);] =0- 110 uM

: 25
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2-3-2. NDI-Dpa-Zn 2 DNA

Figure 2-5 2-6 2-7 Ct-DNA NDI-Dpa-Zn 384 nm
Scatchard Figure 2-5
2 DNA
15-18) Figure 2-5 Ct-DNA
Ct-DNA
383 nm (Figure 2-6)
McGhee & von Hippel (Figure 2-7)
19)
vic = K(1-nv)x {(1-nv)/(1-(n-1)v)}"™*
v c
n ( ) K
K=1.8x 10°M", n=43 NDI-Dpa-Zn 4
K=6.7x 10*M",n=3.0 NDI-Dpa-Zn 4
30 Zn DNA NDI-Dpa-Zn
DNA NDI-Dpa-Zn
(NDI) Zn-Dpa  DNA
0'2 T T T
Ct-DNA
0.15
)
o
c
S o041
T
(]
2
<
0.05 |
0
300 350 400 450 500
Wavelength/ nm
Figure 2-5. Ct-DNA NDI-Dpa-Zn : [NDI-Dpa-Zn] =
43uM 50 mM HEPES (pH 7.2) 100 mM NaCl 125
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Ct-DNA  NDI-Dpa-Zn CD Figure 2-8 Figure

2-8 NDI-Dpa-Zn NDI 383 nm CD
NDI-Dpa-Zn DNA CD Figure
2-9 bis-intercaltor 5 ** 5 10 Ct-DNA CD
-2560 deg-cm?/decimol NDI-Dpa-Zn 11 Ct-DNA
CD -1370 degrem?/decimol 5
£=27,000 M'cm' NDI-Dpa-Zn € =40,200 M'cm’ CD
5 0.95 NDI-Dpa-Zn  0.38 2 ligand
4 0.080 NDI-Dpa-Zn

NDI-Dpa-Zn 4 DNA

CD NDI-Dpa-Zn  Ct-DNA

Topoisomerase I NDI-Dpa-Zn

[61% 10" degcm?decimol™

-2 1 L L 1 [ [ 1

240 280 320 360 400 440 480

Wavelength/ nm

Figure 2-8. NDI-Dpa-Zn Ct-DNA CD . [Ct-DNA] = 80
KUM/bp 50 mM HEPES (pH 7.2) 100 mM NaCl [NDI-Dpa-Zn] = 0 - 21 uM
25
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Figure 2-10
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: 50 MM HEPES (pH 7.2) 100 mM NaCl [poly[dA-dT],] =50 piM [NDI-Dpa-Zn] =2 - 14
11 : 30
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Figure 2-11 NDI-Dpa-Zn  Topoisomerase I assay pUC19
Topoisomerase 1 open circle NDI-Dpa-Zn pUC19
supercoil
Topoisomerase I assay plasmid DNA
Topoisomerase I  open circle open
circle plasmid DNA
Topoisomerase | supercoil
2) pUC19 NDI-Dpa-Zn supercoil
NDI-Dpa-Zn DNA
NDI-Dpa-Zn pUCI19 NDI-Dpa-Zn
5 UM 6 (Figure 2-9) 50 uM
NDI-Dpa-Zn 6 10
NDI-Dpa-Zn DNA
Topoisomerase 1 assay NDI-Dpa-Zn DNA
1 2 3 4 5 6 7 8
- . n . i —— —
Figure2-11. NDI-Dpa-Zn pUC 19 Topoisomerase | assay lanel 2
1 kb Ladder pUC19 lane 3 8 pUC19 Topoisomerase |
NDI-Dpa-Zn 01,234, 5 uM
NDI-Dpa-Zn Figure 2-12
5 UM NDI-Dpa-Zn 50 pM Ct-DNA 384 nm 5 UM
NDI-Dpa-Zn 50 pM Ct-DNA 1 % SDS 384 nm
Stopped-flow fitting
(A1 Ay R Ry Kapp

15)
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Abs = -Aexp(-Rix 1)-Ax(-Rox 1)

Kapp = (A1x Ri+AX Ro)/(A1+Ay)

Abs t A Ay Rp Ry
DNA Kapp (Figure 2-13)
Figure 2-13 NDI-Dpa-Zn ko= 6.5x 10*M s 4
k.= 2.1x 10° M''s™ NDI-Dpa-Zn
3.2 NDI-Dpa-Zn Dpa Zn* rigid
fittil’lg (Al A2
R Ry) Ka= (A1% Ri+AxX Ry)/(Ai+Ay) Kq 10
ki= 0.4 5" 4 ki=3.65"
NDI-Dpa-Zn 4 9 DNA
Zn-Dpa
(A) (B)
01384 4 nogs N
0159 o
nE
01354
. 0134 [ RTRH
'<?: 01151 38 o
< 11 é
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olq 005
00959
0033
0o 4
D o8 T T T T T - LTiE} r T T T J
ol 03 [ 04 ns s 0 1 20 30 &0 S0
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Figure 2-12. Ct-DNA NDI-Dpa-Zn Time Trace (A) Time
Trace (B) : 50 mM HEPES (pH 7.2) 100 mM NacCl 75 uM
NDI-Dpa-Zn 50 mM HEPES (pH 7.2) 100 mM NaCl 75 uM/bp Ct-DNA
(A) 50 MM HEPES (pH 7.2) 100 mM NacCl 5 uM NDI-Dpa-Zn 50 uM/bp
Ct-DNA 50 mM HEPES (pH 7.2) 100 mM NaCl 1% SDS
(B) : 25
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DNA NDI-Dpa-Zn  Dpa-Zn
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(Figure 2-14) 4 DNA Zn*"
Dpa DNA Zn-Dpa
Topoisomerase I Figure 2-11
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2-3-3. 2 DNA NDI-Dpa-Zn

Zn-Dpa Table 2-1 5
(pODN) (ODN) 8
NDI-Dpa-Zn Figure 2-16
pODN ODN 383 nm
NDI-Dpa-Zn 383 nm
Scheme 2-3 NDI-Dpa-Zn ODN pODN
Johnston 24 (Eq. 1)

K
ODN or pODN + NDI-Dpa-Zn — ODN-(NDI-Dpa-Zn)g or pODN-(NDI-Dpa-Zn)s
Scheme 2-3.

a- (a’- 2K’[NDI-Dpa-zn] ,C/s) "”

