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479, Lo L, HOUEGRISEMEZRBRME, BERICHE D 0 BERE O AT B ORI SR o HOLFEE MM bR R O K
TEVIHIMEAALTEY, HEEREAEL T2 HBEERIBLEORBILEIN TS, FHH S TR
XY Ay THEE A —K Y F 7 F 2—7 (cup stacked carbon nanotubes, CSCNTs) 2S#H x5 T 5 &
ZHWZL, KA D CSCNTs DERMIZ X ) DNA O~ A 7 0 F v FELIRE 8 O FHEa (R0
MOHZHE) L7z, CSCNTs IZ# 2 A5 2 LITMA T, BEERCTCoOT ARY MHoOREER CSCNTs K
NDOWEREVE D F DR BALDE S TH B 720124 7 aF v TERIKI DA% S5THA 208 5i5HR

SRS,

1 # =]

H—KyF ) F2—7 (CNT) VI EFEHE nm 5551
nm, BREET um BEOIHHEEZOREOHELTH 5.
CNT 3HJE - ZRBR UV T 72V Y — bDEETTOENZ
X0k e EEZ LY, ZORINGERS 2R ME
BRTOIHEA R BANORBBE SR TwEY7,
FEIZ ONT IERIVIOEBER 2 A L, e et b BT
BI7:OVHERBRDOA A=V M E L TIERHE ATV
5. BkALIIRO CNT O T, Hy THER A —-FF
JF2—7 (CSCNTs) 1&—#i 7% M.OMIRD 7 —K >+
JFa—TERBVEDENS v FTEBARERALZFIR
T, WK X Az AL Twb (Fig. 1Y, K&
SIEEERN 100 nm BEH um 2208 E um TH 5. 20
BRI LRI VD F 7 =R oe L 3R 5
1 - AL RS S TR F 72 CSCNTs @
JCFFEMEICE L TFH O 130% .05 © CSCNTs 25 CNT
EIERLY, WHEBTELRERTAZLERBALTW
5. BICRESOHIBERLERMOLHEI X o TH - % EEDA
WS aHETH 5.
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0, MR CTHEE - ST RETH 272012, T 05 %
Hedn L 7= RSB ORI B A% < G S Tw P71,
LoL, KRBT DOMERNRH Y, ZO0L 29I
BMT2bDTH5H. 4 270F v TELIKE CTIIBITTS
& BB OZ IHMRRETY VTV HIZER L Tw
572012, KREOAKFERZ 58 - 983 5 BIId & &
RIS L 0 B, A4 7 0F v TEKIKBICBT 5
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RS TR WO EBERE E U TRIREE R o Sk EE
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Fig. 1 Structure of cup-stacked carbon nanotubes
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Fig. 2 Measurement principle of (a) direct detection
and (b) our developed method in microchip electro-
phoresis

BIIZHEEEE 2o TWwWa. DX HIZ, LIFKRIBIZESH
DOFEN %2 LTV 5 2D IR E Db 2 W s B M
EOBFENLEN TV 5.
ZFITARLTIE, ~A47aFy TERKIKBIT 58K
H ORI 5 % WS 5 720 AR O AR X 5%
i (Fig. 2a) Tld% <, CSCNTs DHOL K OFFRM 21
B AR L 72 ARRR O IR BE - Bl B9 2 ALY
Mt 24T o 2D THIET 5.

2 g Ji B

BFEDLOEIREAETHRY) v —L CSCNTs #{BA LT
WENREE Ty TSRS 2 2 L TH T A XX
LHHENERSINS. T2, #HNEAHTSH CSCNTs % ikH)
WANBMT D LIV —EDONYy 7 757 Fabz,
AL & BT B B HOUED Ny 7 7T U B
FVIETF S5 & CHBERIEZITS (Fig. 2b)'7*.

3 % B

3-1 ¥t EainE
20 mg M CSCNTs (GSI 7 L A4k & 0 $24t) % Akl 25
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12X ) CSCNTs D & OF CSCNTs FH D FKILDE A
AT B EER 57 KL L7 CSCNTs %
Ve, WO, BEBRINTFIA—F L
7z.

