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Control of liquid flow in microchannels based on temperature-
induced wettability change at channel walls
I - 1 Tohru SAITOH
Graduate School of Engineering, Nagoya University

A temperature-induced liquid manipulation was examined in narrow channels modified inside
with a thermo-responsive polymer; poly(N-isopropylacrylamide) [PNIPAAm], having the
lower critical solution temperature at 32°C. The modification was performed by Bind-Silane
coupling and the subsequent co-polymerization of N-isopropylacrylamide and methylene
bis(acrylamide). The temperature-dependent wettability change (32° & 68°) on
PNIPAAm-modified surfaces was extended to (35° & 86°) by the co-modification with
octadecyltriethoxy silane, and to (25° & 104°) by the modification on frosted surfaces. A
water plug in a PNIPAAm-modified channel could be moved and stopped by warming the
portion of the channel. A liquid stream was successfully directed at the T-junction of a

branched channel.

(BE] XM 700 AFALARCBITZBREO -2, MIEBICBI2BRODEN:
BENBITENS, AMETIE. HVARCBI 2BBEAOEF AN EMEBRERITE -
TBY., TNNRBEEEOBNFEIIRESKETSIELS, BERMOBENREEZFAGHT
LIEEBHAERNEHOMESEERM L. BNEEORASII. BEE2BERSHE
ERT RU(NAY 7O T7ZIUNTIK)[PNIPAAm] TESML . B8RS % Mg -
BHTAZERE2TITo2. 5K, BREXIZ2ENEILLEBERIBTLEIZED. MW
MNEBEPOBERAN, BEULDRVRNG OB EOELRELAS 2.
[EER] M/MRBELTIE, NE50~200 um OEBI ) AF+y ESV—FHR3ASAHE
RICH D RTSAMMIIREDIBRTES 200 um OEZ2HALZDOERA WS-, H5 A&
i % Bind-Silane TE&MiL /2. N~V 7N T2 VINTIREAFLIERATZ UV
S REAEARIGEKRTIZEL T PNIPAAm #EEZBR STk, REOFE NI KEE
AICK VML, BREANZEMBML AT PINVAIAASIIVEBER - BEL -,
(R ELEZER) B TEMERICBITDENEELIL ©  Fig.1 12 PNIPAAm E8ii 5 X
RHEOSREICBT2KEEMAZTT. BERTE 32°LGLRNEEZRT 4. BHE
B (#982°C) BLETR68° L MY AFL VITMBT BBNE /0. HEC PNIPAAM A
Lt#vt7U—«®%mﬁ%L;éFm§A®EF%mF Lo TKRKELE{LEZ. &
512, PNIPAAmM & EHICHKEDKERIFT I Y TINS5 (ODS) TEMLAENTITX
REIZBWNWT, PNIPAAm & ODS O#BERZEBEILLAEL A, KFEEMATIER T
L FTNFELEDLERBRV—F, BBRBEULETII86 LD, BNHEOEEZL KT S &
NTERL (Fig.)e LBL. MEANODKOBAZZRZIMA, BEROEFILECHEZERT
570121, Bk (A > 90°) BMHKRBEEEZOSND, £IT. JOAMHSARE
IZ PNIPAAm fEfiL 7= & 2 A, /KiEEMAIIEE T 25°LETFLAZDIIH L. BREBEL
ETi3 10408720, BECKETIRFRKEBENEEBAKEENERL - (Fig.2).




BHRENEE : (X&) NEEZ PNIPAAmEfiL 2 H S AF v ES U —POKIEE MR
KEoTBHEESBLIENTER (Fig.d), MBX X > THENFEHEOAENET., KEIZ
BNHEOEWEFPSBVWERKBH LD EEI NS, EBE. KFOEILMER
PNIPAAm OBERBEDFKTH o7z, (ML) PNIPAAm— M L7270 MM
THREOEBRANIL, 50°C IR Lt —F R OMBOM S TERICHEILEL., I
Bzt ERIIBURNKED (Fig.d). (JYEZ) T-FHABKIDO—FHZEM
BLZEZA, BRIIMEBEL TWizWAHEROARZHFENZ (Fig.5).
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Microchip chemistry and micro multiphase flows

Akihide Hibara

1) Department of Applied Chemistry, University of Tokyo
2) Kanagawa Academy of Science and Technology (KAST)
3) Japan Science and Technology Agency (JST)

Micro chemical chip technology has advanced rapidly because of its favorable characteristics
such as reduction of reagents and samples, high throughput, automation of chemical
operations, and so on. We have investigated multiphase laminar flow of aqueous and
organic phases. The multiphase flow can be utilized in solvent extraction and interfacial
chemical reaction. In order to design chemical processes, stabilization and control method
for the multiphase flow is indispensable. In this paper, the stabilization and control methods
utilizing physical structure and chemical modification patterning are demonstrated.
Furthermore, a novel microscopic optical measurement tool for interfacial processes in the
multiphase flow is introduced.
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Effect of applied voltage on isomer separation in CEC

*Shinya KITAGAWA, Hiroyuki NAKAGAWA, Shuki ARAKI, Takao TSUDA
Department of Materials Science and Engineering, Graduate School of Engineering, Nagoya
Institute of Technology,

The effect of applied voltage on enantiomer separation in pressurized flow-driven capillary
electrochromatography (pCEC) was studied. D- and L-amino acids, Tryptophan (Trp) and
phenylalanine (Phe) enantiomers, were separated by pCEC using columns packed with
teicoplanin-modified silica gels. The applicaiton of high voltage to the column varied the
resolution between the D- and L-amino acid enantiomers. Further investigation revealed that
this variation was due to a variation in the theoretical plate number. The pattern of variation

in resolution of D- and L-Trp was similar to that of D- and L- Phe.

¥y U5 Y —EBERI u~ bS5 7 4 —(CEC)Tit. TERMIC X 0 RE DR ESENLAY,
TR ELEEBRARAHL, ZOBRBIZOVTHEL ORI EIToCE L, ZTHETORET,
A AL EFERPODS-SAXIR A HE M/ & 2 AW BT, BIFEIIMC K v A4 - o1
PSR DR EB AT T B = LR SR > TOB[L-3], 4E. KERS Y a7FF R
ThDTAarF = EMSINEFEERZ AV, EREES~DEERIMOEEICD
WTRNZTTo Tz,

o _ .

FEEIER IR 7 (LC-6A, SHIMADZU, #).A > ¥ =7 #—(0.5 ul, model 7410,
Pheodyne, USA)., BEER (HVA 4321, =X 7REIKRH T v 7, #i) . BfEFv S
U—HT L(E;0.15 mm, IR, 14.8cm, £F; 24.1 cm, FE#FA;CHIROBIOTIC T, dp.
5 m), $AMRERHE (UV-970, JASCO, &) »bind, i, BEEAIXRATY v b
Aoyl vaviAonk,

N RMEERABE LT, DL- NV P 77 DL-V==AT 5= AW, BERIZ
1LY > ERAREIR (pH 6.0/ = %  — M7 & b= kUL (80/50/10) % FV e,

SR
DL-+ V7 b7 7 UM~ OBERMOZ % Figure 1IZR LTc, ¥4 T A5 KVOEEE
92 &, BHEBRBEL RO E— 70881 2D 2 & bhnd, W79 A5 kVOELER
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Figure 2R T L H I~ A FTADBELHMT B Z L CHBEER)BEHETHE LEL, B2/ 5
ADBEZEINT 2 &L pHERBBMICIETT 2 Z e8bhhote, SEEEII()IRENRS L
DT, PREREL, BEREL, BERBREOLRD B Z EBAERTH D,

Re=tymat k. (1)

SEIOEBRRM T, BERIMC L W RFEBBEE LTS Lo, LaLR
285, BEAMZIEYDL- M) F 77 OBBRERRESELT I EMXbhot, T
72h% . Figure IR E NS 7BEEOHMBEKTFEZ, & LU CERBREOELICHNT
BT EBRHLNNC o, TOBRSIAMBENR, BEOEEH - SRR TOMEBEIH
EOIEAREII X U TR ZE L TCWAZ EZRBLTWD L Bbh 3,

ZA. DL 7x=nAT 5 =vnnMELBENMOBELZIIB I EXR\ALN R,
OBEXKTFNRY—ID,L- R 7P 7 72 L IEIFR-Th o1z,

absorbance []
o
Fox
<
A 1 L
Rs[]
w
t
—1

I
2.5F .
~5 kV -
2+ _
1 — 1 L 1 1 ] | - L | s
0 500 1000 -5 0 5
time [sec] voltage [kV]
Figure 1 Separation of D, L-Trp with or without ~ Figure 2 Relationship between applied voltage
application of electric field. and electrochromatographic parameters of D,
samples: 1. thiourea, 2: L-Trp, 3: D-Trp; column:  L-Trp.
id. 0.15 mm, packed length: 22.6 cm, total Conditions are the same as figure 1

length: 31.0 cm, packed material: CHIRO BIO
TIC T; eluent: mixture of 5 mM phosphate buffer
(pH 6), ethanol and acetonitrile (80/50/10, v/iv/v);
flow rate: constant pressure mode of 110 kgf/cm?;
detection: UV 254 nm

[1] Kitagawa, S.; Watanabe, H.; Tsuda, T., Electrophoresis, 1999, 20, 9-17.
[2] Sato, M.; Kitagawa, S.; Tashita, H.; Tsuda, T., Chromatography, 2001, 22, 195-199.
[3] Kitagawa, S.; Tsuda, T., J. Chromatogr. A, 2003, 995, 209-215.
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Column preparation for capillary electrochromatography
(OHiroshi Suzuki and Chuzo Fujimoto

Department of Chemistry, Hamamatsu University School of Medicine

Sol-gel method offers a versatile approach to the synthesis of organic-inorganic hybrid. By
using the method, composites containing sulfo-group, long alkyl group and boron were prepared
on the inner walls of fused silica capillaries and used for the stationary phase in open tubular
capillary electrochromatography. The sulfo-group provided a substantial electroosmotic flow
(EOF), while the long alkyl group provided reversed-phase chromatographic characteristics. The
presence of Lewis acidic boron in the organic-inorganic hybrid structure would lead to enhanced

dissociation of sulfo-group, and hence, increase in EOF.

[T T ®IC]

¥xE7 Y-z turrovwbs77 44— (CEC) HXxx V7Y —BXIKkE L K&
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XxETZVU--BRERHY., ChbDOW T LERFEOVDESIT AP LERAVLRT
W, SAGNVEICED T L0EMIT. ERTHHIBEOERECHE XY 7 LARNEEIC
KB EHBEZENTED L, EUPBIERCBRREDRERD D, AR TCIEIN TN
BREIDAHFLOSEREE2H TS5 CECADY 7 AERICOWTRH Lz, £3°, #HE 08
DUHBEAFEEDIEDICREATAIANVE (A I FAVE 78T NERE)2E8AT 5,
Ko, ERBEN (EOF) DRAEDEDICANKELBA L, —BFAICEA XK T
HRBBO 72— X FY XY ETYV—DORNEEILHEV T/ —NVEOBBEERMRIEND
T EOFII/h &K RABAMN  ANKEOHEAIIZ L 0 kB O pH ICEKFE LRV EOF 2 B4 &
HAZENHETHD, EbIC, WA ABEERTHRUVREEATHIZ LICLY AnFE
O bhrDEMEAREL T, LVBVEOFORELEZ2BHE L, BEETAIALE, XK
E FUVROZOOBRDOENER2EZDHIET, W7 L0OBAME EOFOKREZE A0
AEZDIEBARTHD, TDEIRITLEIAFABECIVERL, b7 6008
BB L TRE L,
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BEEFRICRES LY a 7 23( £ X30P0.25-LD Z A\ 2 H 13 A A4 % 870-CE
FRHWE, SBES 7 LIZIEHNE 50pum. 2K 483em. AR 328em DT a—X KL Y B X
YEZY—E RV, REER%Z 254nm, EIEEZ 20kV & L7, ABHEAECIEE
EQRem)Z AV, REOEARBII S E LE.

BT LADERBROLOICL T BADEEDO A I FAL MY bXI VT U
BANAT IO EL NI ARNXROUTY RUBMNIA Y T Exy ) — LR TR
AL, BB T, 60CT 1R2EBRMBAL, /JAFAREEZ Tk, ST, 3- A BT T
BEALINYRAMNRITTUDALD T MEEFBERIEAFEAKT60C, 12 BEMATEZ LI
FoTANFECER L, ZOATFAERETOKRERILT MY A CEELLEZ7 2—
ARV IX2ET Y —HNEICHEALLOBHLEHL, RiR, EXXHR T CTHEEE 110°C
TMEAEE L TEHODI 7 L5257,
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BROLNE, 61T, AAFE, FUR, RATAFAHEZBALL VO L RLEBOX
YETY--ZHBELEBSIIBWTYL EOF ORISR XL,
E#ETAZAEOEAILDNT

FIETFIONEOBEAZILDIZRTLES, ¥x TV —CHEAT I VT LE
BEHABLE, Z0kd, TArXNLVEELTAIVFAEREFEATARZLICLE, £7F 0
B, AAVGE, FUEOMREEZBXOFETCELATH I LEERLE, ThZho%
1:1:0, 1:1:1, LIS CHMLAEDY T ACHOVWTHBERA L -,
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FrFARE, ANFE FYFEOHBE 12 OSAFATHERM LT LET ALY
MLFR L7, 0.IN NaOH ALE (6 R Ik » THBREITAEA L L TRE RSB Z S
TL% SEM X BBEMNOHRELE, TOWTAERAVTHELZIT -0, REHOH
M E27HE~DHRIIBONR o T,
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1) H.suzuki, Y. Yoshida, M.A. Mchta, M. Watanabe, T. Fujinami, Fuel Cells, 2002, 2, 46-51
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Development and Evaluation of Microchip-based Capillary Isoelectric Focusing System
with Fluorescence Detection: Automatization of the process of dispensing and injecting
solutions to the microchip

*Hiroyuki Matsumoto', Hisayoshi Takamoto', Sunao Hisada?, Kiyohito Shimura®, Ken-ichi
Kasai®

'Central Research Laboratory, Hamamatsu Photonics K.K."

*System Division, Hamamatsu Photonics K.K.

*Faculty of Pharmaceutical Sciences, Teikyo University .

We have developed a chip-based capillary isoelectric focusing system with a scanning
laser-induced fluorescence detector, and both of high speed of focusing and high detection
sensitivity achieved by this system. However, operability and reproducibility have left the
problem, since the process of dispensing and injecting solutions to the microchip was manual
operation. To solve this problem, we have improved this process and examined the
development of the system which automated the process.

[ZUDHic] F¥¥77-FEIBEFIKENIABORS OBHE & 58 % R ICT WG 720, &
BERBICBVWTOBEVRERBLAZLNTEL, 3610, BERELZRBEELET L —F
—GhEE St A4E (LIF-CIEF) 22 & T, MpMUTDOER Y V2 BT F FO4
BREFIERELZ), BHE. BERELZTHEERL L TBOTEHRATH® S, —FH., Frv¥T
J—ATEILLARBZEAEL—HATHRET 2123, A2 REBVE TRE IS LLEDN
b, TOLRITE pHABRNDEAPHHENEKT., BHASE. £ OMEITRIN TS, pHY
BefREBRETAIENTREZNIECD L ) ZHERRREING, 22 Thbhtbiz, 7% b
VTG 74—y F U I EMERVTERAEER EICRUNEE 2RI -BERKE T v 7%
Rl Wi E L —F - R TEELZFLEABRB 2742 ) EEE L —F - hEHREEER
BL5 KB (Scanning LIF-CIEF) S AF A 2R L. KV U RYVAIZTEEZT-o2V 2 , —H.,
A2 EF T HEARBROBNIE~OEA, NNEEE RO EBILR GO EBED TIEEFD
BEGTFEETH ), BERCLERBICBEIBINLTVWS, 20 L) 2FEEOTE * BEIL
THIENRTENSL, BELEIVATFLADEL 2 RBEWHFEING, ABETCREZXEF
v T OB D REERDOE AR /N Wi O BB S~ DEBBEOFEICDOWT, 3
BWrBRERELHE{LY AT ADOBEIZOVWTEHET 2,

[E£8] Fv 7Rk 2 BV 72 Scanning LIF-CIEF ¥ A5 & O#EE #54 oo, # 90 mn, EX
l mDERAEFERTICES 30 on, 18 100 pm, FE 25 yn DNFBEE 7+ Y VT T T4 —
CXyFUIEMERACTS m BB TIFMER L2, RBOWKICEE2 m, FE 1 mm O
ROBEBREFEHESE. ES 180 yn DIEBAEE I AN— TV — P 2BBE L 72, ERL-BUNER
REEIRV TV AFVT 2 INTIF (RBEAL4%) Ta—FLY,



WMHEBEBRTF FPEHAVEVATFAOFEER NEX&EIC 15 FD tetramethylrhodamine 7¢
BALZRTF FEFL L L. 0.1% Tween 20, 0.3% TEMED. 0.1% AcOH. lmM NaHePOs, 0.1% 2
VeI —A, BLU40 EEF Pharmalyte 3-10 # &L REBEE—FOEELICEML. Kt
BOEEILZREICT S & THUNTBICTE L2, TEK., —HOEBRBFICE TS L% HE
#L. R oE@ELIC 20 oM H3PO4 (REABHE) % &IN. W51 - BEE. RIMOBIELEI 3 B E
L. SEMICEBEILE 20 oM HsPOs (BARIR) T L7z, 7% A2 %A L. KO E&EILIC
DV b FBRDEMEICT 20 oM NaOH (BfE#R) Tzl (K1) « FRFhoBEEILICERY
FALTO00 V/ em DEETESIL#IT o/ K E U TEEMEEHEYAG L — % — (532 mm) #
Av, I imicifotiRibr=y b 2EE (2H/HKE) LTIGRLAZZE» S 01K
HL7, »

[ELEE] hITORETHEALLBERRGF v 7REBILAVNE (EE0.46 mn, X
2) . BUNEBHNEBEDI—F 4 Y IZBVWTR1IBBFY T AF VT ZINT I FEBLIEAT
BIENTERDPol, £/, FOBRICIVESILZ2EBR CELEKCER - TEHT I Z L0 H
HThol, 4, EBILERELCTAILT (EER2m, F3 1mOMAER) 4%F) P AF
VT I YIVT I FBHBICEAMPNEBREBOI—T 4 V7O RER Y, EREBHKORERLE
DTEAMEE LN TE, SHLRTEEIL2EBHCREAICER - THET2Z b WMiE L -
2o CORR, MHOBFBEMNELEL., EREXKEF v TOB/NTENDOREE MO E A PHUNT
BEwROEBLBI~NOBEBBEOFEDEE (K1) 2w THELRY b2l LzEEEY
AT AEREETLI LML oz, BE. BRVAFLADER - 2T o T,
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T =lE W& 100pm, FeX 30mm
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CRECHELTE A0
F 9 FEF ¥ ET Y — DR
B i RS B EEILES
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KRB, EREOTE - EAFE
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1) BAEE oH#EZ. BEEe, FEAEEF.AH £ SXEE. SMEC. SHE— SCE99
REEBE, pp82 (1999)
2) BEEZ BEANME. BEHEE. AR £ .EFNEC.SHB— SCE02RBEREE4, pp2l (2002)
3) Wan, H., Ohoman, M., Blomberg, L., J. Chromatgr. A, 924(2001) 59-70
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Isoelectric Focusing by Microfabricated Free Flow
Electrophoresis Module:pH Gradient Formation in
Acidic Range
Hidesaburo Kobayashi*', Yoshikazu Ohomori', Nobuyoshi Tajima®
"Department of Chemistry, Faculty of Science, Josai University, Saiatama
350-0295
2 Olympus Optical Co.,Ltd192-8507 (Hachiohji), Japan

Abstract

By using free flow electrophoresis system, mFFE (microfabricated FFE), we studied
formation of pH gradient on isoelectric focusing condition. In this study pH gradients were
formed in range 2.5-5.0 under 6kV electrophoresis voltage and residence time within 30
seconds in separation bed. These results might be useful for separation of native proteins and
provide proper samples for proteomics analysis, especially, for protein-protein interaction
studies.

Keywords: microfabrication, mFFE, isoelectro focusing, pH gradient, native protein.

ZL®HIZ

2 A 7o MIERETAVVTHER L7 —T0—BEKKkEH €Y =— /1 (ufFE:
microfabricated free flow electrophoresis module) iX~A 271 « 7V —F 4 7 A/ %
R LEWERERB/EZSD T, HHBRKRFT Th-o THLRERBEXIKEI BN HI/FETE 5,
TDEVa2a—NVERAWEZDNADORKEY 7 05 1], ARKRABE2 AVWE-ESKED
fiEtr 5 (2], HEEESIKE) (continuous free flow electrophoresis) Z AV 7-3EID4rH
SRF ADOVERBIICOWTIEICHE L,

W, 7uT A —AHENREAITRY, HNEBDFZ VX7 B2 BRBRICIHRIT I 2 BN
ElAh, BRERNBFEOREAMERENTWS, R4 X oFFE 2 W00 2T L 2H
L, RETEIRROFWEERERIKE BT EORSLZ BWICREFRFEZIToTEY,
ME, BVVRVTARZBW XYY Y—T 71374 bE2AVWESESARERIZOWT
& L7~ (4], ofFE AT AEAWET7 Y —7 a—BKKEITIX. 9388045
BRI 2 SORRIR L T B LB TE, ¥ UV BEORELREERET KN HES ERL
L7z[5], &b, XEE I pH ARGEHAZ D -ERCTCOSERLBI L VERLRZ Y
B2 RS- 2WET 5, SROBFIIBERIKTOF VRV EHBEEEEZRTTT5
TEERZEMELTEY, TNORMEERN Y V7 0 BERERKSISHICERATETHN
ENA ANV—Ty FODBERITZBIED Y TR, REMDOF VAR BEEBDHENRTE
DT, ZN\IHAEEROHERBANABERL L CTEARREEL RS,

RBREBELIUEH

BEHA® : SA Ly 7 AHTFAMFFEEY 2a—/ (GkBEISHEY : w 56.5 x 35mm, d 30pum) %
BRkE S A5 L (mFFE/BBM) IZ#iA%, nFFE EP 2 — LV TFEHIZIX 19 F ¥ o RADY T
NVEINRER (MFS) 2E#E L TEV 2 — L 2B8 L ERROBME L Lz, 4HEEIX 80%
T ¥ ) —)TCHER, ERBERZEET 5729 0. 01%HPMC % 7T HRIFK T L, £, 0.5%
Ampholite (pH 2.5-5.0) (1% glycerine TR 10% EtOH Z2&3p) % 5 MM T L THHME



ZBRE Ule, KEDEEE ~D¥IRE D IAZEBE X2 T 180 pl/min & Uiz, B IZBEIZK
Bk FU DA (10mM in 10% EtOH), BBHRIZ Y > B8 (10mM in 10% EtOH) Z{ERA L7, BUM
BIEX 4V 25 6kV ETD IkVRBE L L, ENENDOEET TERKEIZITV . 20 2HICH
T ULESBEARE 19 X— b2 b ENFN 190 pL FONE LI, ¥ 237 BREEEKIT o
Bodd (F—F9) EMAHEA (flow rate @ 8.47 pl/min) L7z,

pH ¥+l : HORIBA B-212 twin pHIZ X 0 YEFAKD pH 23R LT,

HPLC : HPLC A7 A (Shimadzu LC-9A) (€ /) U A Z A % s 5 A (MERCK Chromolith
performance RP-4e 100 x 4.6mm ) ZHV, 7 = U NV ZTF TP b (0-80% acetonitrile
in 0.1%TFA) IC L VEH L, 280 nm TORHIZ XY nFFE THR LKD) 7 ERE
2{To 7,

HERELUVER
ARENY . EEEIE VAR — D TR EES
EIR DB \OHEE (240 pl/min) CEFORE
EZTTEY., 19 A— MEEBCTORRE
(190 pL) WCIXEFOEL2ERH Y, T,
BEFOR— b CREBERBETENLRN LD
BEELELOD, 2R — MREIRKRRIZE
NENOESKHEEIIB VO TREREITR ¥
o, 4.07 Voltage %
pH BECOFEK : EVINEE 0kV, TRbHE OkV -+
4kV -&

pH of collected solution

EENFTIEHET LSS, A— FEE2H0 4 kv

51 8DNETHET YT+ 54 FNEEROTIH 351 v -
fE PH4.2 BRUER, F— k1B IOHE— k

1 9D ETITENEN 0.2 L0.1 pH =
= v MEF ERENEEERIES X O R~ ! ! ! !

7 bLTWE, I TIREBROIHERE~ 0 5P 1°b15 20
DRHNE 2 HNBH, SyRERPIO KR T ort Number

X lmm (ZHRY LTEY, ER50MBICE 4

WA EZRNEEZILND, Fig.1 pH profiles of collected solutions from the ports of

mFFE system under various electrophoresis voltages.