Abs = A, + (A,- A 1
i (Ro-Ar) 1 + 2KINDI-Dpa-Zn], )

a =1+ K[NDI-Dpa-Zn],+ KC/2s  (2)
C = [ODN or pODN] (3)

Ar Ay NDI-Dpa-Zn NDI-Dpa-Zn
[NDI-Dpa-Zn], NDI-Dpa-Zn C
K s
Figure 2-16 fitting R=0.99
fitting ODN K=1.3
x 10°M" s=15 pODN K=48x 10°M" s=12
ODN pODN 5 1~2
NDI-Dpa-Zn X 6
(5’-TGTACA-3) 2
) NDI-Dpa-Zn
ODN pODN NDI-Dpa-Zn 4
pODN NDI-Dpa-Zn
Figure 2-17 ODN 7
1 NDI-Dpa-Zn Zn 4
NDI-Dpa-Zn
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Figure2-17. NDI-Dpa-Zn
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DNA Ct-DNA  DNase 1

DNase [
1 kb DNase I 200 bp
NDI-Dpa-Zn
Figure 2-18 DNase | NDI-Dpa-Zn
Figure 2-19 DNase |
DNase 1
DNase 1
383 nm
DNase 1
DNase 1 NDI-Dpa-Zn
2-3-2 McGhee & von Hippel
K=4.0x 10°M*', n=3.8 (Figure 2-20)
NDI-Dpa-Zn Ct-DNA DNase I
K=1.8x 10°M",n=43 DNase I
2
8
DNA NDI-Dpa-Zn

uv
383 nm

NDI-Dpa-Zn

2-3-2

NDI-Dpa-Zn  Zn-Dpa
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0.18 3 r r r T
O.
O.
016 | o* -
— L]
E
o 014fF S e -
ﬁ C e
E Oo .
o 012} 0 o .
e %
© o ®
o] O e
S 0.1} o e -
[e}
0.08 | o e, 1
Coog 8 e e o
0-08 1 L L L L
0 10 20 30 40 50
[DNAY/ pM-bp
Figure2-19. DNA NDI-Dpa-Zn 383 nm 0:0-356
KM /bp DNasel Ct-DNA e : 0-47.2uM/bp DNasel Ct-DNA

125

-42 -



4 Ll 1 L] L) L]
3t i
" L 4
(=]
-
x 2} 4
2
u =1 -
1} 4
0 L L '] 1 L
0 0.04 0.08 012 016 0.2 0.24
v
Figure 2-20. DNase | Ct-DNA 384 nm

Scatchard

-43 -



2-4.

Zn-Dpa Ojida Zn-Dpa
(Figure 2-21,7) ') Lee Zn-Dpa
dimer excimer
(Figure 2-21, 8) '? Dpa Zn
pH (Figure 2-21, 9) % Zn-Dpa
Lee ligand Zn-Dpa
NDI-Dpa-Zn
8
NDI-Dpa-Zn
2
3
NDI-Dpa-Zn
DNA DNasel NDI-Dpa-Zn
DNA
NDI-Dpa-Zn DNA
Ojida ligand  Lee ligand
Zn-Dpa

NDI-Dpa-Zn NDI Zn-Dpa

_ N Zn N
7 8 14ANOy
Figure2-21. Zn-Dpa Dpa ligand
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2-5.

NDI-Dpa-Zn DNA
NDI-Dpa-Zn Zn-Dpa 4
'H-NMR  Zn** Dpa Zn*
NDI-Dpa-Zn DNA NDI-Dpa-Zn
4 DNA 4 NDI-Dpa-Zn DNA
Zn Dpa
Dpa rigid NDI-Dpa-Zn  DNA
Zn-Dpa
DNA DNA
8
8 NDI-Dpa-Zn NDI-Dpa-Zn
4 NDI-Dpa-Zn
NDI-Dpa-Zn  Zn-Dpa  DNA
DNA DNase 1 NDI-Dpa-Zn  DNase I
DNase 1
2
DNA
NDI-Dpa-Zn

DNA
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B-CD DNA
DNA
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Figure3-1. FNC
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Figure 3-2. DNA FNC
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3-2.
3-2-1.
N3-B-CD (Sheme 3-1) ***  Nj-Fc (Scheme 3-2) **+39
! 28) Scheme 3-3 FNC

NaN,
- 5
H20 N=N=N
H
H
N;-BCD
Scheme 3-1
S T =
™
Fe Fo
— H20 <
N3 -Fc
Scheme 3-2
H
(\/”\
N
HZN\AE/ ]
o BT
N
S
H
1
O N 5

Ns-Fc , Na3-pCD

CuS04, Sodium Ascorbate
N Tris-(benzyltriazolylmethyl)amine
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3-2-1-1. Mono-6-azido-B-cyclodextrin (Ns-BCD)

3-2-1-1-1. Mono-6-p-toluenesulfonyl-B-cyclodextrin 3. 32)
0.4 N NaOH 100 ml  B-cyclodextrin (B-CD) 5 g (4.4 mmol) p-
5g (26 mmol) 0 45 45 1H HCI
pH 7 1
TLC ( :nNBuOH : EtOH : H,O=5:4:3 : (p-
: conc H,SO4: EtOH =1 : 1 : 18) 60 %
3 TLC
MALDI-TOF-MS
1.31 g (1 mmol) 23 % ( 40 % *Y) MALDI-TOF-MS
(positive mode, 0-cyano-4-hydroxycinnamic acid (0-CHCA)): m/z = 1313.63 (
C4oH760378+Na" = 1312.17) 169-172  ( 168 - 170 % *?)
3-2-1-1-2. Mono-6-azido-B-cyclodextrin (Ns-BCD) %)
MilliQ 10ml  Mono-6-p-toluenesulfonyl-B-cyclodextrin 1.26 g (1.0 mmol) [0
0.65 g (10 mmol) 80 5 2
100 ml 3
TLC (nBuOH : EtOH : H,O=5:4:3
)
MALDI-TOF-MS FT-IR 0.82 g (0.7 mmol) 69 % (
72 % *¥) MALDI-TOF-MS (positive mode, 2,5-dihydroxybenzoic acid (DHBA)): m/z=1183.19
( CyHeoN3034+Na' = 1182.98) FT-IR (KBr 16 ):2104 cm™ (-N=N'=N")
225-231 220 )
3-2-1-2. Ferrocenylmethylazido (Ns-Fc) )
15 ml Ferrocenylmethyltrimethylammonium iodide  0.77 g (2 mmol)
0.26 g (4 mmol) 80 13
30 ml
( : CHCl;: (Me,NH) = 10 : 0.2) Rf =0.65
'H-NMR  FT-IR 0.17 g (0.70 mmol) 35 %
( 62 % *Y) 'H-NMR (400 MHz, CDCls): 8=4.11 (2H, s,) 4.17 - 4.24 (9H, m) ppm FT-IR
(KBr 16 ):2101 cm™ (-N=N"=N") 32-
34 34)
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3-2-1-3. N-Methylaminopropylnaphthalene-1, 4, 5, 8-tetr acar boxylic acid diimide (1) %)

