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deoxyribonuclease, DNase
7)
(endonuclease) (exonucelase)
5 3
DNA
DNA
Table 1-1. Properties of Some Useful Nucleases
Enzyme Specificity Phosphates Reference
RNase T1 G-specific RNA endonuclease > 3 Ehresmann et al.
’ (1987)
RNase CL 3 C-specific RNA endonuclease > 3 Ehresmann et al.
’ (1987)
RNase U2 A G-specific RNA endonuclease > g Ehresmann et al.
' (1987)
RNase A C,U-specific RNA endonuclease > 3 Silberklang et al.
’ (1997)
RNase T2 Single-stranded-specific RNA endonuclease > 3 Ehresmann et al.
’ (1987)
RNase H RNA endonuclease of RNA-DNA hybrid duplexes 5 Berkower et al. (1973)
Mung bean nuclease Single-stranded-specific DNA or RNA endonuclease 5 Laskowski et al.
(1969)
Micrococcal nuclease  Single-stranded-specific DNA or RNA endonuclease 3 Sulkowski et al.
(1969)
DNase | Nonspecific DNA endonuclease 5 Sambrook et al.
(1989)
DNA Exonuclease IlI 3’ DNAexonuclease 5 Sambrook et al.
(1989)
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Figure 2-2. Differential pulse voltammogram (DPV) of an RNA-immobilized
electrode before (a) and after treatment with RNase A (b) in 0.1 M
AcOH-AcOK buffer (pH 5.6) containing 0.1 M KCI and 50 uM FND.
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Figure 2-3. Plots of the peak current i against 1, in BioPak water in the
absence (o) or presence of 6 nM RNase A (o)

13



LB R R | T Ty T Ty T T 171717
1} ®e
. .
[ )
@
O 5
2 oo
5 -
@
01 L1 a1l M EENIT | M ERNIT | 11 11111
10" 10 10°° 108 107”7
[RNase A] /M

Figure 2-4. Plots of the slope obtained from the io-1 plot against RNase A

concentration in the solution.

14



2-3. SAM RNA RNase
2-3-1. SAM RNA

RNA

SAM
RNA 2-5

Figure 2-5. Preparation of NHS-activated carboxylic acid on the electrode and the
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Figure 2-5. Cyclic voltammograms of the Tris-immobilized electrode (a) and
mRNA-immobilized electrode (b) in 0.1 M AcOK-AcOH buffer (pH 5.6) containing
0.1 M KCl, 0.05 mM FND and 0.04 units/pul RNase inhibitor.
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Figure 2-6. Cyclic voltammograms of the mRNA-immobilized electrode with
varied scan rates before (A) and after treatment with 1 pg/ml RNase A (B) in 0.1

M AcOK-AcOH buffer (pH 5.6) and 0.1 M KCI containing 0.05 mM FND and 0.04
units/pl RNase inhibitor.
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Figure 2-8. Time-dependent cyclic voltammograms of the mRNA-immobilized
electrode before (A) and after treatment with 1 pg/ml RNase A (B) in 0.1 M
AcOK-AcOH buffer (pH 5.6) and 0.1 M KC1 containing 0.05 mM FND and 0.04
units/pul RNase inhibitor.
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Figure 2-9. Time-dependence of the oxidative peak current of a
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RNase inhibitor alone (b) or 1 pg/ml RNase A (c¢) in 3 ml of electrolyte
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Figure 2-10. DPV Differential pulse voltammograms of the
mRNA-immobilized electrode before (a) and after treatment with 5 ng/ml
RNase A (b) in 0.1 M AcOK-AcOH buffer (pH 5.6) and 0.1 M KCl containing
0.05 mM FND.
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Figure 2-12. Plots of the slope obtained from the 7 — i plot against the
logarithm scale of the RNase A concentration in test water. The
experiments were conducted in 0.1 M AcOK-AcOH buffer (pH 5.6)
containing 0.1 M KCI and 0.05 mM FND.
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Milli-Q Gradient BioPak
RNase 0.003ng/mL
BioPak RNase
RNase

