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(57) Abstract: The present invention relates to a
sensor for detecting single-walled carbon nanotubes
using a resonator to which DNA is fixed, and the
present invention relates to a method of detecting
single-walled carbon nanotubes with a high degree of
sensitivity in river systems by using the sensor. More
specifically, the present invention relates to a sensor
for detecting single-walled carbon nanotubes in river
systems, the sensor comprising: a first DNA se-
quence and a second DNA sequence comprising mu-
tually complementary sequences, able to bind to the
outer wall of a single-walled carbon nanotube in a
river system; a third DNA sequence comprising a se-
quence complementary to the first DNA sequence;
and a microresonator onto the surface ot which the
third DNA sequence is fixed and which exhibits the
phenomenon of resonance frequency shifting follow-

FF FF

ing an increase in mass due to hybridization of the
AA ... DNA linkers third DNA sequence and the first DNA sequence,
BB ... Sonication and the present invention relates to a single-walled
CC ... Self-aggregation b tube detecti thod usi th
BD . Fixed DNA carbon nanotube detection method using the sensor.
EE ... Amplitude The present invention can provide an outstanding
FF ... Frequency means whereby it is possible to detect single-walled
ﬁﬁ "'SD':tf‘fc“"” carbon nanotubes in river systems with an outstand-

ing degree of sensitivity, and hence it is possible to
analyse the toxic effects of SWNTs on the environ-
ment and the human body.
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o34 SWNT2] 52 Z2|#A], SWNT 321 Aol Z35H & 6= 7loa
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Goddard, W. K. RothemundPaul and E. Winfree, Nat. Nanotechnol., 2010, 5, 61-66).
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K. Ghatkesar, A. H. Bredekamp, C. Gerber, M. Hegner and H. P. Lang, Phys. Rev. E,
2005, 72, 031907)°ll W=, FX17] Fak4=2] o] 5 ATk W3}l 7]l gt}
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x100 2.2 FE A8} aL; o 7] ol A, g B = ZH2 c-DNA 214 3} 2 SCLS A=
ol F o] T FupEo|t} wpehA, NRFSE 4130 24, SWNTES A&
T UAIL, o e FF S FEAIEA, ME A JA o] 87 ¥] X &= (A
As FA-S =t Aol o

c-DNAE & X17] Aoll LAA717] el A, Ex17]e] 3 Aol 7h2547E
e stebRd aL, ofn| = Aol ol e A 7] Jt= 54716 of il 3¢

T 7] el -DNA7F 24 5 91 =4] o] = c-DNAE

EF AN o) Aot o) E A AE FAAIZ] 0 2 A 1631 AL, c-DNAE
5171 ”Oﬂ A=A A EHA T

SCLSQ] B Z 22 &= YA vlo] A 2 A 5 3] (atomic force microscopy; AFM)E
Ab-gste] AT 8T ARM 9732 A& 21 Q1 SCLS] EEEA S F2IAA
FRAE, o= YF7HA 2] 2 EA ¢ SCLS T2 SWNTS| 3+
7432 4.00 £ 1.68°) At} o] 21 8F A 3=, SCLS ZAFAl o] o] A% F3&
o}7]8} o™, 11 A %= SWNT 7]4= 7} 2 SCLS 5 ¢ DNA ¥ A &9 A7t=
Al A, T SWNTS] A &fe] vls A H g 4n] 45 1 2 A o| At ¢
Lol7h SWNTE] 75 S7HA A 20 55 U S S7HA A = 9

&3, CDRY X8 %5 FA87] A et 5= =4
SHN A SWNTE S Al 2353 7414 22, 1 mg/ml, 10 xg/ml, 100 ng/ml, 50
ng/ml, 10 ng/ml, 5 ng/ml ¥ 1 ng/ml2] =2 A £8R 0, o] 5L 7tu A
o]7 9] SWNT9| s 5otk & #2467 sl A, A npe) &

1
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[56]

[57]

[58]