Naphthalene-1, 4, 5 ,8-tetracarboxylic acid dianhydride 1.34 g (5.0 mmol) 40 ml
(THF) N-Methyl-1, 3-diaminopropane 2.56 ml (25 mmol)
TLC ( : CHCl;: CH;0H : MeoNH=10:0.2 :0.5) 7
THF
30 ml 20 ml
300 ml 1 4

HPLC
HPLC Inertsil
ODN-3 383 nm 0.1 % TFA 70 %
10 % 100 % 30
'H-NMR MALDI-TOF-MS 0.49 g (1.2 mmol) 24 % (
24 %) "H-NMR (400 MHz, CDCls): 3= 1.96 (4H, m) 2.44 (6H, s) 2.68 (4H, t, J= 6.9 Hz)
429 (4H, t, J = 7.1 Hz) 8.76 (4H, s) ppm. MALDI-TOF-MS (positive mode, a-CHCA): m/z =
409.99 ( CyHyyN4O,+H' = 409.45). 177 -179.5 ( 198-200 %),

3-2-1-4. N,N’-Big[3-(3-propargyl)methylaminopropyl]naphthalene-1, 4, 5, 8-tetracarboxylic
acid diimide (2)

1020 g (049 mmol) 15 ml THF (TEA)
0.14 ml (0.98 mmol) 80 30 Propargyl bromide 0.074 ml (0.98
mmol) TLC ( : CHCI3 : CH3;0H : Me,NH = 10 : 0.2 : 0.5)
80 3 30
20 ml TEA 0.14 ml (0.98 mmol)
( : CHCl;: Me,NH = 10 :
0.2) Rf =024
HPLC
HPLC Inertsil ODN-3
383 nm 0.1 % TFA 70 % 10 %
100 % 30 MALDI-TOF-MS 'H-NMR
0.08 g (0.16 mmol) 33 % 'H-NMR (400 MHz, CDCl3): 8= 1.92

(4H, m), 2.16 (2H, t, J=2.3 Hz), 2.31 (6H, s), 2.68 (4H, t, J= 6.9 Hz), 3.39 (4H, s), 4.27 (4H, t, I =
7.5 Hz), 8.76 (4H, s) ppm. MALDI-TOF-MS (positive mode, a-CHCA): m/z = 485.7 (
CagHaosN,O4+H = 485.55). : 188 - 189
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3-2-1-5. N,N’-Bis{3-[(Ferrocenylmethyltriazolylmethyl)-6-methyltriazolylmethyl-f-cyclodexri-
nlmethylaminopropyl}naphthalene-1, 4, 5, 8-tetracarboxylic acid diimide (FNC)
2 0.0484 g (0.10 mmol) N3-Fc0.0243 g (0.10 mmol) N;-BCD 0.1183 g (0.10 mmol)
DMF 2.5 ml 1 M CuSOy4 10 pl (0.010 mmol) 1M
40 pl (0.04 mmol) Tris-(benzyltriazolylmethyl)amine (TBTA) 0.0053 g (0.010 mmol)
50 DMF HPLC
Retention Time (R.T.) = 14 min.
HPLC
HPLC Inertsil ODN-3 383 nm
0.1 % TFA 70 % 10 % 100 % 30
MALDI-TOF-MS
0.02 g (0.0095 mmol) 10 % MALDI-TOF-MS (positive mode, a- CHCA): m/z = 1907.70
( Cg HosFeN (O3+Na” = 1908.61). : C 44.16, H 525, N 597 (
Cg1H 0sFeN¢055-10H,0: C 44.51, H 5.71, N 6.11).

3-2-2. FNC
3-2-2-1. FNC (CD)
50 uM FNC 100 mM NaCl 10 mM MES (pH 6.25) 1 mM EDTA (
3000 pl) CD 50 nm/min 2 sec
0.1 nm 100 mdeg 2 mm 4 25

3-2-2-2. FNC  1-Adamanthylcarboxylic acid (Ada-COOH)

MilliQ 5 uM FNC 5 uM FNC 5 uM Ada-COOH (
3000 pl) Aex = 383 nm Aem = 412 nm
25

3-2-2-3.FNC  Ada-COOH

MilliQ 50 uM FNC 50 (M FNC 50 UM Ada-COOH (
3000 pl) Aex = 383 nm Aem = 412 nm
25
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3-2-2-4. FNC  1-Adamanthylamine (Ada-NH5)
3.0 mm (GO) 0.05 pm 60
15 5 x3) 10 mM NaH,PO4/Na,HPO, (pH 7.0) 100 mM
NaClOy 50 UM FNC ( 300 pl) Cyclic voltammetry (CV)
10 mM NaH,PO,/Na,HPO, (pH 7.0) 100 mM NaClO, 50 UM FNC
200 pM Ada-NH, ( 300 pl) Ccv Cv
:0-06V 25

3-2-3. FNC DNA
3-2-3-1. DNA (Ct-DNA) FNC

10 (M FNC 100 pM/bp Ct-DNA 100 mM NaCl 10 mM MES (pH 6.25) 1 mM EDTA

( 3000 pl) 384 nm

25
3-2-3-2. Ct-DNA FNC

7 UM FNC 100 mM NaCl 10 mM MES (pH 6.25) 1 mM EDTA (
3000 pl) UV-Vis 4 mM/bp Ct-DNA 10 1

UV-Vis

25
3-2-3-3. FNC Ct-DNA CD

100 uM/bp Ct-DNA 100 mM NaCl 10 mM MES (pH 6.25) 1 mM EDTA
( 3000 pl) CD 694.5 yM FNC (10, 20, 30, 40, 50, 60
UM) CD 50 nm/min 2 sec