3:2 WHANY MILVOBIE

FSMRALEL L 72 CSCNTs % 28 KIZIEE L, CSCNTs #%
# (1 mg/mL) ZIHE L7z, ZOBEI L CSCNTs il
DEL5EE (15000 g, 5493) RO _EEABISOW TG
FeFeEERE (HASE FP-6500, BHEHEE 470 nm) % MW T
HHEARY MV a2 E L7

3:3 YA /0OF v TERKENICEK D DNA DB

RA7OFy FIFERYRAF VAL 7Y L— ML (AT
L T3 @ ichip 3 (Fig. 202 2 L, BRIKBIE
el L UCBIVBEMEE (Carl Zeiss Axiovert 200M, Jilit2 ik
K:450~470 nm, iR: KT v 7)) L EFEEHE
(LabSmith HVS448 3000 V) % ffif] L 7z. DNA O
WiExAF vt —2 (4000 cP) M\, ZTH% pH 8.0
DO05XTBE (45mM PV AL FBFIXF VLTI AY
Y, 45mMAFYEE, 1mMIFL Y Y7 I UPURRR) KB
W2 0.2 wt% & 75 & )M L7z HIZZ OB
CSCNTs & 10 ug/mL & 7% 5 X H IZHRM L 7. 2@ CSCNTs
DR S N KBE % =058 (15000 g, 547) #, 55
N7z EEAREE R CTIE L, 58 - 90247572, DNA
P T UTHIBREEFE O Pstl 12 & - THIWI L7z 5386 bp
? ®X174 RFI DNA Pstl digest (= v K ¥ ¥ — Y #) 116
ng/uL & 1 kbp fragment DNA (= v K ¥ ¥ — Y #) 100
ng/uL @ 1: 1 ORGERZMH L7. DNA O HEfHE
ANFE Y F A v Yzrva v rHv, BERER
SRR ARTRRIC Y =3 — A2 60 51 500 V ZENIN L, 45
BERRIZIZ ) F— 35— A, CI2300V, DIZ 1000V ZFIHIL
7o, MiHAE 2 0 28555 5mm & LTRRRBZ1T-
7o. Fie, HERE L CREMADORESMT, ®X174 RFI DNA
Pstl digest 12.2 ng/uL & 1 kbp fragment DNA 10.0 ng/uL
DRAEHUIHOEHEE (57%) & DNA (bp) #71:15 12
7% % & 912 YOYO®-1 (Molecular Probe ) %71 L, DNA
D5 HE - BRI L DR R R AT

4 FERLELR

4:1 CSCNTs D#EHIEANY MIV3HR

Fig. 312 CSCNTs BRI & 5 U3 Bt 0 138 A 0 506
ARY PIVERT. ZOHRL D EERET O CSCNTs 1
550 nm [ZHOHRKEREZH T 5 2 L3005, WEDN
— RV F ) F 2= THPERINEBIHFONE T T D T LA
SNTVEAY, HHS DM B HPHAIZ BT CSCNTs 25T
BERICHENE T T 5 L VI EFIE . F72, EO%
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VERT 2 D HOIEEDZLIZ OV TIZRD L HIZE LSRN
5. BORERTICIX CSCNTs 3R EZ R L THB Y, =
DESEART D 4)E CSCNTs DAFFEIC & ) F:384K CSCNTs D
LA SN T 5. B ORIEIC X D BEER2 S 5L
72Ml % ® CSCNTs (JR3z L 78 4~ » CSCNTs) % 7Bt s %
Z LT, EEAIIC CSONTs OEEHPB S 7z b 0L
ZAHNBY. ZOX ) ITHEOSEEE WD il R BT
P CSCNTs 2355 5 Z L djEHICfET 5.

4-2 FERFEE (BHEH) HRHICK 5 DNA DR
Fig. 412 CSCNTs & W 7z R HOEMMNIC & 5 DNA @
BRKEIRZ/RT. AFEICI D 2 O DNA D5 K&
OFRREHMIICR L2 2 e 30D 5. AT L iEkE
(ERERR:) O BEMEREZ iR 5 &, RFFIMERDE &
DETHDLZEDHHLS (Table 1). 2 Q5 BEM:REDOK
T CSCNTs & DNA DMHE/EHICLE A Y- DT a—F
IEDRNTHEEEZ NS, TD7b CSCNTs DFEIALL
BIZE 2 MEEHOBKBIEECTCH L. F72, — KT
CSCNTs DEHREIZ L VA 70 F v T T T4 =54 —
FVEBLRKBNOISH O MFEI NS, IR OZEIZEL
TRKRDEHIIZEZSND. DNA & CSCNTs D HEAEH K
CIEBM 2472 YOYO-1 E DNA DAL v ¥ —hL—Y
3 Y12k % DNA OABHOWRA™ HMHEBLTWE LR
bhs. BIZHMHBIBFRIZOWTHER 2479 &, AFE
BHEREL DRI THRAECERE o7, ZOREKFOD
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400 450 500 550 600 650

Fluorescence intensity / A.U.