NRFSE A3} o, thz- . & A, SWNT ¢1°] 11-DNA 2 12-DNATHS
ShR-3hE NS Al 2E gl thERT20.031 +£0.01 a.u.2] NRFSES B £33t
(5 2). T35k, Zb2F o] SWNT 5 5ol tialA sl7]19F &2 NRFS A&+
A AT} 1.31 +0.14 (1 mg/ml), 0.74 + 0.23 (10 ug/ml), 0.36 + 0.17 (100 ng/ml), 0.31
+0.19 (50 ng/ml), 0.18 + 0.08 (10 ng/ml), 0.061 + 0.038 (5 ng/ml) = 0.035 + 0.024 (1
ng/ml) a.u. %71} Zo], NFRS T2 52 SWNT 9] & 5o w9~ wl7ta}A|
-2 = At} £3], 1 ng/ml 552 HF NFRSE T 2 NFRSS} @] 0.0004% 2]
2Fo) ghakS e AT o) 9k 2], 10 ng/ml€] NFRS= th 2 2] NFRSO]l
vl 3 A thEk 6vl) A= o, wpebd LoDSFe] #A| ol A 175 = SWNT2] 10
ng/mlehi= 225 AT 100 ng/ml 2 50 ng/ml2] NRFS =] = ©4] 0.05 a.u.
ko] Apol & YER Sl e, o] = tha 2] X0 H A 3= 3191 "ol 100
ng/ml, 10 ng/ml 2 1 ng/ml1®] NRFS 4] = -4 0] 7} ¢k =0 Atk wheh A, &
o] e AlA o s 10 AREA, o)= & g atEo] 7| Edl Barg
7]zl w2 il vl s A 108 U §-7 3 o)t (. Park, W. Choi, K.
Jang and S. Na, Biosens. Bioelectron., 2013, 41, 471-476).

2471 LOD A 3= v $- |l i= Al ], o] = £ g ol u}& LoD} 1%t
HEK293 A| £ E o A #2H 5] = SWNT 54 -5 % (25 pg/ml)ol ¥ 314 1/1000
T o7 2 gho] 7] wi-o]th (D. Cui, F. Tian, C. S. Ozkan, M. Wang and H.
Gao, Toxicol. Lett., 2005, 155, 73-85). whelA], & @ of u}2 CDR- v -§- 725
EA SWNTES A= 7 o, oM 158 27| A= A=
7 e doj

AA| BFo| A e mE FX7] Y AEE F7Esty] YElA, A A
o] 5] SWNT A& 2 ¢S 53313 t} (Korea University, Seoul, Korea). %=
TEEA 10 xg/ml, 100 ng/ml 2 10 ng/ml -5 <! CDR2] NFRS
bl Aol th 272 0.027 +0.012 a.u. 2] NFRS %] & zH=t),
o] CDR2] NFRS =X 5-& 0.31 +0.07, 0.15 + 0.04 2 0.053 +0.012,
Al T Eo A CDRO| AHEA Q1 ZFk = 7+ 4519 0™, NFRS+=
o A o] 7h5zof v] e A thEf drto] AT}, o] ¢ & FH i FhAs= ofvl i
w4 o] 253 DNAZF ZE 28817 wit-oll o7 | 21 e =
| 42282 DNA7F SWNTS] &9 o H-2H351= 41 2} DNA
11 3+ (A. Ono, H. Torigoe, Y. Tanaka and I. Okamoto, Chem. Soc.
Rev., 2011, 40, 5855-5866).

Lk, Bodgo A= F4: o] &5 (Ca2+, Fe3+, Na+ 2 Zn2+)°] CDR¥}
H| 5ol 4 o & Agsl o 2 of7| 1= NRFSE #H&35}5 o, 71 A} o] 2] gt
NRFSE o] A& qket 3ol k= A& & 4= At A A =5 E 4 CDRY
LOD*= T &F 100 ng/mlith. 1o & B3} a1, o] 2% CDRY] A& 3=
3] 1/100 =0l o, 2 o=, B akyg o
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%ﬂo}lﬂ o ol M= H 22 SCLS A F Aol A 2 CDRZFE] -9 &
?._SWNT AT 5 d= WHS A Fs Bodgo A o] Y gt &2
== : 3 ] CDR 4}l SCLSE <
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FeolneH, o2 g FE TV ol A8 Bad vl gl - E
ZAujolt) ¢f vol 7}, By & A A SR E A SWNTE S 100 ng/ml<]
AET F AR =, ol = T RaE SWNT 54 -5 52| 1/100 - 1/1000
FEOEA, w5 5 FH o th wpeh A, - g o] whE PE A E
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