Table 2. Estimation of the RNase content in the water prepared by several ways

Preparation method RNase concentration/ ng mL1
MilliQ Gradient + BioPak <0.003
MilliQ Gradient 0.012 —0.440
Commercially-available RNase free water <0.003
RNase A 14KDa2 0.003 ngmLt 0.7 pM
12.0 pM
2-5.
RNase RNA
poly(A)+RNA
FND RNA
RNA
FND DPV RNase A
RNase A RNA
RNase A 1010 108 M
RNase
ovs.1
SAM
RNA RNA
600 pM -12.0 pM
RNase RNA
Alert 10
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50 wl 3-hydroxypicolinic
acid(3-HPA) Matrix-Assisted Laser Desorption Ionization Time of Flight Mass
Spectrometry(MALDI TOF MS) 0.04 M Dithiothreitol
DNA
3-2-3
10 uM (1x DNase I buffer 40 mM
TrissHCl pH7.5 8 mM MgCl 5 mM DTT) DNase I
30 DNase I 80
10 DNase I HPLC MALDI TOF MS
DNase | HPLC
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Mightysil RP-18 0.1 M TEAA
buffer(pH7.0) 10 40 % 30 1.0 ml/min MALDI
TOF MS 3-HPA
3-2-4, DNA
6 um 1 pm ( 5 x2) 0.05um (10 x 2)
Milli-Q 63 ) 3 1M
H2S04 100 mV/s -0.2V 1.6V 40
Milli-Q 5 3 0.5
uM (1 M NaCl ) 1l
Milli-Q 1 mM 6- -1- 45
1.5
3-2-5.
Square wave voltammetry(SWV)
Pt Ag/AgCl 10 mM
NaHPO4/NaH3zPO4 buffer (pH 7.0) 0.1 M NaClO4 SWV
50 mV 10 mV 10 Hz SWV io
DNase I 1pul
30
Milli-Q SWV i
3-2-6. QCM
(H2SOs H:20:2 31 )
(4.9 mm?) 0.5 uM DNA(1 M NaCl ) 100 pl
MilliQ 1 mM 6-
-1- 45 1.5 MilliQ
QCM 1x DNase I buffer (40 mM Tris-HC1 pH7.5 8 mM
MgCl: 5 mM DTT) 37 600 rpm
DNase 1

5x 106unit/ul
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3-3.

DNA FCDI HPLC
DNA FCDI HPLC Figure 3-2 HPLC Retention
Time(R.T.).15 DNA FCDI R.T.20 min
R.T.20 min MALDI TOF MS
DNA 3 (T) FCDI
( [M-H]=9380)

120 r r r

W ®

I (@) - 100
=t ] 80
[
o
© 260
N %)
- C
St (b) . 9 40
D R
<t ; 20

I e - O— 0
0 10 >0 30 20 8000 8500 9000 9500 10000
Retention Time /min Mass m/z

Figure 3-2. (A) Reversed phase HPLC before (a) and after (b) reaction of 30 nmol
HO(CH2)6-SS-(CHa)s-dA10 ACA AAT AAC AAA TAT-3’ with 50 mM FCDI in 50 mM
borate buffer (pH 9.0) containing 30 % DMSO at 37°C for overnight. (B)
MALDI-TOF MS of the HPLC fraction at 20 min in (A) (b). Matrix, 3-HPA; mode,
negative. m/z [M-H] = 9377 (theory for CssaHas7FesN1240138P25S2, 9380).
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3-4.

10 uM 2.5 unit/pl DNase I (1x DNase I buffer
) 30 HPLC
(Figure 3-3) MALDI TOF MS
DNase 1
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Figure 3-3. (A) Reversed phase HPLC of 10 uM Fc-oligo-SH after treatment with
2.5 units/ul DNase | in 1xDNase | buffer at room temperature for 30 min.
MALDI-TOF MS of the HPL C fractions of the retention time of 5-10 min (B), 20-25
min (C), 33-35 min (D), and 30 min (E). The peak product at the retention time of

11.5 min was always derived from the DNase | buffer and did not change during the
DNase | digestion reaction.

29



DNase I

DNase 1 5

13)

DNasel DNA

DNA
10 uM DNase I 30
DNase I HPLC Figure 3-2 (A)
R.T. 37min DNA
DNA DNase I 5 unit /ul DNase I
DNase I
HPLC DNase I Figure 3-4
DNase I
DNase I
120 ' ' r T
100
X
2 80
c
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7]
5 60
>
S 40
@)
20
O I I I I
0 1 2 3 4 5

[DNase I/ Unit ™

Figure 3-4. Plot of the digestion percentage of Fc-oligo-SH by DNase I. The
digestion percentage was determined from the area of the fragment peaks

based on the total peak one after multiplied by 100 in HPLC measurement.
n=3. = / x 100(%)
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3-5. ( )
0.5 uM Fec-oligo-SH 1.0 ul