SEBELEEREXEMEE 6kv
(1.7kV/cm) TiX, A— b HES 2 225 18 FTTOHETIX pH 5.0 225 3.6 OFMEFEERD pH
RENF LT (Fig. 1), 4 EIOERKENIFRME TiL p AEOEEBRELETHD L Bbh3
2%, BSA (pI 4.9) Z3AktE U oFFE I L 2 0BEEZTTV, R — 2 LE LN DBEEKE HPLC
Tt LERRLEET 5,
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Hadamard Transform Microchip Electrophoresis
Kazuki Hata, Takashi Kaneta and Totaro Imasaka
Department of Applied Chemistry, Graduate School of Engineering, Kyushu University

Improvement in the sensitivity of microchip electrophoresfs by means of Hadamard transform
technique is demonstrated. The sample and buffer solutions are electrokinetically injected into the
separation channel according to a code determined by a Hadamard matrix and then detected by
laser-induced fluorometry. In the case of using rhodamine B as a sample, 8-fold improvement can be
obtained in the S/N ratio in the electropherogram by Hadamard transform technique, compared with that
obtained by single injection method. This value is theoretically expected when a 255-order matrix is used.
The limit of detection (1.OD) is determined at 25 pM for thodamine B.  The improvement factor can he
enlarged by the use of larger order of Iadamard matrix. This method was also employed to resolve a
mixture of amino acids. Even the analysis of a sample containing multi-component, the $/N ratio can
substantially be improved. Tt should he noted that this technique is applicable not only to fluorescence
spectrometry but {o absorption spectrometry and other detection systern used in conventional microchip

electrophoresis.
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F¥ SV —EkiEes s uF s TERKBITBO T, ZONRERER LD DIZBENTFiE
ERAOCBTFENMTDATW D, Baid, TNODEEHTED | 2 THDH. T NEREL
FIALTHF A7V —BRKEIOBRER L2 BELTELZLERLMT L, THv—VEHEY
Y VT U-BREKEEE, 7 v TN SL o Pt CTREFZZERATAZ LICK
V. SIN L& L TE BERBREARSBOTETH S, AR CIL, w4 7 uF v PELKKEEC
TEe— VERERBERAT A LT, BRIKDIZZVRBEZZEEAT S, HAKKKEN-EEE
REK KB T EBORRE 41T,

[525%]

T X VERESIKEIETIL, 1L 0DEANBRAT Fv—Afi5hb¥lrhd a— KT
Fe—VERo—-RICESE, RPBOSEEARIT ), OB, EROC—I POBRENEE
KKBRAG O, ZhEgET7 ¥~ LiHT5E RV TERTHZLICEY, SN LE2BELLE
KB E/DHZ LN TCE D, AFETH~A 7 uF v VELKEKIEICRNWC, AYaros/a
77 ST HSV e Gated injection IEQRIBIZ L Y | 7T F = — VB a — FIZfE- LRABOS EIEA
EiTo7, LARG. BEHZ Cys RV, PEE L —F—H R S5mm)ZRE_HE Li=T7 F~—L
B~ A 7 uF o TERKKBECOWTRE LR P, SEIRE R 2SR eHE O CRE



DB 2T T, AR 8K L — P —EE YAG L—W— @& 532 nm. {77 10 mW)
., RHCiiu—X I B ERu-—-F IV B A Y FAHVT R FRBITOIC X 9 806488 L7
TIJBINE I B, T2=nNT I =)k, KBIEIRICIE 4 mM O U EREAK (pH 9.0)%
i,

[(#ERLER]

EP B—Raoiidrde e LT LoxI0MIZHHM Lo —4 I B 2BV TRIEETTF-»
7e. B 1@IC 0.5 L #BA L TH LN AERKBRERT, TOKO SN EHIT45 LEHE
niz, VT, REHEARIRZ 05 B LT, 7¥2— A ERa— > ERBOZEFAL
fTolkel s, HENREZRFIAOBRKBIE & &< K LAKAESOHEM - MO HRCcE
fe. TOBRBMOZEEARLVELNCERKBHEPRER L LA, B 1OIRTT —4 3
Bohnk, n—#IUBICHA¥TI 1 ADOE—7 OAMNBHI S, £7- SINEEASBREIC M ELT
WAZEpbd, TOREOSNEIE341 LEMEN, ARRICBOTERBHICTHRINSET
35 802 HLIZIERED 7.6 15D SN LLIH EMHER ENE, £, BREFRIRK(~1.0x10" MIZE
T ABRREDRERFHICOVWTRN L 25, BFZEBENELH., BRE 25x10"M D
H—X VB OT X /VEERRE DB THARREE S PR TE I,

(@ (b)
# b
& & %
/\//\/ —/M\ o e "L A S n ]

0 12.5 25 0 12.5 25 0 12.5 25

fFH (s) B (s) el (5)
®1 LOnM 7 —45 31 B OBRKGN(a) & BEEMRE(L) K2 25pM u—4 3 B OBEHE

BEO~vA 7 aF v FERKEERR, 74~ VER~A 7 aF v FERIKEIELERT &
BURBHIN L CHATETH D, BNAERBITCRLVER LIz 258807 I/ BERMELT
AV, SHKDWTRE L, FAYIVEE 7 x=AT I20DFNEhE RBITC THEEL.,
LRRESSETHEIERE L, 2O OFBESTICE N T, WEHEARBE 05#HL LTT ¥
v NVEREREMN TS T LRIV B ONERIKEIRIT, BEtE 1 BEETEALTRLASE
Sk & R LT SIN Headrm B L7,

AFEE, EPRHELMCDRRHEPERLFRER L, BEO-A 7 nF vy 7TER

& L TR TEHD IR E NS,
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1. K. Hata, Y. Kichise, T. Kanefa, T. imasaka, Anal. Chem., 75 (2003) 1765.
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Capillary-Assembled Microchip (CAs-CHIP)(10):

Integration of Pretreatment Process Based on Multiphase Flow and
Capillary-Electrophoresis Separation

OHideaki Hisamoto*, Seigi Takeda, Aki Shibamori and Shigeru Terabe

Graduate School of Material Science, University of Hvogo

An integration of pretreatment process based on multiphase flow and capillary-electrophoresis separation
is performed by using capillary-assembled microchip (CAs-CHIP). When a solution containing high
molecular weight and low molecular weight samples is made in contact with pure water, low molecular
weight samples, which have larger diffusion coefficients compared to high molecular weight samples, can
be collected into pure water. The collected solution containing low molecular weight samples is introduced
into separation capillary to be analyzed by CE. This type of system can be applicable for CE analysis
requiring a pretreatment involving protein removal. Here, a fluorescently labeled protein and
thodamine-based molecules are selected as model samples, and feasibility study is performed.

FEIZ FAITRIE, HLWEFREEH~A 7 uF o7 L LT, bHEMHAR YT Y —
% PDMS BB TRF ¥ XL Ty P2 CHDIALTHERYT S “Fx 7Y —-TEL T
Fe<wg2r7usF v (CAs-CHIP) #ER LI, ' THIISEROLFEHAR Xy 5 Y — 2D
AL LIk o TEFHRBREFATIA 7 0F v THEREETH Y, ThETI{FER Vv
SIERET YRR ATF RS T v T RERENE Y v — %y T Y —4
W TR T » T E A A L CE - ABFSE Tid, 2 @ CAs-CHIP % % ¥ v 7 Y —EKikE) (CE)
KRBITARIAEF > FE LTHVWAIEEFR L, IhETRb7a—A 0Py a ot
DFBR~A 7 0F v 7% FHUIFORDIT XA R L LCHE%T AHEIIHZV, 2 LR
M5, CAs-CHIP Z Wi, SIS F v 7 V-2 AW KSR EBEfiT vy T Y -
ERWRERIABE O 5T, Fl~ A 7 B OHECH D ZRBRIME AV giaE i L
kL L D bEENPOZHRBNENER TX MRS S, L CE 2fcAVSFv ¥
ZU bR ESF v T Y —EHAWIUE, BE D CE 57RO A7 53, CEC T— FTOHEED
EHAREL ELON, E4 CE NP RBICAR D L E LT,

TITIE, ZEHERE CE HBCBITARIMEB TR ELTEIZELLET L. 7F
BORE RS LS IR E2EOREEKRE, ThLE2 S ERVBKLEM S TERBRET
REEBHE, RBHIBTNZHND I b, EEROKRERES TR EZRY HT 2 LA3WHE
Th5H, ZOFMEE AV T, AEBEERBOITICBITBIRS v/ FTu v A2 EHAEL B L
Too AR TIE, LR EBITHONETNVERE L TRNAEEH S /37 Lo ttKyFE2H
V. ZRIETAEL TS TR TEE - EHEA - CE 2B RAT-DOTRRT D,



KEE N850 pm, S4B 300 pm DIESFEWELZATHHAVX YT Y —%, MH - TRE 300 um @
TR 2B FARICVER L 7 PDMS AR ICHIDAAR, B 1R T L 5 B LER L, AD 15
Hidur—43Ir B RB), AA74u—# I (SR), 74t Lef VEHyT BTN T IV
(F-BSA : MW.: #66000) £&100.05M VU EEEHR HS). AN 2, 310I3REES
ERVBEEEZ A Lz, D% v 7 ) —~ORBHEAR., MAQSKORVWEVY VIO RY
77 ON-OFF Hl#ic & > TfT > 7%, CE 2Etomiciz, 7A a4 4 Lb—¥— (488mm) %
ot L —Ehild s A,
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Solvation of ions in water-polyethyleneglycol systems and electrostatic potential
of nonionic micelles

Takumi Ohki, Tetsuo Okada ‘

Department of Chemistry, Graduate School of Sclence and Engineering, Tokyo Institute of
Technology |

Electrophoretic measurements of micellar mobility have revealed that polyoxyethylenated
nonionic surfactant micelles in electrolyte aqueous solution, for example in 50mM NaClOs,
25mM (CHa)4NCI04 and 50mM NaCl, have negative zeta potential. These results require that
the nurnber of anions partitioned in the micelles be larger than that of cations. Although the
excess of negative charges is obvious, it is uncertain whether anions are preferably solvated in
the micelle or cations are expelled from the micelles.

In order to determine the solvation energy of single ions in the micelle, we have performed
ion transfer voltammetric rmeasurements at micro tetraethyleneglycol aqueous solution |.
nitrobenzene solution interfaces, where tetraethyleneglycol aqueous solution has been
selected as a model for polyoxyethylene chain layers in the micelles.

From this measurement, we have found that the concentrati.on of Cl04™ in the micelles is
higher than that in aqueous solution while the concentration of (CIs)s* in the micelles lower

than that in aqueous solution.
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S C E y 0 4 Investigation of ion association on using ethanol, dioxane and
acetonitrile as buffer additives by capillary Zzone
L - 8 electrophoresis
OJulius Mbuna, Toshio Takayanagi, Mitsuko Oshima, Shoji Motomizu

Faculty of Science, Okayama University

Investigation of ion association between inorganic anions and tetralkylammonium ions is important
because it increases knowledge on selectivity of inorganic anions and understanding of association
theories. In this work, ion association between inorganic anions and tetraalkylammonium ions was
analyzed in aqueous and several mixed organic-water media. The mobilities of inorganic anions were
measured by a slightly modified William-Vigh method. Dioxane had a more significant effect on the
mobilitics of most inorganic anions than either ethanol or acetonitrile, which produced only a slight
effect. Similarly, associations in dioxane buffers led to a larger change in association constant, K,
than either ethanol or acetonitrile.

Introduction

Selectivity is important for accurate identification and quantification of analytes. As far the
scparation of inorganic anions is concerned, selectivity can be improved by use of association
mechanism or addition of organic solvents'. Studies which combine the use of both the
association mechanism and organic solvents are likely to improve analytes selectivity and
provide further clarification on the suitability of association theories’ to CE separations.
Fairly extensive works>* on strong ion association in aqueous, mixed organic-water and
organic solvents have already been reported. However, investigations of weak ion association
involving inorganic anions are few. This work investigates ion association between the
inorganic anions and symmetrical tetraalkylammonium ions in aqueous, ethanol-water

(0-80% v/v), dioxane-water (0-64% v/v), and acctonitrile (0-80% v/v) buffers.

Experimental

Ton association between inorganic anions (NO3', HCrOy4, ReOy4, Br, SCN, $,0:%, S406%,
[Co(NO2)s]* [Fe(CN)s])>, [Fe(CN)g]*) and five symmetrical tetraalkylammonium ions, RyN*
(R = methyl, Me; ethyl, Et; propyl, Pr; butyl, n-Bu; n-pentyl, Am) in aqueous and mixed
organic- aqueous media was investigated by CZE at 25°C. The anion’s effective mobilities
were measured in either a formate (3.8) or acetate buffer ( pH 4.0) using negative separating
potential (-10 kV) and the direct detection of anions was made at anode by UV absorption (4
= 220 nm). Coated capillary was used for associations carried out in aqueous media to obtain
reference mobilitics of anions. Ordinary fused silica capillary was used for measurement of

anion’s mobilities in organic-water buffers using the slightly modified William-Vigh method.



The modified method allowed a faster measurement of mobilities of anions. The respective
ion association constants, K between the tetraalkylammonium ions and small inorganic
anions were determined by Non Linear Least Squares Method treatment of the measured

effective mobilities.

Results and Discussion _

In absence of the pairing cation, the mobilities of most anions in aqueous solutions were
lower than those measured in organic aqueous solutions mainly due to increase in viscosity.
Hexacyanoferate (III) ion gencrally showed a more extensive interaction in all types of media
while bromide showed the least interaction with the tetraalkylammonium ions. Anions
mobilities underwent a more pronounced change in dioxane-water buffers than in
ethanol-water and acetonitrile-water buffers. Ethanol and acetonitrile had a slight effect on
the mobilitics of anions. However, the mobilities in ethanol were slightly lower than those in
acetonitrile. Interestingly, at some compositions, the mobilities of some anions in acetonitrile
werc slightly higher than thosc detcrmined in water. It was obscrved that K, determined in
aqueous media compared favourably with those previously obtained by other methods e.g.
conductometry’. The K, determined in dioxanc-water solution werc higher than those
determined in water, ethanol-water and acetonitrile-water. The trend in the magnitude of Kay,
followed the order: Dioxane-water > ethanol-water ~ Acetonitrile-water > water. Despite an
increase in K, as the amount of dioxane was increased, which is consistent with the Bjerrum
theoryz, a comparison of K, values from other organic-water media studied, showed that ion
association in CE is not entirely dependent on dielectric constant. Other interactions e.g.

ion-solvent, may need to be considered to explain ion association in CE environment.
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Improvement of The Separation of Capillary Electrophoresis
of Anionic Metal Chelates ; The Use of Urea as Controll
Factor for Interionic Inetraction

Graduated School of Environmental Studies, Tohoku University

*Toru Takahashi, Shingo Gotoh, Nobuhiko ki, Hitoshi Hoshino

A successful use of the water structure breaking agent, urea, for controlling the
hydrophobic interaction or the hydrogen-bonding at work in the ion-association (IA) capillary
electrophoresis (CE) and the CE separation system based on the hydrogen-bonding ability of
analyte and poly(ethylene glycol) (PEG) was demonstrated. In the IA-CE of anionic metal
chelates of 2,2-dihydroxyazobenezene-5,5"-disulfonate (DHABS) with tetrapentylammonium
(TPA*) bromide as an ion association agent, the addition of urea in the electrophorétic buffer
brought out the resolution enhancement of DHABS chelate. In a 3 M urea solution system,
the diminution of ion-association constants between DHABS chelate and TPA* was
confirmed. On the other hand, in the CE separation system based on the hydrogen-bonding
ability of analyte and PEG of DHABS chelates, the diminution of migration time of DHABS
chelate without the redution of peak resolution of them was achieved by the addition of urea
in the electropho’retic buffer.
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CE and microchip electrophoresis using starch derivatives as additives
Gyoten Yukari, Imamura Eriko, Kato Masaru, Toyo’oka Toshimasa
School of Pharmaceutical Sciences, University of Shizuoka

PRESTO, Japan Science and Technology Agency

Starches occur abundant in nature. Most of them have branched structures of
polysaccharides, amylopectin. Because the secondary structure is dendrimer, they are
expected as new separation materials.

Plastic microchips are very promising analytical devices for its characteristics
that they are less fragile and suitable for mass production. However, due to its
hydrophobicity, the surface strongly interacts with nonpolar analytes or species
containing hydrophobic domains, resulting in significant uncontrolled adsorption on
channel walls. We developed the poly(methyl methacrylate) surface treatment by
dynamic coating additives that considerably decreases adsorption of analytes to
channel walls. Among the additives studied, quaternary ammonium starch derivatives
suppressed the adsorption of fluorescently labeled compounds effectively. The effect
was valid over the wide pH range from 2.5 to 8.0. In addition, this cationic starch

derivative was found to possess good solubility and low viscosity.
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Comparative studies of glycosyltransferase activities in human
cancer cells using capillary electrophoresis

~ Mitsuhiro Kinoshita*, Hitomi Nakamura, Kazuaki Kakehi

Faculty of Pharmaceutical Sciences, Kinki University

Glycosyltranseferase plays a key role in biosynthesis of glycoconjugates, and its
precise specificity and the specific expression are quite important for the
understanding of their biological functions. In the present study, we employed a
mixture of oligosaccharides as substrate, and analyzed the enzymatic products using
laser-induced fluorescence detection/capillary electrophoresis (LIF-CE). We show
that the present technique is quite useful for comparative studies of
glycosyltransferase activity in human cancer cells.
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EISHHESYEREBEE LTRAWTEBFEOREAREME—FICBIT T M TE
318, WSOIDEHESMtY FZRANWAZ LT BROEEBREOHALE
BRTICEDTHY., RDPICRBICHFET IREEERRRO—FRNICHEALFE
LB EEZILND,
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Fig.1 Simultaneous determination of galactosyltransferase activities in human
lymphoma cells. The peaks of the product are marked with *. |
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Carbohydrate analysis of glycoproteins detected on 2D-PAGE
gel

Yasuharu Nakanishi* Mitsuhiro Kinoshita, Kanenobu Kubo, Kazuaki Kakehi
Faculty of Pharmaceutical Sciences, Kinki University

The present study reports a generally applicable and sensitive method for
profiling of N-glycans from glycoprotein separated on SDS-PAGE or 2DE.
N-Glycans of the separated glycoprotein were released by in-gel digestion with
N-glycanase F. Analysis of N-glycans was performed with a laser-induced
fluorescence detection/capillary electrophoresis (LIF-CE) and on-line sample
concentration method to improve sensitivity. The present technique was
successfully applied to characterize N-glycans.of glycoprotein at a few pmol
levels. We examined the change of N-glycans of IgG samples from myeloma
patients.

RA MY LABRODE|EE L DHIZ 2 REBRABORTFEIR T4 H—
TVOTF4 TR EA NV BORBRMBITENTOESIEELL., SBEKRX
FTaFr—LEBRIZHET. TOTFA—-LRFEMEEEB L4 2/ EHIR
BEHRITHTORBREEND . FARTEIKRNLG S /0 BRREENH
D=2 THAHBHEICEI2 NNV HEEHEZHEBNICHIFT S8,
SDS-PAGE Ffzl[Z 2 R BERXRBIZ K Y DB Sh=-HMEBOBE2 O ENMLHE
HE e, EXEELL—Y—EHAREXFYESU—BESXKBETRANT
PHABRETHNT 2EMEHFEL-., ARLEFEXZZAVTEI R M BRHE
BEIVEON-MBAES NV EREHOENTEEMITLI-ERICOLVTH
&5, :

[Fi&] 8 o\ BRY o B2 /Y EAGP)., FSYRT7IYo,. T
DAARIFUORUBHMEEHEREHE G #2 VNNV EOX VAR
SDS-PAGE R U 2DE M4 /Y BB LS LA £ HEHKEN-T Y H+
—CF#SUBERICEIYRESE., 37°CI6 BEBMR L=, RIERFILEDS
KEAVTHEMBEERRL-. BEST BERNZ07TMI7I/RBE
B (3AA)/2M NaBH;CN ;& #&(DMSO-AcOH, 7 : 3, 20 u)ITi&figL . 50°CT 1 8%
BIREZEIToT-. RiG#. EfEMEA—FY vy PZRAL., BRIEEEZRELT
AEBELE, EvES)—BRkE FEICIE Beckman MDQ Z{ERL.
FrEFYU—IZIEDB-1 £x ES J—(AE 100 um, HF#& 20 cm). kBIAE
#ERIZIE 10%PEG70000 #&¢ 100 mM Tris-borate (pH 8.3) AL \f-, B




AXESHBAEKIZL YT, R He-Cd L—Y—RhiEE#E Je4RH (Ex 325 nm,
Em 405 nm)Z AL =,

(%R - %‘ﬁ]

#&E(Dﬁ@ ALY Eﬁﬁﬁ’& EJ’EI ﬁ*ﬁﬂ'éﬁﬁit L TAGP ZHL\TREER
ED-OOEBREET o= MEXRICEITIHREREEIXAGP 4 /808 EL
T 10ug (240 pmo) THH-DITH L. ERMBAXICLIHRHHBREBHER
BIZBITHRMHREMATH LT, 60 BhD 90 FETHHEEZRMT S
EIZRTIL. 100 ng~200 ng (2 pmol~5 pmol)D 4 /Y 2R T 5DI=+
DIEREER/DIEMNTE,

BA NGO FIVKEIEE BES

AGP 22 R ESXBIZLYSEL.CBBRATRESKI-EB2 /U ED
NOFZEZ7RFZFYALTHRERAKL, N-TYHF—E F BREMABERE
%, KCHEEHEHEEINT S H5XICIY., FILEBERKE., 6. YILAHEIE.
BEOOROELIBIZBEWVTRHOKRELEEL{BEMEZETLESEMNT
E, SMOBEREMLBIITH 1= TEHIVNVHED pl DEWVZESZHH
ENTSAa 7= LI EICHHS T ETE I2ECA. EPpHRITIZST7L
BEENE<. BpHAITEPILBSENLLZIMERNR S,

EE:Z LT_$;£E§%TE%EEH§%%EE§E I9G DIEMEL DT~ LB L 14
R, FLVEKKBCRERELICEICEIBERIAGE, o=, BHSHO
BEMBEHOFESESTRGHRENELCRGY, BIZ7L7REEE 2 Zkiﬁb\
BHSY F—AMN 1 REXIBL: || OBHEOBNMBEETHL L EBIC,

S rEER 2FXH wiﬁﬁﬁd)}m&‘b‘ﬁgéh &l #L‘ﬁiﬁ*ﬁﬁb‘%b(ﬁ

Ld5C tb(bb\jf.o - ] | Eedn
NEOF—51%. H#EDE e

- MA-RT7ET—MRER i no-
EKBETEbOMN S Eh o1 B
FERDERIEH AT 8874 O

LEFRTEZERONE, ' e

A7 L BRKBIC & | I
Pl iyl N PO i
NOBERDOE#HZTEREIS
SMFTEREH, TATFE %q“ﬂ“mem%:i* e
N gt r R — SIS
BeundpmeLTige 1 0 s Y

&5, Fig. 1, Analysis of carbohydrate chains in IgG derived from a

healthy subject and .myeloma patients.

Abbreviations: M, N-acetylglucosamine; O, mannose; @,
galactose; O, fucose; 3AA, 3-aminobenzoic acid
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Study of human IgG-Fc glycoforms wusing capillary zone
electrophoresis with linear polyacrylamide-coated capillaries

Kanenobu Kubo!, Yasuharu Nakanishil, Kazushige Maeda2?, Yoshiyuki Morishima?,
Kazuaki Kakehil, Nobuo Okabel

1School of Pharmaceutical Sciences, Kinki University

2Department of Central Clinical Laboratory, Kinki University Hospital

We examined the composition of electrolyte solution which is suitable for the glycoform
separation of the immunoglobulin G-fragment crystallizable (IgG-Fc), and found that
0.1 M B-alanine-acetic acid at pH 4.5-4.6 was the most suitable. The profiling of three
kinds of IgG-Fc preparations, which were obtained from one polyclonal IgG and two
monoclonal IgGl, was compared by CZE using the conditions above. One of the
monoclonal IgG1-Fc showed easily more than 15 peaks. Such resolution can't be
explained only by the number of sialic acid residues included into the IgG1-Fc. We
have to consider conformational effect of the Fc domain which influences charge
density of Fc glycoforms. Thus, 0.1 M B-alanine-acetic acid at pH 4.55 was useful for
the analysis of sialo-Fc glycoforms by CZE using linear polyacrylamide-coated
capillaries.

NMIt®»iIcl HREI/ua7Yr (Ig) G BFOAREH—HITEE. KilT5L Fab HEiL
FcBBOD ZDICHKT D, BIERFICTIVBBRED, FRBBFRIT AT EEHEHE
DENEFNOMHMREBRIZE ST, ERNBLIUVHEEL BERZAY—HEFRT, F¥YE7
V=Y —EBRKEE (CZE) RELSMEL R TS - S FETHMLONSH, EROR
Y7u—FnIgCRFaadE2EMNe LEEENARIgG 7Y 27+ — A0 B3 HRITHERE
Law, LML, 7 VBESFINY—Z2HEI7o— i lgic >0WTiRERBED T Y a7 4+
— LAGEENFIEETH 5 (K. Kubo and Y. Morishima, Jpn J Electroph., 45 (2001) 185-191),

FITAEMETIE, FcEBIZEBL T IgG-Fc 07 Y a7 +—rnBEICE L= CZE
. QBEFABLIVCE I u—UlERE I a7V (M ER) MERFBEKD IgG-Fc ©
TaTr ALY TIZOVWTHRET S,

HE b FM¥E 0.2- 1 ml(10-20 mg) % HiTrap Protein G HP column
(1ml, binding buffer, 0.1 M NaPB containing 1M NaCl, pH 7.0; elution buffer, 0.1 M
Glycine-HCI, pH 2.6){Z % A L elution fraction {Z IgG #%& 7=, IgG-Fc oFB I1gG2.5
mg (0.1-0.2 m1)+Digestion Buffer (0.3-0.4 m1)+Immobilized Papain (0.5 ml, 50 % Slurry,
PIERCE)#%* 37°C T 5h )iz, R#1% HiTrap Protein G HP colum EEELFIZHE > T Fe




L

EFab iCHE L, Zhb%ENE%E. G3000SWXL column (241 THE - BHE L. CZE

RELLTDFc L Fab ML=, CZE F¥ ¥ 7Y —(d, 756 pm)% L TERREIL.

ERENEHT 7 IANTIFI%Wa—bFx7V—2 0.1 M B-7 7=V - BERRIRE K,

pH 4.55 Z A\ 7=, Fc ® CZE (Quanta-4000 CE system, Waters)iZ 20 kV/=R(27°C) T

To7z, __({_“U\
——

($65 - 28] CIZE BMEDORE Ex D mono-IgG ixEEF® pl #FR¥., Fhwwx.
CZE ZrBEDBREIZ. 4 @ mono-IgG 128 L7z CZE & pHRERERE) OBRLEF
IEMERBIEIH»M-> TS, LL, IgGFc BRICELTIX, 2K EO—FHED CZE
ZMHDBE T poly-IgG B L Ut mono-IgG H 3 Fe 12 A TEETH B, RETOER, BREK
ELTIHOIMB-T7TT7= - BtEE, pH4556 REB Th o7z, 2 bue—A(CIgR) & A
N M EBMESESIgGL, T IgGDBEEDOEFNFNRD IgG-Fc #EHC-Fe, 3-Fc, 7-Fo)izo
WTo CZE BREZHIZRLE,

[gG-Fc DFa77 A Y7 BEEI/WEID, TFc TIXE/ 7T aBHBEFITEL,
3-Fc CTIREBHMETH 7=, TFc TRONZZEHEOE—I1X, VT I ¥ —EBLAEIT - T,
FORMEVBEMIBHINDIREREY—IMBIIBE L, VTV ¥—BLBREOENE
no7 7 r-Fe® CZE RIZBE L THY, L3O HEHOBMASER SN, =
NOEDORRIZ. TFe TRODLNEZ+HEEDO -2 DFREIRE /T ufE#HE2— DT EZ
DELTTR-FcThHaMB, Thd Fe D CZE HBIXE /7T -F /v TalE/ ¥
Ta-TUTaEHEORT YL S EOREROELORICRT BT LT TER, R
D CEXBWT, BHEESEENRTETHIZLEZERBICVANIE. 1) YT IVBRORSERL
HREX N-EHEEBEHIIETNETLERTOELES ISR L, Zhh 2) U7 a-Fe ik
BB EEEZLELL, FORE 3 V7 u-Fc ODBERIGBHEONT V ARHEWICEL
THZELILE ST, CZE 7Y 274 — AGHRBERINTWELEZLND,
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Analysis of Specific Interactions between Proteins by Maltiplexed Capillary

Electrophoresis Instrument
Kiyohito Shimura’, Izumi Kimoto', Ken-ichi Kasai’, Takuma Waki’>, Masaki Okada?
Toshifusa Toda’
'Fuculty of Pharmaceutical Sciences, Teikyo University, Quantum Design Japan, *Proteome
Collaboration Research Center, Tokyo Metropolitan Institute of Gerontology

Utility of a 96 multiplexed capillary electrophoresis instrument was evaluated for the
analysis of protein-protein interactions. Interactions between fluorescence-labeled proteins
and unlabeled proteins were analyzed by zone electrophoresis of pre-equilibrated samples in
combination with mobility moment analysis. The instrument allows a through-put of about 20
s for each sample. Dissociation constants (K;) could be determined except for the complexes
with very high affinity (K, < 1 nM) and that with little change in mobility on association.