0.1 nm 100 mdeg 2 mm 4 25

3-2-3-4. FNC DNA  Topoisomerase| assay

plasmid DNA
Reaction buffer
) 5 U Topoisomerase I

FNC (5, 10, 15, 20,

15

pUCI9 (2686 bp) 0.25 pg
: 35 mM Tris-HCI (pH 8.0), 72 mM KCI, 5 mM MgCl,, 5 mM DTT, 5 mM

0.1 % BSA 1x Reaction buffer (1x

37 5
25 uM) 1w 37 1
10 % SDS 2 pl 20 mg/ml proteinase K 0.5 pl 37
Ix TE 100 pl
=25:24:1 100 pl 1
3
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=24:1 100w 1

3 1% I1x TAE 18V 35
3.5 1x TAE 100 ml  Gelstar 5 pl 30
3-2-3-5. Sopped-flow Ct-DNA FNC
3-2-3-5-1.
5,7.5, 10, 12.5, 15 uyM FNC 100 mM NaCl, 10 mM MES (pH 6.25), | mM EDTA
( 3000 pl) 200, 300, 400, 500, 600 uM/bp Ct-DNA 100 mM NaCl 10
mM MES (pH 6.25), 1 mM EDTA ( 3000 pl) FNC Ct-DNA
383 nm Stopped-flow
25
3-2-3-5-1.
6 UM FNC 240 pM/bp Ct-DNA 100 mM NaCl, 10 mM MES (pH 6.25), 1 mM EDTA
1 % SDS 100 mM NaCl, 10 mM MES (pH 6.25), | mM EDTA (
3000 pl) FNC Ct-DNA SDS 383 nm
Stopped-flow 25
3-2-4. DNA FNC
3-2-4-1. (GC)
30 mm GC 0.05 pm 60 15 (5
x 3) 10 mM NaH,PO4/Na,HPO, (pH 7.0) 100 mM NaClO4 50
UM FNC ( 300 pl) CV Differential pulse voltammetry (DPV)
10 mM NaH,PO4/Na,HPO, (pH 7.0), 100 mM NaClO, 50 uM FNC
5 mM/bp Ct-DNA (0.05, 0.10, 0.20, 0.30, 0.40, 0.50, 1.0, 1.5, 2.0 mM)
( 300 pb) CV DPV Ccv :0-06V
DPV :0.6 ov Amplitude: 0.05 V Pulse Width: 0.05 s Sample
Width: 0.005s Pulse Period: 0.2 s 25
3-2-4-2.
1.6 mm 0.020 cm? 6 Um
30 MilliQ 1 pm 30 MilliQ
0.05 pm 30 MilliQ 5 MilliQ
3 30 0.5 M
NaOH 2V/s -0.35 -1.35 V (vs. Ag/AgCl)
1000 2000 CV MilliQ 0.5 M H,SOy4
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2V 5s -0.35V 10s 4V/s -0.35 1.5

V (vs. Ag/AgCl) 40 CV MilliQ 1 MilliQ
3 0.033 cm® MilliQ 1 mM 6-
(6-MCH) 100 pl 45 °C 1
MilliQ 10 mM NaH,PO4/Na,HPO, (pH 7.0) 100
mM NaClO4 50 uM FNC ( 300 pl) CV DPV
10 mM NaH,PO4/Na,HPO, (pH 7.0), 100 mM NaClO,4 50 uM FNC
5 mM/bp Ct-DNA (0.05, 0.10, 0.20, 0.30, 0.40, 0.5, 1.0, 1.5, 2.0 mM)
( 300 pl) CV DPV Cv :0-06V
DPV : 0.6 ov Amplitude: 0.05 V, Pulse Width: 0.05 s, Sample
Width: 0.005s, Pulse Period: 0.2 s 25
3-2-5. FNC DNA
3-2-5-1. plasmid DNA
plasmid DNA pUC19 (2686 bp) 0.75 pg 1x H buffer (1x H buffer : 50 mM
Tris-HCI (pH 7.5), 10 mM MgCl,, 1 mM DTT, 100 mM NaCl) 50 U EcoR I ( 20 ul),
37 2
=25:24:1 20ul 1 3
3 M Sodium Acetate (pH 5.2) 2 ul 100 % 20 ul -30 2
4 ,15000g 30 80 % 20 ul
4 ,15000g 1.5 30
100 pl 72.4 ng/ul pUCI19

3-2-5-2. Atomic Force Microscopy (AFM)
10 ppm poly-L-lysine (PLL) 25 ul 5
MilliQ (100 plx 2) 30 1% TE buffer
(1.5 ng/pl pUC19, 1.5 ng/pl pUC19 + 0.30 ng/pl FNC, 1.5 ng/pl pUC19 + 0.75
ng/pl FNC, 1.5 ng/pl pUC19 + 1.5 ng/pl FNC, 1.5 ng/ul pUC19 + 3.0 ng/pl FNC, 1.5 ng/pl pUC19
+ 7.5 ng/Ul FNC, 1.5 ng/pl pUC19 + 0.30 ng/ul FNC + 0.30 ng/ul 1-Adamantylamine (Ada-NH,),
1.5 ng/pl pUCI9 + 1.5 ng/pl FNC + 1.5 ng/pl Ada-NH,, 1.5 ng/pl pUC19 + 7.5 ng/pl FNC + 7.5
ng/pl Ada-NH,) MilliQ (100 plx 2)
1 AFM
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3-2-6. FNC DNA

1x TE buffer (1.5 ng/ul pUCI19, 1.5 ng/pl pUC19 + 0.30 ng/pl FNC, 1.5
ng/pl pUCI9 + 1.5 ng/pl FNC, 1.5 ng/pl pUC19 + 7.5 ng/pl FNC, 1.5 ng/pl pUC19 + 0.30 ng/pl
FNC + 0.30 ng/pl 1-Adamantylamine (Ada-NH;), 1.5 ng/pl pUC19 + 1.5 ng/pl FNC + 1.5 ng/ul

Ada-NH,, 1.5 ng/pl pUC19 + 7.5 ng/pl FNC + 7.5 ng/ul Ada-NH,) 0.6 %
1x TAE 100V 30 30 Ix TAE 100 ml  Gelstar
Sul 30
3-2-7. DNA Ada-NH, FNC
0.05 pm GC 60 15 5 x3)
10 mM NaH,PO4/Na,HPO,4 (pH 7.0) 100 mM NaClO4 50 uM FNC 200
UM Ct-DNA ( 300 pl) 50 pM FNC 200 pM Ct-DNA 5 mM
Ada-NH, | mM ( 300 pl) Cv Cv
:0-06V 25
3-2-8. GC 1 DNA (ssDNA) 2 DNA (dsDNA) FNC
0.05 pm GC 60 15 5 x3)
10 mM NaH,PO4/Na,HPO,4 (pH 7.0) 100 mM NaClO4 50 uM FNC (
300 pl) CV DPV 10 mM NaH,PO,/Na,HPO,4 (pH 7.0)
100 mM NaClO4 50 uM FNC 2 mM/bp Ct-DNA 2 mM/b poly dT
( 300 pl) CV DPV Cv :0-06V
DPV : 0.6 ov , Amplitude: 0.05 V, Pulse Width: 0.05 s, Sample
Width: 0.005s, Pulse Period: 0.2 s 25
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3-3.

