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Investigation of the behavior of biomolecules in the controlled carbon nanospace
and application for the bio-nanomaterials
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The unique behavior of the biomolecules in the carbon nanospace was investigated,
and the application for the bio-nanomaterials was attempted. Carbon nano-test-tubes (CNTTs) were obtained
from the carbon-coated aluminum anodic oxidized (CAAQ) film which has uniform and tubular nanochannels by
the removal of the alumina template.

Nucleotide molecules were highly concentrated into the inner nanospace of the CNTTs, and the nucleotide
could be released. The observed properties are useful as a nanostorage medium for application of the gene
delivery. Fibrillation of the amyloid B peptides (AR ) which is a cause of Alzheimer disease was
inhibited by adding the CNTTs. Redox enzymes immobilized into the carbon nanospace of the CAAO film react
with fructose or oxygen and the electrons were directly transported in the CAAO nanochannels. It could be
used as an enzymatic electrode. We indeed confirmed that a bio-fuel cell fabricated from the electrodes
can work very well.




(AAO)

AAO

(CAAO)

(1)
CAAO
(CNTTs)
CNTTs 25 nm

CNTTs
(2)CNTTs
B(AB)

CNTTs
AP

(3)CAAO

CAAO
(FDH)
(BOD)
(1)
35 nm AAO
CVD
AAO
(CNTTs)
20
(T20 20 ) AGCT
20 (AGCT20 20 )
DNA(pDNA 7000 ) 3
CNTTs
(TEM)
(2)CNTTs
e)) CNTTs AP
pH 7.4, Ap 113
pg/mL T(ThT)
ThT TEM
CNTTs
AP (TPD)
(3)CAAO
50 nm 70 pm
1x1 cm®>  AAO CVD
CAAO +0.6
0.65V
FDH
BOD BOD
4.1 pH5.0
()
TEM CNTTs 5 nm
25 nm

1(a)



1 CNTTs TEM

(a) (b) T20 (c) AGCT20
(d) pDNA
CNTTS T20
AGCT20 pDNA ( 50 pg/mL)
2 TEM

1(b),(c), (d) CNTTs

CNTTs T20, AGCT20, pDNA

101.3, 106.2, 109.8 mg/g

3

CNTTs

TEM
4000

CNTTs T20

2 5 min

120 min

120 — T T T T T

g [0 @ |
g% )
o
I |
C 60F _
5} | |
g | _
o L _
£ 30 I |
©
q) -
-E ] I I 1

0L— ' . - e
0 100 200 300 400 500
soaking time [min]

2 CNTTs T20

CNTTs

T20

T20

(2)CNTTs
AP

3(a)

CNTTs

CNTTs
240 min CNTTs
57 %
CNTTs
T
CNTTs
2
TEM
AB 1 mL 300 pg
3 TEM



CNTTs AB
3(b)
ThT CNTTs
4
CNTTs AP 2
CNTTs
30 ug AP 2
3
300 pg AP
5
CNTTs
5 TPD-MASS AP
700 800
HCN
HCN CNTTs AB
1mL AB 300 pg
CNTTs AP 24%
24 1
TEM
8000
AB solution (control)
— 6000
= adding CNTTs
& (30 ug)
$ 4000
<
2000 r adding CNTTs
(300 pg)
—__O—0—0—=0
0 (J— . .
0 1 2 3 4 5
time [day]
4 CNTTs AP ThT
(x10%)
2
m/z=27
= 19 CNTTs+AB
< |
2 1
w L
o L
o [
£05¢
200 400 600 800 1000
Temperature (°C)
5 CNTTs ApB CNTTs

TPD-MASS

AB AB
CNTTs
CNTTs
CNTTs AB
(3)CAAO
6(a) FDH 6(b)
BOD
(CV) FDH
0.6V
BOD
0V
CAAO

— CAAO+FDH+Fiuc
e CAAOHFDH

-
e m————
-

0.4

02 0 02 04 06 08
Potential (V vs. Ag/Ag)

%)

/cm*
=
.

(mA
&
il
.

Specific intensity

-

— After bubbling O,
wna After bubbling N,

6 CAAO
cv
(b)BOD

0.2 04 0.6
Potential (V vs. Ag/Ag*)

0.8

(a) FDH



sity

current den

(mA / cm?)

0.45 70

035 1 a ]

S
~

1
>
[ ]

(=]
W
I
>
[}

0.25 - ., - 40

0.15 - ] A ] 20

()

[\S)

»

o

o
(wo/pn)

A1suep Jemod

IS
I
>

0.05 - A 10
F

0 0.2 0.4 0.6
Cdl voltage (V)

7 FDH BOD

FDH BOD

200 mM
03V 60

uW/em?