40751

ERBARFTCOSFEEEFRABRTEDOZ FERGBERICHESSFIHA1 XOEICET
WTW3, BEENOBICKZEREEZRIESTXEEE. HEEABRICEVWTHREDM
fiZH5HTWVWE, 7TOFA—LLRILOBEERABFICEVWTF v ES U —EXXEHD W
BN 70F v RILVBKAEDRLSZKREIIWHTKEWV, BITONEEFEHDIHED
—2DlE. YUFFrESVU—k. YILFFrRIIELTHS. KE SpectruMedix /L9 6
FDFrESY—2RAVWTIG6RBOV—YERAKBERABICITTSCEDTEZEE
HTS9610 2M&E L. VILFF v ESVU-—BRABEEBIC L 2EREHEFEBRNTOTEE
MEICDWT, HTS 9610 TRIERADRBER2HRE T %,

ES ]

FEBOFvrESU—H—MY Yy IEAE 50um. A=F 150um, RE 52cm DOBRY
DA+ ESV—96FERNRIEHEDTH D, BGiBRIFHIXFI 6 NRDIILFIIAL1DOED
TNCEETEIESEEBEIN. CNIRFDILSKCIEXDEMPIREBINT WS, THIC
REBBREBBRDASTILFIIIN ML EZFNBROBITDELEZCENTEDZ2ERD
BES Y IHH->T. BEBEOTIC, TLR—FICL>TRELZRMNLADEITN D, BiElR
FEBRARY TIcERIh, BERPEXKBBEERIECORY TICL>TFrES U—ITiE
5hd. REDFEAIR. BERAIORREERR Y 7HSHER (1psi) IKYIhBRZZZ &I
£oT. BBRAHLSENEASh D, REORHIFBEBEL,S 35cm OET Ar 1AL
—H—FhEic & BHN%E ARYT MUICRFTCCD AXSTEDIRAL,

BNEH IV AF/INU VA, EHEBINI TV, EXERI VAV VEREL. FnTE
NARPILTZ>, SVNIBRRIVTOVIVEESY — HiA YR ik DREER
ZBIT U, WITNOBESHLHEHEERT 59 FE2—RPICEBEL TEALL, HXRBREEZR
BECRLTZOY MUEXBRICOWIRBEEET—AY MESHEL. HFEITEFETKE
BIZBHEE— AV SOEMEEBEL U THEERZE R Uc. BEEE—XV MO
HERZE—A Y MBHTY 7 b Momaffit (BEAYV Y ATHY A v#) 2BWe,
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1. EERBLIFYERYVINVEOREERET
LOFYTHZAVAFINU Y ACONAVEEY VIRVBTHZANILT I VOREER

EEIT U, FITC B con A ERRBEBEDR 7 Z)MEANILT =V (s-Ova)DEER

EREL, V-VEKEKBETO>T. RIVZIMEANILTEVBEEBBET—XAV LD

TOBFRERL (Fig.1)e ¥1 uM EWSBEEEEARSSHIH, LKDBWVEEKE

BvEShr.,

0
,l § 300 - W
e g [s-Ova] (M) & 250 * o
LIS Y a: 0 5 ',
g I LI b: 0.63 =z 200 .
§ N c s _ c:2.5 o °
8 ﬂ/ﬁ%\g d: 10 3150 e
) 3 .
e S it . e 40 100 ] .
f 0.01 0.1 1 10 100
260 390 520 650 780 910
Time (s) [succinyl ovalbumin] (uM)

Fig.1 Zone Electrophoresis of FITC-con A with succinylated ovalbumin
(A) Electropherograms, (B) mobility moment as a function of the concentration of
succinylated ovalbumin.

2. WENIVTOVEIVNRIBIVYIRVBYERN VTV VAV EEY —DREERRR
HHEBINV TV ERRABBEDIVYNRIVEERN) TV VAV EEY—DREARDY —
VESXKBETV. BXESIKOVWTBEET XY MR ETofco HEERIRRSIE
B EBEEFEBCSVWTHRSREFEINLTED. BETHRORECIIL DEVREEE
PRERE > T

3. BEAVRVYERA YR YE/ I O-VGOREERRN

BARBA VRV Y EEBORA VY RAYYES Y 140 .

O—YHEOEARICOWTY -V BRIXEIEITL. 120

BEHEA AV YE-VOBBET—AY N EBITL 100

foo 84FDFrETU—EMWTTEOE/ YO 3 O 459
—VREOWT—EOESKEI CREEREREL 40 Kd = 23.6 nM

fo (GR). BABTRICHS BRIEOELINIE L 20 sd.=1.8nM
SQICIRREBEOBEIME B ZEANE S hi, 06 50 50 o
Ffe. BEEALFRVES (Ki<InM) EHEED

%L\;\;&E ‘i;ﬁ LhvoTze [AbBS] 4th calc. (nM)

EZXK

HRGERICHSBHEOZAEINETWVWEEICIE. BROZ EANSHEEERARITOBERE
T93, BANRMBELRZ Y VYNV BEOBREICE. BEET—ILOMINRE TOFOERZREH
TRIZERLDTOBMBERBTESZRLDES, (bEYMSA TS UDSEEDIVIRVELLNT S
BEMVYAYROBRRTZENICIE. YyVNRIB-F VYNV EREERAOREEEIEESTSC
L&D, VILFFvESU—BRAKBEBELEVW T FLRILOBENI I —-ZVT %
ERETEZEEZISND.
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Highly sensitive protein detection by SDS-capillary gel
electrophoresis using a lanthanide fluorescence dye
Yoshinori Yamaguchil, Kimikazu Hashino?, Kazuko Matsumoto?
Institute of Biomedical engineering, Waseda University

2Department of Chemistry, Waseda University

A new synthesized biological labeling dye, 2,2°,2”,2>°-{[(4,6-dichloro-1,3,5-
triazin-2-yl)amino-biphenyl-4-yl]-2,2’:6’,2” -terpyridine-6,6"-diyl } bis(methylenenitrilo)tetra-
kis(acetic acid) (DTBTA), was prepared and employed for sodium dodecyl sulfate (SDS)
capillary gel electrophoresis. Although many metal complexes, including lanthanide
complexes are decomposed in an electric field, the lanthanide complex, DTBTA-Eu** was
shown to be stable in the presence of a high electric field (<8kV). DTBTA-Eu’* originally has
suitable characteristics for a biological labeling dye, that are high quantum efficiency, large
Stokes shift and long fluorescence life time. Utilizing DTBTA-Eu**, a mixture of proteins was
efficiently separated by SDS-capillary gel electrophoresis coupled with time-resolved
fluorescence detection. In addition to efficient separation, streptavidin(SA) was detected at
concentration under SOpM using this highly sensitive technique. In this paper, we will report
the detail of time-resolved fluorescence detection and using a lanthanide complex as a
labeling dye. Furthermore, we will discuss the possibility of detecting less than a few hundred
molecules by using lanthanide complexes.

(2] FHERBEEERITHIEDBBNZ LT, AP AV T PBRKRENZ ERUHEN
FMBRRVOT, 157 vEAM ETHRIIGERENESLERBEICERASHLTWSA, BRI
AL EDOEERHER, FICHTEREEERICI - TEBIN-EBEREOSBESITICIIIGNHE &
Nixhot, ZOHEB L LT, —2iCik, EDTA %3t BER T Clitsh s BT & BRF L
—hEnBZE, £, BEZEMTHZ LI o TRERBIZRY,, $EEHRORIENS KIBIZHE
HLTLEIZDOTHD, —FH., F¥ 7 ) —BRKBNIIEREL ST TO2FEL LTEER
ST OFETH HH, TORMFEI—HTL—F—RERE LIF) CLsMERRLA
B0, ZLIFY VY INVORABRREZFRTEZ LICLoTITORTEY . 20ORBRBREIZ L TV
F—F —OWERNBRETHD, 4E, Beid, FRICER L& TEHSREE (2,2,27,27-
{[(4,6-dichloro-1,3,4-triazin-2-yl)amino-biphenyl-4-yl]-2,2":6’,2"terpyridine-6,6”"-diyl}bis(methy
lenenitrylo)tetraacetic acid, DTBTA)) ##Z#% L /= EHHE ® SDS-¥ v v°' 7 V — 4/ /VESKENC &
Do, BERNREBIZL DREHEZRATZOTHRET 5,

[5#] SDS-PAGE Dy FE~—I— ¢ LTRAINTVW B 5EEOERE (Lysozyme,



MW=14,300, S -Lactoglobulin, MW = 18,300, Tlypsinogen, MW = 24,000 , Albumin, egg, MW
= 45,000, BSA (Bovine Serum Albumin), MW = 66,000) % DTBTA-Eus*CiZ#% L SDS-F¥ ¥ t°
TV —FNVEIKBDFETHHEESN ZTo7, £, REBRELZFMTS572DICA T T
v Y% DTBTA-Eu CIEM# L, F0ORE*EI VL TEESNEIT o, EOKEIFRMIINE
ERYITIuvL Fa—F 407, NFICe FediaFreiro— R 2K A LEXI Y €5 Y —
ZRALE, REBICITREF O 3 >OBNIZFEBEENTT-DICRR RO FELZ RV, XRE
LCxE/ 7T vvaFy7EAV, 350nm OB XS 615nm DEEZ B 100usec
DEETTA P AT T4V TICEVRIE LS,

[FBRELER] EHE O DTBTA-Eud CHE#ZIN S FRE~Y—V—i, HFED 13400 ©
Lisozyme 7> 543 & 66000 @ BSA ¥ TOM T, TOWKEEE & 2 FREOBICIIESRMENRR LN
Tro ZORRIIINATo/2RAT THNVERKEBOBRE—BLE, Ebiz, =V turzns
FARIZRONDENENDZ U RIBEORERII Y F—A 57 bruaTd ) I T )—
B BATAT I ERET VT I ACONT, FREh 8x10°M, 6.6x10°M., 5.4x10°M,
2.8x10°M, 2x10°M TH 3, ZOF—ahbH, RHBR (SN=3) ZFEHLELZAIND
DETv—H—EBEILONT, Zhzh, 4x10°M, 5x10°M, 1x10°M, 1x10°M, 5x107'°M <
Hole, ZNDDRHBIILIINE TIZHE N TV Dovichi HDOBFFRICZ L 2REBA (87 7
Fom7Y L 3x10PM, SRET AT 2 8x10°M, ElET AT I 4x10°M) L V#I6~8
fEDRBRERE LN, IHIC, ZOEBHANC L A5REBREZFMT 57-DIfTo%=, APLT b
T OSH T, BRHRER 5x10'M (S/N=3.9) Thot, ZOFHIEIEKIIELE
KARSICIERTE 5 L&z, KBERF THROESZEMN L THREIZHOVEOE 2RI 5 ERA
ThHY, ¥7-, DTBTA D2y Y sgEfk (DTBTA-Eus) 2RAWVBZ LIk, BHERHF
EVOEAENRET HENEZHREL, JVERECAGYELETEI I LEFEIDDIZ LT
¥z,

Mixture(Mw:14.3k,18.4k,24k 45k,66k)-DTBTA

7000 70000 -
SDS-CGE, 100V/cm 60000 |
6000 S%HEC(MW90,000)/1xSDS-PAGE buffer,
50V/cem, 30sec injection
5000 5 50000
g g o
3 £ 40000
o 4000 4 =
o 23 -
5 ! 5 5
2 3000 ‘ 3 30000 ¢ R=0994
& Free DTBTA :
2000 - \r‘-\ 20000
e }‘L\AMM__ |
0 S ! —_— 0 . , X
0 10 20 30 40 50 60 25 27 29 3N 33 35 37
Migration Time (min) Migration Time (min)

K #vR0EF7 54 —DSDS-CGE. ¥¥bF YV —T72—XFV Y& (NE 75 m,
H4hE 20em) ., KENK:SDS-PAGE /X 7 7—pH8.3 HIMEE:100V/em. ©—27 D
J%J&: 1:Lysozyme, 2:b —Lactoglobulin, 3:Trypsinogen, 4:Albumin, egg, 5:BSA (Bovine
Serum Albumin)
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An attempt to the high selectivity separation and the high sensitivity

detection of biomolecules using functional microspheres
Yukihiro Okamoto, Fumihiko Kitagawa, Koji Otsuka
Graduate School of Engineering, Kvoto University

Despite the high selectivity of affinity capillary electrophoresis (ACE), there are still several problems,
e.g., low detectability, need for sample derivatization, and difficulty in the fixation of affinity ligands. To
overcome these problems, fluorescent molecules and affinity ligands were immobilized on the magnetic
microspheres by the layer-by-layer deposition method. The fluorescent microscopic measurements and
capillary electrophoresis were employed to characterize the prepared microspheres. Consequently,we can
estimate that the fluorescent molecules and affinity ligands were immobilized on the magnetic
microspheres and the prepared microspheres possess the affinity for lipoproteins. By using the functional
microspheres, the enhancement of the sensitivity in ACE was successfully attained.

1. XC®iC

TZ7 427 4—% v 7 Y —BRIKEIACE)IIEDEMEESY 2 578t T3 24 N1 T 0—
DTHBHM, F—F v MrFLRRENICREERT AT 7 4 =7 4 — U H o FORELRHET
HHI LR EOMBENEREN TS, I T, FHETIIMIMRITH L UEREER DR
HBBEQLL #ICHE H L LbL 3 XV KL+ LIC BB L O T v P2 E gLt
5T & T, LR E RN EROIPNC B 1T 2 M AATRIC B 5 BEOMRER S & L bic,
ACEIZEID U F Ly FOEELFE - SR Z CEEERIZE T AHBEOMRE Mok, X5
T, BERHRL T OB A A0 LT, BEOREE LURBOREEA | BRI L DR oOmE R
BIZDOWCTHRE L, ACE O 7 5 itk 2 Wiz,
2. R

Lbl. BEC L 0 REK B F(RE TR - bR v, B Ll pm) EIcEET 538 L
T, AF A EENFTCHAIRY F LA I VEPENA VFFL 7 vBu--4 3 B RITCHR
WEELEYHE, VR A7 HEREOHI T4 HEAZFOTXX T UMEBET Y 74
(DxS) % @R L, REKMBIF % RITC /KA., DxS AKEBICATIZEE L, REFIC L DRI, #i
27D T & TREME, 6. TV 4 =7 4 — 2T ORI 2 ER Ui, SaatiRT O 1F
BOFME L OB, HCEMSEERB L0+ v T ) —ERIKBCE)EBEF ) =47
- LEHEEF Y €T U —2ERERVTEKKSBBELWET DI L TiTol, £/2. &
EERY L 7= B REME IR T- & U R Z U X7 2 AW TG AEINT 5 2 & T, ¥ 7 U —RNTRT
EEHR - B L. N7 ORI L OBEBERLERAT,



3. EBERBIVER
4SBT PEL-RITC, DxS %

Table 1. Migration time and RSD (n = 5)

. Sample Migration time (min) ® RSD (%) b
ElEfEL T &, ERKkSHBE Maaneticmi
agnetic microspheres 2.5 0.60
EOFENEEE LT (Table 1), £/ {(COOH modified surface) . .
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Fig. 1. Enhancement of the detection sensitivity by using the multi-functional magnetic microspheres.
Electrokinetic injection, 15 kV for (a) 5 s, (b) 300 s.
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Development of Protein-Fishing Capillary Electrophoresis
Junji Inoue, Takashi Kaneta and Totaro Imasaka

Department of Applied Chemistry, Graduate School of Engineering, Kyushu University

Western blotting technique has widely been employed for detecting a specific protein. However, this
method is time consuming and difficult in automation. We propose a noble method for detecting a
specific protein based on capillary electrophoresis (CE), “protein-fishing capillary electrophoresis”. The
technique includes capillary electrophoretic separation and an immunological reaction for capturing a
specific protein. Protein samples are injected into the capillary and separated by applying a high potential.
Two detection points are made on the capillary. Antibody-immobilized particles are packed between the
two detection points in the capillary. All of the proteins separated by CE are detected at the first detection
point. Only a protein which can react with the immobilized antibody is captured by immunological
reaction on the packed particles, and then a peak corresponding to the target protein is disappeared at the
second detection point.  To develop the proposed method, separation conditions and methods for packing

particles are investigated.
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Rapid Microbial Separation by Microchip electrophoresis

Masaki Torimura*', Tomoyoshi Shintani*, Hiroaki Sato’, Hiroaki Tao", Takashi Manabe®

T Measurement Technology Research Group, Research Institute for Environmental Management Technology,
National Institute of Advanced Industrial Science and Technology

? Textile Industrial Institute of Ehime Prefecture

’F aculty of Science, Ehime University

We developed and optimized a system coupling microchip capillary electrophoresis (MCE) and
laser-induced fluorescence (LIF) detection for the analysis of microorganisms. The MCE-LIF system
successfully separated pure cultures of lactic acid bacteria and Saccharomyces cerevisiae within 200 s.
The results indicate that the MCE system can be conveniently used for rapid and highly sensitive detection
of microorganisms. Thus, MCE can provide a cheap and simple method for the on-line detection of
microbial contamination.
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Standardization of electropherograms obtained in micellar
electrokinetic chromatography (V)

Natsuki Ikuta, Taiji Yamasaki, Tomoaki Ban, Takeshi Hirokawa
Graduate School of Engineering, Hiroshima University

We have developed some conversion methods from MEKC electropherograms with migration time
axis into that of capacity factor axis considering the temperature increase and relaxation of potential
gradient (RPG) in the separation capillary. It has been demonstrated that the electropherograms with
capacity factor axis was vcfy useful for qualitative analysis. The peak position did not change in the
converted electropherograms even if the hardware condition was changed. The reproducibility of peak
position is important not only in the qualitative analysis but also in the quantitative analysis, since the
change of migration time diréclly affects peak areas. Then we constructed a simple model describing

the peak arcas and developed the reproducible methods for the quantitative analysis.
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Surfactant-gradient micellar electrokinetic chromatography
Yukihiro Esaka*, Masashi Goto
Gifu Pharmaceutical University

Surfactant-gradient method in MEKC should be useful to decrease analysis time and to
improve separation simultaneously when analytes of a very wide hydrophobicity are to be
separated. In the present separation system in which EOF is virtually eliminated, micelles
migrate most fast compared with all solutes and thus, the micelles of the composition of
surfactants in inlet reservoir pass through all analytes, during separation of the analytes.
This means we can perform surfactant gradient elution by a simple and practical method,
namely changing running solution of inlet reservoir with different concentrations of
surfactants during a run. We performed stepwise and linear gradient elution of organic
anions, organic cations and neutral analytes.
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High sensitivity analysis of nonylphenols by capillary electrophoresis
Kanami Tsubota®, Kentaro Isoo, Shigeru Terabe

Graduate School of Material Science, University of Hyogo

Although, nonylphenol (NP) is concerned with its endocrine disrupting effect, nonylphenol
polyethoxylate (NPOE), which degrades into NP, is still used as a detergent. On the other
hand, some research groups are trying to degrade nonylphenol which has more than 200
isomers by using bacteria. We could know the difference in degradation rates among NP
isomers. Cyclodextrin-modified-micellaer electrokinetic choromatography (CD-MEKC) was
perfomed to separate NP isomers. We found that 100 mM phosphate buffer (pH 2.0)
containing 10 mM hydroxypropyl-y-cyclodextrin, 20 mM sodium dodecyl sulfate and
methanol (20%) was the optimum back ground buffer. To enhance the sensitivity of NP,
sweeping technique was applied for on-line preconcentration. As a result, 60 distingishable

peaks of NPs were obtained and we achieved 30 ppb for detection limit at the best.
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Figure 1. CD-MEKC separation (A) and sweeping-CD-MEKC separation (B). Conditions:
BGS, 20 mM SDS, 10 mM HP-y-CD and 20% MeOH in 100 mM phosphate (pH 2.0); Injection,
50 mbar for 3 s (A), 350 s (B); Sample concentration, 500ppm (A), 50 ppm (B).
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High semsitivity analysis of trace metal cations using on-line
complexation/sweeping in capillary electrophoresis
Kentaro Isoo*, Shigeru Terabe

Graduate School of Material Science, University of Hyogo

To improve the detection sensitivity of metal ions in capillary zone electrophoresis, an effective method,
sweeping via dynamic complexation, was developed. In this sweeping method using a complexing
reagent as the carrier for sweeping, dynamic complexation to form a UV-absorbing chelate and on-line
preconcentration occur simultaneously during a run. Cyclohexane-1,2-diaminetetraacetic acid (CDTA)
was used to evaluate the separation efficiency and detection sensitivity of sweeping via dynamic
comolexation in the presence of high EOF. Under optimum conditions, good resolution and limits of
detection in the low ppb levels were obtained for the test metal ions.  Furthermore,
2,6-pyridinedicarboxylic acid (2,6-PDCA) was used to achieve a reasonable separation and to improve the
detection sensitivity for Fe’* and Fe’* by sweeping via dynamic complexation, affording 31- and 72-fold
enhancement in terms of peak heights, respectively.

1. %5

I, HTxiixvy IV —/ —BXIKE (CZE) 2BWTC, €BA AV 2BRBECHON TS
TeODFIRF T4 VRABBREEZRRE L[] AFEE, LB /o~ 57 41—
(MEKC) IZBWTHRENIEA Y A — YU FTERIOBEB2IGATHIHLOT, Biaxy V7T —¢&
L TREREREZERTIEMNFEZIRTEIZLET, €BA 400 UV RILOENMEEH~DFH
EEREBIOBREEREICA S TA LV TITHIZENTED., LER- T, BHEEMLEZEDLT
CEBA AU ORRNLERBRESTHNTRE RS, Fxl, THETIE, =F LU IP7 I UEE
B (EDTA) BLUY 7 a~FHP-1,2-PF7 I NUEER (CDTA) ZRAWT, S9BRMEETIZRW
TEFEEZERL, ppb VNV OEBA L ORBRESITBAETHDI I EEALMILTEL
[1,3]. ABFETIE, SO oBERREOmME2BHEL, EXREER (EOF) BRRKEFETHE
EMELETIZBWT, CDTA ZRAWEA T4 VR AT 4 — L FEOERICE T3R5
2iTolc. E£72, F¥BIW FORBEBESHEZ AR L TA70I, ERRAEL LT 26-
VYU ANVRC B (2,6PDCA) FRAWVWARETHITY, FORRIZOVWTHHET S.

2. E&

¥y 7V —BKIKEIEEEIT Agilent 3D/CE VAT L%, F ¥ ET U —ZHNESOum D7 =2 —X
R AFxx TV —2ERA L. VT4 VBB AV 4= 71280\ T, &ABHE, CDTA
E71T 2,6-PDCA 28 F 7, M OBEXGCEERRKEIFKREFRICIZR S X 5 ICHARM LB THIN
TAHZEICIVFAM L., LT, BREBKBEXYET ) —RNICKEICEA L%, EEZHM
THELETEVTA VR AT 4= TEEITo . RHEERILX, CDTA 8X1U2,6-PDCA
FRWERES, FREFN200nm BLXKR214mm & L, £, EERBRERZFNFNL25CEBIVT
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3. R
<EEMEHETICBIT2 CDTA ITL B34 51 8T
S AT 4 — U TES>

BEMERGT TIE, BVOEXRRER (EOF) FETS

7o, BBA A D CDTA 8 X CDTA $&4& b BfE5H
~BETS. LiERoT, EEEZEIML TEREZT-
7o. ¥£7, BOF LX YV KEICBAINZRAR Y - &
%, EOF BFELBRVWBEEERITFEFI/NINVGFEICHE
_RTELHRENS. —F, BE~ Y v 7 xb0itE
BAC L o TlE, AT 4—E U Ic k3 BEHRICKE
KEBPRIETZENRHA. Fig IAITRB~ Y v 7 R
IZEEEET b U U LAEEER (pHS.6) ZAVWEBEORERT
B, FIABiRA 4 L RERBEETRRTH1D
CDTA L OSEARMENET L, I E<BEMTERIo
EEZDND. —FH, BB~ N v 7 RIZETFT Y
U AR E AW EE (Fig. 1B), T _XTCOLBA A iz
BOWTEBHEINEE—7 2RETIZ LN TETVERNR,
CDTA XX L THODERBA AV EFEEST AT MU U AL
FUBHEEICELFET DD, Fig. 1A IZH_TEE
RICBRERMET LTS, LxLeddsh, Fig. IBIZRL
THILT MY Y LAOBELR IEETELESEEETYH,
BRENEICRIREREBIIRON R o/,

<2,6-PDCAZHVWEICA VT A VEFRR/ AT 4 —E Y
T L B Fe'B X U Fe* O [RGB R E 24T >

2,6-PDCA %&EFRHAIE L LTAY, F, FEAR
BHZA VT A VB AU 4 — TR ERA LR
B% Fig. 2 IZR7. pH4.0 TIXEOF /h &L, ¥£%, B
£F FSFIARY AFATE= L (TTAB) ZEHM
4+AZ LT EOF #IFPriciiETxx. LEK-T,
B F i 2,6-PDCA 38 X TF 2,6-PDCA—Fe?*, Fe'difk
RWTH LB FR~BEIT5Z b, AEEZMM
LCEREITo7. FORKR, Fig 2 ITRTEY, Fe
F*DELSME, T4 VR AT 4 —Y 0T
WX ARBELRRENRAREE RoTe. £z, BHD CZE
T 2,6-PDCA—Fe™, Fe''$&ik& T LI B AITHAT,
Fe?* 1% 70 f%, Fe’*12 30 (R EDREREDH 2B 5 =
EBTE.