3-3-1. FNC
Figure 3-3  Huisgen FNC HPLC
2:N3-Fc:N;-B-CD=1:1:1
Figure 3-3 3 HPLC
MALDI-TOF-MS Figure 3-4 3
B-CD 5 2 Fc
(FNF) 4 2 Fc B-CD
(FNO) FNC one-pot
FNC
CD
2
J5Z i i
5
: 4
LJ A 5085 RIG %
0 5 10 15 20 25 30
Retention Time/ min
Figure 3-3. Husigen HPLC
Figure 3-4. Huisgen 3-5
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FNF

B-CD
FNC
FNC
DMSO
FNF

Table 1
2.3x 10* M'em 2.6x

FNF

FND  buffer
37)

FNF

CD
Ada-COOH
Ada-COOH

MilliQ
FNF

Figure 3-6

6 > FNF > FNC > FND

FNF
Fc

Ada-COOH

FNC
Fc FNF
6 (Figure 3-5)
6
6
6
FNF FNC
10* M'em™ 1.8x 10* M'em™ 2.6x 10" M'em
FNF
Sato
1.2
Fc
Fc
FNC
FNC FNF 1.5
6
FNC FNF
Figure 3-6  FNC
buffer
FNC (B-CD
Figure 3-6 Ada-COOH FNF
Ada-COOH
dimer 383 nm
FNC
Figure 3-7
6 420 nm
FND Figure 3-8
FNF
Fc
FNC FNF
Fc
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Fc B-CD Fc

FNC CD
(Figure 3-9) 300 - 400 nm B-CD
400 - 500 nm B-CD Fc d-d*
3% CD [6] =600 deg cm*/decimol
Figure 3-9 CD [6] = 520 deg cm%/decimol

Figure 3-5. 6

Table 1. buffer

£X 10 mad/ M CM'

ArEEE buffer
iL&e 29" 2.7
FNF 2.3° 1.8
FNC 26° 2.7

a: 10mM MES (pH 6.25) 1 mM EDTA 100 mM NaCl b: DMSO c¢: CHCl;
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(A) (B)
02 T T T 0-2 T L L
0.15 | . 0.15
g 8
S o4} 1 & oa}
] o
£ :
0.05 | . 0.05 }
0Fr o 1 1 L
300 350 400 450 500 300 350 400 450 500
Wavelength/ nm wavelength/ nm
Figure 3-6. .FNC (A) FNF (B). : 5 uM
{5 UM 5uM Ada-COOH CMilliQ : 25
1000
:E' 800 |
)
c
[
]
£ 600
]
3]
c
3
o 400 |
2
<)
=
w200
D ] ']
400 450 500 550 600
Wavelength/ nm
Figure 3-7. : 50 UM FND, : 50 UM FNC, : 50
UM FENF, : 50 uM 6, : MilliQ .25 Aex = 383
nm.
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Figure 3-8.
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Wavelength/ nm
Figure3-9. FNC CD . : 10 mM MES (pH 6.25), 1 mM EDTA, 100
mM NaCl, [FNC] =50 uM, . 25
FNC B-CD Fc FNC
Figure 3-10  Ada-NH,
CcvV Matsue " Fc B-CD Fc
FNC Fc B-CD
Figure 3-10
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Ada-NH, E.=0.44V En=043V
10 mV

Matsue
Fc B-CD Figure 3-10
Ada-NH, Figure
3-11 FNF Cv (FNF
4 ) FNF [B-CD FNC
FNC
I pa (Eq.
1) 12 (Eq. 2)
Eq. 1 Ipa
Eq. 2
1/2 I pa
|l pa= N°F?ACV/4RT (1)
lpa=2.69% 10°n¥?ADY’Cv?  (2)
n: F: A: C: D: v
Eq.1 Eq.2 1 05
Figure 3-12 FNC
FNC  Ada-NH, (Ipa)
0.65 FNC FNC Ada-NH,
Figure 3-13
FND Fc FNF

FNC Fc PB-CD
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Current/ LA

1.5

1.0 F

o
n
n

0 0.1 0.2 0.3 0.4 0.5 0.6
Potential/ V vs.agiagCl

Figure 3-10. 200 uM Ada-NH, ( ) ( ) 50uM FNC GC
(I. D. = 3.0 mm) Cv . : 100 mM NaClO4 10 mM
NaH,PO4/NaHPO, (pH 7.0), : 100 mV/s, 125
1-5 1 1 L L] L]
1.0
< 05
=
o
5 0
(& ]
0.5
-1.0 1 L 'l 1
0 0.1 0.2 0.3 0.4 0.5 0.6
Potential/ V vs.agiagcl
Figure 3-11. GC (I. D. = 3.0 mm) 50 uM FNC ( ) 50 uM FNF ( )
cv : 100 mM NaClO,4 10 mM NaH,PO4/NaHPO, (pH 7.0),
: 100 mV/s, : 25
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log ()

Figure 3-12.
UM FNC

(A)

log v
200 uM Ada-NH,

(B)

Figure 3-13.