Fc-oligo-SH Cyclic voltammetry (CV) 0.1 M NaClO4 10 mM
NaHPO4/NaH2PO4 buffer (pH 7.0) Figure 3-5(A)
186 mV 180 mV AE, 6 mV
AE, 57 mV

1415 Figure 3-5(B)

Figure 3-5(A)

I'=1Q|/mFA( r Q n F
A ) Fe-oligo-SH
1.02+ 0.09 pmol/cm? (0.6x 1012 molecules/cm?) Fc-oligo-SH
1IN (NaD)1® 127 Na
r (0.6x 1012 molecules/cm?) DNase 1

45% 40x 35 127 Fc-oligo-SH
DNase I lul 2uM 1uM 0.5 uM

Fe-oligo-SH DNase I 48 72 73%

DNase I  Fec-oligo-SH

™ 6

Current/ nA
Current/ nA

10,mV seél_

. . 50 mV sec 0 . . ; . ,
0 0.1 0.2 0.3 0.4 0 10 20 30 40 50 60
Potential/ V Scan Rate/ mV sec?

Figure 3-5. (A) CVs of the Fc-oligo-SH-modified electrode in 10 mM
NaHPO,/NaH,PO, buffer (pH 7.0) and 0.1 M NaClO, at the varied scan rates of
10, 20, 30, 40, and 50 mV/s from center to outside. (B) Correlation between the
oxidative current response at its peak and the scan rate.



3-6. QCM

QCM DNA
18) QCM DNA
DNase 1 DNA DNase 1
1x DNase I buffer DNase |
20 (Figure 3-6 (a)) 16 ng/cm? (2.1
pmol/cm?) 1.5x 10!2 molecules/cm? Cv
0.6x 10!2 molecules/cm? 2.5
DNA 100 ul 1l
DNase 1
6- 1 DNase I
(Figure 3-6. (b))
DNA DNase 1
DNase I
80 = T T T
70 140
60 }

AF/ Hz

Time / min

Figure 3-6. Frequency change of QCM chip immobilized with the
Fc-oligo-SH (a) or 6-mercapto-1-hexanol (b) after the addition of 5x10°

units/ul DNase .

3-7. DNase |
DNase I

Figure 3-1 DNase I
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Square wave voltammetry (SWV) (pH7.0) 0.1 M NaClO4

Io 1 ul DNase I(1x DNase I buffer )
37 30 SWV 1
Figure 3-7
DNasel DNase
I DNA
DNase I
io 1 DNase I
(Figure 3-7(B)) DNase I 5.4 mM EDTA 1o
1 0.91 single-strand RNA RNase A
0.89 (Figure 3-8) DNase I
DNase | 1o 1 1o
1 DNase I
-600 400 T T T
(A) (B)
-500}
300} .
T _a00} d
& -300f 200} ]
S
O -200}
100}
-100F
0 L oL: L . .
0.1 0.2 0.3 0.4 0 100 200 300 400
Potential/ V i/NA

Figure 3-7. (A) SWV curves of Fc-oligo-SH-immobilized electrode before (solid
line) and after (dotted line) treatment with 2x10°° units/ul DNase.  (B) Plots of
the peak current i, against i for the same experimentsin (A).
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Figure 3-8. SWV curves of Fc-oligo-SH-immobilized electrode before (solid line) and

after (dotted line) of 1 unit/ul DNase I in the presence of 5.4 mM EDTA (A) and 1
unit/pl RNase (B).

02}

O 1 1 1 1
10° 10° 10* 10° 10% 10* 1 10
[DNase []/ Unit pl™

Figure 3-9. Relationship between DNase I activity against the slope in the io-i
plot at 25°C (o) or 37°C (e).

DNase I 25 37 DNase I DNase I
1o 1 DNasel
(Figure 3-9) Figure 3-9 DNase I
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104  unit/pl

25 100
DNase I
37
3-8.
FCDI
DNase I
10 1
DNase I

105 unit/pl

37 DNase I
37 DNase I

DNase I

1o 1

104 unit/ul DNase I
DNase I

Fc-oligo-SH FCDI
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37 105 102 unit/pl
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4-1
DNase 1 SLE
1-7)
DNase I Figure 4-1
SAM
DNase I
DNA
8) SAM o
SAM
5 CH; i =
= NG =N-(CHz)a- Ij-l'-iGth NH—C—CHg); f-c:-'f?:""
CHy - _|_-'E
FCLH A

Figure 4-1. Chemical structure of FCDI and the principle of electrochemical DNase I

assay based on the ferrocenyloligonucleotide-immobilized electrode.