4. BEER

[1] K. Isoo, S. Terabe, Anal. Chem. 2003, 75, 6789-6798.
[2] J.P. Quirino, S. Terabe, Science, 1998, 282, 465-468.
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Fig. 1. Sweeping via dynamic complexation with
CDTA. Conditions :BGS, 40 mM borate / 1 mM
CDTA / 2.5 % ethylene glycol (pH 10.0); capillary,
50 um id. x 55 cm (effective, 46.5 cm); applied
voltage, 14 kV; sample, 0.05-0.4 ppm in acetate
(A), NaC! (B); sample injection, 50 mbar x 100 s;
peaks, (1) Fe®, (2) Ca%, (3) Mg?, (4) Cd?#, (5)
Co?*, (6) Ni2+, (7) Zn?, (8) Cu?*.
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Fig. 2. Analysis of Fe?* and Fe* by sweeping via
dynamic complexation with 2,6-PDCA. Conditions:
BGS, 12.5 mM 2,6-PDCA / 0.25 mM TTAB / 1%
acetonitrile (pH 4.0); capillary, 50 um i.d. x 55 cm
(effective, 46.5 cm); applied voltage, -20 kV;
sample, Fe?* (1 ppm), Fe3* (0.5 ppm);, sample
injection, 50 mbar x 150 s.
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Analysis of Arsenic Compounds by Capillary Electrophoresis-Mass
Spectrometry

Kazutaka Shiomi', Fumihiko Kitagawa’, Kazuo Mukaibatake?, Akihiro Arai?,

Koji Otsuka' _

!Graduate School of Engineering, Kyoto University, >Shimadzu Corporation

Elemental speciation of arsenic has received considerable attention due to its high toxicity. The
coupling of high performance liquid chromatography with inductively coupled plasma mass
specﬁ‘ometry has been applied for the speciation of arsenic compounds. However, the signal
identification by the retention time matching at m/z 75 (As*) is difficult because of the
coelution of several arsenic species, e.g., As(III) and monomethylarsonic acid. In this study,
capillary electrophoresis coupled with electrospray ionization mass spectrometry (ESI-MS) was
applied to the analysis of less toxic organic arsenic and highly toxic inorganic arsenic
compounds. Eight arsenic species were successfully detected in single run by changing the
polarity of the ESI probe from positive to negative during the MS analysis.

Key word: capillary electrophoresis-clectrospray ionization mass spectrometry, arsenic
compounds
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TA2=Uh (TMA), 7 TIE) _¥ AL (AB) BLUS 7ot/ 3 (AC) &
ELTHAWE, UVRH (CE-UV) B X ESI-MS/MSHHH (CE-ESI-MS/MS) O ERIZH
VT ttAgilent TechnologiesB3D CEY R 7 A %, ESI-MSH H (CE-ESI-MS) O EBRIZHB W
TIHHEDCEZ AT LEEHL TREODBEELT o, DBICBOTIINES pm, H
$h$42~515 cmD 7 2~ X R U HX ¥ EF Y -FFEZH W, BUMEEZ25~30 kVE L
o CE-UVICRITAKEIRIX, B Ao MoRBIZH LTRSS mMF IV b Y AFLT
YEZUAE RaXR U FESDH0 mMY v oY VBRKEK (pH 12.1) &, BA Ao %O
BpHoxt LCH25 mM 3,4-U7 2 ) ZREFBREZ S50 mM FERKEE (pH 2.95) # M
VN, ~270 nmiC 31T B B EIEIC X D R 21T - k. CE-ESI-MS® X (*CE-ESI-MS/MS
OBHIZBWTI, BEMEFRMLCMS-2010ARCGY —T 7 4 =F BLCQ (£ F ¥ |
Ty 7RIBRSFER) £HV, KBKIZIES~S0 mM¥BEABH (pH 2.9~3.2) #, ¥ —
AWITILINEERR 2 G Le50% A ¥ / — AV KB ER Wi,
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XUBHIZCE-UVRIBIC X VSBBOERE RR VAR L RLEWE—F oM fER %
HERE L, TOHEE, B4 AV OHEGTIRIEEIOR A T ERE (1~4) OB -
RUNRTERD, B OABEOGA A Rl Enehote, £, BA T okt
TIROTEBIOME 3~8) O - MILABHHETh o723, BEER (1, 2) OV — 711K
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A, BAAEDIRS (5-8) IR
SO BEL FeAs, B A D4R
(1~4) ToHEE T, 1A —27 L LT
BH&h (Fig. 1), KIZCE-ESI-MS
BBEZ2AVTONRMOERBLET-
Tk, SHEOE#E RROHHE L Rk
BME -KOWMARREHEEZRALE
EZ A, SS8DBA A B O kB A
51024 CESIZ v -7 ZEmM$ o _
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Fundamental Studies on Thermal Lens Microscopic Detection in Capillary
Electrophoresis Using an Interface Chip. 3

Takashi TSUNEKA'*, Kenji SUEYOS!', Kenji UCHIYAMA?, Akihiko HATTORT?, Fumihiko KITAGAWA',
Koji OTSUKA!

'Department of Material Chemistry, Graduate School of Fngineering, Kyoto University

Nippon Sheet Glass CO.,.LTD.

A new methodology for detection in capillary electrophoresis (CE) by using thermal lens microscopy
(TLM) is described. A simple way to combine CE with TLM (CE-TLM) is the on-capillary method.
However, in such a case optical configurations of TLM become complicated because the capillary has a
curved surface. The curved surface reduced the sensitivity and the reproducibility. To overcome this
problem, an interface chip (IFChip) which has {lat surfaces was connected to the capillary for the CE
separation. In this study, a CE-TLM employing an IFChip system was investigated to make a highly
sensitive detection scheme possible for the separation of nonfluorescent and neutral samples by micellar

electrokinetic chromatography and its fundamental characteristics will be discussed.

[IZL&HIZ]

FrES)—REAXE (CE) OBRHEIZBEVT, L—¥—REZHMALLBBRERLX T4bbL—
HF—EhEEEA (LIF) MBORL o XENSE TLM) RHEZEOBRAFMMFSA TS, TLM [TRBRE
BAFEFALRHETHY. EEAMBHEEREITRUT I LNTE S0, BAFEREEL
EREBELELGVEVSIBBERALTOLB . LALENS, CORBEEZTDEECENERTHZ LI,
FrESY—OHEIZHETEU—F—XOBE - BN IRBEBES L UBRMEOEBETER < T
UNHD, TORREELT, HRMNENEARTHES 24 —I7x2—XAF v (FChip) % TLM &
HEIZFAL, BEL—F—RAOBATEZFHIZTISICLIZLY, TIMOBMBERHEZTAREICTEIF
ENMRESATLS, KRRCSVTIE, SALBHEIOT TS5 70— (MEKC) IT IFChip ZFIA
L1z MEKC-TLM IZ & 2R H DS BBHIZ OV TOREZITL, TOREOERNITEZT 1<

(EBHx] _
SERIAWM: IFChip INNA LY D ATSART, 74 bYITST4—=tHzy b vFTI2&Y
ERI L 1= 18 100 pm, JFE 30 um O EAEABORREFLTEY, 22—XFLUhFxrES)—
(50 pm LD, 365umO.D.) & DEHEOEF v TREITRHF-LDTHS Fig. ). Fv TRFEEDHL
FoESY—DEEZ 4S5 cm, APHERE 0cm &L= E-LBOH, A—D2ELHEBREHEDO>F Y
ES)—%ERL, MEKC-TLM S4RAIZAL Yz, MEKC SHTISEB LTI, KEEIZ SDS 284 >



BISEMA (pH 7.0) %, B8 & LT Sudanl & SudanR 28UV, BHIZIX, iR E 488 nm, JO—
THER6T0nm O TIM (TIM-11. <4 9 O{eER) £BLV-,

[(BRBLUEE]

SudanI, SudanRIB&RMO MEKC-TIM 247 %{To12& 25, HBRRFGEETE— MRS
h R=ZASA UPMERB LTz Fig. 2)eF o F Y ESY—RHETFChipBHEDLEEE LIzEZ 3,
BRUBMOBRYE A RERERSD) [2HLTIX, IFChip D 5.7%I2HAR, FoF v+ ESU—[2&B
BHOAENO031%ERFTH o1 (Table 1) ChIE, FYESU)—DANEH 365um THEIDIZHLT
IFChip D ¥+ S5 1) —ERHMOERH400 pm THHIZ M D, ERBIZBVTT v FARY a—Lh¢
RELTVWAILICERTS10EEAOND, — 1, BLUOXESHREOFEREIZOVLTHELT:
LB AFYET) =T DR 14.4% RSD THHDITH L, LChip TIX6.7% RSD & % Y 11Chip
BREOATHUVBRENERSA TS Z &b ofz, Chi, BEBEEEABICSLIEILIZK
Y, L—HF—ROBE - BIFIMERLIz-DTHLEEZ NS, £, [FChip BHETIXF>F+E
S —BHICHESR, BREBOETHERE S, CORBAEHASMNIT HHIZ, kBRICELE—
AEFEML, BABRICKDIMUEET--EI D, F4ET1)—E& IFChip & DEFERBISHBLTRAD
ANSHERShTz, ChX SEBFYES)—OHBRMR 72X FLVHTHHDITHL, IFChip
DHBEBRAL VI RHFRCHDH, FHES)—& IFChip LOBRBPTH L TRIBEFER
DENRELTWSCLICERATILNEEZON, COFMDINANBREBEBMHEERIZFLZLD
EEZOND.

RAEK [FChip Z ALz MEKC-TLM ST RICOVTHRET S FETH S,

Table1 RSD (n= 5 within 3 days) and theoretical plate in the MEKC-TI.M analyses of Sudan I

RSD (%) e .
migration time TLM signal Theoretical plate
IFChip 5.7 6.7 55000
On-capillary 0.31 14.4 110000
30 cm 3em 12cm
70
) (- -
f com >:|_ so}. m
capillary & 3 2
] 5 o} d

. Bl ;
I¥Chip = 7 3
- 20 :
10f !

o i i S

0 2 4 6 :4 10 12 14
Migration time / min
50 400 pm 100 pm
- ho H Fig. 2 Electropherogram of sudan derivatives in
: MEKC-TLM analysis by using the IFChip. 1: 10
Fig. 1 Schematic of an IFChip for CE-TLM. ppm SudanT, 2: 5 ppm Sudan R.



S C E 70 4 A discriminate on-line sample preconcentration
technique for phosphopeptide analysis in CE - MS
L — 2 5 OMaria Rowena N. Monton, Shigeru Terabe
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Kamigori, Hyogo 678-1297

Abstract

A method based on field-enhanced sample injection (FESI) for negative ions to effect
discriminate introduction of phosphopeptides over nonphosphopeptides in a mixture is
described. Phosphopeptides are more acidic than their nonphosphorylated counterparts;
hence, by exploiting charge discrimination, they can be more efficiently introduced into the
capillary when negative voltage is applied for injection. More than three orders of magnitude
improvement in detector response was achieved, with the phophopeptides focused better.
The method was applied to tryptic digests of bovine casein, permitting their direct analyses at
the nM levels.

1. Introduction

There is special interest in phosphopeptides because phosphorylation is one of the most
important post-translational modifications in proteins. However, phosphopeptide analysis is
not straightforward because the phosphorylated species are often present in much lower
quantities than the nonphosphorylated ones. Hence, methods for their selective enrichment
are generally preferred. Using capillary electrophoresis (CE) — mass spectrometry (MS) for
their analysis, an immobilized metal affinity chromatography (IMAC) column' or a solid-
phase extraction (SPE) device’ for improving sensitivity were employed preceding
electrophoretic separation of the components.

The use of on-line preconcentration techniques in CE as a means of compensating for poor
detection limits is rather popular. These permit injections of larger-than-usual volumes of
sample into the capillary without compromising resolution and efficiency. One of the most
commonly used is FESP, in which the sample is prepared in a low conductivity solution and
electrokinetically injected into a capillary filled with a high conductivity background solution
(BGS). A high electric field is established at the injection point and permits introduction or
large amounts of ions, which subsequently slow down and focus into narrow bands upon
reaching the BGS region. As the amount of ions injected is a function of both the analyte’s
concenfration and mobility, there exists a bias against low abundance components and less
mobile species. In a mixture with a wide dynamic concentration range, a logical way to
offset the concentration bias against the minor components is to set-up the analytical
conditions to favor their injection because of their charges.

To enable direct analysis of phosphopeptides using CE, we developed a technique based
on FESI. To cut down on the analysis time, we used a Successive Multiple Ionic Polymer
Layer (SMIL)*-coated capillary in which a high electrosmotic flow (EOF) was present
independent of pH. The analytes were injected by applying negative voltage in the inlet, and
separated in a moderately acidic BGS, whereby the phosphopeptides were anionic while the
nonphosphopeptides were cationic. Application to identifying phosphopeptides in tryptic
digests is shown.



2. Experimental

CE experiments were conducted using a Hewlett-Packard *°CE System (Waldbronn,
Germany), equipped with silica capillaries from Polymicro Technologies (Phoenix, AZ),
uncoated or SMIL-coated in-house. It was coupled to an LCQ ion trap mass spectrometer
(Thermo Finnigan, San Jose, CA) using the standard ESI interface. The sheath gas, delivered
at the rate of 3 mL/min, was composed of 50% methanol, 49% water, 1% acetic acid). Mass
spectra were recorded using positive ion polarity.

3. Results and Discussion

For system evaluation, a mixture of some standard peptides and their phosphorylated
analogues was used. Results using water as sample matrix show that as much as three orders
of magnitude improvement in response for the phosphopeptides were obtained, while the
nonphosphopeptides were hardly focused or not at all.

< The technique was applied to
"N'_?:;.‘:gzw*w the analysis of tryptic digests
. ' of alpha and Dbeta-casein
(Figure 1). In direct infusion
o experiments using a high
concentration of  these

g mixtures, the signals for the
(R(1-25), M 3122.95) ™ | phosphopeptides were hardly

detected because they were
obscured by those due to the

miz= 10313 M+ 2H2* )
, NL: 31565 M2 high abundance components.

But with our preconcentration
technique, their discriminate
injection was effected, hence,
they could be detected even at

" FopsEEQOQTEDELOIK J nM levels (based on the intact
.,

Relative Abundance

— (9(3348) M 2061.96)

3 12 16 2 4 2 2 k]

protein) of the digests.
— Localization of the site of

Conditions: capillary, SMIL-coated, 50 um i.d., 60 cm effective length; phosphorylaylon was
BGS, 75 mM ammonium acetate, pH 5.5; injection: water at 50 mbar for performed via tandem MS.
60s, sample at ~10 kV for 450s; applied voltage, 21 kV; concentration, 2

ppm. Other conditions are the same as given in the Experimental.
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Development of Microchip Electrophoresis—Mass Spectrometry for High Performance
Separation of Biogenic Compounds. 2

Takahide KAMEDA', Fumihiko KITAGAWA', Akihiro ARAI”, Koichi SUZUKT?,
Shin NAKAMURA?, and Koji OTSUKA'
'Graduate School of Engincering, Kyoto University, >Shimadzu Corporation

Mass spectrometry (MS), which has the advantages of no needs for the derivatization of analytes
and the structural information capability, is one of useful techniques for amalyzing biogenic
compounds. On the other hand, microchip electrophoresis (MCE) is capable of rapid separation and
small amount of sample required. We have explored an MCE-MS system using an electrospray
ionization (ESY) interface. In this MCE-MS system, a spray nozzle attached to the exit of the
scparation channcl of a quartz microchip was cmploycd to build the ESI interface. Some basic
drugs were separated within 1 min by using an' uncoated quartz microchip. In this study, the
MCE-ESI-MS analysis of basic drugs were investigated with a SMIL coating microchip. Pindolol
and sulpiride were successfully separated and detected within 1 min with the plate height of ~2.1 x
10 m for pindolol. Analysis of biogenic compounds such as proteins in MCE-ESI-MS and
optimization of the analytical conditions will also be discussed.

Key Word: microchip clectrophoresis / mass spectrometry / ESI interface / basic drugs / proteins.

B REHEO - EOBRIELERIL LI~ A21F o7 L CITFOBNERILER TV RT A
(1-TAS) DIFFD—BREL T, BEHE - BEREINT B EER~ A7 F v 7 ERUKkE (MCE) I
T Y MR T~ A AL B (ESIMS) %42 487 MCE-ESI-MS DBI% 2Rk
DEBHLRERIZ OV TORBPRENCER 12, bhvbilil, HEKRLEPRETREORE
EHFRBBOLND MS BRIHORRESTEL Fo A\ 0EREOEKBBEWME OXITE T LIZ,
MCE-ESI-MS (X584 - stk e Moo 3% B LML ED T D, FU 3280
MCE S3#izdsV ThE, Hi i NEE ~DRE O R F SRR LERHZ LN FREND, KPR TIL #it
HEPEEIZ successive multiple ionic—polymer layer (SMIL) 1—F 427 3WBRA 2 L2 LY, ¥V
RIGORFEXBEI CEBAWHEBL ?. SMIL 2—F4v P ERL~vA/nFuriLkd
MCE-ESI-MS 24T DUV TR PR 170 TE Tz, AHE T, RELU A ALBELND DTSR
ORI ETV, BRSO REH ST OV TRE 2T o BRI OV TR RS,



2. EBR

AFACIZ XN (SAE360 pm, N 20 um, FEIREHNER 10 um, X 25 mm DT 2—-X
RIVAFHETY ) OERBLAT VL —ERBAESHDESIELZEAL., KBEIHCT3.0kV D
BIEEZAIMU, ARB~A70F 7 (18 50 um, T 20 pm, BEFHE & 58.9 mm) D 55EESF
¥RV outlet D ATV — J ZNAZBEER L, 77w FARY 2— AD3B /M2 3 I3k i 2 Ehisim T
L7z, SMIL 22—F 47 F 7k, NaOH KIBHK CIEHEALL 72 F B IZ 5% polybrene % 15 4y fHiE
ALAF AR —BEREMLT= %, T4 R ~—T3H5 3% dextran sulfate % 15 43 [E
HATHILT, BABICABRAE 3L E LR ~— B2 ELT DL THERLZ, MS
RECXNEERERAHEH LCMS-2010 A (88) #/ e, BN —MEABIZEIDTIEA
L. 2 BERFODEIME X 400 Viem & L7, skEMVEETIRICITIKEBRE (pH 8.7). BEBRYE (pH 5.7).
XERHL (pH 2.8) AEE AV LEITIECT 10~50% (vv) 7T Eh=hIEEMNLTz,

RA—=T A T A aF 7 AT E KRS (pindolol &R sulpiride) ¢ MCE-ESI-MS
STV TIE, REHE AR Z 0.1 BICEMEL, TEh=NILOEH &% 50% (viv) 1272528
WED 1 ZENICBEFRSBERERS N 4, TITAMRTIL, BERG TICBWTHE#EN
BRIZER (EOF) 232N TED SMIL a—T 4 T IB AR Uiz~ A2 aF vy 7 % =5y
POV TR E T ok, IUDICTFAPR#EE BT EOF EE DR E#fTolc, FIRHRE X
(PH 4.0) 2XIRICHAVERE T, Ra—T I ~vA70F vy 7 BT HBERBEBHE
v (o) HEL 2.6 x 1078 m/V-S THMDIZHL, SMIL s1—5 4L 72 A 70F v I D, 12
4.4 x 108 m*/V+S L7200, BERMESR M T T3 EOF NELTWABZ LG, SMIL s34 7%

Fx RNVHNENC SN TOBIERRERS N, LiedioT, BRHESMS TIRBW THBRWTEALE
WL BB AN FIREL 2D B S (x10%)
RIBEOBEIMNCHLRATEDLS

[Zigote, EbIZ, SMIL a1—F 427 Fy Loo|  Pindolol
FEACTEERRSONFEITo1L 2 ~

AL LEAPICR R 2RI L7 (Fig. éoso sulpiride

1) , ZDEED pindolol DEEEERIT. e

~2.1 x 107 m Th-7z, SMIL 2—7 1V _ )

PERIR O ES] RIHCAONTELRDHR s s o s 20
BEITV RTIFRRFRIEEO 4% Time/min

. ey - Fig. 1. Separation of pindolol and sulpiride. Sample
A BEHE ) BT O 4 =3 AR YA $ 4 £ . . .
BB R OSBRIV THRE concentration, pindolol 300 ppm, sulpiride 100 ppm;

THFETHD, microchip, SMIL coating chip; running buffer. 50 mM
ammonium carbonate—ammonium hydrogencarbonate
4. BEH buffer (pH 8.7) containing 30% (v/v) acetonitrile.

1) Tachibana, Y. et al.; J. Chromatogr. A 2003, 1011, 181.

2) Tachibana, Y. et al.; J. Chromatogr. A 2004, 1025, 287.

3) Katayama, H. et al,; Anal. Chem. 1998, 70, 2254,

4) @A, 5510 E{LELwAfoa-F ) AT L RELHEE S4E, PC25 (2004).
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Fundamental Study of a Micro Counter-Current Extraction
*Arata Aota', Akihide Hibara'** and Takehiko Kitamori'**

! Department of Applied Chemistry, School of Engineering, The University of Tokyo
? Micro Chemistry group, Kanagawa Academy of Science and Technology
* Japan Science and Technology Agency

Abstract

We successfully demonstrated a micro counter-current extraction with high recovery efficiency.
A two-phase micro counter-current flow can be realized by patterning hydrophilic and hydrophobic
characteristics of microchannel walls. We applied the two-phase micro counter-current flow to the
micro counter-current extraction. Co-2-nitroso-5-dimethylaminophenol complex in toluene (10
uM) was extracted by water. We studied a number of theoretical plates as a flow rate of the two
phases was varied. We realized a maximum percent extraction of 97.7 %, namely the number of
theoretical plate was 4. This system is expected to be applicable to heavy metal recovery and
biomolecule separation.
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HIZ L., KEORNDETF ¥ RANVEEmZ T 7 AR OB/KEEZRFETHZ LTI/ aF ¥ R0
BEEEHAK/HKBHCNRE—= T LA ouF oy 2ERLE (K2) , v 72F %X
JVIXHE 300 pm, ¥EX 100 pm, AHRERIX 20 mm T 5, 10 uM Co-2-nitroso-5-dimethylaminophenol
(Co-DMAP) 8§k MV R Z K THI L7z, SyBECEE GEMASRE /KB IRE) 12065 Th
5, MEBIIAMEEABMAEZEREL L, & 0.10~1.0 Wmnin DEEIBIT 5 <A 7 n@fit %
AIrlz, Co-DMAP $EEIIEL O XS (TLM) [BliIc kK v R L7,

R EE]

B L Fy 72 AVWTeA 70 __HEREFER L. v 7 2RiftlMEE2R_A2%2, K3 CRE
& TLIMEEREDBFRERT, 77 & 7iXMEE o TLM E5RE:2R L T35, TLMEEIA
BB EETEERREVWZD, KD TIMEFREIIRE ERAENRTTNWS, MEFOBL
v R EREITHHAT & V&L Ao TEY, HE0.15 Wmin TR/ ERSTWVWE, ZDEE
HHZRAZERE 2D HHBESEIZ97.7 % ThH D, HiE 0.15 p/min THHEZIRBHEKE R BE
Rix, TLM E 58 E OREEFEED, HEA2VEFNRBHRE TR RVEASMEE L EE X
bb, EEICA 7 u _HAROFREZ AR LEER, BRTRVEREERI L[],

HHFTEOWHEFO TLM EERER I LEREEEZHE LEERER 4 (T, EREK
BRRTA4RZER L, BRINE~A 7 nmftlHiZEER OB ER S FOLBE~DEA
BHEFTE, v4ﬁum%7ukzabfﬁmk%%%?%5

JAA =4 UBF ¥R

1
+* 300 um

! 20 mm
§\\<‘“L’;k\4ﬁ*ﬁ> BKEE HERE
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KB BKRE (ODSEM HYE
K2 B|KABKNREG—=2F3490Fv T
2000 ; ~ ' 5
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— T a kiR
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#1900/ + 00| T BEZ2Y7 c
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[1] M. Tokeshi, et al., Anal. Chem., 74, 1565-1571 (2002).

[2] A. Aota, et al., Proceeding of micro total analysis systems 2003, 441-444.(2003).

[3]1 T. Kitamori, et al., Anal. Chem., 74, 52A-60A (2004).

[4] A. Aota, etal,, B IEEFEE V121 - F/ SR TFAFFELHFEEL 92 2004)



SCE ’04 ERE< A 7 OF v )V & AW i s i i
O%#w #H'. Bb 2% FH FL KR %5 'L
P-2 BEER % g RE
| HENIFEEH T 73—, 2 FABT

Liquid-Liquid Extraction Using A Circulation Microchannel
OYoshikuni Kikutani!, Shinobu Iwayama2, Arata Aota2, Akihide Hibaral2,
Manabu Tokeshi!, Takehiko Kitamoril.2
1 Kanagawa Academy of Science and Technology;
2 Graduate School of Engineering, the University of Tokyo

A microchannel structure comprised of a shallow small circular channel and a deeper
channel tangent to the circular channel was fabricated by using two-step photolithography.
Wall of the shallow microchannel was selectively made hydrophobic by introducing ODS
reagent ﬁsing capillary action.

Repulsive force of the hydrophobic surface against water enabled formation of a stable
liquid-liquid interface between toluene in the circular channel and aqueous solution flowing
in the deeper channel. Micro liquid-liquid concentration extraction to nano-litter organic
solvent became possible with this microchannel structure. Aqueous solution of methyl red was
used as a model sample, and the concentration extraction process was monitored by a thermal
lens microscope.

It was also possible to selectively make the deeper channel hydrophobic. For this reversed
mode of surface modification, solution with relatively high melting point was introduced to
the circular channel and frozen to act as a masking material for ODS reagent.

Water containing fluorescent micro beads was introduced to the hydrophilic circular
channel and toluene was flowed in the ODS-modified deeper channel. Motion of the beads in
the circular channel was observed, and it was suggested that dragging force at the
liquid-liquid interface had some stirring effect.
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BRETHEKICHRLZCEBRINTEREZ LITERDEIL. REMFTIBITILIRDEER
HED—DTH 5. ZOXIIZHROSITITIL. FEBABHAEROBHEMENENTH S,

—7. BEIA 70T v TEAWESRFENEEZED TS, AEE - BREOER
. BES. NS ATLAEERBRTZ L TRKERMWREEEZRD. EEERICEODNOSH TH
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RO BRAEIE. TR IN TS EREX RN, EEZ2—EERICEDRNS,
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BREDT MUV IST4—ICK2T .

