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HBE W —EIEAY (CAC) IFRL T D BEECREICH OO N DYWL O—2ThH Y | KiTOBE - [EfERe & OB
WIS U TR0 BE S FIRE T d 5, CAG W CIIHEIMIED Bde BRI 1N Bde DALEICIRE T 5, B ZEN L ThL
FOFBYMEOECE B 25 Z LT X0 R OERGALE O AL BRI R SO OB A FRE TH D, £ T
R ~—=A 27 vki+ MP) 24T/ Ki+ (ANP) ZF5A SED 2 & T, BELAFEL, BBMEOEILEND
EFHHNFEETH D B 2 T-, ZOEBRRZEIC, LLTIORT (D)7 BV — 4T VUt (AB &) DR, (2)
B EATF o OER, (3)DNA OFEEMFHAL (4) KB OFEL microRNA (miRNA) ORIKEFHA, (B) 77 4 < —
(AP) 2RI H LT B/ N T- ORI 21T 5 72,

(D FHUFEOFEFED 72D, MP & AuNP % AB ISIZE DA S8z, TEV UV EMi L7z MP & B4 F &ML
72 AuNP % AB RS L VA EH 5D 2 L TAUNP #54 MP Z/ERL L 7=, AuNP (2 MP K 0 B 18 fF R X U=,
AUNP DFEBIZE D WP OBEENRKEL 20, HBHMEBEITET Lz, 20L& & ORBE OZ{LEIL AuNP O G
L HBIEMR E R Lz, AuUNP OFEAEE AB RUSICEE L= EUIR U & e g 572, MP RSSO FHHIAS 7]
HTHDHI LER L, BRHBRRT AP 700 [HTHO | KISIZEG LT Yy — 4 F U EHEE%E 2mol 4 —
A —THRITELZ L AR LT, Flo, B 720 OB 2 FHIT 5 2 & T, R -0 O iR
a2 FTREIC L7z,

@) T EV MBI LT NP LIRFE AT NG ST, TOH%REFT BRI LTz AuNP &G &2, IRfEE AT
VNCE-THEENTT EV U ANP EREATE RS D720, IREIR TV & LB L, B E
NERT D, ZORGMEOHMENSIRTEEAT V15 MA—F—TRIH Lz, £, 20 EOKIEEE
FEFRENZIRIR L 7=,

) B DOFEIEE —5 > My TERTRE LICEBERE ST 20ERNDH D, T, ¥—7 v My T OwE{LF
B, (L FRMNE AL 2 AR S S, FIZ T, DNA DY FA v FRESEFIE Lo HEMREHANE % 8L L 7=,
22— | DNA DO—EF & FEAERIIC RS S % DNA 2 MP & AuNP OFR i LICEMi LT-, TN OZRATAHAZET, #
—7%"> N DNA &4 L7z AuNP & MP Z{ERL L 72, MP —hI 1747290 O AuNP O GEE —EIZ L, #—% > ~ DNA
DS EZZLS®ED 2 & T, AuNP O MP ~DFE A= Z i8I L7z, DNA © " EHERICIS 1T 5 %2 E M % DNA A%
B L OVDNA B E ORI BRHE LU, IHEMFHIZ1T o 72, ZOFER, HIV-2 L —HEZR D ¥ — 47> Mkt L,
BRI T zmol L~V ODFHATEZ#EST LT,

4) (3) DFIEE AMFEH T DEH miRNA D FIRFFHANCER Lz, #—4% v FTdh 5 niR-21 & miR-122 ZFHHIT
X5 L DICDNA ZREH L, RRORR D 2 o0 WP £ RIZER Lz, Zi4uD O MP IXBAMIEE: ) HFkAI FTRE 72 7=
B, ZoDkiFE2FICHMHTE 5, T 2T, total RNA 1D miR-21 & miR-122 ZAEHERIMIEIC L W TR L. pM
A=A —DEBMEZE, ZNOOMHEITHREEE B LBV, RENAREF COLEET S Z L 2R LT,

(5) EREDIEEMFHIIEE AP I X DA/ Ny FOREICEB Lz, AP 2/ L7z AuNP 54 MP Z/ERL L, AP & 4F
BENCHEERT 227y MMyt EEA LT, AP EX—57 v My T OMEERORER, AuNP | MP 7 & fFEES
DI WP OEEL/NES <720 FERE LCRBIEDS LA 5, (2) LFEKIC, 20L& & ORBILEOELN 5.
H—2Fy NyFDEBNRAEETH D, X—F v boyFL LT, ARBEEYWE THD AP, F—_I, TV
CERWL, Z—5y MAP SEROMREERIIIG U T, pM-oM LoV ORHIBRA A A Lo, FE 7o, ARIED KM
R T VO BRI TE . FEMITHE —F v b T T~ —2BROMEEEROFMCbEATE S 2
LER L, S5, AEFEELFOATPBEDOTEICHEA L., 176 WM OEEMEEE-, TOEIIAVI )T v
CAICEDZERME—FH Lz, Z0X3C, KEREF L TIVIZEBNWTHL~ M) 7 2AORELZTTETE D
ZEERLI,

Db X iz, RFHIRENSRE CRELAME, SufAEsa L, BV IMCbIEHTE 2 L 2R LT,
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A combined acoustic—gravitational (CAG) field is one of the external fields that can be used for the
particle separation or aggregation. The CAG field can recognize the acoustic properties of a particle
such as the density and compressibility. Particles with different acoustic properties are levitated at
the different coordinates in the CAG field. If the acoustic properties of a particle are modified by a
reaction on the surface of the particle, we can evaluate the extent of the reaction from the levitation
coordinate shift. The trace analysis is possible by measuring the levitation coordinate change. Also,
the kinetics and thermodynamics of the particle surface reaction can be evaluated from the changes in
the levitation coordinate with a reaction time and the reactant concentration. In this thesis, the density
change is induced by the gold nanoparticle (AuNP) binding to microparticle (MP), which leads to the decrease
in the levitation coordinate. Based on this concept, the following studies are conducted; (1) the detection
of avidin-biotin reaction, (2) the quantification of dissolved biotin, (3) the label-free detection of
DNA, (4) the simultaneously detection of multiple microRNA molecules in the biological sample, (5)
aptamer—based detection of small organic molecules. The proposed method allows highly sensitive sensing
and highly versatile system designs.

The various detection schemes for the avidin-biotin reaction, dissolved biotin, HIV-2, single
nucleotide polymorphism, microRNA, ATP, dopamine, and ampicillin are designed based on the approach stated
above. In some cases, the zmol or pM order detections are possible. These detection methods are applied
to biological samples. The values obtained by proposed method are in good agreement with the reported
values, indicating practical usefulness of the present approach.
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