Wavelength / nm

Fig. 3 Fluorescence spectra of CSCNTs suspension
and supernatant of CSCNTs

EDL L TR=AT A Y OREWDPETFTONL. Fig. 412
AT LI, AFETRRELIER—ATA v E{EI L
IATEETH o 72, ZTH1UE CSCNTs 12 & 5 BLEL & UF CSCNTs
OYPEDORG—HIGRRT A EZZ 6N 5. ZOMEIZH
LTiF v 7REOUWE & 1F CSCNTs DT A7 b Ho
FEICLYVERTEL L EDND.

COXHIT, ARFHRIIEORE L BT 5 &R0
THBHERE R o720 L L, RaSUIIEBENHRE OB R
THY, CSCNTs D7 AXRZ Mo, #%6M CSCNTs
DENRGMES B:DOB%E, CSCNTs R~ DR ST D
[ EALIC X ) CSCNTs % HI v 72 vt il 40 il A s 1 A
FFEN5.

5 B

BOIRIEE WD) i 5 % B-EIC X ) CSCNTs A3l R FE
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CSCNTs DFEBEANDFIMIZEL Y, DNADOY A 7 0F v 7
TR E) 7Bl B OV Rk BT L 72, B0 s
FHOGERRIBER LI E LV OT, SEERE o BifH 25
HE - SATDSURETH B, BIBRS ClaiEHAE sk G
PR ECKRETROESICBWTHREZ A LTV,
CSCNTs DYkl (7 A2 Feof#z &), @bk

7 5386 bp
1000 bp )

Fluorescence intensity / A.U.
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Fig. 4 Electropherogram of double-stranded DNA

fragements using indirect fluorescence detection with
CSCNTs

Experimental conditions—separation medium :
methyl cellulose and CSCNTs dissolved 0.5 X TBE buf-
fer ; Effective length : 5 mm ; Field strength : 208 V/
cm ; Detection : 520 nm

Table 1 Comparison of separation performance between direct detec-
tion and indirect detection
Direct detection Indirect detection
1000 bp 5386 bp 1000 bp 5386 bp
Migration time/s 14.9 16.0 11.8 13.1
Theoretical plates X 10° 7.2 5.0 1.9 1.6

Resolution

1.0
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CSCNTs O ERIFAE L HEOBFEIC & ) — @ ORI LA
WfFEN D, MATCSCNTs OFMBHICE Y 7u~ ME
FEWMY AND Z L CHERNEEADOGHER E~D
CSCNTs Ol D WREIC R B L Bbh b, KX Tk
CSCNTs D= A 7 aF v FTEXIKE~DOHEHIZOWT DA
Weid 24T o 7245, CSCNTs (T HOBERE % &0 7245 R 2k
BIZE ) 53BN A e coBHIHIEING.
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Microchip electrophoresis (MCE) is one of the most suitable methods for biomolecular separa-
tion and analysis because of its superior characteristics. In biomolecular separation and analy-
sis, laser induced fluorescent (LIF) detection is frequently employed in MCE and attains high
sensitive detection. However, LIF detection requires the labeling of analytes, which contains
troublesome procedures and results in decreasing of the separation efficiency. In addition, the
labeling reaction at low concentration is significantly difficult, and thus true high sensitive detec-
tion is not easily attained and has been desired. Here, we report on the possibility of cup-
stacked carbon nanotubes (CSCNTs) for high sensitive label-free detection and high separation
efficiency. At first we investigated fluorescence properties of CSCNTs. Our investigation
revealed that supernatant solution of CSCNTs after centrifugation had fluorescence at around
500 nm, while CSCNTs suspension did not. The application of CSCNTs for MCE enabled us to
successfully separate and detect DNA without labeling it. Compared to the direct detection
method, our method resulted in poor separation efficiency. However, by controlling of the
CSCNTs’ aspect ratio and the immobilization of functional molecules on the CSCNTs surfaces,
we could improve separation efficiency and attain the separation of various samples without
labeling samples.

Keywords : microchip electrophoresis ; cup-stacked carbon nanotube ; indirect detection.