BOABOF v ) (FEX 120m) & & |

NITETHLOBENTF v 1)L (RER 560

m) 2Tl (K1), BYABHEOARE

N 270, BNF ¥ R EBNWF ¥ RIVET

% [MA% 460, TNTF ¥ RIVONED 740 4 m

TH >

BUWABOF v 2IVICIBKREARF v
FNVBRIENTBO. FIFFI IV I X
FF2252 (0DS) DMIVIVEEE, FyESU—ERHICK>THEAL., BWNWF ¥ XIS
DDA % BIRAICBKIEL =, /-, 2N &I, DMSO (mp.18C) 2EWVLF ¥ R IMIT
BABEREIE, BOFrRIDEBEEE ODSI1LT B ZEBITR -7

AFI Ly RIKBED MV oANOHHZETNREL T, MBS AT LADFMZEITIR DTz,
BAE U WEREF v 2IVERD & MVI O BIKTHAZL. AFIVLw RKBEENBOR >
TG —ERBEBTHEVF Y RV L., S8k, MNERORXESREICHIERIgeRE L
CAHEME (TLM) ZAW. BVLABF vy RIVOTHRMIDBER{LEE=FY T LT,

F. BARZERWERT v RNV BICHAE X2 DKBREREZL. BKIELZEWF v
FIWVICMIVI D ZEK LT, BAAEBETE—X0E X288 .

(R EER]

BAIELHEF v xNVE MVITHEL, MARBZASTIZ. AMETEITF v RIVITRE
H0UL/ RETKERTIENTE,

MMETDF ¥ RIIZ, 3SUM DAFI Ly RAKBREMAZEIOBARNSHE 20 L/ T
HBUFED, MV HOAFI Ly REEORELSEZK 21277, KhSABEEKEEKADY)
DEZHEK 205, BREKERNSKNDOYIDEZEY 10 2 THEEHRFOAFTIV L v RBEIIK
HMEFFIETDIIDICRAS, BEELIXESHMR#EBREZET., HBBROATHEHAZL., HEFY
FIWVHADOARRAZRNIC KB BROEFENRBEEINDS, BREIZORTIHW 10 F&EE 5,

HHEEPORNEZHNE-XICE DRI T D& BAERNERBRISITHLTLE
SIRELTHREE 572D, ABF v RNV AEE D LSREUEL 2F ¥ RINITDN
T, AETHIENF Y RIVIC MV 25E 200 L/ D TERLBEELEEZA,. REOEILE
IRICEWHEORNICH > RN EEL. REI SN2 TN E BRI HNNAR
HANCTE B &A%, KM
ABLIE—ZOBE &L TH r:;t:;l red mf”»'vya'tﬁd r:;f;l red mjtmtzd
Ranrz, ZNTIHMAKRETO
51 &9 0 IN % B W IRk E)
MABETHB & ZEZRL TS,

4 Y0FrrIL

B1 @#RESAI/OFvRIEEEEhEANCRRERT
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o o
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1 7 O{bRBRENBHEEINS D Time/min
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Capillarity Restricted Microchannel Modification Method and Micro Gas-liquid Processes
Akihide Hibara, Shinobu Iwayama, Masaharu Ueno, Shinya Matsuoka, Yoshikuni Kikutani,
Manabu Tokeshi, Takehiko Kitamori

1) Department of Applied Chemistry, School of Engineering, University of Tokyo

2) Kanagawa Academy of Science and Technology (KAST)

3) Japan Science and Technology Agency (JST)

A surface modification control method for microchannels was developed for gas-liquid
microchemical operations in microchips. In this method, shallow and deep microchannels
were modified with hydrophobic and hydrophilic groups, respectively. This patterning was
prepared based on principle of capillarity. Gas-liquid micro operations were demonstrated.
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2 FERRZMALE<I4O7F
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[1] Tokeshi et al., Anal. Chem., 74, 1565 (2002). AL w
[2] Hibara et al, Anal. Chem., 74,1724 (2002). ,{/
[3] gl(l))(e)l;z)i'etal.,J.Am. Chem. Soc., 125, 14954 3 (a) SABA - R%fjn'txo (b)
[4] Hisamoto et al., Anal. Chem., 73, 5551 (2001). [BRRERK 7O X,

[5] Surmeian et al., Anal. Chem., 74, 2014 (2002).
[6] Hibara et al., Anal. Chem., in press.
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Development of response measurement system of human cells using vascular chip
oTANAKA, Yuki'?; SATO, Kiichi***, UEMURA, Koichi’, YOSHIDA, Kenichi’, KITAMORI,
Takehiko'*?
Univ. of Tokyé, School of Engineering ', CREST, JST ?, KAST ? Univ. of Tokyo, School of
Agricultural and Life Sciences *, Univ. of Tokyo, School of Medicine °

We developed a microchip-based cell culture system and a culture of human cells was
realized in the system. The cultured cells in the microchip experienced a significant
decrease in viability because of a shortage of dissolved oxygen. To overcome it, a
continuous medium flow oxygen and nutrition supplying is efficient, however, the
flow caused shear stress on cells. In microchip systems, shear stress and other fluid
conditions are easily controlled. We utilized these advantages into vascular-like
experimental systems to study the effects of shear stress. The albumin synthesis and
morphology of hepatocytes under various shear stress conditions were examined.
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BHAREBTE, WFVRTAE~A70F o7 LICERET 5 LERBEOEHEIL)
OIEAE LT, AZFIALEY AT AICOVWTHEEZED TS, v1/7aF o7
NTHIBAZEELRECHET IBICRBEL RS FHIL, BT REEE LT,
MU/ ERTHI D, BHBORBRULETHIZ L. BETFOND, bbb,
v A IR FoTLERE, A7 FxFAEMEE BT E, BRAREIL kD EK
BLURETHIED, HBOMRALEORBEZITIAIOLRAKIC., vf1 7 2F ¥R
NeBLTHLOWEMSBRIEELHATHRETIZLRE, v~/ 70F v X V2 TR
HEIC bl CRGRMAMEREZRBETILDICRARTHDZEEXD L, LLER
b, 470 F ¥ XNVHNOHEIIBHRE > THRNAT Do, BERMATIZE L EE
ERARIZ L OEEICHBREC D, ZOHBIIEAHIER., v/ 7 aF ¥y XNVERICEZLT
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BT otc, VMR, b N ERFAEEK HepG2 & £ FE®F E + XBIIR 0L N B
Mo 2 BEThHD, VI ARTIMEERES L 2B THEaTF—F L2 BT,
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BN LTETH I L &mB L, 2N, ol (K1) TOhENEHARTD
FicBE s,
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1. Y. Tanaka, et al., Proceedings of Micro Total Analysis Systems 2003, 777
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Development of microchip-based-ELISA system using chemiluminescent detection and its
application to cell response assay

Hayato Ui, Takahito Tokutyama, Shin-ichiro Fujii, Mitsuru Abo, Kiichi Sato*

Department of Applied Biological Chemistry, Graduate School of Agricultural and Life
Sciences, the University of Tokyo

Monitoring a cellular response to a stimulus is one of the most important experiments in life
sciences including drug screening. Because the conventional systems, however, were rather
time-consuming and troublesome, and require many precious cells and reagents, a novel system
resolving these problems is desired. To overcome these drawbacks, system integration into a
microchip seems to be effective. In this study, cell culture and ELISA hybrid microchip system
was developed to measure a specific protein released from cells. Major elements to develop the
system are realization of easy cell culture by simple operation and highly sensitive determination
by ELISA. For cell culture, PDMS microchip with membrane filter to retain cells without cell
damages was designed and fabricated.  ELISA microchip was made by glass and
chemiluminescence detection system was constructed. By combination of these two chips,
microchip-based bivassay system was developed. The system was applied 10 measure tumor
necrosis factor alpha (TNF- &) released from murine macrophage which is a major method to
find immunostimulation drugs.
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HoTe B RLIZT7 4 NT —2RORE Medium Cell culture chamber
MBI L EERAT T QBERMINE  Regens” )/ POMS microchip
~OISH R L T 10 ABETI. 3.4/ forcall culture
IHESSIBAL, RN ELEIHT  Reagents Detection
FHETH 3 ELISA Exfladbe-Hila WRQ;Df::>7—L—é;§9
HWEERNA ATy A RATFLEA C 7 Drain
zasy 70—[:‘&:%%{& L. {hf}l’%%%mm ELISA channel / \G!ass microchip
FRETEZAFIAV TP RAT AT A for ELISA

PR/, CITREFVERE LT Fig. 1 Cell culture-ELISA hybrid microchip
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F TNF- o D32 A7z,
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TNF- o B HRERIGIC BV TENHEE 7R~ AFEHT 39, D4 TH3,
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1. T.Tokuyama, S.Fujii, M.Abo and A.Okubo, Micro Total Analysis Systems 2002, pp.832-834
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Development of wide applicable and sensitive thermal lens microscope
OK azuma Mawatari', Shinichiro Hiki’, Akihide Hibara®, Manabu Tokeshi*, Takehiko Kitamori'>>*
!Japan Science and Technology Agency, “Institute of Microchemical Technology, *The University of Tokyo,
*K anagawa Academy of Science and Technology

[Abstract] Thermal lens microscope (TLM) is an ultra-sensitive method for detecting non-fluorescent
samples in microspace. TLM is a kind of optical absorption spectrophotometry with comparable sensitivity
to laser induced fluorescence method. In this presentation, the applicability of TILM is extended from
visible to ultra violet (1JV) light absorbing samples by UV laser excitation. The detection limit of 9.2x107
in absorbance unit was obtained and about 2 orders superior to spectrophotometry. Furthermore, TLM was
developed for individual nanoparticles counting with visible laser excitation. Individual gold nanoparticles
of 15 nm in diameter could be detected, and the detection limit of 5 nm, that was about 1 order lower in
diameter than laser scattering method, was obtained.
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1) Kitamori, T.; Tokeshi, M.; Hibara, A.; Sato, K. Anal. Chem. 2004, 76, 52A-60A.
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On-Chip Liquid Chromatography System Using Reversed Phase Monolithic Silica

Akihiko Ishida, Takahiro Yoshikawa, Masamichi Natsume, Hirofumi Tani, Tamio Kamidate
Graduate School of Engineering, Hokkaido University

Microfabricated devices for liquid chromatography system were developed. The device
consists of a glass wafer having 20-nl injector and approximately 40-cm separation channels
(width 400 pm and depth 30 pm) were fabricated. The injector channel had double-T shape.
The separation channel was containing monolithic silica modified with
octadecyltrichrolosilane. Mobile phase was delivered with a syringe pump. Detection was
performed using a HPLC electrochemical detector. Column efficiency was evaluated by the
separation of mixtures of catechins with the devices. This device provided good separation;
the numbers of theoretical plates were 7100 for (+)-epicatechin, 6300 for (-)-epigallocatechin
galate, and 7600 for (-)-epicatechin.
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Fig. 1 Chromatographic separation of catechins using LC chips without (a) and with (b)
tapered turns. Peaks: 1, CA (1 mM), 2, EGCg (1 mM); 3, EC (1 mM). LC conditions: mobile
phase, methanol. 50 mM phosphate buffer (pH 2.0) (3:2, v/v); flow rate, 300 ni/min; applied
potential, +0.4 V vs. Ag/AgCI.
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The Effect of Buffer Additives on Microchip Electrophoresis Separation of
Fluorescence Labeled Analytes

*Tetsuji Higashi, Yoshihide Tanaka, Nahoko Naruishi, Shin-ichi Wakida

Human Stress Signal Rescarch Center, National Institute of Advanced Industrial
Science and Technology (AIST)

The aim of our research is to develop a high-throughput assay of glucocorticoids in
biological fluids. Fluorescent labeled glucocorticoids were analyzed with microchip
capillary electrophoresis using a poly(methylmethacrylate) (PMMA) chip because the
disposable plastic chip is preferable for clinical diagnostic use. In our previous
method, methylcellulose was added to the separation buffer in order to prevent the
surface adsorption of some analytes. Nevertheless, the peak tailing for DTAF-labeled
corticosterone was still observed using a PMMA chip as compared to the use of a
polyacrylamide coated quartz chip. Several additives such as the other hydrophilic
polymers, non-ionic surfactants and amphoteric clectrolytes was attempted to improve
the peak shapes. Among these additives, N-cyclohexyl-2-aminoethanesulfonic acid
(CHES) was effective for obtaining the good peak shape.
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PMMA v 7T 0.4%MC # 8 LK BIBEREHVER S, EKEER (EOF) g
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Fig.2 The additive effect of CHES to the
B) DTAF labeled buffer.
2000 tie . .
corticoslerone PMMA chip, 100mM borate buffer with
: / 0.4%(w/v) MC and 75mM CHES (pH 9.5).
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Fig.l The difference between polyacrylamide coated
quartz (A) and PMMA (B) chips.
100 mM borate buffer with 0.4%(w/v) MC (pH 9.5).
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Rapid Analysis of Microorganisms by Capillary Electrophoresis
-Improvement of Peak Shapes Using Anionic Carbohydrate Polymers-
Shinsuke Inagaki*], Masaki Torimura’, Liwei Sun', Tomomi Sekine', Hiroaki Sato’, Hiroaki Tao',
Tomoyoshi Shintani

! Measurement Technology Research Group, Research Institute for Environmental Management
Technology, National Institute of Advanced Industrial Science and Technology

? Textile Industrial Institute of Ehime Prefecture

Capillary electrophoresis was applied to the rapid discrimination and quantification of microorganism.
In general, it is difficult to detect microorganisms since the peak shapes apt to be broad. However,
addition of an appropriate amount of anionic carbohydrate polymer such as sodium alginate or sodium
dextran sulfate to the running buffer solution made it possible to obtain a reproducible sharp peak. Using
these polymers as buffer additives, the number of theoretical plates was about 10 times higher than that
without using buffer additives. In this study, we examined the effect of anionic carbohydrate polymers as

buffer additives, using lactic bacteria for specimen as a representative example of microorganism.

ZL®HIC

ERPRML A RSBIZBWT, BADOBRELELREICETILEERRDLNT
WA, IRE TOREETIIMEN L T 2B OHEMEBMEIC RE o M THBMEET I LEN
HY, BENBFONDETTERFHNETILHDRE, L VO LBRCBN TR+ THoE, &
L OERFHIBW TR, ZROEBSEETIRBFLLBNETIEEEZRT Z & 72 SR
HLZ TR bd, ¥R LEMELERHREETHZLREEND,

TOXIRERERDOL L, BE, MEDONEE~X YTV —EXIKE (CE) 2ER T 5mMAEMRN
EDHLNTW5, BIRLF], CE K LA3MEDMRSETRALNIE—IBRITFEEICTa—F
KRDEAPBEIN, REICEEMEDEIBE - RETHZ L REREEZE L O, LaL,
ZOHOHARICLY, KkBRICHEORNMALEMTEZLICLY, YFTREEBLONRP oK
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A OHMBEOCOEBELFRIETHI ENELVE W BAREAL TS, HLZINIIRL, BA
AUEOBERY v —THATAX VBT N ULRRMFIL LTRWAZ LIZE D, ABEOY
— IR PHBENDZ L BTRL, FOBBIIOWTEELE [2], ABFZETIX CE 2 L A4



MOBHE R DITEDOREL 2 BRIC, KEBWRICHTHRA A HORERY v —&2 Rl E T 58ER
B DRI DN THEM AR FTEEAT o 7,

EER

X¥ b7 U —BXRKENEEE & LT Bio-Focus CE 3000 (Bio-Rad) AWz, ¥¥EJ U —iIN
BENKEMHOL D (NES0umX 2K 24 cm, 2K 20 cm) ZkBIRTEIC 1.0 M NaOH, #B#tiK
BLUWKEIE THOITBES L TER L, £EMAEDMRITERE, ThThOBEENS 1.0
mL JER L7 b D% 1,000Xg T2 MBS L, KEHKICHRBSEb0EMEE LTAY
7. LBREREHIBAILESRH S OEAL, MRS 5i#% AT 37 CT 24 BHRREZ1T-
7

HBREERE

Fig. 1 (Z¥LEREE Lactobacillus delbrueckii sub. bulgaricus oote
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Fig.1  Electropherograms of

FEOILBERF T ENCRC OV THMERET 5, cultured cells of L. bulgaricus B-5h.

Conditions: running buffer: (A) 10 mM
borate buffer (pH 9.0), (B) 10 mM borate
Xk buffer containing 0.075 % (w/v) sodium
alginate, (C) 10 mM borate buffer

1. D. W. Armstrong, M. Girod, L. He, M. A. Rodriguez, W. Wei, containing 0.075 % (w/v) sodium dextran
J. Zheng and E. S. Yeung, Anal. Chem., 74 (2002) 5523. sulfate, applied voltage 10 kV.
2. FREEE, BREE, F BE, AEEE, BRER, HaEE £ 65 BotbFERRSEE

HE 54, p.288.
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Study of oxidative damage of guanine adducts using an electrochemical approach
Hiroya Murakami'", Yukihiro Esaka', Masashi Goto',Magoichi Sako',
Keniji Kano® Masaki Torimura® Hiroaki Tao®.
'Gifu Pharmaceutical University,’Graduate School of Agriculture,Kyoto University,
%|nstitute for Environmental Management Technology,National Institute of Advanced Industrial
Science and Technology(AIST)

To reveal the genotoxicity of cyclic 1 \2-propanoguanine (CPr-Gua) as a guanine adduct
in DNA induced by acetaldehyde(AA), electrolysis solutions of the adduct were analyzed
by LC/MS and CE to characterize its oxidative products. Interestingly, time course of
UV absorption spectra during the oxidative electrolysis indicated some isosbestic points
suggesting formation of a single major product. The expected structure of the major
product will be an unknown one and seems to be potent one causing misreading of DNA
base sequences.Because of relatively mild oxidative condition of the present electrolyisis
compared with previous method using strong oxidants, the product would be a more
possible form in DNA related to CPr-Gua and may be an important form as a candidate
accounting for genotoxicity of CPr-Gua.
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&L, AARANZEWT 27T b RO REER 2 MALHD2AXRBOBRIKFREZF DL
FOBRBEICKBREA U AV IIRBREAOBRKERICODET S IEMHALSHIIINE, I
R 727 LT RAAPREETART AN ALOEEZ R TIRENZFEL &
EZoN%, SRECEIEIZIVERINS AART7IITE REHEOBWRIBEICK D
R EZEMH TSNS REEERDNTE R, BLAIZAABRS 7 NETH
% cyclic 1-M2-propanoguanine (CPr-Gua)& Methylguanine (Et-Gua)iZ#HEHEL. I
SIEGHERECKIER. REOWMEEZRE L TE/. FCiiEL. BEEBlE~0 AA DR
BHEBICENWTHRSERVERIN., EHNTDNA EESRERL THWB EX RO
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BBELTHENTH D, CPrGua MR VICEDLS ETHITEEREANDOI AN T4 27D
BENFETERIT THEN, REDELIALSDM> TR,

EZAT.HESITIDNARSIET GGG triplet 72 EOB{L I NPT WERMNEET S &,
DNASHLEZEFIBEL. TICBIERIENEFTEIENIRERERE L T5[1]. —&
I BEEEOT7IFIVER., ZPINFINEOETFHEGEICL > THEEOCELEMNZRICY
ThOEVRIEEINPLTIIES, 25 2ERICT. R4 CPr-Gua ERBOBBRI
R OERT HHEGENBEEEZ RTWUREEZRFE L TWE, &Y. @Y =7
LERWER{EEREZTW., 08W%E LC/MS ZRWTHEEZT> 2. TOHKE. (k&1
(Fig.NZAERKT 2 FERBENERINSEZ, 20 1 OFEENL guanine SIIIERICRR - HEE
HEZESHRENH DFBAL TWAFg2l. —A T, BT > E_ULCKSEH
ARV AELTHEHREELVWHDTH D20, ERRENORIEZKBL TnaHh
WEERIN%R S, 4E. EEOBICEMERETE S, L0EPHREBEIEEH TORENT]
BEx BRI ZHFEAL. CPrGua KBIEA ML AZNTB ZLITX DAERT HBILERY
Z LC/MS KU CE ZRWTHHT - AEZfT\. TOHREROBEKREZEEL =,
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CPr-deoxyguanosine(CPr-dG) ® U < I& CPr-guanosine(CPr-G) % 10mM Y > EE &R
(pH7.0DIT 4.2X105M DBEICHEML-bOZRAKMUL. IhziETRO HSV-100 R
TOVAATy RERWTINIVIERL 7z, BREEMIL 900 225 1250mV(vs. Ag/AgCDIT
BHIRE Lz, BANEHARY ML OERME(LRIE TIX. & Multispec-1500 2 YEEET
ICREB LI EFE N THRIANEBZ NS —BRAOEMETV., AR MV EUTINESA
LATERIL 7=,

LC/MS 73 #7112 1% Hewlett Packard #8 HP1100-LC/MSD %8 # H\ 2 /=, 28T ODS
AT LERAV, BEHIOIKERXAY ) —IVORKEZFERAL7. CEERBIZ. METL Y3
>FINA £ X8 HCZE-30PNO B /EEIE & PC ##i H A3 8 MD-2010Plus IV FHRH 2R
M50, FrETYU—INES0Lm £& 60cm(E ZNE 30cm)DH D& Az, KERRIZ
WA UEReSHLEFIHT 572912 100mM R BIEERKR(EHI.2)Z AWz, FIMEEIZEHIC
10kVIZRREL 7=,

. EREER

CPr-dG OEMELITHED . ERBERD UV ARY MVORBE(LIZ IR —EHRo%
Rtk SAFEEL (Fig.3). EMBRLICK B IENIZIZEBMIC—ERPEERTE L T
BRI THBZ EMNRINEZ. LCMS (BT A BH) K28 T2, EERYIT
m/z=326(BE 5 < M+H)DOHFE 325 OME LEbN. L& | OERBERZAF+—24. {t
ZEHAL L BEODBEBLEY. BRNANRYT MIVHERENSBERICHB LT, 1ITESHF
MERDTHAI (Fig.1) THhDEHEREINE, —F. TOERBLYIIIER ITHEAKED
BV EIZ ODS 71 7 ANOEEWNE <. Wi HPLC DBETIXEERYPER S TH B &
ODREBBARTRTH oIz, TITHREFKDFELZW CE OFEREZ®RE L. BB CPrG
OEBAL N BN e R USRS U THBEL . EERYNTR2ICERY THBZ & TLTE
DANRYT NIV BRBBERART MV E—BTBI %2R L. CE ORBRRITAF 40
HERTIEARWE, AR MIVOUKROER, TAFIEKIIBVWTHRUREIREI > TW
H5HNDEEZEND, 5%, CEMSIZLB373TFRAIEEZTFEL T3,

BEEE T > A DOERER(LBITTEMIT 2010mV SEHREAITHEL TEL <&,
FEANTORBE—RICECNTHZ I EE2EANE, IOBELIDIOHEEDIZFSN
CPrdG OE{LMEL L THIEETHAEEMEZRBL TWS, FEFITHERENC &IT,
guanosine ® Et-dG ORFEMARYT MIVEIZBWTD, FARZEHREENESNTS
D, BERBEO7 TO0—F TERDORE ZHED TS, '

OH o OH )
o} OH NH L . ;
HN N 1.8 o~ —0s |
/k )\ T | 10s
T/ NN me 'l“/ NN e 14 ¢ ) ‘—205 :
aR . |
I o
R

dr g 1.2
I {

| — 120s,

|—180s:

| — 240s!

| — 300s]

Fig 1:oxdative deradation products of CPr-dG

i | 02 |

{[u ) 0 : 3
225 275 325 375
i /"é

wavelength(nm)

L(\[ g CK;‘ - Fig3:Absorption spectra of electrolytic oxdative solution of CPr-dG
“ s :‘J\Jj\ -, )'; (Electrolysis conditions : at 1.25 V vs Ag/AgCl in pH 7.0 phosphate buffer;
;\ N~ ou N N)j\ .

anaerobic condition; concentration of CPr-dG, 130uM).

COH
)ﬁ /“4( -
o0—
/
G-A transition G-T transversion

Fig2:Possible base-pairs of the ring-opened product 1

Ref.[1] Saito et al, JACS. 2002, 124, 6802-6803, [2] Sako et al, Tetrahedron. Lett. 2003, 7303-7306
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Chiral Separation of NBD-amino Acids by Ligand Exchange Micro Chip
Electrophoresis

Hui Shen, Hizuru Nakajima, Katsuhiko Kawata, Tatsuro Nakagama, Katsumi
Uchiyama

Department of Applied Chemistry, Graduate School of Engineering, Tokyo
Metropolitan University

Chiral separation of NBD-amino acids by ligand exchange microchip
electrophoresis (LE-ME) was studied. The migration behaviors of eleven
NBD-pL-amino acids were investigated by ligand exchange capillary
electrophoresis (LE-CE). The enantiomer of five NBD-amino acids (Ser, Thr, Val,
Phe and His) could be separated by LE-CE using 20mM ammonium acetate buffer
(pH 9.0) containing 10mM copper acetate, 20mM 1L-prolineamide and 1 mM SDS.
Under this condition, the enantiomeric separation of these five NBD-amino acids
by LE-ME was investigated. The enantioseparation of NBD-Ser, -Thr and -His
could be successfully accomplished by LE-ME. The migration time obtained on
LE-ME was shorter than that obtained on LE-CE, while a and R, values obtained
on LE-ME was superior to that obtained on LE-CE.

