20114 118 XS

513

=z 2011-48SC-6-7

2 AFslA (iron oxide) W=QJ A

==X H 48 @ SC H

M6z 51

&

o] &35 DNA AlA] 7

( Development of DNA Sensor Using Magnetic Iron Oxide Nanoparticle )

1}
=}

(
o
*

7]

b

=
s

- *%
2+ A

(Ki Chang Nam and Kwang Soup Song )

[®]
I

A4 AkstE Y=Y AGron oxide nanoparticle, y-FexOs)
(-COORE #¥ A slglon, ol
t}. ofgl7], 712

HHE 754
715712 29 AgE AshE YxesizkE FT
EA7|2 Zuxed sk Yz ZHd 54 )
A1, g3 PA(Cyb)ol F-2e 4r A HAHEA EHAE DNAE o]&3dte] 1AH X221 DNAS hybridizations

o

2

O_u

7] EA45 o843t opl7](-
-IRE ©]&-3}o] ‘/}‘*O]XP LLS
21-base pair 4°]9] LZH DNAZ 1L

AT,

Fpz
H A
A

o

oﬁﬁlﬂp’
O 32 N

oo 7k
2= AT

Z1Zke] AR A ¥4 R A EMAE DNAS hybridization A28 4Fsbd U=9)2HE confocal microscopyE o83t #3514 o

H, 3 A3 A e

Qe ol gete] 54 wdel DNAZE 435,

Abstract

The surface of magnetic iron oxide nanoparticles (y-FexOs) is functionalized (-NHs,

-COOH) with bifunctional organic

molecules and evaluated using FT-IR (Fourier transform infrared spectroscopy). We immobilize 21-base pair probe DNA
and hybridize fluorescence-labeled (Cy5) target DNA onto the functionalized iron oxide nanoparticles. The fluorescence
images obtained from a confocal microscopy show that the functionalized iron oxide nanoparticles should detect the
hybridization of complementary and noncomplementary DNA.
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Aol a3k oFE2l 23-dimercaptosuccinicAt (DMSA),
terephthalic2t  (TPA), dimethylsulfoxide (DMSO),

dimethylformamide(DMF), n-hydroxysuccinimide(NHS),
n-ethyl-n'(3-dimethylaminopropyl)-carbodiimide (EDC)%
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- Probe DNA #]<¥:
NH:-(CHz)s-5'-CCACGGACTACTTCAAAACTA-3’
SH-(CH;)e-5'-CCACGGACTACTTCAAAACTA-3’

- Target DNA Bj<:
Cy5-(CHz)6-5'-TAGTTTTGAAGTAGTCCGTGG-3’
(233 DNA; complementary DNA),
Cy5-(CHy)e~5'-GATCGATCGATCGATCGATCG-3'
(¥]“¢32.3 DNA; noncomplementary DNA)
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Scheme of the surface moification of magnetic
iron oxide nanoparticles and the immobilization
and hybridization of DNA on the magnetic iron
oxide nanoparticles by using (@) DMSA and (b)
TPA.
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4. Infrared spectroscopy2} confocal
microscopy
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FT-IR(Fourier transform infrared spectroscopy)
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Fig. 2. FT-IR spectra of magnetic iron oxide

nanoparticles purchased from Aldrich, TPA, and
TPA-coated magnetic iron oxide nanoparticles.
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Fig. 4. Confocal microscopy images of DNA hybridized
on  TPA-treated magnetic iron oxide
nanoparticles with (a) complementary and (o)
noncomplementary and DMSA-treated magnetic
iron oxide nanoparticles with (c) complementary
and (d) noncomplementary target DNA.

Absbd Yeda g9l nA4g® ZEH DNA9
hybridizationdl+= EFAIE DNAE Z2ZH DNASF vjd
o] R3]l DNASH H["dR 3]l DNAS o]8-8fo] 7t
7te] 4 nuatgih. Zhze] 4R, ugng EM]
E DNAY 5 waele g% ehi(Cydel 2ol 9
hybridization #¢] & Z=Z B DNA¢ EIAE DNAQ]

hybridization %% confocal microscopyS ©]-&3}<]
A% 7FsstA stk

a9 4 77t ks Y gAt Edel o
ZH DNASH 4xA H%4H A EBHAE DNAS]
hybridization Z3%E YeRl 3t} EHE
DNA 7% TPA A€ Atstd vz x9H(29
4(a))el 14E Z2H DNA Ei= DMSA Azld A3}
A w9 FH(2E 4(0)d] nAHH Z2H DNAY
hybridization®] 23 Eo] Z2ZH DNAZ} AHA €A

E DNA¢®} o]gHd x5 o7 EAE DNAS 5
deke] A" Cyb FEF=AAd 93 confocal

dgel A A dHel (" 4 o))<=

TAE

01_.-——

=i
=

A

Mmicroscopy

(522)