Figure 4-2 (a)

Figure 4-2 (a) DNA
(SAM)
Figure 4-2 (a)
DNase I
Figure 4-2 (b)
SAM

38

DNA



1-Ethyl-3(3-dimethyl aminopropyl)carbodiimide (EDC) N-Hydroxysuccinimide (NHS)

DNA
DNA
DNase I DNasel
. - *-”GH U:aT/EH OH
g PO P W R
== = “E0EaH i'.__L w [+ EDC " X
o C== ) i [ ; - i
@l ihl
’ @ @
@ | _© | >
8 AT ® L% B
& 1 )
IM ) ( |
I"_ hi =i HyN—— '-'::H
- 1 | L e ¥ *
! ..I_. HJ
, — 2 -

Figure 4-2. Preparation of an NHS-activated carboxylic acid on the electrode and

immobilization of the ferrocenyloligonucleotide on it. (a) Three hundred pL of 1 mM
3,3 -dithiodipropionic acid, 25 °C, overnight, (b) 7 mL of 5 mM EDC and 8 mM NHS in
water, 25 °C, 20 min, (c¢) 50 pL of 0.5 uM ferrocenyloligonucleotide, 0.5 M NaCl, 25 °C, 24

h, (d) 50 mM Tris-HCI (pH 7.4) and 20 mM NaCl, 4 °C, 10 s.
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4-2
4-2-1
DNA FCDI

10) 5-CCC CCC CCC CCC AAAACA
AAT AAC AAATAT-3 (ODN)  Genenet Biopak
Elixs 3 kit (Millipore, Billeria, MA) Milli-Q Gradient A10
DNase I (RNase ) Takara ( ) 10x DNase I buffer (400 mM
tristhydroxymethylamino)methane (Tris)-HCI (pH7.5), 80 mM MgCls, 50 mM DDT)
TaKaRa 1-ethyl-3(3-dimethylaminopropyl)carbodiimide
(EDC), N-hydroxysuccinimide (NHS), 3,3™-dithiodipropionic cid

4-2-2. FCODN
OND 100 mM FCDI 30%DMSO 50 mM (pH9.0) 37
HPLC 4 ODN
5 MALDI-TOF MS
10339.16 ODN FCDI 10329.90 ODN
T FCDI FcODN HPLC
4-2-3. FcODN
2 mm?2, Bioanalytical Systems, BAS, 6um 1um
(5 x2) 0.05um 10 x 2 (
2 cm?) G ) 3 0.5 M H2S04 -0.2
V~1.5V 100 mV/sec 40
6 ) 3 1 mM
3,3’-dithiodipropionic acid 300 mL 25
Biopak 5 mM EDC 8 mM NHS 7 ml 25
20 FcODN 50 ml 25
Milli-Q 20 mM NaCl
50 mM Tris-HCI (pH7.4)300 mL. 10
4-2-4. HPLC
HPLC X Terra MS C18 (4.6x 100 mm, 5 mm) Nihon Waters,

1.0 ml/min 0.1 M triethylammonium acetate

(pH7.0) 19 76% 40
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4-2-5.

ALS Electrochemical Analyzer Model 650A square wave
voltammetry (SWV) cyclic voltammetry(CV) SWV
Amplitude 50 mV, Increasing Potential 10 mV, Frequency 10 Hz 100
mV/sec Ag/AgCl Pt
CvV 10 50 mV/sec 0V~0.45V
100 mM NaClO4 10 mM
NaH2P0O4/NazsHPO4 (pH7.0)
4-3.
4-3-1. FcODN
FcODN  Figure 4-2
FcODN 24 DNA
05 2 4 6 8uM FcODN (0.5 M NaCl
)50 ul - 25 24
FcODN 24 DNA
DNase I Figure 4-3
DNA 0.5 uM
DNase 1
0.5 uM DNase I
DNA
7 —_
80} 3
-l 165 é
64| 16 §
= 6] {552
% .
| INE
40t {45%
3z} s %
24 ¢ ra
CZ 4 6 &8

[FCODN)/uM

Figure 4-3. Changes in the immobilization density (open circles) and Ai (normalized

current decrease, filled circles) with the concentration of FcODN used for

immobilization. SWV conditions were the following: Amplitude 30 mV,

potential 5 mV, frequency 150 Hz, scan rate 750 mV s1.
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DNase I
DNA DNaseI DNA
DNA