[(#E] CEREEOSBEIT VR RO TR VEERFZEO—2TH 5,
MEDIIINZE TR, BIFREB-FX SV —-ILBHEI o~ IS 5T 4
FREL, REMKRLNBEREFORBBEEZBHE LY, £, Y-S
Nk EbREESEEZRAVCE, TIOBT7IRE22S508 00 5 — L4 3EULF
RBBOXTNALE) VAT LERAEL, T8, t FoXBRBIEAY
FRREDEEMMCEERCERSEAEZ VBT TR LE P, —5F,
W4, SFEEO/NRL, SERMOEHKE REBORBRREOBHMND,
—HOESFTREEZR L FADYA 7 0F v T ETIT 5 u-TAS KT D0
ERAMFABCEEIATVS Y, RERMEOSHIIBVWThbv A7 uF v v
ANEGEEREELTHVWAZ L CEREAMAERINAZEEFHRTHL S, L
ML, A4 70Fy FIC L DNFRERDECRDILEHIIRE DD TH 220,
INE~A7uF vy T7OBE, PEHBORIBELRFERIEFEO SIS ED T
R#ETHDIEDEEZOND, TITARPFRETIEHANVF I VRBEEFOEN
FRME~A 7Ty ELKKBICERL, B 07 ) BHEEAORXFRM
ERASEEZ SOV TRE LT,



[#B] 72— XY X ¥ €7 Y —ZAHE 100pm, £ X 60cm, H W 30cm
DHLOEHEEL, HUMEE 1X-8000V & L 7=, 3REHZ X 4-fluoro-7-nitrobenzofurazan
(NBD-F) T~ AL L7 I/ BEZ AV, BiiE 488nm @ Ar' L— ¥ — % H 15
V—HF—FBERERELIFIE LY ITo v A 7 2F v 7 Micralyne & Borofloat
glass v A4 7 0 F v 7 MC-BF4-SC(ZBETF % > R /U8R 50 pm, X 20 um, & & 90
mm, HZE 20~70mm)% H\>, FUMEEIX-2080V & L=, BRHIE 473nm O [#
k7N —1r—F—-2HNBLIFICX Vo7,

[REBICEE] B FRBOFEIX, RB-2RBA A V- FF51LBLI F—D
ZR B TCZ A K (temary complex) MR T B Z LS, EWIIH O
KEBEETDIT I VBEMFNPLSTRAFLAIAY v 7 REEENTER SN,
TN DEERDEEEDIENC LA TCT I/ B o FrA—OBHERICE
BECTHHENERSIND, TNETOFRICLY, CsIDETI /B 1 2
TR LEERZTER T A2 AW ONICR > TWD, F2C, KkEEKIZ 10mM
BERESH, 20mML-7 2 ) 7 2 RE LR ImMSDS # & 20mM EEBE T £ =7
LBEKEH 9.0 AV, EMFRBE-FYET7Y) —BLKKEBQLE-CE)C LY 1]
¥ > NBD-7 X / #(Ser, Glu, Asp, Thr, Val, Trp, Phe, DOPA, PheGly, His 35 & T}
Pro)D 4yt AT, F DR, LE-CEIZ X Y 5 fXdD NBD-7 % / B#(Ser, Val,
Thr, His 38 X U Phe) DM E BAEKR BHENRFIRETHAZ &N hoE, £ T, Z
, b 5 FEIEO NBD-7 X/ BBROEMERB-~vA 7 0 F v T EKIKEN(LE-ME)IZ
X5 HFERMEETHEC DWW THKRE L=, LE-ME /& NBD-Ser, -Thr 3 X (®-His
DN%RYERENMT B LN TExA, Fig Il bDTL Y hary=n /T
L%, ¥, Table 1 iZ LE-CE 1 £ W’ LE-ME {2\ T# H #2u 7= NBD-pL-Ser, -Thr
B X C-His ODBR Kol K USBEE R, BE2RT, WTFho7 I ) BFEEA
DWTY, LE-ME (BT 2 kEIEMIIZ LE-CE k0 b4 <, LE-ME XBWVWTE
BT RMEIZLE-CE LD b RK&Ehol, ThiX, 9427 0F ¥ FALDIELIE
ERFXYETI-ORBI D NS, BEHRICEBE—I Y 2 DIEH D DN
SWNWEDHEHASND, '

ES R HBD N MBD-H .
D n n b Table 1 Comparison of o and R, valucs
T ' aobtained on CE with that obtained on ME.
L
CE ME
Amino acid
o R, a R,
NBD-pr-Ser 1.04 119 109 145

4 2 + L X W w A

Migotion trow i)

T A NBD-oL-Thr 107~ 139 106 162
Adugzghim toae <o) Aliqzidisie tate iz}
NBD-or-His 104 110 106 119

Fig. 1 Electropherogram of NBD-DL-amino acids obtained on LE-ME.

[ %5 3Cik]
1) Z. Chen, J. Lin, K. Uchiyama and T. Hobo, .J. Chromatogr. A, 813 (1998) 369.
2) Z. Chen and T. Hobo, Anal.Chem., 73 (2001) 3348,
3) Z. Chen and T. Hobo, Llectrophoresis, 22 (2001) 3339.
4) K. Uchiyama, H. Nakajima and T. Hobo, Anal. Bioanal. Chem., 379 (2004) 375.
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A Dynamic pH Junction Technique for On-line Sample Preconcentration

of Peptides in Capillary Electrophoresis
OKoshi Imami , Maria Rowena N. Monton, Shigeru Terabe

Graduate School of Material Science, University of Hyogo

A dynamic pH junction technique is used as on-line sample preconcentration method in capiliary
Electrophoresis to improve detection sensitivity. The focusing mechanism is due to a change in an
analyte’s migration velocity following a reversal of its electrophoretic direction from the sample
matrix to the background solution (BGS). We report selective focusing of some peptides by using a
dynamic pH junction. The effects of the pH and the concentration of the sample matrix, and the
length of sample injection on efficiency of this technique were evaluated. The size of the original
sample plug was reduced by as much as 38-fold, and improvement in detector response in terms of
peak height by more than 100-fold was obtained. As this method is compatible with relatively

high-conductivity matrices, it can be utilized for the analysis of real samples.

FL®HIZ FxE 7V —BRKE (CE) T, UVRHEEBOXEBENFEEICENZ LR,
BORBEEL B OICITEBEARNFIREN S Z LI L P REBE VKRS P AR R FE
Lo TNWD, ZOMBEMERT D I-DIITRABEHESSLETH D, REHBMICIIRE <47
T, CESWMORMCEBEZIT I BEHREBHR ST 7T VREEBRL, ¥ €T ) —NTEHE
cBET A TA VRABBEDO oMb B, AT T4 VEABRBETIIFM., REEZETDLZ
EMBRE XV, AV 4=V T, FAFI o7 pHP¥ 7 a v REDF T A4 R
EHEMIENZERZE SN TV D,

T, MERSICEDATVEFTF U VERTFRERAW, ¥4Iy pH Pr v
I a Vi X BBMERRIL, FATIv I pH Yy 7 vavbil, RENAKRE KEEE R
725 pH ICRRE LRI, MERAFEICRWTREOBBENELT 5 Z L 2FA LI RiEE
Thd, X7F MR, AEEEWTHVFAFTIv I pH VY 7 v a VOBMRFRENEKR
RIZIEATE 21268 b THREFPED THR, £ 2 TR T, EEMKENR Tk
L7ex % €7 U —NICERMEEIRICTAR L 7R 2163k O CE TORBHEARE (1~5s) &~
TKREZEAL (60~100 s)., EEBEZHML CTERKE#1To72, RFHEAEZORR —
NIBBETH D72 DRTF RIZIEEIZHEL TV 38, BREHFRA~BEIT25 OH 0oRE S —2~
DEFEAL L BIZRAEY — 2 To pH B3ML, X7F NIBRICEHEET S, £OE. REOBE)
FEARESE (BHEFE) MHOoBEFMICHERL, REY — 2 KBRS — L ORE T
BRENREZ S, BESNRB Y — i3 0% . EOF IZ L - TEERAE TBEH Skl Eh 5,



AFFETIE. REHAET O pH, EAR, RBERREZ /T A —F—L L TREESH~D
HEBERN L, BVWEEBREFEONTF R pH Z{LicfE 5 BRES DR 72d, Bk o
A TITRMESREESA, RBHER 2 HEMIC, KEWREBRIEIZT 5 Z L TRESRNEOH
el ZORBRIZOVWTHHEET S,

RERFH

4518 1Y Hewlett-Packard 3PCE System Z iV, 72 —X RV U X ¥ 5 U — (WE 50 um,
A#E 50 cm, 2K 58.5cm) A L7z, 200mM & VEREEEK (pH 11) Z2kEKL L.
RE DT F V¥ =2 RPPGFSPFR. pl = 12.00), [SarlIles]- 7 o ¥4+ F v 1
(Sar-RVYTHPI. pl =8.75). 7> #4723 [ (DRVYIHPFHL, pl=6.92). 7> %452
v MI(DRVYIHPF, pI=6.74)i% 200-1300 mM ErfgE#EEMK (pH 3.5-4.5) ICHEfEIE,
RABHEAIXEAEE (50 mbar) TITV, HIMEE+15 kV, BRHEE 200 nm TRIEZ1T- 72,

BR

KB LB LN RENLBEIKEIR ZE 11077, RENAR & kEKRO pH L LTEZhEh
4.25, 11.0 ZAWVWEES, FEO pH [FiZ pl 287 V¥4 T2 1, 0 2RREICENE
FHETHY ., #9100 B L LOBREHRBE LN, BEEBETOAKREOBHFEICRBO T, &
B = DIRERNBPKE — XD BB RDBEDIL, TRAE vF U IHRIC I - TE—I BT
n— NZRBZEBMBETHT, ¥4Iy pHY ¥ 7 v a Tk, BBEOCELAMEA
BEOEERZEL Y b pHICKEEKET 20, BEEFERBBERTHE -/ BT a— FiZk
LPICRMESRENE LN 1, FEAER U TAEKRETNERTE DREERH D, iz, R
BHAR Z BN, KR 2 BRI L& T, @VEEREI=12)2b27 7 VF =02
HLTHE 100 D EEHERE ST,

(A) 1 #EA BEE 100 ppm
(B) 100 #FA (XA FZvIpHOY oL a VL DRE

© B 10 ppm
2 2
g
[=]
é 1750%=> (pl = 12.00)
1 : 2 [Sar', [1ef]-Fo¥+F 20 (pl = 8.75)
(B) —
1 37 il | = 6.92
r(T\) | lz :;L:: FoXATIY (p )
In . — ' 4 FURFFLULI (l = 6.74)

5 10 15
Migration Time (min)

B1 FLFEvIPHO w27 avckdRTF FORE

0

SEIEB
(1) Philip Britz-McKibbin and David D. Y. Chen Anal. Chem. 2000,72,1242-1252
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Analysis of Amino Acids by Capillary Electrophoresis
Yasuhiro Sato.
Otsuka Electronics Co.

Abstract

Foods, nutrients, medical supplies etc. contain amino acids or are
supplemented with them. Amino acid analysis is therefore important for
research and quality control of such commodities. In the present study, capillary
electrophoresis was applied to amino acid analysis. Neither pre- nor post-
column derivatization was made. By the use of indirect UV absorption
technique, seventeen kinds of amino acids were successfully separated and
detected by the use of 15 mM heptanesulfonate as the electrolyte. The detection
limits were 2 to 5 ppm or lower for most of amino acis. The limit was found
further decreased down to as low as 0.5 to 1 ppm or lower for the aromatic
amino acids.

XLz

TIJBEIRROZ N BEBRTHELAD CRBF LIERICHEARKR ST
HD, TOEH, TIBITRML., REMDA., ERAkE, B SR
BRI TS, TIVEBE2@EICEESRCAET? Z &k, A0 HE
ERRIFEBRICBWCHERICEHETH D,

TIBOGTE, —RICT R BEFEALTI LRI o TAA 7wk
757 4—-(IO)RvEHKE s o~ N5 7 4 —~HPLO) AR LI L EhTvWa, -
Lo L. BREORMLIEENERIC R DR0T VS LR, BIERESEV &V 7=
Rbd b,

Z ZCAN, ¥¥ T ) -BRKEGAZRAV, 73 BEBEKLETICONTE
- DEERFIZONVTRIEB IR,

R

Xy b7 ) —RBRKEEE T, KEETHRCAPI-3300% W=, ¥+ ETY
—XART5 um. ££80.0cm. HHE6TS5cmDOERI IV AROLOEHEH LT,
FMMREFOBRICHE., BRBEMRNKIGAZE . BARINAZ RVWEA A a5
k&R (p H11.0) (KIEE-F)V 2 2RV, ~TFF 2R CBERIEHEK) O &N
BEZELSEEZ, BEES A L2 FUVEEIZEY. 200nm$ 51 E220nm TS
ST, HINEERE-20kVThHo7, AREOENE AABZ, FHLOLTRGEZME
HL%,



RRLER
Bl Dxig & Liz7 2/ BEi3A #1783 (Asp.Glu, Cys-Cys, Tyr.Gly. Ser. Ala,
Thr, Met, Val. His, Phe,Leu.Ile, Trp, Pro.Lys) Thd, ZhbHDO7 2 /B, B
A F N RKERA~DA~TZ 2 AV ROFINE DR < 72 DI oh 5 HE i
EFamARONERE, #5 TRERMS R L SEMPED bz, THTkF
Mz ZEIZAND &, 15mMATF 2 2R VO RMBHTIZEE L E X bh
7= (Flgl)o
&7 I BORHBIIE, FARROP720T L) BICOVTR2~5ppm, %
NBBWEEKRT X /8 (Tyr.Phe.Trp) {2V TiX0.5~1ppmThol, ZD
E5ic, HEHKT I /BITOVTIHOT I /B L 0 bERESH S TEETH 5
ZéENbhot, . BEIKRT I /B 3EB L UMet. Histioo\W\Tit220nmic
BRI A 5D DT, BIROLRRIBB LUARS MFROTEHSTRETHS Z
ENbhosl,

L=k RIic W THET 3,

0.05
4 1.Asp

2.Glu
15 3.Cys-Cys
0.04 | 4.Tyr
12 5.Gly
6.Ser
1.Ala
8.Thr
9.Met
10.val
002 11.His
12.Phe
13.Leu
9 14.lle

00t 1 . 1 15.Trp
12 s 6 78 13 16.Pro .
200nm 16 17.Lys A

_0.01 L 2 L —_
5 10 15 20 25 30

_ Migration time (min)

0.03 |

Absorbance(Au)

Fig.1 Electropherogram of amino acids (each 50ppm )

SCHR
1. {CiEEE, 18l v ¥ V) BRI VAR U AEE S, 107-108(1998)
2. PN, 20l X v ¥ 7 Y —BRIKEI VR AR, 156-157(2000)
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Real Electrophoretic Mobility and Stokes Radius of Spirulan and Its
Degradation Products in Capillary-Zone Electrophoresis (II)

O Hiromitsu Yokoo!, Atsushi Hiraoka?, Jumg-Bum Lee3 Toshimitsu
Hayashi3 and Kyoko Hayashi4

Department of 1 Elementary Physics and 2Pathological Biochemistry, Kyorin
University School of Health Sciences, 3Faculty of Pharmaceutical Science
and 4School of Medicine, Toyama Medical and Pharmaceutical University

We analyzed Na-Spirulan (Na-SP) (MW: 278,000), an algal acidic polysaccharaides
with antiviral activities, and its degradation products (MW: 11,000-73,500) by CZE, and
reported previously that the activities may be associated with undissociated sulfates. In
this study, we have further elucidated that the ratio of the values of Q (electric charge)
and r (Stokes radius) for the individual sample varies with MW, suggesting differences
between spheroidal cases and stick cases in the elongated spheroidal model with the
hydrated skin over the surface and the central domain of undissociated sulfates. It has
been revealed using the CZE data and our model that the sugar molecules with MWs
near 12,200 have the stick form and that the stickness of the molecules with MWs below

10,000 gives disappearance of the central domain responsible for the activities.

1. BU®IZ: RENVT Y (SP) REREEIVEETIRBEELANVEFINVE (YU VE)
®REOMELETH D, Spirulina platensis ® Ca-SP ik Hi HIVESEZF D, Hiy « IV XIE
EdmEEAIChRE L, SREDLFEEERTE. MW BME RS EERMETL MWL 5
LITTIREERT %, 0 Fxid. Na-SP(MW: 278,000) & Z D 43z (MW:11,000-73,500)
D CZE BT 2ZEFH LD, ZOEEDL, MEBEIZLDFONTWH 2 FHIDOEEEH
MR SN RBEEOREMBEL TWAZ 2R Lz, 9 SEIE. In53FORKPT
DI BEDHREAD =2, EBIZCZEDT— 92 HWTHRE L.

2. BIZE : CZE (FHRER?))CHIIRE S S TOENBHECEREOKOKERE
RLT, Q OFLABD K] #RHOEH) 2 r (BEEHRERTX -7 X¥8) TK
LizF Q) CEERFIOTHEERD. 2 FEEDHEBEERE L,



3. BRRUZE : QrfEld MWI12,200 ELTR—EZH, MW BRLDAE L3 L
taH 5 (Fig. 1) B\ [ CHBEREED $2] HEEFOERFi2) Tk, XK
25, QRIREWIC. r IFFEILEATIDOT, QrfEIE MWD I3 RFiIZHAIL. BRR
T MW Q0 RICHEIT 5, 7FOBERE (Figd) L5, BEER ITHS r 0EL%E
ZRICANT, B BEM@E» 5. MWI12,200 AL TIXEBRTH D, 278,000 TLERRT
en, EEX %, MWET BRI FABENFEROMEEIZL 2R 5,

im. ., .
n [1 o
fre o
s - o<(MWF
4 2|58 | -
A ol
R A T : /?: -
S S S S
B " —
3 MW Xy
izt ___ -
*}1“: 9’ A 2@ B A2 [516) 29 'ch
’a.fﬂ ‘Fig. 1. Correlation between the values of Q/r and MW

‘Fig. 2. Fig. 3
The model with skin and central domain Moving elongated spheroid

D Lee, J.B., et al., Chem. Pharm. Bull., 49, 108-110 (2001)

2) BELKM, £23EF+ S -BREKEF VY RIYLESE, p95(2003)
3) FHEE, FX16 EEBTHRKREER 7OV 74 7HESE, p57 (2004

4) Lamb, H., Hydrodynamics, 6tk ed. p604 (1932)
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Analysis of intracellular substances by CE-MS

Yuko Onda, Kumiko Sakai-Kato, Masaru Kato, Naoko Tate, Toshimasa Toyo'oka
1School of Pharmaceutical Sciences, University of Shizuoka

2Faculty of Pharmacy /Research Institute of Pharmaceutical Sciences,
Musashino University

3PRESTQO, Japan Science and Technology Agency

In the postgenomic era, new areas of biological research are needed to relate
gene expression to phenotype. The analysis of intracellular substances including
proteins and metabolites may offer a profound understanding of physiological
activities of cells. Because thousands of different metabolic substances exist in a cell,
an analytical method with high resolution is required for a systematic and
comprehensive analysis. The combination of capillary electrophoresis (CE) that offers
rapid analysis and efficient resolution and mass-spectrometry (MS) with excellent
selectivity and sensitivity is expected to enable the comprehensive analysis of diverse
classes of intracellular components. In this presentation, we report the analysis of

intracellular substances, especially small organic molecules, in HepG2 cells using
CE-MS.

1.H#®

E N LARIIOBENKTUERE., EMBEOROMES—F vy NIToFt—A4A.
A RO—LEWVo, FIAZIVHEHINTWE Y N VECEREEYEREDE
ERNPEOBETH . AENIIKIE. B2 TLEH TS 1000 BEULEETHEHME S
N, ZNSEEENICHATAICR. FECEVWDHEEZETH0HENBETHS. CE
REIEEEZEL. SOCRXEIMETHZ MSE2HAEDLERZEIZLD. EEREFOD
BRERDOEZELMPERBINDEEIOND., TITARE TR, £ MNFEMRHED
HepG2 MilEZ V. TOMBRAMEOREZEZR A=,

2.5

CE iZid Hewlett Packard 3PCE system %#. MS iZ{d AccuTOF (HEA&EF) ZH W/,
REOMUELEEL. MEAMEOIESEGIE. EROHE(1IEBEITo /.



IMER - BEE

T/ BRECEER H A (FuX#E) IZAE TH S methionine sulfone ZFHRM L 7z
BERW., 2BERGEERFALE. RE S0 R 7T5um OF v ES Y —2HBELEER. KN
ZOMWS0um FrY ESU—DANRFIIABEINZ, KERIAVWSFREBEIIDNVWT
BRELEER, BENIMOBIITY I VEBENRIFIISBEINE (K1),

x10®  Intensity (66091191)  Arg Met

66.090T Lys Leu| Pro

+ lle Phe

Ser+val

K1 HNEzZzFENLETI/ BRE
W HE (FokME) 278l &
oIl hkoozxzol S A

66.020 T

Migration time [min]

RIZ—AWEL T 10mM EFEEY > £V L/ MeOH=1/1 & 1% EFE/MeOH=1/1 & %
AOWE#HZR, BEREZHAWVWEAN4EEE SN EXEMNL .

LEDWRBREBIVO—AREHZANVT HepG2 O EToR. TOROD
TIE(total ion electropherogram)% M 2a iIZRL 7%, Z® TIE X ¥ CODA(component
detection algorism) 7 O F VS AZHVWTm/zBN 025 RNA TR AV by d s
LEEHEL, BRINEZE—ZIZELTRYAZART MVEERL, E—JOREETH
. E— 7 OEE I, ki, EEEHW, A& B XY KEGG(Kyoto encyclopedia
of genes and genomes)% f W7, 2b IZ m/z=89.955-90.155 @ SIE(selected ion
electropherogram) %2k L 7. B-Ala. Ala R sarcosine BRI &Nz, BEFTIC. &
EREALTVWSET7I /B 21 BEORIEZT>. FRELVEZOEERZRZAFLA
EEITD LRI, 72AIEMOREETITETH 5,

xt0

8000 1 a) TIE
2
£ 2000
€ sarcosine
7 b) SIE (89.955-90.155)
5800
] Al
5600 Faia %
———e——— 77—
0 10 20 30 40 50

Migration time [min]

X2 HepG2 244 L7k TIE (a) & U SIE (b)

4.BEH/X

[1] Soga T, Ohashi Y, Ueno Y, Naraoka H, Tomita M, Nishioka T, J. Proteom. Res. 2,
488-494 (2003)
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Investigation of the degradation of fuel cell by capillary electro-
phoresis-mass spectrometry
Sahori Takeda*', Zyun Siroma’ and Kazuaki Yasuda®

National Institute of Advanced Indusirial Science and Technology (AIST)
! Research Institute for Innovation in Sustainable Chemistry

? Research Institute for Ubiquitous Energy Devices

The application of capillary electrophoresis-mass spectrometry (CE-MS) was investigated to
the separation and identification of ionic components generated by degradation of fuel cell
membrane. Model degraded sample was p_r.ep.ared by Fenton oxidation of Nafion® membrane.
Model and control samples were dissolved in water-ethanol or water-isopropanol 1:1 mixed
solution, and used for the invegtigﬁtion. In the direct MS detection, as for the cationic
components, only the compoundé thought to be originated from contamination were detected.
As for the anionic components, on the contrary, an unknown compound was observed at m/z
297. In the investigation of CE-MS, the component is successfully separated and the result

suggested that this component is a highly acidic compound.

iZL &I

BEESFEABEMOERCICTIIMAEO RN RARTH D, £DHLEE
WOWTRELESRBEARZRENLTVRVWORRERTHD, T TAMETIK, b
TRERAOEROFARICEVC, BEES FEMREE TH S Nafion® OH Ik -
THELHIHEEDOH DA A HERSONEE - REXTOI LD, F¥ VT U —EKKE
—BENE (CE-MS) IZLBBIEBIZOWTHRET LI,

RER _
. CEMS®REIF, Ny r<r - 3 =g —BMP/ACE MDQBL VT L — « Z)b b

=2 At 8 Esquire3000plus # CEA=L 2 bu A7 L —AF 1k (ESI) 1 v & —7 =
—RAIEVERELELOERWE, Y ET U —IZEAR S50 um, SR 375 pm, & &
80cm DAERMEBD 7 2— X LY HEE AV, RAEHT. Nafion® 27 = b
REFZAVTLE L-RESLRABBIOLEBREEZ T T RVWHREAB Y, Th
K :=H )= NHDNEK A YT B —)=]:1 @F’*%’*\‘H& 12 0.5~1 wt% D
ETAH— 7 L—T7HPCRBEIELZLDEAVTZ, CE-MS | BEREBHEA I MEE
(2.0 psi, 10 & DV T 30 ) TIT- 72, KENEKIL. @E|$ﬂ<f¢f X 50 mM FEE. E



~TAA)VHERETIZ2SmM BEBE 7 VT AB LS50 mM REEKETZ VE=T A
KB ER W, O — RABWRITKENBR A 7TanR) —AHBWVEAE ) —LD 1]
REWIRE Lz, CE OHIMBEIIEMESRM TIZ -25 kV. FE~T LD VIESRHE T
+25kV HBWE 430 kV KRE L7, ABOEBEEAB LV — A BEROMEIL 4
pL/min & L, X7 AP —HAE% 80psi. RIS/ T ADOHMEBIVNBREEZZNLEN
4.0 L/min, 300 CICRELTRIEZfT- 7=,

HRLEBE

FTHBBREZEBEEAL B4 A VBLOBA A VBREE— FT m/z50~600 D&
BTENENMS MIEETT o7, ESIBEICOVTHRA LEZ#ER, HEORI b2V
NS BREERZTNEN -4 kV (BAALHBH) BIU 43 kv (R4 A VBH) TH
S2TDT, UBEINLOEGETRIEZITO L E L, TOREE., WILoRBHZD
WTH, BAAVBEHE-FTREROEC—IRELNRZA. WThbETD m/iz &V
MLIOERTa LV FIFZ—ar LT VBI AT LVRABRHIESICHEETIHO
CHERAENT, — . BAAVBRHET— F T m/z297 ICHBEHRE RSO E— 27 )
BREhT, , 4

RNT, TORAFVERSDSBEEREEITD 2. CE-MS IZ X HBEICOV TR
L7z, MW, KENWAERE LT25mM BB 7 =7 AKBIRE AV, V—RABERKRE
AV Tan)—=NED LREER, EIMEE® +25kV & LTRAF UV REEZIT-o -
BA. 30 DRI —7l3BEENhoTz, THIZOWTIE, R EBRIEA A
B DERKEEENERESMICHE A THEERERW - TRV NEEX LN,
FIT. VT )= NVEOHEEMA 577D 50mM FEEZKENARICHA WV TEEMHRME L
L. EIMEEEZXE I -25kV TRIEZ1To7, BSIDRA AU BREICBWTIER. W
KONPDXBMTLY—RBRICA Y TanR) —LERAWD LRENAMET 2 ERRE
ENRTWVAER, ZOXEUETA Y TR —LERWEHERIICEDERENEET T,
A )= VERWDIEILIVBIENRFRETH 7=, TORR., KEFEHE 16 hBRET
m/z297 DB N CEDE—27 L LTHREIN, ZORDITFEEBEETICE W TH AR
LA AV & LTHKBI T 2BEBMER S TRV bRl anT,

ELL, BET VA VHEH TEREERT TOREBEZITI 2HIC, 50 mM REEK
BT UVEZULKBREXKIBRE LTHWS L2, BIERIIC0I M TUE=TK
TOHOHRBEBEREZPEAL, —RABRIZA Y Fas)—LED 1 BABK. HHMEE %
30 kV L LTHIE R {Torb 2 A, BIMEEEL D LHEH 7T HRET m/z 297 DEA
LAV ERHET DI LAFEE R o, BE, TORTOBEHEES. RE2D m/z
DEDICOVWTOERREREFRTH 5,

B
AW FRIETH = 3L ¥ — - EXFTMTRERAEHE (NEDO) OFfexXIT TEELA,
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CE/MS using alkaline buffer solution and uncoated fused-silica capillary
for the analysis of anions

*Chika Nogami and Hirokazu Sawada

Yokogawa Analytical Systems, Inc.