FND (A), FNF (B), FNC (C)
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3-3-2.FNC DNA

Figure 3-14 Ct-DNA FNC 2 DNA

¥4 FNC Ct-DNA 384 nm
Ct-DNA
Figure 3-14
Figure 3-15 Ct-DNA FNC 384 nm
FNC 10 FNC 2
DNA FNC CD
FNC DNA FNC
DNA
Ct-DNA FNC 10
Figure 3-16 (NDI) 384 nm
Figure 3-16 Figure 3-17 Scatchard plot McGhee &
von Hippel )
vic = K(1-nv)x {(1-nv)/(1-(n-1)v)}"™*
\Y) c
n ( ) K
K=89% 10*M"',n=2 FND B-CD DNA
3 FND 3.0x 10° M ® 34
Fc B-CD
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Absorbance

300 350 400 450 500
Wavelength /nm

Figure 3-14. Ct-DNA FNC . : 7 UM FNC 10
mM MES (pH 6.25), 1 mM EDTA, 100mM NaCl . 25

0'2 L] L) L} T L] L]

018 | 4

017 | .

0.16 | .

Absorbance (at 384 nm)

0.15

0 100 200 300 400 500 600 700

Time/ sec

Figure 3-15. 100 pM/bp Ct-DNA 10 M FNC 384 nm
: 10 mM MES (pH 6.25), 1 mM EDTA, 100 mM NaCl ,
25
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Absorbance (at 384 nm)
o
s

01} LR .

n_ua 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400

[Ct-DNA]/ uM

Figure 3-16. Ct-DNA FNC 384 nm

1.0 T T T r
l",l
o
-
x
L
=

v
Figure3-17. FNC Ct-DNA Figure3-16 384 nm

Scatchard

- 68 -



Ct-DNA CD Figure 3-18 FNC

NDI 383 nm CD FNC DNA
CD Figure 3-18(B) 500 nm
CD B-CD Fc B-CD
( ) CD 3%) FNC
DNA FNC Fc B-CD Fc  d-d* CD
Ct-DNA DNA
DNA Ct-DNA
CD FNC Ct-DNA
Topoisomerase I FNC
(A) (B)
4 T T T T T T

HE {2

° ] 3

; :

X 1 x

= { E

250 3;]0 350 4{')0 450 5{')0 5&0 600 '8300 3&0 4;]0 45;0 560 5;',0 600
Wavelength/ nm Wavelength/ nm
Figure 3-18. FNC (0-60 ™M) 100 uM/bp Ct-DNA  CD (A) 300-600
nm CD (B). : 10mM MES (pH 6.25), 1 mM EDTA , 100 mM NacCl,
125
Figure 3-19 FNC pUC19  Topoisomerase I assay
pUC19  Topoisomerase I open circle FNC pUC19
supercoil FNC
FNC B-CD DNA
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Figure3-19. FNC pUC 19 Topoisomerase| assay lanel 2
lkbLadder pUC19 .lane3 8 pUC19 Topoisomerasel
FNC 0,5, 10, 15, 20, 25uM
FNC FNC DNA
Stopped-Flow Figure 3-20 5 puM FNC 200
UM Ct-DNA 383 nm 5UMFNC 200 uM Ct-DNA
1 % SDS 383 nm
fitting (A1 A2 As R; Ry Ry)
kapp 39)
Abs = -A1exp(-Ri% 1)-Az(-Rox t)-As(-Rsx t)
Kapp = (A1% Ri+Ax Ry+Azx Ra)/(Ar+Ax+Ay)
Abs t A; Ay A; Ry R, R;
Figure 3-21 DNA Kipp  plot
FNC ka=1.5% 10°M's"
fitting
(A1 Ay A3 Ry R, Ry) Ki = (A1x Ri+A% RytAsx R3)/(A+A+A3)
kg 40 kq=0.044 s
FNC K = k/kg= 1.5% 10%0.044 = 3.4x 10° M
Scatchard B-CD FNC
B-CD
SDS Scatchard
DNA Kapp
Kapp = KaX [Ct-DNA] + kg ki= 0.40 s”!
K = ky/kg= 1.5% 10%0.40 = 3.7x 10* M"! Scatchard
ko= 1.5% 10* M's" ky=040s" FNC
B-CD FND k.= 1.1x 10° M's™! kq=
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0.6 s 2 FNC 7.3

Fc B-CD
DNA 3
FNC 3
(A) (B)
(IR ] | [T I
8 “sl 8 ots
é e g (1]
.
aod T T T | b0Es & l
['] T 400 (1] 200 [ [T Ta T
Time/ s Time/ s
i% 0
S S
S S
001 4
Figure 3-20. Ct-DNA FNC TimeTrace (A), TimeTrace (B)
: (A) 10 mM MES (pH 6.25), 1 mM EDTA, 100 mM NaCl, [FNC] =5 uM
10 mM MES (pH 6.25), 1 mM EDTA, 100 mM NacCl, [Ct-DNA] = 200 uM/bp ,(B) 10

mM MES (pH 6.25), 1 mM EDTA, 100 mM NaCl, [FNC] =6 uM [Ct-DNA] = 240 uM/bp
10 mM MES (pH 6.25), 1 mM EDTA, 100 mM NaCl, 1 % SDS

25

TS

app

0 L il il il L
0 50 100 150 200 250 300

[Ct-DNA] /uM

Figure 3-21. Ct-DNA
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3-3-3. FNC Ct-DNA

Ct-DNA FNC CD
Fc B-CD
Figure 3-22  Ct-DNA FNC
FNC DNA
Ct-DNA FNC
FNC 038V
028 V Fc B-CD

(Figure 3-18) FNC Ct-DNA

Ccv

CD

Fc

B-CD

Current/ pA

0 0.1 0.2

0.3

04

Potential/ V vs.Agiagcl

Figure 3-22. 2 mM Ct-DNA ( )
D. = 3.0 mm) Cv
NaH,PO,/Na,HPO, (pH 7.0)

-T2 -

, : 100 mV/s,

(
: 100 mM NaClOy4

)

0.5

Figure 3-22 DNA
Ct-DNA
0.6
50uM FNC GC (I.
10 mM

125



FNC DNA FNC DNA

Figure 3-23(A) FNC Ct-DNA CV Figure
3-23(B)

3-3-1  Figure 3-12 Figure 3-23(B) FNC

0.65 FNC Ct-DNA 1.1
Ct-DNA

FNC

(A) (B)

Current/ pA

log {Ipa)

0 0.1 0.2 0.3 0.4 0.5 0.6

Potential/ V vs.Ag/agel log (v)
Figure 3-23. (A) FNC Ct-DNA cV . : 50
KM FNC 2 mM/bp Ct-DNA 10 mM NaH,;PO4/Na;HPO, (pH 7.0), 100 mM NaClO,4
, : 50 - 300 mV/s, . 25 . (B) 2 mM
Ct-DNA (o) (0) 50pM FNC
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GC