4-3-2.
24
cyclic voltammetry CV
(FcODN) 100 mM NaClO4
10 mM NasHPO4/NaH2PO4 (pH7.0) CvV
150 250 350 450 550 650 750 mV/sec AEp=
5mV Figure 4-4 redox
3.8 pmol/cm? AEpy=5 mV
DNA 4
I:El_:| I::l'.'l} 0.35
0.5 0.3
:: 'E 0.25 L
C = 0.2
D o
0.5 0.05 b
0037  0Z 03 04 05 ol e e e < W

Potential IV (vs. AglAgCl) Scan Rate / mv g7

Figure 4-4. (a) Cyclic voltammograms of a FcODN-immobilized electrode in 10 mM
Na2HPO4/NaH2PO4 buffer (pH 7.0) and 0.10 M NaClO4 at various scan rates of 150,
250, 350, 450, and 750 mV s! from center to outside. (b) Correlation between the

oxidation current response at its peak and the scan rate.
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4-3-3.

Biopak
Biopak
(SAM)
Biopak Tris-HCI buffer
(FcODN)
Cv
50 mM Tris-HC1 (pH7.4), 20 mM NaCl
Cv CVv
4-27
Figure 4-5
1 Cv
Biopak 7
Figure 4-5(B) Biopak
Biopak

2
Biopak
25
CvV
Cv 100 %
Tris-HC1 (pH7.4)
40 %

3

Curments rnd,
[ |

g
s

b
=

Dl.1 III‘.E -:IL.E E'.-l (KR tI]- II
Fotential’ Vv vs, AglagCl

L=l

4 B B 10 12 14 16
Day of storage

Figure 4-5. CVs of an FcODN-immobilized electrode immediately after preparation

(solid) or storage for 16 days (broken line) in Biopak water (a). (b) Time-dependence

of the oxidative peak current of an FcODN-immobilized electrode in Biopak water.

All CVs were measured in 10 mM Na:HPO4+/NaHsPOu4 buffer (pH 7.0) and 0.10 M

NaClO4. The bar represents a standard error for three determinations each.



4-3-4. DNase |

0.5 pM (FcODN) 24
Swv 1o DNase 1
100 pl 37 30 SWV
i DNase I o 1
DNase I DNase I
Figure 4-6 DNase I DNase I

Figure 4-7 DNase 1
Figure 4-7 DNase 1

DNase 1
DNase 1
io
DNase I
DNase I DNase I
Biopak 20 mM EDTA 1x 104 unit/pl
DNase I 100 pl
Biopak EDTA DNase
6% 15 %
DNase 1 DNase 1
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Figure 4-6. SWV curves of a FcODN-immobilized electrode before (solid) and

after (broken) treatment with 1 x 103 units mL! DNase I (30 min, 37 °C).
Scan rate: 750 mV s'1.



Figure 4-7 105 unit/ul 5% 106 unit/ul DNase I

107 unit/ul DNase I
Biopak 6 %
DNase I 5% 106 unit/ul DNase I 5% 104 unit
104 unit 50

DNase Alert 4 pg/uli 1V
DNase I

100

s 4

@
n 1 L L

10° 104 1072
[DNase I}/ Unit uL™

Figure 4-7. Relationship between 100 pL of DNase I activity (37 °C, 30 min) against

the Ai value. The open circle on the ordinate represents the Ai value in the absence
of DNase 1.

Biopak Figure 4-8(A) DNase 1
20 mM EDTA (Figure 4-8(B)) SWV
DNase I
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Figure 4-8. SWV curves of Fc-oligo-SH-immobilized electrode before (solid line) and

after (dotted line) of treatment with Biopak water (A) or 1x 10" unit/ul DNase I at
30°C for 30 min in the presence of 20 mM EDTA (B).

4-4,
(0%
ipa
QCM
DNA
DNase I
37 DNase I
104 unit DNase I
DNA

10

(FCDD

Ccv

redox

DNase I

DNase I

100
DNase I
DNase I

46

DNase I

QCM

DNase I
37

DNase I
25

DNA
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Figure 5-1. Represent RNase monitoring flow system furnished with MilliQ system

_/'_'\

L}

Muclease | == r"_“x

Ja-/

NI

— WERILFAEICELRH

f\

lalaiaml

\ _.

Figure 5-2. Multi nuclease detecting system.
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