Highly Ionic compounds can be separated and detected easily by CE/MS. Nowadays
CE/MS attracts a lot of interests as alternative instrument to analyze highly ionic
compounds instead of LC/MS.

In this study, we investigated CE/MS analysis on small molecular anions mainly small
multivalent carboxylic acids. They could be separated under simple analytical condition
based on our previous research. The method with alkaline running buffer solution and
bare fused silica capillary was applied to the analysis of food sample.

<iELoic>

CE/MS izmvA A v 2o baYr DML SREICBRIBT 3 2 L3 TE 5, IBETIE.
CE A TR+ O TH- HBRECEREEZAM I BAYLRBR L L TEHZEDTW 3,

xR E I LC OWHEZRESRA T T d 7 MR I huc Wit ot
ZHEORELICHMEZET BT L hY, SHZRALEIE I DI, {407
RELBEHICEMT 2 FELH 225, LOMS KB 2RIBBRE2E L (ET X3, £k,
1A VWA 7 L3, FHTEIBEMEOBESIRONS 20D, LO/MS IKRETH 2I5AD
%\,

—%. CE/MS T, kA& A A v OBV EZFBICHATZ 0T, PRDXFYEF Y —
TOMESBEE 225, FIC. NARLED 7 2—AR YD F IV —2H0V3 L, KV
pHEEEH (2~12) /3w 77 2fHTE S Lk, ERBICEMTHZDTIA M7 —2v A
BMOUELIHHEEH L, T, REANOFELERL 2 TLwikd, BAESES T,
KDDL GEEOFIICEL T3,

CE/MS Zbrci, BiFM/ > 77 & L TRERR. ¥R, M7 v =7 o, FM7 v €27
LAZHVAEY, ITNLHENRILEY A A 26T 2 pHIcig T3, A1 4 o4
PHELEERETAA Y —2Aa~t8EBDINIDT, RRExVv 7oA77 v—14 1k
(AP-ESI) ISh B TH 2, 7. HHT2L —20MBRSP pHEZRBELTEZ 10k, &
D ERELBRESHFIND,

AR TIE, & pH QR Ny 77 ENERLED 7 2 — AP Y AX v EF U -2,
%Aili D HERE % & K TE R % CE/MS TRIZE L 7. A HRH oBaR % Fig. 1 1<R 7,
el A V3B TH L Xy EFY—ADTIHRAANKET 253, BBHRE 25 S HAE~EL 28



FEOANSVWBESBER(EORNICX>T. S ARNEIFNS, ZORE. MS KTEBA T %
BT EnTES, Lol "2h i SicmBElbeTaw». EREE L tagkEdho
R SREr ORIFLBEREETHEL ZoTHET 22,

<SEER>

2LA VM, a8 VYO, BAER. 7 TUB. iso-7 IO, SOy TaRE
ZRENRILEHE L, HERBOY v IY 2 — 2 3BHUKT 200 fSIHBRL 2, DHIC
ERLZEBEZUTIRRT, ¥+ 7Y —BKIkEEEE (Agilent CE system). {14+
» 7RV R (Agilent 1100 MSD/Trap) BR\» i3 VHERRIE B /3473t (Agilent 1100 MSD) .
v — AWK 7 (Agilent 1100Binary Pump). CE & MSD %2kt 3 % 1 > ¥ 7 = — A (G1603A
Agilent CE-MS Adapter Kit) Rt 2 7L — (GI607A Agilent CE-ESI-MS Sprayer kit). 4
TOXBEL--EHET2Y 777 (Agilent ChemStation),

¥y oY =i, NERLED 72~ FL YA F 2T ) — (WE 50um. 2E 80cm
B\t 100cm) Z AL 72, KBSy 7 7icid. 20mM FB7 e L2 AL L. 0INT
VEZTAKTPHABML b 0ZH VA, ¥— A, M 7Y £ =74 in 50%x %/ —
WAKIEHE % B\ 7, AT +20kV BRV 13+30kV, AT T2 - %2,

<HEREHBE>

pHI0 IZ BV THWOFEBSRITICOMEL 72, /. > —AROMERK. HR% D&M S
A=Y —OR#ELETEILT. BEORMLEZMS LB TE, AW, @&
Er OoRFLHEEAMZRL, ZEEEIMMCOLMIETE, 2R M7 5 —2 v ARBNZHAE
HOEVEA A U OMEETHL I LRI N, ThoDBBRICEIE, it 4 MY
BOBMICOWTI S I 2D T\ 3,

<3CHk>

1) C. Nogami, H. Sawada, H Yanai, in : Proceedings of the 22" Symposium on Capillary
Electrophoresis, 2002, p. 63.

2) H. Sawada, C. Nogami : Analytica Chimica Acta, 507 (2004) 191-198
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Fig.1 The schematic illustration of anion analysis by CE/MS using
alkaline buffer solution and an uncoated fused-silica capillary
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Development of Online Electrodialyzer - Free Flow Electrophoresis
apparatus (II)

Kouhei Kajimura, Natsuki Ikuta, Takeshi Hirokawa

Graduate School of Engineering, Hivoshima University

A convenient sample-preparation method is necessary for the analysis of biopolymers such as DNA
and proteins in bio-samples. Although free flow electrophoresis (FFE) can be used for such purpose,
coexisting chloride (about 0.9% as NaCl in biotluids) hindered efficient fractionation. Then the
samples were dechlorinated by an online electrodialyzer (ED) and fed to a free flow electrophoresis
unit (ED-FFEU). Consequently, DNA and proteins in chicken muscle could be successfully
separated. In this paper, we discussed the design of ED and FFE separation of the above sample.

E

ERY LT RET L, RTOF /7 BOME - BEEHLMITE a5t
— AFRBTR A # R — A RARNTWS, TLLOMELED S [T, KRk
DL - R E LTERRBBAVWLRLTWS, 7V —7 o—B&KKkSE (FFE) Tk
REIOESEPIMBFRETH Y . ARRE R 7 /378 L DNA OHMSEE - DEICHS
ThHhdLEZLND, ULNPURIRBE, FRFE ICBT 2 kEIEBEHIEL . +HR2ELER
HIg CERVWED, REPOEDOEREZ T T-aRSBEN TERWVWILEH D,
ARSI 0. 9% DEBTFET B, ZoHEE BHRDIZHBEEZZ < 0BELENR
HBESNTULES, #£->7C, BRIRS 2R RAIZSEE - 4B D1 iR E O B 23 0
BERERTHD, TZTEPFRTE, BRBEICLD, £EREIPD DNA RS /37
HER2DBRWERETHBMCEAHEBEECHEL, D% FFE THHPRT 2 BR
T, (o4 VBEREN— 7V —7 o —B&KkE%ERE | (ED-FFEU) OB E1To 7,
BREWN #1752 LT Nae Cl EDNWERA A IR ENDZ R, DNA L&V
RO EOEDFA A IRBIPICRED, FORER, B A OBEDER
KEL 2 VRN SEERBITFTE B,
=R

ED-FFEU 2AEOBEEH 11258 T, 7Y -7 a—-BRIKEIEEREIZIE Dr. Weber #1%5¢
OCTPUS % fiv i, Z oEEMEidpkEgAdk, SEEERER. kI ORERLSE CIF
BENTWAD, WEIBEX% 04mm, XEBAE 45" . ¥ 71— 0.055ml/min,
AF 47 71— 3.27mlU/min, EINNEEX 200V, BEi%IC HC11I0mM (pHS8.10 tris
THRE), BRI €45 4A0mM (pHS.10 tris THRE) & L7, BEXBEHE
BIIAEKIZT 7 U0, BERMIBELEER, AV XBB TV vy 2 2 (BIBRR) #*



JHWTEYE L, BREICTZ 2 A8 100mM, BB IZ NaOH100mM % B, BiR
WS 10mA, BEE 3V ZENIIN L7, BREHIBA 2g € F A XL, TE /78y 77— 10nl
THHLELOEME Lz, ZORBIFEROERIEIX NaCl BET0.13% Th o7,

| DNA o R9%
DNA+ 4V O8

0.9%NaCl+DNA+2 /308 P P
BARHE BARHE
1 Fro4 rBEREN -7V —7 u—EKkBEERE O
HRBLIUVER

DNA L& /30 D5y BT HBRBT DO RERIEL o R 21277, BRE
WEITHREP ST 6 . RSN —2k2o7 o, ZHUTHEFEAF U034, DNA &4
PRTHIR E DM LEREREN TR e EE I LND,

- =k, BRERETILBE, Ve —FThokt—I By =AY, hov—7
W3 RIZHRELTRY ., SEEAMLLTVWS Z E03bhs, UVERIRALY bbb
2 ay No30~40 OE— 27X DNA, BV O —2ix 2 R0 B Thof, £ T,
REESFONA F RE S

BRI AIE BT B 2 o LSpzmy : %
CZE THELILZS, &K 1A 40w s 02,
FEHTHICIEE < 74 L7 Nat, 30_5 1%
K'. Cl. U B EBBRE \‘g 25
Bk CREBNEND 995%H £ y &
sesTVBzLamRTE 5 ! i 22
o Loz &mb, ED IC 0.5 DNA—p> & Ho 4 .1
LB A OBRKREIC S -

1Y DNA XL RIBR YD 0 10 20 30 40 50 60 70 80 90

777 a SEE

ANBHEL - A7 3 T BT g
DEEIC DN BN X M2 EEERONE

Tk, FFE O IA L
L7=Z LR C& /e,
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Capillary electrochromatography using gradient column

Toyoharu Oda*, Shinya Kitagawa
Department of Materials Science and Engineering, Graduate School of Engineering,
Nagoya Institute of Technology

The gradient column was developed to achieve high performance separation by simple
equipment. The gradient column was packed with two kinds of packing materials
(teicoplanine and anion-exchanger modified silica-gel particles), and its mixing ratio
was programmed at the position of the column. To evaluate the gradient column, the
separation of  D,L-tryptophan by pressurized flow-driven  capillary
electrochromatography was performed. The separation factor of D,L-tryptophan was
degreased with application of negative voltage. Namely, the similar effect of gradient

elution could be induced by the application of negative voltage.

(FE

suw NI 7 40— T, M OEM - BEEIREZ 1T I 7 Dic, BERMELEIR
KELRSE T /I MABBREL Avnbh s, BEBRBERO /T VY M7
Tz, BF., BEOR FRoFP I Y R Ry OEBRLECTHY, EBOH
AR O, RAWT, LYVYBERVATFLATCBEBHBRO 7Yy FELRS
RDBEBIZLENEETHE (532 NEHEIT L] OBRBETTFo7, ThRbb,
BT LD LY, REOBRTHE KRB ORISR SET DL LR L, AR
Loy N EHAIFYET Y - D TL%, FEHAZEKE2H VA YT VBRI~
NTZ7 4KV EITo 72,

[328R]

EREBIB®ER Y 7(.C-10AD, BE, HH). 1~ x 7 ¥ - (model 7410,
RHEODYNE, USA), HEF Y ES Y -4 H(NE : 0.15 mm, FiHEE :23.5cm, £
£ 1 35.0 cm). 5B H B (CE-2075, JASCO, X)) . E B E %8 HCZE-30
PNO.25-LDS, gLy Pary, HE) »ohbd, ABEARZASY vy b1 vrP=s
avEEREHWE, IV P REIT AR CEBBEOREAORALEFAEL, BELE
FEMMEAZ Y -FET D ETERLE, REACRTA 277 = EHFTHA
(CHIROBIOTIC T, dp 5 pm, WRAELA) LA A28 #%IEHEA (SAX. TSK gel



IC-Anion-SW, dp 5 pm, KV ) DZfEREH W, RHEAOEBESLIIV T LAY ALD
HAaFmiZd LT, 74 a7 7= EfMEHEAORSHEXRE LE, Y7V MEHE
BT LADEHEFORBAKELERIZ, T LAV OrLHAFRCHLT, FAa37F=
MEM : SAX=5:5 (6.0cm), 7.5:2.5 (85cm). 10:0 (9.0cm) Th5p, fEM LK
BT AHEHCTDL- N P77 v ONHETok, BEERXDL T LOHBTANCEIML &,

(%5 &1

Figure 1 K/ 7V bRV TLAERAVWE DL- NI 777 v OBR I u~ NI T
T AL BN ER LU BEANMCLVBETSERXBEROEERLRET I LD,
Figure 1 O (x 1) ik, trro ZFHVTWVWB, ZE L., widFAREOEE M 2
RAwi, DL- NV 7+ 77 o ORFEMOZEIR, » 7 2HOMICT A T RAOBEAEIMY
BERELRY, AZ7LHOMWCT I AOBEEXRMI DL /MEL 2o, Figure 2 i
D.L-bY 7+ 77 v OSMEELEEMEFEOEFRER Lz, BEZEAMTHZLICEY S
HEREMBEL, vA T RAOBEEZAMT AL DL- ) 7 b7 7 O BRES, BED
RESICHATEILICNEL Rntz, Zhid, /3Py FRED T ATBELZHMY
AR, BREOKEVWFCYTALD- MY T 77 OBIBRAA LV ERB I
DTHB, 72y FEHENTLEHNWBZ LT, BEMHARO S STy FERASED
HRNVEBOLNDZEWHERCE,

1 ] 1 1
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Figure 1 Separation of chiral compounds by Figure 2 Variation in Resolution of
p-CEC. Sample: 1.thiourea, 2.L-Tryptophan, D,L-Tryptophan on applied voltage
3.D-Tryptophan; Column: id. 150 pm, whole using gradient column.

length 35.0 cm, packed length 23.5 cm; Eluent: 1

mM Potassium dihydrogenphosphate; Detection:

254 nm
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Origin of Electrophoresis: Revisit to the Experiment of Reuss
Junya Toyoda™, Keiichi Fukushi'"’, Toshio Takagi‘®

(1) Faculty of Maritime Sciences, Kobe University, (2) Prof. emeritus, Osaka University

A Russian physicist Reuss observed electroosmosis and electrophoresis for the first time in
1807. In the present study, the historical experiment was followed as to be acquainted with the
basic electrokinetic phenomena, electroosmosis and electrophoresis. A couple of glass tubes were
inserted into a wet block of potter’s clay in a plastic box being suitably separated, and were filled
with tap water or deionized water. A couple of platinum wires were inserted into the tubes to
work as an anode and a cathode, respectively. Serially connected dry batteries or a constant power
supply working in cither voltage or current mode was used to supply electric current. After
electric current was supplied, clay particles were observed to ascend into water increasingly from
the clay surface in the bottom of the anode tube. This phenomenon can be attributed to the
electrophoretic migration of clay particles. On the other hand, the water level in the cathode tube
began to rise while that at the anode behaved in contrary. This phenomenon can be ascribed to
clectroosmosis. Thus the experiment of Reuss was successfully reproduced. Effects of the applicd
voltage, the distance between tﬁe electrodes, and kinds of potter’s clay on the electroosmosis and
electrophoresis were examined in detail. The experiment will be demonstrated at the poster site of

the Symposium.

L ®IC :

BRAEET, ¥y 7Y —BLRKEHE (CE) RKEATAMXRTIEHEERREIN TV B0,
CE ZH AKX, WEFEHOMHEEL LTCHEEZBN T 2ETRIIE> TRV,
FTHE, w4 7uFy 7EBRKDESEBEN, EROBIKRE R B X TR 26
HHITONDE IR TERR, FERATROTAELE RVWETRIICETHWD O T
RpLEZD ZOXIRHERACHo T, BEXKBEOFERATHIBLEBBLUVER
WKERBIZOVWTHDTEZ DI LEBEBRVHOLBDbRS. Thd CE OfFkRiT oW
TEZDEoNTERY, BRSOV Z ENMfFEND.

LRI oOBRAIX, Tiselius OHEMBI " LTI TWHWHE I, 1807 &, vy 70
WEEFH Alexander Reuss IZ X Y 1D TERMICHB st L FEbh TS, £DRK, FEA
91 Reuss DEBRABER L, FMHEBEEHRA L. €2 TAHFR TIL, Reuss DEBAE L&
MIZIT>THBZ LWL, TRbb, KEANTZ2KDOHFRAEEREICLT, WH 7T
ABENOBBICBEZAMTEAL IR LEHELRERZ2MALMC, BEARBEBLUVEL
WENRSZEE L. Zog, FINET, SREoBE, HtoBBE2ELidE, Zh
LRBREZFABIVCEBERRBOFEECSZARBIZOVTRIFALE., UEOERIZOW
THRETS.
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AFRICHWEEER LICRYT., 7
FAT 4 v 7 KR (33x105%65 mm) 271
JRoMEH L EFEL, 2 KOVTF R
F (BS6lmm) 27mmORSETHE ki A1 45 =% 2D ]
ALk, ¥I2AERNIZ40mm Dmssc DT
AKEHEL, MAZAFENICEBASAE
B (BE20.7 mm, £ X 66 mm D&
) MicEEEEM LR, BRELT, 9
VHEBHMAEIICERELZLO, HH0
117 h—# AE-8150 KK DA ERYE » o b
FEMLE. —BRM L, ERLE TI3RT14vIBR

REOATES S B L OBEME L TE  H1 RBREE ; )
B 9V HER A FIICHERE, HDVIE

SERE L. OEMEE (18~54V), BEEEHER ; BB EZ 07 mm, S
OFEENOALER (2~6 cm), 6)  66mmOEAEH; ¥7 2K : 194 6-10mm,
BX 61 mm; ¥tk -MBWEH,;, Y7XF 1 v

BRI TRT L OMEE (2.5~20
mm), @ F R EHE (6,8, 10 mm), (5)
Lo (EEAFAt, 250 E, FEHL), G/KOEE (KEAD D WIIHEFK) %
Tl &d, KEBIUOHMINFO LA FEREICNTHIHBLIH.

7 5553 . 33x105%65 nun.

HREER

BIRE L CHERZEH LSS, BEBAE LFHEE (BLKBBHE) BT %R
HUUTOMY THH. (DFMERE : BRAKE EFEEXEBEO LR L LHIIHEKRL, &
OS5 mm EFICELBEEEICERT, KOS5 mm EFIZB LR B8k, =
L, BT LR Les, BRENMENTEBLOBHMRERBEILEZDTHS. £,
45V L 54V & TIX, Kili EHEEICKERBX Dok, QFEMRMHE O KV-HEE : Kl
ERBEECRELRBRIRONG o, LRSI OMBBERT TR WD, HhEVE
BRI LD LB D. QEMENR L LRE & OERE: HEELHE 22122 T,
KEEEFELITER LA, i, SN0 ENARAERL, EREBHENERL
b ThdeEZLND. 2E,25mm & 50mm & TCRIBEAFERSR LA,
@OFFAERR M EHAORRIIFRLEIEBEARTHY, BEERBEMEICIXIZLALE
WAootz G LOER LR Foa v FIT, EF>EREE > ERFR L0
KRETHY, oo FARZERKTEICEREEREIIE N7, (6)KDOHEE : KEK
DHEBEEKE D BRBEWENE» o/, KEKDOBE, BRESEL, TOHRE,
THADOEM ARSI LD THH LMEIND. RBHRE, FELEEERERLE
AL, BB ERF ERARECRTIEREZITYD, FROEREIT-> TS,

1) A. Tiselius: “I'he moving boundary method of studying the electrophoresis of proteins”, Nova
Acta Regiae Soc. Sci. Uppsala., Ser. 4, Vol.17, No.4, pp. 1-107 (1930).
2) MARRK: “BRkEI OB, pp. 1-113 (1997) (T —(£K)).
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Direct observation of the transient isotachophoretic preconcentration process on
microchip devices

Yohichi Takayama® , Natsuki Ikuta , Takeshi Hirokawa

Graduate School of Engineering , Hiroshima University

Transient isotachophoresis (tITP) is an effective on-line preconcentration method for capillary
electrophoresis and microchip clectrophoresis. We have developed a high-sensitive microchip gel
electrophoresis (MCGE) method on a single channel microchip for the analysis of DNA fragments and
SDS-proteins by using - electrokinetic injection with tITP preconcentration. However, tITP on a
conventional cross-geometry microchip is difficult because the voltage at the cross part may change
during the migration process. In this study, we directly observed the tITP-CZE process on the cross-
geomelry microchip varying reservoir voltages to develop a new analytical method. The procedures
preventing the split of samples at the cross part and achieving smooth transition from tITP to zone
electrophoresis were studied considering the results obtained by computer simulation.

T L®IT

w4 7 uF v FEIIKEMCE) T, ERBEF v RARIELS, BMEMEAL KR L2
Wit SEEER S CREREMENE WO RN H D, TORMBEMIT DO, BED
LHEKIKBIATPIC K B AV T 1 VETRMEEFEHET A2 Lick v, DNAKHRS SDS ¥ v
ROBOBREBRE®TFEEICS 20~30 ZHETSZ EICHEIHILTHB[12l, Zhbn%E
BRIZIIV U INFrpxn~Ar0F o FEEH LN, RO 2 XF ¥ 2VF v 7 (#1)
WZRWT UTP B LT OHEE. R — M —@EBELMB Lo EE TR, 7 v RECE|
BLAREY —UBENTUEN, BRELZTHICBRETE RV, AFETIE. ZORE
BT DAYy FEBB T, BBET T OTP OEEHREXITV, ¥YIalb—Va
VOREFR L HIZ, R— NEEOSHERFENIN T S BERERM L,

ERR

(TP HBOHEEHED=H, CCD # A F(EEH), BHEBHM®E/ VI avi), B&
VA7 uF o TIP3 EEYRIEL, BMHER I UCRENEABIELRVY VP2 AWT
FEICT o, £, A7 aF v YT 4 7 ERREK (LE : 50mM HCL, 2%HPMC, 7
V7 F=T pHAS IZRE) EFELILE, <A 7nt’ Ry FEROTRABEA Port (X
1® Port3) 127 =4 @HKESPADNS , ¥=7 7V —r BEFEH L. EROEAZITTZ,
Wiz, Por3 &4 — I F VB (TE: 10mM H 71 VB8, 2%HPMC, 7 V7 F= T pH4.8
[CERER) CE# L, tITP B ME 21T o7, FD#%., Port3 % LE THEM L, V- BEXIKBIZE)
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BTSSR TERBY — v 20l LT,

M £ . Vs \% \A
HEBIOEMKE : !
Port3 B EEAT AEA.

Port] 33 X TF Port2 ~F] TR _ n
MR (v, v) BEC 2 ol | s

17 AERDEIE (Veross) v, 43
M7 v AELUGE OBK 1 7 nRF v 7OBE

T, Vo, Vi E2ENREN OV(T—R), 400V IZEZ L. V=V, % 0,50, 100, 150 , 200V & %4k
S THKEHBBEEE L, WThoRHGETH, B — 237 o AEEENNCSEEERIK
FATPD EFIRIBIC R o7z (®2), LLTDHDFEEI V=V, DEICL o TKRkEL B0
Tz, B3 IR T L9112, VEVA0~150V DS, —BREO—E48 Portl,2 Fl~Y —
7 L7etk, LE A8 Portl,2 FMIDS Portd FMA~TA LTz, YIalb—avizkde, 20D
BIGE Veross B—E TR, BB 7 o AMERFFZ Vi=V,<Vcross L R o7l bE EX D
N3, ZOFER, 7o XBiHE%ORENT ZE $BT L. BB U RKREBIIER T, T2
U, FOIENSYEX V=V, B 150V [ZE3< 8>z bivi, Zhid Portl,2 2°5 ® LE i
AR bbb EZ NG, —K, Vi=V,=200V DFPE. V,=V,>Vcross &1, &
B Portl,2 HIEA~FiEH U7chd, £0O%IE ITP RIERMEE Lz, U EDRELD, 2
o RERBERRZ ITP V' — v RS- ®IZiE, Portl,2 FM~DERBEIZRB L2V, ,V,
ZEOICREL, BRRIERSKENS XIICEEZRETNIBEMIZ ZE 28T EE5
BEENC UTP-CZE (IBITSHTRBEREET D AT AIZOWTHRFT D FECHD, =
DI=DITIE, K& & HIZE(LT D% Port DEBEBFWEE E=F—L, TP »& ZE ~DBfT%
HEMIZHHETE AT AT AERBETHILERDD, #BETHY I2a LY a vOBRSE
U 7=k BB OB & BV TRE LS WET 5,

B

[1] Z.QXu , T.Hirokawa , T.Nishine . A.Arai , J.Chromatogr. A, 990 (2003) 53.
12] Z.Q.Xu, T.Ando , T.Nishine , A Arai, T.Hirokawa , Electrophoresis , 24 (2003) 3821.
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Capillary zone electrophoresis determination of cations in biological fluids using on-line
preconcentration by transient isotachoporesis (2)
Hikaru Okamoto', Andrei R. '[imervbaev2 and Takeshi Hirokawa'
!Chemistry and Chemical engineering, Graduate School of Engineering, Hiroshima University

#Vernadsky Institute of Geochemistry and Analytical Chemistry, Russian Academy of Sciences, Moscow,
Russia

Capillary electrophoresis (CE) with indirect UV detection was used for the simultancous determination
of lithium, magnesium, calcium, creatinine, carnitine and a number of amino acids in human serum. The
target analytes, displaying cationic functions under acidic electrolyte conditions, were separated with
positive separation voltage polarity using 10 mM 4-methylbenzylamine, 4.5 mM citric acid, 25% (v/v)
methanol at pH 4.05 as backgronnd electrolyte providing optimal separation. When analyzing real samples,
however, some peaks were broadened due to essentially destacking conditions. In order to maintain the
separation efficiency and also enhance the detection sensitivity, transient isotachophoresis (tITP) sample
stacking was applied. The limit of detection valnes with ITP preconcentration were 0.11-0.26 pg/ml. for
metal cations, 1.00 ug/ml. for creatinine and 9.8-25.1 M for histidine, lysine, arginine and ornitine. The
accuracy of the developed tITP-CZE systemn was verified by consistent results for Li*, Mg™*, Ca**, and
creatinine obtained in analyzing two serum certified reference materials. Sample preparation required was
only ultrafiltration and acidification (to relcase protein-bound alkaline earths), and working ranges for
individual analytes comresponded well to clinical concentration ranges.