==X M 48 # SCH X 6 = 55
UERITE o] 9F R 2 v 1R A DNAS] 79 ¥ A
£ TPA(ZH 4(b)), =% DMSA(ZH 4(d)9d= F&

A Z2H DNA9 EHAlE DNA Ale] hybridization©]
BAEEA] ol 5 weke] FF=A(Cyb)ol F2E e
DNAZ} Abshd vzt el gl confocal
microscopy 373l oFF AZ UERA] @l HEgh
HJH A BHAE DNA9 49
g4 (29 4(b), 4(d)e] Ho

27 guzgs A3
EHAE DNA9 E24

E

confocal microscopy ]
Aoz Hol

] [ A=
5 1o

oY

]

&
o
]

Wboox N ok
o &t
HUJZiAQ

=
Mo
fl FE

_\;i
et
of
ol
——

e o |o
v}

r)t

_&?L

i

f; .

o T

S

i

ACANC)
ol

DNA¢9
3tk TPA % DMSAZ olﬁz

= ox
f
a2

Atk

o] ¥¢ Aoz dac
MBS ol gate] ¥ =Eo

o}£2] %31 SNP(single-nucleotide polymorphism)

g o goln, o] & nEg o 43}
= 0]%5} %ﬁﬂﬁr ke 918 DNAAIA
S AEn) 3 2 o=

e i
24 2} GMR(glan agnetoresistance) AlXE o]-&3}
of g2y nlo] QAA NS A|EE oA olrt,



56 Xtg M3tH(iron oxide) LI XS O[&FH DNA HIA 7Het H271% 2

I

ogt

=2l Surface Coverage and Activity,” J. Phys. Chem.
B 110, pp. 1553-1558, Dec. 2005.

[11]Y. Lu, Y. Yin, B. T. Mayers and Y. Xia,
“Modifying the surface properties of
superparamagnetic  iron oxide nanoparticles
through A sol—gel approach,” Nano Lett. 2, no.
3, pp. 183-186, Jan. 2002.

[121]. H. Yang, K S. Song, G. J. Zhang, M.
Degawa, Y. Sasaki, I. Ohdomari and H.

Ho

i

[1] A3}, £97], “ISFET n®lo] 2 AlAjd o] 245
A AeAes e g 259 ddH A
AAA ARF ] =R, A28W A, Als
46-51%, 19913 1€

[2] F. Usly, S. Ingebrandt, D. Mayer, S. Bocker
-Meffert, M. Odenthal and A. Offenhausser,
“Labelfree fully electronic nucleic acid detection

. ) o Kawarada, “Characterization of DNA

system based on a field-effect transistor device, hvbridization on vartially aminated diamond b
Biosen. & Bioele,, Vol. 19, no. 12, pp. 1723-1731, ot barta’ty ) Y
aromatic  compounds, Langmuir, 22  pp.

Jul. 2004. 11245-11250, Jul. 2006.

[3] $34d “AAaY EWBALHFETS)E ol&s A
3l &3 DNA AAdlA9] Debye lengthdll up2
HE AR AAFsLs]=EA], #48W SCH, A2
T 86-90%, 2011 3¢ IS IPN ]
[4] A. Poghossian, A. Cherstvy, S. Ingebrandt, A. G 7| EH( A8 )
Offenhausser and M. J. Schoning, “Possibilities o5 AR} T s =5
and limitations of label-free detection of DNA A 487 SCHA A 43 F=

hybridization with field-effect-based devices,”
Sens. and Actu. B, Vol. 111-112, no. 11, pp. £ 2 MY
470-480, Nov. 2005. WA mee =

[6] K. S. Song, G. J. Zhang, Y. Nakamura, K.
Furukawa, T. Hiraki, J. H Yang, T. Funatsu, L
Ohodomari and H. Kawarada, “Label-free DNA
sensors using ultrasensitive diamond field-effect
transistors in solution,” Physical Review E, Vol.
74, no. 4, pp. 041919-041925, Oct. 2006.

[6] M. Su, S. Li and V. P. Dravid, “Microcantilever
resonance-based DNA detection with
nanoparticle probes,” Appl. Phys. Lett. 82, no. 20,
pp. 3562-3564, May 2003.

[71 M. R. Nor, S. Goyal, S. M. Christensen and S.
M. Igbal, “Electrical detection of single-base
DNA mutation using functionalized
nanoparticles,” Appl. Phys. Lett. 95, pp.
073703073705, Aug. 2009.

8] Y. W. Jun, Y. M. Huh, J. S. Choi, J. H. Lee, H.
T. Song, S. Kim, S. Yoon, K. S. Kim, J. S.
Shin, J. S. Suh and J. Cheon, “Nanoscale Size
Effect of Magnetic Nanocrystals and Their
Utilization for Cancer Diagnosis via Magnetic
Resonance Imaging,” J. Am. Chem. Soc. 127, pp.
5732-5733, Feb. 2005.

[9] U. Hafeli W. Schutt, J. Teller and M.
Zborowski, “Scientific and clinical applications of
magnetic carriers,” Springer Press 1% edition
1997.

[10] I. Koh, X. Wang, B. Varughese, L. Isaacs, S. H.
Ehrman and D. S. English, “Magnetic Iron Oxide
Nanoparticles for Biorecognition: Evaluation of

(523)