CAAO

CAAO

4
Takafumi Ishii, Susumu Kashihara, Yasuto
Hoshikawa, Jun-ichi Ozaki, Naokatsu
Kannari, Kazuyuki Takai, Toshiaki Enoki,
Takashi Kyotani, A quantitative analysis of
carbon edge sites and an estimation of
graphene sheet size in high-temperature
treated, non-porous carbons, Carbon,
, 80,2014, 135-145,
DOI:10.1016/j.carbon.2014.08.048
Shigeru Kaida, Jun Matsui , Takuya Sagae,
Yasuto Hoshikawa, Takashi Kyotani, Tokuji
Miyashita, The production of large scale
ultrathin aligned CNT films by combining
AC electric field with liquid flow, Carbon,
, 59,2013, 503-511,
DOI:10.1016/j.carbon.2013.03.046
Tetsuji Itoh, Yasuto Hoshikawa, Shun-ichi
Matsuura, Junko Mizuguchi, Hiroyuki
Arafune, Taka-aki Hanaoka, Fujio Mizukami,
Akari Hayashi, Hirotomo Nishihara, Takashi

Kyotani, Production of 1-theanine using
glutaminase encapsulated in carbon-coated
mesoporous silica with high pH stability,
Biochemical Engineering Journal, ,
68,2012, 207-214, DOI:
10.1016/j.bej.2012.07.012

> >

24 2011
pp.234-241,
http://www.tic-mi.com/publ/book.cgi?pg 11
04

36
Alberto Castro-Muniz, Yasuto Hoshikawa,
Takashi Kyotani , Uniform coating of
N-doped carbon on pore walls in
mesoporous silica for electrochemical
applications 41
2014.12.8-2014.12.10

41
2014.12.8-2014.12.10

26
2014.9.20-2014.9.21

B
27
2014.9.9-2014.9.11

113

2014.10.3
Alberto Castro-Muniz, Yasuto Hoshikawa,
Takashi Kyotani et al., A carbon-coated film
with parallel and straight nanochannels as a
biofuel cell electrode, International
Symposium for the 70th Anniversary of the
Tohoku Branch of the Chemical Society of
Japan, 2013.9.28-2013.9.30, Sendai(Japan)

> )

52
2014.8.25-2014.8.26

52
2014.8.25-2014.8.26
Yasuto Hoshikawa, Takashi Kyotani et al.,
Inhibition Effect of Carbon Nano-Test-Tubes
on Amyloid Fibrillation, CARBON2014,
2014.6.29-2014.7.4, Jeju (Korea)

10. Alberto Castro-Muniz, Yasuto Hoshikawa,




11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Takashi Kyotani et al., Carbon-Coated
Alumina Films with Parallel Nanochannels
as Enzymatic Bio-Electrodes,
CARBON2014, 2014.6.29-2014.7.4, Jeju
(Korea)

40
2013.12.3-2013.12.5
A. Castro-Muiiiz, Y. Hoshikawa, T. Kyotani

>

21. Yasuto Hoshikawa, Takashi Kyotani et al.,

Introduction of DNA molecules into carbon
nano-test-tubes -effect of base sequence and

Carbon-coated alumina film with a
parallel array of straight nanochannels as
enzymatic biofuel cell electrodes 40

2013.12.3-2013.12.5

2013.8.23

,2013.8.21
Yasuto Hoshikawa, Takashi Kyotani et al.,
Preparation of Enzymatic Biofuel-Cell
Electrodes from a Carbon-Coated Alumina
Film with Straight Nanochannels,
CARBON2013,2013.7.14-2013.7.19, Rio de
Janeiro (Brazil)

39
2012.11.28
2012.11.30
39
2012.11.28
2012.11.30
Takashi Kyotani, Templated

carbons-structures, properties and
applications, the 10th China-Japan-Korea
Joint Symposium on Carbon Materials
(CSE12) ,2012.11.23
2012.11.26, Guangzhou(China)

Alberto Castro-Miniz, Yasuto Hoshikawa,
Takashi Kyotani et al., Carbon-coated anodic
aluminum oxide films as direct electron
transfer electrodes for biofuel cells,
Carbon2012, 2012.06.17 2012.06.22,
Krakow (Poland)

Yasuto Hoshikawa, Takashi Kyotani et
al., DNA introduction into carbon
nano-test-tubes -Effect of polynucleotide
size and sequence-, [ACIS2012
(International Association of Colloid and
Interface Scientists 2012), 2012.05.13.
2012.05.18, Sendai (Japan)

conformation- , CARBON2011,

2011.7.25-2011.7.29, Shanghai (China)
22. , >

38

2011.11.29-2011.12.1

23. , )
DNA mRNA
38

2011.11.29-2011.12.1
24. ,

DNA 63

2011.9.7-2011.9.
12
1
1' b B 2
-, 2013 pp

126-134

o 0

http://www.tagen.tohoku.ac.jp/labo/kyotani/

(1)
KYOTANI, Takashi

90153238

(2)
HOSHIKAWA, Yasuto

90527839