Figure 3-24

Ct-DNA Cv
Figure 3-25 Ct-DNA FNC
GC Ct-DNA
1/2 (AE,)
AE, = 78 mV AE, = 82 mV AE, (=
59 mV)
6-MCH GC
Ct-DNA
GC
FNC FNC Ct-DNA
Ct-DNA DPV (Figure 3-26)
Ct-DNA (Figure 3-27)
Ct-DNA 25 uyM 50 uM 1
mM
GC FNC DNA
0.3 r r r r '
0.2 .
g_ 0.1}
£
£
3
01}
-0.2 . : A A :
0 0.1 0.2 0.3 04 05 0.6
Potentiall/ V vs.AgiagCI
Figure 3-24. 2 mM Ct-DNA ( ) ( ) 50uM FNC 6-MHC
: 100 mM NaClO,4 10 mM

NaH,PO,/Na,HPO, (pH 7.0)

: 100 mV/s, : 25
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Figure 3-31 DNA pUC19 (2686 bp = 913 nm)
FNC Ada-NH, AFM Figure 3-31
(A) (B) pUCI19 FNC
B) FNC pUCI9
pUCI19 FNC
FNC Fc¢ B-CD Fc B-CD
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Figure 3-31. pUC19, FNC, Ada-NH, AFM . pUC19 (ng/ul) : FNC

(ng/Ml) : Ada-NH, (ng/ul)=15:0:0(A),15:03:0(B),15:0.75:0(C),15:15:0(D),15:30:0(E),15:75:0(F),15:03:03(G), 15:
1.5:15(H),15:7.5: 7.5(l).
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4-2.
4-2-1. N,N’-Bis-[3-(Ferrocenylmethyltriazolylmethyl)methylaminopropyl]naphthalene-1, 4, 5,
8-tetracarboxylic acid diimide (FNF)
Huisgen
(FNF) Ferrocenylmethylazido (N;-Fc) 3 3-2-1-2

N,N’-Bis[3-(3-propargyl)methylaminopropyl]naphthalene-1, 4, 5, 8-tetracarboxylic

acid diimide 3 3-2-1-2  3-2-1-3
N,N’-Bis-[3-(Ferrocenylmethyltriazolylmethyl)methyl-aminopropylnaphthalene-

1,4, 5, 8-tetracarboxylic acid diimide (FNF)

Ma-Fc R
CuS04, Sodium »\%scorbatner
DMF
1
Scheme 4-1
1 0.024 g (0.050 mmol) N3-Fc0.024 g (0.10 mmol) (DMF) 4 ml
1 M CuSOy 50 pl (0.050 mmol) 1M 200
ul (0.2 mmol) 48 DMF
CHCI; 30 ml NaHCO; 30 ml
4 3
5
HPLC
HPLC Inertsil ODN-3 383 nm
0.1 % TFA 70 % 10 % 100 %
30 'H-NMR MALDI-TOF-MS
0.045 g (0.047 mmol) 93 % 'H-NMR (400 MHz, CDCls): 8= 1.97 (4H, m, J =

7.2 Hz), 2.27 (6H, s), 2.58 (4H, t, J= 7.0 Hz), 3.65 (4H, s), 3.39 (4H, s), 4.20 (22H, m), 5.27 (4H, s),
7.27 (2H, s), 8.75 (4H, s) ppm MALDI-TOF-MS (positive mode, a-CHCA): m/z =965.41 (
CsoHsoFeoN 1 0O4+H = 967.49)
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4-2-2.FNF 2 DNA

4-2-2-1. Ct-DNA FNF
8.04 uM FNF 100 mM NaCl 10 mM MES (pH 6.25) 1 mM EDTA (
3000 pl) UV-Vis 3 mM/bp Ct-DNA 1 1
UV-Vis 25
4-2-2-2. FNF Ct-DNA CD
100 uM/bp Ct-DNA 100 mM NaCl 10 mM MES (pH 6.25) 1 mM EDTA
( 3000 pl) CD 201 pM FNF (1.02, 2.05, 3.08, 4.10, 5.13,
7.69, 10.26, 12.81, 15.38, 17.95 M) CD
50 nm/min 2 sec 0.1 nm 100 mdeg 2 mm
4 25
4-2-2-3. FNF DNA  Topoisomerase | assay
plasmid DNA pUC19 (2686 bp) 0.25 png 0.1 % BSA 1x Reaction buffer (1x
Reaction buffer : 35 mM Tris-HCI (pH8.0), 72 mM KCI, 5 mM MgCl,, 5 mM DTT, 5 mM
) 5 U Topoisomerase I 37 5 FNF
(11,22, 33, 44, 55, 66, 77, 88 uM) 1 ul 37
1 10 % SDS 2 pl 20 mg/ml proteinase K 0.5 pl
37 15 Ix TE 100 pl
=25:24:1 100l 1
3
=24:1 100 pl 1
3 1 % 1x TAE 18V 3.5
3.5 1x TAE 100 ml ~ Gelstar 5 pl 30
4-2-2-4. Sopped-flow Ct-DNA FNF
4-2-2-4-1.
5.1,7.7,10.2, 12.8, 15.4 uM FNF 100 mM NaCl 10 mM MES (pH 6.25) 1 mM
EDTA ( 3000 pl) 50, 75, 100, 125, 150 uM/bp Ct-DNA 100 mM NaCl
10 mM MES (pH 6.25) 1 mM EDTA ( 3000 pl) FNF Ct-DNA
383 nm Stopped-flow
25
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4-2-2-4-2.
4.3 UM FNF 50 pM/bp Ct-DNA 100 mM NaCl 10 mM MES (pH 6.25) 1 mM EDTA
( 3000 pl) 1% SDS 100 mM NaCl 10 mM MES (pH 6.25) 1 mM EDTA
( 3000 pl) FNF Ct-DNA SDS 383 nm
Stopped-flow 25

4-2-3. DNA FNF
4-2-3-1. (GC)
30mm GC 0.05 pm 60 15 5

x 3) 10 mM NaH,PO4/Na,HPO, (pH 7.0) 100 mM NaClO4 50
UM FNF ( 300 pl) Cv DPV 10 mM
NaH,PO,/Na,HPO, (pH 7.0) 100 mM NaClO, 59 UM EFNF 1 mM/bp Ct-DNA