BUdIc] FvEI9—V— v BRKE CZE) 12k W TERBE R R aRIR D 26T T 288,
Na*,Ca® Mg? Cl @ &G KBV 8T B8A 1%, B4 13H7K NaCl B %93 %) 2iic
BT, #£HFT 5 L, ST ZRAMOAERAE SR IO TS 28884 LTw 31, it X
BRI SETE A (7 V) 2RI LTERR T A4 v N ,Ca>* M) DB ICE 20 1), L,
Sr T LCHUBHEL R 1 3 0 GBI S B SR B TR KE (TP, Naw V—F 4v 714 |
Ca® Mg? :5— S VA7 V) ZEYNCH V5 28I K ORBRL 870, BFF T human serum NaCl
BE £9 0.8 NHROLFA DR 2EN LT MRS Lit, S”OH A ICBHZE LR B R 2l
B Bl L. RIS E SOKBITIRMG I X R L 2 A T,

ER] kLU EHERE NIST 909b human serum Level I £11) 38 XONTTER ) human serum
$igma, lot Nos. 22K8948 & 034K8937) %, R} 2@ NMWL 5000) i< KUERZ 73 2 LTV 72,
SERFEMR L 10 mM 4-methylbenzylamine (UV BI#{LEIE), 0-4.0 mM 22U B8, 0-25 %(v/v) *¥
J=NEE B 2-TF N 0 -BRERT pH 4.05-4.80 ICFAMI LTIV /e, — SHFALVERIREL TR 0.3
MHC BF V7, BAIKEIEE X CAPI-3200 (RIFE ) 2V &vE7-NRET5 wun, 28
100 cm, BHEDE. 87.7 cm). SEHEA IFEFEE BEHEA) B XORS I 60— SPVERRIEA)
T o7, HIMER (3430 KV, BEHIERHE UV BIX (=214 nm) TT 7,
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B bEK] Fig.1 iRy L, S ERR 2 TR Sk human serum DL L 2 N1y
=03 0% Lz, Ca¥, Mg»® XUV 7F = v ORMA TS 4 E— 7 RIPHH 8-10) 08I X
N, SHIUEERPR IR LB T T B Na' {4 > 893000 mg/1) 1324 &4 & v O R 1B
LR T H B, L. BRI Mg Q) JUBBIEE2V)D A 4 VB CIFET 24818 K
AHOBE. Ca*k IO Mgt A4 V), SBHHAR ICEET QTP 12 X 2185 2HIRE© 503, AUk
WIRTELE LWL 0T, B0 7201213 ¥— SF VBRI 2B AR IC AT 2008155 3, Fig.2
IAITP-CZE o X8 ok n Ly M7 a2l 50% 7R L, tITP OZIRIC X OFig. ITERER +-42C
Hote B JOBWMEIMR TE, Fiz, Fig.l TRINTELD» AN =F VR TEL, L L
s, KERI T ROBEOWD Fig.2 tho 2.3, 5-7 8 X0 9-10) HEET 2, 22T, BWF
WM (pH, SRR R, HHEERE) 2R L, riEset 217 k- %, BIREMRIES
el oLy 7.ea " 50% Fig3 ISR L,

0.012H T T T T T T T - T
Bl ’ i 0.012 ° .
g a9l 2\_ 3 5, =) i
5 00094 2 ool A P .
< 5 e o.009{ 3
;‘ ' Q.00 B
2 5 2
3 -
3 0.008 2 ooosff
]
<
o.cm:s_J1 0.003l-
A e - b L I [ 1
' T ‘ . %00 1200 1500 1800
0 600 900 1200 1500 1800 Migration time (s)
Migration time (s) g 0.0018}- ! T T o L
Fig.1. #Ke Li, Sr AT HIEMEK£HV CZE ik 8
W3 ¥z human serum DIXLY MI7.20755, B -g 0.001 !
#} human serum (Lot 22K8948, SIGMA) +Li (4 ppm). 2
FIFEBEAE 10 mM 4-AFARYILTEY, 15 mM < ooos . e . ]
S A8, pH 4.8 (2-2F0b -n- BB BUEHEA FEE 900 1200 1500 1800
¥ 60s, 12 mm). #MH :a) 214 nm, b) 230 nm Migration time (s)
(creatinine). 1: Na, 2: Li, 3: unknown, 4: Orn, 5: Lys, 6: . R
His, 7: Arg, 8: Ca, 9: Mg, 10: creatinine. Fig 3. BOABMHSH: T 51172 human serum DXL
0.012F—T , : . : IM7 200 KRHEEE 10 M 4- AF A0V
T T — NTI, 4.5 mM 7B, 25% A% /— b, pH 4.05 (2-
2 oo xF V--n-FBEER). 1: Na, 2: unknown, 3: Li, 4: Ca, 5:
~ ocosH E e i Mg, 6: Creatinine, 7: Orn, 8: Ilis, 9:Lys, 10: Arg, 11:
2 i carnitine. fBOFRMA Fig.2 LR,
3 ! Tle e o
£ ool ol | | SRR 15, BRI HEH DR
g BHC S L 100mM 14 D3R EVRIN T B
0,003 J BYH-otz, ik, FEdic i ET 58
VRV DS Ca B XU Mg” A4 i
0 10 . 3 B TH B, BIERS NIST 909b

1 L 1 I
600 800 1200 1500 1800 APl by Nt
Migration e (5 human serum Level I &1T) 23U Na %
igration time (s . N 3 8 . .. |
it e LCRERERR AN R I L VB L
Fig.2. TP-CZE iZ kY& 5N 7c human serum (LL77 PRRIE Lox 2 UCBRIRIRAMIR I S ViR L

M7 20 5h, F— SFLVEMK 1) 0.3 M HCLR FRE R, L Mg, Ca¥, 2L T F = viC
B A %55 $0s, 12 am), T FEA 0.5s (%E[H). TARELAG L | Lo R A
11: carnitine. flao>4efkik Fig.1 L L. B L CRRAIEA & & < B L

X#K[1] H. Okamoto, Y. Okamoto, 1. Hirokawa and A.R.Timerbaev, Analyst, 128(12) (2003) 1439.
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Application of Capillary Electrophoresis with transient isotachophoretic
preconcentration for the Manufacturing of Semiconductors.

Katsushi Sasa*

Otsuka Electronics Co,

For the quality control of large-scale integrated circuits of semiconductor, iénic contaminants both in the
materials and the solutions should be determination in every processes of the manufacturing. Capillary
electrophoresis is suitable for the purpose because of short analysis time and simplicity in sample handing.
Capillary electrophoresis(CE) in combination with transient isotachophoresis{ITP) as on-line
pre-concentration technique was applied to analyses of cations and inorganic ions in the materials and the

solutions using manufacturing of semiconductors.

[1zL&Ic])

EHEFFICBNT, 4T Y —BRIKBERZRBEORI DT P OFMMB DA F 2
SIMCRLLERENTWS, LaL, ThIZHE- T, HMEERIDFTOBRBEEND L IR
of, ¥ 7 ) —EKKE (CZE) oRBEBRMIC, BENSEERKE UTP) - CZE i
L3374 VBREERDD, ZOBRBEIL, WKPOIURA AL ROEDERRA 5
oA EhTWA ! 2),

SE, ZOBRMGEEZRAVTERA 4 EBERA T oo ERB I RWIEROREHEA FE L R
EREOEBERB IRk, LT, $HEFEFICHAVOATWSRESCHEPOMEAS 4
BADOI~IER L,

(3£%]

¥y T Y —BRKEER S L TKEEF CAPI-3300 2V, ZHhICHET5um, £8
80cm (FZE 67.5cm) OEWI Y AX ¥ 7YV —2EF L THUELB I o7,

BBA A BHTICE, £ ¥ Y —ABREROKBIKE BV TR I 2ok,

7o, EREBA T UAMICRESREM A REE 3V F LV MNITIVERAERY 7S
CEEREROXBIERE AW TatT kR IR0k,

TNENDA F 2 OIRERIT, AFRILERPOAN S 7o+ FPAREEZ LBV,

R DOLEIY, HEEOWENACEOREARIIESE 25mm, FEARHE 90s TRZR2o
. i, TP RIMFHICISIT ZREHE ARk (BRE 0.5kgem?) TR R o7,
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TP FBAE L 1T, — A SEBRKBZ B IR ) I CRHMERSFETH B, 2Ok
. BA A RERBA T REDA TV RFREEDRFETHD, RITREMALOEEE
& tITP RTRMARIC X D281 3 BAH (K*, Nat % 0.5ppm) ORIERER 2T, TITP SIRARIL.
V—F 4 7 ELTNE*, 2—I 08 LT Ca2t 2 AVWTB 2o,

TOFER. UTP BIRMEIIEZEELY 1 O LOBERB OIS Z Laibhotk,

BRERIZBE VT, 00555 1.0ppm OFE T K& Na* & & HERMK. R*=0.9999 & BiF/2#s
BRB LN,

T, HR2EOBRBBAAVEBVTHLRRLERIE LN, REIFITAVLNIER
BRI DA A o3k Ro 0k,

0.020

ry Ca®
0.015 |} NH,
a)
0.010 N
-]
R
w T
0.005 K+ Na
b)
~0.005
30 40 5.0 6.0 10 8.0
B¥ M (min)
X. BA A48 (K7, Nat: SREO0Sppm) D7 =v /7 A
a) tITP HiiiHE b) FERBRICLIREHEA
[($EXK]

1. K. Yokota, K.PFukushi, N.Ishio, N.Sasayama, Y.Nakayama. S.-I.Wakita,
Electrophoresis, 24 (2003) 2244
2. T.Hirokawa, T.Ichihara, K, Ito, A.R.Timerbaev, Electrophoresis, 24(2003)2328
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Speciation of chromium in particulate matters using
Capillary Electrophoresis
Mitsutoshi Takaya
National Institute of Industrial Health
Analytical methods for chemical state of a fume constitution element such as manganese and chromium are
needed to control the toxicity of weld fume. In preset study, speciation of chromium in particulate matter was
investigated. Chromium was detected UV absorption at 330nm as tris-acetylacetonato chromium and isolated
from acetylacetone by MEKC using SDS. Chromium (IIT) changes to acetylacetone complex in the neutral and
weak basic water solution, chromium (VI) changes to the complex on the strong acidic condition, respectively.
Oxides of the chromium and acetylacetone were made to react without solvent. Chromium (IIT) had no reaction
with acetylacetone, absolutely. As for the chromium (VI), tris-acetylacetonato chromium was formed
quantitatively. Therefore, chromium oxide (VI) can be analyzed selectively from this résult. And, the analysis of
the chromate becomes possible by optimizing a condition.
Keywords, capillary electrophoresis, MEKC, chromate, acetylacetone, speciation
1.3UHIE ZDOEBRIIEDARBIZLVAEENRZ2Y . nRREICMZ., BLRES
DALEREEZMD AR T —T a3 URBELE INTWS, BRERE DR —3 3 3, HPLC
A F o RBIEFEDZ AV DI, CE bFRRFED—D L INTND, —F, AREBIEED
BE. BREBETOLOMEERBEZ B LI T IRE, BHAE - FEZHE LT, FEDLF
BOLERTIZERMET 2 Z B TH D, AETIE, TOBRAMHIZK DAY =—
varn—oL LT, HFRT n MEEMIZH L, TEFAT & b (LT AA) % BB CF
REEDZ LIk VL v AVDDOREBIRANTHEEL Lic, Z07 A0 AASEK (CrAAs)
% SDS 2L % MEKC THRIIGD AA LY T 5 Z LI KV BLI m A2 0T 5 H L FRER
L. ZOFEDEEL, CrAAs ® CE IZ X 25 E&tORKE I DWW THRET 5,
L.RBRUER
-1 BZE-BER SERELLT, ¢BROTEFATE N K (RO, £BR{LY (EHE
£%), 7 v LBt (FtsiE, A7)
e "I BRI, TOMORER, BFEORRK
RE 4 V=, CE X HP(E Agilent)fl
SDCE & RZEEFH Capi-3300 % V7=,
2-2 0L MEEDCEICEDIRH
B ru bk AABRISTDEERENOK
. SRR DR  BRRD AA &S5

absorbance(330nm{mAU}
e

absorbance(330nm) [mAU]

time{min] 0 w— - >
1CrAA,@TL & FOZ OS54 (XE3 0 ul) EX Y U7 ) —RTHBEL THEELS
£ CrAA, (HEDE AR BT DT LRELS KBy 77 —IZ AA

A5 MBEIEP oz, TOM, Xv
v7 Y —& - RE - FINERE - SDS MMER L2 b eREEE RO, (B1E) TO/RR,
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REPIZFD 0.1%D AA ZMMAEEEE L2RB T, Xy TV —2R /EHE/HEHS
480mm/400mm/75 p m FINEE 30kV, K&K 100mM TRIS-#EEE pHS.0, 17mM SDS, B
20°C, HHEE 330nm OLHETI MO u A0RHERREIZ L, (K15H)

2-3 HFRIOLBEME AMDRIE 2-1 THHELKE CEIZL D CrAAs DGHFEDINAE LT
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KEEFP D7 v LD &7 1 AVDDOLBIHAFET D
ZEEL, KEEPDIa L () AAVBLU7 0
b (VD) BA A ETEFATE b EDORIGE UV
WU & O FA~T2, EORER, PHE—FEERRICE
WT 7 v MDA & A AR T 5 RGO, BRI
T/ u (VDA CrAAs AT 2 RIGHEBI S,
(B2) Zois% 7 v AVDORIRMBRBIZIERAT S
eIz, RIGEREOREBELERB TN, EEMICEISIE

#IT LMok, 7uA(VDE AA DEERIGIE, Bitsk
HCEITTDEHENH D Z E IR TEX DT, LY AN
BEMERMEE LTKRERWT, BIFROBEI7 m bt AA %
RISEEAHZ LI CrAAsBAERTBZ L ZIRICEY
RBLEESB), ZORIEORISINEOEZE{E CE T
RELZOBREL THD, BITT LS, hiFR7 A
{LEWIc AA ZEBEERIED Z X 0 Bk v hBED
HERIRVICKRHBTFIREE T, £/, =7 unbfgh ) v L

TiE, AA L ORIGITEIT L2073, DI VL%
TPV —FTNANTIRITHZLIZEY, AALk=
7 ABORIGITEIT L, Zhicky, BiFko o
Lk AA L DORIGE CEIZ L ABRHOBEAE DRI,
BiFIRZ v s% 7 a WD E 7 v L(VDOBEERISHT
Offh, 7 v A(VDDOFEREE S RBIF R ARy T —
TaiEl LTERAWRETHDZ &3 a0ol,

3 &bHIC

TEFATE ML, SEER  BEHHRE L L TR
SHAWLRTWD A, EEECTHWSZ &IZEY, B
L% BRANC O TE D & ) Fife eied RV

Ell, 7abPA0E&RTITo L TFHERUEROER T, —RICEEENE V& N5 EHD
EW BESI0HD) (LEMBRTEFAT 2 M EDRISEENPRENEWSHEEIEH Y, FE
ZORETRONH T, ARARRELRZTEERD S, BIE, JusifivrFy, AFVY
L7 EDBLIRIERISHT DFMARES, BEL 2 — LR EDERB~DISAZRFT TH S,
R EEYE - EERE 25(2), 64-71,2004

— 109 —



SCE '04 ##%%%EDTA B LAV 5 BBRR( 4 @0

MR E %R CE OM3
P —20 owmmms mEns 2@
S R TN

Ultratrace determination of transition metal complexes with an aromatic EDTA
derivative using LIF-CE with direct fluorometric detection '
ONaoki Danzaka, Shingo Saito, Suwaru Hoshi
Department of Applied and Environmental Chemistry, Kitami Institute of Technology

Abstract

In this study, we developed a direct laser-induced fluorescence capillary
electrophoresis (LIF-CE) for transition metal complexes with a synthesized aromatic
polyaminocarboxylate as a pre-capillary defivatizing agent. The agent possesses both a
Methyl-EDTA moiety to bind with metal ion and a fluorescein moiety as a fluorophore.
The complexes with transition metal ions have emissive characteristics, when even the
metal ions are paramagnetic. This. seems to relate to distance between a fluorephore
and a chelating moiety. Applying to LIF-CE (4 ex = 488 nm), the complexes with Fe2+,
Cu2+, Mn?* and Co2+ ions were selectively detected and completely separated, while
other metal complexes (Al3+, Zn2+, Nij2+, Pb2+, Cd2+ and Hg?+) were undetectable. This
implies that the detected complexes were kinetically inert and others were labile, since
the complexing agent was not added to electrophoretic carrier solutions and
dissociation reactions took place for active complexes. The low ppt-level detection was
achieved for four detected metal ions (4.2 ppt for Mn?+) without any concentration

steps. This pre-capillary system was applicable to environmental samples.

[(#E] RDOEBA ALV ICHT B VT U - BLRIKEE (CZE) OMBERE L
T, UTFOSEBETFLND. 1) BL—HEREARRERHETIE, K< 7 X0
WhRKX<BITAZ L. 2) SRRBOBCA VY ES V- #SEEL4ED BE, KB DI
SEF I (BRI RIE) BEET DD, Ry I VI F )AL XDFELERKEL
RYVBRBRERHBE#ETH S Z L. HICHAERDY CE OZ EIMERH THFbhTEY,
FRERHARETHS (107~108M L), 22T, 4074 VBEICLAEBER
MEBREEN TS A, RIHFICBT 2H3RME, HERBOHERSBHFHEICREL
FERTA2EOMBERLTFLEYTD. T THRE, BREORELRVESERLRHENEEL
WA, a) WHESRBA F X, B, RERUMBEKEERL LN LE, D) TTIT L
R E T 2 72 588 R ALF 2 KB IC BRI L2 WiIg A IciX, S5 sk US RI%
HARBICLEL RS20, ThETCHWORTI ehof. K CHL L, HRARF
THERYVTI)AINR U BESRTHILIZEY, LROBMBEALERL, 23408
WERAVDZ LR BRERA T ICHT D ppt LAADT L ¥ v €5 Y —HEE(L-E
HEXRMBEOBBICHRII L., B FREE U CERMFRERESR & b BE sk
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EWHRL, DOERERMICREREEREERT I Ny

BLARD. AWFETI, %%J'tﬁ”ﬂﬂc‘:%ﬁxlﬁﬁ‘ﬁfi@ﬁﬂ fo A 00H
—H—FHAL, WEHUHEREER< IO LT RE H o
HN OOH
SEHE R, D OMTRIMELE L Methyl.EDTA YO
EATHEMT L (Fig. 1) X ARL, 0 CESRMMRLIE oo
BARHELE. Fig. 1 Chemical structure of L.

(28] EHAG  SEFEEFIIME LYY 2 VM HCZE-30P, L~ FHAR% R H
#2013 Picometrics  ZETALIF # AW CEHEZFER L. Ar VL—F — DO H F1i3 15.5 mW,
FhA ik 488 am & L. Bt DO FE B L U CE {4 : Fluoresceinisothiocyanate isomer
-1 (FITC-I) 3 & O 1-(4-aminobenzyl) ethylenediaminetetraacetic acid (ABEDTA) ##&
PRALEHBRMNTS0CIZHELERICE(~12 %M, pH 5.0004 % Z &£ T FITC-ABEDTA
(BAF L, Fig.1) OEMEITok. EBA T 28 LREAERICER LT L BLUpH 8
®EK (pH 10.0) 28U, KTER L LRGSR T &, EHBICLY 10nL EAL
7. KEMVAHILY VB pH IR EAME 40 mM (pH 12.00) B XK F S AMERS b Y 7 A
(SDS) 10 mM Z#FEM L=b o2 AW, £/, FIMEBEEIX20kV & L1,

[FHREEZBE]| VA A A VEEEFHRLETDHT I VERNT NVERETH S FITC-I
iZ ABEDTA # RIS 84, FEKR EDTARZEL # M L. L ORI F( £ max= 493
nm) ik Ar L—F— O RIFK & (488 nm) L 1FIF— K+ 57, L—F—HE% % (LIF)-CE
EORHBELZRRBICHHCTCE S, CE KEATHHEHIZ, AELAE L & Fe?t, Cu?,

Mn2+, Co?+, Ni2+, Zn2+, A3+, Pb2+, Cdz+ 3L U Hgz+ O&LBA F kDR y FH
| COBNMEEIT oM. TOWME, BAFRIDAY T, LESBBEIC B TR
ex=493 nm, Aem=513nm)ZMBCEE. ThHLDOEBEERE LRy VT Y -Filifk
{t LIF-CE Iz 8 L7=# %, Fe2+, Cu?+, Mn?+, Co2+-L ##B I UREDRE LN L E
FEL, EERERET A LICRY LE(Fig 2). THhIXER 450 & BHEE N RIGH
THHIZ EITESNTWVD LER L. —F, A3+, Zn?+, Ni2+, Pb2+, Cd2+ 3 X 8 Hg2+L
BEIIRHT I ERTERP o, ZThidxy D

U-HiIKBWT I b EREARRE 2 ET Y
ML= eI LD EBBELE. O EIEKET
IR RO B LU EHMOSRENESR L CEMNL
TWAHAZ LETRBELTWD. #%, €844+ CE
SHETCIRBIM IR T E A AW E Z ENE VR,
AEIEER AR 2 RERIZIRIM L 20V, 8k
THAKOBBHEOCERIZEV ZERBSBEERREN A
TW5. BRHIZBEL, o4 BRA F itk aER 15 90
BEA LML, RUBREL~101 M & &R Migration tie / min

. Fig. 2 Typical electropherogram of metal-L
BA[FETH -7, ERERBE U CHIAZEESDE complexes. Sample: [metal] = 2X 107 M,
(JAC 0031) {Zilifil Lz #k %, BIEME K Lpg L= 1X10°M [Borate] =2 mM Carrier

buffer (pH 12.00): [phosphate] = 40.0 mM,
WHETho 7. [SDS] = 10.0 mM

Fluorescence Intensity
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Cyanoformazanes as Pre-capillary Chelating Reagent in Kinetic Differentiation Mode

Capillary Electrophoresis for Ultratrace Metal Complexes
Graduated School of Environmental Studies, Tohoku Uhiversity
*Toru Takahashi, Yuka Takehara, Escandor Adrian, Nobuhiko Iki, Hitoshi Hoshino

1,5-bis(hydroxyl-5-sulfophenyl)-3-cyanoformazan (HSCF) and its derivatives have been
examined as pre-capillary derivatization reagents for the deterrnination and separation of
uItratraCe metal ions by kinetic differentiation mode (KD) capillary electrophoresis (CE), where
only kinetically inert complexes should be detected because of no addition of the chelating
reagent in an electrophoretic buffer. Surprisingly, Zn #* and Cu? ions were detected as HSCF
chelates in the CE separation stage, although they had been thought to form kinetically labile
comple)kes judging from their large rate constants for water exchange on their aqua
cornplexes.

[BRB] EERNWEBIE—R KD) FrESU—BRXE (CE) YATAR, XKEBESH
BRCEMFERNLAVEBIA YOI LErES Y —FMkiL CE 553, Thik
RAFERD/INY 7755y REHE L, REBOMEE+5ICER U LBRERH AT
BEEBB, E5IC, FrESU—FTRESEREEELSERORNTINMECRES NS,
», BEROICRRE (RERIGEN) QSEAIKEHICEEL TRESNT, RERNIC
RE (BERGFENE) REARFIREEhS, ZhET, KD-CE BEAREMGFELT
WEONDEMFRIMRNEINTEL M8, ZZ TR, Bk, 28B4 EEBENAEORS

WBAREREEZE T BB ERT B L ' OH HO

N I3, EERILYY VR FICEER /I::I: :I::l\
Lie, MYV EaME LT, Kagr= 08 H SOy
T AVHEBAEEEBRT B 1,5-bis(hydroxyl-5-
sulfophenyl)-3-cyanoformazan (HSCF) % & (|:N
L. HSCF i&, O, O, N, N B4R

FETIMUERMUFTEZL DBEAEELN A HSCF
& 111 BREERT 3.

[BER] =HE:FERAULHREER IRTHRERZDPIVEMTBEROSDZAW:,
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FAIF (HSCF) &, Y7/BREFI/ZAIRTIz/—ILERITPVAY IV VT ERS
ZETAB UK., CE %E : KIREFH CAPI-3200 IC2R 51 cm, %R 39 cm DOFR
YYAFLESY— (FRE 50um) Z2EELTHW . RBOZAREEE (Ah=25cm, 60
sec) ZAW, DHIIEEET—K (20 kV) TiTolc. BRBEEIE 600 nm & UK., &8
SBERTAR | & VAR (Co*, N, Cu®, Zn®, VO,*, AR, Ga*, Mn*) KR FARE &
U, BEA® (MOPS,pH7 ) #i1Z%, 60°C T 10 4MMNMRALBEERI 1,
[RREERE] /Sy FRICEWT, HSCF 1, SERELLIRTOERELF (Co?, NiZ,
Cu®, Zn*, VO_*, AP, Ga*, Mn?) &#it pH 3-9 ODEFTEEMICHETR T34, KD-CE
F GREMBESARD pH 8.84) TIX, Cu®, Zn*, VO, AP, Ga*, Mn* OEE#EEEN T
OYShticC—2%5xk (Fig. 1). M? KERXTB3E—2(E, ZOXBEENSER
T, BEBRRISICHE>T Mn>* H5S Mn* Uitk THhdc &, HSCF &=E (0, O, N)
TERALTWRZERENRRENS, —F, ZZTEAIANZR, FIAHBEORLKSF
ORBEEERDSEZAT, BEIBRERGEELEEZISKhTWS Cu®* 8&LT 2n* Y
—IREBEhTWB3ZLETH S,
Zhid, HSCF SEMRD LLBRY MM

0.016
DEWEABSICEETRZHDT cu
HBEEBLU, HSCF 7L 0.012 Ga HSCF

FrEZUBEHRLEERELTH
W3 KD-CE ZDRBHME Cu* &
KU Zn* BREEL UTOEEEE 0.004
ZRF UL Cu* LT 2n* @ )
RERE 107 ~ 10° M OBET P b b
BFnEREERL, T5VIY 0 5 10 18
Migration time / min

FFHLD 30 hSEHULLRER

Rix, #Fh®h 0557 yM BT
229 uM (2.79 fmol LU 11.5
fmol, {EL, HEEEAE 5 nl X
TEHIRNBRE) CBHTERE
THol-.

BlE, $ERE L HSCF 12, KDCE FD 7L v 7Y —FEKXLELREELTEH
THBI Do, N—RBRF—RF (0) EHAULN HSCF ® KD-CE ¥RAT A
TIREBHUN—RBEEAAVICNT 2B IREZRLE, CORBRF—RFOEWVWICLS
EBRAAVEREORREHF/LT, HBHY I MERF—RF (N) ZEALEKRILTY
VEMNFEHEICEE, 8L, REZFDKD-CE YA TFALATOREZ{To>TW3,

]l 1) BRRE, MTEF 51, 495 (2002).

Absorbance
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Fig1. Typical electropherogram of metal HSCF chelates.
Sample : [M] =3 X 10° M, [HSCF] = 1 X 10° M, [MOPS]
=5 X 10% M (pH 7.0).Electrophoretic buffer : [Na,HPO]] =
[Na,B,0,] =1 X 102 M (pH 8.84).
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