(0.01, 0.02, 0.03, 0.04, 0.05, 0.75, 0.10, 0.15, 0.20 mM) (
300 pl) CV DPV Ccv :0-0.6V DPV
10 0.6 V Amplitude: 0.05 V Pulse Width: 0.05 s Sample Width: 0.005s

Pulse Period: 0.2 s 25

4-2-3-2.
1.6 mm 0.020 cm? 6 pm
30 MilliQ 1 pm 30 MilliQ
0.05 pm 30 MilliQ 5 MilliQ
3 " 0.5
M NaOH 2V/s -0.35 -1.35 V (vs. Ag/AgCl)
1000 2000 CV MilliQ 0.5 M H,S0,4
2V 5s -0.35 V 10s 4 V/s -0.35 1.5 V (vs.
Ag/AgCl) 40 CV MilliQ 1 MilliQ
3 0.033 cm? MilliQ 1 mM 6-MCH
100 pl 45 °C 1 MilliQ
10 mM NaH,PO4/Na,HPO, (pH 7.0) 100 mM NaClO4 59 uM
FNF ( 300 ul) CvV  DPV 10 mM
NaH,PO,4/Na,HPO, (pH 7.0) 100 mM NaClO, 59 UM ENF 1 mM/bp Ct-DNA
(0.01, 0.02, 0.03, 0.04, 0.05, 0.75, 0.10, 0.15, 0.20 mM) (
300 pl) CV DPV CcvV :0-0.6V DPV
10 0.6 V Amplitude: 0.05 V Pulse Width: 0.05 s Sample Width: 0.005s
Pulse Period: 0.2 s 25
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4-2-4.GC 1 DNA (ssDNA) 2 DNA (dsDNA) FNF

30 mm GC 0.05 pm 60 15 (5
x 3) 10 mM NaH,PO4/Na,HPO, (pH 7.0) 100 mM NaClO4 50
UM FNF ( 300 pl) Cv DPV 10 mM
NaH,PO4/Na,HPO,4 (pH 7.0) 100 mM NaClO4 59 uM FNF 100 uM/bp Ct-DNA
100 uM poly dT ( 300 pl) CV DPV Ccv
:0-0.6V DPV :0 0.6V Amplitude: 0.05
V Pulse Width: 0.05 s Sample Width: 0.005s Pulse Period: 0.2 s 25
4-2-5. GC 1 PCR

4-2-5-1.1 PCR

Table 3-1 Zymotaq 0.04 nM DNA 0.4 pM Forward
primer 0.4 UM Reverse primer PCR ( 100 pl) PCR PCR
PCR 94 10 94 1 62 1
72 1 35 72 10
PCR QIAquick PCR purification Kit
PCR 10 U/100 pl Lambda exonuclease 1x% Reaction buffer
(100 pD) 37 60
80 10 QIAquick PCR purification
Kit
Table4-1. PCR
DNA 5’-GTAGGGAGGTATTTCGGGAGGTTTCGCGTGTTCGTTTAGGGAGTAAT
GCGTTTTCGGGTTCGTTTTTAGTCGCGTTTACGCGTTTTCGTTTTTTTTT
TTACGTTCGGTATTCGTGGTGTTCGGAGTTCGAC-3’ (131 mer)
Forward-primer 5’-PO;*-GAG GTA TTT CGG GAC CTT TCG C-3’ (22 mer)
Reverse-primer 5’-ACT CCG AAC ACC ACG AAT ACC G-3’ (22 mer)

primer
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4-2-5-2.1 PCR

Table 3-2 2x SSC 0.13 pM 1 PCR
1 95 30 10 25
2
Table4-2. 2 1 PCR

D1 3’-CTCCATAAAGCCCTCCAAAGCGCACAAGCAAATCCCTCATTACGCAAAA
GCCCAAGCAAAAATCAGCGCAAATGCGCAAAAGCAAAAAAAAAAATGCA

D2 5’-ACT CCG AAC ACC ACG AAT ACC G-3’ (22 mer)

D3 5’-CGG GTT CGT TTT TAG TCG CGT T-3’ (22 mer)

D4 5’-ACG TTC GGT ATT CGT GGT GTT C-3’ (22 mer)
D3 D4 2

4-2-5-3.1 PCR

1.6mm GC 0.05 pm 60 15
x 3) 10 mM NaH,PO,/Na,HPO, (pH 7.0) 100 mM NaClO, 50
HM FNF (300 pl) cv 10 mM NaH,PO,/Na,HPO,
(pH 7.0) 100 mM NaClO, 55 UM FNF 3-2-5-2 0.13 uM/bp
(200 ) cV cV :0-06V

25
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4-3.
4-3-1.FNF 2 DNA

Ct-DNA DNA Figure 4-4 4-5
4-6 Ct-DNA FNF 384 nm Scatchard
Figure 4-4
2 DNA
20-23) Figure 4-5 McGhee
& von Hippel (Figure 4-6)*"
vic = K(1-nv)x {(1-nv)/(1-(n-1)v)}"™*
\Y) c
n ( ) K
K=1.8x10°M', n=2 FND ( 1 Table 1 )

K =1.0x 10° M )

FND
0.2
0.15
@
Q
c
©
2 o041
o
17}
£
<
0.05
0 1 1 1 _
300 350 400 450 500
Wavelength/ nm
Figure 4-4. Ct-DNA FNF : 8.04 uM FNF
mM MES (pH 6.25), 1 mM EDTA, 100 mM NaCl , : 25
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Ct-DNA  FNF CD Figure 4-7 Figure 4-7
FNF NDI 383 nm CD FNF
DNA Figure 4-7(B) 500 nm
CD FNF DNA DNA
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(A)

D1:3-CTCCATAAAGCCCTCCAAAGCGCACAAGCAAATCCCTCATTACGCAAAAGCCCAAGCAAAAATCAGCGCAAATGCGCAAAAGCAAAAAAAAAAATGCAAGCCATAAGCACCACAAGCCTCA-S
D3:5-CGGGTTCGTTTTITAGTCGCGTT-3' D4: 5-ACGTTCGGTATTCGTGGTGTTC-3'
D2: 5'-ACTCCGAACACCACGAATACCG-3'
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Figure 4-22. (A), GC (I.D.=1.6 mm) 55 UM FNF 0.13 uM/bp
(D1+D4) 55uM ENF CV (B), CV (©). : 100 mM NaClO, 10
mM NaH,PO4/Na,HPO, (pH 7.0), : 100 mV/s, : 25
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